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Funding Work described herein has been funded in part with Federal funds
fromthe National Cancer Institute, National Institutes of Health, under
Contract NoWONEA8€0O- 60000. Rel ated Applications 10 This aPeVPeM2ssh cl ai s
the benefit of a previously filed Provisional Application No. 60/101, 083
filed - Septenber 18, 1998, which is hereby incorporated by reference. Field
of the Invention 15 The invention relates to transgenically produced fusion
proteins (e.g., inmunoglobulin-enzyne fusion proteins), nucleic acids

whi ch encode fusion erR@NSGEMLMPM@EDMIWPR@TEENS‘Q fusion
proteins and nucl eic acids. Background of the Invention 20 A grow ng nunber
of reconbi nant proteins are being devel oped for therapeutic and diagnostic
appl i cati @ns. However, many of these prindings may be difficult or expensive
to produce in. a Werkdssenked hersivhas hepndimded in pret wittgFrdemlifuqdsingrh thed¥ationalng
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as bacteria, yeast, or manmalian cells, e.g., COS cells, 25 and then
growing the cells in culture nmedia. The cultured cells then synthesize the
desired protein. Tr adi tional bact avcetaempy&aﬁ&nssysterm may be unable to

produce ny co p%ﬁfo‘ﬁ'c%né ?‘ﬁ%egelﬁ%ﬂﬁgﬁlé‘%s&?@n&EPFF}OBﬂrI?PP |.i a cells

can repro rotel ns are ensi ve
t 0. grow, - andg%fqlg&:” %ﬁ’é"“&hﬁ}s ?{ @gmhygnmomtgim@femence The
| imtations using bact er i al, yeast or mammal i an systens are particularly 30
applicable to conpl ex proteins, such as i munogl obul i n-enzynme fusion
proteins, that require proper post-translational nodifications and
assenbly to be in functional form Fisldthd BéstidnCT/ USO0/ 25560 -2 Sunmmary
of the IAdention The igentiemie]atdstie trinsgenitallp protiect fusien pratetie(dpd of naking a
tTLg“frgteE'og Ti&’nrg:}l%g@ﬁglﬁnggl me ¥ Fasion prS Qinky S OL AR Wich S0 i oot Picdt &1 1
methods of making and using fusion proteins and nucleic acids.

| - Background of the Invention’ _

20 A growing number of recombinant proteins are being developed for therapeutlc and
diagnostic applications. However, many of these proteins may be difficult or expensive to .
produce in a functional form and/or in the required quantities using conventional methods.
Conventional methods involve inserting the gene responsible for the production of a
particular protein into host cells such as bacteria, yeast, or mammalian cells, e.g., COS cells,

25 and then growing the cells in culture media. The cultured cells then éynth&size the desired
protein. Traditional bacteria or yeast systems may be unable to produce many complex
proteins in a functional form. While mammalian cells can reproduce complex proteins they

~ are generally difficult and expensive to grow, and oﬁen produce only mg/L quantmes of
protem The limitations: using bacterial, yeast or mammahan systems are parhcularly

30 applicable to complex proteins, such as immunoglobulin-enzyme fusion proteins, that
require proper post-translational modifications and assembly to be in fiunctional form.



transgenic animal, e.g., goat or a cow, which includes a transgene which
provides for the 5 expression of the fusion protein, e.g., an

i mmunogl obul i n-enzyme fusion protein; allowing the transgene to be
expressed; WRAMIBS:f erably, recovering the fusion protein,tFESHPERE ni |k
of " the transgenic animal. (Al though the eabodi nent described relates to
expression in mlk other pronoters, e.g; other tissue specific pronoters,
e.g., nuscle, hair, urine, blood, SewmaBosfthe bRehfisorc Pronoters can be used

to produce fusion_protejns.in qQther tissues or products.) 10 In a preferred

enbodi ment t he trﬁ%ﬂmﬂﬁYe&H%gamWf%?eiﬁ‘gﬁWﬂﬁﬁ%ﬁﬂwsﬂc§\§l§’§rl’d°"°lﬁenber.
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g subunit, €.g., a subunit of an Ig specific for a tunor antigen (e.g.,
car ci noenbr y SARSECeRiA anigah ¢.&.@oator agov, whish includes 2 wansgeng whichapovides fanthe
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e. g., RnaseAthedragsgeng ressed; and, prafetnb varolg iemprptein, fiom the afitkr r ed
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protein is mestunit) gl a siblni€ 6fdn g spiific for ARG aitigth W, SaPéiRddnibRydti ORRigEs

e.g., amlk ecific pronoter, e.g,, a mlk serum25 protein or casein
promoter. Th éégﬂ’ R gripiTecepiop r?&g'?i»@&ﬁplﬁ‘éﬂ%ﬁl &rpvah facior megnten). Thesegond

| act ogl obul i fhefibeP@in®e; andRYmaGl jdlypestidiothep (A RA B subftit, lof Shgth&id ieReof: an
pronoter. Preferably the pronpter 1s.a goat a casein pronbter. In
pr ef er r edl%enBoesene&s Bnasefee.g angiogenincon easboxypentidasefeerymaul a: R1- L- R2:

pept i do | i nker ang e D TanAnIn el SOk BORPR it e BhBhar) 0, 2
Preferably, Renédafithriransgeniemagmabies, 4 mminant, eg.,@.goatdiragewl y f used or
linked via a pept jifiGefelrtk Efibodiments, the transgenic fusion protein is secreted into the milk of
the transgenic mammal, e.g., a ruminant, e.g., a dairy animal, e.g., a goat or a cow.
20 In preferred embodiments, the transgenic fusion protein is secreted into the milk of a
transgenic mammal at concentrations of at least about 0.1 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 1.5
mg/ml, 2 mg/ml, 3 mg/ml, 5 mg/ml or higher. |
In preferred embodiments, the transgenic fusion protein is made under the control of
a mammary gland specific promoter, e.g., a milk specific promoter, e.g., amilk serum
25 protein or casein promotei'. The milk specific promoter can be a casein promoter, beta
lactoglobulin promoter, Whey acid proteixi promoter, or Jactalbumin promoter. Preferably,
the promoter is a goat B casein promoter.
" Inpreferred embodiments, the transgenic fusion has the formula: R1-L-R2; R2-L-
R1; R2-R1; or R1-R2, wherein R1 is an immunoglobulin moiety, L is a peptide linker and



In preferred enbodi nents, the transgenic fusion protein further includes: a
signal sequence which directs the secretion of the fusion protein, e.g., a
si gnal SVJaamﬁGsecret ed protein (e.g., a signal from 3, ,l%ﬁggwsecret ed
into mlk, or an imunoglobulin signal); and (optionally) a sequence whigh
encodes a sufficient portion of the am®e termnal coding region of a
secreted protein, e.g., a protein secreted into mlk, or an i munogl obulin,
to all ow s@Qrien enzyme npiety. i PrefeiablyRl kndR2 freicoviagl® finked)8 gl airecti9 ffudelgr f USi ON
pr ot ei n. 19 ‘gref err.ed enbodi nents, the fusion protein includes a

nonocl onal ‘Bﬂﬁ%l JPePudeiilsrt e g., a human, narine (e.g., nouse)

nonocl onal ant i bnshyfefredetitddiments, theftfandpemn fusionpest&a furiifr fheluday anti gen
bi ndi ng fragnent s,t hgreof. The mpnocl onal anti body subunit or antigen

bi ndi ng fragnent peaypnce highdnscts the seeretion of the fugionprptein 8.8, & signdler of a
heavy  Ghaigmii\ertedptitdin (2 dbighal frémaPrdtdifBécrétid intanilE Y ¥n @nd two | ght

i
chains. Preferably, the 15 nonoclonal antibody I's a human anti body or a
fragnent t iramppgglobulinsigngllantht | gen binding fragment thereof. For exanpl e,

the human ant i bgiofny) HeqRkdl ﬂ%&.&mfa&%@g&&ﬁ;&@ﬂea&ﬂskma B cell

obtained froma (ransge non human ani mal, ransgeni ¢ nouse,

havi ng a geetingregionpf & shcretpdproteinesg-hepretrinciecrieted intamélycoremnamehuaoglotgitin, chai n
transgene . ' - . : | ' . be of the
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| gAl , 11§A2, | gAnguéfemesiembiodidients the fiiSionpratéisnmdbides a moheclenal arsibdgy i s an | gG
I sotype. T at i bodi can. full - . n_h or .l g4

ant i body) ghﬁmgigfrf éj el uge’ @%%%ﬁ" gnﬁp%ezgﬁgxgﬁlén%} %bﬁb‘ﬁ@i‘ﬁ"u&(’é?ﬁ‘?;g"ﬂ“mb,
F(ab' }2|, Ethlen_';unf,a.gs.ian_gitxtiage]rc;bilwlu-xg;c f\_ﬁgmbntalgmmft ot Ipemmqﬂagﬁhmﬁbﬁdi)}aubmﬂ_ tt'dfetnft E dt he
i nmunogl obul.i n subuni.t 0 usion protein is r econbi pant anti body,
e.g., a ch%ﬁﬁmg‘rnggaﬁﬂ%%feﬁe@ °%{ﬂ%°f)“os ej&'?ﬁ'tﬁ?ﬁfpfp e %ﬁ%?f ®YY bi ndi ng
fragnment t émircokd,a lightichainhersa tatrameriof by chdaey amal two dightidhain€.aBiefedably, the

conpl e ntarith ett.ﬁr '.nip1 re i.%n@éfgf aeg der'ovegh froma_no 3;1 rrean

ot Pbody. ( SepsclonafFFRdD ip Biimict Bt A Homp<pb e &) S AW AN n or i gi .
| n pref err fagneenbthdieor rHos exdnipde, it hunmg lantibody barsbdptodicedby & Rybridofma Whidar Ot ei n

is 30 nobnoy nt (e.g.., .it. jncluded qne ir of.heavy and |ight chains, or
ot oo b AP 218 Fotl e Eoe o YA S £ ensgentt o,

having a genome comprising a human heavy chain transgene and a light chain transgene

fused to an immortalized cell. The antibodies can be of the various isotypes, including:

20 IgG(e.g., IgGl, IgG2, IgG3, 1gG4), IgM, IgAl, IgA2, IgA.sub.sec, IgD, of IgE. Preferably,
the antibody is an IgG isotype. The antibodies can be full-length (e.g., an IgG1 or IgG4 .
antibody) or can include only an antigen-binding portion (e.g., a Fab, F(ab'")y, Fv or a single
chain Fv fragment).

In preferred embodiments, the immunoglobulin subunit of a fusion protein is a

25 recombinant antibody, e.g., a chimeric or a humanized antibody, subunit or an antigen
binding fragment thereof, e..g., has a variable region, or at least a complementarity
determining region (CDR), derived from a non-human antibody (e.g., murine) with the
remaining portion(s) are human in origin.

In preferred embodirhents, the immunoglobuiin subunit of the fusion protein is

30 monovalent (e.g-, it included one pair of heavy and light chains, or antigen binding portions



thereof). In other enbodi ments, the fusion protein is divalent antibody
(e.g., it included two pairs of heavy and |light chains, or antigen binding
portions thereof). In preferred enbodi nents, the transgenic fusion protein
i ncl udes anWorPMi¥dgl obul in  heavy chain or a fragnent therREHUSO28569 zn
antigen binding fragnent thereof. Preferally, the 5 i munoglobulin heavy
chain or fragnent thereof (e.g., an antigen binding fragnent thereof) is

l'i nked, e.qg. | | ] | RIS TN o (W S -Tol A :

enzynme. Pref gégl% '?ﬂtoﬁiee?@%%ﬂé‘ ’&éuqliaﬁﬁglgg{%kcﬁh%ﬁ?%{r?%%&%g% 1(I)ltr"ll(agr otei n

i s capabl e ofpainsethepvy ang light chaips, dranigendindingyomiins theref)y. , a di-, tri-,

tetra-, or multi- ' [ i.c__activi .10 In preferred
bnbod ment st he. D BreferSl HRbGmARY ko RAEAibn pRTH Moluies momriREiShi
hﬁavy ;:?ai n (?aniylrdxgmmn_ i laftr?gl_aemmlier(oe',%d;g., amﬁgﬂiﬁi@ﬁﬁ;} fragmbintthefeofi gPrefetably, the
thereof), and a light .. chain,or a.fra nt thereof (e.g..,.an_antigen

bi ndi ng f rag ﬁ@ﬂ?m?ﬁgﬁ"g‘(?f Favyshain of gﬁwg’qﬁfﬁe"f ?M&Sﬁﬁﬁlﬂn&1mﬂ% Hersed) s
linked, e.g. is linkeloslg.Viirked viaQpeptiti lnkekKais directly ied, ty/arf ¢hepdle. PRferably,QRLY ME.

Preferably, the i nQgl.obul iin- enzyne_fusi on protein is capable of 15
assenbl i ng i ATBURCHARHE SR °he'8ﬁa¥>ég=, fugiop protein i capable.of asseblipg into

mul ti-meric GeEEbRa chpleR®.g. A HEY Rl lefra261 initilerid &n@l&ﬁﬁoﬁlg@nﬁﬁm' ments,
the enzyne of the fusion protein is an Rnase, e.g., RnaseA ¢€.g.,

angi ogeni n; &P boxypepti dase B enzyne. For di agnostic applications, the

enzyme cafp be hor gepRheh eRbsdnbHa T uﬁg%%eﬁfi% E.Iggeﬁx{ glglg&&%%mhggsﬁhﬁnker

transgeni ¢ fusion protein includes a pept the pepti
has one or mnbeavyshainies firgnensierngf (g amomtigenchinding fragment thatepHyandfagight he

rotati-on of { EPI'H-EQH&RB-IH-:‘EP (o1 %Y H]% t gj Lve to
each ot her, l.)?ﬁlllt | s ~resist anﬁegg"o %g%%ﬁ%)n y Ppr oF@glgéQ'; Flée?er{étf%%gées not
" interact wi timmunoglohmlindgavytebainds linked.fecg., lonked wia a paptidetlinker apwirecthycfusadsioon
protein to f aé”ﬁo . b3 ._r'!-E tetr a- r..mult] meric
conpl ex) t ha?ﬁr etal h?éei%églghqp?gn%%o%qbwl} AR e lél;'?prstre%rrlgf%dggk(ﬂ di ng and/ or
assenbl y 15f assemblinginta functioaalvoimplex, ag., adi-j tvie tetrrr enlti-merie cgmplte haviop
enbodi nent: the t Fizggstgleni c fusion protein includes a peptide |linker and
t he pepti de FRaYRgHe perdly, 60, nore preferably, 10 to 30, am no acids in
| engt h; the pept Imisrefetrak anbidimélfls, die en@yrae bfthe fisichPRgéin is dnRnap€Rid. de | i nker
Is 17 am no %id I n Iength' WO 01/ 19846, P /USOO/%SS&EO . .
aseA, e.g., angiogenin; or carboxypeptidase B enzyme. For diagnostic applications, the
enzyme can be horseradish peroxidase. _
20 In a preferred embodiment, the transgenic fusion protein includes a peptide linker
and the peptide linker has one or more of the following characteristics: a) it allows for the
rotation of the immunoglobulin protein and the enzyme protein relative to each other; b) it is
resistant to digestion by proteases; c) it does not interact with the immunoglobulin or the
enzyme; d) it allows the fusion protein to form a complex (e.g., a di-, tri-, tetra-, or multi-
25 meric complex) that retains enzymatic activity; and e) it promotes folding and/or assembly
of the fusion protein into an active complex.
In a preferred embodiment: the transgenic fusion protein includes a peptide linker
and the peptide linker is 5 to 60, more preferably, 10 to 30, amino acids in length; the

peptide linker is 20 amino acids in length; the peptide linker is 17 amino acids in length;



-5 each of the amno acids in the peptide linker is selected fromthe group
consisting of Ay, Ser, Asn, Thr and Ala; the peptide |linker includes a

G y-Ser el In a preferred enbodi ment, the transge protein
@g@{}i%g . : gi»&r $b32558 _

i ncl udes | i nker and the peptide |inker includes a sequence
havingtheforrrula(Ser-Gy-Gy-GIy-Gly)Sy-Swhereiny|s1 2, 3, 4, 5, 6,
7, or 8. Preferably, the peptide linker includes a sequence havi ng the

formul a (Seusaclﬁbﬂth@hyﬁrﬂayidﬂrm)lepenﬁﬂeﬁmt;lsylpctedﬁmpﬁmgrw donsisting of Giy,udes ad
cmbodi mont e Tl pp B ARt e S SRS o o i mor | cr e

tetramer, or hi ghalprqfﬁ-ke,drmbbdmmﬁtm#eemnsg%ﬁc Iﬁmanpeétanmﬂhdempebnﬂeﬁhm t he
transgene enc i n t eni ¢ fusion rot |n is. a
construct et et BResR sousitn Ryl Fivdip Bebonsthibheady by a

t t | k
brotein o proﬂﬂfm? R eot.fg‘%‘?‘iﬁ%‘ﬁé%“% ¢ lctocke foemudholl,
sequelnc fe vvhhavhlgdll;ﬁkrfomﬂeéier-lGirGlﬁﬁbr-GlM)grPrgﬂerablyethbursmh llpkm'ltlmh:ﬂe; e.g. a
signal froma m c pr in; optiopa a nucl eoti de sequence
V\/mgch encooﬁ?ﬂ“""&“’%m" %%?Fm}ﬁ‘gr(&f’ ﬁ{]ydg&‘i)%]éf'& §F6Pf rminal coding regrqon of
a secret ed br Ot §) frestel omBoiahe! e SERLEI b hOH bebomlis g Gl °CT €t O,

e.g., inthe ml a transgenic na € non-secre profein; 20
(e) one or tnineg tetracdes ot higberpotymenic esmplex.c h encode the fusion protein, e.g.,

o0 el MO0 0Py R TR ke fcing RIS TS BRRT 0

e.g., a manageleje acitiuohstrict whicks juehudés: c gene, (e.g., a milk protein gene). In
preferred enbodi el ene pr esent ) , b, c, d (if present), and f
of the 25 transd gerf’«?h% fﬁ'“dﬂﬁ“ﬁ”ﬁgsgé{‘}?@“gene the el enents a (if present), b,
c, d (if present@p)apmodoter,efg., hhmmh&yaﬁgenaspéoméyrmmgqramﬁmmes. For
exanpl e, the signal sequence, the pronoter -sequence and the 3'

unt r ansl| at d4°88aence can be froma mammary epithelial specific gene,

e.g., apylk seqymmerbiciefientcrskither@ods alsinal seqientt WhSK tdh diROEthe
Preferably, the si ] ll%uence t.he g_rom)t se uence and the 3
unt r ansl at eﬁcﬁ%ﬁlfgmhﬁP%P beifine$- ¢ dignal specihic protein;

(d) optionally, a nucleotide sequence which encodes a sufficient portion of the

amino terminal coding region of a secreted protein, e.g. a protein secreted into milk, to
allow secretion, e.g., in the milk of a transgenic mammal, of the non-secreted protein;
20 (e) one or more nucleotide sequences which encode the fusion protein, e.g., an
immunoglobulin-enzyme fusion protein, e.g., 2 protein as described herein; and
(f) optionally, a 3’ untranslated region from a mammalian gene, ¢.g., 2 mammary
epithelial specific gene, (e.g., a milk protein gene).
" Inpreferred embodiments, elements a (if present), b, ¢, d (if present), and £ of the
25 transgene are from the same gene; the elements a (if present), b, c, d (if present), and f of the
transgene are from two or more genes. For example, the signal sequence, the promoter
sequence and the 3’ untranslated sequence can be from a mammary epithelial specific gene,
‘e.g., amilk serum protein or casein gene (e.g., a B casein gene). Preferably, the signal
sequence, the promoter sequence and the 3’ untranslated sequence are from a goat p casein

30 gene.



30 gene. WD 01/19846 PGI/ US00/ 25560 -6 In preferred enbodi nents, the
pronmoter of the transgene is a mammary epithelial specific pronoter, e.g.,
a mlk serumprotein or casein pronoter (e.g., a f casein rom)t(ezr%?. The
m.J k specif YWt er can be a casein promoter, beta Iactgﬁ{lgﬁq.? PIf°
pronoter, whey acid protein pronoter, or-bactal bumin pronoter. Preferably,
the pronoter is a goat (3 casein 5 pronoter. In preferred enbodi nents, the
si gnal sequence entmptefirrsd embrelihemns) tgpapremoter ¢fithetransgene 4 MamalanS@iHeRE ©

whi ch directs the, expression of _the protein to the exterior of a cell, or
into the cel FPSAFRATORAteT ﬁ'lgeFé‘PH‘b‘W",“P PRSI Pr AsEin RIQEQLSR (6:2-i &P F3s8impIOmeteDei n

whi ch is secr ilki¥bétifid Bi . ; ' f : ﬁgﬁé{ | mal .
10 In preferrg}j@g‘nﬂtl)(ggi nen%}gl,n telkillé(an:y'é a%ﬁ’fer“g Sﬁ?{&éﬁ)&}ég{tﬁo@ﬁ{} e %rgvnvg ene
includes a petig acrieip Pramater, ofilactalbumin pramaent Preferdbliys thepronmmterisa goat Pichdedrl i al
specific ggne e, 9., a mlk serumprotein gene or casein gene. The 3

untr ansl at éd Fegl on can be obtained froma casein gene (e.g., a J3 casein

gene), a beta | act bypreferred embypslirentsjktesignnl Sqpenoés ericodefityethe Binsgbrits @l Aub N

gene. Preferably. th ' translated region_.s froma _goat (3 casein _gene.
15 In preferré é'ﬁgsoeg}l%%%?@fc;’? ety ﬁ’ﬁﬁ@f&%@,ﬂ of the proteig do P‘%&ﬁ?&éﬁ@%lh or mto
descri bed her diercell mentbeape 2 Preferibly, chesigitl $8qReick isrshh @ proteif WHRhii€ seeftdd iRb t he
transgeni c anijmal... |In zl?ﬁo’bﬁkeéqﬁs%ct ,~ the invention features a nucleic
acid construc ,e“b’P%F@r’ 1< gfrihe Berseett #®A nucl ei ¢ acid construct, which
i ncludes: 10a) opt i ijatfeited aibodithdns) tHer3’ SRGHSIARA regiéh oBhOE /PR inclfela: 2
mammary. epithelial Stﬁ)eCI_fIC pronoter, e.g., a mlk Erotel_n pronoter, (c)
a nucl eotide B lﬁpgﬁ}ﬁlé Wﬂ“ﬁ*@ﬁ%&@gﬁaﬁ%’{@m thetial specific gme. &g.r ewilkt he
25 secreti on ghuhrotéilguiorRidireicie. Thel® Birhiid reSBHNENS AR Btk | K

c

specific protein, (d) optionally, a nucleotide sequence whi encodes a
suf fici ent posaseinigenst (cigha P osgin gened rartictrdactegiohinliy gensy whey adid progai getepot

protein, e.qg. el n s i n4,Q._m | o-. allow secretion, e.g., in

the mlk of a® P@%@%ﬁ%@g’ ?rlxca&m*raigdcl)‘?:s t%@%@%ﬁrg@?ﬂsﬁ%F&%‘i&ﬁrﬁ“ﬂﬁeﬁne or

nore nucl @6t i de selnpeeferesl enttiodiments; thderafisgen; @) i thinSgeie as déiaftsedineReh,
integrates into 2 germ cell and/or a somatic cell of the transgenic animal.

