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Cetus Internal Meino (May 26. I982).
(‘cltiti Internal Memo (Mar. 27. 1984).
Fctuslutcrnal Memo (Jttl. 17. l")84_t.
Cetus lntornal Momo (Mar. 21. I984).
Cents lntcrnal Monto (Aug. 8. I983}.
Cents Internal Memo ('t\«‘lay 26. I932}.
Cetus Internal Memo (Aug. IT. 1983).
Project Proposal {‘RA(‘ Meeting (Nov. I0. I983)tl'rm11 Cctttsl.
Ucncnteclfs (‘taint Construction Brief (Jan. 22. 2llt.I2}. with
tiencntech‘.-: Claim Construction Statetoent (Dec. 21. 2001}.
Decision on Petition. Interference No ltJ'.‘£.5'i2. filed Apr. 4. 2003
(Paper No. H5).
Decision on Petition. Interference Y‘-lo. l{J2.57E. filed Apr. 4, .'!Ut)3
(Paper No. R6}.
Celllcch [.intitcd‘s Notice of Opposition. filed Apr. 19. I994.
Mettlnuntiae. tt'tc.'s Detnantl t'or Jury Trial. Case No. C'\«'-D3-2567.
dated Apr. it. 1003.
Grouritls oftlpposition filed on l3ehall'ol'Genentocl1.Inc. in Respect
ol"Their()pposition lo El‘-I3-ill 3tlt'a94 [3430 I 996.9) in the l\'.'I.meol'
Celltcch Limited and entitled ‘Processes for the Production of

Mtiltichain Polypeptides or Proteins‘. filed Apr. 19, I994.
Transcript ofProceedings Before the H onorable Gregory (3. Hollows
United Status Magistrate Judge llearingMai'kniaJi llearing (Mar. 6'.
2002}.
Transcript t:-fI’roeccd.ings Before the Honorable Gregory G. Hollows
United States Magistrate Judge: Hearing Martlmaii Ilenring (Mar. 7.
2002).

Reporter's Daily Transcript Jury Trial (Aug. 6. 2002).
Reporter's Daily 'I'rttnseri_p1 .liiry Trial (Aug. 8. 3002).
Reporter's Daily ’l'ra.nscript Jury 'l'riaI (Aug. 9. 2002).
Reporn.~r’s Daily Transcript .lury Trial (Aug. I2. 200.1).
Reporter's Daily Trttnscripl Jury Trial (Aug. I3. 2lJl.l2).
Reporter'sI)nily'l'r:trtscripi.l1iry trial (Aug. [-1. 2002).
Iteportcr‘.-e Daily'Trartscrip1 Jury Trial (Aug. 16. 2002).
Rep-orter‘5 Daily 'l‘ra.nscripI Jury Trial (Aug. 20. 2002).
lleportcr‘s Daily 'l‘ra.nscrip1 Jury Trial (Aug. 2 _
Reporter's Daily Transcript Jury Tnal (Aug. 22. 2l.ttl_'-1).
Reporter's Daily Transcript. Jury Trial (Sep. 3. 200.1).
I{c:porter's Daily lranscript. Jury Trirtl (Scp. 4. 2t‘ltlZ.’).
Fxperl Report of Deborah L. Frencln. Ph.D.. with Exhibits A. B. ('
(Dcc. 6. Illlll J.

Rebuttal Expon Repon of Dcl:tor.'tl't 1. French. I-"l1.1) (Jan. 25. 2002].
Suppleinental Export Report of Deborah L. French Ph.D. (Jul. 3.
2t]t.l2).
Declaration of Lewis L. Lanicr. I-’lt.D. with Exhibits A-B (Jan. 8.
ltlllll.

Declaration ol'l.ewis 1.. Lanier. PILD. In Suppoi1oI’L"hiron's Uppe-
silions to Gcncntech‘s Motions tor Summary Jtidgmunl (May 20.
2lJtJ2).
Ianier deposition transcript (Feb. I-1.1002).
l-Iarris deposition transcript (Feb. 2?. 2t'lt)."'.).
Declaration of William J. Harris. Ph.D. in Support of t."I1iron's
Replies to Summary Jtldgmcnt Oppositiorts. with Exhibits A-D (May
ET. 2002].

Magistrate's Findings and Recommendations (Markatwr Hearing}
(Mar. it}, 2002).
Genont'ech‘s Post‘-Ilearing Mai‘kritri.ti Stibntission (Mar. I2. 2001).
Genentecl1's Objections to Magistrate's Findings & Recommenda-
lions (Jforknran Hearing) (Apr. 1. 2002}.
G-enentech‘s Response to (‘t1iton's tJbjectiort and Magistrate’s Find-
ings & Reconunendalions [Markrirari IIcar'tng](Apr. S. Ztltlli. with
attached Exhibits.

Meinorurtdum and Order (Muruhriaii) (Apr. 22. 2002 t.
(ion-t:ntech's Reply in Support of its Motion for Sttmnttlry Judgment
re Invalidity for Anticipation and Lack of Priority [May Ell. 2002}.
I{oporler‘s Transcript. Mo] ion to PrccludcAdmission ot‘Lindisclo.-yeti
l.lCEl'I.'.‘I£ .-’\gIeen'II3nts and Cross Motions tbr Summary Judgment
(Mumtay. Jun. .1. 2on2).
Mcinorandutn and Order re: Priority. Anticipation. Written Descrip-
tion. Linablcmcnt. Best Mode. Utility (Jun. 24. 2tItt'2'J

t." hiron‘s Motion for (‘lari ficati on regard] rig Memorandum and Order
rc‘. Priority. Anticipation. Written Description. linahlcmcnt. Best
Motle. Utility. or. in the alternative. Motion-for lteconsitletrniion (Jul.
3. I002].

(it-.ncntech‘s Second Supplemental Response to Cl:tiron's Interroga-
tory No. 15 {May I3. 1002).
Gencntech Ine.'s Proposed Jury Instructions t Phase [J (Jul. 26. 2t)l)2 ].
ticncntcclt lnc.‘s Responsive I rial Brici't'Jttl. 26. 2002 t.
(icncnt'ccl1‘s (Jbjecl ions to ('Iziron'.s Proposed Jury Instructions
(Pltase I) (Aug. 16, 2002).
Gencntcch‘ Inc .' is Mcmorantlttm ol'Points and Aulltori lies in Support
ul"0bjeclions to (.'hiron's Proposed limiting Instruction Mug. 9.
2002].

Genenlech l.nc.'s Request for a Remedial Jury Instruction. with
Exhibits A-C‘ (Aug. I2. 2tItJ2}.
Memorandum of Points anti Authorities: Strpporting {icnentecll'S
Motion torluclgitlent as a Matter of Law Llndcr Iietl. R. Civ. P.50tAl
(Sup. 3. .1002].
Gc:11erIlecl1's Uppositiort Io ('l1iron‘s Motion for Judgment as 3 Mat-
ter ofLaw Under Fed. R. Civ. I-!5{I(_A_t. with attached testimony cited
to I.l:Ierein{Ai.1g. I6. 2llil2).
Memorandum and Order Re: Rule 50 Motions (Rep. 1 I. 2002i.
(icncntoi.‘h‘s Upposition to Cl1iron‘s Rule 5059 Motion. with
Attached Appendix of transcript and trial Izranscript pages cited to
therein (Oct. 7. 2092}.
Meinorandtunand Order Re: Renewed Motion For JMOL; Motion for
New Trial (Oct. 22. 2002}.
Brief of Defendant -C'.ross.-Appellant. Gene-ntech. Inc. (May I2.
2003).
Reporter's Transcript. Motion to Dlsrnissa, Monday (May 1'1-. Etitil t.
Memorandum and Drdertlvtay 22. 2001 1.
l-‘lei schtnnn. .l. J:lir1ScJe*rrc‘c l't'e_r)or'r.r 5:393-89') t_ [985 t.
Kohler. G. BJOS£'.i£’!.t(’r.’ Rt=;oo:'r.v 5:533-54‘) ( I985].
Man. J. Sr-t‘cit.t'o 2:91:45:-455 1' I985}.
Neubergcr. M. THIS 347349 ('llJt't5).
Di .5’: Morrison 3t'a Iérrirnfqrres 4Cl}:2 I4-ll l (1936).
Takctia of al. rV{Jflfl'(’ 3141452-154 t 1985].
Morrison. 5. 1{ot9pitn!Pincrit*t*24{ [(11:65-tit} ( I989).
Morrison et all. (Tilt. Client 341."): 1568-I575 l I938).
Tan ct al. J. Jm.-nimol‘. l35t_5):.'l$64-3567 t I985).
Slide entitled "I8 Publications Discussing Chitueric Monoclonal
Antibodies I3eI'orL= the I986 Application". presented at Jury trial
{"2001}.
Chang et al.. "Effect of deglycosylalton on the binding and
iirununoreactivity ofhttmazn Lhynoxinc-bint:li.ng globulin“. Journal of
Biological Chcinistry. 254i l8t:88.'t{)-8835 (Sept. 25. I979).
Definer :1 .11.. "(’unsttuctiun of a Tandem IJp—lac Promoter and ti
Hybrid trp-lac Promoter for Efficient and Controlled Expression of
the Human Growth I-Ionnonc Gene in i‘,lr('Jrei'r'r‘Jrin coir". Promoters:
S|l'ut.‘1ttl'I.' and Function. New York. l‘racgcr. pp. 462-481 t 1932].
“Decision ofthe Technical Board ot‘Appi.-a] 3.3.4 ot'May I-‘l. ltllll“
t’ReIg.a:di ng EP~B l2S.tJ2.'l. Sop. I7. 200 I) correction to the decision
is alt:ti.'hetl.)_
“Decision on preliminary and other motions and final iudginent".
GJfl.¥fl Ill:-Jlronic. Jar‘. V. S)'rrrtrrel (‘ni‘n‘t‘l_i'. Herbert L. Hg:-ireiicr. lf’r'.ll—
fast If. Holitws, and Ruittrld B. twist»! (Patent Interference No.
[D4532] (Sup. 4. 2tl0.'i).
"Final t{)rderAllct' District" Court Judgment" ('.’.tr.’ir7{t' at or’. V. R05: er
oi. (Patent Interference ltl.'l.5'i'2} (Jul. 25. Elm] ).
Uflicc Action dated May ‘ET, I999 from L‘.:tlJilly's patent application
11.3. Appt. No. tJ8t9t}iJ,oI I (Paper :4).
Declaration of John Ridgway dated Jun. 17. [999 (with I3.l'l:tCl16tl
Exhibit A) from (‘.a.billy‘s l.l.S. Appl. No. l'li.l"‘}tt.9.6| I (Paper I5).
Interview Summary dated Jun. 22. 1999 [mm (‘.abilly's U.S. Appl.
No. [IS-’9t}9.fi1t (Paper to}
lnlcrvlcw Summary tinted .lul. ll. i999 from Cnl1illy‘.s l.'.S. .—‘\ppl
No. t)R:'9U9.fill (Paper I7}.
Ofificc Action dated Mar. 3. 2000 l'rom Cabilly's U.S. Appl. No.
08-'909.fit I (Paper I8).
Cabilly 11.3. Appl. No. tin.-433.457 as originally filed Apr. 3. I983.
listabrook. A. and _|. A, K Patlorson. 1983. Lramtinotlierapy using
monoclonal antibodies. J ol'('utancou.s Pathology IIJISS9-66.
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Maniati s, T.. E.F. Frilsch. and J. Sambroolt. 1932. Table of Contents;
"Extraction. lhtrificntion. and Analysis of MRNA from Eukaryolic
Fells". I8’?-2tt9: “syrttltesis and Cloning til‘ CDNA“. ll I-246; and
“("onsLnIction officnomic Libraries". 269-307. In Molecular Clon-

ing A Laboratory Manual. New York: Cold Spring Ilarbor Labora-
Lory.
Manitttis. T.. E.F. Frilsch. and J. Sambmott. |9R'J.Tt1bte oFContcn1s;

“Expression ot'i."lortcd Genes in Fulluretl Matrunalian Cells". lG. I-
|ti.ti It "hxprc:tsion ol'(.‘|onct‘l {icnes in E.1'c‘t't£'rticl'tJi£t ooh”. l7.[ -[7,
44. In Molt.-ctt|a.r Cloning A Laboratory Manual 2 ed. New York:
Cold Spring Harbor Laboratory.
Headings in the Cabilly Application.
Curriculum Vitae ol'Dr. Richard Youlc.
Dcclarnl ion I of Dr. Richard Youle.

llalc c1 :11. IDES. Remission induction in nonllotlgltin lymphoma
with rcstmpetti-utmttn tnonocton.-it antibntty C‘AMPATIt-I H. tmtcet
2 [Sfi25 ): 1394- 1399.
Kipriyanov at al. I999. Generation of rccotnbinanl antibodies.
Molecular Biotechnology |3:l73-Zttl .
CD Mole-cttlcs printout t_"I-lutnan cell surface molecule recognized
by the international Workshops on i-Itunnn l_eulcocy1eDiiTerenLiar.ion
Antigens").
Rcnncr ct al. I997. Monoclonal antibodies in the t.1'e:tLrnent of non-

lIndgkin’s lytnphonto: recent results and l'uturc prospects. Leukemia
llt2}:S55-S59.
Greipp. P‘. I992. Advances in the diagnosis and management of
myclmna. Seminars in tleirrttotogy 290: Suppl. 2113445.
l.B3l.l‘tEl‘l'}iIJ'l'CI‘W at al. I985. Eilirctor functions of a monoclonal

nglycosylntetl mouse 1gG2a: binding and activation of complement
component C‘ I and interaction with lttlmnn tnonocytc l-'c receptor.
Molecular Itmntmotogy 22(4t:4t}'.'-415.
Nose. M. and It. Wigzcll. 1983. Biological significance ol’cnrbohy-
(Irate chains on tnonoclonal antibodies. Proc. Natl. .—’\ca.ti. Sci. USA
80166326636.
Geochcc. C. 13.. and 'l". Monica. 1990. Environmtental cl1'ects on

protein glycosylation. Biolletzhnology 8:421-427.
Van Brunt, .l. I986. Tl'tert:‘s notlting {quite} like the real thing.
BiotTechnutogy4:§t3S-B39.
(ieisse et al. I996. Hukaryotic cxprossion systems: a compnrisort.
I'rot-cin Iistprcssion and l’tIrificntion 8:27 I-282.
Dean, (1.7. 1994. Preparation and characterization of monoclonal
antibodies to proteins and other cellular components. Methods in
Molecular Biology 32 :36 l -379.
Rnju ct al. 2000. Species-specific variation in glycosylation of IgC‘t:
evidence for the species-specific sinlylation and branch-specific
galactosylation and imponance for engineering recombinant
glycoprotein Lhernpcutics. Glycnbiology ltlt S l :£t77-486.
Vitetta Declaration I (Dr. Ellen Vitctta].

Albcrts ct al. Molecttlar Biology ofthe (‘ell . pp. 285 and 375. Gnrlarttl
Publishing. l.nc.. ( 1983 1:.
Urlaub. Ci. and LA. C'ha.sin. l9Et}.tsola1ion offfhinese hamster cell

mutants deficient in dihydrufolate retluctatse activity. Prue. .\'-att.
Acad Sci. USA 7714215-4230.

Hodge. .l.W. I996. carcinoombryonic antigen as a target for cancer
vaccines. Cancer tmtnunol illltl Immunother 43:127-134.

Li fcly Dcclamlion Apr. 6. I994.
Wickens cl al. |‘)7>l. Synthesis oftlouble-strantletl DNA complemen-
tary to lysozyntc. uvornncoid. and twnlbumin ml-IN As. Uptirnizat ion
for full length second strand synthesis by .L'_ralrer't't‘.ltt'a coir‘ DNA
polymerase I. Journal nihiological Cl'ten1isI.ry 253['7 ):2-483-95.
Goeddel et at. 1979. Direct expression in Esdicrtcltitt con‘ ol':t DNA
scqucncecodittg forhutnnn grmnh hormone. Nature 23 t ( 5732 t:5-1-4-S.

mtdrews. D.W. and J .D. Capra. 1950. Clinical lmmttnobiology. pp.
l-I S. W.B. Sarttlcrs.

Talcei et al. Witt}. Monoclonal arttibotly l-|'J:'2S reacts with Functional
subsets of "I" and B cells: killer. killer precursor and plaque-fortning
cell.-'.. Ettropean Journal of tmrnttnology tilt"? 1: 503-9.
van Nagell et al. l9EiU.Rad.ioim.mIr.nod.eteclit1n ol'pl'il'rta.ry antimala-
stntic ovarian cartccr rising mdiolabelcd antibodies to
carcinocmhryonit: antigen. Cancer Research 4tl(3):.‘iO2-G.

M inutes ofthc public oral proceedings before the Technical Board of
Appeal 3.3.4 of Mnyll. May 36. .".{.'t(JiJ. in the Europcon Patent (Jtlice
concerning ('.'tbil|y‘ti corresponding bttropealt Potent.
Ricchtnnnn et ill. i988. Reshaping humrtn antibodies for therapy.
Natttrc 3221323-327.

Hale et al.. 199i]. The Ca.tT1pa.l.l‘t—l8J1Iiget1l<:Dw5E].Tiss1.teAnligens
35:l ll3~I27.

1-[uynh el al. I984. Consl rucling and screening (‘DNA libraries in kgt
I0 and kgtl I. DNA Cloning. vol. I- A practical Appmach 49-78.
Glover, |)t Editor]. IRL Press. t't.-tforcl.
Medlinc Abstracts regarding mt :Lnti-CDw52 Ilterupcutic antibodies.
File Wreppcroi'l‘agcU.S.Appl. No. U7-'777,7."iU. filed Oct. 15. I991
Curricultun Vitae of Dr. Ellen ‘ftetta.

Matsttuchi ct al. I!-J81. An analysis of heavy chain glycopcplidcs of
hybridoina. antibodies: con'cl:1t.ion bctwccn antibody specificity and
sialjc acid content. Journal ofimtnunotogy t2?'(5):: I88-9|).
Medline Abstracts regarding mttrine anti -CD4 therapeutic antibod-Ics.

Cobbold. SP. and H. Wald.man.n. I984. Therapeutic potential of
monovalent monoclonal antibodies. Nature 3086958 t:4t't{)-62.
Ncuberger ct al. I984. Recombinant antibodies possessing novel
elrector timctiorts. Nature 3 l2t5995l:604—s.

Bindon ct :11. I985. Therapeutic potent in] ofmonoclonnl antibodies to
the leukocyte-common ant igen. Synergy antl interference in comple-
mont-mediated lysis.'[ranspltLnt:1!ion 4(Jt5 3:538-44.
Cabilly. S. and AD. Riggs. I985. tmmttnoglohuljn transcripts and
molecular history of a hybridorna that produces antibody to
carcinocmbryoaic antigen. Gene 40(1): 15745].
lIa.lc et al. 1985. Reactivity ofrat monoclonal antibody C.'\l\4P!\TtI-
l with htlmrtn leukemia cells and its possible application [or
autalogous bone marrow transplantation. British Journal or
l‘l£tt2l'l'tRtt)lt‘igy 6l'lt l l:4 1-8.
Kuufinan ct al. I937. Coamplification and cocspression of human
tissue-type plastnirtogcn activator and murinc dihytlrofolate
retluctnsc sequences in Chinese hntrtstcr ovary cells. Molecular and
Cellular‘ Biology 5:|7SU-1759..
Neuborgoret al. 1985. A hapten-specific chintaeric Igli antibody with
htunnn physiological cfl'ect'or function. Nature 3 l4(fil'lt}S l 2.7.68-’t‘tl.
Tan et al 1985 . A human-mouse chimeric inimunoglobulin gene with
:1 human variable region is expressed in mouse myeloma cell s. Jour-
nal olimtnunology [35t_5l:3S64-7.
Bruggcmann et al. I987. Comparison ofthc effector flntctions of
human irrurutnoglobul ins using rt matched set of chimeric ant ibodies.
Journal ot‘E.\-perimentttl Medicine tfiotfit: I351 ~fil.
Sun et al. 1987. Chimeric antibody with human constant regions and
mouse variable regions directed against carcinoma-associated anti-
gen 171A. Proc. Natl. Acad. Sci. S4(I):2l4-8.
Weidlc in a]. I987. Reconstitution of fimctionnlly active antibody
directed against cneatine kinase from separately expressed heavy and
light chttirts in non-lyntphoid cells. Gene 5 ltI):.I I -‘J.
Wcidlc et al. I987. Expression of antibody CD.‘~l.‘\ in murine
rnyolorna. cells: possible involvement of additional regulatory ete-
ments in Lrd..n5t.‘l‘ipIiort ofinununoglobulirt genes. Gene 60 t2—3t:2oS—
216.

Zettlmeissl ct‘ ttl. I987. lixprcssion of biologically active human
ttntithrutnbin III in chincse hamster ovary cells. l3iolTcc.ltnology
S:‘72tI-5.

