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ms applxcac.tcn 15 & ean:inuacioaain-pan af. Newman
st al.,  United States : paeant application serial no.
a7/uss,281, tncd March 23, 1992, which is a continuvation-

. in-part of U.S. patent applicat!.on sarisl no. 07/735,064,
. filed July 25, 1991, the whole of which, including draw-

ings, sre both  harsdy incorporated by reference. This
invention relates to recombinant antibodies useful for

human - therapy, snd to methods for production of such

antibodias.

uurine monoclonal antibodies are used in diagnosis of
huzman-disease, and in solving basic biclogical research

problems. These reigents are alsc used in clinical triale
a8 therapeutics for both acute and chronic human diseasaes,
including leukemixs, lymphomas, sclid tumers (g£.d., colon,

breast, hepatic), AIDS : lnd autoimmune diseaases.
nouu{nunn chinoric antibodies have been craated,
and shown to axhibit thc bthdi.ng characteristics of the

with the human. constant rag:c‘n. ;580 f.d,, Cabilly at al.,

U.5. Pnt.nt 4,816, 567,' snaauknr et al., U.S. Patent
4,973,745; Beavers et al., u.,s. Patant 4,975,369; and Boss

25

30

et al., U.S. Patent 4,816, 391’ all‘ef which are incorpor-

ated by raferanca mroin.' Gmuuy these chimeric anti-

bodies are constructed by pz‘pu-mg ‘8 genomic gene library
from DNA.extractad frem pra-existing wurine hybridemas.

_Nu!unura et al., 47 gghux_mm 999, 1987. The

library is then :cr«nod fér variable mian genes from
both hsavy and light chairll cxhibi.tiaq the correct anti-

" . bedy fragmant rearrangeaent patte:m. The clionad vanable

 region’ qcncs are ‘then ugatcd into an- cxpzus:.on vector

| ?_SPW-"S?I::T-

_parental mouse ant:.bcdy, and effector functions associated

1‘
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conn:.m.ng ‘clonad . ullﬂ'-nl of Tha -pptcprutc heavy or
light chain - husan ‘cunstant ragion. qom. The chimeric
genss ara than oxprund in & cal) lim of cholice, usually
a wurine myeloma line, .

Such chimeric antibodies lavc been used in hmn
Tharapy. Antidodies to. ‘thass chimaric antibodies, how-

'cvd?, have bean mdueld by tha - husan racipient in a
' pumber of cases. Such anti~chimeric antibody antibodies

are detrimental te eont:lnucd thonpy with the chimeric

antibody.

El’l.lﬁh T ‘l'l 3* Mﬁ"! 1581! 1988,
Erlich et al., 7 mm 385, 1988, Erlich et al., ¢

'm:mm 151, 1987, und. Zrlich et al., 1 Human Antibody

m:mms 23, 1950 (net. ldultcnd to be prior art ta the

-pnum-. nppucatien) state that humsn monoclonal anti-

bodies are expected to bs .an improvement avar mouss
monoclonal antibodies for in vivo human therapy. They

~alsc postulate that non-human primate antibodies, g.g.,
 chimparizee. monoclonal antibodies, to be tolerated in

humsans because they are structurally similar to human
antibodies. ‘Since human am:ibodiu aza non-immunogenic in
Rhesus nonkeys (i.g.. &0 not induce an antibody response),
they- pndict -that pﬂuu .antibodies will ‘be non-

immunocgenic in- humans. They ind.lcatc that the testing of

‘antibodies in hmm is unnsgespary if & primate antibedy

has a ecnnant :egi.cm structure identical to that of a

. human immunoglobulin or, et lsast, & structure no more
.different frcm a hunan immunoglobulin than the different

hunan. antibodies ﬂiﬁ!nz fron «ach other. Thus, they

lugga-t ‘that ehinpanui am'.ibodics sy be useful in human -

' _ thlrnpy. Co

~ The presant inwvantion ‘concerns xethods for -thc anpli~
fication and cloning of 0ld Werld monkey (referred to