In another aspect, the invention features a nucleic acid construct, preferably, an
20 isolated nucleic acid construct, which includes:

(a) optionally, an insulator sequence;

(b) a promoter, e.g., a mammary epithelial specific promoter, e.g., a milk protein
promoter;

(¢) a nucleotide sequence which encodes a signal sequence which can direct the

25  secretion of the fusion protein, e.g. a signal sequence from a milk specific protein;

(d) optionally, a nucleotide sequence which encodes a sufficient portion of the
amino terminal coding region of a secreted protein, e.g. a protein secreted into milk, to
allow secretion, e.g., in the milk of a transgenic mammal, of the non-secreted protein;

(e) one or more nucleotide sequences which encode a fusion protein as described

30 herein; and



30 herein; and WD 01119846 PCTI USOCQO 25560 -7 (f) optionally, a 3
untransl ated region froma mammal i an gene, e.g., a mammary epithelial
specific QRf\finods€- 9-. @ mlk protein gene). In preferregceigegissgnts, the
pronoter is a manmary epithelial specific pronmoter, e.g., a mlk serum
protein or casein promoter (e.g., a R cdsein pronoter). The nilk specific

5 pronoter can be a casein pronoter, beta lactoglobulin pronmoter, whey acid
protei n pronot eff) optionallys a3l patranslated egiondiom Pmahmalidnl gene,telgs aonammemyr i s a
goat R casej. . A Pt ef: gtg;g di rents, the signal sequence is’
an am no tgﬂ?l%eﬁa seg(tgj erlllg’ég\%h%c lﬂ‘r]{ﬁ&rglg 59't he expression of the protein to
the exterior of Inprefsired embodiments, theeramdtér isre mammary. epitBelial spesific\prorhdter, si gnal
sequence is from,a mlk ecific proteipn. Preferably, the _signal 10
sequence dFﬂeé_t'%‘nh‘ss& LPR gfcaf%gﬁm%&c?"fﬂi‘fa&ﬂ“ W\épéﬁr%em?t“%ﬂ‘t%‘_’lﬁfl k of ‘a
transgery CproftitdFthn béa Gasein Proniclér Sk labtoSTBHIIR prohdterPwRELAc o 0di MeNt s,

the 3' untranslated region includes a pol yadenylation 'site, and is

obt ai ned f PromcAETReI#RRATPUEMID gEGTROtere Prrferally. themrampterisiaenet B easein propidtérc  gene,
o an e B Gl e Upni IS efoc i il Rring BEABE WALET
regi on can be obtained froma 15 casein gene €.g., a a cas€in gene), a
bet a | act odireststhe expyession ofithe projein t the extenion ofjeerll, ominto theesliahdyobrame. gene. -
Preferably ' . A=To] [ el s ene. In .
anot her asg%eg{}%lgr%é%}%{{/ag%%%g eat u%’g‘rsi'lkg}§ 7%1{5‘:%%{'1 ??e%e_:ré;_l?ﬁ@eﬁél sol at ed host
cel |, Vi chequencedirettsssearetiondftheenzoded fodion preteinintorthe miik 6£a ansgenid r ansgene,
e.g., a nugl.ei C'agraﬁs%@l% Uel S 20 descri bed herein). In another aspect,
the i nvent fFonT & tures,” a pharieceuti cal or nutraceutical conposition

havi ng an ef f echiprefernedembiodinients,ithe 3 huntrantlatediregion dncludesia polyadenylation site,

I mmunogl obul j.n-enz fusion.protein as_described herei and a

phar et Fif pEREY Bam aartRaihBese, 8558 rifiiay aRelE estls st 5.« e

conposi ti omilk ahtlndmmﬁgimgbte orllcascelemmhe'rhcexpmdanslatdgeeg'ibwmtollie%tain?atﬂduhﬁs, a
transgeni ¢ ani nal -whi ch incl udes ‘transgepe that. encodes a fusion

~ protein? esaon EPSFEna, m%mhagmkﬁ?éﬁﬁwmﬁﬂmw&%ﬂm fusion -

protein defehibhmth gLaE.CPRferatly, e/ 3* 48ttthshatel/ ddiiDis &l hoat f casein gene.

In another aspect, the invention features a host cell, e.g., an isolated host cell, which
includes a nucleic acid of the invention (e.g., a transgene, e.g., a nucleic acid construct as
20 described herein).

In another aspect, the invention features, a pharmaceutical or nutraceutical
composition having an effective amount of fusion protein, ¢.g., an immunoglobulin-enzyme
fusion protein as described herein, and a pharmaceutically acceptable carrier.

25 In 2 preferred embodiment, the composition includes milk.

In another aspect, the invention features, a transgenic animal which includes a
transgene that encodes a fusion protein, e.g., 2 transgene which encodes an

30 immunoglobulin-enzyme fusion protein described herein.



-8 Preferred transgenic animals include: manmal s; birds; reptiles;

mar supi al s; and anphi bi ans. Suitable mammals include: rum nants;

ungul ates; donesticated manmals; and dairy animals: Parti ef erred
ani mal s |nclm%"”?ﬁ6ce goat s, sheep, canel s, rabbits, comga,glgdgé,sg or ses,
oxen, and |l amas. Suitable birds include clickens, geese, and turkeys. 5
V\here the transgenic protein is secreted into the mlk of a transgenic

ani mal , the ani nal Pmmmmnnmamanwunmwmmgmeammn and

preferably at |east 10 [ |te of m e ferabl _the

transgenic aniaﬁmﬁ) as?lgar%ln algl u%e %&Riaf# @"I‘?Eé Xl H

E)r eferably, t hnn—yl mhmgeli’amcalml‘llyrpiefdr&danm&tmclﬁdt fficef @(’)atseﬁuee;st Il%&%blﬁgamﬁts the
ransgeni ¢ ani nal has, germ ce n contai ni n

transgene that°°3ﬁ’c%%fe§&§ S PP oA ﬂﬁﬁ’f’% ”t%él %HS%mFIHQ? éﬁ‘\"%ﬁ%ﬁsﬁ 9&8§Ek%ed

herein. | ns prgh&e fRdraRsHeARdiphaiEth §s setrdRd ints tHeMilk (HaRialsRAR 2SR hd fhikbf

transgeni c anl mal _is un the control of a mammary gland specific

promoter, e. g.shoudpe phle E%EE‘?‘FF ét 15?36#[%1@ fmore gre@rablyaat MaFtklos@Tr% Yterstofimilkor
casein prormt yekr €prefeldbl gﬁqﬁl& TR fa | t bet a
| act ogl obul i n?%l; oermt er, ys acl plp ot el nFsprormt er, %?gcétba %I .%gost
“pronoter. Prefpesfersbly, th?ﬁ@lsg%m is 8 goatgoat a casei n pronot er .

referred enbodi ne [
Pm*runogl obul i n- enzmge{%g?gﬁr}f’%tglg?ﬁﬁﬁ %H‘E%@‘%e ed h@%&?@ceﬂ%ﬂﬁqk%uﬁ%eus
t ransgeni cl@n |cmmnalg a tragsgsaea thabericodes adision proieing ¢.gabfusion Orolemgésohbed(heﬁem
/m, 1.0 [, 1 her 20.Ln
ﬁot'her asprergt , the nveg?gl on @%PéegquIWér@%no%p%SéHl ect e{" I?f”rrﬁl
| ysing an abendatie qontroilcé”amdnmrﬁglandvkpeciﬁcepxqmcaaseg eml;lktspedﬁtr i:mmdajcea, g
target antigen ncl udes nt a aberrant or disease
cel Ig with agt F§ﬁsge$%ﬁ€ ber‘%ﬁruc@%edn ?ﬁ?ﬁoﬁeﬁ %“ngﬁts%ﬁcﬁi %eacasem
t ransgenl caI I prqmmdumﬂacmglbhﬂgipihﬂbﬂeﬂv&ﬁyﬁﬁ&pfowmmnm@hﬁllatmﬁﬁhi bed
her ei n, in the 9 bulin of said fusjo d’ﬁ?jﬁr otein recogni zes said
tar get ant’i Rmm"f?’fe%%%g 1}8 ProfRoter is4 gaabp fsein & ypept i des are used
i nt erchangeabl y hemSjréferrédl @hibddiméls, teRREgdhicfimal Siaminh B hhd/theur e
preparation of a polypeptide, or an isolated 30 tggly tlde as used

herein, meansiAmERY b@wea@mtq@%mm@t%@ ﬁe%‘@;t&blﬂal thertransgesic apipeal at
concentrations of at least about 0.1 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 1.5 mg/ml, 2 mg/ml, 3

mg/ml, 5 mg/ml or higher.
20 '

In another aspect, the invention features, a method of selectively killing or lysing an
aberrant or diseased cell which expresses on its surface a target antigen. The method
includes:

contacting said aberrant or diseased cell with a transgenically produced fusion

25 protein, e.g., a transgenically produced immunoglobulin-enzyme fusion pfotein described
herein, wherein the immunoglobulin of said fusion protein recognizes said target antigen,

The terms peptides, proteins, and polypeptides are used interchangeably herein.
A purified preparation, substantially pure preparation of a polypeptide, or an isolated
30 polypeptide as used herein, means a polypeptide that has been separated from at least one



WO 01/19846 PCTI USOQ: 25560 -9 other protein, lipid, or nucleic acid with
which it occurs in the cell or organismwhich expresses it, e.g., froma
protein, wdpbkesser nucleic acid in a transgeni c ani nal GcTusosrsséui d,

e.g., mlk, or other substance, e.g., an egg, produced by a transgenic
animal . The polypeptide is preferably-8eparated from substances, e.g.,
antibodies or gel matrix, e.g., 5 polyacrylamde, which are used to purify
it. The pol{hseproteins hmdewualswclédﬁﬂwﬁ;eh isaccars in thesell on@rgariom which70, 80 or
95% dry weij it lelle ) £ p i - P Y, . [ ration -
cont ai . SORPIS il SRA 4 ot B DB b e f £ el il oA RARIE 11
10, or 100eg-afilk; prothesshlstrnps, ede an age, produted by a b@nsgemic afifhahyTiod t he

| tid £ = ' id, . l.ei ¢c.acid which i
e’ br " bot BolypertideR il sipallthfedl leglefoe o pobo e B Tfiat 0t 1 of
t het sequenpelyacrglanide, which atguquI ol pifyt, (;I'h‘ﬂﬂpbl?pt:ﬂﬁ%lﬁh‘efe{raﬂl)‘acdxﬁﬁﬁ_ fétgﬁﬂeisy
contl guous | Anf or N€ . n and . e a ne e I n e
nat ur gl ly- 6@’&% 1 Zl(g%gtgﬁ%%gﬁ?w?ﬁﬁ °gfh§z§’ﬁ?€ RICRSFAUQRy @Wﬁ%@ﬁ%&ﬂ@%ﬂ@ei dis
derived; Obontaifi: Gfficient pdlgiepidd 18lalldw pfctén SdquenciigCAtaiast ﬁ%%ﬁ%_@g@g& fhei LN

e

which it occurs in the organism from which the nucleic acid i rived.
The term | RRRPELS: af lgpstdy 100 mg oithepalypeatide. 15 DNA which is i ncor por at ed

into a VeCtOf,_Es%smﬁﬂlﬁ@@n&ﬁmﬁle{c%idiméﬂEQn%?tﬁﬂijlgfz%t virus, or
into the genonic DNA of "‘a prokaryote or eukaryote, or Ich exists as a
separ atld ~imynediziely contigyous with-gisher ene oz beth9btie sequppres, ey reoding sequeneesd by PCR
or restri Cy ; . 0 | N ' guences.
Subst ant i aﬂ@wﬁﬁﬁwﬁﬁgg c%t?hﬁ@@, %ﬂﬁggﬁbgﬁgﬁggﬁ\&% g% a%art of a
hybrid genesa gecHFingeenemeefthe érgerism fromovhichothe iwclsie eid isaderivedt; orised -
herein, t | . coding- e.g.,
oneor mor SR bubdalRaR7 e SRANSIR S fleie W REAHRAR HESREE e
genome of fommwhighdhemicleioacibisidenivedAThe temms drehudes; for exaroplekerecombinant nmor e

transcrkpty : . ll}%@ﬁ' n r nucleic.acld, .such as

i ntrons 5 tfﬁglf1 a‘l’n%é}?ggﬁ c%é%é%‘esdérﬁgﬁf or g%tﬁn‘%?%%ﬁ 8‘)‘(05%@5&'8’&“ e RIBHAT o of 2
nucl ei ¢ acvithscordntdithegenomicNA ofia probarydte or gukaryatesorewiticlc exists aswdepatetean
enhancer s : ' ' e n_he rativel.y linked to a
1 soue spelbllé e, s A B RloBhufd NASBMBIEHS ey PERBRIRENR ' soquence
that resul endonusleatedtreatmmt)cndependefit dflothepDbiAcsequentest ISabstaritiallppure DNANSgeni ¢
manmmal , - a alo ihélu egg%goh%inoaapﬂﬁ Swhich is pgrrt] of a hybrid gene encoding additional fusion

20 protein sequence.

_ As used herein, the term transgene means a nucleic acid sequence (encoding, e.g.,

one or more fusion protein polypeptides), which is introduced into the genome of a
transgenic organism. A transgene can include one or more transcriptional regulatory
sequences and other nucleic acid, such as introns, that may be necessary for optimal

25 expression and secretion of a nucleic acid encoding the fusion protein. A transgene can
include an enhancer sequence. A fusion protein sequence can be operatively linked to a
tissue specific promoter, e.g., mammary gland specific promoter sequence that results in the
secretion of the protein in the milk of a transgenic mammal, a urine specific promoter, or an
egg specific promoter.

30 As used herein, the term "transgenic cell” refers to a cell containing a transgene.



egg specific pronoter. 30 As used herein, the term"transgenic cell".
refers to a cell containing a transgene. WO 01/19846 PCT/ US00/ 25560 -10 A
"transgenic organl sm', as used herein, refers to a transgenliﬁﬂ%@‘{

plant. As uSEAMPYi n, a "transgenic animal” is a non- hunah® n which
one or nore, and preferably essentially-apl, of the cells of the aninal
contain a transgene introduced by way of human intervention, such as by
transgenic techni mkgwmfgdmsm’reasafs&d heléiR, éfehrtéa%%‘&%mE%nﬁFofﬂﬁx{tOduced
into the cell, directl |nd|rectly by i ntroduction I nto precur sor of
the cell, by way &f uaef?l hesdinca "drapsgaRic P’@%rﬁ poenhyman ansrn@ihnarbxcbyneormore

m Cr oi nj ect i Lach

defi ned herelq'% gfb?erQMyg% nallgqne%ﬁé%ﬁ ﬁ%ﬁ@a&h aﬁéﬁém%%na%% "§| ands
and produce waylef humamintersengionshels %bymwmcye@émqmllmowaﬁreﬁm attoThe i | k

pr oduci ng §o a ferred
enbodi mentgs1 %‘E%QF@}%%’}%&?%&E%%% g%{e]y liJ{J/i%? i’ %§$ df‘étpongat%ﬁave | ong
I actat i ng pe rpirmizspr ef the pelbbvaay)of dpliberate gésetic miiguiation,such 4xcbyl miomigesion
"subject" inc| E ec'ﬁ“ and. non- h{,jrran animals. The term "non-human

ani mal s" of th&¥ tr%' ﬁc ggg Vftebrates, e.g., manmmmals and 15 non
manmmal s, such as mﬂlﬂm definedrhierzin asrallraninedls, &xclﬁﬂiﬁgiﬁummﬁhitmawmmﬁagti | es
and rodents e and rats. The termalso includes rabbits. As used
herein, a "trgéﬁ‘?gg@ﬁ@° HEMYX-is a plant, preferably a nulti-celled or

hi gher pi@nt, inAshisaitemie ao'aalfgnmnalamerawimmb&m&aga&%&h&m@dﬂ of the
cells of the f3lcl%lcont ain a, transgene introduced by way of human

i nterventi on, arger fania rodeat, I peeteraed sphodimentsy the dainy agimal preduge dargens ysed

herein, the WghsesBf ilk and BiveNénglisotRingpefiods, ¥BOLdwslrashs. @ pl ant part, a
plant cell, or a group of plant cells. The class of pI ants which can be

used i n met hods ofASiuped hersin,dhg langyage"sabiset} mchlestympansad nansh Wnen wlhimsls. of
hi gher pl ant she f@maRbehinfad Rt oS R hoamoh%mea ra'téaCJ[ g.qgggtap

nnnocotyledonous and di cotyl edonous pl ants. I nc
vari ety o}5 pmen-ammals(such 4s gen-humemprimates ngmaantwbpﬂsa |amphlbcﬁnhaa¢td¢scmdAs used

herein, the t&{fis Oyl mAkGHE H#2| The td&rhf fcSinliBdd ridtd Substance or part of a
f ood, ’

As used herein, a "transgenic plant" is a plant, preferably a multi-celled or higher
plant, in which one or more, and preferably essentially all, of the cells of the plant contain 2
transgene introduced by way of human mterventlon, such as by transgenic techniques

20 known in the art.

As used herein, the term "plant" refers to either a whole plant, a plant part, a plant
cell, or a group of plaxit cells. The class of plants which can be used in methods of the
invention is generally as broad as the class of higher plants amenable to transformation
techniques, including both monocotyledonous and dicotyledonous plants. It includes plants

25 of avariety of ploidy levels, including polyploid, diploid and haploid.

As used herein, the term "nutraceutical,” refers to a food substance or part of a food,
which includes a fusion protein. Nutraceuticals can provide medical or health benefits,
including the prevention, treatment or cure of a disorder. The transgenic protein will often
be present in the nutraceutical at concentration of at least 100 pg/kg, more preferably at



whi ch includes a fusion protein. Nutraceuticals can provide nedical or
heal th benefits, including the prevention, treatnent or cure of a

di sorder. whgnabdagnsgenic protein will often be present pcivustirsseo
nutraceutical at concentration of at | gqast 100 glkg, nore preferably at WO
01/ 19846 PCT/ US00/ 25560 11 least 1 ng/kg, nost preferably at |east 10

ng/ kg. A nutr.ac | cap | he . | f . | ¢ and . As
used her ef IFericiabioe s Rt F W48 ToRford, AniacBrck! BRIREL iRt o

gl ycopr ot etransgerdopmimgl. ng at | east two heavy (H) chains and two light (L)
chains inter-copnect.ed by, 5. disyfide ds. ch, heavy, chaip is conprised
of a heavy chaift® 9%9?’5‘5%%(5‘6’“6 nmu?%ggg@fnaﬂ‘g‘aﬂg??éﬁnr ?tﬁ?ﬁ&cﬁ‘?“\?}%npand a
hfeavK chageompﬁymgtaawlastmgg&vy (H}aﬁ:;hsgumr\]m?ghﬂ(meﬁﬂ_ﬁiiam.cﬁmmw sdco][rpri sed
of three domains and CH3. Eac t chajn i, copprised of a
' ght ofial AEAF Bids. Bestiiom ) BOIC TR ST ey e NERILRBER) and & || ght
chai n consaabievia@@iheritin aSECVR 6FVHY & d he @) éhlai Yonstafl r&pion. STHe BB/ chgid of one

domain, CL. 10 The VH and VL regi ons can _be further subdivided into regions
of hyper vapmstant regign isccopipEsed of Gien domainsaFHI\CREems GRS, Bash light chain is CDR) |

I nterspers : ' i : NaadE k
regi ons (F%i-x.xﬁﬁ‘iég%‘gf%@ﬁ?ﬁvﬁagﬁ@n%&mﬁgﬁﬁg%ﬁk ragﬁg_)f our F\t’s

arranged f ekain comptan regioni Thedightcheinrdgustant regian in cemprised ptonediomein, €5. or der .
FRI, 1, pen s 3 afrbRRurth T4 | ' t eavy and
| i ght Cli@ cﬁgﬁg cont Jfég\}gscbl ndi nggggé’r‘}%li n t@ﬁgﬁﬁ?%ﬁgﬁﬁatbﬁj%r{%e?i gen.
The const asamplesgéngarity détenmiining eegioni (CPR) intrspersed) with cegions that ax¢imaye of the

i mmunogl obyl i ] t i ' ' of the
| une sy of iy B b SRUE Fogins 161 Bt i i VLT Blmied St B 07 | 10
cl assi cal aminfpurdiRsparanged from affiine-temminus'ta warbopentehninus inghefotlowing brdsf: “an

o v’ P THTEL PR CHRETA O80T S 1.

bind t d5anciaisicomtain @dirglingadotmirgthit intetatty eith an kbtigeas The eonshtregiondafithé he

anti gen- bindi funct i.on .of, . antJ body e r.fQr fragments of a
full -l engt %‘gﬂ@%o!gawe&lgg Qﬁpﬁ“g‘@“%&dﬁ i ﬁ"ﬁ%%?@bnn@%?%&g%%gﬁg%g%sﬁ within the
t er m " ant i pelading vakiony cellsrdfitleritnnmuhe systennfeig., efidstor celis)aid tiel firstcompbndnt agnent ,

a nonoval epf, fr nt. gonsi sti f the VL, VH 25 CL and CH dommins; (ii)
a F(ab')2 @Q@%ﬁ“ﬂc F%P]«SSWF&%V fhent conprising two Fab
The term "antigen-binding portion” of an antibody (or simply "antibody portion"), as