Dttngl e1 nl. lfifilt. Segmental flexibility and complement lixation of
genetically engineered chimeric human. rabbit and mouse antibod-
ies. E.-VIBO Journal 7(7)'.l*)89-94.
Nforrison at St]. I988. Genetically engineered antibody molecules:
new tools for cancer therapy. Cancer ln\r'£‘Stig:’IllOl'i 6(2): 185-92.
Morrison ct ttl. I988. Production and characterization oFgenct'ically
engiitcerctl antibody molecules. Clinical C'hcn1isI.ry 34t'_‘) l l. 1668-75.
Ricchmann et al. I988. Expression of an antibody Fv t'rngment irt
tnyelomn cells. Journal of Molecular Biolog 2tJ3('3):tt2S-8.
.lan1es Scott Crowe Declaration tinted Nov. 2. I994.
Vcrhocyett at al. 1988. Reshaping htttrtan antibodies: gtafling an
ztntitysozyme activity. Science 1J‘)('=t$t4?): I534-ti.
Wallick ct al. I988. Glycosylalion ot'aVl-l residue of a monoclonal
antibody against 3lpl1EL{l'-’5}ll(.‘.‘ClLl".l.l'I increases its alffinity for anti-
gen. Journttl ol'list's:riIt1enta| Medicine lfitttfil: lU99- Ill‘).
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Tsucltiya et al. I989. Fll'I'eels of gnlsctose depletion from t}iigt}5zIl:-
charitic chains on itrunttnologicnl activities ot‘ human lgti. Journal
ofrhettinatology I6:2iIS-90.
l3altI\-vin, R.W. ct al. I990. Monoclonal Antibodies anti
Itnniunoconjttg,-nets. The Parthenon Publishing Group.
Cirosshard. M .I__ 1998. Monoclonal Antibodyliased Therapy of(.'nn-
ccr. Marcel Dekltctu

.Icfl'cris et at. I993. Ig(3-Fc-tncdlntetl clfcctor functions: molccttlnr
definition of interaction Sites for etfcctur ligands and the role of
glycosylation. irnmttnological Reviews lt‘.i3:5|J-'l'fi.
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Availability of L‘L’.A.66-E3.
Dcclarat ion 2 of Dr. Richard Yottlc.
Sicltnan. C . I981. Differing requirements For glycosylalion in the
secret ion of related glycoproteins is determined neither by Lin: pro-
tlttcing coll nor by the relative ntttnher of oligosaccltitritle units.
Journal otbiochcrnistry 2561 I8t:9374—93';'6.
Blntt. C’. and J. llnltnovich. I98 I. The selective effect oftunjcarnycin
on the secretion of IgM and lgG produced by the same cells. Euro-
pean Journal oflrnrtturtology I [:65-66.
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CslJil|yII.S.ApplNti. ttttr9o=;-,6t1. filed.-\ug. I2. 100?.
Trill at at. 1995. Prnclui.-tion of monoclonal il,l'll.ll‘J()llIE5 in C08 and

(‘I10 cells. tTtIrrent Opinion in Biotechnology 6: 553-560.
De Waelc ct al. 1938. Iittprcssion in non-lymphoid cells of mouse
recombinant imtrtunoglobulin tlireclt-’~d against the ntirtor marker
htiman placental alkaline phosphatase. European Journal of Bio-
chemistry I?5;2EI'l'-295.
Jun. 2. I987 Communication from lil’t'.'l l:'3ta.rnint.~r during prosecu-
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prosecution of Cahilly et al. European app]. No. iv-I3023tiEI.tl-2 IIIS.
Search results ofATCC product listing of deposited cell lines.
Tnrenlino et al. I974. The release of Intact oligosaccharities frortt
specific glycoproteitts by Entlo-o-N-acetylglucusaminidasc H. Jour-
nal of Biological Clterni stry 2-l9:8l8-S24.
Morel] ct al. I97 I. The role of sialic acid in determining the survival
oI"glyeoproteins in the circulation. J BioL Chem. 2415:1461-I4tiT.
Acltortl et al. I978. Human U-glttcutonidnsc: in vivo clearance and in
vilro uptake by :1 glycoprotcirt recognition system onrctictilocndothclial cells. Cell 15:269-278.

(Jlt1l1arrt. R. I983. Monoclonal antibodies in cancer therapy. Jot.u'rtal
ol'('1inica] Oncology 1:582-590.
Rosen ct nl. 1983. Application of monoclonal antibodies to tumor
diagnosis and therapy. Annals of Clinical and Laboratory Science
I3: I73-184.

Levy. R. and RA. Miller. I983. Biological and clinical implications
oflyrnphocyte hybritlotrntsz tumor therapy wit h monoclonal antibod-
ies. Ann. Rev. Med-34: ID’?-l I6.

Krolick et al. I982. In vivo therapy oft; Murine Becll tumor (BC I. [I
using a.t‘tI1"iI0d)l-rit:iI1 achalrt irriJ1'tI.t:!otoxin5. J Exp. Metcl. I55‘. I79?-
I809.

Fronltel ct al. I980. Analysis and detection of B cell neoplasms.
Blood Cells 6:783-793.

Atmniltnent Iilctl in Cnbilly LES. Appi. No. D8-909.61] on Aug. I2.I992.

Arnentlmenl tiled in Cabilly [.'.S. Appl. No. (l8a'9Il9.6l I on Feb. 22.1999.

Legal Analysis Concerning Written Description.
Declaration 4 of DI’. Richard ‘Futile.

Preliminary Amendment of Mar. 30. 1994 submitted in the '4tJ3
patent.
E:t.sn1iner's interview‘ Summary Reuortl issued on Jun. 6. [995 in the
‘-103 patent.
Amentltnenl ol‘ May 8. [995 submitted in the ‘4IJ=I patent.
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Gold et al. £978. Cttrcinocntbryonic antigen I CEA] in clinical medi-
cine. Cttncer 49.: I39‘-3- I405.
interference Initial MeITtora.ndt.uI1.

Licnentech. Inc. relcasetl product sales for Riruxan.
Cienenlcch. lnc. Press rclca.sc oI'0cl. 1 l. 2I}0tJ.

Gencnteeh. Lne. Press release of i999 year end results issued Jan. 20.
2000.
Cancer data sheet from Lhc National Cancer Lnstilute "C‘ancerNet"
interact site.

FDA Product Description Sheet.
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Glaxo Wellcorne. lnc.‘s Preliminzuy Motion 8. Nov. I. 2000.
Glaxo Welleome. Inc.°s PreliITtit'ta.t‘y Motion 9. Nov. I. 2000
Glaxo Wellcome. l.nc.'s Preliminary Motion ltl. Nov. 1. 2000.
Glaxo Wellcome. ].nc.'s Preliminary Motion l I. Nov. t. 2000.
Glaxo Wellcorne. lnc.'s Preliminary Motion I2. Nov. I. 1000.
Glaxo Wellcoine. Inc.'s Preliminary Motion I3. Nov. 1. .1000.
Glaxo Wellcon1e.lnc.'s Preliminary Motion I4. Nov. I. ltllttt.
Letter Regarding Error in Notice Dei:la.ring Interference, Nov. l.
2000.

Glaxo Wellcorne Inc. Preliminzuy Statement, Nov. 8, 2000.
Glaxo Wellcorne Objection to Adrrtissilnility of Evidence. Nov. 8.
Ifltlll.

Cabilly Preliminary Motion T. Nov. Lin. 2000
(‘ubilly Preliminary Motion 8. Nov. I3. 2000.
Cabilly Preliminary Motion 9. Nov. I3. 2000.
Cabilly Misccllancotis Motion i {Motion for Perrnission to issue It
Subpoena. I’-S U.S.C. §2-'-1). Dec. 8. 1000.
Opposition to Cabilly Miscellaneous Motion l. Dec. 15. 2000.
Cabilty Replyto Opposition to Cfabitly Miscellaneous Mot ion I . Dec.
20. 2000.

Decision Granting (Tnbilly Miscellaneous Motion l. Dec. 20. 2llOt.l.
Cabilly Response to Objections to Adntissihlity ofEvidencc. Jan. 16.
200 l.

Clnxo Response to (‘at-iilly's t’)b_iec-tion to i'_\-‘idence. Jan. 16. ZLIO l.
Glaxo Wellcmne Miscellaneous Motion 2.18.11. lfi. Iitltl l.
Glaxo Wellcome Miscellaneous Motion 3. Jztn. lfi. Etllll.

Order Denying Glaxo Motions Miscellantxius Motions l and 2. Jan.
29, Just.
Cnbilly Opposil ion l. Feb.
tfrtbilly Opposition 2. Feb.
Cahilly Opposition 3. Felt,
Cnbilly Opposition 4. I~'el:i.
Cabilly Opposition 5. Feb.
Cabilly Opposition 6. Feb. . Zltltl.
Cabilly Opposition 7. Feb. 2001
Cabilly Opposition 3. Feb. 2. EUU 1.
Calziilly Opposition 9. Feb. 2. Elli}!
(‘nbilly Opposil ion Ill. Feb. 2. Zlitll.
(':tbilly Opposition I [. Feb. 2. 2Ut)l.
Calziilly Opposition l2. Feb. 2. 2001.
Cztbilly Opposition I3. Feb. 3. 200].
Cabilly Opposition I4. Feb. 2. 3001.
Glaxo Opposition to Motion 1. Feb. 2. Elli] l.
Glaxo Opposition to Motion 2. Feb. 2. Jill] I.
Glaxo Opposition to Motion 3. Feb. 2. 2001.
Glaxo Opposition to Motion 4. Feb. 2. Bill] I.
Glaxo Opposition to Motion 5. Feb. 2. ltltll
Glaxo Opposition to Motion 6. Feb. 2. 200 l.
Glaxo Opposition to Motion 7. Feb. 2. IUD l.
Glaxo Opposition to Motion 8. Feb. .1. Ziltl l.
Glaxo Opposition to Motion 9. Feb. 2. 200 I.
Glaxo Nfiscellnncous Motion -1. Feb. 2. Jl'l(.|| .
Glaxo Miscellaneous Motion 5. Feb. 2. Zlllll .

Cubilly Response to Glaxo Miscellaneous Motion 4. Feb. 8. 200 l.
Outer Granting Glaxo Miscellaneous Motion -1. Feb. I3. 1001.
(‘sbilly Response to Objection to Atlrnissibil ityof Evidence. Feb. 22.
2001.
Glaxo Wellcorne Miscellaneous Motion 6 t(.‘orre=t:t Opp. No. 3 l. Mar.
9. Elli) I.

Glaxo Wcllcome Miscellaneous Motion ‘F tj(‘ort'ecI t‘tpp. No. 5 l. Mar.
9, 2001 .

.2001.

.200].

.2001.

.20(}l.

.2001.I-.l'P~Jl\JI'-.lP4I-JId

Glaxo Wellcomc Miscellaneotis Motion 8 (Correct Opp. No. 6}. Mar.
9. 2001.
Glaxo Welleoinc l.nc.'s Miscellaneous Motion No. 9. Mar. 16. 200 l.

Cnbilly Reply 1. Matt: 27. 2001.
Cahilly Reply}. Mar. 2?. 2001.
Catbilly Reply 3. Mar. 2?. 2001.
Cabilly Reply 4. Mar. 27. ZUUI.
Cabilly Reply 5. Mar. 2?. Jtlltl .
Cabilly Reply 6. Mar. 27. Jttfll.
(‘nbilly Reply 7. Mar. 2?. Jllltl .
(fabilly Reply 8. MM. 3?. Jttttl .
Cabilly Reply 9. Mar. 27. 2-Etllll.
Glaxo Reply I. Mar. 27. 2001.
Glaxo Reply 2. ‘Mar. 2?. 2110 t.
Glaxo Reply 3. Mar. 17. 2001.
Glaxo Reply 4. Mar. 27. 200 l.
Glaxo Reply 5. Mai: 27. 2001.
Glaxo Reply 6. Mar. 27. 2001.
Glaxo Reply '1’, Mar. 27, will .
Glaxo Reply 8. Mar. 2?. 200 t.
Glaxo Reply 9. Mar. 27. 2001.
Glaxo Reply ll. Mar. 2?. .'!tll}l.
Glaxo Reply l4. Mar. 27. 2001.
Order Granting Glaxo Wcllcome Lnc. Miscellaneous Motions. Apr. 2.
200].

Order AuI.l1ori7.ing Glaxo Supplemental Opposition 6. Apr. 6. Jttttl.
Cabilly Motion to Suppress. 3? C.F.R. §t 656111). Apr. I8. 200].
Glaxo Wellcome Lnc.‘s Request for Defer Decision on Motions Until
Final Hearing or to Permit the Filing of Briefs. Apr. I8. 2001.
Glaxo Wellcome Inc.'s Observations. Apr. I8. Zlllll.
Glaxo Wellcume l.nc.‘s Miscellaneous Motion ltl"(Suppress New
Evidence Supporting Cabilly Reply 5). Apr. 18. 200].
Glaxo Wcllcotne Irtc.‘s Miscellaneous Motion lltfiupprcssion of
Certain Deposition Exhibits and Deposition Testimony). Apr. IS.
Zllltl.

Glaxo Wellcorne lru.:.'s Miscellaneous Motion 12 [Suppression of
Deposition Testimony). Apr. I8, ‘Jill! I.
Glaxo Wcllcome Lrtc.'s Notice of Change of Real Party in Interest.
Apr. [9, 2001.
Petition from the Apr. ti. 2lJlll Order ot'the AP] Linda: 3'? C.F.R.
l.fi-tl4[.'ttt l}. Apr. 20. 3001.
Memorandum Opinion and Order. Apr. RU. 2001.
Order Regarding Glaxo Wellcorne inc. Motions. May 2. Etltll.
('abilly's Opposition to Glaxo Wullcome Misc. Motion ltt. May 3.
2001.

Cabilly's Otcposition to Glaxo Wcllcorne Misc. Motion 1 I. May 2.
.3001.

Cabilly‘s Opposition to Glaxo Weltcornt: Misc. Motion I2. May 2.
200 l.

Glaxo Wcllconte [ne.‘s Opposition to Cahilly Motion to Suppress
(With exhibits attached]. May 2. .'.'Uttl.
Glaxo Welloon:te's Sttpplementrtl Opposition to C’.abElly‘s Prelimi-
nary Motion 6. May-1. 2001.
C‘abilIy‘s Reply to Gt:ixo’.«; Supplemental Opposition to Preliminary
Motion ti. Jun. I. 2t'lt}l.
Glaxo Wcllcomc Objection to Atlmissibilty of lividencc. Jun. 8.
2001.

Cnbilly Reply to the Opposition to it's Motion to .‘»'upp|'cssi Evidence.
Jul. 2. 3001.

Glaxo W‘ellcomc‘s Reply to E‘;tbilly's Opposition to Misc. Motion
ll]. Jul. 2. 200].
Glaxo Wellcorne's Reply to Cal:Iilly's Oppositiens to Misc. Motion
ll. Jul. 2. 2001.
Glaxo Wcllcoa1e's Reply to Cal)illy's Oppositiona to Misc. Motion
I2. Jul. 2. 2001.

Outer Regarding Filing of Gtium Supplemental Evidence. Nov 13.
2001.
Glaxo Wellcorne Inc's Sitbmissionoflale Evidence. Nov. l5. .'-ltlfll

(‘abilly Motion to Suppress. Nov. EU. 2(]{J'l.
Glaxo Weltcoine Inc's Dpposaiijon to Cahilly Motion to Suppress.
Nov. 2|. Zttttt.
t;‘1tri'iculurn Vitae of Art Riggs.
Proposal to Cienentech re: funding for {gt} (Bates Nos. 092 I 41926 I.
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Curricttlum Vitae ot'.Ia.ck Shively.
Wagoner. Shivcly publication (Bates Nos. 0921'?’-0934}.
(‘urriculum Vitae of Ron Wctzei.
Wetzcl Nb]: itH32 (Bates Nos. 0034-0044. 004?. [I049-U050. 0053.

OLIIS I-0064, 0077-0081. 0087-0088].
(‘u.n-icnluin \«'il:ie of Jeanne Peny.
Pcn’y Nblt I'll 39!} (Rates Nos. t'.}l36n-0I3fil:i. CI I42-Ill-‘IT. D149-‘U I 54.
IIIS6-OISE. tIl.60-Ulfil. U164-U173. U181. U187-tlltsfi. 0I9iJ-U192.
(119702 I E. 0223. 0237. 0244-{J26 I. U304-fl.‘tt]'F).
I-Ioltnes Nbk It 1446 (Bates No5.Il941-{J'943.U94IS-(}941'.’. 0950. {I954-
095?}.
llolriics Spiral #4 ("Gates Nos. U825. U330, U83?-D838, (I840-D843.
O84S«0R46. 084841849. IJSSJAUSSR. U855, 0358).

Holmes Spiral 4115 {Bates Nos. titfifi. U88 [-0882, 0885-0887. 0389}.
Curriculum Vitae of Michael Rey.
Rey Nb}: #I I73 (Hates Nils. I}5{l2. 0504. 0509-0516. 052 I-053.
USES-GSES. D539-U531. [I533-(>537. iJ54I.l'l543-US-1-1].
(‘urricttlum Vitae of Michael Mtlrnlorrl.

Murt1I'ordI\Ihlc it I I-4’? (Bates Nos. Dfi I5. 061?, tJti2t'1-0627. U645).
Currieulum Vitae oi‘ Schmucl Cabijly.
Crtbilly Nbk (Bates Nos. l}97U-D976. 993241987. (1989. U99] -0992.
0994-0100]. 01013-D1014).
Declaration of interference. Feb. 28. I99 I.
Suinmnry of Times Running. lob. lit. [99 I.
Designation ofI.eai.I Attorney tfalftiilyj. Mar. I4, [99]
Appointment ofAssociate Attorney. Mar. 25. 1991.
Submission ot'Assncinte .=\ttorney.~:. Apr. 8. I99 I.
Revocation and Porwer ot‘Attor::ey. Apr. I5. I99] .
Boss ct al. Substitution of Load rtltorncy. Apr. I9. I99 I.
.-flssociate Power of.-'\ttomcy. Apt‘. I9. 1991.
Cabilly et :1]. Motion for Extension ot‘”I'it.ne. May 28. I991.
Cnbilly et al. Extension of Ti me-Apprmicil. Jun. 3. I991.
(’crtiI'tc:ttc of Service and List of Ditctltncnts Flltltl. Jun. 4. I99 I.

Cfnbilly et at. Request for the Exercise of ])iscretion Pursuant to 37
('I"R§l.642..ltIrt.4. I991.
The Prclitninsry Statement of the Party Cabilly ct a].. Jun. 4. I.99I.
Cnbilly at all. Notice ol'FiIingoI'PrelirrL}nnry Statement. Jun. 4, I'aI9I.
Transmittal of Preliminary Statement oi‘ Boss et al. and Notice to
(.'tpposingI’a.rty.J1tn.-I. I99].
lions et al. Motion for Benefit ofits I’(."l' Application tBL'-ss Motion
I}..lun.4. I991.
Boss et a]. Motion for Benefit of its British Application [Boss Motion
.'£t..Iun.4. 1991.

Declaration oi"]'imot]1y .IolJ.n Roy Iiarris in Support of Boris Motion
for Benefit of its British .-’\pplicntion {Boss Motion 2 }. Jun. -1. I99] .
Boss at at Motion for Judgmertt ollfnpatenttibility uffabilly Clairns
(Boss Motion 3). Jun. 4. 199i.
Ross et al. Opposition to Cnhilly ct nl. Request Pursuant to 3'?
(‘FR §l.642. Jun. 24. [99].
Opposition to Boss at al. Motion for Judgment oftinpatentabiliry of
(fabilly et at. Cflnirnstfioss Motionfil. Jun. 24. I99].
Declaration of Paul Canerin Support of Cnbilly et at Opposition to
Boas cl a] Motion For .Iudgmcnt of tjnpatentability of Cabilly ct al
Claims IDI-I20 (Boss Motion 3). Jun. 24. 199i.
Boss in all Reply to Opposition to Boss or rail Motion for Jttdgment of
lltipotcntnbility ol'(‘nhiIIy Claitns. Jul. 9. I99].
Decision on Motions. Jul. 26. I99l.

(Jndor Regarding '1'esti111ony. Jul. 26. 1991.
Service of Boss or a]. Preljmi.nary Statement; Boss et al. PreIi.mina.ry
Statement. Jul. 3 I. I991.
Service olfnbitly et at. Preliminary Statement. Aug. 13. I99] .
"C'omn1ttnica| ion" to PTO from Cabilly ol nl. ("Paper #23); lnfonnn-
tion Disclosure Statement. Sep. 20. I99 I.
Cabilly et at. Motion for Extension ofTime. Sep. 35. I99].
l)ccision—tlismissnl of “C‘ou1rnunica.tIon" paper. Sc.-p. 26. l99t.
Tt7t.t'I5'IT‘Ii1lflI l. etter re: Declarations of Riggs. Shively. Wet 1-cl. Pony.
Ilolrncs. Rey. Mttmfortl. Cabilly and Exhibits I-EU. Notice Ptirsitnnt
lo 37 (‘FR I.fi7l(e}. Oct. 28. l99I.
Proposed Revision to Schedule for Records and Briefs. Dec. 3. l99I.
Cnbilly et at Notice oI'Fili.ng Record. Jan. 8. 1992.
(‘chilly cl :2}. Rc-con|..Iau1.B. I992.

Motion be the Pa.i1y Cabilly ct at Pursuant to 3'! (‘FR §I.63S to
Replace Exhibits I-lil Filetl on Jan. 8. I992 With a Concctccl Sol oi
Exhibits and for the Return of Exhibits [-20 Filed I-20 on Jan. 8.
l992.J:1n.2Z. I992.

(‘-nrrectetl Submission of E‘-ltipulttlion Concerning Testimony. Feb. 5.
I992.

Cabilly cl al. Motion for Extension ot"l‘imre. Feb. 10. I992.
Main Brief at Final llcnring oI‘.lunior Party Cnbilly at al.. Feb. I3.
I992.

