- 1 - ldentification of antigen- or |igand-specific binding proteins
Field of the Invention The present invention discloses novel nethods
for the 5 generation, expression and screening of diverse collections
of binding proteins in vertebrate cells in vitro, allow ng the
|dent|f|ﬁ§t|o an .isolatlon of i or . antigen-r actlve b
pr ot ei nstSFH 3 2R&L] :
t he retrOV|raI expreSS|on, |solat|on and 10 |dent|f|cat|on of at
| east o cleo 1 SEAYENGS encodi ng a binding protein such as an
ant|bod?ﬁgguukggﬁtﬁtI?ﬁereuu specific for a desired antigen or
| i gand. ck +15 y..lec [ ta
role in ?% % lé%’?ll on 3@:32-1&2&81} Qﬁ J{h) eﬁl ni &e:gl ﬁﬁ?ﬁ%&gsrorgg%s ;%Et)]re
diagaos@eneaadlbherappnéssxampémdaSc:men1ngepﬁuﬁnvenﬂdxnokﬁeatunnsd@ﬁs
and dis ﬁ Thes% technologleg ﬁxtﬁgd ig 0 the b ad flﬁé
anti bod 18 g Ae O Sy mhet FE TBRET RS C2d S pridt 8 E%’ o%é?? fh&e
protei niggatheststidh ompldecusalatliop! @y t eLdued-0gbes, ambi geh-aldaawitviae
construction of a Iarg% pool of nDduIarI coded bi onpl ecul es, their
te

di spl ay PABALPPoBEPESL tRi BRT iAWl 2 api %rﬁﬁ%ﬁﬁ%ﬁ|%QH%Q%+%%kﬁﬁkﬁﬁiﬁ

of thei koSt dehBRES, r8te PABLI eBLablYrasef shkpfds AGLESSIgH ANGNn25 and
anaI¥Z|ng€ protein dlverS|tg on a large scale. Recently, in vitro
e o]

di spPay itephhblogkban hafeatoheass PHEnimEdcotdde 56 A RECRsSNEPEdAIoR
ant i bodigsBY%gPhEEe i $P! &on T IROSQIFE dieRhaYyand: M er ot ditsRlRbs
whi ch have nOMIbECOHE mai nst ream ant 1 body and protei n engi neering

pl at f or specHbheverr Fidesiied B[O iwgy essildgandd display systens
suffer fromlimtations in particular for the expression of |arge,
dimeric vertebrate proteins, |like antibodies. This is due to the
gener al Begabrbubg to express full-length antibodies in such
expression systens, which requires the display of engineered anti body
- 218 fDangays tdnﬂndﬂdgleduehaoetfpﬂdyﬂd< ah gthns¥hﬂai@nleabBen¢he
of chaper.one grotel | ack_ of bcellféarTFO JEnt s

eukar yot-S812Et P s pR |fFEeB+5f%| t9473 ]nd' nﬁdl&”& &Y ahg*
col | ect tuebposesdl tndn fHeiRidutfial damglﬁcarﬂcefsacm an vy ohiabey of
expressed na | i an teins. Recentl in VI ro, di spl t hods have
1 50 bedhHEUET Dpadbnil 597 AES ety | EoRbReL et es * BrhEntai HiL S eLE.
plants apdaganyaklan e¢l | sntiersly anchqirririegl,| ewpressien syshaes,
al so suffer froma | ack of glycosylatlon and specific vertebrate 10

and?PranREPEEANLET1 - sPREI f FRLthEPR?F onREot ]l t NN HhRS i$ane BIYRUECHIAS

with regacgih9 Peeh&bToH0ES NG apR| X116k tHe exREesstloRfovent ehrgke
proteins in such systens. Expression, proper protein folding and

post t r aRSPAt | BAal MABEI AT kat | 9ded | At oo kefsinart Sirot &igelayi kéor

anti bodi,espe£A0 %@H¥09§Q$5 Rect &0cﬂQEHEt&kighEﬁﬁ§OanESdlng) of
eff|C|ency and quality in vertebrate expression systens, 1deally

expr esskhgipr sttgiuss uiresy hexyshy begehevigal ¥ y usesulclfosel §C¢@$am@| éaf|
system . I0elef 94 € agkaneuid F&ld Mt ghest | RERLOt /NS | Kkecent1y, in

vitro display technologies have come to prominence due to the

isolation of antibodies by phage display, ribosome display and
microbial display, which have now become mainstream antibody
and protein engineering platforms. However, microbial
30 expression and display systems suffer from limitations in
particular for the expression of large, dimeric vertebrate
proteins, 1like antibodies. This is due to the general
inability to express full-length antibeodies in such expression

systems, which requires the display of engineered antibody



20 anti bodies fromrodents or humans, are ideally expressed in rodent
or human cells, and it is not surprising that only expression systens
from such species are approved by regd atory authorities for the
production of clinically-grade full-length therapeutic antibodi es.
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mammalian cells. Yeast and plant cell expression systems also

suffer from a lack of glycosylation and specific vertebrate

10 and mammalian cell-specific chapercones, so that the same

limitations with regard to protein folding apply for the

expression of vertebrate proteins in such systems. Expression,

proper protein folding and posttranslaticnal modification of

large recombinant proteins, like antibodies, <can only be

15 expected to occur with reascnable efficiency and quality in

vertebrate expression systems, ideally expressing proteins in

the phylogenetically most closely related cell system.

Therefore, therapeutically interesting proteins, like
20 antibodies from rodents or humans, are ideally expressed in
rodent or human cells, and it is not surprising that only
expression systems from such species are approved Dby
regulatcocry authorities for the production of clinically-grade
full-length therapeutic antibodies. However, vertebrate and
25 mammalian cell based expression systems are laborious, require
long-~time frames to establish stably producing cell lines and
clones, and an efficient and controlled genetic modification
of such cells is often not trivial and therefore makes these
systems less attractive for screening and display methods. For
30 instance, DNA transfection methods cannot be controlled for
the number of DNA constructs that are either transiently or
stably incorporated into transfected cells, which precludes
clonal expression of protein libraries and therefore a clean
gene to phenotype screen. The alternative viral systems either

35 lack a proper control of clonal expression, a stable



mai nt enance of the genetic constructs, and/or suffer fromthe fact
that such systens often cause cytopathic effects in the target cells
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ensuring proper protein folding and allowing efficient and, if

desired, repeated screening for antigen-binding antibody

20 clones. Since the preferred embodiment of the method according

to the invention 1is Dbased on the retroviral expression of

antibodies or fragments thereof in precursor lymphocytes the

technology disclosed herein is termed ‘Retrocyte Display’ (for

retroviral preB lympheocyte display).
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Summary of the Invention

The present invention generally relates to the provision of
therapeutic or diagnostic antibodies or fragments therecf. In
particular, it relates tc the identification and selection of
30 antigen-reactive antibodies with fully humen amino acid
sequences that are of interest for therapeutic applications.
The embodiments of the invention involve retroviral expression
vectors enabling the expression of diverse collections of
binding proteins, including antibodies or fragments thereof,

35 in vertebrate, preferably mammalian, cells and methods for the



- 4 - efficient isolation of ligand- or antigen-reactive nol ecul es.
The present invention provides novel nethods for the generation of
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plasmid-based or non-integrating virus-based vertebrate
30 expression systems known in the art. As a representative but
not limiting example, the retroviral transduction of murine
precursor lymphocytes that are incapable of expressing
endogenous antibodies is disclesed, such that only
heterologous, recombinant antibodies are expressed in the host

35 cells as membrane-bound antibodies. Furthermore, the invention



20 encoding a first polypeptide chain with at | east one expression
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30
In order to achieve somatic mutation of binding protein

encoding constructs in situ, retroviral expression vectors and
their utilization are disclosed, wherein said vectors contain
cis-regulatory genetic elements targeting somatic
35 hypermutation to protein encoding sequences, preferably via an

activation-induced cytidine deaminase (AID) pathway



As such, a first aspect of the present invention refers to a 10

met hod for the isolation and identification of at |east one

nucl eoti de sequence. encodi ng an antib®&y or fragnment thereof specific
for a desired antigen or ligand, conprising the steps of: (a)
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(MJ) of equal to or less than 0.1. 5 An antibody according to a

met hod of the present invention is preferably a full-length anti body.
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expressing diverse collections of recombinant binding proteins

are subsequently labelled by binding to at least one ligand or
antigen of interest, and how cells binding to the

20 aforementioned ligand or antigen of interest are detected by
appropriate secondary reagents. Methods for the specific
labelling of ligand- or antigen-reactive <c¢ells and their
enrichment or isolation, preferably by high-speed fluorescent
activated cell sorting (FACS), are described. Due to the

25 stable expression phenotype of retrovirally transduced cells,
it 1s described how antigen-reactive cells may optionally be
isclated and again expanded 1n tissue culture, such that
cptionally iterative cycles of antigen labelling, antigen-
directed enrichment, and expansion of ligand or antigen-

30 reactive cells can be performed, until subclecning of the cells
is performed allowing the identification of the nucleotide

coding region for antigen-reactive antibodies by standard PCR

cloning methods (Fig. 1).



10 fragnent, a Fab fragnent, and a F(ab')2 fragnment. The anti body or
fragment (s) thereof may have a naturally occurring am no acid
sequence, an artificially engineered ahimo aci d sequence or a
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| ynphocytes, as preB cells can be found that do not express any

endogendfs amaiSdyTharfs 194entad viagt  S3it prefiatd PPRpHBGASES 156

utilisedehlichf® Bhes@Rhgl RWERE I At HRAWNED! Bri &P EREr8HH0ERBAUS he
ant i body golypeptldes i ncl udi ng conponents of the so-called surrogate
| i ght cHEFASVeRebHRIC RN IFREFE e [ gasd, voprematad agl e ls-

Thegefore, the preferred | ynphocytes express accessory 25 nmenbrane

protei ng,f i | ng mephg angrs dennsitiipr gof é"bocgy: | egyl €85+, Sygh
as the Bmc:ﬁ1 lsLIplgc%:dl fic | ga a% I gG, mﬁoecul ez, ut they I Z?lc?;I o
expr esspoaceficdnpyerdogeroust apkipbodynpokpephnicdehed yertepatéel ihglst

chain c ent . el hal.l ted t it i

to exprgggi)ggjaﬁagg‘g%\g% gldl#r% %bu#%gaﬁ%ﬂgopﬁeedal#%&) bv)m%sep Ef\o(?\%%uf%ﬁ
the artpyeag.stipablie ¢xpavsd 2ed i ohe wehhiekpd esstbebyaicd ohsstorellhesen
profeins. In a preferred_enbodi pent of t present inventian,
PP B0a  ABNB LT EEIEF b AHCTor BT T Ui hreAs S Aty maiody page
vi a endpgeppyssyeEXpdesisetd@a andutQ proteins, 35 which are
naturally expressed in nurine pre-B | ynphocytes.

To achieve clonal expression of at least one antibody it is
preferable to contrel the retroviral transduction such that
35 the majority of retrovirally transduced cells are genetically

modified by only one recombinant retroviral construct per



- 10 - The nethods disclosed herein include procedures allow ng the

i solation of cells displaying desired binding characteristics for a
ligand or antigen of interest and the 8 solation of genes 5 encoding a
desired binding protein of interest. The preferred nmethod of

retroviral .expression of ~an antibody in vertebrate cells disclosed
herein &t IglVorC ?éBIelﬁﬁﬁgﬁ?E$%ggb%@ c?%né&“%xérﬁgéidﬁg&f genome .

ant i boditeerewire grgat lohef adddddiantt he Nt | Gatdght | silwdritibn,
and cl oning of antibody encodi ng 10 genes, in conparison to

al t er nati@FEOVAFad i B BB GromortSi nPEFFAETHY AT us- PRYLEREFEEbF atd
expressi;Qe3¥$bRMMEPPWSs | dddie & tor MG dicsghoged methods allow for

efficient generation of diverse collections of binding proteins in
vitrd by either: (i) shuffling of at | east one expression construct
encodi ngnatant5 blodgs ecopedpoby peopta detdioai wiofthe muasemdr iigvisinddiong is
protein_(like A vy chain of. .an antibo wi.th_at | east .on
expressip%ﬁfgg g%?u@t E;uﬁlglo i %a netalgfooarie }ga?%%ﬁ%%n%o?gpea&?a éu%?%yn
(li ke emgy ®el isghtecebdi Broh ahe agtobpdydngesteinrat gy a fhacty amalin, a
mul tineric binding protein (like e.q. .20 an antibody); ij) somatic
it at | ot G tac st DS edsi GRdGr o cHARRIG Rt PR ofle SoFd
bi ndlp ng fR&EEMehB, URORabr @Rs§ment Nt @ndleat EpaBt B2 CBtd gndrit SiThE ar(tilbody
somati c reconbi nation of V (variable), optionally D 25 (diversity),

and J (i nfiRPMGEnS) s il eMRBdNRYSvat | ABFRr B hdi AGCHERANAS &g no

i munoglebul isksnandel Maunedglyldinihivkeipheewkas a69RbaAIREE iddqence
| east one expression vector upon transfer into vertebrate cells in
situ, bprt Becprbéeakiqmoviit®®P84( D)J reconbination; or 30(iv) by any
conbi nati on of procedures (i), (ii), and (iii). According to a

preferr @giggteomﬁmefchbae o A G NUGROKI S SRAYRRCE ;ixh%feerably

pl urali nucl eoti de sequences that conprise an anti body heavy

chai n séguendéeandisniatijgine 3Hdnt L@enlyi figaftiathai9f segiendesstor one
in the %LE?Eggihgeséquence encoding an antibody chain, it would be
apparent to a person skilled in the art that the method of the
present invention can also be used for the isolation and

20 identification‘ of at least one nucleotide sequence encoding
any monomeric or multimeric cell surface receptor belonging to

the Ig-superfamily, and any functional fragment thereof, or a
monomeric or multimeric cell surface receptor belonging to the

TNFa-receptor superfamily, or any fragment thereof.

25
Furthermore, where the binding protein is a full-length

antibody, the full-length antibody is selected from the group
consisting of a fully human antibody, a humanized antibody, in
which CDR regions of a non-human antibody or antibodies have
30 been grafted onto a human antibody framework, and a chimeric
antibody, in which variable region domains from one vertebrate
species are combined with constant region domains of another
vertebrate species, with the constant domain of the chimeric
antibody preferably being derived from a human antibody or

35 antibodies.



conprise an antibody |ight chain sequence and nultiple antibody heavy
chai n sequences. According to another preferred enbodi nent, the

anti body or 5 fragnent thereof conpriges a variable binding domain
encoded by the at | east one retroviral expression construct enabling

V(D)J reconbi natign j.n order o generate a coding sequence far a

var, abl &7bi il UG Ripo P oty ETE RS e AT SHF o5t TFe1ma the
further erekerhed emkedidants nidepod blepivéderabave LR JfS species
per f ormed under nutageni zi ng conditions, preferably via the
expr essiCOAPEE Sa8Ei vaFpBR: 1 3ERRUF cythidine de&RYnasel ¢ D) aRTEPians,
el t her %%QQ?E@QUS'M&% SR G s EXPEES§EGup WBET &R CERS @% Rinfnals
expression of A(Dis perforned under 15 induci ble conditions. In one
aspebt ofayt hecdbdeeprashodheehe aattbasthonses eandvioddntexpridssianoup
construct i.ng i iLbo : t eo i .
conbi naﬁfo%%c%% ql(%lgsfn %gggflg? %%5 g%{rg)ﬁ%%;é% qg%rg ’Zoégﬁi'angcaek%b%erﬁsgﬁ%ﬁii[ %Ulnea
al | owl ngpighe tTar getprafofredl Rrmediiatead dndtHec padsEnitonivend ivar, | alhlee

bi ndi d ' d b h . [ t, wh inth
pr oMot e SRRAPEARANBAF P hb RS IS o1 d0Eed AMBh PHESHFBER consi sti ng
of (a) i nmmunogl obulin heavy chain pronoter, intron enhancer

25( pH) and Fearepraneehositernis, fdb)uddmimogl abuhba £l it@lt Ghajemt
pronmoter, x intron enhancer (xiE) and 3'x enhancer (3'xE) el enents,
(c) i mmiRGEREBERI F2R IPYhECEREFA FrERDIEY, SOL YRRERF ©(30 49 ¥haktkr are

el ement $r-286280(d) &P JddNCt FpHRl agmhoabkan theleefe Destispti ahe
of the Figures Fig.': This figure illustrates the principle of
' Ret rocW@fa’-’wﬁagymahP@Wﬁﬁ@ AE Paentpf ithgt iPGiTSEnd ilegeatien éreacds

bi ndi ng tggotﬁi eUch 2§.88e antdRadse SPRELET & J1als f‘e&!ﬁ?éé@d AR -

or ligan In a first step, at least one retrovira

15 specific chaperone proteins, and because accessory molecules,
like Igo and Igp required to mediate cell surface anchoring of
antibodies are expressed in these cells. More preferably, the
B cells are precursor B 1lymphocytes, as preB cells can be
found that do not express any endogenocus antibody chains. In

20 fact, the preferred lymphocytes as wutilised in the present
invention are ungble to express endogenous antibody
polypeptides including components of the so-called surrogate
light chain, encoded by the genes lambda-5, VpreBl and VpreBZ.
Therefore, the preferred lymphocytes express accessory

25 membrane proteins facilitating membrane deposition of antibody
molecules, such as the B cell specific Iga and Igf molecules,
but they lack expression of any endogenous antibody
polypeptide or surrogate light chain component. However, it
shall be noted that it may be possible to express Iga and Igp

30 molecules ectopically, by methods known in the art, e.g.
stable transfection with expression vectors for these
proteins. In a preferred embodiment of the present invention,
antibody molecules are anchored to the cell membrane of
lymphocytes via endogenously expressed Iga and Igpf proteins,

35 which are naturally expressed in murine pre-B lymphocytes.



- 12 - expression construct that can give rise to expression of a

di verse collection of binding proteins is stably transduced into
suitable vertebrate host cells ("setet®or cells"). This is
acconpl i shed by transfecting at |east one retroviral vector 5
encodi ng at | east one binding protein into retroviral packaging cells

(step 1), which may ejther constitutivel r transientl ress
ot rovi ke ST Gf 19d oGP ER . PALRAG RGOEBHPESET ATAPHPaq the
wi th thesahakeast o¥ne-dialy oy §pila irRdi s iFet &b Th BNt dnetaid di diess

produce reconbinant 10 retroviral particles within 24-72 hours_ post
transf edoiror, 1égardi AFngntheent of e4BESEREL rAN¢ Vi al S iSssiAn genes
consgr U%ﬁmo&%gr &S WeldiNQ of §iAMink@lo BRI CleES 3REkal Grd 4 g L8lda
cul ture supernatant of the retroviral packaging cells, and can be
used tonertapddude mafitabimlyeeitrsitiorhost erl kstibedyednorveriebrate

cel 157) L3hePadle) MLGNLDEN, eXPISSS F0e BLAK NG RE Bl dlrdil y R onal
pref erred met od, € binding proteins such as anti bodies
expression of antibodies, which greatly <facilitates the
amplification, isolation, and cloning of antibody encoding
10 genes, in comparison to alternative, plasmid-based or non-
integrating virus-based vertebrate expression systems known in
the art. The disclosed methods allow for efficient generation
of diverse collections of binding proteins in vitro by either:
(i} shuffling of at least one expression construct encoding at
15 least one polypeptide chain of a multimeric binding protein
(like e.g. a heavy chain of an antibody), with at least one
expression construct encoding at least one matching
polypeptide chain (like e.g. a light chain of an antibody)
generating a functional multimeric binding protein (like e.g.
20 an antibody):;
(ii) somatic mutation of at least one expression vector
encoding at least one binding protein upon transfer into
vertebrate cells in situ;
(iii) somatic recombination of V (variable), optiocnally D
25 {diversity), and J (joining) gene segments encoding variable
binding domains of immunoglobulins and immunoglobulin-like
molecules contained in at least one expression vector upon
transfer into vertebrate cells in situ, by the process known
as V{(D)J recombination; or

30 (iv) by any combination of procedures (i), (ii), and (iii).

According to a preferred embodiment, the at 1least one
nuclectide sequence is a plurality of nucleotide seguences
that comprise an antibody heavy chain sequence and multiple

35 antibody 1light chain sequences, or - in the alternative -



or fragnments thereof are expressed on the cell surface of the
"selector cells" and the cells then are labelled with a desired
antigen or ligand (step 3). Antigen= ® tigand binding 20 cells are
then preferably anal yzed by fluorescent activated cell sorting (FACS)
and cells that exhibit specific antigen binding, are separated from

the nonBIMRALA§ céM FEFdPLNYon J9dter AN Toy FRFACE: | VO hitgH-tdpd&d

FACS (sg%@lgbdyAﬂghggnchggnlé dankhdegactive cells may optionally be
expanded in tissue 25 culture again, and due to the stable expression

phenotype of retrovirally transduced cells, cycles of
ant i genAgcesdiag cet | agsicheAg REREGTLEs eerbPeipenex pdisi oAntilyode or

repeste%ragﬁﬁhe the RQient. §E§j§e9%ﬁpéﬁl@nhigﬁgn rdﬁ#égﬁg%ncoded

reacfivé'c popul ati on i1s  obtai ned 'S antigen-
reacti veycdlHe 34 pbpasat cor nayxbwlsabjenQa@sE@oa MQmﬂtxuptekwﬁwﬂﬁeg
si ngl e- sorti cl onin

! ol g VIPA e EREbB Rt ko PR The S L8 hadte e B g ] for

step (Stepablablbebindimg dagiionspain relkevatkabi tdangd@otmeimsomar e
cloned fromthe antigen- or |igand-selected cel

10 In a further preferred embodiment, step (b) of the above
method is performed under mutagenizing conditions, preferably
via the expression of activation induced cytidine deaminase
{AID) which 1s either endogencusly c¢r ectopically expressed,
wherein the ectopic expression of AID is performed under

15 inducible conditions.

In one aspect of the above method, the at least one retroviral

expression construct encoding said antibody or fragment

thereof contains a combination of cis-regulatory promoter and
20 enhancer elements allowing the targeting of AID mediated

somatic mutation to a wvariable binding domain encoded by the

expression construct, wherein the promoter and enhancer

elements are selected from the group consisting of

(a) immunoglobulin heavy chain promoter, intron enhancer
25 (EpH) and 3'a enhancer elements,

(b} immunoglobulin x light chain promoter, x intron enhancer

{kiE) and 3’k enhancer (3'xE) elements,

(c} immunoglobulin A 1light chain promoter, AZ2-4 and A3-1

enhancer elements, and

30 {(d) any functional combination thereof.

Description of the Figures

Fig.l: This figure illustrates the principle of ‘Retfocyte
Display’ allowing the identification and isclation of a
35 binding protein such as an antibody, specific for a desired

antigen or 1ligand. In a first step, at least one retroviral



35 pools or cell clones, by RT-PCR or genonmic PCR using prinmer - 13
- pairs binding to sequences specific for the binding protein library
and/ or specific for other vector segubhices, by standard nethods known
in the art. O oned and sequenced codi ng regions for binding proteins
may then optionally be expressed 5 as reconbi nant protelns i.n an¥B

n

expr essicdREYSE 8 d’fc’%uc?é 2% uFERerdFhct+ BnaltOc Rt G B Yht

and to ¢aRbirem iGN b 9Mhdingdipketsied i€l st absiep®nsduced
Fig.2: (a) This figure illustrates the schematic structure of 10
ant i bod|1@§00rsq»ﬁﬁlng@g|wﬂqhﬁ‘sata%dh%fagﬁéﬁ%§ thepésrtonnicehlars -t f&is

preferred la'c%@glgglgfl@aebpstésﬁgfgwgné oaﬁ hee £ 5 s el d IRENMA 10R,e el

2a) shows the emati ¢ Structure of an I gG anti body (left), which is
char act enceddnby @tchakemsterisnec kugﬁap@d E’tfpﬁétlnrelalﬁd’ i srederpaged

of two Io lin

compr | sFRG PR GRIORL GBrers) anht PR et S nn s GaaTReLy or
(VL-CL) traesmentlyelgfxpfﬁns Vr@armrvmsaar eptditsa:tnsghlG)agvar Pabl earacht |Egle'n
bi ndi ng regions o rea

repr esefitc %ﬁglegn§F&ﬂF é@ﬁ@%%ﬁ%ﬁgl tﬁﬁqéeba?Fagﬁgcgoopggl tﬁ? s
of | gH shadRfgar preneatded cby]s‘t’,ruBtandullQEItele&egl]f&lﬁcﬁJ,ceVmad’eeﬁﬁnHJh@nt
vari abl e regi on domai ns, of 1gL chains_are encoded Hg?ﬁnleggé;¥gzﬁion

gené® sedRERPEITRAI dtPTided 3% B thiBendbt etf f MOMTSer

i mmunogl-ghdbi A1 §NenkoGit (Fegst 3Bk @ rd&) rdUr idigredihiynB construct.
| ynphopoi esis, by the process known as 25 V(D)J reconbination.

Ant i bodFhEgHRFEL tH19 c FEItFO VAre lc oar BHE1SS h@lcEgdetRer iby the cell
di sul phb@@t@iédiﬁﬁerm&% ceypkﬁetP@tf&maucagad@g‘ﬁ@ald&a1Tsog%hen:aat

a location close to the flexible hinge re bet ween t
and Cszdorqrﬁeds towhcpaaduaddpuibaale dV%m%:mfd@ mqaigeéelﬁét Wé‘@rﬁiﬂlteﬁéor

chal an Eg&lgﬂgﬂug%ﬁai)dem tad, cRLE CRYALENt LY. CcaY amﬁEhgﬁtggﬂ.l gh

Fab fragnents are univa ent rag
full -1 engehp38fanredodetbodnl Fheomiadanag PYHELEEHRSVIEUCh don@ntsbodies

g;“p' ed, 0y (2,0aLHE Rl (HL3ULPhLAE BLLIGE WNLENRBN B NEhREdebEVETle
“selector cells” and the cells then are labelled with a
desired antigen or ligand (step 3). Antigen- or 1igand binding

20 cells are then preferably analyzed by fluorescent activated
cell sorting (FACS) and cells that exhibit specific antigen
binding, are separated from the non-binding cell population
preferably by preparative, high-speed FACS (step 4). Antigen-
or ligand reactive cells may opticnally be expanded in tissue

25 culture again, and due to the stable expression phenotype of
retrovirally transduced cells, cycles of antigen-directed cell
sorting and tissue culture expansicn may be repeated, up to
the point that a detectable antigen- or ligand reactive cell
population is obtained. This antigen- or ligand reactive cell

30 population may be subjected to a final, preferable, single-
cell sorting step, or may directly be used for c¢loning of
binding protein encoding genes on a population basis. In the
next step (step 5), the coding regicns of relevant binding
domains are cloned from the antigen- or ligand-selected cell

35 pools or cell clones, by RT-PCR or genomic PCR using primer



enzymati c papain cleavage fromfull-length anti bodies, or which can
be expressed as reconbi nant proteins by expressing CH2- CH3 del eted
| gH chains together with I gL chains- Additional fragnents of fully.
human anti bodi es are single chain variable 5 domain fragnments

scFv-fragnments), . which only conprise the .variable regqi.on.domains aof
| GH and TR Sc it o Fo aPeaBaRREY SR T it | ENP HEGRIGH dFoteln
artificihabrdiryul phidierbr isigeirike gy essimr ofveriddier dadderc@igt h by
anti bodi es, or antibody fragnents, as the depicted Fab and sckEv
f r agments$anRay damesNBES 16neXRr 48sERE a8 bt nBl PREDr BRI PRIV FU&GOY R
real i ze {6 ohBveRid Winding: HPPTNSFRIGAl nerd ey Gilohing W@@%?:Ségsed

V(D)J reconbination occurring on a germine IgH chain allele,
resubti i ineconbiassenbryteinshéncady ngxpegsdhen ofYHifn idychgdce for
donai ns. ar ' H, shal [ Mer [gﬁ SPEGSES ¥
encoded fll)l}tgger%u P??Eggggp%ﬁgﬁgé%%lg\l generpgaedgrree/n(fs% J?tgrﬁ ar eCgle ¥
separ at édgendgbintine spatiflcHty oflstdpureing V(D) J reconbination
occurring during early B 20 | ynphopoi esis, one selected V, D and J

gene se nt is _site-specifically rearrang t o generate uni,que
codi ng %gei'%n f(ﬁ‘ﬁ ;[ﬁ‘lfﬁt'll%ﬁ? ]dhsﬁd:iaﬁ.esv%e\] AR at T SN G eh &t

| gH1chaiantliBedsekS o@n iAfmda68UoPti DLES Samd df 54 drid s aM e ferdl, I angee rire
of a selected Dto a selected J gene,segment, sual | Y onhbot ) IcggJ 25
chain altP8l eBreERF3e%f (¥ BND FLGERL"F e AT t FPonkRgel s§d

regi on issvehteoapedilg.cald)y bpbpedthe tddedateadyswssaledPlan 196
regi on, thereby (%enerati ng.a V-D-J ORE encoding the VH domain. The
process agtigpdy ) (Leébhbi HRLFBN1FsChRPRFERTZ%h Bhe® KA s§ic Y-

precur s@h aL¥APhogyle-epesi fifnB0 riacompihgbken achtkvating genestiRAP
1 and 2. Fig.2c)schematically depicts the process of V(DJ
recbhbi AamuoagbebutinngIen ahgryyd PRE 1 GIgh¢harma b3 el €OMPESELRY ng OV

the assegbly,olc,bhe 600 Bdaredions AnRRbbhogYIYE SHdRImINs. (e,
vari abl € dorthi n§ of"1'gL chai ns in vertebrate species are encoded only
by V andedpgehévebgneMhs, Vindeohare arel3he shpahhy edairpagéenianidgen
configutation, sim.lar tqt g nmeq Lh the LgH ¢hain. | qGis.~
The genEe)flgfjllgﬁ of I::"n(’;lLr?ﬁgntol(?fboft;&%?ﬂ \/ﬁ&go?glﬂns rgga%fresggnﬁy one ° b b
si t e- speeombiins V(depk asenanbiinat iconseepnt ,regd cdepietaiths 5 The variable
20 region domains of IgH chains are encoded by V, D and J gene
segments, whereas the variable region domains of IgL chains
are encoded by only V and J gene segments, which need to be
assembled from germline immunoglobulin gene loci (Figs. 2b)
and 2c¢) during early B lymphopoiesis, by the process known as

25 V{(D)J recombination.

Antibody IgH and IgL chains are covalently held together by
disulphide bridges, which couple the identical IgH chains
together at a location close to the flexible hinge region,
30 i.e. between the Cyl and Cy2 domains, whereas additional
disulphide bridges between the Cyl and C, domains, as depicted,

are covalently coupling IgH and IgL chains (Fig. Za left).

Fab fragments are univalent fragments of full-length
35 antibodies only containing Vy—Cyl/V,-C, domains coupled by a

natural disulphide bridge, which can either be derived by



Fig. 3. This figure schematically illustrates the principle of stable
genetic nodification of target cells for the expression of a binding
protein of interest (BPO) such as anléntibody (alternatively

| abelled "X") by retroviral transduction. 10 Fig. 3a) depicts the

schemati c organi zati on, of wild-type retro I o] r Ieft
o e IR fee bR L NS LR A Sha TG LPBHER prot B a8, O
Pol and yEvharéard osat edpkashedwaen rreordlingdtSpratdid's |ﬂ3ﬂgeizﬁfé3§h&i
repeat 15 (LTR) sequences flanking the retroviral genome. The 5 LTRs

are i npém2aft3 fdslated Sobr €hsilas SrIekbBeretibli Fab gowers amd %wrfadr
t he rep'ﬂr% teRBs0h £t NGNS MM Al a HENRIE dsh drlte d i Ae %JKQI(Stve&?Léble

Anot her ortant region’in the retroviral genone i's the *
packagi m?g)rr@llgnafragmm:‘ftm s(aogo(mfrr@@mremwﬂ he woiLgnclkadiyngcofprhee the

retroviral.;RNA d re{ﬁganB@éE% ?@Hégﬁdpic?ﬂu&ﬁé%oé J@ta[%v'é{cﬁl led
particles. ESr ©t he géneration o reconbinant re rowra par ?
t he gag,bypcu sack hernd og enieskemayo h eanr eaoveth diradm i s lipthitdgpdordbige . The

retroviral genone, that. only d 3 LTRs nd,the * (Psi .
packagi r‘?d‘%géﬁéimr ePrgl n?lEE‘BF tﬁ@l%oﬂg??ﬁl&t i %’h oqlecdrrblé‘irant")”tlbwy
retrovi rrlagweat sy Sakt the HbpDcEoaVESb eahdt Scint £ ol tas,Muddyi pllso be
cloning site (MZS) containing several unique and conveni ent

restPi cE*ERER2Y e 28| té’&“d?‘ﬁgs SESLGANSas 1epPtfed 3¢%n 156 REghtthe
representschieogl npl est retroviral transfer vector. For the

expressi on of reconbinant retroviruses allow ng the expression of a
reconbi nant protein (e.g. a binding protein of 35 interest (BPO

"X") sudh9as afPlant iSEb@rataral kil | yj%hlcd?ﬁen FRadi Myoesse (ORF) ‘)de)aT
BPO ne%%%ohslnstwﬁeraeéufpwg aNon - 46 ger®iMie” ngUQéHah@J t4ansfer

vector, as the 5"LTR region has a prormter activity able to drive
expﬂéssw@ﬁUétlagyldoW\hst rearmbbyi pFoRbE gerend Howgvers ¢h @rirodw Va

I f f..int ty,
DY OVe BTSS! Od CYElaLnPEPTASILAN Obed fofe AL B! et R by ate

BPO -" X i ona € driven by an additi onal’ hetero ogous
pronot espePiem )aranceropideshabyadéi t meht ofude nextkelV, geRe, aredg J gene

downstream of .t he 5 LT pronot er_and. * .packag d nal ted
her e, mﬁﬁggFPBV\/ seV tllgonaﬁ%d/or PEFAER c|ing Jgf Jlggltq?J‘(S)vrl%r al af (l}ced

constructiging0 v (D)J recombination occurring durlng early B
20 1lymphopoiesis, one selected V, D and J gene segment 1is site-
specifically rearranged to generate a unique coding region for

an antibody Vy domain. V{(D)J recombination in the IgH chain
locus is an ordered process and starts with rearrangement of a
selected D to a selected J gene segment, usually on both IgH

25 chain alleles. Only after D to J gene rearrangement, one
selected V region is site-specifically joined to the already
assembled DJ region, thereby generating a V-D-J ORF encoding

the Vy domain. The process of V(D)J recombination is dependent

on the expression of precursor lymphocyte specific

30 recombination activating genes (RAG) 1 and 2.

Fig. 2c) schematically depicts the process of V(D)J
recombination occurring on a germline IgL chain allele,
resulting in the assembly of the coding regions of antibody Vi
35 domains. The variable domains of IglL c¢hains in vertebrate

species are encoded only by V and J gene segments, which are



Fig. 3b) schematically illustrates the procedure of retroviral
transduction of target cells resulting in the stable expression of a
BPO -" X" such as an antibody. For thik® first, a reconbi nant
retroviral construct containing an expression 15 cassette for a

BPO -"X" is transiently transfected.into . a retroviral packaging cel

i ne (PEEPATRkPTesth ng S ur SOTAAE FARCPT onal L PEA oy Tl piFot SRS
Gag, PolkegRenERVinftRe Wibd- ENPen I 8660y Iite (d@fdnat idnr &Iff QW lzalt iBeky
can be %enerated by either stably or transiently transfecting, _
expr essVondome EphsFe@et 2o § AN IhefTRgs LT SRR BN Pt R At agion
sui t abl easyqd o sfect cell line (e.g. standard human 293 HEK
cells, %F@ﬂgﬁsgéNﬁéﬁg#% I broblasts). Two to three days post
transfection, the reconbinant retroviral genonmes, containing the

BPO - " XFigend:albipaflkaged sohemaihtd Tkt i onlustoohest éhe PFinetipdei ral
particle ich accumul ate. in the cell |t uper.n nt__of

PCL. ThS%P8¥?09??% l%a??é%f%ﬁé%ﬁ%?r%ﬁfﬁ%g ﬁbﬁﬁﬁﬁ%bﬁggigﬁ%, i 5géggon
t hey | aek tshebpehiesy fprotdim f aActinarakstet (BPOI) alsusag, adPohnaretEbody
proteins and therefore, 't ¥§fqn”ge iver their ?enetic | oad into a

target dBLFEBRFY: R brcde 0leds PYhEETFEVEERf e FWFGALA-

trapgduction, or single round infection. During retroviral

t ranst@'E'_'gon idie paskaged tRNA ofhénderonbirgant za€i6®Viorusai sild-type
introduced into the target cells, where it is reverse transcrjbed
into cDRALC@WiERl | 9PRBR stuRRey | heeht at d8 i'MiER hehe ad§e@esScefdr the
genome. 85, e 40 tdHee daxs iahlbar pebtayhsal gigansdhict iQry angengref
- 17 - interest, like the BPO-"X", is then permanently expressed b
the targecated| dn dertwasn heoterkkgdt Pon aXd the ePNBERTPONG afrepea
ConférURLTgPt Qe%@&g@é@t?fﬂﬁi NHE rex fdlirad gBhohel | GHEE53RORS Lbe
schematic design of preferred types of retroviral expression
const r uénporhant chor behesedrresseani 2€é the irsteavival Faeedramdnglso
depicts e henati. ,gn of _.ret Lral wec ont aj ped ;
standarg%%Nﬁiglon %6%8ﬁ§§hi%fgégt o%%y%%fﬁgﬁb %ﬁ%éﬁgn?%e§?8tﬁggeéted
rel evanhodf gehés amdthegi dmpdiraantheragtarovin athgemehrouiral genome
hi ghl i ght ed.. On eferred vectaor generati epi.cted i.n n (
whose dé?aiqihgd |3%Pﬁg Pk Pt T R g"gﬂ%‘:fgngses,regﬁf rﬁ?&gviﬁ ed%u?‘%
Exampl epidckeoiqi i t hdec DA codi ngl r egizonsiut-dng huneril icdeet ingy andd/ox
I gKli chains driven_ by a strgﬁ? constatutive CW 15 pronoter (Prom
and f1 aRk8AUGHLON Vidam BFTERELPG K i ntron enhancer (KiE) and
3' K enhancer (3 KE) el enents, pronoting somatic hypernutation to the
V codi ngofeginensgéie tdei drgHoand-dc@miGhinits . r Jiheowiataiovipa ot i ¢ P andhe
| gL chai n expression constructs additionally contain open readin
franes 989t orPehe 2R%k i KRt | BRI s"ﬂaa)hcé’elwalrﬁﬁf’geﬂyggﬁfgciaan(lI]&(QEéSﬁ?

and, Pur eaY e £PUr Somd ,eSNREGIHMEIGh1 AlF 0wnkg he.reel aghi @ReOf; Sbable

integration of the IgH and I gL chain constructs agplyln% respective

ant i bi oppekaging seieeal orenadiesl t BPESTHE CONEEFIFALPY PFaksaqERdnant

vertebrate Gel s l\;%-ht_‘iac@stlg% 23 CPRAYRNI EBhvediAUe dLStki¢hhgRe a
ghl 1 ght ed, d

enzynme sites are hi al ow ng the straightforwar

repl acemehtipie V dodiing r egtens(N¢3h Kondleiniagd seovaral | ungiqueheand
repl acenent of the_entire JaH L in I N fons.b i

t he res???%??%ﬁp%ng§%%?'|%éhI%ﬁgﬁﬁghgf?sgTh?@gﬁag?gfg%h1%ﬁe&ggﬁgggﬁg
| gtor 30 | gbp thiadht ,expregseisenteonsheucs idpIéer entet avdgiadns tandséven
entire collections of V regions can easily be cloned into the

di scl os&8°ERPpressi on vectors. (b) In this panel, another class of
preferred vectors is 35 described, which carry a replacenent of the

vari abl go£0qia0 expression of recombinant retroviruses allowing the
expression of a recombinant protein (e.g. a binding protein of
35 interest (BPOI) “¥”) such as an antibody, minimally an open

reading frame (ORF) of a BPOI needs to be inserted into an



region by a DNA fragnent, in which the variable coding region - 18 -
is still separated into V, D and J gene segnents (for the IgH
construct) and V and J gene segnents {for the IgL chain construct) in
"quasi-germine" configuration. Wile otherwi se identical to the
retroviral expression vectors provided in (a th .

V(D) 9+ 1 CEBREN RS OU Lt SHEnBEET oYEFLPE o cBPolber o FRaaegipp has a
under go pHcketereGdti& itgardrarger®ndir Ofe t BRpY¥YesOPbh 08&! |anyD ddithsl r@emre
segnents, in order to generate a coding region for a variable binding
domai n ®Psitigredr ¥9Lechaioieve détai PEEEE| oRPnglBPr IR h HRIESSFPN

al | owi ng lag s10eXPEESSHANGL! o | GERENaE NSnaliess VID)]. LGt ngt Ofalys
descrlbeg in Fig. 11, A unique feature of these constructs is their
capabi | iopgivoagénerest edbieese by domipAdéddPngt edicdesiod ogems ) prpgoter
r econbi ion,acti cell.s .i.0-si 2. I N<precur |y yte
expressﬂ%%ogﬁ&bgeﬁﬁgs ék&%og%é Rkéglg%g ei%g. %ecgﬁggefhg%%%%éesg'gf
V(D) J reeansiinratmorfi stinot SPLERI pepmatdrveamnse fwobbhekbgimg ofigaal ablas

codi ng regi.on sequences may result fromone. individual retroviral
Vector femieRel  gReRe 20 T Gitie b Sneeatiife Sadvdh. sEFERKIAE o7
a gi ven rgetroof r ¥1 apdt Jageme- st gt uic@s .1 gL. The diversity in the

joining of V, optionally D and J gene segnents is due to a
conbPnation of exonucl ease_ activity, TdT nedi ated N—regkg? addi ti on,

and P nfdPeotPde SGERBAAEFBALY whi LR WERF T | *ROMIIRAY S M AhF&Vy 225
or | oi nth¥nkQueedbRY jo¥ Nteghiyar si bbeaki OkesNItiRg V,iD afHe) @GRRBIe
segnents have been cloned in a fashion that different V, D and J gene
segnent ekREFFGiABNDEr 8 BRATDEXCalPPYy 32 AMCRY MPUN fIRF dstsri dEirsh
enzyne Siteseqihiddid dePLaPera Pl LARSLIEE! ScORNErAlRA aRd diiiiadyesd
into V(D)J reconbination 30 conpetent host cells, can result in an
enol housagsettsi tiponf ai NBBRPI U ¥endmsat tdabs el thly prorasfiedtoér sinte  As
t hese v . taj i.tio xi;E_and XE e : GO ri

somt | o TRy SeT R o VOB R e GRS n g g s aat
a pri maend flusctiogeherat eoviodl gutatoringf Gligvertod BinddiEny 85 pr otiddns
can optional ly further b ageni zed hy .a - 19 - t
sonatictﬁgﬁeféﬁfgyﬁgﬁspﬁggggif i%gﬁﬁyleﬁe%%n i?%npggcggggggggg by
gener at eanhet anstholly di wersityansienvly Ccatrdresfeagapiat ul &xgdeission

situ and in vitro sin% t h disg%)sed(ge roviraL constructs andtggit
cel f& exAPBFEPR SV%E&J B &28bi gtl a%?Yva? T %. BE%cﬁrggﬁ ©
| ynphocyghas)kasgndd nemtisfe Al Ramadi biesdl sompl i sthyperduhana®n2ds HEK
A e cgbdfgn ont sz’ M 308 £ IS RANS) SORSILS CBhiYe I8RYS! 3048
transfection, the recombinant retroviral genomes, containing

the BPOI-“"X” gene are packaged into replication incompetent

25 retroviral particles, which accumulate in the cell culture
supernatant of the  PCL, The retroviral ©particles are
replication incompetent, because they lack the genes for the
functional retroviral Gag, Pol and Env proteins and therefore,

they can deliver their genetic payload into a target cell only

30 once, a process that i1s called retroviral transduction, or
single round infection. During retroviral transduction the
packaged RNA of a recombinant retrovirus is introduced into

the target cells, where it is reverse transcribed into cDNA,

which is then stably integrated into the target cell genome.