‘herein. as “monkay,” s.q., baboon or macaque) antigen-
-binding portions - of  immunoglobulin variable region-
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enceding gcnu. <ne fusicn of these genes €O cloned human,
'cnupnn;u or other monkay. eonstaﬂt. ragi.on-ancoding genes
(and himan; chimpsnzes oF other ponkey: ¢rameverk-encoding
ganes .if regquired), am! thelr axpregsion 38 numan/monkey
recombinant anti.baﬁu, .ox wholly monkey racnmbmant. ‘anti-

. podies. mmcmen, tha imrent.inn concerns use of such
-rwwinnnt nntsbedi.es - {which tarR includes annbedi-s

producad py fusion of DNA  from cuo digferent & antibody
genes, sven from the me spacles, 8,9.. two different
nonkey’ antirody genes, .tnr ammple, Rhenus and cynono].qus
monkeys, TO give 3 nnnm-nonkay recombinant antibedy) as

.1mno:nerapout1= agenvs for the treatment of human dis-
_ease. Ths invention is based upcn the discovery that

cvolut.i.onn:y disgant. mnkays (RaSe baboon or macaque

-nonkoys (mluaing eynenoloqus. ‘and Rhasus monkeys)) .
nlikc the chimpanzes, 3r8 not only ‘gufficiently different
ttcn hunans to allow mtibodias against humsn antigens to

nisnd in these mankeys, aven to relativaly consarved

' nmn sntigans, fudxzs” . cps and CDB4, put are - su!h:xnntly
‘similar . To. numans to ‘have ant:l.bcdsu similar to human
" antibodies, ‘s0. that there is no nost anti-antibody immune

rasponse whan: such. mmy antibodles, oF racombinant: anti-
podies’ d-ri-ud thmfuu. are lnr.reaucad into a ‘human.
tnlike some prior mtibodias used for hussn therspy.
the" mt.tbodus of tha present invention do not sugfer £rod
s-venl arawhacks, . eotlar 1) innunogu\iciey and lnduction
of human anti-nnubndy (‘nm . regponss Upan rcpeaud adnin-

. {seration nacessary %o r.reat ch:-onic cendstions. 2) rela-

. ¢ivaly short hau-l.s.t- conpazud -0’ ‘human antibodies, and

30

.35

1) lack of czuctnz fune:ions with hunan cells or comple-
ment- The lack of mn dnahncks isa si.gnx!xcant advan-
tage for human tharapy with antibadibu pade by the prasent

_ invention. FOF .-xmw in the case of chronic human dis-

eases, -including auzorinnune: diuaus. .or . any disease
where prolongnd aMni.strat;ton of an: anubody is naces-
sary, -one. of the IR nmjor: ohsucha o ropo:i.eive antibody
cherapy - _1: the host :-vaanaﬂtc chc chcrapounc antipody.
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another. 5uch rsaponses are predominantly, though not
sxclusively, directsd against the constant region of the

_antibody nchculc. and once they occur they often pre-
‘cluds, or reduce the ctuctivmu of, any further therapy
with um: ._lntx._body. .er anot!ur antibody of the same

isotype.
?uuntiany, I:hc ptoblm o! HBAR could - bs circum-

. vanted by the uss of - human monoclonal antibodies. This
‘spproach, hovaver, suffera from the ethical, clinicsl, and
immunological limitstions on immunization of human sub-

jects with wany antigens of choice (s.9., human antigens,

which. phrase includu m:.qcnic or immunogenic portions of

any proteins,. polypapuﬂn or their eguivalent present in
a humar) for antibody gmtnuon. Applicants' approach to
circumvent this problem includes genaration of antibodies

-of the appropriate cpnciﬂcity and desirad sffector func-
- tion, ‘and thelr use. in pruduc:ion of recombinant anti-

bodies. :_ﬂseu. z'aconbin_ln_t antibodies genarally include an
appropriste portion of the variable regien of an antibody
derived from ap immunized monkey, and the constant region.
of an antibody from & human -or chimpanzee. Thus, the

- specificiriss and high affinitiss of monoclonsl antibodies

are retained, and ths appropriate human or chimpanzes con-

. stant ragion duplayl.nq the desired affecter functions can
be readily chosen.

