A NO\/EL FAM LY OF ANTI - CARCI NCEMBRYONI C ANTI GEN CHI MERI C ANTMM@S
présént i nvention relates to novel chinmeric antibodi es directed against
human car ci noenbryonic 5 antigen, and DNA constructs coding for such
anti bodi es.| Car ci noenbryoni c amtigen (CEA) is the best characterized human
tunor-associ ated:antigen and the nost w dely used tunor marker for the
invitro diagnosi$ 10 of human colon cancers. CEA is one of a famly of
closely rel ated gene products including normal fecal antigen, non-specific

cross-reacting antige ni e rotel n. See,

for exanple, Miraro e m%&gg gﬁﬁ g@?@@@&ég&ﬁgg and Rodgers
Bi ochi m Bi ophys. Acta, 695: ANTIGEN) CHEMERIC TANTIRORIESment of

anti gen-speci fic nonocl onal anti bodi es (MAbs) for invitro and invivo

di agnosi s and 20 thera fﬁ’ has resulted in the production of a MAb which has
an affinity constant e tpresenje istventdon [meldtesotocmavel. shipemin

5, 075, 432; TsﬁnQQ%ﬁ%sAﬁﬁ%%EFQﬂ 5‘2315&8%6&%1139 rl:ih&éﬁb??oﬂ?ccross

reactivitg to other nenbers g ene ﬁ/b avai |, abl e MAbs,
however, are @BEIEERf A9 PNA Frénﬁ%'PFBérrﬁgdm%g"FnsVF sukipedigsion of .
muri ne ant I bodi es in i mMmunoassays presents potential problens associated
with false positive T catdinodnbryoiiic antigen (CEA) is the best

characterized human tumor-associated antigen and the
most widely used tumor marker for the invitro diagnosis
of human colon cancers. CEA is one of a family of
closely related gene products including normal fecal
antigen, non-specific cross-reacting antigen, meconium
antigen, and biliary glycoprotein. See, for example,
Muraro et al. Cancer Research, 45:5769-5780 (1985); and
Rodgers Biochim.Biophys. Acta, 695:8227-249 (1983).

10

15

The development of antigen-specific monoclonal
antibodies (MAbs) for invitro and invivo diagnosis and
5o therapy has resulted in the production of a MAb which
has an affinity constant in the range of 2.6 x 1010 Ml
for CEA (U.S. Patent 5,075,432; T84.66 ATCC Accession
No. BH 8747) and little or no cross reactivity to other
members of the CEA gene family.

25
Most available MAbs, however, are derived from

murine hybridomas. The invitro application of murine
antibodies in immunoassays presents potential problems
associated with false positive results which are

30 attributable to the reaction of serum components with
murine immunoglobulins. More importantly however, the
invivo application of murine antibodies in human medicine

_ is often limited due to their inherent immunogenicity.

35 The administration of murine antibodies will, in many
patients, induce an immune response which results in a
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30 attrﬁbutable to the reaction of serum conponents wth nurine
|nnunoglobullns More inportantly however, the invivo.application of nurine
anti bodies in human nedicine is often linited due to their inherent

i mmunogenicity. 35 The admi nistration of murine antibodies will, in many
patients, induce an inmune response which results in a gradual decline
in the efficacy of the antibodies during nmuttiple dose reginens. The
decrease in efficacy is attributable, at least in part, to the rapid

cl earance fromcirculation or alteration of pharmacokinetic properties of

ti bodi h
nssoci at 6d vi t IETARYAD SRACEAGR ShE S AT i Fhe, riR RN MRS |
dgse ad{n n![ st ranubtwpbuedombmgnmiw pefhiodedradses imnefdisacy disngl e
adm ni stration
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i npacts their i cal Yic antib i.n which the
bi ndi ng or varlﬁnme ¢t@ﬂm&ﬁ¢tﬂnamr|%k%ﬁ%§$¥ﬂ#|Qﬁa hargacokd netdsi es 15 are

conbi ned wi th gy 5epel @iltof Sk Plite Ok eIBAdTES Gy dtid 1ot ifshehsa idinfied ent

speci es, h e been constructed, by reconpi pant See, for
ckanpl o, SahagcFEERORse;  JhaniMIrIOBERLE RO AMRPRA AR B LR Huriae

monoclonal antibodies, therefore,_precludes multiple
dose administrations over an extended period of time, or
even a single administration if there has been prior

10 €xposure, and substantially impacts their potential
clinical value.

Chimeric antibodies, in which the binding or
variable regions of antibodies derived from one species
15 are combined with the constant regions of antibodies
derived from a different species, have been constructed
by recombinant DNA methodology. See, for example,
Sahagen et al., J.Immunol., 137:1066-1074 (1986);
Sun et al., Proc.Natl. Acad.Sci. USA, 82:214-218 (1987);

20 Nishimyra et al., CancerRes., 47:999-1005 (1987); and-
Lie et al. Proc.Natl. Acad.Sci. USA, 84:3439-3443 (1987)

" which describe chimeric antibodies to tumor—associated
antigens. Typically, the variablé region of a murine
antibody is joined with the constant region of a human
antibody. It is expected that, as such, chimeric
antibodies are largely human in composition, and will be
substantially less immunogenic than murine antibodies.
Accordingly, chimeric antibodies are highly desirable

30 for invivo application.

25

While the general concept of chimeric
antibodies has been described, it is known that the
function of antibody molecules is dependent on its three
35 gdimensional structure, which in turn is dependent on its
primary amino acid structure. Thus, changing the amino



Sun et al., Proc.Natl.Acad.Sci.USA, 82:214-218 (1987); 20 N shinura et

al .} CancerRes., 47:999-1005 (1987); and Lie et al. Proc.Natl.Acad. Sci . USA,
84: 3439- 3443 (1987) whi ch describe chimeric antibodies to tunor-associated
anti'gens. Typically, the variable region of a murine antibody is joined
with the constant region of a human 25 antibody. It is expected that, as
such, chimeric antibodies are largely human in conposition, and will be
substantially | ess i munogenic than nurine anti bodi es. Accordingly,
chinmeric antibodies are highly desirable for i nvivo application. Wiile the

general conceptae®id dediénce Imdam Ms’eb.?d afiflecits 1|trsown t hat
the function of nilbody nol e es is de dent 0 | e 35 di nensi ona
structure, mhléh ¥ n 58 d%ﬁéﬁﬁ&ﬂ?%ﬁ? ERW%F E¥et ure.

Thus, changi ng l4ﬂa- b2ﬂ-nb35 21992 bei d&mm&m:,e a)fcl'ﬂmwunbmlxye DR adversely

affect its acti I , I
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express, Ssetretfedfetds ¥ £sdulsl & tHP Uhtibody.

Although chimeric antibodies against tumors
have been described, there exists a need for the
development of novel chimeric antibodies having

10 specificity for antigens of human CEA.
The present invention provides expression
vectors containing DNA sequences which encode chimeric
COL-1 (ChCOL~-1) or chimeric COL-1 R' (ChCOL-1 R')
antibodies and portions thereof which are directed
against CEA, using murine variable regions and human
constant region genes. In particular, the present
invention is a chimeric murine-human COL~1 or COL-1 R'
59 antibody having a light chain variable region
substantially the same as that encoded by the nucleotide
sequence of SEQ ID NO:l. In another aspect, the present
invention is a chimeric murine-human COL-1 antibody
having a heavy chain variable region substantially the

25 same as that encoded by the DNA sequence of SEQ ID NO:3
or a chimeric murine-human COL-1 R' antibody having a
heavy chain variable region substantially the same as
that encoded by the DNA sequence of SEQ ID NO:S5.

15

30 The present invention also provides cells
transformed with expression vectors containing a DNA
sequence which encodes for chimeric COL-1 or chimeric
COL-1 R' antibodies.

35



Al t hough chinmeric antibodi es agai nst tunors have been described, there
exi sts a need for the devel opnent of novel chineric antibodies having 10
specificity for antigens of human CEA. The present i nvention provides
expressi on vectors contai ni ng DNA sequences which encode chineric COL-1
(ChCOL-1) or chineric COL-1 R (ChCOL-1 R ) 15 anti bodies and portions

t hereof which are directed agarnst CEA, using nurine variable regi ons and
human constant region genes. In particular, the present invention is a
chimeric murine-human COL-1 or COL-1 R 20 antibody having a light chain

variabl e regi on substanthadhdthée SAPE12S tHRApRANREd fRienktiganuc! eoti de
chimeric muri nTrSFCA Al “%ér SBpik é“eeﬁésiiaa#”%:i?ié%ﬁ eq
chimeric murin bd&dy h ¥ region
substantial ly tmﬁﬂmga ad itghat chadﬁdedrbabléer%ﬁeﬁwﬁﬁg 2heSEQ I D
Variabl o regi op i el Mk s tanti L Y ChogCE AR, Bt nER MO Eoquence
of SEQ I D NO 5.SE{p ID NO:2. Thheppeeeant1nnenntonnfatsheprpwmdedesehIs
transforme@ wi tdhmp.rleqﬁl @h c.téqgs ﬁgabej_gh ; P{@géﬁqgg&gglg\@ngh encodes
odies

for chineric Cﬁ} or .chinmerig ant|
eavy chain varlable region having the amino acid

sequence substantially the same as that of SEQ ID NO:4
or SEQ ID NO:6. In still another aspect, the present

10 1invention provides a chimeric monoclonal antibody.
comprising a light chain variable region having an amino
acid sequence substantially the same as that of SEQ ID
NO:2 and a heavy chain variable region having an amino
acid sequence substantially the same as that of SEQ IN

15 NO:4 or substantially the same as that of SEQ ID NO:6.

In addition, the present invention provides
novel chimeric antibodies for use in invitro and ir vivo
diagnostic assays and invivo therapy.

20 :
Description of the Figures

- Figure 1 illustrates the plasmid map of pCOL-1
Yl. The murine COL-1 heavy chain variable region is
25 indicated by the stippled bar and the human yl constant
< region is indicated by the black bar.

Figure 2 illustrates the plasmid map of pCOL-1
Y4. The murine COL-1 heavy chain variable region is
30 indicated by the stippled bar and the human y4 constant
region is indicated by the black bar.

Figure 3 illustrates the plasmid map of
PRL 1003. This is a universal light chain expression
vector in that any BemHI-HindIII V; DNA fragment cloned

N

"Ml _
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f4 In another aspect, the present invention provides a [err] nonocl onal
ant t body conprising a |ight chain variable region having the anino acid
sequence substantially the sane as that of SEQ ID NO 2. The present

i nvention further provides a ChCO.-1 or ChCOL-1 R nonocl onal anti body
conprising a heavy chain variable region having the am no acid sequence
substantially the same as that of SEQID NO 4 or SEQID NO 6. In still =
anot her aspect, the present invention provides a chineric nonocl onal

anti body conprising a light chain variable region having an am no acid

sequence subst g irdd Béuhﬁ:%r%m @itgg%fogaﬁ'f@obgsté%tzgfﬁ Eﬁfﬁ%r?@ai n

vari abl e regio In am_no aci,d sequénce su € sane as
that of SEQ | Nqﬂr@%& ﬁ%%w&arppam feshe sane as that of SEQ ID NO6. In
addition, the present invention provides novel chineric antibodies for use

inin v:trlo and in vi vwrgmldstﬂlqm&at%sart@ae lebl\é.lswidtngﬁ pap¥. 'Vb;e ]
articularly, r ed.acc g, t rst e nt of the
anentlon a ch&%%?? gﬁﬁoﬁgrlgﬁtﬁégdg ﬂﬂg YiF%ébﬂgnB%%b??onlc
anti gen ha®i ngis unghnaahdlbyvaheabpenrbgrpnthethummnam1cmnstaﬁtsequence
the same as {N#egdbnS5e §RqMaLed GEOLHL 01hLAYSE LR bﬁg%’ oL L Ne

i nvention there |s provi i C nnnoc ona Mds to
car ci noenbr yonP&b 5HPP@eﬁVhaVPHgt§rh§§3y°%hh$nlnéi¢®b¢@ bedgthe stipphedan no
acid sequence bhe.sane as that of SEQID NO 4 or SEQ ID NO 6. According to
a third enbodi nent of the invention there is provided a chineric nonocl onal

ant i body ch bi.nds tq,.carci yoni ¢ _antigen havi a light chain
vari abl e r@glon the sa 5&5?: aﬁqu %EEFFB Hég HHHG“ g&é&VyC f4Pn variable
regi on having thastant region and the oligonucleotide primers (with
wagging tails), used to generate the DNA fragments a-x,
y-bl and y-b2. :

15 The entire teaching of all references cited
herein are hereby incorporated by reference. The
procedures for molecular cloning are as those described
in Sambrook et al., Molecular Cloning, Cold Spring Harbor
Press, New York, 2nd Ed. (1989) and Ausubel et al., "
Current Protocols in MolecularBiblogy, John Wiley and Sons,
New York (1992).

—

20

Nucleic acids, amino acids, peptides,
protective groups, active groups and such, when
- 25 abbreviated, are abbreviated according to the IUPAC IUB
(Commission on Biological Nomenclature) or the practice
in the fields concerned.

As used herein, the term "variable region"
refers to the region, or domain, of the light (V,) and
heavy (Vy) chain antibody molecules which contain the
determinants for binding recognition specificity to the
antigen and overall affinity of a MAb. The variable
domains of each pair of light and heavy chains form the
antigen'binding site. The domains of the light and

30

35



ami no acid sequence the sanme as that of SEQ ID NO 4 or SEQ I D NO 6.
According to a fourth enbodi nent of the invention there is provided a
conposi tion_conprising a chineric nonoclonal antibody of the third

enbodi ment in a pharmaceutically acceptable, non-toxic, sterile carrier.
Description of the Figures Figure 1 illustrates the plasmd map of pCOL-1
yl. The nurine COL-1 heavy chain variable region is indicated by the
stippled bar and the hunman yl constant region is indicated by the black
bar. Figure 2 illustrates the plasmd map of pCOL-1 y4. The nurine e[rr]

heavy chain varhedtf dlesiPd Havd i alaié Perdialssitpncedrbaandnéalche hunan
y4 constant regiLon 1s . ndi atedﬁg:aélthe bl( bar .. Flgur 3.illustrates the
plasnid map of PHEa 11’!)0‘333 &AL er I |E§H‘t°n(?ﬁa 08 R PESYEERT S Pect or

In that any Banite HelHtivélky rdordérvedigroenneritededy thireet he conparable

sites of pRL 10 ol jgn ept igure 4

Il lustrates thegﬁﬁ%ﬁrﬁjm%% d‘Fg%rﬁ(j{a?lne (%)é? lig t chain

vari able re |onreglons;mamntamnxsugpquu; adpdmuggrityne fh&hen vRTdeddeant
region is indic t ptetiﬁ deTae gggr O thY npr onot er
region is indi cg‘%e%ugy t st pplg?l)tgiyﬂ&l% X o

5 ill.ustrates

the human heavy bﬁaY#F’cﬁﬂs@ ad‘ﬁmar’éblwtaqu%emh%%I 8 t| FREHEER (Wi t h

The term "constant region", as used herein,
refers to the domain of the light (Cp)and heavy (Cy)
chain antibody molecules which provide structural
stability and other biological functions such as
antibody chain association, secretion, transplacental
- wmobility, and complement binding, but is not involved
| 15 with binding CEA. The amino acid sequence and

corresponding exon sequences in the gemnes of the
constant region will be dependent upon the species from
which it is derived; however, variationms in the amino
acid sequence leading to allotypes will be relatively

20 limited for particular constant reglons within a
species.

10

—

The variable region of each chain is joined to
the constant region by a linking polypeptide sequence.

25 The linkage sequence is coded by a "J" sequence in the
light chain gene, and a combination of a "D" sequence
and a "J" sequence in the heavy chain gene.

"Chimeric antibody" for purposes of this
30 invention refers to an antibody having in the heavy and
light chain a variable region amino acid sequence
encoded by a nucleotide sequence derived from a murine
immunoglobulin gene and a constant region amino acid
35



maggrng‘tails), used to generate the DNA fragnents [err], y-bl and y-b2. 15
Therentire teaching of all references cited herein are hereby incorporated
by reference. The procedures for nolecular cloning are as those descri bed
in Sanbrook et al., Mleculardoning, Cold Spring Harbor Press, New York,
2nd Ed. (1989) and Ausubel et al., 20 CurrentProtocol si nMl ecul ar Bi ol ogy,
John Wley and Sons, New York (1992). Nucleic acids, amno aci ds, peptides,
protective groups, active groups and such, when 25 abbreviated, are
abbrevi ated according to the | UPAC | UB ( Conmi ssi on 03 Blologlgal _ .
hbnenclature o] | ykn the fields concerned. As, use ei n, e
term"vari abl) e %%é)l %rlfg')‘E %’Sé‘ﬁ?én@'t% QYR §Qb4 ecﬂfue&ﬁfaldrfeno‘fe‘f 9% Ght
(VL) and heavy heman immumoghebwbily yerdecul es whi ch contain the .
determ nants for binding recognition specificity to the antigen and overal

affinity of a [err]. Thgsv§gé&bh@r§§n dPRB! Perdf " ERSHs £ é4¢ €% on™ ght and-

TEY Cheavy cHEFFRTRAR THE GhRRE ”dég&%bfréieesqqme Wt dnhostcicell by
5 introduction of DNA into the recipient host cell. "Host
cells" refer to cells which can be transformed with
vectors constructed using recombinant DNA techniques,
and for the vectors to persist within the cell for

expression of a recombinant protein product.

10
As used herein, the terms "antibody" or
"immunoglobulin" include segments of proteolytically-
- —cleaved or recombinantly-prepared portions of an
' antibody molecule that are capable of selectively

_ 15 reacting with a particular antigen or antigen family.
Nonlimiting examples of such proteolytic and/or
recombinant fragments include Fab, F(ab')s, Fab', Fv,
fragments, and single chain antibodies (scFv) containing
20 2 VL and Wy domain joined by a peptide linker. The
scFv's may be covalently or non-covalently linked to

form antibodies having two or more binding sites.

The DNA coding sequences of the present
25 invention have a first DNA sequence encoding the light
- or heavy chain variable domains having a specificity for .
CEA and a second DNA sequence encoding the light or
heavy chain constant domains. of chimeric antibodies.

30 In accordance with the present invention, DNA
constructs for the light chains of chimeric antibodies
directed against CEA comprise a first DNA sequence
encoding a light chain variable region which is

35 substantially the same as that of SEQ ID NO:l.



domai n has four framework (FR) regions, whose sequences are relatively
conserved, connected by three conplenentarity determ ning regions (CDRs).
The FR regions maintain structural integrity of the variable 5 domai n.
The CDRs are the pol ypeptide segnments within the variable domain that

medi ate binding of the antigen. The term "constant region", as used herein,
refers to the domain of the light [err] heavy [err] 10 chain anti body

nol ecul es which provide structural stability and ot her biological functions
such as anti body chain associ ation, secretion, transplacental nDbiIity, and
conpl enent bi ndi ng, but not, |nvolve W t h b|nd anmipno acid
sequence and correspondléi% g ¥ithe 8§e5?thén¥SH§faﬂv
tfegion wll be @MAcedzt ruees tfhe: hpaviyeshhing vbi chinéric aeribedies

howe Il b
ol'at i vely 201 Aepesed, AtsaRet cBY, doRpEIERTE, EEPLL A ﬁ*é’ﬁ%@ cci 5. The
vari abl e regi onescoding fioxi 8 bsapglnhalnovaneab esregion aeh mﬁzillnklng
pol ypept i de sequ_k%%%an Ifi‘; kruﬁgkéasessgugase b seg byo 3 "ol gRguAsCe in

the light ch alnuﬁene a conbi nation o uence and a
sequence in the e§Vy chaln gene. "Chinmeric antlbody for purposes of this
30 invention refers to an antlbody havi ng in the heavy and

The amino acid sequences of the chimeric
polypeptldes comprising the novel chimeric antibodies of
the present invention can be determined from the DNA
sequences disclosed herein. Accordingly, the COL-1 and
COL-1 R' chimeric antibodies of the present invention
directed against CEA comprise a light chain variable
- region having an amino acid sequence substantially the
same as that of SEQ ID NO:2. Additionally, the novel

10

" chimeric antibodies of the present invention comprise a
heavy chain variablé}region having an amino acid
sequencé substantially the same as that of SEQ ID NO:4
or SEQ ID NO:6.

20

"Substantially the same" means minor
modifications to the nucleotide sequences encoding or
amino acid sequences of the chimeric polypeptides
disclosed herein which would result in variable regions

25 that are substantially equivalent in the binding of CEA.
These modifications are contemplated by the present '
invention provided the requisite specificity for CEA is
retained.

30 The CDRs from the variable regions of the COL-1
and COL-1 R' antibodies may be grafted onto human FR
regions, see, for example, EPO Publication No. 0239400.
These new antibodies are called humanized antibodies and

35 the process by which the murine antibody is converted
into a human antibody by combining the CDRs.with a human



i ght chain a variable region am no acid sequence encoded by a nucl eoti de
sequence derived froma nurine i mmunogl obulin gene and a constant region
am no acid 35 sequence encoded by a nucl eoti de sequencé derived froma
human i nmmunogl obul in gene. As used herein, the term"transformation” refers
to the change in the genonme of a host cell by 5 I ntroduction of DNA into
the recipient host cell. "Host cells"” refer to cells which can be
transfornmed with vectors constructed using reconbi nant DNA techni ques, and
for the vectors to persist within the cell for expression of a reconbi nant

protein product .,1Q As e erein, the ter "anti body". or,.
"innunoglobulinFRiﬁ@lﬁ&gi§ggggﬁﬁgléﬁtﬁPBteoH§P?EhFF -agE%Qﬁﬂ&ﬁFcﬁre
refonPinartl{épimpamgdnpobehauseot?gy anabbdythaleaméeigtégeﬁwasfmx&able of
sel ectively . s a ig r y.

Nonlim ting exa%p %éhg% g&%ﬁbgég?goP%#chﬁgg#brf?%%ot.gﬁ%n %ggkents

i ncl ude Fab, F(&aptibodigls', ame lessgimmunoganilc svhghelirjeg¢tednmatodi es

(scFv) containi RgmaRs.2 Yhe?@BRLCOE! tH@MBON-1 0L fgHt D¥hai Pepd+ Lign1éd nker.