35 Two to three days after retroviral transduction, a gene of



10 retroviral constructs that can be used to realize the invention.
Here, the expression of the IgH and I gL coding regions is driven by
the 5 LTR pronoter of the retrovirat backbone and the expression of
IgH and I gL chains is coupled to the expression of GFP and YFP

aut of | ugr escence kers, 15 respecti,vely, allow.n e tracking .and
i sol ati R C6FSPEH g?r%el ﬁi"ee)?ﬁoé[s‘s' ng cé&l Iés{’e?i rﬁﬂrﬁ‘aﬁénéfﬁgl fiﬁpﬁﬁsﬁgg BY
transdueed celargekor canean amgheyeltloowthleuoriggeeetiohhese canst r kg
are very useful for controlling the nmultiplicity of infection of

"sel ect GELEEVEEALWEPRBEX UG riHe YhgbdoSTEnGeplogBBDPRs. 20 A | egend of
synbols used in Figs 4a) to c) for inportant DNA sequences i ncl uded
in the St ruct mi 5. PEoYi,ded. syhdi Vi h 5bgi d9H2N S dHe - rea
codi Eg ?g i'on‘fsjz i%l'tl?)s vg%gg%e s&%i ns (VH and VL a??l%:on?ai %)I ng rre
endogendaypebeadenetipvisadecgupmeesiohi ngastEycteohBaaincaiChie, used, to
CH3, CL), _and nepbrange-spanni ng di ng_regions cau thi s .
regi on irgagﬁésdegg%y tWo & loonns') ﬁglepr%\]fﬁagagf o?éé@éé?t??‘ea %%hel&a e
under st aeging obHft heetiddwistariat vensor80 dorg-dhHiareed | Lust a at SsAiveoidoniDNG
strategy.for the constructi of a retroviral |gH.(hyman_| gyi

oty peFLeRbPBeS Gkt BRCLaPSE owda e dBlark “hinel dmpred releyark
t heipasigendssi-gm raiidied for FtBe 4e8)ovihel chenbng Gireexpig@sSsighmed.
constructs for both menbrane bound 1 gG as wel| as, 35 secret egrel g,G IS
depi ct e@Nea®TGEEAFFEd VFRERXaMSPE R 100ni HEB-FESE r 1Bt PBR®enAfhe ¥PPSESE
in the pbaghhdaNBPSnéhE PEoNLdedifay inm BYs VenRy &, IRleReAded in
purposes. Based on the final retroviral chain expression construct,
as di scE38BE1ENn IFi comea e ebRe &Y 20tdRHNgH BRFFELH cHBF nGUrédi offY1Br
a col | echhoRs(ld Ry afydy, olondiiVer Se- M HopRi B codidigy r 88h9PS cAIVDE cMy
introdu%eé ﬁﬁtorﬁe % vegt ors usi nlg thg}ggni que Hciqg%ll 'l and Eco4711l
resi$i cpromotazyn@rom esindhyftepkedi ng-t Fndexdaviplgraan r by dmewi Ih x
said an r n LNg i Fi epj a fdikg

ot epar atBuOn o erERLy, FREELR, RN Re R TSy gteRents.
(ci rcl edyxomstipgoyena fionhyierooratsras dd ychevdl Icidiegl FepliHCX véctbe
backbon y site-directed.nutagenesis,  as._d ri i a e .
Thi s geﬁgﬁat 88%% hgg et rcgl\&/lilpgl' vgl(%feor 5 ééé%gggpﬁ&m Igmlg)r(l \l;l\‘ﬁl!r“ch%glﬁén
Eco471 | kxpeebsicthi oonetzydres sadei ciaomdldtyercdrg aie- ioptenodeaed nboif rahes
1 00b n9 309 [ePLARSREOE 18" H¥Eh SRURLD SOMOS: TRA ARy c: M ARANFISRq

puromycin (puro®), respectively, allowing the selection of
stable integration of the IgH and IgL chain constructs
applying respective antibiotic drug selection to cultures of
retrovirally transduced vertebrate cells. In addition,
25 convenient, unique restriction enzyme sites are highlighted,
allowing the straightforward replacement of V coding regions
with HindIII and Ecod47III, or the replacement of the entire
IgHi and IgL chain coding regions by using the restriction
enzymes HindIII and NotI. This way, from one existing IgH or
30 IgL chain expression construct different V regions and even
entire collections of V reglons can easily be cloned into the

disclosed expression vectors.

{(b) In this panel, another <class of preferred vectors is
35 described, which carry a replacement of the variable coding

region by a DNA fragment, in which the variable coding region



15 using Eco4711l for this purpose is based on the fact that Eco4711l
is the only restriction enzyne site that can be introduced directly

at the border between human VH and €yl8codi ng regi ons, without

changi ng the am no acid conposition of expressed human |gyi N chai ns.

Fig. 5a further illustrates, how 20 cloned fragnents of t h n.yi
Const S Gg SR Atert ROt D Gy (AT AT sOmioE | Dou
exons MUJMataier§l oagd it anbhesplddadm sbaskhese psdng cuel qoer Hidrdin

and G al restriction enzyne sites present in the MCS of pLHCXmM . The
f r agmente®NREEECES s iigh e UIY 3 egrmad ngddi ¢ andigu Rt dRR- nJEdS4 e e

Not | 25. .Ch i .
E%ﬁ%é;gﬁ'gg gé¥?§F§?B§§gEOéxb?%§gl OfY b AN PRSERe BSn  (a)

det ai | ed anpl e oWs e plasmds maps of the

cl onbng tihetser Meth Jaf-essauinthiowt iiH dorredeterddi hegt regl onk, vaatdors ifsirst
shown, how a rticul,ar VH LN ion f i .,ndl a

Eco47l | PPe&C egaaci s @1%]%%% i n%gg?hgpég%s ér1ucjf‘§g i%e‘g%m%@coéét rggfs, Ve
whi ch ampttibualgened ataed, ar eyedepi stgdents Fi gn Sordand twoubdnenate a

principle he sufficient to confer the expressi,on_of h n 1H

Chai ns. (CRAG " FEGERonOT R | YAFABLFORGIB S0; REB08s Hh 19 ¢ FoY oo 1ok
addi ti opakliy ., Nutagedieza i YEAC 0l Sl HEgbBNSs1idh aa Aldzwtepeadeoh ingnngle,
is an aspect of this invention and two _35 additional cloning. steps.,
ar e1Bi se#ese8siPA wafch 1HE cehaippE aftey -VéPéFFentre\fﬁot"]}?lé‘gBilf’f’ona}ls

fl anki ng.segugngesyi 1§l oned into a unique Bglll site, upstream of
the CW pronoter of the expression cassette (Fig. 5c¢ bottom and Fig.

5d) and in which the 3'RE el enent with sone flanking DNA sequence is
cloned % iviticiuchefemtupre Cfalthsisce eSS bY thelexpseesbidaty to
cassett ekg&aﬁgﬁandig%}&ch%nS-doHyi% reguht gl n L@giéwal £XPT §5F) N
vector for "erther nmenbrane bound or secreted %uman gylH chains, for
whi ¢h t recphbsnationps agtevpr ovieddd i nifFi gSi6e. TReSe cdmst IRKERJIrsor

correspqn t sc i C. plasm 10 t e a
i el osadPhOEYEs soBhr Fiuky " Wqb iR  CrhEE,  RE BRGSO EARe
and dr aBectosscahe. friaresta-of | VKDbT r abesmphmathatrai L#dnokomiregise, a

strategy,.provided in Exanple_1, for .t.he constructian of Lra

| gL (huﬁﬁﬁefgel FA 15D ’;5%2) & pFES AT cgﬂgf?%ctr,ec*{/ﬁ%lses §é'|£rgg%£esilmgar¥

was al r eadylpr ddciiedond Engiv4@h}l Betsedvamal herefatmal wethiovi aalgivgxl

chain expression construct, as disclosed._in gllg 6d herein an¥/ oi;fh%,r
Fary Ps&SL°

VL 8BmasRtcOdi Mg redith, Y ofeRe carPRRY T ot Y | §Eof §tVE
domai n gadi MY Jea@ Ofsgat Herdnt rgUuCeHe 2818t oitheineeher Jousing blie
tnique vl,nglp!clioggglgcgdglulle gene segments is due to a combination of
exonuclease activity, TdT mediated N-region addition, and P
nucleotide generation, which may all contribute individuvally
25 or jointly to coding joint diversification. As the V, D and J
gene segments have been cloned in a fashion that different V,
D and J gene segment family members can be easily replaced by
unique restriction enzyme sites, a limited number of
constructs generated and introduced into V{(D)J recombination
30 competent host cells, can result in an enormous diversity of
in situ generated binding protein diversity. As these vectors
contain additional xiE and 3'xE elements, conferring somatic
hypermutation to an V{D)J-rearranged V domain coding region, a
primary in situ generated collection of diverse binding

35 proteins can optionally further be mutagenized by an AID-



restriction enzyne sites, by replacing the existing VL region with
said any other VL domain coding region(s). The cloning strategy
required 25 nodified el enents sites-a$9ptPCX an packagi ng for the
retroviral IgL chain expression vectors preparatory cloning steps, in
order to generate a retroviral vector backbone, [

into which th }
Gest1 ot JEENAeRs. COBREd LSRG BN P BB PeeeT CIROR By o Kt idE

In a fi rp&too%ts%p,offn?@h@mrpi 8k RInsBodyundesidad yEcod 7V iVosi tanvas
removed fromthe 111 (Psi) signal by site-directed nutagenesis as

descri begdapitsdakrdnplia 25ifBsupbfingifin HHEFPi PN AstP pLPSGiosed
(Fig. 63t 03 ecqﬂﬂ1 noygl PLRXNM backbone.was:gengr ated)dy
l'igati ngegpez;crloarlg(aal,'SL Asc %ﬁtlgﬂ%%ﬁ gegt%d fro%nen?@f%m %())(mm%ci a? pl agbn)i d
pLHCX wirtelroaipiAst iohic alctfirvddnentef g ompsleRCxsior( Hypheinyte=dr, bap#h in

fragment s .t he n- cojtpati bl e Blpl. an NA_ 35 _e .needed. tq b
filled J"Z’lﬁt’]‘t e SR ok Sl?é“uar?gCKl é’%oev'}\'l/%%a% ?rsa%%‘%ﬁ? 8 s CheSen Sy
I n ExanplezivatkAato the resulting pLPCXn2 backbone the constant region

for a human xL chain (Cx) has been inserted via Hindlll and Cal as
iﬂg\il\ﬂs,( F(I[q%e %ﬁﬁ%n%&pellarséhoeréahteicCall(ﬂ;I ngeg:hr:t?:;[ e%%tf Oarnoq:"fmrg:n ligsHign of
10 retroviral <constructs that can be wused to realize the
invention. Hexe, the expression of the IgH and IgL coding
regions 1is driven by the 5°LTR promoter of the retroviral
backbone and the expression of IgH and IgL chains is coupled
to the expression of GFP and YFP autofluorescence markers,
15 respectively, allowing the tracking and isolation of IgH and
IglL expressing cells simply by analyzing the transduced cells
for green and yellow fluorescence. These constructs are very
useful for controlling the multiplicity of infection of

“selector cells” without further labelling procedures.

20
A legend of symbols used in Figs 4a) to ¢} for important DNA

sequences included in the construct is provided. The
subdivision of the IgH and IgL coding regions into variable
domains (Vy and Vy) all containing endogenous leader (L)
25 sequences, hinge (H), constant (Cul, Cuy2, Cy3, Cy)}, and
membrane-spanning coding regions (M1/2, because this region is
encoded by two exons) is provided for a better understanding

of the illustrations.

30 Fig. S5a-e illustrates the cloning strategy for the
construction of a retroviral IgH (human Igy; isotype)
expression vector, disclosed in detail in Example 1, and in
the basic design provided in Fig. 4(a). The <cloning of
expression constructs for both membrane bound IgG as well as

35 secreted IgG is depicted, as detailed in Example 1 - unique

restriction enzyme sites in the plasmid maps are provided for



5 fragnent was further flanked by Eco47I11 and Notl sites to
facilitate additional cloning procedures. After insertion of the
human Cx fragment, one sel ected human2¥it el ement was cloned into the
construct via unique H ndlll and Eco4711l sites (Fig. 6¢c). This
construct woul d i rinciple be 10 suffjcient tq.confer the,

expr €55 A5 LhARARCFESE. BREPRRSS n BARFY &8 gt 10811 TPFRAY- FiheberH
l'i ke i ndnhenCasgpiddsildie d@ikEhaid) expr eSsicaBseansid Uei§. (beg.herarie),,
addi tional xiE and 3i XE el enents were cloned into_the construct into
the uni G&¢ BEhEE Yndlenain Gad9aFediedm ahd2deRhseFeieR of L i@ nygx ot

chain 1%1%%@8%%&%%%@&gdiage%iﬁ@hst QahN&&! ORt RSt @t 88Y 0Ot he
the 1gH chain constructs (Fig. ©c and 6d). In the final constructs
al so5t heevitordomasngodihey megdor chhndheh lsad aEgef7IbF Al thEditaced

somatic _h r Lon, T ' t : S t -
schemt CEEBEo B RapPY nee | 108l SHE U8 VE-PR0E BT Raie ey
preci se otaetr i U} i aoreriny meocddpg aregisged udetigand Sdr adspiotscal e fiFsg.
7: This figure illustrates the cloning strate or troviral . .
ot 65 S PGRBEGALPFHCIE B Tt PORT ot ROLER. 78! cyePa AL d A TEaSS ton
(AID). Astdepieiedledhe icomremnsivall pERGX rele ovbimkryesl Dy hackhende
~was _used_and a specific RT-PCRfragnent from nouse splenic cDNA

cont @i nPEFEhe YEBFodi PREFRRYION Rls ShéRedirREEeEhe "HhPGERERRDI @S

restrice@rrshta oh tM@RRCK veehos yshBgatcesPahkblRMQtiral vector
restriction enzyne sites 30 inserted into the PCR anplication

pri mer s bagkbgescrBE¥nh Bianpiteich £hg. Beodhikl f rgaFei¢eBicangnzyme

conti nug(i_t@nt eAP) 14tastrghes the debaiuked ClH Nousd r abesying! S@na
provided in Exanple 2, for a 35 retroviral reporter constructs with

and wi t kepilapgrenthaifh EBmhaeméisl errding aFeehPngt hdingenddvaetgonarnd
s ot ; . . . ; ;
EG:gs qddany! dcf’f‘.rz% gf&g?ttlpgisﬁ%ﬁ&s% by rt%vﬁcﬁ' 8 Qhed 9&%1& ln%‘ﬂat

st op nit at1 on. ure provides an experinenta
pr oof - oEcodicept st lrhae t beldi stdsdsEdtienr ognzahe vedtter sthft owanl Dbe

medi at ed_somat i.c .myf.ati of _se n 1 k r angi b
codi ng rlé%lrgﬁg?g%ll (Sz{ri"g(?c g%ns??eg‘r}%%o?gfﬁ%é]{/- %reg%tg)%gr%e "ér?en%‘é. gg%a{n?aqvl
(a) showsdangamabyshs, ofitthdhex@iassiran ihe \Wsier redildotdompgsit ibnve £
sel ected FA—e12 ﬁ\ uLV téan ocrh%ed sc_elgi c_I_ aesful g}tehat‘l %%t?:%%@sSt glw
t r ansf eEFBESAFE P22 r o9Yyal “R'D %expressi6h construct, WhdSe “Ef on ng
waszgdlepicebaddi firkh@en?s dhetMéshamnanblotcanalaysi xegtions ganadisst iedther
Al D-speci.fic signal_ of ca. 25kD in FA-12 transfilflt_ t cl onci%mlad into
[

g
t hr ough¥A 1 buPTn8t tPAVE r AREPERRANTPH UM 1788 tHe ©

non-trangkegt.adxNeIBLENBoAS GOME OhnidNG . Hiliansf ediamilal wastusedibar
further testing of retroviral reporter vectors for AlD nediated

somat i cSAFPBENELEEF ORTESEM) , Il YSS iRt EEM y Jdifel TEge s ¥eFRe
retrovi paki HRRQN 1S CRRRLAHCt 5481t Fhla1 8 {10RG@ nY t Reanir PNCaAM t Reut

| gx enhancei el enents) were retrovirally transduced
25 restriction enzyme sites for "later cloning purposes, as
detailed in Example 1. Fig. 5b) shows the plasmids maps of the
cloning intermediates without Vy domain coding regions, and it
is shown, how a particular Vy coding region flanked by HindIII
and Eco47III sites is cloned into the constructs. These
30 constructs, which are thus generated, are depicted in Fig. S5c,
and would in principle be sufficient to confer the expression
of human Igy;H chains in any recipient cell line. However, the
possibility to additionally mutagenize Vy coding regions in an
AID-dependent manner, is an aspect of this invention and two

35 additional cloning steps are disclosed, in which the core xiE



20 into AI D expressing and Al D non-expressing FA-12 transfectants 3
and 5, respectively. As expected, only when reporter constructs
contai ning the enhancer elenents wereZiransduced into Al D expressing
FA-12 transfectant clone 3, was it possible to detect green revertant

transductants at a 0.2% 25 frequency 10 days post transduction, From
these 0°39GPEeicdl | 8ddibirnal §i atkineePPALPBABS W 1 ¥Mht BBy 2
single %%'ihuéorhglﬂgl and; {hesg,d1ongm Welre kReanahyZegréibt i €)Y  the
fl uorescence by FACS after expansion. The vast nmajority of the single
cel | soexpdesbdnrscp969Ftei dPLayedchbrbiencsnd Jigen 580 fndoridssdyich
expr essi » Jde | yqr.esc ' Lty the el r

fl uoreslgse%%czs't S%Egng?g]g?n{: hgﬁ(@zf’fﬂﬁ%egﬂégﬁ}s‘éor@a n:gﬁy soérjmég, %g‘%él]ecj
si m bar ihtot heherepresgneat Clel G-Piexpréssnoinrerm t evn priocyi degpratsstiba

| ower |eft el of Fjig._9b,_ copfirm.ng that. the original green_.

popul at FSﬁs%g edLFgor[ ohg%a?e\}[gr\’é orfd'a %-t‘he PrSPB?)gﬁutlé]ti%Iﬁ? sapt
cl ones shpwedsaon- védtorbicsrdali tpeeemehbaneseenad pat tsaforetasl human
representativel % depicted in the mddl e FACS hi st ogr am ang anl,}fl 1 .of
the 10018¥Hyl eRetN$ sbP¥ ePEFBNERSdPLBPAYR I™RBF Py Taky Oyl 10 Fig-

f1 uor esgancenekkgionRand cEACERirstgghamto 2hkl Genbatibi $1bisadle maps
illustrates the sequence of the EG-P coding region with an engi neered

st op0 nutaetohavfat ahesadiseBeed diggdoafIEGEP Fepor tlér dUHstREER Fofh
quant | t 8LbBgsSOBBLLE; YRS R ANDhapkn aRANBkaliR) tbtsbsshown, whi ch
of the Tour 10 nucl eotides have been nutated in codon 107 and 108 of
the EGFP open reading frame, thereby generating a stop-codon in codon
107 andFgenerfaticngl blustsiatest othér dohehkednihonaegd sthakgeyi proydgnd
108, TneRe sl uc) eokhde (panags, Gadlhioanals veLesthegh | Bol NG huma
i ntroduction of unidue Spel restriction enzyne sife, as 15 fndicate
t hals coligdL.bel arsebeds axgragabst i comgtikactf orvistop dbeddr rdaxi®mi ONss
upon sonatic hypernutatiqn. _The cleotide of . tQp.c (S
onbedded FReaY sBERREPEE ABT e be TRIET fhi G PRl SR
hot spot 1§aL scisin ¢ dyppesEibat | oonst nu@d, r eer tidst1okedesianatiyzed 68y
Spel 20 restriction en}i%/me di gjesti,on, it. could be confirned tlliat tt he
site waBSF&hler &Y e8FRTant 1t §O8F of 9 oh®PaRl’ h&fced was--ect+on
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Thi s patiébhsEeis tany eathee ORFIOM3iRe GAfIAG EELFP tHat Boe wgdoning

cloned Lpiord regf ovigal Hgyld;ehal N1gansLrMct al.ig idnsclesedrkn
Fig. 5(e), instead of a VH domain coding region. ig. 11(a) and
(b): | regeiaed opreParhécdst fladnd odFeRS st Aat e@yder &ov(Prprate a

rec i i 0 ; t r.Qvi hai, X i e : S
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cells pLPCX an undesired Eco47III site was removed from the § (Psi)
packaging signal by site-directed mutagenesis as described in

30 Example 2, resulting in modified plasmid pLPCXml (Fig. 6a). In

a second step a novel pLPCXmZ backbone was generated by
ligating a large, AscI-BlpI digested fragment from commercial
plasmid pLHCX with an AscI-Ncol fragment from pLPCXml (Fig.

6b). For both fragments the non-compatible BlpI and Ncol DNA

35 ends needed to be filled up with nucleotides using Klenow
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Fig. 8: This figure (8a and continued onto 8b) illustrates the
detailed cloning strategy, also provided in Example 2, for a
35 retroviral reporter constructs with and without IgkL chain

enhancer elements, allowing the identification and



30 for retrocyte display. Cells were perneabilised and stained using
anti-murine |1 gM heavy chain antibodies coupled to FITC (FL1).
Untreated cells served as negative codBrols. The experinment shows

that cell lines FA-12, 1624-5, 1624-6, 18/81- c18-11, and 40El1 had
practi cal | undetect ab e endogenous 35 ant i?bOdel expr.essi OP an % q
t hus be LtataotetHodSoretHe PPESEAPDT nv&nt i BIFt SLom 7ot <

IIIustraxmqnsegptmgtggﬂabeX|ty of retroviral expression vectors
followi ng the design disclosed in Fig. 4(c) and the experinental
principle for the generation of a IgH and IgL chain shuffled antibody
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ant i bOdIS@Sla\WIl'Ch lauca@tnpdnexmt@ okqge80cand 2Ubkali frirefempblful #ytibody Vv

sequenced cI ne respectlvely Bot h vect ar r u E$ gac§%9|
sequence % 6eg(1”p)n 7§15 a nleﬁig qownSttrg‘rgﬁ% nafls ?]e%peatlgrc( cits.
|nternaIPam|etlosomm aihiotys smgnalna(llyBES) ofParabl eéxpmstshe)rexppesﬁmmm—

an anti pti.de ch diat t V|ral ter..in.the
g b LR UR o v e S AR X B
gi p1and thiap, hagpeskevel ¥rabpon Vtéﬁéf@@lf@i 15 itransg erretnidm&ellectwn

cells, this allows for the conveni ent_detection and enrichnent . of
successﬁﬁfPF?sﬁllaﬂsdii’é‘é&ré‘ﬁ&f| ARG obeM 198 cH&fn d@)?dFé?Ql n’gl'l cEi¥s 7-

usi ng FAGS. welkkeERDBIAEI QRa s s COhLRST L 0N Of i A | 1 B antd Radings

in 20 transfornmed preB cells. In order to &enerate t ransi ent
packagi ®§ &&l-| £5K0 drarfPed oft agsfegitpat CLaRsferd FECCYRN| idpr HMtesiot

encodi ”th%@é}‘xs%géhgﬁt OE QHHHQI%H hbpdi gsckd Q%QWQanQ&ﬂﬁ%e%@lve

are co-transtfected wth a packagi ng construct épv ack- GP) and
envépopeossnslr UEC) ( pVRasIsLRSGRNENtS0 W8S swsedbler r Evirphent t@@l:pgg Pho

days pog&%&@?ﬂfc“ 9@]80£E'§r gengLaf S vecfcg]{ Pafi %{cﬁéeetar ar ¥ Ayl g

package e respective transfer vector ary are vested an
enpl oyehypermnaasdme(selﬂemwhlphelB deblistedr ansdaved déllsHere the

expressing. o .. .1 reporter constructs of Fig. 8 (once with and once

without Igkx enhancer elements) were retrovirally transduced
20 into AID expressing and AID non-expressing FA-12 transfectants
3 and 5, respectively. As expected, only when reporter
constructs containing the enhancer elements were transduced
into AID-expressing FA-12 transfectant «clone 3, was it
possible to detect green reverxtant transductants at a 0.2%
25 frequency 10 days post transduction. From these 0.2% green
cells, 100 individual cell clones were isolated by single cell
sorting and these clones were re-analyzed for green
fluorescence by FACS after expansion. The vast majority of the
single cell sorted clones (953%) displayed homogeneocus green
30 fluorescence expression at the same fluorescence intensity as
the medium green fluorescence signal of the 0.2% green cells
originally sorted, and similar to the representative GFP
expression pattern provided at the lower left panel of Fig.
9b, confirming that the original green population was due to

35 reversions of the EGFP stop mutation. Four clones showed a



the transferred heavy chains and the reporter gene gfp are 30
expanded enriched using FACS. Fol |l ow ng expansion, cells are
subjected to a second transduction. -TB#s-tine, the IgL(245)-
LIB-1RES-YFP library is transferred foll owed by expansi on and
enrichnment of cells expressing YFP and human |ight chai ns enpl oyin
FACS. Tiemosed ta%’feedbpuﬁétl%%sf&%%%‘%i t BEESEANT Ul 187 35%%%?1&2‘}1%'16’%
di spl ayiqegpiztdef inedhuinppaant i bady hHikidg¥am- add -orXpPressedchy 100
1624-5 cells, containing a conplexity of maximally 159' 250 cl ones.

Fig. 16:5iTHile fiemkl sROWSeAowd R st@PRIaesHuchBRlni t RNy green
| gt | RESGefedudnbal L RGre Widnd [ MY IS dopzdgen performed at

condi tions ensuring a sduction, resulting in clonal expression of
pol ypeptide chains in the vast ngjority of the transduced cells.

1. 5x106 Fii§24- 50 muriies AEMpbde t dddsoratdsprig® cekbsenee e cfuspbaddiGEn
1 m of tissue culture medium 10 supplemented with, different
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1: 50; 1tW01die208) EQRPairkbbgtEeC@histanttr eorowuaalt ivattiangs somatic
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| gL- LI BRYRESMWERL1PBspdck iRANS. 4PF eddy H%s@PPHBdiWP*#%.OESFh?OfOUI
ensype thallcbheddd ABLErbey¥nOhuthed r ansebd®d WEl lnd ed \wxd S @arr
copies of transfer vectors integrated into the host cell genone,

cel I s di°®SPayiFRsigenef 13 hsf €ree?RY coenerakinbwer Sf:ﬁﬁﬁc?@%l( BB caston

as det eqipgad ?@fe%%%iiﬁﬁ af 128 neou 6 TR Ak YRR nbeReAEHhandRr &n
enriched using FACS sorting four days post 20 infection. Cells were
expande@oden di0R .ddfesandosubpecteatide achargmd 2d¢dhsHttlloh resulted

enpl oyi ng yeet q tgeah;l:fehsa bavipg Qécl;sgfdrémi&tgmn el heL iRy as
regi ons of antibodies at a dl|ut|%n of* 1: 5 as descri bed above. Here,
GFPiposiinidveatell] shesl ecrdd floy heediyashai niegpretscomankes ifefeciteon

wi th veel %np%kkg Eﬁ%n§5tﬁ£ﬁn%ﬂ%géﬁ%tﬁgﬁééﬂgﬂét‘kaE§méF%ﬂAJHfHa£i d
vi ce versa. Four days post 1 nfection, ansduced cel I's 'expressi ng P
and YFPofertheeMAGebeédpusbdgn FAESemBbppdedi mt | o209 lofd tREY W eldgience

showed GFP.and YER expression after_the, second {ransducti.on. To .
secure ﬁtl%()nl )}"’}El gl e Vect TP Mt etg? atP%ns aocc%??sepao perfgﬁ ceﬁqmatlc

about omgpkeRimndadichbhe papubkati arsewmeratenkilohed t bhaktlyewdal g ordipeI

| ow_or noderate, expression Qf the reparter ge transduced.in _the
bocahy AR EEs i DRrraPe] s e Yoy Corld ot oROREIFTed 5eheh: it
W th a pepudl aldson-éfddie’B resistant to Spel digestion (and hence was

mutated). In ten of these clones sequence analysis revealed
that the G nucleotide in the original TAG stop-codon had been
mutated to a € nucleotide, resulting in a TAC codon, thereby

25 confirming the restriction enzyme analysis, and demonstrating
that AID-mediated somatic mutation had been targeted to the G
in the RGYW motif.

(b) This panel shows the entire ORF of the mutated EGFP that
30 was cloned into the retroviral IgylH chain construct already

disclosed in Fig. 5(e), instead of a Vy domain coding region.

Fig. 1l(a) and (b): TIllustration of the detailed cloning
strategy of a V(D)J recombination competent retroviral IgH

35 chain expression vector, as disclosed in detail in Example 4.



35 cells expressing an anti-1L-15 reference anti body by FACS, in

order to define optimal conditions allowing optimal IL-15 - 29 -
antigen staining conditions for Retrog§te Display experinents. The
stai ning procedure, as disclosed in detail in Exanple 7, included a
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i nto fhéeﬂﬁﬁﬁéﬁa-lﬂBPar@? a representative example, this panel shows

a DNA seqguence (clone 225, with amino acid translation on top)

25 obtained from a PCR amplicon derived from surface

immunoglobulin cells after one round of enrichment that had

been transduced with “quasi-germline” V(D)J recombination

competent retroviral vectors. As a reference, the sequences of

the coding regions of the V, D and J gene segments are

30 provided in (b) at the top, also with amino acid translation

on top of the V and J gene segments, as the D segment sequence

can be read in three different reading frames, depending on

the junctional diversity after vVi{D)Jd recombination.

Intervening sequences between the V, D and J gene segments in

35 “quasi-germline” configuration are depicted with dots. The



10 Fig. 19: Proof of concept for the enrichment of a IL-15- reactive
cell population by Retrocyte D splay froma diverse antibody library,
as dislosed in detail in Exanple 7.-The top panel shows FACS
stai nings for G-P/ YFP expression (y-axis), indicative of the
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is an effl,.c t h obt. ai ti I o] h
frequenc(lp'g bgpom@gfﬁal %qrﬁ%e%ul g%l o%%&imhil%?alal'y %hoémgﬁgEgl &il %%%O%Ienlahg
undet ectablirpeanhigeody eagpreesteh | shaBO0c&ngbe2bsedhis Blegapeopr oeildes
F@Oﬂ roof of conce ft f or sacgﬁssful Retroc te . D s
enr Ats g

ré)r?ty FerdtEAY ve S 1 Post aeR ]T%gseﬁagnﬁccécgépﬁfl

enrlChnEEin@fahkiLﬁurlne IgM heavy chain antibodies coupled to FITC
(FL1). Untreated c¢ells served as negative controls. The
experiment shows that cell lines FA-12, 1624-5, 1624-6, 18/81-
cl8-11, and 40El1 had practically undetectable endogenous

35 antibody expression, and can thus be used in a method of the

present invention.



antigen-reactive cells to an essentially 40% anti gen-reactive cel
popul ati on using three consecutive rounds of retrocyte 35 display
cell enrichment/tissue culture expansZén; starting froma mnimally
| L-1 beta-reactive cell population inthe - 32 - initial cel

popul ati gn. Doubl e stalnln s, for GFP/ YFP expr es sion (indicative aof 1
ant i body %xpr €55 onJ L WREIARILM3 r@hict FOPLy CQME ﬁﬁb@?de& FAGSrovira

Stalnln&&p&%s%@@na%éc969ylﬂ@ﬂlé&&nj“&hér@%éﬁ&ﬂ*ﬂhi&fﬂ%éﬂehﬁcﬁqr.C@Hkﬁ
(as negatlve control =5 NC, top-left) and cells co-transduced with

retrovi iad \Fé]@t Srpeshpearay ariagirleufRn the 19 esddion ©fr &f dgéheed
ant i body The Ezgh6§§1385 BEYﬁoﬁ? %Iﬁ%a%¥;(% al Ofhd | B\ Dovid%1 vector

|nd|cate otton1pane FA ai nings for antibody
expréssdobramdeBL | 1GH (e2@x tMIBIRHS -Gk Fant ebddy Egbf2ad3) JerferIdiESd YHP

10 shuffll Y e I . iNngli uagl
oL chaitioatsies S REE ohEte SRRk 4F R P, Tol dlelivd o)
ant i bodysndbefld)ght(%ms ched) andrafferlyl, hdmamd 3nReEbodigd e WEHSPl ay
enrichment roun ica |sclo% in detail i,n %xanple
6 Thes CIRIERE B oo S T80 nReHASRE BT bor T Lo AERHENTEH NG R REe
second akisbgenitbay. Rebtacyketbrsphaybeypr €5sl @ackadiagr isehoentei $sa
powerful nmeans to enrich a popul ation of antigen-specific cells from

i ni tPal 1§)al nbs3n et d00Ebl EE TR LS. 8BRS, QT?TR)ThIaé‘df i Yur d"dFEReL

confirmii@BoRl Lhelankigemr eartd Vi tya 01 @ navelt ntd Hady sidanbicl had
by Retrocyte Display, as disclosed in detail in Exanple 8. Fromthe

3x enri @R&dbedy| podparREien, chRdRN Medipitgd by bhe | Maryl dgaPmeker in
ol ones have begrmestablishad byasiagl ecel LoaflbdNexpladidn (hesengs

cell clones, 12 clones a novel IgL chain, ternmed LCB24
di scl os@@ppmtEXangﬁree 8.9fFheahg- m&nspe@a‘necﬂttlyvedﬁr t h@p%vetln_aGBMene

Igx&'SCh%'r@n%?egxgqﬂ%%ses%l\@ctt%rt h?elll@j %Q allows for the convenient

detection and enrichment of successfully transduced and

immunoglobulin chain expressing cells using FACS.

{b) Generation of a collection of fully human antibodies in
20 transformed preB cells. In order to generate transient
packaging cells, libraries of retroviral transfer vector
libraries encoding heavy chains of human antibodies (IgH({650)-
LIB-IRES-GFP) are co-transfected with a packaging construct
(pVPack-GP) and an envelope construct (pVPack-Eco) into
25 suitable recipient cells. Two days post transfection, the
generated vector particles library having packaged the
respective transfer vector library are harvested and employed
to transduce selector pre B cells. Transduced cells expressing
the transferred heavy chains and the reporter gene gfp are
30 expanded enriched using FACS. Following expansion, cells are
subjected to a second transduction. This time, the IgL({(245)-
LIB-IRES-YFP library is transferred followed by expansicn and
enrichment of cells expressing YFP and human light chains
employing FACS. The resultant population constitutes a fully
35 human antibody displaying a defined human antibody library



of the IL-1p specific reference anti body SK48-E26 (see Exanple 8) was
anal yzed by FACS upon re-transduction of the cloned and 30 sequence
characterized IgL and IgH chain ret+o¥8ral expression vectors into
the original selector cell line. The FACS stainings show anal ysi s of

ant i body expression (via GFP/ YFP)_ and IL-1p reactivity bé‘&l\/\o col our,
FACS, aS§*PhEFegfled PYAs BS54 ed @bl i - 1920 F>HARTi 1§ | SOORLERLEY i RF

non- tram@gﬁgglg’ﬁlgg}gg@o&l&%gs (NC = negative control left),
whereas a clear”™ - - 1L-113 specific staining is det ected in

positive control cel I S expr essing IgH and I gL chains of reference
ant i bodyisk48-a226Tlhs ddigpreAsdiomis| drovw | &- tpospberf iteansidgriions with

det egt I I t
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cell clones nfirmatian of
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chai n/ Slﬁﬂ-&ngaﬁcégl-bghasn 1 The1 ¢ cbefb Iﬁﬁgﬁmétmmmsmsamamgm ip¢eB
and positive controls for the IL-15 FACS staini ng assa as |nd| cat ed

(NC = nE§atPve"esft r SHSPEREPAnsHcel Bt ectlor thifue eggum
cont ol supphempbRrcgel St r ansttcRG W Lhahgicapd | 8 C‘?@éﬁbr15 pé&%tl@ﬂ%

encodi ng an anti-IL-15 reference anti bodyzL The two right FACS

st ai ni n§8PsKBAtABt | L{dBlykrett iNikiy driSant LpdAY ekpr®ssihgt@dl | &:200)

ei ther %Bﬁ?ghﬂgn&hﬁ geﬁéﬁinm'P@@lyoﬁogmos;%%t%frsS@%o@aﬁgl G HaaeIdL@g%
| gL chain, on ce? S expressing the original SK48-E26°I1 g

conbi na’chémn Thlls-bd@rr(;|¢§t r atlegi-20 B AREStREPnoveElr antlgi@dﬂﬁz‘dﬁ(ﬁsé@?@f
SK48- E26 EEE'C hggaﬂi-&éd Nl & 1%, 0t O SRECH fri € n%fuﬁJeLtIa%fc Byt

that it'is no ss reactive (or sticky) to
pr ot &i nmanbrkéyl Ipfl5thé5 thigpsd4edThiel ¥ gueeemfbdstsrlatm thepies of

successful @rl chg%%rof ls re t \él dllr}1to C% gglél ggpir%%ggingre %%Ilhg

by thr e&TRBRSBE U FVECF Bun ocyte ay cé
enri Chm%lﬁl‘t'sbll.a§$m|@ cyirieur erexlpaesl oeffia‘mnmsantlnbedy thebmarJyO* (MOI

generate shuff | of, di verse | dive hai n
library® ﬂs 0 & sg?iﬁgﬁe?n anpresdt %ﬁ rgtt a@l i H7° '75@’% !;"F ealti v&Y
cells m@é@oeﬂérghed;ettyé t & eLcEeNS @elthy vV eFATRINGS rDindi g%u&pe@diyﬁebbst
sorting, followed g%cel | culture exga sion, as indicate The

bi n#f ng+8HBEFHPR t FELFS atfitt HotRP Ingicelday s GG 172 jected to a
st r ept akkdbAd APEa k¥ dudhi b 1§ edmb Bo FIRIP NEd d e re ANt i@y Ha i igAGS ckaged

the light chain coding regions of antibodies at a dilution of
1:5 as described above. Here, GFP-positive cells selected for
heavy chain expression were infected with vector particles
25 transducing the IgL-LIB-IRES-YFP library and vice versa. Four
days post infection, transduced cells expressing GFP and YFP
were enriched using FACS. Approximately 20% of the cells
showed GFP and YFP expression after the second transduction.
To secure that only single vector integrations occurred per
30 cell about one third of the populations were enriched that
revealed only low or moderate expression of the reporter gene

transduced in the second round (approximately 8%).

Fig. 17: Titration of IL-15 staining with a population of preB
35 cells expressing an anti-IL-15 reference antibody by FACS, in

order to define optimal conditions allowing optimal IL-15



35 profiles of the sequentially enriched cell populations in the
presence (lower panel) and absence (top panel) of the antigen. - 34
- This denonstrates a proof of concep2®for the efficient enrichnent
of antigen-specific by Retrocyte Display in the absence of any
reference anti body . that could be used fqr chain shuff]ing approaches.
5 Fig. Z%CRE &&F&%P@s&ﬁf‘é‘atftﬁnﬁh?grf ‘GEF%C}S‘F%vPﬂ%PJe%Y a%’ﬁﬁ " e
speci fi aihey pfaitrheg3 gidmsidzel,r acyt @i By enriebgdlcehl mxepphat ign
disclosed in Fig. 24 for specific reactivity to the Cy7 fluorochrone

of the dncdpaedviali hiipeteyr fndehe 1dlaye.  FFiqen sihndma r afetc&F
sel ect or .%%b'/&g-gngﬁgmf,ed cel | 2R PIASFAG A 'c%'#/c'e%rgleabﬂlsl | Brear y

conbi nati on"an I mes strepatavidi n- APC-Cy7 enriched cel

popubat irgd yedpeadnal Hedihyl#FACE fant iadtli-36dy segpréssy ot Heidsat e@s
by G-P/ YER.flLuqr.es o [ LVLtY. - | . rept avidin-..15
{1 or ochrShe=Saar ugires 26 RERELHIL Vil S i Ah0R W fback
st r ept awydi FRCARC- Qyrf ety | Thedcekls pepal abuaheontygibednditb an anti-

st rept avi di n- APC- Cy but po 0 streptavidin-APC O . _

strepta&ﬁ&'n-ﬁgéfeyé?g,aﬂaﬂb%QQ%eciéfcs?%?ni%@ofseen’ optimal IL-15
st repat atiadnin4PG Ly dcwaspali shedotatdebecdalentirataiohhesf t Ite 120o0r 0.5
sel ector cells or the selector cells expressiggla diverse antibgﬁﬁ

d
|i bA8ry PITRLs pFoVPdedpti: of2bndSI% oP PENBLef P ci Bk aHRFMGHRY

speci fi goRebieaXl eafk SPtBY1 $ddcH®RNL. of specific antibodies from
cells expréessing a diverse antibody |ibrary, w thout the need of

anti body I1gH or IgL chains from 25 anti gen-specific reference

anti bodifdg- Fl§: 2Baledsnopél RBRBNidert bodadsiandenti ffed agyri-IL-15
oL oY LS RERRLY n RBClD il A S phet o Anerid L
di f £er ewonkygellthawhisbquencspikbGad ndrd aHCES e rsed tile adivl fodr eantt dagpidy
ggf‘: “Cf%%§§@§$?g§L regée‘d?%%%?s Goul e perd fentl h,edoh 5 OM) ngh £ g orhed
optimized IL-15 staining conditions illustrated and determined

in Fig. 17. The top-left panel shows the IgkL chain-APC/IL-15

double staining of control preB cells transduced with a

20 combination of IgH and IgL chain libraries, whose generation
was already shown in Fig. 16 {(NC = negative control). The top

right panel shows the IgxL chain-APC/IL-15 double staining of

preB cells transduced with retroviral expression vectors
encoding IgH and IgL chains of a reference IL-15 antibody

25 (PC=positive control), as disclosed in detail in Example 7.
The FACS profile of the NC cells shows that approximately 50%

of the BAb-library transduced cells are surface-Ig+, as
detected by the anti-IgxL chain-APC staining. However, none of

the surface-Ig+ cells displays bkinding to IL-15. In contrast,

30 the PC cells, in which more than 90% of the cells expressed
surface Ig, a specific IL-15-antigen binding 1is apparent by a
specific signal on the x-axis. As expected, the higher the
expression of surface-Ig on the PC cells, the more pronounced

the shift for the specific IL-15 signal, resulting in a

35 diagonal staining pattern of surface-Ig+/IL-15 binding cells,



of Retrocyte Display enrichnent. In this figure, all possible
pairings of IgL chains LC4 and LC10 wth HC49 and HC58 were 35
exanm ned for reactivity to the target3@ntigen streptavidin- APC Cy7.
For this, conbinations of retroviral expression - 35 - vectors

encoding the djifferent IgH and I gL chains re transduced into,
sel ect og"hclélhl slsashilﬂ’a%%’g’é%d aRd 5 ﬁi%?%"swxﬁal?# EXaRDI e 3§ Ipdicated.

i T ustrathed paovel cantihodibes tbrpB/didiand &i6H814.Gliis bethishagsngor
t he sane | %I-Fchai n, displ aéed_ specific 5 bi ndj%geto t he ]
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bi ndi ng of the two novel antibody clones to the antigen
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bi nder s dlaseortul edhanpéboslytdqgdrari €€, cBarlm ndidgpd 1ntdd tke NC cell
conveni ini’ to point out here that "and/or" where used herein is to be
taken as'$Pp8E¥fic disclosure of each of the two specified features or
conponents wth or without the other. For exanple "A and/or B" is to

be tgkewrias speci foireodi S6F 0WiR Rt €a6h ahe( i ¢nAickhdnt Bodnda (i1n-)15A
and B, just as 20 if each is set out individually herein. Affinity

mat ur at iFGACTAVAI G} RAPNIATEPN MRLNBEBEPEHle pPHRRERY of rom a diverse

anti gendri¥eay! AIRELYBIENEsOhiEN8sBiNdhngesReE! ihCirkhpp1el 7antrhRodicps
produced by an%'l gen-stinulated B | ynphocytes, 25 nostly occurring in
ger m naPageht eshwWsThEAGS o@é@s}nil@géa{&‘ﬁ BYPSBFAL iC¥PHFSEARNT aty GIKLs) .

ant [ bodiee BRI 8 B th T he SETERTIVE expanclor and BUrv: val P g o

| ymphocyeédd sgenamat i nFLhil ghent af FhniS+yeiant | bodiess) 30 Andipatlyve Thiod

tse”“ de%ga’éif:tfﬂﬁca C#-W”Q%?Pﬂ#f‘ \‘i’ﬂ%t h@%%-riaé%‘{ a{ja &1 P OfndNQljy
ynt hetical'T'y produced. e Tefmalso covers any polypeptide or

pr ot ei ncodnpri FRANG anadgsibodyf untransduced control preB cells (NC =

negative control), the top-middle panel shows the two-colour

FACS analysis of preB cells transduced with an anti-IL-15

20 reference antibody as a positive control (PC). The top-right

panel shows the same two-colour FACS staining of a population

of cells that have been transduced with a single IgH chain

encoding retroviral vector encoding the IgH chain of the

reference anti-IL15 antibody in combination with a diverse,

25 >7x10° different IgxL chain 1library. This IgL chain shuffled

library therefore contains potentially >7x10* different

antibodies, and expectedly, even by very narrow gating for

antibody-expressing and IL-15 reactive cells, as indicated in

the top-right FACS-profile, very few IL-15 reactive cells

30 could be detected {(here 2.42%, due to the gating close to the

negative population, as indicated). The enriched population

was expanded in tissue culture, and the identical staining

procedure and FACS—-sorting was repeated three times, as shown

for the three FACS stainings under identical conditions in the

35 lower three FACS panels. As can Dbe seen, consecutive



antigen-binding site, |like heavy chain only antibodies from35 for
exanple canels or lamas. A full-length antibody conprises - 36 -
two identical heavy (H) chains and twelidentical light (L) chains. In
its mononeric form two IgH and two I gL chains assenble into a
symmetric Y shaped di sul phide |inked antibody nolecule that has two
bi ndi ng WBHEPASEIERRY IByrPERE L8NCc OYSILES i P Bt Schelvafi @PPELREFPENSE
of 1gH and l0leiehai g AtiRedi R5#aPobee 150! 3bed e 80k NBhINGs10n
purification fromnatural sources, or else obtained by génetic

engi neerandg,eveac arien avs igxipree st onl lor 1 hyrestodmivéaly $ywanhdgies, omiginal
t hey can, 10 en. cont ai,n.am aci.ds not, encaode ermnll

i n’rrunoglr]?o%u(félir:l g%ahlg‘gf kgf*ﬁl I‘{%%ﬁur?ahr?wasnt%]b%%l%oﬁhp%?sgg h@g#%%tﬁgav%cs
and bi ghforchaigns ané. wardaallienandaconsigiity dosmtigehrosatbievaumarell

species. A chineric antibody conprjses vari.able regi on domai fr.am,
ohe. ver EEBMIAL L8Pt bs Do RIEREAS B | 1 197 ELrRA i 1 8 TPy Jio?
anot her arerilgebrabacepegsi eselThepgpiisd @idn dofBdms HfmasiChiymidtectable

anti body are usually derived froma hupnan anti body or anti bodies. .
Humani sédtdgerpsaretivan pelpr obvReH HICHT af HFHIP CORTSST  (FANIRAHA Ve

ant i bodienent 8f RAPBULTKe e ONS, of I gH and I gL variabl e domai ns of
human 20 origin. Antibody fragnent: It has been shown that fragnents

of &0whol e antibody can performthe function of binding antigens.
Exanpl efigf. Bi0ndiThgsf fagneat $lavetfafes hndatoifiagreith2Bnesidiist ilig

U and G et FradPIRA of! ) ElEn ik ARY, SERR R el
domai ns ceflla slarge astabbiyhed i aftehe siMylfer ageEht sowhinh dowsi s2s 3
?Iagngrfg%eg g#vggenk%ﬁgg%)e%%gkﬁggdcg96 %%%h g%iogyigsF%%%%k%bed in
15 Fig. 19. The 4 selected cell clones are designated clone F, H,
Vv and W, and all show specific IL-15 reactivity on GFP/YFP
positive cells, indicative of the stably transduced, Ig
encoding retroviral vectors. As expected, higher GFP/YFP
expressing cells, expressing higher antibody 1levels showed
20 higher IL-15 specificity, leading to characteristic diagonal
staining signals in the Ig/IL-15 double stainings. All cell
clones showed specific IL-15 reactivity, &as demonstrated by
omission of the IL-15 antigen in the stainings, which led to a
loss of IL-15-specific reactivity (not shown). The ' data
25 provide proocf of concept that Retrocyte Display 1s an
efficient method to¢ obtain antigen-reactiwve cell clones at

high frequencies from cell populations initially showing

almost undetectable antigen-reactive cells.