The present invention. i.' further based on a wmethod

. !o'é smplification of wonkey immunoglobulin genes, g.4., by
the polymerase chain rsaction (PCR), from RNA extracted

from nmonkay . lymphocytas . using synt'hctic oligonuclectide
primers specific for hnvy and light chain varisble region

qene families. The l;npliﬂcd genes or appropriate por-
- tiong (14._ complamentarity deterzining region (CDR)~
.coding ragions; sea Winter, British Patent Application No. -

GB2188638A, heraby incorporated by referance herein) are

‘clonad into an exprassion vector containing a human or

' chimpaniee constant region gene for the production of a

| SUBSTITUTE SHEET
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monkey/human recombinant antibody, O a vector containing
a monkey c:mstant reglion gon- for the production of wholly
aonkay :a:ombxnnnt. antibody af the. deaired isotype. These
antibodi-s rnprannt. immunotherapeutic agents capable of
lacalizing and/or xi.lling :ppx-ap:iate target calls (g.g.,

_tumOr culls) sfter in.¥ive administration.

Thus, in a first aszpect the invention features a
mathod for cloning an antiganeracogniging portion of the

. varisble region of & monkey antidody gene. This method

includes providing nucleic acid, g.q., RWA from the man-
Key. forming CONA to thé RNA (using reverse transcrip-
tase), providing 8 primar complementary to the cDNA
seguence encoding a 5' leader segquenca of the antibody

-gane, contacting that.cDNA and the primer to form a hybrid

complex and amplifying the 'GDNA. to produce nucleic acid
ancoding the variable region of tha meonkey antikody gene.
By "an:xgon-rocoqnulng portion” is meant one or more

. ‘portions of a variable region of & menkey antibody vhich

ara responsible for binding and/or recognizing the target

antigen (or epitope or. idiotype) of the antibady. For

exapple, it includas the CDR ‘regions (seae below) or the
vhole variable. region, or nn’y combination of these two
regions ‘including any chanqos in coding regions that may

‘be induced to make the. region mote human-like xather than
,nonxey-nkc. w.tthout alrering the specitic binding proper-

' _ties of the. antibody. ' If. only a purt.ion of the whole

30

T as
by reterence.f

 varjable ragion is used. tnan the’ rmain.'mg portions, g,g,,

the so-called “framework™, u'c. provided ' from anothet
lntibcdy. preferably. a hmn or chtupanzoo antibedy (see
balov) and in the art ‘cited nhev- and 1n=orporand herein

. By zctcrcncc.

The phrases "variabl.e ngion" ' "ludn': sequence"

_%constant region” and *!raqurkﬂ are used in their common

art .recognized ‘BENNET; . -xinplu of vhxch are provided -
belov and in the m citca abova and xncozporam herein
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-In prefarred e,abodimh:'s, the leader seguence is a
hunan, chimpanzea cor norkey lesdsy ssquence of approxi-

mately 60 bases, axamples of which are provided in FIG. 1.

Applicant has discovared that the monkey, chinp;nzce

‘and human variable nq;cn_ leader seguences ars suffi-

;iantly sinilar -th_a:- priners constructed to one are suit-
able for amplification of the other. In the method, the
RNA is amplifiad sufficiently to produce spough nucleic

acid to place that nuclcic acid withis a vector for later

cloning. '
- In-a sscond aspect, the invention features a method

for p:gaucinq an antibody to a human antigen, which anti-

'body is not immunogenic in. hunans. The method involves
raising in a monkey a. nemy antibody to <the human

antigen, and iselnt.ing nonkcy nucleic acid ‘ancoding an
antigen-recognizing portion of a variable region of the
monkey -antibody. . Human nucleic acid cncodinq & human
constant region of an ant_:l.body ia provided, and ligated to
the monkey nﬁci;ic acid .xo form recombinant nucleic acid.
This recombinant nucleic acid is then expressed to produce
the desirsd antibody. Alternativaely chimpanzee or monkey
constant region-encoding nucl.ic ac.d can de used to form