The 5  domain are represented in SEQ ID NO:2 by amino acid
positions 24 to 38 for CDR1, 54 to 60 for CDR2 and 93 to
100 for CDR3. The CDRs of the COL~1 and COL-1 R' heavy
chain variable domains are represented in SEQ ID NO:4
10 and SEQ ID NO:6 by amino acid positiomns 31 to 35 for

CDR1, 50 to 66 for CDR2 and 99 to 113 for CDR3.

Preferably, the first DNA coding sequences for
- the light and heavy chain variable regions comprise a
15 DNA sequence coding for a leader peptide for expression
and secretion of these polypeptides by eukaryotic host
cells., The DNA sequences for a leader peptide include a
translational start signal, i.e., a sequence within the
transcribed mRNA sequence that initiates translation of
20 functional polypeptides. Those skilled in the art will
recognize that, as the leader peptide is not present in
the mature protein and does not function in the binding
of CEA, various DNA sequences encoding for leader
peptides may be suitably utilized in the present
invention. Prior to secretion of the mature
polypeptides, the nascent light and heavy chain
polypeptides are cleaved at the signal peptide cleavage
site, which removes the leader peptides or signal
30 Sequences from each of the chains.

25

It will be appreciated by those skilled in the
art that the first DNA coding sequences comprising the
DNA constructs of the invention may be modified by a

35 pumber of methods known in the art, for example, by -
site-directed mutagenesis to provide DNA constructs



scFv's iy be covalently or non-covalently linked to form anti bodi es havi ng
two or nore binding sites. The DNA codi ng sequences of the present 25

i nvention have a first DNA sequence encoding the light or heavy chain
variabl e domai ns having a specificity for CEA and a second DNA sequence
encodi ng the |ight or heavy chain constant domains of chineric antibodies.
30 In accordance with the present invention, DNA constructs for
the light chains of chineric antibodies directed agai nst CEA conprise a
first DNA sequence encoding a light chain variable region which is 35

substantial ly ape. as .t hat EQ 1D .NQ.1 . -7- Al Y ce@hdance
with the preséﬁ?f?%végﬁi%kﬁgﬁﬁ&giﬁ) rﬁﬁﬁé?%%%ptﬁea@?egﬁaﬁﬁglg?eghP&%ric
anti bodi es' di reedieg sfpquenceCEAnmrinilssied finr sheDiAvengaencpremédedng for
a heavy chain g aél%Dé‘ éé’%ﬂ%"’&r Yeilngy TR Atled! 'ﬂ&tbheusaﬁsneiai!ngt of

SEQID NG 3 or S ] e am no acl d sequences of the chineri
pol ypept i des 'C'E)‘H%ﬁ%’??}ﬁ%%d?ddfﬂ%’i@saﬁtsi SGGFé'égSFl fEeRReselhe
i nvention can bge def es it il feciied hutdpenbd izcmagncea dezehdnedabesgi n.

Accordi nglg, téﬁhf%%:ghé”§¥finity of the resulting chimeric

polypeptides for CEA.

Preferably, the first DNA coding sequences of
the DNA constructs of the present invention are derived

0 from the genomic DNA of a murine hybridoma expressing
monoclonal antibody directed against CEA, designated
COL-1, see, for example, Muraro et al., supra.
' Genomic DNA for use in the invention can be
15

obtained and cloned by conventional techniques and in a

variety of ways. Such techniques are described in Basic

Methods in Molecular Biology, edited by Davis et al.,

Elsevier, New York (1986); Sambrook et al., Molecular

o9 Cloning, Cold Spring Harbor Press, New York, 2nd Ed.
(1989) and Ausubel et al., CurrentProtocolsin Molecular
Biology, John Wiley and Sons, New York (1992). For
example, hybridoma cellular DNA may be isolated by
standard procedures, the genomic DNA digested into

25 fragments by restriction endonucleases, and the

‘resulting fragments cloned into suitable recombinant DNA

cloning vectors and screened with radiolabeled or

enzymatically labeled probes for the presence of the DNA

sequences disclosed herein.
30

The first DNA sequences of the DNA constructs
of the invention, encoding for poiypeptides which are
light and heavy chain variable regions of chimeric

35 antibodies, can also be obtained from cDNA derived from
hybridom mRNA. Procedures for obtaining and cloning

-10-



COL-1 R chineric antibodies of the present invention directed against CEA
conprise a light chain variable region having an amino acid sequence
substantially the same as that of SEQ ID NO 2. Additionally, the novel
chimeric antibodies of the present invention conprise a heavy chain

vari abl e regi on having an amno acid.sequence substantially the sane as
that of SEQID NO4 or SEQID NO 6. 20 "Substantially the sane" nmeans m nor
nodi fications to the nucl eoti de sequences encoding or am no aci d sequences
of the chineric polypeptides disclosed herein which would result in

LR 2P0 RN e S b O 8 ST O

CEA. These nodi |ca I ons "are con resent q nventdon’ prOV|ded
the.requisite SgRTYfiand )Aufsotbe@ERtl élnat aum #rcordingly, TRNACOR®: from

the variable reei eDenel byesFEhairangréladzds A il Assimyide oraf ted
onto human FR riglons see, PO Publ.c |on QEQ 0Z239400. These

new anti bodi es EeEaFFéﬁeﬁEﬁaﬂiEEdaaﬁ‘H & PERRE %y which
the nurine ant fbedyhesvaedubléedegibns addfimed wiéré)m.y Af it ng t he

CORs with B hu3251red clones have been isolated, the cDNA may be
manipulated in essentially the same manner as genomic -
DNA. '

In addition, the sequences can be obtained by
polymerase chain reaction (PCR), after the sequences of
the mRNAs have been determined from cDNA by use of
primers from the constant regions. From the cDNA
- sequences of the variable region exons, PCR primers are

15 used to amplify the varigble region exons. These PCR
primers will have non-homologous extensions which allow

10

insertion into appropriate expression vectors.

Alternatively, the first DNA sequences,
59 Containing the requisite genetic information for light
and heavy chain variable region specificity for CEA, may
be synthetically prepared using conventional procedures.

After confirmation of the MAb DNA sequences in
25 the vector, transfection into eukaryotic host cells, and
*. expression of chimeric antibody, the supernatants are
screened for binding to CEA by detection of their human
constant regions.

30 The second DNA sequences of the DNA constructs
of the invention, encoding light and heavy chain
constant regions of chimeric antibodies, can be cloned
from genomic DNA and cDNA, or prepared synthetically.

35 The use of DNA sequences coding human constant regions
is expected to result in the production of chimeric

-11-



FR is called humani zati on. Humani zed anti bodi es are inportant because they
bind to the sane antigen as the .original antibodies but, again, |ike the
chinmeric antibodies, are | ess i munogeni ¢ when injected into humans. The
CDRs of the COL-1 l|ight chain variable domain are represented in SEQ ID
NO 2 by am no acid positions 24 to 38 for CDRl, 54 to 60 for CDR2 and 93 to
100 for CDR3. The CDRs of the CO.-1 and COL-1 R heavy chain variable
dormains are represented in SEQ ID NO4 10 and SEQ ID NGO 6 by am no acid
positions 31 to 35 for CDRlL, 50 to 66 for CDR2 and 99 to 113 for CDR3.
Preferably, th [ St codi-ng _seguence s hey bl . - heavy chain
vari abl e regiog%{ééﬁ&ﬁ#@%ﬁ%ﬁ?ﬁWéhﬁéﬂh@H@&pggggﬁsgf%PESEP%5 gglggptide for

expressi on and ¥mwuregeni ity he PrefernedpfodeuspyarekthgoPid aequevsesss.
The DNA sequen ' T tr | 21 tart
quencesr{ Péd aféﬁl@gﬁenﬁat‘qggndqlgm !egggaaE ana anaegbteﬁ

signal, i.e., a sequence W transcri sequenc at B

initiates transtBerest hrchain rand tthenhumgs heayy (8gmmaTaBs@tBRF| 1 ed in the

art wWill recognikf£ssdsy .aid tHE vAdYs Reptiypesi 6rnallptppest tharkb€g)mture
protei n and does npt function, in the bindin varl ous DNA sequences

of
encodi ng for | D BMEIes R GFF&GIgrStF B, 840N EATBresent 25
i nvention. Pricisévypesrel i amd ofs  eachniodr ehjchypepfiedssunigeenascent |ight

and heavy chai n, 50} YPERIT deso il s R0e 4Rl relG18bARaEnRBEL do cf eavage
antibodies. For a general review of human gamma
isotypes, see, for example, "The Human IgG Subclasses",
R.G. Hamilton, Doc. No. CB0051-289, Calbiochem
Corporation (1989). '

10

- The recombinant DNA techniques necessary to
prepare the chimeric DNA constructs of the invention,
and incorporate these constructs into appropriate
recombinant DNA cloning vectors and DNA expression
vectors, are known in the art. See, for example,
Sambrook, supra, and Ausubel, supra.

20

15

The DNA constructs of the present invention,
containing the genes encoding for light and heavy chain
chimeric polypeptides, are introduced into appropriate
eukaryotic host cells as part of an expression vector.

25 In general, such vectors contain control sequences which
are derived from species compatible with a host cell.
The vector ordimarily carries a specific gene(s) which
is (are) capable of providing phenotypic selection in
transformed cells. These constructs can be contained on

30 4 single eukaryotic expression vector or maintained
separately, with separate expression vectors each
comprising a single chimeric gene construct. For
expression of the chimeric polypeptides it is necessary

35 to include transcriptional and translational regulatory

o12-



site, wﬁich renoves the | eader peptides or signal 30 sequences from each of
thechains. It will be appreciated by those skilled in the -art that the

first DNA codi ng sequences conprising the DNA constructs
may ‘be nodified by a nunber of nethods known in the art,
site-directed nutagenesis to provide DNA constructs -9-

of the invention
for exanple, by
whi ch are

substantial ly equivalent. These modi fi ed DNA codi ng sequences are incl uded
in the invention provided they are capable of being translated into
substantially the same chimeric polypeptides as described herein. The use

of site-direct nesi S

of the resu|t|%gq§#%§§§|%ﬁliPng¥€tF§%§€¥ gfgﬁ'gﬁeferé%
codi ng sequencéykérYPﬁéCDhnséoﬁg

10 fromthe genom c DNA of a murine hybridoma expressing

yfy the affinity
the first DNA

leets of the present |nvent|on are derived

nonocl onal

anti body directed agal05uwila%vayiatgnaEeée@Ghbinaﬁeeho§@#veaaa?|e Mir ar o

et al., supra. CGenom

15 obta ned and

t b
cl oned by conv@ﬁPFSﬁéF°Pe5Wﬁ£ﬁB§sggﬁde?H§5§€€f$é¢§i1#x”] R&chni ques

are descri bed

10

15

20

25

30

35

mayBbei ased in the invention. For example, Saccharomyces
cerevisiae, or common baker's yeast, is the most commonly
used among eukaryotic microorganisms, although a number
of other strains, such as Pichia pastoris, are available.
Cell lines derived from multicellular organisms such as
Sp2/0 or Chinese Hamster Ovary (CHO), which are
available from the ATCC, may also be used as hosts.
Typical vector plasmids suitable for eukaryotic cell
transformations are, for example, pSV2neo and pSV2gpt
(ATCC), pSVL and pSVK3 (Pharmacia), and pBPV-1/pML2d
(International Biotechnology, Inc.).

The eukaryotic host cells useful in the present
invention are, preferably, hybridoma, myeloma,
plasmacytoma or lymphoma cells. However, other
eukaryotic host cells may be suitably utilized provided
the mammalian host cells are capable of recognizing
f}anscriptional and translational DNA sequences for
expression of the chimeric proteins; processing the
leader peptide by cleavage of the leader sequence and
secretion of the chimeric proteinsj and providing N
post—-translational modifications of the chimeric
proteins, e.g., glycosylation.

Accordingly, the present invention provides
eukaryotic host cells which are transformed by
recombinant expression vectors comprising the chimeric
gene constructs disclosed herein and which are capable
of expressing the chimeric proteins of the invention.
The transformed host cells of the invention, therefore,

-13=



Met hodsi:nMol ecul ar Bi ol ogy, edited by Davis et al., Elsevier, New York
(1986); Sanbrook et al., Ml ecular 20 Coning, Cold Spring Harbor Press,
New York, 2nd Ed..(1989) and Ausubel et al., CurrentProtocol si nMl ecul ar

Bi ol.ogy, John Wley and Sons, New York (1992). For exanple, hybridoma
cellular DNA may be isolated by standard procedures, the genom c DNA
digested into 25 fragnents by restriction endonucl eases, and the resulting
fragnents cloned into suitable reconbinant DNA cl oning vectors and screened
wi th radiol abel ed or enzymatically | abel ed probes for the presence of the .
DNA sequences discl osed herein. 30 The first DNA sequences of _the DNA
constructs of tGRMATHSEntELoreaskc 988nENACOBSETHED FEBBTHATRE ER® | i ght and

hEaVY cga}n Vaf&ﬁﬂﬂ%?i&?&ﬁ 5 %Edchgﬁ?gi@hﬁ%nagégbedhescrtbﬂdaheneb@,_ |

obt al ne romec erive r,om Qyor.i m <« I e [ ning an

cl oni ng -10- éﬁ%§@§%ﬁ%§9ﬁ£ql ngd, r&&§?§FﬁgﬁgE g%ﬂﬁ%?%gé %?igﬁ.,

supra, and Ausuped pisidlionesliiimaredatdodi gl ghec Dightaandeheswvyed by

PLandata Br oot AUt dding B Helehldd*to°a12ERRIekpEAs 215 6EPI © Probe
% these chimeric proteins.

The host cells used in the invention may be
transformed in a variety of ways by standard
transfection procedures well known in the art. Among
the standard transfection procedures which may be used
are electroporation techniques, protoplast fusion and
calcium-phosphate precipitation techniques. Such
- techniques are generally described by
' F. Toneguzzo et al., Mol.Cell. Biol., 6:703-706 (1986);
G. Chu et al., Nucleic Acid Res., 15:1311-1325 (1987)3
D. Rice et al., Proc.Natl. Acad.Sci. USA, 79:7862-7865
(1979); and V. Oi et al., Proc.Natl. Acad.Sci. USA,
80:825-829 (1983).

10

15

20 : L.
The recombinant expression vectors comprising

the chimeric constructs of the present invention are
transfected sequentially into a host cell. For example,
the expression vectors comprising the chimeric light
25 chain DNA constructs are first transfected into the host
cells and transformed host cells expressing the chimeric
light chain polypeptides are selected by standard
procedures known in the art. The expression vectors
comprising the chimeric heavy chain DNA comstructs are,
30 thereafter, transfected into the selected light chain
expressing host cell. Alternatively, both the chimeric
light and heavy chain expression vectors can be

introduced simultaneously into the host cells.
35
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for the variable regions defined herein. After the desired cl ones have been
i sol.ated, the cDNA may be manipul ated in essentially the same nmanner as
genomi'c DNA. In addition, the sequences can be obtai ned by 10 pol ynerase
chain reaction (PCR), after the sequences of the nmRNAs have been determ ned
from cDNA by.use of primers fromthe constant regions. Fromthe cDNA
sequences of the variable region exons, PCR priners are used to anplify the
vari abl e regi on exons.-- These PCR priners will have non-honol ogous
extensions which allow insertion into appropriate expression vectors.

Alternatively, the fir DINA u es,. 20 nt al.ni_ng _t r |.S| enetic

I nformati on 1¥or | i ght I@zﬂsﬂ?qccﬁ%%}?q rraé‘f?ﬁé’°§é§ﬁog’r8§géﬁﬁ?§?t 5*‘%0? CEA,.

may be synt het ipreiseptpisyentdousang veafuht fonaboph oirevitmeancAin vivo

confirmation O‘Bp@'ﬂ?c%?ow %’SQUERSEEIE” gﬁetéﬁiﬂéﬂé’? nt{BEE{EL4PN i Nto
el of ¢ 5ody the

eukaryotic host S, "and expressioh, I peric anti ,
super nat ant s atBesdp¥eptdonomay; hei n§ilbzetal Byingutne: imewneassaysr £aanan

constant regi oghe d8tection ofTUEASEfi@NHoPNtoslg CHE CEhOf tikher-DONA
constructssgof the inyenti.on, encoding |ight and heav chaé? const ant -
r

di ng
regi ons of chi n@FFRCAAERPEOARELBCRANCHE o] DHEHDE PBni CRECH T cDNA, o
prepared synt hbecaakkyit3bsTezpastedf thh Smaurogesicbtly el hilinbe const ant

regions substantially reduced or eliminated, the chimeric
antibodies of the inventions are highly desirable for

10 Invivo diagnostic and therapeutic application.
Accordingly, the chimeric antibodies provided by the
invention are of substantial utility for the in vivo
imaging and treatment of tumors associated with
colorectal and breast carcinomas as well as tumors of

15 the gastrointestinal tract, lung, ovary, and pancreas.

The chimeric antibodies of the invention may be
used as unmodified antibodies or may be conjugated to
suitable diagnostic or therapeutic agents. Examples of

20 diagnostic or therapeutic agents include radionuclides,
such as, 1257, 1313, 1237 1llp, 105gp  153gm, 67cy,
GZ_Ga, 166H0, 177Lu, 186Re, 188Re, 991!11":, 90y and 475‘:;
drugs, such as methotrexate and adriamycinj biological
response modifies, such as interferon and lymphokines;

25 and toxins, such as ricin.

A useful method of labeling antibodies with
radionuclides is by means of a bifunctional chelating
agent. A bifunctional chelating agent is a chemical

30 compound that has a metal chelating moiety, which is
capable of sequestering or chelating metals, and a
reactive group by which the chelating agent is
covalently coupled to a protein. Bifunctional chelators
are well known in the art and include, for example,
those disclosed in European Patent Application 2926893

35
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is expected to result in the production of chineric i ght and heavy
chai*n pol ypepti des which m nimze i munogenicity. Preferred for use are the
DNA sequences derived fromthe human |ight (kappa, and all otypes thereof)
chain and the human heavy (gamma or other classes; and the various isotypes
or allotypes thereof) 5 chain genes. More preferred are the human gama
isotypes [err] and [err], each of which confers unique biol ogi cal
properties to the resultant chineric antibodies. For a general review of
human gamma 10 isotypes, see, for exanple, "The Human |gG Subcl asses",

R G Hanilton, BET. Ayplleaeﬁaﬁ w0989 2263 be heub isned DacemHekddY, The

of tho 1 mvent | of PBAAUT ReoP BOFALE ¥ h8LE Bhve A L] A S A b 2

reconbi nant DNA .cl oning vectors and DNA expression vectors, are known in
the art. See, for exaanddrimMmai&w, sopibpdynfragsents retginingothée DNA

constructs of tgg Qhﬁiﬁﬂtbkﬂﬁﬁﬁ ?GncEP&&fo“EHbtéﬁi d1ed Yt
| i ght and heavy g alLn chineric ypeptid are, 1 ntroduced 1 nt,0
the invention, or mixtures including the ant1bod1es, may

be utilized depending upon the particular clinical

appropri at ed

application of the invention.

Moreover, a pharmaceutical composition
10 comprising the novel chimeric antibodies of the present
invention in a pharmaceutically acceptable, non-toxic,
sterile carrier such as physiological saline, or
non—-toxic buffer is also possible.

15 The invention will be further clarified by a
consideration of the following examples, which are
intended to be purely exemplary of the present
invention.

20

25

30

. 35
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eukaryotic host cells as part of an expression vector. 25 In general, such
vectors contain control sequences which are derived from speci es conpatlble
with a host cell.--The vector ordinarily carries a specific gene(s) which is
(are) capabl e of providing phenotypic selection in transformed cells.

These constructs can be contained on 30 a single eukaryotic expression
vector or maintained separately, with separate expression vectors each
conprising a single chineric gene construct. For expression of the chineric
pol ypeptides it is necessary.to include transcriptional and translational
regulatory -12-g ences which are functional in the sel ected
eukaryotic host %ﬁﬁgE%%PA wi de variety of reconbinant host-vector expression
systens for eukaryotlc cells are known and 5 nay be used in the

i nvention. ForExammiks ¢l -Shemkacs 5€i_£a sghopsker' s yeast,

is the nmost comonly used apmhféf aryotic n1croorgan|sns al t hough a
nunber of other strains, such as Pichiapastoris, are avallable Cel I lines
derived from 4 i cleRar atipn-of LR Heayy andgld/al ain, Vax ighle er

Ovary (CHOp, whi ch BEBLCH ai | abl e from t he ATCC, may also be used as hosts.
1. Isolation of COL-1 Heavy Chain Variable Region

a. Segquencing of COL-1 Heavy Chain Variable
Region RNA

10 Total RNA from COL-1 cells (murine IgGo,,k)
[Muraro et al., supra] was extracted by the guanidinium
isothiocyanatéleCl method of Chirgwin et al.,
Biochemistry, 18:5294-5299 (1979). Poly A+ RNA was
purified by passage over an oligo dT-cellulose column.