30 Fig. 21: This figure provides a second proof of concept for
successful Retrocyte Display enrichments of antigen-reactive
cells by illustrating the successful enrichment of IL-1f
antigen-reactive cells to an essentially 40% antigen-reactive
cell population using three consecutive rounds of retrocyte

35 display cell enrichment/tissue culture expansion, starting

from a minimally IL-lbeta-reactive c¢ell population in the



30 fragment conprising two |inked Fab fragments; (vii) single chain
Fv nol ecul es (scFv), wherein a VH domain and a VL donmain are |inked
by a peptide |inker which allows the 3%wo domains to associate to form
an antigen binding site; (viii) bispecific single chain Fv di mers;
and (ix), "diabodies", multivalent or 35 Itls ecific fr nents

const r udtedigy géﬁ?qusPSHUl?Elochv[@P Fabo¥i ﬁﬂﬂ%ﬁiﬂe ﬁayqﬁf/YFP

Stab"'é&%r@%sﬁhﬁ I NeARPRRRIVON 8F anBiboayli Seskphdgie i daes | imiding
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domai n FERCAigdthe ardePr @Y Hesd ex BRPF eStoinppaai e f FeRmaes Ry ided
Fab', whieh (i f ftg %shhe%Fis*i}eEr %%'.IEBE? ?ﬁgﬁﬁg gddi He%t%e baWrol =

reS|dues at the carboxyl “term nus o eavy chai'n CHL domai n,
i ncl 6di N§,orterorl.eftie acnyistcaln'l% ctqr-dmatr*seiua;mm bod.yl hi et wiggilorvecded s

Fab' - nco\fqh h ISa%t Buman ﬂef% %ﬁ?%h£ roup f 5%5”4%%18%% d%%4%§)

of the cons Omai N bear a N Some case
heavy 0E26Iaaﬁnpdﬁmnﬂvannonﬂnﬂi be mnnstdpredgho)beaanlbalaatahodwhe

fragment. As a skilled person | | readll ppr eci at e, | the abaqve
e Do bor a1, ShRay TRE Hacs 'S niedl i i sty s reaaLog
anti bodynbr OML\A@BCrkéeEdtCivflrt@gWBEt Saf@l earﬁteubd@d anpraee tdwisetatg®edby
‘functional' fragnments. 15 Antigen: Any bhi onol ecul e or chenical

ent Py tsﬁafff&aﬁgb@f bBUREVEYSE hedky Fhadsl & 18ER&vnSLop 1i ?rﬁ?:ﬂodirt?dmlldﬁél

(or antizbedi gakinBi RULAGs PradLidse Thing tegm dehhigs ohe tHOt @ik s0E23
pair of 20 nol ecul es that bind one anothef. The binding partner of a

bi ndi ngrpEerenaei sntishadyy befere edOx oensiaghed yanad ThESHr bt e?ndnef 3a
bi ndi ng ppRI-f,-JRY bﬁl di%ﬁ'érymdﬁﬁde\fﬁd 95 wae! 1y, 9r pﬂg ﬂela/ and as
no Cu

synthetlca l'y” produce e protein of t e pair of es has an
area ondissleaedacen aietaldavnlny, Expiele 23 bi Addeseo datai rdvbdsf opa

co e icul r z

otne - peopapinggnf, BAIL Y %ﬁésqf%rﬁqﬁp%es%ggﬁ%iﬁsﬂ%@ ndheg
pairs aRetantygen- Mpl:m,,dy,expiressmeawahd\ ehuumlnmenhor mne r@@@rﬁtrdu,l
receptofeligand, &0ZYIE- SUBMLALE ol S P SREN A VSN AL T 8e11s from

initially almost undetectable levels.

20 Fig. 22: This figure shows confirmation of IL-1B antigen
reactivity of a novel antibody identified by Retrocyte
Display, as disclosed in detail in Example 8. From the 3x
enriched cell population, shown in Fig. 21, 24 individual cell
clones have been established by single cell sorting. From

25 these 24 cell clones, 12 clones harboured a novel IglL chain,
termed LCB24, as disclosed in Example 8. The IL-1B specificity
of the novel LCB24 IgxL chain co-expressed with the IgH chain
of the IL~1f specific reference antibody SK48-E26 {see Example
8) was analyzed by FACS upon re-transduction of the cloned and

30 sequence characterized IgL and IgH chain retroviral expression
vectors into the original selector cell 1line. The FACS
stainings show analysis of antibody expression (via GFP/YFP)
and IL-1p reactivity by two colour FACS, as indicated. As
expected no IL-1p reactivity is detected in non-transduced

35 selector cells (NC = negative control, left), whereas a clear



30 preferably concerned with anti gen-anti body type reactions.
Conmpl enentary determning region (CDR): This termrefers to the
hypervari abl e regi ons of the heavy and3|+ght chains of an

i mmunogl obulin. CDRs are the regions in the three dinensional 35
structure of an immnogﬁ:&obul,i n that_directly estahli.sh conta

y. ct to
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wher e caognaleyi oéel acioons beigieen antigen presenting cells and

bet ween different |ynphocyte popul ati ons occur, resulting in 15 the
proliferative_expansion of antigen-reactive |ynphocytes, as 'l _as
BT ni Ly Hat GPat COREARAAEEa0s CnIEa Pdc AFOSTATEGR Cob akt tRodtedd OFf
pr OQUCe%ok})élaahtgﬁﬁd?eéﬁ&b&@d Bolynpbosyi@en &I /e cwHs gyHatdhann .
The unrearranged configuration of 20 genes and gene |oci, as they are
i nheri t 88¢f r 6Pt héephr eABSS affi2aBipdRy WM HREFRSSE GP% o BAFHHER

gener at i-Qng rbM50Hgh the gELibi ARes DOV 106G Al 0Nk LUEHH i a0G@UT (WCNG
in somatic cells, like e.g. V(D)J reconbinationin |ynphocytes, |ead

to the NeSRGLTEI sgNErOflos Irdfragesiaced iSFHleCkaLi oif lorf cef¢ arn RpSId 1Ys
Loct, SnShOECE! LA ha0E-Olc LIRARIGE Lip Lig O8CA 0B chain
chatéct eeczedsbyendvaliggpr @ssieon lofl Lpabt insfleaengeeAantsdrodyicel The two
SpeCifi%i%g@esEACS stainings show no 1IL-15 reactivity on antibody
expressing cells either encoding the novel antibody composed

of SK48-E26 IgH and LCB24 IgL chain, or on cells expressing

the original SK48-E26 IgH/IgL combination. This demonstrates

20 that the novel antibody composed of SK48-E26 IgH and LCB24 IgL
chain is not only specific for IL-1f, but that it is not
generally cross-reactive (or sticky) to other proteins, like

IT-15.

25 Fig. 24: This figure illustrates the successful enrichment of
streptavidin-APC-Cy7 antigen-reactive cells by three
consecutive rounds of Retrocyte Display cell enrichment/tissue
culture expansion, from an antibody library generated by
shuffling of a diverse IglL with a diverse IgH chain library as

30 disclosed in Example 9. Streptavidin-APC-Cy7 reactive cells
were enriched by three consecutive rounds of high-speed cell
sorting, followed by cell culture expansion, as indicated. The
binding-specificity of antibody expressing cells for the
streptavidin-APC-Cy7 antigen is demonstrated by analyzing FACS

35 profiles of the sequentially enriched cell populations in the

presence (lower panel) and absence (top panel) of the antigen.



30 like e.g. the X5 and VpreBl and VpreB2 genes, and the expression
of precursor |ynphoid specific factors involved in V(D)J

reconbi nation (e.g. RAG 1, RAG 2). tn3éddition, precursor B.

| ynphocytes are characterized by the presence of DIJH on both heavy

chain alleles or at | east one VHDIH rearrangenent on at 35 | east one
i munogl™o¥& i (eACRFF*8R&Pn &l | BFeSIuwhPfe FRRCERGht IThai M'Ye flcfdie“t

are stildndiRnianhearsangedigehrkpReiric3Sy feBEbEOYEAL iMkp1SYchihhathe
the preB cells cannot expréss conplete anti bodies. Primary | ynphoid

or gans: 3bsgass, ofnami eripyApABCHNBELEGY et gt 5coulsin hredshoiat ichain

stem celdis,¢ 1R, ns e.g. the bone marrow, the thynus, and
during et%al Ping]egs?ﬁgg??%%? "Quasi -gernline" configuration: The

artibicial arrangenent of V,optionally D and J gene segnments with
fl anki nFi0 r2Zconbheatieer ShmrsEntsequencesis| dhigdrér gmoyddel igweidence

i mmunogl _obul i.n gene_.laci. int rtifjcial etic constructs, such
that t hd °&r raifg fg'IClFP{e o% %&ﬁ iéon%lrrﬁ/sgeD%]etaﬂoocyf]:teg:tﬁfeSngead}neefﬂrsqu?d
such ar tgeflilciglpugenaionC dienstgdeet sirst Fid. abhowrSiderifdd freactivity
recombi nati on of the gene segnents_into a 15 varigbl.e codinggre i 0

by the poce® &FV(IDUPHEEFHenatt o lesoieisRe FARE o AT CACEY o &

somapi C GRl.| Forestliki NdohPtrB8shREEQUYEL L PfcoDI I WRKMALI O Idd1a s
specific regions of the %enoma. Wien this occurs at a high frequency
(>10- 4 RFPEEPE6ABYI28NpERHKASEpSNRA1Pe IOEREYIICPTBLBAF1PE PRAKAOVN tHEES

somat i ¢ ypeLauLali QtapdE)7? LecorRbRatdaN: Jhbs1dsidhewBLecastiydld
generating antibody and T-cell receptor diversity and is the nethod
by 25 whivch BAfifct i bvval antibedy gereseapéorr ediadichteinybliveSREEFP

rearranguBL 0L NB)Y G80e SEGNENES; dhat 16006 foh Lie heqwse and;;ldight
p arnd

chai n proteins of I mmunogl obuli ns, it only occurs inly ocyt es.
30 Tpandflecrnbtimansf echjopates, t heasontiendiadtesukar Ve ¢ cel | §imigiss

.51 1he BEOSRES ShibThEC| MU B A1 BRBYSRESS A, EusAE!
net hods streptavidin~APC-Cy7, but not to streptavidin-APC or
streptavidin-APC-Cy5.5, and nen-specific staining of
strepatavidin-APC-Cy7 was also not detectable to either the

20 selector cells or the selector cells expressing a diverse
antibody 1library. This provides proof of concept for the
efficient and highly specific Retrocyte Display enrichment of
specific antibodies from cells expressing a diverse antibody

library, without the need of antibody IgH or IglL chains from

25 antigen-specific reference antibodies.

Fig. 26: Two novel human antibodies identified by Retrocyte
Display, sharing the same IgH chain show specific binding to
antigen streptavidin-APC-Cy7. As disclosed in Example 9, two
30 different IgH chain sequences (HC49 and HC58} and two
different IgL <chain sequences (LC4 and LCi0) could be
identified from single-sorted cell clones after three rounds
of Retrocyte Display enrichment. In this figure, all possible
pairings of IgL chains LC4 and LC10 with HC49 and HC58 were
35 examined for reactivity to the target antigen streptavidin-

APC-Cy7. For this, combinations of retroviral expression



35 Transform ng/ Transformation: In the context of eukaryotic cells
this is the process of immortalizing a cell for the establishnent of
a continuously proliferating cell |+né> -- 40 - Transduci ng: The
process of delivering DNA into vertebrate cells via the production of
reconbi nant viruses. For this, Eacka ing_cell |line, expressing

st r uct urAICtHESt ePREORGPIYi FAP pQF FRrerti sI9H artRct ¥l wi§ipis -~ were

reconbi RainsWuktad QMR FONSITCt-COMPrisi REqLBSrE€IHhAl sy & ARIHeH
for packaging of the viral DNA construct into the viral structural

prot ei nstn By¥aMRLs Pecdrbi hbhistaatarks %@%ﬁbrédﬁé@@d%ﬁﬁtH@éﬁ/B€4u§Q§
to | nfeqicslamenpli 8BLn! ahgelingehs LaAd! ogutondiie, | 81 d Upl; £
o the 10 "geno

genetic I nformation c one reco |nant vira
Vect 6r/ @dmstingct : tAn arthef i C|salrbptgehéiathﬁﬂ1‘ﬁhd ei caraimc_cérsequedtﬁefeas

whi ch cap, e used 19, shyld | g.nucled fapt 4 el egepd s bed wegn o £f ergny

organlsns and Spéci es; and can
propaga&ﬁg@ﬁﬁhbﬁytabdndangtabmlgenpnlmhen%pe&aﬁncnblaﬂtagled the two
Description_Antib ﬁ nnunog obulins, are the qg} dgf ead
class 28°9F piARdi Qdﬁr 8118Pﬁ§ ERafPRaGRTHPSY Rt TP by P TRt % L 48R
for thenapevtinedandiber dink@nossélecitpt i CakiDES. pHaeidgeut idonclusive
anti bodi es have devel oped into the commercially nost successful class

of BPol &giideargstitd tiffer &5i PRIMRUuedCi nie? efetirRWEFel Digritay as

pover f ulyixRt Bads tRedeve! oy antiRodyyes ifasadibhergpeutd£s (Bak®ody
2005). Anti bodies consist of two identical heavy (H) chain and Ilght

(L) chaﬁﬁn§ﬁyéobﬂo@@mﬂke¥rﬁﬂt%#QQXxihﬂr@ﬁﬂﬁ§ | i nked vi a di sul phi de
bonds (Fig. 2a). Each i mrunogl obulin heavy (l1gH) 30 and |ight chain
(1gL) polypeptide conprises an N-termnal variable domain that varies
bet ween Tgirfinfiapéagyant i bodi es and a C-terminal constant region, that
is identical between different antibodi es belonging to the sane
i muhogllébuls nceubtryipnt i sot ppent( Fivg. Rme ﬂh&ic@nﬁﬁha;?owhetelgﬁed
and 1oL ,39.5R2110 v 1 80 ol EASS (S ANI Ji ndlag Beckst
two specified features or components with or without the
other. For example "A and/or B" 1is to be taken as specific
disclosure of each of (i) A, (ii) B and {iii) A and B, just as

20 if each is set out individually herein.

Affinity maturation: A highly regulated immunolcgical process
of antigen-driven improvement of the binding specificities of
antibodies produced by antigen-stimulated B 1lymphocytes,

25 mostly occurring in germinal centers. The process is caused by
somatic hypermutation largely targeted to the coding regions
for the wvariable domains of antibodies coupled with the
selective expansion and survival of B lymphocytes generating
higher affinity antibodies.

30
Antibody: This term describes an immunoglobulin whether

natural or partly or wholly synthetically produced. The term
also covers any polypeptide or protein comprising an antibody
antigen-binding site, 1like heavy chain only antibodies from

35 for example camels or lamas. A full-length antibody comprises



an anti body and determ nes its specificity, whereas the constant
regions determnes the imune effector function of an antibody. The
variability of inmmunoglobulins in theBé wvariable donmins results from
the fact that VH and VL domains are 5 encoded by a multitude of gene
segnents, that are designated V (varjable), D (diversity), and J

(j oi ni ng\"%getdeeifent 82 tr i g (FRA NS f @%‘gnttiwé’t i b%elb?lﬁ}g% yhpBbtytidd
one V, emaiRs(onty Btesefndmdtike FgkhchawB |agushnandnerdrdeiMins
segnment is randomy selected in each cell and 1s site-specifically 10
rear r angeé§emRler deiot @ guemmedrd ot e wnasy Hegtlghider inked \antibody
domai NS molis 8!  Grpecifle OBt ! Gihegagd! Wl OF PN Yy OCGHES
I n precursor [ynphocytes and is known as”V(D)J recom bination

(G adundembénaalion ¢998)e (wd simirlef eregionBi gf 2bHaadd 2E9L dhweins.
rearrangenent of gene segnents is nediated by 15

reconbi al;ci. n- g;}gti\{:ati egeneléng%9 1 ac’r]_ockhaczj1 r duc_ts_.u Df? L .thefrom
mul t1 Ul TGPOULoD, R T gene SbgRe s, Cari (Gihr BEi SPEALIRS GG

segnment nja@uRalg, sGir &FOF MTRUS eeper tehteimfd dibkf egenét Ve  engineering,

recombinant expression or by chemical synthesis, and they can

19 then contain amino acids not encoded by germline

immunoglobulin genes. A fully human antibody comprises human

heavy and light chains i.e. variable and constant domains from

the human species. 2 chimeric antibody comprises variable

region domains from one vertebrate species combined with

15 constant region domains of another vertebrate species. The

constant domains of a chimeric antibody are usually derived

from a human antibody or antibodies. Humanised antibodies can

be produced by grafting CDRs of non-human antibodies onto

framework regions of IgH and IgL variable domains of human

20 origin.

Antibody fragment: It has been shown that fragments of a whole
antibody can perform the function of binding antigens.
Examples of binding fragments are (i) the Fab fragment
25 consisting of VL, VH, CL and CHl domains; (ii) the Fd fragment
consisting of the VH and CHl domains; (iii) the Fv fragment
consisting of the VL and VH domains of a single antibody; {(iv)
the dAb fragment, which consists of a VH or a VL domain; {v)
isclated CDR regions; (vi) F(ab')2 fragments, a bivalent
30 fragment comprising two linked Fab fragments; (vii) single
chain Fv molecules (scFv), wherein a V4 domain and a V. domain
are linked by a peptide linker which allows the two domains to
associate to form an antigen binding site; (viii) bispecific
single chain Fv dimmers; and (ix) "diabodies", multiwvalent or
35 multispecific fragments constructed by gene fusion. Fv, scFv

or diabody molecules may be stabilized by the incorporation of



region specificities can be generated by the mllions of B

| ynphocyt es produced by the i mmune systemevery day (G awunder 20 et

al ., 1998). Because the i munogl obuti ®7heavy chain gene | ocus contain

V, D and J gene segnents, the coding region for a VH domain of an

anti body_r e(iui res twg sequential V(D)J rearrangenent e_ventz\}J wher eas
|

the i
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a free thiol group. In some cases

7H8S gpea
a heavy or a light chain may also be considered to be an
antibody  fragment. As a skilled person will readily
appreciate, all the above antibody fragments display at least
one function of the whole native antibody from which said
fragments are derived and are thus termed ‘tfunctional’

fragments.

Antigen: Any biomolecule or chemical entity that can be bound

by the variable domains of immunoglobulins (or antibodies).

Binding protein: This term defines one protein of a pair of
molecules that bind one another. The kinding partner of a
binding protein is usually referred to as a ligand. The
proteins of a binding pair may be naturally derived or wholly
or partially synthetically produced. Cne protein o¢f the pair
of molecules has an area on its surface, or a cavity, which
binds to and is therefore complementary to a particular
spatial and polar organization of the other protein of the
pair of molecules. Examples of types of binding pairs are
antigen-antibody, biotin-avidin, hormene-hormone receptor,
receptor-ligand, enzyme-substrate. The present invention is

preferably concerned with antigen-antibody type reactions.

Complementary determining region (CDR): This term refers to
the hypervariable regions of the heavy and light chains of an
immunoglobulin. CDRs are the regions in the three dimensional
structure of an immunoglobulin that directly establish contact

to antigen. An antibody typically contains 3 heavy chain CDRs



- 42 - the IgL chain, which is forned upon V to J gene segnent
joining later during B cell differentiation, when TdT expression is
| argely downregul ated (Li et al., 1993%,-is sonewhat |ess conpl ex.
Apart fromthe generation of CDR3 5 diversity in VH and VL codi ng
regions, both IgH and IgL chain repertoires can further be

di ver si f3%H by tHY privties LRfEs s ot | O perststa o g 5t rdiggerssd

in mat urey B LRl and¥hbAgrtbepeoty se of a T cell dependent irmmune
reaction (Papavasiliou & Schatz, 2002). The sonmatic mnmutations are 10

specifically targeted to the VH and VL coding regions, and are .
nedi at ePdspinhe B | i pleaget wirdci fneiezynef acei vatioselieadleed thpti dilive
deamSnaSc%a(r%Q'fbu'é?\i'zgﬁedbﬁl D, ﬁfi%f&ﬂ%\é&s't%'rgg &giQ'fﬁQﬁEEongPo?Qtru%sc&e
conséquence of Ssomati c hyper ation occurring during i nmuni zati on,
cel |l s ex{@r.essivayldlglerodScahttant y ragtiobodipmaninantcst aganmstgidimlins

i mmunog re_positive selected in,the course of an i ni.zatiqn
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al so accunmul ate nutations jn CDRs 1 and 2, _a _process, which is 20
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Al D1gedi ated di versification and specific targeting to the VH and VL

codi ng rRGhARS1I S &4 capt | yaidiGhRasedn byt g Lsencer@bture  in
cis-regul atory genetic elenments or notifs, in particular enhancer
el ement PegirhREalgHYERBCLEGL OEHAPA JBnE - 23 YRBBuSOdeSc e FRLFCIRe Where

broxi m pqplyekhe; hearsongat Vhandol cadingar egions hlek 1Q S$om
1999). Besg;ill escl éss?ca?? ul I -1engt ﬁ’t herapégjt Fcaﬁt ?Eoﬁ?%ﬁ? a%di tional
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domai ns asetwsall are af Sovdnc medsiragliprbeimyy ebgd oredi tash timrapeaumatdon
and di agnosti ¢, agents. wever., it i.s clear to _a person skilled in
the art S RaE BERRC ST O R MRiTstay CPrkaHen e S ERLI9S be
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Germline configuration: The unrearranged configuration of

20 genes and gene loci, as they are inherited from the parents,
and as they will be passed on to further generations through
the germline. DNA recombination events occurring in somatic
cells, like e.g. V(D)J recombination in lymphocytes, lead to
the reshuffling or loss of genetic information on certain gene

25 loci and therefore to a change of the genes from the germline

configuration,

PreB lymphocyte: A precursor B lymphocyte is characterized by
the expression of particular precursor B cell specific genes,
30 like e.g. the A5 and Vpresn and Vpees2 genes, and the expression
of precursor lymphoid specific £factors involved in V(D)J
recombination (e.g. RAG-1, RAG-2). In addition, precursor B
lymphocytes are characterized by the presence of DJy on both
heavy chain alleles or at least one VygDJy rearrangement on at
35 least one immunoglobulin heavy chain allele, while the light

chain gene loci are still in unrearranged, germline



| engt h anti bodi es by either standard bi ochem stry methods on protein
basi s, or by conventional nolecul ar biology nethods, if the coding
information of a desired full-length afttbody is available. 5
Traditionally, nonoclonal antibodies directed agai nst a nol ecul e or
epitope of interest (antigen) are generated_by imunization of snal

| abor at &P EigRrpEi AR ani FHFE,  &PgE nitRE, PAES, (8ISt s, SN GoatKPAFSS
donkeys cohgiReet bMei¥oaser 10 repeated immunizations, aninmals are
either bled for the isolation of polyclonal antibodies fromtheir

bl ood serumor, for the generation of nonoclonal antibodies, the

ani mal s Padmagycdiviipbeddi orgedsr Qurgiessk atla |whisho chsmshdaydess asyedapy
| Yol & 0r 9ANSa ) Jdi o KTPN. NAHCR 95 0L NG 5P 0. b0l BliftholSe o the
| ynphocytes are 1used 1o norl a myel oma celTs for the generati on of
hybri doivese whrebwar ehsutblsgruentdnd sulrdhgnédtahdl $€e cemeel ¥iorer.he
secretion of nonoclonal antibodi es exhibiting desired functional
properties, like e ,g. pindi to a partjcular antigen or target. 20
B ot heCRRALTOBFRLERRY oBgRErR: EA oty TR o RREAP R QS L ndirargobReAT ~Of
devel opgnt @it durhiildonapf echiel ogy f eenkhe gafeimid ONwethso-MNaklkedg
nmonocl onal anti bodies by KOhler and MIstein (Kohler & MIstein, .
1978y, recepBknatieng t SAENaht i | SREHBRFBRal S5CAREI bodiF€® coWcF™déne

used fonkgoki8BLEIEAL gehehumn di seasartTREC-IRI N ge8asers dfstihets,
slow entry of "anti bodi és into the clinic were initial setbacks

associ aseghwitha tugihey arodagenenti R5ditde for epekerablhubanapdt Teqese
A SUChs@?hbHEQ' 8% aLEcr0 i #3584 ah N ANE J NI SYSILMPE1 R allouws

patient, e I mune systemrecogni zes the rodent antibodies as a

f or ei gnsptetepacifitic nouetenkainad tinme afesgdisse asg@ nstegmiease  into a
ant | bodi . .ncl udi t han _of trali zi i i

(ki SET1abRE Hoaliy f¥s AL T80 2088 B8 VIS AlgiHBon.
can 35 lead to a significant decrease in the half-1ife and, hence,

t he ef f Semayiof mbhetappt i Bdpantiebedyn acrdatan evwéhs| eadufiting 44 +the
severe side-effects, iLf the.i ne .system,overreacts against th

] et o hERCRGRERT pP6t ECHTETHBHA PSS e o tont Pt Ohnine
commer cgahomdt ewash this deveirep dthes apeglt | eraghebod es1otfamunateons
"more" simlar to human anti dies.,lnitiallg, t his, was achi eved ?g
meafS oPS§enBEPEPRhYi e i i VIBLAY) r otibnt 1 Ent FHIM eSS r ESOPER g
in the gﬁp@kﬁgﬂgﬂio@f either chinmeric or humani zed anti bodies (C ark,
2000) . Imeric antibodi es are generated by fusing the

V{D)J recombination: This is the process for generating
antibody and T-cell receptor diversity and is the method by
25 which functional antibody genes are created. It involves the
rearrangement of many gene segments that code for the heavy
and light chain proteins of immuncglobulins, and it only

occurs in lymphocytes.

30 Transfecting/Transfection: In the context of eukaryotic cells
this is the process of introducing nucleic acid sequences into
eukaryotic cells, usually associated with wusing chemical

and/or physical methods.

35 Transforming/Transformation: In the context of eukaryotic
cells this is the process of immortalizing a cell for the

establishment of a continuously proliferating cell line.



10 vari abl e bindi ng domai ns of a rodent antibody to the constant

regi ons of a human anti body, using standard genetic engi neering and

cloning techni ques. Humani zed anti bedé®@s; in contrast, are generated
by only transferring the conplenentarity determ ning regi ons (CDRs)

of a varjable 15 domain froma rodent antibody to the variable region

fr amewor R3S RRAREN Bt | BEAFSSRhi ¢h 19814851 88nP My dP&RdaYRFtebrate
mol ecul &e1lisol gy trehpradese i be LBeoRbOREAUT §ilAEeHENELAl ithds, a
chineric antibodies is straightforward, these antibodies still .
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years as a nethod of choice for the devel opnent of therapeutic 35
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humap abei bodses t heor epiropkibyptar e tdmpigfy t oapduseméhetdbmst genomic
innunog§ %§E&¥t?$9 side-effects in human patients. The two nost
establ i shé arry human anti body” devel opnent 10 platforns are: A)
Human i mmunogl obul in transgeni c nouse technol ogy, in which | arge

transgege% 05 8eEn1ine human i mmunogl obul in heavy and |ight chain
gene |l o £ = ced into the nouse 15 genone (G een &
Jakobovit%h 1%98; Jakohovits ?t ai,, V@98/24g93 A2). I.n order to.use
these t PRASHBATES i B& FOPUIRELGRYEL BPneff e of PRuMER “attidfsaregd Hese
t r apg gesifC YIRS oS tPRithRS nkaveh reefa €¢ 0p 88kt Orgene kiReek colb rMmissgul
strains harbouring functional deletions in their endogenous nouse 20
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anti body devel opnent, and need'to be discarded. B) Phage display
t echhol eggedwahehareubezed Bakathe 2805 essi on (di splay) of highly
diverse libraries of antibody fragnents 30 (e.g. as single chain Fv

or Fab t SUEf f : i es,,of i .

(G acksonCepBa e QBahiS cHE A5, Jucheihel’ QRRBSPRHE, ohafl spg, 1ighe

identifi(tati chadh spégicbpecobehder sthphagerki brawveésnolyappiopedat iz

conpl exi,t ual.ity and origin are baound to i mmohjlized tigens

(" pannt Ho¥5 9K boRgS, (D, BER - P B e B i Res 78 an)

i medi | haed BIdhigerchaAht enigeyergdl yeupwdsicof cpappi Bgs Safluanaesmihal
variable domain that varies between different antibodies and a
C-terminal constant region, that is identical between
different antibodies Dbelonging to the same immunoglobulin
subtype (isotype) (Fig. 2a). The combination of IgH and IgL

35 chain variable domains creates the antigen binding pocket of



- 46 - selected binding clones are determ ned. A variation of the
method is the conpletely cell-free ribosone display technol ogy, in
whi ch anti body fragnments are not di spfayed on phage, but rather
expressed by in vitro transcription and 5 transl ation, under
conditions, where the translated binders still "stick"” to.ribosones

(Hanes &7P| BOELRGAY 1699) . dRbRIBIPRRr phiageSBFCTioore diGHcaAP ofde

CrUCia'd%h%ﬁab%_Eﬁgibﬁseagkéﬁﬁih@ﬁ Ofhe biMfiAY & AHRIH Sfitdon of an
full-length anti bodi es, which are then expressed in vertebrate cells.

After r@ntioghigi ABer VAgisPibhbieosel BRRRATEIRHENS it T AT
ant i body, L et A0, e T QOLAL et el leaRxpr enst oy t aigedp, [0oRins are

anal yze whet her the anti bodi es can be expre adequately and
whet ber dnkedeti giynal mphageule ndf ngeibasagheitst i timtarer-stdddignated v

mai nt ai ned, whi ch nag not. necess ril%nge the case. 15 Altho%gp t he
us

human i rf@RdgPOBUL i nP t r EHIFEREY nd’ t HIOPRAHE) di Gpay Segments.

t echnol egiresghave Radrarant picidsmpact @nlsuﬂftﬁ{cﬁzgﬁéé Nt bed D (only
devel opnment, both technol ogy pl atforns have advant ages and

di sadvaPr&§estasdocraeed i t 3 Hem 02BS n@nadvaitft age IANG hgegment  is
transgeni,e aRYSe LeEBAPEQOYihS bhal 1LefANn gehiver high aldddliditariy

anti bodies, due to the natural affinity maturation occurring in thesSe
m céOuperairgapged Lrmuonideat fongengehtie tHas deEmaderenstr doad Vihat Vie

ffinity 25, fi f. i bodi f d iV, ti
Ger i ved SPPRRRanBRIe SALEORPECRELS Paithte o ifar 163 EHcdsp only
W | d-t ypecitree.inHpweRirscsevisimdhotivaadyv aiidages RSSwei aked (b Uh reltem-

hunan innunoglobulin transgenic anin%#% are:%% | f_ the trapsgenjc
ani mal sPAPEtE8NerGrevEBdhe Cantdlgen, L AR5t S 6Tt HHuet? o HEgh<P and

struct upal . si Fhkar kb riongoROQENOHIS| Yoo ess@test iR ohRidstetihepy
generation of_high affinity antibodies qgainst such "conserved"
ant tgeng EaRPL DR Rl DUTa ¢l - Wngr yIRR T f KRDFL , lornel eh PRPGIST DI eDug) to

Li ke in¢parphtWhde &¥YP@, aB) NBAS, J2gkhdOSk Gfedd OMIHEBhprecision in
i mrunogl obulin transgenic 35 aninmal s are preferentially generated

agai nst 9sPEorRFEeNitgeitin gt opls eNRMEHSc aieheakeire Lthadl feagemy V

task tor@@!@ho%dgﬁificities can bhe generated by the millions of B

lymphocytes produced by the immune system every day (Grawunder

20 et al., 1998). Because the immuncglobulin heavy chain gene

locus contain V, D and J gene segments, the ceding region for

a Vg domain of an antibody requires two sequential V(D)J

rearrangement events, whereas the immunoglobulin gene locus

lacks D gene segments and the Vy coding region is generated by

25 one V to J-rearrangement event (Fig 2c¢). Therefore, the

juncticnal diversity that is generated by V(D)J recombination

in the CDR3 region of IgH chains 1is greater than the CDR3

junctional diversity that is generated by only one

rearrangement event for the IgL chains. In addition, at the

30 early B cell differentiation stages, during which IgH chain

gene rearrangements occur, the enzyme terminal deoxynucleo-

tidyltransferase (TdT) is expressed, that is able to add non-

templated nucleotides at the D to J and V to D junctions (so-

called N-sequence diversity), additionally diversifying the

35 IgH chain CDR3 repertoire. In contrast, the CDR3 repertoire of



- 47 - antibody against functional, but weak epitopes of therapeutic

val ue. 3) Lastly, human i mmunogl obulin transgenic ani mals cannot be

used for affinity optimzation of exi4ing anti bodi es. The reason for

this is that the tine frames 5 required for the generation of

transgeni.c anlnals just for the optim zation of one %_ven ant|28ﬁ¥
t e

od
clone, &M t&8LI GHipisucKhARh apist ogé’ﬁm ul¥3hvdl vEP gBR.r atS PG

two | gHhaiifgand iy chabd ddan§ge&b§l”0léﬁ3_‘f%tréﬂ'tﬂ§tigﬁ ON@hen TdT
particular antibody and woul d then additionally require the genetic

10 back &*FF&isHdobf mesl@rtgwémr%‘s@%eﬁttlasﬁa% &1t et dleast1¥9) » 1is
knock- o I fj.cie r angdog nog¢ o

heavy alr%m%wrhgg I|§g cr%é&ﬁéexcxprg glgfgn Pg&grocess%'?ﬁg§a£Wd %q%ﬂﬁgﬂ
sevebal chwee-@nrug geanéfmatamdnéhandden%mdedonsmabbtlanégﬂ 85dSiTgil athain

linitations ggcrl bed On\ﬁteﬂ: aggl y }.\?ef?‘s Pced“ ?%ﬁg“ bed cess | of

t echnol dt ?ep form v3%e eve oprren
germn i nesdmajtu.abl eytafmu tth tigrrs i tpia(:D)lsanﬁtleqgenrag (1]1) @emaraegmerueile;f
t he nouse i,muno IobuI|n heavy 20 and ght, chain gene | oci have been

repl ace@y"CpaFte of§UHifraRfgenl f net Gbl DdéﬁP& ngegl o PRI GnFgAFt 10N

Si t e- speGigblaagenechar getsarga{Aur mmoz& .Yaneapoybast i MO A H6HI0 Alrk.
In these "i mmnogl obulin gene knock-in" mce, the murine V, D and J

gendOsegheri-$ iRateybEBRISFER SpetPei Yal 384 Y| GRAE R D AHEEE / 0S5 e

human i mEdRegkabwy ncgeng Neawyqandddaht ¢ had 2yenget Ofd t M- induced
honol ogous reconbination in the nouse germine.” In contrast to human

i munogloarinet r dAggenaee ni &ébbvm%mtqﬁ odidd f A98: hipRvASLilBedi e,
this ”D%%ﬁa%fzr ai Qob??re;zgée P UERIJuheker 88- CLMBE I " BHd MRHIRS on

carrying human anti gen bi nding regions on a nouse constant region
backbonecchiagegandlwring boswmundigplay., appvrajd@hesehavessmg pehdgihead

aav Et ag f%lgg'g Sééyfﬁﬁﬁaﬁ%h&géﬂgé’tiﬁ?@tir{:hu%ﬂoted %” Jss_Ltt:Lvely
b|n ers rom |ng proterns can pe acconplil (f orms

because sbheccedphex thiebrcauires of wrt rﬁimmmﬁzewlmekr@stly occurrlng in

germinal centers, and resulting in an enrichment of cells

producing higher affinity antibodies. These antibodies now

also accumulate mutations in CDRs 1 and 2, a preocess, which is

20 referred to as affinity maturation of the antibody repertoire.

The AID-mediated diversification and specific targeting to the

Vy and V., coding regions is significantly increased Dby the

presence of cis-regulatory genetic elements or motifs, in

particular enhancer elements of the IgH and IgL chain gene

25 locus, located in the proximity of the rearranged Vg and Vg

coding regions (Bachl & Olsson, 1899).

Besides classical, full-length therapeutic antibodies,
additional formats of binding proteins, comprising fragments
30 o¢f fully human antibodies, e.g. so-called F,, fragments (Fig.
2a), single-chain F, fragments (Fig. 2a), nancbodies, only
consisting of single Vy domains, etc., are also increasingly
being explored as therapeutic and diagnostic agents. However,
it is «clear to a person skilled in the art, that such

35 functional antibody fragments can easily be derived from full-



- 48 - disadvantages. 1) Due to the absence of any affinity
maturation in the system it is not trivial to identify high affinity
bi nders from a phage or ribosone dispftady screen. In order to address
this problem extrenely conplex phage 5 libraries representing nore
than 1012 cl ones have been deve| oped. ,K But_eyen.using,such conpl ex

[ brari dEnat u B Gen e BRES bt PEATHACE. BABGPENHalCa TPRRPGSL &7
the antiggeteand wdiGh bigdleps wwmakhyishhl| mdaedutarbeienbighl 24 HéisNY
additional tedious and tine consuming optimzati on procedures. 10 2)

I n phage it &pdisal 9n§ﬁﬂn56a9nf@5gﬁeﬂ?§}r%%cﬁula%—£%mﬂbraf¢d@0dy is
fragnen?§aqngqépressed, because the phage genone can only
accommodate coding regions for relatively small-sized nol ecul es. 3)

Bi ndbng proteins have to be fused to carrier proteins such as the
phage gMdadatabenhlyThe mogogiloaal f itgdotEesr ot@irscfadkqueasiyst a
reveal | ower antigen-r LVit [ t heiLr, par.ental anti bodies
or bindﬁﬁb-gg Fvégbrg g?ﬁée(ﬁﬁ%g%ﬁgggﬁg é%&%ég?“ﬁogﬁf? g?“%ﬁ%BQQ b§
di spl ay ideeainatieasbfy saklawladoratoent r okl €dras serimay sof eprot eiirns,
that attain a bindi phenot t hr ough ,the formati on of, hano-

ot er o- 736 3ml EFREE R0 1 | o= bc Ad0e. GOBReHE ror FESRR G eI ar &1 tex
foreed epassedabl emhyncoyel &nd, | i Akiefa Dl etd essidhieweveyled N folte ease
of antibody engi neering a_properl ,regulated assenmbl y_of

i munogPERdREACRe &%y PRAY CLPER é‘ﬁéilﬁg ieselEeft FAF1radlAge &fEry or-
anti bodyoheare chaidydisi @bl &f t RoRdkToNd I Nafbypbd Y, 2BhehahAmadd are
Bacteria- or bacterial phage-based systenms do not provide appropriate
poSt 1 aRGCATESRER Nl IR oRE (HFGLRISY | AUTEROCHPF St BYATRL 95T RAATY
the |ikehngholhe SUqplyed REOl Ejibipl nbkerest  cHi ChoLeN 1so1ated
negativel'y 1 nfluences the binding characteristics of ?he expr essed

pr ot i ndymphogpt P okawsy ot fusek pri@ssiionoreadl t8y¢homk f fegleit  Frost eithe
fol di ng L L NS el i son 0.V ,

e A g e
vert ebr aceehostl fekl sheesgeréeniomdok potemtdorsd]l and ithelilesclexdfibiting
chaperoges, Iy Phage.dhaplay Systens.are syhseauens!y 35,subf ecled o
anti gen Slnalng- or capPure- ssgys t6°enric - 4d - reacty cells
under qpbateinohaphyst odeyicaltd'gg@tni ng" conditions, which may lead to
the%édentification of a large percentage of false-positive binders

t hat” eventual |,y need to . be discarded., 5 As result of the

Hbovere AP Bnddi ShbREKET Ay BHEhedropt By ReF e PRATAREF Hoy namely
f ragmentaehaveeneginest eodf hiybri yomadteehAByYo§ar EyrSthdclyehakration of
artefacts. In_addition, once phage display sel ected binders are_
re-engiﬁ@éF@alﬁﬂdm%&%?%%%%h t%RP#%ﬂq!ﬁﬁyﬁﬁh%%ﬁuqqﬁnm%%§qeﬁ” (Kéhler
vertebrgtemeetisin t 1Bs)happen tdek phadense! eched @ti POHRScAbAal
either poorly or not at all expressible, or that they exhibit altered
bi n#® ngaehaPadierieryts Peanasd dodetheot HEAERRRL sHhdlyian K sease.
limtations of human i mmunogl obulin transgeni c/ knock-in nouse

technol ey and Phagsdiopkay. e alisr nehtye Lechiidamaiias [eeenthy
been devel oped, Ich 1nvolves the genetic nodification of primary
muri ne pléBicelwsrd niviitiel restihbadhy iasseelibsedxpritli ngsid®@ hupdant
ant i bodi | b ' ft t into. def i Gi

Foci pi RN ER Pack hor ST o | DA (P o Chnt (G Eaanaar &S
Mel gher $nfWE:031 0688119 Alymuridi sydteadoft & gatdrdntal thec dnsiuneutsyenenf
B cell subsets expressing human antibodies in the engrafted m.ce,

whi oh mAGOSABLETRertly PA9TAL| MHMIEREIR LR afy ABEFRER AATTHR opnd
| i gand. mdhhest aehnemogy carpbasusedatiasei thesedevelippdie¥e! including
anti bodi es or binding proteins, or to optimze existing antibodies
with re§Bfd tocrm@tionfi Mty AGHtAELIALRSS i RREIREFSS (G ENGHEer &5
Mel cher ganACh QR4 P688L ldse antibody response). A HAMA response can

35 lead to a significant decrease in the half-1ife and, hence,

the efficacy of the applied antibody, and can even lead to



30 The use of retroviral expression systens in this nmethod is
preferred, because gene transfer of single copies of expression
constructs can be transferred into inélfvidual preB cells (Kitanura et
al ., 1995; Stitz J et al., 2005), and also, 35 because there is

conpl ete freedom of choice, as to which antibo expressi on ,
OBt £ UCEYeRFe DTS HIEERSY or Terghar (HBHES . SV86ET (B TERa e TGt
anti gen tpeeingkeetadnanthinpgly diddadid.es, antibody libraries from

di seased patients, or individual antibody clones). Therefore, a
particul ar advantage of this technology is its flexibility that it

can be dpgIreéaree dé Harownd ERAATOMRIHC aaxt iLBWES 1 ads WElEIregs 6
the gpt 'd@végbgontﬁéra?g%ﬁi' gag{ﬂ.% oy %h%rat"ta)? caRi.dat g5n; A heko
rodent - base ystens for the devel opnment of fully human

ant i bodiheshav ebeeiassicrs .be@nwhizhlywolthéshewdl) achhspedntat i bpars of

hunman hemat gpoi et i ¢ _progenito I |Ls.1sol fr . donor.s.,i.n

immnodé:’fainglggﬁt enqg&ﬁfégﬁero% %\? é?)%\{lgvﬁggggizﬁl%%)%gﬁh sr}lcj)ec lﬁ%&r@n
cel | engmafthed daved ophienman cf caltdhe rmaghiceredkot dhstare zext entt,ibodies
however, despit ent_ i nprovenent.s of this nmethod (T, iai et -
Do0a) - uclatRut BobBET Oby L ABEEY SioT eties B rmanarrat, 20 iRy Bye
nat ypat varieblBUBRAdaNYi Bedlkessi srnat radbneveadtiBodycho hiwaictetant

mce". In addition, like in the case,  of human inmunogl ohulin .
transgeRPELBRS" kiffck- Pn" BN efPELPREYant iWddi%s EhARdRrde genetic

opti n zedyiBeAMYgKizng of1dMuUse Pasedi andd bogdymiechae! agyipbatésy min
usual ly réquires in vivo inmuni zation which remains a tinme-consum ng
process SRAER2EBAPar @dt o i IERARHGdpprivachesnlys Thepepbpsripg  the

addi ti ogohg1Lhensl PLeFENGL COGH: MDHF e &) yr@d (CDRs) of a variable
15 domain from a rodent antibody to the variable region framework

of a human antibody, which is also done by standard molecular
biclogy techniques. While the procedure for generating
chimeric antibodies is straightforward, these antibodies still
contain 33% =xenogeneic segquences and harbour a significant

20 potential for immunogenicity (Clark, 2000). In fact, immune
responses to the mouse parts of a chimeric antibody are well
documented and are referred to as HACA-responses (HACA=human

anti~chimeric antibody).

