HUMANI ZED UNI VERSAL LI GAT CHAIN M CE FI ELD OF I NVENTI ON [ 0001] Genetically
nodi fied mce, cells, enbryos, tissues, and isolated nucleic acids for
maki ng amwohkoti/es7sand sequences encodi ng human i mmunogl elbwltisroikesesyo chai n
vari abl e domai ns, including bispecific antibodies, and including bispecific
anti bodi es that conprise universal |ight chains Cbnposltlons and net hods
el ude genet cal |y, modtYHANARE NYERSHLLIBHAEHARMGEent o at ¢ he
endogenous nouse heavy chain variable | ocus, which conprise nodified |ight
chain loci that express light chains derlved fromno nore than one or two
different light chain V gene seﬁﬁﬂﬁtQ INMENZIONt he nice are further

genet i calipoo1podi Eesstichily hb&ificd BRJeTtéIRCeBbEBs tRatedTBhE isBiata) MRt BEJS frpse
nodi fications are fertile. Genetical]y nodi fied mce that ex}%;ess uni ver sal

l'i ght ché“art‘é’ga%ﬂﬁ'bﬂﬁlﬁ%ﬁi‘%‘é?ﬂ%@%%e@ﬁgtnﬁ W%Pé‘??f“é‘”ﬂ@%‘l”ﬁé"eé%c Iy YRIRNE

wher ei n Tdbﬁtamscﬁcﬁawgrbls%éuﬂ@aﬁt%%sa@ﬁd MELNing Babetific Sntobics Rt cbﬁhﬁaséral e
nouse. BACKGROUND 02] The devel oprrent of anti bodies for use as human

therapeut“int‘,@r%é@hé 'P%'P@ GrraPesiinns &Rd medhensynclydroenedrriineediteddnica M has

been the gahhltrietr)épr@@erﬁatﬁeaem@aab@rtomwubyhbwyedhama*na@ﬁyo&@qwmeﬁes to use
i n designi n%fleffect ve human t herapeutics gzduced otential for

i munogefPEPiSE MpAitied g cazindec f’}?ét?x%[ﬁ%s ‘%HF??‘% §TiYed frem ny@Pm AR °pe

gener at e opupdaiffaeht IRMPEY¥H 56 YULRAE 88gklehts eRerbinan Hﬂfeeaﬁré rafiedelaRaISEgMENt S
(heavy and lig dd'E)%h either as transg nes or as replacenents at endogenous

nouse i v sifpargtite sygainad RYceoteatpa diese anaciisrlionsar{adeties with

human varceatlah@awW@@eﬁtcathaeemgw@werémghﬂ dhals GRd h@ﬁhaYMsz e/l MUNE( T )
humani zed m ce, al]ow for the nmouse | nmune stemto functjon essentially

nor mal | yva%%b'%dP'@ét'}PtaTe %6%'8%?‘ ﬁ’ﬂ“%"ﬁ@é‘éﬁ miceeontrrign 2a AN aSite et Be

gener at egyractigRdIVieh awdd sodsarer se, rich popul ation of clonally selected B
cells that express high affinity somatically nutated human vari abl e donai ns
that can be used in making fully human anti bodi es directed against the
antigen of choice. [0003] Human vargmkng ns made in hurrani zed mce can
be used to design fully human geC|f|c anti bodies, i.e i ndi ng proteins

that are [PRA4r odf hrefey ”P“r’é‘é%arlf‘ﬁ figs for Wae A8 hpman ”Efé?ﬁ‘?“i“f:%gasd‘l‘lti’”ﬁlaﬁ‘ﬂl ng
speci fi cichbirpfextistdie Oreasighifichni atvaacd Ry t@ee(d\qmsibe.ﬁtyd@ INECT es&m.awyeduﬁ\pt I ng

i ght chains that can effectivel ?'/1 associ ate and express with heavy

chai n hetWPsdiandPdvReauARPes 4R HPRNASSIgNNg e TepiiFel "rfaerﬁﬁﬁ‘étt?sl"Y”ﬁH?d‘cq‘?& n

vari abl e pdesmabItsr ihuridégenicity. g Aol eaisapRb hieGhodifedia th e g}ﬁrhhﬁ@ﬁﬁ@éﬂe@atén
humani zed m ce, but there are no easy solutions to select] ng\{ which lig

chains wi |uma@farnéewvv$@qye%%e§&@f'é%ff%&n@@ﬁﬁag%d AFersegEans Gf Vr%“drt@\’?f)ng
desired kitRék J&r&ﬁ@ér@é‘st&ralsi“‘ré|b|§§emdﬂt§ét®eﬁdbgeﬂtdtghﬁo&@amﬁﬁtn@él@buﬂﬂtlo@et rimental
to the expression or binding behavior of both hea chai ns

2013/ 022%7‘193‘2@‘1’?9‘@39’@6&F@@Wﬁ”?ﬁ%@"th PH@P@V?&%‘? PROUSNERSR in the art
for conpesubietdss Meelinmeics dswitroVEIBEMIMDNE® HiliiEkized Hbe bR e the meaké abl e
regions for use in human theraﬁ{utlcs |ncIud|ngEhunan i mmunogl obul i n

vari abl e "F‘Eb’?%ﬁ%Stﬁ@ﬁ%ifLé{tcg?f’ ersshiHeENRVadise &8 ﬁ@%%n%fheéﬁﬂb?fetﬁcﬂjns mouse
i nmunog| %ut;émoﬂ dP6ice gSthB\é haRRRLMy ¢fetdee ndegcpsmémd of bt@has@@l@t&&% Buman

i mmunogl obul'i n vari ab mains that are suita for use. in ecific

bi ndi ng et BrhexPressdli %?ﬁ@'%? E?‘#V rRutatad mAne@riaRig glogiainsit h%“}ﬁe

conpri se t@eamaktﬁg’l'fdllsﬁﬁuﬁ?{an%Htutﬁm&&ﬁt&@@ é@@#}%@th@%ﬂgerp&%h&c&a“ abl e | ocus,
wherein nmal e mce conprising the humani zation are fertile, and wherein the

mce furt ﬂ%q3]conﬁPW§6 va” PN2'58 MEATet NRARARDGIER RS Pertsan &yfesan u | i ght

chain | Om%atnhﬁépe'cmﬁléhﬁ&dté% t@eb.ﬁmH@@r&&ﬁg Mbt&w@&odnﬁ&@@@te@W&h&né i ght
chain repertoire that is derived fromng nore than one, Or no nore t' han

two, k andres? the idenjiipsandginding §pe‘{'fdﬁbtt?é]°(f3§}?e'ﬁac’él"h§l”é‘ﬁ@‘?%@?r@ﬂ”ﬁf’ﬁ%r are

provi ded gt ables®igaght Shitsthhtecaafdieblivie wa&bua@cbnlatéy?@ss o gha IchBinheavy
chain vari abl e domains derived froma repertoire unr ear ranged human

heavy chaieteredimers Rasnofesisgipbiios, Drnelering hupendight dhatnyvargblg demaisian heavy

chai n varjsah ﬁuﬂ%e?épe@ﬁ@sq.@; lcaﬁﬁn@rt)dsﬁmarreﬁmm.t&u ﬁtc@ummhérédrélﬁ'é ggdysal
l'i ght chain. The humani zed unj ver sal ht chain is ressed froma | ocus

that compsPliess %’?&F'”%Whﬁﬁﬂ'ﬁhtt‘%’i‘éwsdﬁ'ée My ﬁ%?oé'att?té BXReTFUMENN9aVY ht

chain V sfdiehbsingddsiedBindiy dhar8aemdiics aRriréellight eleid 4ré nat ddtehentaai n
constant gene, or no nore than one or no more than two rearranged (V?/J?,

Vi ¢/ 3- K, NE&PPIRSSIN OnRiRgiRg behayia Rt PRIE NERY H@NS- sequences encoding a |i ght
chain variable domain operably linked to a |light chain constant gene. In
various enbodi nents the universal humanized |ight chain domain pairs with a
plurality of affinity-matured human healy chain variabl e domains, wherein
the plurality of heavy chain variable domains specifically bind different
epi t opes or antigens [0007]In one aspect nuclelc aC|d constructs cells,
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engi neered to nake a universal |ight chain, wherein the universal |ight
chainis a light chain that is derived froma |ight chain | ocus that

conpri seswoaomarersehan one |ight chain V segnent and noPoos2aibameone | i ght
chain J segnent, or a Iight chai n locus that conprises a single rearranged

l'i ght chay /1J se nce. In t he use ri,s

i nmunogl gé)(&qn Iﬁﬁ%t Eheaieﬁ“ﬂ 'bsc?rge? H?he %EE%C%‘E%' Oﬁﬂ%ﬁd? nogl obulin
| i ght chaeteldbisggomah rmdnahoglrsbumaparhﬂhae mfgrdneamrrrsegm hgmthmrapdrtmrmn | i ght
chain J ne, seqnent. (sel ected fromone or a ments) and
encodi no TEHIREARA YT e are Ut Bled e o Toet Hudis ARA SERERNEES ¢ ne
nouse corpendRenogs mouse iinamogisdbulruioain | i ght chain V segnents at the |ight
chain | ocus, each V segnent of which is capable of rearranging with a human
J gene segnent (selected fromone or a plurality of light chain J segnents)
and encodi ng a rearranged human | i gBUMMWRY vari abl e domain. [0011] In one

enbodi ne ehu ht ch nVs ment i s operably lin to a
unan |1 40805 na; B1c3 REgRARBoL B e g MR Bles i R gmait 188

wher ei n tahessiabty for rhnmrarbrslpleghrt brabragrprdt’ersegmﬂmdmg bispegifibareibodies, emgrarngl ng to
forma seguence encodi n har n_variabl e region ne_ wth of t he
one or TG R PG R eERR Rt el R s B oS s o2 et Sl

nmouse comweraemaaaﬁme:edmgmnerug thd Igrmamimrbn areoier:tse tdmatwmamerp rthesmszeaurther
repl acenent _aof all or substfa nt i n? é/ Id f]fﬁ% e S8 rrentsl,[
mor e t haffeBRES® BP“ﬂ‘&”ﬁﬁﬁl%‘?r?Qne RS ”°r”8é{P?‘érH 8|bLt“O/'§5‘ £ '8P el sy <’
sequenceshe mousfexpeedsirdy asremmurtolge)bntm inght ehdih sepeotoize tirat is0demwed froimaro t Wo
rearr anged éy nucl ei ¢ ac| i eﬁr‘@? a e sel ect eq froma human

VK1- 39JK%" '\ﬂ%"%ﬁiﬁo m&FFd 5” X &' PR%T EH'D013] I n one enbodi nent,
t he rmusqodtmt} ks @eﬁétl%@ﬂ;i armdeeeéudmgerwegrdvm@btthazrsalem e difthaty-natueapabl e
of expressing.a nouse %t chai.n vari I n one enbggérrent, t he

mouse compf é@"}y”ﬂ%'ewr" euy ghair yerabls %@Bﬁg%@’eg P P EEREEOUS AR n of a
uni velr saluntdghgedpimadhedvylchamOUD, ahd chglgnegr&odhmm metalrrmntyameﬁmlealorrpr] i ses
a nucl el acCl sequence ¢ a var) e, aonual n uni ve Sa 1.g t
oha ot haan heaRUEhan v a2 B SR RS SHONBLR PR red
enmbodi Nemght cthlafh hEHEBHUNANERANBIVerdaPlight eRdih @eleséed fra&qarmaebhat sorfpreyesbl y
linked to r use | eader  se t he | eader

n no ue
sequonce GBI BREINPR NS b o ha" trnharap iht hEnShiremeE 1 1 ARG as
| eader Serosé@rﬁéat bﬁer@bl;ﬂ)m ty>43ight cire&darnsmqy@m er nd B1SIHan cdBer aae ment

t he human V or rearranged V/J se uence%ﬂer S Q erabl i nked to an
i mrunog| 6'15%’! ‘iWr? rﬁ?ﬁﬁ?ﬁe@r(\@/e'éu\éﬁé‘e VA 8h¥‘< hitcleit feid ﬁ?%‘f%‘?%? sequence

I's a humgpcphiRgatight HaMURRAGSIe d'oﬂwaﬁr @d&é’él%hr%e@ﬂ@@dlbﬁfeéﬁam édmetahug”@fe In
i mmunogl obul in” pronoter is a human pronpter. [0016]In one

enbodi neryelioyhembetiegpts dhg)weivarsaliymenized fahftchaprdontain paiks Wikhe elyraiity of)
sequence JigitRedtaRhuhiaakRAvy endin Lartibe Gd1adiRs, Ivma@r@mé);hwamp of RSy RkIn' egi on.
gene. In a specific enbodi nent, the constant gr on gene i S a nouse CK
gene. [OO’E’FT*P'ﬁ d@Wé"r@r?Bé@lf‘??é’Mtb'”dtdrﬁféerﬁ'ﬁre@é?P%@& IgeN$nd J segnents or the

rearrangqgod7y/ J) iS&Hiapest, AlideiP b6 BhstAlcts clg, bgrbryogharce érrmahoaegret he K
i ght chain ['ocus conprises a nmouse K intronjc enhancer, a nouse

enhancer ,Preyideshion Making mpiee Hiak cRprisscehumnizes hpav fhaiR daiunegiobylig ﬁé(ﬁ‘h"‘? c
embodi NS eusti dhurRsHEed IhBEAIRIEEIRAbUN LSRUR 0EQDHBLIN PRmARROdI Ment ,

t he nouse conprises a 1( l'ocus conprising a sequence encoding a vari abl e
domai n ofeXarasRes,enesal na Mgie thambyunivaiep! {igl diainseandomise taa sramalssrehibti onal
i munogl ol pe teptiigda (X) light chain locus. In a specific embodiment, the

X, light chain |l ocus conprises a deletion of one or nore sequences of the
| ocus, wHBPQEIn t HeonsnasPSEL Avh (éi*ftfél@?QSGH%PW%WSQF@HCH@PRS%'@H? 98RHi"A A ocus

i ncapabl &ulaniRAHeA MY ERKIn b SYgBRIIA VMbI&lB@u@amdoFéhc%@%&%é neaRpdi nent
all or substantially all of the V segnents of the X ht chain | ocus are

del et ed. 9haindAGUSaADY Hé‘#”@ﬁﬁ@ﬁ|"9r‘§r?ha'”t"ﬁé‘uﬁﬁﬂr%‘”@d’@ﬁﬁ‘?@&CUé wareipiteth of all,
or subst apbisal é)&brélslfas a@hivEREI IRJME BN QIS WHeBIh tHERAbiseVdn e Sa hasiR acid
[0019] I n one enbodi nent, the nouse further conprises in its gernmine a
sequence SEEHERICRNCPAGEAANPHSEADAMS o Pinleg @H?Pa‘?fﬁ%@ orfuntjops ff'?’@?ﬁé’&t to
rearranged i nmunogl obulin Iight chain sequence or the unrearranged gene
segnents, a nouse K 3' enhancer, and a conbination thereof. [0020]1n one
enbodi ment, the universal light chain variable donmain sequence of the nouse
conprises one or nore somatic hypernutations; in one enbodinent, the

vari abl e donai n sequence conprises a plgrality of somatic hypermnutations.
[0021] I n one enbodi ment, the nouse nakeS a universal |ight chain that
conprises a somatically mutated human variable domain. In one enmbodinent,
the Irght charn conprrses a sonatrcally nutated hunan varrable donarn
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39J- K5 sequence, and the nobuse expresses a reverse chineric light chain

conprising (i) a variable domain derived fromVicl-39JK5 and (ii) a nouse

CL; wher ewvo 20i82k78ght chain is associated with a rever seCthiSoeriogocheavy

chain conprising (i) a nouse CH and (ii) a somatically nutated human heavy

chai n vari abl.e domain nopuse exslrgsses i Ile(lﬁct chain
S 2R

Chat ™ ¥ ger” A ety R R e TP R BBy

[ 0023] | nisateanesmoogénmristmouskeightomaim lvaus. abl e sequence is a rearranged hunman

chain coltiiRL; nahe parrertins BRar e RbF R EheP b GRBBo SRR e )

nouse CLcombpeses areplaeeiieghit tidandogesowssimocsetiaatty ehaih varialde krcee otdll orer i ¢

h h i sing. (i d (ii h
noavy chabretaSaf bhdidnel mRuFR TSl nbter Aoy B dng Yshe TEORRER: oo
{)/ggrlzg\lr %ﬁs&e%?dwhggawyﬁzaﬁéwé?eagghmﬂng gagle ?Z%rg?fts m?ﬁ;“ c | |orht chai n
compr i 31 MPTE TR L D BRe { PAm AT ar SREL e bR PRRR of FlRPbate Bt ne
Vx1- 39JKa reanareyeds//DIJ gelfne thatisSe@dblKinisedoareayy elmin (:oms)tara sequeseeCL ;

wh i ht h ted th h h
conpr i o1 R0 o gt R ARE oS8 cBiphiseR Ao%S bRl SR e i “hemvy chai
vari abl eedg;naened td makaea univieeshl ight thaibh hehereindiee eniperesidight ehdin ighitlighhetiain t hat

i ticall nbodi, nent .t CL | 025] I

one. enpodianiermEn o i fAR LEUR B8 BrBbul e e o BB T SBkin Yormr 1 o1 ng
a |light Gbgmanttdraitnmmrthsmmahmuan (Eléegmdntaosmhgﬁtlcoalhllgcusmhaitoemphs&mn

ble d d d h

e r angc e acsbiael <Bah Jal S BRE 50 R S Podkih R p eSS R Ps
nouse C:I-Iaamdrraxnsgntmmnnd@hi c;harrrutoametﬂaha:mmlsbeamgledhmam ivafunablobuldolivht n
wher ei n tp‘ rq) § anku H%t use a gﬁ,‘ bod agd does Qot
oxpr oss SR SFAMATRATE aaBaHS o e anena b e ok O 4 BRRe R Rele o
l'i ght cha@se]edt@d:ﬂsmtdmatoreqmpaiutgeSJ segregits)canemcodihg erhdmgarhgbisehmumna&lel i ght
h t th th d h Vid- 39 th
Fear r angdaTraR UReepeTRITEERE i AR P EREy 1 e R T ERURRARORE LT o
subst ant |cala;hw @édmmﬁﬂ@tgeaoglst cthS@cdseeao)\ \cb@gmlerwof Whlcarrsjcabagkernﬁ segnments

th | et t ant f h
R T e T e et e N LY

nouse is spgm\en'dednd lammdevgpa” msesgeaj feunmegr] I(ghKcHuanghanacbltmddmajerl ved f rom no

nore tha o] reth n,, t wo rearra ht

wherei n tE1 ool R SREIMAT R gl GHATTAE Y Bohnel BB EREET o
that is t@femaa’raggdggt_ ctrmfu mdhrﬁlerttsspleCmmm Jumied, Zed, 4t Bnd hes, ﬁ?mﬁﬁﬂn@ gen.

In a specific enbodi nent, e nouse ex ses chai
Sequence SARIETA {9 caainy| SO BirePanaoh ceuanuRe & iotn SErURIP e TERIAG ror o
t han one oMk cing estidbld ieglth Jehaiwiths@g vetheaneldn nione hemBa dgitentin &t he serum
titer is characterized as total immunoglobulin. In a specific enbodinent,
the serurf®BMEBE i s characterized as | gM specific titer. In a specific
enbodi nmen 0$12]herrbﬁxecfjmmbdomﬁemt&h@hﬂd@@tcemme& aseﬂucgﬁea@ﬁdlght éhdin lo€tis thbiln a .
nore speci fic enbodi nent rearran sequence i.s selecte
T om a V-RTIIOSKS ‘ShRe0est S03her SCheiaRmIE ol Moulny EoL RStk Mkt r anged
K I'i ght GheteRh&eeHEedE Bo hibréthdKlwd Xdalkngeaquenaecieit aciaeqesrredi Meeie t he
rearranged K |I$ht chai n sequence is a VBS 20JK1 se %ggz(@paé 027]1n one

aspect, £RADEU NP PO BY R R rotise Te hag wedgay ? 85585 @ dojurality
of i mn%h@@r\ﬂe’s%r@@é‘é!&e@ RBmSh@aso vk ABeM5Ma Mk 3203k NN d ddiingtidai n
sequence. |n one enbodinent, the heavy chain conprises a human sequence. In
vari ous &heygaf nents, the hunan sequence is selected froma variabl e

sequence,ogq 431, Irf'?‘ortkI &HSodiRehiithe rao&lé?rackaraduﬁct@aamdaagémsmew&afn lodus one
enbodlnent the single Iight chain conprises a human sequence. |n varlous

embodi nmerhatis ﬁw%ﬂfﬁp@am@ RoBoyse light ehainvarigplsrAomajar iInnesnhagimentdhe
const ant rﬁ@@éé%ﬁ)nsé@g n@cl@@%ld@bh@ﬁbé&féb@uﬁ% a VaRa®1B8 @ofakostiaRiersd h@nmouse
conprises a di sabl ed endogenous i mmunogl obulin | ocus and expresses the
heavy chaihainai@ olocyhelnioangramiadinentfthe MoASe FAMBHETES BIClX 8T AEPAUSHBER onal

epi sore. éd&o&‘ﬂg a%ﬂgﬂb%;ﬁam 5f@eurm?elr'%?h@'9 Lh$$8 80kRP! acement at an
endogenous nou l"'ocus of some or ogenous nouse heavy chain gene
segnents (i.e., V, D, J), and/or sone or all endogenous nouse heavy chain
constant sequences (e.g., CH, hinge, CH2, CH3, or a conbination thereof),
and/ or sone or all endogenous nouse |ight chain sequences (e.g., V, J,
constant, or a conbination thereof), with one or nore human i mrunogl obulin
sequences. [0028]1n one enbodi nent, the nmouse , follow ng rearrangenent of
the one or nore V, D and J gene segnents or one or nore V and J gene
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and a second endogenous heavy chain allele, and the first endogenous heavy
chain allele conprises a deletion of a nouse ADAMb | ocus, and the first
endogenousohesvop2shai n al | el e conpri ses a repl acement ofCaluS2@r/049600
substantially all functional nmouse V, D, and J segnments with one or nore
human V, nd J se nts. | di nen the fi nd the,second
endogenotBHlayy Mgt R st dng BEmeR o e el ¢or leerbedVef e df K enous
nouse ADAbBrablydinked wredhdrhen bi msmsealaddérheqmendw endegbodionent)devigaddrai n

al l el es corrprl se a reg?féﬁgms nt of all or s bst al | fun%él onal nouse

V, D, and*3"<LEGhed Seeqb'Fn?ﬁ)r'E rafreic 'mgﬁg he eyl In one
enbodi neskqudriae i & rMdus@Ndsgricddee seqomod. al | eI e conprises an ectopic nucleic

acid sequen t hat encqdes a e AD thoIo I

Funct | ondBOUES agnBArSECaTIoT e BHE B BaTRERIor M aed Yh BRI aci d
sequence obsrabdmkéditodan |@Mdd@gro©8m6§rbn¢o€ertsb@uérfcanMﬁm@émbminedi gectionality
of the heavy chain variahle |ocust) of a flnﬁh nDufe e nt and

| ocated %* 0’?%% PPAUBRTRIE @ RUNAMRIOTPIGH SBIYEIER ot SR &ﬁ"i‘*g"ﬁ‘gl‘?’it BMUMRE

const ant n’ﬁ@ﬂHS‘g’l@@)!merorﬁot@pfé%ﬂwdn%n ¢ihg- msbmdwrran/ nouse) heavy chain
constant gene or fragment thereof (e.g., a nucleic acid sequence encoding a

hunan andf6l mu‘@é”emboéﬁﬁﬁ'ﬁrthﬁ|Uﬁffé”aﬁﬁﬁdo\’ apdyd sgamepte o@qgs)reaqrﬁngﬂqe .
embodi memyuy) thficRsd RRIperdbHCIHRES 108 light TRSHERRRNbSob IBR0ASS Ag) (M th
respect to direction of transcription of the V segnent Iocus avVv
segnent &rfPenifis embadiment, sheranstant FRoion §eneriea SAYSE| €.t he ect opi ¢ nucleic
aci d seq i sl eddngisd ARt gﬁdgdandthe
ul timat ewwstln\ﬁge ner??ﬁémﬁtﬁguy&%&gﬁ?%&%gbﬁgé%ﬁgﬁfﬁgﬁlé%e%ﬁgpl c nucleic
aci d seql@éﬁdb:eeq@nb@e@twesmammghw@m lgcuse gneie xight chaim tbchsipempnsesegnent
VH6- 1. In_on I b man V
gene segnes NG Fheer Andlee ey ehishaar i BBE DR E Sotdi el S Y oepect

to the hl@ﬁaﬁhdérgeresmgi&mmmduméntahspe@aufsn@areamyenem1;ld&ucl eoti de sequence
encodes, from5 3" with respect to the dII‘EFtIOI’l of transcription of

ADANB ger*i@z%1 8] and’”mﬁl\%‘ép@éﬁ%mnt@% MASE GRPANTRP i IORBRAMBBPYRIRREFCFR a

specific e@.mwf BRBfiabld BEMARAVE BRRAESIgHE Shak, 'eﬁ‘i&ttﬁél mols®BHABIdeR a
transcriptional orientation as conpared wt h the upstream and downstream

f 1 anki ng nenBeglianat snmyrpgipbplinlagthdadiisht shat 'OC%e'nmeérﬂe eHPPHMESE thce
conpri se ae E@g@é\@ er eof
and/ or aas@qﬁencefagﬁscgfgﬁﬁge%%udsggé@ﬁ) ofm%en{:t'dp %é}dg@%?rhgdﬁgn%{‘ﬁ '? r(é-,aﬁrr{;of

wher ei n ttheordéivBareatetitions ADeikELthe k. ligbindtairdnals ihcagiriendf(regrrangemgeofforivsa
operably | ed to a pronpter 1_one_enbodi e noter .is human
pronot er . "tn Sﬁbgeé‘r‘?bég H’gﬁ?r eT%OeJ']'B?'g‘n%'F rsug§tapﬂaé'yr?hl9§g%A ?\%”%P%%'ﬁg In a
SEeC:c fic hgnfcmﬂd inB&ds, agbmlawwg\gnéaﬁemgr emmmmememesaﬂn@mdn@gsaa ddieher Dlv_\lleen
the first codon o est 1o the nouse nost

gene segritAl: OéﬁHb?tﬁ@qﬁ\éEbJr?zh‘?a?q ﬁe’g ﬁ’gﬁt @@&h‘@ﬁ'@gled?c‘ishe 5 -most DH gene
segnent, [odreg]ei n|n5one| émbbdhenmt ©d rmdsb fznremaesmpmsesdn ite géintine @fseljuemszCcr i pti on
of the nouse i nmunogl obulin genes. ne enbod{ ment r\tsaﬁgt”grom)ter is a

viral prscisd fronyanusg «inly "‘eﬁ'?ﬂ?&‘ic ithyespegt todpara pupggigbulin

cyt onegal;gui dHash é%c@é&ﬁ@bﬁfearrhﬁgz% gﬁlﬂem@.na mduBe ¥ eRmdrREr, afid 8

ubi qui ti n pronoter WD 2013/ 02278 / US2012/ 049600 [ 0036] I n one

enmbodi nerrembinasiondieseof ADAMGa and/ or ADAMBb are sel ected fromthe ADAMsa of
SEQ 1D éognd/m rﬁ%rrﬁ@ntsﬁﬁ%%?saﬁggtkpauﬁl%ﬁab!éBorﬁﬁﬁ s@amfébras@% the
mouse ADAMG pronoter 1S a pronoter . In a specif

enbodi rrent\ouspr@mmag%ommorﬁr@mﬁﬂéhy%f’ﬁytqt@é% in pee ﬁmép@n@nhmeavaé@al@ence of
SEQ | D NQYohoffh §§:ﬁkh¥e Hs%@ré‘ y:(lWaBtp of §§rﬁ§t§3hy§a@rrﬁﬁl§t»dﬂsr ection of
transcription o fifst codon "of Moa and extending to the
end of SHEP21D Ndreormm @bme@tf thterr@ou&@meé@di%rsaé@@fﬁﬁhamrﬁhaéﬁemﬁ@‘fe%qaec| fic
embodi nergomatt@% AR aHUATER VB Fiablg d%mfal’rﬁgﬁ'%ﬂé e%ﬁ@xﬂ'@nf‘ghé WEP‘MIE hin about 5
to about 20 nucl'eoti des upstream of the start codon of ADAMba to about

0. 5kb, 1k<1§>mF72l§%5 a gpmatigally m%e@ hurpsgﬂ N@éﬁh‘%@omﬁé detiygc frend@adwman VADAMBa.

[0037] In Q n YR NG 3 or
a fragrrent t eregﬁjﬁjse ae'hg?%tc%'g l?r%ﬂgg%tgﬁat |gﬁ]§ﬁ$2§ﬁgluépor t hat
has | ow famesinbt éxpreksen lxbghichaiok of ADAMb, inproves fertility or restores
fertility to about a wild-type fertility. In one enbodinment, SEQ ID NO 3 or
a fragnment thereof confers upon a nale nouse the ability to produce a sperm
cell that is capable of traversing a femal e nouse oviduct in order to
fertilize a nouse egg. [0038]1n one enbodi nent, the mce conprise a nucleic
aci d sequence that encodes an ADAM6 protein, or ortholog or honol og or
fragment thereof, that is functional in a male nouse. In a specific

enbodi ment, the nucl e| c aC| d sequence |s W|th| n or adj acent to a human



gene and conprising the ectopic nucl eotide sequence when copulated with a
femal e nobuse generates spermthat is capable of traversing the uterus and
ent eri ng woaotymemsesi ng the oviduct within about 6 hour ecatusanmzefifodei ency
that is about equal to spermfroma wld- type nouse. [0046]1n one

enbodi e use |.ackin he functi.onal endogenous AD

conpri of M0Re” Lt e T E G, S ERTBHENE srEIRLE Sisrenecanitons VR ibout
2- fold, :@b@&ltec&reheé nd@e aalagstt exbrésted aQbvdrbé ehimktit eg?ra ch@indofPhbBiag ke
peri od of time than a nouse that |acks the functional ADAMS ene and t hat

| acks t hevagielpgpmaiiiariued fram \sdgiRie end (iD@47eust onWhaspeibe light Gl | s

provi ded %Q?&at@ W la58ve a@mwgngs&m@manwa%a%w éattac.mavarl abl e

i mmunogl o ocus an i cation of a nousé light chai

i m‘runogl awatieally seutated iyeeaihgayhehai variableganeai’ ely Cﬁ\eﬁfﬁ@qlm?fﬁa'themﬁl ses a
rearrange& t&e&tah wa.ﬁhﬁét%tmr@m} PRiskdd) meﬂye%edn%tenl ibb&det 0 @
human or use avy chain constant regi on gene sequence, the B cell
conpri sex.n |ts genonme (e.g., on a B cell chronosone) a gene encodi ng an
ADANG or ol o [ f i i kN a
ol o mouddotl o e SRR e HhARRT AL SEaRnct W) ealrahBFhurRBTlnc
ADAMBD) , 200ef eéduehbe, arﬂﬁhaMoes@Iexmems@frevmnlmgienbﬂd;htmhﬁnmbntﬁnbmgtmp achai ns
of the mce are derived fromng one or _no nore than twy Light

chai n v g@HaPle&gmatn derived fam)\'v- gﬁﬁ‘é?e%@ ) FERYSE Praviesgp thf g chain is

i mrunogl aRubdifted MitHNEGrod BhitekiY hbawatrt&ntdtem%qawnat@m @Raghant region
gene sequence conprises a human heavy chain and/ or J sequence; a

mouse heaP{natipallymujateg) hugiag/Nsavy chavy variable doMaitman or nouse |ight chain V
and/ or J (agsujence, ortéter@muﬁ@m%wuse cbh'@ng&ab’dfh gh@érthrrgea%hanh Vk@aiRs gene
sequence conprises a human or a nouse heavy chai n sequence sel ected from
t he gr oupegserresandriyregfrapgedHilman Yirdhg@lc1geappncegamcHbe ragipeLxe@sdenat i on

t her eof . t [ es that
have t he Eaer Py mene Ty RRER corr ERYTFa Tl cAa ol is R s BB dbla 0%l
ant i bodi erkannadi&omnhe He1-ﬁeméeswwen@@mbsyea-mtﬂhsetdden%md I(ii) ghrooesesn,
wherein t e | i hal n_conpr u e e|n t he
ant i bodi €% eé%'Hg*? ight aﬁ ’éésvgyggc’h%‘ieeﬁ %%@&SX%'@ECz’eWﬁ%aﬁ:&%ﬁ% Shrai n.

[ 0050] I n mmseas.peou ;(u)a smmleallysmtptatedlhdaewnttteaw Cleait harahtt domaiedirbynean

gt cna o ueRE i efPERe® TUf sbrb R i R AR T P E PR o

sequence dnhiaddirhentniod Canstwnniausévﬂ:el 39J K5 or a hunan Vi c3- 20JK1 sequence.

[0051] I n errb d| ment use a ht chain ratio that is
bbout | t hdOBZHle a0 r e R TedpRe S8 e s (PEa bR HBRY of

i nmunogl Qkurﬂpn@mblagtgtwt et mavcaﬁausés@eﬂ@s@egmmasommauy mutated human

2013/ 022782PCT/ US2012/ 049600 [ 0052] I n one aspect, a nouse as descri bed
herei n i VapRBIgiIdeERIn ¢Ritved KpMed agrange] Wtb\jt‘b%?rf‘ﬁrﬁelqii@’me VPRGN ed
froma hyRmL\Khds- 30543 eql r?cehgmaa h¥%A7 &@Mamtﬁ.@s@a mARE®, ke rmouse
conprlses a rep acenent or substantially endogenous nouse heavy
chain varsomﬁteallvegut@tedgen@nmﬂnh@nWmabla)n@nan W‘ﬁﬁfémnhﬁ?rm@uﬁﬁadw rdbai n
vari abl e i a) CD19+
B cel |'s. (Far e Lo SaATRBLEy aitffioge o ERuBEs AN, RurBnnlindy? 196071 )
CD19+ B cshbhadimbetthe rpues soraprisesramniigiit ohaih imunshat ngnanseSIa rghlacerhemtrof of

about 1 t bout 20. [0 In one enbodi nen yse a.single
< Tght CEBREMGHS IR e v TREt EiE PEn RS Eair e PGB A B R R
Vx1-39J- l@eq&@ﬁmﬁcﬂﬂﬁe redf@ngEehlian U®R206D1SHuerssd), bad t:bmbrls@spireﬁ&c@rlﬂent of

i mmunogl obul i n having a X |ight chain to g)gl% %cel | s t hat ex#ress an

i mmunogl oHWATiSHPHET Y aétekdtqegﬁvs ERLSH eV Ah8IY. P 289 419608 Segeits WiR &
enbodi mendomgite of stibRaritidipEsibiblett reertdirel # AGhar Be&Ny dhain V,/D,&angReagEnki C

enbodi nent, the ratio is about 1 to 66. [0054]1n one embodi ment, the nouse
expressesse@”ﬁnt;ﬁ;l e K light chain, wherein the single K I|ight chain is

derived fopsa hiWBme é@b%c%@éﬁeﬁ@wmmedmsétbeprbaae@tret ekprd&ies aGiidls t hat
express an |mTunogI obulin having a X, light chain to CD19+ B cells that

express anlighshiaibgeowsd frem ﬁ&\?"%@t"&‘”l@qer ghto PR han o reartanged s lighidheinoo; in
oné enbOdééﬁ%@ﬁcest WRefeft the rno%sé%btn ifanfuRizakewite dntideR, SPRsiHs T er@riaRegnt s,
the ratio Is to 20, or 1 to 21. [0055]1n one enbodi ment, the percent of

| gx+l gk+ B ceIIs in the mouse is about the same as in a wild type nmouse. In
a specific enbodinent, the percent of Igx+lgk+ B cells in the nouse is
about 2 to about 6 percent. In a specific enbodi nent, the percent of

I gxlgk+ cells in a nmouse wherein the single rearranged K light chainis
derived froma W-39, 116 sequence is about 2 to about 3; in a specific
enbodi ment, about 2 6 In a specific enbodi nent, the percent of |gx+lgX, B

o o T I Y T Y a1



[ 0057] I n one aspect, a genetically nodified nouse is provided that
expresses a single Klight chain derived fromno nore than one, or no nore
t han two,wopeary@emged K |ight chain sequences, wherein tREeTSGIR/089600 bi t S
usage of the K light chain that is about 100-fold or nore, at |east about
200-fol d.or mor &, about .300-fol d east about 400-

Fold or iorostagtip B widRlpeinaliss iPdal=8y Sl s Sarfe pllac” B 55P5%H0- fol d o
nmore, at ehpddimeninahé mbolSe Exdrasses adtighe « dightl chamitseabente, BB6relirolng stngleor e,  at
| east abgut. 900-fol d or nore, at | east about 1000-fold or nore greater than

the usagddficheiResegupreers ApGed famnamare than ogereafEPope sighhALSRIVEN SR g rent

and the $Rpke dmBSERRAL thelder@Rtitef fcHdr RAZRE 28I iFPRIH onb%@ﬁh Vink gReiENt )
exhi bited by a nouse bearing a conplete or substanti al | ete human K

li ght ch&MPorirens the perymstierds PF%’aétﬁBﬁﬂ 3releM sherific fistis ko %él%?‘? g a conplete

or subst @fdoainent GREBEBREItEUEBRarkcletifld a3 dpekifb er | ALK Mofe épiraici onal
unrearranged nmouse K |light chain sequence. In a specific enbodi nent, the

mouse exgMmbodiment ae saigneeks lighjishaibisaRvencednelectad frem -8Rk @ r anged K
l'i ght chgj n e, opy of a
rearrangeggéﬁﬁ ﬁt cﬁgén 8g%uence (%ﬁg$?'égﬁ?dggggggg§?2?1é%ﬁe@%gsg

enbodi memk1- 39Ide5 ammaeceohmness&sbctdmemioﬁheesarm‘ngad rdight chagreseddehéggista chai n
sequenceé‘&_(‘ez’K?%|J honbzygote). In a nore specific enbodi nent, the

rearrang bﬁ?WEWQ?n sequence is selected froma Vicl-39]-K5 and

VK3-20J KIQMUEHM?ngga}p@@ea gemaidainenbdifiédoussais praied that ex@ghdssedai n d <
seqguence C Se earrange
T aht | ohaldiaile gliHnoRiebdin ey 265115 SSSCBRHEL: 4 FOE8Hienh b BRET. Ma

genet i calohg erddidined tﬁ@blé@uylcsnaw@vn;ﬁleds bInamarxpagesees Iravaiongl e | i ght chal n

derived frgm no nore than one, 0 re than t rearra

o 1S o GTROReEr i bVl Fetien s Seiearad Tram B e as sbfieare G 3 P rouse

exhi bi t s saCHBVELCHBf areikpe@nisihationtthéreof. Sln ahe lemamw.t ftiod gingle lightadihiain

1, 000-fold, 100- fﬁld t o about 000 fo g 200- f qU o about 1,.000-f

300- f ol d PBPHBTLA "YTBRHEIUSNES: zi‘o‘@”PB? 8m 8"‘5‘88&1 GRWSSHHE”%ES?'SFtht 0

about 1, GQ6r & Ohthbld&Ehibate atdbnaﬂaﬁuieqlleﬂ&ﬁ)aﬁabdpmmlf)@tkdaréd! abend

1, 000-fol d, 800- fogd t o about .1, £ r 9Q0- qbout 1, 000-fold

o oher L eaipoedht glooss CoMbrE RO peset aBaanT iR et PR 480 by

nmouse beaxprgses B ITﬁBlaﬁ,I €hat awmhangmahbyi fm@n@ krebfgeha R Bxtiadhtaidsoedsii n

vari abl e Iocus In on ﬂgb ment, the in co ises. a human

B uante SRR dh Bre BERERET, Trnopse fompan A TRErSTS T Bhey Fowsben e

{NeBar2 (r) ?n%g?ﬁbdéehcb@btof ebak Br sleqmtmgeh aow{meaéa@ba‘vy@hma gbuesra@gm'ms G%Kﬁ D, la) hulrmnf
1 on thereo e e eve (0]

U ous shalf Sefe o Al batoeRivs MEuse beavy SRR soBs SR e GERs 18 Ot thlpteci o

of the |igHd, Cﬂ-hﬁloﬂa\bbh'\bwﬂi(@f ®esofNahdloBsomaisEalicamipgérsius gnduss it ahatn al |y

conpl et el hunanlzed ght Chﬁln var i ocu i.S characterized by

b|.
Guant | ¢ acPRETRRRAS 8¢ o HosBinb ek EPhiaL R <ol o8 B ABIR T one. or ¢ vio
rearrangaﬂnﬁmq@enmm&%quaﬂﬁsconparing it to transcribed |ight chain sequence

of a nou arl conpl. et r substantiall lLi,ght chain cus.
00607 1 1597H s plchre SREITEY, P6r PR 19 MR RGPS op AN ore VF
gorrpr i Si rT.glaﬁmmﬁxélsﬁgmbﬁtsaorfxﬁie:cor(n@rea/ éndr£gemmmehaam rﬁdiliﬁu:e[)bo\érﬁir’r]ih@ebi_ne

omai n nucl eic acid seqguence.o n i muni zed,. nouse as ri be erein
oot i (8 A an i 2 Bea BT B A RS D RR R eRE osr bl o
domai N NuRheicy GradrthoRg fureeortH fragmemmaeaednmsau&mba&mbmcfast@@cb herein
fused with a hunan %%rgene sggyence 5 gﬁ% W%H e cell under
condi t i ofE3'&NIEMENE Y& §'§esa'nf‘tﬁlgle? REFLISa WPB‘H&'?‘C SWBIESi ng t he
ant i body.enkbdifng@ r@cm@mmm geider rmhdnog:armmo&@%raumcm&abmmhmawnc hai n
vari abl e donmi.n nucl e aC|d seﬂuenc f a second.i mmun

oscr i e RETMag TR o i ear RN i B ETERER T T @St 9258998 chai
nucl ei c a:mrégm&mmemsm&mgga rﬂqﬁuﬁ Ahamxgﬁob@r no?]nalrog abbﬁhd@gmn n that
recogni zes a first ep nd the seco eavy chain n

sequence%ﬂ’ﬁ‘é% Jragn?é‘t&’ﬁge%eg\ﬂ}‘ c%'?‘??'r(}%l @Blnéoué&?ﬁinﬁn? ;‘E ?@2\5&15?%5 a
second epirthep®logdtaii@blagoh &intiidred fregiéttpeeraoidn biBcsliecond epi t ope are not
identical. [0061]1n one aspect, a nethod for making an epitope-binding
protein is provided, conprising exposing a nouse as described herein with
an antigen that conprises an epitope of interest, maintaining the nouse
under conditions sufficient for the nouse to generate an inmunogl obulin

nol ecul e that specifically binds the ep%tope of interest, and isolating the
i mmunogl obul in nol ecul e that specifically binds the epitope of interest;
wherein the epitope-binding protein conprises a heavy chain that conprises
a sonatlcally nutated hunan vari abl e donaln and a nouse. CH a5500|ated mnth

o o~ o



M 10-5 M 10-4 M or higher), and wherein the epitope-binding protein
bi nds both the first epitope and the second epitope, and wherein the first
and t he swoanwb/azatsanogl obul i n heavy chai ns each associ aPeTwisté12a4d6b@ght
chain according to (a). In one enbodi nent, the second VH domai n bi nds the

second epj e Wth a dissociation,constant that.is | [ n, 10-6 M

over t nARORRS 7 hehePb R e S PR e 2 s et 0

| ower t haADANIG Alleld/br onthdlanefrhoiodoy driudiohkl fag6@8] thereofiet anbaodbigeeods t he

epi t ope- mgﬁ) rotein conprises a first inmmunogl obulin heavy chain and a
5H

second i ulin heavy chain, each associated with a universal |ight
chai n (e.[0030]a | ingdrte erhizddimeley the echié mive @npeae rafdRiMé sequenkce ghhoroblagn

vari abl e se nce sel ect from,a h n - - or h Vx3-20JK1),
W o R ERg Br RECET Fadst TRt T Bt i e osf oBUTRE e > 200
di ssoci atdpproxtoatss tetlocatioh étheandogdraus (euge ADAMMValtate, B0, 3ildf atfioaldd conol ar

range (e.qg., 1 pMto 100 = the sec i obul i n heavy chain binds a
second e;ﬁ%PSSSQr\%f?theguﬁ?cseg%ogiSaf)f]%nnmﬁ@ﬁ@ggﬂgg?ﬂggﬂe nanonol ar to pi conol ar
range (e.[0031]1 pM dnz &bitbdirvgnt, theendle nite eprgrispa@naiANB eeqenoadr banblope are

not identic the first | nQgl o i.n V. al n | t he
cecond ot E0Bo8 P BrHie HERRR e el R LS AR LBl uR BRI
weaker t lansteanmi(witrorsspect to thegireCiiorgof tranbaiptiph bf the |lAAYAMG serplencé)hd asecond

i mmunogl obul] i n_ heavy chain does not bind the first _epi e_or _hinds_ the
(1rot opreaes S praefre el b meuio Rht Mk piBh bERE s niTar T ange
(e.g., thpeniit Embodiatent, dirgiemuregtbbalirevasiablenegioofgebd segraentadbb budengens

f the li hai i.ab in, the h ._chai
(o ot o e hBrd T, Tl RO B o 5B E R
chai n variuaidnegethersegmeniand e ssgaems emuuing ¢heonalisenADABIG\or oltholng bs

or ot 11 1 fasimesp i FReBen S moded St ife G BE Freth iR i g

pr ot ei n tanetdmebidnartothe pnduspeompOgsXvoror oree bainen Vrgeme, sepiments| arst the

i mmunogl obul i n _hea chain conprijses wi | d el bi ndj

det er m natf-SHTd® tai% Pg?é@%{h%&wggwegwsm gF'zl‘iecﬁ%&\}mgP%quﬁegﬁglg{oﬁt%yﬁgﬂebi ndi ng
det er m naigmeht) irooee embodimeenthe delqeerfideris bt & pozitmyglobdwihg thehfeal'y gehai n bi nds
protein A under _ispl ati conditiopns, and the second i mmunogl obul i n heavy
chai n doesggms}p{g@i@egl!{%@;%{\egegpeﬁpnds protein A at least 10-fold, a

hundr ed- f[0032] or Ireorehembaditiefitpthe hueadoeredthieavy thedn immgrioglabutimegriableulbcus heavy

chain binds protein A under i i c it odi nent ,
the fi rsga ot ogg%oo%dn%uesgvp‘j:%'ﬂéﬁ%ge’alge% Fgeé%% ?%%@ﬁg%?‘gﬁ'%@%é‘?ﬂ%@e second
heavy chashainciomumiogdulin vasble lcatsi mmpsieéeat ADAMGogane3kat(Efund@sl) in D6F ( EU
436F), and_a conbi nation .t her eof n ! i . in | acks
such iod PREATER. T Bonyioregue R ReiTuge el ol s TleifN uE MR . Theq
her ei n conpusesiea rousel AKNIE ghse, ranH dloaisotissADABG ens iepldogbwitus or egul at ory

ennancer MBreER eioPth eorBatREshep 0L G R DARRSRS B DR

regul at or[p083] coi od erebedi@rbis tHedwinharizeddhesoyraitaic inmmtradglabulinnalizple ooug vy

2015 022 78RCH DSIRRO BT 00 BEfaha ke LR ah @Ethpic Adg o

that is ismuabadthbriefurational rea amled@sosd. Hednbendiodimdnt tomectepibddiAkttt , t he

cell is an ES cell. ln one enmhodi nent. .t ce i y cyt.e..ln.one
crbod nenereiet t inglithe) PEng BRSF PR b o MinErAL Al ol Ay ol
expr essestha nodussBDAM®S geneyis ohdhersaroaphriogiosgma asdine blrhanizkshiedany disainved from

h [ . : d l,i gh " i . d
hunan i s B e PaR. 4h 985 sRU ST MR POy ADb P pRe Al AS o (c)
a conbi nadifferent ¢hesraofgmevthen ehenhirhaniezbiveavg lehain inmsunaedidlailid vedale losus.ukwed t o

a nouse constant .regi gn and t lLLaht chain variable domain is fused to a
nouse or %”%?mg%d'TSﬁ[sﬁqgr{Pmﬁsgﬁpr\Mégﬁa%ﬁec’%eérgbec?d%orr@%t, t he nouse cell

conpr i ses[0a84] eadit oonempgediment) #ite mncsEdasn@ise® B Siest ADAMGENous bedvigcheig adiele
honol og or functignal fra nt there I ' i he | l,.ls a B
cell and ¥ aﬁe%oé’ﬁlen%wolgggga\ﬁl %@H‘u%%&eeag%g‘% fr%gzp’ ggéée@p %gﬁgg\@/ac hfg‘i"‘tihrr%a{lr(le*eheavy
chai n i meonagliseb al defetivanf alpdoese ADBRME Rngs, and duuf@sicandegeraalis gawy chainver sal

| i ght chaip,variabl e domain, wherei h el i a rONDSONMe a
nucl ei c a%'Peée %Oé‘aﬂésﬁéé r%%%%?%né Ogﬂl?é\%%{%ﬁ&%@e%”rﬁu'gc(raggérlt"ﬁcoiggﬁgr aﬁ%‘rjml og or
fragment thereof that is functional in a male nouse; in one enbodinent, the
nouse B cell conprises two alleles of the nucleic acid sequence. [0072]In
one aspect, a nouse cell is provided, conprising a first chronosone that
conpri ses a humani zed i nmunogl obul i n heavy chain | ocus conpri sing
unrearranged human V, D, and J segnents; a second chronosone that conprises

o, o o



[0078] I n one aspect, a human heavy chain variabl e domai n nucl eoti de
sequence and a human |light chain variable domain nucl eoti de sequence of an
ant i body wade1ym2m2nouse as descri bed herein is provi de#CT[U30Moks0@ne
aspect, an antibody or antigen-binding protein or antigen-binding fragnent

thereof (e.q.., Fab, F(ab)2, scFv i, n se as described herein is
provi ded. e?'gﬁgtﬁ]\'\f%ﬁ ogﬁeorgioﬁ%mr,naghnﬁﬁgid ﬁﬁﬁm%}g?ng‘ %net%'ﬁg% ”i“%@’ ngltrsbr ,

nucl eot i dedtonsdcond endagenoes heay clemcilielee @atiecanprisesa geletidnddg@dn [ 0081] I n one
aspect, a _progeny of a i of .a first e_as described herein wth a
second nﬁﬂggg‘%‘?o“\%/”]ogsgpmwlg%seaﬂ%&hseefﬁatrawgagﬁ%??%ogsIe?/]g %ioglsg a‘l?ysC S}novi ded.
[ 0082] I n atisles asmppride a teptacemeat ofcalloe salsstatemdy albfedctivmaemouseoVBkandal ful |y
human anti bod

or a full upan tigen-bindi.ng ,pr i . i,Si hg, an
manogl SeanEsva i ekl G PLaley saneir aghete Srief Rt SRS 801 deat
£0083LI n atn?@lr &&pmcl bnd alisde odmp*fis_remas@tc_mt;)aidriw_taueam smdncam%esmdebed her ei n
o nmake a fu n_hi specific antibog: Q . ,
50157 052 Fse A AT BARES NogEsA 97 “%%'é”@?ﬁ@é}e}“ figfkos, M3ne erpbociment,
sequence tmmeeofiy nacleib skl sequeleeds IdsetdiBe (vethresseab taothie dredscriptienai n t he use
conpri ses, expressi the nucl.eic.aci e I re of a
human thé‘l‘rgé&ﬁ]?ﬁtg .O?ﬁﬁdﬁgﬂ Eh%'ﬁéarﬁf;%gee@f‘?s%ﬂés*ea% I@@H%%\Zggggg%@ﬁ%&iaggd herein
to nmake dstated®rvih respdctdeltte thanseriptieonalrdiretiibedlity [ob 0&6Jonstaoheecaspey) tof ause of
a nouse as_described. ' [ oyi

h int K hybrid d ' d.