15 RNA sequencing was performed according to Geliebter,
Bethesda Research Laboratories FOCUS 9:5-8 (1987).

RNA sequencing was initially conducted using
oligonucleotides complementary to all four Jy regions,
20 however, only the Jyl oligonucleotide primed synthesis.
The sequence of the Jyl oligonucleotide (SEQ ID NO:7) is
as follows: -

5'-GAGGAGACGGTGACCGTGGTCCC-3"'

25 :
The RNA°sequence data obtained corresponded to 41

nucleotides of the 5' nontranslated begion, the entire
leader peptide coding region and the entire variable
region. This RNA sequence data was used as positive

30 identification for acquisition of genomic DNA clones
coding for the variable region.

b. Genomic Cloning of COL 1 Heavz Chain
Variable Region

COL-1 DNA was purified from the COL-1 hybridomé
line as described in Sambrook et al., supra. A genomic



Typi cal ‘vector plasm ds suitable for eukaryotic cell transformations are,
for. exanpl e, pSV2neo and pSV2gpt 15 (ATCC), pSVL and pSVK3 (Pharnacia), and
pBPV- 1/ pM.2d (I nternational Biotechnology, Inc.). The eukaryotic host _cells
useful in the present invention are, preferably, hybridoma, nyelom, 20

pl asmacyt ona or |ynphonma cells. However, other eukaryotic host cells may be
suitably utilized provided the manmal i an host celfs are capabl e of

recogni zing transcriptional and translational DNA sequences for expression
of the chineric proteins; processing the 25 | eader peptide by cl eavage of
the | eader sequence and secretion of the chinerjc, proteins;..and providing
post - t rans| at i B&AI Spethersablehshpbridizahion el GRlotlilly ddggsted

gl ycosyl ation. y8¢n EkoRI_indxgégéﬁrgﬂﬁhiéﬁga5m$sﬁnmrhgmentiQhaprovides
Vectors conpri BYREISREANNAER & BRRLAEHET FLIRALT S Godk HERETR and whi ch
S s s AT o v
| cast one bua BORSEFUTESeohPPCPEEHHEELon ekl figested, AW

. -fractionated DNA using the lambda bacteriophage cloning
vector, A-ZAP (Stratagene, La Jolla, CA) following the
manufacturer's brotocols for ligation and bacteriophage
packaging. Genomic library screening was performed as
described in Sambrook et al. supra, using the same heavy
chain J§ - Cp intron hybridization probe as employed in
the genomic blot hybridization. This hybridization
probe detects the productively rearranged variable
region gene sequence in an immunoglobulin géne which is
15 direectly linked to the constant region gene sequences.
Nine hundred thousand plaques were screened and three
positively hybridizing plaques were purified. Plasmid
recovery from the A-ZAP bacteriophage was performed as
described by Stratagene. The heavy chain variable
region gene from COL-1 was isolated as an approximately
5.6 kilobase pair (kb) EcoRI fragment. All three lambda
bacteriophage contained the 5.6 kb EcoRI fragment.

10

20

c. Sequence of COL-1 Heavy Chain Variable
25 Region Gene .
Plasmid DNA was sequenced using the
Sequenase™ DNA sequencing kit obtained from United
States Biochemicals (USB) (Cleveland, OH) following the
manufacturer's protocol. DNA sequence was initially
30 performed using a Jyl oligonucleotide for positive
identification through comparison with the sequence -
obtained by RNA sequencing.

In addition to the Jy! oligonucleotide, the
following oligonucleotides were used to completely

-18-



chinmeri¢ |ight and heavy chain genes described herein, and transcriptional
and transl ati onal sequences which are positioned in relatlon to the light
and heavy chai n-encodi ng DNA sequences to direct expression of 5 t hese
chifreric proteins. The host cells used in the invention may be transforned
in a variety of ways by standard transfection procedures well known in the
art. Anong 10 the standard transfection procedures which nay be used are
el ectroporation techni ques, protoplast fusion and cal ci um phosphat e
precipitation techniques Such techniques are generally described by F.
Toneguzzo et al Cel | . Bi ol 6: 703-706 (1986); .G Chuy et al.

Nucl ei cAci dResseq@Q?)ltihQ%'(theﬁvy ehain yaniaple region gene (SEQ

Proc. Nat| . Acad[IBQio 3 79: 7862- 7865 (1979); and V. O et al.
Proc. Nat| . Acad. Sci . USA, 80: 825-829 (1983). 20 The reconblnant expressi on

{ransf ected’ sefuoind A9 1 1K VG EEL Llicr A A RERE AR RT3 0 O
vectors conpmﬁﬁlﬁpﬁfﬁSEQnIﬂnNQ;Q){ﬂﬁ'iﬁiGﬂtﬂﬂTGmmmGddﬁicmﬂdﬁiGaBé first
transfectegj | §® e ﬁflﬁd’es are se g%ﬂ@gbgg gtpgﬁ.?gnes& ng the

chimeric I'1ght chaln tl cedures known
inthe art. THE ekpreéiﬁ% Aot s 5'-GTGATTGCCACTGTCACAGAG-3

The COL-1 heavy chain variable region utilized an SP2.2
D segment [see, Kabat et al., SequencesofProteinsof
10 Immunological Interest, Fourth Edition, U.S. Department of
Health and Human Services, National Institutes of Health
(1991)] in its productive rearrangement. The heavy
- chain variable region of COL-1 fits the sequence
criteria to be classified as a member of mouse heavy

15 chain subgroup I1II(C) by Kabat et al., supra, and as a
member of Group 1 by Dildrop, Immunol. Today, 5:85-86
(1984). The predicted amino acid sequence is that of
SEQ ID NO:Y.

20

A comparison was made between the mRNA sequence
obtained above and the DNA sequence. Based on this
éamparison,.the plasmid clone was identified to contain
the correct DNA sequence to code for the COL-1 heavy
25 chain variable region.

The nucleotide sequence of the COL-1 heavy
chain variable region was compared to the GenBank
(version 62) DNA Sequence database and the precursor
germline gene was identified. This gene has been
designated Vy2b-3 [Schiff et al., J.Exp.Med., 163:573-587
(1986)]. There are no productively rearranged genes in
the GenBank® database (version 65) that are derived from:
Vy2b-3. A comparison of the nucleotide sequence of
COL-1 heavy chain variable region and the variable’

30
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conprising the chineric heavy chain DNA constructs are, 30 thereafter,
transfected into the selected |ight chain expressing host cell.
Alternatively, both the chinmeric |light and heavy chai n expression vectors
can be introduced simultaneously into the host cells. 35 -14- The novel
chinmeric anti bodi es provided by the present invention'are useful for both
in vitro and in vivo ‘application. For exanple, the chineric antibodi es of
the invention may be utilized in in vitro i munoassays for the detection of
CEA and nonitoring of t he tunor- -associ ated antigen, e.g., during

t herapy. Moreqver,, exp d_that inmmu enicity wll be
substantial |y F&&dO %afgzbhﬁh§§885 ?ﬁ%gch?ﬁﬁ?l%r%ngvgﬁﬁi%gp%ﬁl?he

i nventi ons ar e muitgltlipnde sihatblleatiotol6hireyi amind agmbdt Sebsinit  bhiompeut i ¢
application. Accordingly, the chineric antibodies provided by the invention

are of substantial itilidgndQfod W icbLl1v e EHRICAE NI aTE 281 BPREEFbn! UMTDr S
associated with colo 15

t he gastrointestinal tr&uﬂ,sé PV IAY c@ﬂd1p%q h@a%hézgevgp&ggﬁgc

anti bodi esgof the |nvent|onﬁgg%%bqﬁﬁ%r————————‘—%‘———‘"——f—“—""

Total RNA from COL-1 cells (murine IgGZa,K) was
prepared as described above in I.A.1.a.

Initial sequence data was collected on the

10 light chain variable region of COL-1 using a murine «
specific oligonucleotide designated Cx. The nucleotide
sequence of Ck (SEQ ID NO:12) is as follows:

' 5'~GGAAGATGGATACAGTTGGTGC=-3"'.

15 '

Further sequence was obtained using an J1
oligonucleotide specific for the murine J1, and an
COL1LFR3 oligonucleotide designed from the framework 3
region. The nucleotide sequence for J1(-) (SEQ ID
20 NO:13) and COL1LFR3(-) (SEQ ID NO:14) are as follows:

~ 71 (=): 5'-CGTTTGATTTCCAGCTTGGTGCC-3"

COL1LFR3(-): 5'-CAGACCCACTGCCACTGAACC-3'

25
The sequence obtained using the above - <

oligonucleotides as primers corresponded to
19 nucleotides of the 5' nontranslated sequence, the
entire leader peptide coding region and the entire

30 variable region. This RNA sequence data was used as
ﬁbsitive identification for acquisition of DNA clones
coding for the variable region.

2=



used as. unnodified antibodies or may be conjugated to suitable diagnostic
or t'herapeutic agents. Exanples of 20 diagnostic or therapeutic agents

i ncl ude radionuclides, such as, [err] [err] drugs, such as nethotrexate and
adri anmycin; biological response nodifies, such as interferon and

| ynphoki nes; 25 and texins, such as ricin. A useful nmethod of | abeling _
anti bodies with radionuclides is by neans of a bifunctional chelating -
agent. A bifunctional chelating agent is a chem cal 30 conpound that has a
nmetal chelating noiety, which is capable of sequestering or chelating
nmetals, and a reactive b oupChymaedisbed IClahivimtohCeigentLightcddldiant | y
coupled to a protein. Bifungarbmlechegidrors 35 are well known in the art
and ‘i ncl ude, for exanple, those disclosed in European Patent Application
292689; PCT Appl i catYsingdien/sepenes dnfiomad ios obtedned frogy; U s
Pat ent s 4,678,Q§§;s@q%%%ck%@;o@théy@@2r142igﬁﬁdbhh9ﬂahN1, anti body
fragnents reta|QL%%H@ i egﬁﬁntlaL blndlng fanctlon og tFe ChIHE[IC

anti bodi es of #+% clepdideoRrigers YetircdeshEPEdi hY PReUSAEi LBdRes, may
be utilized depelymerasgorchaia peactdohalPCR)namplification

[Saiki et al., Science, 239:487-491 (1989)] to isolate the
COL-1 light chain variable region cDNA. The primers,

5' primer: designated COL1L5PCR and 3' primer:

designated COL1L3PCR, were designed to yield a DNA

product that could be directly cloned into an expression
vector that contained the human k constant region gene

sequences. The sequence of the primers used were:

10

COL1L5PCR (SEQ ID NO:15)

1 .
5 5'-CTCGGATCCTCATTGTCCATTACTGACTACAGGTGCCTACGGTGACATTGTGCTGACACAG-3 '

BamH1I

COL1L3PCR (SEQ ID NO:16)

5' <CATTAAGCTTAGAAAAGTGTACTTACGTTTGATTTCCAGCTTGGTGCC3 "
20 HindIiz

The double underlined nucleotides indicate the splice
acceptor and donor sites in the introns.

An initial reverse transcriptase cDNA synthesis
step “'was performed prior to the PCR amplification. .
Briefly, one microgram of COL-1 poly A+ RNA was primed
with COL1IL3PCR and 13.5 units of AMV reverse
transeriptase (BOehrinéer Mannheim, Indianapolis, IN).
30 The subsequent PCR amplification yielded a 397 bp
fragment. This fragment was digested with BamHI and
HindIII and cloned into the human x constant region gene
expression vector pRL1003 (see Example I.B.3. below).

25
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application of the invention. Mreover, a pharnmaceutical conposition 10
conprising the novel chineric antibodies of the present invention in a
pharmaceutically acceptable, non-toxic, sterile carriér such as

physi ol ogi cal saline, or non-toxic buffer is also possible. 15

invention will be further clarified by a consideration of the follomnng
exanpl es, which are intended to be purely exenplary of the present

i nvention. 20 25 30 35 -16- EXAMPLES Exanple 1 - Replacenent of Mbuse

Const ant Regi ons in COL-1 A Preparation of COL-1 Heavy and Light Chain
ifon 1. Isolation of COL-1 Heavy Chain Variabl e Region

Vari able 5
a. SequenC|ng

§ﬁvem 1clane§ eRe nobkained haeinntigcorrect

restriction enzyme proflle.

10

15

20

25

30

c. Sequence of COL-1 Light Chain Variable
Region .

DNA sequencing was performed by directly
sequencing plasmid DNA using the Sequenase™ DNA
sequencing kit (United States Biochemicals, Cleveland,
OH) following the manufacturer's protocol.

The DNA sequence was determined for two clones
using the primers HindIII Ck (-) and COL1LFR3(-). The
sequence (SEQ ID NO:17) of HindIII Ck (~) is as follows:

5'~AGAGGATATTGAAATAATTAAATAGCAC-3'

The sequences of the two clones were identical.

The nucleotide and predicted amino acid
sequences of the COL-1 light chain variable region are
given by SEQ ID NO:1 and SEQ ID NO:2, respectively. The
light chain variable region sequence matched the
sequence.detérmined from RNA sequencing and indicated
that the clone contained the productively rearranged
COL-1 light chain variable region sequences.

The nucleotide sequence of the COL-1 light
chain variable region was compared to the GenBank
version 62 DNA Sequence database. This comparison
revealed that the COL-1 light chain variable region was
derived from the germline Vk-21E 1.5 Kb gene (Heinrich,
J.Exp. Med., 159:417-435 (1984). No other productively
rearranged variable region genes derived from Vx-21E
were found in the database. A comparison between the
nucleotide and predicted amino acid sequence of the
COL-1 iight chain variable region and the VK-21E 1.5 Kb
gene indicates there are 5 somatic mutations that lead
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10 . Total RNA from COL-1 cells (nurine [err]) [Miraro et al.,
supra] was extracted by the guani di niumisothi ocyanate/ CsC net hod of .
Chirgwin et al., Biochem stry, 18:5294-5299 (1979). Poly A+ RNA was
purified by passage over an oligo dT-cellul ose columm. 15 RNA sequenci ng
was performed according to Celiebter, Bethesda Research Laboratories FOCUS
9:5-8 (1987). RNA sequencing was initially conducted using oligonucl eoti des
conplementary to all four [err] regions, 20 however, only the [err]

ol i gonucl eoti de prinmed synthesis. The sequence of the [err] oligonucleotide
(SEQID NGO 7) is as follows: 5'-GAGGAGACGGTGACCGTIGGTICCC-3' 25 The RNA
sequence data &bt 8i amdnooacédpsnbetiitutdénauihebbe de8Lefl 1hght' chain
nontrans| at ed regi;gR; ¢ Pgﬁ%h' reThéaﬁgthgﬁ%Pﬁ F&dwﬂ eﬂ:?foﬁmgfthe

entire variabl e reqion. Seque use ositrve 30
i dentificati onCPbr a@&&ﬁs#hﬁoﬁesﬂegeﬁoﬁfétﬁnmact@n@% ehbaspil fed epea

variabl e reglO&emberGeBOHbﬁsGlRaEgE Q&ﬁﬁélcﬁatﬁayYICmmeaB@%I@@I§1Fbglon

COL-1 DNA was pur|f d fromthe ybridoma |ine as described In
Sanmbr ook e[, al S¥P%pra. A genonic -17-

B. Chimeric COL-1 Gene Constructs

1. Human Constant Region Genes

a. Human heavy chain constant region genes

10
Plasmid constructs containing the y1 and y#4

human heavy chain constant regions (pyl, and pyld) were

provided by Dr. Ilan R. Kirsch of the National Cancer

Institute, Bethesda, MD. Restriction enzyme mappipg was
15 performed on these genes to confirm their identity.

A description of y1 is set forth in
Ellison et al., Nucl. Acid Res., 10:4071-4079 (1982) and
Takahashi et al., Cell, 29:671-679 (1982.)

20 A deseription of yl# is set forth in
Ellison et al., DNA, 1:11-18 (1981), Krawinkel and
Rabbitts, EMBOJ., 1:403-407 (1982), and
Takahashi et al., supra.

25

b. Human Light Chain Constant Region Gene =

Plasmid pHumCk, containing the human Cy
constant regions gene, was obtained from Dr. John Roder,
30 Mt. Sinai Research Institute, Toronto, Ontario. Canada.
A description of Cg is set forth in Hieter et al., Cell,
22:197-207 (1980). |
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DNA Sout hern bl ot hybridization of COL-1 DNA digested with EcoRl i ndicated
a unique 5.6 kb fragnent that hybridized with a nurine heavy chain [err]
intron hybridization probe. A genonmic DNA |ibrary was constructed from
restriction enzyne-di gested, size- 5 -fractionated DNA using the |anbda
bact eri ophage cloning vector, [err]-ZAP (Stratagene, La Jolla, CA)
followi-ng the manufactorer's protocols for ligation and bacteri ophage
packagi ng. Genomic library screening was perforned as 10 described in
Sanbrook et al. supra, using the sane heavy chain JH - Cp intron

hybri di zati on probg as eg I oyedci n Ezg genog’ c, bl ot hybridization. Thi s

hybri di zati on prob%' de r. ro 8 v ecr r anged vari abl e regi on

gene sequence in an i nogl obul i,n_gepe ' | | r YR dto the

cogstﬁnt regi on gene ggﬁﬁeﬂ&:@i‘mﬂli ﬁgcﬂ%d‘?%%glt%%u%%l@p aéqu‘:éei%l"{v(e/re;}rg'g2 scr eened

and three posilears yehain i cons trpgt e desdmnalied PSY@gpbl,asetdfeetbvery

fromthe [err]e AR PRGIEL | 0N ¥er a2 PRETNRITRTLAS SEFOARA DY Strat agene.
'abte 20 regi on’ gené r 4 '

The heavy chai'n var ene from -1 was I solated as an

appr oxi matgl y B R2K2AREe bh?gﬂ(kb)p:ﬁ&mt fisa@mPBR327 derived | anbda
bact eri ophage g &b €1 midy kihdEledtate tarker geadeguan2heCOL-1
Heavy Chain Vari abl e 25 Regi on \Gene ,
phosphoribosyl transferase g(gpq:), w?uch can be used for
selective growth in media containing mycophenolic acid.
To prepare pSV2gpt as a recipient for the human Cy1 and
10 CyY4 exons, it was digested with EcoRI and BamHI. The
digested DNA was fractionated on a U percent
polyacrylamide gel and the 4.5 kb vector fragment was
recovered from the gel by electroelution as described in
Sambrook et al., supra. This linearized plasmid is able

15 to accept EcoRI-BamHI ended fragments.

The 5' HindIII site, present on the human y1
constant region exon fragment, was linker converted to
an EcoRI site while the Pvul site, located 3' to the 1
‘exons, was linker converted to a BamHI site for
directed cloning into the EcoRI-BamHl sites of pSV2gpt.
'For the Y4 constant region exons, instead of linker
converting the HindIII site to an EcoRI site and a 3'
site to BamHI, the EcoRI and BamHI sites that exist in
the pBR322 derived ve‘ctor sequences were used for -
directed cloning into the EcoRI-BamHI sites of pSV2gpt.
The resulting plasmids were designated pSV2-gpt y1-2.3
and pSV2-gpt vl, respectively.

30

20

25

The approximately 5.6 kb EcoRI fragment
containing the COL-1 heavy chain variable region was
ligated into the EcoRI site of the human y1 and y4
constant region expression vectors, pSV2-gpt y1-2.3 and
pSV2-gpt v4, respectively, to generate the chimeric
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Plasm d DNA was sequenced using the Sequenase[err] DNA sequencing kit
obt ai ned from United States Biochemicals (USB) (C eveland, OH) follow ng

t he manufacturer's protocol. DNA sequence was initially 30 perforned using
a [err] oligonucleotide for positive identification through conparison wth
t he sequence obtai ned by RNA sequencing. In addition to the JH1

ol i gonucl eoti de, the follow ng oligonucleotides were used to conpletely
sequence the COL-1 heavy chain varijable region gene (SEQ ID NG 3): DC 108
(SEQ I D NG 8): 5'- CACTATGACTACAGACACATCCTC- 3" DC 109 (SEQ I D NGO 9):

5' - GAGGATGIGICTGTAGTCATAGTG 3~ 5 DC 110 (SEQ I D NG 10):

5' - CTCTGTGACAGFOEeAAheaR Y3 chad n vardgbde| pegdontiuman constant region

5' - GTGATTCCCACEGheACABh®ad neld NP1 admigav ycohal nyva(w?lhﬁe reyigaqutilized
an SP2.2 D segnﬁﬁi hse%L Kabat et _.al., Sequences of Profejns of 10

| mmunol ogi cal PRrP&rds KSdBUReE®)oi 583PBCE1VALEar t RBHPT oFOHeal th -and Human

Servi ces, Na%ieﬂebtﬁb@bﬁuﬂﬂam,OboHQaEFhthé&&lblasmiﬂsSw@?thD$tdﬁized
Critoria g be"Athodrp £euhE1d oidh, BPaBruRdsaaerbusy oF didft Bifoun °
11 (C) by Kabat weuldl nptsimtzrrapt dheachimeric gene transcriptional
unit. These plasmids are derived from the plasmid
pSV2gpt (Mulligan et al., supra) and their presence in
transformed mammalian cells can be positively selected
10 for by growth in the presence of mycophenolic acid.

3. Chimeric Light Chain

The cloning of the COL-1 light chain variable
region was accomplished utilizing a "universal" light
15 chain cloning/expression vector (see A.2.b. above) shown
in Figure 3. This plasmid is designated pRL1003. Not
only does this vector allow for rapid cloning of
antibody light chain variable regions, but it results in
a transcriptionally intaet chimerie light chain gene
utilizing a human light chain variable region promoter
(derived from Subgroup 1V), the human k intron enhancer
and the human x constant region. The "universal" light
chain cloning/expression vector is a derivative of
pSV2neo [Southern and Berg, J.Mol.App.Gen., 1:327 341
(1982)] and its existence in transformed mammalian cells
can be positively selected for by growth in the presence
of an analog of neomycin, G-418, available under the
trade name Geneticin from Life Technologies, Grand
30 1Island, N.Y. The plasmid containing the chimeric COL~1
~light chain was deSignated pRL301 and is shown in Figure
4. Prior to electroporation, this plasmid was
linearized by digestion with the restriction enzyme Clal
such that the chimeric light chain gene was left intact.