25 In contrast to the aforementioned, the immunogenic potential
of humanized antibodies is further decreased. However, the
procedure of genetically engineering humanized antibodies and
at the same time maintaining original binding affinities and
specificities of the rodent antibodies after CDR grafting is

30 not trivial, and often requires extensive additional
optimization by repeated mutagenesis and screening cycles. For
the above-mentioned reasons, chimerization and humanization
approaches have become less appreciated in recent years as a
method of choice for the development of therapeutic

35 antibodies.



approaches, a variety of alternative in vitro technol ogi es have
recently been devel oped. However, it still needs to be proven how
efficient these systens will be in de¥&loping high quality, high
affinity anti body products. One in vitro system 30 is based on the

i sol ati on of antjgen-enriched nenory B cells fro hunan atients mnth
a parti dliear el SR W 2Hn TBEM <ol SHGRE Bndd hSHMG8S PRHordn

Epst ei n3ar rend ra@vélﬁ%\ﬁedtra@ﬁfahmp@@tw ¥hti®odisd | ongsd E)lsbh%een
screening for antigen-reactive EBV |Ines (Lanzavecchla WO 04/ 76677

A2) . 35dgifeRaPy nthondepelopnenii Plerdmovagiet W@'&@m@é@g& glatforms
approacf&ﬁ%hﬁ %hﬁ@ 8Bt L Dogye RE OgHCH BG1 P gt Peldr | HoQﬁ‘es, %lch by

patlents W t acute di sease status are first |solated
peri pheralinrbl eod darskdusarce nanee t aflézetcdl tashomano smrmmpramudq

het ero I |1 ti
roducereitvanymel antiReHsr 1 TheatRoFCLTR, Bl SESLARY BHLIHRgY ﬁgvee
been dedenkshetmaundgenatithearids diatd-e@ffettB d:ellhsmém qmmaem:umat ed or
i mruni zed i ndividuals foll owed by isolation and cloning of specific

anti bod enes either from.cell popY i 0 Lawson, & Li,gh
041 1063 TP AT ERasC R Te = S ABI G SPEIRE R Y oS cPRGRECHE! | dstied cment
(NUE@gu@hbtierﬁg ate; WO 04/051266 Al). However all these
technologies rely on the availability of relevant B cell populations
in human patients and are quite limted in their general application
and ar e héEpgr dTREPRY ORY 4P GrapREePdentPEPRaf FEANBECIY, in which

anti - i nﬁﬁ?%bvq:rtajﬁ%"g‘éﬁi%gt i & 28k RN e C ARt Bfmu I LRRITD €nedDy and

nei t her inity maturation, "nor antigen-directed devel opnent o
anti bodlléghtn(ﬁha)lptl gppat ilseiof haxesthanrp ahbibodiesd | $npossiln e MpUSH

any, f h@ﬁ H{é”a”(cﬁ*e‘"e%' ! -gpasggkgggggﬁgng %@%OaChf‘asxob%QzﬂE@er%Pre’al

additio ternative in vitro net hods have recentl been descri bed
i nvol vi Wg98h248Xpr B2ki obnanddscr tenivsg @heﬁec@mbnﬁaﬁn1anmabedies iche

Smih W OSrTSREs B8 ahGMRber rredPeaTElys SHRbESTss RFFERGR ouse
t hese sgstremssciltaoremveatn crossed to gene knock out mouse strains
harbouring functional deletions in their endogencus mouse

20 immunoglobulin heavy and x light chain gene loci. Thus, these
human immunoglobulin transgenic mice mount a largely human
humoral immune response upon immunization, with the exception

that approximately half of the antibody producing cells still
harbour endogenous mouse A light chains, which are therefore

25 useless for further therapeutic antibody development, and need

to be discarded.

B) Phage display technolegy, which 1s based on the expression
{display) of highly diverse libraries of antibody fragments
30 (e.g. as single chain F, or Fa. fragments) on the surface of
bacteriophages of E.coli (Clackson et al., 1991; McCafferty et
al., WO 92/01047 Al). For the identification of specific
binders, phage libraries of appropriate complexity, quality
and origin are bound to immobilized antigens (“panning”), in
35 order to enrich for phage clones binding to the immobilized

antigen. After several rounds of panning, sequences of



25 some of the bottlenecks of transgenic mce, phage display and
human B cel |l derived technol ogi es, these systens still are
characteri-zed by a nunber of limtatiéhsT First, the known eukaryotic
cel | -based anti body expression/screening technol ogi es do not confer a
stabl e expression pattern for 30 rec nbinanhggntibodies,,preclydi%%
repet i t i3fe SEAPAC 104, cFeCNST ATE bouy R EX IS si fig W\ ot Tt
desi r ed fRithding sBeci £hé€i t YeorpRG@d,y Nore10kri-Be knpiwo o4k 0Oacti®play
i nvol ving eukaryotic cell based antibody expression allows control
for clof&chagprEEsi ¢t Sfhisimdtt HhesiTadTeH 5 nf¥henehseigplgged on
t her apeugi.¢ antybod | o eyl t 4 ngl : S DAt
to iden?’?—lfal %eé n%‘?gh%ér?g%}égH gﬁgﬁs% I%gL éﬁaﬁ%ﬁpﬂaofrg\%mggﬁ&gg%ﬂ%% &
ant i gen ternbilgandnbi ndidey acengitionshi wexehethechnahadyteesdriinged s

in Zauderen,and Smth (WO 9%&%%:?@535 Ac%)an‘égef ”Cbtlﬁ%'klt%‘ﬁ’na”yl%ﬂ)".i (R

mut agenési’'s; or @genetic 5 reconbl hation o e expressed an odi es,
t he net kadhies dhelgee cscrednswgneprdicgdune. cridhecetoizl ssgecis ohe re-

affinity maturation qQf hinding proteins are not .addressed by .thi

t echni q@83*L5§E1H9 ﬁgné’l&fn{“ﬁe fgr&gg}e)?&si ¢ pr%“’s@i%ﬁf@z“ ee"‘\'ﬁ/tﬁsmdsles’
Syst ens waiehCogpat | Bhén Widipidisddn sint uveenepabhten 3118 verrg@el0 re-
anti body repertoires fromindividual antiboq¥ expressi on constructs
explBi t PRGLIREL BB haff s PBRI%/( DFSL i i Th o Sdmbhodidpulierath

heavy aaﬁt&bgay ¢BahBtVanh 3edtdpgsne segleakpredBight eENakbbds BBt Bed
for the identification of biologically 15 active peptides and nucleic

aci ds hasapgeadpr HP6sEEThbyNFerdeiikadigs (@ 1004 FxpagsAPd Adequately
preferr EQdmﬁ@&ﬂes‘EBbbe&%&a@ 1p04de 143 AN GRYPERSESc8Bri i 1dAl are

screeni ng procedure in whic arge nunber of retroviral vectors can

be intredddédrphnbatedd s Wudh meat nOlteneaEpoRbLAY kelthe gasepress a
nunper of 20 different RNAs or peptides. The cells that show a

Phenot ¥ h ¢nGRARIS AL ©nahOR eMeio61lBALed: ML I & ChEQKLT AndPNEREN

t hat clgge gaﬁ belﬁgoPaﬁeﬁ by A lﬁ% s PCR prof3 ct can t%en e useg

to re-tpangéectieplay packhgohgotes | shevecrbade a major impact on
therapeutic antibody development, bhoth technology platforms
have advantages and disadvantages associated with them.

20
One advantage of the transgenic mouse technology is that it

can deliver high affinity antibodies, due to the natural
affinity maturation occurring in these mice vupon in vivo
immunization, and it has been demonstrated that the affinity
25 profile of human antibodies towards a given antigen derived
from human transgenic mice can be comparable to that of wild-
type mice. However, several disadvantages associated with the
human immunoglobulin transgenic animals are:
1) If the transgenic animals are tolerant to the antigen, most
30 often due to high structural similarity to endogencusly
expressed host proteins, the generation of high affinity
antibodies against such “conserved” antigens can turn out to
be very difficult, or even impossible. 2) Like in normal wild-
type animals, antibodies from human immunoglobulin transgenic
35 animals are preferentially generated against strong antigenic

epitopes, which can make it a challenging task to develop an



further retroviral vectors. These retroviral vectors can then 25 be
used for the transduction of different cells and finally after a
second cloning procedure the active-séibstance can be identified.
Essentially this nmethod results in an indirect change in the

phenot ype .q cell by the inportation of biologically active .
oot | e BT oYl G At adUnFLGNRL | FE50 ety 1R P 1 ARt 1

the presgniuel.nvent i pAs¥eS ebyuddie rgddi@vignably ihr apsghie@sh LONSd iwells
directly encode the binding proteins, preferably antibodies, to which
the scré&@mned i Ui regedd. far shadtftnkivo pRtABLeAI®Mt Phe pEptitdew

and DUC|a§1ithb%(aiiQ§.de§ﬁéi %écﬂl E!J?o]: Oéﬂi§-43.i.$ d:ihfafter tﬂéeaéirﬁ(ei Eramesd
- size to the antibodies or antibody fragnents i1dentified by nethods
of the preswémed rfant tod. ganktuather wdt hoekfsgeniat ravimaks bhajedt for

geﬂo”ic %%r%)ii %a ﬁ§¥ ékogﬁei i%%%o%hgﬁigég'%ﬁé$¥6”§£eekoa')- g.
Thi s nmethod rel'at’eés to the expression and Screening df genom ¢
sequenceauchnaadiapgroachawvacl ér i sedl genese anehgragtisimni Aweyr degkssshasin

described jin ich a cell line is transduced with retroviral, .

xpr esoiBi CBAST KA reubRAPRAER LS o TRORe . BRER VN L 3rs PhS eatF o
the 10 gerawedf bhe Cebdbldi ntheab adaievbhis]yandedhiere t thee X pegwaiien
of Eglypeptides fromthe provirus is analysed directly. Such a nethod

doed0nottagke¥FPaaine OSpFdesEni TP foranids REHS heP caF 1 1FRAE, W6r

for the ynsekabihen apdradentdddfiafd onqefidiwnexpressedopal ypepiddesus
before analysis is_perfornmed, which 15 would detract fromthe
hi gh- t higtghpatoBet eeniiRptecBRE! 0§9* devel'dpdd byhpianetxRERFSION, a

Co'mork%&%cess that would reguire several breeding generations and

extended time frames.
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Similar limitations as described above, apply to a recently

described technology-platform based on the development of
mice, in which the germline variable (V), diversity (D) and
joining (J) gene segments of the mouse immunoglobulin heavy
20 and light chain gene loci have been replaced by (parts of)
human germline V, b and J gene regions by site-specific gene
targeting (Murphy & Yancopoulos, WO 02/066630 Al). In these
“immunoglobulin gene-~knock-in” mice, the murine V, D and J
gene segments have been site specifically replaced by those of
25 the human immunoglobulin gene heavy and light chain gene loci
via homologous recombination in the mouse germline. In
contrast to human immunoglobulin transgenic mice, which
prcduce fully human antibodies, this mouse strain therefore
produces “reverse-chimeric” antibodies, carrying human antigen

30 binding regions on a mouse constant region backbone.

Phage and/or ribosome display approaches have the perceived
advantage of being very fast technology platforms, because the
identification of first binders from complex libraries of
35 binding proteins can be accomplished within a few weeks.

However, phage display is also associated with significant



A recently published patent application (W 08/ 055795 Al) from Beer!|
and co-workers describes a screening platformfor the 20 isolation of
human anti bodi es, which utilises a Si#lbTfs virus expression system
An essential feature of this platformis the generation of starting
library where B cells specific for an_antigen of inggrest are

r
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human deRehsatRegOTRI Nt s et igen: s easti ¥@isekY kobrialeh@s £@r éigh
generated fromthis pool of B cells and screened by mammalian cel
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wth a :%j%%%lion gt tinidy Qfe it NGsanki bady, Ofﬂoimghs&esgitgilaf?&,erS_Lin%ial
since tfese-antrbodi es may not express wel n vertebrate cells
and/ or mEydéxhi mlionelst erfacknbi mehrengsulbewtactael | sffosit85to- thé andnden

extrenely powerful .caonmbi nati on .of t hods for fhe. devel ppnent .and.
onti 2 EPOr ST beAGE RGOS BESFbr A ahe) i SREVBTETT AdHaReS
t her eof adlRtEOARAr t8QNcHhS BBRASEihaseshieshnd| @t Bsi zdthmairvcedures.
advantaaes of the invention disclosed.5 herein are conglﬁée
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ant i bodiggs, ranfhdrhe sheed:irdsdent, i bhrcapesi the Rhager gehmBmehebh only
periods of tinme. As all aspects of the invention are realized_in,
vitro, PREPEMPEaR® || fRdERY on BAXNSegalfATrt o FRLAEENR} BpneMaldfsized

ant i bodigg0aGaLES AN b Gy 10-8EEER: Ahavhl O Y HEONSALHESCLATS o
species, or that may be toxitc In experinental aninmals. In conparison
t o phagerdkephaysbabedst ebnolhegiees I Ith@edyiady Icage@s gt aphe fusion
i nveat i I o] renn i t 5 .hi.nding | i
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t he natyral host cell .of apti hes, ,en i a I d_pr r
protein%ESPa?H%?O%ogrgg?mggst?ggg ra€f0§§55§88g§§%3?i§§?§aﬁggae§899§
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agapmst manyigesi re@mation, because e.g. dimeric proteins are forced
to assemble by covalent linker molecules. However, in the case

of antibody engineering a properly regulated assembly of
immunoglobulin heavy and light chains is essential, as not

every antibody heavy chain is able to pair with any light

25 chain. 5) Bacteria- or bacterial phage-based systems do not
provide appropriate posttranslatiocnal modifications
(glycosylation, myristoylation and the like) of the displayed
protein of interest, which often negatively influences the
binding characteristics of the expressed proteins. 6)

30 Prokaryotic expression results in different protein folding of
proteins in comparison to vertebrate cells, as the
cytoplasmatic environment dramatically differs from eukaryotic

or vertebrate host cells, e.g. in redox potential and the lack

of chapercnes. 7) Phage display systems are subsequently

35 subjected to antigen binding- or capture-assays to enrich



25 target, the possibility to affinity optim ze existing anti bodi es,
a conplete freedom of choice as to which type of antibody is
expressed in the system (antigen-enri 8Bed, synthetic, from patients,
under conditions of IgH and IgL chain shuffling, etc.). 30 In
conmparison tq other eukaryotjc cell-based expressign s¥s&en&\ .
a panning

i nvol vi T3S Y& pfFashed exPPLESi oM Vo AASEOt 96

non- i nt e@ratitAGnyl, r ahiect iy, 1key advaiiagesertitiCatisc! §6€d large
invention of 'Retrocyte Display' are that stable, 35 sustained and

cl onal SFCEISPOR brlspteidd Wy Riseders rehdbyvrrgntyehby t PERET &°
technolq&ydigggraggple, sustained and - 55 - clonal expression of
reconbi nant antibodies in the target cells allows repetitive

enri 6hment cycles of antigen- or ligand specific cells, including the
possi bi |Ast yat oréeseliat eefandheo ekpuadembiwetdnalragblick st ormany phage-
identifigati.on of the 5. antihod epes. Mbreover, the..nyention. .

i scl 058 TAPGi N SHArETBndily i one B R Tl NGaRErER] grt bty
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cells in situ using single. retroviral constructs by either exploitin
The TymHoBIes b Tiel BLRdRT PR D) e Sesettr frat FORTCRPea a5

exphei t iﬂﬂﬂlt—h@ng_{:ﬂc_ﬁﬁﬁiﬁ&dﬁ@_ﬁ&ih cvaypasratatdan ,oritdf Wdhelappen that
mut agenesi s of |ndu§g proteins. Therefore, in comparison to an

f
the knowhag8chiRleffiet £BFiPREIERVATSHNBAENSY EWSFaYeuPT c "Rt ® d%@é

known iR dhesaibield the nmethed of yiRly oCyté igigP! avh 1tie@s ed HRTiRIg
provi des unique, novel and powerful solutions for many evident
limtatichdsacharipkécexi sting technol ogies suffer from The invention
di scl osed herein is broadly applicable to the 20 expression,

R i
immunoglcobulin transgenic/knock-in mouse technology and phage
display, an alternative technolegy  has recently been
developed, which involves the genetic modification of primary
murine preB cells in vitro, resulting in cells expressing

20  human antibodies, followed by their engraftment into
immunodeficient recipient mice lacking a functional B cell
compartment (Grawunder & Melchers, WO 03/068819 Al). This
leads to a partial reconstitution of B cell subsets expressing
human antibodies in the engrafted mice, which may subsequently

25 be immunized with any desired antigen or 1ligand. This
technology can be used to either develop novel antibodies or
binding proteins, or to optimize existing antibodies with
regard to their affinity against a defined target {Grawunder &

Melchers, WO 03/068819 Al).

30
The use of retroviral expression systems 1in this method is

preferred, because gene transfer of single copies of
expression constructs can be transferred into individual preB
cells (Kitamura et al., 1995; Stitz J et al., 2005), and also,
35 Dbecause there 1is complete freedom of choice, as to which

antibody expression constructs are being used for engraftment



the invention can be perfornmed with any binding protein, including
but not limted to nononeric, hono- or hetero- nultineric nmenbrane
bound receptors, like T cell receptord? 25 cytokine, or chenokine
receptors, but also with other scaffold proteins, the preferred

bi ndi ng protei ns_according to the invention are full-length . .

nti bodies, With | y* TiAran d | rtica yp red.
ot boditB. T RTRGE v hriran=BhETHbAPES BOLRGC By ANEAPERRy b ea
However anittibbgyt 0 1hBrypfesst 6o6m tHdseadyd (fpuncidrangl ) Jir agirelitviefuaan
anti body, 30 including, but not limted to sinqle chain Fv fragnents
(scFv), 2PABPPAYg e SIE(abn§2e iyl 8 PR Vi ado ‘F?s‘?taﬁ%ng

or |ighteehablsgpr ianyi€onkiBathonitherdak, M tBaRnpenaipi@ldy to de
occurring or ar?|f|C|aIIy engi neered nodification may be used to |
real Pze e daverepoant WEharbyaedieo a8 WS ehdih B W idinesatine

inventi @y L.$iRALELLC iﬁggiiéﬁgyﬂ%d anyuikkpdgof artificially
enginee?edboﬁgges?gﬁtégég%l i catlons Of - %é - zntibody bi ndi ng
regions, e.g. those generated by site-, or region-directed

nmut ageneshser frosieon-basedt syakems o€our thrg degglepwestf pémidilfliehenen
ant | bod e 1ppaRdom ZaLLan 0b CBR SeAURNGESy, OVARIEN! I vorve  the
10 transplantation o¢f human hematopcietic progenitor cells
isolated from human donors into immunodeficient mice (Mosier &
Wilson, WO 89/12823 Al). In such human cell engrafted mice,

human B c¢ells may develop to some extent, however, despite

recent improvements of this method (Traggiai et al., 2004), a

15 satisfactory humoral immune response involving affinity
maturation of human antibodies 1is not achieved in such
“humanized mice”. In addition, 1like in the case of human
immunoglobulin transgenic or “knock-in” mice, existing

antibodies cannot be optimized.

20
Any kind of mouse based antibody technology platform usually

requires in vivo immunization which remains a time-consuming

process when compared to in vitro approaches.

25 Therefore, in addition to the aforementioned mouse-related
approaches, a variety of alternative in vitro technologies
have recently been developed. However, it still needs to be
proven how efficient these systems will be in developing hicgh
quality, high affinity antibody products. One in vitro system

30 is based on the isolation of antigen-enriched memory B cells
from human patients with a particular disease that can be
isolated and then be immortalized by Epstein-Barr Virus (EBV)
transformation in vitro, followed by the screening for
antigen-reactive EBV 1lines (Lanzavecchia, WO 04/76677 A2).

35 Similar in concept, but different in methodology are

approaches in which antibody producing plasma cells from



5 methods by way of illustration. A preferred nmethod for the
expression of binding proteins according to the invention is to use
retroviral vector-nedi ated transducti ®h of vertebrate host cells. 10
The use of retrovirus vectors has been investigated for nany years in
the field of gene t herapy. For exanpl e, to engi neer, adeno-assocj at ed

virus (RBYPLEPEEt Hidht BBt aCAt D8R8t SFAYSsFEE il StelysAl@res trom
Perabo efr3bhertYO 0B4GP41L1G A2hehavEnmdrt M58 dLd pian@@si§€d to non-

sequencés encoding targeting peptides into the viral capsid gene, at
a site erodueangf oheberanyrletadhe fodilored cby| ubhei¥ ecepisininghd for

producedSetl PLALLSS Nt HiRRIAY e Raptifes B | 86/ LREEX AT,
the viral capsid: e sel ective pressure’providéd by the culture
envi songBnerdaoyee 2, t heetsedadt ilavehby beeansdefct leedbidininof athe the

viral cl.ones to acconpli every step.n.the infectian OGCESS, .
namel y BFREFE@?“UB a%£f3 5b£$?%b,v {% nes fﬁhs]%ﬁ%iﬁﬁﬁg fHidividuals
repl i catfibQnowaad genssEdgyiessi ad  Byonshaigof hispeteEhai gue ibvdgt arsies

were generated that efficiently, transduced | eukemi a 25 cells. [

such a FdERRFqbEoRaFebe aee}%@gf%n@e AHY A r%grﬁﬁn%%ﬂ%&”i\%ﬁ'é??
target qgl.l gcpr-aYboUSkY begbstantaip &nfeet s onghy-odilid-sopeibguchi
does not provide for the gfneratlon of diverse collections of binding
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advant ages over any other "nethods known in the art for the expression
of recombitaantspracidei awe | AvdtRaryigtitedant okheer t g8naralhgypldzation
cells. _- .57 - ' o vig al n i LY LRt egrate
o e RoSE cdT T Senene " TnarShy Canfer & e A e Ee Lusral ey
expr essiiofiephémet ypehafapdhe: i ndiamg ipediyei ncandidytes i | | Zavitderobre,

appropriate. rati .of retroviral partjicles . t.o tar I
g s e T R e Tl Sl DR e
equal obfl esstilhadids,l, nichhe pptimveatdlon r aifsdestisbhngameibodies is
control |l ed .Ekch thg& t he maj ri%% of .retroviyall [yans%gc%%r%%lh%
are genBPPEAPLS nBAFPi e By Gl y BFe F¥ESRbi FantCTet PovEral SCoRSEHiSt
i nt egr abppgohbhest he host 10 cell genone resulting in clonal
expression of an at | east one desired binding protein. Because cl onal
expression of binding proteins %reatlggfacilltates t he idegtific tion

andz%loﬁpﬁéegPr?ndi988&5?0%?%di GERFBREIHS, R sVAp8ct MEREPEFor BaVE
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alternative enbodi nent, the invention may al so be realized using

retrovi PAl TeCaRbdnenf oANAEPRAEES ofi NgrekREY OFhanceLES using tranSient
Despi t ephgabor eagntd onedadvantagesof rat roMitRl wo 027102855 A2 and

Beerli et al, WO 08/055795 Al). While these systems circumvent
25 some of the bottlenecks of transgenic mice, phage display and
human B c¢ell derived technologies, these systems still are
chaéacterized by & number of limitations. First, the known
eukaryotic cell~based antibody expression/screening
technologies do not confer a stable expression pattern for
30 recombinant antibodies, precluding repetitive enrichment
cycles of antibody-expressing cells with desired binding
specificity. Second, none of the known approaches involving
eukaryotic cell based antibody expression allows control for
clonal expression of binder clones, which in the case of

35 therapeutic antibody development makes it a challenging task



transduction as a basis for retrocyte display, expression of 20
reconbi nant binding proteins in vertebrate host cells may al so be

achi eved by alternative nethods, |ike®2for instance, but not linted
to, transient or stable DNA transfection, RNA transfection or by
transfer of DNA-based viral vectars, Ilke

de
poxvi r udad8an ety os TALERERY dgHe 6?3{%2E§%Pa¥%¢ ﬁ@ﬁfpon%ﬁﬁr with
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encode the 10 nuclear core proteins, a retroviral integrase,
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respectively (Fig In addition, the retroviral genome contains
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the,gecoubinant wif al:héotg%%ﬁcéwﬁ torfarﬁﬁex\@ﬁt Oéallsﬂts?nd finally
replication inconpetent retroviral particles (Fig. 3b). These
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the }solologlcally active peptides or nucleic acids. This is in

30 contrast to the method of the present invention whereby the
retrovirally transduced constructs directly encode the binding
proteins, preferably antibodies, to which the screening is
directed. It should also be noted that the peptides and

nucleic acids described in EP 1 041 143 A differ greatly in



nature of the Env protein determ nes the tropismof the retroviral

particles to specific host cells expressing the cognate receptor.

Ecotropic retroviruses are restricted58o-rodent cells, anphotropic

retroviruses nmay infect various 5 species including rodent and human

cells and pantropic retroviruses may infect a replicati,n W, t h
PLagicy
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al | eukafatoldds ¢l knhaepbeases. iRatddr.al vector particles with a
variety of different tropisns can al so be generated 10 using

het erol ogous envel ope proteins of other viruses such as gi bbon ape
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vector- containin iral particles (containing transcripts of
recdhbi wantldr edetoractal fgemontds: bighrinsdevhrect scspenand b aanpdoued
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transiently eXpressing transfer vectors (Fig. 35 3b). This can be
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passage ,@f fal%élgﬁsr O¥hd aﬁ?@éﬁé&'@ RihmAPlaRf cLhe Backaghnaisphhy, by
can be performed to enable transduction of target cells.

using a Sindbis virus expression’ system. Similar to phage

display, one of the drawbacks to this system is that the scFvs

of interest need to be re-engineered and expressed as full-

30 length IgGs 1in vertebrate cells. Such a process can be

associated with a loss in affinity of the antibody of interest

on conversion since these antibodies may not express well in

vertebrate cells and/or  may exhibit altered  Dbinding

characteristics.

35
In contrast, the invention disclosed herein comprises a unique



As host target cells for retroviral transduction a preferred

enbodi mrent of the method is to use B-1ynphocyte |lineage cells 20 from
rodents that do not express endogenous? nurine i nmunogl obulin
proteins, and that can be transduced with retroviruses of ecotropic

host range. Cells of the B | hocyt e | i neage have thge advantage at
ey a1 ABEy RRIRl e RSeS| g5 prBFER Rt nSPear G135
favour allegefl@pmest | asidr f GsEi TR 0Ff aBEnaafoHdg edhsyepreeably
bound, full-length inmnogl obulins. In that regard, inmunogl obulin
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with regard to the development of antibodies against antigens,
10 which are highly conserved across species, or that may be

toxic in experimental animals.

In comparison to phage display based technologies, the key
advantages of the invention disclosed herein is that the
15 binding proteins, in particular antibodies, can be expressed
as full-length antibodies, in a vertebrate cell, and
preferably in a B lymphocyte environment, i.e. the natural
heost cell of antibedies, ensuring most natural and proper
protein folding, correct posttranslational modification, and a

20 quality control for heavy and light chain pairing.

In comparison to human B cell approaches the key advantages of
the disclosed invention are the complete flexibility with
regard to development of antibodies against any desired

25 target, the possibility to affinity optimize existing
antibodies, a complete freedom of choice as to which type of
antibody is expressed 1in the system (antigen-enriched,
synthetic, from patients, under conditions of IgH and IgL
chain shuffling, etc.).

30
In comparison to other eukaryotic cell-based expression

systems involving either plasmid based expression constructs
or non-integrating wviral vectors, key advantages of the
disclosed invention of ‘Retrocyte Display’ are that stable,
35 sustained and clonal expression can be achieved by use of

retroviral gene transfer technology. The stable, sustained and



- 61 - Thus, upon ectopic expression of both Iga and |1 gP proteins,

the nethod may be realized with any vertebrate host cell line,

provided that retroviral particles w bh appropriate tropismare

produced, that are able to transduce said vertebrate host 5 cel

line. In_order to clarjf t he |nnovat|oF di scl osed herein_coul d be
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Therefore, in comparison to any of the known technologies for
the development of therapeutic antibodies known in the art,
15 the method of retrocyte display disclosed herein provides
unigque, novel and powerful solutions for many evident

limitations that pre-existing technologies suffer from.

The invention disclosed herein is broadly applicable to the
20 expression, screening and identification of binding proteins
specifically binding to a ligand or antigen of interest. While
the invention can be performed with any binding protein,
including but not limited to monomeric, homo- or hetero-
multimeric membrane bound receptors, like T cell receptors,
25 cytokine, or chemokine receptors, but also with other scaffold
proteins, the preferred binding proteins according to the
invention are full-length antibodies, with fully human
antibodies being particularly preferred. However, it is to be
understood, that any (functional) fragment of an antibody,
30 including, but not limited to single chain Fv fragments (scky),
Fab fragments, F(ab’)2, single Vy or V; domains, single heavy
or light chains or any combination thereof, with any naturally
occurring or artificially engineered modification may be used
to realize the invention. With regard to full-length
35 antibodies, the invention is particularly applicable to any

kind of artificially engineered or designed modifications of



call ed surrogate light chain, which, in the absence of conventi onal

| i ght chains, can formpreB cell receptor conplexes of imunoglobulin
heavy and surrogate |ight chain. BecabSe it is desired to express

i mmunogl obul i ns conposed of 30 reconbi nant heavy and |ight chains,

preB cells . are preferred that |ack expression of surrogate |ight

chai n c@ﬁ’%&%@ﬁé’s,b%%gi sTHPHy gEnd- pre%(ﬂ’ﬁ@t sg%’fertaﬁgdxgl?yoﬁl reBP*
or VpreBdggenegiekthes asusdditesidoulFiRion t bEP! 82 genel kpockatiirginks
it is known that surrogate |1ght chain can bind to hetero] ogous 35
heavy cl&AHENFES| sTEQPectBRi TRt s@o§add e ghtapAanhzatigp of CDR

expr essis@RuBR%esNt Bithesfudlk1 2nYar ¥irng 089588 BERN §H6c SEHERRRAT O ew
lgH I gL pairs, but due to genefrally |ow expression |evels of
surr bgamethipght byhaién ¢f ot BlustdatimmeB cells, the nethod may yet be

realized using wild-type preB 5 cells, expressing surrogate |ight

chain cqonponepts. _1ln_s ry ny..ver ccell di essi . ga
and Ing aﬁﬁeﬁ%¥r%ippggggﬁg %%ﬁoé%ﬁbu§§?%§%§8§ oﬁﬁiiﬁﬁﬁgéﬁéiﬁgkﬁg§n%e
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deficient preB cells being the preferred host cel for 10 realizin
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scregened and identified are full-length anti bodi es, and by am no acid
sequencehefl Wdey dNBE: FeFIAQY| obetd NS . hklOWB¥eh, inkeshalht®8 for many

years in the field of gene therapy. For example, to engineer
adeno-associated virus (AARV) vectors that can be targeted to
specific cell types, Perabo et al., (WO 03/054197 A2) have

15 inserted randomised sequences encoding targeting peptides into
the viral capsid gene, at a site critical for binding to the
primary cellular receptor, and produced AAV libraries that
displayed the peptides in the context of the viral capsid. The
selective pressure provided by the culture environment drove

20 the selection by means of the ability of the viral clones to
accomplish every step in the infection process, namely
binding, uptake, uncoating, nuclear translocation,
replication, and gene expression. By using this technique,
vectors were generated that efficiently transduced leukemia

25 cells. Whilst such a technique may be useful to generate
viral mutants that infect target cells previously resistant to
infection by wild-type AAV, it does not provide for the
generation of diverse collections of binding proteins in
vitro.

30
As such, the methods described in the present application for

the expression of binding proteins have several key advantages
over any other methods known in the art for the expression of
recombinant proteins in eukaryotic and/or vertebrate host

35 cells.



15 understood, that any binding protein capable of cell expression in
vertebrate cells may be subjected to screening and sel ection for
specific ligand or antigen binding ackérding to the disclosed nethod.
For instance, such binding proteins may include fragnents of

anti bodies fromany vertebrate 20 species, |ike e.qg. S|n%ﬁ§ chain Fv

Fab fradreReSOMeRgans aFebro¥i hgl eCURP LTSS dBhAR NG, I G H A&y ter th

light chajsk, &ief egahbie aNESERE-dBYy acvhYethal denosd t baa oghgdaqned
cell surface nenbrane is enabled. This could be achi eved e.
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Fur t her nor al so e ap e to other menbrane
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expre55| n heavy an I'ght chains'I's prefera
achi evedrbyxsaequeﬂhl adart raﬁsdcmﬁttmn:fd sepatat etrrasi r aner Mammie;ssmfn
constructs for f y.and | i é A ns. Howeve e inve n can
al so be Le&LPY }éa g transduce s are genetlcal Y modl only
one recombinant retroviral construct integrating into the host
10 cell genome resulting in clonal expression of an at least one
desired binding protein. Because clonal expression of binding
proteins greatly facilitates the identification and cloning of
individual binding proteins, this aspect therefore represents
a preferred embodiment of the invention. However, in an
15 alternative embodiment, the invention may also be realized

using retroviral transduction at MOIs of greater than 0.1.

Despite the aforementioned advantages of retroviral
transduction as a basis for retrocyte display, expression of
20 recombinant binding proteins in vertebrate host cells may also
be achieved by alternative methods, 1like, for instance, but
not limited to, transient or stable DNA transfection, RNA
transfection, or by transfer of DNA-based viral wvectors, like
adeno-viral or poxvirus-based vectors - albeit none of the
25 aforementioned alternative methods allows for an easily
controllable stable and clonal expression of binding proteins

in vertebrate host cells.

Preferred vertebrate host cells for the realization of the
30 invention are cells of the B lymphocyte lineage, in particular
precursor B lymphocytes, which often lack endogenous antibody
expression, but which express favourable accessory proteins,
like e.g. chaperones for proper protein folding and antibody
assembly, or accessory membrane proteins facilitating membrane
35 deposition of antibody molecules, like e.g. the B cell

specific Tga or IgPp proteins.



perform ng a co-transduction of the target cells, in which separate
retroviral constructs for IgH and IgL chains are 35 being used. The
separate expression of IgH and IgL €h@&ns from - 63 - different
retroviral vectors offers the advantage, that collections of
retroviral vectors encoding a diverse collection qof inmunoglobulin
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antibody is a single construct 15 encodjng.a single antibody.chain.
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expression is driven by the pronoter activity of the 5 LTR and proper
RNA proeessrativelyedifaged B9) t hdn3' adiisbemendds (FPiroshyal Tgnome
heavy CE@heazﬁsC%Q%LérggﬁaﬁQPg'Qeaﬁgﬁeég,bl ¥ 1&ENL3N BEOLT [ypndegeRaUs
menbr ane- spanni ng coding region, i'n order to allow optinmal nenbrane
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20 and env coding regions of a wild-type retrovirus are replaced
by any expression cassette for a gene of interest (Fig. 3a),
including relevant cis-requlatory elements, like promoters or
enhancers. In order to stably integrate such recombinant
retroviral genomes into a host genome, a plasmid vector

25 containing a retroviral genome needs to be transiently or
stably transfected into a so-called retroviral packaging cell
line (PCL), expressing the viral structural proteins encoded
by gag, pol and env in trans in a transient or stable fashion,
and therefore allowing the packaging of the recombinant viral

30 genome (the transfer vector) into replication incompetent
retroviral particles (Fig. 3b). These retroviral particles
allow for a single-round infection (transduction) of target
cells (Fig. 3b). The entry of the retroviral particle into
target cells is mediated by a specific interaction of the Env

35 protein with a specific receptor on the target cell. Thus, the



Whereas cell surface expression of antibodies or fragments 5 thereof
is a preferred enbodi nent of the current invention, these

bi onol ecul es may alternatively al so-bB9expressed as sol ubl e, secreted
proteins, such that detection of the antibody is performed in fluid
phase. Such a form of expression could be advantageous, if the
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35 3b). This can be carried out in a broad range of protocols and



constructs, which subsequently allow the selection and/or nonitoring
of stable retroviral transduction of host cells w thout detection of
t he reconbi nant binding proteins (F-ge03% 4a, b). Sel ection and/ or
screening markers are particularly - 66 - useful for the preferred
two-step retroviral transduction protocol, involving the sequenti al
t r ansdudgiréatdpngmmirogashul knoweavse add Rexfen chkibhledt dovi the art.
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proéglnfrom rodents that do not eXpress endogenous murine
immunoglcbulin proteins, and that can be transduced with
retroviruses of ecotropic host range. Cells of +the B
lymphocyte lineage have the advantage that they already
express B cell specific Igu and IgR proteins that are

25 favourable for cell surface expression and anchoring of
membrane bound, full-length immunoglobulins. In that regard,
immunoglobulin negative plasma cell-derived cells, like e.qg.
myeloma cells, as for instance, but not limited to Sp2/0, NSO,

X¥63 and Ag8653 generally lack the accessory Iga and Igp

30 proteins for membrane immunoglobulin deposition. In such cases
and in any other vertebrate host cell, in which Iga and 1Igf
proteins are not expressed, the method may still be applied,

if expression of the Igoa and IgR proteins is conferred upon
transfection or transduction of expression vectors for Iga and

35 IgB, a standard procedure for any person skilled in the art.



(YFP), blue fluorescent protein (BFP) and red fluorescent - 67 -
protein (REP). Alternatively, cell surface markers could be used such
as CD7 or truncated variants thereof,s0D34 or truncated variants
thereof, or low affinity nerve growh factor receptor. In a preferred
enbodi nent the expression of 5 these antibiotic selection markers,
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expressicenief reemnbhpantrasbirhodi esebdiepr dnmt el sndeinb@anCcerecursor
conbi nations _that are known to conferﬁrtliagrgél ev expressi.o
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conmbi nabifonsirean PLeCukor bt N@pHocFicked wanld Mragpegd il iexl | hobt
chain pronoter, x-intron_and 3'x enhancer conbinatigns, - 68 - or
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conbi nakk9BgityheoeonbiaRt i 81 0f 1 madiogl @bulddy X dids Ch@indogenous
pronoter, “x-intron and 3rx enhancer conbinations is preferred (Fig.
4a, ®), bEEaoselebulin kpswitetRar tH sPErebablabat i A ANYGRS hPHRE| &Fel
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rAf%“' at gd, Lagh! ons IR 3.AaGA0 ! NEoAGL YAl e B £RLLaSARS! bLEneRRYAR,
as well as A-MuLV transformed preB cells express the preB cell

25 specific proteins VpreB and A5, which together form the so-
called surrogate 1light c¢hain, which, in the absence of
conventional 1light <c¢hains, can form preB cell receptor
complexes of immunoglobulin heavy and surrogate light chain.
Because it is desired to express immunoglobulins composed of

30 recombinant heavy and light chains, preB cells are preferred
that lack expression of surrogate light c¢hain components,
comprising the gene products of the A5, or VpreBl, or VpreB2

genes either as single, double or triple-gene knockouts. As it

is known that surrogate light chain can bind to heterologous

35 heavy chains it is expected that surrogate 1light chain



10 (activation induced cytidi ne deam nase), which is an enbodi nent of
the invention as detailed further bel ow However, any person skilled
in the art may appreciate that expres82on of a particul ar reconbi nant
antibody in retroviral 15 vectors for realizing the invention may be
effected by any conbi nati on of cis-regul atory pronoter/enhancger

el enent $XBRESESANNgMR¥gi dRECEREESal Rbws 2exfPeydrgn CRETERtI BIGY i fhe

the deSisrc%@eYl%%;ebro%t e hpstrggel lpsiddier v thgugel bosugkaceameybr apg,
or in secreted form 20 Alithough it is a preferred enbodi ment of this
i nvent i GAPEESEXPRedSviRdist i mfer Ferbbaeivg lposteidaing (RP &R Nt LBodirES,
from separate r oyj expressi,on,.co @ 4q . apd

inventi%%lﬁéy éﬁé% %g£$%%lﬁg'd,§%€ P%qu%gﬁgégﬁOﬁgosgd?%?grgg%ezgﬁ%B
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retroviral expression construct. he case_of i I liing, t.his
my be SERBRSPY SARM By RaE et CPHh coter exbaspr bAT: B9doRnEnd Reavi
and | i ghibtchaiprehsamgoradpyaenpter iandnsgparalimgptbee tosli ngyr egi aned
for heavy and |ight chains 30 by |IRRES seguen es. In this alternqﬁbg%,

it is pPef et o POPENEFTHE héé&y i AeGPPEet I HowASFF %A Of

pronot e-haRd Waeikight phagncdewasbeeam ehet heekBESedbaeaUseeill si For
known that a gene followng the IRES is often expressed at sonewhat
10 realizing the invention.