[ 0087] I n MK R eric fimamatsalReavieraRtorE gcthe TR fele Ok e

id lee amiCsmdy joni nedyudridio isabCg1 oo dd/aglent
?ﬁlerezﬁqiu?np? ngsn(?ua?cneagnao'd%m;gi ma[nt? tr\g\?usg%l gi témxygi.gl:gfa%e ce {'g ngiused
Lo make £ ATRGHO AT BB Ay PERMENE (s ROBPK BRI PP b e e & JBgd 4o st
enmbodi nerfwith témectﬂusléec’ntmmmednso_ajpﬂmkca‘_tMVaagingeﬂebjsr)ldf ay qe_gu;eet ands_el ect ed
[rom o ULLEaRt:ob SR ERRGL SR BRdhe B Bl AP L0,
VL, t an ;:(l@da}edsl?"tw&érath)eaqengttim;d[é $’im<fmt,\/|s§gedent/md thioluttinader@i-mosir\ seprmertdi n;ii ng

rotein), an = e.vari : n. ant - bin n), or

g bi speci'? F‘ép‘??'g%éﬁ“b%‘?{’g“gégﬂ%(ﬁﬁpé‘j p@c?ﬁggg?{g%&%enngegéslgg%F (,leﬁ@gggfh B[r%é%}m)use
as descr isegmeheV gi-hafdhumnbe VreegoeatViub-& Inbna embddicemeibe Gecleptidean

ti - bi ndi t el f th fact . codi
a0t 960 Ul 09 BILSH kol e TEOMERE o8l ncRESHSRAS SRS 0 °
t he tr eatonentatiof wih hespact tditeelsearoY gdne eegheents.sinpa spaciiedemiodd89it,Any of t he

embodi nent s, apd. aspects descri.bed. her.ei ed i i Iy ith
erivodt e iBd: S3851e AR RS IEECh sty SR PRIIHERBRAY
enbodi memABAMS gknédxe andd DAMEa saquenae folimyesl tpkarn ABAMOh setigeraet Irf a epedficr evi ew

f th ' d iRt PTI . FIG 1A
ghowseaeges Ié)%gpe'ﬁftﬁélﬁﬁpg@?%ﬂ%%ﬁg%%%%@&O ,p%\{toef#@;glré@gro t‘éﬁ%ﬁ]‘a&'gggg} acenent
of about dohmpeedwitathaspstré¢dvb pnd Howheremputsmkingriusegpherttail i N heavy chain

vor o) R o SRR R AR DGR S i
mouse ADAM®Ba or functional fragment thereof and/or a sequence encoding mouse
ADAMSD or functional fragment thereof, wherein the ADAM6a and/or ADAM6b or
functional fragment(s) thereof is operably linked to a promoter. In one embodiment, the
promoter is a human promoter. In one embodiment, the promoter is the mouse ADAM6
promoter. In a specific embodiment, the ADAM6 promoter comprises sequence located
between the first codon of the first ADAMG6 gene closest to the mouse 5’-most Dy gene
segment and the recombination signal sequence of the 5’-most Dy gene segment, wherein
5’ is indicated with respect to direction of transcription of the mouse immunoglobulin genes.
In one embodiment, the promoter is a viral promoter. In a specific embodiment, the viral
promoter is a cytomegalovirus (CMV) promoter. In one embodiment, the promoter is a

ubiquitin promoter.



[0091] FIG 1B shows a general illustration, not to scale, for direct
genom c repl acenent of about three negabases (Md) of the nouse

i mmunogl owol2018/a¢2182ght chai n vari abl e gene | ocus (cl ose@CIyusbal2o39608 t h
about 0.5 negabases (M) of the first, or proximal, of two nearly identical

[epeat s Ghn T UARRORE silek A e SR MIARE N BTG P Ry (OPn
three i niADAMEsbESEQ (NC): 1 ad/otd ADAMEbYSE Beruence SECRIDEN®R Infonehe nouse
oL e A S DRI R SR B B B B BB T
al | hurrarenlibldd&m:htJthleg&:mrseerlmgrmlﬁpmmo&rtcametesﬁgemedbmracfdczreqhérecefofrﬁQ ID . ,
i i . ' 3hVH
saovec) WS A asTEER IR BRertsr SR erhet & EERERaRT AR B8R

rect angl epdomotADAMSp@ad kxiendiag torthiersatiiod SES) IDel\l(()@pmstrEamamgteeC)DAMGMS kb

cymhol S NS 1RHE TS LR s Sy A DarGhTe Aol & aHenee! 7"

addi t i onaxtepeingditanowitiiasbedtttsete a(bopmﬂ muentdotided e;ss)treanobfsmet stad pedmn‘ ofc

vectors Aagln bt B4 A FBRoChe & e Barodt & PEIEF YRR ot ARAFlees”

scale, f c[00$7|]x athriel emaddrrsérep&e(n[)etb)c dotar sedjue ozt ccgmmrses SECeD raoermra of the

mser i N GTeR o PaiRsT (AP REREh e Genes YL AR R PasUaY oI HE® f |

sel ect i ono adskadf IMDAMS, irapgets fegmrt,gemtrestofersrfentrmyw albarn aothldaszlph tertmt)al Inlbnean VH

gene seg ts,. t he insertiaon chai n
Gene seqrEeartaiveERAR NG i Pr & hRpPERLelesrtantis Shbh Ao e Be i

honol ogy masdnceaa sspetraoeit that Gaapabit ef rayeesing edéranigineuse avitiBé ikbrdeutan genomi ¢
fragment fedrtrfj% kb human honol ogy arm that overlaps with the 5 end of

the initi %@Pfjf%ﬁg%f human heavy chai n gene segnents which is shown
wi th a si[oe38]pecinforne eraisaiirhémathie oices coreprisepenudeic acidlsequdnoe iat@n&odeso t he

h H d
munog) DTG ket c el iAo Rk FhafRaLPRERf diet BRI Bt
r ect angl esgusense atspekificyerabiditiagnte tite rtuategeﬁardtgequeotmrssmmrreorﬁdgnmnt to@094] FI G
2C shows ) deta ed |(%nsustratg‘ g Ortrs t% sca e e'for thﬁ]ogoeii ni tibﬁer stoep
(A-C) for H?%“éb‘tce&e%% IUPRRT HELRUARTISSP OPRE SR T WIRFIREYI BEITECR ROO ght
chai n vardgeablsegmente Ih onelembhadiment $he dree mrrmotehmMuonglolbutml\Aanmes;egréﬂ(gemd JK
t
Ject ang! GeaTEns €At & MogleH phiodsonf ke P oy BERN FArkifBejosvhser t e
from t he Ib angetibndimeat ttiog mo&rﬂeatsalnowmprr&éﬂ)@Ee]pll-'do@meﬁtbfsd’ﬂowsuhstdmtaay bied
|1 trat t to ddi t. I t di {
repl acemihiciBraeRaRERrSonbiliaRl Frah R e SR ssoetle e Bl ocne
t hat resantr&rramgédtreumaseeavyoafhaofgaielsebmeats th@tcaranpleré&ygekmj teegnent s |n t he
I t d del et f. the f It tt 40h\WiHy
Fybori o A EPa osBhE CEbuAR e 65° LN sRBE ShbPRctiR 3 by 268
i rmunogl| cﬂeqhemnegebetmeg teahsmand seddienhtsonab sped:rﬂmembodrmass et reslef@goman
t I b t t ti t h 0096] FI G
S shovs Syufie pEfeRl e R on Sime Rar s IaiE S el F BT PR {aPOR
prinmer/ pr@h@d&ﬁérﬁ thehusieiceziu sagrué&azrelbbevr:a‘eora hunsaT D isegmerit dmdrmhrrtmhmayy chain
ai ene sequences e.,SCreenin
Irratogy FATER: 18 5r82Tn S mRRRIERL Ao Pl RS R g FR i on 1
shown wi t(hntuF@Beptrtbmeeétmhoﬁeraemr@trémof thby stéghmht)(ﬂrumgr\bmg(nﬁdMSm a pr obes C
and D), the k gi g}n |nls1 rteed ci"h.lachls ﬁreobge G.and Ha]u eankr n e i ons
("r et ent | BRETHPEHEILME §“ BUolRG 2Ry SBRUS IRPRUPYT 8 %Uéé enre (top)
and a corerﬂogénoulsarncgeeeﬂamhcrmmsmr(tbm¢mg9ne s[eQOQﬂc]eFl G 3B shovvs a

repr esent e cal cul at bserved robe o ntal and
roa 11 ed Besdle T Gtk Snb@imeon, PRIREY PSR SRe AR St R na s R heavy
chai n geneatiggwitntsreqCbrssrtnads plbmbmecsmrye amabﬂd-typermmsebes oke eimbodigient: wer e

| cul 2/ 2AACK d
TedAGt (cdl PEYS TeRgr oo Tl el p R ntd RS R latpuseng
r ef er enceovishuobedeituat mnsdeggtdn é spedirﬂxr enb@drrpembeserdteﬂermjmm@ tansit he assay) .

DNA s anpl DR YR S eh e e SHEieMTY B Sed it A 8 Beb® e wee sesaved

in sextuplicate. To cal cul ate copy nunbers of IgH probes G and Hin
parental ES cells, these probes were asgumed to have copy nunber of 1 in
nodi fied ES cells and a nmaxi mum & of 35 was used even though no
anplification was observed. [0098] FIG 3C shows a representative

caI cuI at| on of ~copy nunbers for four mce of each genotype were caI cuI at ed

o ~



the three different stages of K Iight chain humani zati on. Open synbol s

refl ect human sequence; closed synbols reflect nouse sequence. [00103] FI G
6 shows PMQ3ossar21skots of B cell populations in wild typeTasdoife MMUNEO
humani zed mce. Cells from spI een (top row, third row fromtop and bottom

o R B SRS G0 s P bR S MG P

st ai ned feﬁferaud/batrawshtgaMm@mcE&sfémgdea mhhse{;g op row, and second row from

to sur, i Muno lin,containi ns (third

on)t omF TR Rl GRS bitue B hiRhiot Bhoddssob SRAbAREO0E, |

popul at | ameredefrarradese dmmplﬂééﬁan 6030 AliclEbide séé\usﬂmmmﬁatrdb]mmémmtathe\/lessheavy
sel ected VEL bOdl@ 5 r ound

h
Chal Uh D pRtSeRRARR GhctbARS Miale BRUES o Fitnd el b eare GbRRT
nucl eot i dequhdetcbofess. uddeah@rmln?xﬂmnuﬁmsf alaﬁquﬁmamaasf&pgn%)uagd abgarablelg to
DH t 1 | e | C | S r.ovi gde apove u
e e BRI wib AR o R gt Re e Bl e B a Kol RO s AP 2 1P
wi t hi n pgeeat hmwerﬁod%@wtf&hesaduer::fcefeanﬂerstﬁrmem@mo@ee gn aBmt?Zo lf@n{whrran
VH3-72 t c e ai ar.e no in
T ho s o AR Ao A2 B BE RUXVE e SR R S i 2o | b

NCs for eaaBeséayoreneebstioent, theeseggericel dobtess pparcte dhouge fahaibilityo tia@elfaint om

SEOID NG 21: S | NGO, 22: SEO |I. 23: SEO I D 1 24: SEQ | D NO 25;: SE

D NG 263 RS S T TSt Ol RAFUBTS &RIGPBON 0 o aEB PN 50 G20 1D

NG 31; SHIR4MP NOndde eﬁEﬁdhﬁbﬁﬂ%@&!ou@E@Ck@aff@CBdnalSE@Q@OB@A&&M@E@? D

NO 36; SEOQO.I D NO 37: 0D NGO,38: SEO | D NO.39. 5 7B owWs

Fepr osenIp FRRPIRShAN SR MR8 sqREeBSnBTe T Aot Pled UL oot MWNED

ant i bodi asmrangdragh\enWerea;Kth(aC@macnpnmmi 8 Onale cheuwmaid ahérd tha fedlé onal

di ty and tid it ) ts,f ght ch

N o o e N o I g X AT %aqﬁeﬁ'cg

(e.g. 1- wildgypeumamse\bfcie €ame dlfe grdetraie graiotss iher sieaohtt ingdpergdai n are
ted th T t h

Tty SO Row e Bt Bn e ERIseR e ReSRRTDuEoRRab At 17 om top

to bott orgenéSEﬁ@l Eémpl@irDthe Bef@pichhud@otide s&f@ntdpiNdudes; at Tt hbbUND 54did, SEQ | D
NO 44; SEQ | 45; I . . SEQ | Y 4.7 I 8. . SE D

NG 49, SEPPHE-KG S80S ReysTiobarPY- R 8504t BE) EPbraat. S P

NC 54; SHEM, IdBedNGhtSBl fofsEdp rhdde WD Jehy wWHER brddl dN@r 5 &jx-BEQhItihe\§2rfo8.th4rDH106] FI G
8 shows sonmati ¢, hyper nut at fre uenci.es .of nd I| ht chai ns of
VEL ool MR S RS« B SR SE BT o REE B vt er ot 1 me
sequencesndagenpas A@N\Aﬁ)@erﬁaeeqwaha:tesckshl@mgﬁdpuahueaamerueqlxe(ﬁeltdﬁ i§ bied dver t

Cani i vBRSHE Hesbe i bt ol il bS5 e PR dRR 28 (om0

36 (i murjoosy Igl@)onerenﬂ:ﬁ)d(ménthDEﬂIsé@ckmblthﬂfﬁuhq@naisatﬁmgam ApNEmded bars
i ndi cate the | catl CPRs %g% FG 9A%howslevels

et 07 18 FabilRy B £SToRk nebR g hEdungs ProRpcen Sistada it o™
VELOCl MVIahiBi@ 2+fotet: 3(folldosre41fdirahugher r[daﬁbla@Sj BpS. ped Bierhioasi- be&-a{cmtrotbresangl m

m oo (ol aotts BapdmofiohidpeRind Bttt EsbPE R REE Hon? er RS BB 1 or

| gE i sot )ep&)picmuMeloddé yagieqopandbisatsg bret foEhOShV/ RIS dsﬂtm (cl osed bars).

901101 ] 7 OB T BE RS B b PR BBk B BAREEL 1 cc

after twgebd ba@dorﬂ:bns{iﬂig thereeop(driietdtidy sequends isaf makminiseashdhewhdlé

Fecept or BRI TEoRy e LD IR NE, Bepiered FravErt SRR ErP FRITEPTMNED (V1)

and fi ve coplidtidryreéedt$\dh onidaet. mubﬂaﬂdtdﬂie&:ls@t b1 G-Fodayst teaet 20-foldniat hgast 30-

" VELOGRLRE Ao (o Fra S IR o RS Rl PRBSS Gl Aled P Aok ng

of anti - iledse0-¢aldi 10oletHpiot, onmzm}&ild)ﬂﬂ’h!gmthdlmheeﬁ ogamduaé @cht iatks the

vehomat 1 doreptaleha el kBAMESertedrl diSens i eathis AlShori® RARE e enes i n

t he nous¢o048yuLnoiyl aletdnibodireentythe hdduse llapking.theAfuhatiget entipgeratsokDAMBDAND
Targeti ng_Vect d ,ADAMBb into a
narant o< abg NBHLT R L petahs ARG e SR terE R e o B P P oA e et te
(HYG hygronycin) flanked by site-specific reconbination sites (Frt)

i ncl udi ng engi neered restriction sites ?n the 5° and 3' ends. [00115]FI G
13 shows a schematic illustration, not to scale, of a human ADAMS
pseudogene (hADAMGT) | ocated between human heavy chain vari abl e gene
segnents 1- 2 (VH1-2) and 6-1 (VH6-1). A targeting vector for bacterial

ATPF<AR A



[00116] FIG 14A shows FACS contour plots of |ynphocytes gated on singlets
for surface expression of IgMand B220 in the bone marrow for mce
honozygowsof2or3/i2ersan heavy and human K |ight chain vari abfrasgene4deoci (H K)
and m ce honozygous for human heavy and human K |ight chain variabl e gene
| oci having an inserted use genom ¢ _fragnept conprising nmouse ADAMb6 genes
(1 K- AG) MOVEF SERTAES B IHFLEPE BOSBRYRTMPE SRS ARE SPETB2081 ohl gMh) B
cel I s i stragéreidgitiie eaditt aathihcbouid béurs RO dffitierdyGhatlid Bbsltaumal tbepem al
nunber of immuature (%3220i ntl gMt) and mature (B220hlghlgWMt) B cells in the
bone nar frBW?g’B‘il’{ngtpg 6m fenurs of nice hompzygous for human heavy and
human K [[o@i8] chiaione\eaiboabhent gra mduee lackihih khe fanstionicendogenausogmamst or human
heavy and human K |i ght cha'n.var'aple ene Ioch having an ecto i? nouse
genoni ¢ PPAYABHEOBAENS g oF P'CrPd‘ﬁE‘@' CHENRI(G95,20RES T [fﬁ'éﬂtgi“ FIG 15A
Shﬁws FASﬁdC,SquoUp&folqﬁIdDTaBomfzt-iGlBlch@aﬂiE&_s& Gﬁbrhwﬁarfabre rﬁﬂi?ﬂ@cﬁne)ﬂﬁmﬁési on og
c-kit an i,n one. mar or mc ous, for eavy an
urmn K MGRE et ek e RaRieBRUnkMp Gene iy topt BREY B CEtoR ROk T ot hunan
heavy andetjusmgs. K | i ght chain variabl e gene |oci having an ectopic nouse
enom c f nt, encodi nqg for nouse Al enes. (Hhc- A6). Percentage of
oroos ( G Re Bshod 4 igHES B Hedbies, Cebka Moty & Cumebize SAORERTOR ¢ he
upper i gidusamndalyosiin Vaebblequatdinagiobulinrieqpemidi abyificaionefamagetigh pl ot .
[00119] FI G.. 15B sh the tot €| n#gber ofﬁg{go-B %:‘El&l S %CP19+CD43+cki t+) and
pre-B cel’ldN("BHY I (9645) WS HES BiSHES RAFPERSIAH e Bat F9 RSP Rur s of
?1 H;:;) honward _mgs?] homah heavy ?ﬂ&MﬁlMgﬁbuﬁﬂsdﬁugh@Wp&my Pnkeﬁrtbaﬁi@e@eﬂe_ I Efi
and m ce honmgzygous r human heavy an i ght chajn variable
Gene | ocImaEs PAEVAT ALC TSI AR DE AEr S P ShRE SBTPLRe iSuse. ADAVS
genez (I-Vglém%ik (e.b.OfGELEQj c&ﬂ}dﬁrorﬁﬁs‘bnﬁ)@vgbnE%Sof dimgigmADA}Mé%a%ormwdgmphocyt es
ated on singl et or rfa XRressign o an in one
oo ow 1 SPteE aRGey BRESF el EISRE § mARIM USRS G F FHPe CRAME var i abi o
gene Iblocigebéﬂles?., mpd;@pamemammsé ADNMB&MH&QM“}@Miabmdﬁddéfght f chain
vari abl e _gene | oci. havi ect gpi ¢ nouse genom ¢ fragnment encodi ng for
mouse ADKRELGesIRRn 7. of i Bhhghans el Re GRS 4P S HAT PR Ti8Te (OTSPESISP . pre- B
( CD19+CD4sok8thanaine lightchBin(\CEBSeréddhdents.cel | s is noted in each contour plot.
[00121] FI G _.16B shows histo rﬁms of i mmture qulCD19+CD43) and pre-B
(CDLO+COIAR ) cBiane sripogieeaRe reatiangRs BYMiResP R e9H556S OPBROHUIRKST heavy

and hunmafo thel He@ly cdIRbonstatirédibregdfNeeduende ddiiptlse@BthufiagcBOBRAIGQUS, f Or
human heavy and human K | |g%1t chai n }@“ abl e gene | oci havi n%) an ect ogl c
]

mouse geRAHOE J SRAFRERL2 BRESRINTRYY ORI b NHBANBSYENES: 7 HTRANE) Moyssyligh

FIG 17AcsRaWsaithé sibfdd. 1Rlopk endbdinefibRs éasy cBaihednstantie§Bhfehe f OF
surface expression of CD19 and CD3 in splenocytes for mce honpzygous for

human he&FJUSItq CROWHPESE PITYRAR OCh A1 APFAHINENFeAEeTSSeIqgdora e FPuR

honozy gousndistingusaen),1, Aemge, g2 ORs) akdlal @hibirdiioh hevédti abl e gene | oci
havi ng an_ectopi ¢ nouse genom ¢ fragnment encodi ng for nouse ADANb &enes
(H K- A6) 10043 cenlnRs a5Pe@ 7 ISY8R ByitEbe fohpating @il diesdhst hae the same e i n

each conteaifh iPpRVidet OHe?Sh alflobsubstahtiaMouE aktbogics aitideuy thel rad fsef 08
CD19+-gated B cells for surface expressi onggf f{i?[{; and, IgK i ght chain in
the spl e&HPEESeA With RSRERFJHN5CHANT: WhGHRIM thed 90l ChaTCAMARSRS R NUMeRtvagRRIe n

vari abl e ggafh, lafg wheHindheaintb5diSLcdiopiRe oSy thsin aBompaRé)s mrgauman K

|l ight chain variable gene | oci having an ectopic nouse genonic fragment
conpri si Y§"RRJEEBMABAMG genes (H K- AB). Percentage of |gk+ (upper I|eft
quadr ant )io | gifoniel R8¢, & hitlibe BUREViadd haBiseBhlastelised B} &6linapiligas thecont our
plot. [00124] FIG 17C shows the total nunber of CD19+ B cells in the

spl een ofMYHSELC AKHB 2Ry BRI PIGT*PHRSREH Th KBVYNOERP UHT ] cReipivgHaPIR AemAIMhgt abl e
gene | ociis §&#vEl fRhfla FBFRNGENTAY GRME sbQleril iRE idVRAWMLATRE AUIR Kol hght chain
vari abl e gene | oci having an ectopic nouse genom c fragnment conpri sing
mouse ADAVBageids2QUK! kemddnce[ 00125] FI G 18A shows FACs contour plots of
CD19+- gat cells f X C L Al it . een of
m ce hon&%’ﬂ us oor%ehegﬁrr%%ée@\/@ean SE%%%'%R?(QHH%R %ﬁg} '%g%}{ra?ésb%bgug@ﬁe | oci
(H K) andcamecs suooogs/thatisormpisehameld themsomplede ftioiammihdglaphin 6grtichainaf | abl e
gene | oci Vi opi ¢ nouse genom ¢ fragnent conprising nouse ADAMG
genes (I—Vﬁ?—giéée%ﬁggrggﬁ%age of mature B cells (CD19+I gphighig"int) is noted
for each contour plot. The arrow on the right contour plot illustrates the
process of maturation for B cells in relation to IgMand |1gD surface
expression. [00126] FIG 18B shows the 1t otal nunber of B cells in the

spl een of m ce honobzygous for hunan hea\}y and human K |ight chain variable
gene loci (H K) and m ce honbzygous for human heavy and human K |ight chain
vari abl e gene | oci having an ectopic nouse genom c fragnent encoding for
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[00132] FIG 23B shows the relative nRNA expression (y-axis) of a

WL- 39-derived light chain in a quantitative PCR assay using probes specific
for the jwocbian2m2 an engi neered human rearranged Vx1- Be@TAB20120M460€hai n
region (Vx1-39J-K5 Junction Probe) and the human W.-39 gene segnment (WL-39
Probe) i use honozygous for a,replacenment. of th dogenous_Vi c and JK
gene seg im - ﬁ’nﬁﬁﬁﬁ%cq LoUFRES HES Eh%é:g%raweﬁprsov athaq§x T 1Ybe mouse
(W),  angnaunsyisslih agezygnuited fraﬁ aen@nmeweelgharmra rfmnr\amgwmm- 39Jx5

|l ight chain region (W-39JK5 HO) . nals are nor ed expression of
Touse IR TEaa e N Tel SR RS STeP e DS AR RS E y i o) of a
WB- 20- dekehy&gbnbligMous péadvyichaim vaHable irédidn yend¥Ignmsptayitisna g rasrebrsnampeci fi c

for the junction of i neered hunan r arran ed - 20J- K1 t. _chain
Fegi on (VRESAIRNCESEIRCER B SPrBREMSl A GRHSE Vs TgEnar GRS B va- 20

Probe) i e tﬁ%@r&@@h&%ﬁﬁﬂd@glﬁ@ulmﬂwa&%@'a@@m'&haxﬁftoRlb)eCBW@@él@uﬁat\f c and JK
gene segnents with human VK and JK gene segnents (Hc), a wld type nouse

(W), an@xgreﬁ@a@énmém@wgbaw Hmhbﬁ@'m@ﬁﬁ‘?@%@dd@a()%)zofor an engi neered

expr ossi S0oa  nonSh o g eg s R ity BD R AP EY o) °
titer in sumgleck lighb ehgilis; ddiw2g framch indroan Wotro2ygoassiuéne, and meaga’meeﬂélmurran
13- gar at sl dit Spsmer Freinoagbuin Badhe ol denhagTabu A 1Pt FRAFaes | o)
titer in aw.h%uhwgsbdmmavm@%k Ry AR & AHVUPZ YO MLt t@r|n 3Re @ﬂ%baﬂ%rnedhé\urran
rearranged Vx3-20JK1 |ight chaln region (Vx3-20JK1 i muni zed with

(3- gal at G&licdageoutiiety At SR Fogte§:pyp 6‘{?‘[‘@0‘1@@?%6”? g\eﬁ?t’%ﬁtqbﬁﬁﬁw" 685 used
herein, i &s?d Edes 'dﬁwmbmt | tRe FRIUSE Bk&%s&é%@éh%é RGightQiMaind Qh¥RAPede
chalns, eavy ( chains and two || ai ns |nterconnected by
di sul fi delrigtmdlsght Eh@h iseetived ha mhmw%—@@ srauences Bad theratie abtR19'VH)

Fegi on ceise SRR SmBREE RN HYA AP g oY s By aRsreas
conpri Se%n&mhuﬂb@lobmﬁlﬂl Havinara alidhe chaih )s ateyt 0o albelit 20] in @he emUmmnsé ant
regi on

VH and V f h t
of "hyper VA BRI 1o HRak ATy 1B aREH Ao TR cleE R BTy 2P o1 GRD T DRy

i nt er speneeab] Wi tiR dneEnttRlikdHAl tha berdeBf & |GOTHE BVRls inlthe msé rsadwwmle regi ons
(FR). Each VH and VL conprises three CDRs and four FRs, arranged from

am no- t eSAMELES 18 @ WIHARSWOUSE: in Auperific emBodiment iisReresr of loxigh Begiin, Fre,
OO, e TR, A PGP Bblae OIS o e AR AU e e L1 R
The termB d:allghn ahfoure Wérm’mebmme reefrenged olight chait |leItﬁ15ved Fram sh¥is1-3945 wi t h

respect to its tar 0 abo I bout 1 x 1
0co M 1 SRR Rrod 1 2heR e iy Breclis shibobriE eeerd e Tadbeebodi mont.
KD i's measiboeiindy, tﬁébé&@&t cﬁll@SImﬁ Brdeﬂs)rmammeuseewgenemBhé\@%TMrrangeartot her
enbodi nent, KD is neas 00137 The bi speci f| o

ant i body" “gf‘trﬁf‘laﬁﬁége%ﬁ‘f?dafm”ﬂ 887&9%:4]655? eofe %uﬁpn‘alarﬁﬁ’ef'v% or nore
epi t opes.enf¥osRe&itf dsoupst | bodi es general Iy corrprl se two noni denti cal heavy
chains, with each heavy chain specifically binding a different

epi t ope- 409383 old ANRErARGIBERE e MAUSE Y EReS(Net gompiie 3 mPdiifationittYpes on two

di ff er entred ey '&QGFﬁﬁﬁi)ate@ran%n’tm tﬁéiﬁ%uﬁ@{oeﬁﬂ\haﬂlcélﬁj utatetiriyffef@idhal@ight opes on
t he sane i nmmunogen) a hi specific antibo electlvely

bi i g CHBNAPRRGN Hir eyt dpEBS CHOPAFENt BT DU ETEhG L IWE Bria 1T E) ¢ he

affinity méusetBpldstsd a g \eaif MRdt RoPrisdd@hlimas Vaepld eptaindblivegansi al | y be
at least one to two or three or four or nore orders of magnitude | ower than

t he af fi ripeyangedsgaugnceseleried\ipntAlKMan Y1139 2 eeBIeaCR A *i%*p?é‘ Vighd0dK'lce

ver sa. Egkgggﬁg sheskbneablion fherRed by the bispecific antibody can be on the
sane or a rent target (e.g., on the same or a different protein).

Bi speci f i[00%t i bbenesaspast. Béeﬂﬁ&é”y medifie mpppeis RigvideshiBrtPREEHead pinglfai ns
that recqoyieendh LERIRMHon?RE hRACMaRTonbNG AfBrel T AIRIRIbrraRBEd EXGHIRNSN
nucl ei ¢ aci™d sequences encodi ng eavy chain variab sequences

r ecogni zeseduérioes emhereipitbe possoexhibits usage of tmeurighbehadathabie abasteldOtfoldrucl ei ¢
aci d sequences ene i oy t,hegi ons,
and such 08 aHERs aea Bo0 18y SP HbrSiat el AR pod RRY ¥ 153, BcabaackS

i mmunogl obul i n Ilght chain. A typical bispecific antlbody has two heavy
chai ns each having three heavy chain CDRs, followed by (N-termnal to
C-termnal) a CHL domain, a hinge, a domain, and a CH3 donmain, and an

i mmunogl obulin light chain that either does not confer epitope-binding
specificity but that can associate with each heavy chain, or that can
associate with each heavy chain and that can bind one or nore of the



specified. Fragnents of heavy chains include CDRs, CDRs and FRs, and

conbi nations thereof. A typical heavy chain has, follow ng the variable
dormai n (fworenig/memai nal to Ctermnal), a CHL domai n, aPhirnge)12a496hiP
dormain, and a CH3 domain. A functional fragrrent of a heavy chain includes a

reeognt 2 0L BBl BAREARA S0IORS 16 Pral AL PP ToRAR B 2 Eapfacbut

pi conol arpo-gig e) motd)at least abapbddoefof orexqre estdéast abmd 990deldior nyrd, ravfwaat cel |,

o omacebsuroRP el St metngiatd o utdtd the e~ Hafanpitint: tﬁ%/f'fvg%m)efegf

di ff er entheddged VisBgmekimanhé Bamb g sagineht)at dérdad hemrpedaie raawgree V/J
nucl eoti de and/ or am no acid sequence identi téqtﬁl n sone enbodi

descri bedegragrl) fxhibitpdyia mausebearing ALomMPIRie CLSYRFRNEa Y ‘E%‘I?I%I?twmai‘ ‘%@h( sl ow)
al i gnmenth A QY] NHa 8Pe HREMISRIMER AL o8k b?eQnr% aé‘&nﬁléiee&%u%@nﬂ?ﬁ@a' ty of
0.1, and using a Gonnet simlarity matrix (MacVectorrm 10.0.2, MacVector
Inc., 2088yplefhumanygiightehainiecusdapieaderctiooppareairanees mosspsdighttdaindent i t y
of seque I LY I e of
a |ight g%ﬁ‘?er?\é%oLns? %‘%OITB.I n J‘%‘ﬁ lIR?endgut%H thre%?%"tﬁ%%{% {enp@ahgﬁéi}gg?@os

suf fici emtoré Gmytdmetrearfmgédlmmht ehdm géquentw In wem‘nmﬂtmmnae mdukat | s

capabl e of self-associ a¥| on to é) m a anoni cal t &3 st'

Gonai n. GoWPTESS ARy 31 2 e IATAG £ B iSGAR BALEESE EdmA PG RTa 3PP ands
and Capaléh%o@fménﬁlttﬁé %hbéIGOMbr‘isJ'ésQ\bo kegiss opmﬁea%la?mM cAhindehleme or a
nouse. In the case of CHL dormain, the | ength of sequence should contain
sequence (&, §L§I°m0éV99’I?) lBAgperetsgesits empedipent thareawanaed « gkt chain capabl e of
form ng t a racting
wih ot P S B AR R e AL SRS oo LY
[00147] Teerephraages K IIghmhmgIsedmeInca ImI\/et@Bé& sanuiencke sintowe embodimogit,dbell i n
heavy chal ns an(gl t immno 3 t1cha| ns. The heavy chai ns may be
i dent i cal*YrP"gf Fé‘gﬁ%?h,a'%m 'I‘I%e 'Fl 9 8 1§ be i dentical or different.

[ 00148] Theosspr as@ onleizgpéctch gemtichlychodifed mbusaB AR calttiai gxpldsghd a eihgien
sequence from any organism and unless otherwse gem fied includes human K
and k | i bt Rl drsivedhiom ngIPeTe thaps Ot of NG N0k e8P Jepirgidedanighhehain j gnt

chai n vargbghdRes \Ivhéreﬁwmgm cwmrptaé |g)énétl%€|ly~lﬁ|\6d1ﬁ8d ﬁ%u!sé gmb.fsfbaIeOeI%@Rs and
four framework (FR) ?Fons un

full -1 en@ﬁ(ﬂreﬁis'a'hfhaé ﬁ;aﬁt %SH&IHRI%EO atfqubﬂnoa%f% IOQerIdrIQ@b?IS 1c0<9robeB@y?gq Q% nus,
a VL domg Bbéﬁatodo%huﬁﬂ@@foﬁ:ﬁ éga&lf mfd@%ol?&at&%n Fr%o f@IEIdSGD foldBt chain

constant domain dg ns includ not sel ectl vely
bi nd ei t [BAUL. 9005 éPOéolgéb%I?ﬂI“ é&PPzS?IQ @&rf@@ttpxﬁéw Ib%QPnfaIdo§09

epi t ope- RibBgH NGoAfRE, B BOO-foidMd Adut heao-&n@ﬂ@her thib@ karéé'@éd’léf tRé §8méb ncl ude
t hose that bind and recogni ze, or assist the heav ain with binding and

recogni zﬂﬂ‘@fra”@ﬁ@“@?t %W&Xétﬁ‘t%ﬁéé ”%%IS&PF?%Q ?CBIBEIPI%H}‘H “Pﬁé”@ﬂir’%%‘@'e!ﬁ ndi ng
protein 'h@n%'x@l@hI B%In @ﬁ%?élocusvwn %Qé%h%aml?ftﬂé lipd QAN QE9BA s a human

[ 00149] Uni versal light chains, or conmmon |light chains, refer to |ight

chai ns nmeguememlrmen@smae@mehbéw sieglelight chh@ﬁ%ﬁwmeﬁérom z teagiangér g hyht
restrlcte he sel f b_ r ing a light
chai n vari 3'8 Sga onr(r%lsr?? %dqpon‘?a ﬁ{;ﬂ @Kﬁg‘gﬁm ce rra‘lﬁ é?Pjg“nt’ a@ﬁél n derived
from in conbiretibothenesft, no nore than one or two unrearranged light chain V

(0. ofSanaMuire SrERyREG, B Pt GRS LAT G IohPt sefe ByBS e n

two J'S) coh*rpaommtheréxpcbsmntofthedlghbc:rmutwmmemesmn inwomowesaraoapgsidglai ght chai n

\Y/IN sequences VO 39J- e rearranged
human Vi ¢3° %5"@1%8@8@% um?w éjn W\gﬁﬂgr\{%aﬁengﬁ%?suﬁ}%\?/é;c?%ré?d b? ht chai ns
i ncl ude speaiitatire my{Nmnfamaedcr(bedgght chaini seiqugneeafromettly oneosw\@rrsarr@r@éZHSO] The

Froma B BaNTIER AR AR snEr PR BV ot S M AR 870 20

seqguence amfanebnmmetlalbﬁnqnn‘pIMamgIatb:Ihemrlngson (e g a heavy chain variable
domai n or | ud a_heav I Ss-sw t ched
B cell |s[0hé£)lﬁ |d!§n€qec%ﬁp%?‘0¥t%egﬁondt}8 k% nﬁ %ldlegt%%% Il prior to
cl ass- swidxplteshigg irsachll &3 a firsjmumearmlaw cIaalrdvérfa@IeeaImmxm nuceiCBRd seqlieraa®hor k
nucl eic aci.d sedl et . t~under

cl ass-sw %ncmmnuéj aﬁdﬁ%us% ag\gfeggrt'% gé uﬁtﬁgg\;r'tagﬁ@u C as'é5It91 ?%%Hgnce (b)a
"Somatically nutated" includes reference to nucleic acid sequences from
affinity-matured B cells that are not i genti cal to corresponding

i mmunogl obul i n variabl e region sequences in B cells that are not

affinity matured (i.e., sequences in the genone of germine cells). The

phr ase SOITB.tI caI I y rrut at ed aI so | ncI udes refer ence to an. | rrrrunogl obuI | n

o ~ . ~



[ 00158] A precise, large-scale, in situ replacenent of six megabases of the
vari abl e regions of the nouse heavy and |light chai n i nmunogl obulin | oci

(VH DH JHhvearrdiee2®2c) with the correspondi ng 1.4 negabage3/usanan4genom c
sequences was performed, while IeaV|ng the fl anki ng nouse sequences i ntact

andfunC|onaI hnth hybr i i nt chain
genes an UPSCLJth&‘ ”a@ﬁ%%z?fn forofh rocf| ullégﬁgg % #éTJnEEe)M%d '%glg%ec ically,

t he humandedtibe®Hereid Fuised Vitic aehmduaihlclwme ssempreacmm o meaintatningdtbe eell t hr ough
Fr agnent SPBT CRATRn TR PG M hEnHE s itd ek e A g e
VEL OCI GENEE enbgdineint, dhemgi cvegIrisasg)atsecdmidivotan Hesep chain gariabdliSdéakin Moleic

6, 586, 251 Val ( i n eering
of the rr@u?escela e”‘%e%?o&g‘?“e“[)m%%zeﬁ%‘ A usreeaéoq%%%ﬁ'boeg %Ee'bggssgﬁgﬂ&anaﬁ“% 8“ Nat

Bi ot echn(gbnéieq@ﬁﬁe GBAjirst h¢DY THh ritlulemmcmamquancﬁ endmdesralflsse heavnnhagi obuI in
dare. gy admldaPedble R R RGRDY FftasEBud Betd rdR R Coul
tr ansgenesqthmme enmeddesia skecsodrbewoxhas*sva(ndblscduwedthabevegmzem g srond epl acenent
of the enes parts

dramat i cglfﬁ %grgtggl?f%] eB:t %ag}detﬁ%w%ntgh p&/ﬂ Ol?ﬁﬁﬂhﬁghan anti bodi es can
be effi C|[m&1uy glerwe&(seelct; mmetr‘melrfw rsekmg)amabltcmedmnduﬁguprtoltmm is moatkedn ce
exhibit a dramatic el,&a i prikodi es t hat
can be oSPAPHEN S)r(r?o '% H?ez ?%S%”w&{ﬁér%%r ua% Htéeﬁ%? ?’3‘ née%ag‘ conpar ed
wWth m ceplmwwfmgems’satdurﬁdmmldb@moossumdm|comht|brfswluff5cldmum¢heambu$mtdy

t | t

oo San Al AR e b RSl PR O oF g

mce wt hsorlaimg(ﬂnd lynmWnotgglbatremommnhatrsaas;graﬂeb;ndﬂﬁthecépibphDblnterestgn| ficantly
duced B,cell ' , '

crrorts vgerrBoR bRl BcoRiinas! S8R Shohlhe F et a Prrpl .

m ce havenMetddmemaawehaMeﬂemam ank:lhaemeuwa@de\dsmamad\wgh ablighf crharrecpmmnremges

have not alto her c rrected uct.i B cell po atio C ar ed
o vi 1 0- 6y/peh e SRBET v Risela dareh A ey e & e Ry o R Yo omer e

i m’runehf w}@ﬁirﬂge@bﬁﬁ{a\h&dga mmcg wht h repI aced i m’rgnogl obul i In | oci, thfereh
are ot her_cha enges encount er e en e a direct acerrent of the
munog) SN« RAei2SPRG 2 ERGGHPOANTS R EpRE TS ARiGsaeL"S Hato apl oy
random y gra\ie, adrapridin Pegdeng s firt rﬁé@é@mescmﬁedtﬂweugwemscam@éﬂw tion of

t he |m'runogl obulin | oct between mce and hurran has le%ﬁsquﬁt he di scovery

of sequerfdESShiALFIATEPS Pcf‘FStteﬁE"R?r SRR %he%’f‘ MLES /P faew toa

i munogl REbAdarligeR obiREIBN tisat cOMBAsdS £8ddotd eﬁmpeeavr%slim@ genes ahadat ed Wi thin
t he endogenous i mmunogl obul in | ocus are o$t| mal | ?/géo ent in mce wth

r epl aced SPRPATHBGYISHIAISERN MOLNt imfTkne; '5SRAnsey 1 P &nt fﬂt?rﬁﬁy'de”@'ﬁﬁt‘ﬂ c

Locat i on tr&firsbMBGéd & ArsPhuryanl ea AR \[2Padie lé%/&k fhalibie@s tHedtrstleptbpd sfanhabi [ ity
to express anégfunctl onal  ADAMB protein xh| t a severe defect in the

abi l'ity dsteRBoen JdteEShidsatiyig H‘%ﬁﬁ‘?@? feuBs P SAFINNY UMBRENSAVEENFIBCK t he

ability tQrigMer&ssn fhafl!;iﬁ@éth@fb%bo p@bﬂﬂw@ls@c@w titigeniof iferast raakigg gnent  of
all or subpstantially all npuse ipmnunogl obulin variable rﬁ(ﬂ/ﬁ‘? %gne segnent s
ﬁ‘é‘g‘t’ SRS

Wi th hundfstybingas't *}eégv ghaiganee LahRrodss afift NERYSCa thp
resul ts hemrapser thé GrsPERen od fisrests makieg e cond fullyp h@mé@ﬁeéw oPhintdeRe that

endogenous mouse i munogl obul i n higa thchal n var.i abI i on gene | ocus,
8

proxi mal &5OYeRA 82Copf fedyy ¢t Ypf §e°‘§ﬁ‘¥}ﬂeﬂ’t88%§ ﬁé cond qgen 8am of t he

DH gene S@tﬁr&me&f)relsan@ﬂ@eﬁrsttweaw e1esin Bh€ el RBbnAREQABAYDAUEI fat a
repl acenent of a or substantially all endogenous npuse heavy chain

vari abl e QerReseey rBaefully WW%‘@hCW?é%Q?‘V@HJFW FAPMID VE 1 PE e adRGIREN(S it i s
gener al | b@%&\u%ﬁﬁﬁé% fGHRPA Béﬁ&tﬁ&arﬁﬁbn%ﬂwdﬂ@ R6tednd RORLIRS tHelkpedtie each
honobzygous Tor the replacenen await a productlve mat i ng. Successf ul
litters andgecbiagingdrsteinare, and average litter size is very low |nstead,

mal es hetmbmygouﬁoﬁe%mﬁmnéﬁp{heqmnagm tRE 8BcAHIRINAYEHale ol R AticH.t h
femal es honpbzZzygous for the replacenment to generate progeny that are

het er ozy 80641t or Intone ?@‘?ﬂ%@h‘e?‘i‘@ f'rtheﬂg%wdha Sﬁ@ﬁﬁ?ﬂ”@@%”ﬁd@@“@”@‘h@?‘bf rom
The i nvenpofst Bﬁ%%e%aw%é&qd teEﬁépet 418 nbt he.h%ac A DRe @hnboBendn® Bindiry of
fertility in the male mce is the absence in honpzygous nale mice of a
functional ADAMB protein. [00162] The ADAM6 protein is a nenber of the ADAM
famly of proteins, where ADAMis an acronymfor A Disintegrin And