‘the recombinant antibody. There . are faw, if. any, diztcr-

ences in the smino acid seguence of -human and chimpanzee

‘constant regions (i.e., they ars homologous), and those
‘differences present between human and monkay can be raad-

ily altered by standard techniques if the hucleic acid
encoding the monkey constant region is used to form a
reacombinant antibody. -All that is eritical in the inven-

tion is that an antibody ba produced that is less immuno-
' genic than the monkey constans region so that no signi-
‘gicant immune response snsues when the recombinant anti-
‘body is introduced into a human.. (Such antibody regions
. are herein rafarrsd to as homolegous regions.) Thus, the
_racombinant antibody is enginesrsd to ba functicnally the

sape &§ s human antipody in its amino acid sequence, i.s¢.,

" it has a 'constant ragion homologous to a human or chimpan-

This Sheet Has Been
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zea antidody constant region. In summary, the antibody is
as human an antibody as is necesssry to reduca tha chance
of an undesirad immunological respomse to the antibody,
and contains. an . m:igonn-b.tnding pez'ti.an of a nmonkey

BY “not- ;mganie' is mant that: th- tntibody does

" pot raiss an antibedy responss of sufficient magnitude to

raduce the affectiveness of continued administration of
the antibody in the majority of husans Zer sufficient time
to achieve therapautic efticacy, .8, ss compered to a

_aurim or murine-human. =hmcr$= anubody. Preferably, neo

antibody response is nburvad. D _
In preferred -nbodiunts. the meutod includcs immor-

‘talizing a .cell. of the sonkey vhich is responsible for
18

producing the nonkay antibedy, 8.8.. bY hyhndnn fusion,

' viral “transformation with Hexnas_Rapnio, single B-cell

20

25

30

- 35

<cloning (8lso - termed “transiant imwortalization®), and

- production of a library of ‘yecombinant immuneglobulins.
“In- other praferred ambodiments, tha mathod includes
‘gelecting a B-cell fron the monkey grom either 2 pariph~

aral blood - leukocyte, tha splesnh, bene marrew or a lymph

node; salecting a. clcne vhich praduces ‘the aeppropriate

antibody;. rescuing the Lmumglobulin genas enceding that

.antibody from the immortalized cell line; and reexpressing

the ganes in. a producer'ccli dins (l.8.. & cell line vhich
causes sufficient production of the antibody to ba useful

for human :hnrapy) .

In a third aspect, tha invantion 2cat.uus a racombi-
nant antibody formed -from eithar.a human or chimpanzee
constant ragion and an antigen recognizing portion of a
monkey variable rsgion, or a first monkey constant region.
and a sscond, differant monkey ,nnt.igan racegnizing-portion

. ot a variable region.

In a related aspact, q.hn !.nvcntion tonuus a mono~
clonal-antibody, or an hb, (nb),, a iight chain or heavy
chain dimér, or any m al uconhi.nant trment thereof,

such as sn Pv or & SCA (aln?h lchcxn an:ibody) or other

sunsrn'u'rz sheEr
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immunologically active fragment therecf (g.d., a CDR-
region), to ‘a human .antigen formed by un immortalized
_ monkey B-cell. Such fragments are useful as immunomup-
pressive agents. Altermatively, the antibody of Che
5 invention may hasve attached to it an effecter or reporter
" moleculs.. Por instance, -sn antibody of the iavention may
~have s macrocycls, for chtla:ing-.a hasvy matal atom, or a
toxin, wuch as ricin, attached to it by a covalaent bridg-
ing structurs. In addition, the Fc fragmant or CH) domain
10 - of a . complete antibody molecule may be replsced by an
enzyme or toxin molecule, and a part of the immunoglobulin
chain may be bonded with a polypeptide effector or
 reporter moleculs. Bispecific antibedies can also be con-
S -trucud by standa:d procedure.
15 .In another aspact, the invantion features pnamaceu-
. tical compositions in vhich antibodies of the present
invention are provided for therapautic or prophylactic
uses. Such antibodies can also be providad as immuno-
: toxins, j.a., molecules which are characterized by two
. 20 components and are particularly useful for Killing sel-
- scted cells jpn vitre or in_vivo. One component is a
cytotoxic agent which is usually fatal to a cell. when
attached or absorbed. The. second component, Xnown as the
‘“delivery vehicle™ provides a means for delivering the
25 toxic agent to a particular cell type, such as carcinoma -
Sslls. .The two components are commonly chamically bonded
- ‘together by any of a variety of well-known chemical or
genecic pracedures. For example, when the cytotoxic agent
is a protain and the second component is an intact immuno-
30 glebulin, ‘the linkage may be by way of heterobifunctional
 crosslinkers. a.u., carbodiimide, glutaraldenyde, and the
lm * Production of various immunotoxins is well-known in
~ the &rt.
' In. another rclaud npcct, the invention faatures
- 35 nucleic acid enceding & human/monkey recombinant antibody.
- In prctcrrtd onbodina:l, tha nucleic acid. sncodes a human -
- or chimpanzes constant ragion and an antigen recognizing