20 | used herein, refers to one or more fragments of an antibody that retain the ability to
specifically bind to an antigen (e.g. a target antigen). It has been shown that the antigen-
binding function of an antibody can be performed by fragments of a full-length antibody.
Examples of binding fragments encompassed within the term "antigen-binding portion" of
an antibody include (i) a Fab fragment, a monovalent fragment donsisting’ of the VL, VH,

25 CL and CH1 domains; (ii) a F(ab"); fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting of
the VH and CH1 domains; (iv) a Fv fragment consisting of .the VL and VH domains of a
single arm of an antibedy, (v) a dAb fragment (Ward et al., (1989) Nature 341:544-546),
which consists of a VH domain; and (vi) an isolated complementarity determining region

30 (CDR). Furthermore, although the two domains of the Fv fragment, VL and VH, are coded



fragnents |inked by a disulfide bridge at the hinge region; (iii) a Fd
fragnment consisting of the VH and CHL donains; (iv) a Fv fragnent

consi sting Qf L and VH donmins of a si ngle armof a ‘181‘% (v) a
dAb fragnen OM%yet aL, (1989) Nature 34]1:544-546), f}: consér%{s of a

VH domai n; and (vi) an isol ated conpl erreﬁtlér’r ty determ n| ng regi on 30
(CDR) . Furtherm)re al t hough the two domains of the Fv fragnent, VL and VH,
are coded WO IonbyierRamstesenss, oy panchsgeined, psing greombingnt smethads byersynthetitlinket an

be j oi ned, ushAGniREHEhREHL mﬁﬂ%tagggﬁ§ﬁ§)¥ot@m%ﬁah E&?ﬁhﬁh hie{}h? d'\t’%f% &ﬁ%es

themto be made as a single protein nin egi‘ons

pair to for ﬁpmaﬁ@ﬁﬂmhﬁpb@hsé@mmmhsm@l (ecFyhaeee.£vBird eral) (19883
9., Bird ety |
br e, Nt |, - Ackoe SRR OREEN A ol Hods AR RO ARME 50Tk 8sene IS

are al so i 51t e?mb amgb Obeln@n@hnd}vametkomtbmded td hreencempassaimﬂgnﬂle térin'thintigen-

portion” nts are bta ned usin
convent i onal %l qg%sc’fﬁgémtﬁmﬁg Tlh%%én ?ﬁ RPFIS 4TR Optatged pying %PHaequaal
fragnments ar etequueﬂlatbufmo thesé with ykill in the BR, ke figgiieats absscidefed fof aklity in

ant i bodi es. 'ré]ge teerm rmnoclpp,‘gt gp%debody as used herein refers to an
anti body nol 0 B Vi %t ar conposition. A nonocl onal

anti body conposit |'Itha teimS'pioayaorﬁl &itﬂbﬁhﬁ' aslilbéEhdﬂﬁn £dBas i dn%htfo@ﬂﬂol@&ﬁé SEty
for a par ¢cué}g§ ‘ﬂ Accordin é @Pm “human, nonocl onal

ant i body" cBH’é?P%‘é”dr%gP ?ﬁl‘ﬂ'@fgl AY FUNROSIVAR QISP Apleprrsinglei 1 y
which have \bﬁrduedrﬁpecxaa@ ﬁﬂ%’ﬁrﬁ@tt‘of @ﬂrﬁ&ﬁax‘éﬁﬁé eﬁkcEéﬁﬁgi}UﬁE?erﬂﬁ‘ﬁ b€

i mmunogl obul in - % | n one enbodi nent t e human nonocl ona

ant i bodi es ar”ém’BPlBH @eﬂb%l}'" sefersstoraptibodies displaying  single braéeg spegifisity whisht ai ned

froma transga farfaBR-=04 B8RtaiYesiBhs defived froR huldaA B Bb ooty gving -a
genone. conprising a_human _heavy chain transgene an |g t ain .

transgene f uSeneRessafp enerpEbogdin ezteawdmmmnmclmimnboémmmman
ti bod | di
anti body"15 agyb§dnd\Ghieh el g&dﬂ%ﬁf&tﬁg é@&&ﬂ%t{iﬂ% - 'non a:g%%i g% S

that are prepared expressed, create I sol y rec ans 20
such as ant i eBsgsBicimayse having » genome camprising ¢ duman heilvymhm;tansgem andahght

transgenic f%mﬂﬂ'm ng%‘a‘ﬁ%‘?gé ??1 anti bodi es expressed using a

reconmbi nant expression vector ed into a host cell, antibodies
i sol ated from a r &betebn r'iamornbromthhmal mt:baﬂy'h md herainj isrmtynded ko ichnde all
antibodies p hihah grﬂlboﬁfé? far 3‘9 %&gr%lssgﬁ, créate Jr?s%la% b?/n o(r)rgbrilz(laarnt nnlggngs

20 such as antibodies isolated from an animal (e.g., a mouse) that is transgenic for human
immunoglobulin genes; antibodies expressed using a recombinant expression vector
transfected into a host cell, antibodies isolated from a recombinant, combinatorial human
antibody library, or antibodies prepared, expressed, created or isolated by any other means
that involves splicing of human immunoglobulin gene sequences to other DNA sequences.

25  Such recombinant human antibodies have variable and constant regions derived from
human germline immunoglobulin sequences.' In certain embodiments, however, such
recombinant human antibodies are subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and thus the amino

acid sequences of the VH and VL regions of the recombinant antibodies are sequences that,



that involves splicing of human i mmunogl obulin gene sequences to ot her DNA
sequences. 25 Such reconbi nant human anti bodi es have vari abl e and const ant

regi ons d‘%&iﬁﬁ@ufsrom human. ger m i ne i nmmunogl obul i N seqyRRARSessé Certain
enbodi ment's, however, such reconbi nant P?ymam anti bodi es are subjected to.

in vitro nmutagenesis (or, when an ani naf” " transgenic for human | g sequences
I's used, in vjvp .somatic agenesi s) angd thys am no acid sequences of
the v and While g ShEbm fnd TlatA e Bt esmbn Y Hanh VL sShences capennt asmb W0
01/ 19846 PChidt/aRamIbéRimankativddy!gemsliierdReloite APhaNd rel ated to human ‘

germine VH and VL sequences, . naturally exist within the human

t
anti body germ i ,ﬁn%wq)qsr"gpqrq‘r{a%}iqri%ﬁ" whepitis plagediatop functiopplaelaionshipi nked"
when it is PluaRther mc@ei@acw&aaédee.a#orriﬁétﬂ:é,qgﬁ&ﬁacr aeﬂ'cﬁﬂangé}@é %@@%@&C aci d
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sequence. For i1nstance, a pronoter or enhan I's opera to a
codi ng s&quensedipg sqanense ifdtaffectsithe trangmiption of the sequence hWibaespestde. Wt h

respect to %ﬁ%@ﬁ%%.%‘a%ﬁr%%ﬂﬁ%ﬁ% FKAE fRane mkk@g&&%&% s that

t he DNA seque re cont1 guous and, ere cessary to join
two prot ei rlinkediaragontigyousrand, where pegessary to jmiworproteiadpding fegioms,. cofitignoner Ns
“vector" or. .4 1%3&&1% ne, @S used herein, is intended to refer to a nucleic
10 acid nolecul'e capable of transporting another nucleic acid to which it
has been | i nked Thoteems tvweptor'alr "eonstrant”, asusad hgrbiasisimténdedin refer toed mictei¢ 0 a

circul at,doubl e a Lo In whi ch Ltional ts may
be |i gaﬁ%d.“ﬁr{ﬂ?l%té#e ‘iqg%% %s«f@?‘gnrg alnéﬁ)lgr I§/u|cire%1 m%tv}c})'%c?l 1%% lfs‘f&ggg{}{‘? onal
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ot T oduced TRetgpatiRia p IR seabthls iy 1} o8 hnifer rleRedeit € A il B
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the presentostggerme: Morepsh cergn X Iy are sappbie of diTgrting {hg sxpEes§1QQ.of genes to
i nt er changqaRdntnhésard Bserdtivaly linked. Such Yectors are referred to herein as "recombinant

20 expression vectors" (or simply, "expression vectors"). In general, expression vectors of

utility in recombinant DNA techniques are often in the form of plasmids. In the present
specification, "plasmid"” and "vector" may be used interchangeably as the plasmid is the
most commonly used form of vector. However, the invention is intended to include such
other forms of expression vectors, such as viral vectors (e.g., replication defective

25  retroviruses, adenoviruses and adeno-associated vectors. _

The term "recombinant host cell” (or simply "host cell"), as used herein, is intended

to refer to a cell into which a recombinant expression vector has been introduced. It should
be understood that such terms are intended to refer not only to the particular subject cell but
to the progeny of such a cell. Because certain modifications may occur in succeeding

30 generations due to either mutation or environmental influences, such progeny may not, in



nost commonly used form of vector. However, the invention is intended to

I ncl ude such other forns of expression vectors, such as viral vectors
(e.9., repl WAhhtdledef ective 25 retroviruses, adenovirusesp@g@soonssso
~adeno- associ at ed vectors. The term "reconpj nant host cell" (or sinply "host
cell"), as used herein, is intended to t€fer to a cell into which a
reconbi nant expression vector has been introduced, |t should  be understood
that such t efast baidentipal &ode parewt celbrhwt arg still ingluged withindhesseps ftheterm (hest ot
cell but tooép:}s% of such a cell. Because certain nodifications may
occur in succeeding 30 generations due to either nutation or environnental

i nfluences, such Ptheyésagressapd advantages ofgheGnyention wilbesrppaeny bes §@ follawing act |
be identical ;to.t t .are still included within the scope of
gpfangd FesR B, pn Gt Bkl

the term"ho erern. her features and advantages of the
inventionsMm|| be apparent fromthe followng detailed description, and
fromthe clains. 5 Detail ed Descripti o l')l'he dr.awm ngs are first descri bed.
Figure.l is a schematic representat 5%964 Zhetic anti body and anti body

angi ogeni n f usi oNTRE Gfa®ings arelfitstidegribed.2A i s a schemati c di agram of the
structure of the tfansgenic ex[)t.ression .vectors for %ngytr ns{&erri ng

receptor anti body (85§ Briccheratis fepresgRiatan of 1S groetiq AT The

fol l ow ng DNAg -wf,ﬁgﬁgﬁa@ﬁg\een exons 2 and 7 of a nodified goat B-
casei n gene ([f1 ullio et al., 1992) for expression_in the nammary gl and of

mice; theltheavy ﬁﬂﬁ"hz“é)?s%Wﬁlm?f%?%%??ﬁthe%§ﬁ¥%?xpﬁ§¥fegl onal
ant i body, E6 yfdhrs forithe ﬁﬁﬁ?entﬁ%ar‘é?/epgo?aﬁtgﬁh (ﬁés)%ﬁ&iﬂﬁtangibgen@lﬂ&mﬁ%%ﬁoﬂ 0 the 5

end of the gene encodin% angi ogenin (Ang) a previ ously descrjbed (Rybak
et al., 1992YCHRARg). {The Iollogang PNAS wers fused betveen gxqns dpd ¢ 1of p modified goatfx es |
heavy chai n; pﬁéﬁ,ﬁﬁ b | inthe RibrntdBA1RR T nicd pgure
2B shows V\éstcg{eﬁlsg}ﬁg ysi s Eégfdﬁ?g%tdl’ﬂ-a gis%%gir??}rl]e%r _ant’i -]I G anfi’g%dl?%gg
under reduci cbeis ofitie ant-hemart tranisferrincrgbdptor meanoglonshantihadyic Ehy )ifthergamesheavy

16y 1 LARE G, 8 A Il i BB s O 1
previously described (Rybak et al., 1992) (II); the light chain of the E6 antibody (III). Open
boxes, heavy chain; crossed hatched boxes light chain: striped boxes, Ang.

Figure 2B shows Western analysis using anti-angiogenin or anti-IgG antibodies
under reducing conditions of milk collected form lactating females producing either E6 1gG
20 antibody or CH2Ang fusion protein. 15ul of milk diluted with an equal volume of PBS was
applied to the gel.
Figure 2C shows Western analysis of purified E6 antibody or CH2Ang under
reducing or non-reducing conditions. The blots were analyzed with the indicated antibodies

0.3 . EG6, lanes 1 and 2; 4 pg E6, lane 3;07 and 0.2 pg CH2Ang lanes 4 and 5, respectively.

25
Figure 3 is a graph depicting the effects of angiogenin or a fusion of angiogenin-

antibody fusion (CH2Ang) on mRNA translation. Angiogenin or the fusion protein was

added to a lysate mixture containing BMV mRNA and [35S]methionine. Protein synthesis

was determined by measuring the incorporation of label into newly synthesized protein as
30 described in (Newton et al., 1996). Data from 2-3 experiments were pooled and plotted +



applied to the gel. Figure 2C shows Western analysis of purified E6

anti body or CH2Ang under reducing or non-reducing conditions. The blots
were anagygdpihsag th the indicated antibodies 0.3 E6, pcwgsvodssend 2; 4 jig
E6, lane 3;07 and 0.2 g CH2Ang | anes 4, and 5, respectively. 25 Figure 3.is
a graph depicting the effects of angib]g‘g'ni n or a fusion of angi ogenin-

anti body fusj CH2 An on transl ation. Angiogenin or the fusion
protein méimgg‘aéefas'ﬁ%ﬂ??V 251 RO EE oA ook treated Rantrokreactiond Cs is '
[ 35S] net higani 3 i A | eV et erm.ned b asyring t he )
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Ang or 4 he Ang fusion protein required to cause 50%inhibition of protein

synt hesi s and 2= laa| : urves. .SoL. i rcles,
Ang; open ci rcl g%ﬁr%ﬁ%%%ﬂggmé?g? r&eogﬁrelg@%ge %ﬁ%ﬁﬁﬁﬁyﬁ%mﬁc 5%?8"{ esponse
curve shotlicrgsiogenin-gatibodifusion frf adturedicells, e viao tpxivige of CH2ANE koS5 304ad on in

cul tured I ivo foxicity of CH2Ang to SF539 and . MDA- MB- 231] ndr
cells as &&‘é’i@é’&g H}ﬂp# B@Eiaﬁﬁﬁg"r}wrgw*ﬁﬁﬁ ighjbitio+ Gytoxicity assaysays were

per f or ned i - b ON-¢ 4C] l.epycine into cell proteins
as - 10 gg%&rl gegdibﬁ R%% Eog??quﬁogﬁ%é%ogy%gﬁ@%u% effatj?cctegc?r‘?tﬂ“ﬁ?e presence of
ser um18@nddeskrabegdu Methods. ethe assaysavmie emxducted indle preseinceraf perumyant Ghadigbdiong Wit h
[14C] l eucjne. 1C50 is _the  _concentration of 1éhe angi ogenin fusion proteins
requi red teBCIRSARGsSeqi s msdip; Rriop o Rydsing with CH@W‘FtK{%@éS&Pter 3 days and

onon 11 1 P aitalll ik doadg O 3o Rnd FROREG celte K3Bgntiifionh) | orm 15

cells; opmtebgqm@h@,am&ysaﬂ@?mmthtémmﬂﬂmdﬂwé@&ﬂhed&beéspeﬂéelcﬁrvelhe pr esent
prot e ns. TGS B, Bt oot poppl SRR R ot SyRe bR shaogl obul | 1
subuniis (&ls oper Hmivdls, MDALMVIE- QB rhirl 1NGAN ¥reddt chdcBfYenghai n) fused-to a toxin

(e.g., a subunit-of an enzyne). --

The present invention provides, at least in part, transgenically produced fusion -

proteins. In one embodiment, the fusion protein includes an immunoglobulin subunit (e.g.,

20  an immunoglobulin heavy or light chain) fused to a toxin (e.g., a subunitof an enzyme).
The immundgloblulinénzyme fusion proteins described herein serve to target a cytotoxic
agent (e.g. the enzyme) to an undesirable cell, e.g., a tumor cell. For example, the fusion
proteins described in the Examples below, (i.e., an antibody against carcinoembryonic
antigen (CEA) fused to an enzyme, e.g., RNAse A, or carboxypeptidase) can be used to

25 target, to a fumor cell. After allowing sufficient time for the immunoglobulin-eniyme
fusion to localize at the tumor site, a non-toxic prodrug can be administered. This prodrug
is converted to a highly cytotoxic drug by the action of the targeted eﬁzyme localized at the
tumor site, permitting to achieve therapeutic levels of the drug without unacceptable toxicity _
for the patients.

30



The i mmunogl obl ul i n-enzyne fusion proteins described herein serve to target

a cytotoxic agent (e.g. the enzyne) to an undesirable cell, e.g., a tunor
cell. For exanple, the fusion - - proteins described in the Exarr/?I s bel ow,
(i.e., an aWDOb®a#¥6 agai nst carci noerbryonic antigen (CEA) HFEEYYE5%%n

enzyne, e.g., RNAse A, or carboxypepti dasg¢§-can be used to 25 target, to a
tunor cell. After allow ng sufficient tinme for the immunogl obulin-enzyne -

-- fusion to proetibr 6f Bimirdglobkliar site, -a non-toxic prodrug can be
admi ni stered.” This prodrug_Is_converted to a highly cytotoxic drug by the
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re .256: 495 975). Alth h somatic cell
hybri di zat i orf*® 78’83182'” esg'aY’gE’g‘E%’F8$3P£°é‘fmf‘??“ﬂ?t}°ﬁc°?§lq¥inplg‘f°ﬁ§ﬁ t echni ques for
produci ng nonocl ortak prefidridd adimal sitenbfor preparingdybrdg@nas iy ihe alurine systadwgeni ¢
transformatiQn_of B | hocyt.es. The preferr ani.mal. system for preparing
hybr i domas igﬁt‘?ﬁ‘é"%%{r’ﬁéagﬂ@? B mou, P@V&B’dﬁagﬁ&&’hﬁqﬁ@ﬁ‘}/ﬁ“f%&"?m@%@grs a
very wel | 1@stpahbicihad t;&ilﬂ(ga%ﬁisolhﬁéﬂﬁﬁ ifetfun{28d dflerdcPleOfod hissichnge kit Th aues
for isolation of immnized spl enocytes for _fusion are known in the art.

Fusi on par t néfts Fpgiop partners (6:8e MFae Biysloma crly) ang, fstog SrsrApre #fs? K%k e al so
known.  Human non@ginfaAdondtlbhd) aakitRIiek (PAABS) ditt t@&i%ﬂlsﬁmﬁﬁdﬁsﬁrot@iﬁm By ot ei ns
e
4

can be generated using transgenic mce carryi n{%t conpl ete human i nmune
syst em r at herBeRergiRd UTIRBIRSEREC Rirs CURYINGhE complptcduap SRMPARHistcm Atheybaw ¢
mce imuni zegk Mildl shdién 285ikRtRMe® Fromtfesk HifipBRt rAdeSmtnmithel Yrith' iR UHtBen of
hybri domas that secrete hunman mbs with speCific affinities for epirtopes

from a hubdn ipersstearnused ixproducg hybridemas ghat secretq hmeanmAbswith spegificiafimitiesn WO
't or nat | onalt>r Rigpe tonfd ittgs 1ot 7 o0 o] Bhidbil agpfiBifatv! 21
Appl i cati on 92/00906, Kucheslabasi ¢ al. RCTeublicdtion 10 2186741 doaess 858 -I8Santicaben,
L.L. et al. %?p%ﬁcﬂ%ﬁ%@ 95RAst 8; @y ﬁél%ierm%m%%ﬁcaﬁon 92/03917; Lonberg, N. et
al. 1994 Nature 368:856-859; Green, L.L. et al. 1994 Nature Genet. 7:13-21; Morrison,
20 S.L.etal. 1994 Proc. Natl. Acad. Sci. USA 81:6851-6855; Bruggeman et al. 1993 Year
Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90:3720-3724; Bruggeman et al. 1991 Eur J
Immunol 21:1323-1326).
Monoclonal antibodies can also be generated by other methods known to those
skilled in the art of recombinant DNA technology. An alternative method, referred to as the
25 '"combinatorial antibody display” method, has been developed to identify and isolate

antibody fragments having a particular antigen specificity, and can be utilized to produce
monoclonal antibodies (for descriptions of combinatorial antibody display see e.g., Sastry et
al. 1989 PNAS 86:5728; Huse et al. 1989 Science 246:1275; and Orlandi ef al. 1989 PNAS
86:3833). After immunizing an animal with an immunogen as described above, the

30 antibody repertoire of the resulting B-cell pool is cloned. Methods are generally known for



20 S.L. et al. 1994 Proc. Natl. Acad. Sci. USA 81:6851-6855; Bruggeman et
al. 1993 Year |Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90: 3 720-3724;
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may be unique or degenerate or incorporate inosine at degenerate positions. Restriction

20 endonuclease recognition sequences may also be incorporated into the primers to allow for
the cloning of the amplified fragment into a vector in a predetermined reading frame for
expression.

The V-gene library cloned from the immunization-derived antibody repertoire can
be expressed by a population of display packages, preferably derived from filamentous

25 phage, to form an antibody display hbrary Ideally, the display package comprises a system
that allows the sampling of very large variegated antibody display libraries, rapid sorting
after each affinity separation round, and easy isolation of the antibody gene from purified
display packages. In addition to commercially available kits for generating phage display
libraries (e.g., the Pharmacia Recombinant Phage Antibody System, catalog no. 27-9400-01;

30 and the Stratagene SurfZAPTM phage display kit, catalog no. 240612), examples of
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be used to produce a single chain antibody which can render the display package separable

20 based on antigen affinity. Isolated scFV antibodies immunoreactive with the antigen can
subsequently be formulated into a pharmaceutical preparation for use in the subject method.
Once displayed on the surface of a display package (e.g., filamentous phage), the
antibody library is screened with the target antigen, or peptide fragment thereof; to identify
-and isolate packages that express an antibody having specificity for the target antigen.

25 Nucleic acid encoding the selected antibody can be recovered from the display package
(e.g., from the phage genome) and subcloned into other expression vectors by standard
recombinant DNA techniques.