20

25
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menber of Group 1 by Dildrop, Immunol.Today, 5:85-86 (1984). The predicted
am no acid sequence is that of SEQ ID NO 4. 20 A conpari son was
made between t he nMRNA sequence obt ai ned above and the DNA sequence. Based
on this conparison, the plasmd clone was identified to contain the correct
DNA sequence to code for the COL-1 heavy 25 chain variable region. The

nucl eoti de sequence of the COL-1 heavy chain variable region was conpared
to the GenBank (versi.on 62) DNA Sequence dat abase and the precursor 30
gernm ine gene was identified. This gene has been desi gnated VH2b 3 [Schiff
et al., J.Exp. Ned.

rearranged genes i F 2
from VH2b- 3. A conpartsoti e nucl eotide sequence of COL-1 heavy chain

vari abl e region anq.tWQ%gﬁgﬁggeqréH% orma&?ahon of VH2b-3 shows that there
are three somatic nut at am no acid substitutions. 2.

| sol ation of COL-1 L|gM@ﬁg§ud1dédeaﬂd@3@ hegdataﬁggggaC|ng of COL-1 Light
Chain Variable_5
transformation, consgructs containing light and heavy
5 chain chimeric immunoglobulin genes were sequentially
transformed into Sp2/0 mouse plasmacytoma cells. This
method involves transforming cells with a chimeriec light
chain vector containing a drug-resiétance gene, for
10 example neomycin phosphotransferase (neo'), and then
Selecting for the cells that incorperate that gene by
using a medium containing a selectable drug, in this
case, Geneticin at a concentration of 1 mg/mL. A second
transformation integrates a chimeric heavy chain vector
15 with another drug selection gene, gpt. Selection is
then performed using a medium containing both Geneticin
and 0.3 pg/mL mycophenolic acid, 250 pg/mL xanthine, and
10 pg/mL hypoxanthine for selection of the neo and gpt

genes.
20
2. Preparation of neo Resistant Transformed Sp2/0
Cell Lines Carrying Chimeric COL-1 L;ght Chain
- Gene Construct
Sp2/0 mouse plasmacytoma cells (ATCC number
25 CRL 1581, Roeckville, MD) were initially transformed with

the light chain-containing vector (pRL301) as follows.
Cells were grown in RPMI 1640 medium (Life Technologies,
Grand Island, N.Y.) with 5 percent fetal calf serum.
Cells were washed in phosphate buffered saline (PBS) and
30 suspended to a concentration of 1 x 107 viable eells/mL
PBS. About 0.8 mL of cells were transferred to an
electroporation cuvette (on ice) containing 20 pg of
light chain-containing Clal linearized pRL301. After
15 minutes on ice, electroporation was performed using a
Gene Pulser electroporation apparatus with added



Total RNA from COL-1 cells (nurine [err]) was prepared as described above
int.A 1l a Initial sequence data was collected on the 10 light chain

vari abl e region of COL-1 using a nurine [err] specific oligonucleotide
desi‘gnated [err]. The nucl eoti de sequence of [err] (SEQ ID NO 12) is as
follows: 5'-GGAAGATGGATACAGITGGIGC-3'. 15 Further sequence was obtai ned
using an J1 oligonucleotide specific fér the nmurine Ji, and an COL1LFR3

ol i gonucl eoti de designed fromthe framework 3.region. The nucl eoti de
sequence for J1(-) (SEQ ID 20 NO 13) and COL1LFR3(-) (SEQ ID NO 14) are as
follows: J1 (-): 5 -CGITTGATTTCCAGCTTGGIGCC-3' COL1LFR3(-):

5' - CAGACCCACT CapaChidanee ExtaEnder (Eiphadse Rilchmiondd G4i)ngtt he above

ol | gonuct eot | 4 a8 PR Y GHPONARE dmk) AGal des Qhsthe &

nontransl at ed sequence, the €ent| peptide coding region and the
entire 30 varig&afaraldy @houthi2bd meRBequence data was used as positive’
i dentification for acquisition of DNA cl ones coding for the variable

region. -20- After transformation, cells were allowed to
5 recover on ice for 15 minutes to allow relaxation of
perturbed membranes. Afterwards, the cells_were
suspended in 24 mL of RPMI 1640 medium containing
5 percent fetal calf serum and transferred to a 96 or 24
well tissue culture platé. The cells were incubated at

10 37°C and 5 percent CO, atmosphere.

After Y48 hours (to allow for the expression of
- the drug resistance gene), the medium was removed and
replaced with medium containing 1 mg/mL Geneticin.

15
After 10-14'days, the Geneticin-resistant
colonies were evaluated for the production of xlight
chains by a Kk enzyme linked immunosorbent assays
20 (ELISA). The detection of chimeric light chain

expression was performed using a goat anti-human x

(GAHK) trap and GAHK probe. Antibodies used for

detection in the ELISA were purchased from Southern

Biotech Associates (Birmingham, AL). The alkaline

25 phosphatase substrate system was obtained from
'Kirkegaard & Perry Labs (Gaithersburg, MD). Subclones
were identified on the basis of consistently high values
on two separate k ELISAS. Subclone COL-1kD4/F2 was
chosen as the target cell line to receive the chimeric

30 heavy chain genes. '

3. Pregaratioﬁ of neo and gpt Resistant Transformed

Sp2/0 Cell Lines Carrying Chimeric COL-1 Light
and Heavy Chain Gene Construct

COL-1kD4/F2 was used as a target for the
- chimeric heavy chain constructs. The COL-1kD4/F2 cells

27~
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b. PCR-pediated Coning of COL-1 Light Chain Variable Region Using the
sequence i nformation obtained fromthe sequencing of the COL-1 light chain
RNA, oligonucleotide priners were designed to be used in a5 pol yner ase
chain reaction (PCR) anplification [Saiki et al., Science, 239: 487-491
(1989)] to isolate the COL-1 light chain variable region cDNA. The priners,
5 prinmer: designated COL1IL5PCR and 3' priner: designated COL1L3PCR, were
designed to yield a DNA 10 product that could be directly cloned into an
expression vector that contained the human [err] constant regi on gene
sequences. The sequence of the priners used were: COL1L5PCR (SEQ I D NO 15)
15 5' - CTCGGATCE?CAT?emecat?AETGAeBAcnEQnEtEﬁA[IIHTiKnﬂEKﬂZEQTDQQMyl}Yﬁ

[err] COL1L3PCRn{S @ULD1E$W16)The conditions for *lectro oratlon were
5' - CATTAAGCTTA CGTTTGATTTCCAGCTTGGIGCC- 3 H ndl Il The

doubl e under|i R8d9RgeriéBeddadovsdrageat baak After é@@%ptor and donor sites
in the int ronselaatroporatlonAnthéi bealsrRure Sﬁxéﬁm | @EnﬂDl‘é‘f'

synt hesi s step bor rior.to the atJd on., Briefl ,-one
m crogram gf i Bgﬁ ﬁﬁ&tﬁH‘h’% gn a??c}tB its of
AW revers and 1 mg/mL Genetlcln and transferred to a 96 or 2# well
tissue culture plate. . The cells were 1ncubated at 37°C
and 5 percent CO, atmosphere.

After 48 hours (to allow for the expression of
the newly incorporated drug resistance gene gpt), the
medium was removed and replaced with the same medium
containing in addition, 0.3 pg/mL mycophenolic acid,
250 pg/mL xanthine, and 10 pg/mL hypoxanthine.

10

15 After 10 to 14 days, the non-mycophenolic acid

sensitive colonies were assayed for the production of
antibody using IgG ELISAs. The detection of whole
chimeric immunoglobulin was performed using a éoat
anti-human IgG (GAHIgG) trap and a GAHIgG probe. In
some cases, the trap antibody was goat anti-human Ig
(GAHIg). Subclones were maintained that gave
consistently high IgG ELISA results. A cell line
designated ChCOL-1 y1 was identified that expressed the
25 chimeric COL-1 antibody.

20

D. 1In Vitro Characterization of Chimeric COL-1

1. Purification of ChCOL-1 y1 Protein.

The cell line ChCOL-1 Y1 was chosen to produce
30 antibody for purification of research grade protein. A
1 liter spinner flask of RPMI 1640 containing no
selectable drugs was inoculated with about 108 cells and
grown for 5 days. At the end of the growth period, the
spinner flask contained about 2 x 109 cells at about
6 percent viability. The culture supernatant containing
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transcri ptase (Boehringer Mannheim Indianapolis, IN. 30 The subsequent
PCR-anplification yielded a 397 bp fragnent. This fragnent was digested
with BamH and Hindl Il and cloned into the human K constarnt regi on gene
expression vector pRL1003 (see Exanple |I.B. 3. below. -21- Sever al

cl ones were obtained having the correct restriction enzynme profile. c.
Sequence of COL-1 Light Chain Variable Region 5 DNA sequenci ng
was performed by directly sequencing plasm d DNA using the Sequenase[err]
DNA sequencing kit (United States Biochem cals, Ceveland, OH follow ng
t he manufacturer's protocol. 10 The DNA sequence was determ ned
for two cl ones Gbenghimerpeci aptibbidipdias ahtdinednby Gt Hf3gadtidmeat

;??XE£E2A§§$$EL§A§§Q%%%§2§%£;§§géhn§§e%hé %gﬁ%gnégé$gﬁf?$&}?%wy% ones were
i dentical . The AgBieveddbyafililpratiercthrensldy acl o2 sy esb®an of the COL-1
l'ight chain var(akhearger9nuMa) ergiver @yseEQ The Nehdornf i ddud¥ €o a
respectively. ThCeane (Ponkérs, "w¥§ bAgtsin °F' Qlr X flEe Eod e Yaa ' ©
capacity) according to the manufacturer's
specifications. The antibody was eluted with 0.1 M
sodium citrate (pH 3.0) and the pH of the collected
fractions was immediately raised to neutrality by the
10 2addition of 1 M Trizma base (Sigma, St. Louis, MO) at pH
9.0. Antibody fractions were pooled and concentrated to
about 200 pL using a Centriprep 30 microconcentrator
device (Amicon, Danvers, MA). Final purification was
achieved using a Pharmacia Superose 12 HR16/50 gel
15 filtration column (Piscataway, NJ) with 0.2 M phosphate
(pH 7.0) as the column buffer. Approximately 6.8 mg of
purified protein were obtained. |
2. Sodium Dodecyl Sulfate-Polyacrylamide Gel
Flectrophoresis (SDS-PAGE) and Taoelsstric

20 Focusing (IEF) Gel Analysis of ChCOL-1 y]1

Protein samples of ChCOL-1 y1 (7.5 pg) were
analyzed by denaturing polyacrylaminde gel
electrophoresis by the method of Laemmli, Nature,

25 277:630-685(1970). Gradient gels (3-12 percent
polyacrylamide) were purchased from Integrated * =
Separation Systems (Hyde Park, MA). The gel was stained
with Coomassie Brilliant Blue R-250 (Biorad
Laboratories, Richmond, CA).

30
An SDS-PAGE analysis of purified ChCOL-1 ¥1

under non-reducing conditions yielded a product of about
150,000 daltons. Under reducing conditions, the ChCOL-1
yielded a band of about 50,000 daltons corresponding to
the heavy chain and a band of about 25,000 daltons



sequence determ ned from RNA sequencing and indicated that the clone
cont-ai-ned the productively rearranged COL-1 |ight chain variable region
sequences. 25 The nucl eoti de sequence of the COL-1 |ight chain
vari abl e regi on was conpared to the GenBank version 62 DNA Sequence

dat abase. This conparison revealed that the COL-1 |light chain variable
region was derived fromthe germine [err] 1.5 Kb gene (Heinrich, 30

J. Exp. Med., 159:417-435 (1984). No other productively rearranged variabl e
regi on genes derived fromJ[err] were found in the database. A conparison
bet ween the nucl eotide and predicted am no aci d sequence of the CO.-1 |ight
chain vari abl ecorgesporrdihg hto \ihe IH ghtc dﬁa:gﬁne Thediec aesulttisere are 5
somatic nutati 5 Is |n t he
COL-1 light chgl&;ﬁl %ﬁ%a%?@&%%f% tﬁﬂ:q cha| r?%\}"zeﬁ;% eléglelyé A %f ooL-1
fits the sequeht@h%raQQHhan!)¢haxnekxﬂx|Rniwn§nilﬂsﬁberTbﬁ BDFsF AEppa
light chain | |én§1/3ﬁ$<f§)a:{.nﬁc§£ed SR ar iBtadt WBitibody mb 16 Ot UCt S

1. Human Cbnstant egl on (Genes
heavy and light chains was being expressed by the

5 transformed Sp2/0 cell line ChCOL-1 ¥1.
For isoelectric focusing, protein samples
(between 15 and 20 pg) were desalted using a
10 Centricon-30 (Amicon, Danvers, MA) with three changes of

1 percent glycine buffer. The desalted protein samples
were applied to an FMC Bioproducts (Rockland, ME)
agarose IEF gel having a pH gradient of 3 to 10.
- Isoelectric focusing was performed at a constant power
15 of one watt for the first 10 minutes and then continued
at 10 watts for another 90 minutes. The gel was stained
with Coomassie Brilliant Blue R-250 and then analyzed
using a Biomed Instruments (Fullerton, CA) scanniing
densitometer to determine the isoelectric points. The
20 protein standards were obtained from Biorad Laboratories
(Richmond, CA) and Sigma (St. Louis, MO).

-

The IEF gel analysis of ChCOL-1 y1 showed a
unique pattern of bands compared to the murine

25 COL-1 MAb. Densitometric scanning of the Coomassie blue
stained gel indicated that the major band from the
ChCOL-1 y1 sample represented about 81 percent of the
total while the fainter, minor band immediately above it
represented about 18 percent of the total. Based on the
assignment of known pl values to the protein standards,
the 2 major ChCOL-1 y1 isoelectric forms were calculated
to be 7.8 and T7.6. The minor form at pI = 7.6 is likely
the result of a post-translational deamidation of a
glutamine or asparagine residue which can occur in

30



a. Hunan heavy chain constant region genes 10 Plasm d constructs containing
the 'yl and y4 human heavy chain constant regions [err] were provided by Dr.
Ilan R Kirsch of the National Cancer Institute, Bethesda,” MD. Restriction
enzyme mappi ng was 15 performed on these genes to confirmtheir identity.
A description of yl is set forth in Ellison et al., Nucl. AcidRes.,

10: 4071- 4079 (1982) and Takahashi et al., Cell’, 29:671-679 (1982.) 20 A
description of [err] is set forth in Ellison et al., DNA 1:11-18 (1981),
Krawi nkel and Rabbitts, EMBQJ., 1:403-407 (1982), and Takahashi et al.,
supra. 25 b. Human nght Chai n Constant Region Gene Plasm d pHuntCK,

containi ng { hephyERAnGHpFaRRLEY! Frof! AllingPn OIS PlTWaLBeA BEORLDL. John
Roder, 30 M &%I Eesearc Institute 0{ %t% Ontario. Canada. 'A
description of YRIGIsClem. ¢ 251 1483921483 (1882 el |, 22: 197-207 (1980).
_23_

3. ChCOL-1 ¥1 NH, Terminal Protein Sequence

Eighty micrograms of ChCOL-1y1 were reduced,
alkylated and the heavy and light chains separated by
reverse phase high performance liquid chromatography.
The separated heavy and light chains were subjected to
amino terminal amino acid sequence analysis using the
10 Edman degradation method as modified by G. Tarr (1986)

in "Manual Edman Sequencing System", Microcharacterization of
Polypeptides:APracticalManual, (John E. Shively, ed.,
Humana Press, Ine., Clifton, NJ, pp 155-194,

15 Ten amino acid residues were determined from
both the light chain and heavy chain. The sequences
matched the DNA encoded predicted sequence for the
mature protein, demonstrating that the chimeric protein
is processed correctly in both chains.

20
4, CEA and LS1T4T ELISAs
- The abiiity of ChCOL-1 y1 to bind to CEA was
tested in two different ELISA procedures. The first
2 ELISA was a CEA ELISA. In this case, purified CEA

(Chemicon, El- Segundo, CA) was used as the trap and
GAHIgG was used as the probe. In addition, the
ChCOL-1 y1 antibody was also tested for binding to
LS1T4T cells. LS1T4T cells (ATCC number CL 188) are
30 derived from a human colon carcinoma cell line that
express CEA and other tumor antigens [Muraro et al.,
Cancer Res., 45:5769-5780 (1985); Muraro et al., Cancer
Res., 48:4588-4596 (1988)]. Both ELISAs demonstrated
that ChCOL-1 y1 bound to CEA and LS1T4T cells



2. Chifreric COL-1 Heavy Chains The plasnmid vector used to carry the
chi-neric heavy chain constructs is designated pSv2gpt, set forth in
Mul I'i gan and Berg, Proc.Natl.Acad., Sci.(USA), 5 78:2072-2076 (1981).
pSV2gpt is a pBR322 derived plasm d containing the sel ectabl e marker gene
guani ne phosphori bosyl . transferase (gpt), which can be used for selective
growm h in nmedia containing nycophenolic acid. To prepare pSV2gpt as a

reci pient for the human Cyl and 10 Cy4 exons, it was digested with EcoR
and BanmHl . The digested DNA was fractionated on a 4 percent pol yacryl am de

gel and the 4.5 kb yector fragnent_was reco d, fror gel by

el ectroel uti oﬁ'eggeagé(‘!Fggeﬁnanwgﬁnﬁ?‘é%@ﬁe%ﬁf %’Lt{)lr arﬂ"I Is linearized
plasm d is abliemBnogdohadépt rEeg@htBanH ended fragnents. The 5' Hindl|
site,. present on the human [err] constant region exon fragnent, was |inker

converted to an EqoRyiyic eruabeehBgaBubh SF!EnihoFss CCOBL 1 M Bodgr r] 20

exons, was |inker Irected ctoning rtnto the
EcoRl -BanH sites of pR@@Himdrdle bheibeay] useasianthéegheBagxons, instead

o "KER LR Lo 35 bbnied ot Snd e F S e A 4 YL S
sequences wer a3l doinglidaecired cdimaitipn reageh¢é EcoRl - BanH sites of
pSv2gpt. The nesult gng pl.agih dioYsk Sedee] Stk A% [Eddo-cen™
Pierce Chemical, Rockford, IL) More specifically; from
about 0.5 - 2 mg of chimeric antibody was adjusted to
about 0.5 mL 0.1 M sodium phosphate buffer (pH 7.2) and
then added to a2 12 cm x 75 em glassltube coated with

50 ng of IODO-GEN™ followed by addition of from~

0.1 - 0.5 mCi of Nal?31 (New England Nuclear, Boston,

15 MA). After a 2 min. incubation at room temperature, the
protein was removed from the insoluble IODO-GEN™, and
the unincorporated 1251 yas separated from the antibody
by gel filtration through a 10 mL column of Sephadex
G-25 using PBS as the buffer. The iodination protocol

10

20 vielded radiolabeled IgG chimeric antibody with a
specific activity of 0.05 to 0.2 pCi/pg.
Female athymiec mice (nu/nu) on a CD1 background
were obtained from Charles River at approximately
25

Y4 weeks of age. Nine days later, the mice were .
inoculated subcutaneously (0.1 mL/mouse) with the LS1T4T
cells (1 x 105 cells/animal). '

Athymic mice bearing carcinomas 70 to 400 mg in
30 weight, approximately 12 to 13 days after inoculation of
the LS1T4T cells, were given injections intravenously of
from 0.5 to 2.0 pCi (10 - 50 ug protein) in PBS of the
chimeric antibody, which had been iodinated as described
above. Groups of five mice were sacrificed at varying
times by exsanguination. The carcinoma and normal
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and pSV2-gpt y4, respectively. 30 The approximately 5.6 kb EcoRl fragnent
containing the COL.-1 heavy chain variable region was ligated into the EcoRl
site of the human [err] and [err] constant regi on expression weetors,
pSV2-gpt [err] and pSV2-gpt [err], respectively, to generate the chineric
COL-1 heavy chain variabl e regi on-human constant regi on genes contained in
pl asm ds pCOL-1 [err] (Figure 1) and pCOL-1 [err] (Figure 2), respectively.
Prior to electroporation, both of these plasmds were linearized with the
restriction endonucl ease Pvul at a site that would not interrupt the
chinmeric gene t m age d m t he

pl asm d pSV2ng{ élﬁéﬁgnﬁx#fyéﬁ éﬁg;?%;ﬁ@%ﬁﬁ gﬁd ?ggegégxﬁg P%gnsforned
mammal i an cel | sinlééﬁeoe(g qRsy) tWake mpasurest da fosﬁymabyognéﬂrh i Afh€he presence

of nyc0phenoI|@pmw ot éauuﬂ%ws%ublaak Ehain" dERermliABUNENAT cbfarll- 1

i ght chain varla I on, was lished utilizing a "universal" |ight
15 chain cl oni rh 3!*&%?2%# v‘é’ctt G EiROB3y  apove) shown in Figure 3.
This plasmd is de5|gnated pRL1003. Not only does this vector allow for
rapi d cl onbng of : The biodistribution results for ChCOL-1 y1 are

shown in Tables I and II.

TABLE I

Percent Injected Dose per Gram of 1257 LABELED
ChCOL-vy1 Antibody

10
. 24 48 120
Tissue 5hours| y . uns | Hours | Hours
_ Blood, total 26.73 17.04 15.33 | .10.67
) Liver 5.55 3.40 2.44 2.14
15 Spleen 4.81 4.20 2.67 2.42
Kidney 3.75 2.03 2.42 1.17
Lung 18.38 5.98 | 4.41 3.12
20 {Tumor weight 0.30 0.23 0.13 0.17

(gram) R
25
30



anti body light chain variable regions, but it results in a
transcriptionally intact chinmeric |ight chain gene 20 utilizing a human

| i ght chain variable region pronoter (derived fron1SubgroUp V), the hunman
K intron enhancer and the human K constant region. The "universal"” |ight
chai n cl oni ng/ expression vector is a derivative of 25 pSV2neo (Southern
and Berg, J.Mdl.App.Gen., 1:327 341 (1982)] and its existence in
transforned mamal i an ceIIs can be positively selected for by growh in the
presence of an analog of neonycin, G418, available under the trade nane

CGeneticin fromLife Tec,{mcgmrpsm (€ F:Ty 0N 310 | %%,roulmatgm&nbgwbqrs

containing the chimgric COL-1 ht, chal n was déesi gnhat ed
shown in Flgur§q§t'PHl§Ptﬁ8“elé r dPJeILPENAOFR; BE Iﬁgﬁ?d QU eERT zed by
di gestion mnthChM@LFasWﬁlQEBORBEMRYWEerahtSUCOhCOBL1the ﬁbGHEIfbcie@ht

h I t T f t
Pl asni de Tt o NEUSE RIS DR, tBE; Puman FARGE! BESHf anstoHind RO S S et hod
desi gnat ed tar@@a@dtheanhﬁuennblantlbodytDﬂcthecpneaemtngnVeqﬁﬁonunameavy 5
chain chi mdri c JeFTunaghoRul fn BRRCRaMR RoREILERELELAY.