Trt1nsrnit1a.I of Bricffor the Party Boss ct.’-1I.. Mar. III, [99].
Brief nl Firutl I-[caring for Senior Party Boss et 13].. Mar. I8. I992.
Cabilly et ai. Supplcmentril Bricfat Fina] llearing. Apr. 5. I992.
Reply Brief at F inn] Hearing of Junior Party Cabilly ct ti.l.. Apr. 7.
I992.

Cabillycl 3} Motion Pursuant to 3".lC.F_R. ii] .535 to F.I1terAdi']_ItiDI1al
Pages Into the Cabilly ct al Record. Apr. I4. I992.
Opposition to (‘abilly et at Motion Pursuant to 37 (‘.F. R. -H.635 to
Enter Additional Pages Into the Cnbilly et al Rccortl. Apr. 22. I992.
Cnhilly of at Reply to Boss cl a.l ilpposilion to Cnhilly at al Motion
Pursuant to 37 CI‘. R. §l.635 to Enter Atltlitiortal Pages Into the
Cabilly et at Record. May 7. I991.
Cabilly et :11. Notice oi‘ Submission of Rcplneennenl Set of Bchibits
I-20. May 7. I992.
Notice ofliiling Suhirtitutc Exhibits 8 and 20 for the Cabiily et nl.
Record. May '7. I992.
Notice of Final Hearing for Mar. 29. 1994 (paper #54}. Feb. 4. 1992.
Finn] Dinrision { Priority awarded to Boss et al.) { paper #57}. Aug. I3.
I908.

Transmittal and Filing ot'.-\gt-cctnents [lndcr3S USC §I35tcJ: .’\gree-
ments. Aug. 25. I998.
Comrnllrnicnlitan Fonn BPAI re: Filing of agreements and request to
keep separate from tnterlerence file .-acknowledged [paper H59}. (Jet.
10. I993.

Notice From PTCJ Requesting Communication Regarding Appeal.
Nov. 9. I998.

Belated Response to Comtnunication Regarding Appeal. Dec. I.
19%.

Boss et al. Power to Inspect and Make Copies. Dec. 9. 1993.
Decision Granting Petition to Correct the Assignee on the (‘over Page
oI'U.S.AppI. No.II?"2tJ5,-119. May 7, zttuz.
Petition Pttrsttant to 37 (‘.l".R. §l.t‘.'Ifit'Itb) for Access to Settlement
Agreement Ililcd by Mcdlnuuitnct. Mtty S. 2002.
Urdcr on Petition for Access Ptlmtlflnt to 35 U.S.C. §1fi5|c] and 37
C.I‘.R. § I.5t'i(1{b). Jun. 19. 2002.
Cabilly at 2:1. Objection to Petition for Access to Settlement Agree-
me-nt. Jul. 21. 2ilI.|2.
Cclltech ‘s Object ion to Petition for Access to Settlement .\grcerncnt.
Jul. 22. 1002.

Reply to Objections ol" Celltech R&D Ltd. and Cnbllly ct al. to
MedIn1imtnc's Pctil ion for Access to Settlement :‘\grccn1cnt.:\ug. I.
2002.

Alberta. B. Moicktilnrbialagie tier Zeile. Wein]1cin:t:\«"L‘I-I pp. IIITIS
(193?-‘I.
“Appeal No. T40tttt;I7—334. Appellant: Genenteeh. lnu:.. European
Patent No. I2i}fi9-1 {(.'elltcch). European Patent Application No.
3-I30l99(1.9. Grounds of Appeal" I.t\pr. l. I99? Notice of Appeal
attached: tlun 13. 1997).
“Appeal T I J‘. |’.3N-)7-334 in Re (ienentcch El’-B-I 2503.3 Substantia-
tion ol'thc I-’roprictor's Appeal" [Feb 26. I998).
Bagtlasarian et a].. “Activity of the l'l}"IJl'it.I Lrp-lac ttac) promoter of
.';'s'i.'ilter'r'cI'rit:t mh in Pseudomonas putida. Construction oI'l3rosd-host-
range. controlled-expression vectors" Gene 26t'2—_"I):2?3—282 (Dec
I983).

Cabilly. 5. {Letter from Shmucl Cnbilly to .-‘\rtl1ur D. Riggs) {Aug5.
I980).

Cabilly. Sltmttel. "Growth at sub-optimal temperatures allows the
proilttction of Ii.IncIiort.ttI. antigen-bintlirtg Fab fragments in
Esrlterirlria r'm'r' " Gmrc 852553-S5? (I989).
Canerot al.. '‘I Iigh Level Escilicrirulritz cot‘r' EKp1'¢‘SSIt.In fl.l'I.t.I Product ion
of a Bivalent Humanivterl Antibody Fragment." Btt:.’?l'cirito!og3r.
IU[l):l63~Ifi'.'h[Feb I992).
Dclincr. “'I‘l1cta.c promoter: A Functional hybrid derived from the Lrp
and lac Promoters" Proc. Natl. ximd. SH‘. USA 30 :21-25 { I955}.
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Decision of‘ PCR Til‘ ll2UlJ362 and decision of PCR EF 0201 I54.

Sections 5 only. Subt11ilt.etl by PDL on Mar. 37. I 997. ("Dec I4. I995].
“Decision of the Tuhnieal Board offitppcal 3.3.4 of May 14. 200 l"'
{Regarding EP-B-l25.023. Sep. 27. 3001 correction to the decision
attachod.}.
“Decision Revolcing the European Patent (Article lU2t'l) El’Cl" (PP
15.023 with Minutes attached) (Oct 16. 1997}.
“Decision to Maintain the European Patent in t'\J'|"l|.‘l'IllL’.tl Form
l_.-\l'Tlt.‘lC |G2{3t l;I-‘("1" (Regarding El-’ [20694] {Mar I4. 2002}.
"Declzuntion of Atsuo Dchi" (CV attached. Regarding EP 120694
and EP 125023 oppositions.) {May 17. 199E].
"Declaration of Gabrielle L. Boulianne" lFxhibil.s A-(' attached.
Reganling El’ M0694 and El’ l35lJE3 oppositions.) {Ma}' IS, l‘.l".)6).
"Declaration ofPaul J . Carter daterlfltpr. 20. IUUU with Exhibit A and
ATCTC letter".

Documents [rorn EP 120694 filo. Nalnely Aug. 30. I988 Celllech‘.-:
request to amend the application and Jun. IS. [990 Mirttttes of the
Oral Proceedings.
El’ l2t}.IS‘)4. Declainlion of Michael Francis Tuite with (‘V attached

(May 26. I995}.
El’ [25,02]. Documents submitted by Gcrtentoch prior to om] pru-
ceedings (Mar. 27. I997).
EI’ lI1S.Dl3. Ciencntcch's opposition to t"-'D1.‘s request to admit the
entire Boss tile as documentation at the oral proceedings (Mar. Ill.
l'5'9'l').

BI’ I25.tt23. Cn:nerttech's request for Opponent [V to provide the
subject matter to be prnezenletl by Dr. Sluilirtan at the oral proceedi ngs
(Mat'..3. 1997}.

“European Patent L71’-B-125023 tfiencntoch. Inc. 2- Declaration ofDr.
Ricltarcl Axel dntettl Apt‘. I3. ZIJUU with Fxhihit A".
Fluropcan Patent Utfu.-e communication with copy of El’ 120694
maintained patent in amended l'orn1t(}ct. I7. Ztlttll.
“F01 Advisory T6-'.u'. Procedure for lleqtu.-sts for Grant Applications
and Progress itcpo11s“(May I9. i976 Memo from tl1c.Y‘vIII-l Freedom
ol‘tnl'orn1:uion Cooritinnlor at the Us Depnrtrnent of Health. Educa-
tion. and Welfare. a.nu.l‘May Ill. l‘)?6 letter accompanying l'he l!1i.'lTtD]
(May I997}.
Genenteeh's submissions in response to Board of Appiaals‘ Feb. 2.
Jtttttt conununicntion. Richard Niel ‘s Apr. IS. Jtttltt Declaration with
Exhibit A. Paul J. Carter's Apr. 20. 2000 Declaration with tixhibit .-\.
A'lL"(" letter. Walter Muore‘s Apr. 1]. Etllttl Statement and claim
request s.
Glaser et al.. "Functional interrelationship between two tandem E.
¢"ot'i' ribosornal Rb-’.*\ pit:-n'toters" Nat.'n'e 3U2[5903 1:74-To (Mar. 3.
I983 ).
Gocddcl ct al.. "S}rnl.hesis of Human Fibroblast Interferon by E.
coli‘ " .?\«’i.«c-it-em .-‘tr.-'a's Re.t‘ctt.t't‘t't St 18}:«ttJST-4074 1 [980 ,1.
Goodntan and MacDonald. "Cloning. nfhormone genes Erom :tmi_tc-
lure ol'c1)I\lr‘\ molecules" Methods in i':’r:z_wiiolog1.-tiS :75-ttll I l9'l‘J)_
I-lainilton. R.. “Applicritiort ofengineercd chimeric antibodies to the
calibration of human antibody standards" .-tmmli.-.s' de Biologie
Cfliitqtte-1‘) t-l) :242-2-18 (I99 I l.
Harris. "Expression of Fnltaryotic Genes in E.r'oi’i' " (.Fem.=rrtr' E'trgt‘-
Pa‘fl.°t'll!a‘g. R.Will.iamson. 4th edition pp ll'T-l8fi ( I!-J83).
"interlocutory Decision in Opposition Proceedings {Article
lUfil3)l3PCl" (HP l20fi94HFeb. 14. 199?).
K:-that ct tll. Seqn‘eiia"e.r of Pi'n.'ei'n.r of {nmiiuiologi'a.-at l'nre't’e.-rt.
Bethesda. MD:National Institute of Health pp. i. xxi. xxii t l‘)fl3l.
Klausncr. A.. "Gencntech makes monoclonal precursors from
E. (‘Oil " Bio.-’?i'i'.'Iritology lt'5]:39fi-397 (' I933).
I.iu el al.. “Expression of nmusezzhuntan immunoglobulin l'lt‘:a\-‘y-
chain I:D!'\-‘A in lyTt1pl1ol(l cells“ Gerri’. 54¢ l]:'33—4C| t_l98'r').
Minutes from the El‘ l20fi94 oral proceedings {Aug. 13-. 1996).
“Minutes oftlie public oral proceedings hetbre the Technical Board
of.-’-tppeal 3.3-.4 ut‘M:1y I4. 2001" t'EP{J1.!5[J23).
“Minutes olthe ]'JlJl‘lll|.' oral proceedings betore the Technicztl Board
ol’-hppeal 3.3-t.-l of May 1'2. Efltltt" [Regarding EP 120594).
Morrison. 8.. "tn vitro antibodies: strategies for production and appli-
cation" xttrrtmtl Revlon‘ Q,-C’trtirriuiofog)' I0 1239-265 ([992).
Mltznru. "'1 lees ofcltirnaeric antibodies" Natrm’ 3 I 21597 [ I 984 I.
“Opposition to l:‘.]-’ 125023 B of (icnentcch. Patentee's Response to
the Opponents‘ Arguments" (Feb. 23.. I993 I.

"Opposition tu European Patent No. EP-B-til 25023 t'84302J58.tJ-
2105)" tlCienen!ech'si submission prior to the oral proceedings with
nlfidavit l'rorn Christopher Denison datecl Apr. I9. JUIJO and cazhibits
attached] (Apr. 20. 2000).
Papers relevant to the interpretation of Ellison eta]. PNAS ‘M1984-
l98S U932}. Fig. 2 lroin Ellison paperttnti pp. 203 St El] front New
England Biolabs Calalog with Ellison paper attached.
"l-‘lnintil’t' Mctllmrrtnnc. lnc.‘s First Amended Complaint. Dcmnrnl
for Jury 'l'ria.l" (l_J.S. District Court. Case No. 03- 2567 MR1’ tC‘l'}()
r'lrt'i.=a’i’rttm.-rm’. l'rti'. vs. G£’!t£’?ttt’('rll. i'mr.. (‘fry o,t"Hope. um‘! Cat‘.-‘ted:
Run !_rd.: mug. 13. 2003 i.
Prrbltc fir!-br'ntati«Jir Regolatimt tfilragraphs 5.‘? He} and 5.7.'!{cJ
only}. U.S. Depaflrnent of Health. Education. and Welfare t.-\ug.
1974).

Queen and Ittaltimore. “tn1rnunoglobulin gene transcription is acti-
vated by downstream sequence elements" Cell‘ 33 (3) :T4l—':'=1R (Jul.
I983).
Queen. (I. "('otnpu.rison of human anti mouse Vll domains" [Sub-
mitted by PDI. on Mar. 31'. 1997!.
Queen. C.. "Coinparison of mouse and human V-kappa domains"
l Submitted by PDI. Mar. 27. I997}.
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Fig. 8C
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1
METHODS OF MAKING Al‘-"l'IBODY IIEAVY
AND LIGHT CILUNS HAVING Sl’E(_‘ll-'lC['I'\"

FOR A DESI RE!) ANTIGEN

Ur
This is a corttinttation ofappiicationist Ser. No. (l7;‘2tTl5.4 l 9

filed on 10 Jun. I988. ttow tJ.S. Pat. No. 6.331.415. issued on
18 Dec. 2001. which is a continuation ol'Ser. No. 06!-$553.45?

Iiled on 8 Apr. 1033. now US. Pat. No. 4.816.561 issued on
28 Mar. 1089, which applications are incorporated herein by
refcrenee and to which applicationtsl priority is claimed
under 35 USC til 20.

lll

H.-\(’l(CiRCJUNl) 015' 'l'llli ll'\lV’liN'lTON

This invention relates to the lield of immuuoglobulin pro-
duction and to t11od.llit:aIio11 of Itiltttrally occun'it1[._t immuno-
globulirt amino acid sequences. Specifically. the invention
relates to using recombinant teclmiques to produce both
imtrtunoglobulius which are atttalogous to those normally
found in vertebrate systems and to take advantage of these
gene modification techniques to construct chinieric or other
modified forms.

A. lmmunoglobululs and Antibodies
Antibodies are specific irrununoglobulin polypeptides pro-

duced by the vertebrate irnmtuie system in response to chal-
lenge by foreign proteins. glycoproteius. cells. or other anti-
genic foreign substances. The sequence of events which
permits the organism to overcome invasion by foreign cells or
to rid the systetn of foreign substances is at least partially
understood. An important part of this process is the manut'ac-
lure oi".-mtibodies which bind specilically to a particular for-
eign substance. The binding specificity of such polypeptides
to a particular antigen is highly refined. and the rnultitucle of
specilicities capable of being generated by the individual
vertebrate is remarkable in its complexity and variability. 35
Thousands of antigens are capable of eliciting responses.
each altnost exclusively directed to the particular antigen
which elicited it.

Lnnnttnoglobulins include both antibodies. as above
described. and a.na.logous protein sttbstiuiccs which lack anti-
gen speciticity. The latter are produced at low levels by the
lymph system and in increased levels by myelomas.

A.l Source and Utility
Two major sources of vertebrate antibodies are presently

ttLili'::cd—gc.ueration in situ by the manmtalitm I3 lympho-
cytes and in cell culture by 13-cell ltyhricls. Antibodies are
made in silu as a result of the ditferetttiation of immature B

lymphocytes into plasma cells. which occurs in response to
stimulation by specific zmtigcns. In the Lmdilierentiated B
cell. the portions ol‘DNA coding forthe various regions on the
itumunoglobulin chains are separated itt the genomic DNA.
The sequences are reassembled sequentially prior to tran-
scription. A review 01' this process has been given by (iough.
Trends in Binrrhcrii Sci. 6: 203 H981]. The resulting rear-
ranged genome is capable of expression in the rnuture I3 .‘.
lympbocyteto produce the desired antibody. Even when only
a single antigen is iittrodttced into the sphere of the immune
system for a panicttlar mammal. however. a uniform popula-
tion of antibodies does not result. The in situ immune

response to any particular antigen is defined by the mosaic of
responses to the various dct'crm.inartts which are present on
the antigen. iiaclt subset of homologous antibody is contrib-
uted by a single population ol'l3 cells—- -hence in situ genera-
tion of antibodies is “polyclonal".

This limited but inherent lieterogeneity has been overcome
in numemus particular cases by use ofhybridonia tcclinotogy
to create “monoclonal” antibodies (_l(ohler. ct al.. Em: J.
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Iitmm.vml'.. 6: 511 (l‘J'lfiJ}. in this process, splenocytes or
lymphocytes front a mammal which has been injected with
antigen are fused with a tumor cell line. thus producing hybrid
cells or "ltybridomas" which are both immortal and capable
oliproducing the genetically coded antibody ofthe B cell. The
hybrids thus forttted are segregated into single genetic strains
by selection. dilution. and regrowth. and each strain thus
represents a single genetic line. They therefore produce
inununoreactive antibodies against a desired antigen which
are assured to be homogenous. and which antibodies. refer-
encing their pure genetic parentage. are called “mouoclonal".
I-Iybridonta technology has to this time been focused largely
on the fusion ofmurine lines. but l1uma.n—human hybridomtts
(_()l5sI:Jtt. l.. ct a|.. Prric. Ntrtf. sired. Sci. (U341). 77: 542‘)
(1980)); human-murine hybridornns tschlom. J .. et al, (ibid)
T7: 684] { l 980;] and several other xenogenic hybrid combi-
nations have been prepared as well. Altentutively. priniary.
antibody producing. B cells have been immortalized in vitro
by transfonuatjon with viral t)NJ\.

Polyclonal. or. much ntore preferably. monoclonal. anti-
bodies have a variety ofusefizl properties similar to those of
the present invention. For example, they can be used as spe-
cilic imntunoprecipitating reagents to detect the presence of
the antigen which elicited the initial processing of the B cell
genome by coupling this antigen-antibody reaction with suit-
able detection techniques such as labeling with radioisotopes
or with enzymes capable ofassay (RIA. EMJT. and ELISA].
Antibodies are thus the foundation of itumuno diagnostic
tests for many antigenic substances. In anotltcr important ttsc.
antibodies can be directly injected into subjects sttliierirtg
l.i‘ot:I.t an attack by a substance or organism containing the
antigen in question to combat this attack. This process is
currently in its cxperitur.-ntal stages. but its potential is clearly
seen. Third. whole body diagnosis and treatment is made
possible because injected antibodies are directed to specific
target disease tissues. and thus can be used eitherto detenuiue
the presence of the disease by carrying with them :1 suitable
label. or to attack the diseased tissue by carrying a suitable
drug.

Monoclonal antibodies produced by hybridomas. while
theoretically etfective as suggested above and clearly prefer-
able to polyclonal antibodies because of their specificity.
sulfer tiom certain disadvantages. First. they tend to be con-
taminated with other proteins and cellular materials ot‘l1ybri-
doma. tand. therefore. manmtalian] origin. These cells cott-
la in additional tuaterials. notably nucleic acid fragments. but
protein iragtnents as well. which are capable of ertltattcing,
causing. or mediating carcinogic responses. Second. hybri-
Cl('Il11£l lines producing monoclonal antibodies tend to be
unstable and may alter the structure of antibody produced or
stop prodttcittg antibody allogcll1cr(l(ol'tlct'. (j.. ct a1., Pmc.
Natl. Acnd. .S'ct' {USA} T7: 219? (1980): Morrison. S. l... J.
itmntmal. 123: 793 (1979)). The cell line genome appears to
alteritsclf in response to stimuli whose nature is not currently
known. and this alteration may result in production of incor-
rect sequenees. Third. both hybridorrta and B cells inevitably
produce certain antibodies in glycosylated fonu (Melchcrs.
Ii. Bio:-}tett:t'.m;t-. I0: 653 (It)? I )) which. under some circum-
stances. may be ttnclesimble. Fourth. production of both
trtonoclonai and polyclonal antibodies is relatively experts ivc.
Fifilt. and perhaps most intporlant. production by cttrrertt
teelmiqucs (either by liybridoma or by B cell response} does
not permit manipulation of the genome so as to produce
antibodies with ntore effective design components than those
nortnntty elicited in response to antigens t‘rorn the mature B
cell in silo. The antibodies of the present invention do not
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suffer from the foregoing drawbacks. and. furthermore, oilier
the opportunity to provide molecules of superior design.

Even those immunoglobnlins which lack the specilicity of
antibodies are useful. altl'.tot.tg.l1 over a smaller spectrum of
potential uses than the antibodies themselves. in presently
understood applications, such imntunoglobnlias are lielplitl
in protein replacement therapy for globulin related anemia. in
thiscontext. an inability to bind to antigen is in fact helpful. as
the tltcrapetttic value of these proteins would be impaired by
such liinctionality. At present. such non-spr.-cilic antibodies
are derivable in quantity only from myeloma cell cultures
suitably induced. The present invention oll'ers an alternative,
more economical source. it also ollizrs the opportunity of
cancelling out specificity by manipulating the four chains of
the tetrantcr separately.

A2 (iencral Structure Cltaracteristics

The basic inltnttuoglobin strttetttral un.it in vertebrate sys-
tems is now well understood ll"-.delman. G. M.. Aria. N. if

xlmd. Sr-i.. l90: 5 (19711). The units are composed of two
identical light polypeptide chains of molecular weight
approximately 23.000 daltons. and two identical heavy
chains of molecular weight S3.000—70.000. The four chains
arejoincd by disultide bonds in a "Y" conligutatiott wherein
the light chains bracket the heavy chains staning at the mouth
ol'theY and continuing through the divergent region as shown
in l"'l(3, I. Tlte“branch" portion. as there indicated. is desig-
nated the Fab region. I-Icavy chains are classified as gamma.
mu. alpha. delta. or epsilon. with some subclasses among
them._ and the nature of this chain. as it has a long constant
region. determines the ‘‘class‘‘ of the antibody as IgG. lgM.
[gA. [g[). or I gt.‘-. Light chains are elassitied as either l-tapptt or
lambda. Each heavy chain class can be prepared with either
kappa or lanthda light chain. The light and heavy chains are
covalently bonded to each other. and the ‘‘tail‘‘ portions ofthe
two heavy chains are bonded to each odier by covalent disul-
lide linkages when the imrnttnoyohulins are generated either
by hybridomas or by B cells. However. ifnon-covalent asso-
ciation of the chriins can be effected in the correct geometry,
die aggregate will still be capable ofreaction with antigeti. or
of utility as a protein supplement as a non-specific inuntIno-
globulin.