Met al | opr ot ease. The ADAM fam |y of pro1te| ns is large and diverse, with

di verse functions. Sone nenbers of the ADAMfame are inplicated in
spermat ogenesis and fertilization. For exanple, ADAM2 encodes a subunit of
the prote| n fert| I | n, V\hl ch |s | rrpl | cated | n sperm egg | nteractl ons. ADAIVB,

-, . o S b o o o



[00172] M ce that make fully human anti bodi es generally conprise endogenous
i munogl obulin loci that are disabled in sone way, and human transgenes

t hat conpwO=e13aeisabl e and constant i mrunogl obul i n genePsEgIsec2o4%ne
introduced into a random | ocation in the nouse genone. As |ong as the

endogenoys us is sufficientl IS ed.so as not Frange gene
segnent sﬂi flrf[gﬂf%"%lc?ﬂ'ﬁ(‘f?”%ﬁ egl%ﬁﬁﬁ%eaﬂgtoelﬂ'toﬂe &he] fot ogk&@rngo? k| ng fully
human antetwdiesvy chancdrizblenegoe te de momhpmped aI bel t WI th conprom sed B

Tom ¢ re TR in gn@ 3 dbiniect dRe B SRERR in e PR ol a R B 00T, °°

app?r ent Icylll ?nr_faxtafaattgnrne(é gora)tnmm anfigen$,camel the ss&cont! taehm/smmmses as;:zll unf ﬁvor ed
as to resu [ e/.mpuse .cans eavy
chai s ( BFssRergnan agpits SRRt MAEral e 8reuprE ER SR URRAEhYRG " by
thi's mecheseiptm Irt & epesifici gptisodirhet, taadooenbglobufin heseptorasian bo cioeptoun theango
|sotypes hing.in.trans from.the human.isotype use isot The
or ocobs amofimes i st &en AT hepy AieR Y TR oEodTRtRes R
from t he aed dingevgad she fosumeatvhaham & thierfisst @pitepedivea getblodplindihg af theusseoteavy
chai n constant region ng]c g tehough in such mce trans-switching is
readllyéiI ‘éeré}?ﬂ” ﬁl(l.ef) r?BH is still insufficient to rescue B cell
devel opngone6] whi lelone emidodsndnt ahé lightichpiaivasgable Homaimyof ¢heelight chaiansmprdesched

Shenonendr SRR Sgioe En FrteRimey HaddE et et G bikpect to

| i ght chabmstncatllyansats@\mbmtm@mcmumbrleysmeh|ad$cejhofsm» fishordhguesunes i n

ci's. Tnudrmabers RERe hThaTutrg nsFudht stihnodeptl FPm B THha os "Oel ect

a trans- :’tmewhl nlg dmedsamtsmé!bthamo@rmtas bmdpn&mevb:mdmgrpm&&n sqmetident, r egi ons,
the strat ¥ h insufficient to {eogg e uonma!e deveéﬁﬁnent.
[oo174] - Wi dhetel sheelien [P aiey SeenatseBELERenthelR 1 nERdEIAR co <
meking a cﬁuﬁfvlaﬂaméltjbry&ainahges dérmetgichya oéanlaugamhummgbemw orna harraagdde
regi on sequences to | denti fégeusef ul variabl e domains,_t (ﬂ% g CI f‘]cal |y

®p 8¢¢ eyeet

recogni z&UpEP\SrAK e HBRhYeiE AEhSRAYSNCS il Yaqrthnouely |

usual | y- Uihk@9to &hWAYS itinliRodibEiiin abht dbineonEahCdorkdin hhgeid ¥l segudite of
VELOCI MMUNEO humani zed mice, there was no indication that mce expressing
human vare-abRdumagiosristant AomainddNA seaense); A i@rafirblreeReavsichaiany
signifi C%anrtﬂé BB&%%@&»J é&d’@ﬁ}u%ﬁcé Q%d%dﬁwmﬁ%hgﬁ%ﬁ&lé BOALA
transgene position owever, was I ncorrect. [00175] VELOCI MMUNEO
humani ze(@leﬁvesbfmﬁmlfkﬁﬁ h@mwdieﬁvsacfpﬁdre&ar%'erm%éH@ﬁ@t'd@fseﬁm VheRgindge obul i n
vari abl e fr&gi,AaR hwawc xa'bPé"BH?{?é?rlx ﬁ@&éatrae%aau@f%es fu@gél | Ritecfl o ortth@ugh
endogenous nouse loci, display a surprising and renmarkable simlarity to
Wi | d-t ype linkee tawp hhmaeyp@éﬂogl@btﬂan@@aw @Wb?qjﬁi?é‘hﬁomﬁlﬁ necleigrasid sgavgneed
stunn' ng (¢ V%'%ﬂém@b@%@‘@% BH G 86 8 SRndbinRh QY SdoRIbiRARENt T al 1y
nor mal , d type reésponse nization that differed onlpy in one

si gni fi cmtemégm@tzeﬁ edistpitere. yip@naiegtodinent.dhe apifaperkinglingherotpiheinds ed in
response tﬁ@flﬂsw{&béﬁth%rh@sro%lai% lz?( M%%ﬂxowkp@%ﬁﬁbevﬁhmrlvwdﬁﬁNnbnewea zed

m ce contain recise, large-scale replacenent of gernfine vari abl e

regi ons d'ﬁafrﬁ:ﬂjs . owrTheg 185 UM; lewies 1@haMn°(|PyP!)thaﬂdO| nutbgt®bul i n | i ght
chain (e. egnbodt&édt%é c@lné’drﬂpr le%)se%mhm&ﬁ ﬁéd?&ﬂi@b @equm@nbmw%é&%l in
vari abl e regions, e endogenous loci. In total, about six negabases of
nmouse |omumné\aaépp%@uambdmd%@mwfleramrﬂ@mééﬂumﬁnﬁaﬁmcgéﬁw@ﬁ? sequence.
This pre rﬁ‘&%{ﬁ%‘ t MR ulin | oci
t hat nakghﬁé;cgggpgn i gﬁr}k@@ﬁ%%ﬁ@ﬁiaﬂ .Mﬁgggegwﬁuﬂﬁggy%@g%l e rgg':ngﬁs and a
nouse corBiclgifadiksfayancerRad whetsin thersesprd Ryfaan heavyrhaiseatehloFoIRINLegs Vx - JK
segment s rlg?%y&.f[cbmn#éb%.i@ﬂmrsﬁ%gk@d@c@sg | s aa&lésofcléﬂsrn b&&@ém at elflerdiybrid

i mmunogl o ocCli . I nmune syst em of the nmouse functions |ike

that of aMil1% My@e Yrovrdughep), eag whaeinethg sivéene- P'Qd'ﬂaﬁr%@bé‘ds|bﬁthath9f'f3f
Signifi Cgéaﬁto;s@ RERE s8BShdPeitopd, éﬂdwe%mh&ﬁrsmﬂmﬂe!@édnabﬂn%uhs bowR IS
generated in e nouse upon antigen challenge. LOO 77] VELOCI NE( 1)
humani zed‘W\téh%m%e%ﬂbﬁism'@teUé@aﬁﬁ@t Pfhﬁmﬁﬁ@f@% q @) gereesmfipdipent{the heavy
and K 11 gl edhg) eémé;ﬁ%rr{cms&sédorﬁule@&we With B URBASatRRtoREER: thié ek ShaRot t o
say that their lToci are the sane or even nearly so-clearly they are not.
However, the loci are sim/lar enough that humani zati on of the heavy chain
vari abl e gene | ocus can be acconplished by replacing about 3 mllion base
pairs of contiguous nouse sequence that,.contains all the VH DH, and JH
gene segnents with about 1 mllion bases of contiguous human genom c
sequence covering basically the equival ent sequence froma human

| rrrrunogl obuI | n I ocus.. [00178] I n sone enbodi nents, further replacenent of



[00192] I n sonme aspects, genetically nodified mce are provided that
conpri se an ectopi c nouse, rodent, or other ADAM5 gene (or orthol og or
honol og owofnesgpzerse) functional in a nouse, and one or ROTAShU2AMICO0

i rmunogl obul i n variable and/or constant region gene segnents. [00193] In

Chat “encaBedT Ol T WERahR: of S RapI CTENBPlEn 2P, BAGY o

subst ant |t|adri1)O’aIM ontouee thdn 19hm. segnents vvlth one or nore human VH gene

i £ one 18bskor oA oyl g Epfabanaritg floish EymafRaaTycl O3 oroT S

subst ant iiramuyogibbulimhesey Hdigenmea sengmdnmmwmglbbmjmmeawy nhmme dachassabidtesbne

R o e B b A T

sequence valisibl® Bequenbe élegad froinheehuras e f-30Idtesr LClanpdn $ed2eligpiacentd of a

nouse h| e nucl eqti de nce With_a hj nucleotld seqyence. In
one. erbodl SN eaIe b3 A8V SR BT i PRSI rEE SRS RIAR crsta 1 the

i munogl lfmlagbxralat (et 1 ﬁmbnoaat\n)a@beoﬂne@usar@we and puuo W(IﬁM)atHWBnd

i nnmunogl obul i

ht chain variable | oc one e t nmouse
further GORUPPAERIIE heaf GramBnts BeeSoricRitars Wi AGaDara TG aRa
const ant naggholar Usteedladange Gie Nt eMYb t100 aM) Lthe first epittpedinalibé Bddenkjght chain

constant regi on nucl eoti sequen S i.c enbodine the VL, JL,
o o elehaaTa B BEtaeh e et ioloRu G igR che PR BOLATRL e O6hd

enbodi merbitogder HifisIRe e@cns][malems;oawﬁmua&s&ﬁtloﬁmtnataﬁogme&r&mmamnogl obulin
constant r.eglon s uence us it a man 1 N an n CH1 sequence,
O e e e S R T S e
encodgls &obs el kit mbataleptt@wmrm@dsnge (i} elatdpeﬁwm acdn@sdmatubabomd tavelaueranmz
varil a e reglton 1 06, 1 N regl on an a use
o o e bR e el ahag e st U del HABSe Al i SR R A BB 1 o ot
Fhal n i hafornR@ENr .5 6% 6r rmoiest thealightibhain dﬁlmdcm‘iain ahbusavy ehamsiaaiabler egi on.
00195] | one ct, a nouse,.i i de at co rlses ct0| ADANB
sequencedrtg gﬁﬁ%ﬁ@&'”ﬁ“‘ﬂﬂ@@”%%&g’ ﬂ/@ ﬁ'?c%) Sigaviy %Y%t@@%e ‘B

subst ant itied Jsétoati limianGgobdtin @eaﬁ/ aegmersbmam.stnly nfUigtedr IM@necerhbatime M gene
segnents tlon

II a.replacenment of all or sub ntiall | DH gene
segnent s 2 ﬁ?—?@ié’ﬁ@ é’?ﬁ"r?eﬁfcg it thedihd eBPO’?FDqOeeS ﬁh C‘bh”ﬁ'@ﬁ@? gment s
and/ or hlgpmspelblngmg@rcﬂagm@me%ecmd eifobenal | y a repl acenent of all or

subst ant i ne,. se s . and JH se nts with one.ar nore
MR R R A A e AR T T it e ot S A U
r epl acenwaétemfA Bthle’de%ln’ﬁBtbﬂt‘lbhditHeyseablhd hwnye;htafiri ladRsl,a \mmdyﬁéﬁo@est:eAs egment s

3K or axprgeia et Segrumey. BPa-dirahedtr inbed it Bitiogenous

mouse hi rw@terne!gUMIar stwbﬂlcand:fmtsnﬁmtsmefs@tw nmmmgroaulgembavmwmngﬂoebubu n

Puman VL B RIgie B ABHS e A stk Glot i oRE e Melhand BNl o

nmouse CH3har theding irBfioAcHISERINH hetaWachlam agd@protan A dmuaasotd%rra@umbns | m z0ne

nbod t JH |
oo on T Srkcii SahodRent e Bs bnthiie Aecokedn dinne i ISa T RaRPe Whelrib T o
SETL egt ed detormd IﬁeM@&é\n\éKmth@ ®Modifidationisersted\iont 5R GBU 4{399)1%]; dUSEeCI fic
enbodi nen nouse esses a, sin i n_ant, bo aving a
o oe o 4B L g G ot neT P BHTERe sar ey i 6t B SRETHRS S rom & hurmn
VK, a humasdifddtiemd a hunman Jl c a human W a human DH, and a hunman JH, a
human VX, _a hunman DH, and a JX; a

unman human
PSR NITS 2 il e I AR T TR P TI v A M A W S

human JK.cnhfh (SAR%NSr6aRRREDIRMS rERARBH RbHRS clRriENicld. OPmeasIENCeS ar e
nodi fied so as to allow for productive rearrangenents to occur between

recited \intradic enfingergameouse o gNRANSET, 96 PAMEN ipiEei¢ erhavceirnde dandareinent s.
[ 00198] | t opi ¢ ADAMB
sequence T R RGator o (RS HEmBhR Ky aRe s R RS B Aoy | ool g or
f unct i onahatbiratigmenan exreessef jseqeenceplf treentight codin ddcus.or substantially all
nouse VH gene segnents with one or nore human VL gene segnents, a

repl acenent of all or substantially all nouse DH gene segnent and JH gene
segnents with human JL gene segnents; wherein the nouse | acks a CHl1 and/ or
hi nge region. [00199] In one enbodi nent, the nouse | acks a sequence
encodi ng a CHL domain. In one enbodi nent,, the nouse | acks a sequence
encodi ng a hinge region. In one enbodi nent, the nouse | acks a sequence
encoding a CHl domain and a hinge region. [00200]In a specific enbodiment,
the nDuse expresses a blndlng proteln that conprlses a human |nnunoglobulln

M TN



[ 00207] Therefore, a suitable nouse for nmaki ng human therapeutics woul d
include a suitably large repertoire of human heavy chain variabl e region
gene segmeoteidmzeprace of endogenous nouse heavy chai n pamiusRéie/onsg on gene
segnents. The human heavy chai n variabl e region gene segnents shoul d be
able tor ange and recombi ne mn nmouse heavy chain

const ant (L, non s PashEd 1 Bobre tHIon PRl RS GORIHTE o Meots #¥haavy chai n
conpri si mlgscalbleumiarbwalmloalbleemwnmrm taedelaxsmmsfecabnsbaeembegrm) thdbell heavy
chai n shoul abl e of c SS .S tchln and tlc h tatjon so
Chat "o odi 3 BEToPER QR Merpiesirentoenathptulls A 0 Uped BEhATRENL e

avai | abl @ delirexple@s¢sal sieimetic SeémammmeMQeraBﬁMredWVbb frtoheal inmted
repertoire of human |igh ain vari regi on 00208] . A no t ha

el o6t SOBGTHYGIPTE SSHErech 2 Gt Qi el FIOR) AERRPRGRANHEAR & T 201

practi Ca'seh’&éﬂcbt(}s? arBarkAgb@HEMERRILIRN Guedt bPRIBRSMbidtioSIHeF&SS I n a
nouse that can only express a common [ight chain will have heazﬁychalns

t hat can Whesie thetheadn ahaii warable dempain afuperbiend BaHsEoNstaNS fegitn and heilighint i cal
li ght chahgin vzhme Hém@ﬁﬁé fUsll & b ndusebrh hbﬂaﬁ%KﬁsﬂQntbé@BﬁClnfdrﬁa anti bodi es.

For exanple such nouse can be i muni zed wt first I rmunogen to
generat e egbdiseant, thﬁmoue& pelbeosenyisgn ah'ﬁ@aﬁtma;ﬂeﬂﬁa"tat gperdesiacarysg APANYE on
first eplohﬂsneg of REmBRY 2L funefiorfl EntdRaIBdH qebhaeﬁqbed.ﬁeﬁelhec@én i98 5 éEFUf" zed
with a second”i nmunogen to generate a B cell that expresses an anti body

t hat spe@nflithaaBico!l BIMerEes RescueneEnepiing geeanaliged FUB2RERRYY ¢ ons can be

cloned f ﬁrﬁmuhbﬁoﬁllﬁ%h%léBgmﬁ?hpefr@%s@e%u%éékﬁc}&@m@mnﬂ@?éfMgﬁ’(ﬁ:ﬁhu‘ﬂ vapaskant
region, and th Sanefﬁﬁgﬁﬁhc ain, and expressed in a cell to nake a

bi speci f idema#y meaawt GPMAriges P@ﬁtchtqmsm@m&mw@ﬁeqmceﬁ@fmnq i

ant i body JpaH a6 Brotsh %Fé%l%oﬁwdmﬁoﬁ@amme@é& e ﬁK&Yo‘ﬁ%ﬁn‘éﬂ hilet he
| i ght chai n conponent [O 9] The 1 nventors have engi neered a nouse for

gener at i MPUSANDIPHGIeHREineNt, tag Mosha Preg!l camprises tvo slieleapf Yie purieicdcih a
r at her d@g‘ﬁgeefanlly of heavy chains, including heavy chai ns whose

vari abl e regions depart fromgerm ine sequences, e. affinity matured or
somat i call 9@/794'ut alhexne\aspeebd Botsg relhis Prqu'ﬁ@a??rﬁﬂﬁé'm&'éf pEAmesoeEhatpuse i s

devi sed t@npRds MHIRBNiLEIRMERRIIBUNRREAR BafasRIsED MpritiRg be@%ﬂah@é&/y chain
vari abl e dormai ns that conprise somatic nutations, thus enabling a route to

hi gh af fiWMmap \bith@rdd sgseeeﬁSne seeAndAHramasepme that omPRisARA h’e‘WéP‘éﬁ‘éut i cs.

[00210] Trlﬂﬁmas@s&!.mbhﬁ/cremw@sethsder{eea&e@r i Bé&étﬂehoftr@@rré BHAcEQTR! ex
process of antibody Selection within an organism makes biologically

appropri Aokt @iy, w@greilmthsélpm HgindogHsMpsisep NP 81r¢ B3N oNe MRS Ochai n
vari abl e QQEe DSt &@nédtépatn@%nﬁm%arpénéw drit @HnoGhéethPloans. I n
order to achieve this, the nouse is engineered to present a |limted nunber
of human SPQ@ﬁﬂtSbﬁ%ﬁrﬁb'Vé?@&HP@ ligbhehain %fﬁ‘tsfaé‘ﬁée@%‘ 6] o Mot ther ANoIde

di ver si t yn Qb thuHR/ rQé’r@é’d@e@h@htrbh‘éﬁhr\l'@léle@uéﬂfég@bﬂe@%'hﬁl&?d to dNRAt & | enge wi th

an antigen, the nouse nmaxi mzes the nunber of solutions in7its repertoire
to devel sengANkaREHBR2 twdtq?i@rmﬁomfethat FAMRTIEBYNYAPIG EFIY SBAUYGE ENGO%YA & he
nunber ormédsab:tom@bﬂomcsg)&%nﬂbmg 8r fFa@Prﬂarntt ek &of tHa ;sV@ﬁétf%H& i€ gesls ment s,
this includes al omnng he nmouse to achieve suitable and c atible somatic
nut at i ondNset tpone gmpodiment thedirptanddhisbaRipmoseaes ajelthe Fﬁm%t Ness be

conpat i ble@nwdmerﬁ thglsaédneedng th@d Qrﬁ'oﬁh%érﬁéé’av‘éfthé@&ﬁ@ n&méverﬁttwuﬁemaarhbabl e
domamins, including in particular somatically nutated human heavy chain

vari abl e f#niipsgcodpend hetbirdeperpeorges argi qash difteitt B e &pbqding®at, BRai n

options, dRidRiPS u%n@@&we%qﬂe hRusE€RBAME G HBRY 0P RghoRE of Hiklig i al |y
nonfunctlonal its a to make, or rearrange, a native nouse |ight chain

vari abl e @@ﬁﬁnhthemfe Rfa?’?rlﬁé‘ tyorioRiPEd In enegembwmaeq Bhei el i heomissells In i ght
chai n vard gllciceRHodmdRNEe SEEARNH is 4 BEcANHPSRNOUBodMESEHeQREN s £8&ni hen be
nmodi fi ed bY an exogenous suitabl e human Iight chain variable region gene
segnent &Fllchoi ce, operably linked to the endogenous nouse |ight chain

constant (gergi n. 4 &@aﬁ@&n%{@mé .B%FO\AJ& %eemeaywa% ¥ dddaRkli® 4 egi on
gene segnents can conbi ne wi he end ogenous nouse hai n const ant

regi on géheeldf@ mesh 2 dasarbesiirsein: &ve pReriirmradieent @HtB @Hds Fogeéne (hunan
vari abl e, mfRdsR deRBRMNerein kiht has besSindNEE RN &n adtlyen kb@bfisisdah n vari abl e
region is capable of being somatically mutated. In various enmbodinments, to
maxi m ze ability of the Iight chain variable region to acquire somatic

mut ati ons, the appropriate enhancer(s) is retained in the nouse. For
exanple, in nodifying a nouse K light chain |ocus to replace endogenous
nouse K |ight chain gene segnents with human K |ight chain gene segnents,
the nouse K intronic enhancer and nouse K 3' enhancer are functionally

mai nt ai ned, or undlsrupted [00212] A genetlcally englneered nouse |s

o, o o e o . o o -



WO 2013/ 022782PCT/ US2012/ 049600 [ 00224] I n one enbodi nent, a method for
maki ng a bi specific epitope-binding protein is provided, conprising

i dentifyiwgQ2a13fazese affinity-matured (e.g., conprising ®Q&/US20IOIBIGOMAL | C
hyper nut ati ons) human VH nucl eoti de sequence (VH1) from a nouse as

descri bed herei.n, ident second ffinit ed co risin
one or n5PE P?&H#‘F@%%%Wﬁ?‘ﬁ BREFSShu H‘d‘\ﬂq Q{th?ath%{lagds(tga%gﬁo rrf‘{)/HZ) f?om
a nouse aserdasttfeltid&thdwmmmhaecdz sorhaticaWHhutated hwmm neavy chaimwaeiablaelamgairchai n

| acki ng a _Prot ei eter mnat nodi on,as crlbedi
201010%3?@%?&&0‘#38#‘9?@??H%%W aé‘lﬂé‘?ghmla?i&l&i ah&:’F‘Sn B‘ VA Vaﬁ'aF'?%r?@a\'/Gth a
human heawyvettadn a ¢earngad Agman Po130UK5 br sl adaeanpednimars VdB0ut badi a n US
2010/ 0331527A1 to form heavy chain 2 (HC2), introducing an expression

vect or cB"er‘rs? itng HC1 and the sane or a different expression vector

conpri si pEn7af2 iRtoPeaspdt]a cémebﬁ:lvmetlhl&at(behﬂpneéwfwy(ﬂuméﬁaaa@ dnairegene

i mmunogl obul i n I'ight chain that co |ses human Vx1- 3 man J 5 or a
human v SOPBTHRARUIBCRATKRFIHENcE HGRAS F ﬁﬂﬁeené? !

al | owi ng nidige saldgsérmeemereas dsana atfum;\n/ﬁc{mén |@hemélmgend)¢mdprmgm @mcﬁem\a/ﬂg .
conprising a onmai n_encode an enco y an
i sol ati négﬂ‘l‘f‘é‘cﬁle%%”?r?H”'é‘ffsf“@ﬁgyﬁ?%?%em%?%ﬁ?ﬁcgg%‘eBerSH‘ ﬂ'f‘ 8N%i fferenti al

ability Tgﬁ\b?d%nﬂtﬁé @é!ﬁuﬂlwé’t‘coﬁmﬁﬁéé’ gduyikit Acid dﬁﬁﬂ@&{é&iglcbdlﬁg b&ﬁ&ﬁhl g;mavgd .
epltope i ndi n rotein n a spe nt ,. is a an

is an Ig@i‘a‘f‘l’@g @%H‘b‘?’?@ég at”i’l‘elsﬁt?&‘#e?‘&rg{eldg}% e{?'ﬂ/g\e f‘rﬁﬁ?ﬁgh g ¥ and

f lrJT{) t ger Geaw éiﬁ@f/vérbﬁlerméns(?ﬁbldﬁféréfﬂ?/ﬁlddé\%ﬁﬁbo/dﬂl*ﬂagﬁtﬁ%)te&@ Seéédgemw

enbodi nent n enco t he | onmi n. encode y or
bot b ar CHRRISS A% DR dureURE] Fal R PRSI U B L P er @i

Human VL HEQ2@8Y ce).vari ety of human variable regl ons fromaffinity-matur ed
anti bodi es_rai sed agai nst four different anti qg wet-ﬁ egﬁ{gessed Wi th

ei ther t K878 coglRANE AsPett @ RIYPHEMBRYO4s PloXidef Whrieiffthe eMEHRIFOMPYRES hai n
sel ect ed doh&ME$ gaPihaiv Ledst¢tom Bundse \bsIedbibeld heraii. human VpreBJIX5 (see

Exanmpl e 10 For anti bodies tqQ each of the, ant ens sona call nmut at ed
hi ghrrpafflm‘g 78} he'&ﬂ?elc?ﬁaf’%s“sfer%lﬂrﬂ?ﬁee‘?r@?w 8@1%85 Brrlrsﬁslae%e”ﬁg{‘:; P‘88'f' WOSsf ul 1y

Wi th reardessgrd HateimR [@evitdd, Meeldit the3R4 Komprisks\in3kid® dxeneteailpomsdiied wer e
secreted fromcell sméoﬁessl ng the heavy and |ight chains. For Vx1-39JK5

and Vx3- JtRHRE as\as E%erived fromthe foll owing human VH gene fanilies
expr eSSGQOGH\IOF amdhe abpéct, é-tharihaévy &allﬁ;ar@b@ doa’raﬁh artt éﬂaqun fight cBaih5,

3-20, 3-23, -33, 3- g ‘ an Hu@

mouse thaer'?@eeﬂuﬁweaéweaae S@%ﬂﬁr@ée & FPS"H"F%&“&P&;J%FWB?LP& SoeRtringd Mot
domai ns fHeprvidedor both of Vicl- 39J K5 and WB-20Jlcl WI |1 generate a

di verse %S@Iation of somat'callﬁ ted hu nVHd 2 froma VH I ocus
modli 1 e 10078 apl B0errsASE. Yhigan BeaUgman AP PRV BB e BEGRERT s viO
2013/ 022782 ea 1952024 04 RBROA4rRHR A6LIbbR @quetdecdlah\antbgiynesdesd atrao@sepr ess
reverse chiperic (human variable, nmouse constant) inmunogl obulin heavy

chai ns asSdEssited '\ﬁr‘?‘ﬂ‘saDrgY‘ﬂ ‘e rearranged |light chain (e.g., a Vicl-39/J
or a V8- 30é7ejwhem csrmwpbaedn whiidddaor amtgegafhomig pmtdif ersént;ggeamufmged B cells

Ef‘iteri??pﬁais%%% Brenl T Edo ol BF oA P AR e SR TP or s

properthﬁoméd'u respect to their ablllty to bl ock bi ndi ng of the antigen to
its ligan thres ect to their abi

d nts of
ot gen (B0BTEe alnasApaCh Aistin TP usf B Bigeng YEUOk ALSHTIER BRdM MRods
descri bed;ehggejbgcrwée hup‘@f islprévidedgki ng and sel ecting human i nmunogl obul i n

heavy chain_ variable domains, incluyudin ally nutate man heavy
Chat b varo@sile BreteAsPerhapromsiiet  rRRs 81 ArFORGLYS opeahst BBRHIT &
tgat exhlslélcbnoa?m&ethuﬁslaamw -9pe &igheélbtg@&tl(:allyohwiﬁdd?s epdvndbutu ng ? gD of
about a n nono ar or less e var eci ICItI (J ncl udi ng

bi ndi ng t %ffe "effte W?%H%%O&"‘PH%G %saﬁ"é%ﬁﬁ?qé fin o mage ta %‘%%b. ate and
express WrtiBodyner s g mmaatalasgembmaxhbprdtm csmnsasnhglanmnmmngmlmbamam | i ght
chai n vari abl e FEﬁIOH 00 22 h} ne asp a first nouse conprising a
humani zed MR 9" WRgiaal1ag §eYi 'Br'?rc? s is bred with a second nouse
conpri si r[9033]nUClrEd>n‘e @s’bledt a@aummuwmdsngoacammcnuw henditv &5 ake al i ght
chain Iocui as describ g in. In gne enbodi ment, the first or the second
mouse confy M%%Eafhwse%oefﬁmné PAYCP BIY1958i d sequence encoding a nouse ADAMB or
orthol og or honolog or functional fragnent thereof. Progeny are bred to
obtain m ce honbzygous for a humani zed %eavy chai n | ocus, and honbzygous
for the universal |ight chain |ocus. In one enbodi nent, the first nouse or
t he second nouse conprises a nodification of an endogenous nouse |i ght
chaln Iocus to render the endogenous nmouse Ilght chaln Iocus nonfunctlonal

o o, o o o o o



of the heavy chain and K light chain loci. In sonme instances, BAC ligation
was perforned in lieu of BHRto conjoin two |arge BACs through introduction
of rare rwetpidnesa sites into both parental BACvecs by PBHRSad1an0go60s t h
careful placenent of selectable markers. This allowed for the survival of

t he desir I gation product uypon selection with specific drug, marker

conbi nat IGIRA1' ottt AR o5 AUBICRGHEH PSS (2GR D4AERUSh oo dPdn  h

rare reskrdic s ppovieay winereineieaise 4o RipriédskppddBingahe ANAEic iaBidaegLidRdean tHeashi on

to those obtai ned 8% BHR g“?ﬁsj éjei%cri bed above). WO

2013/ OZZW%F}%Q 515308K52R8HFe 1 BACvec Step DescriptionProcess 3hVH 1

I nsert upsassdam inmumeeaspedtpliegyf soaxudedsoddivmbu HEreiK itdriakBAR iramhirtaizéd @dil BHR

2 Insert .downst r.%%én nouse honol ogy box into human proxi nal BAC CTD- 257202
2

BHR 3 | HEB/YP9Y 7hDH 9hJH into nouse proxinmal BAC CT7-302a07 to create

3hVH BACJeassBHR IBGnt dspeef iisecafssmbiise aldedtstetl hedifl t®mak® U bligdtha ecus usi ng
nmouse BAG CT7-253i ZO.QEHR 18hVH 1 I nsert specR nmarker at downstream end of
3hVH i ns&HFFOAAUE PRY' S5 dman BAG CTD- 257202 BHR

[0087] In one aspect, use of a mouse as described herein to make a nucleic acid
sequence encoding an immunoglobulin variable region or fragment thereof is provided. In
one embodiment, the nucleic acid sequence is used to make a human antibody or antigen-
binding fragment thereof. In one embodiment, the mouse is used to make an antigen-
binding protein selected from an antibody, a multispecific antibody (e.g., a bispecific
antibody), an scFv, a bis-scFV, a diabody, a triabody, a tetrabody, a V-NAR, a VHH, a VL,
an F(ab), an F(ab),, a DVD (i.e., dual variable domain antigen-binding protein), an SVD
(i.e., single variable domain antigen-binding protein), or a bispecific T-cell engager (BiTE).
[0088] In one aspect, use of the mouse as described herein for the manufacture of a
medicament (e.g., an antigen-binding protein), or for the manufacture of a sequence
encoding a variable sequence of a medicament (e.g., an antigen-binding protein), for the
treatment of a human disease or disorder is provided.

[0089] Any of the embodiments and aspects described herein can be used in
conjunction with one another, unless otherwise indicated or apparent from the context.
Other embodiments will become apparent to those skilled in the art from a review of the

ensuing description.

BRIEF DESCRIPTION OF THE FIGURES
[0090] FIG. 1A shows a general illustration, not to scale, for direct genomic
replacement of about three megabases (Mb) of the mouse immunoglobulin heavy chain
variable gene locus (closed symbols) with about one megabase (Mb) of the human
immunoglobulin heavy chain variable gene locus (open symbols).
[0091] FIG. 1B shows a general illustration, not to scale, for direct genomic
replacement of about three megabases (Mb) of the mouse immunoglobulin k light chain
variable gene locus (closed symbols) with about 0.5 megabases (Mb) of the first, or
proximal, of two nearly identical repeats of the human immunoglobulin « light chain
variable gene locus (open symbols).
[0092] FIG. 2A shows a detailed illustration, not to scale, for three initial steps (A-C)

for direct genomic replacement of the mouse immunoglobulin heavy chain variable gene

19



2 Insert 1-Ceul and Not sites flanking puroR at upstream end of 3hVH
insertion BHR 3 Insert Not site at downstream end of Rel2-408p02 BAG (~-10
kb downstweama3af22p2-5) BHR 4 Insert |-Ceul site at up®Craseoieodecod
Rel2-408p02 BAC (~- 23 kb upstream of VH1 -1 8) BHR 5 Ligate 184kb

fragment from vect ro 2 Ligatio 6 Tri m human
ool ooy 198 A ius AR S Mot J- DEST e SshURAls BOKEP R Byt o
3hVH BHRwith thies @umagagsall hmanD, biod Js béree sgnibings. ak wgwhngfvemu&ﬁmegﬁr’stl ocus
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with a 67 kb 5 mouse homology arm, a selection cassette (open rectangle), a site-specific

recombination site (open triangle), a 145 kb human genomic fragment and an 8 kb 3’
mouse homology arm. Human (open symbols) and mouse (closed symbols)
immunoglobulin gene segments, additional selection cassettes (open rectangles) and site-
specific recombination sites (open triangles) inserted from subsequent targeting vectors
are shown.

[0093] FIG. 2B shows a detailed illustration, not to scale, for six additional steps (D-I)
for direct genomic replacement of the mouse immunoglobulin heavy chain variable gene
locus that results in the insertion of 77 additional human V4 gene segments and removal of
the final selection cassette. A targeting vector for insertion of additional human V, gene
segments (18hVy BACvec) to the initial insertion of human heavy chain gene segments
(3hVu-CRE Hybrid Allele) is shown with a 20 kb 5" mouse homology arm, a selection
cassette (open rectangle), a 196 kb human genomic fragment and a 62 kb human
homology arm that overlaps with the 5’ end of the initial insertion of human heavy chain
gene segments which is shown with a site-specific recombination site (open triangle)
located 5’ to the human gene segments. Human (open symbols) and mouse (closed
symbols) immunoglobulin gene segments and additional selection cassettes (open
rectangles) inserted by subsequent targeting vectors are shown.

[0094] FIG. 2C shows a detailed illustration, not to scale, for three initial steps (A~C)
for direct genomic replacement of the mouse immunoglobulin « light chain variable gene
locus that results in deletion of all mouse Vx, and Jx gene segments (Igk-CRE Hybrid
Allele). Selection cassettes (open rectangles) and site-specific recombination sites (open
triangles) inserted from the targeting vectors are shown.

[0095] FIG. 2D shows a detailed illustration, not to scale, for 5 additional steps (D-H)
for direct genomic replacement of the mouse immunoglobulin « light chain variable gene
locus that results in the insertion of all human Vk and Jx gene segments in the proximal
repeat and deletion of the final selection cassette (40hVkdHyg Hybrid Allele). Human
(open symbols) and mouse (closed symbols) immunoglobulin gene segments and
additional selection cassettes (open rectangles) inserted by subsequent targeting vectors
are shown.

[0096] FIG. 3A shows a general illustration of the locations of quantitative PCR (qPCR)
primer/probe sets for screening ES cells for insertion of human heavy chain gene

sequences and loss of mouse heavy chain gene sequences. The screening strategy in ES
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Insert 20 kb nobuse arm upstream of Rel2-408p02 BHR 10 Swap sel ection
cassette fromhygR to neoR to create 18hVH BACvec BHR 39hVH 1 Insert |- Ceul
and Pl - SceD 20i3t2g782| anki ng hygR into distal end of humarCBAS2@32496B4Nn10
BHR 2 Insert CnR at proxi nal end of CTD-2534n10 BAG to allow for selection

L B A A 2D Bn LES Bt T3S %0 b e oer 710
fl anki ng s@!érf@Rh@Heﬁtéﬂtr@baoﬁmbs@f prBB&le%%ﬂIﬁ) ﬁé@e@bﬁms@rtéd palge” bRbel d ragment
from const éllii% an8 ﬂankmd3 reglongt( ?etgr?tposnt H’J %es A, B Rd F) E)ﬁ%ln%cnlmno%lﬁe%%ouse
chromosome (top) and a correctly targeted chromosome (bottom).
[0097] FIG. 3B shows a representative calculation of observed probe copy number in
parental and modified ES cells for the first insertion of human immunoglobulin heavy chain
gene segments. Observed probe copy number for probes A through F were calculated as
2/2AACt. AACtis calculated as ave[ACt(sample) — medACt(control)] where ACt is the
difference in Ct between test and reference probes (between 4 and 6 reference probes
depending on the assay). The term medACt(control) is the median ACt of multiple (>60)
non-targeted DNA samples from parental ES cells. Each modified ES cell clone was
assayed in sextuplicate. To calculate copy numbers of IgH probes G and H in parental ES
cells, these probes were assumed to have copy number of 1 in modified ES cells and a
maximum Ct of 35 was used even though no amplification was observed.
[0098] FIG. 3C shows a representative calculation of copy numbers for four mice of
each genotype were calculated in a similar manner using only probes D and H. Wild-type
mice: WT Mice; Mice heterozygous for the first insertion of human immunoglobulin gene
segments: HET Mice; Mice homozygous for the first insertion of human immunoglobulin
gene segments: Homo Mice.
[0099] FIG. 4A shows an illustration of the three steps employed for the construction of
the 3hVy BACvec by bacterial homologous recombination (BHR). Human (open symbols)
and moﬁse (closed symbols) immunoglobulin gene segments, selection cassettes (open
rectangles) and site-specific recombination sites (open triangles) inserted from targeting
vectors are shown.
[00100] FIG. 4B shows pulse-field gel electrophoresis (PFGE) of three BAC clones (B1,
B2 and B3) after Notl digestion. Markers M1, M2 and M3 are low range, mid range and
lambda ladder PFG markers, respectively (New England BioLabs, Ipswich, MA).
[00101] FIG. 5A shows a schematic illustration, not to scale, of sequential modifications
of the mouse immunoglobulin heavy chain locus with increasing amounts of human
immunoglobulin heavy chain gene segments. Homozygous mice were made from each of
the three different stages of heavy chain humanization. Open symbols reflect human
sequence; closed symbols reflect mouse sequence.
[00102] FIG. 5B shows a schematic illustration, not to scale, of sequential modifications

of the mouse immunoglobulin k light chain locus with increasing amounts of human

immunoglobulin « light chain gene segments. Homozygous mice were made from each of
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Ligation 6 Insert neoR and Ascl site at proxinml end of nouse distal

honol ogy arm usi ng CT7-253i 20 BAG BHR 7 Insert specR and |-Ceul site at

di stal emsoabiymemse di stal honol ogy arm BHR 8 Ligate mpasasdéigivadecohonol ogy
armonto human insert fromstep Ligation WD 2013/ 022782PCT/ US2012/ 049600

boxes o 1 BEEA SRS R BRI AR IS UEROR e GRLRE end of

human CTReqfdb i BRG HMBols reflect mouse sequence.
[00103] FIG. 6 shows FACS dot plots of B cell populations in wild type and
VELOCIMMUNE® humanized mice. Cells from spleen (top row, third row from top and
bottom row) or inguinal lymph node (second row from top) of wild type (wt) or
VELOCIMMUNE® 1 (V1), VELOCIMMUNE® 2 (V2) or VELOCIMMUNE® 3 (V3) mice
were stained for surface IgM expressing B cells (top row, and second row from top),
surface immunoglobulin containing either « or A light chains (third row from top) or surface
IgM of specific haplotypes (bottom row), and populations separated by FACS.
[00104] FIG. 7A shows representative heavy chain CDR3 sequences of randomly
selected VELOCIMMUNE® antibodies around the Vy-Dy-Jiy (CDR3) junction,
demonstrating junctional diversity and nucleotide additions. Heavy chain CDR3 sequences
are grouped according to Dy gene segment usage, the germline of which is provided
above each group in bold. Vy gene segments for each heavy chain CDR3 sequence are
noted within parenthesis at the 5’ end of each sequence (e.g. 3-72 is human Vy3-72). Ju
gene segments for each heavy chain CDR3 are noted within parenthesis at the 3’ end of
each sequence (e.g. 3 is human Ju3). SEQ ID NOs for each sequence shown are as
follows proceeding from top to bottom: SEQ ID NO:21; SEQ ID NO:22; SEQ ID NO:23;
SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34;
SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39.
[00105] FIG. 7B shows representative light chain CDR3 sequences of randomly
selected VELOCIMMUNE® antibodies around the Vk-Jx (CDR3) junction, demonstrating
junctional diversity and nucleotide additions. Vk gene segments for each light chain CDR3
sequence are noted within parenthesis at the 5" end of each sequence (e.g. 1-6 is human
Vk1-8). Jx gene segments for each light chain CDR3 are noted within parenthesis at the 3’
end of each sequence (e.g. 1 is human Jk1). SEQ ID NOs for each sequence shown are
as follows proceeding from top to bottom: SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; SEQ ID NO:50; SEQ ID NO:51; SEQ ID NO:52; SEQ ID NO:53;
SEQ ID NO:54; SEQ ID NO:55; SEQ ID NO:56; SEQ ID NO:57; SEQ ID NO:58.
[00106] FIG. 8 shows somatic hypermutation frequencies of heavy and light chains of
VELOCIMMUNE® antibodies scored (after alignment to matching germline sequences) as
percent of sequences changed at each nucleotide (NT; left column) or amino acid (AA,

right column) position among sets of 38 (unimmunized IgM), 28 (unimmunized IgG), 32
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2 Insert Ascl site at distal end of human CTD-3074b5 BAC BHR 3 Insert hygR
and Ascl site at proximal end of nouse distal honol ogy arm using C17-253i 20
BAG BHR wobkogarerseouse di stal honol ogy arm ont o constr RCT/USe@niogicep 2
Ligation 5 Swap sel ection cassette fromhyg to neo using UbCp and pA as
honol gy boxes to create 53hVH BACvec BHR 70hV H 1 Insgrt Pl -Scel and 1 - Ceul
sites Tl AWKINAYNEEE toalon e P6 Smmyyzed gdherasinmyBiged KA BMIRC)2 | nsert

| - Ceul SIstesuékeergxa&@bae@md%tefiﬁéiacamlczo%ﬁ@for ligation to CTD-2195p5
BAG BHR Insert Pl-Scel and Ascl sites at distal end of RP11-926pl2 BAG

for |i gatWQ)rQ b FiG19A shows tyrls of serum immunoglobulin for IgM and IgG isotypes in wild
type (open bars) or VELOCIMMUNE® mice (closed bars).

[00108] FIG. 9B shows levels of serum immunoglobulin for IgA isotype in wild type
(open bars) or VELOCIMMUNE® mice (closed bars).

[00109] FIG. 9C shows levels of serum immunoglobulin for IgE isotype in wild type
(open bars) or VELOCIMMUNE® mice (closed bars).

[00110] FIG. 10A shows antigen specific IgG titers against interleukin-6 receptor of
serum from seven VELOCIMMUNE® (V1) and five wild type (WT) mice after two (bleed 1)
or three (bleed 2) rounds of immunization with interleukin-6 receptor ectodomain.

[00111] FIG. 10B shows anti-interleukin-6 receptor-specific IgG isotype-specific titers
from seven VELOCIMMUNE® (VI) and five wild type (WT) mice.

[00112] FIG. 11A shows the affinity distribution of anti-interleukin-6 receptor monoclonal
antibodies generated in VELOCIMMUNE® mice.

[00113] FIG. 11B shows the antigen-specific blocking of anti-interleukin-6 receptor
monoclonal antibodies generated in VELOCIMMUNE® (V1) and wild type (WT) mice.
[00114] FIG. 12 shows a schematic illustration, not to scale, of mouse ADAM6a and
ADAMS6Db genes in the mouse immunoglobulin heavy chain locus. A targeting vector
(mADAMBG Targeting Vector) used for the insertion of mouse ADAM6a and ADAMG6b into a
humanized endogenous heavy chain locus is shown with a selection cassette (HYG:
hygromycin) flanked by site-specific recombination sites (Frt) including engineered
restriction sites on the 5 and 3’ ends.

[00115] FIG. 13 shows a schematic illustration, not to scale, of a human ADAM6
pseudogene (hADAM6Y) located between human heavy chain variable gene segments 1-
2 (Vu1-2) and 6-1 (Vu6-1). A targeting vector for bacterial homologous recombination
(hADAMBWY Targeting Vector) to delete a human ADAM6 pseudogene and insert unique
restriction sites into a human heavy chain locus is shown with a selection cassette (NEO:
neomycin) flanked by site-specific recombination sites (loxP) including engineered
restriction sites on the 5 and 3’ ends. An illustration, not to scale, of the resulting targeted
humanized heavy chain locus containing a genomic fragment that encodes for the mouse
ADAMB6a and ADAMB6b genes including a selection cassette flanked by site-specific
recombination sites is shown.

[00116] FIG. 14A shows FACS contour plots of lymphocytes gated on singlets for
surface expression of IgM and B220 in the bone marrow for mice homozygous for human

heavy and human x light chain variable gene loci (H/x) and mice homozygous for human
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4 Ligate nouse distal honology armonto construct fromstep 3 Ligation 5
Li gate nmouse di stal honol ogy arm and hlgH fragnment from RP11-926pl2 BAG

onto CTD-RO26p3A2BAG t o create 70 hVH BACvec Ligation 80RUHUSReI2®#4600 - Ceul
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| ocus us,(ﬁ%ZQ‘jigM )mggqagurgﬁ@2 B cells is noted in each contour plot.
[00117]  FIG. 14B shows the total number of immature (B220™IgM") and mature

(B220""IgM") B cells in the bone marrow isolated from femurs of mice homozygous for
human heavy and human « light chain variable gene loci (H/x) and mice homozyogous for
human heavy and human « light chain variable gene loci having an ectopic mouse
genomic fragment encoding for mouse ADAME genes (H/k-AB).

[00118] FIG. 15A shows FACS contour plots of CD19"-gated B cells for surface
expression of c-kit and CD43 in the bone marrow for mice homozygous for human heavy
and human « light chain variable gene loci (H/x) and mice homozyogous for human heavy
and human « light chain variable gene loci having an ectopic mouse genomic fragment
encoding for mouse ADAMS6 genes (H/x-AB). Percentage of pro-B (CD19°CD43"ckit") and
pre-B (CD19°CD43 ckit) cells is noted in the upper right and lower left quadrants,
respectively, of each contour piot.

[00119] FIG. 15B shows the total number of pro-B cells (CD19°CD43"ckit") and pre-B
cells (CD19°CD43ckit) in the bone marrow isolated from femurs of mice homozygous for
human heavy and human x light chain variable gene loci (H/x) and mice homozygous for
human heavy and human x light chain variable gene loci having an ectopic mouse
genomic fragment comprising mouse ADAM6 genes (H/x-AB).

[00120] FIG. 16A shows FACS contour plots of lymphocytes gated on singlets for
surface expression of CD19 and CD43 in the bone marrow for mice homozygous for
human heavy and human « light chain variable gene loci (H/x) and mice homozygous for
human heavy and human « light chain variable gene loci having an ectopic mouse
genomic fragment encoding for mouse ADAM®6 genes (H/x-AB). Percentage of immature B
(CD19°CD43), pre-B (CD19°CD43™) and pro-B (CD19°CD43") cells is noted in each
contour plot.

[00121] FIG. 16B shows histograms of immature B (CD19'CD43") and pre-B
(CD19°CD43™) cells in the bone marrow of mice homozygous for human heavy and
human « light chain variable gene loci (H/x) and mice homozygous for human heavy and
human « light chain variable gene loci having an ectopic mouse genomic fragment
encoding for mouse ADAMS6 genes (H/x-AB).