The preferred binding proteins to be expressed, screened and
identified are full-length antibedies, and by amino acid
seguence, fully human immunoglobulins. However, it shall be
15 understood, that any Dbinding protein capable of cell
expression in vertebrate cells may be subjected to screening
and selection for specific ligand or antigen binding according
to the disclosed method. For instance, such binding proteins
may include fragments of antibodies from any vertebrate
20 species, like e.g. single chain Fv, Fab fragments (Fig. 2a) or
single Vy or V. domains, or a heavy or light chain, preferably
expressed in a way that deposition on the cell surface
membrane is enabled. This could be achieved e.g. by fusion to
membrane anchors of other type-I transmembrane proteins,
25 utilization of GPI-anchor domains or other methods know in the
art. Furthermore, the method would also be applicable to other
membrane bound proteins, e.g., but not limited to, monomeric
or multimeric cytokine receptors, or dimeric T cell receptors
and like. Retroviral expression of immunoglobulin heavy and
30 light chains is preferably achieved by sequential transduction
of separate retroviral expression constructs for heavy and
light chains. However, the invention can also be realized by
performing a co-transduction of the target cells, in which
separate retroviral constructs for IgH and IgL chains are

35 being used. The separate expression of IgH and IgL chains from



| ower | evels than the gene upstreamof the IRES. As |ight 35 chains
are the smaller nolecules, it is anticipated that a better
stoichionetric expression of heavy ang3l+4+ght chains - 69 - expressed
via | RES linkage is achieved, if light chain expression is controlled
via | RES. Alternatively, co-expression of two chains of a dinmeric 5
bi ndi ngdpfdespAtsucktasvanant vBegrfay obécaehi bed MAVENSARRg t What
separ at LOn casse ] a si et ' backbong, h
That he°GXBFEiaran off eadhiodiviuual "BIR g SrorerRdchain Io e
separ at ebyleohienl | efl. Substoictlvbelio theavapmiedols, teni staidamly be
possible to.link the expression of t 1Q di f.feren el r [
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confgr thab8thgphl @idleraet iadllliees oAt @ fopposiniog ldbuaédhi dightThdains.

| atter gption has _the potential ;advantage that pr ter interference
does noggbécﬁﬁ_QH%%ﬁq ﬁﬁ?“ﬁ@g%??nggﬂgf%%@Pnefﬂﬁggggﬁﬁ'PEVEIEI%? € a
pronot engriyf Hegekese MIdXididity |df siiotdcthe efpiiatgebuliat binding
i ndependent fromthe detailed genetic organi zati on of retroviral_,

vect or s SREFHELFT h§S® no SBPAdIAG pridtei P tetdi HYRRTi ShsPeavy. arfedvht
and i glaha?'cﬂabali?écggohwgiﬁﬁbﬁédqsbedbh' 5 omei el Add OWR QY Rains,

single retroviral gene transfer4of.bin i'ng protein pairs into target
cel L&, whhdhmaly| oambinedfakih ittt ddféonenbl 1oghie| ol nexXprasssitdsasty
di meric_hi.ndipg;Rr9iei dyces | d-Arams J9r therel s £
generatf%%ﬂgkgalgi2gerHzﬁggg%éfn§ﬁ€€3+£€6%ﬁ¥§ﬁ¥bnFEFSQZS conpa%Pg08

to a twoodfleptiensovofal Igfansudct Toh pelotiocolvedtorsddiits oprederably

ci s-regul ator enetic elenents, _li p r a nc an
el ect SHFEEBPat T BLEE  corognss aned ar RAFE 50 OafReTaaR “Rhae) Sns
polypeptide <chain of an antibody is a single construct

15 encoding a single antibody chain.

However, it is to be understood, that retroviral IgH and IgL
chain expression can also be achieved, if both proteins are
encoded on the same retroviral backbone (see below). In its
20 easiest configuration the heavy and light chain expression is
conferred by cloning of heavy and light chain ¢DNAs intoc an
empty retroviral wvector, where expression is driven by the
promoter activity of the 5’LTR and proper RNA processing is
mediated by the 3'LTR sequences (Fig. 3a). The heavy chain
25 constructs should preferably contain their endogenous
membrane-spanning coding region, in order to allow optimal
membrane deposition of the recombinant immunoglobulins.
However, for those skilled in the art, it is obvious that also
membrane spanning domains of other transmembrane proteins may
30 be fused to the constant regions of antibodies, in order to
assure surface deposition of the expressed modified
immunoglobulins. In particular in the context of expression of
antibody fragments, or the expression of non-immunoglobulin

binding proteins, different transmembrane regions of membrane



screenabl e marker genes, |ike and genes encodi ng auto- inmunogl obulin
the retroviral expression vectors in different contexts. In a
preferred enbodi nent of the inventienédhe i nmunogl obulin 35 heavy and
| ight chain coding regions are cloned into retroviral expression
constructs as contiguous cENA sequences, - 70 -_including |eader ,
sequenc @SUNEqBrPEGLREr MPF op8r 2dURT BREC XD BRI Tl hnt e @G SsF LoD
Exanpl e, sof- nbhg;Rask €. design for such expression vectors with
enhancer elenents are depicted in Fig. 4a. Preferably the heavy
chai ns encode human yl heavy 5 chain isotypes and the |ight chains K
| i ght chaierehsotypels, shofever ,expréssitan befuraleridtogdest hat dimp asehdrs
heav ar%%e:r'eg tighaln i solypes Oémb%‘é{{ﬂ%n%r & h%ﬁe"‘?ﬁ% BL3L & RRGTi85
may be enployed i'n ordér t0 realize € inventiron. Th such retrovird
CDNA exphesei opiseclafisled mmypr eleersdtiveinclalde abani gperddsed as

restrictiqgn _enzyne at the juncti on between the variabl e and constant
Codi ng. PEAPETS: wReEhehat HPAPEEEnG. PaRhacthah: SECSRFICUH A0 Ghe
codi ng egieBgyi Nigr deertreraklier ihhe rapeai f bekky . of stbe expr eéssed of

anti bodi es, or which allows the insertion of a nmultitude of VH and VL
codi ng FEEFBASIPBr CPHEde st AITIHaFeoIS /di Ver e r EEFBONIRY gt iSOG €

'ibﬁarigﬁohncébe babges CehhiS- piRq&rPref prd Bk emndi nBNa\ Neequirin
restriction enzynme site introduced at the borders of VH Cyl and VL-
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posi ti odegklsheandnsbandikg codpagl f iyl oigs whirch sliges enotcedflf eclonigs -
oL "PRERRERL LS BLoLel g L SLERNES DA B, o Hags: 2
15 employed coding for all known immunoglobulin heavy and light
chain isotypes, which in the case of fully human antibodies,

allows the expression of IgM, IgD, IgG:, IgGz, IgGs, IgGy, Igdi,

IgA; and IgE antibodies, either containing Igk or IgA 1light
chains. In all retroviral expression vectors for human heavy

20 and 1light chains, it is preferred that only the variable
coding region of a human heavy and light chain shall be
replaced using unique restriction enzymes, like e.g., but not
limited to HindIII and Ecc47III, as depicted in the schematic
drawing of retroviral antibody expression vectors (4a and 4b).

25 This will allow easy cloning and replacement of variable
coding regions in retroviral expression vectors, either with
V-region libraries or individual V-region coding regions, in-

frame to the constant coding regions for immunoglobulin heavy

and light chains. Such a scheme of only exchanging variable

30 region domains, either aiming at generating expression vectors
encoding a single specificity, or aiming at generating a
collection of binding proteins will be favourable. In this

regard full-length antibodies may be expressed that contain

variable region domains and constant region domains derived

35 from different species (chimeric antibodies).



coding information for heterol ogous, preferably fully human

anti bodies in cDNA configuration, retroviral expression vectors may
be enpl oyed containing the coding regbdns in genom c configuration,
with the typical exon-intron structure 30 found for i mrunogl obulin
heavy and light chains in the germine, As retroviral vectors wll be

t ranscr i'b&d SPAPS SRRNAStEBH1F 2t r%i?ﬁ’F%?SJp%ﬁ tY GO g iyl "oy A o4 103

or gani zalhQa ok %@%%%b@@dcBE}SHH&%E%J_BﬁQHEr @S @l dod¥8ng region for
transcriptional organization of the coding regions runs in opp05|te

directi ¢me35Piading tRRafsin prironaener i @ht diitewest t hets' AR ofempfhy”
- 71 - reky g\/z&heag%ggﬁslpﬁc%g%%o@ her ‘Mb%ﬁ el NG5 gﬁt Wi rag, 4 anst ehe

vect or woul e spliced, upon t he "'éxon-1'ntron structure
woul 8 bebbestebefomaytﬁaﬂsﬁmdbhommam@rsww@V@r|mt&@eaungnn@tkehe(e g.

r econbi nant struct into the t et 5 ce er
oo L agRR” brgh, rluBrbgehf! BehiBifr: FRERTOSTIEhph ERE dizegt
as eit hea.@tﬁenbbane otiounﬂ:awscms:emecrﬁlafb antthodi esveﬁemndl nguw t be
nature of the tar cell for_transduction, and.the abi

t
target C&R{H1FET elt a”tséar CRALE 17 EARLY i FHPERo8E EhePT %alpr&t&ﬁns

codon fghok0 BRCT ebedoRNtd DOGIRTorRI ¥ abkeriadd e it | £hdJ i@blated
splice donor upstreamof the stop codon_ for secreted antibodies, to

spl i8e BEEEPt BRstBE EREPHENBrARRSSHAhM ht s g TMheateieshoghdher

i mrunogligbulkseRredadA BLEf eRT eflepsPerd-1Mudde #dMeNt iIRRdvert Nevarious
generation and utilization of retroviral gggre55|on constructs for

human adeRbbdees igriclagedhetr dihsgoustanvi bty e@PresadRBNt Ve He of are
preferred. The first one is a strong constitutive or an

inducible promoter element driving the expression of the
15 recombinant binding proteins, which are placed directly
upstream of the coding c¢DNA regions (Fig. 4a, b). Such
promoters may be, for instance, but not limited to,
constitutive promoters, as the immediate early CMV promoter,
B-actin promoter, EF-loa promoter, or inducible promoters, like
20 tetracycline- or any other antibiotic-inducible promoter, that
may either upregulate or downregulate expression by addition
or removal of tetracycline or other antibiotics and
derivatives thereof, 1like doxycycline. The inclusion of
inducible promoter elements in the retroviral expression
25 constructs 1is another preferred embodiment, because it 1is
known that in some retroviral vector backbones either 5'LTR
promoters or even strong constitutive promoters can Dbe

silenced.

30 In addition to promoter elements, it is a preferred embodiment
to include marker genes in the retroviral expression
constructs, which subsequently allow the selection and/or
monitoring of stable retroviral transduction of host cells
without detection of the recombinant binding proteins (Fig.

35 4a, b). Selection and/ or screening markers are particularly



in which the variable coding region of the heavy and/or the |ight

chain still needs to be assenbled in the target cells 20 fromV,
optionally D, and J gene segnents inA 6§uasi-gernline" configuration
by the process of V(D)J reconbination. Illustrations of the basic

design of such expression vectors are depicted in Fig._ 4 b, whjch
still sh&edvuihefpPaat bR oPrefrRrifsh- refrc&REeabPbrebhsd + uct@ngiction

Lgernt | BgoreB) O ¥ivb12ArGASSEIAES | Qeqhiefiyapnd kighbaclBigs cans
be repl aced by unique restri‘ction enzyne sites, including preferably
Eco471 | imaunphéoBulbor dezawyf whd Jlégebemhadodi ngtregionl HEwwrgsspon
and J- el S ntained_in_.s ked r.v
reconbi rYae?i[Egggéi gﬁa% IstgéuggggsE%E@%@@ﬁ%@ﬁfoogdb@r :aco%ﬁtt%%%%%%ﬂ
noti bs foell 1t he sr eddmdsitnattirem saiciciedat mighgeres (URAGk 1 card Zetldporiral
co- expressi on of RAGL and R@? i n_any, vertebratge cell, such v cf?glrs
will si EEPSFEEFPPcal PR PEEYSDI neSREOGIRY ondt |y ‘Dt J YR SHGR LS
in ordepchgpgphesat enbhe YH andiMk, raghoastencediengitrbe warilablseé one
dormai ns of anti body heavy and |ight 35 chai ns, respectivelly. The |,
expressP@ﬁYB?PF$@$10§ﬁém%ﬁ§:FEEF%%,eXPressed' a second transduction

with at least one retroviral expression construct encoding the
10 corresponding other immunoglobulin polypeptide chain orx
chains, then allowing generation of a complete antibody or
collection of antibodies. If a selection or screening marker
is used for the selection or screening for a successful first
transduction event, it 1is very wuseful to optimize the co-
15 transduction frequencies of at least two retroviral expression
constructs encoding separate chains of a multimeric binding
protein, 1like antibodies. The use of selection and/ or

screening markers is therefore strongly preferred.

20 Selection markers, conferring resistance to antibiotics useful
for the selection of mammalian cells, include, but are not
limited to, e.g. genes for purcmycin, neomycin, hygromcin B,
mycophenolic acid, histidinol, bleomycin, and phleomycin
resistance. For the expression of multimeric proteins, like

25 antibodies, encoded by separate retroviral constructs, it is
preferable that expression of different polypeptide chains are
linked to different selection markers, thereby allowing
separate selection for the stable transduction of
corresponding expression constructs.

30
Marker genes, allowing monitoring of retroviral transduction

into host cells include, but are not limited to genes,
conferring auto-fluorescence to transduced cells, like e.g.,
but not limited to green fluorescent protein (GFP), enhanced
35 green fluorescent protein (EGFP), yellow fluorescent protein

(YFP), Dblue fluorescent protein (BFP) and red fluorescent



- 72 - and thus V(D)J reconbination activity, is normally restricted
to early precursor |ynphocytes. Therefore, the preferred use of
precursor |ynphocyte to realize the-iavention autonatically provides
the activity for V(D)J reconbi nati on. However, it is 5 known that
upon RAG 1 and RAG 2 over - expression, ang somatic vertebrate cel
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person sidld edub the Ay My t BehfEREEd Al ieRldl Zenthlor ASRAGIs Ofor
the invention wth any non-precursor [ynphocyte cel I ne, by

conf err itngneetegi cvadiaxips esFicoread, RAG 1land RAGIRitAs rgrve growth
al ternative even RAG 1 or G2 deficien | _|ine y
i el T RACE S Pt RAGTD GePTETRhey T | S EarbTehentad ByEreSTioRY
over expresesieonaof idie icor sespontlomg ndAGegene frua fycegivent mé hieeeof or
15 Such V(D)J rearrangeabl e copstructs have the advantage.that frqoma
single FETbVIIETA G TEIUras coRs T Athator S8 aBrp<EraAtaucH D
a vert ebieabRbhasht C®lihdandl uefSR irepei s okbecal 1aat iihedynspeatifdctdmaas
can be generated via RAG 1 and RAG 2 nediated V(D)J reconbi nation. 20
Al 't houg®ntEYi sswmetshaiﬂﬁ@ U o?"‘_ﬁ%‘ﬁ]@ ef \}'{eqﬁ@&i’&t\? g‘"eeﬁ'elsel @ﬁ%ﬁ_"\‘t’s the
i nvol ves.capgegat cslegise Lfi diPLeci Sion gehal coK | But 881 §1 gNidrceiiehy
to the diverse am no acid sequences found in VH and VL

conpf enedeaenty (ddger i -ngioegion (EDRprycn25kidled prefidhs edrfomay
enpl oy | 1 acti; V- Do J= Lyl an VLéﬁéﬁf t1OVirak1E0RsEE UGty
repr ese%tllgﬁg Ig%vlé'r%gl O{Per e%oﬁ%g?nﬁl |g> S, anSr J gjtcglélement S, ?n or der/Otro
i ncr easeatrhervagengbifidny al sepdyabt ehpreevidnofageenté neogeagned in
segnent guences .ar.ovi rthel. , uld t e

et ovi FAF coner e s Ep bR  nE RN MR e Al EEp R CDetaRedk
opt i onakllymBntandFdr gettes s egipertss inedi attedmbyt iher o ogessedmsV( Dld ke
reﬁggbination ?Ilornthe generation of a Iang divgrs%l tof var i, bIeS
dom? n BIFYFRGLPRYTBAY uporP® r angict i%n A58 Brédur 9§ Pﬁﬁpho&?t es
in situprsfethal dhyergercekbnct bandohgl ghoaatn| ghathai aAsecannked3bho
generated fromsingle or limted nunbers, of constructs. - 73 .- The
di versi £y f§8hePht B4L B5C] ofbr 004 | T TR UL RS e TegaRY SagREnce
is greagkpakchcecanetibyrife peegenedeof sthplpr e¢ubpeBubYIPHOCYEE the
specifically expressed gene term nal deoxynucl eotidyl transferase

(TdT), RAFERTPRT (PP BT INEBRFANRErase that is able to add
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strand. thn QidertHo dHoraasieord Unet tRakedb¥eishdy bindsnd' gheteed g
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used OGelBLEOGHT Cofll SBLAYenbg TEhRRMS: kngUhe | Nabhe @ite ARG Nehoned

enbodi ment o e ITnvention Is"the use of J rearrangeabl e
retrovi daWngbnsamucifs comt &' MIRg vk edphaatomam of the 5'LTR and ¢

25 packaging signal, such that its expressicn is driven by the

5/LTR promoter (see Figs. 3 and 4).

As mentioned above, a preferred embodiment of the invention is
to express recombinant antibodies or fragments thereof in
30 cells of the B-lymphocyte lineage, preferably in preB
lymphocytes. It is therefore further preferred to drive the
expression of recombinant antibodies by promoter and enhancer
combinations that are known to confer high-level expression
selectively in B-lineage cells. Such  promoter/enhancer
35 combinations can be e.g., but not limited to, immunoglobulin x

light chain promoter, x-intron and 3’k enhancer combinations,



V, or D or J gene segnent, such that by the process of V(D)J 15
reconbination different V, D and J gene segnents may be used in
different rearranged clones fromthe &&ne construct. The -
incorporation of a nmultitude of different V, D and J gene segnents
into such constructs is . only restricted by the total capacity of

retrovi PAl VBREBPEIREE | RGABMA, Shiteh 18250 it edEOBe and 3o
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conblnatlons of the Igx intron and 5 3'x enhancer el enents. An aspect
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coding regions that allows expression the antibedy in the
desired vertebrate host cell either on the cell surface
membrane, or in secreted form.

20
Although it is a preferred embodiment of this invention to

express multimeric binding proteins, such as antibodies, from
separate retroviral expression constructs (Fig. 4a and b), the
invention may also be realized, if the expression of different
25 protein chains of multimeric binding proteins is linked on the
same retroviral expression construct. In the «case of
immunoglobulins, this may be accomplished by, but not limited
to, expression of the heavy and light chain from one promoter
and separating the coding regions for heavy and light chains
300 by IRES sequences. In this alternative, it is preferred to
clone the heavy chain directly downstream of the promoter and
the light chain downstream of the IRES, because it is known
that a gene following the IRES is often expressed at somewhat
lower 1levels than the gene upstream of the IRES. As light
35 chains are the smaller molecules, it is anticipated that a

better stoichiometric expression of heavy and light chains



The application of 'Retrocyte Display' in the context of somatic
hyper nut ati on conpetent retroviral constructs and in 15 the context
of AID expressing host cells allows-f@® -a further diversification of
an antibody in situ, after transduction into Al D expressing host

cells. The conblnatlon of these aspects of theinvention 20
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d d f choi tected b t d
Fechnol GBYDPBRT oSUARDRPRE ol EeR BRSs A APty s o6EI LG EEHg 0P EF 0
anti genplondehs.chaimongsbi sielsa Ay t bust bel sed ectsupeky 86! aiedithaed

t he anti body genes encoded by the retroviral vectors can be
re-isol 519860‘393' chéndd amtPSeRORtREe f EOmiddikecity BRPTESHOepf Two

cl ongs BY rferdRt -bShANEA! S dd BF Wi oo PhdTeihedsekBeWyl Rhkh@se
art, including, but not limted to genomic and RT-PCR. In a preferred

enbodi meAt  thie Hineatioapl scrMqURFesttep Feat confer  transcriptional

activities into opposite directions. The latter option has the
potential advantage that promoter interference does not occur,
which may negatively affect expression levels of promoters in

15 close proximity.

It should be emphasized that independent from the detailed
genetic organization of retroviral wvectors harbouring two
binding preotein coding regions, e.g., heavy and light chain of
20 immunoglobulins, this method allows for a single retroviral
gene transfer of binding protein pairs into target cells,
which allows for facilitated control of clonal expression of
dimeric binding proteins and reduces the time-frame for the
generation of a Dbinder expressing c¢ell population, in

25 comparison to a two-step retroviral transduction protocol.

In addition to cis-regulatory genetic elements, like promoters
and enhancer, and selectable or screenable marker genes, like
antibiotic resistance markers and genes encoding auto-
30 fluorescent proteins, the coding regions for immunoglobulin
heavy and 1light chains can be <c¢loned into the retroviral

expression vectors in different contexts.

In a preferred embodiment of the invention the immunoglobulin
35 heavy and 1light chain c¢oding regions are cloned into

retroviral expression constructs as contiguous cDNA seguences,



5 perforned as a single cell sort, allowing the clonal isolation and
final expansion of antigen reactive cell clones, which facilitates

cl oning and sequence determ nation of7@ he codi ng regi on of cognate
IgH and I gL chain pairs fromsel ected binders. 10 If desired,
FACS-enri ched cells can be expanded in culture and can optional

agai n bé“§&8ﬁé89ed%ﬁ§Q%ﬂigﬁﬁHQﬁqﬁﬁ%m)%ﬁﬂP%%%%at%ﬂrhiQﬁpgﬁéedﬁﬂéﬁace
sorting @b rBsghbY LRAPbLVEeetbtSond BLOGSBSs L HAL tEENHARELOBRK, YnbEox
applied repeatedly, until 15 desired staining intensity and hence
expect egushn@ixpgespeenf veft9r$ ovith dedhaneeamlisneantss agehidepagter gn
1). This.selegtiv ' n nd, A [ . exXp [ tigen
reacti v§l§él I‘is:at il %r%?%h%ﬁi;% t(L,:(I:It%i \%éa{(;{’ t g%%gv)\%]ﬁ%(o%%%?g%e?{ua in tfy heavy
bi nd&r s chedor riistg vipesT avel | thepéndehnt dharmse R0lightt icbadn litsolypelsd

be noted that high-speed cell sorter assisted enrichnment of .

ant i gen?'loggé'FFVegEngsE?sggnwaﬁrﬁ%?tgr%ea rethod 15 rrr;%é:‘aalviyzi‘ﬁ“rrf(fjl eREnt
i nvent i @haibutiddiaipeat hef WwWayanofor2S5o8kRELCviengebitd tESApadiRg ced¥ Sbe
for anti%gn reactivity, like for.instance, but, not |limted to, )

panni ng SFBLARYES, 1nBFEEeFPsT &R e BOuef tHP Yol i 78t Jérsogitat
sol i d SUPRA loxgFRY% sabhO RERAR | £d. iEULREEARED, dd iScnRsSi 8l @ntique
enrich antigen-reactive cells by m cromani pul ati ve approaches, e.qg.,
but 1fot r8LFiRFied @@,zygﬁommgt%@ penghder MeheeRg dig uvpehable and

condi ti @RsgkAnA leae&h&;e&eggahg,s Qhidf &8Lhackenss itﬂesﬁggg.??_le}ngnt of

medi um which allows Specific antigen-staining and/or i ng of

cell clonés Hndndhelw coddngi FreaPndnibyorder dse opt ais ikt spawdyfdcity
f ol | owed b I or, assi.s i gki o] 5; [

Feact | vaTolbaee e B e S0P he v ant o s £5
per f or mer epdtiitude efclVasaofl ¥t cgéhngekegipnn/ FACSther expgkegpanspén
of fatigen-reactive.oells hncifsspresshees of Myt Rgenizing. canghLions.
speC|f|caIFy argetrng nutatrons to the codl ng réegrons 5-varrable
ant i bodg pprediergedorabeslimButt the apprteachibngkeeryatkf isitey imitradused

whi ch ar nerated in sity, are generated . n each._r of .cell,_..

anplifi égt ?Cg.‘ﬁ" 9% rc,selcf% sgﬁcﬁ’ﬁlg %h‘geve‘ﬁtrqxclﬁ?en?no c8gﬁgIsﬁ6§\?ndFlg'
i ncreased, apl |, geRibhndbag hPOnNaledr ohy eandirgplaayi,d Ricgversiafibhnbfy the
mut ants can sel ectively be 10 enriched and expanded. A high nutatio
o phorested A aia s apms regr Bh abik it n tee S atbvasvE

OVes®XPERgebAUné NEo AEr ERE YARI A ddtel afHdrkRed\texee FSirg @elslisiohnof
particul ar, when the expression constructs contain cis-regulatory

pr onot eFNEndCeRteRfler Yol EREANE, FRIRR ngPiG 98°Rot "PF mtdEato the

i munogheRukhg XpkBheeRiald 3rX enhtanRcekathomerkerebiall am@msnowndeq
confer AID nedi ated somatic hypernutation to anti body vari abl e

regi onsMpiegulasand b). Wil e such an approach could be realized
using cells that constitutively express A D, either endogenously or

20 ggt ORispaéxllyzalﬁc%En%%ﬁ%t b the:idyenti ogoltiLihses AL @XRIIERS! Rhe
vectors, in whic I D expression can be 1 nduced and agaln sw tched
of f usi agdinducirtfloemartdrnt efery degerobagonst |pnnsifegabtly, fwelhwachemine

and/ or 98%&3&#%‘6 lnduct hle pESH?&&GrSQ’E £ (§03860, £ Buledbdession
1992), I'n iC he “"expréssion of "a

vectors may be employed containing the coding regicns in

genomic configuration, with the typical exon-intron structure

30 found for immunoglobulin heavy and 1light <c¢hains in the

germline. As retroviral vectors will be transcribed into mRNA

upon retroviral particle packaging, such an organization of

expression constructs requires that the transcriptional

organization of the coding regions runs in opposite direction

35 to the transcriptional orientation of the 5’LTR of the



25 gene of interest is controlled by a mniml CW pronoter flanked
by tandem repeats of the prokaryotic tet-operon, and which can be

i nduced or suppressed for expression dsing a HSVVWP16- Tet -repressor
fusion protein, whose binding to the tetoperon is aIIostericaIIy
controlled by .te rac cline or 30 tetrac cllne erivatives.

EXAVPLE “EYECHATA r}oé}erfov‘??“a?u%%pi"é% BreS e EPSr FH P VETRLy trﬁﬁ?eﬁF T
I mrunoghelitlirn inany &18&8dpndel BpINREQbUlddh | kEhén (ltile) & -Nistron

cont ai ni ng hygronyC|nB and puronycin antibiotic drug 5 selection

mar ker s SUYEESSEEE vCYIAs Rent i'Gifdd RFIGTE,  th@n fofn & betable
real i zeq Wi akebRovhEal tﬁéprmmn\é@l@ ogsnkerubt ndmgo Prigtei NS et

different design (conpare e.g. Figs 4a-c). As an exanple of 10 one of
t he 6ecK@dl@esﬁ@N§VEWatU@@ﬁebexugédU@@Sr@éﬁeZeTﬂh% funadritdngd i tyhdhat

detail ed, ¢l pnling s tnfgf eQ¥ rre%tsr Qvigal effhof > s %%r‘é%%t ﬁ:goér{ds or as

descri b&d herein expre55|on 0 uman /XL
ant i bodls@e,reaad tdra::ﬂn:lceﬁs ondépentﬂheg sbabltshemnatenan@ef ofhé heaserget

Const 1 uAkdn TS5 raT S Bt p Rl Ul VBH VY 16 Paheroee cead to

[ nwunogleqlwleh:n theavyatbglraebarnpt20nAst athbanhit8gnpli Btobolkcodon for
construction of retroviral human i munogl obul i n heavy expression

vec%BrsSeFﬁ§t€8nﬁ¥ﬁqﬁ@%qLﬁsavéFTaBVeaﬁéﬁFBQFFX? FECLET LK RS RIdE]

(BD- C orforieh, udauiain of evhe CAbop Ft8doRarorPlde¥e€ent aintSndlies, to
hygronyci nB resi stance marker gene driven by the 5 LTR pronoter of

the 25 PELA6®I rAficaRiOSor FRCadiMargne ARACRIEGNt BFRS t RE membrane

CWi mrediahg $AhhXoRiowRt L. fol lowed by sinple nultiple cloning site
(MCS) for insertion of genes of interest to be expressed. In

addi tion, the pLHCX backbone contains a convenient unique Bgll|
resthi c@i oprefesresd spepeapstafeannef ierCNignpr bsottdre 30¢rpgat sy, and

into V‘hggﬁé%gggibﬁ“aéf geﬂﬁéfocueéaelm?%&%r%%l@ﬁ CLONEOrudds | $*  human

preferr I ment of I nvention“to use
antibodies or any heterologous antlbody or fragment thereof,

in which the variable coding region of the heavy and/or the
light chain still needs to be assembled in the target cells
20 from V, optionally D, and J gene segments in “guasi-germline”
configuration by the process of V(D)J recombination.
Illustrations of the basic design of such expression vectors
are depicted in Fig. 4 b, which still share the feature of the
non-rearrangeable constructs that “germline” V-D-J or V-J
25 cassettes for heavy and light chains can be replaced by unique
restriction enzyme sites, including preferably Eco47III at the
3’ border of the J-element coding region. The V, D and J-
elements contained in such vectors are flanked by conserved
recombination signal sequences (RSSs) known to be recognition
30 motifs for the recombination activating genes (RAG} 1 and 2.
Upon co-expression of RAGL and RAGZ in any vertebrate cell,
such vectors will site-specifically recombine V, optionally D
and J gene segments in order to generate the Vy and Vy regions
encoding the variable domains of antibody heavy and 1light

35 chains, respectively. The expression of RAG-1 and RAG~Z genes,



Eco47111 restriction enzyne for in-frame cloning of human VH 35
coding regions to the human constant yl heavy chain coding regions,
as this particular restriction enzyre78ite can be - 78 - introduced
at the junction between VH and Cyl coding regions w thout changing
the amino acid conposition of expressed |gH chains. However, pLHCX
cont ai n@MEn& NS0T rEaginadd cdn Afte Wittle iF tHRFmaldyc iR tig cted
signal (fd & Pak, ey d SELHLe, Lhige BLFHF YNt £ QE VAR rUSoQf
Eco47l 1| fcnaéﬁ% %bodé-nent%gﬂgg Vﬁ regionecloning s;r:?egy. Iﬁ oﬁig
to renowd thiesurseonvenbhacyEeol?| keateserile i bnvearziane altanatiegliliye
pLHCX vect or: c ne, .t old qwi first ry .0g e
o per FAFIASoas et SAdLE e ) o TRAERbE Y aEhA0RY 35°Re
packagi ngposingrdla twagogre nRA®€L byndi RAGH2r ectead emptragenes) s angi rpmetic
conmer ci al i kchangeTM ki.t (Stratagene, La Jolla, .CA). replacin h
TR Ta CURREPBSEFRe ST ndLBEoATTT | HhocORRFEran SEqianiePRoier (o
an A, USicR@mspastios, pahdesinpapsssendeirid frhe tesintethadutdidrefore

accordi%g to the_instructions 15 of the manufacturer. The nodified
vect or §ode¥fghhfed YIHCXAEPERE | PEwald ¥ erifie84 1PRat Wi Hr s @ny non-

si ngl e- basepakhbrsubsiidnddyer i ncéhe * 16Re,) pagkagbRgestongl dcdopat
affect the retroviral "transduction efficiency of the nodified vector

pLHEX- mexpaasaindt ©8hBaRT: 20d| RRG-2 hePpLHDE Hie RN & VeEDRAS -1 or
encodi ngache ¢aRsLaRL:r 8gh 9N 1 AEsNiARN g@fl\/}?m hbhel Wht BreEnMhRowag-1

menbrane spanni ng coding regions ML an avé been cloned in
par al | elor Hi&-CyldafiaricerOp -5 DNamp L epenirnd ber evanpkpfesesivy RT- ROR

usi ng c%égggégdggm@eiéﬂ%%plaD%r%%gglﬁg?gggég_s as tenplate and

forward "an erse’prine eq- | eq- 1D3 (see bel ow).
For the RT-PCR anplification of the nmenbrane bound form of human IgG
t helpri sechcomi)rat rear Soygedl endoBSerdERs wasvesecthanddfantage that
cl oning .of the secreted version of_ hunan, | t he prinmer_30.

conbi natroR STl e art B WA CRe TR T or e e 8y SrgkLY
PCR anpkirhheatited pntoessvedtdiataes bl ddlland Owalr seestapecitiodre of
enzyne sites, .respectively, allow directional cloning .of the

PCR. anpPPERBACY T 2GRERESSFRLBot IR UNPGUECPFRATTT 4d CGHAT ki ped RAG-2
downst r st et eihe (O EesmdielatidrQLHCX- M 35(Fig. 5a). The forward
PCR anplification prinmer additionally - 79 - contained an internal
Ecod¥111 site useful for in-frame fusion of VH regions to the

const anflfBgrehs, it thodto¥Rantidy the alRiio"ki of cdmpdli BP6n bf 9ERE

expressedehihts! engtR1h@d heavyrehai nyegtle reyersenpeBcision  that
anplification prinmers Seqg-1D2 and Seq- 571 D3 contained additional

i nt er nacoNdribsteassigni Ehcant b hg the déyerret pPAnen2fie GGRSHICER
of the ¢angkrynt vili LAGLLY doumsdt&an of iR9nGeYeghonf QEDR) 3,
gener al gpoﬁing pﬂrposes? e.d. % e ei%ﬁ%ﬂ&%*% ﬁﬁengonggaﬁ? Segﬁén

codehg Hégiienprteferhedekpresslon af cdliferion afy V-Jotdyfed. and V-J-Cx

retroviral construct, representing several V-region families,
D and J elements, in order to increase the variability already
at the level of germline gene segment segquences provided.
Nevertheless, would the preferred use of retroviral censtruct
30 allowing the somatic assembly of V, optionally D, and J gene
segments mediated by the process of V(D)J recombination allow
the generation of a large diversity of variable domain binding
regions upon transduction into precursor lymphocytes in situ,
sco that diverse collection of IgH and IglL chains can be

35 generated from single or limited numbers of constructs.



10 Seqg-1D1: 5'- GATCAAGCTTAGCGCTTCCACCAAGGGCCCATCGGTCTTCCC 3!
HindlI1/Eco47111 The prinmer Seqg-1D2 was used as a reverse primer for
PCR anplification of the secreted vergsdon of human | g3 together 15
with Seqg-1Dl, and contained a unique Notl site (underlined) for

cl oni ng

ur poses. ‘ ) o
Seq- 1D2 ;El-a GATGATGGAT CEEEEIETCAR Y TAOBEECASACAGIBACGACE B’ Val &l Anflot]
The priner, .Seds S :us r o4 RE P
anplifigEFFong% t-%Qné%bﬁgﬁgﬁﬁgbngﬁéggg?d% gﬁrhﬂﬁgngggg%quge?ﬂefhe
with Segriebbrsand dgnphioptea spéqueidbtly siexprassdsr | igeed) fterminal

cl oni ng r.pases, .. . . .
Seq- | 03 BRI ERS SR ST REA oo TR TATETGTIE. 3F0% 1302
The pesulctlivhgrBER- prraducis eiblea. td. Gkla foucldetisker eted 325 DA Sieols
of human .Cyl and of ca., 1.2 kb for the nembrane bound version of
uman O CHEFE. dF Qi ST naF PROLALE QAT r GEEPREr | of erByiRds 4fc
were iniparakkel jdheecbh@nadil ye £ DNLdid N{H dier GARAHD A trest remplliogn
enzyme sites pLHCX-m, resulting in plasm ds pLHCX-m -Cyl-s and
pLECX—WPEé&P-mWith high endogenous TdT expression ~ levels, or,
alternatively, to ectopically express TdT in the target host

10 cells used for retrocyte display, by methods known in the art.

Another embodiment of the invention is the use of V(D)J
rearrangeable retroviral constructs containing more than one
V, or D or J gene segment, such that by the process of V(D)Jd
15 recombination different V, D and J gene segments may be used
in different rearranged clones from the same construct. The
incorporation of a multitude of different V, D and J gene
segments into such constructs is only restricted by the total
capacity of retroviral vectors accepting DNA, which is

20 reported to be maximally in the range of 8-10 kilobases.

Although the employment of V(D}J recombination competent
retroviral constructs (Fig. da,b lower panels) for the
expression of heterologeous antibodies or fragments thereof is
25 an aspect of the current invention, it is clear that the
generation of a diverse repertoire via this approach is mainly
restricted to the generation of diversity in the CDR3 regions
of immunoglobulin heavy and light chains, wvery similar to the
characteristic of a primary antibody repertoire generated

30 during early B lymphopoiesis.

A hallmark of the adaptive immune system is its capability of
affinity maturation of antibody variable domains, which is
based on the somatic hypermutation of variable domain coding
35 regions. Somatic Thypermutation is known to be strongly

enhanced by the enzyme activation induced cytidine deaminase



30 respectively (see also Fig. 5b). VH chain regions could then be

cloned in-frame to the coding regions for secreted or - 80 -
menbr ane- bound human Cyl using uni que?4estriction enzynes Hindl Il and
Eco47111, flanking VH region fragnents (Fig. 5b). This conbination of

restriction enzynes is only very rarely found in human VH codi ng
regi ons @PAll FAghumayel gerea SkynBrpPe s R bt 9 s 2dfAtspartly o depends
construch, aonplele,dinen LgEl -beavy: !Qnﬁ%r?ééﬁ%?&n?/ﬁ?é OFroff the
human VH coding region froma previously identified fully human
ant i bodymmgpegitbbglinr gnP- Qedusum #nd 18 eendfisdetleceffntad thes most

const ruct Cx-.ml - Qyl pLHCX- |-n | <Eco
fragnenf%lr%gggpt ?gr?ghi g\j\és 5§%gasE§%H8@n%k%@?§ g%dgiﬁ%H&Eﬁnﬁ%h Vi r‘?]nd
respect i3vel \enHangerS@lembne sVH Ao A spgpategh Onther ctilheeht PiGvahbuonnis
speci fic . human _antibody including Leader sequence _and 5'-Hindlll and
18°5 EcRRPEOERoriingy ST RO gt S AP REGE] FRRZers TeR o E UL
noted tkahtbwaiaddi thesal Cinuvekgalhgesyhadibrentadded upsitreamrafly
the start-ATG for inproved trans|ation (approximation of a .

Kozak- c§fB&RSEs TeduehBBYROPEPRpL pexpression constructs in target

AAGCTTCEAT TRSCERGLT GGRGEEER GIE6AGn zyme,
O CAGGT A G CACT T aatoA GO ST CCAGCT SoA G Rt TaacACE 2™
CTCET GTELABEL T CROBAT FEACTF FLAGFAGE TR AT GCAC TBEEr edSCHACEOT G p5 the
CAGGCAAGEECCT GGAGT GBGT GGCAGT TATATCATATGAT GGAAGCAATAAATACTACGCA
GACTCCGI GAAGGGCCGAT TCACCAT CTCCAGAGACAATTCCAAGAACACCCTGTATCTGCA
AATGAACAGCCT GAGAGCT GAGGACACGCECTGTGTATTACT GTGCGAGAAT GGT CGACCACG
CGGAAAGTACTACH NCTHCTACGETAT GRACET CAATAITCACR@RE Xt of
TCTAGCGCT . Hindl | 47] | rictli .enzy it for .
cl oni ng apggﬁﬁd% Iqeﬁéngglgﬁg gq-cfﬂh)fengﬁté S eégrﬁ%qrﬁgao?gcf écrﬁle%éc eraml n
sequencehst aphseat pdsiriDorx@re35ii hesthcelhanahlbgsl fheany fomahex

expression ve [ . . ; .
P dgversg%gégtggplg&edan antibody in situ, after transduction

into AID expressing host cells.

The combination of these aspects of the invention
20 recapitulates all molecular and genetic events occurring in
the adaptive immune system, namely the generation of a primary
antibody repertoire from one or a limited number constructs
comprising a limited number of V, D and J gene segments and
the additional AID-mediated somatic hypermutation of the
25 coding regions for antigen-binding variable domains of

antibodies.

The specific selection of higher affinity antibody binders to
desired antigens can be accomplished by Retrocyte Display via
30 increased binding to desired antigens of choice detected by
standard FACS based technology, followed by high-speed
preparative cell sorting of strong antigen binders. 8Strong
binders can thus be selectively isolated, and the antibeody
genes encoded by the retroviral vectors can be re-isolated,

35 cloned and sequenced from selected cells or cell clones by



in Fig. Sc are already sufficient to realize the invention and to
performretrocyte display in conbination with retroviral IgL chain
expression vectors, the functionality7®f-targeting somatic
hypernutation to VH codi ng regions requires the 40 presence of
certain cis- regulatory enhancer el enents of the -

i MmunogISSBRARAC | FIRLeGRLRSavPIHAIG gdifdNogSir, A@‘Q"He K% nt FBR afdt:
3" K enhaneanaehgmephe Qbt thanicdd G q%%%hﬁcgsﬂé RPCHER are known to be
capabl e of targéfing somatic hypernutation to V regions |ocated
downstream of an active pronoter, the basic 5 retroviral human Ig
heavy cHai naexprefessingd vembgdémgm_t-lcmeVH@nad arcceldLHemtiWCQﬁt@p is
(FIQSSC%eQ%%%mg dhglgn%kh%lgegglfngbf{edﬁiﬁhéxﬁﬁfyﬂkI% OQé@T&t%o%
enhance ements int | oW e 'Sequence of Lhe urine x
i ntron endantaial Kekpanhsibocaifedantidem aeceatife3kdellongloméss gehiich
region 10 | gcated between the Jx5 el enent  and the constapnt _Jc co

Fegi on, LAR0I6CEERRORIERIEN dEHeTT T o NCB O BnEPS GO69PY.
The cor eeyiiBnCOPPr i S@maud Y IaPoukng. SKL Widhlalih t Pasrsnt Bfgeniseleegiean
and its seguence can be derived from NCBI Genbank entry X00268. The
entire P1BRBTFragnent from JIx5 to 15 Cx, including the KiE region,
conjgins an internal Bglll site, precluding the use of this

restri Cliiz0RGRZXAE Eﬂéscéﬂfi&ge@fc@llpsc%é}ﬁme fd gk r@RRONIC fn2erentng
into the pLHCX-m - VHCyl -s and pLHCX-nl - | -m vectors. However,

there i $ano DmefPrP%llSBarﬁglalrnes ei c%‘iﬂe}ﬁ i Of ré\gﬁeﬁ?nl rbitl’rﬂiglg and
region, r I th ng, of 0 nt
I hiea “EBERELAY B1BhLOPERE ERIINGAEAMND AN BRI ORL E B | EROTEH

fl anked Si'te | nea | zed vectors p VI—fQ/
and pLHEXorkWEICythai F|<gan 5cc)ptl\¢exatldnfs bhaveappbiedonstpasdteed y, until

con |n| ng;boLh the entire £a 2.3 kb iLntergenic region pejween Jxp
to %ﬂ:ﬁ I?t? %g 2

arrpll I"cati-on I's ‘genom c fragnment oOm nouse
genom cstJA1ﬁ$cngyf dowarmd dered reel exrsel gEmi ey saeeqexie% &Rdg Sed) D6This
bot h contz %gg?addl tional restriction enz i

Mg ?anHI i € é gltes f antigen
(under | R cFBRERG TRt £RE uAfqu&iBaPi | SFRERFIERPI oRfensFa?
site of rethEi(vm YECY ks &ﬁlﬁhlﬁLH@Xem s\élﬂiéytﬁrveresuh:tgirngthn pEastiidber

pLHCX- m - H | s-X nd pLHCX- m - VHCyl m xi . spectively (Fiq.
By e e boaeae ARG AT ABACTT TTE8 LT GO P Gr dipune
Segzd%reébti&l}a' CGGATCCCT GAGGAAGGAAGCACAGAGGATGG 3

It should bke noted that high-speed <c¢ell sorter assisted
enrichment of antigen-reactive «cells is only a preferred
method of realizing the invention, but that other ways of
25 selecting and isolating cells for antigen reactivity, like for
instance, but not limited to, panning methods, where cells are
bound to immobilized antigens on a solid support, may alsc be
applied. Furthermore, it 1is possible to enrich antigen-
reactive cells by micromanipulative approaches, e.g., but not
30 limited to, growing cells under limiting dilution conditions
in microtiter plates or as cell clones in semi-solid medium,
which allows specific antigen-staining and/or labelling of
cell clones and their identification by microscope assisted
ways followed by manual and/or roboter assisted picking of

35 antigen reactive clones.



BanEl In addition to inserting the entire ca. 2.3kb Ki E contai ni ng
genom ¢ fragnent fromthe nouse K |ight chain gene |ocus, also a
shorter, ca. 0.8 kb genom c PCR fragnefit- (position 3634-4394 of
V00777, Seq-1D7), containing the core Ki E has been cloned 5 into the
unique Bglll site of pLHCX-m -VHCyl -s and, pLHCX-m VHCyl -m (not =
shown) . ATHEItHLRaLBPaAdTeRl ePEetPERI PY BTSN s dt ¢ dPeP@Ym repetitive
ampli T eglhen Qf LS g3R0QRN &Py FAGEEIY 18Iy ASRa0keEn! BrSeGitigRn-
and Seq-1D9. 10 Seq-187:

5' GAAAAREETTTIRACTGAGGT ACTATANT CEEATAATE T REAAMACTATTFATTAGCPIHE t ions,

GIGITT CTAT T .