The nation acid sequence runs from the N-terminal end at
the top of the Y to the C-terminal end at the bottom of each
chain. At the N-terminal end is a variable region which is
specific for the a at igen which elicited it. and is approximately
100 amino acids in length. there being slight variations
between light and heavy chain and from tltlll body to antibody.
The variable region is linltecl in each chain to a constant region
which extends the remaining length of the chain. Linkage is
seen. at the genomic level. as occuning through a Iittlciug
sequence known currently as the “.l" region in the light chain
gene. which encodes about 12 amino acids. and us a combi-
nation of region and ".1" region in the heavy chain gene.
which together encode approximately 25 amino acids.

The rentainitlg portions of the chain are referred to as .'.
constant regions and within a particular class do not to vary
with the specificity of the antibody ('i.e.. the antigen eliciting
it").

As stated above. there are five known Major classes of
constant regions which determine the class of the immuno-
glohulin molecule llg(i. IgM. lgA. lgD. and Ig.E correspond-
ing to 1-. it. oz. it. and E heavy chain constant regions}. The
constant region or class determines subsequent effector fitne-
tiun ol'thc antibody. including activation ofeomplement {Ka-
bat. E. .11., Strtrr-rttral (‘accepts in Imtmmalcgy and i'tmmr~
no:'hc=itristr;t'. End L7.d.. p. 413-436. I:-lolt. Rinehan. Winston
[_l<J'r'(i]'}. rmd other cellularresponscs {Andrews D. W.._ et al..
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C!r‘rrt'm:’ ltrmtrmubiclagr pp l—l 8. W. B. Sanders {"1980};
Kohl. S.. et t1l.. tfH."."iHJ'IJOtff)_(_{l'. 48: I37 ['1 933]}: while the vari-
able rtegion determines the antigen with which it will react.

B. Recombinant DNA 'I’e<:hno|og_v

Recombinant DNA technology has reached sttfficient
sopltistication that it inclttdcs a repertoire of techniques for
cloning and expression of gene -seqttences. Various DNA

. sequences can be recombined with some facility. creating
new DNA entities capable ofproducing heterologous protein
product in trutsforntcd microbes and cell t:Ultttl‘es. The gen-
eral means and methods for the in vitro ligation o I‘ various
blunt ended or “sticky" ended fragments ofDNA. for prodt1c—
ing expression vectors. and for transforming organisms are
now in hand.

DNA recombination of the essential elements ti.e.. an ori-
gin of replication. one or more pltenotypic selection charac-
teristics. expression control sequence, heterologous gene
insert and remainder vector} generally is performed outside
the host cell. The resulting recoinb irtant replicable expression
vector. or plasmid. is introduced into cells by transformation
and large quantities of the recombinant vehicle is obtained by
growing the tmnsformaitt. Where the gene is properly
inserted with reference to portions which govern the tran-
scription and translation of the encoded DNA message, the
resulting expression vector is useful to produce the polypep-
tide sequence for which the inserted gene codes. a process
referred to as "expression.“ The resulting product tnay be
obtained by lysis. ifnecessnry. ofthe host cell and recovery of
the product by appropriate pttriftcations from other proteins.

In practice. the use ot're-combinant DNA teolutology can
express entirely hcterologous polypepticles— so-called direct
expression--or alternatively may express a heterologous
polypeptide fused to a portion of the amino acid sequence of
at homologous polypeptide. in the latter cases. the intended
bioactive product is sometimes rendered bioinactive within
the fused. homulogous/‘lteterologous polypeptide until it is
cleaved in an extracellular environrncnt.

The art of maintaining cell or tissue cultures as well as
microbial systems for studying genetics and cell physiology
is well estztblished. Menus and methods are available for

maintaining permanent cell lines. prepared by successive
serial transfers from isolated cells. For use in research. such

cell lines are maintained on a so] id support in liquid medium.
or by growth in suspension containing support nutrimcnts.
Scale-up liar large preparations seems to pose only mechani-
cal problems.

SUMJVIARY OF THE INVENTION

The invention relates to antibodies and to non-specific
immmiogJobulins(NS1s} formed by recombinant techniques
using suitable host cell cultures. These antibodies and NSls
can be readily prepared in pure "n1onor:Ionrtl" form. They can
be manipulated at the genomic level to produce chitnezas of
variants which draw their homology from species which dif-
ler liom each other. They can also be manipulated at the
protein level. since all Ibur chains do not need to be producecl
by the stone cell. Thus, there are a number of “types? of
inununoglobttlius encompassed by the ittvention.

First. immuttoglobulins. particularly antibodies, are pro-
duced using recombinant techniqucs which mimic the amino
acid sequence of naturally occurring antibodies produced by
either mammalian B cells in situ. or by B cells Jitsed with
suitable imrttortalizittg tumor lines. i.e.. hybridomas. Second.
the methods ofthis. invention produce. mad the invention is
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directed to, imniunoglobulins which comprise polypeptides
not hitherto found associated with each other in nature. Such

reassembly is particularly useful in producing “hybrid" anti-
bodies capable of binding more than one antigen: and in
producing "composite" irtunttnoglohuirts wherein heavy and
light chains of different origins essentially damp out speci-
licity.ll1ird. by genetic manipulation. “chin1eric" antibodies
can be liormcd wherein. For example. the vtu-iable regions
correspond to the amino acid sequence from one mammalian
ntodcl system. whereas the constant region mimics the ttruitto
acid sequence ofattotlter. Again. the derivation ol' these two
mimicked sequences may be from differeitt species. Fourth.
also by genetic manipulation. “altered" antibodies with
intproved specificity and other characteristics can be lorrned.

Two other types of itttninttoglobtllin-lilte moieties may be
produced: “univalcut" antibodies. which are uselitl as horning
carriers to target t'issttc-s. and “Fab proteins" which include
only the "Fab" region ofan immunoglobulin1nolcculei.e. the
branches of the These univttlent antibodies and Fab

l'rugments rttay also be “tua1urnalian" i.e.. mimic mantntalittn
amino acid seqttences; novel assemblies of rnamntaliatt
chains. or chimeric. where for example. the constant and
variable sequence patterns may be ofdiifcrent origin. Finally.
either the light chain or heavy clttiin alone. or portions thereo I‘.
produced by recombinant tecltniques are included in the
invention and may be mamrnaliati or cl1inicric_

in other aspects. the invention is directed to l)N.=‘\ which
encodes the aforementioned N313. antibodies. and portions
thereof. as well as expression vectors or plasmids capable of
effecting the production of such irnuutnoglobulins in suitable
host cells. It includes the host cells and cell cultures which

result lrom transl'ormatiou with these vectors. Finally, the
iuvcution is directed to methods ofprttdttcittg these N315 and
antibodies. and the DNA sequences. plasmids. and trans-
formed cells intermediate to them.

l3RlF.l'<' l)l*'.SCRll-"[’ION O1’ Tl-Iii l')R..'\WlNC:'S

FIG. 1 is a represeutat ion of the general structure of inu:nu-
lItt‘tglL‘tbt.tlilth‘.

FIGS. 2A-l3 show the detailed sequence of the eDNA insert
ol’pKl 7G4 which encodes kappa anti ("HA chain.

FIG. 3 shows the Codi rig sequence ol‘tl1e li'agtnct1t shown in
I*'lCi. 2. along with the corresponding amino acid sequence.

FIGS. 4A—C show the combined detailed sequence of the
cDN.*\ inserts of M298 and pyl l which encode gamma anti
CEA citain.

FIGS. SA-B show the corresponding amino acid sequence
encoded by the fragment in FIG. 4.

FIG S. 6 and 7 outline the cortslrttctiolt olespression vec-
tors for kappa and gamma anti-(‘Iii-\ chains respectively.

FIGS. 8A. 8B. and BC Show the results ofsizing gels run on
extracts oi’ E. r."r)li expressing the genes for gamma chain.
kappa chain. and both kappa and garnnta chains respectively.

FIG. 9 shows the results ofwestern blots olcxtracts u feel Is
trausliinncd as those in FIG. 8.

FIG. 10 shows :3 standard curve For ELISA assay of anti 5-
CEA activity.

FIGS. 11 and 12 show the consuuction ol‘ a plasmid for
expression of the gene encoding at chimeric heavy chain.

FIG. 13 shows the constrtlctioti oi'a plasmid for t..‘.)l.pl't:5§l(‘ll'l
of the gene encoding the I’ah region of heavy chain.

Dl?.'lZ1\.l I .l:‘.l) l)l.ESC‘l{l PTION

A. Detinitions

As used herein. “antibodies" relicrs to tetmniers or aggre-
gates thereof which have specific immunoreactive activity,
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comprising light and heavy chains usually aggregated in the
“Y” contigttration of FIG. 1. with or without covalent linkage
between them: “in1mttnoglobulins" refers to such assemblies
whether or not specilic inuttuuoreactive activity is a property.
"Non-specilic irnmutloglobttlirt" (“h-lSI") means those immu-
uoglobulitts which do not possess specificity —i.e.. those
which are not antibodies.

"Mammalian antibodies" retcrs to antibodies wherein tl1e

amino acid sequences of the chains are liomologous with
dtose sequences fottnd in antibodies produced by mnnunnliatt
systems. either in situ. or in hybridomas. These antibodies
ntituic antibodies which are otherwise capable ofbeing gen-
erttted. although in impure form. in these traditional systems.

"Hybrid antibodies“ refers to antibodies wherein chains
are separately homologous with referenced mainmztliau anti-
body chains and represent novel assemblies of them. so that
two diffcreitt antigctis are precipitnblc by the tetrnnier. in
hybrid antibodies. one pair of heavy and light chain is
Itomologous to antibodies raised against ottc antigen. while
the other pctirolheavy tutd light chain is homologous to those
raised against another antigen. This results in the property of
"divalence" i.e.. ability to bind two antigens siutultaneously.
Such hybrids may. oi‘ course. also be formed using chimeric
chains. as set forth below.

“(‘on1positc" intmunoglobulins n.tett.ns those wherein the
lteovy and light chains mimic those ofdi [Terent species ori-
gins or specilicities. and the resultant is thus likely to be a
non—specific irrunuuoglobuliu {NSl]. i.e. —lacking in anti-
body character.

“("'ltimeric antibodies" refers to those antibodies wherein

one portion ol‘each o l' the amino acid sequences ofheavy and
light chains is hontolugous to corresponding sequences irt
antibodies derived lrottt a particular species or belonging to a
particular class. while the remaining segment oftlte chains is
liotrtologous to corresponding sequences in another. Typi-
cally. in these chimeric antibodies. the variable region of botl1
light and heavy chains tnitnics the variable regions ol'anti~
bodies derived from one species ofniammals. while the con-
stant portions a re homologous to the sequences in antibodies
derived from another. One clear advantage to such cltitrtcric
forms is that. litr example. the variable regions can conve-
niently be derived liom presently known sources using
readily available ltybridomas or B cells from non human host
organisms in combination with constant regions derived
from. for example. human cell preparations. While the \«"tt.t'i-
able region hos the advantage ofease o1‘preparatiou. and the
specilicity is not atlected by its source. the constant region
being ltutuan. is less likely to elicit an intmurte response from
a human subject when the antibodies are injected them would
the constant region [mm a nou—huntau source.

However. the definition is not lintited to this particular
example. it includes any antibody in which either or both of
the heavy or light cha'Lus. are composed of combinations ol‘
sequences mimicking the sequences in antibodies old i iliercnt
sources. whether these sources he dilTcring classes. dilicring
antigen responses. or diffcri ng, species oforigin and whether
or not the titsion point is at the variabletcottstant boundary.
Titus. it is possibleto produce antibodies in which neither the
constant nor the variable region ntimic lutown antibody
sequences. It then becomes possible. for example. to con-
struct antibodies whose variable region has a higher spccilic
allinity for a particular antigen. or whose constant region can
elicit enhanced complement fixation or to make other
improvements in properties possessed by a particular con-
stant region.

“Altcrod ar1tibodies" Ineans antibodies wherein the amino

acid sequence has been varied from that c-fa mamtnalian or
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other vertebrate antibody. Because ofthe relevance of recom-
binant DNA techniques to this invention. one need not be
confined to the sequences of amino acids found in natural
antibodies: zuitibodies can be redesigned to obtain desired
characteristics. The possible variations are many and range
Front the changing of just one or a few amino acids to the
complete redesign of. for example. the constant region.
Changes in the constant region will. in general. be made i11
order to improve the cellular process cliaracteristics. such as
complement fixation. interaction with membranes. and other
elTector functions. Changes in the variable region will be
made in order to improve the antigen bi ndi ug cliaraeteristies.
The antibody can also be engineered so as to aid the specific
delivery of a toxic agent according to the “magic bullet"
concept. Alterations. can be made by standard recombinant
techniques and also by ol igonttcleotidr.-directecl rnutagenesis
tecbitiqttes {Daibadie-Mclinrland. ot nl Prat‘. Not}. Acnd. .S'r'r'.
(H51-I). 7916409 (1982)).

“Univalcnt antibodies" refers to aggregatiotts which com-
prise :3 heavy ehaitvliglu chain dimer bound to the lie (or
stem) region of a second heavy chain. Such antibodies are
specific for antigen. but have the additional desirable property
of targeting tissues with specific antigenic surfaces._ without
causing its antigenic ellectiveness to be impain:d-- --i.e.. there
is no antigenic modulation. This phenomenon and the prop-
erty tilunivnlcttt antibodies in this regard is set liirth in Glen-
nie, M. 1.. ct al.. Norrrre. 295: 7 l 2 (I982). Univalcnt antibod-
ies have l1eret'ot'ore been formed by proteolysis.

“Fab" region refers to those portions of the chains which
are roughly equivalent. or analogous. to tile sequences which
comprise theY branch portions ofthe heavy chain and to the
light chain in its entirety. and which collectively tin aggre-
gates) have been shown to exhibit antibody activity. "Fab
protein", which protein is one ol'the aspects of the invention.
includes aggregates of one heavy and one light chain (com-
monly known as Fa b' ). as well as tetrnmers which correspond
to the two branch segments o l‘ the antibody Y. [commonly
known as I"(ah):). whether any of the above are covalently or
non-covalently aggregated. so long as the aggregation is
C3]'lillJlt3 o|' selectively reacting with a particular antigen or
antigen I‘:-lrnily. Fab ant ibodics have. as have univalent ones.
been formed heretofore by proteolysis. and share the property
ofnnt eliciting antigen modulation ot1 target tissues. How-
ever. as they lack the “efl'ector" Fc portion they cannot elifect.
For example. lysis of the target cell by macropltages.

“Fab protein" has similar subsets according to the defini-
tion of the present invention as does the general term "anti-
bodies" or“im mut1oglobulins".Thus. "mai:nn1alian" Fab pro-
tein. “hybrit.‘l" Fab protein “chimeric“ Fab and “altered” Fab
protein are defined analogously to the corresponding defini-
tions set forth in the previous pnrrtgraplts tor the various types
ttfaxttibodies.

Lndividttal heavy or light chains may of course be “mam-
malian". “cl1in1eric" or “alters-d" in accordance with the

above. As will become apparent liont the detailed description .'.
ofthc invention. it is possible. using the techniques disclosed
to prepare other combinations of the four-peptide chain
aggregates. besides those specifically defined. such as hybrid
antibodies containing chimeric light and ntarunialiatt heavy
eliuins. hybrid l-‘ab proteins containing cliitneric Fab proteins
ol'heavy chains associated with marrunalian light chains. and
so forth.

“Expression vector“ includes vectors winch are capable of
expressing DNA sequences contained therein. i.e.. the coding
sequences are operably linked to other sequences capable oi‘
elfeeting their expression. It is implied. although not always
explicitly stated. that these expression vectors must be repli-
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cable in the host organisms eitheras episomes or as an integral
part of the chromosomal DNA. Clearly a lack ofreplicability
would render them effectively inoperable. A useful. but not a
necesszuy, element of an elTectivc expression vector is it
marker encoding sequence i.c. a sequence encoding a pro-
tein wltieh results in a pltetlntypic property fog. tetracycline
resistance) of the cells containing the protein which permits
those cells to be readily identified. to sum. “expression vec-
tor" is given a l'unct'ional definition. and any DNA sequence
which is capable o1'el1'ectin_t_z expression of a specified con-
tained DNA code is included in this term. as it is applied to the
specified sequence. As at present. such vectors are frequently
in the limit ol’ plasmids. thus “plasrn.id" and “expression
vector" are ofien used interchangeably. I-lowever. the inven-
tion is intended to include such other forms of expression
vectors which serve equivalent Functions and which may.
from time to time become known in the art.

“‘lv‘.ecombinant host cells" refers to cells which have been

traitsfornicd with vectors constructed using recombinant
DNA tecitniqttes. As delinod herein. the antibody or modifi-
cation there-ol' produced by a recombinant host cell is by
virnte of this trans formation. rather than in such lesser

amounts. or more cotnmonly. in such less titan detectable
etrnottnts. as would be produced by the tmtranslornted host.

ln descriptions of processes For isolation of antibodies
Iiom recombinant hosts. the terms “cell" and "cell culture"

are used interchangeably to denote the source of antibody
tutless it is clearly specified otherwise. In other words. recov-
ery of antibody from the “cells“ may mean either from sptut
down whole cells. or from the cell culture containing both the
medium and the suspended cells.

B. Host Cell Ctlltttrcs and Vectors

The vectors and methods disclosed herein are suitable for

use in host cells overa wide range ofprolvraryotic and eukary-
otic organisms.

In general. ofcourse, prokaryotes are preferred liar cloning
of DNA sequences in constructing the vectors usel"ul in the
invention. For cxantple. IE. coir‘ K.l2 strain 294 (.'\'l'CC' No.
."-1446] is particularly useful. Other microbial strains which
may be used include E. coil‘ soains such as E. rub‘ B. and E.
c'ot't' X1776 (ATTC No. 31537).

These examples are. of course. intended to be illustrative
rather than limiting.

l’roitar_votes may also be used tor expression. The afore-
mentionod strains. as well as E. c-all WC-H10 (F1 3.‘. pro-
totrophic. AT FC ' No. 27325 }. bacilli such as lidcities‘ sirbrr‘lrr.r.
and other enterobacteriaceae such as Sahnarrello .'_t-pl‘rt'n.-rr-
rfum or Se:-rnrfn rrrrrreernns. and various Psendnirronos spe-
cies may be used.

in general. plasmid vectors containing replicon and control
sequences which are derived from species compatible with
the host cell are used in connection with these hosts. The

vector ordinarily carries a replication site. as well as marking
sequences which are capable of providing phenotypic selec-
tion in transformed cells. For example. E. call‘ is typically
translomted using pBR322. a plasmid derived from an E. c-oft‘
species (Bolivar. et al.. Gene 2: 95 (l‘}?7]]. pl3R322 contains
genes for nrnpieillin and tetracycline resistance tmd thus pro-
vides easy means for identifying transformed cells. The
pl-311322 plasmid. or other microbial plasmid must also con-
tain. or be modified to contain. promoters whiclt can be used
by the microbial organism for expression ot'its own proteins.
Those promoters most commonly used in recombinant DNA
construction include the [*1-laetumase {penicillinase} and lac-
tose promotersystems[Cl1a.ng et al. Nature.275:6l5{1$J?8):
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Italntra. et al, 5:'t'etic~e. 198: 1056 tl97?); (Goeddel. et al

Nature 281: 544 (l9't’9)J and a tryptophan to-pt promoter
system (Gctcddel. et al. Nt:r'fet'cAcids Re.r., 8: 4057 { 1980}:
I£I‘0 App] Publ No. (XJ36776). While these are the most
corornonly used. other microbial promoters have been dis-
covered and uti.|i7ecl. and details concerning their ttucleotide
sequences have been published enabling a skilled worker to
ligate them Functionally with plasmid vectors [Siebenlist. et
al. (rat 20; 269 (1980)).

in addition to prokaryrnes. cukaryotic microbes. such as
yst cultures may also be used. St3't2‘r"ti?u'r0m_l‘t.‘£'S can-w'.cini:.
or conunon hal-:er‘s yeast is the most conunonly used among
eukaryotic tnicroorgauisrns. although a number of other
strains are commonly available. For expression in .S‘ncc'kuro—
tn_i.*ces. the plastnid YRp7. for example. (Stinchcomb. et :11.
Nature. 282; 39 ([979]: Kingsman eta], Gene. 7: 141 {l0'z")):
Tschempcr. et nl. (Eerie, ll}; 15'? (1930)) is conttuonly used.
This plasmid already contains the trpl gene which provides a
selection rnarker for a mutant strain of yeast lacking the
ability to grow in Lryptophen. for example ATCF No. 44076
or PEP4—1 (Jones. Gene!."ar. 85: 12 (1977)). The presence of
the trpl lesion as a characteristic o ftheyeast host cell genome
then provides an effective environment for detecting transfor-
mation by gmwtlt in the absence of tryptopltun.