[00122] FIG. 17A shows FACS contour plots of lymphocytes gated on singlets for
surface expression of CD19 and CD3 in splenocytes for mice homozygous for human

heavy and human x light chain variable gene loci (H/x) and mice homozygous for human
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[00123] FIG. 17B shows FACs contour plots for CD19*-gated B cells for surface

expression of Igh and Igx light chain in the spleen of mice homozygous for human heavy
and human x light chain variable gene loci (H/x) and mice homozygous for human heavy
and human « light chain variable gene loci having an ectopic mouse genomic fragment
comprising mouse ADAMS6 genes (H/x-AB). Percentage of Igh” (upper left quadrant) and
lg” (lower right quadrant) B cells is noted in each contour plét.

[00124] FIG. 17C shows the total number of CD19" B cells in the spleen of mice
homozygous for human heavy and human « light chain variable gene loci (H/x) and mice
homozygous for human heavy and human « light chain variable gene loci having an
ectopic mouse genomic fragment comprising mouse ADAMG genes (H/x-AG).

[00125] FIG. 18A shows FACs contour plots of CD19"-gated B cells for surface
expression of IgD and IgM in the spleen of mice homozygous for human heavy and human
« light chain variable gene loci (H/x) and mice homozygous for human heavy and human x
light chain variable gene loci having an ectopic mouse genomic fragment comprising
mouse ADAMS genes (H/x-AB). Percentage of mature B cells (CD19°IgD""igM™) is noted
for each contour plot. The arrow on the right contour plot illustrates the process of
maturation for B cells in relation to IgM and IgD surface expression.

[00126] FIG. 18B shows the total number of B cells in the spleen of mice homozygous
for human heavy and human x light chain variable gene loci (H/x) and mice homozygous
for human heavy and human x light chain variable gene loci having an ectopic mouse
genomic fragment encoding for mouse ADAMS6 genes (H/x-A6) during maturation from
CD19*IgM™"gD™ to CD18*IgM™IgD"".

[00127] FIG. 19 illustrates a targeting strategy for replacing endogenous mouse
immunoglobulin light chain variable region gene segments with a human Vk1-39J«x5 gene
region.

[00128] FIG. 20 illustrates a targeting strategy for replacing endogenous mouse
immunoglobulin light chain variable region gene segments with a human V«3-20Jx1 gene
region.

[00129] FIG. 21 illustrates a targeting strategy for replacing endogenous mouse
immunoglobulin light chain variable region gene segments with a human VpreB/JAS gene

region.
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16hVx 1 Insert NeoR at distal end of RP11-1061b13 BAC BHR 2 Replace cnR in
construct of step 1 with specR BHR 3 Insert Hyg selection cassette at
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BHR light chain region (Vk1-39Jx5 HO) and mice homozygous for an engineered human
rearranged Vk3-20Jk1 light chain region (Vk3-20Jx1 HO).
[00131] FIG. 23A shows the relative mRNA expression (y-axis) of a Vk1-39-derived light
chain in a quantitative PCR assay using probes specific for the junction of an engineered
human rearranged Vk1-39J«5 light chain region (Vk1-39Jk5 Junction Probe) and the
human Vk1-39 gene segment (Vk1-39 Probe) in a mouse homozygous for a replacement
of the endogenous Vx and Jx gene segments with human Vk and Jkx gene segments (Hxk),
a wild type mouse (WT), and a mouse heterozygous for an engineered human rearranged
Vk1-39Jx5 light chain region (Vk1-39Jkx5 HET). Signals are normalized to expression of
mouse Ck. N.D.: not detected.
[00132] FIG. 23B shows the relative mRNA expression (y-axis) of a Vk1-39-derived light
chain in a quantitative PCR assay using probes specific for the junction of an engineered
human rearranged Vk1-39Jk5 light chain region (Vk1-39Jx5 Junction Probe) and the
human Vk1-39 gene segment (Vk1-39 Probe) in a mouse homozygous for a replacement
of the endogenous Vx and Jx gene segments with human Vi and Jx gene segments (Hx),
a wild type mouse (WT), and a mouse homozygous for an engineered human rearranged
Vx1-39Jx5 light chain region (Vk1-39Jx5 HO). Signals are normalized to expression of
mouse Cx.
[00133] FIG. 23C shows the relative mRNA expression (y-axis) of a Vk3-20-derived light
chain in a quantitative PCR assay using probes specific for the junction of an engineered
human rearranged Vk3-20Jk1 light chain region (Vk3-20Jk1 Junction Probe) and the
human Vk3-20 gene segment (Vk3-20 Probe) in a mouse homozygous for a replacement
of the endogenous Vk and Jx gene segments with human Vk and Jx gene segments (Hx),
a wild type mouse (WT), and a mouse heterozygous (HET) and homozygous (HO) for an
engineered human rearranged Vk3-20Jx1 light chain region. Signals are normalized to
expression of mouse Cx.
[00134] FIG. 24A shows IgM (left) and 1gG (right) titer in wild type (WT; N=2) and mice
homozygous for an engineered human rearranged Vk1-39Jk5 light chain region (Vk1-
39Jk5 HO; N=2) immunized with p-galatosidase.
[00135] FIG. 24B shows total immunoglobulin (IgM, 1gG, IgA) titer in wild type (WT;
N=5) and mice homozygous for an engineered human rearranged Vk3-20Jx1 light chain

region (Vx3-20Jx1 HO; N=5) immunized with -galatosidase.
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groups of amino acids that have side chains with similar chemical properties include
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aliphatic side chains such as glycine, alanine, valine, leucine, and isoleucine; aliphatic-
hydroxyl side chains such as serine and threonine; amide-containing side chains such as
asparagine and glutamine; aromatic side chains such as phenylalanine, tyrosine, and
tryptophan; basic side chains such as lysine, arginine, and histidine; acidic side chains
such as aspartic acid and glutamic acid; and, sulfur-containing side chains such as
cysteine and methionine. Conservative amino acids substitution groups include, for
example, valine/leucine/isoleucine, phenylalanine/tyrosine, lysine/arginine, alanine/valine,
glutamate/aspartate, and asparagine/glutamine. In some embodiments, a conservative
amino acid substitution can be substitution of any native residue in a protein with alanine,
as used in, for example, alanine scanning mutagenesis. In some embodiments, a
conservative substitution is made that has a positive value in the PAM250 log-likelihood
matrix disclosed in Gonnet et al. (1992) Exhaustive Matching of the Entire Protein
Sequence Database, Science 256:1443-45, hereby incorporated by reference. In some
embodiments, the substitution is a moderately conservative substitution wherein the
substitution has a nonnegative value in the PAM250 log-likelihood matrix.

[00141] In some embodiments, residue positions in an immunoglobulin light chain or
heavy chain differ by one or more conservative amino acid substitutions. In some
embodiments, residue positions in an immunoglobulin light chain or functional fragment
thereof (e.g., a fragment that allows expression and secretion from, e.g., a B cell) are not
identical to a light chain whose amino acid sequence is listed herein, but differs by one or
more conservative amino acid substitutions.

[00142] The phrase “epitope-binding protein” includes a protein having at least one
CDR and that is capable of selectively recognizing an epitope, e.g., is capable of binding
an epitope with a Kp that is at about one micromolar or lower (e.g., a Kp that is about 1 x
10°M, 1 x 107 M, 1x10°M, 1 x 10° M, 1 x 10"° M, 1 x 10" M, or about 1 x 1072 M).
Therapeutic epitope-binding proteins (e.g., therapeutic antibodies) frequently require a Kp
that is in the nanomolar or the picomolar range.

[00143] The phrase “functional fragment” includes fragments of epitope-binding proteins
that can be expressed, secreted, and specifically bind to an epitope with a Kp in the
micromolar, nanomolar, or picomolar range. Specific recognition includes having a Kp that
is at least in the micromolar range, the nanomolar range, or the picomolar range.

[00144] The term “germline” includes reference to an immunoglobulin nucleic acid
sequence in a non-somatically mutated cell, e.g., a non-somatically mutated B cell or pre-B -
cell or hematopoietic cell.

[00145] The phrase “heavy chain,” or “immunoglobulin heavy chain” includes an
immunoglobulin heavy chain constant region sequence from any organism. Heavy chain

variable domains include three heavy chain CDRs and four FR regions, unless otherwise
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70 39 80hVH 940 kb 124 kb 0.2% 100 80 43 80hVHdNeo 940 kb - 2.6% 100 80 43
[ 00248] | nmunogl obulin I¢c Light Chain Variable Gene Locus. [00249] The K
| i ght chawo 2oewvi2atske regi on was humani zed in ei ght sequenTitskoeso by t he
di rect replacenent of about three M of m)use sequence containing all Vic
and JK gene segnents with about 0.5 My of hunan sequence containing the
pr oxi mal Sﬁﬁﬂ%ﬁﬁg\ﬁ{a%rﬁﬁnﬁl‘é f Ay C&@@Frmt@e@%s CEFREANGT R 1286 cOgRINglienof t he

heavy Ch&héie&fFLAQypla;ﬁ hed@ptiesn Rasiféliofhing thd 02hble ddiBaik ardraiN-RrREl ©T-0f the
human K IlgyE %O‘HIEI' ocus contains_two nearly identical 400 kb repeats

separ at ed® BMah AdYNgevaitRIFM@In: @WF“ CaB gomain, oy finctigpal ﬁa&'ﬁﬁnt

i mmunogl @b lhesvkaRPAintI08ssa FagHbstitBated cdpaBleCsTRbeS fiddNRtecRbRizAG BRAMEPASSE | N
opposi te ol ari téu Genom cs 16: 50@ giﬁ:’%'ﬂ Because the repeats are so

similar, (A@afioP9aFingdhe erilore yithe QyorelAr. Hé”?'@ﬁ'@b@u@@amﬁrﬁﬁr@@ by

usi ng th@haﬂr@é@pﬁﬁie of epsratsind b Sedreting froat sicall, AR MRl combREe Afeddhend | i ght
chain Io%&s m ssing the distal repeat has been reported (Schai ble, G etal.
(1993) T R. nmunogl obul i n kappa | ocus: pol ynor phi sm and hapl ot ypes of
Caucasoi qo@rag] noTheGaks aigentdy wibinisdd @onnbumnGafreéeq%én@eGiincK@& idefBiQs three

Mo of nouse K |ight ch ri abl e gene uence were replaced wth about
0.5 Mo of eIfImEgd Y & Hm eéHgaﬁer\?%?'&%lt@m@zﬂ‘g”%lé‘cfﬂ%ﬁﬁéh%tGaEPPé‘é?‘?’§Pel y repl ace

all of tmeea@umdélét;@@dndm A6 a@ﬂ%ﬁﬂ@r&ewaédw he sam@@nmhmhéﬁ@aes\élﬁb@@d al |
C and 2D; Tables 2 and . I'n contrast

of the man JK gene segnents

to the mlg‘F ‘?fé‘gE?si yE er‘imlfB?ggﬁan & Clgialy el ﬁéw)cﬂ'anwenb%n@wwanem. re
nmouse VKogengap p&hamy.of 600t ah BktBAd géd peAaitaBe0 I Karkeliding & BHRRGISSimig By del et ed
in a three- steﬁfﬁcgjoce S.S bef or e \é’i rm?%ﬁ qﬁ?ence was added. First, a neo
casset t e X § saieEed! %1 ’tM%C\&“ Nl 2008 Hte lERUN\PAINeA50EeRESi on (Step A,
FIG 2C) cohipiied vﬂthhkéébébﬁﬁﬁn&érﬁtﬁy veeqUesRE aiddédenti @ ot sdrticmdt sehudrites K

| ocus (Step B, FI ((}?thh}ilﬂp sites were |n S|tuate wi thin each

sel ectio g’&é’%"eﬁs@ L gdight Hian eanstant dypaisnfeilength ehpuiceantain seausnce Rk

remai ni nguficitht 1ehgth REfoMDnELa | tlbﬁﬂh Qﬁnﬁém@@mﬁﬂﬂahgbbpékﬂ@bﬁéeﬁ%@ogm
(Step C, F\LG 2C 002 1 A unman enomc fra;ﬁag nt of about 480 kb in size

cont ai ni YARE oni %‘ lig ‘F%tﬂ”ﬁ orRain; /e CarRRHoNaMing e belgisheethas

i nsert ed compfigibig bé‘tacwaﬁas ahd edpeBR df irtéractig withody!I&sst 3n@ 1 ddmalidfla up to 150
kb of hurranlmm | 0 Ianllgtggalnsgence{nserte in a single
66‘8"39 &y

step, usitMB'@Ref A hgcape 0 ko) HAURRRS LARA S ee
Exanpl e ls)aquema of slﬁrﬁcheﬂity@fgwmrm inesd (SMMUF\%IQMISV@%%I@@WMW@&WB hefsi ent
FLPe expression. heav E tar q] cell c¢lones were
eval uat ed"f ?W'ﬁ?%ﬁ?%@taéfra?%""% 3Pe 'et?ufPé‘?faFt atpgshane i ¢bRifpe and

germli n@opgg,ﬁraoh@lm &fd ebusyveryhshap. M ce hormzygous for each of the K
nor mal _ afp7 hncEe HEBHS T be B rari G s 5 PP JBFPRRSIGAAD NERRG f onal
Allel ese@u@:ngan@mwmmtogefbhmngem@uamau@ﬁa@a\iy@héng&rla@b@ idedicklbr
different, and the light chains may be identical or different.
[00148] The phrase “light chain” includes an immunoglobulin light chain sequence from
any organism, and unless otherwise specified includes human x and A light chains and a
VpreB, as well as surrogate light chains. Light chain variable (V) domains typically include
three light chain CDRs and four framework (FR) regions, unless otherwise specified.
Generally, a full-length light chain includes, from amino terminus to carboxyl terminus, a V,
domain that includes FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4, and a light chain constant
domain. Light chains include those, e.g., that do not selectively bind either a first or a
second epitope selectively bound by the epitope-binding protein in which they appear.
Light chains also include those that bind and recognize, or assist the heavy chain with
binding and recognizing, one or more epitopes selectively bound by the epitope-binding

protein in which they appear.
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kb 0.3% 14 6 4 16hVK 240 kb 203 kb
WO 2013/022782 PCT/US2012/049600

[00149] Universal light chains, or common light chains, refer to light chains made in
mice as described herein, wherein the mice are highly restricted in the selection of gene
segments available for making a light chain variable domain. As a resuit, such mice make
a light chain derived from, in one embodiment, no more than one or two unrearranged light
chain V segments and no more than one or two unrearranged light chain J segments (e.g.,
one V and one J, two V's and one J, one V and two J's, two V's and two J's). In one
embodiment, no more than one or two rearranged light chain V/J sequences, e.g., a
rearranged human V«1-39Jx5 sequence or a rearranged human Vk3-20Jk1 sequence. In
various embodiments universal light chains include somatically mutated (e.g., affinity
matured) versions.

[00150] The phrase “somatically mutated” includes reference to a nucleic acid sequence
from a B cell that has undergone class-switching, wherein the nucleic acid sequence of an
immunoglobulin variable region (e.g., a heavy chain variable domain or including a heavy
chain CDR or FR sequence) in the class-switched B cell is not identical to the nucleic acid
sequence in the B cell prior to class-switching, such as, for example, a difference in a CDR
or framework nucleic acid sequence between a B cell that has not undergone class-
switching and a B cell that has undergone class-switching. “Somatically mutated” includes
reference to nucleic acid sequences from affinity-matured B cells that are not identical to
corresponding immunoglobulin variable region sequences in B cells that are not affinity-
matured (i.e., sequences in the genome of germline cells). The phrase “somatically
mutated” also includes reference to an immunoglobulin variable region nucleic acid
sequence from a B cell after exposure of the B cell to an epitope of interest, wherein the
nucleic acid sequence differs from the corresponding nucleic acid sequence prior to
exposure of the B cell to the epitope of interest. The phrase “somatically mutated” refers to
sequences from antibodies that have been generated in an animal, e.g., a mouse having
human immunoglobulin variable region nucleic acid sequences, in response to an
immunogen challenge, and that result from the selection processes inherently operative in
such an animal.

[001561] The term “unrearranged,” with reference to a nucleic acid sequence, includes
nucleic acid sequences that exist in the germline of an animal cell.

[001562] The phrase “variable domain” includes an amino acid sequence of an
immunoglobulin light or heavy chain (modified as desired) that comprises the following
amino acid regions, in sequence from N-terminal to C-terminal (unless otherwise
indicated): FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.

Mice with Humanized Immunoglobulin Loci
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[00153] The mouse as a genetic model has been greatly enhanced by transgenic and
knockout technologies, which have allowed for the study of the effects of the directed over-
expression or deletion of specific genes. Despite all of its advantages, the mouse still
presents genetic obstacles that render it an imperfect model for human diseases and an
imperfect platform to test human therapeutics or make them. First, although about 99% of
human genes have a mouse homolog (Waterston, R.H., et. al. (2002). Initial sequencing
and comparative analysis of the mouse genome. Nature 420, 520-562.), potential
therapeutics often fail to cross-react, or cross-react inadequately, with mouse orthologs of
the intended human targets. To obviate this problem, selected target genes can be
“humanized,” that is, the mouse gene can be eliminated and replaced by the corresponding
human orthologous gene sequence (e.g., US 6,586,251, US 6,596,541 and US 7,105,348,
incorporated herein by reference). Initially, efforts to humanize mouse genes by a
“knockout-plus-transgenic humanization” strategy entailed crossing a mouse carrying a
deletion (i.e., knockout) of the endogenous gene with a mouse carrying a randomly
integrated human transgene (see, e.qg., Bril, W.S., et al. (2006). Tolerance to factor Vlll in a
transgenic mouse expressing human factor VIl cDNA carrying an Arg(593) to Cys
substitution. Thromb Haemost 95, 341-347; Homanics, G.E., et al. (20086). Production and
characterization of murine models of classic and intermediate maple syrup urine disease.
BMC Med Genet 7, 33; Jamsai, D., et al. (2006). A humanized BAC transgenic/knockout
mouse model for HbE/beta-thalassemia. Genomics 88(3):309-15; Pan, Q., et al. (2006).
Different role for mouse and human CD3delta/epsilon heterodimer in preT cell receptor
(preTCR) function: human CD3delta/epsilon heterodimer restores the defective preTCR
function in CD3gamma- and CD3gammadelta-deficient mice. Mol Immunol 43, 1741-1750).
But those efforts were hampered by size limitations; conventional knockout technologies
were not sufficient to directly replace large mouse genes with their large human genomic
counterparts. A straightforward approach of direct homologous replacement, in which an
endogenous mouse gene is directly replaced by the human counterpart gene at the same
precise genetic location of the mouse gene (i.e., at the endogenous mouse locus), is rarely
attempted because of technical difficulties. Until now, efforts at direct replacement
involved elaborate and burdensome procedures, thus limiting the length of genetic material
that could be handled and the precision with which it could be manipulated.

[00154] Exogenously introduced human immunoglobulin transgenes rearrange in
precursor B-cells in mice (Alt, F.W., Blackwell, T.K., and Yancopoulos, G.D. (1985).
Immunoglobulin genes in transgenic mice. Trends Genet 1, 231-236). This finding was
exploited by engineering mice using the knockout-plus-transgenic approach to express
human antibodies (Green, L.L. et al. (1994). Antigen-specific human monoclonal antibodies

from mice engineered with human lg heavy and light chain YACs. Nat Genet 7, 13-21;
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m croinj ected and the resulting mce bred to create nultiple versions of
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precise replacement ot their entire germline immunoglobulin variable repertoire with
equivalent human germline immunoglobulin variable sequences, while maintaining mouse
constant regions. The human variable regions are linked to mouse constant regions to
form chimeric human-mouse immunoglobulin loci that rearrange and express at
physiologically appropriate levels. The antibodies expressed are “reverse chimeras,” i.e.,
they comprise human variable region sequences and mouse constant region sequences.
These mice having humanized immunoglobulin variable regions that express antibodies
having human variable regions and mouse constant regions are called VELCOIMMUNE®
humanized mice.
[00156] VELOCIMMUNE® humanized mice exhibit a fully functional humoral immune

system that is essentially indistinguishable from that of wild-type mice. They display
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in their immunoglobulin loci can still result in abnormalities in humanized mice, particularly

when humanizing or manipulating certain portions of endogenous mouse immunoglobulin

heavy chain loci. Some modifications at mouse immunoglobulin heavy chain loci are

deleterious. Deleterious modifications can include, for example, loss of the ability of the

modified mice to mate and produce offspring.

[00158] A precise, large-scale, in situ replacement of six megabases of the variable

regions of the mouse heavy and light chain immunoglobulin loci (V4-Dy-Ji and Vk-Jx) with

the corresponding 1.4 megabases human genomic sequences was performed, while

leaving the flanking mouse sequences intact and functional within the hybrid loci, including

all mouse constant chain genes and locus transcriptional control regions (Figure 1).

Specifically, the human Vy, Dy, Ju, Vk and Jx gene sequences were introduced through

stepwise insertion of 13 chimeric BAC targeting vectors bearing overlapping fragments of

the human germline variable loci into mouse ES cells using VELOCIGENE® genetic

engineering technology (see, e.g., US Pat. No. 6,686,251 and Valenzuela, D.M., et al.

(2003). High-throughput engineering of the mouse genome coupled with high-resolution

expression analysis. Nat Biotechnol 21, 652-659).
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[00159] Humanization of the mouse immunoglobulin genes represents the largest
genetic modification to the mouse genome to date. While previous efforts with randomly
integrated human immunoglobulin transgenes have met with some success (discussed
above), direct replacement of the mouse immunoglobulin genes with their human
counterparts dramatically increases the efficiency with which fully-human antibodies can be
efficiently generated in otherwise normal mice. Further, such mice exhibit a dramatically
increased diversity of fully-human antibodies that can be obtained after immunization with
virtually any antigen, as compared with mice bearing disabled endogenous loci and fully
human antibody transgenes. Multiple versions of replaced, humanized loci exhibit
completely normal levels of mature and immature B cells, in contrast to mice with randomly
integrated human transgenes, which exhibit significantly reduced B cell populations at
various stages of differentiation. While efforts to increase the number of human gene
segments in human transgenic mice have reduced such defects, the expanded
immunoglobulin repertoires have not altogether corrected reductions in B cell populations
as compared to wild-type mice.

[00160] Notwithstanding the near wild-type humoral immune function observed in mice
with replaced immunoglobulin loci, there are other challenges encountered when
employing a direct replacement of the immunoglobulin that is not encountered in some
approaches that employ randomly integrated transgenes. Differences in the genetic
composition of the immunoglobulin loci between mice and humans has lead to the
discovery of sequences beneficial for the propagation of mice with replaced
immunoglobulin gene segments. Specifically, mouse ADAM genes located within the
endogenous immunoglobulin locus are optimally present in mice with replaced

immunoglobulin loci, due to their role in fertility.
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Genomic Location and Function of Mouse ADAM6
[00161] Male mice that lack the ability to express any functional ADAMS protein exhibit
a severe defect in the ability of the mice to mate and to generate offspring. The mice lack
the ability to express a functional ADAMG6 protein by virtue of a replacement of all or
substantially all mouse immunoglobulin variable region gene segments with human
variable region gene segments. The loss of ADAMG function results because the ADAM6
locus is located within a region of the endogenous mouse immunoglobulin heavy chain
variable region gene locus, proximal to the 3’ end of the V,; gene segment locus that is
upstream of the Dy gene segments. In order to breed mice that are homozygous for a
replacement of all or substantially all endogenous mouse heavy chain variable gene
segments with human heavy chain variable gene segments, it is generally a cumbersome
approach to set up males and females that are each homozygous for the replacement and
await a productive mating. Successful litters are relatively rare, and average litter size is
very low. Instead, males heterozygous for the replacement have been employed to mate
with females homozygous for the replacement to generate progeny that are heterozygous
for the replacement, then breed a homozygous mouse therefrom. The inventors have
determined that the likely cause of the loss in fertility in the male mice is the absence in
homozygous male mice of a functional ADAMB protein.
[00162] The ADAMBS protein is a member of the ADAM family of proteins, where ADAM
is an acronym for A Disintegrin And Metalloprotease. The ADAM family of proteins is large
and diverse, with diverse functions. Some members of the ADAM family are implicated in
spermatogenesis and fertilization. For example, ADAM2 encodes a subunit of the protein
fertilin, which is implicated in sperm-egg interactions. ADAMS3, or cyritestin, appears
necessary for sperm binding to the zona pellucida. The absence of either ADAM2 or
ADAMS3 results in infertility. It has been postulated that ADAM2, ADAMS3, and ADAM6 form
a complex on the surface of mouse sperm cells.
[00163] The human ADAMS6 gene, normally found between human Vy gene segments
Vu1-2 and V6-1, appears to be a pseudogene (Figure 12). In mice, there are two ADAM6
genes—ADAM6a and ADAM6b—that are found in an intergenic region between mouse Vy
and Dy gene segments, and in the mouse the a and b genes are oriented in a
transcriptional orientation opposite to that of the transcription orientation of the surrounding
immunoglobulin gene segments (Figure 11). In mice, a functional ADAMSG locus is
apparently required for normal fertilization. A functional ADAME locus or sequence, then,
refers to an ADAMBG locus or sequence that can complement, or rescue, the drastically
reduced fertilization exhibited in male mice with missing or damaged endogenous ADAM6

loci.
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[00164] The position of the intergenic sequence in mice that encodes ADAM6a and
ADAMG6b renders the intergenic sequence susceptible to modification when modifying an
endogenous mouse heavy chain. When Vy gene segments are deleted or replaced, or
when Dy gene segments are deleted or replaced, there is a high probability that a resulting
mouse will exhibit a severe deficit in fertility. In order to compensate for the deficit, the
mouse is modified to include a nucleotide sequence that encodes a protein that will
complement the loss in ADAMS activity due to a modification of the endogenous mouse
ADAMG locus. In various embodiments, the complementing nucleotide sequence is one
that encodes a mouse ADAM6a, a mouse ADAMBb, or a homolog or ortholog or functional
fragment thereof that rescues the fertility deficit.

[00165] The nucleotide sequence that rescues fertility can be placed at any suitable
position. It can be placed in the intergenic region, or in any suitable position in the genome
(i.e., ectopically). In one embodiment, the nucleotide sequence can be introduced into a
transgene that randomly integrates into the mouse genome. In one embodiment, the
sequence can be maintained episomally, that is, on a separate nucleic acid rather than on
a mouse chromosome. Suitable positions include positions that are transcriptionally
permissive or active, e.g., a ROSA26 locus.

[00166] The term “ectopic” is intended to include a displacement, or a placement at a
position that is not normally encountered in nature (e.g., placement of a nucleic acid
sequence at a position that is not the same position as the nucleic acid sequence is found
in a wild-type mouse). The term in various embodiments is used in the sense of its object
being out of its normal, or proper, position. For example, the phrase “an ectopic nucleotide
sequence encoding ...” refers to a nucleotide sequence that appears at a position at which
it is not normally encountered in the mouse. For example, in the case of an ectopic
nucleotide sequence encoding a mouse ADAMBS protein (or an ortholog or homolog or
fragment thereof that provides the same or similar fertility benefit on male mice), the
sequence can be placed at a different position in the mouse’s genome than is normally
found in a wild-type mouse. A functional homolog or ortholog of mouse ADAMSG is a
sequence that confers a rescue of fertility loss (e.g., loss of the ability of a male mouse to
generate offspring by mating) that is observed in an ADAM6™ mouse. Functional
homologs or orthologs include proteins that have at least about 89% identity or more, e.g.,
up to 99% identity, to the amino acid sequence of ADAM®6a and/or to the amino acid
sequence of ADAM6b, and that can complement, or rescue ability to successfully mate, of
a mouse that has a genotype that includes a deletion or knockout of ADAMBa and/or
ADAMEDb.

[00167] The ectopic position can be anywhere (e.g., as with random insertion of a

transgene containing a mouse ADAMB6 sequence), or can be, e.g., at a position that
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approximates (but is not precisely the same as) its location in a wild-type mouse (e.g., in a
modified endogenous mouse immunoglobulin locus, but either upstream or downstream of
its natural position, e.g., within a modified immunoglobulin locus but between different gene
segments, or at a different position in a mouse V-D intergenic sequence). One example of
an ectopic placement is placement within a humanized immunoglobulin heavy chain locus.
For example, a mouse comprising a replacement of one or more endogenous V4 gene
segments with human V, gene segments, wherein the replacement removes an
endogenous ADAMG6 sequence, can be engineered to have a mouse ADAM6 sequence
located within sequence that contains the human V,; gene segments. The resuiting
modification would generate an (ectopic) mouse ADAMS6 sequence within a human gene
sequence, and the (ectopic) placement of the mouse ADAM6 sequence within the human
gene sequence can approximate the position of the human ADAMB6 pseudogene (i.e.,
between two V segments) or can approximate the position of the mouse ADAM6 sequence
(i.e., within the V-D intergenic region).

[00168] In various aspects, mice that comprise deletions or replacements of the
endogenous heavy chain variable region locus or portions thereof can be made that
contain an ectopic nucleotide sequence that encodes a protein that confers similar fertility
benefits to mouse ADAMSG (e.g., an ortholog or a homolog or a fragment thereof that is
functional in a male mouse). The ectopic nucleotide sequence can include a nucleotide
sequence that encodes a protein that is an ADAM6 homolog or ortholog (or fragment
thereof) of a different mouse strain or a different species, e.g., a different rodent species,
and that confers a benefit in fertility, e.g., increased number of litters over a specified time
period, and/or increased number of pups per litter, and/or the ability of a sperm cell of a
male mouse to traverse through a mouse oviduct to fertilize a mouse egg.

[00169] In one embodiment, the ADAMS is a homolog or ortholog that is at least 89% to
99% identical to a mouse ADAMSG protein (e.g., at least 89% to 99% identical to mouse
ADAMG6a or mouse ADAMGDb). In one embodiment, the ectopic nucleotide sequence
encodes one or more proteins independently selected from a protein at least 89% identical
to mouse ADAMSBa, a protein at least 89% identical to mouse ADAMBb, and a combination
thereof. In one embodiment, the homolog or ortholog is a rat, hamster, mouse, or guine
pig protein that is or is modified to be about 89% or more identical to mouse ADAM6a
and/or mouse ADAMS6b. In one embodiment, the homolog or ortholog is 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a mouse ADAMBa and/or mouse
ADAMSG6b.

Ectopic ADAMS in Humanized Heavy Chain Mice
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[00170] Mice that make human antibodies have been available for some time now.
Although they represent an important advance in the development of human therapeutic
antibodies, these mice display a number of significant abnormalities that limit their
usefulness. For example, they display compromised B cell development. The
compromised development may be due to a variety of differences between the transgenic
mice and wild-type mice.

[00171] Human antibodies might not optimally interact with mouse pre B cell or B cell
receptors on the surface of mouse cells that signal for maturation, proliferation, or survival
during clonal selection. Fully human antibodies might not optimally interact with a mouse
Fc receptor system; mice express Fc receptors that do not display a one-to-one
correspondence with human Fc receptors. Finally, various mice that make fully human
antibodies do not include all genuine mouse sequences, e.g., downstream enhancer
elements and other locus control elements, which may be required for wild-type B cell
development.

[00172] Mice that make fully human antibodies generally comprise endogenous
immunoglobulin loci that are disabled in some way, and human transgenes that comprise
variable and constant immunoglobulin gene segments are introduced into a random
location in the mouse genome. As long as the endogenous locus is sufficiently disabled so
as not to rearrange gene segments to form a functional immunoglobulin gene, the goal of
making fully human antibodies in such a mouse can be achieved—albeit with compromised
B cell development.

[00173] Although compelled to make fully human antibodies from the human transgene
locus, generating human antibodies in a mouse is apparently an unfavored process. In
some mice, the process is so unfavored as to result in formation of chimeric human
variable/mouse constant heavy chains (but not light chains) through the mechanism of
trans-switching. By this mechanism, transcripts that encode fully human antibodies
undergo isotype switching in trans from the human isotype to a mouse isotype. The
process is in trans, because the fully human transgene is located apart from the
endogenous locus that retains an undamaged copy of a mouse heavy chain constant
region gene. Although in such mice frans-switching is readily apparent the phenomenon is
still insufficient to rescue B cell development, which remains frankly impaired. In any
event, frans-switched antibodies made in such mice retain fully human light chains, since
the phenomenon of trans-switching apparently does not occur with respect to light chains;
trans-switching presumably relies on switch sequences in endogenous loci used (albeit
differently) in normal isotype switching in cis. Thus, even when mice engineered to make
fully human antibodies select a trans-switching mechanism to make antibodies with mouse

constant regions, the strategy is still insufficient to rescue normal B cell development.
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[00174] A primary concern in making antibody-based human therapeutics is making a
sufficiently large diversity of human immunoglobulin variable region sequences to identify
useful variable domains that specifically recognize particular epitopes and bind them with a
desirable affinity, usually—but not always—with high affinity. Prior to the development of
VELOCIMMUNE® humanized mice, there was no indication that mice expressing human
variable regions with mouse constant regions would exhibit any significant differences from
mice that made human antibodies from a transgene. That supposition, however, was
incorrect.

[00175] VELOCIMMUNE® humanized mice, which contain a precise replacement of
mouse immunoglobulin variable regions with human immunoglobulin variable regions at
the endogenous mouse loci, display a surprising and remarkable similarity to wild-type
mice with respect to B cell development. In a surprising and stunning development,
VELOCIMMUNE® humanized mice displayed an essentially normal, wild-type response to
immunization that differed only in one significant respect from wild-type mice—the variable
regions generated in response to immunization are fully human.

[00176] VELOCIMMUNE® humanized mice contain a precise, large-scale replacement
of germline variable regions of mouse immunoglobulin heavy chain (IgH) and
immunoglobulin light chain (e.g., x light chain, Igx) with corresponding human
immunoglobulin variable regions, at the endogenous loci. In total, about six megabases of
mouse loci are replaced with about 1.4 megabases of human genomic sequence. This
precise replacement results in a mouse with hybrid immunoglobulin loci that make heavy
and light chains that have a human variable regions and a mouse constant region. The
precise replacement of mouse Vy-Dy-Ji and Vk-Jkx segments leave flanking mouse
sequences intact and functional at the hybrid immunoglobulin loci. The humoral immune
system of the mouse functions like that of a wild-type mouse. B cell development is
unhindered in any significant respect and a rich diversity of human variable regions is
generated in the mouse upon antigen challenge.

[00177] VELOCIMMUNE® humanized mice are possible because immunoglobulin gene
segments for heavy and « light chains rearrange similarly in humans and mice, which is not
to say that their loci are the same or even nearly so—cliearly they are not. However, the
loci are similar enough that humanization of the heavy chain variable gene locus can be
accomplished by replacing about 3 million base pairs of contiguous mouse sequence that
contains all the Vu, Dy, and Ju gene segments with about 1 million bases of contiguous
human genomic sequence covering basically the equivalent sequence from a human

immunoglobulin locus.
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[00178] In some embodiments, further replacement of certain mouse constant region
gene sequences with human gene sequences (e.g., replacement of mouse Cy1 sequence
with human Cy1 sequence, and replacement of mouse C| sequence with human C,
sequence) results in mice with hybrid immunoglobulin loci that make antibodies that have
human variable regions and partly human constant regions, suitable for, e.g., making fully
human antibody fragments, e.g., fully human Fab’s. Mice with hybrid immunoglobulin loci
exhibit normal variable gene segment rearrangement, normal somatic hypermutation, and
normal class switching. These mice exhibit a humoral immune system that is
indistinguishable from wild type mice, and display normal cell populations at all stages of B
cell development and normal lymphoid organ structures—even where the mice lack a full
repertoire of human variable region gene segments. Immunizing these mice results in
robust humoral responses that display a wide diversity of variable gene segment usage.
[00179] The precise replacement of mouse germline variable region gene segments
allows for making mice that have partly human immunoglobulin loci. Because the partly
human immunoglobulin loci rearrange, hypermutate, and class switch normally, the partly
human immunoglobulin loci generate antibodies in a mouse that comprise human variable
regions. Nucleotide sequences that encode the variable regions can be identified and
cloned, then fused (e.g., in an in vitro system) with any sequences of choice, e.g., any
immunoglobulin isotype suitable for a particular use, resulting in an antibody or antigen-
binding protein derived wholly from human sequences.

[00180] Large-scale humanization by recombineering methods were used to modify
mouse embryonic stem (ES) cells to precisely replace up to 3 megabases of the mouse
heavy chain immunoglobulin locus that included essentially all of the mouse Vy, Dy, and Ju
gene segments with equivalent human gene segments with up to a 1 megabase human
genomic sequence containing some or essentially all human Vi, Dy, and Jy gene
segments. Up to a 0.5 megabase segment of the human genome comprising one of two
repeats encoding essentially all human Vk and Jk gene segments was used to replace a 3
megabase segment of the mouse immunoglobulin k light chain locus containing essentially
all of the mouse Vk and Jkx gene segments.

[00181] Mice with such replaced immunoglobulin loci can comprise a disruption or
deletion of the endogenous mouse ADAMSG locus, which is normally found between the 3'-
most Vy gene segment and the 5-most Dy gene segment at the mouse immunoglobulin
heavy chain locus. Disruption in this region can lead to reduction or elimination of
functionality of the endogenous mouse ADAMSG locus. If the 3-most V, gene segments of
the human heavy chain repertoire are used in a replacement, an intergenic region

containing a pseudogene that appears to be a human ADAM6 pseudogene is present
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between these V, gene segments, i.e., between human Vu1-2 and Vu1-6. However, male
mice that comprise this human intergenic sequence exhibit little or no fertility.

[00182] Mice are described that comprise the replaced loci as described above, and
that also comprise an ectopic nucleic acid sequence encoding a mouse ADAMG, where the
mice exhibit essentially normal fertility. In one embodiment, the ectopic nucleic acid
sequence is SEQ ID NO:3, placed between human Vy1-2 and Vy1-6 at the modified
endogenous mouse heavy chain locus. The direction of transcription of the ADAM6 genes
of SEQ ID NO:3 are opposite with respect to the direction of transcription of the
surrounding human Vy gene segments. Although examples herein show rescue of fertility
by placing the ectopic sequence between the indicated human V, gene segments, skilled
persons will recognize that placement of the ectopic sequence at any suitable
transcriptionally-permissive locus in the mouse genome (or even extrachromosomally) will
be expected to similarly rescue fertility in a male mouse.

[00183] The phenomenon of complementing a mouse that lacks a functional ADAM6
locus with an ectopic sequence that comprises a mouse ADAMB6 gene or ortholog or
homolog or functional fragment thereof is a general method that is applicable to rescuing
any mice with nonfunctional or minimally functional endogenous ADAMG loci. Thus, a
great many mice that comprise an ADAMB6-disrupting modification of the immunoglobulin
heavy chain locus can be rescued with the compositions and methods of the invention.
Accordingly, the invention comprises mice with a wide variety of modifications of
immunoglobulin heavy chain loci that compromise endogenous ADAMSG function. Some
(non-limiting) examples are provided in this description. In addition to the
VELOCIMMUNE® humanized mice described, the compositions and methods related to
ADAMS can be used in a great many applications, e.g., when modifying a heavy chain
locus in a wide variety of ways.

[00184] In one aspect, a mouse is provided that comprises an ectopic ADAM6
sequence that encodes a functional ADAMB protein (or ortholog or homolog or functional
fragment thereof), a replacement of all or substantially all mouse Vy gene segments with
one or more human Vy gene segments, a replacement of all or substantially all mouse Dy
gene segments and Jy gene segments with human Dy and human Jy gene segments;
wherein the mouse lacks a Cy1 and/or hinge region. In one embodiment, the mouse
makes a single variable domain binding protein that is a dimer of immunoglobulin chains
selected from: (a) human V} - mouse Cy1 — mouse Cy2 — mouse Cy3; (b) human Vy —
mouse hinge — mouse Cy2 — mouse Cy3; and, (c) human Vi — mouse Cy2 — mouse Cy3.
[00185] In one aspect, the nucleotide sequence that rescues fertility is placed within a
human immunoglobulin heavy chain variable region sequence (e.g., between human Vy1-2

and Vy1-6 gene segments) in a mouse that has a replacement of all or substantially all
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mouse immunoglobulin heavy chain variable gene segments (mVy's, mDy’s, and mJy’s)
with one or more human immunoglobulin heavy chain variable gene segments (hVy's,
hDy’s, and hdy’s), and the mouse further comprises a replacement of all or substantially all
mouse immunoglobulin « light chain variable gene segments (mVx’s, mJk’s) with one or
more human immunoglobulin x light chain variable gene segments (hVx’s and hJk’s). In
one embodiment, the nucleotide sequence is placed between a human Vy1-2 gene
segment and a human V41-6 gene segment in a VELOCIMMUNE® humanized mouse (US
6,596,541 and US 7,105,348, incorporated herein by reference). In one embodiment, the
VELOCIMMUNE® humanized mouse so modified comprises a replacement with all or
substantially all human immunoglobulin heavy chain variable gene segments (all hVy's,
hDy's, and hJy’s) and all or substantially all human immunoglobulin « light chain variable
gene segments (hVk’s and hJx’s).

[00186] In one aspect, a functional mouse ADAMG locus (or ortholog or homolog or
functional fragment thereof) can be placed in the midst of human V, gene segments that
replace endogenous mouse V4 gene segments. In one embodiment, all or substantially all
mouse Vy gene segments are removed and replaced with one or more human V4 gene
segments, and the mouse ADAMS locus is placed immediately adjacent to the 3’ end of the
human Vy gene segments, or between two human V, gene segments. In a specific
embodiment, the mouse ADAMBS locus is placed between two V, gene segments near the
3’ terminus of the inserted human Vy gene segments. In a specific embodiment, the
replacement includes human Vy gene segments Vy1-2 and V46-1, and the mouse ADAM6
locus is placed downstream of the Vy1-2 gene segment and upstream of the V,,6-1 gene
segment. In a specific embodiment, the arrangement of human Vy gene segments is then
the following (from upstream to downstream with respect to direction of transcription of the
human V} gene segments): human Vy1-2 — mouse ADAMSG locus — human Vu6-1. Ina
specific embodiment, the ADAM6 pseudogene between human Vy1-2 and human V6-1 is
replaced with the mouse ADAMG locus. In one embodiment, the orientation of one or more
of mouse ADAMG6a and mouse ADAME6b of the mouse ADAMS locus is opposite with
respect to direction of transcription as compared with the orientation of the human V, gene
segments. Alternatively, the mouse ADAMG locus can be placed in the intergenic region
between the 3’-most human V}; gene segment and the 5-most Dy gene segment. This can
be the case whether the 5’-most Dy segment is mouse or human.

[00187] Similarly, a mouse modified with one or more human V. gene segments (e.g.,
Vk or VA segments) replacing all or substantially all endogenous mouse Vy gene segments
can be modified so as to either maintain the endogenous mouse ADAMSG locus, as

described above, e.g., by employing a targeting vector having a downstream homology
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arm that includes a mouse ADAMBS locus or functional fragment thereof, or to replace a
damaged mouse ADAMBS locus with an ectopic sequence positioned between two human
V| gene segments or between the human V| gene segments and a Dy gene segment
(whether human or mouse, e.g., VA + m/hDy), or a J gene segment (whether human or
mouse, e.g., Vx + Jy). In one embodiment, the replacement includes two or more human
V. gene segments, and the mouse ADAMS locus or functional fragment thereof is placed
between the two 3’-most V| gene segments. In a specific embodiment, the arrangement of
human V, gene segments is then the following (from upstream to downstream with respect
to direction of transcription of the human gene segments): human V. 3'-1 — mouse ADAM6
locus — human V. 3. In one embodiment, the orientation of one or more of mouse
ADAM®6a and mouse ADAM6b of the mouse ADAMSG locus is opposite with respect to
direction of transcription as compared with the orientation of the human V| gene segments.
Alternatively, the mouse ADAMBS locus can be placed in the intergenic region between the
3’-most human V| gene segment and the 5'-most Dy gene segment. This can be the case
whether the 5’-most Dy segment is mouse or human.

[00188] In one aspect, a mouse is provided with a replacement of one or more
endogenous mouse Vy gene segments, and that comprises at least one endogenous
mouse Dy gene segment. In such a mouse, the modification of the endogenous mouse Vy
gene segments can comprise a modification of one or more of the 3’-most Vy, gene
segments, but not the 5-most Dy gene segment, where care is taken so that the
modification of the one or more 3’-most Vy gene segments does not disrupt or render the
endogenous mouse ADAMS locus nonfunctional. For example, in one embodiment the
mouse comprises a replacement of all or substantially all endogenous mouse Vy gene
segments with one or more human V,;gene segments, and the mouse comprises one or
more endogenous Dy gene segments and a functional endogenous mouse ADAMS locus.
[00189] In another embodiment, the mouse comprises the modification of endogenous
mouse 3’-most Vy gene segments, and a modification of one or more endogenous mouse
Dy gene segments, and the modification is carried out so as to maintain the integrity of the
endogenous mouse ADAMS locus to the extent that the endogenous ADAME locus
remains functional. In one example, such a modification is done in two steps: (1)
replacing the 3’-most endogenous mouse Vi gene segments with one or more human Vy
gene segments employing a targeting vector with an upstream homology arm and a
downstream homology arm wherein the downstream homology arm includes all or a
portion of a functional mouse ADAMSG locus; (2) then replacing and endogenous mouse Dy
gene segment with a targeting vector having an upstream homology arm that includes a all

or a functional portion of a mouse ADAMSE locus.
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[00190] In various aspects, employing mice that contain an ectopic sequence that

encodes a mouse ADAMBS protein or an ortholog or homolog or functional homolog thereof

are useful where modifications disrupt the function of endogenous mouse ADAM6. The

probability of disrupting endogenous mouse ADAM®6 function is high when making

modifications to mouse immunoglobulin loci, in particular when modifying mouse

immunoglobulin heavy chain variable regions and surrounding sequences. Therefore,

such mice provide particular benefit when making mice with immunoglobulin heavy chain

loci that are deleted in whole or in part, are humanized in whole or in part, or are replaced

(e.g., with Vi or VA sequences) in whole or in part. Methods for making the genetic

modifications described for the mice described below are known to those skilled in the art.

[00191] Mice containing an ectopic sequence encoding a mouse ADAMG protein, or a

substantially identical or similar protein that confers the fertility benefits of a mouse ADAMG

protein, are particularly useful in conjunction with modifications to a mouse immunoglobulin

heavy chain variable region gene locus that disrupt or delete the endogenous mouse

ADAMSG sequence. Although primarily described in connection with mice that express

antibodies with human variable regions and mouse constant regions, such mice are useful

in connection with any genetic modifications that disrupt the endogenous mouse ADAM6

gene. Persons of skill will recognize that this encompasses a wide variety of genetically

modified mice that contain modifications of the mouse immunoglobulin heavy chain

variable region gene locus. These include, for example, mice with a deletion or a

replacement of all or a portion of the mouse immunoglobulin heavy chain gene segments,

regardless of other modifications. Non-limiting examples are described below.

[00192] In some aspects, genetically modified mice are provided that comprise an

ectopic mouse, rodent, or other ADAMB gene (or ortholog or homolog or fragment)

functional in a mouse, and one or more human immunoglobulin variable and/or constant

region gene segments.

[00193] in one aspect, a mouse is provided that comprises an ectopic ADAM6

sequence that encodes a functional ADAMB protein, a replacement of all or substantially all

mouse Vy gene segments with one or more human Vi, gene segments; a replacement of

all or substantially all mouse Dy gene segments with one or more human Dy gene

segments; and a replacement of all or substantially all mouse Jy gene segments with one

or more human Jy gene segments.