T AR L TR e o igtpns  of
TAACTATTAATZRAS T TaRAAGEEGCEAAAMETT CGCLORLAAT TAAT EGEET T tid@EMAhligher
AGAACTCTCAGITTTCGITTTTACTA! GTCACCCAAGAGT TGGECATCTCAACAGAGEG

O TR AL R AT o A e At (T LS T EC PR Fat ed
AAGCCAGCHHCEIZFACATTACAGET GAS T GRhEeT O& 6d €3FHd AABRAT TGEGACAT &I €Img and

TTACAAACCATTAGACCAGGGT CTGATGAAT TGCTCAGAATATTTCTGGACACCCAAATACA
GACCCT G T AR ECTEET CERT AT AGHRIZPET ACL T TeRRIACARCARRAGANRHAYE 2 Pon
ACAGAGLL AT AFCACAGTATICT TREMEACACATACHMATACA CORACTETETERT o1y be
CTTACCTTATGT TGTGI TCAGACT CATCAGGAGT GTCAGATAAACTGGTCTGA
ATCYCT GECT CRADECA T GRERASSGAAT BT ABT IR CAGTEARNAACGE AT AGKACEed  to
AAGCCTG@G%@E@J%!TQA&%@EE§3' 288:14PS Rmains  can be achieved by
- GATCGGAT TGTTTAACTCAGCTAC -3' Seq- 1D9:
5' - GATCGRAT XTI MBAACGATRAT FCLCAGBRYTEC- 8n BeheH amhidasly @x®Rigssing
fragnen e Ki E cont.ai Ri.ng i CR I
L B AR, an ], SRIAD EndCRAREBONEON ¥RRoRrA0LE, ARAEaTH
enzyne siiserefluVactoy sppbmden! avdiCeghhsnaad pLEGXnhE, VEEzLudifgpt but
sho here) .. The sequence of th ri.ne 3' K, enhance I nt
depbRi t BATeah Rt PEe 11y RS RS Ce B b T o orlibe hinpSPnancer
X15878, eastlensscontlEmnedchden &mc8@8bpogenensequeAle |neghiaeddcasobalikb
- 83 - ﬂownstream of the constant x codi P% regi.on in I‘Fﬁhe gouse b
genorme. PYREFMRFF IS ¥ e NI 088 ABP CoCR R 8n (mt%Br A8l %I D) -
site 5 andlvasddrer ghorgpRCRanptohled Yo ofeaDlse] geBaRyC dNA ISEAGE
forward and reverse PCR gri nmer s Segi-l D10 and .Seqg-1D11, respectively,
ic

cont ai nFRPSEHEFEI B O BFPF8EFri ctildh enSE ST t esCROPIRIGHI G i nbd
t heagini gUeoFL8h18y}t € Bhel etlspeictal orectins phhkenl orYHQId 51 Bs&s E and

PLHCX-m -VICyl m 3" x E (Fig. 105d). . X
expression vectors, in which AID expression can be induced and

again switched off using inducible promoters, e.g., but not
limited to, tetracycline and/or doxycycline inducible promoter
systems (Gossen & Bujard, 1992), in which the expression of a
25 gene of interest is controlled by & minimal CMV promoter
flanked by tandem repeats of the prokaryotic tet-operon, and
which can be induced or suppressed for expression using a HSV-
VPl6-Tet-repressor fusion protein, whose binding to the tet-
operon 1is allosterically controlled by tetracycline or

30 tetracycline derivatives.

In the following non-limiting examples, the present invention

is explained in more detail.



Seq- I D10: 5' - GAGAATCGATAGCTCAAACCAGCTTAGGCTACAC- 3" d al

Seq- 1D11: 5' - GAGAATCGATTAGAACGTGTCTGGGCCCCATG 31 15C ai This resul ted
in the final IgytH chain expression-veéetors pLHCX-m - VHCy15- 3" 10E- xi E
and pLHCX-m -VHCy1m 3' KE-xi E (Fig. 5e) encoding either |Ig heavy
chains that, upon IgL chain co- 20 expression, |lead to the production
of secr &BYPLE Lo nenbrane bound human I gG antibodies, respectively.
Both vegh@ningddbEl ORtidv LU aidklidssaRd SvkEtsrs rEQH! 86N human
el ements upstieam and downstream of the Igyi H chain expression 25
casset t dmmgpagderbrignsoreavy hifsdinuesd opnpynegiobpd kg brghtof (Tgd)

express L gyt %H_ad )] 1 DQ. r.etr Qvi __g]&pr ! t
for hun%(ri}‘af'g% H:g t 12@%*&%9%?%@% ar ?1 |E1n %%C?Arﬁ orggg%g??%%%i %ﬁgf
retrovi salleetion markeogl orepectivgiity chai n expressi on vectors
allowing antibiotic selection for retroviral integration, the
commercially available retroviral vector pLPCX (BD-Contech, 35 .
Vount ai Ao BRACE5 0 HERE wis A FEG VBT LOTh, Gehedior e Hith

anti bi otkg roohesli O 4peeeli otoNf St gl PUFBRY CivL HBSISt apeetefifd Vea s
by the 5 LTR pronoter of the retroviral backbone, Al though simlar in
desi gn &3 FERECPEHARSBABKDGIRIPEFEe BXANPFEIF afa-FLPCRScAHE aPH3RYR ©F
Ecodd || bnel 1o 8HE FdMedr -addigna &Hafmrc%nrq&;rbgéaor’c@nza%%t%ae

but lacks the convenient unique Bglll site upstreamof the o
pronot eAngER§iosa) . the ofgériiedr ewdPa8inEe BEFAREPY r éotr i AStawviral
enzymes he 5 vegct 2009 : t ti .

i nt rodugg&gg%%:ﬂgﬁevggf%% rggt{rglé?:gt?l on e%%%u%%lrﬁﬁﬁeh%gsmn
pronot epf tihe ifyol humemgl ¢ par ardriposliesi ngirst ey wee beplekdror fed: tha
a first step. the Feodldd sktesdd the parkading. signgl s.of pLHYng
was renbved by site-directed nutagenesis using a onmer ¢l a

Qui kehangeTIMiktic(Stsattagere mdrkeltsl.l a, CA) replacing the third C
nucl eoti de of the Eco47111 recognition sequence AGCGCT with an A,
using specific prinmer pairs conferring the desired nutation according
to the anstecagdtimnnsioh t be nesudadcinaler expigssHm) . vebtoas vist f hedlan
that this 15 SFL | e- base paiy_substitution in the hr (Psi) packagi ng
si gnal d"d“ABE glg’fjgjc? 'Y e i FaPf'Pansduction efficiencies of the
nmut at ed vectors (data not shown). The nutated vector was designated

PLPEX- Mhs(Fhg-st@Mtidg ebdat tfopbtaidstarpkReX Veet ofetankbene human
Conplet?%%ugggfégufanhgﬁgegi éiﬁfﬁkéggi vectors, the commercially
available retroviral vector pLHCX was wused (BD-Clontech,
Mountain View, CA) (Fig. 5a). pLHCX contains an hygromycinB
resistance marker gene driven by the 5'LTR promoter of the

25 retroviral backbone. In addition, pLHCX contains the CMV-
immediate early promoter followed by simple multiple cloning

site (MCS) for insertion of genes of interest to be expressed.

In addition, the pLHCX backbone contains a convenient unique

BglII restriction enzyme site upstream of the CMV promoter

30 (Fig. 5a), into which additional genetic elements can be

cloned.

It is a preferred embodiment of the invention to use the
Ecod471II restriction enzyme for in-frame cloning of human Vyg
35 coding regions to the human constant vyl heavy chain coding

regions, as this particular restriction enzyme site can be



20 additionally including a unique Bglll site upstream of the CW
pronoter, an Ascl-Ncol fragnent frompLPCX-m, in which the Ncol

di gested DNA end had been fill ed-i n-by8 Kt enow enzynme, was cloned into
an Ascl-Bl pl digested pLHCX backbone, in which the Bl pl di gested DNA

end had been filled in by Kl enow enzyne 25 l t her eby
gener at |1H§r8d9§€fioﬁtdé‘§199nh‘f%%ltﬂrPC&gWer? n"'m’“%% &Y eh‘PFIéPBy rc‘r’rﬂlfns

the hygrQoryel,eB aen glat; RIHCXhath beeid I eahgsss: 1vh t B8 RUERBKEEA 1gH
resi stance narker pLPCX (Fig. 6b). 30 For the construction of the

| gxL chghaiegpr e§§W@ﬁeVectB¥'HC¥ hecedhdiant %9 i gitoLHdiln ot ction

20,00, IR e 9 Bl ahetsba ot by TR gy

using for reverse pr S 1D13," cont ai ni ng
H ndf | | pzedlGtal tﬂmtﬂmntghtm sm$@sofre?wéc7t1|1\1elgmf othe above-

di rectigna cI o 35 | Do L PCX- scri nd
section™g" 6rv\%?d It|1')r| Eonl%%qsigi{ig% %I onaﬂ% gon?%ﬁ’ﬁg %rhls
Eco471 1 hncon&émeﬁtt Ecakll 0w ngelsmrflk:amanf lesnzgmeofsﬂﬂe cbfbmgtheglpmmsx

to the constant x_ |ight c regi on, onl sul ti i.n on
onsory ZaCEhF chrRole: o PEn Ty tec 1Y 3l elhphrhER it lfieiPor BEen
posi ti ogagf pbmeobmaanagoaét@med 1h gitg Ched N.THEh & dp a7aer $Q tRr iifethe

contained an additional internal Notl site to facilitate | ater
cl ohf ngwpr%é@ﬂﬂlé@ pigak. ¥ast neeBESHhngE SF terdicsREeAntMUL AdSdeTd S

regi on. 3 D%%m%erc%I%ﬁ%Eé\%@@T GEET Gt SeAGEAL CTEACEEEALC <R)
H ndl | I/Eco 711

Seg- 1D13eeiawmtme®wmmT@m@ﬂ§ 1gepgniRden

sequence AGCGCT with an A, using specific primer pairs
conferring the desired mutation according to the instructions

15 of the manufacturer. The modified vector was designated pLHCX-
ml and it was verified that this single-basepair substitution
in the ¢ (Psi) packaging signal did not affect the retroviral
transduction efficiency of the modified vector pLHCX-ml (data
not shown).

20
Into the pLHCX-ml backbone, cDNAs encoding the constant region

for human Cyl either with or without membrane spanning coding
regions M1 and M2 have been cloned in parallel. The Cyl-m and
Cyl-s DNA fragments were amplified by RT-PCR using cDNA of
25 human peripheral blood lymphocytes as template and forward and
reverse primers Seg-ID1, Seqg-ID2, Seq-ID3 (see below). For the
RT-PCR amplification of the membrane bound form of human IgG,
the primer combination Seg-IDl1 and Seqg-ID2 was used and for
the cloning of the secreted version of human IgG, the primer
30 combination Seg-ID1 and Seq-ID3 was used. The forward and
reverse PCR amplification primers contained HindIII and Clal
restriction enzyme sites, respectively, allowing directional
cloning of the PCR-amplified fragments into the unique HindIII
and Clal sites downstream of the CMV promoter in pLHCX-ml
35 (Fig. 5a). The forward PCR amplification primer additionally



The insertion of the constant x light chain coding region flanked by
H ndl 11/ Eco47111 sites at the 5 end and Notl/C al 15 sites at the
3'end into pLPCX-n2 resulted in plasnvd pLPCX-nR2- Cx. In order to
construct a conplete human | gxL heavy chain expression vector, a
human Vx coding region froma previously 20 identified fully human
ant i bodyFonépdepdi anf dptRFPIb/BFRUM AL Shk® | meditle d Ahtid 1iHEMEo 3t
PLPCX- 1O, G el |4 EGAATIddn JUARTEN g {1, BEInodIe HAng Oty NG e
region for fhe POval bum n specific human anti body I ncludi ng | eader
sequencemang BciH wdmppsahdos' EﬁoﬂMEIBXQF@ﬁsﬁ@ émlkﬁﬂeaﬂqh(ﬂHQkumaavy

25 Seq 4 It o] n d Igotide d
been adé%% GSSthgngggegg% P%Q ?&gﬁ%f ﬂﬂg#%be tran gt?o%h% 3 %a
(appsoxiImat | cmtefinedKozdhk-tdemaeansiust segiende) I SetedD14hibh- a3Qowing
AAGCTTCCATGGATAT GA! CCCCGCTCAGCTCCTGGEGECT ACTCTGGCT.
GGTGCCAGATGTER @&E&EM?H%‘A&A yrectly
CAGAGT CactA s eA6d M COECEE AASH CAGARENTd ACCASE TAINEAAA LEREAFCAGE pose s,

AGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGI TTGCAAAGT GEGGTC
CCATCAACGETCART GERARTIERTET G CARRT At ACTR I CACER FEAGCAGBEPACA O35 the

ACCTGAAGA Igggg@gq;gagﬁﬁgg GAGT AEAGTACCCCCACTTTCGGCCAAG
GCGACCAAGGT GGAAAT CAAGCECT 6 - starts at position 9. Insertion
of this HndllIl-Ecod7l1I fragnent into Hindlll-Eco47111 |inearilfed

PLPCX- nBe@xIDES (I t 6Ar(ARCEX PAGRRNTONCEOIFRCGACCCRICRGRETAGCUXGX (Fig. 6¢).
5 Wiile this retrovirairIL{Eght’IEhai n expression vector is already
sufficient to realize the invention and to performretrocyte display
upon co-expression with retroviral 1g heavy chain expression vectors,
addi ti ofak vecimzs [f@geIb@envwas onstkdal 86 cant@EwWHLIsSg xiDEiIawd 3?Q¢E PCR
el ement sl QL QUL G, L BE SAT S0 Sl NG SLIAH C0Y BRalAr e LAJaERYy
chain exp SEEIGRAETRsPFUTS SISt She POUSE' x| grfe& nt’o

t helsni qdethsielcj I$ilt e damd pt@@(a;hrﬁedf e- @niquestNe@m ethé heluGhiérlined)
pronDter i as_a ca. 2.3 kb genom c, BanH digested PCR fragnent
anpl i fi 8rmf ﬂnb??rRHrRﬁﬁ%§3 Seq- 1D5 and Seq-1D6 (see above), 15 or as
a ca. 0.8 kb genom c, BanH digested PCR fragnent anplified with

p“ ”E‘r @@grﬁ:zs%q é%%%&@%c&éﬁﬁﬁ%?&é&am@ﬂbé’eﬁ&%sﬁb0“' ng of the
ca genom C noUSE; ¥T tag@ntal ning fragment into pLPCX- nR2- Vx Cx
|s deplcted here, resulting in plasm d pLPCX-n2-VxCx-xi E (Fig. 6d).

20 Finally, and in analogy to the construction xi E and 3' xE

cont ai nirRg | GH d1al BelRIbgVi 4 W£S§50%vq@v@&%edg§§£m@@d fidx  PCR
Exanpl e | a above, the murine 3'KE was inserted as a di gest ed

gendbr caPEPlfF‘a@*ﬁia‘Pﬁ &fpl theed"SHRIRNS | REENPai Y&r St of human IgG;

together with Seg-ID1, and contained a unique Notl site

{underlined) for cloning purposes.

Seq-1D3:5' -GATCATCGATGCGGCCGCTAGGCCCCCTGCCTGATCATGTTC -3
Clal / NotI

The resulting PCR-preoducts of ca. 1.0kb for the secreted
25 version of human Cyl and of ca. 1.2 kb for the membrane bounq
version of human Cyl were digested with HindIII and ClaTl
restriction enzymes and were in parallel directionally cloned
into the compatible restriction enzyme sites pLHCX-ml,
resulting in plasmids pLHCX-ml-Cyl-s and pLHCX-ml-Cyl-m,
30 respectively (see also Fig. 5b}). Vy chain regions could then be

cloned in-frame to the coding regions for secreted or



25 1 D10 and Seqg-1D11 into the unique Clal restriction site downstream
of the x light chain coding region in order to generate the
retroviral expression vector pLPCX-AR8Wx=Cx-xi E31XE (Fig. 6d). 30

Li ke the I gH chain expression vector containing xi E and 3l xE

el enents, this vector now contains all cis-regulatory el enents

requi r el r@sRf BPUBB nelt B thy fefnutetifdn P819HS W%S%B’o‘itﬂg“} efGymes
cloned imnparthe GANHIIO 16See10ehaWy. v, r84ionEXANBLELRs Caperat isp) .
of a cell line over-expressing activation induced cytidi ne deam nase
(Al D) 5 Thiishasoridiavatdemonst r aeedridbion henayhnegatied kel Vespediafied Y
protein i,vati Lnduced_ eyt di ne. ' (-Al ' 1 4LNig

Frane. aderys thy Pefor et red iy R AREBLRZN TP Rinded P iRl S gnene
sonabi c flaypedeat ati on phenotype to any vertebrate cell line. In cells
expressing Al D, somatic hypernutation can 10 specifically be targeted

to transcriptionally active ne_loci, jf th are arranged in .
correct *€on Eﬂ?rtot%/i sc-or”ééﬁlugﬂgor? FHRICEr® e?%’??ﬁﬁts?géﬂ Fa%cuchpin
xi E and cipxEsek eAERbEL6E, t Be numauneyl ebulhg xehiight febai B aewS oulsny
order to obtain cell lines stably expressi ng ALD first, a 15 )
et rovi REPNERSH8SsiTor Loruimaltt aRRtRiYy FEFFHELAI Bofiad! oriiaihiméa
in the fakl oMRg ey idhe A Bendt BueDNALWABX PR @pDs | hhad pisicRIm1 -
high-fidelity Pfx- polynerase SI nvi trogen, Carlsbad, CA) fromtotal
nouse sPvédn 29 cDNAIaeddrafrag?? 61T hefyamEtanict r6AVSFiR%e in plasmids
manuf ac ~mSH r d -y evense IR Prd RIS i34+ DIp; and .
Seq- | Dlgﬂhggn!tngi Y]?%{gdgﬁii onal Xhol cl glr?i ng siét’ﬁgé; flor IyiI ggt%%n 819)

t he PCRTaepl Vi i eddiinggmegaidamt dogonplei NIP-Yvetlbnmin| nseeieh §iconhumka
forward_pti cont gj ddi { i t | eqtjdes: 25 i ig d
inital iagét)lgg%\‘fms{lrngdal%%gpgt hei%écg%l Si \tégqgﬁgggps%hggm %f %%@gﬁart E}&?G
codoh of3'Ehed4RUEineldnDn@REiteém OsdprovodappioxErgt&D4. Kbzakhould be
transl ationgl inpifiation sequence and.thereby .e ring .proper

transl atnlogﬁgof %Fﬁ% c%%%edac%\w?o%fsg%- 1%16?:‘%“%%% BT BREh  added
5f - AATAGPECACEICAT GRACAGERE TCTEAT BANATAAAALS S MingdrcSeqt | Difranslation
5' - AATACTCGAGTCAAAAT C?TA AAATGCATC-3' _Xhol The resulting 620 bp
RT- PCR PBBEBFl%El‘EI‘P%ae Rficth CRASENSHE Sequence)

20 Seq-ID4:

AAGCTTCCATGGAGTTTGGGCTCAGCTGGGTTTTCCTTGTTGCTCTTTTAAGAGGTGTCCAG
TGTCAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGALCT
CTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGCTATGCACTGGGTCCGCCAGGLCTC
25 CAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATATGATGGAAGCAATAAATACTACGCA
GACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCA
AATGARACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAATGGTCGACCACG
CGGARAAGCTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACAATGGTCACCGTC
TCTAGCGCT
30
HindIII and Ecod47IIl restriction enzyme sites for cloning are

underlined in Seqg-1ID4. The start ATG of the leader sequence

starts at position 9.

35 While this human IgG; heavy chain expression vectors depicted
in Fig. 5c¢ are already sufficient to realize the invention and
to perform retrocyte display in combination with retroviral
IgL chain expression vectors, the functionality of targeting
somatic hypermutation to Vg coding regions requires the

40 presence of certain cis-regulatory enhancer elements of the



35 was ligated into Xhol digested and al kali ne phosphat ase treated
pLPCX, from BD-C ontech (Mountain View, CA). Ligation - 88 -
products containing the insert in coer8kct orientation were determ ned
by di agnostic restriction enzynme digestion. A clone with correct
restriction enzyne_pattern containing the nurine AID cDNA insert in

correct 1BFRBREAPPEAL ARSI GRF | PF drdyy DR Iefifert@Gly &%d Bhgs © 1ntron

desi gnated plRCAMALRaNd16ReALs7hs The Kequgmee cabihngenur Il@%uél Bre
cDNA cl oned corresponded exactly to the published rmurine AlD cDNA ORF

provi ded&niownNGBI Gedbaakabher PIAFIRZEENI.Ng 0SPRG1C 1DpReBruRAilon to V

| i neari I o) Sof I apsf 6 1

Abel son%?ég’a Forme tpgrngJ@'gaxH%er\égusfpe%g c?e&tg%oolg% plain RE@? %agl um
by ebectreaporatadn hamad00ly 9@8pF athszimbi empremqmr avaceorr gisiC&afed
cells 5 res gm con .n a

wer e pwgt%gg]lf“nt g" enp%glg&gv{}é Q,}?C]C’ggj[les &t gzéggumﬁi’? %%i%oltﬁq’s?lg?st Ben

t ransf egbdafiedt abl yohtanaf &Ch@dr@ﬁl badwer & seheated byeaddtﬂglapghml
puromycin_anti biotic to_the ovvthneiu 20 After 10-14 days. post

transf edCLORVIREZ &RY of TNfur BRFETHCG eSF stft "BHIIG 8 WBFEReFRLAI6RE

and sel q&ta_@@l clPnescies® whiangherd edai Nt fbestondl! t HEEr§BEi dMregion
contai ning 2pg/ mL puronycin. The puronycin resistant clones were

fur ther legphadedaiiteen skhectd nBhPRENHf a8CnkRe werestasted f 69259

eXpreSS&Q@lQB Mihbae éEQuQE@EeanbHeE@EfWQ%He@@oﬁl@@@Iﬂ@eHﬁbHQ @ntry
commer ci al” anti-nouse AI'D anti body as recommended t he manuf act urer

(see Fi §0033y. Ahepeztirq CKAEDCQWEFéﬁﬁSb@ﬁdW\@SPCWé:t t%lth ewihhem, tBA%o
of the 39 @pg sd Eéléﬁ ARty Sésgagﬁcgelcg C'b%neéelaﬂpecﬂ' §P&ﬁ‘yﬁési‘“
it t b d

appar en of 25 expected. Fromthis it
concl udégnbhak smtewaIXbe?IGB | iHes eetérebfabkbd fomgseintutfnos yJK5 to

ovefs expresshng hhgs AL "R A Rl & sneai ) an {HVAVERE Bg111 site,
precluding the use of this restriction enzyme for cloning of a
PCR amplified genomic fragment intoc the pLHCX-ml-VHCyl-s and
pLHCX-ml-VHCyl-m vectors. However, there is no internal BamHI
restriction enzyme fragment in this region, therefore allowing
20 the cloning of a genomic PCR fragment flanked by BamHI site
into BglII linearized vectors pLHCX-modl-VHCyls and pLHCX-ml-
VHCylm (Fig. 5c). Vectors have been constructed containing
both the entire ca. 2.3 kb intergenic region between Jx5 to Cx
by PCR amplification of this genomic fragment from mouse
25 genomic DNA using forward and reverse primers Seg-ID5 and Seg-
ID6, both containing additional BamHI restriction enzyme sites
(underlined) for clecning into the wunigque BglII restriction
enzyme site of pLHCX-ml-VHCyls and pLHCX-ml-VHCylm, resulting
in plasmids pLHCX-ml1-VHCyls-xiE and  pLHCX-ml-VHCylm-xiE,

30 respectively (Fig. 5d).



Denonstrati on of somatic hypernmutation targeted to a reporter gene in
retroviral human i mmunogl obulin expression constructs contai ning
cis-regulatory KiE and 3' KE el enents $éxt, it was denonstrated, that
human antibody variable regions in retroviral expression constructs,
as disclgge éné hbﬁ%&&ﬁ%&b?ﬁbA&&%Té@éPﬁ%&%T'I‘PfTA’%bPG rpdi ated somatic
hyper mut atlon Spaafg T eporter construct was generated, 10 in
whi ch the V-regi on ORF vmth a nutated EGFP ORE, introduced in the
cont ext degonns i G’berncddareooTcARRIAEGRAdTACAGAGGATGERE’ | gH chain was
replaced in which a st'opmgodon had been of a RGYW sequence notif that
IS hypernutation (Bachl & The stop nutation was introduced at codon
107 of ftine 4EEEPR iORF m}airg?&evg:ialq ytlosi ﬂeti.:mioqat02a3KAGK<itEop:cmt@drm.inlgn

addi tion, codon_108 wa di f] t he eby erati 0

di agnostlé1 88| Lragprtt gt?g%ms#}?e Wllfl?’léln i ekh & 1%?6%11%(3\;9%65(1“5%36
20 suchat Ia;albrmp@n teveﬁsBonbogehbmetB@Rnﬂt@gmm i (pcnnjdﬁmﬂ()s253t4he394
Spel site be destr er.eh f ilitating.th ntifi atlon
and charogct 73':;?” é?%TIq%§Verq aghnt quetce 'gf‘ EFSH oned
intredugedol M tihei Jld-PRERFT | 5idepiet @imcm ki gvitQarst Bade HIHeK -m1 -
mutated EGFP ORF is provided in Fig. 2510b. The reporter construct
for denyHS§¥iah @%oﬁﬁf’iﬂ’é)hyﬁ'éf‘?mﬁo&f"%ﬁ R CENSERGCEER BRSISEFoRSSd
30 The EGEP 6Bk V‘@ﬁgffﬁﬁéﬁ@léﬁ' ede from Pl agdihiR! REpaAEGR Bent  are
Cl ontech, Mountain asaterrplate with high-fidelity

Pf x- Pol yepiated(invieaohRh, ar@rﬂ%&@-“’ ‘CA) and forward prinmers

10 Seg-1D7:
5/ GRAAAATGTTTRACTCAGCTACTATAATCCCATAATTTTGAARACTATTTATTAGCTTTT
GTGTTTGACCCTTCCCTAGCCAARAGGCAACTATTTAAGGACCCTTTAAAACTCTTGAAACTA
CTTTAGAGTCATTAAGTTATTTAACCACTTTTAATTACTTTAAAATGATGTCAATTCCCTTT
TAACTATTAATTTATTTTAAGGGGGGAAAGGCTGCTCATAATTCTATTGTTTTTCTTGGTAA

15 AGAACTCTCAGTTTTCGTTTTTACTACCTCTGTCACCCAAGAGTTGGCATCTCAACAGAGGG
GACTTTCCGAGAGGCCATCTGGCAGTTGCTTAAGATCAGAAGTGAAGTCTGCCAGTTCCTCC
AAGGCAGGTGGCCCAGATTACAGTTGACCTGTTCTGGTGTGGCTAAAAATTGTCCCATGTGG
TTACAAACCATTAGACCAGGGTCTGATGAATTGCTCAGAATATTTCTGGACACCCAAATACA
GACCCTGGCTTAAGGCCCTGTCCATACAGTAGGTTTAGCTTGGCTACACCAAAGGAAGCCAT

20 ACAGAGGCTAATATCAGAGTATTCTTGGAAGAGACAGGAGAAAATGAARAGCCAGTTTCTGCT
CTTACCTTATGTGCTTGTGTTCAGACTCCCAAACATCAGGAGTGTCAGATARACTGGTCTGA
ATCTCTGTCTGAAGCATGGAACTGAAAAGAATGTAGTTTCAGGGAAGAAAGGCAATAGAAGG
AAGCCTGAGAATATCTTCAAAGGG-3'

25 Seq-IDB: 5'-GATCGGATCCGAAAAATGTTTAACTCAGCTAC-3'
BamHI
Seq-ID9: 5'-GATCGGATCCCCCTTTGAAGATATTCTCAGGCTTCC-3'
BamHI
30
The ca. 0.8kb fragment core xiE containing genomic PCR
fragment was also cloned as a BamHI digested PCR fragment both
into the unigue BglII restriction enzyme site of vectors
pLHCX-m1-VHCyl~-s and pLHCX-ml-VHCyl-m (not shown here).
35

The sequence of the murine 3’k enhancer element deposited can
be retrieved under NCBI-Genbank reference number X15878, and

is contained in an B808bp gene sequence located ca. 8.7 kb



Seq-1 D17 and Seqg-1D18, each containing additional Hindlll and
Eco47111 restriction enzyne sites allow ng replacenent of the 35
VH-regi on in pDHCXmlL- VHCy-s-xi E-3' KE @8th a EGFP ORE. The forward
primer contained additional two C nucl eotides upstream - 90 - of the
ATG start-codon, highlighted in italics, whjch approxinmtes a Kozak

transl atdCYRSERREMat $6n diths &08FE 20&quENCRO AT er§GrES pibpebhe mouse

transl aty-@Rak initiation at the correct ATG start codon. 5 Seq-1D17:
5' - CGc AAGCTTCCATGGTGAGC AAGGCCGAGGAGE TGITC-3' Hindl 11 Seq- 1D18:

5' - TAGAGCGCTCTTGTACAGCTCGICCATGCCGAGAGTG- 3' Eco471/1 10 The PfXx

anpl i fi gheE@RRiIPER3f kagnbancet #@Fsppohascrigivrtdy Ml Mlak kdte

pCR4.To vect or | gh '%s r A Zerp- F N0 Rkt ;
(1 nV|5t r%&éin,"“ r?%‘%gédg )P(Fplgs%rwtg){l%%ﬁ %‘l@h B‘@éﬁg‘%ﬁ%l‘%g \Ilalé%t or g
(Fig. 1Xprwhlerdt, aadsequereaeyverBdR edoximere ofSquCRALITop@EGFBampmsID11,
nmut ated at codons. 107 and 108 of .1 he P, St r at agene,
hStr u T ESRECHONRLY dostiti M | GRS BB 0 CRPEEL ARt epame
Qui ]ifCha_%gQEthfdr acgendingg imtd heheanufapidir eLas Priveer opaifetroviral
con err%g%tgrg pLHCX-ml-VHCyls-3'x E and pLHCX-ml-VHCylm-3'x E (Fig.

10  5d).

Seq-ID10: 5’ -GAGAATCGATAGCTCAAACCAGCTTAGGCTACAC-3'
Clai

15 Seg-ID1l1l: 5/ -GAGAATCGATTAGAACGTGTCTGGGCCCCATG~3
Clal

This resulted in the final Igy;H chain expression vectors
PLHCX-m1-VHCyls~-3’xE-xiE and pLHCX-ml1-VHCylm-3’kE-KiE (Fig.
5e) encoding either Ig heavy chains that, upon IgL chain co-
20 expression, lead to the production of secreted or to membrane

bound human IgG; antibodies, respectively.

Both vectors additionally contain kiE and 3'xE cis regulatory
elements upstream and downstream of the Igy:H chain expression
25 cassette, conferring somatic hypermutation to the Vy regions of

the expressed Igy:;H chains.

b) Cloning of retroviral expression vectors for human Igx

light chains

» As a starting point for construction of retroviral human
immunoglobulin light chain expression vectors allowing
antibiotic selection for retroviral integration, the
commercially available retroviral vector pLPCX (BD-Clontech,

35 Mountain View, CA) has been used (Fig 6a). This vector

contains an antibiotic selection marker conferring puromycin
resistance, driven by the 5’'LTR promoter of the retroviral
backbeone. Although similar in design as the pLHCX backbone
(see Example 1la), pLPCX contains two Eco47III sites and a MCS



generating plasm d pCR4-Topo- The sequence verified, nutated EG-P
ORF of pCR4- Topo- EGFPmut was recovered fromthe plasm d by double
restriction enzynme digestion using re8frt+ction enzynes HndlIl and
Eco4711l. The digested fragment was ligated into H nd= and Eco4711
doubl e 25 digested plasm d pLHCXnil- VHCy-s-xi E-3'xE (Fig. 5e) and into
Hi ndl |1 “aidh FR54£7 199 S okl iendi ezt peewi dPpEHER SV%Q% Lqpiggient
5¢), ”%nﬁ%ﬂ%f’ibﬁiﬁ!ﬂ gppangel £l ScheT*&@fveB)éombE'%goiﬂ%%?Céé%ﬁs the

VH codi ng regions were replaced with the nutated EG-P whi ch were
fused in-frame to the Cyl regions, 30 resulting in reporter plasmd
pLHCXml -TH( muderCyts- xeme B xEhe aBdodAIEdntreskt rigpoer epnpyass drom the

pLHCX - t)-Cy-s (Fi 11). _Bat h_pl 1 ds re.transdug j
pur o cipﬁfpggsi‘é‘?(%% * Fg‘:“%}éb%l tapgns?gc%z"r?t %":Il%eﬁegl@é(zcl% ég]g#é@é?%g)a
and 5 (m@iALl BgFlexpressiraprias eamymel upbtarasduedédtael ICYiVWwermmoter,

cul tured under 2ng/nﬂ h %%gn%cin B .sel.ection begi nnin 2% hour s ifter
o1 (PSRRI RS erd SHAY 8P r " Sifer BBt @ Be or 8n 2
aut o- f | yarescesdeLel the afifcen 76118 Sintksl0idaynheol paatddiney Obyals re

experinment, in which a nutated EG-P r%Porter construct was expressed
in the ®&HCExt WSt h 1MPVEAd PE (it digsichgds prigarpesis  using a

DLEGKTLEULY; O - s oifchakBLrandid f FASZ AbBeheanshiact apbiin Wegh
Al D expression was detectabl’'e by Western-blotting (i.e. FA-12 AID,

t ransf ecepdacéhenddp, tdowdd Greealeetdde | gbr édeemicddIld Beardéied
after 6, 10 of ture, en,a; st e -State fJ8auency,6f
ca. 0.2&$%Bgﬂgﬁiggeg%§Tgr%£ﬁAce%fs §2reu§%t%c?%%Tejﬁy FE%S. I'n ghés
of the confeokiergp&hensiesd rédomatBterpr essiogdingndborthgo igrsitamedions
el ement s present_in th structs, ta not : d Ny
cel s b&Tde é%tglqﬁﬁ%ﬁﬁﬁggge a%h%éyéglUra??oﬁa%gmgﬁglgggérﬂ%%% .tfgs
Fromst heifig28e E&E® pastt bubspbputatmonn 182 i n@lse) cellkckagéng sdoned
i nto individual | I two,_96 wells, and. 100 clo f.rom.t hes

gl - S0t BHCCPERESEuEre BREFY TR byt It Sar i GoPeetante the
after sublkbebaentveetid:s hadiaheenngt ovshaoyn) 20 TheomlO&t €l ones-tor was
anal yzed, 95 clones d | ayed_a ho enous fl uorescenc

! ttern,
siniIardﬁﬁlﬂﬁFEﬁgiﬁ§£%§BFHe fTﬂ%Teg%gnceI%efﬁ' &d th Fﬁéggn "2 "precx

si ngl e- s@et8d CBhkRbohe €. cahpTate kP2 ddpid UFesERREEIfaUt @ites and
fluorescence of FA-12 cells control cells remained below the 101 Io%

f1 ue? es@EAEEIPRIELY, IRGHHEHRIBF HPUH S RIYHr SHS IPSERER™ REcFBReSM

di spl aygdopcheter %emﬂdda:or@ﬁ&%m pat-bar prvckbmed. hal fnofnt hge
cell's being negative and half of the cells bQIﬂ%ﬂFOSItlve for EGFP
expressiepl hpgsbad BYR ofd 10ad dpepiest Bhdd-dd Ry SPieaped epraBer c 4PPy

no EGFPhLHEEC$HE8CEn ALLROMONT AhSgediis Gihe piRKBhkINLhY wBBe%e the
BlpI digested DNA end had been filled in by Klenow enzyme

25 (Fig. 6b), thereby generating a vector designated pLPCX-mZ, in
which essentially only the hygromycinB gene of pLHCX had been
replaced by the puromycin resistance marker of pLPCX (Fig.

6b) .

30 For the constructicn of the IgkL chain expression vector, the
constant k light chain coding region was PCR cloned from human
peripheral blood lymphocyte cDNA using forward and reverse
primers Seq-IDl2 and Seqg-ID13, containing HindIII and Clal
restriction enzyme sites, respectively for directional cloning

35 into pLPCX-m2 (Fig. 6b). As described under section a.), the
forward primer Seg-IDl12 additionally contained an Eco47III



30 background aut o-fl uorescence |levels. The 5 clones with

het er ogeneous and negative EGFP pattern could be due to (partial)
positional silencing of EG-P expressi 8A of retroviral ijntegrants, or
the results could be due to single cell sorting artefacts.

Neverthel ess, in the mgjority of 35 clones (95% EG-P expression was
clearly HeteecPAbPELND4 Jd‘f‘fra"‘gz fugifise Od| ofves CRELRI akaYPEF blopcRe
usi ng t hetRicnk PLLRES cB8Ynl1lbA RRd L%ﬂrdrplsohﬁyo'}:ggﬁlﬁi?ng 1n one
re-anplify the EGFP gene fromthe stably transduced cells. 5

cont r astcang ex VRAR Prrapndnef rtem W@n%p@m@@ @ééﬁior‘su@éﬁﬂ-’épﬁm@ taﬁe the
nmut at ed o) pr r ex in

cl ones c%g% ngailggg?edé%m r{ﬁ] 8 %st?%ﬁ%ﬁg e%;yge%ﬁgugglé%%?ngg%le
revebsi ocrem‘rsteheprmzstwmmd om | addbdbondD7intethel nobl ed iEGFR 0
ORF (dat sh mn the PCR rodu ts have en an zed
DA SeqUateiig2 BoAP PR FOOPRaP BFPCSIUTRE t ohie ors e oF
G >C nuteald epnetahbexGootdLhgotéglieord.n t he F&NVVnDt|f i ntroduced into
15 the EGFP ORF, as described before in the literature (Bachl &

A sson, 1999). This denonstrates, that dependent on the presence of

ci s- reg%ﬁ‘ﬁt@ﬁ? @WFMGEWEG‘%TC%TQECW CEAACBSKETEREFRHt s, and 20
depepdent on Al D expr eS&10H/EA et ed | evel s of somatic nutation, and

t hus nutggﬁggﬁbss,Qﬁﬁcggﬂgﬁﬁggégggkgﬁgggb ﬂﬁﬁﬁg trean1of an
active pronhoter g reglons 0 uman

anti body chains in the context of the dlsclosed retroviral expression

construge Eﬁséf‘ticﬁ{ mprof riest igatLAgLt he heyak AdnAlD Q@B?ﬂgerﬂeglon
somatic nutation in the xi E and 3' XE constructs, the estinmated

mut at i off leakedwdky i Rd T/diegd 138 I £1tH810318 D afi 8RS/ BPAgIRFIGIGT.
Thi ggvalsye ¢lss 48t ichl howap i‘ﬁtéofjﬁbtﬁ 29 PYPEI K a}_:ﬁ 0;5‘155@14?1‘%? ];;L%XJH@\LE

been reported in vivo which can reach rates of up to 10-4 even
10- 3 / bpigenerati on. Neverthel ess, the detected nutation rate was
still significantly higher than t he background nmutation rate reported

hﬂéﬂéﬁ?}ﬁ%fd&?"é F*E%%AFﬁru%%t' t@&ncgﬁfe € glmt%% %ﬁxia“&ee nﬁ{ 08n
p/ génerati on. us, oncl ude at h so

nmut at i oexpakesianevspeorf i eahupahaiVgetoeding regQ&n-from a prev1ously

20 identified fully human antibody, specific for NIP-Ovalbumin,

was inserted into the construct pLPCX-m2-Cx as a HindIII-

Ecod47I1II fragment (Fig. 6c). The Vk coding region for the NIP-

Ovalbumin specific human antibody including leader sequence

and 5'-HindIII and 3'Eco47III cloniﬂg sites 1is provided in

25 Seqg-Ibl4. It should be noted that two additional C nucleotides

had been added upstream of the start-ATG for inproved

translation {(approximation of a Kozak-consensus seguence):

Seg-IDl4: 5'-

30 AAGCTTCCATGGATATGAGGGTCCCCGCTCAGCTCCTGGGGCTCCTGCTACTCTGGCTCCGA
GGTGCCAGATGTGACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTARATTGGTATCAGC
AGAAACCAGGGARAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTC
CCATCAAGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCA

35 ACCTGAAGATTTTGCAACTTACTACTGTcAACAGAGTTACAGTACCCCCACTTTCGGCCAAG
GGACCAAGGTGGARATCAAGCGCT-3’

HindIII and Eco47II1 restriction enzyme sites for cloning are

underlined in Seq-ID14. The start ATG of the leader sequence



regi ons downstream of an active pronoter in the disclosed retroviral
constructs in an enhancer and Al D dependent fashion, thereby allow ng
the application of Retrocyte Display &8mder in vivo mutageni zi ng
conditions based on somatic 5 hypernutation nmedi ated by Al D

expressi on. EXAMPLE 4 @ Denonstration qof in situ generation of hu}man
ant i bodytéREEdi A rRYF BBy Usi A SPEBES r eBEnbFREE | ot Rbpetian? /111

retrovi gl o h@neXRhesS HQRAY €L BES4 R 1 DI & Died SRid:OMId-Rx RN ted
heavy (I gH) chain expression vector requiring V(D)J reconbination

prior ta@n gMrshashoexpressiurt PIPAsmErValKedRagi veChpproach to
retrovirally expressing heavy (H) and light (L) chains from cDNA

expr essi ector Crl in Exia[;irﬂl di . retrovi l.gH
chai% VZ@?%% cf'}gls% ﬂrg%]rb&e‘%%%éongtruc ei'g, ]clhnaq i%&ﬁ%ﬁgg%’gﬁ a‘&dego?o i3
codi ng régeadyi ssweitiadeshtbytsepapdtieeV, tH2 andvéngtoe seghend s perform
" quasi -germ i ne" conf 'hgur ation, that still neeg to _be asseI‘:"r)‘ogedht%y51

the prod&5EOG¥ % B} 3PHE€oNBPRatSCoR “BFFSF00 ExpPedsSiFERY ¥4 D) 39 vy
reconbi pakiian cxpdeakesnsivbetrspeci bidaithohas! bgbtbysi Harecbsenasdeneky
of V, D and J gene segnments, such 25 that diverse V codin rﬁgqijons
can be §eéfér at S FOH%A &tAgl @ expr &&si ohRYHsTr uéPlﬂrBBﬁngra uée®6n

intgoV(Rhdnhagonbipatbgy agki veogel khel N1g t theavivke @aln Pre8@Heseri oB
cells. 30 For this, germ ine VH3.30, Dl1.26 and JH3 gene segnents have
been PCRo&BSABELF ndTRR8ualthy fHeyehdn Y2 DNANgRF s dirEemEBecamique

depl et e%gwgargﬂ%r i Bﬁ‘ebﬁbcﬁ!-ﬂﬁdv@@l@,”Uﬁh@éi«e&ﬁ' ¥ (HRMCahv B}%mB@Br,

primers used for the anplification of the germine V, D and gene

segnent $ibee elsosencauch -Bhad 3Ferdmitki nBAMNA dégasheds PEBnprigegt

fgp;f;ggﬁﬁg%gggkl BaEhoR-ahatalpAGReNaer RS 364- 2061 (5eBakpove),

15 or as a ca. 0.8 kb genomic, BamHI digested PCR fragment

amplified with primer pairs Seg-ID8 and Seg-IDY9 (see above).

Only the cloning of the ca. 2.3 kb genomic mouse kiE

containing fragment into pLPCX-m2-VkCx 1is depicted here,
resulting in plasmid pLPCX-m2-VkCk-xkxiE (Fig. 6d).

20
Finally, and in analogy to the construction xiE and 3’kxE

containing IgH chain retroviral expression vectors described
in Example la above, the murine 3'xE was inserted as a Clal
digested genomic PCR fragment amplified with primer pairs Seq-
25 ID10 and Seg-ID11 into the wunique Clal restriction site
downstream of the x 1light chain coding region in order to
generate the retroviral expression vector pLPCX-m2-Vk-Cx-kiE-

3'kE (Fig. 6d).