TABLE II

Percent Injected Dose per Organ of 125I-LABELED
ChCOL-y1 Antibody

10 . 24 48 120
Tissue 5 hours| , urs | Hours Hours
Blood, total 38.42 23.14 20.45 16.60
_ Liver 6.47 3.76 3.13 C2.T1
' 15 Spleen 0-57 0-33 0.26 0.23
Kidney 0.90 0.46 0.55 0.31
Tumor 3.85 5.99 .3.49 4.54
Lung 3.57 0.83 0.61 0.49
20 GI Tract 8.22 3.96 3.85 2.53
Carcass - 54,27 40.72 41.82 33 93
Whole Body 99.36 | 67.33 | 65.02 | 53.55
lRetention
25
30
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transfornmed into Sp2/0 nouse plasmacytonma cells. This nethod invol ves
transformng cells with a chineric light chain vector containing a
drug-resi stance gene, for 10 exanpl e neomnycin phosphot r ansf er ase (neor),
and.then selecting for the cells that incorporate that gene by using a
medi um contai ning a sel ectable drug, in this case, Ceneticin at a
concentration of 1 ng/nL. A second transformation integfates a chineric
heavy chain vector 15 with another drug selection gene, gpt. Selection is
then performed using a nedium containing both Geneticin and 0.3 [err]

nycophenol i ¢ actd, 250pkeshbuta8hNTaB1ea0e, 18 [ $20] néipeXgastu ne for
sel ection of the neor pt genes. 20 2. Preparatlon of neo ReS|stant

Tr ansf or ned SPZ}@J%%HOIE? ke GR JertRA IR MEr @a8an QfyHumeTsifier
Gene Constr uctcmm rmus;eaimassmcyézorwemw I $K$mmﬁwrm&ﬁacﬁﬂnﬂ58l,

Rockvi |l | e, re initiall Iransfor wi t.h t | i ght _chai n- cont ai ni ng

vect or (pRL30ﬁn Jsbcf 15 . © ?45 Rer n}%ﬁﬁ?ﬁ?&\lﬂ %é’ “m% (Llfe

Technol ogleﬁejs o sitl. | Theisd dé\hdﬁstn/aﬁds T hadr déuet dhdmelr icambneoelomalCel | s

wer e wash | t d 0 a

concentrati onna mié&ﬂ?eﬁ ]b&g/% %gt} %&@?g %o r(s#g ﬁ? ??"{:el | s were

transferred td"awv@zlfé%ltfﬁtiEQW%tﬂ-aﬂS%M tand.orthuse) Jcﬁ)msafmlng‘crzo In@iyq of
trggtment of cancer.

F. Deposit of Cell Lines Producing Chimeric Antibodies

10
Two cell lines secreting chimeric antibodies,

both having a kappa light chain, made by the above -
example were deposited at the American Type Culture

- Collection on December 9, 1992. Specifically, the

‘ 15 following cell lines have been deposited:
(1) ChCOL-1 y1: a cell line having COL-1 Vg, COL-1 V,
and constant region of human IgG1 (ATCC No. éRL 11217) s
and (2) ChCOL-1 yl4: a cell line having COL-1 Vg, COL-1
Vi, and constant region of human IgG4 (ATCC No.

20 cRL 11214).

The present invention is not to be limited in
scope by the cell lines deposited since the deposited
embodiment is intended as a single illustration of one

25 aspect of the invention and all cell lines which are
N functionally equivalent are within the scope of the
invention. '
30
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l'i ght chain-containing Cal |inearized pRL301. After 15 m nutes on ice,

el ectroporation was performed using a Gene Pul ser el ectroporation apparatus
wi th added - 26- capaci tance extender (BioRad, Richnond, CA) at 0.2
kvolts and 960 [err]. The time constant [err] was generally about 26 nsec.
After transformation, cells were allowed to 5 recover on ice for 15
mnutes to allow rel axati on of perturbed nenbranes. Afterwards, the cells
were suspended in 24 nL of RPM 1640 nedium containing 5 percent fetal calf
serum and transferred to a 96 or 24 mell tissue culture plate. The cells

were incubated @i d of 1] AN NG fflel yREERBABCLS: cRlher;d8 hours

(to allow for t pr essi um was
removed and replaced with m@Lmh containing 1 ng/nL Geneticin. 15 After
10- 14 days, the Ceneticin-resistant colonies were evaluated for the

production of K i dioiend® Heady R Gerd Uenstri@zosor bent assays

(ELI SA). The detectTon of chineric 119 chal n expressi on was perforned

using a goast antl--hunannlfe shortened heavy chain gene constructs, Fab
and F(ab'),, for chimeric COL-1 were genetically
produced by sequential removal of the C-terminal domains
of the y1 or Y3 human heavy chains. The F(ab'),-like
construction was generated by removing both the Cy2 and

10 Cy3 domains of the human y1 heavy chain leaving the
hinge and Cy1 domains. The y1 iscotype was used for
construction of the F(ab'), molecules. However, when
designing the Fab-sized molecule, which is 1/3 the size
of the intact antibody, removal of the hinge domain

15 would eliminate the site of attachment of the light
chain. Therefore, the human y3 heavy chain was used for
the Fab construction. The Cy1 domain of the human y3
heavy chain differs from the Cy1 domain of the human 'L

o9 heavy chain in only 4 out of 98 amino aecids. Ser-127 of

¥1 Cy1 is replaced by Cys-127 in y3 which serves as the

site of attachment of the light chain. Of the three

other amino acid differences between'y1 and v3, two of

them are conservative replacements (Lys to Arg), Huck et
25 al., Nucl.AcidsRes., 14:1779-1789 (1986).

- -

1. PCR and SOE Methods

PCR was done according to the method described
by Saiki, et al., Science, 239:487-491.(1988) and splicing
30 by overlap extension (SOE) according to the method
described by Ho et al., Gene, T7:51-59 (1989) and
Horton et al., Gene, T7:61-68 (1989).

Template and primer concentrations were
0.1-1.0 ng/mL and 1 nmole/mL, respectively, in 0.1 mL
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(GAHK) trap and GAHK probe. Anti bodies used for detection in the ELI SA were
pur chased from Sout hern Bi ot ech Associ ates (Birm ngham AL). The al kali ne
25 phosphat ase substrate system was obtai ned fromKirkegaard & Perry Labs
(Gaithersburg, MD). Subclones were identified on the basis of consistently
hi gh val ues on two separate [err] ELISAs. Subclone COL-1KD4/ F2 was chosen
as the target cell line to receive the chineric 30 heavy chain genes. 3.
Preparati on of .neo and gpt Resistant Transformed [err] Cell Lines Carrying
Chimeric COL-1 Light and Heavy Chain Gene Construct COL-1kD4/F2 was used as
a target for t kEneEi gqhea ai n n PR 1 TSN 60 B F2 cells
I?@aﬂiigFg:/ gil. ¥%’pr‘&|31. PER"Shd WSO concgﬁlgga:l

-27- wer e separ at elédtroporated Wi Jl1neariz err] and
pCOL-1 [err]. adard tiasts & S tes edpdRat s 9&Ese aageaésgsrb_ed above
except that af3emildited) Q& 5000 2hh@NextEfs Lok S10VGE BRSSP Y% Bo24 NL of

RPM 1640 nedi o] I ning 5,percent fetal calf serumand 1 ng/nL
Geneticin and %ﬁs?éﬁrﬁ&cgﬁsgl‘% or 24 well tissue culture plate. The

cells were incubated at [err] and 5 percent [err] atnosphere.
5 - 2. Design of Oligonucleotide Primers for PCR/SOE

The VDJ exon, the Cyl exon of y3, and the hinge
and Cy2 exons of yl all posses at their 3' ends the
first nucleotide of the first codon of the next exon.

" 10 This partial codon was omitted when designing the
oligonucleotide primers. The primers used in generating
the shortened heavy chain gene constructs are as

follows:
15 Y (SEQ ID NO:18)
5'-GGCCCTTTCGTCTTCAAGAATTC-3"'
' EcoRI
x (SEQ ID NO:19)
20 5!'-TATCTTATCATGTCTGGATCC-3'

BamHBAI

a (SEQ ID NO:20)
5'-GGTAAATGAGTGCGACGG-3'

25 b1 (SEQ ID NO:21)
5 ' ~CCGTCGCACTCATTTACCAACTCTCTTCTCCACCTT-3'

b2 (SEQ ID NO:22)

5'~CCGTCGCACTCATTTACCTGGGCACGGTGGGCATGT-3"
30

The sequence of primer y was derived from the
DNA sequence 5' of the EcoRI site of the pSV2gpt
[Mulligan et al, Proc.Natl. Acad.Sci. USA, 78:2072-2076
(1981)]. The sequence of primer'x was derived from the
DNA sequence 3' of the BamHI site of pSV2gpt



After 48 hours (to allow for the expression of 10 the newy i ncorporated
drug resistance gene gpt), the mediumwas renpved and replaced with the
same medi um containing in addition, 0.3 [err] nycophenol i'¢ acid, 250 [err]
xant-hi ne, and 10 [err] hypoxanthlne 15 After 10 to 14 days, the
non- nmycophenolic acid sensitive colonies were assayed for the production of
anti body using 1gG ELI SAs. The detection of whole chineric immunoglobulin
was performed using a goat 20 anti-human 1gG[err] trap and a GAHI gG probe.
In sone cases, the trap antibody was goat anti-human Ig (GAH g). Subcl ones

ter e I e el g S0 SBRH.Y, BBy B Seneeoe |

anti body. D. | aevuenges:hueaetéermed cmamfoﬂgmh]qr Cdoned) £fxay i fi cat'i on of

ChCOL-1 [err] 532 ob0. Fhe sépheﬁé ér[aerbréglve@sm@xsmet q gyoduce 30
anti body for I cation o esegrc :grot elrn. r spinner
fl ask of RPM EBQOCEQRFﬁl Plock Euﬁ’éé’ulY teed wi th about

108 cells and grown for 5 days At the end of the growt h period, the
spi nner fl&sk contai ned’h@bgﬂhuan&e&Ochpfijeﬁé bbpuind fenaard viability.

The culture S“HSE?E&%@ sgoﬂlﬂ "the 5'2811a1f would be non—annealing and
be exactly complementary to the 5' 18 nucleotides of
primer a. The 3' half of primer bl is complementary to
the 6 complete C-terminal codons of the Cyl exon of
buman y3. The 3' half of primer b2 is complementary to
the 6 complete C-terminal codons of the hinge exon of
human yl. | '

10

~ 3. Preparation of neo and gpt Resistant Transformed

15 Sp2/0 Cell Lines Carrying Chimerie COL-1 Light
and Shortened Heavy Chain Gene Constructs (Fab

and F(ab'),)

The general procedure utilizing SOE to
construct the shortemed heavy chains of the present
20 invention is illustrated in Figure 5. The fragment a-x
(~404 basepairs (bp)) was generated by PCR using the
oligonucleotide primers, ¢ and x, and the .
NdeI-linearized template, pyl-gpt, which contains the
human Yyl gene. Fragment y-bl (544 bp) was produced by
PCR using the primers y and bl on the pSV2gpty3
template, a plasmi& construct similar to pSV2gptyl and
pSV2gpty4 which has the human y3 gene in place of the
human yl or v4 gene. Fragment y-b2 (977 bp) was
30 produced on the pSV2gptyl-2.3 template using the primers
y and b2. The fragments y-bl-x (~948 bp) and y-b2-x
(~1381 bp) were generated by SOE technology after
annealing the fragments y-bl and y-b2, respectively with
fragment a-x followed by PCR extension with primers y
and x.

25



the chineric anti body was obtained by centrifugation at 8,000 x g for 20

m nutes. Final clarification was achieved by filtration through a 0.2 [err]
Celman (Ann Arbor, M) filter disc. The ChCOL-1 was bound to a Nygene
(Yonkers, NY) Protein A cartridge (50 ng 1gG 5 capacity) according to the
manuf acturer's specifications. .The antibody was eluted with 0.1 M sodium
citrate (pH 3.0) and the pH of the collected fractions was i mredi ately
raised to neutrality by the 10 addition of 1 M Trizma base (Sigma, St.
Louis, MJ) at- pH 9.0. Antibody fractions were pooled and concentrated to

about 200 pL using a Cigkgyp gplggcghggﬂcogﬁgnﬁﬁéiﬁﬁAd@% 4 Sfeh 91 £P8.

Danvers, MA). Final puri |ca I'on was achieved usin ar macl.a Superose 12
HR16/ 50 gel 15mixed;rdenabured unand Frevaangahed IQP)ef\Mtth@ Fesignshdbhate (pH

7.0) as the cobyap1dyf §6FivEPPf o nﬁi@'ﬁforﬁ-&d&ﬁfngowegfmeeft.pr A ey vere
obtained. 2. Sodium Dodecyl- Sul fat e- PoI aré; de Gel El e}c&#a F{}horem S

(SDS- PAGE) andaRQbReR PERy v@ing the out
ChCOL-1 [err] Paoardndypnphesovér(issing fragmerity em're] )e:xnmrdaecarmicyzed by

Corar D PS XAGEBEATES Rrba RS A BRRELE B L e el o Laem
Genes for the heavy chain constant regions all
epcode lysine as the last amino acid after glycine and
before the termination codon [Dunnick et al., Nucl. Acids
Res., 8:1475-1484 (1980); Kabat et al., Sequencesof Proteins
of Immunological Interest, U.S. Department of health and
Human Services, National Institutes of Health, 5th.
- edition (1991)]. However, the C-terminus of secreted
15 mature heavy chain proteln has been found to be glyecine,
(Kabat et al., supra), indicating post-translational
processing of the terminal lysine. Because of the
possibility that this post-translational processing may
" be required for efficient expression, each shortened
20 construct was terminated with the last two amino acids
of the Cy3 domain of the human y1 heavy chain. Thus,
the 404 bp DNA fragment a-x, starts with the Gly-Lys and
termination codons, and includes the polyadenylation
signal sequence. This fragment was used as the 3'

10

25 joining fragment for all of the constructs. Since the ' )
DNA sequence of the 3'-most 190 bp of this fragment is i
not known, the PCR was performed from a 3' primer
derived from the adjacent vector sequence which is known

30 and included the Banﬁﬂjrestriction site of the

fragment.

The initial products of the first two PCR's,
fragments y-b1 and a-x were purified and subjected to
SOE reaction which generated the y-bl-x fragment for the
Fab vector construction. The genetic F(ab'), fragment '
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polyacrylan1de) were purchased fromIntegrated Separation Systens (Hyde
Park, MA). The gel was stained with Coomassie Brilliant Blue R 250 (Biorad
Laboratorles, Ri chnond, CA). 30 An SDS-PAGE anal ysis of purified ChCGL-1
[err] under non-reducing conditions yielded a product of about 150, 000

dal tons. Under reducing conditions, the ChCOL-1 .yielded a band of about

50, 000 dal tons corresponding to the heavy chain and a band of about 25, 000
dal tons - 29- corresponding to the light chain. These results conpared
favorably with the size expected for chineric Iight and heavy chain [err]
pol ypepti des. W ddXstA(dtedaly Similxl erittddshatiddzingatheant i body

nol ecul e with pav% an%ﬂy a%hciz hai niﬁa\ggtsrfjcl 1§)£Qr e‘sﬂﬁgghb 1'éliﬁeﬁr Qﬂgformed

Sp2/0 cell Ii casm in-sanples
(bet ween 15 arnd-@)-:pg)ramremhjwdiamcﬁﬂrsmeg@&meﬁt-rl |’6P80 ( Ami con, Danvers,

MY with thre %1-?&9(‘&. Jrdfbrin RN (U SR dtbhen. % gtakiieh prot ei n
sanpl es were ) %ﬁ%proéﬂg{s (@g égarose F ge
havi ng a pH gr |Ehﬁ SQE;rqqpqxpns, the fragments were dlges ed w1th

both EcoRI and BamHI and gel purified. Each fragment

was ligated with the EcoRI/BamHI fragment of the

pSV2-gpt vector.

The EcoRI fragment containing the COL-1 heavy
chain variable region was ligated into the EcoRI site of
each of the shortened heavy chain vectors in the correct
orientation as desecribed in Example 1.

10

4, Selection and Expression

15

Each of the chimeric COL-1 shortened heavy
chain vectors was linearized with Pvul and
electroporated into target cells (COL-1kD4/F2) which
express the chimeric COL-1 light chain. Mycophenolic
acid-resistant colonies were selected for expression of
shortened heavy chain ChCOL-1 antibodies by ELISA for
binding to plates coated with CEA (AMAC, Inc.,
Westbrook, ME) and detected with alkaline
phosphatase-conjugated goat anti-human kappa antibody
(Southern Biotechnology Associates, Inc., Birmingham,
AL).

20

25

30
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Isoelectrlc focusing was perforned at a constant power of one watt for the
first 10 minutes and then continued at 10 watts for another 90 minutes. The
gel was stained with Coomassie Brilliant Blue R 250 and then anal yzed using
a Bioned Instrunents (Fullerton, CA) scanning densitoneter™to determ ne the
| soel ectric points. The 20 protein standards were obtained from Bi orad
Laboratories (Richmond, CA) and Sigma (St. Louis, MDJ. The | EF gel analysis
of ChCOL-1 [err] showed a uni que pattern of bands conpared to the nurine 25
COL-1 MAb. Densitonetric scanning of the Coomassie bl ue stained gel

i ndi cated that ghe MRy, %E&amagis'h@f- Enlifbiri cSeopL e FED 88" ed
about 81 percent of ) tely
above it represente { 18 percent of the total. Based- on the 30
assignment of known [err] values to the protein standards, the 2 major

ChCOL-1 [err] isoelectrmmtkwr@ErWEﬁeacabnuE&bmdcthbee7sBpendaiaﬁtsThe
m nor form at Pkn t he re t of. osf-tr tional

deami dati on of g Slﬁﬁghﬁ i gg&a@%ﬁr% Qeg?ﬁﬁifmgﬁ%% %%ﬁloccur in -30-
prot ei ns prbduceddiodbabehingl wabhcla I[unhsdmtemtaMg i%sBiol . Chem,
257: 14830- 148341 48824 ibution as described in Example 1.

The biodistribution results for ChCOL-1 Fab are
shown in Tables III and IV.

10 TABLE III
Percent Injected Dose per Gram of 1251_LABELED
ChCOL-Fab y1 Antibody
i 15 Tissue m;g. ng. Hoﬁrs Hozrs Hjﬁis

Blood, total 19.13| 10.61 5.21 2.71 0.32
Liver 4.40 3.06 1.81 1.07 0.35
Spleen - 4.29 3.49 2.33 1.42 0.36

20 Kidney 117.42| 96.50| 17.04 7.91 1.36
Tumor : 2.45 3.28 3.43 2.19 0.98
Lung 6.51] 14.67 3.85 2.39 0.51
Tumor weight 0.23| o0.19| 0.33] o.24| o0.17
(gram) '

25

As shown in Table III, at approximately .
24 hours post-injection, the injected dose per gram to
tumor for ChCOL-1 Fab was 0.98 per cent. ChCOL-1 Fab
was efficient in targeting the human tumor insitu. The
30 results demonstrate that the chimeric antibody fragments
of the present invention'are efficient for inuvivo
carcinoma targeting. '

NI



3. :ChCOL=1 [err] NH2 Term nal Protein Sequence Ei ghty m crograns of

ChCGL- 1yl were reduced, 5 al kyl ated and the heavy and |ight chains
separated by reverse phase hi gh performance |iquid chrondtography. The
separated heavy and |ight chains were subjected to amno term nal am no
aci d sequence .anal ysis using the 10 Edman degradati on nethod as nodified by
G Tarr (1986) in "Manual Edman Sequenci ng Systent, M crocharacterization
of Pol ypeptides: APracti cal Manual, (John E. Shively, ed., Humana Press,

Inc., difton, NJ, pp 155-194. 15 Ten am no acid residues were
determned fromboth the light chai nTABHEhE®RvY chain. The sequences matched

the DNA encoded préxdierted rR@HRACHoLRr pldre 0Fghur erpi8beinapEEREDNSt rati ng
that the chinmeric proteinis mngxmsgadfggrmggﬁbbdyn both chains. 20 4. CEA

.and LS174T ELIfSAs + et} was
tested in two diffegrent ELI 3A prceflur 39 The fa rst| ELBSA yas 24 ELI SA.
In this case, |puri 5 mirChef exim. H HeagandoHoGAB WweHoumsd| as t he
trap and GAH dGuwas used asthe probe 1n additiont the CheQl -1 [ofr]
ant i body was elBiooﬂestetlanq Boing t16.3617478¢8! I|s. 3.BIHT oaldzs) (ATCC
nunmber CL 188) rvgof e e pot g g grerTa et—17he that
express CEA andi¥fRer tunor antq{¥ﬂ1> Tbuggro e#'gg., 1.2 0.49
Spleen _ 0.60 0.42 0.28 0.18 0.05
Kidney 34.89| 28.52( 5.53| 1.95{ 0.39
10 {Tumor 0.59 0.58 1.14 0.54 0.17
Lung 1.27 2.15 0.2 0.36 0.09
GI Tract 6.09 9.60| 20.85 11.69 0.29
- Carcass 36.91 33.72 30.01 16.30 1.46
15 |Whole Body - 97.45 ]| 85.27( 65.32| 33.14 3.26
Retention

As shown in Table IV, at 24 hours post-
-injection, the injected dose per organ to tumor for
ChCOL 2D1 Fab was 0.17 per cent The chimeric antibody
fragment was efficient in targeting the human tumor
insitu. These results demonstrate that the chimberic
aﬁtibody fragments of the present invention are
efficient for invivo carcinoma targeting.