Specific antibody molecules with high affinities for a surface protein can be made
according to methods known to those in the art, e.g, methods involving screening of

30 libraries (Ladner, R.C,, et al, U.S. Patent 5,233,409; Ladner, R.C., et al., U.S. Patent -
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be obt ai neXzbato19g3MSehREY: £ HORRRNS scredif dighied meleotidyand afiwtedcid@qpencesydur e

usi ng previously determ ned three-dj 'rrenfi ?nal structures from ot her

ant i bodl®s inMetiodeis Molequiaudiolof i €4 B0 1-dPyt al | ographi ¢ data. See 10 for
exanpl e Baj or at i, ont-enfdddiment, BR@idghted pdptide libRpis ekpresseddy aipdpulatiohiBEt . , and
Cenet. 24 (2) 152-157; Webster, _D.K/l ..and A-F&a Rees, 1995, "Mbl ecul ar
model i ng ofdishieyipackages i@ Bymianeptdedisplay library cldeglly, the display pRpkage gampripes a

Mol ecul ar  Biglm ﬂﬁé—auomttﬁm&éﬁ ¥ VR lhigd Farid¥aRli Qestide dishlayWB AR, @5d  Tot owa,
NJ, pp 17-4%; and Johnson, @V\ﬂ T.'F.e anﬁg,E. X&Sﬁ ) )
sorting after each affinity separation round, and easy isolation of the peptide-encoding gene

20 from purified display packages. Peptide display libraries can be in, e.g., prokaryotic
organisms and viruses, which can be amplified quickly, are relatively easy to manipulate,
and which allows the creation of large number of clones. Preferred display packages
include, for example, vegetative bacterial cells, bacterial spores, and most preferably,
bacterial viruses (especially DNA viruses). However, the present invention also

25 contemplates the use of eukaryotic cells, including yeast and their spores, as potential -
display packages. Phage display libraries are described above.

Other techniques include affinity chromatography with an appropriate "receptor”,
e.g., a target antigen, followed by identification of the isolated binding agents or ligands by
conventional techniques (e.g., mass spectrometry and NMR). Preferably, the soluble

30 receptor is conjugated to a label (e.g., fluorophores, colorimetric enzymes, radioisotopes,



Kabat, 1995, "Seqghunt: A programto screen aligned nucl eotide and am no
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t hat can be ttﬁé:flﬁ’g?l o indicate ligand binding. Alternatively,

i mobi | i zed conpounds can be selectively released and allowed to diffuse

t hrough a menbr ariEhetterm mbéﬁad:antibbdyusalsnmermedm in€lndbamibbdies, slichl dsbr ar i es of
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but readil det ble,ta at, are

t he corrpo&%ds *ﬂﬁgﬁf 38{‘1%3?3‘ %E’ F "'ﬁ%feg&neﬁ‘“sg??ﬁrﬁ“ﬂéﬁﬂW9v"6ﬁfntthe
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conpounds whl‘if ﬂ&%ﬂ?eﬁgtlse& ding regfon gpegiicy | ow | evel s anopng to total set of
all conmpounds i n dHiReti¢ Mb@eYhuman monoclonal antibodies (i.e., chimeric antibodies) can be

produced by recombinant DNA techniques known in the art. For example, a gene encoding

20  the Fc constant region of 2 murine (or other species) monoclonal antibody molecule is
digested with restriction enzymes to remove the region encoding the murine Fc, and the
equivalent portion of a gene encoding a human Fc constant region is substituted. (see
Robinson et al., International Patent Publication PCT/US86/02269; Akira, et al., European
Patent Application 184,1 87; Taniguchi, M., European Patent Application 171,496;

25 Morrison et al., European Patent Application 173,494; Neuberger et al., International
Application WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567; Cabilly et al.,
European Patent Application 125,023; Better et al. (1988 Science 240:1041-1043); Liu et al.
(1987) PNAS 84:3439-3443; Liu et al., 1987, J. Immunol. 139:3521-3526; Sun et al. (1987)
PNAS 84:214-218; Nishimura et al,, 1987, Canc. Res. 47:999-1005; Wood et al. (1985)

30 Nature 314:446-449; and Shaw et al., 1988, J. Nat! Cancer Inst. 80:1553-1559).



The termnodified antibody is also intended to include antibodies, such as
nonocl onal anti bodi es, chineric anti bodi es, and humani zed anti bodi es whi ch

have beenwgypheshé ed by, e.g., deleting, adding, or subspctmusiorgseportions of
the antibody. For exanple, 15 an anti bOdI\:. can be nodified by deleting the .
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vari abl e r%gghé E&‘?geragﬂéwggé%”"ﬁ? Jr.]&'l“zoesgg'g iI'meric antibodies are
provi ded by Mor mlBthhe@Moﬁa;ﬁ&&ﬁhﬁmwmbﬁ@@m&ﬁ%ﬁ&ivﬁﬁ&tm et al.,
5 1986,  Bi oTechni ues 4:21 Tho i mani pul at i ng,
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i mrunogl obutpRs. Avis\only mebdsgary toagplacesthé manber of CBRstequm!i bfbmdingaf;heor | i ght
chai n. Sources of s h nuclgd,c acid are well known to those skilled in the

art and, fdrmaRized; °4Vef9ﬂff JBtRI%ed from 7E3, an anti- GPIIbllla antibody
produci ng hybri dmmtmdﬁyebaﬁ BERiHkinQRE by i mehod,dviich it bapableiofreplacing at least

a portion of a CDR of a human antibody with a CDR derived from a non-human antibody.

1N

20 Winter describes a method which may be used to prepare the humanized antibodies of the

present invention (UK Patent Application GB 2188638A, filed on March 26, 1987), the
. contents of which is expressly incorporated by reference. The human CDRs may be
replaced with non-human CDRs using oligonucleotide site-directed mutagenesis.
Also within the scope of the invention are chimeric and humanized antibodies in

25 which specific amino acids have been substituted, deleted or added. In particular, preferred :
humanized antibodies have amino acid substitutions in the framework region, such as to
improve binding to the antigen. For example, in a humanized antibody having mouse
CDRs, amino acids located in the human framework region can be replaced with the amino
acids located at the corresponding positions in the mouse antibody. Such substitutions are

30 known to improve binding of humanized antibodies to the antigen in some instances.



10 anti body, or fragnent thereof, can then be cloned into an appropriate
expression vector. Suitable humani zed anti bodi es can alternatively be
produced by:. g?ﬁ;,}gpstitution U.S. Patent 5,225,539; Jonessciusthrasséd®S6

Nat ur e 321:?3( é ; Verhoeyanh et al. 1988 _gSci ence . :239:1534; and Beidler et
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to inpro bi ndi to the _antigen. For exanple, in_a humanized antibody
havi ng rmx(ge CDRE ,91- mﬂe’ %{%g%P@E%%W@ﬁemwmﬂﬁwmmtbﬁP-E:-:an
be repl aced \irids td & eargeviitizeny Th dertdidGabREnais W@ﬁg&ﬂ@ﬂfd&&teﬂ%&fions In

t he nouse anti hody, Suigh subs%itutions are 30 known to i nprove binding of
humani zed antSPB8i°52 C8lh eghdn aherragbeell ek hypermalifsmtivacelliggo 2 camgrell).

PCT! US00/ 255 Bkempldfy el igtdSndidtiotaichlboRiBhRficaRlifkh (TRAS, HEGHIAA e,
del eted, or supsituted are referred to _herein as nodified antibodies’ or
altered anti 5BidraRal erpyth Bcton pacenyer, Gransfarrin peertes; pmeng.othersi Prsfirably, shatargsbnent
of the fugs o%ﬁ%@qﬂmﬁn&p&ﬁp&ﬁg&ﬂt invention is a targeting agent,
e.g., a polypeptide having a high affinity for a target, e.g., an

anti body, a |i ganésugad herein fiaygebcelll shall meanginy unddsisalile cslln asnbjeeti(ag., of t he

| nventi on cafulign ot filal) thaPh e triéibd iyl A86ch phdteil of the G RhE AL A1 O

conmponent of the fusion proteint
. target cells include tumor cells, such as carcinoma or adenocarcinoma-derived cells (e.g.,

colon, breast, prostate, ovarian and endometrial cancer cells) (Thor, A. et al. (1997) Cancer
20 Res46:3118; Soisson A. P. et al. (1989) Am. J. Obstet. Gynecol.:1258-63). The term
“carcinoma" is art recognized and refers to malignancies of epithelial or endocrine tissues
including respiratory system carcinomas, gastrointestinal system carcinomas, genitourinary
system carcinomas, testicular carcinomas, breast carcinomas, ovarian carcinomas, prostatic
carcinomas, endocrine system carcinomas, and melanomas. Exemplary carcinomas include
25 those forming from tissue of the cervix, lung, prostate, breast, head and neck, colon and
ovary. The term also includes carcinosarcomas, e.g., which include malignant tamors
composed of carcinomatous and sarcomatous tissues. An "adenocarcinoma" refers to a
carcinoma derived from glandular tissue or in which the tumor cells form recognizable
'glandular structures. The term "sarcoma” is art recognized and refers to malignant tumors

30 of mesenchymal derivation.



vicinity of an undesirable cell. 10 For exanple, the first conponent can be

an i munogl obulin that interacts with (e.g., binds to a target antigen).
I n cert ai weoinogdgnent s, the target antigen is present oredrisoeosssseol ace of a
cell, e.g., an aberrant cell such a hypgéproliferative cell (e.g., a cancer
cell). Exenplary target antigens include carcinoenbryonic antigen (CEA),

TAG 72, her-2/neu, epidernmal growh factor receptor, transferrin receptor,
anong ot hers. Pr ef er abl y, the target 15 antigen is carcinoenbryonic

antigen.. As used herein, "target cell".shall nean any undesirable cell in
a subj ect (Prouctiof of PEGH PrOeindNi Mal ) that can be targeted by a fusion
protein of Fnventi on. emplary target cells include tunor cells, such

as carci noma or Ehgcampeneatseb the-fudien petgineen be liksd 4o ¢ach othen prefémalip viaa
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al so |ncI udes carci ﬁlgrcorras E’Eﬁ’?"g‘b V\:hl ch include nmalignant, tunors
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cells formrecogni zabl e | andul ar structures. The term "sarcoma" is art

r ecogni zed @¥cArieand S vepldhe pxpestad to saHefy the aBovesritsriaden lnkenseqaece.vat i on. WO
01719846 P(FhbiHeaY mea@fl @minc?atidsPiuek BETHir@Rd Afia, B beRiset BitASinkaE conmponent s

of the fusion protein can be I'i nked to each ot her, preferably via a 5
| i nker $&queaisBCe-The | i nker sequence shoul d separ ate the first and second

menbers of the Am&ep@qwnee%&Wz@mmﬁ%aaemf&%ﬁmw&@aﬁﬂmee that each
menber properly folds into itS secondary and tertiary_ structures.

Preferred |sepAtationof finetionakprotein %qmrrsdalﬁ'ee& lopger peshoppilinkes segpanses may
conf or mat i ffk, ve AbedS ABk 1edg s ufiHkEY deqfenbs RPEBHd the HRF afiftedARbRAPofat" der ed

can be from 5 to 500 amino acids in length, or more preferably from 5 to 100 amino acids in
20 length. Pi'eferably, the linker sequence is from about 5-30 amino acids in length. In
preferred embodiments, the linker sequence is from about 5 to about 20 amino acids, and is

advantagedusly from about 10 to about 20 amino acids. Amino acid sequences useful as
linkers of the first and second member include, but are not limited to, (SerGly4)y wherein y
is greater than or equal to 8, or Gly4SerGlysSer. A preferred linker sequence has the

25 formula (SerGly4)4. Another preferred linker has the sequence ((Ser-Ser-Ser-Ser-Gly)3-
Ser-Pro).

The first and second components can be directly fused without a linker sequence.

Linker sequences are unnecessary where the proteins being fused have non-essential N-or
C-termﬁnal amino acid regions which can be used to separate the functional domaing and



secondary structure which could interact with the functional first and
second conponent, 10 and (3) should have m ni mal hydrophobic or charged
character, %%&&oul d pronote interaction with the funchbipRRbekgt i N
domai ns. Typi cal "surface amino acids in flexible - protein regions Include
Ay, Asn and Ser. Pernutations of anmino aé#d sequences containing Gy, Asn
and Ser woul d be expected to satisfy the above criteria for a |inker
sequence. Opievent«teric interfereate. dmprefermd ienkbodiments, the Cbnminuscbf Airst member ednso be
used in the linker 15 s e . A |inker sequence | ength of 20 am no aci ds
can be used t‘%?dﬁ'ie&@fg’éegt%ﬁﬁr}t&'zﬁné’msggﬁeﬁ?‘é‘fPﬂﬂcegfers?'unctional protein

domai ns, al though | onger or shorter |linker sequences may also be used. The
| engt h of theRI i nker SHONEREE. separ ating the first and second conponents
can be from ids inlength, or nore preferably from5 to
100 ami no §ci ds i M A@idngmeptin.of Breddventidnl gan be peephied hdth standard mepombinaht DNAabout

5-30 amno aciqgs.in length. .I.Ln .preferred enbadi nent the,l| sequence
i s from about™*EMEHRY a%fleémcgr_n %F‘Hg eneg g;ale ﬁ%&%éﬁ?{%lge‘él?lg%&;dreom about
10 to about 2Qqwdicé encadinga fusivh proteman be Spmtiesieabbysaidatd DNA syhthksis methbédst he
first and second nenb I n¢l ud b are not limte wherein

r. . t, tqQ,. (Ser )
y is greater tharft BVS%‘&G%{ e’?‘i?ﬁ‘@? ag-'pm@ Efﬁgﬂ‘r"@“%g&ﬁmﬁ%d‘?‘éfgﬁpge%fh e?'/%‘kaer
sequence has {geN@fapribfarydt idmiosiahiied ¥4l Hne. AHirétdinbiiagf €115 €4h bd uskdto praduct he
sequence (l Ser-Se_r-Ser-_Ser-GIY)B-,Ser-l?ro%l. The first and s lgfgad coggonents
can be di nBctthy fsipngmotging doriclels 3cid gacpding ¢ fusippproteip can ?IHEBE Gu a hpst
unnecessary wWagr&g! BEhethObgdus SecBbitgtidn) I8 tdsfohSes) P Hudléic 81l efdodiigthe
C-terminal amno acid regi ons which can be used to separate the functional

domai ns and Viusion proden & irOrpoUBeindEEIg0mbinant RRIGISION V8EER-i ¢ interference. In
preferred enbodi MBSy, j Qéi&%?&%aﬂdoﬁ?g&ﬁﬂ’@%b&@&a g*nk@d?&)!o}ie

fused to the N-termnus of Seto : ceversa. Reconbi'nant Production 5 A
f usi on pr ot ei or nudre tdgulatory ssqueneas, selecterborpthe basisaf thy hast eells tebg wsed &ronbi nant
DNA techniqu LN OTR: hel {nfed™@: ' LR ding HhPdsiBy Ot ei n.
A nucl eot iqge &g’léeg%léﬁr}ce éﬁ%%d%ﬁ%bl}qum on&%%htgteﬁggggn %e synt %esi zseld by

st andar d DNA myteintesipoundbark dioked t\theueguddtory sequenests) duia mgneer that plewsfent ei n

can be intr Od&%ree‘ésiM‘BPmé‘ fdg%itpr&gih.l Thé't "'re@ulatory sequence” refers to promoters,
enhancers and other expression control elements (e.g., polyadenylation signals). Such

regulatory sequences are described, for example, in Goeddel; Gene Expression Technology:
20 Methods in Enzymology 185, Academic Press, San Diego, CA (1990), the content of which
are incorporated herein by reference. Regulatory sequences include those that direct
constitutive expression of a nucleotide sequence in many types of host cells, those that
direct expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific
regulatory sequences) and those that direct expression in a regulatable manner (e.g., only in
25 the presence of an inducing agent). It will be appreciated by those skilled in the art that the
design of the expression vector may depend on such factors as the choice of the host cell to
be transformed, the level of expression of fusion protein desired, and the like. The fusion
protein expression vectors can be introduced into host cells to thereby produce fusion

proteins encoded by nucleic acids.



cell of a primary or immortalized cell |ine. The reconbinant cells can be
used to produce 10 the fusion protein. A nucleic acid encoding a fusion
protei n Cafpo iAokt roduced into a host cell, e.g., by homworasowssseo

reconbi natiron. In nost cases, a nucleic_acid encoding the fusion protein .
IS incorporated into a reconbi nant exp'rzés'si on vector. The nucl eotide
sequence encoding a _fusion protein can _be ogperatively |inked to one or
more regul at or yREwHhinsabexpressipnyactass G3p be designgd for expression of fsionguoteins iy pe

used for 13 f&XRbASE éﬁﬁarya_&_f‘ceil@rmgﬁ%?lé}%ﬂodﬂr&@ﬁ&iganrﬂ%%ﬂﬁreﬁééaﬁn bdifergpauences

encodi ng the fusion protein conpou are linked to the regulatory
sequence( s rellsisueh 3l sk, mssetcelly (e @ndn the baculoygpeexpressionsysteny, Yeasticells g ot ei n.

The term" S Meh ; : C and ot her
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expression contr enents (eg., polyaden _ ) h
r egul at & y EspresséamcEechnolagyd dethody ecknzymelopxiphcademic RecssRhw| Diegos GA

A A e et T o

ref er ence. (Biddar atiady () 98B FMBQR £ 5:229623d)] pMFa(Kurjanvatl Hirskewitz, (12823 Cel ut i ve -

expressi on,Q; cl ' EnCE ok ny,. of ls. those that
di rect exp#@-ééf%@b?ﬁ’tﬁé?ﬁcﬁi’ﬁ%%t“?-u@%@ﬁﬁéﬁg%ﬁ?% aﬁ‘dggﬁﬁi?ﬁ""}%’g?“ cells
(e.g., tisecofpordtion, SahDiegopGA).aBspnloviresveetoteahilabbelfor bxpeessibh af fusionect
expressjon_in.a .regul afabl e nner.d.e. g..... Qn in 25 .the prese an
nuc: rig agetiss e RestedlB st e radRr B F AL G o
tEe. deSichowfc,;]ézthioegrmesamg aumew]!.maxymgnwwh ,lfmAsuﬁ‘dlsl flim&@JM.D.S th;a
choice o st. ce e transfornmed, the | evel of expression o
fusi on pr obg(igﬂ) g‘é%l?ye&j,gﬁé%a)'t he like. The fusion protein expression
b oL ol ms oncoded b i e e V0 O LIane 6 o a0 2ante s
pr ot ei ns encode nucl ei ¢ _aci ds. -
P conbi nantioaie S29RA0 A AT BT KR natket 6l LIOR s BT . SSAI03). SYheaisedsi on
protei ng i i mBhMkREEEll, the@kpressicl veeiol $cdnftbl finctions are $ABPHBvidbdBY Gifal T Ot €i NS
can be expressed in bacterial cells such as E. -coli Jg ct cells (e.g.,
in t he bactaslpioryglemsass- diosexamnls; sommpnly isedpromgtersargderiv {RoBfeMRe | | 5
Sone sui tahh&ﬁgﬁgz,g%héhéﬁgﬁmgiaﬁ@mﬁpvﬁgmer i n Goeddel, Cene 5
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Expr essi on Technol ogy: thods in Enzynol ogy 185, Acadenic Press, San
Di ego, CA (199maddifion tathersguiptopeeonppksenennces,discussed thove, the regembinant
cerevi si ae_j & SSiftdin nq§a,§d' 1eotiddequentesd F6? exalvipe, the 6: 229- 234),
pMFa ( Kur | E’Fﬁ?&g‘ﬁg f—%dr%%wl tz, (1982 Cclelfl o o

20 ~ recombinant expression vector may encode a selectable marker gene to identify host cells

that have incorporated the vector. Moreover, to facilitate secretion of the fusion protein
from a host cell, in particular mammalian host cells, the recombinant expression vector
can encode a signal sequence operatively linked to sequences encoding the amino-

: terminus of the fusion protein such that upon expression, the fusion protein is

25 synthesized with the signal sequence fused td its amino terminus. This signal sequence
directs the fusion protein into the secretory pathway of the cell and is then cleaved,
allowing for release of the mature fusion protein (. e.,.the fusion protein without the
signal sequence) from the host cell. Use of a signal sequence to facilitate secretion of

proteins or peptides from mammalian host cells is known in the art.