30 Like the IgH chain expression vector containing xiE and 3'xE
elements, this vector now contains all cis-regulatory elements
required to confer somatic hypermutation to any VK coding

region cloned into the construct (see below}.



sequences were included allow ng proper assenbly of V, D and J gene

segnents. Al PCR anplicons were generated using proofreading

t her nost abl e DNA pol ymerase Pfx (InvigTogen, Carlsbad, CA) and were

initially subcloned into a pSC-B PCR 5 cloning vector (Stratagene, La

Jol | &, g in both cases according to the instruction of the

supplie 6R £ragnents, subcloned into pSC-B, were verified by DNA

sequencicageagf; bh aQEeny Scdfi € 190kY dvekde &?&eggia ehLcti9dkidn lihdubed
sequence had been sequence verified. 10 For the PCR anplification

of a gercgitidéndudeamimess80(XFHgnent, DNA priners Seqg-1D19 and

Seq- 1D20 were used containing BanmH and Nhel restriction enzyrre sites

§f§g Lndlgated) a"O‘E)“ggﬁoLgéié‘@édS%R%Lo%'hfég e NG B cLgned P ric

S - ATTT%AE@%AC‘&MMJ T CGEHAGACT BT AT HECTa R nd3sy r t (A1 0deq- 1kD2@

5'- CCCGCTAGCTCCTGAcAGGAAACAGCCTCCATcT%ACCT 3' Nhel 20 Thjs \%

anpl i coMéAUB25BRFeAGEhY 2ot %I FAHPE HéFeri |1’1’F‘é?“\9‘|’4§d3(§“§‘er?é’ é&r‘rﬁﬁ‘F

Wi th fl apkidag sENA el al rRe@atP3h) pheasthbe. tbl anySe@rteRtatad5

5" at t t GGATCCCACCATGGAGTTT GAGCTGGGITTTCCTCGITGCTCTTTTAAGAG

GTGATTCAFEEAGARRT AGRGREAC FGRBPGFSACTGAAERT GROTEAGSARAREFBATFFON  can

GTGISBO%}IHH G %chgr KL EGT TEGCACIGL, & CREGVE  gene

GGGAGGTCCCTGAGACTCTCCTGTGCAGCCTC
TGGATTCACCTTCAGT AGSTAT GGIna G 3Gis-

COATTCACA T A AR FCCARANEACEE T AT CHECMAT SACAGT RG>

AGCT GAGEASASXTET GF GTAET AGTETNCOGAGAGACABAGTIEAGCEZAGT CAMIGTGCHT order

CCACTCATEAGHEFCABCOET CRA G AT CA AT oA LT T T AT A 35 2

GCgyy 3’ retr@’éa.ral\lexéxpPé:ﬁéEmml | cahsonuof aeﬂncm@inc_gemourm@NAAtDagwaat
cont ai ni ng the n DH1. %6 rrent with flanking genom c DNA was
achi eve8°8§Fﬁ‘chﬁ met P o4 Bﬁ’ZwﬁP{d Seq- 1D23, containing sites
for restriction enzynes Nhel and Xhol , 5respectively (Fig. 11a).

The murine AID cDNA was PCR amplified using high-fidelity Pfx-

polymerase (Invitrogen, Carlsbad, CA) from total mouse spleen
20 c¢DNA according to the instruction of the manufacturer, using
forward and reverse PCR primers Seg-ID15 and Seq-iDl6,
containing additional XhoI cloning sites for ligation of the
PCR amplified fragment into compatible wvectors. In addition,
the forward primer contained additional two C nucleotides
25 (highlighted 1in italics) downstream of the Xhol site and
upstream of the start ATG codon of the murine AID ORF, in
order to approximate a Kozak translational initiation seguence

and thereby ensuring proper translation of the cloned cDNA.

10 Seq-ID15: 5’ -AATACTCGAGCCATGGACAGCCTTCTGATGAAGCARAARAG-3'
xhol

Seg-IDl6: 5' -AATACTCGAGTCAAAATCCCAACATACGAAATGCATC-3"
Xhol

The resulting 620 bp RT-PCR product was digested with XholI and
35 was ligated into XhoI digested and alkaline phosphatase
treated pLPCX, from BD-Clontech ({Mountain View, CA). Ligation



Seq- 1D22: 5' - GGAGCTAGCGGGCTGCCAGT CCTCACCCCACACOTAAGGT- 3" Nhel

Seq- 1D23: 5' - GGGCTCGAGT CCTCACCATCCAATGGGGACACTGTGGAGE- 3" 10xhoi Thi s

way a PCR anplicon of 336bp | ength eoB8arning the germine DHL. 26

gene segnent with flanki ng DNA was obtai ned (Seqg-1D24). 15 Seq-1D24:
' ggaGCTAGCGGGECTGCCAGT CCTCA00Q0ACACCT AAGET GAGCCACAGCCGCCAGAGCC

TCCACAG@&G@QG@@AWAWG@G&%&EA@? CARERDEE were

CTGGEGT ;
Gé‘?%%é%%@@ e %%mgﬁﬂéﬁr%@g%‘tm CCG% 20 0ne

GCCGCCC@&ACAF@@GQG@TW@Q@@P@AW@GR@TGB&G@FC@@A@F@T murine
OOOOATT%%ACEI\%%Q %A%C c3drtast og%égﬁl %rﬁgt”:-a%n W ﬂﬂﬁaﬂy DNA

genom ¢ ragnent contal ning the ragrrent W t
f | anki ngegeromiog DA wess adds eyredt-aks ipldCEr-nfeP padlr (Seg- 1025 and
Seq- 1D26, containing sites for restriction enzyrres Sall and

XbaI/HlG%%éA reSEECtG&/ﬁ Y., as indi cat?ﬁ gNA % e% fe 1eII%2pSonded

5'h TATAERAGMTAIARGE T FAGUCAT €d TG R AALFEACHNET GREC- p&ov)ﬁkmald—llmﬁ INOB I35
This way a PCR anplicon of 239bp |l ength containing the germine JH3
gene se&ﬁé‘ﬁ'ﬁ“% ?HPWa%WWW was obtained (SeqlD27). - 96 -
Seq14D27:

Next, 10pug of Pvul linearised pLPCX-mAID construct was

transfected into 5x10° FA-12 BAbelson transformed preB cells
resuspended in 800ul plain RPMI medium by electroporation at
300V, 960pF at ambient temperature. Transfected cells were
15 resuspended in 20ml growth medium containing FCS and were
plated into ten 96 well plates at 200pl/well. 48 hours post
transfection, stably transfected cells were selected by adding

2ng/ml puromycin antibiotic to the growth medium.

20 After 10-14 days post transfection, dozens of puromycin
resistant colonies were detectable and selected clones were
transferred into fresh culture medium containing 2pg/ml
puromycin. The puromycin resistant clones were further
expanded and a selected number of clones were tested for

25 expression of murine AID protein by ECL Western-blotting using
a commercial anti-mouse AID antibody as recommended by the

manufacturer (see Fig. 9%9a).

A specific AID protein band was detectable in ca. 80% of the
30 analyzed FA-12-AID transfected cell clones and displayed an
apparent molecular weight of 25kD, as expected. From this it
was concluded  that several cell lines were obtained

constitutively over-expressing the murine AID protein.



5' ggaGTCGACCCCTGCCTGGEGT CTCAGCCCCEEEGT CTGT GTGECT GGGGACAGGGACGCC
GGCTGCCTCTGCTCTGT GCTTGGGCCAT GTGACCCAT TCGAGT GT CCT GCACGGEGECACAGGT
TTGTGT CTGGGCAGGAACAGGGACTGTGTCCCTGTETEATGCTTTTGATATCTGGGGCCAAG 5
GGACAATGGT CACCGTCTCTTCAGGTAAGATGGCTAACCT Tat at TCTAGAt at a31 The three
DNA fragnents _Seq-1D21, Seq-1D24 and Seq-1D27 have been cl oned
sequent I‘FnSo a shuttle vector containing unique BanH , Nhel,

Xhol  angeiak tr8elibhChbiFORoRAZY BE hghbeﬁutwwﬂclaawatea €3sseldeporter
cont ai ni ng gene segnents VH3. 30, 1.26 and JH3 coul d be assenbl ed by

sequent i98Re| jight TOFFVILiae IRT r HEASL AR inh @ XRRFSlcR eonstructs
restricty LL 1539:{ ; i gat.ed nmHI - Nhel
fragnen:éo?l%tagﬂ?ﬁgeg%%ﬂf?%ﬁel ’il}ﬁtja%\rﬁ?s%glg gh&?t Fgél\l}éé%tg%r, t hen

Nhel 5Xhol digested fragnment 15 Seq-1D24 was |igated into Nhel - Xhol

| i neari ledtshutitl ewaect demoakt eadgd contladini ngurBey- DRLibeaiyd Ivagtiable
Sal | - Xbal di ﬂest.ed fragnment .Seq-1D27 was |i attcedti nto Xh@l.-xgal d4 i
|i neari S8 SRt t1%e VIO @Y B Contl n?%lgs Tonéd s2g- o371 8ng™ "
Seql D24 thtiker elywegrriemat | ngran aetpktei alfovH3. 806 Dhidd26tdH#i3 20matic
cassette in a shuttle vector (Fig.

[ 11a).
Theent i PEPGEREF2GEP | FEBTC 4 g%oﬁ?ﬁ%ﬁ?%ﬁt RENEFFRET cMaPI WPeRELE B ed

VH3; 80, iRHLMGranthel H3- g&gosegRENbE \Washdmen P%f@n@ﬂairﬁ\t Rakheeplaced
retroviral vector MgRlL (Pear et al. 25 1998) already caontaining the

codi ng Ma§hond f AUtELRENFCIH OREirn {SediSPB, 2sed Wi 6RFCRI dil PRES

the uni gye Bglbtbgang Hpad 8bhesxPf drhea MrERE “RelBhcCU i UCthat is
M gRl -nmuH, Fig. 11b). A unique Xhol site separating the VH codi rlﬂ .

regi on KREWNt heo c st anthrsRMHai KoE0ds PR Feq)i GPRATNEGREORUH Bac

(hi ghlighted 30,58q9pol df ace print in the middle of Seq-1D28) could be
used to }Ijltsga?é t%e t)/H3.30- DHL. 26- JH3 cassette in-frane to the
constant pH chain coding region, without affecting the amno acid
sequenc®&hat sthe muaasithornasornkiblltoed hetcondbaniO¢odEngheef§isoA. ORE
97 - Seq;1D28:;

5' AGATCTACLATCEAGTT GG PEAG ST TECTH T AT T I R n BT &R Hon

CAGTGT GAGGFGCACET GEECEAGT CTE3-CEACEETY CEACABONECEABGTETCREAGnoS L ic
ACT CT e ST R S L oh D TP S0 T A Ceee T AL e seGuence,

20 such that upon reversion of the stop-mutation in codon 107 the
Spel site would be destroyed, thereby facilitating the
identification and characterization of revertants. The
sequence modification introduced into the EGFP ORF is depicted
in Fig. 10a, the entire mutated EGFP ORF is provided in Fig.

25 10b.

The reporter construct for demonstrating somatic hypermutation

was constructed as follows:

30 The EGFP ORF was PCR amplified from plasmid pIRES-EGFP (BD-
Clontech, Mountain View, CA) as a template with high-fidelity
Pfx-Polymerase (Invitrogen, Carlsbad, CA} and forward primers
Seq-ID17 and Seg-ID18, each containing additional HindIII and
Ecc47II1 restriction enzyme sites allowing replacement of the

35 Vy-region 1in pLHCXml-VHCy-s-x1E-3'kE with a EGFP ORF. The

forward primer contained additional two C nucleotides upstream



5 CTCCAGGGAAGGEGECCTGGAATGGGTCTCAGCTATCACT TGGAATAGT GGTCACATAGACTAT
GOGGACT CTGT GGAGGGCOGAT TCACCATCTCCAGAGACAACGCCAAGAACT CCCTGTATCT
GCAAATGAACAGT CTGAGAGCT GAGGATACGGCOGT AT TT ACT GTGOGAAAGT CTCGTACC
TTAGCACCGOGTCCTCOCT TGACTAT TGGGGCCAAGGT ACCCT GGTCACCGT CTCGAGOGCT
AGTGCATCOGCCCCAACCCT TTTCCCOCT CGTCTCCTGT GAGAAT TOCCCOGT CGGATACGAG 1
mm@wﬁ%@@@@mﬁ%@%mmﬁ?ﬁéﬁm which
MTAW%%&%QQ@%T%%%QQ@% TCOCATGAGHC I GAAGETECEa quence
AAGTA CCTCACAGGTGCTGCTGCCTTCCAAGGACGTCATGCAGGGCACAGACGA
ACACGT GENngT 80ANAEST CEACCACCUCARE: : Tocksct ATG
TW% GTGAGCGT CT T 0GT COCACOOOGCCAGGRCTTCTTORGG 15

AA CATCTGOCAGGCCACGGGTTTCAGT CCOOGGCAGAT TCAGGT

GT O GACT GOGOGAGGOGAAGCAGGT GGGT CTGGCGT CACCACGGACCAGGT GCAGSCTG
AGGCCAASGAETTITRGG ey,
GACTGGCTCAGCCAGAGCATGTWGCCGCGTCBATCACACIISGCCTGACCTTCCAGCA
GAATGOGT CCTCCATGT GTGT COCCGAT CAAGACACAGCCATCCGGGT CTTCGCCATCCOCC 20
CATCCTT o X

ACCACCT. '
CACCAACATCTCCGAGAGCCACCCCAATGCCACTTTCAGCGCCGTCISGTGACI;CCAGCATCT
W?ﬁéﬁm&m&%@ﬂm CAACEESCQirectly
TCGOCACT GAAGCAGACCAT CTCCCGGOCCAA GGCCCGATGTCTA 5
UT@@R@@AG&%M@A@@?@R@HG@@@@R SCREEY ero-
TGACGGGRT 1 5F CheRCETSHARET GE E CGEQ%@E %%@@@@@mm@memg in
CCGGAGAAGTATGTGACCA! GGOCCCAGGCCGGTACTTCGC
mmmmw@@@m@@a@mmm@mm@enfmd
W GOREPACHACHIFACEHT GeACARHCACAKE1 88 of
GAGGTGA TTGAGAACCT GT GGGCCACCGCCT CCACCT TCATCGT

wmmcmec&e&@cmwmp@mtﬁ\m@wﬁmmmm kit
CCGCTTT | re
ﬁgﬁ%ﬂ@@g@t ey ggﬁlg“ Ha)angdc beal! erdd nefe %&%df‘&@tﬁ%}e@

the tra vector bac Pear et al. 1998
order tadnséphatgone u%¢odingpeegfon |nr$eqr1D281®9nt&pﬁéérslhﬁ t ke
M gR1 retroviral b%ckbone

"quasi - 8PAE Pie” "eissebta’ the ngyl %%Q%Vﬁgﬁégzgﬁ%H%glgHB Fégggﬁt_

needed EagrbrRute-anplified by PCR using a Bglll containing formard and
gl contalnlng reverse prlners Seql D29 and Seq-11D30, respectively
(Fl.

5 ATCTIRECCERBACET S Bl T Ot ot 0 A T~ EarErae

PCR- f r agaBntratas; ediegie s :0sh Weh8 laglalsknlanday(hod;ulam wasthigaied ientzgme
Bgl Il -Xhol linarized pH-chain containin gRl vi tor %her 8¥
resul ti AGIPATEAR VSBERY FESORBFRAPT oRNEBMBEL BARSFEf r 80Fr EFO8YHFEssiTH

vect or BYRdsPWHF fragment was ligated into HindIII and Eco47III double

25 digested plasmid pLHCXml1-VHCy-s-xiE-3'xE (Fig. 05e) and into

HindIII and Eco47III double digested plasmid pLHCXml-VHCy-s

(Fig. 5c¢), not containing enhancer elements. Thereby, in both

vectors the Vy coding regions were replaced with the mutated

EGFP ORF, which were fused in-frame to the Cy; regions,

30 resulting in reporter plasmid pLHCXml-E(mut)-Cy-s-kiE-3'«xE,
and in control reporter plasmid pLHCXml-E{(mut)-Cy-s (Fig. 11).

Both plasmids were transduced into puromycin-resistant FA-12
AID transfectant clones 3 (AID expressing) and 5 (no AID
35 expression) as control. Transduced cells were cultured under

2mg/ml hygromycin B selection Dbeginning 24 hours after



20 MgR1 (Fig. 11b). b) Denobnstration of bona fide V(D)J

reconbi nati on occurring in retroviral V-D-J vectors generating

di verse sequences upon transduction-i®%lprecursor B cells. 25 As a
proof - of -concept, to denonstrate that proper V(D)J reconbi nati on can

occur in retroviral vectors containing V, D % J fg‘;enne se rren%s in
"quasi - GEPREPHEE1EBNT RHGr 4G50, HE joﬁfzeﬁ@ CHuUEPRFRACHa8t Sreen

co-trangdyeed) 1BtesfeMiLye1 BO drensfor e el calys |dMeud3n23s Onlg

together with a retroviral IgL chain expression vector, as describe
i n Exanmdie thie, e@merimenta WoDMRLcEc eniitaticgh ESFehtr anadiies Gienstguct
pvIJ- mu @3{3 ugh . chBalcJrASUlt Sydih LReR! Ay 29 d €L T angeRn
of the ,a D a dt%%r%tgr’]eﬁgeé%ntcg car;c a JftJI'J}TI-Feng%tnh human IE(lgM ant i body
35 be eppremidd grLHCrenlcdl Imgur-Cace-siEt BekBbublaed r ahsduceit-lcel | #1ID

Transduction_efficjiency of the pVRI-nuk: 1L vectar. - - b
noni tor%&aﬂﬁf%{:@& 'res%/rllonw% gl?he %Esgié%éu%%elanG*%Smrq?%%c&g%gg A?y
can be seenern-blgtti2da)i.a.vamy-19medlD popahafécrart 016483pf celulld
that were transduced with at |east. the pVDI- muH 1 construct
(effici Qﬁéﬁnofaqtroangh‘b%{‘?wn\? \Aﬁ%ihﬁ. g’% 1%%%{)46%% e&t af 2 1GMmtO
expr essiyaRsonbd heutehte suihaee, a astaragus ek by fAGhental RiMgead t o .an

anti - kap%a | ght chai n anti body. Not abl \t/ fracti cally no IgM
exptBssi(fgdecePbs WEPENJEELLLEalREei AetRETeRI® BBpbPASFr ommngPRe of the

transduegdswhih &5 MVRIUHM 9RE £088EFHES 1 dA OWRhdVb@Nt nglUEHARLelN
Fig. 12(a)), 10 denonstrating the specificity of the staining. The
rare | gRLeRpressinrgsealt] sinettdet apPRSiPeHfe uBpER Mnt SkeMRIrancogid

Fig. 12 ave 1388, SORLed LY PLARARAL I MR Ceh! BOL! IQG-ASIgNd & th
FACS- Ar i(gg)eﬁﬁgt%%spge}cel% sSrter BD,J' Franklin 159I?akes, NJ) and ha\?e
been expapdedméntti ssue culture for 8 days, in order to expand the

cel for characterization of retroviral integrants. The FACS profile
£

f or "EGFE_expr, ssioo/(iE%(gJP'cti‘ .Qf i L p - g
construgf"?maﬁ es&r‘?é’ce IgM%éij;%rlng Fg%ggégggﬁbaxgléo%]igﬁ%\egé%égsiwglri?
few 20 ebenalll ynerwpandedidebls wehads difsplivayett | gdl by, t aedcéPD sdphaese

and contai_ned_.t he pVDJ- ouH M construct (as neasured
fl uores%éﬂ@e%kﬁsge. fi(‘gg)g._sffg%ncﬁo@eelsl Bopul a’nl""(;al szel%n ?ﬁegﬁfﬁ%r tor
ri ght ageaenf riherEAESnptotafebrFismffizibhthawd 1Ibedradsdrded gnodwn up.

genom ¢ _DNA has been repar«id frompooled cell 25 populations.

Gendhi c FHRA vag’so aﬁi?ﬂ}g%daﬁﬂ? yZ§Fagntst FEOPER (fHiSRG relgirre g nomogenous
fluorescence pattern, similar in intensity as the fluorescence
detected in the single-sorted cells, i.e. at ca. 10° log
fluorescence {(auto fluorescence of FA-12 cells control cells
remained below the 10! log fluorescence levels, indicated by

25 the threshold-line). 4 clones displayed a heterogeneous
fluorescence pattern with ca. half of the cells being negative
and half of the cells being positive for EGFP expression. Only
one out of 100 clones analyzed displayed practically no EGFP
fluorescence, although also this clone was slightly above

30 background auto-fluorescence levels. The 5 <clones with
heterogeneous and negative EGFP pattern could be due to
(partial) positional silencing of EGFP expression of
retroviral integrants, or the results could be due to single
cell sorting artefacts. Nevertheless, in the majority of

35 «c¢lones (95%) EGFP expression was clearly detectable. 24 of



binding in the pvDJ-muH M gR1l construct upstream of the VH and
downstream of the JH region. As expected, the diagnostic PCRs 30
resulted in two discrete bands of atn®3t-equal intensity, indicative
of unrearranged V, D and J gene segments (ca. 1.2 kb fragnent) and a
smal ler, ca. 0.5kb fragnent, indicative of V(D)J reconhi ned ge

segnent §h(e&§t aFlr?d‘tessh‘b%ﬂ a’é@h&%‘?\%l § J°R ne 1 gEPe PERCBARE S Fimers

confi r megdqt-hidt 7t i P§Bqam@is CaR BrdaPr esenieedmbhe £ynreas r 80ged gene
V-D-J cassette, still "quasi- germine" configuration. These

unr ear réﬁ@@dtéén%?]ﬁ&stWeﬁ*@UCEle@USst| || detectable in IgM
positive cells, if the cells were transduced with nore than one

construgt, of, \e,?gg ng{jl all ptght Sd@{?'gesdi&ﬁeﬁ% Viddokter vector

reconbi natlon e small er P a i con di not result 'in a uni que
sequenceonpennsesguéhei myltﬁtetl tFeF PPCRByr gduet @hdtheedéd PC8 Ipgroducts

subcl oned i nt SC-B PCR cl n|n % r, f S &, a lysi

i ndi vi d%&lo C&GFPag 5 From e%sm%gsegna e(%laéj%%odnt g‘ﬁnéd §p%fl
i denti caleshenatibde WD) Jsm@mﬁnmﬁt aorreammemmesoft hae shasvedtabl
characteri stl c features of ? ie dl% 0| ni ene.

segment ¢t VPD) 17 eSS Bna dlrﬁ ?ﬁﬁ: F(Jj’e ng gq 2%%he

codhpg Keglans and addition of non- terrpl at ed sequences (N-regi ons)
that are catal yzed by the precursor |ynphocyte 15 specific enzyne

t erm nal deg@éynucl eotidyl transferase (TdT) (Fig. 12(b)). Al ready the
two recd¢er &f $dGudiEePraddistssdfved RS 2&dobYe| SESHEAEIRY
12b), arBnfhiRieY! dense TOr the CaPRCI £¥nOf clones contained a G->C

mutation of the G nucleotide in the RGYW motif introduced into
15 the EGFP ORF, as described before in the literature (Bachl &
Olsson, 19899).

This demonstrates, that dependent on the presence of cis-
regulatory genetic elements, like xiE and 3’'xE elements, and

20 dependent on AID expression, elevated levels of somatic
mutation, and thus mutagenesis, can be targeted to the DNA
regions downstream of an active promoter, and, thus, to the Vy
coding regions of human antibody chains in the context of the
disclosed retroviral expression constructs.

25
In terms of estimating the level of AID dependent somatic

mutation in the xiE and 3'xE constructs, the estimated
mutation rate was in the range of ca. 3x107°
mutations/bp/generation. This value is still lower as somatic
30 hypermutation rates that have been reported im vive which can
reach rates of up to 10 or even 10" /bp/generation.
Nevertheless, the detected mutation rate was still
significantly higher than the background mutation rate
reported in vertebrate cells that is estimated to be in the
35 range of 10°® mutations/bp/generation. Thus, it is concluded

that high somatic mutation rates are specifically targeted to



20 the V, D, and J gene segnent containing retroviral expression
vectors to undergo V(D)J reconbination in precursor B | ynphocytes, as
there is no other explanation of how #Bese sequences, showi ng all
signs of a bona fide V(D)J reconbi nation event, could have been
generated otherwi se, even 25 if the efficiency at this point appeared
to be | GRIIPASI sIRWRTHIRAM Ofat 2lipAetiNer e@%‘ém%tfef he Nef Ep‘ér ed
V(D) J 1 e Aakh ON bAstRECEONT XL Gh T @iNhAWkea! Eﬁ@ﬁsdmﬁi'cﬁbﬁghdent
precursor |ynphocytes a diverse collection of antibody sequences can
be generfasédons oharebii sédoninbethof appl oyl B0 Rﬁe@tqmste Display

cont ai ni e m qconfyi g .
P01 BB A aRR R CioARBRtT, Patedr e {aie e
sel e6t ohymermnéaBioel hedliaesd flyy AR reogyeesbbspl ay 5 a) The

expressi on of endogenous antibodies in B cell lines can potentially
hanper their utilization as selector cells in retrocyte display, as
pairi ngmﬁmenﬂogenous nmouse i mmunogl obulin chains with reconbi nant
fully antibo chai ns ouldn atively affect their cell-surface

(i Sp ay DeBPRELRS t0o ot LB FHEQCUBPERSFETR It HOBAR I S coding
i mrunogh-@l ggbhas Wit huslﬂd?ef inable RidtdmBenspeeh | i bhp&tent hefetfr@vdrad
panel of el son nurine [ eukem a virus (A-MILV) transformed nurine
prelB cEMPTPER&SNJESEEPHRA in the literature, were examined for
intracel | ul ar expression of endogenous |IgM heavy chains (pH) 15 using
anti-murine |1 gM heavy chain antibodies coupled to FITC (Southern

Bi ot echyp) THewd ngeldfs & nesttuded nade Humees Moy, (300 2381 0HPESSSEANt

S8 AP B SO OO S

(Si nkai egprabsiof992), and 1624-5, 20 1624-6 fromtriple surrogate

lig chai n knock-out mce (Shim zu et aI , 2002) Cells were
perrreablrzedu ng_t he Fi x/ Perm | o
manuf act'dr 1" s ii% tg?‘ﬁ %Vongppﬁs?aﬁepr Ct( ae rog Q‘XQ??EFI ngg heavy

FA-12, 4Qk1, saAad 18¢8%t suligl omha8nkl, £fiedd- &Damd bﬁ@&e&,smhom@cﬁ:bes
| east 25 or ignal for intracellul tain g them
as sui t&BFSrég‘F‘gctld"r (Fé‘ﬁ"?lfaor?Ret?oc@tfetj% %I a§e£ ? %Egjket ey FgaLn
Di spl ay vestbaseeh £4k I eldsOvbeds Veshofrutetiht edngenrith angfer vatriable
panel of nurine, A-MILV transforped pre-B 30 cell lines was further

exaf? neGoRdPIt REFLOB udEeFRFBRFRt Yt GePERESI Val Pt ARAs HuSE 6N SESMRGES

ecotropig Myngdsilyeehvad-or artdigerasieant atning s areemddaiorescoat
protein (G-P) marker gene 9Fig. 13). 1x105 cells were transduced at

an MO 8fsemBledi Ry a t Bropeeparaf i o Navi AECHERkBFRIPR h@Si&For £8r

gene 35.(EPeRepaRasSi gy aﬁéé&ﬁyfﬁéﬁarﬁqﬁé’dbaég ontieeh) sPE&VE Qus| Yut
titrated on 18-81 subclone 8-11 re B cells

slightly imprecise assemb of v, D and J gene segments, such

25 that diverse V coding regicns can be generated from a single

expression construct upon transduction into V(D)J

recombination active c¢ells in situ, like e.g. precursor B

cells.

30 For this, germline Vy3.30, Dyl.26 and Jy3 gene segments have
been PCR cloned individually from gencmic DNA derived from B
cell depleted human peripheral blood mononuclear cells
(PBMCs). The PCR primers used for the amplification of the
germline V, D and J gene segments were chosen such that

35 flanking DNA sequences comprising conserved recombination

signal sequences {RSSs} and additional intervening DNA



- 102 - limting dilution. Vector particles were generated as
descri bed bel ow. Transduction was perfornmed by spin-infection,
essentially using centrifugation in-12% ml - Eppendorf tubes at 3. 300
rpmand 30C for 3 hours. Two days post transduction, 5 gene transfer

was anal yzed by determ ning the frequency of GFP expressing cells by
FACS- an&eP8rESeBntPESt &8I HARY e} HOWERI RGBS GSFEARAY R&gdri Peaha’

control gends idddadniat.ed A Figer 13amphh¥oRs | glvBak 18=8Lraekls sixawed
very | ow perm ssiveness to MLV vector transduction (<10%. Al other
cel | |ipeoofegadied 10ngERestaRIRT PNRS (PRI EIRNAES ofPTX 400hN NSTEBIS,
wih Phclz o808 209 1hrd pefel 1090210 Aelabnehl iichencd esseese pcw
maxi mal and reached > oI n the current experinent. Taken together,
FAl 25 4@Ebnand 16@d:dr celdtsawegenkeuntiat oJdlelals Bést suit dipted f @ases
Retrocyte Display,considerin h.criteria, 1, or S
endogen83§°§§gpﬂetln%ﬁﬁogn@%%ﬁgﬁgngfgggﬁﬁﬁl%¥ lﬁ%wéuscep ﬁ%%ﬁpfytfér
retrovi skabcllbasgdduniiconpSEeBevetrsras vielriifsedesiy e@®NRO seguessing and

i mmunogl_obul i ns conposed of reconbinant _heavy and |i.ght chai B
cells af€aBP8FEFrégBFhaPng§ | 3K ef%?%ngSﬁh%? §§f¥8’§%e f?gﬁﬁk%hgﬁﬁ
conponeRkguatchehhd (18N essdddred Pk edQr Vprel3l, or VpreB2 genes)
as those may al so conpete for heavy chain association with

recdtbi nant |ight chains in w@ld-t¥pe preB cells. Thus, 1624-5 cells
deri ved FPEofmheuPFBgalBlifiRRt Epai ALt fi BREMkHDR KRRa T ¥ -30e fFmoment,

expect eghyho N8 fehe BRSL-T9Midt eth£esbg-19%0 f Wetbense gt Lop¥hendhgPRAMHT
t echnol ogy. However, it shall be understood, that any other cel

line, iAoPudihglt Resdadictiional epeype| | fidesandpyzetndbeatedhi ¢ loving
satisty hBenGti Loot Aod iy N0 1 BR40G0RANE DRELAOGLADMA N expresst on

and retroviral transduci ty, may be used to tealize the nethod
di stbosed herein. - 103 -
Seq-1D19: 5’-ATTTGGATCCCACCATGGAGTTTGGGCTGAGCTGGGTTTTCCTCG-3’
BamHI

Seq-1D20: 5’-CCCGCTAGCTCCTGACAGGARACAGCCTCCATCTGCACCT-3'
Nhel

20 This way a PCR amplicon of 623bp length containing the
germline VH3.30 gene segment with flanking DNA was obtained
{Seq-IDZ21), see Fig. 1lla.

Seq-1D21:

25 57 atttGGATCCCACCATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTTTTAAGAG
GTGATTCATGGAGAAATAGAGAGACTGAGTGTGAGTGAACATGAGTGAGARAAACTGGATTT
GTGTGGCATTTTCTGATAACGGTGTCCTTCTGTTTGCAGGTGTCCAGTGTCAGGTGCAGCTG
GTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTGCAGCCTC
TGGATTCACCTTCAGTAGCTATGCTATGCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCTAG

30 AGTGGGTGGCAGTTATATCATATGATGGAAGTAATAAATACTACGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAG
AGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGACACAGTGAGGGGAAGTCATTGTGCGC
CCAGACACAAACCTCCCTGCAGGAACGCTGGGGGGARATCAGCGGCAGGGGGCGCTCAGGAG
CCACTGATCAGAGTCAGCCCTGGAGGCAGGTGCAGATGGAGGCTGTTTCCTGTCAGGAGCTA

35 GCggg3’



EXAMPLE 6 Generation of selector cells clonally and stably expressing
fully human antibody libraries 5 To generate vector particles having
packaged transfer vectors encodi ng fuPby-human anti body chai ns and

|l i braries thereof and their subsequent enploynent for the

transducgii on of rine B cell lin i nfection exper.i ne wer e

per for ity ¢ RSR oI BGG SHEPhod L Hitmri SIS y R R cn ) oo AdEen
cells \A/Q:roelthan@h@t eHeahurhay DAC.2H #0adment Dui frecensm iy fgieeﬂ;n&a:glmg
Medi um (DMVEM), supplenented with 10%fetal calf serum (FCS) and

LA ut ani#SperdIuEHad sstind)l t BFENRE shP2ib t §2341R4r s 29 0r5q% 1023,
transf eclyn@R nhyt Us§s e of 200 0£e££‘§1é€§&¢0té zl‘;nﬁersansﬁkﬂl VeGHOr Xhol,
| gL(245)-LI B-1 RES- YFP and 1 gH(650)-LIB-1RES-G-P 15 (encodi ng

| i brari eespeciegeyyolFigghtlahains |inked by an IRES to GFP or YFP
expression Fig. 15), 3pg of pVPack GP (an expression construct

har borin g and pal v% &%EP VPack Eco (an
expr essi%i EBA%t r dct ?ﬁé%%&g%ﬁﬁﬁQ?& ?E995$5A5 E%Qﬁqmoﬁlc M.V, both
STRATAGENE) were prepare fand 20 incubated with 30pl1 of Fugene
(Roche) in|ImM serumfree DMEM and were |left standing for 15 to 30
M nut es QRly-Ee9M t enpedatinetieTdheabuseneabéceioncmscdArensgent | y added
to the 293T-HEK cells Seeded in the 10cm di shes. Heavy and |i ght

chai n-encodi ng transfer vectors were transfected into separate 25

transi ent packaging cells. 48 hours post transfection, vector
parti cl &hdent abgi ng sﬂ@érnauﬂdxswmemé'cGBBbpteﬂemgthnt¢qntakﬂﬁnq the

packagi ng_cel.l s ntrlfuged at pm.t.Q . .r.enov. on
cells. f%§?ibge33ﬂ@6% ?ﬁﬁlnegﬁf%glls%&eﬁgjgﬁgﬁ dﬁgg g?mo P4a

medi a sugekemeated with different quantities of vector partlcles
(diluted 1 1; 1:5; 1:20; 1:50; 1:100; 1:200) having packaged the
hea%? hé chai n-encodi ng regi ons of antibodies. Transduction was
perforn@&qﬁ 6ntr|fugat|on in 1.5ml- 35 Eppendorf cups at 3.300r pm
and 30Csf @@aﬂChﬂUC@GGmmm}&CMMGGT@A@Etl&ﬂAGC&ﬁEd?MGCC

utilization at a late
CCACAGGAGACCCCACCCAGCAGCCCAGCCCCTACCCAGGAGGCCCCAGAGCTCAGGGCGC
CTGGGTGGATTCTGAACAGCCCCGAGTCACGGTGGGTATAGTGGGAGCTACTACCACTGTGA
20 GAAAAGCTATGTCCAAAACTGTCTCCCGGCCACTGCTGGAGGCCCAGCCAGAGAAGGGACCA
GCCGCCCGAACATACGACCTTCCCAGACCTCATGACCCCCAGCACTTGGAGCTCCACAGTGT

CCCCATTGGATGGTGAGGACTCGAGe e 3!

Last, PCR amplication of a human genomic DNA fragment
25 containing the human JH3 fragment with flanking genomic DNA
was achieved wusing primer pair Seg-ID25 and Seq-ID26,
containing sites for restriction enzymes SalT and

XbaI/HindIII, respectively, as indicated (Fig. 1la).

39 Seqg-ID25: 5'-GGAGTCGACCCCTGCCTGGGTCTCAGCCCGGGGGTCTGTG-3!
Sall

Seq-ID26: 5'-TATATCTAGAATATAAGCTTAGCCATCTTACCTGAAGAGACGGTGACC-3'
Xbal HindIIX

35 This way a PCR amplicon of 23%p 1length containing the
germline JH3 gene segment with flanking DNA was obtained (Seq-
ID27) .



- 104 - tinme-point. To ensure that single copies of transfer vectors

integrated into the host cell genone, cells revealing four days post

infection gene transfer efficiency +o%er-than 10% (det ect ed by ,

expression of GFP or YFP) were enriched using 5 FACS (Fig. 16). The

cells were ex anded for six days and subjected to a second

t r ansducfoAlar ocedur e enpl oyi ng previously frozen vector particles
|ons of antibodies

havi ng packaged the |ight chain codin

i1 Ut oR GP-Teaae et R e CCRBRE COEE P BRLR e T I S B LR e
for heavxc%@c@@@t@c@é@émme@@G*r@he@tg@lmﬁ@w@@éﬁcm@c@lc@@GT
transducing the Iight chain-1RES-YFP library and vice versa (Figs 15

& 16) . P:‘@GII’GM%G@@%@GWZ&QGP&TGT§Q§§§§‘§11“GEG9TG¢ET%%WCCWQ%CCAAG

The o P R B B T AAL LR, e RRERIAT Ry 200

transduction. To secure that onIy single vector integrations occurred
per cel ThabatireenedNMi f ta@fierdtre m@tﬁrzmi,onSeq\;eIM@namdhédqt-maﬂ have

I I d f t
L1 ancduean 11 REede SRR baRA Y Al ok . o TLRELP! GV ) 30 ERARRLE

7 Det ectih@guanagim, Chimdt, oknant agen mtw@thmbranénbgdg 81tes,
expressing cells by Retrocyte Display 25 a) gregaratlon far

RetF%cyFécE!§5P§y*brﬁﬁﬁs?ﬁt%oﬁﬁ%ﬁﬁ”%Rﬁér9%%%t5e9W gt yvﬁﬁe38ptPH&I26
st ai ni ngpangpdeteptioneonsidins oy téqdén®i fdi NogAdPOgE eshe DNA

retrovirally expressed on selector cells was determned. 1624-5
A- MILV £ragsenEsedigr eB@ eCPEPabibkpr e€Sitad CALROMENAYS aPHt$YL SREIn

i brarnggéV\Qgg 'I'lé%‘lj.eat a8 Al el Wxialaméﬁgdflﬁté MileV BamHI-Nhel

transformed preB I's "expressing retroviral” expression vectors
encodi nélaehnnaﬂdarﬁl’mtltll815"%t¢ﬁ93bod§2h©n tHelceiholsudigest e fagoment

e UL s PSURR! S YKL U RSSO SRR ibor,
already containing Seqg-ID21, and last, Sall-Xbal digested
fragment Seq-ID27 was ligated into XhoI-Xbal linearised
shuttle vector already containing cloned Seqg-ID21 and Seg-
ID24, thereby generating an artificial VH3.30- DH1.26-JH3

20 cassette in a shuttle vector (Fig. 1la).

The entire “quasi-germline” cassette containing the
artificially assembled VH3.30, DHl1.26 and JH3 gene segments
was then cloned into the retroviral vector MigRl (Pear et al.

25 1998) already containing the coding region for a human uH
chain (Seg-ID28, see below) cloned into the unique BglII and
Hpal sites of the MigRl vector (construct MigRl-muH, Fig.
11lb). A unique Xhol site separating the VH coding region from
the constant pH chain coding region in MigRl-muH (highlighted

30 in boldface print in the middle of Seqg-ID28) could be used to
ligate the VH3.30- DH1.26-JH3 cassette in-frame to the
constant pH chain coding region, without affecting the amino
acid sequence at the transition form JH to the constant coding
region.

35



35 concentrations of a polyclonal, biotinylated anti-hu-1L-15 - 105
- antibody(1.0 and 3.0pg/nl), as indi cated, which was eventual |y
reveal ed with streptavidi n-phycoeryth®tn (strep- PE). To discrimnate
cell s displaying anti bodi es from non- i mrunogl obulin expressing
cells, sanples were additionally 5 counter-stained with an

ant i - huSeGxEPARE antibody. As can be seen in the two upper-right FACS

panels of Fig. 17, IL-15 reactive cells were nost efficientl
et oct cd" RSATETARAADECATE T TRIGR RCCORECRATTGRT SR T BEACATRI TR GRFTETS!

reconbi%ﬁﬁ%g&EAééT@?%ﬁ?iﬁ%1?%@?%5?%%§§§3G%EgTéGQQ@A@@Cé&GéAEETCCCTGAG

bi otinyl'ated antr - as a secondary stal ning
r eagent ACBL.TREXETGEGHTODI TRHATHIRCETT TERFEAT BANECORBCPRETGIGRSECECAAG

1018 2 HEEREERER, B0 ROk PSS kB ARG 8 IS, R i
upon whicccheCSETRERGEEC GER T TINTCOATECTCCREAGRCARC GavAA trealT GItIIGrAad Thy
FACS. I'n re%aration of this experinent, a %Eﬁ o 55%&§¥§§F S
otrovi Carrs IEhRrAClaRiacrb R B al R et h A g Ltacs
for surfragechocexeresstorrat far deectbahtadhogetdE)cactarmuakGoEctTh
a 1624-5 cell line 20 expressing reference antibody specific for the
hunan | BETECATCCGCCCCAACCCTTTTCCCCCTCGTCTCCTGTGAGAATTCCCCGTCGGATACGAG
10 CAGCGTGGCCGTTGGCTGCCTCGCACAGGACTTCCTTCCCGACTCCATCACTTTCTCCTGGA
AATACAAGAACAACTCTGACATCAGCAGCACCCGGGGCTTCCCATCAGTCCTGAGAGGGGGC
AAGTACGCAGCCACCTCACAGGTGCTGCTGCCTTCCAAGGACGTCATGCAGGGCACAGACGA
ACACGTGGTGTGCAAAGTCCAGCACCCCAACGGCARCAARGARARGAACGTGCCTCTTCCAG
TGATTGCCGAGCTGCCTCCCARAGTGAGCGTCTTCGTCCCACCCCGCGACGGCTTCTTCGGC
15 AACCCCCGCAAGTCCAAGCTCATCTGCCAGGCCACGGGTTTCAGTCCCCGGCAGATTCAGGT
GTCCTGGCTGCGCGAGGGGARGCAGGTGGGGTCTGGCGTCACCACGGACCAGGTGCAGGCTG
AGGCCAARGAGTCTGGGCCCACGACCTACARGGTGACCAGCACACTGACCATCARAGAGAGC
GACTGGCTCAGCCAGAGCATGTTCACCTGCCGCGTGGATCACAGGGGCCTGACCTTCCAGCA
GBATGCGTCCTCCATGTGTGTCCCCGATCAAGACACAGCCATCCGGGTCTTCGCCATCCCCC
20 CATCCTTTGCCAGCATCTTCCTCACCAAGTCCACCAAGTTGACCTGCCTGGTCACAGACCTG
ACCACCTATGACAGCGTGACCATCTCCTGGACCCGCCAGAATGGCGARGCTGTGARARCCCA
CACCAACATCTCCGAGAGCCACCCCAATGCCACTTTCAGCGCCGTGGGTGAGGCCAGCATCT
GCGAGGATGACTGGAATTCCGGGGAGAGGTTCACGTGCACCGTGACCCACACAGACCTGCCC
TCGCCACTGARGCAGACCATCTCCCGGCCCAAGGGGGTGGCCCTGCACAGGCCCGATGTCTA
25 CTTGCTGCCACCAGCCCGGGAGCAGCTGAACCTGCGGGAGTCGGCCACCATCACGTGCCTGG
TGACGGGCTTCTCTCCCGCGGACGTCT TCGTGCAGTGGATGCAGAGGGGGCAGCCCTTGTCC
CCGGAGAAGTATGTGACCAGCGCCCCAATGCCTGAGCCCCAGGCCCCAGGCCGGTACTTCGC
CCACAGCATCCTGACCGTGTCCGAAGAGGAATGGAACACGGGGGAGACCTACACCTGCGTGG
TGGCCCATGAGGCCCTGCCCAACAGGGTCACCGAGAGGACCGTGGACAAGTCCACCGAGGGG
30 GAGGTGAGCGCCGACGAGGAGGGCTTTGAGAACCTGTGGGCCACCGCCTCCACCTTCATCGT
CCTCTTCCTCCTGAGCCTCTTCTACAGTACCACCGTCACCTTGTTCAAGGTGARATGAGCGG
CCGCTTTACGCGTTAAC3’

BglII-Hpal restriction enzyme sites at the 5’ and 3’ ends of

35 the insert, respectively, are also highlighted in boldface



antigen (PC). FACS anal yses on these NC and PC cell lines are shown

in Fig.

18, and denonstrate the specific IL-15 staining of the

anti-1L-15 reference antibody di splay®2¥ on the surface of the PC

cells.