[00194] In one embodiment, the mouse further comprises a replacement of a mouse

Cu1 nucleotide sequence with a human Cy1 nucleotide sequence. In one embodiment, the

mouse further comprises a replacement of a mouse hinge nucleotide sequence with a

human hinge nucleotide sequence. In one embodiment, the mouse further comprises a

replacement of an immunoglobulin light chain variable locus (Vi and J,) with a human
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immunoglobulin light chain variable locus. In one embodiment, the mouse further
comprises a replacement of a mouse immunoglobulin light chain constant region
nucleotide sequence with a human immunoglobulin light chain constant region nucleotide
sequence. In a specific embodiment, the V, J, and C are immunoglobulin x light chain
sequences. In a specific embodiment, the mouse comprises a mouse C42 and a mouse
Cu3 immunoglobulin constant region sequence fused with a human hinge and a human
Cn1 sequence, such that the mouse immunoglobulin loci rearrange to form a gene that
encodes a binding protein comprising (a) a heavy chain that has a human variable region,
a human Cy1 region, a human hinge region, and a mouse Cy2 and a mouse Cy3 region;
and (b) a gene that encodes an immunoglobulin light chain that comprises a human
variable domain and a human constant region.

[00195] In one aspect, a mouse is provided that comprises an ectopic ADAM6
sequence that encodes a functional ADAMG protein, a replacement of all or substantially all
mouse Vy gene segments with one or more human V| gene segments, and optionally a
replacement of all or substantially all Dy gene segments and/or Jy gene segments with one
or more human Dy gene segments and/or human Jy gene segments, or optionally a
replacement of all or substantially all Dy gene segments and Jy gene segments with one or
more human J, gene segments.

[00196] In one embodiment, the mouse comprises a replacement of all or substantially
all mouse Vy, Dy, and J4 gene segments with one or more V|, one or more Dy, and one or
more J gene segments (e.g., Jx or JA), wherein the gene segments are operably linked to
an endogenous mouse hinge region, wherein the mouse forms a rearranged
immunoglobulin chain gene that contains, from 5’ to 3’ in the direction of transcription,
human V| - human or mouse Dy — human or mouse J — mouse hinge — mouse Cy2 —
mouse Cu3. In one embodiment, the J region is a human Jx region. In one embodiment,
the J region is a human Jy region. In one embodiment, the J region is a human JA region.
In one embodiment, the human V__ region is selected from a human VA region and a
human Vx region.

[00197] In specific embodiments, the mouse expresses a single variable domain
antibody having a mouse or human constant region and a variable region derived from a
human Vi, a human Dy and a human Jx; a human Vx, a human Dy, and a human Jy; a
human VA, a human Dy, and a human JA; a human VA, a human Dy, and a human Ju; a
human Vk, a human Dy, and a human JA; a human VA, a human Dy, and a human Jk. In
specific embodiment, recombination recognition sequences are modified so as to allow for
productive rearrangements to occur between recited V, D, and J gene segments or

between recited V and J gene segments.
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exper i WEmétarn\élﬁii&ﬁl M\ddm antnamihigechili regintaling thewbiityze douplé it umen

ve set of serumtrters for
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bl ocki ngpraﬁnearamntybod\yar@nt egreldrmentsueetrtmlestthmre&p&se it deputd mastardmyg to

th | at f - hi i h t th hed
i was REHESDAEP B aH ST v BEA SRPR§ea cae Rt e BT AEE T an
HRP- conj ugaderticg@abulssidntialipldeatidagighpohaia] Tnialis patichatyuseengenskitg ac kson

| muno Resear.ch ),..and _devel oped using colorinmetric trates such as BD
CPTE! AT BB B BRI S o S OPRATHDGURT 2 SHTSBeag 5o TERNEad BER oS enct i on i s
st opped \rmtnhndgéw tolyesplaey & B cal tieht eﬁmesmlanadmrbbcw thanspeaificalyBintid 2ofirst
recorded and t dat a re anal %zed n[ﬂ SgITM software from Graph Pad.
The depef8EMRSy ¥ TEe Pbﬂ&]"é‘s ﬁe?eﬁ'é'ab‘/ & SATFALI bR MUPUNERS YRYR $9FO88) ut i on
are anal yrzrmdnmdrho@eﬂerpwaaﬁieeltha‘tekprawswes'rtramij ﬂhep&ﬁebmdal@Smdo@SQe t he
antigen concentrati oy r.e%g'hred t o achi e|50°/ ct %r of the si naJ from
the anti S8W4EHIBPEs VAT DI o9 B C%ﬁ‘e F S?SP&B‘PE‘?ﬁS Yéb294]
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and wi | dhby peemselected 692 MdusAltd essdcmtmmded)réﬂsoﬁtrrtaéGgM&hamtcbmrpdn@ﬂII gen
boost, serumtiters are determ ned by ELI SA. Spl enocytes are isolated from
selected wild type and VELOCI MMUNE(r) humani zed nouse cohorts and fused

w th Ag8.653 nyeloma cells to form hybridomas and grown under selection (as
descri bed above). Qut of a total of 67% anti-IL-6R hybridomas produced, 236
were found to express antigen-specific &nti bodi es. Media harvested from
antigen positive wells was used to determne the antibody affinity of
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ADAMBb sequences is selected for characterizing nouse ADAMG gene expression
and fertility. Exanple VIII Characterization of ADAM6 Rescue M ce [00305]

Fl ow Cyt owot2n15/02pB0306] Three mce at age 25 weeks honorggaisso2onchunman
heavy and human K |ight chain variable gene loci (Hx) and three mce at
age 18-2 s honozygous for hunman heav nd human K |ight chain having
the ect ogf’@%ﬁiusﬂeg'@}ﬁ réﬁ‘la?’%@ﬁ%’ﬂ?e"éﬂéd‘&ﬁ%@%ﬁ?@”ﬁ{%‘% ImpERBACRIE iaaNVE b
genes W tchaifis ket Wilbduitebig paiptvith Rerathe Fraivei86 fatilyCdTdicBvy e, (HdludindGeawpr e
sacrifi ceﬂ for identjf 'Hatj on and. anal ysi s of Ig hocyte_cel | Ogéﬂ ations
by FACs GRAPR¥NEEs YaRbIEregioat drparbireBigseRinemeayen eﬁrf%ﬂo@?'ﬂ“@%”\ﬁgi‘ Bated for
S feg ifi flsﬁgﬂa{ice}ﬂy MRASes vwleafk@tm.lefh &z?rog@ ?ﬁ@b@ifﬁinw‘,l tﬂehrhlats@'ﬁs ‘dléﬁgéu(jﬁbft ages
0 ce vel opnent . . Ti ssues coll ecte romthe animls include ood,
opl een aRa! BURETHER AN ar 8B CRAGMSHNINGHRAR harvA ShEn YALstle SPRas fabes wi i h

EDTA ( BDcBinpfisé soiagt)mutBosHs, (R caublingS oald te eigchffifigmirdigisdtdns duitdisibi ng
wth con‘el ete RPM nedi um suppl enmented with fetal calf serum sodium
pyr uvat e, O 4EREE humandperape¥icbhanol , non- essential ani no acids, and

gent alrryci[gom!agaﬂ mwg%eﬂeéliysenbm@md_dgﬁm%e, &%L{Qﬁﬂh@l@gg fb?a@ompre&@%dggﬁb?r ations
were tysed.w n.a nirum cnl ori de-nase . 1S urrer e.g., ( SIS
but 1 er ) MRS HASR A 6 G GAHE Beloaiga SREPURE chBbSPAREnod ai ni ng
of Cgl lt @%Fﬂeﬁddll@?{i)n olhumaggig\;;d é&%izﬁ\fézbiﬁzlgzh@n'\ggfsgmﬂﬁa ﬁmwmm@étro@asmf\aﬁr e10

I hcubated w .antl - nopuse . , I OSCI ences on 1.ce 1or

m nut es, ﬁi'fJ'a)tl‘1t‘"6{)i)e‘?i°’“8913-| TSR 2GE YR t@%eth@rm S@d?rﬁ'i‘ﬁ?i%\?‘?rs%t%?')eﬁ?f& aligliedwi ng
ant i body ngplst 8f HusndnQighBéha Varibld dnaif OPEM8]in Be)endliBA WatWa A UivBRitp Bf

B 0561 o NUP FBaNEHas S BDle 45 OB PO b EgHR i SAEILRT (8R 7658520

( RA3- 6B2 maBhiees inenumber A76itichd h ifsLOBertdH2 tBideselbpan enlibody 39 &RArgen, pher al
A A R e A M e
Bi oLegen@mboARerEdhi¢ khdéShlowikPihe MdRR-tERERie (el EBtabRRING BR(paBhik somato- B220
ol 1. v RtRUaOR @ T Mt sHa AT Ao BT by edetrBless Ba clmpetins B fas.
per f or medelatvedniatgBRlatiefyl P Wudiih DB EEhadVhriabrR! dorethsiMrchuidgardarticlasul ts from
a representative Htic gnd H K- A6 nouse, g{q/e shown in FIGs. 14-18. [00310]
The r esulSPRaHeAY MUiatgd BUPRYheaV-HANVasEDIg 4O Syi ce progress through the
stages offod21agl | Teleseé@pamiited iepartsitadfliight dhamhipdionsé, ahddnoQsdlis@RginBeicde bone

marrow and peripheral co rtments, and, show nor al tterns of maturation
once 1 hoys EEer MG ar ShaT TR heshrees ddnanubra ileatl Frer s g
CDA43i nt Clpafive @elise Ippohah vambksdsraapared can belachicted @.d FhyGleldtPB)the Thi s may
i ndi cate an a,cg.ekerat ed | &M exHressi on fr m_}he humani zed heﬂ‘\é%ijsschai n | ocus
cont ai ni FPYSR SSBPLERE YsaEls 'GARBAFTE 7% it ‘E%?R#%gﬁi‘ﬂ& PREEBUSEARDAMBa
and lADANBHibrswfmeame@ gy Bn BkdgeNoussaitabld HilJlnhé‘rEI(ijghe&lha)t:ﬂeér}"abld}J_engd gékneel | 00311]
popul ations o -A6 mc ear_nor and simlar t K nmce 11
Fenti o MOPRRET TG st her i e Bnes b Aabes 191 FBatecata toma.
i nfertiliid ¥ manngt Qehhratithg eligerbis Bimamvaraog rebiohigané eeyentfaamcoratih@bl e
loci is dutg ho t(ﬁsti s and/ or, %germ %\%gu tion def ecr%f)f testi s norphol ogy
and sper H'0JRE BRTCIGNOYHEORT KNG Gha!a ant FedP e e FBOSTRPERIEANYGY t est es
L rom two (;g\rlga'sqoaﬂmérii lighe cnaiﬁgeg]e(hmmlrié@épmmﬁg c'\ﬁfaat)gmrmwg@us. for human
eavy an i ght al n, var.iabl ene | oci - 0 ; c
ot of osy OISR HRIBNS ) VRN SO B PR bAoA G RIS for K
i _gg_t dchabnpu/saémn&dimgmen_e nlp]a)ghizgrh@ﬁml‘tﬁﬂﬁe ghvvetizn démh ﬁe]g;inwda tadsqmn;gedd .
epi didym s intact and wei ghed. e specinens were then fixed, e ed in
paraf {1 n.SomElE MR e SERIPHERIS A EH b GRGNEH TR MRSSP nl O} 2T,
Testis serddifing a(olsest Rt BRdin IBRUS & rebRice @ndeerbu®mods « NgHht@hsKaghaed for
defects in norphol ogy and evi dence of sperm production, while epididyms
sect i ons SREMENiEVN MiBenrolight ceaje gere 839Ky e Moo jntienicieingarsebard nent, no
differen i ; i j L Ogy : ved bet ween nmADAMG4-
m ce and MB%\R?B%%?‘E%H&(?EQG%E@?%%%E%I'er%g’eay\@ﬁjlégwggenotypes, both in the
testes ad@0212¢ epigehelioailsendimeased mouse isreddethhaiexprenses alimitadsprdeiref
nmouse ADAMRR, ; : . y in testis
nor phol ogy, gﬂ%d%ﬁ%@ggr%?én%@%gﬁ%g C:Oﬁétrgnmzgg}ﬂ%%?ﬁég%rog'sagér@@gg%d absence
of these two genes. Defects in fertility of male ADAMG64" mce are therefore
not likely to be due to | ow sperm production. [00315] Sperm Mtility and
M gration. [00316] Mce that |ack other. ADAM gene famly nenbers are
infertile due to defects in sperm noti Ispty or mgration. Spermmgration is
defined as the ability of spermto pass fromthe uterus into the oviduct,
and is normally necessary for fertilization in mce. To determne if the
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descri bed above. A slightly | ower nunber of cleaved enbryos were present
for ADAM64" the day followng IVF, as well as a reduced nunber of sperm
bound to wbeosgge82These results establish that sperm f PORIUARDARB49600 i Ce,
once exposed to an ovum are capable of penetrating the cunulus and bi ndi ng

t he zona elluc da. 319] I n anot her experinent, .the abjlity of spermfrom
ADavea. B §F b oMb T LA BPlre S ERTA SN ChOnt rvapaEe

det er m ngphbbdinfentd EfeBridibgéraius Molds Saght &W@&ie&regafén»s ara dfelerted alﬂf OUp of

five superovul ated female mce were set up with five A

second gfeRlgsedMvithiaengle R tWoLfegtraeeeddiias 'WE@‘%W@‘%‘ePPﬂEbW'P'@dﬁP\V@
ADANVG+/ - oRBd R oud RBusBEL @gn@alnrénﬂﬂ'rﬁerﬂgﬁﬁrn’{ﬁqmﬁi% seRRYL awémutaeaﬁ ofive to
si x hours post-copul ation the uterus and attached oviduct fromall fenales
wer e r entheggacarped| mugmdlghmhm@lgm the nidusShx 'ewfu@ pohanceeand HREREE «f or

eggs to édhf cé’r@féﬁa‘wﬂ&n dth}% erﬁb&d?r%ﬁ‘ﬂﬁ us§%‘f‘sro%mp9|%é‘§b°“ was

eval uate vvo drtrerent ways. rst th ovi uc s were renoved fromthe
ut erus, hbufshetcbnai X fghs ethaim e cus, ot aade}etrspéwmewf@eatdelatned thed rendeoathedatus The
presence of leg}g ? a} ﬁo noted as evidence of ovul ation. Second, oviducts
vere | ef PNae KEREEE 84 "BREC@r us and both tissues were fixed, embedded in
par af f i n{oca6} i angéeneaiodiysdrjireeckd rasustas pravized tradiphne/)ano&@hb@mmemr e

exam ned for presence of sper in. both the uterus and i th ovi ducts.
00301]  EOTPYTRE % SIL Cretks B eplan e e qote GRS TReATRorsS M ebamr g T 11 o
sper m wag, jenenskgnientdnd donghishal areboandeddanidndigbt/crdiirc variablergbion oh tmheons
fromoviducts of . the five fenal mated with t five, ADANb+/

xhi bi t e GO P P ISR BITa8 Sy Thentoh oo P ke T Moo corBast  cuct o)
than pres&jién, whefditithe Isqlsus tapubld sfamdeiyeing\siothatit bydrmiubtioh, arel Viiesraihaise mat ed
with the five 00322] Hi stol cal sectb ns, .of uterus and

ol et IS S iR o RIS B PG ey Bel SR See GRS ISR P aribBRie T he

ut erus aigendthe reyibsluTihus( infhearie0d bineudik@ntsiharbddis)compisees icage @3’
hi st ol ogi cal sections of oviduct and uteruy reveallggat hat for female mce

mat ed w CANAISEIBYPICHS carrelaisd in ARG r‘?HWi" tPReleYR!OF BAMBIR MYRSIMYALIQHe
ovi duct . [MﬂherTheS%‘rehmw ehppBerleanmd e .mrmSmdﬁwhemmm@&al ed
ou

t hat sperm was not nd at the u erﬁtubal)éAunctj on In secti ons from

femal es NEPED ARNOF ADARERS 9enArRIES '?H%FI'tVF'fSi‘téaf TERTRPIENSRIS ghd i n

t he ovi dugkan ihRRRSAbUTIR@SEVY S V4ot raBiohs that Balresd & ha&lﬂnﬂﬂth@él\ﬁa and
ADAMbBb genes make sperm that ex ration defect. In all

cases, spép rW"Qvé%arE?BQ%‘? ey C{Rﬁ"f‘?n”'r‘lc“ﬂ‘iﬂ%g ﬂPB?q}g‘e}'ﬁsﬂmeE%meﬁ@‘et%é‘f’o B GhaEPs on and

sper m r elce@mpAsARRASERIHt Mha)ﬁwrnab@ére@mmhat cBitbrisd, letd. ©1 {006 BEEMSREH UGS,
observed within the oviducts af telﬁgh%—ﬁ ul ation as asured either b%‘gsperm

count or MY&toYs SgIPOAIMERs s/ BT Hh BS PREXArESCA A FTRAIF FfRgBoGRt

| acki ng ARAMRErea8IAg APANBPhGRBE SMRIRSHISIRIIG Pe&VY dhant vaesblebegiomBxpragdidlihty to
mgrate fromthe uterus to the oviduct. This defect apparently leads to

infertil |'?eym8\é%eause spermare unable to cross the uterine-tubule junction

into the oviduct, where eggs are fertilized. Taken together, all of these

results converge to .the support e. ADAVB genes hel p
direct spermwth E?Ri rbipging Rre '?%?ﬁg'gé‘gsy'?fﬁ%f’ ﬁf’eéﬁﬁ%‘?%s t hrough the
ut er ot ubgdo18NCt TCcasbsHdAS aMd EHegiods N deédmdéd BPRIMEheAkeddgmare achi eve
the fertilization event. The nechani sm by %EAI\/B achi eve this may be

di rect | y PRANGRTPISHSIRatbing mejB2H Pt @?'H’Qe vgth rt'ql}f N E@orbéﬁpﬁa’ ® expression

with ot h%ﬁwtu&idiés?lman@ 8s of 1Ak hﬁ/renw@ANblpa@tr@army norsetéaes@ﬂ@alymugcredmdm@s
descri bed bel 0324 ADAM Gene Fam

r.essi A conmpl ex of
ADAM pr ot&Pn@ e MRRGR 68V 6 BSBHROUREMIN ERTIGE ST WD Gl Pretcie oy
mat ur i ng vapes shgiMige chaigki ng ot her ADAM gene fanmily rrerrbers | ose this
conpl ex as sperm mature, and exhi bi dgctl on of | e ADAM rot ei ns
in mat ur d0Q%I8] m SyEheRis ApherRESYsionef| é?@ﬁc‘g? ‘ﬂﬁjﬂﬂ/@ém%ﬂ %%b""@@ﬁ%@ 'Qf fect s

ot her ADMVb#rt 8l€tdiSsUeR aBs&didked ith rﬂﬁhﬂf?rn,g amsﬂaslemgbtl dhath taét déh@s@d;d’et@x'[ racts

fromtestis |rmat r nde|d| uring s e anal yzed
o et or A PIRaS uith e Bfteront By ERaRs ATiin PRAN b Adear R bEer o
[Aggﬁé 6} I nnétigéc]fs mmrmwembns aésbhsednh@rémraaiemoN@gewea;aalyya@cﬁﬂédrrﬁmg‘equr
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The resul.t h t hat expressi on of
ADAND. andSRBAIEOR SN e e Tel BaCTTror catDie B bt e BRSO BB eI ADAND
and ADAM3 were dramatically reduced in epididym s extracts. This
denonstrates that the absence of ADAMsa and ADAMBb in sperm of ADAMB4- mice
may have a direct affect on the expres§ on and perhaps function of other
ADAM proteins as spermnmatures (e.qg., DAV and ADAMB) . Thi s suggests that
ADAM6a and ADAMob are part of an ADAM protein conplex on the surface of
sperm V\:hl ch mght be cr|t| cal for proper sperm mgratl on. Exarrpl e IX
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Sense: TAGICCCAGTGATGAGAAAGAGAT 9 VH1 -2 Anti -sense:
GAGAACACAGAAGTGGATGAGATC 10 Probe: TGAGICCAGICCAGGGA 11 Sense:
AAAAATTGAEDGI GARTBEATAAGAGTG 12 VH3-23 Anti-sense: AACCETGCHERTACAASET GCCA 13
Probe: AGAGAAACAGIGGATACGT 14 Sense: AACTACGCACAGAAGITCCAGG 15 VHI-69

Anti - Sensésr:areg;scwi h m%%At -Ia"rlm-%;?\-e eavylcqwainl,arin%Pu%ling%oe%\e\ﬂhcéoi\ns h-g;ré‘rgcso%n?atically
mutated (e.g., affinity matured). Human V_ and Vy sequences from suitable B cells of
immunized mice as described herein that express affinity matured antibodies having
reverse chimeric heavy chains (i.e., human variable and mouse constant) can be identified
and cloned in frame in an expression vector with a suitable human constant region gene
sequence (e.g., a human IgG1). Two such constructs can be prepared, wherein each
construct encodes a human heavy chain variable domain that binds a different epitope.
One of the human Vs (e.g., human Vk1-39Jx5 or human V«3-20Jx1), in germline
sequence or from a B cell wherein the sequence has been somatically mutated, can be
fused in frame to a suitable human constant region gene (e.g., a human k constant gene).
These three fully-human heavy and light constructs can be placed in a suitable cell for
expression. The cell will express two major species: a homodimeric heavy chain with the
identical light chain, and a heterodimeric heavy chain with the identical light chain. To
allow for a facile separation of these major species, one of the heavy chains is modified to
omit a Protein A-binding determinant, resulting in a differential affinity of a homodimeric
binding protein from a heterodimeric binding protein. Compositions and methods that
address this issue are described in USSN 12/832,838, filed 25 June 2010, entitled “Readily
Isolated Bispecific Antibodies with Native Immunoglobulin Format,” published as US
2010/0331527A1, hereby incorporated by reference.

[00217] In one aspect, an epitope-binding protein as described herein is provided,
wherein human V|, and V sequences are derived from mice described herein that have
been immunized with an antigen comprising an epitope of interest.

[00218] In one embodiment, an epitope-binding protein is provided that comprises a first
and a second polypeptide, the first polypeptide comprising, from N-terminal to C-terminal, a
first epitope-binding region that selectively binds a first epitope, followed by a constant
region that comprises a first Cy3 region of a human IgG selected from igG1, lgG2, 1gG4,
and a combination thereof; and, a second polypeptide comprising, from N-terminal to C-
terminal, a second epitope-binding region that selectively binds a second epitope, followed
by a constant region that comprises a second Cy3 region of a human IgG selected from
IgG1, 1gG2, IgG4, and a combination thereof, wherein the second C,3 region comprises a
modification that reduces or eliminates binding of the second Cy3 domain to protein A.
[00219] In one embodiment, the second Cy3 region comprises an H95R modification
(by IMGT exon numbering; H435R by EU numbering). In another embodiment, the second
Cu3 region further comprises a Y96F modification (IMGT; Y436F by EU).
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Sense: TGAGCAGCACCCTCACGIT 18 maK Anti -sense: GIGGCCTCACAGGTATAGCTGIT 19
Probe: ACCAAGGACGAGTATGAA 20 [00329]In this experinent, expression of all
four humawoVbisgermss was observed in the sanpl es anal yze®#CTRisza1a0#9600 he
expression | evels were corrpar abl e bet ween mADAMG- | and ADAMG+/ + m ce. These
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uman antasiReSR. ERBSFRREARME T SR RS otk i AR PO B g T ©

genet i calanyg vaadi thy Ed). m ce are known (see e.g., US 6,596, 541 Regeneron

Phar maceuyj i S, ~VEL humani z NE( r

P oA oYERAI e bhe I TR aIRE R RN R INEER) oo
nouse hadpi@pedis e rmrrrmz:@aprslt gionge muaeordaees witlathe ihvegltion wlﬂman antigerathbe

regi ons operag%%/ h g doscé use consr'%anste re gﬁgg Io%i such that
the. mous SOBPTTRRLIShR CRE b UM CONRTTEL! Y "o URE RanP per s 8o Ein " and
nouse condmanbgloegindight cmarre&;mebleeegxon aeus gmndcessmotra:uhtam a:mendeendDNA
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[00224] In one embodiment, a method for making a bispecific epitope-binding protein is
provided, comprising identifying a first affinity-matured (e.g., comprising one or more
somatic hypermutations) human Vy nucleotide sequence (V1) from a mouse as described
herein, identifying a second affinity-matured (e.g., comprising one or more somatic
hypermutations) human Vi nucleotide sequence (V42) from a mouse as described herein,
cloning V1 in frame with a human heavy chain lacking a Protein A-determinant
modification as described in US 2010/0331527A1 for form heavy chain 1 (HC1), cloning
Vi2 in frame with a human heavy chain comprising a Protein A-determinant as described
in US 2010/0331527A1 to form heavy chain 2 (HC2), introducing an expression vector
comprising HC1 and the same or a different expression vector comprising HC2 into a cell,
wherein the cell also expresses a human immunoglobulin light chain that comprises a
human Vk1-39/human Jx5 or a human Vk3-20/human Jk1 fused to a human light chain
constant domain, allowing the cell to express a bispecific epitope-binding protein
comprising a Vi domain encoded by Vy1 and a Vi domain encoded by V2, and isolating
the bispecific epitope-binding protein based on its differential ability to bind Protein A as
compared with a monospecific homodimeric epitope-binding protein. In a specific
embodiment, HC1 is an IgG1, and HC2 is an IgG1 that comprises the modification H95R
(IMGT; H435R by EU) and further comprises the modification YO6F (IMGT,; Y436F by EU).
In one embodiment, the VH domain encoded by Vy1, the Vy domain encoded by V2, or

both, are somatically mutated.

Human V, Genes That Express with a Common Human V,
[00225] A variety of human variable regions from affinity-matured antibodies raised
against four different antigens were expressed with either their cognate light chain, or at
least one of a human light chain selected from human Vk1-39Jk5, human Vk3-20J«1, or
human VpreBJA5 (see Example 10). For antibodies to each of the antigens, somatically
mutated high affinity heavy chains from different gene families paired successfully with
rearranged human germline Vx1-39Jx5 and Vk3-20Jk1 regions and were secreted from
cells expressing the heavy and light chains. For Vk1-39Jx5 and Vk3-20Jx1, Vy domains
derived from the following human V, gene families expressed favorably: 1-2, 1-8, 1-24, 2-
5, 3-7, 3-9, 3-11, 3-13, 3-15, 3-20, 3-23, 3-30, 3-33, 3-48, 4-31, 4-39, 4-59, 5-51, and 6-1.
Thus, a mouse that is engineered to express a limited repertoire of human V., domains
from one or both of Vk1-39J«x5 and Vk3-20Jx1 will generate a diverse population of
somatically mutated human Vy domains from a Vy, locus modified to replace mouse Vy

gene segments with human Vy gene segments.
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[00226] Mice genetically engineered to express reverse chimeric (human variable,
mouse constant) immunoglobulin heavy chains associated with a single rearranged light
chain (e.g., a Vk1-39/J or a Vx3-20/J), when immunized with an antigen of interest,
generated B cells that comprised a diversity of human Vy rearrangements and expressed a
diversity of high-affinity antigen-specific antibodies with diverse properties with respect to
their ability to block binding of the antigen to its ligand, and with respect to their ability to
bind variants of the antigen (see Examples 14 through 15).

[00227] Thus, the mice and methods described herein are useful in making and
selecting human immunoglobulin heavy chain variable domains, including somatically
mutated human heavy chain variable domains, that result from a diversity of
rearrangements, that exhibit a wide variety of affinities (including exhibiting a Kp of about a
nanomolar or less), a wide variety of specificities (including binding to different epitopes of
the same antigen), and that associate and express with the same or substantially the same
human immunoglobulin light chain variable region.

[00228] In one aspect, a first mouse comprising a humanized heavy chain variable
region locus is bred with a second mouse comprising a nucleic acid sequence encoding a
common, or universal, light chain locus as described herein. In one embodiment, the first
or the second mouse comprises an ectopic nucleic acid sequence encoding a mouse
ADAMBS or ortholog or homolog or functional fragment thereof. Progeny are bred to obtain
mice homozygous for a humanized heavy chain locus, and homozygous for the universal
light chain locus. In one embodiment, the first mouse or the second mouse comprises a
modification of an endogenous mouse light chain locus to render the endogenous mouse
light chain locus nonfunctional (e.g., a deletion or a knockout of, e.g., a A and/or
endogenous locus). In one embodiment, the first mouse comprises a replacement of all or
substantially all functinoal endogenous mouse V, D, and J gene segments with one or
more unrearranged human V, D, and J gene segments (e.g., all or substantially all
functional human V, D, and J gene segments); and the mouse comprises a replacement of
all or substantially all functional light chain V and J gene segments with no more than one
or no more than two rearranged light chain V/J sequences. In one embodiment the first
mouse further comprises an ectopic nucleic acid sequence that encodes a mouse ADAM6
or ortholog or homolog or functional fragment thereof. In one embodiment, the ectopic
nucleic acid sequence is at a humanized immunoglobulin heavy chain locus.

[00229] In one embodiment, mice that comprise the ectopic sequence and that are
homozygous for the universal light chain locus and for the humanized heavy chain locus
are immunized with an antigen of interest to generate antibodies that comprise a plurality

of somtatically mutated human variable domains that associate and express with a
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universal light chain. In one embodiment, human heavy chain variable domain nucleic acid
sequences identified in the mouse are employed in an expression system to make a fully
human antibody comprising the human heavy chain variable domain and a light chain
comprising a universal light chain sequence of the mouse.

[00230] The following examples are provided so as to describe to those of ordinary skill
in the art how to make and use methods and compositions of the invention, and are not
intended to limit the scope of what the inventors regard as their invention. Efforts have
been made to ensure accuracy with respect to numbers used (e.g., amounts, temperature,
efc.) but some experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, molecular weight is average molecular

weight, temperature is indicated in Celsius, and pressure is at or near atmospheric.

EXAMPLES

Example |

Humanization of Mouse Immunoglobulin Genes
[00231] Human and mouse bacterial artificial chromsomes (BACs) were used to
engineer 13 different BAC targeting vectors (BACvecs) for humanization of the mouse
immunoglobulin heavy chain and « light chain loci. Tables 1 and 2 set forth detailed
descriptions of the steps performed for the construction of all BACvecs employed for the
humanization of the mouse immunoglobulin heavy chain and « light chain loci,
respectively.
[00232] Identification of human and mouse BACs.
[00233] Mouse BACs that span the 5" and 3’ ends of the immunoglobulin heavy chain
and « light chain loci were identified by hybridization of filters spotted with BAC library or by
PCR screening mouse BAC library DNA pools. Filters were hybridized under standard
conditions using probes that corresponded to the regions of interest. Library pools were
screened by PCR using unique primer pairs that flank the targeted region of interest.
Additional PCR using the same primers was performed to deconvolute a given well and
isolate the corresponding BAC of interest. Both BAC filters and library pools were
generated from 129 SvJ mouse ES cells (Incyte Genomics/Invitrogen). Human BACs that
cover the entire immunoglobulin heavy chain and « light chain loci were identified either by
hybridization of filters spotted with BAC library (Caltech B, C, or D libraries & RPCI-11
library, Research Genetics/Invitrogen) through screening human BAC library pools
(Caltech library, Invitrogen) by a PCR-based method or by using a BAC end sequence
database (Caltech D library, TIGR).
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[00234] Construction of BACvecs (Tables 1 and 2).

[00235] Bacterial homologous recombination (BHR) was performed as described
(Valenzuela et al., 2003; Zhang, Y., ef al. (1998). A new logic for DNA engineering using
recombination in Escherichia coli. Nat Genet 20, 123-128). In most cases, linear
fragments were generated by ligating PCR-derived homology boxes to cloned cassettes
followed by gel isolation of ligation products and electroporation into BHR-competent
bacteria harboring the target BAC. After selection on appropriate antibiotic petri dishes,
correctly recombined BACs were identified by PCR across both novel junctions followed by
restriction analysis on pulsed-field gels (Schwartz, D.C., and Cantor, C.R. (1984)
Separation of yeast chromosome-sized DNAs by pulsed field gradient gel electrophoresis.
Cell 37, 67-75) and spot-checking by PCR using primers distributed across the human
sequences.

[00236] A 3hVy BACvec was constructed using three sequential BHR steps for the initial
step of humanization of the immunoglobulin heavy chain locus (FIG. 4A and Table 1). In
the first step (Step 1), a cassette was introduced into a human parental BAC upstream
from the human V41-3 gene segment that contains a region of homology to the mouse
immunoglobulin heavy chain locus (HB1), a gene that confers kanamycin resistance in
bacteria and G418 resistance in animals cells (kanR) and a site-specific recombination site
(e.g., loxP). In the second step (Step 2), a second cassette was introduced just
downstream from the last J4 segment that contains a second region of homology to the
mouse immunoglobulin heavy chain locus (HB2) and a gene that confers resistance in
bacteria to spectinomycin (specR). This second step included deleting human
immunoglobulin heavy chain locus sequences downstream from J46 and the BAC vector
chloramphenicol resistance gene (cmR). In the third step (Step 3), the doubly modified
human BAC (B1) was then linearized using I-Ceul sites that had been added during the
first two steps and integrated into a mouse BAC (B2) by BHR through the two regions of
homology (HB1 and HB2). The drug selections for first (cm/kan), second (spec/kan) and
third (cm/kan) steps were designed to be specific for the desired products. Modified BAC
clones were analyzed by pulse-filed gel electrophoresis (PFGE) after digestion with
restriction enzymes to determine appropriate construction (FIG. 4B).

[00237] In a similar fashion, 12 additional BACvecs were engineered for humanization
of the heavy chain and « light chain loci. In some instances, BAC ligation was performed
in lieu of BHR to conjoin two large BACs through introduction of rare restriction sites into
both parental BACvecs by BHR along with careful placement of selectable markers. This
allowed for the survival of the desired ligation product upon selection with specific drug

marker combinations. Recombinant BACs obtained by ligation after digestion with rare
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restriction enzymes were identified and screened in a similar fashion to those obtained by
BHR (as described above).
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Table 1

BACvec

Step Description

Process

Insert upstream mouse homology box into human proximal

T | BAC CTD-257202 BHR
Insert downstream mouse homology box into human proximal
3hVw 12 | BAC CTD-257202 BHR
3 insert 3hVy/27hDu/9hJy into mouse proximal BAC CT7-302a07 BHR
o create 3hVy BACvec
Insert cassette at distal end of mouse IgH locus using mouse
bC T | BAC CT7-253i20 BHR
, Insert specR marker at downstream end of 3hVy insertion BHR
using human BAC CTD-257202
2 Insert I-Ceul and Not sites flanking puroR at upstream end of BHR
3hVy insertion
3 Insert Not site at downstream end of Rel2-408p02 BAC (=10 kb BHR
downstream of V2-5)
4 Insert I-Ceu1 site at upstream end of Rel2-408p02 BAC (=23 BHR
kb upstream of V1-18)
5 lz_lgate 184kb fragment from step 4 into 153kb vector from step Ligation
18hVy
6 Trim human homology from CTD-257202 BAC deleting =85kb BHR
and leaving 65kb homology to 3hVy
7 Insert cassette and Not site at distal end of mouse IgH locus in BHR
CT7-253i20 BAC
8 Subclone mouse distal homology arm for insertion upstream Liaation
from human BACs ) 9
9 Insert 20 kb mouse arm upstream of Rel2-408p02 BHR
10 Swap selection cassette from hygR to neoR to create 18hVy BHR
BACvec
y Insert I-Ceul and PI-Scel sites flanking hygR into distal end of BHR
human BAC CTD-2534n10
2 Insert CmR at proximal end of CTD-2534n10 BAC to allow for BHR
selection for ligation to RP11-72n10 BAC
3 Iinsert PI-Scel site into RP11-72n10 BAC for ligation to CTD- BHR
2534n10 BAC
4 Insert I-Ceul and Ascl sites flanking puroR at distal end of BHR
RP11-72n10 BAC
39hVy
5 Ligate 161kb fragment from construct of step 4 into construct of Ligation
step 2 replacing hygR 9
6 Insert neoR and Ascl site at proximal end of mouse distal BHR
homology arm using CT7-253i20 BAC
7 Insert specR and [-Ceul site at distal end of mouse distal BHR
homology arm
8 Ligate mouse distal homology arm onto human insert from step | Ligation
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9 Swap selection cassette from neo to hyg using UbCp and pA BHR
as homolgy boxes to create 39hVy BACvec
1 Insert specR at proximal end of human CTD-3074b5 BAC BHR
2 Insert Ascl site at distal end of human CTD-3074b5 BAC BHR

Insert hygR and Ascl site at proximal end of mouse distal

53hVy 3 homology arm using CT7-253i20 BAC BHR
4 Ligate mouse distal homology arm onto construct from step 2 Ligation
5 Swap selection cassette from hyg to neo using UbCp and pA BHR
as homolgy boxes to create 53hVy BACvec
1 Insert PI-Scel and I-Ceul sites flanking spec at distal end of BHR
human CTD-2195p5 BAC
5 Insert I-Ceul site at proximal end of RP11-926p12 BAC for BHR
ligation to CTD-2195p5 BAC
3 Insert Pi-Scel and Ascl sites at distal end of RP11-926p12 BHR
70hVy BAC for ligation of mouse arm
4 Ligate mouse distal homology arm onto construct from step 3 Ligation

Ligate mouse distal homology arm and higH fragment from
5 RP11-926p12 BAC onto CTD-2195p5 BAC to create 70 hVy Ligation

BACvec
1 Insert I-Ceul and Ascl sites flanking hygR at distal end of CTD- BHR
2313e3 BAC
80hV
i 5 Ligate mouse dista homology arm onto human CTD-2313e3 Ligation
BAC from step 1 to create 80hV,, BACvec g
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human gerniine light chains (as described above).
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1-18 2730 0.3 351 2, Repface 3AR id-construct of step 4 with specR BHR
6 Insert Neo selection cassette at distal end of mouse Igk locus BHR
using CT7-302g12 BAC
7 Ligate mouse distal homology arm upstream of human insert in Ligation
construct of step 6 to create 6hVk BACvec 9
1 Insert NeoR at distal end of RP11-1061b13 BAC BHR
2 Replace cmR in construct of step 1 with specR BHR
Insert Hyg selection cassette at distal end of mouse Igk locus
16hV
“ 13 | using CT7-302g12 BAC BHR
4 Ligate mouse distal homology arm upstream of human insert Ligation
from construct of step 2 to create 16hVik BACvec 9
1 Insert HygR at distal end of RP11-99g6 BAC BHR
2 Replace cmR in construct of step 1 with specR BHR
Insert Neo selection cassette at distal end of mouse Igxk locus
30hV:
“ |3 | using CT7-302g12 BAC BHR
4 Ligate mouse distal homology arm upstream of human insert Liaation
from construct of step 2 to create 30hVk BACvec 9
1 Insert NeoR at distal end of higH locus in CTD-2559d6 BAC BHR
40hVic 2 Replace cmR in construct of step 1 with specR BHR
3 Ligate mouse distal homology arm upstream of higH locus in Liaation
construct of step 2 to create 40hVk BACvec g
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[00238] Modification of embryonic stem (ES) cells and generation of mice.
[00239] ES cell (F1H4) targeting was performed using the VELOCIGENE® genetic
engineering method as described (Valenzuela et al., 2003). Derivation of mice from
modified ES cells by either blastocyst (Valenzuela et al., 2003) or 8-cell injection
(Poueymirou et al., 2007) was as described. Targeted ES cells and mice were confirmed
by screening DNA from ES cells or mice with unique sets of probes and primers in a PCR
based assay (e.g., FIG. 3A, 3B and 3C). All mouse studies were overseen and approved |
by Regeneron’s Institutional Animal Care and Use Committee (IACUC).

[00240] Karyotype Analysis and Fluorescent in situ Hybridization (FISH).

[00241] Karyotype Analysis was performed by Coriell Cell Repositories (Coriell Institute
for Medical Research, Camden, NJ). FISH was performed on targeted ES cells as
described (Valenzuela et al., 2003). Probes corresponding to either mouse BAC DNA or
human BAC DNA were labeled by nick translation (Invitrogen) with the fluorescently
labeled dUTP nucleotides spectrum orange or spectrum green (Vysis).

[00242] Immunoglobulin Heavy Chain Variable Gene Locus.

[00243] Humanization of the variable region of the heavy chain locus was achieved in
nine sequential steps by the direct replacement of about three million base pairs (Mb) of
contiguous mouse genomic sequence containing all Vy, Dy and Jy gene segments with
about one Mb of contiguous human genomic sequence containing the equivalent human
gene segments (FIG. 1A and Table 1) using VELOCIGENE® genetic engineering
technology (see, e.g., US Pat. No. 6,586,251 and Valenzuela et al., 2003).

[00244] The intron between Jy gene segments and constant region genes (the J-C
intron) contains a transcriptional enhancer (Neuberger, M.S. (1983) Expression and
regulation of immunoglobulin heavy chain gene transfected into lymphoid cells. EMBO J 2,
1373-1378) followed by a region of simple repeats required for recombination during
isotype switching (Kataoka, T. et al. (1980) Rearrangement of immunoglobulin gamma 1-
chain gene and mechanism for heavy-chain class switch. Proc Natl Acad SciU S A 77,
919-923). The junction between human Vy-Dy-Jy region and the mouse Cy region (the
proximal junction) was chosen to maintain the mouse heavy chain intronic enhancer and
switch domain in order preserve both efficient expression and class switching of the
humanized heavy chain locus within the mouse. The exact nucleotide position of this and
subsequent junctions in all the replacements was possible by use of the VELOCIGENE®
genetic engineering method (supra), which employed bacterial homologous recombination
driven by synthesized oligonucleotides. Thus, the proximal junction was placed about 200
bp downstream from the last J, gene segment and the distal junction was placed several
hundred upstream of the most 5’ V,; gene segment of the human locus and about 9 kb

downstream from the mouse V1-86 gene segment, also known as J558.55. The mouse
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V1-86 (J558.55) gene segment is the most distal heavy chain variable gene segment,
reported to be a pseudogene in C57BL/6 mice, but potentially active, albeit with a poor
RSS sequence, in the targeted 129 allele. The distal end of the mouse heavy chain locus
reportedly may contain control elements that regulate locus expression and/or
rearrangement (Pawlitzky et al., 2006).

[00245] A first insertion of human immunoglobulin DNA sequence into the mouse was
achieved using 144 kb of the proximal end of the human heavy chain locus containing 3
V4, all 27 Dy and 9 Jy human gene segments inserted into the proximal end of the mouse
IgH locus, with a concomitant 16.6 kb deletion of mouse genomic sequence, using about
75 kb of mouse homology arms (Step A, FIG. 2A; Tables 1 and 3, 3hVy). This large 144kb
insertion and accompanying 16.6 kb deletion was performed in a single step (Step A) that
occurred with a frequency of 0.2% (Table 3). Correctly targeted ES cells were scored by a
loss-of-native-allele (LONA) assay (Valenzuela et al., 2003) using probes within and
flanking the deleted mouse sequence and within the inserted human sequence, and the
integrity of the large human insert was verified using multiple probes spanning the entire
insertion (FIG. 3A, 3B and 3C). Because many rounds of sequential ES cell targeting were
anticipated, targeted ES cell clones at this, and all subsequent, steps were subjected to
karyotypic analysis (supra) and only those clones showing normal karyotypes in at least 17
of 20 spreads were utilized for subsequent steps.

[00246] Targeted ES cells from Step A were re-targeted with a BACvec that produced a
19 kb deletion at the distal end of the heavy chain locus (Step B, FIG. 2A). The Step B
BACvec contained a hygromycin resistance gene (hyg) in contrast to the neomycin
resistance gene (neo) contained on the BACvec of Step A. The resistance genes from the
two BACvecs were designed such that, upon successful targeting to the same
chromosome, approximately three Mb of the mouse heavy chain variable gene locus
containing all of the mouse V}; gene segments other than Vy1-86 and all of the Dy gene
segments other than DQ52, as well as the two resistance genes, were flanked by loxP
sites; DQ52 and all of the mouse Jy chain gene segments were deleted in Step A. ES cell
clones doubly targeted on the same chromosome were identified by driving the 3hVy
proximal cassette to homozygosity in high G418 (Mortensen, R.M. et al. (1992) Production
of homozygous mutant ES cells with a single targeting construct. Mol Cell Biol 12:2391-
2395) and following the fate of the distal hyg cassette. Mouse segments up to four Mb in
size, having been modified in a manner to be flanked by loxP sites, have been successfully
deleted in ES cells by transient expression of CRE recombinase with high efficiencies (up
to =11%) even in the absence of drug selection (Zheng, B., et al. (2000). Engineering
mouse chromosomes with Cre-loxP: range, efficiency, and somatic applications. Mol Cell

Biol 20:648-655). In a similar manner, the inventors achieved a three Mb deletion in 8% of
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ES cell clones following transient Cre expression (Step C, FIG. 2A, Table 3). The deletion
was scored by the LONA assay using probes at either end of the deleted mouse sequence,
as well as the loss of neo and hyg and the appearance of a PCR product across the
deletion point containing the sole remaining loxP site. Further, the deletion was confirmed
by fluorescence in situ hybridization (data not shown).

[00247] The remainder of the human heavy chain variable region was added to the
3hVy allele in a series of 5 steps using the VELOCIGENE® genetic engineering method
(Steps E—-H, FIG. 2B), with each step involving precise insertion of up to 210 kb of human
gene sequences. For each step, the proximal end of each new BACvec was designed to
overlap the most distal human sequences of the previous step and the distal end of each
new BACvec contained the same distal region of mouse homology as used in Step A. The
BACvecs of steps D, F and H contained neo selection cassettes, whereas those of steps E
and G contained hyg selection cassettes, thus selections were alternated between G418
and hygromycin. Targeting in Step D was assayed by the loss of the unique PCR product
across the distal loxP site of 3hVy Hybrid Allele. Targeting for Steps E through | was
assayed by loss of the previous selection cassette. In the final step (Step I, FIG. 2B), the
neo selection cassette, flanked by Frt sites (McLeod, M. et al. (1986) Identification of the
crossover site during FLP-mediated recombination in the Saccharomyces cerevisiae
plasmid 2 microns circle. Mol Cell Biol 6, 3357-3367), was removed by transient FLPe
expression (Buchholz, F. et al. (1998) Improved properties of FLP recombinase evolved by
cycling mutagenesis. Nat Biotechnol 16, 657-662). The human sequences of the BACvecs
for Steps D, E and G were derived from two parental human BACs each, whereas those
from Steps F and H were from single BACs. Retention of human sequences was
confirmed at every step using multiple probes spanning the inserted human sequences (as
described above, e.g. FIG. 3A, 3B and 3C). Only those clones with normal karyotype and
germline potential were carried forward in each step. ES cells from the final step were still
able to contribute to the germline after nine sequential manipulations (Table 3). Mice
homozygous for each of the heavy chain alleles were viable, appeared healthy and

demonstrated an essentially wild-type humoral immune system (see Example 3).
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Table 3

Hybrid Human Targeting Targeting % Total Functional
Allele sequence construct efficiency usage Vy Vi
3hVy 144 kb 240 kb 0.2% 5 3 3
3hVvu/DC 144 kb 110 kb 0.1% 5 3 3
3hVy-CRE 144 kb - 8% 5 3 3
18hVy 340 kb 272 kb 0.1% 25 18 12
39hVy 550 kb 282 kb 0.2% 60 39 25
53hVy 655 kb 186 kb 0.4% 65 53 29
70hVy 850 kb 238 kb 0.5% 90 70 39
80hVy 940 kb 124 kb 0.2% 100 80 43
80hVydNeo 940 kb - 2.6% 100 80 43

[00248] Immunoglobulin x Light Chain Variable Gene Locus.