30:933-943), pJRY88 (Schultz et al., (1987) CGene 54:113-123), and pYES2
(I'nvitrogen Corporation, San Diego, CA). Baculovirus vectors available for
expression gn 10 proteins in cultured insect cells § /Gsoolz 9
cells) mclSJel#E*e pAc series (Smith et al., (1983) Ml. @T

3:2156-2165) and the pVL series (Lucklow-2¢-A., and Sunmers, M D., (1989)
Virol ogy 170:31-39). Exanples of manmali an expressi on vectors include pCDWVB
(Seed, B., ( 1987) Vm@lﬁABﬂﬁbﬁAﬁédmaﬂinm\ﬂﬂEﬁdﬂémwmryoeb célls.vid 6(9\831)1:10115'\/50
J. 6:187- 195) sed. . 15 in nmammalia e expression vec, or's
control functfr??ﬁ ? no‘?m«?ﬁsf}fﬁpgvit‘?ﬁ’ %sPéTJ}FE% A Hepsfermation’rand
exanpl e, commhsfemﬂrqﬁmaawaﬁély alraet-:tedsgnmd tdchiiffudl dbnia®iuc q‘@:@@ﬂnﬁa&cl

cyt onegal OVII’ an Vir us 40 I.n adetlon to the regulatory control
sequences di sl M’ém ol sindmg cal clumphogRhates colsmshlernidy ceont ai n
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fusi on prot ei ganchb@HP ROshRNL chftd fouﬂdﬁn%ﬁ%;ﬁfo% 'e?&lng?&éigkdr@oﬁi? 4G5 %Arﬁto he

reconbi nant expression vector can encode a sig quence ‘operative

| i nked to seqfdgmégnéﬁémnngolﬂﬁenmﬂimbor Laborntory press (108).fand other habm‘atar)n such
t hat upon exp gasison. the fusion protein is 25 synthesized with the signal
sequence fused to its amno terminus. This signal sequence directs the
fusi on prdfein i nt@mmlmﬂmcmafmmmamdeﬂehlmﬁgtdteanndorbignDMunb theired,

all owi ng for S oten fusio rotein
wi t hout the él grﬁgl ﬁlsée}geﬁtetﬁgle %‘%e{l%%‘r%se 1?‘ fe é%‘ %baf §?s l c@@%uence
to facilitat enaken(egi, vssistance oraptibiptics) oanhaemtodﬂeeﬂ ihtocthe mnmilslaMghﬁﬂltthsel S

: ﬁt I;gg\an;ehnl trﬁhge proﬂ"ag\gbt | %%984 P?%{%g‘g ie(?%gg”{ﬁr : Veg’gcﬁ)lrﬂpgl\@“ Soheer®

t ransf or mat i amsisince ltcadmgs;sﬁdhms Gﬂ&mygﬂimm aﬁanmlﬁﬂrehﬂé eNticleit B€id efdddEng a
"t ransf.ect refer t var| ety of art- recogm zed

"transforgptio 0
t echni quegrgl ﬂftﬁ@ Gutker fap edP‘E‘?dd‘ﬁequE’l %‘F"@ ¢ samg VectpRps thatgnepdingthe t
cell, incl Ud|fﬁﬂoﬁﬁb&iﬁbﬁoﬁﬁﬁéﬁi&%&ﬁhe@E)nﬁ@l:phkdm&tﬁrot,‘eﬂ@st% RardfeRfek iftaht ON,
DEAE- dext r an- at ed ns &) of ectign,, el ectroporation,
i croinj ecti dﬂ ae‘V?“F Fcﬁlﬂé{ﬁ ééf‘ef‘?a Yerdrpg slection (4 &usels that bave incomorated

t ransf or m ng the selectable marker gene will survive, while the other cells die).

A recombinant expression vector can be transcribed and translated in vitro, for

20 example using T7 promoter regulatory sequences and T7 polymerase.

Transgenic Mammals
Methods for generating non-human transgenic animals are described herein. DNA

constructs can be introduced into the germ line of a mammal to make a transgenic mammal.
25 For example, one or several copies of the construct can be incorporated into the genome of a
mammalian embryo by standard transgenic techniques.
It is often desirable to express the transgenic protein in the milk of a transgenic
mammal. Mammals that produce large volumes of milk and have long lactating periods are

preferred. Preferred mammals are ruminants, e.g., cows, sheep, camels or goats, e.g., goats



transfecting host cells can be found in Sanbrook et al. (Ml ecular C oning:
A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory press
(1989)), wWonpbher |aboratory nmanuals. 10 Oten only aperaisbodssacti on of
manmal i an cells integrate the foreign DNA into their genone. In order to .
identify and select these integrants, a2§ene that encodes a sel ectable

mar ker (e.g., resistance to antibiotics) can be introduced into the host
cel I's al ongefl@iwiss arigin, ege the Adpisefiapmentané Togesnbmg preed goats. herfprefenret .
sel ect abl e at confer resistance to drugs, such as
418, hygroﬁn@éﬁgh%}\gg%%hﬁprexaﬁgggNucl eic acid encoding a 15 sel ectable
marker can be i rinroexamepdary embodiménse transgdnicnonthiuman animal/is ptoducelshyt hat

encodi ng the usi Q can be.introduced on separate yector.
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Transgeni ¢ Mamal s, Met hods for generati ng non-hunman transgenl c animals are
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by stander dnyofs sgisty afﬂr:]aﬁmlnmak ? thelakt suéh &frhiefoirjetion, &lﬂc&cﬁ?adiatﬁﬁ‘ﬁpéners] s the
transgenic teln n the m of a fransgenic mral s t hat
produce Iar@@ egHion, oL sxpmnls. o fusignp 'H‘ﬁ‘é‘é“f‘?ﬁ%@efa&a‘é‘f geeddnte gquammal by
preferred. dicrimédios ofMIBERsEud o tHéProtmblebof tRe ﬂmhz@d)iﬂanmﬁhaﬁgg(mdrel s or
goats, e.g., goats WD 01/19846 PCT/ US0Q/ 25560 . - 27 Swiss origin, e.g.,

t he Al pine °“§&é’ﬁéﬁ“§ﬂ’& coRigyibr sogstpIck o begetained 1“@?1?—5'1“3 pftbe develpingani nal s

i ncl ude oxwﬁwl Followath ﬁt&ﬁmﬂ&rﬂoﬁﬂeﬁé&ﬁ RbstrSTRE tHEBkilizél dggde 9eni C
non- human ani nal oduced I nt rodum ng a transgene into t gernine
of the hdn esaﬁ%bea*m d'waﬂgcgamg@muafé gﬁmmqrmbateﬁ mtﬁﬂ@m|
target cel |h‘6s@6r36&£'®bé%oﬂﬁi6%'n%iﬂil’l§ﬁim&ib%&@§eeﬁ&éﬁﬁ@%ﬁ?ﬁﬂ%ﬁﬂﬁ?dﬁi@ used

dependi ng on the stage of devel opnent of the enbryonal target cell”
speci fic depending on the species, and then reimplant them into the surrogate host.

The progeny of the transgenically manipulated embryos can be tested for the
presence of the construct by Southern blot analysis of a segment of tissue. An embryo
20 having one or more copies of the exogenous cloned construct stably integrated into the
genome can be used to establish a permanent transgenic mammal line carrying the
transgenically added construct.
Litters of transgenically altered mammals can be assayed after birth for the
incorporation of the construct into the genome of the offspring. This can be done by
25 hybridizing a probe corresponding to the DNA sequence coding for the fusion protein ora
segment thereof onto chromosomal material from the progeny. Those mammalian progeny
found to contain at least one copy of the construct in their genome are grown to maturity.
' The female species of these progeny will produce the desired protein in or along with their
milk. The transgenic mammals can be bred to produce other transgenic progeny useful in
30 producing the desired proteins in their milk.



line(s) of any animal used should, if possible, be selected for general
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Production of Transgenic Protein in the Milk of a Transgenic Animal
20 ' |
Milk Specific Promoters
Useful transcriptional promoters are those promoters that are preferentially activated
in mammary epithelial cells, including promoters that control the genes encoding milk
proteins such as caseins, beta lactoglobulin (Clark et- al., (1989) Bio/Technology 7: 487-
25 492), whey acid protein (Gorton et al. (1987) Bio/Technology 5: 1183-1187), and
lactalbumin (Soulier et al., (1992) FEBS Letts. 297: 13). The alpha, beta, gamma or kappa

casein gene promoter of any mammalian species can be used to provide mammary

expression; a preferred promoter is the goat beta casein gene promoter (DiTullio, (1992)

Bio/Technology 10:74-77). Milk-specific protein promoter or the promoters that are



t he production of a transgenic pig can be found in Wite and Yannout sos,
Current Topics in Conplenent Research: 64th Forumin | nmunol ogy, pp.
88-94; USwitpdiaddss NO. 5, 523, 226; US Patent No. 5,573, 933cThisdoradggel i cation
W93125071; and PCT Application W95104744. A protocol for the production
of a transgenic nouse can be found in 2940 Patent No. 5,530,177. A
protocol for the production of a transgenic rat can be found in Bader and
Ganten, d ispeeifical r?étlBiﬂﬂen mapmazy tissheeambe dsotatpd feomucDNA o géromic seGuenees. 3: S81-

S87, 1996. tion of a transgenic cow can be found in
Transgeni cAPr%n n&ﬁ%@%ﬁ#&#@%fﬂ{%&ﬁindbook, 1994, ed., Carl A. Pinkert,
Academ ¢ Press, DNA seq&enqyﬁnfomaﬂonimaiidm for mdmnﬂaiwgiar(dfspanﬁd egligstédC sheep
can be foun ic.Animal 15 Technol o 0 994, ed.

Carl A Pi nﬁ%@r? g"%r‘l‘t%r g in seyeral ﬁgaﬂpgiso%‘[ e‘ﬁbﬁ"?‘ﬁé étﬁf?l; on of a
transgensc CrbRss, &&Sﬁb(lbal)r(d-ladﬂalbﬁﬂiif@it),@amgbeﬂ etuﬁtmr&ze?/lédsﬁﬁé} £83, 1985
and Tayl or and Fan, Frontiers in Bioscience d298- 308, 1997. Pr oductlon of
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i sol ated from cDNA or genom C sequences Preferab are genomc in

origin. DNAIs§R2RL87 beVlﬁ*ﬁP‘rlé‘ﬁ bamin)  Thesmeturesn the eamiousilksi f i c

enes |jst | I i Pf N g |sms See,
g e.g. R}sts: g?l)éeslﬂgfﬁégareréhé\{/edw&cﬂp&v Pﬁaﬁgg‘h 5%% ?ﬁl%gd_{)ﬁ? actal bum n

rat): CanpliErerpereted by refoercedn ibs ontirety foveld pmmseS) If additional flanking sequence
are useful in optimizing expression, such sequences can be cloned using the existing

sequences as probes. Mammary-gland specific regulatory sequences from different
organisms can be obtained by screening libraries from such organisms using known cognate

20 nucleotide sequences, or antibodies to cognate proteins as probes.

Signal Sequences
Useful signal sequences are milk-specific signal sequences or other slgnal sequences |

which result in the secretion of eukaryotic or prokaryotic proteins. Preferably, the signal
25  sequence is selected from milk-specific signal sequences, i.e., it is from a gene which
encodeé a product secreted into milk. Most preferably, the milk-specific signal sequence is
related to the milk-specific promoter used in the expression system of this invention. The
size of the signal sequence is not critical for this invention. All that is required is that the
sequence be of a sufficient size to effect secretion of the desired recombinant protein, e.g.,

30 in the mammary tissue. For example, signal sequences from genes coding for caseins, e.g.,



8685- 8697 (1984) (rat WAP); Jones et al., J. Biol. Chem 260, 7042-7050
(1985) (rat P- casein); Yu-Lee & Rosen, J Biol. Chem 258,10794-10804
(1983) (ratgn- jn); Hall, Biochem J. 242, 735-742 (19%%)usoersseo
(a-lactal buvrvn&r?? u?réan); Stewart, Nucleic Agd'_ds Res. 12, 389 (1984) (bovine
asl and x casein cDNAs); Corodetsky et al>,” Gene 66, 87-96 (1988) 10
(bovine (3 c i n); Al exander et al., Eur .ochem .178, .395-401 (1988)
(bovi ne. . oaBBRpybets SRR O kopps casdins, bpa dfetaglobuliy Yhey acid Gr sl EBUVIRME 22
casein); Jan,RSREfubin the presetiferitibn. ASRefOfed S Sequdn¥@izaNe fat Bleaseilighal
Chem Hoppe- Seyl er 369, 425-429 (1988), Al exander 'et. al., Nucleic Acids
Res. 17,6739s¢qre®¥) (bovine J laotoglobulin); Vilotte et al., Biochime'
69, 609-620 (1987 nDuiitecR Hoffd ' r | of
the various mlk llgé‘p}%)t efn_ Gene@é%y%b%gﬁo%ﬁé%y%gﬁa leof%ﬂg(n{’/?{%ﬁcg{g J.
Dai ry Sci .5 76ecr@edby Beosclisiodmy cellnr papmseatic cellstspn pled bewsede in its entirety
for all purposes). If additional flanking sequence are useful in

optim zi ng expression, such sequences can be cloned using the existing
sequences as g ry-gland specific regul atory sequences from
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25 sequence irsnsseptemtafgertias placed Withis [ite canfge of actiom bt vatdchdoes @st perturh genét IS -
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used in the either eidsbithe DINA squedce tdbestransetibed.i Por.exdihple, the ieulafor tdicbesi gnal
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r econbi nams]E fomithe ptmeteg,_.at th%? biitl éfftRe PENEGR fererési:.S'Ethtlo F?g:g Egugcﬁi%%‘ggi g 2?60
sequences from genes codi ng for seins, e.g., L

30 al pha, bERAYE °§§ﬁ%‘g&?mﬂé’bﬁ5&m§§1§gi Frd of the gene oFwtsuest eam hofletepmingd By g
protein, andthoasdkilleduinihe artfdepentifs ot the Relhthi sRECSANS gdnd\6E Ttéredt; thépRRtL! I ed
si gnal sequencg,is .the g%%hg -casein signal, sequence. Signal sequences

from ot her s@Rdtaeerhapgeg thecopstruct. Jaaddition, mers than opg inglgprsequence can

be positioned 5° from the promoter or at the 3’ end of the transgene. For example, two or

20 more insulator sequences can be positioned 5’ from the promoter. The insulator or
insulators at the 3” end of the transgene can be positioned at the 3° end of the gene of
interest, or at the 3’end of a 3’ regulatory sequence, e.g., a 3’ untranslated region (UTR) or a

. 3’ flanking sequence. ,
A preferred insulator is a DNA segment which encompasses the 5’ end of the

25 chicken B-globin locus and corresponds to the chicken 5’ constitutive hypersensitive site as
described in PCT Publication 94/23046, the contents of which is incorporated herein by

reference.

DNA Constructs




5 secreted by liver cells, kidney cell, or pancreatic cells can also be
used. Insul ator Sequences The DNA constructs of the invention farther

conpri se oA one insulator, sequence. The terns "i pewhsboarsseo
“insul ator sequence" and "insulator elengnt” are used 10 inter changeably
herein. An insulator elenment is a control el ement which insulates the

perturb gene  exhrBat BAAEER b kelled bmaloaug it R@e?‘itm“%%%bt’ﬁ?saﬂ‘“
i nsul at or seppeﬁiu:ﬁrmammas;eemthdxabcellselg.%s&mﬂﬁnﬁierté‘ge Betddasape to be -
transcri bed. For exa ’I(.l)he |Psul ator can osi tioned about 200 bp to

about 1 kb, PEMY ?foﬁf‘? SEqUENIE, £18-»|3LATHN %@beeq!eq@b &% afi-paseins from

t he pronot e; tseqmcesm@mgmmgm gogi,mltéﬁerest The di stance of the
i nsul at or sequence fromthe pr onoter and the 3" end of the gene of

i nt erest Tan be ACOBFHCHES aj§) inolyde 43" untanslated tegion dewnstieamdEtheMNAg on t he
rel ati ve Si gamelo chliig 8508 ftn et Bl o, {120 FUATRLEY st hNETRARGEE USed

in the construct. In addition, nore than one | suI%E sequence ¢ e
poSi t i oned sf the ﬁm&sm swgnﬁmbﬂm%mcmseﬂheywd ofitigsivdd proteinifioarthg expressionr

exanpl e, L ony 5 fromthe
pronot er . WEPé | ns H%{hgor | nsu?‘gﬁe%?gﬁgs?ﬁ‘?%‘etﬁg&ngﬁua& t#’ q%?ﬁ &ene can
be posi t i onesduerces that IstlémdpdflﬁtmweB\ehséquenaes mlaybe dermsd atg. tﬂ‘lm ﬁleend of a

regulato sl at ed re
fl ank?ngﬁ’ts e%ﬁgﬁﬁﬂw&%p}’ g%rdgs I hs u&ﬂis%?glr%g'%? %TUTQR%“ s&ﬂ“‘%‘ﬁisorrpasses
the 5 end wbntdmmhhmkmfeabm,ﬂhlsmﬂmﬂamm@samapﬂ&ﬁamn&@emﬁbl cken

5' constltutl ns i t descrjbed in PCT Publ)ication

94/ 23046, e&’b%ﬁ?‘@‘ ‘?‘B&%.“Eﬁa‘? E“ﬁ%ﬁﬁ%?‘bﬁr“a{%’ﬁ' cHlimL i swhlizng electatis pa
Constructs mmwammmﬁmaasﬁa&bﬂmﬁ@&myammpkﬁm sequtnb®

expressed from a, con ruct Jncludes, a prgm)ter eC|f|c for. mamrary
epithelial cell sA %"%‘“ QFﬁsdPié?ﬂb‘?aé?dfe%m’@ efwaelb'é}a? apd,the DNA
pronot ert5 asefudree emdiné itloe ﬁgxﬁl"@huéiﬂa Lsmanu@wmed r?l&ﬁ%ﬁﬁ be ﬁbﬁ'&?é saftifequence,
e.g., a O- casel uence, ;ﬁga DNA encodi n fusion protein. 5 A

&q
construct cSARtg %10?%8 ich, premofgy is taken|ox cancpe; fEagn SYESEn 1eY WAX  DNA
be derived from other synthetic, semi-synthetic or natural sources. Again their specific '

length is not critical, however, they appear to be useful in improving the level of expression.
A construct can also include about 10%, 20%, 30%, or more of the N-terminal

20 coding region of a gene preferentially expressed in mammary epithelial cells. For example,
the N-terminal coding region can correspond to the promoter used, e.g., a goat B-casein N-
terminal coding region.

Prior art methods can include making a construct and testing it for the ability to
produce a product in cultured cells prior to placing the construct in a transgenic animal.

25 Surprisingly, the inventors have found that such a protocol may not be of predictive value in
determining if a normally non-secreted protein can be secreted, e.g., in the milk of a
transgenic animal. Therefore, it may be desirable to test constructs directly in transgenic
animals, e.g., transgenic mice, as some constructs which fail to be secreted in CHO cells are
secreted into the milk of transgenic animals.
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sequence coding for the non-secreted protein. Such regions can stabilize
the RNA transcript of the expression systemand thus increases the yield
of desired gkﬂﬁﬁg fromthe expression system Among the g iétbhads! at ed
regi ons useful 1'n ?he constructs of this invention are sequéences that
provide a poly A signal. Such sequences nBy-be derived, e.g., fromthe 10
SV40 small t antigen, the casein 3' untranslated region or other 3
untransl at ed sequenfifigationom kiewn in the art. Preferably, the 3

ni1s derive protein. The | ength of

the 3' untransl at d@efTagsgenic fusiongroteinican beprodueed inailk atyplatiyely Bighef f ect  of
' ly A
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Such untragsl I 0l .x egi on from which
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derived from ot heMlﬁwrbteuism&;allgeru isaigted lsgea camhmatmatoﬁpmlcessm rRasemillddsst is
their specifi ritic weve ear. to f ul

I n inmproving ffaﬁgoqa &P rearfovgg%.le, E%rseixgxﬁp 5 by ,qgtcengiﬁggiiﬁgb quﬂﬁlgg gﬁ

10% 20% 30%waisgood Develbphéts iN DdiigrChemnistry ) Chestlistry of bﬁlkd?rotafn, Apgl&nle
preferentially.ex sed i ry, epi.theli || s

N-termnal ¢ @&@3‘?%5 %&1@@‘1@%‘1}6‘]‘@ pifaLio ngspf 3&@? @zy“&nfjoat
(3-casei nifv+ cb@gdlﬁﬂbﬁlwx@xﬁéhﬁgoﬂcﬂlgh@ﬁypsﬁf(%sgééd, m&)\qdauqaamaj&tmntq;r&%gng a

construct and testatjacﬁ it for the abil Er oduce .a pémguct in cul tured
cells prior payhefractiopateddnto sHagr 2 gisar *‘ﬂ“@nﬂ' a ulk precapitaty the specific

Sur pri singly, rétsgofﬂﬂﬁégtﬁfa§bgeéé§ﬂ§m‘it hat such a protocol may not be
of predictive vaI ue.in determning if a nornmally non- secreted protein _can

be secreted, e.g. USSHN Q&R48:23p IQISSPSQE a methodfgrisplating3 slpble milk.campenent, |st‘°hmay

be desirabl e g @ psinie, i % dldidjidadly %ﬁ&%ﬁyﬁbﬁﬁﬂﬁtﬁﬂemsmm@ae%% thn
transgenic mce, ‘as sone constructs which fail to be secreted |n ceII

are secr b edlowilgations Unlike pesvious isalatjommethads, this elimigetesthe 0e9difoa Brst
/ / '
PCT/ US00/ 2556} tiamafien W%Jlé ¥( Mow f%;l dhé‘aséqﬂ iddigd Wﬁuﬁﬁ?&lﬁﬁ ﬂPé(;‘ otein

can be produced in m atively concentratio rge
vol unes, pr opratessqng evaiding tossesiof gicovary end bimcpuity oThismethetlimay be used in

combination with additional purification steps to further remove contaminants and purify

the component of interest.
20
Production of Transgenic Protein in the Eggs of a Transgenic Animal

A fusion protein can be produced in tissues, secretions, or other products, e.g., an
egg, of a transgenic animal. For example, fusion proteins can be produced in the eggs of a
transgenic animal, preferably a transgenic turkey, duck, goose, ostrich, guninea fowl,
25 peacock, partridge, pheasant, pigeon, and more preferably a transgenic chicken, using
methods known in the art (Sang et al., Trends Biotechnology, 12:415-20, 1994). Genes
encoding proteins specifically expressed in the egg, such as yolk-protein genes and

albumin-protein genes, can be modified to direct expression of fusion protein.