Suitable promoting sequences in yeast vectors inclttdt: the
promoters lbr 3 -pltospltoglyceratc l-tinase(l1it?.entan. et al .. J.
Biol. Cbcnt.. 255: 2073 (1980)) or other glycolytic enzymes
[I-less, et nl.J. Adv. Enz_t=nieRr=_g.. 7: 1-1-9 (1 968): Holland. et al.
Bfonhenn'srtj‘. ] 714900 (1978)), such as enolnse. g,lyceralde-
liyde-3-phosphate deltydrogcnase, hettokinasc. pyrttvatc
(lecarboxylnsc. phospltolrttctokinasc, glucose-6-phospltate
isomcrase. 3-phosphoglycemte mutnsc. pyruvnte kinnse. tri-
osephosphatc isonterase. phosphoglttcosc isotnerasc. and
glucokinase. In constructing suitable expression plasmids.
the termination sequences associated with these genes are
also ligated into the expression vector 3' of the sequence
desired to be expressed to provide polyadenylation of the
n1RN;\ and termination. Other prottlotcrs. which have the
additional advantage of transcription controlled by growth
conditions nre the promoter regions [or alcohol dehyclro,ge-
ttase 2. isocytochrome C. acid phosphatase. degradative
enzymes associated with nitrogen metabolism. and the alive-
mentioned glyceraldehyde-3—phosphate dehydrogenase. and
enzymes responsible for maltose and galactose utilizrttion
{'_l-lolland. ihid.}. Any plasmid vector containing yeast-con:t-
patiblc promoter. origin of replication and termination
sequences is suitable.

In addition to tnicroorganisrns. cultures of cells derived
front multicellular organisms may also be used as hosts. in
principle, any such cell culture is workable. whether from
vertebrate or invertebrate culture. I-Iowever interest has been

greatest in vertebrate cells. and propogation of vertebrate
cells in culture (tissue culntrcj has become at routine proce-
dure in recent years {T.F.s'.me Ftrlrtxre. Academic Press. Krttse
and Patterson. editors (1973)). iii-zantples olsuch useful host :.
cell lines are VERO and HeLa cells. Chinese hamster ovary
{CHO} cell lines. and W138. Bl-lK. COST! and MDCK. cell
lines. Expression vectors for such cells ordinarily include (if
necessary } an origin o freplication. a promoter located in li'ont
o fthe gene to be expressed. along with any necessary ribo-
sotne binding. sites. RNA splice sites. polyadenylation site.
and transcriptional terminator sequences.

For use in ntamrnnlian cells. the control litnctions on the

expression vectors are often provided by viral material. For
example. commonly used promoters are derived fron:t
polyonta. Adenovirus 2. and most l‘requenl.ly Simian Virus 40
[SV-ttl). The early and late promoters of SV40 virus are
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particularly useful because both are obtained easily from the
virus as :1 fragment which also contains the SV40 virul origin
ofreplication {Fiers. et :11. Ncm.u-e. 2'?3: I I3 (1973)) incorpo-
rated herein by reference. Smaller or larger SV40 fragntents
may also be used. provided there is included the approxi-
mately 250 hp sequence extendittg from the l-lirtd lll site
toward the ligl I site located in the viral origin of replication.
Further. it is also possible. and olien desirable. to utilize
promoter or control sequences nonually associated with the
desired gene sequence. provided suclt control sequences are
compatible with the host cell systems.

An origin olrcplicatiou may be provided either by con-
struction olthe vector to include on exogenous origin. such as
may be derived from SV40 or other viral leg. Polyoma.
Adeno. VSV. BPV. etc.) source. or may be provided by the
host cell chrotnosorual replication mechanism. Ifthe vector is
integrated into the host cell chromosome. the latter is often
sullicient.

ltwill be understood that this invention. although described
herein in terms of a prel'erred etnbodirttent. should not be
construed as limited to those host cells. vectors and expres-
sion systems exemplified.

C’. Methods Employed

(‘.1 'l'rausli.‘trtt1atioti

ll‘ cells without formidable cell wall barriers are used as

host cells. trattsfection is ca rried out by the calcium phosphate
precipitation method as described by (Iirahnm and Van der Eb.
l”'iro!ogv. 52: 546 (1978). l-lowevcr. other methods for irtu'o-
dncing DNA into cells such as by nuclear injection or by
protoplast litsion may also be used.

11' prokaryotie cells or cells which contain substantial cell
wall constructions are used. the preferred ncurthod o Iitrans lec-
tion is calcittnt treatment using calcium chloride as described
by Cohen. F. N. et al Pmr: Non‘, .rtt"na'. Sci. t'U.S'A}. 69: 2110
t" l 972').

(.'.2 Vector (Tonstntction

Construction of suitable vectors containing the desired
coding and control sequences employ standard ligation tech-
niques. Isolated plasmids or DNA iragntents are cleaved.
tailored. and religated in the form desired to form the plus-
mids required. Tlie methods employed are not dependent on
the DNA source. or intended host.

Cleavage is perlonned by treating with restriction enzyme
[or enyattesl in suitable bullet. In general, about 1 ug. plasmid
or DNA frngnients is used with about 1 unit of enzyme in
about 20 ttl ol'bull'er solution [Appropriate boilers and sub-
strate sntotints for particular restriction enzyrnes are specified
by the ntanulitclurent lncubution times ofabout 1 hour at 3?"
t‘. are workable. Alter incttlmtiotts. protein is removed by
extractiott with phenol and chloro form. and the nucleic acid is
recovered from the aqueous fraction by precipitation with
ethanol.

lfblunt ends are required. the preparation is treated for 15
minutes at IS" with [0 units of 1:‘. mli DNA Polyrnerase l
[1(lenow}. pltertol-cltloro l'or1'n extracted. and ethanol precipi-
rated.

Size separation of the cleaved lragments is performed
using (1 percent polyacrylnmide gel described by Goeddel. D..
et al. Ntrclet'cAct'ds .Res.. 8: 405'? (1980) incorporated herein
by reference.

For ligation. flpproxiltttttciy oquimolar amounts of the
desired components. suitably end tailored to provide cont:-ct
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matching are treated with about ll] units T4 DNA ligase per
0.5 pgl)N.v‘t. {When cleaved vectors are used as components.
it may be useful to prevent religation ofthe cleaved vector by
pretreatment with bacterial alkaline phospltatasel

lit the examples described below correct ligations for plas-
rnid construction are cortlirrned by trattslornting (:'. co-t'i K12
strain 294 (ATCC 31446) with the ligation mixture. Success-
l"ul transformants were selected by ampicillin or tetracycline
resistance depending on the mode ofplasntid construction.
Plasmids from the trunsfomtants were then prepared. ana-
lyzed by restriction andfor sequenced by the method of Mess-
ing. el al. Nticleir Acids Res, ‘£32309 { l 98] l or by the method
ol‘Maxant. et al. Me.tbod.t in Efl£!jl'rllr)’rJ_g1‘. 65:49‘) (I 980].

D. Outline of Procedures

l).l Mnn:t.tual ian Antibodies

The first type ofantibody which fortns a part olithis inven-
tion. and is prepared by the methods thereof. is “ntamntalian
antibody“—one wherein the heavy and light chains mimic the
amino acid sequences ofan antibody otherwise produced by
a mature mammalian B lymphocyte either in situ or when
[used with an immortal ized cell as part of a hybridonta cul-
ture. in outline. these antibodies are produced as follows:

Messenger RNA coding For heavy or light chain is isolated
lrorn at suitable source. either mature ll cells or a hybridoma
culture. employing standard techniques of RNA isolation.
and the use of oligo-dT cellulose chromatography to segre-
gate the poly-A n1l{NA. The poly-A rnRNA may. furtlter. be
["1-actionated to obtain sequences olstLl]icic1u sine to code for
the amino acid sequences in the light or heavy chain of the
desired antibody as the case ntay be.

A cl)NA library is then prepared from the tttixttu-e of
mRNA using a suitable primer, preferably a nucleic acid
sequence which is characteristic oftbe desired cDNA. Such a
primer may be hypothesized and synthesized based on the
amino acid sequence ofthc antibody ilthe sequence is known.
In the alternative cDNA ll-oin unfractionated poly-A mRNA
from a cell line producing the desired antibody or poly-dT
may also be used. The resulting cl')N.-X is optionally size
Eractionated on polyacrylamidc gel and then extended with.
for example. dti‘ residues for annealing with pBR322 or other
suitable cloning vector which has been cleaved by a suitable
restriction enzyme. such as Psi l. and extended with dG resi-
dues. Alternative l't'le£tt1§i of forming cloning vectors contain-
ing thc CDNA using other tails and other cloning. vector
remainder may. ol't:ourse. also be used but the foregoing is a
standard and preferable choice. A suitable host cell strain.
typically E. cult‘. is transformed with the annealed cloning
vectors. and the successful trrutsformants identified by means
oi‘. for example. tetracycline rcsistattce or other phcnotypic
characteristic residing on the cloning vector plasmid.

Successful transliannattts are picked and transferred to
trticrotiler dishes or other support [br further growth and .'.
preservation. Nitrocellulose filter imprints of tltese growing.
cultures are then probed with suitable nucleotide sequences
containing bases known to be complementary to desired
sequences in the c[)NA. Several types of probe may be used.
preferably synthetic single stranded DNA seqitences labeled
by kinasing with A'FP'u. The cells fixed to the nitrocellulose
lilter are lysed. the DNA denatured. and then fixed before
reaction with kinased probe. ("lanes which successfully
hybridize are detected by contact with a photoplate. then
plasmids {born the growing colonies isolated and seqttenced
by means known in the an to veri fy that the desired portions
ol‘ the gene are present.

‘ll
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The desired gene fragtttents are excised and tailored to
assure appropriate reading frame with the control segments
when inserted into suitable expression vectors. Typically.
nucleotides are added to the 5' end to include it start signal and
a suitably positioned restriction cudonuclense site.

The tailored gene sequence is then positioned in a vector
which contains a promoter in reading frame with the gene and
compatiblewitltthe proposed host eell.A ttuntberofplatsntids
such as those described in US. Pat. Nos. 307.473; 291.892;

. and 3tJ5.65't'. have been described which already contain the
appropriate promoters. control seqttences. ribosome binding
sites. and triinscription termination sites. as well as conve-
nient ntnrkers.

in the present invention. the gene coding for the light chain
and that coding for the heavy chain are recovered separately
by the procedures outlined above. Thus they may be inserted
into separate expression plasmids. or together in the saute
plasmid. so long as each is under suitable promoter and trans-
lation control.

The exprcssioti vectors constructed above are then used to
transfonu suitable cells. The light and heavy chains may be
transformed into separate cell cultures. either of the same or
of dilicring species: separate plasmids for light and heavy
chain may be used to co-tmtisfonu a single cell culture. or.
finally. 3 single expression plasmid containing both genes and
capable o {expressing the genes for both light and heavy chain
may be tnmsfonned into a single cell culture.

Regardless ofwhich ofthe three foregoing options is cho-
sen- the cells are grown under conditions appropriate to the
production olthe desired protein. Such conditions are prima-
rily mondated by the type of promoter and control systems
used in the expression vector. rather than by the namne ofthe
desired protein. The protein thus produced is tltcn recovered
front the cell culture by methods known in the art. but choice
of which is necessarily dependent on the Form in which the
protein is expressed. For example. it is common lit: mature
hetcrologous proteins expressed iii If. rah" to be deposited
within the cells as insoluble particles which require cell lysis
autd solubilizalion in dcnatttrant to permit recovery. On the
other ltattd. proteins under proper synthesis circtttnstattccs. itt
yeast and bacterial strains. can be secreted into tltc tncdiutu
(yeast and gram positive bacteria) or into the poriplasmic
space {gram negative bacteria) allowing recovery by less
drastic procedures. Tissue culture cells as hosts also appear. in
general. to permit reasonably l'aci le recovery ofltetcrologons
proteins.

When heavy and light chain are cocxprcsscd in the saline
host. the isolatiott procedure is designed so as to recover
reconstituted antibody. This can be accomplished in vitro as
described below. or might be possible in vivo in a microor-
ganism which secretes the IgG chains out of the reducing
environment ofthe cytoplasm. A more detailed description is
given in D.2. below.

D2 Chain Rcoombiitalion Techniques

The ability olthe method ol'tlte invention to produce heavy
and light chains or portions thereof. in isolation from each
other ol]'ers the opportunity to obtain unique and imprec-
edcnted assemblies of irnmunoglobutins. Fab regions. and
univalcnt antibodies. Such preparations require the use of
techniques to reassetnble isolated chains. Such means are
known in the an. and it is. thus. appropriate to review them
here.

While single chain disulfide bond containing proteins ltave
been reduced and reoxidi sad to nzgcncrate in high yield native
structure and activity (Freedman. R. 13.. et al. In El3:_1'!?l9.it.'i[gl'
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.9fPosr Trarrshrtfurrttl Mf)dfff('flffarr of Prutei'.vs. I: 157-212
(l9t§ll}_:‘-\cadet11ic Press. NY. }. proteins wlu'ch consist of dis-
continuous polypeptide chains held together by disullide
bonds are more difficult to reconstrttct in vitro alter reductive

cleavage. Insulin. u cttrneo case. has received ntuclt experi-
mental attention over the years. and can now be reconstructed

so ellicicntly that an industrial process has been built around
it (Chance, R. E., ct al., In Peptides.‘ Pr‘rJ(.t(’c'df!?g.t' of the
.‘:'evcmt!7 .-lrmmil .-lnrertcarr Peptide §:t-'tttprJ.t‘t't'J'tl't (Rich. D. II.
and Gross. IF... eds.) 721-728, Pierce (‘hem ical Co., Rock ford,

Ill. (1981)).
hmmtnoglobulin has proved a more di Eticult problem titan

insulin. The tctramer is stabilized intra and interntolecnlarly
by. 15 or more disullide bonds. It has been possible to recurri-
bine heavy and light chains. dist'I.lpted by cleavage o t'only the
interchain disullides. to regain antibody acti vity even without
restoration of the inter-chain disullides (Edeltnan. (J. M.. et
al.. Pm:-. Natl‘. xlmd. Sci. ( USA) St): 753 [1963 D. In addition.

active fragments o l' lg(3 ['on11ed by proteolysis [1-‘ab frag-
ments oi‘-SlJ.t)00 MW) can be split into their fitlly reduced
heavy chain and light chain components and fairly efficiently
reconstructed to give active antibody { Haber. Proc. Natl.
.-lrrad. Sci. (t_fS.»i] 52: 1099 (1964): Whitney. P. L.. et al.. l"rm:.
Nur!..»tmd. Sr-:'.({t'S.4}53: 524{l96S'J).At1cmplsro reconsti-
tute active antibody front fully reduced native Igfi have been
largely unsucccsslitl. presumably due to insolubility of the
reduced chains and of side products or intermediates in the
refolding pathway (see discussion in Freedman. M. H .. et al ..
J. Hfof. Chem. 2-1]: 5225 (1966)). 11'. however. the l1'Itl.'l1l.ll2l0-
globulin is randomly modified by polyalanylation of its
lysines belore complete t‘l3(lt:t':Ilt‘It‘l.. the separated chains have
the ability to recover antigen-corubiuittg activity upon reusi-
tlation flbid}.

A particularly suitable method for intmunoglobulin recon-
stitution is derivable from the now classical insulin recombi-

nation studies. wherein starting material was prepared by
oxidative su ltitolysis. thus generating thjol-labile S-sul fouate
groups at all cysteines in the protein. non-reductively break-
ittg disullides {C‘l1unt:c et al. (suprt-1)}. Oxidalive sullitolysis is
a mild disttlfidc cleavage reaction (Means, G. I3" ct al..
C.‘}1eritt'('ul ll.-Indfffcotion rgf'PnJrt-iris. I-loldon-Day, San l*'r1n-
cisoo (197 l t} which is sometimes more gentle than reduction
(We12el. R.. Birir-!2e.v.m'.i-try. submitted ( W83}:-. and which gen-
erates derivatives which am stable until exposed to mild
reducing agent at which time disullicle refonuation can occur
via lltiol-disulfide inlercl1ange{Morehcad. ll.. et al. Bi'r:r'l'reitr—
t'srr_1', in press. ( l983]}. lit the present invention the heavy and
light chain S—sullonates generated by oxidalive sullitolysis
were reconstituted utilizing both air oxidation and thiol—dis—
ulfide interchange to drive disnlfide bond forntotiott. The
general procedure is set forth in detail in U.S. l’at. No. 452.
187, tiled Dec. 22. l9R2. incorporated herein by reference.

[13 Variants I‘crntitlI-.'d by Re-:.'-otubinnnt Technology

Using the techniques described in paragraphs [11 and D2.
additional operations which were utilized to gain eflicient
production of iuatnmaliun antibody can be varied in quite
strziigjnlbnvard and simple ways to produce a great variety of
tnodilications of this basic antibody form. These variations
:.u'c inltcrent in the use of recomlainant lecltnology. which
permits modification at a genetic level of amino acid
sequences in normally encountered mtumnalian 'ttnnttInoglo—
bulin chains. and the great power of this approach lies in its
ability to achieve these variations. as well as in i ts potential for
economic and specific production ofdesired scarce. and often
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contaminated, molecules. The variations also inhere in the
ability to isolate production of inclivitltlal chains. and thus
create novel assemblies.

Briefly. since genetic manipttlations perrnil reconstruction
ofgeuoutit: material in the process o fconstrtlction ofexpres-
sion vectors. such reconstruction can be manipulated to pro-
duce new coding sequences [or the components of“11atural"
antibodies or imlnunoglobulins. As Cl.lSCLtSSvBCl in further detail
below, the coding sequence for a tuammaliun heavy chain
may not be derived entirely [root :1 single source or single
species. but portions ofa sequence can be recovered by the
tecltruqttes described in D1 from di.['l'ering pools of mRNA.
such as n1urine—murine hybridomas. httman—murine hybrido—
mas. or B cells djlferentjuted in response to a series o fantigen
challenges. The desired portions ulthe sequences in each case
can be recovered using the probe and analysis techniques
described in DJ. and recombined in an expression vector
using the same ligation procedures as would be employed [or
portions of the same model sequence. Such cliimeric chains
can be constructed ofany desired length; hence. for example.
a complete heavy chain can be constructed. or only sequence
for the Fab region thereof

The additional area ofllexibilily which arises from the use
ofrecornbirtant techniques results from llte power to produce
lteavy and light chains or frugntcuts thereof in separate cul-
tures or of unique contbinations of heavy and light chain in
the same culture, and to prevent reconstitution o ftlieantibody
or intnntnoglobuljn aggregation until the suitable compo-
nents are assembled . Titus. while normal ant ihody production
results atttotnatically in the Formatiott ol"‘matnntaliutt anti-
bodies" because the light and heavy chain portions are con-
suucted in response to a particular deterrninattt in the some
cell, the methods of the present invention present the oppor~
tunity to assemble entirely new mixtures. Somewhat limited
quantities of “l'tybrid" antibodies have been produced by
“quatlromas" i.e.. fusions o [' two hybridoma cell cultures
which permit random assemblies of the heavy and light
chains so produced.

The present invention permits a more controlled assembly
ofdesired chains. either by nnixing the desired chains in vitro.
or by transforming the same culture with the coding
sequences for the desired chains.

[14 Composite lnmtunoglobulins

The foregoing procedure, which describes in detail the
recombinant production of mammalian antibodies is
employed with some modifications to consuuct the remain-
ing types of antibodies or NSls encompassed by the present
invention. To prepare the particular embodiment ol‘contpos-
itc non-specilic itnmuuoglobulin wherein the homology of
the chains corresponds to the sequences of immttnoglohuli us
of dillcrent spocilicitics. it is of course. only necessary to
prepare the heavy and light chains in separate cultures and
reassemble them as desired.

For example. in order to make an anti-CEA light chain!
anti-ltcpatitis heavy chain composite antibody, it suitable
source for the utRN!\ used as a template for the light chain
clone would comprise. for instance. the anti (‘EA producing
cell line olparagraplt ll. l . The rnRN:\ corresponding to ltcttvy
chain would be derived from B cells raised in response to
hepatitis infection or front hybridotna in which the B cell was
of this origin. It is clear that such composites can be
assenibled using the methods of the invention almost at will.
and are limited only by available sources of mRNA suitable
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for use as templates for the respective chains. All other fea-
tures of the process are similar to those described above.

[15 Hybrid .-‘-\ntibodics

Hybrid antibodies are particularly useful as they are
capable ofsimultaneous reaction with more than one antigen.
Pairs of heavy and light chains corresponding to chains of
antibodies for dili’erent antigens. such as those set forth in
paragraph D.4 are prepared in four separate cultures. thus
preventing premature assembly of the tetramer. Subsequent
mixing of the four separately prepared peptides then permits
assembly into the desired tetrarncrs. While raudorn aggrega-
tion may lead to the format_ion ofconsidcrable undesired
product. that portion of the product in which homologous
light and heavy chains are bound to each other and mis-
matched to another pair gives the desired hybrid antibody.

[)6 (‘himeric Antibodies

l"or construction of chimeric antibodies (wherein. for
example. the variable sequences are separately derived from
the constant sequences] tl1e procedures ofparagraph DJ and
l).2 are again applicable with appropriateatlditions and inodi -
licutions. A preferred procedure is to recover desired portions
ofthe genes encoding for parts of the heavy and light chains
from suitable. dilfering. sources and then to rcligate these
fmgnients using restriction endonnclcttses to reconstrttct the
gene coding for each chain.