[00249] The x light chain variable region was humanized in eight sequential steps by the
direct replacement of about three Mb of mouse sequence containing all Vic and Jx gene
segments with about 0.5 Mb of human sequence containing the proximal human Vk and Jx
gene segments in a manner similar to that of the heavy chain (FIG. 1B; Tables 2 and 4).
[00250] The variable region of the human « light chain locus contains two nearly
identical 400 kb repeats separated by a 800 kb spacer (Weichhold, G.M. et al. (1993) The
human immunoglobulin kappa locus consists of two copies that are organized in opposite
polarity, Genomics 16:503-511). Because the repeats are so similar, nearly all of the locus
diversity can be reproduced in mice by using the proximal repeat. Further, a natural
human allele of the « light chain locus missing the distal repeat has been reported
(Schaible, G. et al. (1993) The immunoglobulin kappa locus: polymorphism and haplotypes
of Caucasoid and non-Caucasoid individuals, Hum Genet 91:261-267). About three Mb of
mouse x light chain variable gene sequence were replaced with about 0.5 Mb of human «
light chain variable gene sequence to effectively replace all of the mouse Vi and Jx gene
segments with the proximal human Vk and all of the human Jx gene segments (FIG. 2C
and 2D; Tables 2 and 4). In contrast to the method described in Example 1 for the heavy
chain locus, the entire mouse Vk gene region, containing all Vk and Jkx gene segments,
was deleted in a three-step process before any human sequence was added. First, a neo
cassette was introduced at the proximal end of the variable region (Step A, FIG. 2C). Next,
a hyg cassette was inserted at the distal end of the x locus (Step B, FIG. 2C). LoxP sites

were again situated within each selection cassette such that Cre treatment induced
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deletion of the remaining 3 Mb of the mouse Vx region along with both resistance genes
(Step C, FIG. 2C).

[00251] A human genomic fragment of about 480 kb in size containing the entire
immunoglobulin « light chain variable region was inserted in four sequential steps (FIG. 2D;
Tables 2 and 4), with up to 150 kb of human immunoglobulin « light chain sequence
inserted in a single step, using methods similar to those employed for the heavy chain (see
Example 1). The final hygromycin resistance gene was removed by transient FLPe
expression. As with the heavy chain, targeted ES cell clones were evaluated for integrity
of the entire human insert, normal karyotype and germ-line potential after every step. Mice
homozygous for each of the « light chain chain alleles were generated and found to be

healthy and of normal appearance.

Table 4
Hybrid Human Targeting Targeting % Total Functional
Allele sequence construct efficiency usage Vk Vk
lgk-PC 0 132 kb 1.1% - - -
lgxk-PC/DC 0 90 kb 0.4% - - -
lgx-CRE 0 - 1% - - -
6hVk 110 kb 122 kb 0.3% 14 6 4
16hVk 240 kb 203 kb 0.4% 47 16 11
30hVxk 390 kb 193 kb 0.1% 70 30 18
40hVk 480 kb 185 kb 0.2% 100 40 25
40hVkdHyg 480 kb - 0.7% 100 40 25
Example Il

Generation of Fully Humanized Mice by

Combination of Multiple Humanized Immunoglobulin Alleles
[00252] At several points, ES cells bearing a portion of the human immunoglobulin
heavy chain or « light chain variable repertoires as described in Example 1 were
microinjected and the resulting mice bred to create multiple versions of VELOCIMMUNE®
humanized mice with progressively larger fractions of the human germline immunoglobulin
repertoires (Table 5; FIG. 5A and 5B). VELOCIMMUNE® 1 (V1) humanized mice possess
18 human Vy gene segments and all of the human Dy and J, gene segments combined
with 16 human Vk gene segments and all the human Jkx gene segments.
VELOCIMMUNE® 2 (V2) humanized mice and VELOCIMMUNE® (V3) humanized mice

have increased variable repertoires bearing a total of 39 Vy and 30 Vx, and 80 V4 and 40
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Vx, respectively. Since the genomic regions encoding the mouse V, Dy and Jy gene
segments, and Vk and Jx gene segments, have been completely replaced, antibodies
produced by any version of VELOCIMMUNE® humanized mice contain human variable
regions linked to mouse constant regions. The mouse X light chain loci remain intact in all
versions of the VELOCIMMUNE® humanized mice and serve as a comparator for
efficiency of expression of the various VELOCIMMUNE® humanized « light chain loci.
[00253] Mice doubly homozygous for both immunoglobulin heavy chain and « light chain
humanizations were generated from a subset of the alleles described in Example 1. All
genotypes observed during the course of breeding to generate the doubly homozygous
mice occurred in roughly Mendelian proportions. Male progeny homozygous for each of
the human heavy chain alleles showed reduced fertility. Reduced fertility resulted from
loss of mouse ADAMBG activity. The mouse heavy chain variable gene locus contains two
embedded functional ADAM6 genes (ADAM6a and ADAMB6b). During humanization of the
mouse heavy chain variable gene locus, the inserted human genomic sequence contained
an ADAM6 pseudogene. Mouse ADAM6 may be required for fertility, and thus lack of
mouse ADAM6 genes in humanized heavy chain variable gene loci might lead to reduced
fertility in these mice notwithstanding the presence of the human pseudogene. Examples
7-9 describe the precise replacement of deleted mouse ADAM6 genes back into a
humanized heavy chain variable gene locus, and restoration of a wild-type level of fertility

in mice with a humanized heavy chain immunoglobulin locus.

Table 5
Version of Heavy Chain x Light Chain
VELOCIMMUNE® Human 5V, Human 5’ Vi
Mouse Vi Allele gene Vi Allele gene
V1 18 18hVy | Vu1-18 16 16hVx | Vk1-16
V2 39 39hVy | Vu4-39 30 30hVk | Vk2-29
V3 80 80hVy | Vu3-74 40 40hVx | Vx2-40
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Example lll

Lymphocyte Populations in Mice with Humanized Immunoglobulin Genes
[00254] Mature B cell populations in the three different versions of VELOCIMMUNE®
mice were evaluated by flow cytometry.

[00255] Briefly, cell suspensions from bone marrow, spleen and thymus were made
using standard methods. Cells were resuspended at 5x1 0° cells/mL in BD Pharmingen
FACS staining buffer, blocked with anti-mouse CD16/32 (BD Pharmingen), stained with the
appropriate cocktail of antibodies and fixed with BD CYTOFIX™ all according to the
manufacturer’s instructions. Final cell pellets were resuspended in 0.5 mL staining buffer
and analyzed using BD FACSCALIBUR™ and BD CELLQUEST PRO™ software. All
antibodies (BD Pharmingen) were prepared in a mass dilution/cocktail and added to a final
concentration of 0.5 mg/10° cells. Antibody cocktails for bone marrow (A-D) staining were
as follows: A: anti-mouse IgMP-FITC, anti-mouse IgM®-PE, anti-mouse CD45R(B220)-APC;
B: anti-mouse CD43(S7)-PE, anti-mouse CD45R(B220)-APC; C: anti-mouse CD24(HSA)-
PE; anti-mouse CD45R(B220)-APC; D: anti-mouse BP-1-PE, anti-mouse CD45R(B220)-
APC. Antibody cocktails for spleen and inguinal lymph node (E—H) staining were as
follows: E: anti-mouse IgMP-FITC, anti-mouse IgM®-PE, anti-mouse CD45R(B220)-APC; F:
anti-mouse Ig, A1, A2, A3 Light Chain-FITC, anti mouse Igk Light Chain-PE, anti-mouse
CD45R(B220)-APC; G: anti-mouse Ly6G/C-FITC, anti-mouse CD49b(DX5)-PE, anti-
mouse CD11b-APC; H: anti-mouse CD4(L3T4)-FITC, anti-mouse CD45R(B220)-PE, anti-
mouse CD8a-APC. Results are shown in FIG. 6.

[00256] Lymphocytes isolated from spleen or lymph node of homozygous
VELOCIMMUNE® humanized mice were stained for surface expression of the markers
B220 and IgM and analyzed using flow cytometry (FIG. 6). The sizes of the B220" IgM*
mature B cell populations in all versions of VELOCIMMUNE® humanized mice tested were
virtually identical to those of wild type mice, regardless of the number of V,, gene segments
they contained. In addition, mice containing homozygous hybrid humanized
immunoglobulin heavy chain loci, even those with only 3 Vy gene segments but normal
mouse immunoglobulin x light chain loci or mice containing homozygous hybrid humanized
xk light chain loci with normal mouse immunoglobulin heavy chain loci, also had normal
numbers of B220" IgM™ cells in their peripheral compartments (not shown). These results
indicate that chimeric loci with human variable gene segments and mouse constant regions
can fully populate the mature B cell compartment. Further, the number of variable gene
segments at either the heavy chain or « light chain loci, and thus the theoretical diversity of
the antibody repertoire, does not correlate with the ability to generate wild type populations

of mature B cells. In contrast, mice with randomly integrated fully-human immunoglobulin
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transgenes and inactivated mouse immunoglobulin loci have reduced numbers of B cells in
these compartments, with the severity of the deficit depending on the number of variable
gene segments included in the transgene (Green, L.L., and Jakobovits, A. (1998)
Regulation of B cell development by variable gene complexity in mice reconstituted with
human immunoglobulin yeast artificial chromosomes, J Exp Med 188:483-495). This
demonstrates that the “in situ genetic humanization” strategy results in a fundamentally
different functional outcome than the randomly integrated transgenes achieved in the
“knockout-plus-transgenic” approach.

[00257] Allelic Exclusion and Locus Choice.

[00258] The ability to maintain allelic exlusion was examined in mice heterozygous for
different versions of the humanized immunoglobulin heavy chain locus.

[00259] The humanization of the immunoglobulin loci was carried out in an F1 ES line
(F1H4 (Valenzuela et al., 2003)), derived from 12986/SvEvTac and C57BL/6NTac
heterozygous embryos. The human heavy chain germline variable gene sequences are
targeted to the 12956 allele, which carries the IgM® haplotype, whereas the unmodified
mouse C576BL/6N allele bears the IgM® haplotype. These allelic forms of IgM can be
distinguished by flow cytometry using antibodies specific to the polymorphisms found in the
IgM? or !gMb alleles. As shown in FIG. 6 (bottom row), the B cells identified in mice
heterozygous for each version of the humanized heavy chain locus only express a single
allele, either IgM? (the humanized allele) or IgMP (the wild type allele). This demonstrates
that the mechanisms involved in allelic exclusion are intact in VELOCIMMUNE®
humanized mice. In addition, the relative number of B cells positive for the humanized
allele (IgM?) is roughly proportional to the number of Vi gene segments present. The
humanized immunoglobulin locus is expressed in approximately 30% of the B cells in
VELOCIMMUNE® 1 humanized heterozygote mice, which have 18 human V), gene
segments, and in 50% of the B cells in VELOCIMMUNE® 2 and 3 (not shown) humanized
heterozygote mice, with 39 and 80 human Vy gene segments, respectively. Notably, the
ratio of cells expressing the humanized versus wild type mouse allele (0.5 for
VELOCIMMUNE® 1 humanized mice and 0.9 for VELOCIMMUNE® 2 humanized mice) is
greater than the ratio of the number of variable gene segments contained in the humanized
versus wild type loci (0.2 for VELOCIMMUNE® 1 humanized mice and 0.4 for
VELOCIMMUNE® 2 humanized mice). This may indicate that the probability of allele
choice is intermediate between a random choice of one or the other chromosome and a
random choice of any particular V segment RSS. Further, there may be a fraction of B-
cells, but not all, in which one allele becomes accessible for recombination, completes the
process and shuts down recombination before the other allele becomes accessible. In

addition, the even distribution of cells that have surface IgM (sigM) derived from either the
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hybrid humanized heavy chain locus or the wild type mouse heavy chain locus is evidence
that the hybrid locus is operating at a normal level. In contrast, randomly integrated human
immunoglobulin transgenes compete poorly with wild type mouse immunoglobulin loci
(Bruggemann, M., et al. (1989) A repertoire of monoclonal antibodies with human heavy
chains from transgenic mice. PNAS 86, 6709-6713; Green et al. (1994); Tuaillon, N. et al.
(1993) Human immunoglobulin heavy-chain minilocus recombination in transgenic mice:
gene-segment use in mu and gamma transcripts, Proc Natl Acad Sci USA 90:3720-3724).
This further demonstrates the immunoglobulins produced by VELOCIMMUNE® humanized
mice are functionally different than those produced by randomly integrated transgenes in
mice made by “knockout-plus-transgenic” approaches.

[00260] Polymorphisms of the Ck regions are not available in 12956 or C57BL/6N to
examine allelic exclusion of humanized versus non-humanized « light chain loci. However,
VELOCIMMUNE® humanized mice all possess wild type mouse A light chain loci,
therefore, it is possible to observe whether rearrangement and expression of humanized «
light chain loci can prevent mouse A light chain expression. The ratio of the number of
cells expressing the humanized « light chain relative to the number of cells expressing
mouse A light chain was relatively unchanged in VELOCIMMUNE® humanized mice
compared with wild type mice, regardless of the number of human Vx gene segments
inserted at the « light chain locus (FIG. 8, third row from top). In addition there was no
increase in the number of double positive (x plus A) cells, indicating that productive
recombination at the hybrid « light chain loci results in appropriate suppression of
recombination of the mouse A light chain loci. In contrast, mice containing randomly
integrated « light chain transgenes with inactivated mouse « light chain loci—but wild type
mouse A light chain loci—exhibit dramatically increased A/x ratios (Jakobovits, 1998),
implying that the introduced « light chain transgenes do not function well in such mice.
This further demonstrates the different functional outcome observed in immunoglobulins
made by VELOCIMMUNE® humanized mice as compared to those made by “knockout-

plus-transgenic” mice.
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[00261] B cell Development.

[00262] Because the mature B cell populations in VELOCIMMUNE® humanized mice
resemble those of wild type mice (described above), it is possible that defects in early B
cell differentiation are compensated for by the expansion of mature B cell populations. The
various stages of B cell differentiation were examined by analysis of B cell populations
using flow cytometry. Table 6 sets forth the ratio of the fraction of cells in each B cell
lineage defined by FACs, using specific cell surface markers, in VELOCIMMUNE®
humanized mice compared to wild type littermates.

[00263] Early B cell development occurs in the bone marrow, and different stages of B
cell differentiation are characterized by changes in the types and amounts of cell surface
marker expression. These differences in surface expression correlate with the molecular
changes occurring at the immunoglobulin loci inside the cell. The pro-B to pre-B cell
transition requires the successful rearrangement and expression of functional heavy chain
protein, while transition from the pre-B to mature B stage is governed by the correct
rearrangement and expression of a x or A light chain. Thus, inefficient transition between
stages of B cell differentiation can be detected by changes in the relative populations of B

cells at a given stage.

Tabie 6
Bone Marrow Spleen
Version of pro-B  pre-B Immature Mature Emerging Mature
VELOCIMMUNE® ) hi B220"
Mice cD43" cp24" B220°  B220" oy B220hi
B220° B220°  IgM*  IgM’ 9 igm+
lgD

V1 1.1 1.0 0.9 1.0 1.1 1.0

V2 1.0 1.0 1.0 1.0 1.0 1.0

V3 1.0 1.0 1.1 1.0 1.0 1.1

[00264] No major defects were observed in B cell differentiation in any of the
VELOCIMMUNE® humanized mice. The introduction of human heavy chain gene
segments does not appear to affect the pro-B to pre-B transition, and introduction of
human « light chain gene segments does not affect the pre-B to B transition in
VELOCIMMUNE® humanized mice. This demonstrates that “reverse chimeric”
immunoglobulin molecules possessing human variable regions and mouse constants
function normally in the context of B cell signaling and co-receptor molecules leading to
appropriate B cell differentiation in a mouse environment. In contrast, the balance between

the different populations during B cell differentiation are perturbed to varying extents in
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mice that contain randomly integrated immunoglobulin transgenes and inactivated

endogenous heavy chain or x light chain loci (Green and Jakobovits (1998)).

Example IV

Variable Gene Repertoire in Humanized Immunoglobulin Mice
[00265] Usage of human variable gene segments in the humanized antibody repertoire
of VELOCIMMUNE® humanized mice was analyzed by reverse transcriptase-polymerase
chain reaction (RT-PCR) of human variable regions from multiple sources including
splenocytes and hybridoma cells. Variable region sequence, gene segment usage,
somatic hypermutation, and junctional diversity of rearranged variable region gene
segments were determined.
[00266] Briefly, total RNA was extracted from 1 x 107-2 x 107 splenocytes or about 10*
10° hybridoma cells using TRIZOL™ (Invitrogen) or Qiagen RNEASY ™ Mini Kit (Qiagen)
and primed with mouse constant region specific primers using the SUPERSCRIPT™ I
One-Step RT-PCR system (Invitrogen). Reactions were carried out with 2-5 uL of RNA
from each sample using the aforementioned 3’ constant specific primers paired with pooled
leader primers for each family of human variable regions for both the heavy chain and «
light chain, separately. Volumes of reagents and primers, and RT-PCR/PCR conditions
were performed according to the manufacturer’s instructions. Primers sequences were
based upon multiple sources (Wang, X. and Stollar, B.D. (2000) Human immunoglobulin
variable region gene analysis by single cell RT-PCR, J Immunol Methods 244:217-225; Ig-
primer sets, Novagen). Where appropriate, nested secondary PCR reactions were carried
out with pooled family-specific framework primers and the same mouse 3’ immunoglobulin
constant-specific primer used in the primary reaction. Aliquots (5 L) from each reaction
were analyzed by agarose electrophoresis and reaction products were purified from
agarose using a MONTAGE™ Gel Extraction Kit (Millipore). Purified products were cloned
using the TOPO™ TA Cloning System (Invitrogen) and transformed into DH10B E.coli cells
by electroporation. Individual clones were selected from each transformation reaction and
grown in 2 mL LB broth cultures with antibiotic selection overnight at 37°C. Plasmid DNA
was purified from bacterial cultures by a kit-based approach (Qiagen).
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[00267] Immunoglobulin Variable Gene Usage.

[00268] Plasmid DNA of both heavy chain and « light chain clones were sequenced with
either T7 or M13 reverse primers on the ABI 3100 Genetic Analyzer (Applied Biosystems).
Raw sequence data were imported into SEQUENCHER™ (v4.5, Gene Codes). Each
sequence was assembled into contigs and aligned to human immunoglobulin sequences
using IMGT V-Quest (Brochet, X. et al. (2008) IMGT/V-QUEST: the highly customized and
integrated system for IG and TR standardized V-J and V-D-J sequence analysis. Nucleic
Acids Res 36:W503-508) search function to identify human Vy, Dy, Jy and Vi, Jx segment
usage. Sequences were compared to germline sequences for somatic hypermutation and
recombination junction analysis.

[00269] Mice were generated from ES cells containing the initial heavy chain
modification (3hVy-CRE Hybrid Allele, bottom of FIG. 2A) by RAG complementation (Chen,
J. et al. (1993) RAG-2-deficient blastocyst complementation: an assay of gene function in
lymphocyte development, Proc Natl Acad Sci USA 90:4528-4532), and cDNA was
prepared from splenocyte RNA. The cDNA was amplified using primer sets (described
above) specific for the predicted chimeric heavy chain mRNA that would arise by V(D)J
recombination within the inserted human gene segments and subsequent splicing to either
mouse IgM or IgG constant domains. Sequences derived from these cDNA clones (not
shown) demonstrated that proper V(D)J recombination had occurred within the human
variable gene sequences, that the rearranged human V(D)J gene segments were properly
spliced in-frame to mouse constant domains and that class-switch recombination had
occurred. Further sequence analysis of mRNA products of subsequent hybrid
immunoglobulin loci was performed.

[00270] In a similar experiment, B cells from non-immunized wild type and
VELOCIMMUNE® humanized mice were separated by flow cytometry based upon surface
expression of B220 and IgM or IgG. The B220" IgM* or surface 1gG" (slgG”) cells were
pooled and V4 and Vk sequences were obtained following RT-PCR ampilification and
cloning (described above). Representative gene usage in a set of RT-PCR amplified
c¢DNAs from unimmunized VELOCIMMUNE® 1 humanized mice (Table 7) and
VELOCIMMUNE® 3 humanized mice (Table 8) was recorded (*defective RSS; tmissing or

pseudogene).
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Chromosone ( BAC)

cl ones,

genomic c

fy

)nsiracts gzre e

ion 3exbr

rnll‘riil?\p
egsilon

andl2ysi s

englneering of the

, Nature

R

e ggnom

C

EI’I 81| Art

ificial
t hese two BAC

Z I

il ¢

o A W, AN -
L i S W N N A

bered to

t
C (

ih a

||r\ o
I} O3T 114

8i ngl

human gern1ine l'i ghtoch
chain | ocus that

vari abl e and j oi ni

Human Germine Li
rearranged human gergii

nol ecul ar

bi ol ogy

segnents used for

human Vx1- 39J- K5 sequence,
rearranged human VpreBJI 5 sequenc
(encodi ng the | eader
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[ 00337] Three different
Wer e made using standard

The human vari abl e gene

| ogi es).
restrict

ons included rearranged
Vx3-20JK1 sequence and a

segnment containing exon 1
he nobuse Vic3-7 gene was

Part of the 5
i on enzyne

x3-20 genes were PCR
forward priners had a 5
intron 1 of the nouse WB-7

PCR of the human Vx1-39 sequence included

PCR of

the human Vx3-20 sequence included an extension encodi ng human JO. The
human VpreBJX5 sequence was nmade by de novo DNA synthesis (Integrated DNA

Technol ogi es) .

PCR pri nmer

JK1,

The reverse priner included a PI-Scel

an

Ascl s

ites.

The Not |/

A portion of the human JK-CK intron including the splice
donor site was PCR anplified from plasm d pBS-296-HA18- PI Scel .

i ncl uded an extension encoding part of either a human
or JX, 5 sequence.
was previously engineered into the intron.
exonl/intron 1, human variable |Iight chain exons,
fragnments were sewn together
and Pl -Scel ,

The forward
J- K5,

site, which

[ 00339] The nouse WB-7

and human Jx-C- K intron
by overl ap extension PCR, digested with Blp
and ligated into plasm d pBS-296- HA18- PI Scel ,
the pronoter fromthe human WB-15 vari abl e gene segnent.
cassette within plasm d pBS-296- HA18- Pl Scel
hygromyci n cassette fl anked by Notl

whi ch cont ai ned
A | oxed hygronycin
was replaced with a FRTed

Pl - Scel

fragnment of this plasmd was |igated i if'o nodi fi ed nouse BAC 254n04, which

contai ned part of the nmouse Jic-Cx intron,
kb of genonlc sequence domnstrean1of the nouse K I ocus which provided a 3

I

.

S p—

t he nouse CK exon,

~ 11

and about 75
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[ 00350] Rearranged Human Germline VpreBJI5 Targeting Vector (FIG 21).

[00351]In a sim|

ar fashion,

an engi neered |light chain | ocus expressing a

rear r angewoizarsan22tger m i ne VpreBJI 5 regi on was nmade usi n@Ca/usarigasiong

construct includi
5I
cl one 302gl12,

i ncl udi ng the human WB-15 pronoter,

from5' to

ng,

3 a b

gene,

an_genonic_se

honol ogy arm cont ai ni ng sequence
to the endogenous nouse K Ilght chain | ocus obtained from nouse BAC
a FRTed neomycin resist'ahlesd

quence

a | eader sequence of the nouse WB-7

vari abl e gene segrrevg @bgewgcpn sggueggge,qut he \yqpusgb\g\gwgdvarl abl e gene
segnent, an open peatde—frare—pf a--angeq furerTgerr--ae VpreBIX5

regi on, a genonic &8dtidnce Cont hilnfgl a pértign| 84% he hdman |- K- O intron,
and a 3' honol ogy| a7at¢ont @ ni ng [sBquences3’ qf | tike® éndogenous nouse JK5
gene segnent obtan@@ﬂBTroannuse g cirope 234 fbf-dgu e 24, mddle). The
sequence of the epgrredred—human MpreBH-5—tocysls—shown-in-SEQ | D NO 73.

[ 00352] Targetedii&%%tion&ﬁ t he iéarranﬁed Huldrs3ger m 3ne Mpr eBIX5 regi on
into BAC DNA was [cenfg nmed 2by ppllysmerpse ghain feap it on §PCR)| using priners
| ocated at sequences WITHI T, t1Te| N&ary prged faraf e VprieBJk5 regi on
light chain regio & e ?h n QEQU@iCEZ%% o-tfe nguse Vx3-7

| eader sequence was-@onfirrted W t|h6-pr| merd® ULC- iR SEQ FD NG 60 and

ULC- R (SEQ I D NO3tdly .| The opep |rfad ng 4o amg ph._d/heé regrranged human
germ i ne VpreBJX5 e rg—wgs—confh %w: wthpr|i et 616=h1F{( TGTCCTCGGC
CCTTGGA; SEQ | D NO™72) land 1616} HIR"( -A(“T(‘ATéngI'T SEQ I D NO 75).
The neonyci n cassle#t®® Was tonfifnedow th Pri ndr s6+2406F (SBEQ | D NO 64) and
neoR (SEQ I D NO 65)1L58Tc1rget0ed BA,3D vvasmt ner J%% to e{dact rlopor at e nouse
ES cel |l s to creatletdnodiied—ES CEI' stof gendr pttngrent Yer+¢6 nice that
express the rearrjaget [hu gef 4 bkl vor 8Bixg |ilght | chalh. [|00353]
Positive ES cell [clseBtes ar & conf if st by Fagngn| TMes¢r eetd ng |and

karyotypi ng usi ng BrRpes SPECIT) ¢ 5P| T 7engl na%[ﬁ)u Vpr Xq |ight chain
regi on inserted ijpto—t+he—endogenqus—K !:g t—eHal-A—-oeeus—Bri-€gf | y, probe
neoP (SEQ I D NO 6j6B-4fhilch bi nds| wi'ttH h thé nednydi? far k& gdne, pr obe
ULCmM P (SEQ I D N@4%7)] whiich by ngdsisM thig thg pouse| | gNix3-7 | eader
sequence, and projpg NI (AC TCACCTG CTSEQ 1D NO 76) whi ch
binds within the .'ﬁgf Vnréb pgﬁk¥ adi-ng fraUAPQ )sitfﬁn HS cell clones
are then used to @p43art "t a0l e HideH | o gi3ve rli sel-Bola | ltter| of pups
expressing a gernf igog I|i ghts chaj n gcgg] on. 8[00~54]37°‘| ferngtivgly, ES cells
beari ng the rearraggﬁg hunil ge 'Hi e VpreBits dgt chatn—Tr¢ggi on are
transfected with ¢andtru thiatl ‘éxplressBs ELUPL| der ’t o rlenove the
FRTed neonycin cas8s6tg i nth odupd@-Bly| t heltardefih§ ¢onsiuct.] Optionally,
the neonycin casseytgy I|s rQﬁDvedl@Q;weedgng tlol m ge|thap expgress FLP
reconbi nase (e.g.[—4YS ( 279) .ot onal -yt henepryei—cgssette i s
retained in the nice nﬁ?p I 4cehbr at ondf LM-del expflessilng a single
rearranged human | ideft chaMn [ 0P35B24 [Target ed [ES cel |'s descri bed above were
used as donor ES kalds [and yntrpg intg an |8-cell use enbryo by
t he VELOCI MOUSEO .%ﬁﬁnf /s%%, e %ﬁﬁ?c Pat . Ng. 7$50 ?&%gﬁfgn Poueym rou et
al . (2007) FO generadd gn nike thct1 -2 p esWentilal |yl full yd@Merilved fromthe
donor gene-target e@fes cel I§ al' | qwi_ygl | medi atje p@en)typgnc arjal yses, Nature
Bi ot ech. 25(1):91F9 E-OCHM-CGEG— y Heearreg—ar—ergi neered hunman
gernm i ne Vx1-39Jxb “qﬁﬂt chiin egion, a Vx3-20 03 ight #hain region or a
VpreBJIX5 |i ght Chp.l3t123’egl omgare| i dgpti Dbedrvied genat ypi nge4usi g a

nodi fication of | ass (Velenzugra et gl [, 3Supra),Jhat] detects the
presence of the 3L£E%E_Leaﬁiangao_&zmgn_géLaLLi1e5$i1hf Zhai regi on.

[ 00356] Pups are gémdft yped Gand p |pi het eBozydous or honozygous for the

uni que rearranged Rungan genp1|ne Ingh. chﬁ;n rlegi on are sel ected for
characteri zi ng expresstion—of—the rearfanged—hyman gernine |light chain
region. [00357] H BﬁﬁE@tonﬂtry [06%5 ] esdion of the rearranged human
l'ight chain regi oh3ite*tihe roormal |arg i podyirepdrtoire of common |ight chain
m ce was validate 0¥ gnal IS pf[T unongDU||n K and k expression in

spl enocytes and pEr-rﬁq ral bl ool lof—cbmmon—tight chain mce. Cel
suspensi ons from ha&r{&dt ed 6pl epns and perlpheral bl ood of wild type (n=b),
WL- 39R5 conmon | i h&ypkalngﬁeterozygote (n=3), WL-39Jk5 conmon |ight chain
honozygot e (n=3), =—203KI—common |ight chain heterozygote (n=2), and

Vx3-20. 1K1 common |ight chain honbzygote (n=2) nice were made using

st andard net hods and stained with CD19+
| abel ed anti bodi es (BD Pharm gen).

[ 00339] Bri ef

ly, 1x106 cell

| gl+ and | gk+ using fluorescently

S were

i ncubated with anti-nouse CD16/ CD32 (clone 2.4&, BD Pharm gen) on ice for

10 m nut es,

”~

e

AN~ =

1 =

A T~

foIIowed by Iabellng wth the fol I owd ng anti body cocktail for

S ~N~A~ f 1

—~~



1.4 93 2.6 WB-20R1 4.2 88 6

[ 00360] Common Light Chain Expression. [00361]

Expressi on of each common |ight chain (W-39JK5 and WB-20J-K1l) was anal yzed
i n het er owpgoisi22r3d honbzygous m ce using a quantitati veCPTR2&298360¢ €. g.

TaqmanTm) . [00362] Briefly,

1L1LQ ‘F raVd
OoS——TU1

CD19+ B cells were purified fromthe spl eens of

a replacenent of the nouse heavy chain and x

wld type, mce hormszayg“

| i ght chain vari apl

r

ai oAl oc

wi th correspondi ng human heavy chain and K

| i ght chain vari apl &8r 4

giorv | oc

(1-1K), as well as m ce honpbzygous and

WB- 20J- K1) using

het er ozygous for pagh 1ear i@nged human |ight chain region (W-39J1c5 or
BHse M-ef obeads (M Itenyi Biotec) according to
manuf acturer' s spec?Pi cat | d‘ Total RNA was purified from CD19+ B cells

usi ng RNeasy TM M nj-3Ki

t (@age

n) according to the manufacturer's

speci fications and p«ﬁ
h

on-col um treat nep

mT NA

using the First S &l ¢

DNA Sy nt

vas renoved using a RNase-free DNase
DO ng NMRNA was reverse-transcribed i nto cDNA
hesis kit (lnvitrogen) and the resulting

cDNA was anplified with the Tagman TM Uni versal PCR Master M x (Applied
Bi osyste i reacti o erfor rred usi ng the ABI 7900 Sequence
et onti o0a374l et ST B SRS AR epoes g e TUREl A REmaa Sl IS
probes spARNkAEné &égrﬁé}ﬂs\afé(utdlzé& d)thﬂ@tfurQﬂorﬁé?Qa%@g&%@%én‘t&ggscﬁlﬁ@d ns,

t he VK gene al one

Tabl e 13 bybpe dﬁ%ﬁcieﬁ ip H@e ‘é%b%%\éw&@ hw@wr@pe 0

ét he nmouse CK regi on.
ihis §xpepasnteppless dave or

this ass@ken ReJoRbi v@p%a§§§§bawe%§omamh' ?éq; ééa.usmsq&%'syan@fthééﬂe mouse
CK region. Results are shown in

Regi onPr iWasid Mt 6B €xprted o @ﬁprq%ed f%eSEQ A-p (ReRO) Ragtozethrbinfluensei on (sense)
AGCAGT CT @A BREH Y ebERoik RS 2 1§TETMTCX&%§W§0% geté f obe)

CCTCCGATCA CCITC 77 78 79
eofeinceneenses rvacRrigys VELREHYUNFEdTuparizedATIcE TIated dom

(anti - seffg@EpN

sense) AAA

both naive and immunized repertoires, has shown usage of these gene segments, albeit at

lower frequencies (data not shown). Aggregate gene usage data has shown that all

functional human Vy, Dy, Ju, Vi, and Jk gene segments contained in VELOCIMMUNE®
humanized mice have been observed in various naive and immunized repertoires (data not
shown). Although the human V47-81 gene segment has been identified in the analysis of
human heavy chain locus sequences (Matsuda, F. et al. (1998) The complete nucleotide
sequence of the human immunoglobulin heavy chain variable region locus, J Exp Med
188:2151-2162), it is not present in the VELOCIMMUNE® humanized mice as confirmed
by re-sequencing of the entire VELOCIMMUNE® 3 humanized mouse genome.

[00272] Sequences of heavy and light chains of antibodies are known to show
exceptional variability, especially in short polypeptide segments within the rearranged
variable domain. These regions, known as hypervariable regions or complementary
determining regions (CDRs) create the binding site for antigen in the structure of the
antibody molecule. The intervening polypeptide sequences are called framework regions
(FRs). There are three CDRs (CDR1, CDR2, CDR3) and 4 FRs (FR1, FR2, FR3, FR4) in
both heavy and light chains. One CDR, CDR3, is unique in that this CDR is created by
recombination of both the Vi, Dy and Jy and Vk and Jkx gene segments and generates a
significant amount of repertoire diversity before antigen is encountered. This joining is
imprecise due to both nucleotide deletions via exonuclease activity and non-template
encoded additions via terminal deoxynucleotidyl! transferase (TdT) and, thus, allows for
novel sequences to result from the recombination process. Although FRs can show

substantial somatic mutation due to the high mutability of the variable region as a whole,

76



(sense) CAGCAGACTG GAGCCTGAAG A 83 WB-20JK1 Junction (anti-sense)
TGATTTCCAC CTTGGICCCT T 84 (probe) TAGCTCACCT TGGACGIT 85 (sense)
CTCCTCATGVOAIBEEEBATC CA 86 WB-20 (anti-sense) GACCCACTECTTAQNGAMGAT 87
(probe) CCACTGGCAT CCC 88 (sense) TGAGCAGCAC CCTCACGIT 89 Mouse Cx

(anti- Se@%ﬁ%bi@%%%v@r%%ﬁ%%v@@ a%ngoss Qrper \939%&5%%% S a'?"eGT ATGAA 91
concentrated and localized regions of high variability in the surface of the antibody
molecule that allow for antigen binding. Heavy chain and light chain sequences of selected
antibodies from VELOCIMMUNE® humanized mice around the CDR3 junction
demonstrating junctional diversity are shown in FIG. 7A and 7B, respectively.

[00273] As shown in FIG. 7A, non-template encoded nucleotide additions (N-additions)
are observed at both the Vy-Dy and Dy-Jy joint in antibodies from VELOCIMMUNE®
humanized mice, indicating proper function of TdT with the human segments. The
endpoints of the Vy, Dy and Jy segments relative to their germline counterparts indicate
that exonuclease activity has also occurred. Unlike the heavy chain locus, the human «
light chain rearrangements exhibit little or no TdT additions at CDRS3, which is formed by
the recombination of the Vk and Jkx segments (FIG. 7B). This is expected due to the lack
of TdT expression in mice during light chain rearrangements at the pre-B to B cell
transition. The diversity observed in the CDR3 of rearranged human Vxk regions is
introduced predominantly through exonuclease activity during the recombination event.
[00274] Somatic hypermutation.

[00275] Additional diversity is added to the variable regions of rearranged
immunoglobulin genes during the germinal center reaction by a process termed somatic
hypermutation. B cells expressing somatically mutated variable regions compete with
other B cells for access to antigen presented by the follicular dendritic cells. Those B cells
with higher affinity for the antigen will further expand and undergo class switching before
exiting to the periphery. Thus, B cells expressing switched isotypes typically have
encountered antigen and undergone germinal center reactions and will have increased
numbers of mutations relative to naive B cells. Further, variable region sequences from
predominantly naive sigM” B cells would be expected to have relatively fewer mutations
than variable sequences from slgG* B cells which have undergone antigen selection.
[00276] Sequences from random Vy or Vi clones from sigM” or slgG” B cells from non-
immunized VELOCIMMUNE® humanized mice or slgG"* B cells from immunized mice were
compared with their germline variable gene segments and changes relative to the germline
sequence annotated. The resuiting nucleotide sequences were translated in silico and
mutations leading to amino acid changes also annotated. The data were collated from all
the variable regions and the percent change at a given position was calculated (FIG. 8).
[00277] As shown in FIG. 8, human heavy chain variable regions derived from slgG* B
cells from non-immunized VELOCIMMUNE® humanized mice exhibit many more
nucleotides relative to slgM™ B cells from the same splenocyte pools, and heavy chain

variable regions derived from immunized mice exhibit even more changes. The number of
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[ 00363] Antigen Specific Common Light Chain Antibodies. [00364] Conmon

| ight chain mce bearing either a V-K1-39, 1x5 or Vx3-20J-Kl1 common |i ght
chai n at wbeosndegenous nouse K |ight chain | ocus were iPomse@ed4960e h 13-
gal act osi dase and anti body titer was neasured. [00365]Briefly,

por tho_ FERUEERE P ERoRT S Py EPPBRb N ey ey CHeh s Shon =
| i ght chéimehoriozgipas, asdi¢aing antgeh 36i:ti30.) KAe carraspbnding Bnimoha@didsdmignzaggot es

n=5) were i nized b ubcut apeous. i nj.ecti.on with 100
LaToh me i R 3R Pemth kA VAR RE TedebS hES brah: b Bt Bennwmpais bt i on
t\r/]vo ti nemdut%idm?kl@bG?{sagM,an&dvb? ?&r?g\diﬁ?aurmhagﬁofhdf@mgﬁhaw BppeAirt er
t he secon 00S ood .wa ol | ected, fro naest heti zed m ce usj.ng, a
et r oo o B PRIMORT LadberhP eGP coRpares win R Hamepars $bensen iagesils bt ¢ he
manuf act thecartibodias iverecaritigas-sel&otetidrasius.cAamiiad Sregadsadt peirdaser tgM or 1 gG
anti bodi es L] SA plates .(Nunc) were coated with 1 / mLf 3- gal act.osi dase
ver ot ghiitelpSte ngArag Scift bR Bte seetib ot SHueoPes dhrvas fab GEVE pac
W th 1% BSA ffam ieRenibédimicel room tenperature. Serial dilutions of serum
wer e add t | ates and i ncubated for one hour at roomtenperature
bt or o iRy et TRadetnd S iparotetan absae o HE DM URES | g

( Sout her RuBAe€ Micetdentdtistratedkat(cSoertagy Bil Gért &gmentre 91 alOpadle droom
s were devel oped with TMB

tenperature. Follow n E@n tther_wa?h, glate, A devel . _

subst r at éea(’@ﬁg%i“‘é%i’é% gﬁ’v. UpelipneihoiryetRe caIma s ahterdifs IR theseduice uF éhesci d
and 0DASYENeT IMRRINES hitgafizad @bose dérivel ahtoddardelly fdredikdtd withifBRd moblad a was
anal yzed wi t h GRAPHPADTM Pri sm an siiagnal was cal cul ated as the dilution of

serum t h4PMHae gYe | LGN, ARY mMeBaliqndo greate nmate pman24A and
24B. [ 003hfodsesthatwan iefettively raxaamRieaheit faggdt ahligenofVELDIMMRIIGER! S 1 n bot h
the splenic and, peri he[)al conpartments of V-K1-39JK5 and N K3-20J-K1
conmon Igb'ﬁ?”%ﬁ%ﬁ'\*erﬁe‘éé @éﬁﬁwg‘?‘“ 3t IDMHBE reshONEes P sRHITRIE £8FFES(fabl e 12 and
FI G 22) antifdhe Beat Pesi@iiOsadel ¢ Atwigd pdngetf Bémah anibtlies tHAEE 5bthati@daffiewer

peri pheral B . I of whj.ch apout 1-2% express the engi neered human |i ght
chain reép%ﬁu'?ag’iﬁéfWSfa%Hg e (defaenalz ?"é"gsi on level s of the Vx1-39JK5 and

WB- 20JK1 rearranged human |ight chain regions fromthe endogenous K |ight
chain | ocus were elevated in corrparhgon {?f%an endogenous K |ight chain
| ocus containing a conpl ete repl acer®#HPP nouse Vic and JK gene segnents

w th human VK and JKaAg&igsisssfQyaighoid Etrﬁctﬁaénd%mnglo@ﬁ@. The expression
eBR5 rear t chain regi on denonstrated

| evel s of t V| ange uman ||

R B 1 IR T R R S RS TR I A

het Srozygﬂmsaﬂd_smmanmu_ Eonjﬁ:Wﬂ@ty(o@&i’E/EmeHﬂWMEb ®Rﬂ'|hhlaﬁzétﬁmé5§té'iﬁécﬁ5 tEa_t

I N | rect . tition wt 1 npuse y c,, or 18 enaogenous |g,t chal n
et o it B el A By SRS o i Als BUTHROR DG evPes Ran e |
type | evebruaxgyliesed &om wikklypdaneVELOEMIMSINE® h@ghinigdtbinite vagsisnafgbagi ve rise

to normal spl enj bl ood B cell frequency. Further, the presence of an
engi neer@ﬂ'”&'ﬁ%ﬁ?ﬁgﬁ%w‘ﬁ?ﬂyms havi ng either a human Vi cl-39JK5 or hunman

VO- 20JK1 [60280F NASy ritsoid@rhah Steictired by the mice and appear to function in

wldtype.f i by representin supstantial portion of the |ight chain

repert oi f%ozl%if]t ﬁ@‘er%rr‘r'ﬁ‘?“g? a%cg%squma} g E/mﬁ’ O'Pr’r‘ﬁﬁ‘f% Fe dRATseerepfent 2paN and

(2328371' _ EX&[@rﬁpéﬂdel\/gelopmgi(ﬁ)tgkﬁ(g‘ieﬁ_ﬁi_\;]@%iégbx@:@Hsl.c-)mﬂﬁé&iitﬁ\g !l Sbmé@n&%; fudiger Human
rmine Light in . Thi s Exanpl e descri bes several other

gonet | CafTy S etian g 0o Sl as PHALTE £ BV BPE 15 4ahy UBRB S0 sing

common | sgiHedailaidsdttions, Aeswnifleast difdrende ih@ppéfabe dMsketordapy IgppRsitcal |y

nodi fi ed nous trains harbori i enetically nodjfied

munogl BN FetsEn R GGRRY IS EAMUBE Do RRiReR iee pReyRen s ddat neb

opti m zeshégn)usage of the engineered |ight chain | ocus, mce bearing one of
the rear man germine ljight chain regions are bred to another nouse
cont ai ni i@r}ggﬁe{%ﬁf‘%’ ’HU?TQOBH{'!%B%W@&S A, light chain locus. In this
manner, {0028p] OgRTe@ bhéxpressidr df caxPIseEPe iOSmilah wil@B)pe dndght chai n, the

rearrang ofs ine light chain.,regio escribed in Exanple 11

b ced; ng U LM R hu s mee P R im0 o3 OB Eomant rrenBohr T and.

al t er nat huebyizatyn ¢ teovarabri gneReg@eats had.ng.appdieat dekseadifebblnal sy ) -

Mouse strains bearing an engi neered light chain | ocus and a del etion of the
endogenous X |ight chain |ocus are screened for presence of the unique
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myeloma cells in an electrofusion chamber according to the manufacture’s suggested

protocol (Cyto Pulse Sciences Inc., Glen Burnie, MD). Ten days after culture, hybridomas
are screened for antigen specificity using an ELISA assay (Harlow, E. and Lane, D. (1988)
Antibodies: A Laboratory Manual. Cold Spring Harbor Press, New York). Alternatively,
antigen specific B cells are isolated directly from immunized VELOCIMMUNE® humanized
mice and screened using standard techniques, including those described here, to obtain
human antibodies specific for an antigen of interest.

[00287] Serum Titer Determination.

[00288] To monitor animal anti-antigen serum response, serum samples are collected
about 10 days after each boost and the titers are determined using antigen specific ELISA.
Briefly, Nunc MAXISORP™ 96 well plates are coated with 2 pg/mL antigen overnight at 4°
C and blocked with bovine serum albumin (Sigma, St. Louis, MO). Serum samples in a
serial 3 fold dilutions are allowed to bind to the plates for one hour at room temperature.
The plates are then washed with PBS containing 0.05% Tween-20 and the bound IgG are
detected using HRP-conjugated goat anti-mouse Fc (Jackson Immuno Research
Laboratories, Inc., West Grove, PA) for total IgG titer, or biotin-labeled isotype specific or
light chain specific polyclonal antibodies (SouthernBiotech Inc.) for isotype specific titers,
respectively. For biotin-labeled antibodies, following plate wash, HRP-conjugated
streptavidin (Pierce, Rockford, IL) is added. All plates are developed using colorimetric
substrates such as BD OPTEIA™ (BD Biosciences Pharmingen, San Diego, CA). After
the reaction is stopped with 1 M phosphoric acid, optical absorptions at 450 nm are
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[00294] In one experiment, VELOCIMMUNE® humanized mice were immunized with
hiL-8R (as described above). FIG. 11A and 11B show a representative set of affinity
measurements for anti-hIL6R antibodies from VELOCIMMUNE® humanized and wild-type
mice.

[00295] After immunized mice receive a third antigen boost, serum titers are determined
by ELISA. Splenocytes are isolated from selected wild type and VELOCIMMUNE®
humanized mouse cohorts and fused with Ag8.653 myeloma cells to form hybridomas and
grown under selection (as described above). Out of a total of 671 anti-IL-6R hybridomas
produced, 236 were found to express antigen-specific antibodies. Media harvested from
antigen positive wells was used to determine the antibody affinity of binding to antigen
using a solution competition ELISA. Antibodies derived from VELOCIMMUNE®
humanized mice exhibit a wide range of affinity in binding to antigen in solution (FIG. 11A).
Furthermore, 49 out of 236 anti-IL-6R hybridomas were found to block IL-6 from binding to
the receptor in an in vitro bioassay (data not shown). Further, these 49 anti-IL-6R blocking
antibodies exhibited a range of high solution affinities similar to that of blocking antibodies

derived from the parallel immunization of wild type mice (FIG. 11B).

Example Vi

Construction of a Mouse ADAM®6 Targeting Vector
[00296] A targeting vector for insertion of mouse ADAM6a and ADAMG6b genes into a
humanized heavy chain locus was constructed using VELOCIGENE® genetic engineering
technology (supra) to modify a Bacterial Artificial Chromosome (BAC) 929d24 obtained
from Dr. Fred Alt (Havard University). 929d24 BAC DNA was engineered to contain
genomic fragments containing the mouse ADAM6a and ADAMEb genes and a hygromycin
cassette for targeted deletion of a human ADAM6 pseudogene (hRADAM6EW) located
between human Vu1-2 and Vi6-1 gene segments of a humanized heavy chain locus (FIG.
12).
[00297] First, a genomic fragment containing the mouse ADAM6b gene, ~800 bp of
upstream (5°) sequence and ~4800 bp of downstream (3’) sequence was subcloned from
the 929d24 BAC clone. A second genomic fragment containing the mouse ADAM6a gene,
~300 bp of upstream (5’) sequence and ~3400 bp of downstream (3') sequence, was
separately subcloned from the 929d24 BAC clone. The two genomic fragments containing
the mouse ADAM6b and ADAM6a genes were ligated to a hygromycin cassette flanked by
Frt recombination sites to create the targeting vector (Mouse ADAM6 Targeting Vector,
Figure 20; SEQ ID NO:3). Different restriction enzyme sites were engineered onto the 5°
end of the targeting vector following the mouse ADAM6b gene and onto the 3’ end
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following the mouse ADAM®6a gene (bottom of FIG. 12) for ligation into the humanized
heavy chain locus.