30 Egg Specific Promoters




processed peptide that is easily harvested froma renewabl e resource. There
are several 5 different nethods known in the art for isolation of proteins
fromm | kwo\hhsssr ot eins usually are isolated by a conbepontusexesss
processes. Raw milk first is fr.actionzzlt3 d to renove fats, for exanple, by.
ski mmi ng, centrifugation, sedinentation ?H. E. Swai sgood, Devel opnents in
Dairy Chem stry,,.l. em.stry. of MIKk Protein lied ci ence Publi shers,
NY, 1982), acid ‘6?‘3‘8%1“?5??%%‘%‘81.“@?‘5[3& ?ﬁepﬁﬂif.‘“%?@li‘ﬁ?feﬁ °'Eﬁha§)ﬁi‘§m6&t°ric 10
coagul at I oninhé égg; moTuding Promsdidttial dopGbIthe Suied &odiflg egdiiréteins, ext . the maj or
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preci pi t at e°af YR andgyidy.  Rremoters fom the ghickeroxalbuminglysomymerasadi | y
puri fied. L&%ﬂ&@%&é&p}&&r&ﬁk&ﬁ%@%ﬁ@%&@&o&&@?ﬂn&&& fhaPgubl € m Ik

conponent, such as a pe(ﬁt'l de, in its biol %gl cally acCtive ?orm rom whol e
mlk or & niperificallycactivatedsp cegitisgumean e fromrDNA o genpmicaequencesURrdferablys evi ous

i sol ation ngt -s‘pecitﬁﬁi(p&m%térﬁ%@ghﬁﬁaﬁﬂﬁo 2d for a first fractionation of

whole mlk to Tenove fat and cdsein mc es, thereby sinplifying the
process and avoilINAgequeness of e spesifip.gengs aznkindwnoia thei apt (sge, e.ghBurleyedtiabd may be
used in corRLnak] Wi | LA LRk ) T 1.0 rther renove
cont anm nant ?agnl)ﬁg%%gf ’_yﬁ)ﬂ% ﬁgﬂ%’:%ﬂrrpone’r?? H?%, 1?%&%@?&%?3&%&%& i on of
Transaeni c iRcapaated heremrhy réfgrgacedf Ifadditiansldlanking\sdquerice Arefusefulbin optimizingn can

be prodyged, y ' . r. Rk e . d... an. _egg, of a
transgeglﬁc a n%+£§ﬂ%?w%%§%l%ég¥%oﬂeg%m§ gﬁel ns g%ﬁ&e%xgesparsﬁad&gségﬂg% t he eggs
of a ft-"opedific eegilatory segnerices fedmh ffifferent ergamisms eantbe ohteined blyisdreeningose, :
ostrich, guihhea f eacock artrid easant i geon,., and nore

pr ef er abl ng’rﬂaeg s@eﬁf%glgg?lgﬂ%lﬁsfn%}%" coﬂgﬁfﬁ%@@%&%ﬂWE&‘?ﬂé‘n@%‘?%ng et
al ., Trendsophai¢ proftehmsiasgyobesl 2: 415- 20, 1994). CGenes encodi ng proteins
specifically expressed in the egg, such as yolk protein genes and al bumn
protein genes, can be nodified to direct expression of fusion protein. 30

Egg Spetsf iTraddgai®PRAs WO 01/ 19846 PCT/ USOQ 25560 -33 Usef ul
transcri ptional ﬁg onot er s a%&those ronpters.that .aregpreferenii y

| |
activated in tHA:S9H PTGHR FARAC FEPISPEH It A rDSgemus orBgYT. i ’tam’&??aé‘ﬁc odi ng
€gg prot ei nsSg., Srdhsgenic plant in which the DNA transgene is inserted into the nuclear or plastidic

genome. Plant transformation is known as the art. See, in general, Methods in Enzymology
Vol. 153 ("Recombinant DNA Part D") 1987, Wu and Grossman Eds., Academic Press and
20 European Patent Application EP 693554.

Foreign nucleic acid can be introduced into plant cells or protoplasts by several

methods. For example, nucleic acid can be mechanically transferred by microinjection
directly into plant cells by use of micropipettes. Foreign nucleic acid can also be transferred
into a plant cell by using polyethylene glycol which forms a precipitation complex with the
25 genetic material that is taken up by the cell (Paszkowski et al. (1984) EMBO J. 3:2712-22).
Foreign nucleic acid can be introduced into a plant cell by electroporation (Fromm et al.
(1985) Proc. Natl. Acad. Sci. USA 82:5824). In this technique, plant protoplasts are
electroporated in the presence of plasmids or nucleic acids containing the relevant genetic
construct. Electrical impulses of high field strength reversibly permeabilize biomembranes
30 allowing the introduction of the plasmids. Electroporated plant protoplasts reform the cell



oval bum n, lysozynme and avidin. Pronoters fromthe chicken oval bum n,

| ysozyne or avidin genes are preferred. Egg-specific protein pronoters or
the pronot ey, digdsdr e 5 specifically activated in egg tispegusppsie from
cDNA or genom ¢ Sequences. -Preferably, the egg-specific pronoters are
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(see, e.g., Bur] ecévigt al..., "The Avian Egg", John Wley and Sons, p. 472,
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nucl ei ¢ aci d Kea8s Sattitlds O onegk o ] MM, OpOr Aty (Fromm
et al. (1985 ,Pr%? Nat] . Acad.uﬁtg%@%{é Slzﬁg%é rF%?{:(?Zﬂtégﬂiﬁlg ue,
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nucl ei ¢ aqkdSebAley f08m I at.genetic construct. Electrical
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B e

acid. Under appropriate conditions, the transformed plant cells are grown to form shoots,

—.

roots, and develop further into plants. The nucleic acids can be introduced into plant cells,

20  for example, by means of the Ti plasmid of Agrobacterium tumefaciens. The Ti plasmid is
transmitted to plant cells upon infection by Agrobacterium tumefaciens, and is stably
integrated into the plant genome (Horsch et al. (1984) "Inheritance of Functional Foreign
Genes in Plants," Science 233:496-498; Fraley et al. (1983) Proc. Natl. Acad. Sci. USA
80:4803).

25 Plants from which protoplasts can be isolated and cultured to give whole regenerated
plants can be transformed so that whole plants are recovered which contain the transferred
foreign gene. Some suitable plants include, for example, species from the genera Fragaria,
Lotus, Medicago, Onobrychis, Trifolium, Trigonella, Vigna, Citrus, Linum, Geranium,
Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis, Atropa, Capsicum,

30 Hyoscyamus, Lycopersicon, Nicotiana, Solanum, Petunia, Digitalis, Majorana, Ciohorium,



transforned gene can be acconplished using phenotypic markers. Caulifl ower
nosai c Vvirus (CaIW) can be used as a vector for introduci ng foreign
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20 three variables are controlled, then regeneration is fully reproducible and repeatable.

In vegetatively propagated crops, the mature transgenic plants can be propagated by
the taking of cuttings or by tissue culture techniques to produce multiple identical plants for
trialling, such as testing for production characteristics. Selection of a desirable transgenic
plant is made and new varieties are obtained thereby, and propagated vegetatively for

25 commercial sale. In seed propagated crops, the mature transgenic plants can be self crossed
to produce a homozygous inbred plant. The inbred plant produces seed containing the gene
for the newly introduced foreign géne activity level. These seeds can be grown to produce
plants that have the selected phenotype. The inbreds according to this invention can be used
to develop new hybrids. In this method a selected inbred line is crossed with another inbred

30  line to produce the hybrid.
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activity level. These seeds can be grown to produce plants that have the
sel ected phenotyp The inbreds, according to this invention can be used to
devel op new hybri ?s"."bqréﬂ'“?qﬁ %fetﬂfe{“mmwa grdtiustratsd by the;followine gxamaplesy wi t h
anot her i 20r eghich should not be construed as being limiting. The contents of all cited references

(including literature references, issued patents, published patent applications, and co-

O

pending patent applications) cited throughout this application are hereby expressly
incorporated by reference.

25 EXAMPLE: Generation and Testing of An Antibody-Carbox tidase B Fusion

An F(ab") 2-enzyme fusion protein was subcloned into a Goat Beta-Casein
expression vector BC350. For each one of the 3 constructs: 213 (MF21q3-13, Fd-enzyme
fusion gene), LC (LC3, light chain), and 141 (MF141-4, pro domain with C-terminal

30 leucine), expression cassettes were separated from the bacterial plasmid sequences. The



30 line to produce the hybrid. WD 01/19846 PCT/ USOQJ 25560 -36 Parts

obtained froma transgenic plant, such as flowers, seeds, |eaves, branches,
fruit, anevdgdiasdsske are covered by the invention, provi dednusberisséghese parts
include cells which have been so transkerned. Progeny and variants, and
mut ants of the regenerated plants are also included within the scope of
thi s inventj,qa, Wel=Ya Lhese: ' | ntr.oduced DNA
sequences. ﬂlgf% ugﬁfléegénd va{rhigﬁelg%ﬁ ?Fﬁéﬁjgagriﬂ%%%gg#éoﬁ'eg%agr%%%?gmelfe‘ants are
al so i ncl udlines iat Ty allvsuburjseof dfe R(#h)2-enzymerfusiompro®i antibodynand 3 linesttageni ¢

plants or p > [ | _assay, such observi ng
color c hangéggy%gﬁgé !,nﬁ:gg% ?g *ﬁ%&gﬁgﬁg ] szﬂgff’dﬂ@%i‘xw 8@&&"’?%‘9’“ and
uni f orm cofoondepand fiastgeperafisroivmeles,and tested G EAIS A aiid @izpd@g activity agays. al SO

i nvol ve bi oghent-gal S.0of. 10 either enz ti.vity or product

quant i ta? i onqmg}r‘g'gg%@%?@%ﬁgﬁlpg &msﬁf“écﬁt"xg@ﬁ)élr@ églébﬁ“&%ﬂe quﬁ’f‘@r‘ﬁ?@ﬁf s
bearing t helepdlesupeiarité 1 afg/mh(pessitdy uptod -i6hag/B)) wharis all 3 RS catying B hie" €d,
such as by | spal, appear ance (f?r fl, vonm& e ei) or biochem cal” assays
(Nort hern &%ﬂ@%’?@'?@?ﬁexﬁﬁeﬁaé,evélﬁﬁwré% ég@p‘& d flavonoid conpound
assays, incl udi riyarspenid mies eQityssing AdumakizémiibalySFraghlent {asPme fusion Jrotdin THE
Fl avonoi ds, &g{ﬁ éand 2, [Acad., Press]). Appropriate 15 plants are

sel ected arf§(@PUFRE) capy %H@%%ﬂwweggmmmﬁﬁgéﬁab%m |y

engi neengd 8oBloan fiftediota thedifiétEiuntlf $abbRPepidisd IS e WerlBeneritedS Tpdd.  US
Patent No. 5, 482,852, and European Patent Application EP 693%&, all of

whi ch are HEPSESHCITHEOVHS BSREHCARY qomicrainjection o i Gash BetadFasein maimmaent i on
are furt hergldrdlepsressiin®@nd®hctsNOnk e&dsemmlqrg@wg%s%? tagrgw;}ivgﬁ chomld, not be

construed as being limting. The contents ef erences
(i ncl udi ng leycins) exprrseed;ths prpwiemeain of CPBy the ofher 2 nenstrugssBiG anidd 3 Gighe chain

applicatio 1 - | ' ' r Qut- this
Dbl cat | o Syt uRGNED G Hy) BPRstc it faBay SRS Rl BRI p | 1.
Gener at 1on ofithe CEBsprpdigmein imfrapgiwasshown @experimentpednducted Befiosslon beAn F(ab' )
2-enzyne f 'Bgé;npf [ 51 1hcd ) L sein expression
vect or BC?,%%' For ogglgﬁ %ﬁﬁ(l) ‘Heﬂg&ggﬂﬁ%%%}%es@%%éﬂ@g%%@ 13, Fd-enzyne
fusion gene), LC (LC3, light chain), and 141 (MF141-4, pro donmain with
C-termnal 30 |eucine), expression cassettes were separated fromthe
bacteri al el dMgthadses. The

Restriction enzymes were obtained from New England Biolabs, Beverly, MA.

J

Ny

20 Nylon membranes (MagnaGraph nylon transfer membranes) were obtained from Micron
Sepasrations Inc (MSI, Westboro, MA 01581). Alpha*’P--dATP was obtained from NEN
Life Science Products, Inc. Boston, MA. Sequencing was performed by Sequegen
Company, Worcester, MA. Plasmids, 213 containing the MF21q3-13 Fd-enzyme fusion
gene, LC containing the 806.077 light chain coding region, and 141 Zeneca '
- 25 Pharmaceuticals. CD1 mice were obtained from Charles River Labs, Wilmington, MA.

Preparation of Injection Fragments
Plasmid DNA was obtained from Dr. Michael D. Edge (Zeneca Pharmaceuticals)

and expression cassettes (100 ug each) were separated from the vector backbone by

30 digesting to completion with Sall. Digests were then electrophoresed in an agarose gel,



WO 01/ 19846 PCT/ USQQ/ 25560 -37 three transgenes were then co-m croinjected
I N nouse zygot es. Seven transgenic nouse lines that carry all 3 subunits

of the F(abyjgs fusion protein antibody and 3 lines t carried
?ﬁg‘? s00/25560
transgenes an 13 were anal yzed. M|k sanples were collected from

founder and first generation females, and-ésted for ELISA and enzyne
activity ass t even | i nes carryln 3 transgenes express
the F(ab')2- e‘r‘%@‘&tﬁggﬁi“fﬁ'ﬁf n 1952) a3 wymipg buffese Thesegion of thegelgontaibng:i bl y
up to 4 - 6 nikeIDNA faphier eafespbidirk ﬁlﬂ%ﬁ@é&ﬂd&ueawwgmm&&d@{@v%ﬁt

transgenes express at | evel s inferior to O. . Transgenic m ce
expressing a WRVE dWQ%?mW&MADf mgshwas exsiseh tyansfereddrto a dialysis

Fab') b 10 B BEF DOCh B IR by e g PR &l P TARD Tkt eralB Bk

wer e gener at e@ChmsﬁmntCMMem cm ce wer e generated by co-m croinjection

of three Goat Bet ression ¢
construct, 141 (ﬁ%ﬁi’ﬂﬁlmm n W %gpﬁcﬁgqeng{&g%ﬁﬁc&mg%pg%sed
t he pro- dorralumng‘thé:F’H;zatdﬁNAtcﬂmn-u@ symm't (rP«mﬂ%a, ¢£#M28(B,1t3116\lvinghﬁe gibdted and

Expr osai on 15 8PoRad ehBREECIa ot SRl G R AL T e hC

conduct ed pr emMo. Hragntent éomcermatiasway gvafuated bj) Corip@@tive agabsh defeldétrophoresis.

f usi on- pr of ei mature terial s and Net hods Restrl ction

enzynes wi@ "@B’t%ﬁ egc?'?“’ ) %&5\% eqiiop fagroentiigeks Were agfoliows: 4l &%

menbr anes ( VagalS14phs0yibail, ixﬁ&ﬂSfBOn maasakswc@mlﬁém%&foﬂ?é%ﬁron
al ned

Sepasr ati ons MBI, West boro 581 Alpha32P- - dATP was ob

from NEN Li f%‘%%&lm@ RJB'HE’E‘?’ m)‘?‘i@“seeéha&ﬂle congegtratinn af gactbfagment wasred
by Sequegen ¢Xagany, Wrcester, MA. Plasmds, 213 contai ning the MF21g3-13
Fd-enzynme fusion gene, LC containing the 806.077 light chain coding
region, and 141 Zeneca 25 Pharmaceuticals. CDl1 mce were obtained from
Charles River Lahs, WImngton, MA.. Preparation of Injection Fragnments

Pl asni d DNh MisraimieetioRed from Dr. M chael D. Edge (Zeneca Pharnmaceutical s)
and expression ca t @ltee&ml F ar
backbone by 30 di g?gti%ﬁgle%%%lse lon W ta?f Zal %B@Q ?%Pe:“ﬁ‘@n

el ect r ophor eS¥iflupt, Thg n@S@prgmgleg@nere then nncromjected with DNA dlluted in microinjection

buffer. Microinjected embryos were either cultured overnight in CZB media or transferred
immediately into the oviduct of pseudopregnant recipient CD1 female mice. Twenty to

20 thirty 2-cell or forty to fifty one-cell embryos were transferred to each recipient female and
allowed to proceed to term.

Identification of Founder Animals
_ Genomic DNA was isolted from tail tissue by precipitation with sopropanol and

25 analyzed by polymerase chain reaction (PCR) for the presence of the chicken beta-globin
insulator DNA sequence. This sequence is part of the Goat Beta-Case vector (GBC 350).
For the PCR reactions, approximately 250 ng of genomic DNA is diluted in 50 pl of PCR
buffer (20 mM Tris pH 8.3, 50 mM KCl and 1.5 mM MgCL,, 100 4M deoxynucleotide
triphosphates, and each primer at a concentration of 600 nM) with 2.5 units of Taq

30 polymerase and processed using the following températuré program




WO 01/ 19846 PCT/ US00/ 25560 -38 using 1X TAE (Maniatis et al., 1982) as
running buffer. The region of the gel containing the DNA fragnent

corr esponGydgi/iogsst he expressi on cassette was visualized poyhesooA¥skd ght

(long wave). The band containing the DN%\ of interest was excised, .
transferred to a dialysis bag, and the is isolated by electro-elution
in 1X TAE. This procedure was applied for 5 each expression cassette.

Fol l owi ng el ectro-elution, DNA fragnents were concentrated and cl eaned- up
by wusing the "Wzarg DNA cl ean-up systent (Pronega, Cat #A7280), follow ng
the provided protochlf¥dnd el ut¥hg in 125 mi of0%fcroinj ection buffer (10
mM Tris pH 7.5 EDTA 0.2 nmMO Fragnent concentration was eval uated by
conpar ati ve agarose gel electrophoresis. 10 The deduced concentrations of

m croinjection fragments stocks were as follows: LC, 15 ng/m; 141, 180
ng/ M, and 213, 270 fhgyalés. The 9d4t®cks were co-Mseated i n nicroinjection
buffer just prior to pronuclear injections so that the final concentration
of each fragment was 0.5 ng.msged5 Mcroiniecddgens CD 1 female mce were
superovul ated and fertilized ova were retrieved fromthe oviduct. The nale
pronucl ei were then m croinj ecL,gq:with DNA di Igs%g in mcroinjection
buffer. Mcroinjected enbryos were either cultured overnight in CZB nedia
or transferred imrediately into the oviduct of pseudopregnant - recipient CD
1 fermale mce. Twenty to 20 thirty 2-cell or forty to fifty one-cell
enbryos were transfe#d % %O'eaﬁhoéeci pient fe e and allowed to proceed
to term ldentificat §F Fourd® Aninmals GenShT& DNA was isolted from
tail tissue by precipitation with sopropanol and 25 analyzed by pol ynerase
chain reaction (PCR) for the pfe¥ence of the cH¥ken beta-globin insulator
DNA sequence. This sequence is part of the Goat Beta Case vector (GBC 350).
For the PCR reactions, approxi m#ily 250 ng of30setomic DNA is diluted in 50
pl| of PCR buffer (20 MM Tris pH 8.3, 50 MM KC1l and 1.5 mM MgCL2, 100 pM
deoxynucl eotide triphosphates, and each prinmer at a concentration of 600
nNM with 2.5 units of Taq 30 pol ynerase and processed using the foll ow ng

t enper at ur Prinied getem

GBC 332 and GBC 386, amplicon is 206 bp

‘GBC 332: TGTGCTCCTCTCCATGCTGG (SEQ ID NO:_ )
GBC 386 TGGTCTGGGGTGACACATGT (SEQ ID NO:_)

Southern blot analysis of transgenic founders:
10 Genomic DNA ((24 pg total, 8 pg/lane) from each founder mouse positive for the
insulator PCR was digested to completion with the restriction enzyme EcoRI. Digested

DNAs were electrophoresed in triplicate and transferred to nylon membranes according to
standard methods (Maniatis et al., 1982). Probes specific for each expression cassette were
isolated from the VK (L.C10 in pSP72, 72 bp probe), ProL (pMF141-4 in pSP72 345, bp

15 probe), and fd-CPB (pMF213-20 in pSP72, 1861 bp probe) plasmids (provided by Michael



WO 01/ 19846 PGINS00/ 25560 -39 1 cycle 940 60 sec 5 cycles 94C 30 sec 58C
45 sec 74C 45 sec 30 cycles 94C 30 sec 55C 30 sec 74C 30 sec Priner
sets: GBC 332 and GBC 386, anpli con is 206 bp 5 GBC 332! pcr/uso0/25560
TGTGCTCCTCTHEAVEER G (SEQ 1D NO C 386 TGGTCTGGGGTGACACATGT (SEQ ID
NO -) Southern blot analysis of transaen “founders: 10 Genom'c DNA ((24
pg total, /1 ane) from each founder nouse e far | nsul at or
PCR was di ges’g %E‘E?ﬁbw&??“%a!sh by Retipgwith Ee‘i.’@wY»éﬁwﬁp esspastivelyy gach ed

DAS vier e el egbbRaolaBag sl rkideiils o e Pﬂﬂleln--ﬁn&tf(s&wgéne @A BBOP anes

according to " standard nethods (Maniatis et a Pr obes specific for
each expr essi swordinglemagufgeturers mstonctions and yfridized WWE@I@Y’QD@QWZH 50% bp

probe), ProlL ° 3-20 in’
bsp72) 161 LIRFARER 5t T Rt et BlotoR (UAEkse S, [T cHpd e

PCTI USOOlZSSGﬁbﬁ@BdBGOBU,QmMZEKQSE CherSDs.eut i caI s) by cutting with Sall,
Xhol , and Xhol respectively. Each probe was |abel ed using reagents from
the Prime-1t"I1 kit (Stratagene, LaJolla CA 92037) according to

manuf acturers,Mohgbs,hngﬁ:gi ons, and hybridized to one set of nylon filters in
50% formam dé a followi ng standard prootocols (Maniatis et al.

1982). Washes wer eFenairmicsweeplipwed trodelivertheinpypsm lly candoyesygeneratjy pajlked

m | ki ng Femal & %gyse A 5 GotbArNE Mice Wi deiihted RBI it Biferd Bk YpgtbdhateRPche"er ©

generally m|
10  hour prior to the milking procedure. After the one hour holding period, mice were induced

to lactate using an intraperitoneal injection of 5 i. U. Oxytocin in sterile Phosphate Buffered
Saline, using a 25 gaugage needle. Hormone injections were followed by a one to five
minutes waiting period for the Oxytocin to take effect. A suction and collection system
consisting of a 15 ml conical tube sealed with a rubber stopper with two 18 gauge needles

15 inserted in it, the hub end of one needle being inserted into rubber tubing connected to a
human breast pump, was used for milking. Mice were placed on a cage top, held only by
their tail and otherwise not restricted or confined. The hub end of the other needle was
placed over the mice's teats (one at a time) for the purpose of collecting the milk into
individual eppendorf tube placed in the 15 ml conical tube. Eppendorf tubes were changed

20 after each sample collection. Milking was continued until at least 150 pl of milk had been
obtained. After collection, mice were returned to their litters.

Microinjection of Mouse Embryos.

The fragments were coinjected into 1708 mouse embryos, of which 945 were
25 transferred to 31 recipient females. Of these females, 27 catried pups’to term and gave birth
to 172 p ups, 20 of which appeared transgenic following PCR analysis. Of the embryos
injected, 1.2% appeared transgenic; of the pups born, 11.6% appeared transgenic.