25
C. Mutant Chimeric COL-1 (ChCOL-1 R')

.20

1., Genetic Mutation in Jy

The oligo, designated COL1x-R'(3'), was
30 gesigned based on mRNA sequence data from the COL-1
' heavy chain. The nucleotide sequence of this oligo was
based on the assumption that there were no differences
from the germline Jyl1 sequence. The nucleotide sequence
of COL1x-R'(3') (SEQ ID NO:23) is as follows:

42—



Cancer Res., 45:5769-5780 (1985); Miraro et al., Cancer Res., 48:4588-4596
(1988)]. Both ELI SAs denonstrated that ChCOL-1 [err] bound to CEA and
LS174T cells -31- respectively and was recogni zed by anti-human

i mmunogl obul in reagents. E. In Vivo Characterization of Chineric COL-1
Anti body The chinmeric antibody used in the animal 5 studi es shown in
Tables 71 and Il below was | abeled with [err] using as an iodination reagent
1, 3,4, 6-tetrachl or o- 3a- 6a- di phenyl gl ycoluril (10DO GEN err] Pierce

Chem cal, Rockford, IL) Mre specifically, from 10 about 0.5 -

chimeric anti body was.a 0 p, pha

buffer (pH 7.2) and tﬁe bé@égwgﬁé&:s[%A ﬁ%‘%l\@@d{;@ %@tgdgw th 50
[err] of 1ODO- GEN[err] foll owMbtby addition of fromO0.1 - 0.5 nC of [err]
(New Engl and Nucl ear, Boston, 15 MA). After a 2 min. incubation at room

un heor por at. eéhfﬁ?ﬁ?*ﬁ,sg‘**é@& SEFTURELALR Tadfeldy AHEt f"f‘r‘% 3o

through a 10 ni kel ohAned ngﬁéd@g ZFQEFEEHDHﬁF3§HQQ?Qﬂ1 oo tdhe The

i odi nation grot geeml 2HeyJf] desquanitd] abme ke ahigiFferedtd ady With a
silent mutation, while the second T difference results
in a mutation of Alall® to Thrll®, The double underlined
nucleotides indicate the splice donor site in the

intron.
10

a. PCR amplification of COL1x-R' Heavy Chain
from mRNA

The reverse transcription reaction utilized (in
15 90 pL) 1 pg of COL-1 poly A+ mRNA; 10 pmoles of
COL1x-R'(3'); and 9 pL of 10x buffer (lx = 50 mM Tris
(pH = 8.2)3 6 mM MgCl,; 100 mM NaCl); 0.22 mM dNTPs.
The sample was heated to 80°C for 3 minutes then cooled
to 45°C. Then 0.5 pL (12.5 units) of AMV reverse
transcriptase (Boehringer Mannheim, Indianapolis, IN)
was added and allowed to extend for 30 minutes. The PCR
wds continued by the addition of 1 pL 10x buffer;
100 pmoles of COLl-y; 90 pmoles of COL1x-R'; 0.5 pL
25 (2.5 units) of Taq polymerase (Stratagene, La Jolla,
CA.) The nucleotide sequence of COLl-y (SEQ ID NO:24)
is as follows:

20

5'-CGTGTCGACAGGC ATC AAT TCA GAG G-3'!

30 Sall

The double underlined nucleotides indicate the splice
acceptor site in the intron. After covering with 2
drops of mineral oil, thermal cycling between 94°C, 37°C

“and 72°C (30 seconds each) was performed 25 times using
a 100 pL reaction volume. The 405 bp PCR product was
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specific activity of 0.05 to 0.2 [err]. Female athymc mce (nu/nu) on a
CD1 -background were obtained from Charles River at approximately 25 4
weeks of age. Nine days later, the mce were inocul ated subcutaneously
(0.1 nL/nouse) with the LS174T cells (1 x [err] cells/animal). Athymc mce
bearing carcinomas 70 to 400 ng in 30 weight, approximately 12 to 13 days
after inoculation of the LS174T cells, were given injections intravenously
of from0.5to 2.0 [err] (10 - 50 [err] protein) in PBS of the chineric
ant i body, which had been iodi nated as descri bed above. G oups of five mce
were sacrificegel parified.ti Etdy rimmigg chei endsTof thisiDNha and

| -32- d 1 nut
(b ves meas ety i St Caff MY AR ngti o P el BhR. s " on
det er mi ned and fommgmendd was tlligatfesliigition thee pbasphatased p gel-punflea' he
bi odi b | T d |
| odi stributi Ol ‘{-ﬁflgc‘{ezcdf%) ﬁégeqr"“él[ mrd(r)% ?Eﬁdswgﬁ SRIrTahi@Ndsran

TABLE | Percent err] [err]

Anti body 5 2. Preparation of Neo and Gpt Resistant
. Transformed Sp2/0 Cell Lines Carrying Chimeric
COL-1 Light and Mutant (R') Heavy Chain Gene

Constructs

The chimeric pCOL1-R' heavy chain vector was
electroporated into the cell line expressing the ChCOL-1
light chain, COL-1kD4/F2, after linearization with Puul.

10

Drug resistant colonies in 96 well plates were
- screened by ELISA using both CEA antigen traps and goat
15 anti-human kappa or goat anti-human IgG antibody traps
(Southern Biotechnology Associates, Birmingham, AL).
Chimeric antibody bound to these traps was detected with
goat anti-human kappa antibody conjugated with alkaline
phosphatase in a standard ELISA assay. Individual
20 primary clones which were positive on all 3 traps were
subcloned and the cell lines expressing the highest
levels of antibody were each frozem in cryovials.
ChCOL-1 R' antibodies were purified from culture
: supernatants as described in Example I using protein A
25 chromatography.

D. InVivo Characterization of ChCOL-1 R'

The ChCOL-1 R' for use in animal studies was

30 labeled with Nal23I and used for detecting carcinoma
tissue as deseribed in Example 1. The biodistribution

results for ChCOL-1 R' are shown in Tables V and VI.

4y



[err] 25 30 -33- As shown in Table I, at approximtely 120 hours
post-injection, the injected dose per gramto tunor for ChCOL-1 [err] was
26.44 per cent. ChCOL-1 [err] was efficient in targeting the human tunor
in situ. This denonstrates that the chinmeric anti body of the present

I nvention was efficient for invivo carcinoma targeting. TABLE Il Percent
I njected Dose per Organ of [err] [err] Antibody [erTr] 30 -34- As shown
in Table I'l, at 120 hours post- -injection, the injected dose per organ of

tumor for ChCOL-1 [err] was 4.54 per cent. The chineric nonocl onal
anti body was efficient in targeting the human tunor

TABLE V

Percent Injected Dose per Gram of !23I-LABELED
ChCOL-1 R' Antibody

2 Tissue 5 hours hgﬁ;s Hgﬁis Hgigs

Blood, total 22.16 13.64 11.44 10.73

Liver 5.95 2.79 2.26 2.42

Spleen 5.18 2.41 2.17 2.24

10 Kidney 3.25 1.38 1.57 1.21

Tumor 8.15 23.74 31.93 42,34

Lung 6.09 3.52 3.33 3.24

- Tumor weight 0.26 0.32 0.14 0.10
15 (gram)

As shown in Table V, at approximately 120 hours
post-injection, the injected dose per gram to tumor for
ChCOL-1 R' was 42.34 per cent. ChCOL-1 R' was efficient

20 in targeting the human tumor insitu, demonstrating that
the ChCOL-1 R' of the present invention was efficient
fer invivo carcinoma -targeting.

25

30



insitu. This denonstrates that the chineric nonoclonal 5 anti body of the
present”invention was efficient for in vivo carcinoma targeting and, thus,
is useful for invivo treatnent of cancer. F. Deposit of Cell Lines
Produci ng Chineric Antibodies 10 Two cell |ines secreting chineric

anti bodi es, both having a kappa |ight chain, nmade by the above exanple were
deposited at the Anerican Type Culture Cbllectlon'on Decenber 9, 1992.

Specifically, the 15 following cell lines have been deposited: (1) ChCOL-1
[err]: a cell line having COL-1 [err], COL-1 [err], and constant region of
human 1gGlL (ATCC No. CRL 11217); and (2) ChCOL-1 [err]: a cell |ine having

CO.-1 VH, CO.-1 [err], and constant region of human [err] (ATCC No. 20 CRL
11214). The present invention is not V&lnlted i n scope by t he cel
| i nes deposited since the dep05|ted e#bo ment is qﬁﬁnded as single

a

illustration of oR&rssnispadecsed HBSFnPBg%%E&PQHRf IzRABE LEHes which are
Yhe

functionally equivalent are wi t & %hé RC I nvention. 30 -35-

> . Tissue > hours hours H;Eis Hgﬁgs
Blood, total 32.32 19.30 15.91 15.79
Liver 5.95 3.45 2.87 2.85
Spleen 0.59 0.28 0.26 0.26
10 Kidney 0.76 0.35 0.36 0.29
Tumor 2.04 7.33 h.uy 5.63
Lung 0.89 { 0.57 0.51 C.47
- GI Tract 7.61 3.43 3.15 2.79
5 [carcass 46.10 | 36.60 | 33.16 | 32.00
Whole Body 82.50 62.10 55.68 51.45

Retention ' _

As shown in Table VI, at 120 hours post-
-injection, the injected dose per organ to tumor for
ChCOL-1 R' was 5.63 per cent. Compared with ChCOL-1,
the ChCOL-1 R' showed approximately 50 percent more
accumulation in the tumors at 120 hours post injection.

20

25 E. Degosit'of Cell Lines Producing Genetically Altered
Chimeric Antibodies

Three cell lines secreting genetically altered
chimeric antibodies, all having a kappa light chain,
made by the above example were deposited at the American

30 Type Culture Collection on December 8, 1992.
Specifically, the following cell lines have been
deposited: (1) ChCOL 2D1 Fab: a cell line having COL-1
Vg, COL-1 Vp, and constant region of human IgG3 Fab
(ATCC No. CRL 11218)3 (2) ChCOL 2D1 F(ab')p: a cell line
having COL-1 Vy, COL-1 Vi, and constant region of human
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Exanple 2 - Genetically Altered Versions of Chineric CO.-1 A Shortened
Heavy ‘Chain Gene Constructs 5 . The shortened heavy chain gene
constructs, Fab and F(ab')2, for chineric CO.-1 were genetically produced
by sequential renoval of the C-term nal domains of the [err] or [err] hunan
heavy chains. The F(ab')2-1ike constructi on was generated by renoving both
the Cy2 and 10 [err] donmains of the human [err] heavy chain |eaving the

hi nge and Cyl domains. The [err] isotype was used for construction of the
‘F(ab')2 nol ecul es. However, when designing the Fab-sized nolecule, which is
1/ 3 the size L I g Npi3 uld
elimnate theclfsqc{ % c(ﬁﬂéd %@/ cﬁg,mﬁ%w‘? glgﬁ b%‘zegg gp‘gl‘l hé human
[err] heavy cﬂﬁﬂhi\&xpaxharﬂﬁﬂ'QQLE1F¥Q G@N§ﬁ#9¢ﬂgoﬁ SIhEléyFméGﬁaﬁﬁldf t he
human [err] h%ﬁm@[ﬁf@incbﬂﬁer | %Bﬁs@éhtdilgghanoéfthamaﬁrmgcherr] 20
heavy chain in on ‘out_ of 9 mno acids. Ser-1 [err] I's replaced
by Cys-127 |n Aﬁ' Nevi QRiserh@dd)as the site of attachnent of the |ight
chain. O the three other amno acid differences between [err] and [err],
two of th@m are conserpréipreset anevertion Lis dot Aogbe Hiadteld 3m al .

Nucl . Aci dsRes 14: 773*§%§%Pﬁb38%§8 %ep gRtgﬂds§g§eN@ﬁgogapggfkg@s done

according to t#ﬁ?
embodlment is intended as a single illustration of one

aspect of the invention and all cell lines which are

functionally equivalent are within the scope of the
10

invention.
While this invention has been described in
) detail and with reference to specific embodiments
' ~ thereof, it will be apparent to one skilled in the art
15 that various changes and modifications could be made
therein without departing from the spirit and scope of
the appended claims.
20
25
30
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by Sai ki, et al., Science, 239:487-491 (1988) and splicing 30 by overlap
ext.ensi on (SCE) according to.the nethod described by Ho et al., Gene,
77:51-59 (1989) and Horton et al., Gene, 77:61-68 (1989). Tenpl ate and
prioer concentrations were 0.1-1.0 ng/nL and 1 nnol e/ nL, respectively, in

0.1 nL -36- [ Sai ki et al., supral]. PCR and SCE conditions were:
denaturation: 2 mnutes at [err] to [err]; annealing: 3 mnutes at [err];
and extension: 10 mnutes at [err] to [err] (30 cycles). 5 2. Design

of Aigonucleotide Prinmers for PCR/I SOE The VD] exon, the Cyl exon of [err],
and the hinge and [err] exons of [err] Eg&s' their 3' ends the
first nucleotide of the first codon of %}dg nexti'?ée‘g(l?rt];. 0O This partial codon
was omtted when designing the oligonucleotide prinmers. The prinmers used in
gener ati ng t hq1§hankRCInPGRNY G al N gene constructs are as follows: y (SEQ
D NO 18) 5'- TTCGTCTTCAAGAATTC-3' EcoRI" x (SEQ I D NO 19)

{i) APPLICANT: THE DOW CHEMICAL COMPANY
U.S.A. DEPT. OF HEALTH AND HUMAN SERVICES

(ii) TITLE OF INVENTION: A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC
ANTIGEN CHIMERIC ANTIBODIES

(iii) NUMBER OF SEQUENCES: 24

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Duane C. Ulmer
(B) STREET: P.O. Box 1967
(C) CITY: Midland
(D) STATE: MI
(E) COUNTRY: US
- (F) 2IP: 48641-1967

-{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version $1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

“(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: ULMER, DUANE C
(B) REGISTRATION NUMBER: 34,941
(C) REFERENCE/DOCKET NUMBER: 38,777-F

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (517) 636-8104

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 331 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPQLOGY: linear -
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20 - 5' - TATCTTATCATGICTGGATCC-3' BanHl [err] (SEQ | D NO 20)

5' - GGTAAATGAGTGCGACGG- 3" 25 bl (SEQ I D NO 21) _ -

5' - CCGTCGCACTCATTTACCAACTCTCTTGICCACCTT-3" [err] (SEQ I D NO 22)

5' - CCGTCGCACTCATTTACCTGGECACGGTGGECATGT- 3" 30 The sequence of prinmer y was
derived fromthe DNA sequence 5 of the EcoRl site of the pSv2gpt [Milligan
et al, Proc.Natl.Acad. Sci. USA, 78:2072-2076 (1981)]. The sequence” of

prinmer x was derived fromthe DNA sequence 3' of the BanmH site of pSv2gpt
- 37- (Mulligan et al., supra). The region fromwhich these sequences
were derived was originally cloned from pBR322. The sequence of priner a
begins with the | aki) MokECUDEINYSE{ Goyalys) of the Cy3 exon of Human yl. 5
The sequences of prinmers bl, and b2 were designed so that the 5 half would
be non-anneal i ng tyid PRIGINAE tSOPREKNpl enentary to the 5° 18 nucl eoti des of
primer a. The 3' half 0% GREANIEMyHMusgmusgApisenentary to

{ix) FEATURE: ‘
(A) NAME/KEY: CDS
(B) LOCATION: 1..331

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:

GAC ATT GTG CTG ACA CAG TCT CCT GCT TCC TTA ACT GTA TCT CTG GGG 48
Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Thr Val Ser Leu Gly
1 5 10 15

CTG AGG GCC ACC ATC TCA TGC AGG GCC AGC AAA AGT GTC AGT GCA TCT - 96
Leu Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Ser Ala Ser
20 25 30

GGC TAT AGT TAT ATG CAC TGG TAC CAA CAG AGA CCA GGA CAG CCA CCC 144
Gly Tyr Ser Tyr Met His Trp Tyr Gln Gln Arg Pro Gly Gln Pro Pro
35 40 45

AAA CTC CTC ATC TAT CTT GCA TCC AAC CTA CAA TCT GGG GTC CCT GCC 192
Lys Leu Leu Ile Tyr Leu Ala Ser Asn Leu Gln Ser Gly Val Pro Ala
50 - 85 60 :

AGG TTC AGT GGC AGT GGG TCT GGG ACA GAC TTC ACC CTC AAC ATC CAT 240
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His
65 70 75 L 80

CCT GTG GAG GAG GAG GAT GCT GCA ACC TAT TAC TGT CAG CAC AGT AGG 288
Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln His Ser Arg
85 90 95

GAG CTT CCG ACG TTC GGT.EGA GGC ACC AAG CTG GAA ATC AAA C 331
Glu Leu Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110



the 6 conplete C-termnal

codons of the Cyl
halLf of primer b2 is conplenentary to the 6 conplete C-term nal
t he hi nge exon of human yl.
Transfornmed Sp2/0 Cell

3.
Lines Carrying Chinmeric COL-1 Light 15

exon of 10 human y3. The 3

Preparati on of neo and gpt Resi stant

Shortened Heavy Chain Gene Constructs (Fab and [err] The general

utilizing SCE to construct the shortened heavy chains of the present 20

proced

invention is illustrated in Figure 5. The fragnment a-x (-404 basepairs

(bp)) was generated by PCR usi ng the oligonucl eotide priners,

t he hUeI-Iinearized te

Fragnment y- bl

t he pSV2gpty3 tenpl

pSV2gpt y4 whi ch has

[err] gene.

(35 28F ‘lﬁﬁ‘)""

‘t’hé"

Fragment y-b

tenpl ate using the prine

Asp
1
Leu
Gly
Lys
Arg
€5
"Pro

Glu

(2)

ﬁ#a"aﬁ g
Er

¥mﬁﬂ
y-b2-x (~1381 bp) were generate

Ile Vval Leu Thr

Arg

Tyr

Leu

50

Phe

val

Leu

Ala Thr
20

Ser Tyr
35

Leu Ile

Ser Gly

Glu Glu

Pro Thr
100

5

Ile

Met

Tyr

Ser

Glu

Phe

X.

o

a and x,

codons of

and
ure

and

Which contains the human [err] gene.

Q§§Iggt S|n1Iar to pSV2gptyl and
ri¥% ace of the human [err] or

5”%6 i

uced on the pSV2gptyl-2.3

% fragnents y-bl-x (-948 bp) and
y SCE technol ogy after annealing the

fragnents y-bl and(y,_,bamgcggpqugved,gty\;nth fragnent a-x followed by PCR
extension with priners y and

(xi) SEQUENCE

DESCRIPTIOH. SEQ ID

Gln Ser Pro

Ser
Ris
Leu
Gly

70

Asp

Gly

INFORMATION FOR SEQ

Cys Arg

Trp Tyr
40

Ala Ser
55
Ser Gly

Ala Ala

Gly Gly

Ala

Ala

25

Gln

Asn

Thr

Thr

Thr
105

ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 373 base pairs
(B) <“TYPE: nucleic acid

(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

Ser

10

Ser

Gln

Leu

Asp

Tyrc

Lys

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mus muscaris

(ix) FEATURE:
{(A) NAME/KEY: CDS
(B) LOCATION: 1..373

-50-

RO:2:

Leu fhr
Lys Ser
Arg‘Pro
Gln Ser

Phe Thr
75 -

Tyr Cys

Leu Glu

val

val

Gly

45

Gly

Leu

Gln

Ile

Ser

Ser

30

Gln

Val

Asn

His

Lys
110

Leu Gly
15

Ala Ser

Pro Pro

Pro Ala

Ile His

Ser Arg
95

By 25 PCR using the primers y and bl on



After purification, the two DNA fragnents are m xed, denatured, and
re-anneal ed over the regions of overlap derived fromthe non-annealing
segnent. After another PCR, using the outernost oligonucleotide priners (a
and d), the overlapping fragnents are extended and 5 anplified as a
single fragnent. Cenes for the heavy chain constant regions all encode

|l ysine as the last amno acid after glycine and bBefore the term nation
codon [Dunnick et al., Nucl. Acids 10 Res., 8:1475-1484 (1980); Kabat et
al ., Sequences of Proteins of Imunol ogicalnterest, U S. Departnent of

heal th and Human ‘§?LZ§‘@?§““M§&}§ 1 “qsgiﬁ“{ Yhesp.9t Health, Sth. edition

(1991)]. However, 't termnus of secreted mature heavy chain protein has
been found togRe cirVédd Brc (CK8DAHc 96T Vee: c@UBA@ krr ididi A tB0 coe gcc 48
post-transl at g0R&a1 PERCEaSicid @fn 0L ci§rAianalu lLkeivae. aRdesarisey Of1al he
possibility thag this post-tesanslational progessing nmay be reguired for
efficient expression, each shortened 20 construct was termnated with the
| ast two am necma@rdsaxd atdercferad adoreernrer cthaThwsanafreasd cheazac chaden.
Thus, the 404sép vBhALys Hefset Gps< Thsiadat Ser\Gih PhécAs@l Jkel ygs Ang Tser i nati on
codons, and includes the2gpol yadenyl ati on 28 gnal sequence.30This fragnent was

used as the 3
TAT ATG CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG TGG ATT 144

Tyr Met His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
a5 40 . 45

GGA TGG ATT GAT CCT GAG AAT GGT GAT ACT GAA TAT GCC CCG AAG TTC 192
Gly Trp Ile Asp Pro Glu Asn Gly Asp Thr Glu Tyr Ala Pro Lys Phe
50 55 60

CAG GGC AAG GCC ACT ATG ACT ACA GAC ACA TCC TCC AAC ACA GCC TAC 240
Gln Gly Lys Ala Thr Met Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

CTG CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GTC TAT TAC TGT 288
Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 95

AAT ACA CGG GGT CTA TCT ACT ATG ATT ACG ACG CGT TGG ETC;TTC GAT 336
Asn Thr Arg Gly Leu Ser Thr Met Ile Thr Thr Arg Trp Phe Phe Asp -
100 105 : 110
GTC TGG GGC GCA GGG ACC ACG GTC GCC GTC TCC TCT G 373
Val Trp Gly Ala Gly Thr Thr Val Ala Val Ser Ser
- 115 _ 120
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 124 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: .

Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Ser Gly Ala
1l 5 : 10 15

Ser Val Lys Met Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 . 25 30
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25.joinirng fragnment for all of the constructs. Since the DNA sequence of
the.3" -nost 190 bp of this fragnent is not known, the PCR was perforned
froma 3" prinmer derived fromthe adjacent vector sequence which is known
30 .and included the BanH restriction site of the fragnent. The initial
products of the first two PCRs, fragnents y-bl and a-x were purified and
subjected to SOE reaction which generated the y-bl-x fragnent for the Fab
vect or construction. The genetic F(ab')2 fragnent -39- was constructed
by simlar nmethods utilizing the 3" priner b2 and the hunan [err] tenplate,
whi ch yiel ded § f ter a Af
phenol / chl or of o m é?(?ar?is llt%%ggﬁ{] ﬁ] R gg(r’:_eé:l?’pﬁﬁa??g e é%{]n%d‘—le
reactions, the fragnents wer e dlgested mnth 5 bot h EcoRI and BamH and
gel purified. sf,a@bpfﬁagﬂ%ﬂprmul hances Ashldh:t B BePR1ABRYLyE ragnent of
the pSV2-gpt vectosg The EcoRl fraggent containing ge COL-1 ﬁeavy 10 chain
variable region was |ligated into the EcoRI site of each of the shortened
heavy chai n veelmksyidyst Sra @aE et Ty wRAA3hi Mt 86r €66 snblit Ala fyanpl e 1.
65 70 75 80

Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Asn Thr Arg Gly Leu Ser Thr Met Ile Thr Thr Arg Trp Phe Phe Asp
100 105 110

Val Trp Gly Ala Gly Thr Thr Val Ala Val Ser Ser
115 120

(2) INFORMATION FOR SEQ ID NO:5:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 373 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: double
{D)} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..373

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GAG GTT CAG CTG CAG CAG TCT GGG GCA GAG CTT GTG AGG TCA GGG GCC 48
Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu val Arg Ser Gly Ala
1 5 10 15

TCA GTC AAG ATG TCC TGC ACA GCT TCT GGC TTC AAC ATT AAA GAC TAC 96
Ser Val Lys Met Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

TAT ATG CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG TGG ATT 144
Tyr Met His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45

GGA TGG ATT GAT CCT GAG AAT GGT GAT ACT GAA TAT GCC CCG AAG TTIC 192

Gly Trp Ile Asp Pro Glu Asn Gly Asp Thr Glu Tyr Ala Pro Lys Phe
50 55 60
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4. . Sel ection and Expression 15 Each of the chinmeric COL-1 shortened heavy
charn vectors was linearized with [err] and el ectroporated into target
cells [err] which express the chinmeric COL-1 |ight chain. Mycophenolic 20
aci d-resi stant colonies were sel ected for-expression of shortened heavy
chain ChCOL-1 anti bodies by ELISA for binding to plates coated with CEA
(AMAC, Inc., Westbrook, ME) and detected with al kaline 25
phosphat ase- conj ugat ed goat anti-human kappa anti body (Southern
Bi ot echnol ogy Associates, Inc., Birm ngham AL). 30 -40- B. In vivo
Characterization of Chineric CO.-1 Fab and [err] After purification from -
cul ture super ngAd ks . aachccierlart kSP AMRGA¢SRER it akcNic A¢AI@CESTAY S240
radi ol abel i ng gid le1f Qlys] ABd dnd MRCERNGNE 145 DEXI 86 E 19l UAdnOtRARLIAEBGT | bed in
Exanple 1. The é8 odi.stribution rmsults for ChCOLy4d Fab are shown gon Tabl es
11 and IV.

CTG CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GTC TAT TAC TGT 288

Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys

85 20 95

AAT ACA CGG GGT CTA TCT ACT ATG ATT ACG ACG CGT TGG TTC TTC GAT 336
Asn Thr Arqg Gly Leu Ser Thr Met Ile Thr Thr Arg Trp Phe Phe Asp
100 : 105 . 110

GTC TGG GGC GCA GGG ACC ACG GTC ACC GTC TCC TCA G 373
Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser
115 120
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 124 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Ser Gly Ala
1 5 10 . 15

Ser val Lys Met Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Met His Trp Val Lys Gln Arg Pro Glu Glan Gly Leu Glu Trp Ile
35 40 45

‘Gly Tzp Ile Asp Pro Glu Asn Gly Asp Thr Glu Tyr Ala Pro Lys Phe
50 55 ' 60

Gln Gly Lys Ala Thr Met Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95



10: - ‘"TABLE Il Percent Injected Dose per G amof [err]

ChCOL- Fab yl Anti body Tissue 15 30 . 2 5 24

m n. m n. Hours Hours Hours Bl ood, total 19. 13-+ 10.61 5.21
2. 71 0. 32 Liver 4.40  3.06 1.81 1.07 0: 35 Spl een
4.29 3.49 2.33 1.42 0.36 20 Ki dney 117. 42 96. 50
17.04 7.91 1. 36 Tunor 2.45 3.28 3.43 2.19 0.98
Lung 6. 51 14. 67 3.85 2.39 0.51 Tunor wei ght . 0.23
0.19 0. 33 0 24 0.17 (gram 25 As shomn in Table 11, at
approxinately ur t-|nj ctjon e ( mto tunor
for ChCOL-1 Fa b,g § %r lmffn&é_ \%%rsqé r(? oh PgLgal}sgrgetl ng
the hunman tum){,ai I’.l.réléll} Al Qr :”ff?:”kr&is npgls§£€%g that e chineric
antibody fragments ofy;l pre Invgpgion are I cient for invivo

carci noma targeting. -41- TABLE IV

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GAGGAGACGG TGACCGTGET CCC 23
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CEFTATGACT ACAGACACAT CCTC ) 24
(2) INFORMATION FOR SEQ ID NO:9:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GAGGATGTGT CTGTAGTCAT AGTG ' 24
(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs



Percent |njected Dose per Organ of [err] ChCOL-yl Fab Antibody Tissue

15+ = ° 30 2 5 24 mn. m n. Hours - Hours Hours 5
Bl ood, total 30.11 16. 36 78. 3 3. 89 0.52 Liwver

6. 41 3.94 2.28 1.26 0.49 Spl een 0. 60 0.42 0.28
0. 18 0. 05 Ki dney 34. 89 24.52 5.53 1.95 0.39 10

Tunor 0.59 0.58 - 1.14 0.54 0.17 Lung 1.27
2.15 0.2 0. 36 0.09 @ ‘Tract 6. 09 9. 60 20. 85 11. 69
0. 29 Carcass 36.91 33.72 30.01 16. 30 1.46 15 Whol e Body

97. 45 85. 27 65. 32 (BBXYPH: nucBeibaddd ention As shown in Table IV, at 24
hours post- -injectionf(Cl FSRANNEDNESR} domdeper organ to tunor for 20 ChCOL
2D1 Fab was 0. 17 per céBl TO¥PROGYhi kimear anti body fragnent was efficient in
targeting the human tunor insitu. These results denonstrate that the
chi mberi ¢ anti body fragrrents of the present invention are efficient for in
Vi vo carcinoma target tant Chineric CO.-1 (ChCOL-1 R) 1.
Genetic Mutation |ﬁ"[§F8‘}E“?ﬁe“i§FFb‘??mﬂe§EBn§ﬁ B: €A 1x- R (3'), was 30

desi gned basedc,&;}smw geaaence g data fromthe COL-1 21

(2) INFORMATION FOR SEQ ID NO:1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:
GTGATTGCCA CTGTCACAGA G 21
{2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GGAAGA?GGA TACAGTTGGT GC 22
{(2) INFORMATION FOR SEQ ID NO:13:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

CGTTTGATTT CCAGCTTGGT GCC ' 23



heavy chain. The nucl eoti de sequence of this oligo was based on the
assunption that there were no differences fromthe germine [err] sequence.
The nucl eoti de sequence of COL1x-R (3') (SEQ ID NG 23) is-as follows: -42-
5' - GATGCGGECCGCTCTTACC [ T] GA GGA GAC G T] GAC C-3' Notl The bracketed

nucl eoti des indicate the differences of the cloned CO.-1 [err] genom c DNA
sequence fromthe 5 germine [err] sequence. The first T difference is a
silent nutation, while the second T difference results in a nutation of
[err] to [err]. The doubl e underlined nucleotides indicate the splice donor
site in the intron. 10 a. PCR anplification of COL1x-R Heavy Chain from
MRNA The rever 4@)t IRFOBMATION| FOR SEQ AP MN1atilized (in 15 90 [err]) 1 pg of
COL-1 poly A+ nRNA; 10 pnmoles of COL1Ix-R (3'); and 9 [err] of 10x buffer
(1x = 50 nM Tris (pH)=SEQUENCE EEARAQTERISTICIN0 nM NaCl ); 0.22 nM dNTPs. The
sanpl e was heated to [ ei®)] LENRTE3 24 hateepaisfen cooled to [err]. Then 0.5 pL

(12.5 units) of AW revi@)sBYPE: nucleic acid
{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CAGACCCACT GCCACTGAAC C 21
(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 61 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: misc feature
(B) LOCATION: 4..9
(D) OTHER INFORMATION: /labels= BamHI site

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
CTCGGATCCT CATTGTCCAT TACTGACTAC AGGTGCCTAC GGTGACATTG . 50
TGCTGACACA G 61
(2) INFORMATION FOR SEQ ID NO:16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 5..10
(D) OTHER INFORMATION: /label= HindIII_site

-56-



20 transcriptase (Boehringer Mannheim | ndianapolis, IN was added and

al bowed to extend for 30 m nutes. The PCR was continued by the addition of
1 [err] 10x buffer; 100 prnoles of COLl-y; 90 pnoles of COLIX-R ; 0.5 [err]
25 (2.5 units) of Taq polynerase (Stratagene, La Jolla, CA) The nucl eotide
sequence of COL1-y (SEQ ID NGO 24) is as follows: 5" -CGIGITCGACAGEC ATC AAT

TCA GAG G 3' 30 - SaFl The doubl e underlined nucl eoti des
indicate the splice acceptor site in the intron. After covering with 2
drops of mneral oil, thermal cycling between [err] and [err] (30 seconds

each) was perfornmgg; BRE HEEcRY ﬁQQ‘OQ; Lts @@¢id.on vol ume. The 405 bp PCR
product was -43-m? é%gagurlfleg 7 After tEral nm ng the ends of this DNA

insert with [egddraaéehd 8FiAnabfisit hbPiAcBbric @A¥FReacE Recérocegnent was | i gajsed
into the phosphatased, gel-purified pV-yl vector previously digested with
[err] and [err{2) Zxror¥agpay 26k ®RQOofp MemwmNnd Gpt Resi stant Transfornmed Sp2/0
Cell Lines Carrying Chineric COL-1 Light and Mutant (R ) Heavy Chain Cene
Constructs (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 base pairs

{(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENRCE DESCRIPTION: SEQ ID NO:17:
AGAGGATATT GAAATAATTA AATAGCAC 28
(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 23 base pairs
~ (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
GGCCCTTTCG TCTTCAAGAA TTC 23
(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid

{(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

TATCTTATCA TGTCTGGATC C 21

-57=



The chineric pCOL1-R heavy chain vector was 10 el ectroporated into the
celd Ii'ne expressing the ChCOL-1 |ight chain, COL-1KD4/F2, after
linearization with [err]. Drug resistant colonies in 96 well plates were
screened by ELI SA using both CEA antigen traps and goat 15 anti-human kappa
or goat anti-human 1gG anti body traps (Southern Biotechnol ogy Associ at es,

Bi rm ngham AL). Chineric antibody-bound to these traps was detected with
goat anti-human kappa anti body conjugated with al kali ne phosphatase in a
standard ELI SA assay. Individual 20 primary clones which were positive on
all 3 traps wene) snborvareoh 308 $Hac18 Kok 2d:i nes expressing the highest Levels
of anti body were each frozen in cryovials. ChCO.-1 R antibodies were
purified from cul t yip sEQpENCEACEARASTERISTECSCI | bed in Exanple | using protein
A 25 chromat ography. D.(a) uEvce®: @hasaset prirzati on of ChCOL-1 R The ChCOL-1
R for use in animal st(gdi ®PEwasc3@id abid ed with [err] and used for

det ecting carci noma ti SSUSTRANDRIYESS :heiindle Exanple 1. The biodistribution
results for ChCOL-1 R (®)cTOPRBOGY:| hinkabl es V and VI. TABLE V Per cent

I nj ected Dose per Gramof [err]

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
GGTAAATGAG TGCGACGG : 18
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CEARACTERISTICS:
{A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
CCGTCGCACT CATTTACCAA CTCTCTTGTC CACCTT 36
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
- (B) TYPE: nucleic acid

(C) STRANDEDNESS: single °
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CCGTCGCACT CATTTACCTG GGCACGGTGG GCATGT 36
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ChCOL-1 R Antibody 5 Ti ssue 5 hours hour s Hour s Hour s

Bl-ood; total 22.16 13. 64 11. 44 10. 73 Liver 5.95
2.79 2. 26 2.42 Spl een 5.18 2.41 " 2.17 2.24 10
Ki dney 3.25 1.38 1.57 1.21 Tunor 8.15
23.74 31.93 42.34 Lung o 6. 09 3.52 3.33 3. 24 Tunor
wei ght 0.26 . 0.32 0.14 0.10 (gram As shown in Table V, at

approxi mately 120 hours post-injection, the injected dose per gramto tunor
for ChCOL-1 R was 42.34 per cent. ChCOL-1 R was efficient 20 in

targeting the Uﬁﬁ& Eygg L asitu,  d Fg strating that the ChCOL-1 R of the
pr esent inven(tzpo F‘i %ﬁﬁ%&lfxgrﬁ 'ngl'vo carcinoma targeting. 25 30 - 45-
TABLE VI Percent J.nj .of [err] ChCOL-1 R Anti body

e i c RAETERISHRS:

(A) LENGTE: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GATGCGGCCG CTCTTACCTG AGGAGACGGT GACC 34
(2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

CGTGTCGACA GGCATCAATT CAGAGG ' 26
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5 - Ti ssue 5 hours hours Hour s Hour s Blood; t ot al
32.32" 19. 30 - 79 Li ver : 5.95 3.45 2.87

R LT 1T R - h 2 e

57 0.51 0.47 A Tract
7 61 3.43 3.15 2.79 15 Car cass 46.10 36.60 33.16
32. 00 Whol e Body 82.50 62.10 55. 68 51. 45 Retention As shown in
Table VI, at 1QAARIMSurs post- 20 -injection, the injected dose per organ to
tumor for ChCOL-1 R was 5.63 per cent. Conpared with ChCOL-1, the ChCOL-1
R showed approxinately 50 percent nore accunulation in the tumors at 120
hours post injection. P netically
Al t'ered Chineric Antlbo les ?ﬁgﬁggﬁéﬁf&$$(§§$% 5(¥¥§%§35&$|y altered
chimeric anti mﬁqmcaMhMVm:g:oﬁeeappdllghghchehau narnngbyeghenabﬁve

exanpl e vere denasipdad 1 1!%@&1 yEﬁeCBEQHEeDﬁﬁ'Eé&%éﬂ@eon
Decenber 8, 1992, SpeC| IIo g cel |nes een
deposi t ed: (])°Q§ﬂ53_ t?m¥¥9n§qlqlsﬁﬂuﬁ&§ﬁn§u EIE ¢ feB®]), and

const ant r-\régi @b athdt e SRGID-ND:2.

2. The DNA comstruct according to Claim 1
where the first DNA strand coding sequence is
substantially the same as the of SEQ ID NO:l.

10
3. The DNA construct of Claim 1 wherein the
DNA construct further comprises a second DNA strand
. sequence which encodes the light chain constant region
' 5 of the chimeric monoclonal antibody.

4. A DNA construct comprising a first DNA
sequence which encodes for a heavy chain variable region
of a chimeric monoclonal antibody, the first DNA
sequence coding for an amino acid sequence substantially

20 the same as that of SEQ ID NO:4 or SEQ ID NO:6.

- 5. The DNA construct of Claim 4 which codes
for an amino acid sequence substantially the same as
that of SEQ ID NO:4.

25
6. The DNA construct according to Claim 5
wherein the first DNA strand coding sequence is
substantially the same as that of SEQ ID NO:3.

30 7. The DNA construct of Claim 5 wherein the
DNA construct further comprises a second DNA sequence
which encodes a heavy chain constant reglon of the
chimeric monoclonal antibody.

35
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(ATCC'NO —CRE31218); (2) ChCOL 2D1 F(ab’ )2 a cell line having COL-1

[err], err and constant reglon of human -46- lgGlL F(ab')2 (ATCC

No. CRL 11 mmu ﬂmﬁm& a cell line having COL-1 [err]

cont ai ni ng d nutatlon COL-1 [err], and constant region

of human |gGl (A CRL 11215). 5 The present invention is

not to be limted |n scope by the cell lines deposited since the deposited

enbodi ment is intended as a single illustration of one aspect of the
~invention and all cell lines which are functlonally equi val ent are within

the scope of the 10 invention. Wile this inve on h d&ﬁegtdescrlbed I n
detail and with referend t@‘%%ﬂ%‘ﬁ-ﬁm 1ch cgdes pe

apparent to on€ogkiahl @ftihe beédaké ﬁEnbbahubataﬂuSatbynm Safle as

nmodi fi cations uld de_t in wthout departing fromthe spirit and
scope of the a%ﬁ@ﬁdgg §g§ ﬁg B§0825 30

9. The DNA construct according to Claim 8
5 wherein the first DNA strand coding sequence is
substantially the same as that of SEQ ID NO:5.

10. The DNA construct of Claim 8 wherein the
DNA construct further comprises a second DNA sequence
10 which encodes a heavy chain constant region of the
chimeric monoclonal antibody.

11. A chimeric monoclonal antibody comprising a
light chain variable region having an amino acid
15 sequence substantially the same as that of SEQ ID NO:2.

12. A chimeric monoclonal antibody comprising a
heavy chain variable region having an aminoc acid
sequence substantially the same as that of SEQ ID NO:4

20 or SEQ ID NO:6.

13. The chimeric monoclonal antibody of
Claim 12 having an amino acid sequence substantially the
same as that of SEQ ID NO:4.

25
: 14, The chimeric monoclonal antibody of
Claim 12 having an amino acid sequence substantially the
same as that of SEQ ID NO:6.

30 . 15. A chimeric monoclonal antibody comprising a
light chain variable region substantially the same as
that of SEQ ID NO:2 and a heavy chain variable region
having the amino acid sequence substantially the same as

35 that of SEQ ID NO:4 or SEQ ID NO:6.

—_—
This Sheet Has

T —



-47- - SE NG(l) GENERAL | NFORVATI ON: (i) APPLI CANT: THE DOW

CHEM CAL . OF HEALTH AND HUMAN SERVI CES (ii) TITLE OF
| NVENTI ON: ANTI - CARCI NOEMBRYONI C ANTI GEN CHI MERI C
ANTI BODI ES (i ¢ SEQUENCES: 24 (iv) CORRESPONDENCE ADDRESS: (A)

ADDRESSEE: Duane C. "U frers B) STREET: P.O. Box 1967 (C) CITY: Mdl and (D)
STATE: M (E) COUNTRY: US (F) ZIP: 48641-1967 (v) COVWPUTER READABLE FORM
(A) MEDI UM TYPE: Floppy di sk (B) COWUTER |BM PC conpatible (C) OPERATI NG
SYSTEM PC-DOS/ M5-DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25
(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: (B) FILI NG DATE:

16. The chimeric monoclonal antibody of
Claim 15 wherein the light chain —ariable region is
substantially the same as that of SEQ ID NO:2 and a
heavy chain variable region substantially the same as
that of SEQ ID NO:4.

5
17. The chimeric monoclonal antibody of
Claim 16 wherein the antibody is produced by the cell
line ATCC No. CRL 11214, ATCC No. CRL 11216, ATCC No.
10 CRL 11217 or ATCC No. CRL 11218.

18. The chimeric monoclonal antibody of
Claim 15 wherein the light chain variable region is
substantially the same as that of SEQ ID NO:2 and a
heavy chain variable region substantially the same as
15 that of SEQ ID NO:6.

19. The chimeric monoclonal antibody of
Claim 18 wherein the antibody is produced by the cell

20 line ATCC No. CRL 11215.

20. A composition comprising an antibody of
Claim 15 in a pharmaceutically acceptable, non-toxic,-
sterile carrier. '

25 21. An altered antibody in which the CDRs from
the light chain variable region of SEQ ID NO:2 or the
heavy chain variable region of SEQ ID NO:4 are grafted
onto the framework regions of a human antibody.

30

35
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38, 777-F (ix) TELECOVMUNI CATI ON | NFORMATI ON:  (A) TELEPHONE: 6517 %’

(2) T NFORMATI ON "PEQ | D. NOWeRLY
331 base

TOPOL

. p?l rg ﬁ\'r}OTYPE nucl ei c aﬁi d

o e dy

-_41 ’\

k |_

RAUSPERONT| CSis

ORGANI $¥i1) rtenathonal Paesit ClafsifizafionrSAT URE:
(xi) SEQUE

TCC TTA ACTS(2)CR2P 21108, 861K 39/398 Asp

(

TIeE128E03/13D NO |

A)
'A3G

Il e

INAYY Bt Earonal ablichtdh Numml ON: wo 94/19466
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(57) Abstract

antibody-encoding DNA constructs are also described.
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(54) Title: A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC ANTIGEN CHIMERIC ANTIBODIES

The present invention discloses novel chimeric monoclonal antibodies directed ngainst human caminoembryonic antigen, having
anngen-specxﬁc variable regions. DNA constructs for the light and heavy chain variable regions comprising the novel antibodies of the
invention are also_disclosed. Eukaryotic host cells capable of expression of the chimeric antibodies and comprising the novel chimeric




CTGAéGGCCACCATCTCATGCAGGGCCAGCAAAAGTGTCAGTGCATCT 96 Leu
Ar'g Ala Fh s Arg Ala Ser Lys Ser Val Ser Al a Ser_20

25 TAT AGT TAT ATG CAC TGG TAC {lAA GASE P A AEEN
GGA CAG CChi Mce'gyr Ser Tyr Met Hi's Trp Tyr Gn|iG n AngpEAce Y

tHas]%én
Gn Pro Pro 45
TAT CTT ﬂAA TCT GGG GIC CCT GCC 192 Lys Leu Leu Ile Tyr
Leu Al a Ser Asn eu er Ay Val Pro Ala 50 55

60 AGG TTC AGT GGC AGT GGG TCT GGG ACA GAC TTC ACC CTC AAC ATC CAT 240
Arg Phe Ser Gly Ser Ay Ser Ay Thr Asp Phe Thr Leu Asn Ile H's 65

70 - 75 80 CCT GIG GAG GAG GAG GAT CCT
GCA ACC TAT TAC TGI CAG CAC AGT AGG rigifeg £ro Val Gu Gu Gu Asp AIa Al a
Thr Tyr Tyr Cys A n His Ser Arg 85 90

95 GAG CTT CCG ACG TTC GGTI GGA GGC ACC AAG CTG GAA ATC AAA C

331 Gu Leu Pro Thr Phe Ay Ay Gy Thr Lys Leu Qu Ile Lys 100

105 110 -49- (2) INFORVATION FOR SEQ ID NO 2: (1)
SEQUENCE CHARACTERI STICS: (A) LENGTH 110 amino acids (B) TYPE: amno acid

- gamma-i -
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(D) TCPO_OGY near LE TYPE: protein (xi) SEQUENCE DESCRI PTI oN:

SEQ I D NG 2. eu Thr dn Ser Pro Ala Ser Leu Thr Val Ser Leu

Gy 1 10 . ot
Al a Thr IIe I Ser Lys Ser Val Ser Ala Ser 20 THIS SHEET HAS BEEN
25 Tyr Ser Tyr Met. His Trp Tyr An @n Arg‘iﬁﬁ%f-‘@ny
A@n Pro Pro 35 45 Lys teu teu T1TE

Tyr Leu Ala Ser Asn Leu dn Ser Gy Val Pro Al a 50 _ 55

60 Arg Phe Ser Gy Ser Ay Ser Gy Thr Asp Phe Thr Leu Asn Ile His 65

70 75 FIGUREB® Pro Val Gu Au Gu Asp Al a

Ala Thr Tyr Tyr Cys An H's Ser Arg 85 90

95 G u Leu Pro Thr Phe Ay Ay Ay Thr Lys Leu Qu Ile Lys 100

105 110 (2) | NFORMATION FOR SEQ ID NO 3: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 373 base pairs (B) TYPE nucleic acid (C
STRANDEDNESS:. double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(vi) ORIG NAL SOURCE: (A) ORGANI SM Mus nuscaris

2/5



(ix) (A) EY: CDS (B) LOCATION: 1..373 -50- (xi) SEQUENCE

DESCRIP H NO 3. GAG GIT CAGCTGCAGCAGTCTGGGGCAGAGCTT GTG
AGGT eE%luVaIGlnLeu(';‘in(';‘inSerGlyAI .
T

Ser* 10 THIS SHEET HASB
GIC AAG ATG CA GCT TCT GGC TTC AAC ATT AAA GAC TAC  REPIGER/,)
Lys Met Ser Cys Thr Al a Ser Phe Asn Ile Lys Asp Tyr 20

25 30 TAT ATG CAC TGG GIG AAG CAG AGG CCT GAA CAG GCC CTG
GAG TGG ATT 144 Tyr Met His Trp Val Lys A@n Arg Pro Gu An Ay Leu GQu
Trp Ile 35 40 45 GGA TGG ATT GAT CCT
GAG AAT GGT GAT ACT GAA TAT GCC CCEHOWE IITC 192 Ay Trp Ile Asp Pro Qu
Asn Ay Asp Thr Gu Tyr Ala Pro Lys Phe 50 55

60 CAG GGC AAG GCC ACT ATG ACT ACA GAC ACA TCC TCC AAC ACA GCC TAC 240
Gn @y Lys Ala Thr Met Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr 65
70

75 80 CTG CAG CTC AGC AGC CTG ACA
TCT GAG GAC ACT GCC GIC TAT TAC TGT 288 Leu A n Leu Ser Ser Leu Thr Ser
G u Asp Thr Ala Val Tyr Tyr Cys 85 90 95
neo
%

s

amp

PRL1003
11.8 Kbp

de

sit Bam HI

human
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AAT ACA CGG GGT CTA TCT ACT ATG ATT ACG ACG CGF TGG TTC TTC GAT 336 Asn
Thr ArWt Il'e Thr Thr Arg Trp Phe Phe Asp 100

105 110 GTC TGG GGC GCA GGG ACC ACG GIC!