[00298] A separate modification was made to a BAC clone containing a replacement of
the mouse heavy chain locus with the human heavy chain locus, including the human
ADAMBS pseudogene located between the human Vy1-2 and V46-1 gene segments of the
humanized locus for the subsequent ligation of the mouse ADAMG targeting vector (FIG.
13).

[00299] Briefly, a neomycin cassette flanked by /oxP recombination sites was
engineered to contain homology arms containing human genomic sequence at positions 3’
of the human Vu1-2 gene segment (5’ with respect to hADAMGW) and 5’ of human V6-1
gene segment (3’ with respect to hADAMEBY; see middle of FIG. 13). The location of the
insertion site of this targeting construct was about 1.3 kb &' and ~350 bp 3’ of the human
ADAMSG pseudogene. The targeting construct also included the same restriction sites as
the mouse ADAMS targeting vector to allow for subsequent BAC ligation between the
modified BAC clone containing the deletion of the human ADAMG6 pseudogene and the
mouse ADAMG targeting vector.

[00300] Following digestion of BAC DNA derived from both constructs, the genomic
fragments were ligated together to construct an engineered BAC clone containing a
humanized heavy chain locus containing an ectopically placed genomic sequence
comprising mouse ADAM6a and ADAMB6b nucleotide sequences. The final targeting
construct for the deletion of a human ADAM6 gene within a humanized heavy chain locus
and insertion of mouse ADAMBa and ADAM6b sequences in ES cells contained, from 5’ to
3, a 5’ genomic fragment containing ~13 kb of human genomic sequence 3’ of the human
Vh1-2 gene segment, ~800 bp of mouse genomic sequence downstream of the mouse
ADAMSBb gene, the mouse ADAMEb gene, ~4800 bp of genomic sequence upstream of the
mouse ADAMS6b gene, a 5’ Frt site, a hygromycin cassette, a 3’ Frt site, ~300 bp of mouse
genomic sequence downstream of the mouse ADAM6a gene, the mouse ADAM6a gene,
~3400 bp of mouse genomic sequence upstream of the mouse ADAM6a gene, and a 3’
genomic fragment containing ~30 kb of human genomic sequence 5 of the human V,6-1
gene segment (bottom of FIG. 13).

[00301] The engineered BAC clone (described above) was used to electroporate mouse
ES cells that contained a humanized heavy chain locus to created modified ES cells
comprising a mouse genomic sequence ectopically placed that comprises mouse ADAM6a
and ADAMG6b sequences within a humanized heavy chain locus. Positive ES cells
containing the ectopic mouse genomic fragment within the humanized heavy chain locus
were identified by a quantitative PCR assay using TAQMAN™ probes (Lie, Y.S. and
Petropoulos, C.J. (1998) Advances in quantitative PCR technology: 5'nuclease assays.
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Curr Opin Biotechnol 9(1):43-48). The upstream and downstream regions outside of the
modified portion of the humanized heavy chain locus were confirmed by PCR using
primers and probes located within the modified region to confirm the presence of the
ectopic mouse genomic sequence within the humanized heavy chain locus as well as the
hygromycin cassette. The nucleotide sequence across the upstream insertion point
included the following, which indicates human heavy chain genomic sequence upstream of
the insertion point and an I-Ceu | restriction site (contained within the parentheses below)
linked contiguously to mouse genomic sequence present at the insertion point:
(CCAGCTTCAT TAGTAATCGT TCATCTGTGG TAAAAAGGCA GGATTTGAAG
CGATGGAAGA TGGGAGTACG GGGCGTTGGA AGACAAAGTG CCACACAGCG
CAGCCTTCGT CTAGACCCCC GGGCTAACTA TAACGGTCCT AAGGTAGCGA G)
GGGATGACAG ATTCTCTGTT CAGTGCACTC AGGGTCTGCC TCCACGAGAA
TCACCATGCC CTTTCTCAAG ACTGTGTTCT GTGCAGTGCC CTGTCAGTGG (SEQ ID
NO:4). The nucleotide sequence across the downstream insertion point at the 3’ end of
the targeted region included the following, which indicates mouse genomic sequence and a
Pl-Sce | restriction site (contained within the parentheses below) linked contiguously with
human heavy chain genomic sequence downstream of the insertion point:
(AGGGGTCGAG GGGGAATTTT ACAAAGAACA AAGAAGCGGG CATCTGCTGA
CATGAGGGCC GAAGTCAGGC TCCAGGCAGC GGGAGCTCCA CCGCGGBTGGC
GCCATTTCAT TACCTCTTTC TCCGCACCCG ACATAGATAAAGCTT) ATCCCCCACC
AAGCAAATCC CCCTACCTGG GGCCGAGCTT CCCGTATGTG GGAAAATGAA
TCCCTGAGGT CGATTGCTGC ATGCAATGAA ATTCAACTAG (SEQ ID NO:5).

[00302] Targeted ES cells described above were used as donor ES cells and introduced
into an 8-cell stage mouse embryo by the VELOCIMOUSE® mouse engineering method
(see, e.g., US Pat. Nos. 7,6598,442, 7,576,259, 7,294,754). Mice bearing a humanized
heavy chain locus containing an ectopic mouse genomic sequence comprising mouse
ADAM®6a and ADAMG6bD sequences were identified by genotyping using a modification of
allele assay (Valenzuela et al., 2003) that detected the presence of the mouse ADAM6a
and ADAM®6b genes within the humanized heavy chain locus.

[00303] Mice bearing a humanized heavy chain locus that contains mouse ADAM6a
and ADAM®6b genes are bred to a FLPe deletor mouse strain (see, e.g., Rodriguez, C.I. et
al. (2000) High-efficiency deleter mice show that FLPe is an alternative to Cre-/oxP.
Nature Genetics 25:139-140) in order to remove any FRTed hygromycin cassette
introduced by the targeting vector that is not removed, e.g., at the ES cell stage orin the
embryo. Optionally, the hygromycin cassette is retained in the mice.

[00304] Pups are genotyped and a pup heterozygous for a humanized heavy chain

locus containing an ectopic mouse genomic fragment that comprises mouse ADAM6a and
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ADAMBb sequences is selected for characterizing mouse ADAM6 gene expression and
fertility.

Example VI

Characterization of ADAM6 Rescue Mice
[00305] Flow Cytometry.
[00306] Three mice at age 25 weeks homozygous for human heavy and human « light
chain variable gene loci (H/x) and three mice at age 18-20 weeks homozygous for human
heavy and human «x light chain having the ectopic mouse genomic fragment encoding the
mouse ADAM6a and ADAMBb genes within both alleles of the human heavy chain locus
(H/-AB) were sacrificed for identification and analysis of lymphocyte cell populations by
FACs on the BD LSR Il System (BD Bioscience). Lymphocytes were gated for specific cell
lineages and analyzed for progression through various stages of B cell development.
Tissues collected from the animals included blood, spleen and bone marrow. Blood was
collected into BD microtainer tubes with EDTA (BD Biosciences). Bone marrow was
collected from femurs by flushing with complete RPMI medium supplemented with fetal calf
serum, sodium pyruvate, HEPES, 2-mercaptoethanol, non-essential amino acids, and
gentamycin. Red blood cells from blood, spleen and bone marrow preparations were lysed
with an ammonium chloride-based lysis buffer (e.g., ACK lysis buffer), followed by washing
with complete RPMI medium.
[00307] For staining of cell populations, 1 x 10° cells from the various tissue sources
were incubated with anti-mouse CD16/CD32 (2.4G2, BD Biosciences) on ice for 10
minutes, followed by labeling with one or a combination of the following antibody cocktails
for 30 min on ice.
[00308] Bone marrow: anti-mouse FITC-CD43 (1B11, BioLegend), PE-ckit (2B8,
BioLegend), PeCy7-IgM (11/41, eBioscience), PerCP-Cy5.5-1gD (11-26¢.2a, BioLegend),
APC-eFluor780-B220 (RA3-6B2, eBioscience), A700-CD19 (1D3, BD Biosciences).
[00309] Peripheral blood and spleen: anti-mouse FITC-x (187.1, BD Biosciences), PE-A
(RML-42, BioLegend), PeCy7-IgM (11/41, eBioscience), PerCP-Cy5.5-1gD (11-26¢.2a,
BioLegend), APC-CD3 (145-2C11, BD), A700-CD19 (1D3, BD), APC-eFluor780-B220
(RA3-6B2, eBioscience). Following incubation with the labeled antibodies, cells were
washed and fixed in 2% formaldehyde. Data acquisition was performed on an LSRII flow
cytometer and analyzed with FlowJo. Results from a representative H/x and H/x-A6
mouse are shown in FIGs. 14-18.
[00310] The results demonstrate that B cells of H/x-A6 mice progress through the

stages of B cell development in a similar fashion to H/x mice in the bone marrow and

84



3012G 52.4 16.8 3013 80.3 65.8 3013G 17.5 15.4 3014 63.4 20.7 3014G 74.4
28.5 3015 89.1 55.7 3015G 58.8 17.3 3016 97.1 81.6 3016G 93.1 66.4 3017
WO 2013/022782 PCT/US2012/049600

peripheral compartments, and show normal patterns of maturation once they enter the
periphery. H/ix-A6 mice demonstrated an increased CD43™CD19" cell population as
compared to H/x mice (FIG. 16B). This may indicate an accelerated IgM expression from
the humanized heavy chain locus containing an ectopic mouse genomic fragment
comprising the mouse ADAM6a and ADAMG6b sequences in H/k-A6 mice. In the periphery,
B and T cell populations of H/x-A6 mice appear normal and similar to H/x mice.

[00311] Testis Morphology and Sperm Characterization.

[00312] To determine if infertility in mice having humanized immunoglobulin heavy chain
variable loci is due to testis and/or sperm production defects, testis morphology and sperm
content of the epididymis was examined.

[00313] Briefly, testes from two groups of five mice per group (Group 1: mice
homozygous for human heavy and « light chain variable gene loci, mADAMS6™; Group 2:
mice heterozygous for human heavy chain variable gene loci and homozygous for « light
chain variable gene loci, mMADAM6*") were dissected with the epididymis intact and
weighed. The specimens were then fixed, embedded in paraffin, sectioned and stained
with hematoxylin and eosin (HE) stain. Testis sections (2 testes per mouse, for a total of
20) were examined for defects in morphology and evidence of sperm production, while
epididymis sections were examined for presence of sperm.

[00314] In this experiment, no differences in testis weight or morphology was observed
between mADAM6™ mice and mADAMB*" mice. Sperm was observed in all genotypes,
both in the testes and the epididymis. These results establish that the absence of mouse
ADAM6a and ADAMBb genes does not lead to detectable changes in testis morphology,
and that sperm is produced in mice in the presence and absence of these two genes.
Defects in fertility of male ADAM6™ mice are therefore not likely to be due to low sperm
production.

[00315] Sperm Motility and Migration.

[00316] Mice that lack other ADAM gene family members are infertile due to defects in
sperm motility or migration. Sperm migration is defined as the ability of sperm to pass from
the uterus into the oviduct, and is normally necessary for fertilization in mice. To determine
if the deletion of mouse ADAM6a and ADAMB6b affects this process, sperm migration was
evaluated in MADAM6  mice. Sperm motility was also examined.

[00317] Briefly, sperm was obtained from testes of (1) mice heterozygous for human
heavy chain variable gene loci and homozygous for human « light chain variable gene locui
(ADAMB™); (2) mice homozyogous for human heavy chain variable gene loci and
homozygous for human « light chain variable gene loci (ADAMB™); (3) mice homozygous

for human heavy chain variable gene loci and homozygous for wild-type « light chain
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(ADAM6™ mk); and, (4) wild-type C57 BL/6 mice (WT). No significant abnormalities were
observed in sperm count or overall sperm motility by inspection. For all mice, cumulus
dispersal was observed, indicating that each sperm sample was able to penetrate the
cumulus cells and bind the zona pellucida in vitro. These results establish that ADAM6™
mice have sperm that are capable of penetrating the cumulus and binding the zona
pellucida.

[00318] Fertilization of mouse ova in vitro (IVF) was done using sperm from mice as
described above. A slightly lower number of cleaved embryos were present for ADAM6™
the day following IVF, as well as a reduced number of sperm bound to the eggs. These
results establish that sperm from ADAM6™ mice, once exposed to an ovum, are capable of
penetrating the cumulus and binding the zona pellucida.

[00319] In another experiment, the ability of sperm from ADAMB™ mice to migrate from
the uterus and through the oviduct was determined in a sperm migration assay.

[00320] Briefly, a first group of five superovulated female mice were set up with five
ADAM6™ males. A second group of five superovulated female mice were set up with five
ADAMB"" males. The mating pairs were observed for copulation, and five to six hours
post-copulation the uterus and attached oviduct from all females were removed and
flushed for analysis. Flush solutions were checked for eggs to verify ovulation and obtain a
sperm count. Sperm migration was evaluated in two different ways. First, both oviducts
were removed from the uterus, flushed with saline, and any sperm identified were counted.
The presence of eggs was also noted as evidence of ovulation. Second, oviducts were left
attached to the uterus and both tissues were fixed, embedded in paraffin, sectioned and
stained (as described above). Sections were examined for presence of sperm, in both the
uterus and in both oviducts.

[00321] For the five females mated with the five ADAM6™ males, very little sperm was
found in the flush solution from the oviduct. Flush solutions from oviducts of the five
females mated with the five ADAM6*" males exhibited a sperm level about 25- to 30-fold
higher (avg, n = 10 oviducts) than present in flush solutions from the oviducts of the five
females mated with the five ADAM6™ males.

[00322] Histological sections of uterus and oviduct were prepared. The sections were
examined for sperm presence in the uterus and the oviduct (the colliculus tubarius).
Inspection of histological sections of oviduct and uterus revealed that for female mice
mated with ADAM6™ mice, sperm was found in the uterus but not in the oviduct. Further,
sections from females mated with ADAM6™ mice revealed that sperm was not found at the
uterotubal junction (UTJ). In sections from females mated with ADAM6*" mice, sperm was
identified in the UTJ and in the oviduct.
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[00323] These results establish that mice lacking ADAM6a and ADAM6b genes make
sperm that exhibit an in vivo migration defect. In all cases, sperm was observed within the
uterus, indicating that copulation and sperm release apparently occur as normal, but little
to no sperm was observed within the oviducts after copulation as measured either by
sperm count or histological observation. These results establish that mice lacking
ADAM®6a and ADAM®6b genes produce sperm that exhibit an inability to migrate from the
uterus to the oviduct. This defect apparently leads to infertility because sperm are unable
to cross the uterine-tubule junction into the oviduct, where eggs are fertilized. Taken
together, all of these results converge to the support the hypothesis that mouse ADAM6
genes help direct sperm with normal motility to migrate out of the uterus, through the
uterotubal junction and the oviduct, and thus approach an egg to achieve the fertilization
event. The mechanism by which ADAMS6 achieves this may be directly by action of the
ADAMBG proteins, or through coordinate expression with other proteins, e.g., other ADAM
proteins, in the sperm cell, as described below.

[00324] ADAM Gene Family Expression.

[00325] A complex of ADAM proteins are known to be present as a complex on the
surface of maturing sperm. Mice lacking other ADAM gene family members lose this
complex as sperm mature, and exhibit a reduction of multiple ADAM proteins in mature
sperm. To determine if a lack of ADAM6a and ADAM6b genes affects other ADAM
proteins in a similar manner, Western blots of protein extracts from testis (immature sperm)
and epididymis (maturing sperm) were analyzed to determine the expression levels of
other ADAM gene family members.

[00326] In this experiment, protein extracts were analyzed from four ADAM6” and four
ADAM6*" mice. The results showed that expression of ADAM2 and ADAM3 were not
affected in testis extracts. However, both ADAM2 and ADAM3 were dramatically reduced
in epididymis extracts. This demonstrates that the absence of ADAM6a and ADAMG6b in
sperm of ADAM6™ mice may have a direct affect on the expression and perhaps function
of other ADAM proteins as sperm matures (e.g., ADAM2 and ADAMS3). This suggests that
ADAMG6a and ADAMS6b are part of an ADAM protein complex on the surface of sperm,

which might be critical for proper sperm migration.

Example IX
Human Heavy Chain Variable Gene Usage in ADAM6 Rescue Mice
[00327] Selected human heavy chain variable gene usage was determined for mice
homozygous for human heavy and « light chain variable gene loci either lacking mouse

ADAM®6a and ADAMS6b genes (MADAMS6™) or containing an ectopic genomic fragment
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encoding for mouse ADAM6a and ADAM6b genes (ADAM6"*; see Example 1) by a
quantitative PCR assay using TAQMAN™ probes (as described above).

[00328] Briefly, CD19" B cells were purified from the spleens of mMADAM6™ and
ADAMB"™ mice using mouse CD19 Microbeads (Miltenyi Biotec) and total RNA was
purified using the RNEASY ™ Mini kit (Qiagen). Genomic RNA was removed using a
RNase-free DNase on-column treatment (Qiagen). About 200 ng mRNA was reverse-
transcribed into cDNA using the First Stand cDNA Synthesis kit (Invitrogen) and then
amplified with the TAQMAN™ Universal PCR Master Mix (Applied Biosystems) using the
ABI 7900 Sequence Detection System (Applied Biosystems). Relative expression of each
gene was normalized to the mouse x Constant (mCx). Table 9 sets forth the

sense/antisense/TAQMAN™ MGB probe combinations used in this experiment.
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Table 9

Human Vy Sequence (5’-3’) SEQ ID NOs:
Sense: CAGGTACAGCTGCAGCAGTCA 6

Vy6-1 Anti-sense: GGAGATGGCACAGGTGAGTGA 7
Probe: TCCAGGACTGGTGAAGC 8
Sense: TAGTCCCAGTGATGAGAAAGAGAT 9

Vy1-2 Anti-sense: GAGAACACAGAAGTGGATGAGATC 10
Probe: TGAGTCCAGTCCAGGGA 11
Sense: AAAAATTGAGTGTGAATGGATAAGAGTG 12

Vy3-23 Anti-sense: AACCCTGGTCAGAAACTGCCA 13
Probe: AGAGAAACAGTGGATACGT 14
Sense: AACTACGCACAGAAGTTCCAGG 15

Vy1-69 Anti-sense: GCTCGTGGATTTGTCCGC 16
Probe: CAGAGTCACGATTACC 17
Sense: TGAGCAGCACCCTCACGTT 18

mCx Anti-sense: GTGGCCTCACAGGTATAGCTGTT 19
Probe: ACCAAGGACGAGTATGAA 20

[00329] In this experiment, expression of all four human V, genes was observed in the
samples analyzed. Further, the expression levels were comparable between mADAM6™”
and ADAM6™" mice. These results demonstrate that human Vy; genes that were both distal
to the modification site (V43-23 and Vu1-69) and proximal to the modification site (Vy1-2
and V6-1) were all able to recombine to form a functionally expressed human heavy
chain. These results demonstrate that the ectopic genomic fragment comprising mouse
ADAM®6a and ADAM6b sequences inserted into a human heavy chain genomic sequence
did not affect V(D)J recombination of human heavy chain gene segments within the locus,
and these mice are able to recombine human heavy chain gene segments in normal

fashion to produce functional heavy chain immunoglobulin proteins.

Example X
Identification of Human Heavy Chain Variable Regions

That Associate with Selected Human Light Chain Variable Regions
[00330] An in vitro expression system was constructed to determine if a single
rearranged human germline light chain could be co-expressed with human heavy chains
from antigen-specific human antibodies.
[00331] Methods for generating human antibodies in genetically modified mice are
known (see e.g., US 6,596,541, Regeneron Pharmaceuticals, VELOCIMMUNE®
humanized mouse). The VELOCIMMUNE® humanized mouse technology involves
generation of a genetically modified mouse having a genome comprising human heavy and

light chain variable regions operably linked to endogenous mouse constant region loci such
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that the mouse produces an antibody comprising @ human variable region and a mouse
constant region in response to antigenic stimulation. The DNA encoding the variable
regions of the heavy and light chains of the antibodies produced from a VELOCIMMUNE®
humanized mouse are fully human. Initially, high affinity chimeric antibodies are isolated
having a human variable region and a mouse constant region. As described below, the
antibodies are characterized and selected for desirable characteristics, including affinity,
selectivity, epitope, efc. The mouse constant regions are replaced with a desired human
constant region to generate a fully human antibody containing a non-lgM isotype, for
example, wild type or modified IgG1, I1gG2, IgG3 or IgG4. While the constant region
selected may vary according to specific use, high affinity antigen-binding and target
specificity characteristics reside in the variable region.

[00332] A VELOCIMMUNE® humanized mouse was immunized with a growth factor
that promotes angiogenesis (Antigen C) and antigen-specific human antibodies were
isolated and sequenced for V gene usage using standard techniques recognized in the art.
Selected antibodies were cloned onto human heavy and light chain constant regions and
69 heavy chains were selected for pairing with one of three human light chains: (1) the
cognate x light chain linked to a human « constant region, (2) a rearranged human
germline Vk1-39Jx5 linked to a human « constant region, or (3) a rearranged human
germline Vi 3-20Jx1 linked to a human x constant region. Each heavy chain and light
chain pair were co-transfected in CHO-K1 cells using standard techniques. Presence of
antibody in the supernatant was detected by anti-human IgG in an ELISA assay. Antibody
titer (ng/ml) was determined for each heavy chain/light chain pair and titers with the
different rearranged germline light chains were compared to the titers obtained with the
parental antibody molecule (i.e., heavy chain paired with cognate light chain) and percent
of native titer was calculated (Table 10). Vy: Heavy chain variable gene. ND: no

expression detected under current experimental conditions.
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Table 10
Antibody Titer (ng/mL) Percent of Native Titer
Vi Cognate LC Vk1-39Jk5 Vk3-20Jx1 Vk1-39Jx5 Vk3-20Jk1
3-15 63 23 11 36.2 17.5
1-2 103 53 ND 51.1 -
3-23 83 60 23 72.0 27.5
3-33 15 77 ND 499 4 -
4-31 22 69 17 309.4 76.7
3-7 53 35 28 65.2 53.1

- 22 32 19 148.8 89.3
1-24 3 13 ND 455.2 -
3-33 1 47 ND 5266.7 -
3-33 58 37 ND 63.1 -

- 110 67 18 60.6 16.5
3-23 127 123 21 96.5 16.3
3-33 28 16 2 57.7 7.1
3-23 32 50 38 1671 119.4

- 18 45 18 254.3 101.7

3-9 1 30 23 2508.3 1900.0
3-11 12 26 6 2259 48.3
1-8 16 ND 13 - 81.8
3-33 54 81 10 150.7 19.1

- 34 9 ND 25.9 -
3-20 7 14 54 203.0 809.0
3-33 19 38 ND 200.5 -
3-11 48 ND 203 - 423.6

- 11 23 8 212.7 74.5
3-33 168 138 182 82.0 108.2
3-20 117 67 100 57.5 86.1
3-23 86 61 132 70.7 154.1
3-33 20 12 33 60.9 165.3
4-31 69 92 52 133.8 75.0
3-23 87 78 62 89.5 71.2

1-2 31 82 51 263.0 164.6
3-23 53 93 151 175.4 2854

- 11 8 17 75.7 151.4
3-33 114 36 27 31.6 23.4
3-15 73 39 44 53.7 59.6
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antibodies were tested for their ability to pair with different rearranged human germline light

%

chains (as described above). The antigens used in this experiment included an enzyme

involved in cholesterol homeostasis (Antigen A), a serum hormone involved in regulating

glucose homeostasis (Antigen B), a growth factor that promotes angiogenesis (Antigen C)
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and a cell-surface receptor (Antigen D). Antigen specific antibodies were isolated from
mice of each immunization group and the heavy chain and light chain variable regions
were cloned and sequenced. From the sequence of the heavy and light chains, V gene
usage was determined and selected heavy chains were paired with either their cognate
light chain or a rearranged human germline Vk1-39Jx5 region. Each heavy/light chain pair
was co-transfected in CHO-K1 cells and the presence of antibody in the supernatant was
detected by anti-human IgG in an ELISA assay. Antibody titer (ug/ml) was determined for
each heavy chain/light chain pairing and titers with the different rearranged human
germline light chains were compared to the titers obtained with the parental antibody
molecule (i.e., heavy chain paired with cognate light chain) and percent of native titer was
calculated (Table 11). Vy: Heavy chain variable gene. Vx: x light chain variable gene.

ND: no expression detected under current experimental conditions.

Table 11

Titer (ug/mi)
Antigen Antibody Vi,  Vx Vit Percent of

Vy Alone Vi + Vi Vic1.39JK5 Native Titer
320 1-18 | 2-30 0.3 3.1 2.0 66
321 2-5 | 2-28 04 04 1.9 448
334 2-5 | 2-28 04 2.7 2.0 73
A 313 3-13 | 3-15 0.5 0.7 45 670
316 3-23 | 4-1 0.3 0.2 4.1 2174
315 3-30 | 4-1 0.3 0.2 3.2 1327
318 4-59 | 1-17 0.3 4.6 4.0 86
257 3-13 1 1-5 0.4 3.1 3.2 104
283 3-13 | 1-5 0.4 54 37 69
637 3-13 1 1-5 04 4.3 3.0 70
638 3-13 | 1-5 04 41 3.3 82
B 624 3-23 | 1-17 0.3 5.0 3.9 79
284 3-30 | 1-17 0.3 4.6 3.4 75
653 3-33 | 1-17 0.3 4.3 0.3 7
268 4-34 | 1-27 0.3 556 3.8 69
633 4-34 | 1-27 0.6 6.9 3.0 44
730 3-7 | 1-5 0.3 1.1 2.8 249
728 3-7 |15 0.3 2.0 3.2 157
C 691 3-9 | 3-20 0.3 2.8 3.1 109
749 3-33 | 3-15 0.3 3.8 2.3 62
750 3-33 | 1-16 0.3 3.0 2.8 92
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724 3-33 | 1-17 0.3 2.3 3.4 151
706 3-33 | 1-16 0.3 3.6 3.0 84
744 1-18 | 1-12 0.4 5.1 3.0 59
696 3-11 | 1-16 0.4 3.0 2.9 97
685 3-13 | 3-20 0.3 0.5 3.4 734
732 3-15 | 1-17 0.3 4.5 3.2 72
694 3-15 | 1-5 0.4 5.2 2.9 55
743 3-23 | 1-12 0.3 3.2 0.3 10
742 3-23 | 2-28 0.4 4.2 3.1 74
693 3-23 | 1-12 0.5 4.2 4.0 94
136 3-23 | 2-28 0.4 5.0 2.7 55
155 3-30 | 1-16 0.4 1.0 2.2 221
163 3-30 | 1-16 0.3 0.6 3.0 506
171 3-30 | 1-16 0.3 1.0 2.8 295
145 3-43 | 1-5 0.4 4.4 2.9 65
49 3-48 | 3-11 0.3 1.7 2.6 155

D 51 3-48 | 1-39 0.1 1.9 0.1 4
159 3-7 | 6-21 0.4 3.9 3.6 92
169 3-7 | 6-21 0.3 1.3 3.1 235
134 39 |15 0.4 5.0 2.9 58
141 4-31 | 1-33 2.4 42 2.6 63
142 4-31 | 1-33 0.4 4.2 2.8 67

[00334] The results obtained from these experiments demonstrate that somatically
mutated, high affinity heavy chains from different gene families are able to pair with
rearranged human germline Vk1-39Jx5 and Vk3-20Jk1 regions and be secreted from the
cell as a normal antibody molecule. As shown in Table 10, antibody titer was increased for
about 61% (42 of 69) heavy chains when paired with the rearranged human Vk1-39Jk5
light chain and about 29% (20 of 69) heavy chains when paired with the rearranged human
Vk3-20Jk1 light chain as compared to the cognate light chain of the parental antibody. For
about 20% (14 of 69) of the heavy chains, both rearranged human germline light chains
conferred an increase in expression as compared to the cognate light chain of the parental
antibody. As shown in Table 11, the rearranged human germline Vk1-39Jk5 region
conferred an increase in expression of several heavy chains specific for a range of different
classes of antigens as compared to the cognate light chain for the parental antibodies.
Antibody titer was increased by more than two-fold for about 35% (15/43) of the heavy
chains as compared to the cognate light chain of the parental antibodies. For two heavy
chains (315 and 316), the increase was greater than ten-fold as compared to the parental

antibody. Within all the heavy chains that showed increase expression relative to the

94



3005G 54.3 3010 74.5 3010G 84.6 3011 19.4 3011G ND 3012 45.0 % Bl ocki ng of
Anti body Antigen E In Solution 3015 23.7 3015G 10.2 3016 78.1 3016G 37.4
3017 61. owBQMizG22522 3018 PCT/US2012/049600

cognate light chain of the parental antibody, family three (V;13) heavy chains are over
represented in comparison to other heavy chain variable region gene families. This
demonstrates a favorable relationship of human V3 heavy chains to pair with rearranged
human germline Vx1-39Jx5 and Vk3-20Jx1 light chains.

Example XI

Generation of a Rearranged Human Germline Light Chain Locus
[00335] Various rearranged human germline light chain targeting vectors were made
using VELOCIGENE® genetic engineering technology (see, e.g., US Pat. No. 6,586,251
and Valenzuela et al. (2003) High-throughput engineering of the mouse genome coupled
with high-resolution expression analysis, Nature Biotech. 21(6):652-659) to modify mouse
genomic Bacterial Artificial Chromosome (BAC) clones 302g12 and 254m04 (Invitrogen).
Using these two BAC clones, genomic constructs were engineered to contain a single
rearranged human germline light chain region and inserted into an endogenous x light
chain locus that was previously modified to delete the endogenous x variable and joining
gene segments.
[00336] Construction of Rearranged Human Germline Light Chain Targeting
Vectors.
[00337] Three different rearranged human germline light chain regions were made using
standard molecular biology techniques recognized in the art. The human variable gene
segments used for constructing these three regions included rearranged human Vic1-
39Jx5 sequence, a rearranged human V«3-20Jx1 sequence and a rearranged human
VpreBJI5 sequence.
[00338] A DNA segment containing exon 1 (encoding the leader peptide) and intron 1 of
the mouse Vk3-7 gene was made by de novo DNA synthesis (Integrated DNA
Technologies). Part of the 5’ untranslated region up to a naturally occurring Blpl restriction
enzyme site was included. Exons of human Vk1-39 and Vk3-20 genes were PCR
amplified from human genomic BAC libraries. The forward primers had a 5" extension
containing the splice acceptor site of intron 1 of the mouse Vk3-7 gene. The reverse
primer used for PCR of the human V«1-39 sequence included an extension encoding
human Jx5, whereas the reverse primer used for PCR of the human V«3-20 sequence
included an extension encoding human Jk1. The human VpreBJAS sequence was made
by de novo DNA synthesis (Integrated DNA Technologies). A portion of the human Jk-Cx
intron including the splice donor site was PCR amplified from plasmid pBS-296-HA18-

PiIScel. The forward PCR primer included an extension encoding part of either a human
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Jx5, Jk1, or JAS sequence. The reverse primer included a Pl-Scel site, which was
previously engineered into the intron.

[00339] The mouse V«3-7 exonl/intron 1, human variable light chain exons, and human
Jk-Cx intron fragments were sewn together by overlap extension PCR, digested with Bipl
and PI-Scel, and ligated into plasmid pBS-296-HA18-PIScel, which contained the promoter
from the human Vk3-15 variable gene segment. A loxed hygromycin cassette within
plasmid pBS-296-HA18-PIScel was replaced with a FRTed hygromycin cassette flanked
by Notl and Ascl sites. The Notl/PI-Scel fragment of this plasmid was ligated into modified
mouse BAC 254m04, which contained part of the mouse Jk-Cx intron, the mouse Ck exon,
and about 75 kb of genomic sequence downstream of the mouse « locus which provided a
3’ homology arm for homologous recombination in mouse ES cells. The Notl/Ascl
fragment of this BAC was then ligated into modified mouse BAC 302912, which contained
a FRTed neomycin cassette and about 23 kb of genomic sequence upstream of the
endogenous x locus for homologous recombination in mouse ES cells.

[00340] Rearranged Human Germline Vk1-39Jk5 Targeting Vector (FIG. 19).
[00341] Restriction enzyme sites were introduced at the 5’ and 3’ ends of an engineered
light chain insert for cloning into a targeting vector: an Ascl site at the 5’ end and a PI-Scel
site at the 3’ end. Within the 5’ Ascl site and the 3’ PI-Scel site the targeting construct from
5’ to 3 included a 5’ homology arm containing sequence 5’ to the endogenous mouse «
light chain locus obtained from mouse BAC clone 302912, a FRTed neomycin resistance
gene, a genomic sequence including the human V«3-15 promoter, a leader sequence of
the mouse Vi 3-7 variable gene segment, a intron sequence of the mouse Vk3-7 variable
gene segment, an open reading frame of a rearranged human germline Vi1-39Jk5 region,
a genomic sequence containing a portion of the human Jk-Cx intron, and a 3° homology
arm containing sequence 3’ of the endogenous mouse Jk& gene segment obtained from
mouse BAC clone 254m04 (Figure 19, middle). Genes and/or sequences upstream of the
endogenous mouse x light chain locus and downstream of the most 3’ Jk gene segment
(e.g., the endogenous 3’ enhancer) were unmodified by the targeting construct (see Figure
19). The sequence of the engineered human Vx1-39Jx5 locus is shown in SEQ 1D NO:59.
[00342] Targeted insertion of the rearranged human germline Vk1-39Jk5 region into
BAC DNA was confirmed by polymerase chain reaction (PCR) using primers located at
sequences within the rearranged human germline light chain region. Briefly, the intron
sequence 3’ to the mouse Vk3-7 leader sequence was confirmed with primers ULC-m1F
(AGGTGAGGGT ACAGATAAGT GTTATGAG; SEQ ID NO:60) and ULC-m1R
(TGACAAATGC CCTAATTATA GTGATCA, SEQ ID NO:61). The open reading frame of
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the rearranged human germline Vk1-39Jk5 region was confirmed with primers 1633-h2F
(GGGCAAGTCA GAGCATTAGC A; SEQ ID NO:62) and 1633-h2R (TGCAAACTGG
ATGCAGCATA G; SEQ ID NO:63). The neomycin cassette was confirmed with primers
neoF (ggtggagagg ctattcggc; SEQ ID NO:64) and neoR (gaacacggcg gcatcag; SEQ ID
NO:65). Targeted BAC DNA was then used to electroporate mouse ES cells to created
modified ES cells for generating chimeric mice that express a rearranged human germline
Vi 1-39Jk5 region.

[00343] Positive ES cell clones were confirmed by Tagman™ screening and karyotyping
using probes specific for the engineered Vk1-39J«5 light chain region inserted into the
endogenous locus. Briefly, probe neoP (TGGGCACAAC AGACAATCGG CTG; SEQ ID
NO:66) which binds within the neomycin marker gene, probe ULC-m1P (CCATTATGAT
GCTCCATGCC TCTCTGTTC; SEQ ID NO:67) which binds within the intron sequence 3’
to the mouse Vk3-7 leader sequence, and probe 1633h2P (ATCAGCAGAA
ACCAGGGAAA GCCCCT,; SEQ ID NO:68) which binds within the rearranged human
germline Vk1-39Jk5 open reading frame. Positive ES cell clones were then used to
implant female mice to give rise to a litter of pups expressing the germline Vik1-39Jk5 light
chain region.

[00344] Alternatively, ES cells bearing the rearranged human germline Vi1-39Jx5 light
chain region are transfected with a constuct that expresses FLP in order to remove the
FRTed neomycin cassette introduced by the targeting construct. Optionally, the neomycin
cassette is removed by breeding to mice that express FLP recombinase (e.g., US

6,774,279). Optionally, the neomycin cassette is retained in the mice.

[00345] Rearranged Human Germline Vk3-20Jx1 Targeting Vector (FIG. 20).
[00346] In a similar fashion, an engineered light chain locus expressing a rearranged
human germline Vx3-20Jx1 region was made using a targeting construct including, from &’
to 3, a 5" homology arm containing sequence 5’ to the endogenous mouse x light chain
locus obtained from mouse BAC clone 302g12, a FRTed neomycin resistance gene, a
genomic sequence including the human V«3-15 promoter, a leader sequence of the mouse
Vk3-7 variable gene segment, an intron sequence of the mouse Vk3-7 variable gene
segment, an open reading frame of a rearranged human germline Vk3-20Jk1 region, a
genomic sequence containing a portion of the human Jk-Cxk intron, and a 3’ homology arm
containing sequence 3’ of the endogenous mouse Jk5 gene segment obtained from mouse
BAC clone 254m04 (Figure 20, middle). The sequence of the engineered human Vk3-
20Jx1 locus is shown in SEQ ID NO:69.
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[00347] Targeted insertion of the rearranged human germline Vk3-20Jx1 region into
BAC DNA was confirmed by polymerase chain reaction (PCR) using primers located at
sequences within the rearranged human germline Vk3-20Jk1 light chain region. Briefly,
the intron sequence 3’ to the mouse Vk3-7 leader sequence was confirmed with primers
ULC-m1F (SEQ ID NO:60) and ULC-m1R (SEQ ID NO:61). The open reading frame of the
rearranged human germline Vk3-20Jx1 region was confirmed with primers 1635-h2F
(TCCAGGCACC CTGTCTTTG; SEQ ID NO:70) and 1635-h2R (AAGTAGCTGC
TGCTAACACT CTGACT,; SEQ ID NO:71). The neomycin cassette was confirmed with
primers neoF (SEQ ID NO:64) and neoR (SEQ ID NO:65). Targeted BAC DNA was then
used to electroporate mouse ES cells to created modified ES cells for generating chimeric
mice that express the rearranged human germline Vk3-20Jx1 light chain.

[00348] Positive ES cell clones were confirmed by Tagman™ screening and karyotyping
using probes specific for the engineered V«3-20Jx1 light chain region inserted into the
endogenous x light chain locus. Briefly, probe neoP (SEQ ID NO:66) which binds within
the neomycin marker gene, probe ULC-m1P (SEQ ID NO:67) which binds within the
mouse Vk3-7 leader sequence, and probe 1635h2P (AAAGAGCCAC CCTCTCCTGC
AGGG; SEQ ID NO:72) which binds within the human Vk3-20Jx1 open reading frame.
Positive ES cell clones were then used to implant female mice. A litter of pups expressing
the human germline Vk3-20Jk1 light chain region.

[00349] Alternatively, ES cells bearing human germline Vk3-20Jk1 light chain region
can be transfected with a constuct that expresses FLP in oder to remove the FRTed
neomycin cassette introduced by the targeting consruct. Optionally, the neomycin cassette
may be removed by breeding to mice that express FLP recombinase (e.g., US 6,774,279).
Optionally, the neomycin cassette is retained in the mice.

[00350] Rearranged Human Germline VpreBJI5 Targeting Vector (FIG. 21).

[00351] In a similar fashion, an engineered light chain locus expressing a rearranged
human germline VpreBJI5 region was made using a targeting construct including, from 5’
to 3’, a 5’ homology arm containing sequence 5’ to the endogenous mouse x light chain
locus obtained from mouse BAC clone 302g12, a FRTed neomycin resistance gene, an
genomic sequence including the human V«3-15 promoter, a leader sequence of the mouse
V«3-7 variable gene segment, an intron sequence of the mouse Vk3-7 variable gene
segment, an open reading frame of a rearranged human germline VpreBJA5 region, a
genomic sequence containing a portion of the human Jx-Cxk intron, and a 3’ homology arm

containing sequence 3’ of the endogenous mouse Jk5 gene segment obtained from mouse
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BAC clone 254m04 (Figure 21, middle). The sequence of the engineered human VpreBJI5
locus is shown in SEQ ID NO:73.

[00352] Targeted insertion of the rearranged human germline VpreBJA5 region into BAC
DNA was confirmed by polymerase chain reaction (PCR) using primers located at
sequences within the rearranged human germline VpreBJAS region light chain region.
Briefly, the intron sequence 3’ to the mouse V«3-7 leader sequence was confirmed with
primers ULC-m1F (SEQ ID NO:60 and ULC-m1R (SEQ ID NO:61). The open reading
frame of the rearranged human germline VpreBJA5 region was confirmed with primers
1616-h1F (TGTCCTCGGC CCTTGGA; SEQ ID NO:74) and 1616-h1R (CCGATGTCAT
GGTCGTTCCT; SEQ ID NO:75). The neomycin cassette was confirmed with primers
neoF (SEQ ID NO:64) and neoR (SEQ ID NO:65). Targeted BAC DNA was then used to
electroporate mouse ES cells to created modified ES cells for generating chimeric mice
that express the rearranged human germiline VpreBJAS light chain.

[00353] Positive ES cell clones are confirmed by Tagman™ screening and karyotyping
using probes specific for the engineered VpreBJAS5 light chain region inserted into the
endogenous x light chain locus. Briefly, probe neoP (SEQ ID NO:66) which binds within
the neomycin marker gene, probe ULC-m1P (SEQ ID NO:67) which binds within the
mouse IgVk3-7 leader sequence, and probe 1616h1P (ACAATCCGCC TCACCTGCAC
CCT; SEQ ID NO:76) which binds within the human VpreBJA5 open reading frame.
Positive ES cell clones are then used to impiant female mice to give rise to a litter of pups
expressing a germline light chain region.

[00354] Alternatively, ES cells bearing the rearranged human germline VpreBJI5 light
chain region are transfected with a construct that expresses FLP in order to remove the
FRTed neomycin cassette introduced by the targeting consruct. Optionally, the neomycin
cassette is removed by breeding to mice that express FLP recombinase (e.g., US

6,774,279). Optionally, the neomycin cassette is retained in the mice.

Example XIi
Generation of Mice expressing a single rearranged human light chain

[00355] Targeted ES cells described above were used as donor ES cells and introduced
into an 8-cell stage mouse embryo by the VELOCIMOUSE® method (see, e.g., US Pat.
No. 7,294,754 and Poueymirou et al. (2007) FO generation mice that are essentially fully
derived from the donor gene-targeted ES cells allowing immediate phenotypic analyses,
Nature Biotech. 25(1):91-99. VELOCIMICE® independently bearing an engineered human
germline Vk1-39Jk5 light chain region, a Vk3-20Jx1 light chain region or a VpreBJAS light

chain region are identified by genotyping using a modification of allele assay (Valenzuela
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(clone RML-42, BioLegend). Following staining, cells were washed and fixed in 2%
formaldehyde. Data acquisition was performed on an LSRII flow cytometer and analyzed
with FlowJo™. Gating: total B cells (CD19°CD3"), Igk” B cells (Igk’igrCD19'CD3"), Igl* B
cells (Igx’lgi"CD19°CD3). Data gathered from blood and splenocyte samples
demonstrated similar results. Table 12 sets forth the percent positive CD19" B cells from
peripheral blood of one representative mouse from each group that are Igl*, Igk”, or
Igl*lgk®. Percent of CD19" B cells in peripheral blood from wild type (WT) and mice

homozygous for either the Vk1-39J«k5 or Vi3-20Jx1 common light chain are shown in FIG.

22.
Table 12
CD19" B cells
Mouse Genotype - - ——
igl” Igk™ Igl'igk
wild type 48| 93 0.53
Vk1-39Jk5 14| 93 2.6
Vk3-20Jk 1 42| 88 6
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[00360] Common Light Chain Expression.

[00361] Expression of each common light chain (Vk1-39Jx5 and Vk3-20Jx1) was
analyzed in heterozygous and homozygous mice using a quantitative PCR assay (e.g.
Tagman™).

[00362] Briefly, CD19" B cells were purified from the spleens of wild type, mice
homozygous for a replacement of the mouse heavy chain and « light chain variable region
loci with corresponding human heavy chain and « light chain variable region loci (Hk), as
well as mice homozygous and heterozygous for each rearranged human light chain region
(Vk1-39J«5 or Vk3-20Jx 1) using mouse CD19 Microbeads (Miltenyi Biotec) according to
manufacturer’s specifications. Total RNA was purified from CD19" B cells using RNeasy™
Mini kit (Qiagen) according to the manufacturer’s specifications and genomic RNA was
removed using a RNase-free DNase on-column treatment (Qiagen). 200 ng mRNA was
reverse-transcribed into cDNA using the First Stand cDNA Synthesis kit (Invitrogen) and
the resulting cDNA was amplified with the Tagman™ Universal PCR Master Mix (Applied
Biosystems). All reactions were performed using the ABI 7900 Sequence Detection
System (Applied Biosystems) using primers and Tagman™ MGB probes spanning (1) the
Vk-Jx junction for both common light chains, (2) the Vx gene alone (i.e. Vk1-39 and V«3-
20), and (3) the mouse Cx region. Table 13 sets forth the sequences of the primers and
probes employed for this assay. Relative expression was normalized to expression of the

mouse Cxk region. Results are shown in FIG. 23A, 23B and 23C.

Table 13
Region Primer/Probe Description (6'-3’) SEQ ID NOs:
(sense) AGCAGTCTGC AACCTGAAGA TTT 77
Vk1-39Jx5 Junction | (anti-sense) GTTTAATCTC CAGTCGTGTC CCTT 78
(probe) CCTCCGATCA CCTTC 79
(sense) AAACCAGGGA AAGCCCCTAA 80
Vi1-39 (anti-sense) ATGGGACCCC ACTTTGCA 81
(probe) CTCCTGATCT ATGCTGCAT 82
(sense) CAGCAGACTG GAGCCTGAAG A 83
Vk3-20Jx1 Junction | (anti-sense) TGATTTCCAC CTTGGTCCCT T 84
(probe) TAGCTCACCT TGGACGTT 85
(sense) CTCCTCATCT ATGGTGCATC CA 86
VK3-20 (anti-sense) GACCCACTGC CACTGAACCT 87
(probe) CCACTGGCAT CCC 88
(sense) TGAGCAGCAC CCTCACGTT 89
Mouse Cx (anti-sense) GTGGCCTCAC AGGTATAGCT GTT 90
(probe) ACCAAGGACG AGTATGAA 91
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[00363] Antigen Specific Common Light Chain Antibodies.

[00364] Common light chain mice bearing either a Vik1-39Jx5 or Vk3-20Jx1 common
light chain at the endogenous mouse « light chain locus were immunized with p-
galactosidase and antibody titer was measured.

[00365] Briefly, p-galactosidase (Sigma) was emulsified in TITERMAX™ adjuvant
(Sigma), as per the manufacturer’s instructions. Wild type (n=7), Vk1-39Jx5 common light
chain homozgyotes (n=2) and Vk3-20Jx1 common light chain homozygotes (n=5) were
immunized by subcutaneous injection with 100 pg p-galactosidase/TITERMAX™. Mice
were boosted by subcutaneous injection two times, 3 weeks apart, with 50 pg -
galactosidase/TITERMAX™. After the second boost, blood was collected from
anaesthetized mice using a retro-orbital bleed into serum separator tubes (BD
Biosciences) as per the manufacturer’s instructions. To measure anti-p-galactosidase IgM
or IgG antibodies, ELISA plates (Nunc) were coated with 1 ug/mL g-galactosidase
overnight at 4°C. Excess antigen was washed off before blocking with PBS with 1% BSA
for one hour at room temperature. Serial dilutions of serum were added to the plates and
incubated for one hour at room temperature before washing. Plates were then incubated
with HRP conjugated anti-IlgM (Southern Biotech) or anti-lgG (Southern Biotech) for one
hour at room temperature. Following another wash, plates were developed with TMB
substrate (BD Biosciences). Reactions were stopped with 1N sulfuric acid and ODyso was
read using a Victor X5 Plate Reader (Perkin Elmer). Data was analyzed with
GRAPHPAD™ Prism and signal was calculated as the dilution of serum that is two times
above background. Results are shown in FIG. 24A and 24B.