For example. in a particularly preferred chimeric construc-
tion. portions of the heavy chain gene and ofthe light chain
gene which encode the variable sequences ofantibodics pro-
duced by a marine hybridoma culture are recovered and
cloned frorn this cultttne and gene fragtuents encoding the
constant regions of the hcavy and light chains for human
antibodies recovered and cloned from. for example. human
myeloma cells. Suitable restriction enzymes may then he
used to ligate the variable portions of the mouse gene to the
constant regions of the human gene for each ofthe two chains.
The chimeric chains are produced as set forth in D.l , aggre-
gated as set forth in D.2 and used in the same manner as the
nott-chinteric forms. Ofcourse. any splice point in the chains
can be chosen.

DIE’ Altered Antibodies

Altered antibodies present. in essence. an extension of
chimeric ones. Again. the techniques of l).l and D2 are
applicable; however. rather than splicing portions of the
chaintsi. suitable amino acid alterations. deletions or addi-

tions are made using available techniques such as mutagen-
csis (supra). For example. genes which encode antibodies
having diminished complement fixation properties. or which
have enhanced metal binding capacities are prepared using
such techniques. The latter type may, tbr example. take .
advantage ofthc lutown gene sequence encoding nIetalotl1io-
item I] (Karin. M.. et al.. Nature. 29‘): 797 (1982)). The

chelating properties of this molecular fragntent are usefiil in
carrying heavy metals to tumor sites as an aid in ttunor imag-
ing ('Scheinbcrg_. l). .‘\., et al.. .'_ir'ierrc'r'. 215: 19 [ 1982).

D3 Univalent Antiboriics

in another preferred embodiment. antibodies are formed
which comprise one heavy and light chain pair coupled with
the Fc region ofa third {heavy} chain. 'lhese antibodies have
at panicularly useful property. They can. like ordinary anti-
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bodies, be used to target antigenic surfaces oftissues. such as
tumors. but. unlike ordinary antibodies. they do not cause the
znitigenic surfaces of the target tissue to retreat and become
non-receptive. Ordinary antibody use results in aggregation
and subsequent inactivation. lor several hours. ofsuclt surlacc
antigens.

the inethod of construction of univalerll antibodies is a

straightforward application of the invention. The gene for
heavy chain of the desired Fc region is cleaved by restriction
enzymes. and only that portion coding for the desired Fc
region expressed. This portion is then bound using the tech-
nique of D2 to separately produced hcav_v chain the desired
pairs separated from lieavytlieavy and I"c/l"'c conibinations.
and separately produced light chain added. Pre-binding ofthe
two heavy chain portions thus diminishes the probability of
formation o'fordiuar_v antibody.

D.9 Fab Protein

Simitariy. it is not necessary to include the entire gene for
the heavy chain portion. All of the aforementioned variations
can be superimposed on a procedure for Fab protein produc-
tion and the overall procedure differs only in that that portion
ofthe heavy chain coding [or the amino terminal 220 amino
acids is employed in the appropriate expression vector.

ii. Specific Examples of Preferred F.n'tbodimet1ts

The invention has been described above in general terms
and there follow several specific examples of embodiments
which set forth details of experimental procedure in produc-
ing the desired antibodies. Example E.l sets forth the general
procedure for preparing anti (‘FLA antibody components. Le.
tor a "utatnmaliatt antibody". Example F..3 sets Ibrth the
procedure for reconstitution and thus is applicable to prepa-
ration ofniamnialian. composite. hybrid and chimeric immu-
uoglobulins. and Fab proteins and univalent antibodies.
lixaniple ii.-‘t sets forth the procedure for tailoring the lieavy
or light chain so that the variable and constant regions in-ay be
derived front different sources. lixaniple ILS sets forth the
method ofobtaining a shortened heavy chain genome which
permits the production ofthe Fab regions and. in an analogous
manner. Fc region,

The examples set forth below are included for illustrative
purposes and do not limit the scope o f the invention.

[Ll Construction of [Expression Vectors for Marine Anti-
(‘F-I."-\ Antibody Chains and Peptide Synthesis

Carciuoen1br_vonic antigen t(‘F..-\j is associated with the
surface ofcertain tumor cells of human origin (Gold. P., et al..
J’. Exp. Med. 122: 46? (1955)). Antibodies which bind to
(‘EA [ant:i—CEA antibodies} are useful in early detection of
these tumors {Vail Nagell, T. R.. et al.. Cancer Res. 40: 502
(1 98(1)}. and have the potential for use in treatment of those
huma n tumors which appear to support ClT..?\ at their surliaces.
A mouse hybridoma cell line which secretes anti-(‘EA anti-
bodies of the lgv. class. CE'.A.6ti-E3. has been prepared as
described by Wagener. C. et al., J Iriinirtnrit. (in press} which
is incorporated herein by reference. and was used its 1nRNA
source. The production of anti (‘EA antibodies by this cell
line was determiner]. The N-terminal sequences ofthe anti-
bodies produced by these cells was compared with those of
tttonoclonal anti (TIZA as lollows. Purl tied lgfi was treated
with I’(‘Ase {l’odell. D. N.. etal.. BBRC 81: [76 (1973)). and
then dissociated in GM guanidine hydrochloride. it) mM
2-niercaptoethauol (1.0 mg ofinunttnoglobulin. 5 min. ltl0“
C. water bath). The dissociated chains were separated on :1
Waters Associates allt_vl phcnyl column using a linear gradi-
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ent from 100 percent A {0.l percent TFA-water] to 90 percent
B (‘Fl-'NH3Ot'Me('N U.l!9.9t9Ut at a flow rate ol‘0.ii ntltmin.
Three major peaks were eluted and analyzed on SOS gels by
silver staining. '['l1e first two peaks were pure l ight chain (MW
25.000 daltons}. the third peak showed a (?:3} tttixture of
heavy and light chain. 1.2 nmoles of ligl1t chain were
sequenced by the method ot'Sl1ivcly. .l. [E.. Methods in En::_v-
ttrall0gt'. 79: 3] (1981), with an Ni-l2~ten11inal yield of 0.4
ttmoles. A mixture ol'hcavy and light chains [3 nrnolest was
also sequenced. and sequence of light chain was deducted
l"ron1 the double sequence to yield the sequence of the heavy
chain.

In the description which follows, isolation and expression
of the genes for the heavy and light chains for anti ('l"..-X
antibody produced by (‘ii-:x.(a6-l.E3 are described. As the con-
stant regions of these chains belong to the gamma and kappa
lianiilies. respectively. "light chain“ and "kappa chain". and
“heavy chain" and “gamma chaitt". respectively. are used
ittterchangeably below.

E. 1.] Isolation ol'Messenger RNA i'orAnti CEA Light and
Heavy [Kappa and Ciatnnia) Chains

Total RNA from Cl_".’\.titi—|j3 cells was extracted essen-

tially as reported by Lynch ct al. Vm.-logr. 98: 251 t_'1*J79].
Cells were pelleted by ccntrilitgation and approximately 1 g. -
portions ol'pellet resuspended in 10 ml of IO inM NnC|. l0
mM Tris HCl(pl-l7.4}. 1.5 mM MgCl3. The rcsuspended cells
were lysed by addition oftton—ionic detergentNP—-'l»0 to :1 final
concentration of 1 percent. and nuclei removed by centrifu-
gation. After addition of SDS {pl-I 14;: to 1 percent final
couccntrutiort. the supernatant was extracted twice with 3 ml
portions of phenol (redistilled lfchlonit‘onn:isoa1ny| alcohol
25:1 at 4" C. The aqueous phase was made 0.2 M in NnCl and
total RNA was precipitated by addition oftwo volumes of l 00
percent ethanol and oveniigiit storage at —2'D° C. Alter cen~
trilitgation. polyA n1RNA was purified from total RNA by
oligo-LET cellulose clirontatograpliy as described by Aviv and
I.t.‘der.Pr0c:'. Nrtrll. Hlrvrul. Sci. (U.SA]. 6‘): H03 [l‘)'il2). ‘:42 l.L__ti_L
ol‘polyA n1l{NA was obtained from 1 g cells.

11.] .2 Preparation of It‘. will Colony Library Containing
Plasmids with Heavy and Light DNA Sequence Inserts

5 pg ofthe ttnfractionated poiyA t:nRNA prepared in para-
graph E.l .1 was used as template for oligo~dT printed prepa-
ration ol'double—stranded (dsl cDNA by standard procedures
as described by (ioeddel et al.. Nature 281: 5-14 {I9?9) and
Wickcns et al.. J. Biol. Cliein. 253: 2483 (1973) incorporated
herein by relicretice. The CDNA was size lractititiatcd by 6
percent polyacrylaniidc gel electmphoresis and 124 ng olds
c[}NA greater than 600 base paint in length was recovered by
electrocltttion. A 20 ng portion of cis cDNA was extended
with dc-oxy C residues using tenninal deoxynucleotidyl trans-
fcrasc as described in Chang ct al.. Nature 2?S: 617 (1973)
incorporated herein by referencc. and annealed with 200 ing at‘
the plasmid pBR322 (Bolivar et al.. (?cr:e2: 95 (l 977)} which
had been cleaved with Pst l and tailed with deoxy Ci. lfacli _
annealed mix ture was then transi'ort11ed into E. roll Ki 2 strain

294 {ATCC No. 31446). Approximately 8500 ampicillin sen~
sitivc. tetracycline resistant translorntants were obtained.

E.l.3 Preparation of Synthetic Probes
‘lhe Miner. 5' (i(i'l‘t.'i(i(i.-U\G.=\'l‘(EGA 3' complementary

to tltc coding sequence of constant region for mouse
MOPCZI kappa chain which begins 25 besepairs 3' of the
variable region DNA sequence was used as kappa chain
probe. A 15 met. 5' GACCAGGCA'1'C'CCAG 3‘. complemen-
tary to a coding sequence located 72 basepnirs 3' of the
variable region DNA seqttctice for ruottse MOl’£'2l gamma
chain was used to probe gamma chain gene.
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Both probes were synthesized by the pltosphotriester
method described in German Otlenlegungscltrift 2644432.
incorporated herein by referettce. and made radioactive by
kinasing as listllows: 250 ng of deoxyoligonucleotide were
combined in 25 ill ol‘6(J mM Tris I-ICI [pH 8). 10 mM Mg("l3.
J5 tuM beta-mercaptoethanol. and 100 ttC.‘.i {V-“Pt.-Kl‘? (Am-
ersham. 5000 CifmMolc J. 5 units ot'T-4 polynucleotide kinase
were added and the reaction was allowed to proceed at 37” C.
for 30 minutes and terminated by addition of IEDTA to 20
mM.

E-2.1.4 Screening of Colony Library for Kappa or Gatnnna
(‘hnin Sequences

—-2000 colonies prepared as described in paragaph li.l.2
were individually inoculated into wells oi" rnictotitre dishes
containing LB -(Miller. Experiments in Molecular Genetics.
p. 431-3. Cold Spring Harbor I .ab.. Cold Spring I-Iarbor. N.Y.
(l 972) J+5 pgfnil tetraeycli ne and stored at -20“ C. a liter addi-
tion of DMSO to 7" percent. Individual colonies treat this
library were transferred to duplicate sets ofschleiclter and
Schnell BAXSIED nitrocellulose tillers anti grown on agar
plates containing LB+S pg/ml tetracycline. After -10 hours
growth at 37° C. the colony filters were transferred to agar
plates containing l_|3+5 pgttnl tetracyclitte and 12.5 ttglml
chlornmpheuicol and rcincnbated ovemight at 37° C. The
DNA from each colony was then denatured and lixed to the
lilter by a tnndilication olthe Cirunstein-I logness procedure
as described in (inlnstcin et al.. Pmc. Natl’. Ar-ad. Set’. (I fS'.—il
"F2: 3961 t 1975}. incorporated herein by reference. Each filter
was floated i'or3 minutes on 0.5 N NEIOH, 1.5 M NaCl to lyse
the colonies and denature the DNA then neutralized by float-
ing for 15 minutes on 3 M NaCl. 0.5 M Tris l-l('l [pl l 15}. The
filters were then floated for an additional [5 tnintttes on

2:-(SEC. and subsequently baked tor 2 liours in an 80” C.
vacuum oven. The filters were prehybrittlized For «-2 hours at
roont temperature in 0.9 M NaCl. l><Denhardts. 100 mM Tris
I-lC'l [pH 7.5). 5 mM Nn—EDTA. 1 mM ATP. 1 M sodium
phosphate (dibttsic). 1 mM sodium pyropltospliate. 0.5 per-
cent NP-40. and 200 pglnil E. r-oh‘ t-RNA. and liybridizecl in
the same solution ovcniight. essentially as described by Wal-
lace et al. N.-rrlet’r- .-tr-."d.r Researnli 9: 879 [I l 98] ) using «-405:
10” cpm o I‘ either the kinascd kappa or garntuu probe
described above.

After extensive washing at 37“ C. in GxSSC. 0.1 percent
S[)S. the filters were exposed to Kodak XR-5 X—ray film with
l)nl’ont Lightning-Plus intc-nsil“yi.ng screens for 16-24 hours
at -80“ C‘./tppmxitttately 20 colonies which ltybridizcd with
kappa chain probe and 20 which ltybridized with gutntna
chain probe were characterized.

l-5.1.5 Characterization of Colonies which l-lybridize to
Kappa DNA Sequence Probe

Plasmid DNAs isolated trorn several different transfor-

rnants which hybrid iired to kappa chain probe were cleaved
with P351 1 and lractionated by polyacrylamide gel electro-
phoresis (l’./\Gl7.). This analysis demonstrated that a nttmbcr
of plasmid DNAS contained cDNA inserts large enough to
encode filll. length kappa chain. The complete nucleotide
sequence oftlte eDNA insert of one of these plasmids was
determined by the dideoxynucleotide chain termination
method as described by Smith. Mert'iadr i':‘n:_t'moi'. 65. 560
(1080) incorpomted herein hy relerence alter subcloning
restriction cndonucleasc cleavage fragrnents into M13 vec-
tors (Messing et al., .'Vit:~leir.4et‘dr Re-searrb 9: 309 ([981].
FIG. 2 shows the nucleotide sequence of the cDNA insert of
p[( l 'z'G4 and FIG. 3 shows the gene sequence with the corre-
sponding amino acid sequence. Thus. the entire coding region
ofmottsc anti-Clirh ketppa pltnin was isolttttrd on this torn: large
l)l‘~lJ\ fragment. The amino acid seqttence ot' kappa chain.
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deduced from the nucleotide sequence of the pl’-ll TG4 CDNA
insert. corresponds pcrti=.-ctly with the lirst 23 N-terminal
amino acids of mature mouse tutti-CEEA kappa chain as deter-
mined by amino acid sequence analysis of purilied mouse
anti-CE.-*\ kappa chain. The coding region ofplil '.-‘G4 con-
wins 27 bascpairs or 9 amino acids of the presequence and
6-12 basepairs or 214 amino acids ofthe mature protein. The
mature unglycosylated protein {MW 24.553} has a variable
region of l 19 amino acids. including the J1 joining region of
I2 amino acids. and a constant region o I‘ ll)? amino acids.
A [let the stop codon behind amino acid 215 begins 212 base-
pairs ol'3' untranslated sequence up to the polyA addition.
The kappa chain probe used to identi I3‘ pK ITG4 hybridizes to
nucleotides 374-388 (FIG. 2].

l3.l.6 Characterization of Colonies which Hybridize to
Ganinta 1 DNA Probe

Plasmid DNA isolated from several Lrattslhrmants positive
for ltybridization with the heavy chain gamma 1 probe was
subjected to Pst I restriction cndonuclease analysis as
described in l-Ll .5. Plasmid IJN.-\s demonstratittgtlte largest
CDNA insert fragments were selected [hr thrlher study.
Nucleotide sequence coding for mouse heavy [gamma-ll
chain. shows an Ncol restriction endonucleasc cleavage site
near the junction between variable and constant region.
Selected plasmid DNAs were digested with both Pstl tutd
Ncol and sized on polyacrylantide. This analysis allowed
identification olia uutnbcro lplastn id I)NAs that contain Ncol
restriction endonuclease sites. although none that demon-
strate cDNA insert fragments large enough to encode the
entire coding region ufrnousc anti-(‘liA heavy chain.

[[1 one plasmid isolated. p 7293 the cl)N.=\ insert o I‘ about
130!) hp contains sequence itillirntzttion for the 5‘ untranslated
region. the signal scqucttcc and the N-tcnninal portion oi‘
heavy chain. Because M298 did not encode the (T-tcnninal
sequence for mouse anti-CEA gamma 1 chain. plasmid DNA
was isolated from other colonies and screened with Pstl and

Ncol. The C-terminal region of the cDN.!\ insert olpyl l was
sequenced and shown to contain the stop cotton. 3' ttntnu1s-
latcd sequence and that portion of the coding sequence miss-
ing from p 7298.

FIG. 4 presents the entire nucleotide sequence 01' mouse
anti~CEA heavy chain (as determined by the dideoxynucle-
otide chain tennination method ol'Sntith. Methods Ertz_wtwl..
65: 560 (1980)) and FIG. 5 includes the translated sequence.

The amino acid sequence of gaiunta 1 (heavy chain]
deduced from the nucleotide sequence of the py2‘)8 CDNA
insert corresponds pertectly to the lirst 23 N-terminal ttrnino
acids olntetttre tnouse anti-C'l£J\ gamma l chain as deter-
mined by amino acid sequence analysis of purified mouse
anti—C‘.EA gantma—l chain. The coding region consists of S?
basepairs or 19 amino acids of presequences and 1346 base-
pairs or 447 amino acids olimature protein. The mature ung-
lycosolatcd protein {MW 52.253) ttasa variable region of I35
amino acids. including a I) region oil 2 amino acids. and aJ-'1
joining region cl’ 1 3 amino acids. The constant re-giou is 324 .'.
amino acids. After the stop codon behind antiuo acid 4-1?
begins 96 hp ol'3' tlntranslatecl sequences up to the polyA
addition. The probe used to identify p'y298 and pyll hybrid-
ized to nucleotides S23-542 {Flt}. 4).

191. L?‘ Construction ol‘a Plasmid for Direct Expression of
Mouse Mature .*\nti-CT:'.r\ Kappa Chain Gene. pl(CE-
.-’\trp2(}?-1 ""

FIG. 6 illustrates the construction ol'pKCl3Atrp2t)7-1*
First. an intennediate plasmid pHGH207—l". having a

single trp promoter. was prepared as follows:
Tltc plastttid pl'lGll 207 ldescribcd in U.S. Pat. No. 30?.

4'13. filed Oct. 1. I98] )has a double lac pmntoter followed by
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the trp promoter. flanked by E.coR I sites and was used to
prepare pl lGl~l2t)'}"-l . pl-[(311207 was digested with l3zu1tl'l L
fol lowed by partial digestion with Eco R I. The largest frag-
ment. which cuntai ns the entire trp promoter. was isolated and
ligated to the largest l'.icoR l-Hamil I lrigmcut liotn pl3R322.
and the ligation mixture used to trauslinrnt If. coir‘ 294. Tel”

.=\rnp"‘ colonies were isolated and most of them contained
plIGl-I207-l. pl-IGH207-1 "’ which lacks the EcoRl site
between the atnp" gene and the trp promoter. was olatai ncd by
partial digestion olpl-IGI-I207-l with I"-.coR l. filling in the
ends with Klenow and dN'l'Ps. and rel igation.

5 pg of pHCil-l20'i'—1"“ was digested with EcoRI. and the
ends extended to blunt ends using [2 units of DNA Poly-
tncrasc I in :1 50 pl reaction containing 60 111M NaCl. 7 mM

MgCl3. 7' n1M Tris l-lC‘l [pl-I 7.4) and I mM in each dNTP at
37° C. for 1 hour, followed by extraction with p]1eno];’CH(‘l 3
and precipitation with ethanol. The precipitated DNA was
digested with Bantl-l |_. and the large vector Fragment (frag-
ment I) purified using 5 percent polyacrylatnide gel electro-
phoresis. electroclution. phcnolfCHC‘13 extraction and etha-
nol precipitation.

The DNA was resuspended in 50 pl of 10 ntM Tris pH 8, ]
rrtlvl I1‘-l)’l'.’\ and treated with 500 units Bacterial Alkaline

Phosphatase {BAP} for 30‘ at 65” followed by phenolfCI-[C];
extraction and ethanol precipitation.

A l)NA fragment containing part of the light chain
sequence prepared as fol lows: 7 pg ol'pl(l 764 DNA was
digested with Pst l and the kappa chain containing cDNA
insert was isolated by 6 percent gel elect'rophoresis. and elec-
troclution. A Her phenola'C'HC'l3 extraction. ethanol precipita-
tion and resuspeusion in water. this l'rag_n1enl' was digested
with Ava ii. The 333 bp Psi l-Ava ll DNA traginent was
isolated and purilied from a 5 percent polyacrylamide gel.

A 15 nucleotide DNA primer was synthesized by the phos-
p.l‘tt‘Il.l"lL‘S'll'..‘1' method G. O. 2.64-‘~l.-‘$32 (supra) and has the Fol-
lowing sequence:

Met J‘-lisp I1-a Val Met:5’ ATS GAG ATT GTT ATG 3‘

The 5' methionine serves as the initiation codott. 500 ng of
this prirnerwas phospltorylated at the 5' end with it) units T4
DNA ltinase in 20 pl reaction containing 0.5 mM A‘l'i’. —-200
rig ofthe Psi I-Ava ll DNA ling,-,ment was mixed with the 20 ill
ofthe phospliorylated primer. heated to 95“ C‘. For 3 minutes
and quick frozen in a dry-ice ethanol bath. The denatured
DNA solution was made 60 tnM NaC‘l. 7'' mM MgCl3. 7 mM
Tris HE] (pH 7.4]. 12 mM in each dNTP and 12 units DNA
Polymerase I-Large Fragment was added. After 2 hours incu-
bation at 3 ’i'‘' C. this primer repair reaction was phet1ola"C'I-[Cl 3
extracted. ethanol precipitated. and digested to completion
with San IA. The reaction mixture was then electropltorcsed
on a ti percent polyncrylantidc gel and -50 ug ol‘ the H32
basepair amino—termiual b|unt—end to San 3A lragtnent (‘ling-
ment 2} was obtained alier electroelution.