RSIASIACSARAC A
373 Val ayedThr Thr Val Ala Val Ser Ser - 17#H§S SHEET HAS BEEN
120 (2) SEQ ID NO 4: (i) SEQUENCE CHARACTERLSTIRES-AGHD
LENGTH: s (By TYPE: amno acid (D) TOPOLOGY: Tinear (il1)
MOLECULE TYPE: proteln (xi) SEQUENCE DESCRI PTI ON: SEQ IDNO4: Qu Val d@n

Leu Gn A@n Ser Ay Ala GQu Leu Val Arg.Ser Ay Ala 1 5

10 15 Ser Val Lys Met Ser Cys Thr Ala Ser Gy Phe Asn e
Lys Asp Tyr 20 25 FIGURE 4 30 Tyr Met H's Trp
Val LysGnArgProGanGyLeuGuTrpIIeSS 40

45 Gy Trp Ile Asp Pro Gu Asn Ay Asp Thr GQu Tyr Ala Pro Lys Phe 50 .
55 60 G n Ay Lys Ala Thr Met Thr Thr Asp Thr Ser Ser Asn
Thr Ala Tyr 65 70 75

80

neo

4/5



. Leu dn leu Ser—Ser—tet—Thr Ser Gu Asp Thr Ala Val Tyr

90 * 95. Asn Thr Arg Gy Leu Ser Thr Met g

Phe Phahi et+fasBeen Replaced 105 1 .

G.y Thr m‘m | Ser Ser 115 1202y TNFORWVE
FOR SEQ | EQUENCE CHARACTERI STICS: (A) LENGTH;

(B) TYPE: nucleic acid (C) STRANDEDNESS. double (D) TOPQO
MOLECULE TYPE: cDNA (ix) FEATURE: (A) NAME/ KEY: CDS (B)
(xi) SEQUENCE DESCRI PTI ON: SEQ NO 5: FESBEQIT CAG CTG GA &
GAG CTT GTG AGG TCA GGG GcC B AQu Val @dn Leu An dn Ser Ay Ala Gu
Leu Val Arg Ser Ay Ala 1 2 5 10

15 TCA GIC AAG ATG TCC TGC A TGd |GCC TTC AAC AT'L NAA GAC TAC 96
Ser Val Lys Met Ser Cys r Alal$er Ay Phe Asn Ile Lys]Asp Tyr 20
25 30 C TGS GIG AAG CAG A CCT GAA CAG GCC CTG
GAG TGG ATT 144 Tyr Metq His Trp Val Lys Gn Arg Prof8du Gn Ay Leu GQu
Trp Ile 35 40 45 3
1
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GGA TGG ATT GAT CCT GAG AAT GGT GAT ACT GAA TAT GCC CCG AAG TTC 192 Ay
- Trp IleAsp Pro Qu Asn Ay Asp Thr Au Tyr Ala Pro Lys Phe 50

. D5 60 -52- CAG GGC AAG GCCACT ATG ACT ACA GAC ACA TCC
TCC*AAC ACA GCC TAC. 240 dn Ay Lys Ala Thr Met Thr Thr As Thr Ser Ser
Asn Thr Ala Tyr 65 - ' 70 75

80 CTG CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GIC TAT TAC TGr 288
Leu G n Leu Ser Ser Leu Thr Ser Qu Asp Thr Ala Val Tyr Tyr Cys 85

90 , 95 AAT ACA CGG GGT CTA TCT ACT ATG ATT ACG ACG CGTI TGG
TTC TTC GAT 336 Asn Thr Arg Ay Leu Ser Thr Met Ile Thr Thr Arg Trp Phe
Phe Asp 100 105 110 GIC TGG GGC GCA GGG
ACC ACG GTC ACC GIC TCC TCA G 373 val Trp Ay Ala Ay
Thr Thr Val Thr Val Ser Ser ZF¥IBURE 1 120 (2) | NFORVATI ON FOR
SEQ I D NO 6: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 124 am no acids (B)
TYPE: amino acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 6:

by

Ndel

Ncol
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X

'Glu"VaI.GIn Leu dn G@n Ser Ay Ala GQu Leu Val Arg Ser Ay Ala 1

5 | O 15 Ser Val Lys Met Ser Cys Thr Al a

. Ser Ay Phe Asn Ile Lys Asp Tyr 20 25 30
" Tyr=Met H's Trp Val Lys An Arg Pro Gu G@n Ay Leu Qu Trp Ile 35

40 45 Gy Trp Ile Asp Pro Gu Asn Ay Asp Thr Gu Tyr Al a
Pro. Lys Phe 50 55 _ 60 Gn Ay Lys Al a
Thr Met Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr 65 70
75 80 Leu Gn Leu Ser Ser Leu Thr Ser du Asp Thr Al a Val
Tyr Tyr Cys 85 90 95 -53- Asn Thr Arg
Gy Leu Ser Thr Met Ile _Thr Thr Arg Trp Phe Phe Asp 100 105

110 Val Trp Ay Ala d yF¥RErRr val Thr Vval Ser Ser 115

120 (2) | NFORVATION FOR SEQ ID NGO 7: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 23 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear _




(xi) SEQUENCE DESCRI-PTI ON: SEQ I D NO 7: GAGGAGACGG TGACCGTGGT CCC

23 (2) | NFORVATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STICS: (A

_ LENGTH: 24 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPGLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NG 8: CACTATGACT
ACAGACACAT CCTC 24 (2)

| NFORVATI ON FOR SEQ I D NO 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 24
base pairs (B) TYPE: nucleic acid (C). STRANDEDNESS: single (D) TOPOLOGY:.
i near (xi) SEQUENCE DESCRI PTION: SEQ I D NGO 9: GAGGATGIGI CTGTAGTCAT AGIG
24 (2) | NFORMATI ON FOR SEQ I D NGO 10: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 21 base pairs -54- (B) TYPE: nucleic acid '

FIGURE 3
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"~ (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 10: CTCTGTGACA GIGGCAATCA C :
21 (2) | NFORMATION FOR SEQ I D NO 11: (i) SEQUENCE CHARACTERI STICS: (A)
* LENGTH: 21 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ I D NGO 11: GIGATTGCCA
‘CTGTCACAGA G. - 21 (2) ' _
| NFORVATI ON FOR SEQ I D NO 12: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 22 -
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
i near (xi) SEQUENCE DESCRI PTION: SEQ ID NO 12: GGAAGATGGA TACAGITGGT GC
22 (2) | NFORMATI ON FOR SEQ-I D NO 13: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH:. 23 base pairs (B) T}?Yf(,lﬁimnauc' eic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear

i

"Hindlll

~human
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(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 13: CGITTGATTT CCAGCTTGGT GCC

23 -55- (2) I NFORVATI ON FOR SEQ I D NO 14: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 21 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: linear (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 14: . CAGACCCACT
GCCACTGAAC C. . : 21 (2)

| NFORMATI ON. FOR SEQ I D NO 15: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 61
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

i near (ix) FEATURE: (A) NAME/ KEY: m sc feature (B) LOCATION: 4..9 (D
OTHER | NFORMVATI ON: /| abel = Banhl, sit e FI&RF 5SEQUENCE DESCRI PTI ON: SEQ I D

NG 15: CTCGGATCCT CATTGI CCATEﬂl' GTGACTAC AGGTGCCTAC GGTGACATTG
50 ( 4
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- —_—
TGCTGACACA G —————

(2) |'NFGQE,M¢ems|§QB D NO 16:¢]
48" base pm,'@m”ﬁ yRuct ei ¢ 1"
| i near (i )  NAVE/ KEE
,OTHER | NF el=Hndlll site -56-

SEQ I D NO 16: CATTAAGCTT AGAAAAGTGT ACTTACGITT GATTTCCAGC TTGGT GCC

48 (2) | NFORMATI ON FOR SEQ ID NO 17: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 28 base pairs (8) TYPE nucleic 68id (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 17: AGAGGATATT
GAAATAATTA AATAGCAC 28 (2)

| NFORMATI ON FOR SEQ | D NO 18:

A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC ANTIGEN CHIMERIC
| ANTIBODIES

ABSTRACT

The present invention discloses novel chimeric monoclonal antibodies directed
against human carcinoembryonic antigen, having antigen-specific variable regions.
DNA constructs for the light and heavy chain variable regions comprising the novel
antibodies of the invention are also disclosed. Eukaryotic host cells capable of -
expression of the chimeric antibodies aﬁd comprising the novel chimeric antibody-

encoding DNA constructs are also described.



. (1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 23 base pair F@?&Ex@T%ﬁ
.acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (Xi

. DESCRI PTION: SEQ I D NO 18: GGCCCTTTCG TCTTCAAGAA TTC .24 JAN ]997
.23 (2) I NFORVATI ON FOR SEQ I D NO 19: (i) SEQUENCE CHA -

LENGTH: 21 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: si ngI e (D)
TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ I D NG 19: TATCTTATCA
TGTCTGGATC C 1/5 21 -57- (2)

| NFORVATI ON FOR SEQ I D NO 20: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 18
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

l'i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 20:

- s

FIGURE 1
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gamma-1



| REPLACEMENT SHEET

TS T AR

GGFAAATGAG TGCGACGG
(2) I'NFORMATI ON FOR SEQ I D NO 21: (i) SEQUENCE CHARACTERI
36 -base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: si
| i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 21: CCGICGCA

CTCTCTTGIC CACCTT - 36 (2) | NFORVATI ON FOR SEQ
I D NO 22: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 36 base pairs (B) TYPE
nucl eic acid (C) STRANDEDNESS: si ngl /D) TOPOLOGY: linear (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO 22: CCGTCGCACT CATTTACCTG GGCACGGIGG GCATGT
36 -58- (2) I NFORVATI ON FOR SEQ I D NG 23: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH. 34 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single

_ FIGURE 2




<«

(D) TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ | D NO 23: GATGOGGCCG
CTCTTACCTG AGGAGACGGT GACC 34 (2)

| NFORMATI ON FOR SEQ I D NO. 24: (i) SEQUENCE CHARACTERI STI OF: E%%) -Lf—;n i
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: si ngl P( )‘Ai" L
| i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 24: CGTGTCGA 3G 2CAATAN 1997
CAGAGG 56 - 50, i kL o

chi meri ¢ nonocl onal ant.i body which bi¥H8s to carci noenbryonic anti gen havi ng
a light chain variable region with an am no acid sequence the sane as that
of SEQID NO 2. 2. A chineric nonoclonal antibody which binds to

carci noenbryoni c anti gen having a heavy chain variable region with an am no
acid sequence the sanme as that of SEQID NO 4 or SEQ ID NO6. 3. The

chi meri ¢ monocl onal anti body of cFHUBRERB having an amino aci d sequence the
same as that of SEQ ID NO 4. 4. The chineric nonoclonal antibody of claim
2 having the am no acid sequence of SEQ I D NO 6. -

pRL1003
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human
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5. "A.chineric monocl onal antibody which binds to carcinoenbr yon| c ant| gen
having a |ight chain variable region the sane as that of S
heavy chain variable region having the am no acid sequenf
of SEQID NGO 4 or SEQID NGO 6. 6. The chineric nonocl onall anti Qoéme WI
5 wherein the light chain variable regionis SEQID NO 2 a\??éﬁithe ‘heavy ..

chain variable region is SEQ ID NG 4. 7. The chineric
of claim6 wherein the antibody is péSduced by a cell Ilne seI ected from
consi sting of ATCC No. CRL 11214, ATCC No. CRL 11216, ATCC No. CRL 11217
and ATCC No. CRL 11218. 8 The chineric nonocl onal antibody of claim5
wherein the light chain variable region is the sane as that of SEQ ID NO 2.
and the heavy.chain variabl e regi Ori*Iblﬁzss QIDNOG6. 9. The chinmeric

nonocl onal anti body of claim8 whereinthe anti body is produced by the cell
line ATCC No. CRL 11215. 10. A conposition conprising a chineric nonocl onal
antibody of claim5 in a pharmaceutically acceptable, non-toxic, sterile
carrier.. 8. The DNA construct of Claim4 which codes for an amino acid .
sequence substantially the same as that of SEQ ID NO 6. 9. The DNA
construct according to Caim8 5 wherein the first DNA strand coding
sequence is substantially the sane as that -of SEQ ID NO 5. 10. The DNA
construct of Claim8 wherein the

amp

Hindilt

neo human




-

"DNA construct further conprises a second DNA sequence i ade
heavy chain constant region of the chineric nonoclo aﬁEﬁ_rgdrh@qq‘pm];@ET
chimeric nonoclonal antibody conprising a |ight chaijn vari gbl n
havi ng an amino acid 15 sequence substanti ally the
NO 2. 12. A chinmeric nonoclonal antibody conpri singla: : :
regi on having an amno acid sequeng; substantially the sane as that of SEQ
IDNG4 20 or SEQID NO 6. 13. Th hi meric nonocl onal ant | body of Caim
12 having an anino acid sequencq jsubst aftf¥EfI% the same as that of SEQID
NO 4. 25 14. The chineric no&cl{dnal anti body of Claim 12 having an am no
aci d sequence substantially e|dane as that of SEQ ID NGO 6. 30

15. A chineric nonocl onal ant™bddy cogprising a |light «chain variable region

substantially the sane that SEQ NO 2 and a heayy chai.n variabl e
regi on having the am no encée substantially thejsane as 35 that of
SEQID NG 4 or SEQID ) 14. The chineric nonocl®hal anti body of
_ . _ g
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Caim 15 wherein the light chain variable region is substantially the sane
as"’ tha,t of SEQ ID NGO 2 and a heavy chain varl abI e regLon.s = t he

|mﬂ.AcmM&NioﬂyEE>1f
Claim 16 wherein the anti body IS pr oduced by the cel Ilne,bé-m
11214, ATCC No. CRL 11216, ATCC No. CRL 11217 or ATCE plge
The Chl meri ¢ nonocl onal anti body of C aim 15 wherein lfe—trahect -
variable region is substantially the same as that of SEQ ID NO 2 and a
heavy chain variable region substantiagdy the same as 15 that of SEQ ID
NGO 6. 19. The chimeric nonocl onal antibody of C aim 18 wherein the anti body
i's produced by the cell line ATCC No. CRL 11215. 20 20. A conposition
conprising an antibody of Caim115 in a pharmaceutically acceptable,
non-t oxi ¢, ASNOVEE FeaVIll 'OF ANTI- CARCINOEMBR’?‘OMﬁRN@GENt CROERIE Whi ch
the CDRs fromthe l'ight chain variable region of SEQ ID NO 2 or the heavy
chain variable region of SEQ | D NANTIBODIES\fted onto the franmework regions
of a human anti body.

ABSTRACT

| 18.

The p.resent invention discloses novel chimeric monoclonal antibodies directed
against human carcinoembryonic antigen, having antigen-specific variable regions.
DNA constructs for the light and heavy chain variable regions comprising the novel
antibodies of the invention are also disclosed. Eukaryotic host cells capable of
expression of the chimeric antibodies and comprising the novel chimeric antibody-

encoding DNA constructs are also described.

Fig. 3
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‘In another aspect, the presént invention provides a ChCOL-1 ¢ ChCOL-1 R'
monoclonal antibody comprising a light chain variable region having the amino acid
sequence substantially the same as that of SEQ ID NO:2. The present invention further
provides a ChCOL-1 or ChCOL-1 R' monoclonal antibody comprising a heavy chain
variable region having the amino acid sequence substantially the same as that of SEQ ID
NO:4 or SEQ ID NO:6. In still another aspect, the present invention provides a chimeric
monoclonal antibody comprising a light chain variable region having an amino acid
sequence substantially the same as that of SEQ ID NO:2 and a heavy chain variable region
having an amino acid sequence substantially the same as that of SEQ IN NO:4 or
substantially the same as that of SEQ ID NO:6.

In addition, the present invention provides novel chimeric antibodies for use in in vitro and
in vivo diagnostic assays and in vivo therapy.

More particularly, there is provided according to a first embodiment of the invention a
chimeric monoclonal antibody which binds to carcinoembryonic antigen having a light chain
variable region with an amino acid sequence the same as that of SEQ ID NO:2.

“According to a second embodiment of the invention there is provided a chimeric

" monoclonal antibody which binds to carcinoembryonic antigen having a heavy chain
~ variable region with an amino acid sequence the same as that of SEQ ID NO:4 or SEQ ID
NO:6.

According to a third embodiment of the invention there is provided a chimeric
monoclonal antibody which binds to carcinoembryonic antigen having a light chain variable
region the same as that of SEQ ID NO:2 and a heavy chain variable region having the
amino acid sequence the same as that of SEQ ID NO:4 or SEQ ID NO:6. : _

Acéording to a fourth embodiment of the invention there is provided a composition

' comprising a chimeric monoclonal antibody of the third embodiment in a pharmaceutically
acceptable, non-toxic, sterile carrier.
Description of the Figures

Figure 1 illustrates the plasmid map of pCOL-1 y1. The murine COL-1 heavy chain
variable region is indicated by the stippled bar and the human y1 Constan_t region is indicated
by the black bar.

Figure 2 illustrates the plasmid map of pCOL-1 y4. The murine COL-1 heavy chain
variable region is indicated by the stippled bar and the human y4 constant region is indicated
by the black bar.

Figure 3 illustrates the plasmid map of pRL 1003. This is a universal light chain
expression vector in that any BamHI-HindIll V; DNA fragment cloned
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. CLAIMS

1. A chimeric monoclonal antibody which binds to carcinoembryonic antigen
having a light chain variable region with an amino acid sequence the same as that of SEQ ID
NO:2.

2. A chimeric monoclonal antibody which binds to carcinoémbryonic antigen
having a heavy chain variable region with an amino acid sequence the same as that of SEQ
ID NO:4 or SEQ ID NO:6.

3.  The chimeric monoclonal antibody of claim 2 having an amino acid sequence the
same as that of SEQ ID NO:4.

4. The chimeric monoclonal antibody of claim 2 having the amino acid sequence of
SEQ ID NO:6.

5. - A chimeric monoclonal antibody which binds to carcinoembryonic antigen
having a light chain variable region the same as that of SEQ ID NO:2 and a heavy chain
variable region having the amino acid sequence the same as that of SEQ ID NO:4 or SEQ
ID NO:6.

6. The chimeric monoclonal antibody of claim 5 wherein the light chain variable
region is SEQ ID NO:2 and the heavy chain variable region is SEQ ID NO:4.

7. The chimeric monoclonal antibody of claim 6 wherein the antibody is produced
by a cell line selected from consisting of ATCC No. CRL 11214, ATCC No. CRL 11216,
ATCC No. CRL 11217 and ATCC No. CRL 11218,

8. The chimeric monoclonal antibody of claim 5 wherein the light chain variable
region is the same as that of SEQ ID NO:2 and the heavy chain variable region is SEQ ID
NO:6. |

9. The chimeric monoclonal antibody of claim 8 wherein the antibody is produced
by the cell line ATCC No. CRL 11215.

10. A composition comprising a chimeric monoclonal antibody of clam1 5in a
pharmaceutically acceptable, non-toxic, sterile carrier.
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- A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC ANTIGEN CHIMERIC
ANTIBODIES

ABSTRACT _

The present invention discloses novel chimeric moﬁoclonal antibodies directed
against human carcinoembry:onic' antigen, having antigen-specific variable re_gions.
DNA consﬁu@ts for the iight and heavy chain variable regions comprising the novel
antibodies of the invention are also disclosed. .El.lkaryotic host cells capable of
expression of the chimeric ah_tibodi_es and comprising the novel chimeric antibody-

encoding DNA constructs' are also described.
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