In order to anal yze, whether the reference 25 anti-1L-15 Ab

expressrn ell line is sti]] ant i atr detectable b
The PC EEIRE & S ke STA AT NP Cot PAFFIS okt o CPAG- AL PANRBm DS
col I ect mayrof vhueBR BaAtibOH ecpegh fderzgnt 1doByuti ons of PC cells in

the NC

l'ibrary were analyzed by FACS for specific IL-15 binding using

the 30 optim zed IL-15 staining condjtions determ ned above. PACS-
anal ysi $noforsegattiov e ol thee| V< qddvdal @@ ionl yira Safn 0250 sianddiised

exhi Bi ti;ng Jde (1;]5 %%gﬂ?:@grggifé(it ac!daoﬁgnt &g%h R ey hadh G400 ofe e

pOSItIVG contr

m Xi ng
50% a
contr ol

ation was denonstrated to bind IL-15. Upon
b‘@lmlasabgeempolp@'l’ at¢ayset3® at that i 08.of 1 10kb 1 V63 . 305,DHIZ 2%~ JHrd

2apiek JBeedss o She Sant TRORPTHDrSTy Pol P Rool T4gdn & noLTT

fracti oroafadalhg fbmwartiOabdnd I¥hol5 asat adbseyveeveTlas priitners Seq-
concl uded tghandl L- 15115§6?1ct i ve ceclllvsel%ar}F(%uanMger ively be detected by

FACS
10

15

20

25

30

35

Seqg- respec

Seg-ID29: 5’-GRAGATCTCACCATGGAGTTTG-3'
Bglil

Seq-ID30: 5’-ATCTTACCTCTCGAGACGGTGA-3'
Xhol

The resulting ca. 1l.1kb PCR-fragment was digested with BglII
and XhoI and was ligated into BglII-XhoI linarized pH-chain
containing MigRl vector, thereby resulting in the V-D-J
recombination competent retroviral expression vector pVDJ-muH-

MigRl (Fig. 11lb).

b) Demonstration of bona fide V(D)J recombination occurring in
retroviral V-D-J vectors generating diverse sequences upon

transduction in precursor B cells.

As a proof-of-concept, to demonstrate that proper V(D)J
recombination can occur in retroviral vectors containing V, D
and J gene segments in “quasi-germline” configuration, the
vector pVDJI-muH-MigR1 was co-transduced into A-MuLV-
transformed preB cell line 230-238 together with a retroviral
Igl. chain expression vector, as described in Example 1b. Only,
if a V{(D)J recombination event occurs on the pVDJ-muH-MigRl
construct, that results in the in-frame rearrangement of the
V, D and J gene segments, can a full-length human IgM antibody
be expressed on the cell surface of the double-transduced

cells. Transduction efficiency of the pVDJ-muH-MigRl vector



5 staining in mxtures with other non-specific anti body expressing
cells. c) Next a proof of concept experinment was performed, in which
rare | L-15 reactive cells were enriech28 by Retrocyte Display. 10 For
this, a highly diverse collection of human anti bodi es expressed in

1624-5 preB cells was generated b retroviral_ transduction o n
| L- 15 |§ﬁnch%?n"t°&d&affg& thy GPP)’e BRASEHPR af€dultt o REP - 8088%5&“’-’

col | ect inRf keGONPELX] t WsaPRERXIKEL 8b¥n /XilO4)igf. higred) | gL 688) Nsmall
(coupled to YFP). Thus, a Retrocyte 15 Display antlbody l'i brary was

cr eat ed BOPUIREEPNI rRff o0 -848i Ve s&eddF| ddtatonWBEe hUima dpkedc hat s at
agai nst 13.3kNGhe &:@'{'JJQR%UMEE;REF‘ BohUFRR-@Ntd £ # L leh SPESH fi S AR RADK

Cells were stalne I'L-15"reactivity using opti mzed conditions as
det ebni neg b ofe., I@l&ﬁlaﬁ%ttdeeeceabbemégé enﬂnEhEdODy(mhrEEEZ@ell

Ul T ur o 538 0as RepanTey BE FaGAGErof Ff Ryl ey Sy SyfEbed 1590
enr|chnmmh;maanﬁﬂqumnnNﬁtaﬁlyxn@rhéﬁndﬂﬂkyrnmlEgﬂre&gwngshug&mells
anti bodi es and that essentiall ai ned. quantitatiyvel r the

Ot | gan FECTASFPORFRIE, At FAP CBIt BESPRMATN (AL (07 RICHFer Pigh the
react i vevogkhaHwal grhac8hyt gigt€Ct Bbber (Hdht Jcﬁ))adrﬂaits iexXFEg.mam(a) ),
denonstrated that repeated rounds of Retrocyte_ Display enrichnent

coull efdeMerentryine tReESRY EhnrGidy 1of- fhepPhainy™Cel is. 30 d)
Confirmation of IL-15 binding specificity of individual cell clones

establ i shed f4.QM agMXekbrd3sengi ched sCeidr 2ab16566 PERYI QPer right
example). Next, fromthe cell pool which was 3 tines subjected to

| L- 15- sgBediPEtRaXfr oEyd e DRSP) apadar ikaafentor o5 | Pyi wirgraragére cell
cl ones @%\f%lg eﬂs?ﬁgaQ' bﬁbgdAPy?Or1<§heg¢@e&eééllsogaftr& @wS%r%%kqghl

cl ones have en characteri zed IL-15 specificity by IL-1
st alhi ngakes, 10W)- asfngravee peevi explapdept iim zédssvai mudgusendied ofis

(see Exagple 73). of5ep (i:%”té-irgﬂé A" ¢ Qteedeoi\;elm%' ff&.!}‘t%hgtsagggr}}aé?on of

st ai ni ng, 8r1 ¢l oReswer e i ncuba stal ning reagents,
except frertrbheral. limtzotriages.. ThHe: NBROSI WotfhlEhefCBK 25G§PngaIX@r@§Isllon
cl ones . a hi Iy ecific IL S pattern t hat

| ost wh EﬁSX?tViS é%?lgen TGRS ¢t Bu Jd? ]alnfﬂﬁsFeac %on
Repr esersbafa\te |]l.g=M].5aSpéEl fa cdayai mmgsxpaasshmmhmeﬂu Opod®iiy h féw
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enriched cell popul ation, which all tested EQS itive for IL-15 antlgen
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st ai ni Ngpean@pBLOVigRE aRchl 6f I9e @dsn%gget ed. r1g.EXAVBLEREvEhaken
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enri chnmBRELBE G ggRNePeei AR hihfein RafT bBaASPRNPA eddicRy RePiad pyell
hi ghs speeduggtiosorting, cloning of the

Genomic DNA was analyzed by a diagnostic PCR using primers
binding in the pVDJ-muH-MigRl construct upstream of the VH and
downstream of the JH region. As expected, the diagnostic PCRs
30 resulted in two discrete bands of almost equal intensity,
indicative of unrearranged V, D and J gene segments (ca. 1.2
kb fragment) and a smaller, ca. 0.5kb fragment, indicative of
V(D)J recombined gene segments (data not shown). Sequencing of
the larger PCR band confirmed that this PCR amplicon
35 represented the unrearranged V-D-J cassette, still in “quasi-

germline” configuration. These unrearranged consiructs were



20 variable region coding regions fromantigen selected cells and
confirmation of antigen-specificity As descri bed above (Exanple 6), a
cell library was generated expressing% I brary of human |gxL chains
with a conplexity of 25 approximately 1.2 x 105 in conbination mﬁth

t he heav i n of reference I body,  SK48- E26 (Youpg et al

05 0700 FEALY (5 A iyt Aot fhe POST AL arfiSidén hhpariieL Fel iR were
retrOVl&&bnE@ﬁb@ﬁ haickbonerbardxiy | Bget hagstah@itns ¢85 depicet efot nall
nore detail in Figures 4c and 11 gsee al so Exanple 4). For 30_this, 3

x 106 1689405 kevASFeFHifcorfee Y4DuJ 5 rgramPLes %O%r”e"h‘f-‘r shaddeid BeR
Wi th th%mﬁﬁﬁgoﬁzﬁlbgﬂﬁafébﬁ@o% ng turrﬁﬁﬁteerse\ﬁ%‘éh@é hyopoWddiencing

particles 'at a MJ |ess than 0. 1. day after transduction
GFP—pospﬁ|W@ax£Q% REQQ?Q?W&@meGe@@e@thﬁdh?dshbghogﬁéeénéél¢h§oEﬁKh&

e I R T

culture’in ator I ve days oW ng
expanS|GMﬁgmhetsell popul ati on was transduced with particles having
packaged t he

From 6 plasmids analyzed, 2 contained identical bona-fide
10 V(D)J recombination sequences, that showed all characteristic
features of site-directed joining of V, D and J gene segments
by V(D)J recombination, including nucleotide 1loss at the
coding regions and addition of non-templated sequences (N-
regions) that are catalyzed by the precursor lymphocyte
15 specific enzyme terminal deoxynucleotidyl transferase (TdT)

(Fig. 12 (b)) .

Already the two recovered sequences, represented by sequence
of clone 225 (Fig. 12b), are firm evidence for the capacity of
20 the V, D, and J gene segment containing retroviral expression
vectors to undergo V{(D)J recombination in precursor B
lymphocytes, as there is no other explanation of how these
sequences, showing all signs of a bona fide V(D)J
recombination event, could have been generated otherwise, even
25 if the efficiency at this point appeared to be low. It is
concluded that wupon increase of the efficiency o¢f V(D)J
recombination in the context of retroviral transduction of
precursor lymphocytes a diverse collection of antibody
sequences can be generated from a limited number of retroviral
30 vectors containing V, D and J gene segments in “quasi-

germline” configuration.



IgKL chain library at a MJ of 1.5 by standard spin infection as
descri bed above (Exanple 5), and cells were allowed to 5 recover from
transduction for two days in tissue it are. Followi ng the two days
recovery and expansion period, 5 x 105 cells co-expressing G-P and
YFP, an%?5m$ hgrbouring at | east one heavy and one |ight chain
construct, e~enriched using preparative cell sorting using a
FACSAr | adenttifBbatibf cahd 1Ghadjadtairiaathiow enfi Clsad thdle selector
CO- expressi.on ofgggr ind | gL chain constrycts was expanded for

anot her gdPedBy FRe3 LU IRGHROCYAS OFSPHPY final expansion, an
al i quot of 2x105 cells expressing the IgH lgL-chain library were

st ai ged Wi trih2RGLIFLskRoR 48| HAB0§ENIQOPIn W Bdu Tac anPigant ihunBie sl leakd
(R&D 15 Systens) for 30 mnutes on ice foll owed by two washi ng steps
usi ng phretsniielbuf fleamerksaltihed x( PR} 1 daphl ehemsed seleAt ey, fea bl s cdinf
agai nst PR Ena EAEPIak od £5 bi O el | § ver & vgRed “Soal 10U
twi ce anduwswmbgéqbehihy cheansedvititt hr@fomslimgitavidl hy ARGtibpdgetadetiingn
of anti%%%ﬁ%jngéégkfégﬂfs g?gect their cell-surface display, or can
10 lead to the expression of mixed human-mouse immunoglobulins
with undefinable binding specificities. Therefore, a panel of
Abelson murine leukemia virus (A-MuLV) transformed murine pre-

B cell lines described in the literature, were examined fox
intracellular expression of endogenocus IgM heavy chains (pH)

15 using anti-murine IgM heavy chain antibodies coupled to FITC
(Southern Biotech). These cells included the lines 40ELl, 230-

238, 204-1-8 (Alt et al., 1981), 18-81, 18-81 subclone 8-11
(Rosenberg & Baltimore 1978), 63-12 (here called FA-12) cells

from RAG-2 deficient mice (Sinkai et al., 1992), and 1624-5,

20 1624-6 from triple surrogate 1light chain knock-out mice
(Shimizu et al., 2002). Cells were permeabilized using the
Fix/Perm-kit (Caltech) following the manufacturer’s
instructions. As depicted in Fig. 14, cell lines FA-12, 40El,

and 18-81 subclone 8-11, 1624-5 and 1624-6, showed the least

25 or no signal for intracellular IgM staining qualifying them as

suitable selector cells for Retrocyte Display.

b) As Retrocyte Display 1s based on retrovirus vector-mediated
gene transfer, the panel of murine, A-MulV transformed pre-B
30 cell lines was further examined for their susceptibility to
retroviral transductioﬁ using ecotropic MLV-derived vector
particles containing a green fluorescent protein (GFP) marker
gene 9Fig. 13). 1x10° cells were transduced at an MOI of 0.5
using a vector preparation having packaged the reporter gene
35 GFP encompassing transfer vector LEGFP-N1 {(Clontech)
previously titrated on 18-81 subclone 8-11 pre-B cells by



t heir subsequent enrichnment using flow cytonetry. After a first round
of cell sorting by FACS, cells were expanded for five days and

subj ected to anot her round of anti - 10213 staining and enrichnent of
positively staining cells as 25 descri bed above. This sel ection was

repeated.three tines (Fig. 21). The cell population obtained after
hree rAdTASI0p RETOEIIE D TS5 onr FERTERTSS vadda nISTE RaTE { 0P
| L- 113 Riesdic-ABeasbdese( i Dednadaveioduiad hberfdied eactdpis -delfles tuene
not enriched as_bul k popul ati ons as previously, but indivigual 30

cel | cl 6RE§™wRLI¥orEERII AEBLEETRRT QR atBs thy MEaREPERASF hgfuPEE| AL
Sor ti Ng 3U3i00g P AGRAV Ba°¢ 1 eBYBD. koW BgoSaues §R¥E Afrefidlduic¢abngn

and expansion, individual cell clones were again analysed for IL-1%
ant i §engspecitrppF9r uspAga DRy tRS Y bRt PFbibicy tdyed fresugagt Pén GEEs

a negati Lol gt I £ %ﬂﬁ£' re xcepty ddhe £
antigene%ﬁf%ggiég é%%%%?egbangécg %@ - %%nn?gﬁggﬁgaghs?%%'f?owarge
cyt onet cgllsoservkdnes skegatdvepecontirolbi ndsndliosthatedr get Fagti dén

as reveal ed by .a .specifdic,FA ignal _in the presen | gen,
but not ot R Bice S0 L ekt P aleHE oA of BeRdr neL Tr e T
cl ones mMavamgcabr transduction (<10%). All other cell lines revealed

10 gene transfer efficiencies of 240%. Notably, with FA-12, 40El
and 1624-5 cells gene transfer efficiencies were maximal and

reached >50 % in the current experiment.

Taken together, FAlLZ, 40El1 and 1624-5 cells were found to be
15 best suitable for Retrocyte Display considering both criteris,
a) low or absent endogenous murine immunoglobulin expression
and b) susceptibility for retroviral transduction. However, as
it is desired to express immuncglobulins composed of
recombinant heavy and light chains, B cells are preferred that
20 lack expression of surrogate light chain components as well
{expressible from A5, or VpreBl, or VpreB2 genes) as those may
also compete for heavy chain association with recombinant
light chains in wild-type preB cells. Thus, 1624-5 cells
derived from surrogate light chain triple knockcocut mice are
25 expected to be the best-suited cells for further retrocyte
display technology. However, it shall be understood, that any
other cell line, including the additional cell lines analyzed
here, which satisfy the <c¢riteria for no/low endogenous
immunoglobulin expression and retroviral transducibility, may

30 be used to realize the method discleosed herein.



5 the secondary detection reagents). However, sonme clones showed a
staining signal irrespective of the presence of the antigen

i ndicating that these clones non-spediOi cal |y bound to any of the
secondary reagents used for the detection of IL-113 reactivity. In
total, genomc ENA of 24 cell clones was 10 isolated and served as a
tenplat%XPHPLgt ndard genom ¢ PCR enpl oyi ng ol i gonucl eoti des Seq-| D31

and SeqetR3ZatEBACIdA Cakl¥cbbPdicBl1YP-clVHaldgWNasd I ed@beY (dipressing
vari abl e region of human |ight chains encoded in the retroviral |ight

chai n | fyta¥yhupaspartibedy) libragdes) pal:
5' - CCTTGAACCTCCTCGTITCGACCC- 3" Seq- 1D32: 5' - AGGCACAACAGAGGCAGTITCCAG 3

PCR anpli.c f . ex |.Z8 8T ined f al
R S o e R S
sequencenandliygi Sully hhmal4act tredy acled yrse dartdvel Mer asgres  Stheweotfo and

har bour _an.i denti cal, but naovel | gKL. chaj.n er e C824, an

expect e&'a‘gllg 0] S,lrlérsggglegg teﬁrgqloa ﬂegﬁa:-fr?ro?t rﬁ@%’-‘"ﬁ%&m:’gtsmd] et %Em%%gge B

separat ekyl 25iAssexpeafredtieah| d2petinas exprassi npdftamed@324yl glthe

chain in conmbination with the SKA48-E26 |gH chain gégpggged SE§CifiC
Sbofé:

al p- si gA&FLOHPAg MEER ey tHHTRATY yRRRE ¥R  EBfett &§re
PCR1anmpbiigeBqcart & nk ngot hen anphi f bed ppevekcbEBb AL gikdc FalgNeWa®dium
digested with the restriction enzynes HindlIl and Eco47l]]| flankin%

the vari@YEY) codivipglrBgrsRd( Migh 449% Hatel neeffagifdm™ waC) offed T

into a gehEaMihabel IKbcRNAL Bs X PEEEAIAN J4aGH,0r avdd OMRArisbI®ior to
restriction enzyme sites 35 allowing the in-frame fusion of the LCB24
VL codi f§apegeehien. -Minigures hefcopyBantfhubd keppeedtigt dangter

codi ng %EQEBES_ Thugyr, (e esHLERRE-YBST OF gRcodedya oyl rd-UhEs-crp
human | gKL chai n.

15 (encoding libraries of heavy or light chains linked by an IRES
to GFP or YFP expression, Fig. 15), 3pg of pVPack-GP ({(an
expression construct harboring gag and pol genes of MLV) and
2.5ng of pvPack-Eco {an expression construct encompassing the
env gene of ecotropic MLV, both STRATAGENE) were prepared and

20 incubated with 30ul of Fugene {Roche} in 1ml serum-free DMEM,
and were left standing for 15 to 30 minutes at room
temperature. The Fugene/DNA mix was then gently added to the
293T-HEK cells seeded in the 10cm dishes. Heavy and Llight

chain-encoding transfer vectors were transfected into separate

25 transient packaging cells.

48 hours post transfection, vector particle-containing
supernatants were collected from transient packaging cells and
centrifuged at 3,000rpm to remove contaminating cells. 1.5x10°
30 1624-5 nmurine B cells were suspended in 1ml of media
supplemented with different quantities of vector particles
(diluted 1:1; 1:5; 1:20; 1:50; 1:100; 1:200) having packaged
the heavy or light chain-encoding regions of antibodies.
Transduction was performed Dby centrifugation in 1.5ml-
35 Eppendorf cups at 3.300rpm and 30°C for 3 hours. Unused

supernatants were stored at -80°C for utilization at a later



The re-cloned, and sequence verified retroviral expression 5 vector
for the LC824 IglL chain was transduced together with the SK48E26 | gH
chain of the IL-1 reference anti body 19¥48- E26 into 1624-5 cells.
After expansion in tissue culture for 2 days, G-P+/ YFP+ cells were

g _usi CSAri_a .from_BD. J‘

ich .by hi gh- d | | ti FA h
Coeult himergodnn REE e lial Sai B 1Y, Bob iR BE R IiEE, Ry

to bi nd ihkketRadsddestld beHe ApRXpeelEddgehome, r eactliyvi k¥veartiag edoy
di splay of LCB24 together with the heavy chain of SK48-E26 was o
conf i r mE@YEFiRPS 223N Eqet B0t | gBBet A SHE In R T Ao dyP RS Eléﬁ’ér éIOFy

Cross- I efelbkeclio B NELp AR S O8NS 08" AWt BENSrRhhe,&al | 8nlocREAT @%3inkY
the LCB24 |gL/5K48-"E26 ?gH conbi nation were assayed for |L-15

reacPi viftAES asFdescrhithed Beg ocellas eyt ceepanderi gfop3sigo days and
reacti vi : L- could te - n I L :
SK48-E2€h§H%?E8§y,%?hdi%atfggogﬁe ﬁ%?g@?9§ﬁ§?gengégéﬁigkgifegﬁéﬁgﬁgg
novel amiriebadyslFuritrbeencomatelrs pardlided ah@20ioel patkagedxphesdiigyt
an anti-hL115 spgcific referenge aQL'b d S(%. Qgsbgh%%.cgntgpl%,%ngs
the ori §’| raft 26" T3 8 tiak?o&y.o Pl &1 he antir-rbl15 ant i bo y
expressidegceebkd, adsvexpaiired, GlPvwmshigjiee fd«el I9f asalagrdd Ebrlheang
reactivity was detected for the 5K48-E26 |L-1 antibody or for %glhs
(Fi §° 2593910 | PXRIARTYPY a HEVE | 1GHRC i n "kl at YRgher  particles

anti gentspashfitengeatld viightaghkdantRESedrp N 1abge Qe exXper iverih
enployin%,a l'ibrary of |ight chains shuffled against the heavy chain
of 30 adTiEs1f3Ssphci £Peé-refePEnceadnt i Bodly SKHREIPN, pAdeSssgully

RetrocyteaRkaptay $eneenidig xS féed hakl and |@é—r§héhﬂibh@dialiﬂsQ§g
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expr essiFA§Scel ArpEyxnafirlshed@%cePf Stheortdedds cEbArAg dfFf hend YEP
‘C’SL' ?P'n%f?g%isg oggggsear[%agogg.c%am&ahgasetf heckgdseeblks 2Rt on1y
gen-specificity As described above (Exanple 6), "a
cel | |ilsiagyewascienerattegretpressiorguaredbmary eflheavguithanas thith
a Conp|%¥inﬁu9fpopulations were enriched that revealed only low or
moderate expression of the reporter gene transduced in the
second round (approx. 8%, see Fig. 16).
20
EXAMPLE 7
Detection and enrichment of antigen-reactive human antibody

expressing cells by Retrocyte Display

25 a) As a preparation for a Retrocyte Display proof of concept
experiment, firstly the optimal staining and detection
conditions for IL-15 binding antibodies retrovirally expressed
on selector cells was determined. 1624-5 A-MulLV transformed
preB cells co-expressing a human IgH and IgL chain library

30 were mixed at a ratio of 2:1 with 1624-5 A-MulV transformed
preB cells expressing retroviral expression vectors encoding a
human anti-IL-15 antibody on the cell surface. Mixed cell
samples were incubated with various concentrations of
recombinant human IL-15 (0.1 to 2.5pg/ml), and various

35 concentrations of a polyclonal, biotinylated anti-hu-IL-15



10 approximately 6.5 x 105 (coupled to GFP) using a MJ of
approximately 0.1. The retroviral vector backbone harbouring these
chains is depicted in Figs. 4c and 105 more detail (see al so
Exanple 4). For this, 3xI05 1624-5 A-MILV transformed 1624-5 preB
cells were .transduced. with th bove-nentioned,l gH 15 chain-liprar
encodi ngarte;crl S¥er &egq or *Rdr bl M ™art i A%s é’t’ghcmgd es¥Ptfln §'eF
Two daysswfiitealiyansduesion, «Ith pasiddptaviaihspnpeseepthenied Mitrep-
standard hi gh speed cell sorting using a FACSAria fromBD. After
sorting B -GFP* @Higcsimineteel Foller disppandad iantiikediescuf Fare T~

two additrndly1d8%sin A Le5r-£0s Sxpansion, tRenGTRE Chkte POIH ALi QA I1MRS
transduced wi t'h particles having packaged a |1ght chain |library
consPst igsyngfer2ssainedly widhueant earehhrict egdlz@dd | gyt el .nshat canMbe
>1 as d rib f.or T VS t tr-ans j on, -GRR+/ YFP+ douybl
transdug‘% ce r?sl%&/gr eg%%rp@ﬁgg %Bﬁ?gﬁz;g%eefgé’%éeﬁo ggrtﬁ:?l ] aEZ' Zgﬁt hlg’
cel | popdaattiior, crdWsharbeumbay bofhcight Bnddeigicicdhi (20 .ilbraard €9 .i4%)

the majori.ty of the cell.s wer gai n_expande or .three days _in
ssue ST & SRR o QPPadBe Or opogmgor' Fetonthant" 11-15
as a primary reagent, and 3.0pg/ml of the biotinylated anti-

10 hu-IL-15 antibody as a secondary staining reagent.

b) Next, a proof-of-concept experiment was performed, in which
a reference antibody specific for human IL-15 was spiked into
a pool of «cells expressing a diverse library of human
15 antibodies, upcen which the spiked-in antigen-reactive cells
have been analyzed by FACS. In preparation of this experiment,
a library of antibodies retrovirally expressed in 1624-5 cells
(see Example 6), was stained for surface Ig expression and for
IL-15 binding (NC), alongside with a 1624-5 cell 1line
20 expressing reference antibody specific for the human IL-15
antigen (PC). FACS analyses on these NC and PC cell lines are
shown in Fig. 18, and demonstrate the specific IL-15 staining
of the anti-IL-15 reference antibody displayed on the surface
of the PC cells. In order to analyze, whether the reference
25 anti-IL-15 Ab expressing cell line is still quantitatively
detectable by FACS, if the PC cells are spiked into the NC
cell line expressing a random collection of human antibodies,
different dilutions of PC <cells in the NC library were
analyzed Dby FACS for specific 1IL-15 binding using the
30 optimized IL-15 staining conditions determined above. FACS-
analysis of negative control cells revealed only a small
population exhibiting IL-15~binding activity. In contrast,
more than 60% of the positive control population was
demonstrated to bind IL-15. Upon mixing both above populations
35 at ratios of 10, 12.5, 25, 37.5, and 50%, a correlation



105 cells was stained with a cocktail of antigens including inter
alia SAV (streptavidin)-APC Cy7 as described above (see 30 Exanpl e
8), and enriched for reactivity of 1H&& arget antigen using flow
cyt onet ry In parallel, the cell population expressing the antibody

lgH | gL brar s stained using_ anti-:] gL ka eci |c anti bodi es.
Ao o1 RS SRS ST g CeaPesT bt CORarS: S5 ke xed dnte

ant i bodites oanthsode! hi8sasyr face (gaba neteHshewa) . £ A 1@eN- heactdive
cells have been - 112 - sorted by hig geed cell sorting usin
FACSAr | &1oWdm 8D, 2 i %ﬁ«nr%h\é@Scebﬁgrv\%ﬁie Rpandéld L8 9 deg t%&’iaé

for sevan,-days;ec 8 $2NE: 181 RLRY qqmtq%lalu@eiycfyéen&e@é@&@dﬂ%gt FIRS

descri bed above were repeated twice nore. After three 5 Retroc
Di spPay s¢@liaéngon ¥ountiszthgesesittiint eehér popwhatspenifias agaitibody

st ai ned Lpding of the target antigen SAV- APC-Cy7 and
anal yseg&%gi%%é?ﬁ?ogvég%bnetry. As depicted in Fig. 24, the bulk

popul ati on obt ai ned showed bi ndi ng to SAV- APC-Cy7 indicating the
successill Nesdtect ipproodf dif) entddpadiegpanitenantiage pesffecibidci iy tWhiich

SAV- APC- sess. the s ificity of ctivit ai nst the
target & g&l‘ ég\ ﬁlgécéf/’fe ﬁ%‘iﬁﬁr EEE Y &E‘F e e %tﬂﬁ%&yﬁee%"rsé’éﬁyng
cel is wabe atspdsstai NRdgh §h dikerart | geNse SAVGMPG fandutdy- RertGo@iesd
(Fig. 25). Simlar, to_un-transduced cells and unselected 15 |ibrary

expr essPRETEEFPE Sidr vifigias ma6& | TRl DNl sISHHAIEhnPY gdiRt tRviEal
not bourgah¥ahBeibhr 8e- binmes.-SAV-RrC- @Jlrﬁnfé&Jﬁje&e{éSGbeV\B!ﬁa cbhe

|ater cells did again reveal strong reactivity to SAV-APC Cy7,
i ndi cat Fﬁ@n?ﬁ}i?t%% aht RgEATBHRE| FPELRGEBIN t heorRledited grarjoximately

popul at g IHGele [ hrg{e; of; t
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PCR enpl.gyh 8g: pbi 9Q2UCh GRL 4 degxPedrtiRl (568 .aR0ve) s%.r}l%l%eql&ﬁ)s%haln

from a human anti-IL-15 specific antibody. Cells were stained
for IL-15 reactivity using optimized conditions as determined
before. IL-15 reactive cells were enriched by three
20 consecutive rounds of high-speed FACS cell sorting, followed
by cell culture expansion. After three rounds of Retrocyte
Display enrichment, a cell population could be obtained
expressing human antibodies and that essentially stained
guantitatively £for the antigen IL-15 from an initial cell
25 pepulation in  which IL-15 reactive cells were  hardly
detectable (Fig. 19). This experiment demonstrated that
repeated rounds of Retrocyte Display enrichment could

efficiently be used to enrich IL-15 binding cells.

30 d) Confirmation of IL-15 binding specificity of individual
cell clones established from a 3x IL-15 enriched cell pool
{see previous example}. Next, from the cell pool which was 3
times subjected to IL-15-specific Retrocyte Display
enrichment, 25 individual cell clones have been established by

35 single cell sorting. These 25 cell <clones have been

characterized for their IL-15 specificity by IL-15 staining,



25 specifically binding up- and down-stream of the coding regi ons of
human |ight and heavy chains encoded in the retroviral libraries.

Seq- 1D33: 5' - CGGTTCGGRGGAAGTAGTCCTT GAG73) 30 PCR anplicons for the
heavy chains and |ight chains of expected size were obtained and were
separ at ¢ ubcl,oned_ i nt.o._a.standar.d .PCR-fr nt _cl oni_ng.vector
pSC.B (STERAgaHD), I oM endT By e AT ACEur Gn RSESR Pl 2SR
cl ones IxampikowsEing the el aredrieaviiormnchd i ghécLhed ity egf oRRewdre 15

i solated from 10 bacterial clones each resulting fromthe H - 113
PR f BT Seu NP AP SR e | SLSPOR Y PRGNERt "CUBL] Shl pep A ER

vere al lregidbhest e@xicepPNAcTe RN CEL IR ¥t SgerDNA SREURRGLAYL Fevealied
two different IgH chaln sequences ternmed HC49, HC58 and two different

| gL €hai?? sédbeheesCet meel s 5 difPleged. BNARESRbeniReEdHCGI Hilng ©

the VH %@Qi}{&ngoggeeefﬁg'm@@ wese1bs0! & {HOMSEGIENRS el hWased e ft
clones by Hndl i1 and Eco47111 digestion, as these restriction enzyne

sites floaftk ehethd \ahdiabing reepons( seBeFrgseditigie t Rb-tespasdivdc
VH and V.1 891,985,098 EA9n HEOB1gLCHs Ak Gl0s o T d S A B84 YH2nd 1 YL
clones. Stainings for these clones are representative of
10 altogether 25 cell clones {(termed in alphabetical order A to
Y) established from a 3x IL-15 antigen enriched cell
populaticon, which all tested positive for IL-15 antigen
binding. Negative and positive controls for the specificity of
the stainings are provided in Fig. 19, as indicated.
15
EXAMPLE 8
Chain shuffling or guided evolution approach: Detection and
iterative enrichment of antigen specific human antiboedy
expressing cells by high-speed cell sorting, cloning of the
20 wvariable region coding regions from antigen selected cells and

confirmation of antigen-specificity

As described above (Example 6}, a cell library was generated
expressing a library of human IgkL chains with a complexity of
25 approximately 1.2 x 10° in combination with the heavy chain of
reference antibody SK48-E26 (Young et al., WO 95/07997 Al)
directed against the target antigen human IL-1PR. The
retroviral vector backbone harbouring these chains is depicted
in more detail in Figures 4c and 11 (see also Example 4). For
30 this, 3 x 10° 1624-5 A-MulV transformed 1624-5 preB cells were
transduced with the SK48-E26 IgH chain-encoding transfer
vector harbouring particles at a MOI less than 0.1. One day
after transduction GFP-positive «cells were enxriched by
standard high speed cell sorting wusing a FACSAria from BD.

35 Sorted cells were expanded in tissue culture in a humidified



regi ons of HC49, HC58, LC4 and LC1O were cloned into a retroviral
reci pi ent vector harbouring the constant regions of a human IgylH
chain (expression | RES coupl ed to GFRP8and a 15 humanl gxL

chai n( expr essi onl REScoupl ed to YFP), respectively, as described
above. T retroviral expression vect.qr nstructs _were generate
encodingﬁgépﬁ§oﬁunéﬁrlg lg%d IfEsChaﬁﬁgﬁ 8&89heeﬁ8€gﬁlﬂﬁng gﬁ& HES 1
| gH chaipepulbCioandalsClidxdriddieteal neit Hpparcoelgsansautitid opackagb@sehe
vectors into 20 1624-5 preB cells and expansion for 8 days, GFP+/ YFP+
cel I s wegELlefPréRedibspRy REo® &PHomdt rly Sadbeftansla e Splimaninfegition
were firgst r Lr i t @y bi - - as { bed.
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HCA96 L CheandeHC L340 dirdnadicshow 2o1si gapf idays bBnndthgsaet ionlttypre.
agai nst _SAV- APC- . Ln contrast, reactiviity nediated by.anti hodi 5
HC58/ L025505%8""h&%%%&l&“&aéjaé’éacﬁﬁcﬁvﬁéé’eE‘Pgd .e”Pﬁ‘f‘élBPoé’F%égga Sr Sof 1
concept ckonst ke-supeessing GHenkhéli gapbi, oandfl thogehaazbbugeéngspecitkaet
ant i bodi es ?éPRetroc te [1§£Ia¥ bgsed on the shuffling of djverse 30
col | ect °8fis "GRWgIEEhats andlt gERehai AT SHFERbut YBRE RBEGCEFTeCHEF
a knownphgbagatigé ekann Jarainy ned@iEnge ragchbody fiohh BEOWIhe cell
antigen-specificity. - 114 - References Alt F, Rosenberg N, Lew s
S, Thomeerelabaphi oY eSr ¥R ) foxy qRIRPHRS S Can @ Ir é@ﬁgéﬁ%z&ﬁ%ﬁhé#n
i mmunogl-ghut i-icg8Nesad N ShsdMde¥ t ranst ghBede £l £ Sir I RBIJANgeERY sQfie
heavy but not Iight chain'genes" Cell 27, 381-390. Bachl J and
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pr ot ei n- L t S LP_ . pr of, | ul L
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fragnen nonoval e i ono ani gen-bin I ni
Nat | . AcadngSghodgBate7, bdbiOr&d- 5aline (PBS) supplemented with 1%
fetal calf serum (FCS). After dincubaticon with polyclonal

antibodies directed against IL-1f and conjugated to bioctin,
cells were washed again twice and subseguently stained with
20 streptavidin-APC for detection of antigen-binding cells and
their subsequent enrichment using flow cytometry. After a
first round of cell sorting by FACS, cells were expanded for
five days and subjected to another round of anti-IL-1p
staining and enrichment of positively staining cells as
25 described above. This selection was repeated three times (Fig.
21). The cell population obtained after three rounds of
Retrocyte Display enrichment, was again stained for IL-1p
binding as described above, but this time reactive cells were
not enriched as bulk populations as previously, but individual
30 cell clones were sorted into 96 well plates by means of single
cell sorting using a FACSAria from BD. Following seven days of
cultivation and expansion, individual cell clones were again
analysed for IL-1f antigen-specificity using the described
protocel and, in addition, as a negative control, with all

35 secondary reagents, except the antigen TL-1Bf. As expected and
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Seq-ID31: 5’~CCTTGAACCTCCTCGTTCGACCC3’

S5eq-ID32: 5'-AGGCACAACAGAGGCAGTTCCAG-3’

PCR amplicons of expected size were obtained from each

20 analyzed cell <clone, and the PCR amplicons were directly
subjected to DNA sequence anaiysis. Of the 24 clones analysed
twelve were shown to harbour an identical, but novel IgkL
chain, termed LCB24, and, as expecied alsco harboured the IgH
chain of SK48-E26, as determined separately.

25
As expected, all 12 clones expressing the LCB24 IgL chain in

combination with the SK48-E26 IgH chain displayed specific IL-

1R-signals using flow cytometry as mentioned above.

30 A selected PCR amplicon containing the amplified novel LCB24
IgkL chain was digested with the restriction enzymes HindIIX
and Eco47II1 flanking the wvariable coding region (Fig. 4c),
and the fragment was cloned into a retroviral IgkL chain
expression vector with compatible restriction enzyme sites

35 allowing the in-frame fusion of the LCB24 V, coding region to
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MennBni ekprHeesfagRHheNLCBSHATAL/SK48-E26 IgH combination were assayed
for IL-15 reactivity, as described before. As depicted in Fig.

23, no reactivity for IL-15 could be detected for the novel

IglL LCB24/HC SK48-E26 antibody, indicating the target antigen-
specificity of the novel antibody. Further controls included a

20 cell line expressing an anti-IL-15 specific reference antibody
{as positive control) and the original SK48-E26 IL-1B
antibody. While the anti-IL-15 antibody expressing cells, as
expected, showed specific staining to IL-15, no reactivity was

detected for the SK48-E26 IL-1f antibody or for cells (Fig.
25  23).

In summary, a novel 1light chain mediating antigen-specific

reactivity was identified in a screening experiment employing

a library of light chains shuffled against the heavy chain of
30 an IL-1B specific reference antibody SK48-E26.
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these chains is depicted in Figs. 4c¢ and 11 in more detail
(see also Example 4). For this, 3x10° 1624-5 A-MulV transformed
1624-5 preB cells were transduced with the above-mentioned IgH

15 chain-library encoding transfer vector harbouring particles at
a MOI less than 0.1. Two days after transduction, GFP-positive
cells were enriched by standard high speed cell sorting using
a FACSAria from BD. After sorting of GFP+ cells, the cells
were expanded in tissue culture for two additional days. After

20 expansion, the GFP+ cell population was transduced with
particles having packaged a light chain library consisting of
245 fully sequence characterized light chains at a MOI >1 as
described before. Two days post transduction, GFP+/YFP+ double
transduced cells were enriched by high speed cell sorting and

25 the cell population, now harbouring both IgH and IgL chain
libraries in the majority of the cells were again expanded for
three days in tissue culture. After this, an aliquot of 2.5 x
10° cells was stained with a cocktail of antigens including
inter alia SAV (streptavidin)-APC-Cy7 as described above (see

30 Example 8), and enriched for reactivity of the target antigen
using flow cytometry. In parallel, the cell population
expressing the antibody 1IgH/IglL library was stained using
anti-IgL kappa specific antibodies. Approximately 75% of these
cells were found to display human antibodies on the cell

35 surface (data not shown). Antigen-reactive <cells have been
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10 antiboedies with antigen-specificity to SAV-APC-Cy7. To assess

the specificity of reactivity against the target antigen SAV-

APC~Cy7 the three-times enriched library expressing cells were

also stained with the antigens SAV-APC and SAV-PerCP-Cy5.5

(Fig. 25). Similar to un-transduced cells and unselected

15 1library expressing cells serving as negative controls, these

antigens were not bound by the three-times SAV-APC-Cy7

enriched cells. However, the later cells did again reveal

strong reactivity to SAV-APC-Cy7, indicating that the antigen-

specificity of the selected cell population was directed

20 against the Cy7 fluorochrome of the SAV-APC-Cy7 tandem dye.

Genomic DNA of the 3-times enriched c¢ell population was
isclated and served as a template for standard genomic PCR
employing oligonucleotides Seqg-ID3l ({see above) and Seg-ID33
25 specifically binding up- and down-stream of the coding regions
cof human 1light and heavy chains encoded in the retroviral

libraries.

Seq-ID33: 5'-CGGTTCGGGGAAGTAGTCCTT GAC-3')
30

PCR amplicons for the heavy chains and light chains of
expected size were obtained and were separately subcloned into
a standard PCR-fragment cloning vector pSC-~B ({Stratagene), as
recommended by the manufacturer. pSC-B plasmid clones
35 harbouring the cloned heavy and 1light chain regions were

isolated from 10 bacterial clones each resulting from the IgH
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regions of HC49, HCS58, LC4 and LCl1l0 were cloned into a

retroviral recipient vector harbouring the constant regions of
a human IgylH chain (expression IRES coupled to GFP} and a

15 human IgkL chain (expression IRES coupled to YFP},
respectively, as described above. Thus, retroviral expression
vector constructs were generated encoding fully human IgH and
IgL chains for the novel HC49 and HCS58 IgH chains, LC4 and
LC10 IgL chains. Upon co-transduction of these vectors into

20 1624-5 preB cells and expansion for 8 days, GFP+/YFP+ cells
were enriched using flow cytometry as before. Resultant cells
were first tested for their ability to bind SAV-APC-Cy7 as
described. As depicted in Fig. 26, reactivity of <cells
expressing the antibodies HC49/LC4 and HC/LC10 did not show

25 significant binding activity against SAV-APC-Cy7. In contrast,
reactivity mediated by antibodies HC58/LC4 and HC58/LC10 was
readily detected. This provides a proof of concept for the
successful identification of novel antigen-specific antibodies
by Retrocyte Display based on the shuffling of diverse

30 collections of IgH chains and IgL chains, without the need of
either a known IgH or IglL chain from a reference antibody with

known antigen-specificity.
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CLAIMS

1. A method for the isoclation and identification of at least
one nucleotide sequence encoding an antibody or fragment
thereof specific for a desired antigen or ligand, comprising
the steps of:

(a) transducing at least one retroviral expression construct
encoding an antibody or fragment thereof into vertebrate
host cells by wusing replication incompetent retroviral
particles, wherein +the at least one construct stably
integrates intc the host cell genome such that the
transduced host cells are capable of expressing and
displaying said antibody or fragment thereof on their cell
surface;

(b) stably expressing said antibody or fragment thereof in said
vertebrate host cells and displaying the same on their cell
surface;

(c} enriching vertebrate host cells expressing said antibody or
fragment thereof on the basis of their ability to bind to
said desired antigen or ligand by separating cells that
exhibit specific antigen binding from a non-binding cell
population thus selectively isolating strong antibody
binders having high affinity to said desired antigen or
ligand; and

(d) isolating and identifying said at least one nucleotide
sequence encoding sald antibody or fragment thereof from

the retrovirally transduced and enriched vertebrate host

cells.

2. The method according to claim 1, wherein step (d) is

preceded by expanding said enriched vertebrate host cells in

tissue culture.

3. The method according to c¢laim 1, wherein step (c) is

followed by expanding said enriched vertebrate host cells in
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tissue culture, after which step (c) as defined in claim 1 is

repeated at least once.

4. The method according to any of claims 1 to 3, in which the
retroviral transduction is performed at a multiplicity of

infection of equal to or less than 0.1.

5. The method according to any one of claims 1 to 4, in which

the antibody is a full-length antibody.

6. The method according to any one of c¢laims 1 to 4, in which
the fragment of an antibody is selected from the group
consisting of a heavy chain, a light chain, a single Vy domain,
a single Vi domain, a sckFv fragment, a Fab fragment, and a

F(ab’)2 fragment.

7. The method according to any one of claims 1 to 6, wherein
the vertebrate host cells are derived from a group of species
consisting of cartilaginous fish, bony fish, amphibians,
reptilia, birds, mammals including pigs, sheep, cattle, horses

and rodents including mice, rats, rabbits and guinea pigs.

8. The method according to claim 7, wherein the preferred

vertebrate host cell species is mice.

9. The method according to any one of claims 1 to 8, wherein

the vertebrate host cells are lymphocytes.

10. The method according to claim 9, wherein the lymphocytes
are precursor B lymphocytes wunable to express endogenous
antibody polypeptides and/or at least one surrogate light

chain component.

11. The method according to any one of claims 1 to 9, wherein
the vertebrate host cells express either endogenous ITgoa and

Igp molecules or ectopically expressed Iga and Igp molecules.
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12. The method according to claim 5, wherein the full-length
antibody is selected from the group consisting of a fully

human antibody, a humanized antibody, and a chimeric antibody.

13. The method according to any one of claims 1 to 12, wherein
the at least one nucleotide sequence 1is a plurality of
nucleotide sequences that encode (i) an antibody heavy chain
sequence and multiple antibody light chain sequences, or (ii)
an antibody light chain sequence and multiple antibedy heavy

chain sequences.

14. The method according to any one of claims 1 to 13, wherein
the antibody or fragment thereof comprises a variable binding
domain encoded by said at least one retroviral expression
construct enabling V(D)J recombination in order to generate a

coding sequence for & variable binding domain upon retroviral

transduction.

15. The method according to any one of claims-1 to 14, wherein

step (b) is performed under mutagenizing conditions.

16. The method according to any one of claims 1 to 13, wherein
the expression of said antibody or fragment thereof in the
retrovirally transduced vertebrate host cells 1is operably
linked to

{a) at least one antibiotic selection marker,

{b) at least one screéning marker, and/or to

(c) a combination thereof,

and wherein the -expression of said antibody or fragment

thereof is coupled using at least one internal ribosomal entry

seguence (IRES).

17. The method according to claim 16, wherein the at least one
screening marker is
(i) a fluorescent protein selected from the group consisting

of green fluorescent protein (GFP), yellow fluorescent
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protein (YFP), red fluorescent protein (RFP), and blue
fluorescent protein (BFP); or
a cell surface marker selected from the group consisting
of CD7, CD34, and the low affinity nerve growth factor

receptor.

The method according to any cne of claims 1 to 17, wherein

the enrichment step (c) is performed by physical separation of

cells from a non-binding cell population using:

(1)

(ii)

fluorescent activated cell sorting (FACS):;

micromanipulation; or

(iii) panning methods to immobilized desired antigen or ligand.