100 ng ol'li:tgineut 1 (supra) and 50 ng ol'l'Iagn1ent 2 were
combined in 20 pl of 20 mM Tris ll('.‘] (pI-[ 7.5). 10 ntlvl
Mg(‘l2. 10 mM D'1“I'. 2.5 mM .-fill’ and I unit of i4 DNA
ligasc. Alter ovemighl ligation at l4° C. the reaction was
lraitslhnited into .-‘I. r-uh' K12 strain 294. Restriction cndonu-

clease digestion ofplan smid DNA from a ntunber ofantpicillin
resistant trtuisformants indicated the proper construction and
DNA sequence analysis proved the desired nucleotide
sequence through the initiation codon of this new plasmid.
pl(L‘ljAlntl (FIG. 6].
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The remainder of the coding, sequence of the kappa light
chain gene was prepared as follows:

The Pst I cDNA insert fragment from 7 ].lg of K] 7(.i-'-t DNA
was partially digested with .~\va II and theAva ll cohesive ends
were extended to blunt ends in a Dl‘~l.r\ Polymerase I large
fmgmettt reaction. Followitig 6 percent polyacrylamidc gel
electrophoresis tlte 686 basepair Pst I to blunt ended Ava 11
DNA fragment was isolated. purified and subjected to Hpa ll
restriction ertdonttclease digestion. The 4‘)? basepair llpa [l
to blunt ended Ava 1] DNA fnzgrnent [fragment 3) was iso-
lated and purified after gel elet:Lropl1oresis.

ll) ttg of pKCliAlntl IJNA was digested with Ava I,
extended with l)N.‘\ polymerase I large fragment. and
digested with Xba 1. Both the large blunt ended Ava I to Xba
[ vector fragrnent and the small blunt ended Ava I to Xba I
fragment were isolated and pnrilicd from a 6 percent poly-
ncrylanlide gel itfier electrophoresis. The la1't_gc vct.'tor frag-
ment (fragment 4} was treated with l3ncterialAlltalir1e Phos-
phatase (HA1) 1. and the small in-tgnient was digested with lips
I]. electrophorescd on a 6 percentpolyncrvlamidc and the 169
basepairxba I—Hpa II DNA t'i'agn1ent (fragment 5) was puri-
lied. --75 rig of fragment 4. -50 ng of fragment 3 and -50 ng
offmginent 5 were combined in it ‘fat DNA ligztse reaction and
incubated overrtight at I4“. and the reaction mixture trans-
formed into E. can K12 strain 294. Plasmid DNA from six

aunpicillin resistant translottnants were &1l1t:ll3’?‘t.-.‘(.l by restric-
tion cndottuclease digestion. One plasmid I )N.‘\ demon-
strated the proper construction and was designated
pl(CEAhtt2.

Final construction was etlectot by ligating the K-(‘t:‘..-\
fmgntent. including the up promoter from pl((‘ljAlnt2 into
pl3R322(XAl"]. tpBR322t'XA1’t is prepared as described in
US. Pat. No. 452.227. lilcd Dec. 22. 1982.)

The l(-Cilcizi fragtttettt was prepared by Lreatittg
pl(C'EAlnt2 with Ava I, blttnt ending with DNA polymerase I
[I-ilenow fragment] in the presence ol'Dl‘«lTI’s. digestion with
Psi I and isolation of the desired fragment by gel electro-
phoresis and clcctroelution.

The large vector fragment from pl3R322[XAl’) was pre-
pared by successive treatment with Ecol! l. blunt ending with
polymerase. and redigcstion with Pet 1. followed by isolation
of the large vector liagnient by electrophoresis and electro-
elutiort.

The K-(‘EA and large vector fragments as prepared in the
preceding paragraplts were ligated with T4 DNA ligasc. and
the ligation mixtttre transfonned into E. ooh" as above. Plas-
ntid DNA from several anlpicillin resistant trattsformztnts
were selected for analysis. and one plasntid DNA demon-
strated the proper construction. and was designated pKCE-
.rorp207—r'*.

E. l .8 Construction of a Plasmid Vector for Direct Expres-
sion ofMonse Mature Anti-[TEA lleavy tGarnrna I) ("liain
Gene. pvC‘liAtrp2{J?-1"’

FIG. 7 ilhtstrates the construction of pvCli.*\tt'p207-l"“.
This plasmid was constructed in two parts beginning with
construction of the C-termirtal region ofthe gamnta I gene.

5 pg of plasmid pHGl-1207-11’ was digested with Ava 1.
extended to blunt ends with DNA polymerase 1 large frag-
ment [Klenow fragment). t.3)il.l'ctt:.'lt‘:t‘i with pltcnolt’("l--lCl_.. and
ethanol precipitated. The DNA was digested with Bantll I
treated with BAP and the large fragment (fragmettt A} was
purified by 6 percent polyacrylamide gel electrophoresis and
electroelntion.

-5 pg ofpvl l was digested with Pst I and the gamrna chain
CDNA insert fragment containing the C-terminal portion of
the gene was pnrilied. digested with Ave [1 followed by exten-
sion of the Ava ll cohesive ends with Klenow. followed by Taq
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I digestion. The 375 basepair blunt ended Ava II to Taq I
Lragineitt {fragtnent [-3) was isolated and purified by gel elec-
trophoresis and electroelution.

9 pg of p‘,-298 was digested with Taq I and Hamil I for
isolation of the 496 bascpair lingmettt tfragtttettt Cl.

Approximately cquimolar amounts of fragments A. 8. and
C‘ were ligated overnight at 14'’ in 20 pl reaction mixture. then
transformed into cu.-'1‘ strain 294. The plasmid DNA from
six ompicillin resistant transiomtrtnts was corm'nit'ted to
restriction endonuclease analysis and one plasmid DNA.
named pvCE}\h1t. demonstrated the correct construction of
the C-terminal portion of gantnta l (FIG. 5).

To obtain the N—teru:tinal sequences. 30 pg of 317298 was
digested with Pat 1 and Llte 628 hasepair DNA fragment
encoding the N-terminal region of mouse anti-(‘ISA gamma
chain was isolated and purified. This fragment was further
digested with Alu l and Ilsa l for isolation ofthe 280 bascpztir
Iragtttettt. A [S nucleotide DNA primer

met glu val met leu
5' ATS GEE GTG ATG CTG 3‘

was syntltesired by the phosphotriester method tsupra).
The 5' ntethionine serves as the initiation codon. 500 ng of

this synthetic oligonier primer was pltosphorylnted at the 5‘
end in a reaction with 10 units "H DNA kinase conla ining 0.5
mM ATP in 20 |.Ll reaction mixture. -500 ng of the 280
basepair Aiu l—Rsa I DNA fragment was mixed with the
phosphoryiated printer. The In ittlttrtr was heat denatured for 3
minutes at 95" and quenched in dry-ice ethanol. The dena-
tured DNA solution was made 6{l1nM N.’-tL‘l. 7' mM Mg[‘.l2_. 7
tnM Tris I-lC'l (pH 7.4], I2 mM in each d.NTP and 12 units
DNA Polymerase l-l nrge Fragment was added.Aftcr2 hours
incubation at 37" C11 this printer repair reaction was phenolt’
CHCIB extracted. ethanol precipitated. and digested to
completion with Hpall. -50 ng ofthe expected I25 basepair
blunt-end to Ilpa ll DNA fragment [fragment D) was purified
from the gel.

A second aiiqut1tol’pv298 l.)l"~l.'\ was digested with Pst I. the
628 basepair DNA fragment purified by polyacrylantidc gel
electrophoresis. and Iiirther digested with Bantl-l 1 and Hpa H.
The resulting 380 basepeir fragment (fragment E) was puri-
‘lied by gel electrophoresis.

-5 pg o fpy(‘EAlntl was digests-<1 with licoR J. the cohesive
ends were made [lush with l)N.-\ polymerase I {Klcnow}.
titrther digested with BamH I. treated with BAP and electro-
phoresed on a 6 pcrcettl polyacrylamide gel. The large vector
fragment { fragment F t was isolated Ellld purified.

In it three fragment ligation. 50 ng fragment D. tt)t‘t ng
fragment E. and 100 ng fragment F were ligated overnight at
4“ in a 2U pl reaction mixture and used lo transfonn II. r-oh‘
K12 strain 29-1». The plasmid DNAs from 12 ampicillin resis-
tant transfortnztnts were analyzed for the conect construction
and the nucleotide sequence surrounding the initiation codon
was verified to be correct for the plasmid named pvC'EAlnt2.

The expression plasmid, p'{CEAtrp207—l"" used for expres-
sion of the heavy chain gene is prepared by rt 3-way ligation
using the large vector fmgiuent from pl3R322()UU’} {supra}
and two fmgments prepared from pt-(‘l.iAhit2.

pBR32.'.’.{X.-KP) was treated as above by digestion with
l3.eoRl. blunt ending with t)N.'\ polymerase (t<'.lenow't in the
presence of dN'fPs, followed by digestion with Pst I. and
isolation of the large vector fragment by gel electrophoresis.
A 1543 base pair fragment from pvCEAIut2 containing Lrp
prntnoler linked with the N-terminal coding region of the
heavy chain gene was isolated by treating pt-CE.!\i11t2 with Pst
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I followed by Bani}-I I. and isolation of the desired fragment
using l’AGi:. The 869 base pair l‘rag,ment containing the
C-terminal coding portion ofthc gene was prepared by partial
digestion of py('EAInt2 with Ava l. blunt ending with Kie-
uow. and subsequent digestion witlt Bantl-I I. followed by
purification of the desired l_rng.n]ent by gel electrophoresis.

The alorementioned three fragments were then ligated
under standard conditions using. T4 DNA lipase. and a liga-
tion mixture used to translorm E. ooh‘ strain 294. Plasmid

IJN/\s from several tetracycline resistant translimninnts were
analy:r_e(l: one plasmid DNA deuionstrnted the proper con-
struction and was designated py(TtEAtrp2{l7-1"‘.

I1. I .9 Production of lmniunoglobulin Chains by E. coli
E. colt‘ strain W31 10 (ATTC No. 27325l was transfornsted

with pyCEAtrp207-1* or pKC‘EAtrp207—l“ using standard
tecllniqucs.

To obtain double l.l"d.l2ltS-ll.‘Il'l'lJL‘.11'lS. E. coil strain W31 lll cells

were translortued with a modified pKC'I:'.Atrp207-l T‘. pI((‘Ii-
./\trp2tl7-lfio. whiclt had been rnoditied by cleaving a Pst
I-Pvu I tragtncttt 'li'DlI1 the amp“ gene and rel igat ing. Cells
transfonned witl1 pKC'EAu'p207~I"A are thus sensitive to
ampicillin but still resistant to tetracycline. Successful trans-
Torntants were retrnnsformed using pyL‘|'_-'Alnt2 which con-
fers resistance to ampicill in but not tetracycline. Cells con-
taining both p[(C'|3At1112l}7-l""A and pyC|i€AInt2 thus
identified by growth in a ntediunt containing both ampicillin
and tetracycl inc.

To confirm the production of heavy andfor light chains in
the transformed cells. the cell samples were inoculated into
M‘) tryptophan free rnediurn cttutairting I0 ttgftttl tetracy-
cline. and induced with indoleacrylic acid (MA) when the
(ll) 550 reads 0.5. The induced cells were grown at 37'’ C.
during various time periods and then spun clown. and sits-
pended in 'l'|;7. bu llicr containing '2 percent SDS and 0.] M
|'“l-mercaptoethanol and boiled for 5 minutes. A 10x volume of
acetone was added and the cells kept at 22“ C. tor 10 minutes.
then centrifuged at 12.000 rpm. The precipitate was sus-
pended in U'F:1rrell SDS sample butTer [()'l-’arrcll. P. I-[.. J.
Biol. (.'l:cm.. 250: 4007 (1975)); boiled 3 minutes. recentri-
Fuged. and tractionated using SIDS l'AG|:.7. (I0 pcrcetiljl. and
stained with silver stain (Goldman. D. et al., .‘-3'cient°e 21]:

1437 (1981)): or subjected to Western blot using rabbit anti-
mouse IgG (Bumett. W. N.. et al.. Ariel’. Bfoclrem. 1 I2: 195
( l 981 J}. for identilication light chain and heavy chain.

Cells tran-sl‘orrned with pyCEAtrp207-1"’ showed bands
upon SDS PAGE corresponding to heavy chain molecular

weight as developed by silver stain. Cells transfonited with
pK(‘l-E.-\trp207-I " showed the proper molecular weight band
for light chain as identified by Western blot: double trans-
formed cells showed bands for both heavy and light chain
molecular weight proteins when developed using rabbit anti-
mouse IgG by Westem blot. These results are shown in FIGS.
BA. BB. and 8C.

FIG. 8A shows resttlts developed by silver stain from cells
trattsliinned with p~{Cl"'..’\trp207-ll’. Lane I is monoclonal .
anti-(‘EA heavy chain (standard) from C‘EA.66-E3. Lanes
2b-Sb are tinted samples 2 hrs. 4 hrs. 6 hrs, and 24 hrs after
[AA addition. Lanes 2a—5a are corresponding ttntrausformed
controls: Lanes 2::-Sc are corresponding unindncetl transfor-
mants.

FIG. 8B shows results developed by Western blot from
cells Lranslortned with pl~'.('l7.Atrp207-l l.atlC-P5 lb-lib are
extracts l'ron:t induced cells itnniediately. 1 hr. 3.5 hrs. 5 hrs. 8
hrs. and 24 hrs after IAA addition. and la—6a corresponding
uujnduced controls. Lane '2' is an extract from a pyC‘E-
Atrp20?'- l "’ control. lanes 8. 9. and if) are varying amounts of
anti ('l_~IA-kappa chain J]-om Cl_"A.(mG-L13 cells.
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FIG. 8C‘ shows results developed by Western blot lront tour
colonies t)ldL‘IlIblt2lI'uI15ll2|rIt1t::(.l cells 24 hours alier [AA addi-

tion (lancs 4-7). Ltuics [-3 are varying amounts of mono-
clonal garuma chain controls. lattes 8 and 9 are ttntranslormed
and pyC'l.EAtrp207-I ‘"' trans fitrtned cell extracts. respectively.

In another quantitative assay. trozcu. tmnslbnned E. colt‘
cells grown according to E. 1 . 10 (below) were lysed by heat-
ing in sodium dodecyl sulfate [SDS)!y—n1ercnptoethanol cell
lysis bu [Ter at 100°. Aliquots were loaded on an SDS poly-
aerylamide gel next to lanes loaded with various amounts ol‘
ltybridontu anti-C'I:".A. The gel was developed by the Western
blot. Bttmett {supra}. using ‘Kl-labeled sheep anti-ntouse
IgG antibody from New England Nuclear. The results are
shown in FIG. 9. 'The figure shows that the E. r-oh‘ products
co-migrate with the authentic hybridotna chains. indicating
no detectable protcolytic degradation in E. colt". lleavy chain
from mammal tan cells is expected to be slightly heavier than
1:‘. mil niatcrial due to glycosylation in the fonner. Using the
ltybridontu lanes as a standard. the Following estimates of
heavy and liflt chain production were made:

t_[-‘er gram ofcellst

E. ma IW3 I l:t'p*,,rE'T; An-p2rI?-1" t
E. c-eh‘ [W3] llt.-'pI{(‘E _»\t.rp2{t?-1‘:
.5. .--as twat llt.'pI'{C‘-I‘. .-urpzui-1 ‘A. ptrC'!':r\lJ1t2t

5 inst
l.5 mg K
U5 log K. t_II|n1:‘,'

E..l.l0 Reconstitution of Antibody from Recombinant K
and (iarnn1a(.‘l1ains

In order to obtain heavy and light chain preparations [or
reconstitution. tntnsfornted cells were grown in larger
batches. harvested and liaison. Conditions o|' growth oftltc
variously transformed cells were as Follows:

E. .2-ah" (W3l10a’pyCEAtrp207-1*’) were inoculated into
500 ml LB medium containing 5 ttgfml tetracycline and
grown on a rotary shaker for 3 hours. The culture was then
Lmiislizrred to 10 liters of lermetitatioii medium containing
yeast nutrients. salts. glucose. and 2 ttgjml tetracycline. Addi-
tional glucosc was added during growth and at O1) 550-= 20.
indoleacrylic (l.*\.-\]. a trp dcrepressor. was added to a con-
centration of 50 ttglnil. The cells were fed additional glucose
to a final OD 550' 40. achieved approximately 6 hours lrorn
the MA addition.

E. coli (W31 10) cells Lransfornted with pl{Cl7FA trp 20?-l "'
and double transformed {with [JKCEAtrp207-1 “A and
pyCEAlnt2) were grown in a manner analogous to that
describeti above except that the OD 550 six hours alter IA./\
addition at harvest was 25-30.

The cells were then harvested by centrifugation. and fro-zen.

F2 Assay Method for Reconstituted Antibody
Anti-(‘EA activity was determined by Lil- [SA as a criterion

for successful reconstittttion. Wells oltnicrotiter plates {Dy-
nateclt Immttlon) were saturated with CEA by ittcubating 100
pl of 2«5 pg Cl:'A;'ml solution in 0.1 M carbonate bufl"er. pl-l
9.3 liir l2 hours at room tentperature. The wells were then
washed 4 times with phosphate bulfered saline (PBS). and
then saturated with BSA by incttbztljng 200 pl ol'0.5 percent
BSA in PBS for 2 hours tit 37” C._. followed by wnshing 4
times with PBS. Filly tnicrolitcrs ofeach sample was applied
to each well. A statldard curve { shown itt FIG. ID}, was run.
which consisted ol'50 pl samples of 10 pg. 5 ttg. 1 pg, 500 ng.
100 I13. 50 ng. lllng. 5 ng and l ng anti—CEA.«’ml in 0.5 percent
BSA in PBS. plus 50 iii ol'0.5 percent BSA i11 PBS alone as a
blank. All ol‘ the samples were incubated in the plate liar 90<
minutes at 37° C .



US 1923,22] B1

25

The plates were then waslied 4 times with PBS, and sheep
anti-mouse [gt'j-alkaline phosphate (TAGO. Inc.) was
applied to each well by adding 100 pl ol'an enzyme concen-
tration o t‘24 unitslinl in 0.5 percent BSA in PBS. The solul ion
was incubated at 3?" C. For 90 minutes. The plates were
washed 4 times with PBS before adding the substrate. 100 pl
ola 0.4 ingfml solution a tp-nitmphcnylpltosphatc (Sigma) in
etliauoiamine bttffered saline, pH 9.5. The substrate was incu-
bated 90 minutes at 37" C’. for color development.

The A_,_.;., of eac-It well was read by the Microelisa .‘-\t.tto
Readt:r(Dynatecl1) set to a tlueshold of l .5. calibration of 1.0
and the 0.5 percent BSA in PBS {Blank} well set to 0.000. The
./L15“ data was tabulated in RS-1 on the VAX system. and the
standard curve data fitted to a ton:-paranictcr logistic model.
The unl-tnown samples‘ concentrations were calculated based
on the .A_,,;,, data.

l3.3 Reconstitution ol‘Recon1binant Antibody and Assay
Frozen cells prepared as described in paragraph 13.1.10

were thawed in cold lysis buffer I 10 n:LM Tris l-IC'l. pl-17.5. I
mM F.I)"I‘A. 0. 1M Natfl, I mM phcnylntedtylsttlionyl fluo-
ride t_PMSl"}] and lysed by sonication. The lysatc was par-
tially clarified by cenlrilugation for 20 mi.ns at 3.l'lt)0 rp11.1.’l'he
supernatant was protected l'rotu proteolytic enzymes by an
additional 1 mM PMSF. and used irnniediatcly or stored
frozen at —80° C .: l_iO'.£E‘D lysates were never thawed more th:-monce.

The S-sol |'onate o l'f:‘. ml.’ pwclttccd anti-C'l7..’\ heavy chain
[71 was prepared as follows: Recombirtartt 1:‘. mo‘ cells trans-

thrnied with p~{(‘l€Atrp2U7-l "‘ which contained heavy chain
as insoluble bodies. were lysed and centrifuged as above: the
pellet was resuspcnded in the same buffer. sonicatecl and
re-oeiitrilitgecl. This pellet was washed once with buffer. then
suspended in GM guanid inc HO. 0. l M Tris l-IC'l. pH 8. 1 mM
liD'l‘A. 20 mg/ml sodiutn sulfite and It} mgtml sodium
tctralhionate and allowed to react at 25“ for about 1 IS hrs. The

reaction mixture was dialyzed against SM urea. 0.1M Tris
HCL pi] 8. and stored at 4". to give :1 3 mg/ml solution of
v-SSO,

650 pl of cell lysatc from cells of various [L colt‘ strains
producing various IgG chains, was added to 5001113. urea. To
this was added |i-ntercaptoclltanol to 20 mM. Tris-1 ICI. pll
8.5 to St) rt1M and IIDTA to 1 mM. and in some experiments.
y-SSO3 was added to 'U.l rtlgltttl. Alicr standing at 25" for
3()»')t} mins.. the reaction mixtures were dialyzed at 4° against
a butler composed off), 1M sodiunt glyciuate, pl-l 10.8. 0.5M
urea. 10 mM glycine ethyl ester. 5 mM reduced glutathionc,
0.1 mM oxidized glutathione. This buffer was prepared [rant
N3-saturated water and the dialysis was perlbrntud in a
capped Wheaton bottle. Alter I6-48l1ottrs. dialysis bags. were
trans |'cn-ed to 4° pbospltatc bul'l'e1-ed saline containing 1 mM
PMSF and dialysis continued another 16-24 hrs. Dialysates
were assayed by ELISA as described in paragraph E2 for
ability to bind CEA. The results below show the values
obtained by comparison with the standard curve inxngiml
anti-C'F.-IX. .-\Iso shown are the reconstitution clT'iciencies cal- '

culated liom the l;il_|SA rospollscs. minus the background
t" [03 nghnl) of cells producing K chain only, and from esti-
mates ofthe levels ol'v and K chains in the reaction mixtures.