sum SHEET _ This Sheet Has Reen Replac
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por:i,oh of monkey variable rsgion; and the nuclaic acid is

puriti,_id, i.a.. separated from biological componants with .

which it naturally occurs, Or mecre preferably, is provided

' . aa a hopogenaocus solution.

10

s

20

25

30

'In yet ancthar aspect, the invention featuzes a CDR-

grafted antibody formad from at lsast ona of the comple-
ucntarity d-tcrnining regions [CDRs), that is, .aminc acid
residuas (using tha standard aminc acld labsling system of
Kabat) 31-35 (CDR 1), 50—-65 (COR 2) and 95-102 (CDR 3) of

-the specified heavy chain, and aBino scid residuas 24-3¢

(CDR 1), 50~56 (CDR 2) and 89-37 (COR 3) of the specified

- 1ight chain of an Old World monkey variable region, and an

immunoglobulin variable region framawork from & second
species. The CDRegraftsd antibody is abls to bind to the
sama antigen as the original monkey antibody. The anti-
body congtant :tqicn is derived frecm a human or chimpanzes

immunaoglobulin. ‘The methodology for parforming this.

aspact is generally described by Jones ot al., 321 Nature
522, 1986. Such CDR grafts csn ba altered if desired to

”emx'l_rq that they appesr norse human=-like so that the proba-

bility of 'lnstig'auon of adverss raaction to the antibody

is lassened.
In prefarred oahodinean. the mathod . inc:l.udcs immor-~

- talization or selecticn of a cell from o pacaqua, vhich is

responsible for: producing a aacague antibody, and rescuing
the immunoglobulin genes frxom the csll; cloning and

' sequencing. the antibody penes responsible for the produc~

tion.of antibody; selecting & human varisbla region frame-
work sequence (preferably with tho closast homolegy to the

-macaque variable regien Sframevork}; and pubsiituting
_macagque CDR sequences for human CDR ssquences and minor

- modifications in the human framswerk region may be

" - included to xmim:a&n affinivy ot the mtihody tor its

‘35

-antigen.

total of about & amino aei.ds in the framevork may be sub-

‘stituted by other amino acids. Usually such subdstitutions

80881’ ITUTE SHEET | This Sheet Has Been R
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By “minor. noditications' h nsant thar less than a
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or wodifications. aye made pnly vhen those amine acids are

. involved in centnnauoml inceractions that hold the

framevork in an. lpprcprutc form 80 that the desired anti-
gen is :ccegnized by -t.ho antibody. Such modifications

" will gcmrauy reflect thoss differing amino acids present
in a monkey antibody, comparsd to & human antibody. For

exanpla, the anmino acid nmc of a human antibody just

g prior %o hu,vy .chain COR :._ 92~94 is ganerally cysteine-

10

15

20

25

30

i .

alanine~arginine (arginine is known to be replaced in a
minority of antibodies with serine or threonine); in some

-antibod{es in the monkey the seguence is cystaine-zlanine-

serine; thus, in this axample, it may be preferred to use
sarina at amino acid sS4 (ssa Fig. 5D). _
In a further aspect, the invantion features a method

‘for treating a human having. a par:__iéuhr antigen, e.g.,
‘one associated wvith disesase. The method includes admin-~

istering a th-rapcuucauy effactive smount of a recombi-
nant antibody specific for the pmicnur antiqen. wherein
the recombinant antibody is one having either a human or
chimpanzae constant rcq:l.cn and an anta.qan racognizing por-
tion of a monkay variabia region, or 8 first monkey con-