Southern blot analysis of founder mouse lines.




on days 7 and 9 postpartum Mce were separated fromtheir litters for
approxi mately one 10 hour prior to the mlking procedure. After the one
hour hol diwgoipegde0d, mi ce were induced to | actate using rorosob/tsager it oneal
injection of 5i. U Oxytocin in sterilggPhosphate Buffered Saline, using
a 25 gaugage needle. Hornone injections were followed by a one to five
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st opper wi t by Seutherg blettinghybeididation to Betemsine: thedwhich Were pblitived W MBree{350N€

dl e bei ' t ' bi ted . t .h n b t ,
vas used T oft Rre PO oo RRAE ek el TR e iy Roriomng t verv noi 1

tail and ot besitive @CRoassayelitt nd equiebeal positivé il coul®Be detbttednding'SohihemOt her

needl e I Ved.o the mce' s_tea ne_at time) for the purpose of
col | ecti g Pﬂbﬁ%ﬁﬁgﬁ' Erﬁ"f)&lﬂfrﬁ\"{fﬁﬁig’l7%eL@e%ﬁ?l'ﬁﬂ‘iéﬁlp‘f’ﬁ&éhaﬂmqsﬁyef@ n
coni cal t ubat ledsppensiuid trdnsipnes, bevoiaay Atk &Qnddhicbr £ R6k oRBBPHE ofig) | €Ct i on.
M | ki ng wa ntjl_at, | east f mlk had been obtained.

s, conti nugd 150 p.1 o
After coll eB?‘}sé?ﬁes’nf'Péﬁ%éﬁxef°W@FﬁK%é7:t&9, 10161, 1 6G)shreed hybodigativnetgralsn of
Mouse Enbrypdicatiipeati¢asipiRbsy ofRbéh kgthect ed into 1708 nouse enbryos, of
whi ch 945 were 25 transferred to 31 recipient females. O these fenales,
carried pups to termand gave birth to 172 p ups, 20 of which appeared

27

transgenic following PCR analysis. O the enbryos injected, 1.2% appeared
t r ansgenPc; Iebie Lnupmayy of Spythern hybridization date fomBetasepsein e F(aB02eimynie bl ot
1 fraRpgenie fayaders. \@ony numbeeaspaishlySoeass bY compdrisdine 20

anal ysi s of fufign RELTIn fag |
transgeni c T&theldpged with kngwnamaynt of Ecodlidigssted migroipjeRtioncfragnentlund,dsl f ur t her
by Sout her ntndpigetablafy Bgwhers). zati on to deternine: A - which were positives
for all three (35, 63, 73, 81, 86,92,120, 169) were weak nosaics. These

were cld&rly positive using the very sensitive PCR assay, but no equivocal
positive sl gnalFemisrd be |déitagtgent usi ng| Bddthsgene 5 hy[rRIdtramdgenons. Sj X
other founders (5 76 __12Estimaiedcomy 1 hestimatedicope# e cl|estimagedpomi# i ve|f or
at least gne_of the tranggenes,_ but clearly negative gr _nosaic for af |east
one of theMﬁ_ t ransgenes inally LX fd‘aﬁders (45, '67,2'389, 106 161,
166) showdd—hyb@edizatioh signdls indikating at |eastl one €opy of ehch
t ransgene. rn hyBdi di zatilon dated from Bet a
casein - F und. und. und.

7 2-3 2-3 3

73 und. und. <]

76 und. 1-2 1

81 und. und. und.

86 und. und. und.

89 >10 >10 >10

92 und. und. <1

106 _ 3 23 1

120 und. und. und.

121 <1 1 1

128 <1 und. <1

131 <1 und. <1

152 23 2-3 2-3

161 und. 1 <1

166 2-3 3 3-5

169 und. und. und.




fusion protein transgenic founders. Copy nunber was roughly eval uated by
conparison to signal obtained with known anmount of Eco Rl digested

m croi njection fragnent (und, is undetectable by Southerpgrmddensegynder LC
transgene Yﬁyﬁp?éﬁsgene 213 ‘transgene Estinated copy # estimted copy #
estimated copy # 5 2 und 2-3 25 4 4 2 %5 und. und. und. 63 und. und.
und. 67 2-3 2-3 3 73 und. und. <1 76 und. 1-2 1 81 und. und. und. 86
und. und. unBreedivg of mousellinesi10 92 und. und. <1 106 3 2-3 1 120 und. und.

1'<1 166 -3 3 orgovagsuim Sleankiihyol (il T4 g Vordiehefildpudg). "
Breedi ng of 2H65e76,i89cH16, 21, 12R)il 2) afid U6 cTabld R sunnzamnizbs/the breeding ofieath line;10
lines were s ‘i‘laﬁg%?gm];n?{nztc){ He gb\ﬂﬂem glot analysis of PCR positive F1 offspring. From this
5 analysis, all founders, except #121, passed their transgenic ihtegration(s) to the next
generation. Other lines (5, 25, 76, 128, see Table 2) also showed signs of germline
mosaicism, with low percentage of transgene positive offspring.
Southern analysis also suggested that some of the founders may have multiple
integrations for some of the transgenes. For example, 200 and 201 which are offspring of
10 founder 166 appear to have different copy number for transgenes LC and 141, and the same
copy number for transgene 213. One explanation bouid be that the 166 founder has at least
two integration sites on different chromosomes, one cdntaining only LC and 141 transgenes
and the other containing all three transgenes. 200 would have inherited both integration
sites whereas 201 may have inherited only the site with all the transgenes (other scenarios
15 are also possible). Multiple integrations are difficult to identify by Southern blot analysis,
especially when 3 different transgenes are involved. However, in large animals our use of
FISH (fluorescence in situ hybridization) and karyotyping permits to sort out multiple
integration situations.
In summary, 2 founders (5, 76) passed double transgene integrations (L.C and 213)
20 1o their offspring, and 6 lines (25, 67, 89, 106, 152, and 166) passed all three transgenes to
the next generation. Another founder, 128 was doubly transgenic for LC and 213, had a
transgenic offspring (232). However this offspring was not analyzed (it was bom later due
to delays in breeding 128). That line was not pursued further since protein analysis of 128

milk showed no significant production of the fusion-protein.
25
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were anal yzed) females 5 (F) 2/10 217,219 25 (F) 117 204 67(M 113. 177
76(F) 1/6 212 89(F) 2/5 178, 179 106(M 1/5 186 121(M 0/5 None 128(F)
1/8 232 15 mggﬁ 194, 195 166(F) 2/6 200,201 5 WO 01/ J8fh&ensseo

PCT/ US00/ 25 Af Tabl e 3:- Summary of Sout hern -hybri di zatlon 3ata from
Bet a-casein - F(ab')2-enzyme fusion proté‘?n transgenic F1. Copy number was
roughly eval uated by conparison to signal obtained with know anount of
EcoRl di gest ddblgider a5y of Innthermbybsidizationdata frem Baiacreseinc t BlebR-onzy®eut her n) .
5 ‘Founder Tr dwsiepeproteirritansgenipyEln dippi aumbér Wassenghbrryalnated by comspazisen torignaht
Copy # Copy #bosy withmpwanpust of EgoRI digéstedGuic®ingectitn fragment ind. s 1- 2?7 1- 27
76 212 2 0 2und8ecatfs byrSoutliepn)>10 >10 106 186 3 3-4 2-3 152 194, 195 4-5 4
4-5 166 200, 201 1 (200 1 (200. 4-5 3-4 (201) 4(200) (Both 200 and

Founder Transgenic F1 Lc Transgene 141 Transgene 213 Transgene
Parent _ Copy # Copy # Copy #
5 217, 219 2 0 2
25 204 3 3 334
67 177 1 1-27 1-2?
76 212 2 0 2
89 178, 179 >10 >10 >10
106 186 3 34 23
152 194, 195 45 4 43
166 200, 201 1(200 1(200 45
3-4 (201) 4(200) | (Both 200 and
201)

Analysis of transgenic mouse milk samples:

Mouse milk samples were collected from founder females as well as from F1
10 transgenic females. It was decided not to dilute the milk with PBS, to avoid possible
interference with the enzymatic assays. Samples were frozen at -20°C until testing. Assays

are summarized below as Table 4.



201) Analysis of transgenic nouse m |k sanples: Muse mlk sanples were
collected fromfounder fenmales as well as fromF1 10 transgenic fenales.
It was deowgethopdst to dilute the mlk with PBS, to avoi dpd¥ossvbidseo

interference with the enzymatic assays..gganples were frozen at -20C until
testing. Assays are summarized bel ow as Table 4. WO 01/19846 PCT/ US00/ 25560

mice expresaing= & NONNY SE0 Sa o+ YRRl oh 0y AU et e n

m ce expressi ng
(Fab' ) 2- cPBph ch/pqﬁmameammdmpm(m@am CPB).anegases) ELI SA

| evel s Enzy %FP @Y Transgenes) (mg/m) (nmg/mM) 5 (F, LC213) 0.092 0.025
217, 219 (LCG213) 1ow low 25 (F, LC213-141) 1.5* 1.2* 204 (LC 213-141)
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*Assays performed on milk collected on the second lactation of the 25 consistently gave
higher values
Constructs linking the Goat Beta Casein regulatory sequences to coding region of
10  the light and heavy chains of humanized anti-CEA F(ab")2, 806.077 fused to a modified
human carboxypeptidase B enzyme, and to the coding region of the pro-domain of CPB
(with C-terminal leucine) were generated. Transgenic mouse lines were generated with and
without the transgene expressing the CPB pro-domain. It was demonstrated that mice
transgenic for all 3 constructs are capable of producing the (Fab')2-CPB fusion at high
15 levels (up tod-6 mg/ml) in the milk of transgenic mice (4/6 triple transgenic lines
expressed at levels superior to 1 mg/ml), with expected enzymatic activity. However, the
absence of CPB pro-domain expression seems to correlate with low level secretion of the
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prodrug therapy of cancer.
. EXAMPLE 2: Generation and Testing of Anti-Transferrin Receptor Antibody/
20 Angiogenin Fusion Constructs

This Examples shows expression of anti-transferrin receptor antibody/angiogenin
fusion proteins in the mammary gland of transgenic mice. A chimeric mouse/human
antibody directed against the human transferrin receptor (E6) was fused as its CH2 domain

25 to the gene for a human angiogenic ribonuclease, angiogenin (Ang). It was expressed in the
mammary gland of mice ;md secreted into mouse milk. Expression levels in milk were
approximately 0.8 g/L. The chimeric protein retained antibody binding activity and protein
synthesis inhibitory activity equivalent to that of free Ang. It was specifically cytotoxic to
human tumor cells in vitro.

30
Materials and methods




15 activity against Kipp-du subtrate when position 251 was Asn. These
reversed polarity nmutants of a human enzyne have the potential to be used
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Angi ogeni n Fusion Constructs This Exanples shows expression of

anti-t ransf,ﬁr Eg E!!!E%&Ot or antibody/angi ogenin fusion proteins in the

mammary gl genic mce. A chineric nouse/ human antibody directed
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expressgd iﬁa@)’nlg% Dl %EIP%PQ qg%ﬁgmﬁ%z g‘nds@ F@\"@g ﬁ“%f &§€%|
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retal ned_anti ] Lng. activity . a synt hesi I.nhi bitor
activity’e @M@dfﬁ’é‘?aﬁ?‘“‘"?@yaﬁﬁ&ﬁt% %&’E‘F"f%c €y cytot oil cto
human tunor cells in vitro. 30 Materials and nethods WO 01119846 PC

/ USOOn5560 _ -47- Transgenic mice Transgenic mce were generated foll ow ng
st andar d ptﬁiﬁ@m&gﬁdures (Roberts et al., 1992; DiTullio et al.

1992; CQuti err ez Mk @ntainid@BOIG aftibedyFhs ippﬁaimrmotbﬁms&;mameé Qﬁﬁiﬁﬂaﬁé‘Ct ating

femal es and the mlk collected and diluted with an equal vol une of

phosphat e iltedwith 04 ghidne PHH?-8ate thbes containing B dris bpsed tapdivst pHted at -70
C. o7 2561 Qi) WhcEhhnkining W sGOBLRLINCHRASE) b3 ARl o Eey B 1 00 Lo 2
nd elu

Protein A Sepharose_ colum quI ne I nto tubes
cont ai ni ng iheubFied gn wa&@otr@na@ms@nMEa@oq@rh@mm Eyn Wzﬁarﬁm ni ng the

fusion prot ?aréﬁ ice for 20
m n before s(;!aenpnt rifugati on for %ﬁ%mﬁhﬁa@%ﬁg%ﬁﬂégﬁuge e skimmlk
was r enovegutfeatiop by yize exslusiondigheperforpance liquid chyamatograghiioray ESK 3669 or e -

TSk 3000 ol (TP Colft VA gl RLRR R oL OM ol ARRRATY 17\

phosphal® (Fhkefflow, rateiag 04 ml/min and 1 min fractions were collected. the majority of material
reacting with an antibody against angiogenin eluted in the void volume of the column. This -

material was pooled and arginine powder was added to a final concentration of 1 M. After

an overnight incubation at 4 C, the sample was re-chromatographed on the TSK 3000

column as described above. CH2Ang containing milk required a second treatment with 1 M
20 arginine and re=chromatography on the sizing column.

~ Protein determination
" Protein was determined using the following extinction coefficients: E6 IgG
antibody, E1%/280nm = 14.0; CH2Ang, E1%/280nm = 10.0.
25
Protein synthesis assay
Cells were plated at 2500 cells per well in 96-well microtiter plates in Dulbecco's
minimum essential medium supplemented with 10% fetal bovine serum. Additions were
made in a total volume of 10 pL, and the plates were incubated at 37 C for 3 days before 0.1

30 mCi of [14C]-leucine was added for 2-4 h. Cells were harvested onto glass fiber filters
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members of this superfamily are small (12-14kDa). basic ribonucleolyutic enzymes found

in the pancreas as well as other organs. Fluid and tissues of mammals and amphibians.
“ Though these RNase can leave RNA physiological actions e.g. eliciting angiogenesis, host
20 defense actions and antiviral effects have been described for various RNase members.
Because RNases might be part of a natural defense system they have been used to create
chemical conjugates and recombinant fusion protein with a variety of antibodies. Since
those studies indicate that RNase based therapeutic may have potential for the treatment of
cancer and AIDS, the original RNase work with the chimeric antibody against the human
25 transferrin receptor was re-explored using newly developed technology for the production
“of complex proteins in the milk transgenic animals. The molecular details of the genetic
constructs used in these studies are shown above. The Roman numerals correspond to those
shown in Fig.2 panel A and expand on the DNAs cloned between exons 2 and 7 of the goat

B-casein gene.
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20 binding of the antisera to the H chain.

The chimeric IgG antibody was purified by chromatography on Protein A
Sepharose. As shown in Fig. 2C, lanes 1 and 2, Western analysis of the final purified
product by gel electrophoresis under reducing conditions showed the presence of light (28
kDa) and heavy chain proteins (approximately 55 kDa). Western analysis uxider non-

25  reducing conditions (Fig. 2C, lane 3) demonstrated that the transgenic antibody existed as a
mixture of IgG and Fab forms (168 and 84 kDa, respectively). A small amount of free
heavy chain (55 kDa) was also seen. |

Milk containing the CH2Ang fusion protein was similarly collected and diluted with
PBS. Protein A Sepharose failed to bind the angiogenin fusion protein. Analogous results

30 were obtained when the same CH2 antibody fragment previously was fused to TNF and it



15 (43 kDa; antibody heavy chain, 29 kDA; Ang, 14 .kDA) in the fusion
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transl ational capacity of the rabbiteticul ocyte
in this assay indicating that the conformation of the active site residues was not affected by

fusing Ang in this orientation (NHp-terminus) to the CH2 antibody domain.

20 The antibody potion of the fusion protein was characterized by competition binding
experiments (Table 5). Binding of milk-derived E6 antibody (IgG) to the human transferrin
receptor was tested and compared to that of the same antibody originally purified from
hybridoma cells (Heyligen et al., 1985). The ability of both antibodies to displace the

[1251]1abeled parental antibody was identical (50% displacement by either antibody was 0.8
25 nM). the CH2Ang fusion protein was 175 fold less active than the E6 intact antibody (140
nM CH2Ang versus 0.8 nM E6).
The cytotoxic effects of the Ang fusion protein on human tumor cells was assessed
by measuring [14C]leucine incorporation into newly synthesized proteins. Typical dose
response curves are depicted in Fig. 3. CH2Ang inhibited the protein synthesis of SFS39



| ysate by a nmechani smthat depends upon its ribonucleoytic activity (St.
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specific targeting agents. Angiogenic activity is maintained when Ang is expressedasa
fusion protein (Newton et al., 1996). Angiogenin also binds a cell surface proteoglycan on -
20 human colon carcinoma cells (Soncin et al., 1994). Accordingly, localization to tumor sites
by the antibody could be increased by the tumor cell binding properties of Ang while
increased angiogenesis could conceivable aid tumor penetration by increasing tumor
vascularization (Néwton et al,, 1996). Moreover antagonists of Ang prevent tumor growth
(Piccoli et al., 1998; Olson et al., 1995). Thus Ang activities are pleiotropic; their
25 manifestation is governed by the cellular milieu to which Ang is exposed e.g., targeting the
cytosolic protein synthesis machinery causes cytoxicity (St. Clair et al., 1987; Rybak et al.,
1991) while endocytosis and translocation of Ang to the nucleus in endothelial cells has
been reported to elicit angiogenesis (Moroianu and Rmrda.n, 1994). These biological
properties of Ang afford unique opportunities to design both cytostatic (antiangiogenic) and



angi ogenic activity in the chicken enbryo chorioall antoic nmenbrane and

rabbit corneal 15 assays (Fett et al., 1985). Its honology to ribonucl ease
and distinctiyv leolytic activity (Shapiro et al., 198 toits
angi ogeni c y‘%‘ﬁ()‘?#?y yi el d uni que biol ogi cal properties thg may %S(r%grmt e
enhanced tunor cell killing when Ang is tgggeted to tunor cells with cell
specific targeting agents. Angiogenic activity is maintained when Ang is
expressed as @ordiS{aliitnioP EAI) thek Mﬁ&«i&aﬁ iefby antdgdBfiing NapicORANY Brgdhing bi nds

a‘cell surfacé prot eoglycan on 20 human coI on carcinoma cells (SonC| n et
al ., 1994). Abispra¢ingespectivelyal i zation to tunor sites by the antibody coul d

be 1 ncr eased by ¢ Afetuihiioh il Hizile BB Gl 85meh dhlicd Bilafeusb o 225 e

angi ogenesi s coul concelvab e ald enetration I ncreasl ng tunor
vascul ari zat i cancef (Rytakat alt, 1991; Rybakos pl., mzmmn etral.al93; Newtoofet And99; event

tunmor growt h PICCO|I a 9 Thus An
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cellular ml Ih datmdx&smﬂurdhef&a@{alﬁr a9paCuller,. 1997) depsenyebn ﬂ_gveldpﬁ-ng npteeﬁgx’é ic
protein synthesis mac causes cytoxigity (St. air., 1
Rybak. ot 3l Soteg apaeior EodRAE Pt aes s ol et B BHORRY SRR
(Nor of ant ang. B orden 1054y nes m"mwwﬁ‘;?“@“‘”i‘?‘??“‘iﬁfniﬂ or d
uni que oppor therl@gn%wa% °8‘HP a‘t‘iﬁ’ 3 F’bﬂ’{séﬂidgahﬂ%é‘ﬁﬁ?@P fhet fype
01/19846 FET/dduwldWe sdéresttully dxpressét @ @ Risfon(padiéin in/iRisgéifit injcebBSdusdLiiinilar

strategies by antagonizing or specifically tar %_etl n t.his_protein,

respect i vel y.fusierptotes} Was-AXprsssegonly At Xery doy levels s amyelamastels ¢ ar get ed

therapeutics fQimabl ?'&ﬁ@fo é&%‘ﬁ&@&l@ndm%gg&reﬁﬁ%& ttoﬁieseleétﬂﬁ%flé\@wt on et
al ., 1992; wton e wton et al Jinno et al., 1996;

Zewe et al . PI@@VGI‘S mphﬂln 19923 Remerkably,in $ipnaiel engizoranest ofithemammans ease
(Haber, 1994 lhEandignyordenentbn 1&?&@ TR0 FXRE BIGH R CenRURLE

capabl e of uci ng these reagents I ni cal characterizatio and
event ual 15;I |(a48<gaL vsuéetgllamnéls m@nymmacqmaemwlﬁnﬂ‘h%ﬂwa&mgssihletommfy
protein int S di28 £d in
this study. Fﬁfﬂv\a/aeé{(aﬁg "o ci/i ouﬁél&%]ﬁjg} Hkng cou'?%gggechéﬁgcessﬁjl expr essed

as a fusion ponteguencésrofthiswegeiaithat ﬂiedmpdumnemsfehaorsemaﬁoarof Angdn ofusionot ei n
1 DL gt Bk ke B e e B <SR B bt
sel ecti on of wa\ised at the C-terminus to the N-terminus of the antibody (Newton et al., 1996).

20 Subsequently, it became known that the last three amino acid residues of the C-terminal
regidn of Ang contribute an active center subsite (Russo et al., 1996). Whereas Ang in the
CH2 fusion protein and free Ang were equipotent in the rabbit reticulocyte lysate assay,
Ang in a single chain fusion protein was two fold less effective than Free Ang to inhibit
protein synthesis in the lysate assay (Newton et al., 1996).