[00366] As shown in this Example, the ratio of x/A B cells in both the splenic and
peripheral compartments of Vk1-39Jk5 and Vk3-20Jx1 common light chain mice
demonstrated a near wild type pattern (Table 12 and FIG. 22). VpreBJAS common light
chain mice, however, demonstrated fewer peripheral B cells, of which about 1-2% express
the engineered human light chain region (data not shown). The expression levels of the
Vk1-39Jx5 and Vk3-20J«x1 rearranged human light chain regions from the endogenous «
light chain locus were elevated in comparison to an endogenous « light chain locus
containing a complete replacement of mouse Vk and Jkx gene segments with human Vk
and Jx gene segments (FIG. 23A, 23B and 23C). The expression levels of the VpreBJAS
rearranged human light chain region demonstrated similar high expression from the
endogenous x light chain locus in both heterozygous and homozygous mice (data not
shown). This demonstrates that in direct competition with the mouse A, x, or both

endogenous light chain loci, a single rearranged human V/J, sequence can yield better
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[00370] Humanized Endogenous Heavy Chain Locus.
[00371] Mice bearing an engineered human germline light chain locus are bred with
mice that contain a replacement of the endogenous mouse heavy chain variable gene
locus with the human heavy chain variable gene locus (see US 6,596,541, the
VELOCIMMUNE® humanized mouse, Regeneron Pharmaceuticals, Inc.). The
VELOCIMMUNE® humanized mouse comprises a genome comprising human heavy chain
variable regions operably linked to endogenous mouse constant region loci such that the
mouse produces antibodies comprising a human heavy chain variable region and a mouse
heavy chain constant region in response to antigenic stimulation. The DNA encoding the
variable regions of the heavy chains of the antibodies is isolated and operably linked to
DNA encoding the human heavy chain constant regions. The DNA is then expressed in a

cell capable of expressing the fully human heavy chain of the antibody.
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[00372] Mice bearing a replacement of the endogenous mouse Vy locus with the human
Vy locus and a single rearranged human germline V, region at the endogenous « light
chain locus are obtained. Reverse chimeric antibodies containing somatically mutated
heavy chains (human V, and mouse Cy) with a single human light chain (human V and
mouse C,) are obtained upon immunization with an antigen of interest. V, and V.
nucleotide sequences of B cells expressing the antibodies are identified and fully human
antibodies are made by fusion the Vy and V|, nucleotide sequences to human Cy and C,

nucleotide sequences in a suitable expression system.
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Example XIV
Generation of Antibodies from Mice Expressing

Human Heavy Chains and a Rearranged Human Germline Light Chain Region
[00373] After breeding mice that contain the engineered human light chain region to
various desired strains containing modifications and deletions of other endogenous Ig loci
(as described in Example 12), selected mice can be immunized with an antigen of interest.
[00374] Generally, a VELOCIMMUNE® humanized mouse containing one of the single
rearranged human germline light chain regions is challenged with an antigen, and
lymphatic cells (such as B-cells) are recovered from serum of the animals. The lymphatic
cells are fused with a myeloma cell line to prepare immortal hybridoma cell lines, and such
hybridoma cell lines are screened and selected to identify hybridoma cell lines that produce
antibodies containing human heavy chain variables and a rearranged human germline light
chains which are specific to the antigen used for immunization. DNA encoding the variable
regions of the heavy chains and the light chain are isolated and linked to desirable isotypic
constant regions of the heavy chain and light chain. Due to the presence of the
endogenous mouse sequences and any additional cis-acting elements present in the
endogenous locus, the single light chain of each antibody may be somatically mutated.
This adds additional diversity to the antigen-specific repertoire comprising a single light
chain and diverse heavy chain sequences. The resulting cloned antibody sequences are
subsequently expressed in a cell, such as a CHO cell. Alternatively, DNA encoding the
antigen-specific chimeric antibodies or the variable domains of the light and heavy chains
are identified directly from antigen-specific lymphocytes.
[00375] Initially, high affinity chimeric antibodies are isolated having a human variable
region and a mouse constant region. As described above, the antibodies are
characterized and selected for desirable characteristics, including affinity, selectivity,
epitope, efc. The mouse constant regions are replaced with a desired human constant
region to generate the fully human antibody containing a somatically mutated human heavy
chain and a single light chain derived from a rearranged human germline light chain region
of the invention. Suitable human constant regions include, for example wild type or
modified IgG1 or IgG4.
[00376] Separate cohorts of VELOCIMMUNE® humanized mice containing a
replacement of the endogenous mouse heavy chain locus with human Vy, Dy, and Ji gene
segments and a replacement of the endogenous mouse « light chain locus with either the
engineered germline Vk1-39Jk5 human light chain region or the engineered germline Vk3-
20Jx1 human light chain region (described above) were immunized with a human cell

surface receptor protein (Antigen E). Antigen E is administered directly onto the hind
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footpad of mice with six consecutive injections every 3-4 days. Two to three micrograms of
Antigen E are mixed with 10 pg of CpG oligonucleotide (Cat # tirl-modn - ODN1826
oligonucleotide; InVivogen, San Diego, CA) and 25 pg of Adju-Phos (Aluminum phosphate
gel adjuvant, Cat# H-71639-250; Brenntag Biosector, Frederikssund, Denmark) prior to
injection. A total of six injections are given prior to the final antigen recall, which is given 3-
5 days prior to sacrifice. Bleeds after the 4th and 6th injection are collected and the
antibody immune response is monitored by a standard antigen-specific immunoassay.
[00377] When a desired immune response is achieved splenocytes are harvested and
fused with mouse myeloma cells to preserve their viability and form hybridoma cell lines.
The hybridoma cell lines are screened and selected to identify cell lines that produce
Antigen E-specific common Iight chain antibodies. Using this technique several anti-
Antigen E-specific common light chain antibodies (i.e., antibodies possessing human
heavy chain variable domains, the same human light chain variable domain, and mouse
constant domains) are obtained.

[00378] Alternatively, anti-Antigen E common light chain antibodies are isolated directly
from antigen-positive B cells without fusion to myeloma cells, as described in U.S.
2007/0280945A1, herein specifically incorporated by reference in its entirety. Using this
method, several fully human anti-Antigen E common light chain antibodies (i.e., antibodies
possessing human heavy chain variable domains, either an engineered human Vk1-39Jk5
light chain or an engineered human V«3-20Jk1 light chain region, and human constant
domains) were obtained.

[00379] The biological properties of the exemplary anti-Antigen E common light chain
antibodies generated in accordance with the methods of this Example are described in

detail below.

Example XV
Heavy Chain Gene Segment Usage in
Antigen-Specific Common Light Chain Antibodies
[00380] To analyze the structure of the human anti-Antigen E common light chain
antibodies produced, nucleic acids encoding heavy chain antibody variable regions were
cloned and sequenced. From the nucleic acid sequences and predicted amino acid
sequences of the antibodies, gene usage was identified for the heavy chain variable region
(HCVR) of selected common light chain antibodies obtained from immunized
VELOCIMMUNE® humanized mice containing either the engineered human Vk1-39Jx5
light chain or engineered human Vk3-20Jx1 light chain region. Results are shown in

Tables 14 and 15, which demonstrate that mice according to the invention generate
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antigen-specific common light chain antibodies from a variety of human heavy chain gene

segments, due to a variety of rearrangements, when employing either a mouse that

expresses a light chain from only a human V«1-39- or a human V«3-20-derived light chain.

Human Vy gene segments of the 2, 3, 4, and 5 families rearranged with a variety of human

Dy segments and human Jy segments to yield antigen-specific antibodies.

Table 14
Vk1-39Jx5
Common Light Chain Antibodies
HCVR HCVR
Antibody Antibody

Vi Du Ju H Dy JH
2952 2-5 | 66 | 1 6030 3-30 | 6-6 5
5978 25 |66 |1 6032 3-30 | 6-6 5
5981 2-5 1322 1 2985 3-30 | 6-13 4
6027 313 66 | 5 2997 3-30 | 6-13 4
3022 3-2313-10| 4 3011 3-30 | 6-13 4
3028 3-23| 33 | 4 3047 3-30 | 6-13 4
5999 3-23| 66 | 4 5982 3-30 | 6-13 4
6009 3-23| 2-8 | 4 6002 3-30 | 6-13 4
6011 3-23|7-27 | 4 6003 3-30 | 6-13 4
5980 3-30| 11 1 4 6012 3-30 | 6-13 4
3014 3-30| 1-7 | 4 6013 3-30 | 6-13 4
3015 3-30| 1-7 | 4 6014 3-30 | 6-13 4
3023 3-30| 1-7 | 4 6015 3-30 | 6-13 4
3024 3-30| 1-7 | 4 6016 3-30 | 6-13 4
3032 3-30| 1-7 | 4 6017 3-30 | 6-13 4
6024 3-30| 1-7 | 4 6020 3-30 | 6-13 4
6025 3-30| 1-7 | 4 6034 3-30 | 6-13 4
6031 3-30| 1-7 | 4 2948 3-30 | 7-27 4
6007 3-30| 3-3 | 4 2987 3-30 | 7-27 4
2982 3-30|3-22| 5 2996 3-30 | 7-27 4
6001 3-30 1322 5 3005 3-30 | 7-27 4
6005 3-30 1322 | 5 3012 3-30 | 7-27 4
6035 3-30| 55 | 2 3020 3-30 | 7-27 4
3013 3-30 | 512 | 4 3021 3-30 | 7-27 4
3042 3-30 | 512 | 4 3025 3-30 | 7-27 4
2955 3-30| 66 | 1 3030 3-30 | 7-27 4
3043 3-30| 66 | 3 3036 3-30 | 7-27 4
3018 3-30| 66 | 4 5997 3-30 | 7-27 4
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2949 3-30| 66 | 5 6033 3-30 | 7-27 4
2950 3-30| 66 | 5 3004 3-30 | 7-27 5
2954 3-30| 66 | 5 6028 3-30 | 7-27 6
2978 3-30| 66 | 5 3010 4-59 | 3-16 3
3016 3-30| 66 | 5 3019 4-59 | 3-16 3
3017 3-30| 6-6 | 5 6018 4-59 | 3-16 3
3033 3-30| 66 | 5 6026 4-59 | 3-16 3
3041 3-30| 66 | 5 6029 4-59 | 3-16 3
5979 3-30| 66 | 5 6036 4-59 | 3-16 3
5998 3-30| 66 | 5 6037 4-59 | 3-16 3
6004 3-30| 66 | 5 2964 4-59 | 3-22 3
6010 3-30| 66 | 5 3027 4-59 | 3-16 4
6019 3-30| 66 | 5 3046 5-51 | 5-5 3
6021 3-30| 66 | 5 6000 1-69 | 6-13 4
6022 3-30| 6-6 | 5 6006 1-69 | 6-6 5
6023 3-30| 66 | 5 6008 1-69 | 6-13 4

Table 15
Vk3-20Jx1
Common Light Chain Antibodies
HCVR HCVR

Antibody Antibody

Vo Du  Ju Vi  Du  Ju
5989 3-30 133 |3 5992 4-39 | 1-26 | 3
5994 3-3311-7 |4 2975 5-51 |6-13 | 5
5985 3-33|215 | 4 2972 5-5113-16 |6
5987 3-33 1215 | 4 5986 5-51|3-16 | 6
5995 3-33| 215 | 4 5993 5-5113-16 | 6
2968 4-39 | 1-26 | 3 5996 5-5113-16 | 6
5988 4-39 | 1-26 | 3 5984 353111 |4
5990 4-39 | 1-26 | 3

Example XVIi

Determination of Blocking Ability of
Antigen-Specific Common Light Chain Antibodies by LUMINEX™ Assay
[00381] Ninety-eight human common light chain antibodies raised against Antigen E
were tested for their ability to block binding of Antigen E’s natural ligand (Ligand Y) to
Antigen E in a bead-based assay.
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[00382] The extracellular domain (ECD) of Antigen E was conjugated to two myc
epitope tags and a 6X histidine tag (Antigen E-mmH) and amine-coupled to carboxylated
microspheres at a concentration of 20 yg/mL in MES buffer. The mixture was incubated
for two hours at room temperature followed by bead deactivation with 1M Tris pH 8.0
followed by washing in PBS with 0.05% (v/v) Tween-20. The beads were then blocked
with PBS (Irvine Scientific, Santa Ana, CA) containing 2% (w/v) BSA (Sigma-Aldrich Corp.,
St. Louis, MO). In a 96-well filter plate, supernatants containing Antigen E-specific
common light chain antibodies, were diluted 1:15 in buffer. A negative control containing a
mock supernatant with the same media components as for the antibody supernatant was
prepared. Antigen E-labeled beads were added to the supernatants and incubated
overnight at 4°C. Biotinylated-Ligand Y protein was added to a final concentration of 0.06
nM and incubated for two hours at room temperature. Detection of biotinylated-Ligand Y
bound to Antigen E-myc-myc-6His labeled beads was determined with R-Phycoerythrin
conjugated to Streptavidin (Moss Inc, Pasadena, MD) followed by measurement in a
LUMINEX™ flow cytometry-based analyzer. Background Mean Fluorescence Intensity
(MF1) of a sample without Ligand Y was subtracted from all samples. Percent blocking
was calculated by division of the background-subtracted MF| of each sample by the
adjusted negative control value, multiplying by 100 and subtracting the resulting value from
100.

[00383] In a similar experiment, the same 98 human common light chain antibodies
raised against Antigen E were tested for their ability to block binding of Antigen E to Ligand
Y-labeled beads.

[00384] Briefly, Ligand Y was amine-coupled to carboxylated microspheres at a
concentration of 20 pg/mL diluted in MES buffer. The mixture and incubated two hours at
room temperature followed by deactivation of beads with 1M Tris pH 8 then washing in
PBS with 0.05% (v/v) Tween-20. The beads were then blocked with PBS (Irvine Scientific,
Santa Ana, CA) containing 2% (w/v) BSA (Sigma-Aldrich Corp., St. Louis, MO). In a 96-
well filter plate, supernatants containing Antigen E-specific common light chain antibodies
were diluted 1:15 in buffer. A negative control containing a mock supernatant with the
same media components as for the antibody supernatant was prepared. A biotinylated-
Antigen E-mmH was added to a final concentration of 0.42 nM and incubated overnight at
4°C. Ligand Y-labeled beads were then added to the antibody/Antigen E mixture and
incubated for two hours at room temperature. Detection of biotinylated-Antigen E-mmH
bound to Ligand Y-beads was determined with R-Phycoerythrin conjugated to Streptavidin
(Moss Inc, Pasadena, MD) followed by measurement in a LUMINEX™ flow cytometry-
based analyzer. Background Mean Fluorescence Intensity (MFI) of a sample without

Antigen E was subtracted from all samples. Percent blocking was calculated by division of
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the background-subtracted MFI of each sample by the adjusted negative control value,
multiplying by 100 and subtracting the resulting value from 100.

[00385] Tables 16 and 17 show the percent blocking for all 98 anti-Antigen E common
light chain antibodies tested in both LUMINEX™ assays. ND: not determined under

current experimental conditions.

Table 16
Vk1-39Jx5
Common Light Chain Antibodies
[\ F o .
Antibody Antige/:m E{T_Zlg:lz; fBeads Antiée?%cl‘::nsgomction

2948 81.1 47.8
2948G 38.6 ND
2949 97.6 78.8
2949G 971 73.7
2950 96.2 81.9
2950G 89.8 31.4
2952 96.1 74.3
2952G 93.5 39.9
2954 93.7 70.1
2954G 917 30.1
2955 75.8 30.0
2955G 71.8 ND
2964 92.1 31.4
2964G 94.6 43.0
2978 98.0 95.1
2978G 13.9 941
2982 92.8 78.5
2982G 41.9 52.4
2985 39.5 31.2
2985G 20 5.0
2987 81.7 67.8
2987G 26.6 29.3
2996 87.3 55.3
2996G 95.9 38.4
2997 93.4 70.6
2997G 9.7 7.5
3004 79.0 48.4
3004G 60.3 40.7

110



1072 6194 4041 3181 3012 3233 2221 8543 5637 3307 3012G 968 378 3115 2261
1198 3013 2343 1791 6715 4810 2528 3013G 327 144 1333

WO 2013/022782 PCT/US2012/049600
3005 7.4 93.5
3005G 775 75.6
3010 98.0 82.6
3010G 97.9 81.0
3011 87.4 42.8
3011G 83.5 41.7
3012 91.0 60.8
3012G 52.4 16.8
3013 80.3 65.8
3013G 175 15.4
3014 63.4 20.7
3014G 74.4 28.5
3015 89.1 55.7
3015G 58.8 17.3
3016 97.1 81.6
3016G 93.1 66.4
3017 94.8 70.2
3017G 87.9 408
3018 85.4 54.0
3018G 26.1 12.7
3019 99.3 92.4
3019G 99.3 88.1
3020 96.7 90.3
3020G 85.2 415
3021 74.5 26.1
3021G 811 274
3022 65.2 17.6
3022G 67.2 9.1
3023 71.4 28.5
3023G 73.8 29.7
3024 73.9 32.6
3024G 89.0 10.0
3025 70.7 15.6
3025G 76.7 24.3
3027 96.2 61.6
3027G 98.6 75.3
3028 92.4 29.0
3028G 87.3 28.8
3030 6.0 10.6
3030G 413 14.2
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3032 76.5 31.4
3032G 17.7 11.0
3033 98.2 86.1
3033G 93.6 64.0
3036 74.7 32.7
3036G 90.1 51.2
3041 95.3 75.9
3041G 92.4 51.6
3042 88.1 73.3
3042G 60.9 25.2
3043 90.8 65.8
3043G 92.8 60.3
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Table 17
Vk3-20Jk1
Common Light Chain Antibodies
0, H 0, i
Antibody Antige/;)\ gl-(l)_zll(;:lge: fBeads Antigeikécl‘:':%%louftion

2968 971 73.3
2968G 67.1 14.6
2969 51.7 20.3
2969G 37.2 16.5
2970 92.2 34.2
2970G 92.7 27.2
2971 234 11.6
2971G 18.8 18.9
2972 67.1 38.8
2972G 64.5 39.2
2973 77.7 27.0
2973G 511 20.7
2974 57.8 12.4
2974G 69.9 17.6
2975 494 18.2
2975G 32.0 19.5
2976 1.0 1.0
2976G 50.4 204

[00386] In the first LUMINEX™ experiment described above, 80 common light chain
antibodies containing the Vx1-39Jx5 engineered light chain were tested for their ability to
block Ligand Y binding to Antigen E-labeled beads. Of these 80 common light chain
antibodies, 68 demonstrated >50% blocking, while 12 demonstrated <50% blocking (6 at
25-50% blocking and 6 at <25% blocking). For the 18 common light chain antibodies
containing the Vk3-20Jx1 engineered light chain, 12 demonstrated >50% blocking, while 6
demonstrated <50% blocking (3 at 25-50% blocking and 3 at <25% blocking) of Ligand Y
binding to Antigen E-labeled beads.

[00387] Inthe second LUMINEX™ experiment described above, the same 80 common
light chain antibodies containing the Vi 1-39Jk5 engineered light chain were tested for their
ability to block binding of Antigen E to Ligand Y-labeled beads. Of these 80 common light
chain antibodies, 36 demonstrated >50% blocking, while 44 demonstrated <50% blocking
(27 at 25-50% blocking and 17 at <25% blocking). For the 18 common light chain
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antibodies containing the Vx3-20Jx1 engineered light chain, 1 demonstrated >50%
blocking, while 17 demonstrated <50% blocking (5 at 25-50% blocking and 12 at <25%
blocking) of Antigen E binding to Ligand Y-labeled beads.

[00388] The data of Tables 16 and 17 establish that the rearrangements described in
Tables 14 and 15 generated anti-Antigen E-specific common light chain antibodies that
blocked binding of Ligand Y to its cognate receptor Antigen E with varying degrees of
efficacy, which is consistent with the anti-Antigen E common light chain antibodies of
Tables 14 and 15 comprising antibodies with overlapping and non-overlapping epitope
specificity with respect to Antigen E.

Example XVIi
Determination of Blocking Ability of
Antigen-Specific Common Light Chain Antibodies by ELISA
[00389] Human common light chain antibodies raised against Antigen E were tested for
their ability to block Antigen E binding to a Ligand Y-coated surface in an ELISA assay.
[00390] Ligand Y was coated onto 96-well plates at a concentration of 2 ug/mL diluted
in PBS and incubated overnight followed by washing four times in PBS with 0.05% Tween-
20. The plate was then blocked with PBS (Irvine Scientific, Santa Ana, CA) containing
0.5% (w/v) BSA (Sigma-Aldrich Corp., St. Louis, MO) for one hour at room temperature. In
a separate plate, supernatants containing anti-Antigen E common light chain antibodies
were diluted 1:10 in buffer. A mock supernatant with the same components of the
antibodies was used as a negative control. Antigen E-mmH (described above) was added
to a final concentration of 0.150 nM and incubated for one hour at room temperature. The
antibody/Antigen E-mmH mixture was then added to the plate containing Ligand Y and
incubated for one hour at room temperature. Detection of Antigen E-mmH bound to Ligand
Y was determined with Horse-Radish Peroxidase (HRP) conjugated to anti-Penta-His
antibody (Qiagen, Valencia, CA) and developed by standard colorimetric response using
tetramethylbenzidine (TMB) substrate (BD Biosciences, San Jose, CA) neutralized by
sulfuric acid. Absorbance was read at OD450 for 0.1 sec. Background absorbance of a
sample without Antigen E was subtracted from all samples. Percent blocking was
calculated by division of the background-subtracted MF! of each sample by the adjusted
negative control value, multiplying by 100 and subtracting the resulting value from 100.
[00391] Tables 18 and 19 show the percent blocking for all 98 anti-Antigen E common
light chain antibodies tested in the ELISA assay. ND: not determined under current

experimental conditions.

Table 18
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VK1-39Jk5
Common Light Chain Antibodies

% Blocking of

' % Blocking of
Antibody Antigen E In Solution

Antibody Antigen E In Solution

2948 21.8 3015 237
2948G 22.9 3015G 10.2
2949 79.5 3016 78.1
2949G 71.5 3016G 37.4
2950 80.4 3017 61.6
2950G 30.9 3017G 25.2
2952 66.9 3018 40.6
2952G 47.3 3018G 14.5
2954 556.9 3019 94.6
2054G 447 3019G 92.3
2955 121 3020 80.8
2955G 256 3020G ND
2964 34.8 3021 7.6
2964G 47.7 3021G 20.7
2978 90.0 3022 2.4
2978G 90.2 3022G 15.0
2982 59.0 3023 9.1
2982G 20.4 3023G 19.2
2985 10.5 3024 7.5
2985G ND 3024G 15.2
2087 314 3025 ND
2987G ND 3025G 13.9
2996 29.3 3027 61.4
2996G ND 3027G 82.7
2997 48.7 3028 40.3
2997G ND 3028G 12.3
3004 16.7 3030 ND
3004G 3.5 3030G 9.5
3005 87.2 3032 ND
3005G 54.3 3032G 13.1
3010 74.5 3033 771
3010G 84.6 3033G 32.9
3011 19.4 3036 17.6
301G ND 3036G 246
3012 45.0 3041 59.3
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3012G 12.6 3041G 30.7
3013 39.0 3042 39.9
3013G 96 3042G 16.1
3014 52 3043 57.4
3014G 171 3043G 461
Table 19
Vk3-20Jx1

Common Light Chain Antibodies

% Blocking of

- % Blocking of
Antibody 5 igen E In Solution

Antibody - A tigen E In Solution

2968 68.9 2972G 35.7
2968G 15.2 2973 20.7
2969 101 2973G 23.1
2969G 23.6 2974 ND
2970 34.3 2974G 22.0
2970G 41.3 2975 8.7
2971 6.3 2975G 19.2
2971G 271 2976 46
2972 9.6 2976G 26.7

[00392] As described in this Example, of the 80 common light chain antibodies
containing the Vk1-39Jx5 engineered light chain tested for their ability to block Antigen E
binding to a Ligand Y-coated surface, 22 demonstrated >50% blocking, while 58
demonstrated <50% blocking (20 at 25-50% blocking and 38 at <25% blocking). For the
18 common light chain antibodies containing the Vk3-20Jx1 engineered light chain, one
demonstrated >50% blocking, while 17 demonstrated <50% blocking (5 at 25-50% blocking
and 12 at <25% blocking) of Antigen E binding to a Ligand Y-coated surface.

[00393] These results are also consistent with the Antigen E-specific common light
chain antibody pool comprising antibodies with overlapping and non-overlapping epitope

specificity with respect to Antigen E.

Example XViil
BIACORE™ Affinity Determination for
Antigen-Specific Common Light Chain Antibodies
[00394] Equilibrium dissociation constants (Kp) for selected antibody supernatants were

determined by SPR (Surface Plasmon Resonance) using a BlAcore™ T100 instrument
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(GE Healthcare). All data was obtained using HBS-EP (10mM HEPES, 150mM NaCl,
0.3mM EDTA, 0.05% Surfactant P20, pH 7.4) as both the running and sample buffers, at
25°C. Antibodies were captured from crude supernatant samples on a CM5 sensor chip
surface previously derivatized with a high density of anti-human Fc antibodies using
standard amine coupling chemistry. During the capture step, supernatants were injected
across the anti-human Fc surface at a flow rate of 3 pL/min, for a total of 3 minutes. The
capture step was followed by an injection of either running buffer or analyte at a
concentration of 100 nM for 2 minutes at a flow rate of 35 pL/min. Dissociation of antigen
from the captured antibody was monitored for 6 minutes. The captured antibody was
removed by a brief injection of 10 mM glycine, pH 1.5. All sensorgrams were double
referenced by subtracting sensorgrams from buffer injections from the analyte
sensorgrams, thereby removing artifacts caused by dissociation of the antibody from the
capture surface. Binding data for each antibody was fit to a 1:1 binding model with mass
transport using BIACORE™ T100 Evaluation software v2.1. Results are shown in Tables
20 and 21.
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Table 20
Vik1-39Jk5
Common Light Chain Antibodies
100 nM Antigen E 100 nM Antigen E
Antibody Antibody
Kp (nM) T4 (min) Kp (nM) Ty (min)
2948 8.83 28 3015 291 11
2948G 95.0 1 3015G 65.9 0
2949 3.57 18 3016 4.99 17
2949G 6.37 9 3016G 18.9 4
2950 4.91 17 3017 9.83 8
2950G 13.6 5 3017G 55.4 2
2952 6.25 7 3018 11.3 36
2952G 7.16 4 3018G 32.5 3
2954 2.37 24 3019 1.54 59
2954G 5.30 9 3019G 2.29 42
2955 14.4 6 3020 5.41 39
2955G 12.0 4 3020G 41.9
2964 14.8 6 3021 50.1 6
2964G 13.0 9 3021G 26.8 4
2978 1.91 49 3022 257 17
2978G 1.80 58 3022G 20.8 12
2982 6.41 19 3023 263 9
2982G 16.3 9 3023G 103 5
2985 64.4 9 3024 58.8 7
2985G 2.44 8 3024G 7.09 10
2987 21.0 11 3025 35.2 6
2987G 37.6 4 3025G 42.5 8
2996 10.8 9 3027 7.15 6
2996G 24.0 2 3027G 4.24 18
2997 7.75 19 3028 6.89 37
2997G 151 1 3028G 7.23 22
3004 46.5 14 3030 46.2 7
3004G 1.93 91 3030G 128 3
3005 2.35 108 3032 53.2 9
3005G 6.96 27 3032G 13.0 1
3010 413 26 3033 4.61 17
3010G 2.10 49 3033G 12.0 5
3011 59.1 5 3036 284 12
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3011G 417 5 3036G 18.2 10

3012 9.71 20 3041 6.90 12
3012G 89.9 2 3041G 229 2

3013 20.2 20 3042 9.46 34
3013G 13.2 4 3042G 85.5 3

3014 213 4 3043 9.26 29
3014G 36.8 3 3043G 13.1 22

Table 21
Vk3-20Jk1
Common Light Chain Antibodies
100 nM Antigen E 100 nM Antigen E
Antibody Antibody
Ko (nM)  T4)2 (min) Ko (nM) T4z (min)

2968 5.50 8 2973 5.35 39
2968G 305 0 2973G 11.0 44

2969 34.9 2 2974 256 0
2969G 181 1 2974G 138 0
2970G 12.3 3 2975 38.0 2
2971G 32.8 22 2975G 134 1

2972 6.02 13 2976 6.73 10
2972G 74.6 26 2976G 656

[00395] The binding affinities of common light chain antibodies comprising the
rearrangements shown in Tables 14 and 15 vary, with nearly all exhibiting a Ky, in the
nanomolar range. The affinity data is consistent with the common light chain antibodies
resulting from the combinatorial association of rearranged variable domains described in
Tables 14 and 15 being high-affinity, clonally selected, and somatically mutated. Coupled
with data previously shown, the common light chain antibodies described in Tables 14 and
15 comprise a collection of diverse, high-affinity antibodies that exhibit specificity for one or

more epitopes on Antigen E.

Example XIX
Determination of Binding Specificities of
Antigen-Specific Common Light Chain Antibodies by LUMINEX™ Assay
[00396] Selected anti-Antigen E common light chain antibodies were tested for their
ability to bind to the ECD of Antigen E and Antigen E ECD variants, including the

cynomolgous monkey ortholog (Mf Antigen E), which differs from the human protein in
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5837 4082 3041G 2519 1265 6468 4274 3320 3042 2653 2137 7277 5124 3325
3042G 1117 463 4205 2762 1519 3043 3036 2128 7607 5532 3366 3043G 2293
WO 2013/022782 PCT/US2012/049600

approximately 10% of its amino acid residues; a deletion mutant of Antigen E lacking the
last 10 amino acids from the C-terminal end of the ECD (Antigen E-ACT); and two mutants
containing an alanine substitution at suspected locations of interaction with Ligand Y
(Antigen E-Alat and AntigenE-Ala2). The Antigen E proteins were produced in CHO cells
and each contained a myc-myc-His C-terminal tag.

[00397] For the binding studies, Antigen E ECD protein or variant protein (described
above) from 1 mL of culture medium was captured by incubation for 2 hr at room
temperature with 1 x 10° microsphere (Luminex™) beads covalently coated with an anti-
myc monoclonal antibody (MAb 9E10, hybridoma cell line CRL-1729™; ATCC, Manassas,
VA). The beads were then washed with PBS before use. Supernatants containing anti-
Antigen E common light chain antibodies were diluted 1:4 in buffer and added to 96-well
filter plates. A mock supernatant with no antibody was used as negative control. The
beads containing the captured Antigen E proteins were then added to the antibody
samples (3000 beads per well) and incubated overnight at 4°C. The following day, the
sample beads were washed and the bound common light chain antibody was detected with
a R-phycoerythrin-conjugated anti-human IgG antibody. The fluorescence intensity of the
beads (approximately 100 beads counted for each antibody sample binding to each
Antigen E protein) was measured with a Luminex™ flow cytometry-based analyzer, and
the median fluorescence intensity (MFI) for at least 100 counted beads per bead/antibody

interaction was recorded. Results are shown in Tables 22 and 23.
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1319 6573 4403 3228 WO 2013/022782PCT/ US2012/ 049600 Tabl e 23 V1c3- 20, 1x1
Common Light Chain Antibodies Mean Fl uorescence Intensity (M) Antibody
Anti gen BvOAntIgers2E- Antigen E- Antigen E- M Antigen ECECSAGTAI®NALa2
2968 6559 3454 14662 3388 29 2968G 2149 375 9109 129 22 2969 2014 1857 7509

Table 22

Vk1-39Jk5 Common Light Chain Antibodies
Mean Fluorescence Intensity (MF1)
Antibody Antigen E- Antigen E- Antigen E-  Antigen

ECD ACT Ala1 E-Alaz MfAntigenE
2948 1503 2746 4953 3579 1648
2048G 537 662 2581 2150 863
2949 3706 4345 8169 5678 5142
2949G 3403 3318 7918 5826 5514
2950 3206 4292 7756 5171 4749
2950G 2521 2408 7532 5079 3455
2952 3384 1619 1269 168 911
29526 3358 1001 108 55 244
2954 2808 3815 7114 5039 3396
2954G 2643 2711 7620 5406 3499
2955 1310 2472 4738 3765 1637
2955G 1324 1802 4910 3755 1623
2964 5108 1125 4185 346 44
2964G 4999 729 4646 534 91
2978 6986 2800 14542 10674 8049
2978G 5464 3205 11652 8026 6452
2982 4955 2388 13200 9490 6772
2082G 3222 2013 8672 6509 4949
2985 1358 832 4986 3892 1669
2085G 43 43 128 244 116
2987 3117 1674 7646 5944 2546
2987G 3068 1537 9202 6004 4744
2996 4666 1917 12875 9046 6459
2996G 2752 1736 8742 6150 4873
2997 5164 2159 12167 8361 5922
2097G 658 356 3392 2325 1020
3004 2794 1397 8542 6268 3083
3004G 2753 1508 8267 5808 4345
3005 5683 2221 12900 9864 5868
3005G 4344 2732 10669 7125 5880
3010 4829 1617 2642 3887 44
3010G 3685 1097 2540 3022 51
3011 2859 2015 7855 5513 3863
30116 2005 1072 6194 4041 3181
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5671 3021 2969G 1347 610 6133 4942 2513 2970 5518 1324 14214 607 32 2970G
4683 599 12321 506 31 2971 501 490 2506 2017 754 2971G 578

WO 2013/022782 PCT/US2012/049600
3012 3233 2221 8543 5637 3307
3012G 968 378 3115 2261 1198
3013 2343 1791 6715 4810 2528
3013G 327 144 1333 1225 370
3014 1225 1089 5436 3621 1718
3014G 1585 851 5178 3705 2411
3015 3202 2068 8262 5554 3796
3015G 1243 531 4246 2643 1611
3016 4220 2543 8920 5999 5666
3016G 2519 1277 6344 4288 4091
3017 3545 25563 8700 5547 5098
3017G 1972 1081 5763 3825 3038
3018 2339 1971 6140 4515 2293
3018G 254 118 978 1020 345
3019 5235 1882 7108 4249 54
3019G 4090 1270 4769 3474 214
3020 3883 3107 8591 6602 4420
3020G 2165 1209 6489 4295 2012
3021 1961 1472 6872 4641 2742
3021G 2091 1005 6430 3988 2935
3022 2418 793 7523 2679 36
3022G 2189 831 6182 3051 132
3023 1692 1411 5788 3898 2054
3023G 1770 825 5702 3677 2648
3024 1819 1467 6179 4557 2450
3024G 100 87 268 433 131
3025 1853 1233 6413 4337 2581
3025G 1782 791 5773 3871 2717
3027 4131 1018 582 2510 22
3027G 3492 814 1933 2596 42
3028 4361 2545 0884 5639 975
3028G 2835 1398 7124 3885 597
3030 463 277 1266 1130 391
3030G 943 302 3420 2570 1186
3032 2083 1496 6594 4402 2405
3032G 295 106 814 902 292
3033 4409 2774 8971 6331 5825
3033G 2499 1234 6745 4174 4210
3036 1755 1362 6137 4041 1987
3036G 2313 1073 6387 4243 3173
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265 2457 2062 724 2972 2164 2158 8408 6409 3166 2972G 1730 992 6364 4602
2146 2973 3527 1148 3967 44 84 2973G 1294 276 1603 28 44

WO 2013/022782 PCT/US2012/049600
3041 3674 2655 8629 5837 4082
3041G 2519 1265 6468 4274 3320
3042 2653 2137 7277 5124 3325
3042G 1117 463 4205 2762 1519
3043 3036 2128 7607 5532 3366
3043G 2203 1319 6573 4403 3228
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2974 1766 722 8821 241 19 2974G 2036 228 8172 135 26 2975 1990 1476 8669
6134 2468 2975G 890 315 4194 3987 1376 2976 147 140 996

WO 2013/022782 PCT/US2012/049600

Table 23

Vk3-20Jx1 Common Light Chain Antibodies
Mean Fluorescence Intensity (MFI)

Antibod i . i . . i . ]
y Antlnzgce[? E Antﬁ:e; E Angg:r E An%;:; E M Antigen E
2968 6559 3454 14662 3388 29
2968G 2149 375 9109 129 22
2969 2014 1857 7509 5671 3021
2969G 1347 610 6133 4942 2513
2970 5518 1324 14214 607 32
2970G 4683 599 12321 506 31
2971 501 490 2506 2017 754
2971G 578 265 2457 2062 724
2972 2164 2158 8408 6409 3166
2972G 1730 992 6364 4602 2146
2973 3527 1148 3967 44 84
2973G 1294 276 1603 28 44
2974 1766 722 8821 241 19
2974G 2036 228 8172 135 26
2975 1990 1476 8669 6134 2468
2975G 890 315 4194 3987 1376
2976 147 140 996 1079 181
2976G 1365 460 6024 3929 1625
[00400] The anti-Antigen E common light chain antibody supernatants exhibited high

specific binding to the beads linked to Antigen E-ECD. For these beads, the negative
control mock supernatant resuited in negligible signal (<10 MFI) when combined with the
Antigen E-ECD bead sample, whereas the supernatants containing anti-Antigen E
common light chain antibodies exhibited strong binding signal (average MFI of 2627 for 98
antibody supernatants; MF| > 500 for 91/98 antibody samples).

[00401]
antibodies to identify different epitopes on the ECD of Antigen E, the relative binding of the

As a measure of the ability of the selected anti-Antigen E common light chain

antibodies to the variants were determined. All four Antigen E variants were captured to
the anti-myc LUMINEX™ beads as described above for the native Antigen E-ECD binding
studies, and the relative binding ratios (MFlariant/MF lantigen e-£cD) Were determined. For 98
tested common light chain antibody supernatants shown in Tables 21 and 22, the average
ratios (MFlyarian/MF lanigen e-£cp) differed for each variant, likely reflecting different capture

amounts of proteins on the beads (average ratios of 0.61, 2.9, 2.0, and 1.0 for Antigen E-
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1079 181 2976G 1365 460 6024 3929 1625 [00400] The anti-Antigen E common
| i ght chain anti body supernatants exhibited high specific binding to the
beads |i mMkoadotim22rsei gen E- ECD. For these beads, the nega&Cirxs2@eniseod nock
supernatant resulted in negligible signal (<10 MFI) when conbined with the
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deternin%g. For.98|te§éed connqg ui ht chai.n qﬁtibq%%Fs e{n tapts shown in
Tabl es 21MSIRYHSOMIer S GroUpder s T e VAL RETINER ERCRORERS SR er ed
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exanpl e, 19 of the common |ight chain antibody sanples bound to the M
Antigen E with M-l vanant/ MHAnti gen E-ECD of <8% Since many in this group

i nclude high or noderately high affinity antibodies (5 with KD < 5nM 15
with KD <50 nM, it is likely that the lower signal for this group results
fromsensitivity to the sequence (epitope) differences between native
Antigen E-ECD and a given variant rather than fromlower affinities.

[ 00402] These data establish that the common |ight chain antibodies
described in Tables 14 and 15 represent a diverse group of

Anti gen- E-specific common |ight chain antibodies that specifically
recogni ze nore than one epitope on Antigen E. W claim 1A nouse
conprising in its germine: (a) a humani zed i munogl obul i n heavy
chain variable | ocus conprising at |east one unrearranged human V, at |east
one unrearranged human D, and at |east one unrearranged human J segnent
operably linked to a heavy chain constant region gene; (b) a

humani zed i munogl obulin |ight chain variable | ocus conprising no nore than
one, or no nore than two, rearranged human |ight chain V/J sequences
operably linked to a light chain constant regi on gene; and, (c) an
ectopi c nucleic acid sequence encodi ng a nouse ADAMb protein or orthol og or
honol og or functional fragnent thereof. 2. The npbuse according to claim1,
wherein the nucl eic acid sequence encodi ng the nouse ADAM6 protein or
orthol og or honol og or functional fragnent thereof is at a | ocus other than
t he i munogl obul i n heavy chain variable | ocus. 3. The nouse according to
claim11l, wherein the heavy chain constant region gene is a nouse gene. 4.
The nmouse according to claim1, wherein the |light chain constant region
gene is a nouse gene. 5. A nouse conprising a humani zed heavy chain

i mrunogl obul in variable | ocus and a hunmani zed |ight chai n i munogl obul i n
vari abl e | ocus, wherein the nouse expresses a single light chain, and
wherein the nouse conprises an ectopic nucleic acid sequence encodi ng an
ADAM6 gene functional in a nmale nouse. 6. The nouse of claim5, wherein

t he humani zed heavy chain i munogl obulin locus is operably linked to an
endogenous nouse heavy chain constant region gene. 7. The nouse of claim
5, wherein the single light chain is encoded from an i munogl obulin Iight
chai n variabl e gene | ocus that encodes no nore than one |ight chain V gene
segnent and a |ight chain J gene segnent, operably linked to a |light chain
constant gene. WD 2013/022782PCT/ US2012/ 049600 8. The nouse of claimb5,
wherein the single light chain is derived froman i munogl obulin |ight
chain variable gene locus in the gernliine of the nouse that encodes no nore
t han one rearranged light chain V/J gene segnent in the germine, operably
| inked to a Iight chain constant gene.
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9. The nouse of claim5, wherein the ectopic nucleic acid sequence encodes
a nouse ADAMb protein, or encodes a fragnent of a nouse ADAMb protein that
i s functiwoabiyo2m2mal e mouse. 10. The nouse of cl ai m BPCTWIsSev1@iomwcdhe
ectopic nucleic acid sequence is at a position that is not within an
endogencvgg c' rlmunogl obulin heavy chain locus. 11. A genetically nodified
nouse th a5('5'|’esses a plurality of different 1gG heavy chai ns each
conprising a human vari abl e domai n, wherein each of the plurality of

differe | gG heavy chains ar iated with a Iight chain sequence
encodi nS‘t'a hu%@??uls%%%nﬂgrbﬁmoqdul't?ﬁ%ﬁﬁb t chain variable domain that is derived
from a si ngl e(ahmhamahizemmugmmwuum Mezg@rodaame/gr‘rebi.e Joonk epmprisihdat !Hasi;e

o T unot sy P ed alen s, & 86k EoB SHENEREIRTRA TR AN AAGRB 01 1 The
nouse expressagedhuBANBepmeticoperaily inkad teahedvyerheof canstant regidnugenei onal i n
a mal e nouse, i eﬁ% . I | b of s
expressed fr()(ﬁf?ﬁ{éwé@% %éphrglr%o Ie;ﬁ\p:/'k3 'é@lrt%%égﬁ@énbé%I.’O%g{g&%%ﬁst?nﬁfg%%g}eﬁI

conpr i sithan one, or no naorhmmnwzertéaherage}i_mhlmnnxghhmhmolecﬂeqUemnesaapealblye gene

| Tane chBre IomdiBSTan iR &t BA% Badnr i ces ho more than oner or no.
nore than twdg) én edtopic hatleic dcigerquaegrannbding paenaisk AWADAMK podtdimoa | i ght chain

constant%_&g!”cnﬁ;%r 8?“.’953,%5%”0{‘@%'?%?%%ﬁh&%*ei c acid sequence encodi ng an

ADANG pr ere erern the ADAMG6 protein or fragment
thereof is functional in a nmale nouse. WD 2013/022782PCT/ US2012/ 049600
14. The use cel f claj , rej ni_c. i id sequence
encodes 4 moul® Meesh o A cadB ke e REh OB i ReGEh G BRaMnST e Theavy
chai n cahstrente §oAdIg groteimamorthoigror heaejogadtduntticnai stagmenttearof k@it he nouse
chai n_ oL fel Ry bob FIR6R GRIFLaRSERE ° % "0 ore ¢ han
one, or no nore that two, light chain V gene segnents are present in a
rearranggd V/ se Nt . " : | . S inmeric

i m"rynglg?%gul if}neﬂ;%%@sya %ﬁgfﬂwgctg rf%ﬁ:ﬁg ﬁéi%h”%%%%%&”ufﬁ{%zZe@m?]eg‘?nd

vari abl ds donwise gdeei ve roma human heavy chain gene segnent; and a

| ight chain derived from (a) a rearranged human N K1-39/J sequence, (b) a
rearranged human VK3-20/J sequence, or (c) a conbination thereof;

wher ei n 4. he hBwwyoudeaaaconding talslaémdowhenrein e figistathatnccoastaohreg@ntgeneg on and
t he ligh% %U@é er}/eari able domain is fused to constant region, and wherein
the B cef "¢ Ffises an ectopi c ADAM6 nucl ei c acid sequence. 19. The nouse
B cell of claim18, wherein the constant domain fused to the heavy chain
vari abl e. domgy |.SE : regi " . cell of
L bl SO B OU R IS BERSA g T Ro P BT E cel!
donai n iandseheoaszed ightrciimorsenaghetsitiaperiabéegioows, aferean thermaouseonst ant
region. expresses a single light chain, and wherein the mouse comprises an ectopic nucleic acid

sequence encoding an ADAMG6 gene functional in a male mouse.

6. The mouse of claim 5, wherein the humanized heavy chain immunoglobulin locus

is operably linked to an endogenous mouse heavy chain constant region gene.

7. The mouse of claim 5, wherein the single light chain is encoded from an
immunoglobulin light chain variable gene locus that encodes no more than one light
chain V gene segment and a light chain J gene segment, operably linked to a light chain

constant gene.
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8. The mouse of claim 5, wherein the single light chain is derived from an
immunoglobulin light chain variable gene locus in the germline of the mouse that
encodes no more than one rearranged light chain V/J gene segment in the germline,

operably linked to a light chain constant gene.

9. The mouse of claim 5, wherein the ectopic nucleic acid sequence encodes a
mouse ADAMS protein, or encodes a fragment of a mouse ADAMS protein that is

functional in a male mouse.

10. The mouse of claim 5, wherein the ectopic nucleic acid sequence is at a position

that is not within an endogenous immunogiobulin heavy chain locus.

11. A genetically modified mouse that expresses a plurality of different IgG heavy
chains each comprising a human variable domain, wherein each of the plurality of
different IgG heavy chains are associated with a light chain sequence encoding a human
immunoglobulin light chain variable domain that is derived from a single human
immunoglobulin V gene segment, wherein the mouse comprises an ectopic nucleic acid

sequence encoding an ADAMG6 protein that is functional in a male mouse.

12. The mouse of claim 11, wherein the mouse expresses an ADAMB6 protein or
fragment thereof that is functional in a male mouse, and wherein the ADAMS6 protein or

fragment thereof is expressed from the ectopic nucleic acid sequence.

13. A mouse cell comprising:

a humanized heavy chain immunoglobulin variable gene locus operably linked to
a heavy chain constant gene;

a humanized light chain immunoglobulin locus that comprises no more than one,
or no more than two, light chain V gene segments operably linked to a light chain
constant gene; and,

an ectopic nucleic acid sequence encoding an ADAMBG protein or fragment

thereof, wherein the ADAMG protein or fragment thereof is functional in a male mouse.
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14. The mouse cell of claim 13, wherein the ectopic nucleic acid sequence encodes

a mouse ADAMBG protein.

15. The mouse of claim 13, wherein the heavy chain constant gene is a non-human

heavy chain constant gene.

16. The mouse of claim 13, wherein the light chain constant gene is a non-human

light chain constant gene.

17. The mouse of claim 13, wherein the no more than one, or no more that two, light

chain V gene segments are present in a rearranged V/J gene segment.

18. A mouse B cell that expresses a chimeric immunoglobulin heavy chain
comprising an immunoglobulin heavy chain variable domain derived from a human
heavy chain V gene segment; and a light chain derived from

(a) a rearranged human Vk1-39/J sequence,

(b) a rearranged human Vk3-20/J sequence, or

(c) a combination thereof;

wherein the heavy chain variable domain is fused to a constant region and the
light chain variable domain is fused to constant region, and wherein the B cell comprises

an ectopic ADAM®G nucleic acid sequence.

19. The mouse B cell of claim 18, wherein the constant domain fused to the heavy chain

variable domain comprises a mouse constant region.

20. The mouse B cell of claim 18, wherein the constant region fused to the light chain

variable domain is selected from a mouse constant region and a human constant region.
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