Percent
ngrmi recom-

anti-(‘l:'A hiuntiou

.h.ml'r'W3]IIJprod.ucit1g 1.l"N-rijktcontrolt II
E.t‘t!."t‘ l\V3llttroKCEAt.I132tl'.l'-I‘: 103
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-continued

Percent
up-'In| recom-

unt i—('E.-\ hinul ion

Ii. t.-alt" {W31 lt.HplCL‘l'..|\lrp .‘.U‘!— I ' t. plus ‘(-5503 343 “.33
3:". ml‘! t'W‘it ttt-pK.(‘l'.-\trp2UTvl ‘A. mr('[:'_J\I11I1t 158:! n_iI'.{;
Ilybridolttu tutti-(‘EA K-55! P5 and ',I-S503 ‘F-10 it-ti]

I.-".4 Preparation ol‘Cbh'neric Antibody
F IGS. l.l and 12 show the construction of an expression

vector for a chimeric heavy (gamina) chain which comprises
the murine anti CI'.i.‘\ variable region and human ‘tr-2 constant
region.

A DNA sequence encoding the human gamma-2 lteavy
chain is prepared as follows: the el)NA library obtained by
standard techniqttes l'rom u htnuatt nlttlli pie tnyelotna cell litre
is probed with 5' GGGCACl‘('(iAC.-\(‘.»\A 3' to obtain the
plasmid containing the cl'Jl"~l.-\ insert For human gatnma-2
chain (Tal-ttthashi. et al., (Tell. 29: 671 (I982). incorporated
herein by reterence). and analyzed to verify its identity with
the known sequence in human gamma—2 (Ellison. J .. et al..
Pmr. Nari. .«l:_"ud'. Sci. (U54). 79: 1934 (1932) incorporated
herein by reference).

As shown in FIG. 11, two fragments are obtained from this
cloned human gamma 2 plasmid (1372). "|"l'te [irsl liagntent is
Formed by digestion with Pvuli followed by digestion with
Ava Ill. and purification of the smaller DNA fragment. which
contains a portion of the constant region. using 6 perceul
PAGIE. ‘the second fragment is obtained by digestitlg the pyz
with any restriction enzyme which cleaves in the 3' tuJtrans-
lured region ol'v2. as deduced {root the nucleotide sequence.
lilling in with Klenow and dNTPs. cleaving with Ava III. and
isolating the smaller li'agn1ent using (1 percent PAC£13.. {The
choice ofa two step. two fragment composition to supply the
PvuIl—3' untranslated fragment provides a cleaner path to
product due to the proximity oi" the Avalll site to the 3 tenni-
nal end thus avoiding additional restriction sites in the gene
sequence matching the 3' untranslated region site.)
p'1,'C‘li.I\20'r'-l * is digested with l:'.coR I, treated with Klettow
and dNTPs to till in the cohesive end. and digested with Pvu
II. the large vector fragment containing promoter isolated by
6 percent PAGE.

The location and DNA sequence surrounding the Pvull site
in the mouse gamma-l gene are identical to the location and
DNA sequence surrounding the Pvttll site in the human
gamma-2 gene.

The plasmid resulting from a three way ligation of the
foregoing fragments. pChin1l . contains. under the inlluence
oltrp promoter. the variable and pan of the constant region of
murine anti-CE.-1 gallons 1 chain. and a portion of the gamma
2 human chain. pC'hirnl will, in fact, express a chimeric heavy
chain when transfornied into E. c-alt", but one wherein the

change |i'om mouse to human does not take place at the
variable to constant junction.

FIG. 12 shows ntodilication of pChiml to construct
pC'l1itn2 so that the resulting protein li'om expression will
contain variable region from murine anti CEA antibody and
constant region front the human y-2 cltajn, First. a fragment is
prepared from p('hit11l by treating with Nm 1. htuut ending
with Klenow and dNTPs. cleaving with Pvu ll. and isolating
the large vector fragment which is almost the complete plas-
mid except for short segment in the constzutt coding region for
mouse anti CEA. A second fragment is prepared from the
previously described py-2 by treating with Pvu II. followed by
treating with any rcsu-iction enzyme which cleaves in the
variable region. blunt endi ng with Klenow and dN'l't’s and
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isolating ll1e short fragment which comprises the junction
between variable and constant mgions o I‘ this chain.

Ligation of the foregoing two iragmettts produces HJ1 inter-
mediate plasmid which is correct except for an extraneous
DNA Fragment which contains it small portion o l’lhe constant
region ofthe murine anti CIEA antigen. and a small portion of
the variable region of the human gamma chain. This repair
can be made by excising t|1e Xba l to Pvu [I fragment and
cloning into M13 pliage as described by Messing et 11]..
Ntrdefc .-lrids Res. 9: 30‘) (I981). followed by in vitm site
directed deletion nmtagcnesis as described by Adehnan, et
al.. DNA. in press I I983) which is incorporated herein by
reference. The Xlia I-I-‘vu II liagtnent thus ntodilied is ligated
back into the intennediate plasmid to form pChim2. This
plasmid then is capable of expressing in a suitable host a
cleanly constrtrcted rnurine variablollittni-an constant chi-
meric hcavy chain.

In an analogous fashion. but using n1RN.*'t templates for
cDN.'\ construction for human kappa rather than 7 Clttlifl. the
expression plasmid for cltintcric light chain is prepared.

The foregoing two plasmids are then double transformer!
into E. coil‘ W31 10. the cells grown and the chains reconsti-
tuted as set forth in paragraplt i;'.l -L“..3 supra;

13.5 ]’rcparatior1 oi’.-Xltered Murine Anti-CIEA Antibody
E.5.] Construction of Plasmid Vectors for Direct Expres-

sion olfitllered Murine .?\nti-(‘FA l Ieavy Chain (iene
The cysteine residues. and the resultant disuliide bonds in

the region of amino acids 216-230 l.lJ the constant region of
marine auti~C‘EA heavy chain are suspected to be important
For coirtplenient lixation (Klein. et al., Prue. Nun’. .‘iC‘£ld. Srrfi.
(USA ). 78: 524 (1981 )1 but not for the antigen binding prop-
erty of the resulting antibody. To decrease the probability of
incorrect disttllide bond liirtttntiott during reconstitution
according to the process of the invention herein. tlte nucle-
otides encoding the amino acid residues 226-232 which
includes codorts for three cysteines. are deleted as follows:

A "deleter" deoityolignnucleolide. 5' C‘TAACACC‘ATGT-
('.-\Li(i(i'l" is used to delete the relevant portions ol'the gene
l"ron1 pyCl:‘Atrp207-l""' by the procedure of Wallace. et al..
Sr-fem-i-. 209: 1396 (1980) or o1‘Adelmau. et al., DNA (in
press] 1983. Briefly. the "dc1eter” deoxyoligottuclcotide is
annealetl with denatured pyC‘EAttp207—l "" DNA. and primer
repair synthesis carried out in vitro. followed by screening by
hybridization of presumptive deletion clones with p”
labelled deletcr sequence.

13.5.2 Production of Cysteine Delicient Altered Antibody
The plasmid prepared in E.5.l is transfonncd into an E. r-oh’

strain previously Lransfornted with pK(.'F,Atrp2U?-1"’ as
described above. The cells are grown. extracted liar recombi-
nanl antibody chains. and the altered antibody recoitstitttted
as described in E.l.lD.

I'"..6 Preparation oJ'I~‘-ab
Ii.6.I Construction ol‘a Plasmid Vector for Direct Expres-

sion ol Murine Anti-Cli.*\ Gamma I Fab liragment Gene

pycl“-..4tFubtrp2n7-1*” I
FIG. 13 presents the construction of py-C‘EAFabtrp207-1

5 pg ol'pBR322 was digested with Hind Ill. the cohesive ends
made llush by treating with Klcnow and dNTPs: digested
with Pst I, and treated with BAP. The large vector fragment.
fragment 1. was recovered using 6 percent l’A(il7 followed by
cleclroeltztion.

5 pg ofpY(‘E./-\Irp20'I-1"’ was digested with both llanill I
and Pst 1 and the -—lS'i'0 bp DNA fragment (fragment II]
containing the trp promoter and the gene sequence encoding
the variabie region continuing into constant region and fur-
ther into the attti-(TIEA g.-nnnia ] chain hinge region. was
isolated and purified after electrophoresis.
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Expression ol'the anti-CE.-X garnnia 1 chain Fab fragment
rather than complete heavy chain requires that at termination
codon be constmctcd at the appropriate location in the gene.
For this. the 260 bp Nco 1-Nde 1 DNA Emgtneiil from 20 pg of
the 137298 was isolated and purilied. A 13 nucleotide DNA
printer. the cornplcrnent ofwhich encodes tlte last 3 C-le1'nti-
nal amino acids ofthe [lab gene and 2 bases o llhe 3 needed for
llte stop codon. was synthesized by the pltosphotriester
method (supra). The probe hybridizes to nucleotides T54 to
767 (FlCi. 4] which has the following sequence:

Aspty 5 Glys top
5 ‘ GGGATTGTGGTTG 3 ‘

"the third base ofthc stop codon is provided by the terminal
nucleotide ol‘tl1eli1lcd—inI-[ind Ill site lit:-rn pBR322 cleavage
described above. 500 ng oi‘ this girl rncr was used in a primer
repair reaction by phosphorylzttion at the 5' end in a reaction
with 10 t.tnits'l'4 DNA kinase containing 0.5 mM ATP in 20 pl.
and niiiting with -200 ng of the Non l-Nde I DNA i.l‘E1gI11EIJtI.
The mixture was heat denatured lor 3 minutes at 95° and

qttenclted in dry-ice ethanol. The dettntttred DNA solution
was made 60 mM NaCl. 7 111M MgC‘l3, 7 mM Tris liC‘l (pll
7.4]. 12 mM in each dl‘~I'Il’ and 12 units DNA Polymerase
I-Large Fragntent was added. After 2’. hours incubation at 37°
(I. this prinier repair reaction was pltenob’CI-IC'l3 extracted,
ethanol precipitated, digested with Baml-I I and the reaction
eleclrophoresed through a 6 percent polyacrylamide gel. --50
ng ofthe 131 bp blunt end l'o Barn!-I I [)N.=\ fragment, frag-
ment III. was isolated and pttrifiod.

—l 00 ng of lntgtnent l. -100 ng each ol’ lragtrtents ii and Ill
were ligated overnight and translormed ittto E. r.-oh‘ K12 strain
294. Plasuiid DNA front several tetracycline resistant trans-
formants was analyzed for the proper construction and the
nucleotide sequence through the repair blunt end t:il|ed—in
llirtd ll] junction was determined For verification of thc’|‘Cl.u\
stop codon.

E.ti.2 Produclioit of Fab Protein

The plasmid prepared in 13.6 .1 is lransfortitcd into an Ia‘. ooh‘
strain previottsly transfonned with pKC‘l3A1rp20?-l * as
described above. The cells are grown. extracted For recombi-
nant antibody chains and the Fab protein reconstituted as
described in 1:‘. 1 . 1 0.

The invention claimed is:

l. A method for making an antibody heavy chain or [tag-
rncnt thereofand an antibody light chain or fragment lhercol’
each having specificity tor a desired antigen. wherein the
heavy chain or lrugntcut thereofcomprises a human constant
region sequence and a variable region comprising non human
manimaliati variable region sequences. the method compris-
ing culturing a rcconibinant host cell comprising DNA encod-
ing the heavy chain or fragtttent tlteteo ['and the light chain or
lrogntcttt thereof and recovering the heavy chain or Fragment
thereof and light chain or liaginent thereof from the host cell
culture.

2. The method ofclaim 1 wherein the light chain or frag-
ment Ihereof comprises a huntan constant region sequence
and a vzu-iable region conipri-sing non htnnan mamuralian
variable region sequences.

3. The method ofelaint 1 wherein the host cell comprises a
vector comprising DNA encoding the heavy chain or frag-
ment thereof and DNA encoding the light chain or fragment
thereof.

4. ‘the method ol‘cl-uini 1 wherein the host cell ct1I1‘tprises a
vector comprisirtg DNA encoding the heavy chain or frag-



US 7,923,221 B1

29

ment thereof and a litrtlter vector comprising DNA encodittg
the light chain or fragment thercol‘.

5. The method o fclai m 1 wherein the nott ll1'II.‘t.1'.m mamma-

lian variable region sequences are murine.
6. The method oliclaim 1 wlierei rt the host cell is a prol-tary-

otic cell.

7. The method ofclaim 6 wherein the prokaryotic cell is an
malt‘ cell.

8. The method ofclaim 1 wherein the host cell is an eukary-
ollc cell.

9. The method ofclaim 8 wherein the cnkaryotic cell is a
marmnalian cell.

Ill. The method ol'clain:t 9 wherein the mammalian cell is

selected front the group cotisisting olia VERO. l'lcl.n. Chi rtcse
llantstcr Ovary {Cl 10}, W138. BI-IK. (‘(33-37 and MIJCK
cell.

1 l. The method ofclaim 10 wherein the mammalian cell is
El Fl [0 cell.

12. The method ofclaim 10 wherein the ntanttnalian cell is
a ('05-? cell.

13. The method ofclaim 8 wherein the eukaryotic cell is a
yeast cell.

14. The method. of claim 1.’! wlicrein the yeast cell is a
Sot"('ltamtti_t-‘cos c‘erts'vt'5fae cell.

15. A method for making an antibody or antibody fragment
capable ofspeci fttxally binding a desired antigen. wherein the

antibody or antibody ti-agmertt comprises (at) an antibody
heavy chain or fiagment thereof comprising a hurnart con»
stant region sequence and a variable region comprising non
human tttaumnalian variable region sequences and (b) an anti-
body light chain or fragment thereof comprising a human
constant region sequence and at variable region comprising
non human mammalian variable region sequences, the
rncthod comprising coeitprcssittg the heavy chain or fragmettt
tltoreofand the light chain or fragnteitt l.l'tereol' in a recombi-
nant Ito-st cell.

16. The method ofcltaint 15 Iiurthcr comprising recovering
the antibody or antibody fragmettt from a cell culture com-
prising the recombinant cell.

17. The method ofclaim 15 which results in the prodttction
ofan antibody fraginent.

18. The method ofclaim 1'? wherein the antibody fragment
is an 1*’tab): fragment.

I9. Tltc method o fclairn 1'? wherein the antibody fragntent
is it Fab fragment.

2|}. The method ofclaitn 15 which results in the production
of an antibody.

21. A method for ntalting an antibody capable of specifi-
cally binding a desired antigen, the antibody comprising
heavy and light irnmurtoglobttlin polypeptide chains each
comprising a httmnn constant region sequence and a variable
region comprising non human mammalian variable region
sequences. the method coinprisittg the steps o|'(a) transl'orrrt- :.
ing a recombinant host cell with a rcpl icable expression vec-
tor contprising DNA encoding the heavy iminunoglobulin
polypeptide chain and a replicable expression vector com-
prising DNA encoding the light intntttnoglohnlin polypeptide
chain. wherein L’-t‘ICl'l ol‘ the l)N.-is is I.‘tpEt"dl‘}ly linked to it
promoter: and fblculruring the host cell to produce a host cell
culture that expresses said antibody.

22. A replicable expression vector comprising DNA
encoding an antibody heavy chain or fragment thereofand an
antibody light chain or fragment thereof each having speci-
ticity for a desired antigen. the heavy chain or fragment
Ihcreofand the light chain or fragment ll1l.3l'6DfCflCl)CDft1]Jl'i5-
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ing a human constant region sequence and a variable region
comprising non human mammalian variable region
sequences.

23. A recombinant host cell comprising the vector of claim
22.

24. A recombinant host cell comprising {a} a vector cont-
prising DNA encoding an antibody heavy chain or fragment
thereof comprising :3 human constant region sequence and a
variable region comprising non human mammalian variable
region scqncnces and lbl a vector comprising. DNA encoding
an auttibody light chain or fragment thereof comprising a
human constant region sequence and a variable region cont-
prising non huinan nianunalian variable region sequences.

25. A method liar making an antibody heavy chain or frag-
ment thereofand an antibody light chain or fragment thereof
each having specificity for a Clesirccl antigen. wherein the
heavy chain or fragment tiJert:ol't:on1prises ‘.1 variable rt:.-gion
sequence and a human constant region sequence. the method
comprising culturing a recotnbinant host cell comprising
DNA encoditig the heavy chain or fragrneitt Iltereofand the
liflil chain or lragtnent thereof and recovering the heavy
chain or fragment tltereofand light chain or fragment thereof
from the host cell culture.

26. ‘lhc method of claim 25 wherein the light chain or
lragtttent thereo l" comprises :1 variable region seqttence and 11
human constant region sequence.

27. The method nl‘cl:-tint 25 wherein the host cell comprises
a vector comprising DNA encoding the heavy chain or frag-
ment tlicreof and DNA encoding the light chain or iragmem
thereof.

28. The method ofclaim 25 wherein the host cell cotttpriscs
Zl vector comprising DNA encoding the heavy chain or frag-
ment tltercofnnd a Further vcctoreontprising DNA encoding
the light chain or liagment thereof.

29. The method of claim 25 wherein the host cell is a

prol-zaryotic cell.
3|}. The trtctiiod ofclaim 29 wherein the prol-taryotic cell is

an E. crJJ't' cell.
31. The method of claim 25 wherein the host cell is a

eulotryotic cell.
32. The method of claim 31 wherein the cukaryotic cell is

a mammalian cell.
33. The method ofclaim 32 wherein the mammalian cell is

selected from the group consisting ofa VERO. HeLa. Chinese
Hamster Ovary (_(‘l-10}. W133. Bl ll(, (‘0S-? and MDCK
cell.

34. The method ofclaint 32 wherein the tttanmtalian cell is
-ii Cl it’) cell.

35. The method ofclaim 32 wherein the mammalian cell is
a C‘.0S—7 cell.

36. The method of claim 31 wherein the eukaryotic cell is
a yeast cell.

37. The method of claim 36 wherein the yeast cell is a
Sacc.hamrrt_t*r-es ccn*vt'.r:'t:a cell.

38. A method for melting an antibody or antibody tiagmeol
capable ofspeci fically binding a desired antigen. wherein the
antibody or antibody fragment comprises (at an antibody
hvy chain or fragment thereofcomprising a variable region
sequence and at human constant region sequence and {b} an
emtibody light chain or l'ro_ti_;r1icttt thereof comprising :1 vari-
able rcgion sequence and a hutnati constant region sequence.
the method comprising coeitprcssittg the heavy chain or frag-
ment thereof and the light chain or fragment thereof in a
recombinant host cell.

39. The method ofclaim 38 litrther comprising recovering
the antibody or antibody fragment from a cell culttlre com-
prising the recombinant cell.



US 1923,22] B1

31

40. The metliod ofclaini 38 which results in the production
o|‘an antibody fragment.

4'l . The ntethotl ofclaim 38 wherein the antibody l_‘mgn1ent
is an flab}, lingntettt.

42. The method ofclaint 4|} wltereirt the antibody fragment
is at Fab frognlent.

43. The method ofclaitn 38 which results in the production
ofan antibody.

44. A method For nmking an antibody capabie of spccili-
cally binding. it desired antigen. the antibody comprising
heavy and light ll'l‘ll‘l‘ll.ll'lt‘|]_2.lt‘)l')lIll!‘. polypeptide chains each
comprising, at variable region sequence and a lturnrtn constant
region sequence. the method comprising the steps ofta J trans-
forrning at rectttnhittzlnt host cell with :1 replicable expression
vector comprising DNA encoding the lie-nvy intmnnoglohnlin
polypeptide chain and a replicable expression vector com-
prising DNA encoding the light inunurtoglobulin polypeptide
cltititt. wherein each of the DNAs is opernhly Linked to a
promoter. and (b J culturing the host cell to produce a host cell
culture that expresses said antibody.
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45. A replicable expression vector comprising DNA
encoding an antibody heavy chain or l‘ragment thereofand an
antibody light chain or t‘mg.n1ent thereof each having speci-
licily for at desired antigen. the heavy chain or fragment
thereof and the light chain or litlgment thereofeach compris-
ing a variable region seqitenee and o Iiurnan constant region
sequence.

46. A reconibinnnt host cell comprising the vector of claim
45.

47. A recombinant host cell cunlprising (at :1 vector eom~
prising DNA encoding an antibody heavy chain or fragment
thereof comprising. El variable region sequence and human
constant region sequence and th] 3 vector comprisirtg DNA
encoding an antibody light chain or fingmenl thereof com-
prising at variable region sequence and a human constant
region sequence.