25 This is the first demonstration, in general, that antibody-enzyme fusion proteins can
be expressed at high levels in the mammary gland. In particular, the demonstration that
antibody-Ang fusions can be expressed in the mammary gland has implications of the
development of transgenic mouse models for breast cancer. Promoters from other milk
specific genes have been used to cause the expression of transgenes during lactation

30 imitating the onset of neoplasias (Amundadottier et al., 1996). Since the results of the



producers (Rybak et al., 1992). Remarkably, in the natural environnent of
the mammary gland the efficiency of expression was increased 160,000 tines
over the cell culture system 15 (0.8 g/L vs. 5 gg(L in gj el ona
cells, reYpOM&ely). Thus, it was possible to purify isnti* F@?gsrf?yarmunts»
of the Ang fusion protein for biologica¥characterization. One of the
consequences of this work is that the inportance of the orientation of Ang
i n a fusi orprespatetusy shovs thatamillk spesifie gronmtertchmeintigespressian oflan agtivegl e chain

anti body Ang fusion ins _Ang. _.wa - ipus. to the N
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levels in the manmary gland. In particular; the dempnstration that )
ant i body- Asaperios bisiegicabpropsaties thananamupalian celhalmre Rybak & phnl@IRbadErsoli cat i ons
of the de st &H&gﬁm.clﬁ@}.‘sﬁ HRRY SadhSbol BE 86 ARG f - Pr onot er s
from ot her\é%r?E_ sr%egf?‘?lmc genes have b_egn usedea% gay§¢§tsﬁe expressi on of

t r ansgetfes poeduring these fusion prot<io as therapentig as well anibe possibilify gperaatingew
(Armundadot t | ince the results of the WD 01/ 19846
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i nduce expression of an active imunotoxin, double transgenic strains

coul d be devel opgéfdi@windabbretifiidie areudsd Rerbih ARE| IRinanAhgidfend E6f atfti-on protein
t arget ed agai nst, the engi neered neopl asia could prevent or alter the
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these results denonstrate for the first tine that conplex heterol ogous

f usi on pr otIGiim@%W%@WM@@@@WWMW@MWSF’&F&ERWSWé‘y’i n |arger
amounts and with superior biological properties than manmalian cell
culture (Rybak et al., 1992) and E. coil expression systens (Newton et
al., 1996). The results inpact both the possibility of 10 produci ng these
fusion proteins as therapeutics as well as the possibility of creating new




ani mal nodels for breast cancer. The foll ow ng abbreviations are used
herein Ang. human angi ogenin; E6, anti- transferrin receptor |gG nonol onal
anti body; RNa%§mnessé bonucl ease; H chain heavy chain; L 15 ghadsoendssght
chai n: CH2Ang, angiogenin fused to the CH2 domain of the E6 heavy chain;

| C50' the concentration of fusion protei n5$hi ch inhibits protein synthesis
by 50% WO 01/19846 PCTI US00/ 25560 -54- Table 5 Binding of E6 and Ang
fusion prot ei"lﬁ_'?l?t—‘b human transferrin receptor 5 Construct Source Binding
Bol d Di f f er eftisdinge566 and Axgfusion proteingto human transfegrinegoeritork 0.8 1 CH2aNG
MLK 140 175 _Table || 15 Cytoxicity of Ch2Ang Cell Line CH?Ang |c¢50(nM
20 As539 15 HS578T 70 25 MDAOMVB-23 ndr 45 MALME 40 ACHN 30 30 Exanple
7: Gener at$ orfCaastgucthar act er Sowres on ofBifidiagis genBold®ifferencBhe sect i ons
outlined below briefly describe the major E€sg@M)i n t he production of 35
transgeni c goats. Goat Species and breeds: Sw ss-origin goats, e.g., the
Al pi ne, Saanen, and Toggenburg breeds, are prererred

Eé6 hybridoma 0.8 1

10 E6 milk 0.8 1
CH2aNG MILK 140 175
Table II

15 Cytoxicity of Ch2Ang
Cell Line CH2Ang

Ieso(mM)

20 -
As539 15
HS578T 70

25 MDAOMB-23 [mdr] 45
MALME 40
ACHN 30

30 -

Example 7. Generation and Characterization of Transgenic Goats

The sections outlined below briefly describe the major steps in the production of
35 transgenic goats.

Goat Species and breeds: .
Swiss-origin goats, e.g., the Alpine, Saanen, and Toggenburg breeds, are preferred

in the production of transgenic goats.
40
Goat superovulation:;




in the production of transgenic goats. 40 Goat superovul ation: WO 01/19846
PCT/ USOO125560 -55 The timng of estrus in the donors is synchroni zed on
Day 0 by @vo@missspcut aneous norgestomet ear inplants (SyeafustedsssoB, CEVA
Laboratories, Inc., Overland Park, KS).¢s Prostaglandin is adm nistered .
after the first seven to nine days to shut down the endogenous synthesis

of pr ogest er one. : | pnsertion of .the inplant, a total
of 18 ng 5 of fﬁ%%mﬂte%%ﬁeﬁgn oltrs(r%%rﬁ%m(@gftl—iogbé}éhé’yi ﬂ'@g%ﬂﬂ?,‘“"s
Keni | wor t h,notgejtomst g inaplants (Syncromate-8, CEVA baberatdries dac.fOy@lahd Paki KSy. dai | y

I nj ections. | ol . J v n, Da 14. Twepty-four hours foll ow ng
i mpl ant rer?or%%fgl%“ﬁg] lgg {B'ﬁ%':ﬁ:%?gtg%ﬁgt ?Fﬁ%/'b‘i? r’é’é“\f&?’ﬁ{z’ s‘l‘ﬁ‘ﬁ@’é“?ﬁ"@@ﬁ@l‘% nal es
g\{gg ?ZB \N;Hﬂaﬂaewf' nblmmteét&ﬂx@ rStirting a; Day 13 aﬁhmséxﬁggaﬂmew 1?&,9@@@ 818 mg

- : . I col.l ecti on: roger or ryo, coll ection occurs on
the seco d°5£&$8’F?%&FWQ?FBM&§H(§F§%Zaﬂﬂlnlg"ql&%%ﬂgs $¥§% ant renoval ).
Super ovul atigtthrsisedary @vet three\degs ih twice-HABONRBEbRSATRE impiit RALHSvedonPayt ©
surgery. Dor]rﬁ‘s? are afdm' ni ste{ed 0. WI kg Diazepam (Valium(&) 1V, 1
fol lowed i rHredaRrigurhpuss fojlowing implesk removal the@anes animals pre metedsererak (2. 599
s adnmi ni S esfcrilé iilss 54 884 diy/befiol (Bl ha ot 4B THCHBeABIOENA000 A 1eal  tube.
The reproductive tract is exteriorized through a mdline 1aparotony
i nci sion. é@)?fbb?oé)-l utes, unruptured follicles greater than 6 mmin
di anetejg and ovarian cysts are counted to evaluate superovulation results
and to predict the nunber of enbryos that should be collected by 20
ovi ductal fl ushEmrvogolections| 3 i s placed in the ostium of the oviduct and
held in place w x%dw;' ;, ' ' . e. - A,20 gauge
needle is Iacgﬁﬁxlg%@tf e ut eﬁﬁgg@g%% Arlr{attqg%é;gﬁd ngc%l%%%e%ﬁ%gﬁ?géotubal
junction. eurs followingimplant rempval). diuperovydited dorstaes retmovédofran foodlandiovatePBS) i S

flushed thrgﬁﬁ%g t he cannul ated ovi duct and collected in a Petri dish. This
procedure P BT dR SBRery 1 RO FFrdmipistered 0.8 ma'ke Piszepare (V d¥tive tract

P o 040 T ) RS, iRl sy 111 5211 e
administered during surgery in 2 L/min oxygen via an endotracheal tube. The reproductive '

tract is exteriorized through a midline laparotomy incision. Corpora lutea, unruptured
follicles greater than 6 mm in diameter, and ovarian cysts are counted to evaluate
superovulation results and to predict the number of embryos that should be collected by
20 oviductal flushing. A cannula is placed in the ostium of the.oviduct and held in place with a
single temporary ligature of 3.0 Prolene. A 20 gauge needle is placed in the uterus
.approximately 0.5 cm from the uterotubal junction. Ten to twenty ml of sterile phosphate
buffered saline (PBS) is flushed through the cannulated oviduct and collected in a Pétri dish.
This procedure is repeated on the opposite side and then the reproductive tract is replaced in
25 the abdomen. Before closure, 10-20 ml of a sterile saline glycerol solution is poured into
the abdominal cavity to prevent adhesions. The linea alba is closed with simple interrupted
sutures of 2.0 Polydioxanone or Supramid and the skin closed with sterile wound clips.
Fertilized goat eggs are collected from the PBS oviductal flushings on a
stereomicroscope, and are then washed in Ham's F12 medium (Sigma, St. Louis, MO)
30 containing 10% fetal bovine serum (FBS) purchased from Sigma. In cases where the



t he abdom nal cavity to prevent adhesions. The linea alba is closed with
sinple interrupted sutures of 2.0 Pol ydi oxanone or Supram d and the skin
closed wit terile wound clips. Fertilized goat eggs are from

t he PBS ovi ug?/gs}s«fl ushings on a stereom_croscope,. and arfg'qlt/lhsgﬁié\%gbshed in
Hami s F12 medium (Sigma, St. Louis, MO =36-containing 10%fetal bovine
serum (FBS) purchased from Sigma. | n cases where the WO 01/19846
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oil on a gbass depression slide. Fertilized eggs having two visible '
pronuclei are i ili.zed. on_a él ame- polished hol ding m cropipet on a
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Ther i ogend? odYormau#i optiss. A pronulewsy micrainjested pathdks ANAmensiruct afinterest, e.g., a
m croi nj ecti aig ko3 g.!,ﬁﬁ ; b Puiftart sthbdy of Ham's F12
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ani mal s is i micopedin(Selgrth, ebalgdberingenology, 1990ppaht95-128§)cr omat e- B) . On Day
13 after i@sertion of the inplant, the-animals are given a

Embryo development:

After microinjection, the surviving embryos are placed in a culture of Ham's F12
containing 10% FBS and then incubated in a humidified gas chamber containing 5% CO2 in
air at 37°C until the recipient animals are prepared for embryo transfer (Selgrath, et al.,

20 Theriogenology, 1990. p. 1195-1205).

Preparation of recipients:
Estrus synchronization in recipient animals is induced by 6 mg norgestomet ear
implants (Syncromate-B)_. On Day 13 after insertion of the implant, the animals are given a
25 single non-superovulatory injection (400 LU.) of pregnant mares serum gonadotropin
(PMSG) obtained from Sigma; Recipient females are mated to vasectomized males to
ensure estrus synchrony (Selgrath, et al., Theriogenology, 1990. pp. 1195-1205).

Embryo Transfer:




25 singl e non-superovul atory injection (400 LU.) of pregnant nmares serum
gonadotropin (PMSG) obtained fromSigna. Recipient females are mated to
vasect om g8 ef/Bkfs t0 ensure estrus synchrony (Sel grat hpciisobsseéo

Theri ogenol ogy, 1990. pp. 1195-1205). Enbryo Transfer: WO 01/19846 ]
PCTNS00/ 25560 -57 All enbryos from ome7donor fenal e are kept together and
transferred to a single recipient when possible. The surgical procedure is

i dentical to thadl embryds/feeh éngrdonerferpale arsdeptdegethen aus ransfeweld wlacingle except
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(see, e.g. ,1u£aif ﬂaaiefﬁmlﬂiauaiggagla‘s'dmcr@ge' £l oAnignal shhﬁﬁgmop@maﬂd ﬁﬂﬁo&%ﬁS). 10
Monitoring o regnancy an arturitjon:. Pregnancy.i et erm ne y
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a second ulpbét%xauﬂﬁk@mih%sﬁﬁawamﬂmiaﬁﬁaet&eé,raga,rwmwannd assess

fetal stress. At Day 130 the_pregnant recipient doe is vaccinated with

t et anus to%F’éP&Sﬂ?Pé@l rHPd}ﬁ’ﬁT’%Qé: Seleniumand vitamn E (Bo-Se) are
given IMand lvernmectin was given 15 SC. The does are noved to a cl ean
stall on Day 145 and allowed to acclimatize to this environment prior to

i nduci n}f | abor Menitering of pragnan RATWOHON:| on i s i nduced at Day 147 with 40
mg of PGF2a (LupRbyse{ fsdeteHRined by SREIAb apHy U 5AUIGL Aier MeEirit ARy of

CT e rof st
injection is given IMin tw doses, one 20 ng dose followed by a Z0 ny

dose four ks At Rerd10 asrsondyisasound exaeis pradneted o coBSn EEI8PY MG t he
day and ev?&h@ﬂe!s?h‘tﬁ‘ﬁ%’ﬂﬂ) &lggreghmeciggune&&e i9Vacefnarel Withlt@h M3 8xold 43 Day 147.
reased t very

(bservations are 1nc m nut es begi nning on the norning of

t he second Clesgridiven C&D.i $elenium aed ivitaguin B£BonSeharg givem M 40d ectin Was giveme

first jaj WYy ] L Very. ﬂ&eau%_d ] t he
col ost rt% §‘;1Ctd @55‘%%%@4@ étaﬁ%gg%%ma%e%?ﬁaﬂ?ys con ?}l%%d‘ﬁ%g&]%aﬁ% 4|0§§1ittsi on of the
t ransgeni c emdtonmentgirioF® indicing lahor o0 st Bey 145 rParuritionis inducedat Ray 4T s, :

enomic DNA is isolated fromt di fferent
J with 40 mg of PGF2a (Lutalyse%? Upjohn Company, Kalamazoo Michigan). This injection

is given IM in two doses, one 20 mg dose followed by a 20 mg dose four hours later. The

H(U

doe is under periodic observation during the day and evening following the first injection of -

20 Lutalyse® on Day 147. Observations are increased to every 30 minutes begiﬁning on the
morning of the second day. Parturition occurred between 30 and 40 hours after the first
injection. Following delivery the doe is milked to collect the colostrum and passage of the
placenta is confirmed. '

25 Verification of the transgenic nature of Fp animals:

To screen for transgenic F animals, genomic DNA is isolated from two different

cell lines to avoid missing any mosaic transgenics. A mosaic animal is defined as any goat
that does not have at least one copy of the transgene in every cell. Therefore, an ear tissue
sample (mesoderm) and blood sample are taken from a two day old F( animal for the



cell lines to avoid m ssing any mosai ¢ t'ranégeni cs. Anpsaic animal is
defined as any goat that does not have at | east one copy of the transgene
in every cel]. efore, an ear tissue sanple (nesoder Mpaiskobbfdgy sanpl e
are taken fW&ﬂ"l% day old FO aninmal for_ the WO 01/19846 PCIT/ USO0/ 25560
-58 isolation of genomic DNA (Lacy, et aT?s,'A Laboratory Manual, 1986, Cold
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produce transgenic female offspring.

Transmission of transgene and pertinent characteristics

Transmission of the transgene of interest, in the goat line is analyzed in ear tissue
20 and blood by PCR and Southem blot analysis. For example, Southern blot analysis of the
founder male and the three transgenic offspring shows no rearrangement or change in the
copy number between generations. The Southern blots are probed with immunoglobulin-
enzyme fusion protein cDNA probe. The blots are analyzed on a Betascope 603 and copy
- number determined by comparison of the transgene to the goat beta casein endogenous
25 gene.

Evaluation of expression levels

The expression level of the transgenic protein, in the milk of transgenic animals, is
determined using erizymatic assays or Western blots.
30
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Other embodiments are within the following claims.



specific fora tunor antigen. 5. The nethod of claim4, wheren thetunor
antigen is fromthe group carcinoéenbryonic antigen (CEA), a transferring

receptor, n epidermal growth 20 factor receptor t hod of
@%ﬁﬁ%@ﬁ f&%swﬁs

claim1l, wh e fusion protein includes an. Rnase. od of
claim6, wherein theRNase is RnaseA 25 864The nethod of claim 1, wherein
the fusion protein includes angi ogenin. 9. The nethod of claim1, wherein

t he fusion prwhgiiglciaﬁﬁddudes car boxypepti dase B enzyne. 1111111111111 11111
1111111 1111 F CL M WO 01/ 19846 PCT/ US00/ 25560 -65 10. The net hod of
claim1l1, wherein the fu5|on rotein is made in a mammary gl and of the
transgeni ¢ mammal . gthpd piraeking a kansgenicfusigp ayotsim compRIisingsTeYidisg st ei n i s

secreted int %Qgenmmafwm&@clﬁdéam@eﬁe EiirgJ fies foP ifeRibresdidiiand!  at
| east about 0.5 ng/m or higher. 12. met h 0(‘)’f sc l'aim 1, ewherel n the

f usi on pr of eifusipe pEotein; @dlewmgmwpsenmq lke expresseds andn sagevering aerfisibn grotein,

concentratio Ahit &i Qamo/ M or higher. 10 13. The method of
claim1l, therr?onn?rghr?o %%ﬁggﬁm of a fusion proteinis a humanized
anti body. 14. The rret hod of claim1, wherein the transgene encoding the

transgenic fusi on, pro % e&%d%félkiﬁl P"’ﬁﬁ@? % ﬁgnsu&g%‘ﬁ’.\{\@%%P includes: i5

(a) optionally, an i nsu or “sequence; K- specific
pronot er; (c)immunoglobdin-shbuitapdaneezymts.ch encodes a signal sequence which
can direct,the secretion of the fusion protein, e.g. a signal froma mlKk
specific E)? otein; (d) optionally, a nucleotide sequence which encodes a

sufficient portios.of Themefhodafidliim 1 @h&dﬁﬁﬁlemfﬁnrwotéﬁgﬁaﬁﬂe@fa fitst pemitRf ed
rotein, e. rotein, secrete
P g- fused Qo a second mem{) SI ther}‘trst member mcﬁldes the subunit of a targeting molecule

and the second member encodes a cell toxin.

15 4. The method of claim 1, wherein the fusion protein includes a subunit of an Ig

specific for a tumor antigen .
5. The method of claim 4, wheren thetumor antigen is from the group
carcinoembryonic antigen (CEA), a transferring receptor, TAG-72, an epidermal growth
20 factor receptor.

6. The method of claim 1, wherein the fusion protein includes an Rnase.

7. The method of claim 6, wherein theRNase is RnaseA.

25
8. The method of claim 1, wherein the fusion protein includes angiogenin.
9. The method of claim 1, wherein the fusion protein includes carboxypeptidase
B enzyme. '
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all ow secretion, e.g., in the mlk of a transgenic manmal, of the fusion
protein; (e) one or nore nucl eotide sequences which encode the fusion
protein, awdoifdsys optionally, a 3' untranslated regi on fpefusoepesgpel i an
gene. 25 15. An isolated nucleic acid cgg%;ruct, whi ch includes: (a)
optionally, an insulator sequence; (b) a"manmmary epithelial specific

pronmoter, (c) a cleqtide,s nce I ch encodes a signal sequence which
can direct the ng)cret ' SH"BBPSgﬁéa‘Fh%Y‘\QW"HP@Fgw‘sw,npé‘?tﬂm%fn%qedﬂ&m%‘mnce
froma mlk gaerdffthCirdigin® Mammd111111111111 1L e 11 =t * CL MS:
WO 01/ 19846 PCT/ US00/ 25560 -66 (d) optionally, anucl eotide sequence which
encodes a sufficient portion of the am.no term nal coding region of a

secreted protein,jie. g.Tha mdfiol 8F flake e ﬁ%%ghf@iompk&emfi&ecéleh% ?ﬁg%igé%ff”’

e.g., inthe mlk of a transgenic mamal, usion protein;

nore nucl 8ot Ernsgeun reEmal afpencanteationtief ablepsy gbayh 0,5 meg/ml or highedescri bed in 5
claim1; and (f) optionally, a 3" untranslated region froma mamral i an
gene, e.g., a manmary epithelial specific gene, (e.g., a mlk protein
gene). | n anot herl2aspdbe methhé of ¢laiont, iwhereincthe fisiop prajeip issecrated intod trimitk of

nut raceutic | 1] | . f i of, .f,usi on protein,
e.g., an i n{?u%aggg?%ﬁﬁﬁﬁlg‘n% g%b%sg%u@i%ﬁ&%?%@é?’%ﬁ%"s‘%ﬂeﬁed herein, and
a pharmaceutically acceptable carrier. In a preferred enbodi nent, the

conposition inclydes mlk. o A.transageni c i nal  whi.ch i.ncl udes. a
transgenget hat e# bde;ﬁ’%m t&é?%%d%:rnoﬁ @W%"@gbs‘gg’iSB%"H“ti#a@I'sécf"rﬁmtf’é’.‘s Fhe
t ransgeni ¢ dmnamizeddntibbdy. m 15, which can secrete the fusion protein into
its mlk at concentrations of at |east about 0.5 ng/m | or higher.
\W%~I11 III\~I\ | I~~Il CL 14 S

14.  The method of claim 1, wherein the transgene encoding the transgenic fusion

protein is a nucleic acid construct which includes:
15 (a) optionally, an insulator secjumce;
(b) a mammary epithelial specific promoter;
(c) a nucleotide sequence which encodes a signal sequence which can direct the
secretion of the fusion protein, e.g. a Signal from a milk specific protein;
(d) optionally, a mucleotide sequence which encodes a sufficient portion of the
20 amino terminal coding region of a secreted protein, e.g. a protein secreted into milk, to .
allow secretion, e.g., in the milk of a transgenic mammal, of the fusion protein;
(¢) one or more nucleotide sequences which encode the fusion protein; and
(f) optionally, a 3’ untranslated region from a mammalian gene.

25 15.  Anisolated nucleic acid coﬁstruct, which includes:
(2) optionally, an insulator sequence;
(b) a mammary epithelial specific promoter;
(c) a nucleotide sequence which encodes a signal sequence which can direct the

secretion of the fusion protein, e.g. a signal sequence from a milk specific protein;
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(d) optionally, a jxucleoﬁde sequence which encodes a sufficient portion of the
amino terminal codifig region of a secreted protein, e.g. a i;irdiein secreted into milk, to
allow secretion, e.g., in the milk of a transgenic mammal, of fusion protein;

(€) one or more nucleotide sequences which encode a fusion protein as described in
claim 1; and

(f) optionally, a 3’ untranslated region from a mammalian gene, e.g., a mammary
epithelial specific gene, (e.g., a milk protein gene).

In another aspect, the invention features, a pharmaceutical or nutraceutical
composition having an effective amount of fusion protein, e.g., an immunoglobulin-enzyme
fusion protein as described herein, and a pharmaceutically acceptable carrier.

In a preferred embodiment, the composition includes milk.
15. A transgenic animal which includes a transgene that encodes a fusion protein
described in claim.

16. The transgenic animal of claim 15, which can secrete the fusion protein into its
milk at concentrations of at least about 0.5 mg/mil or higher.
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