" stant region and an .antigen-recognizing portion af a

second, different nonxsy vuhbh region.
n praferred eribodiments of the above aspects, the
antigen is = tumor antigen, an antigen involved in an

. {mpune disorder,. an. antigen involved in an autoimmune

TaEponse, & Ireaceptor axpressed on & host cell, or an

- antigen salacted from the human antigens CD38, VIA4 (o481

intagrin), €Dz, LFA3, ELAM, LAM, CD25, CD4, CD1¥, CD20,
human T-cell rsceptor, CD3, CDB, CD23, CD41, CD44, CD4S,

€D71, TNFa, INFB, Tn antigen, IL~1, IL-8, C5a,.adhésion
molecules, p.g., VCAM, CDS¢, CD28, CDlia, CDilc, CD13, and

CD11b, the neu oncogens product, MDR-1 (P-glycoprotein),
TGFe and its recseptor, and PDGF; and the recombinant anti-

body  isa '_u:_tivo to asither deplete (kill or eliminata) -

undesired cells (e.g., anti-Ch4) by acting with comple-
ment, or.killer cells, or is active as & cytotoxic sgest

This Sheet Has Been Re

SomeTmUTE ST MMM

I



FEB-19-86 23:06 FROM: - Yo R

ot

WO 93702108 - PCIIUS9/619s

i0

15

20

23

.30

35

i1
_'or o énuao Pc~receptor hinding by a phagocyta. Alterna-’
_civcly. ‘the antibody blocks or stimulates recapter func-
'tions, or neutralizes acuvc ‘soluble products,; such as one

‘Or more of ths intarlqukxna, TNF and CSa.
‘In other sspacts, the invon:ien features pharmacau-

" tical compasitions of the above antibodies or fragments

thareof. Cnpocitioﬁs or products according to the inven-
‘tion may conveniently be provided in the form of solutions
suitabla for parcntornl oY nasnl or orel administration.
Appropriata prepara:iona of a.nt..i.hoay nay be mived with
appropriate pnparauons of other agents, resulting in
increased clinical utility.

' other featuras and aavsm:mxas of the invention will
bs apparent from the tellwinq deseri.ptian of the pre~
ferred ambodimants thareof, and from the claims.

The drawings will first briefly be described.

"FI6. 1 .is a tabular representation of 20 codens in
_nine different Ig hesvy chain lesdar sequences and ten
monkay Ig heavy chain lesder nguthc@s;
| FIG. 2 is a diagrammstic ropressatation of tha struc-
ture of variocus Ig chains nh@wiﬁg the ralative ppaition of
laadar, variable, and constant regions with the positions
of restriction sites and primers used for amplification;

FIG. 3 is a diagrapmatic rapresentation of a heavy
chain cassette vector for: axpraasicn of hmn or chineric
antibodies;
| FIG. 4 is & diagumtic-'npnuutation of a light
chain cassette vector. du:.qnad to;r cxprassion of human or
chimaric antibodiaes;

FIGS. 5 and 6 are dilg:amtic topusentauonn of
vectora designed for axpression of immunoglobulin from
' kappa or lambda light chain CDRA, respsctively. In these
vactors, the immunoglebulin genes are arranged in a tandenm

This Sheet Has Been R f" rd SUBST’TUTE sﬂm
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cantiquraticn using monycin phoapuo:ran-tenu as the
selectabla marksr;

FIGS. 7~1, 7-2, and 8 show the. nucleic scid seguance
of varigus leader saglence primu useful in the invention
{thase prizers in FIG. 8 -correspond. to those listed as’

SEQ. ID Wos. 1 - 12 infra;
FIGS. SA through SR ars comparisons of human and mon-

' key regions in the VHY, VH2, VH3, VH¢, and VHS saguencas,

- 10

and VKI and- vxn, -and V1ambdaIIl sequences, respsctively; .
_FIG. 10 is a conpu'uon of human and wmonkey VHI

. luqucnces. with one mpu'ilon to th. human VH2 sequance;

FIG. 11 is a graphical rapresentation of the binding |

. of an antibody of the invention to a human CD4 antigen;

15

20

25

FIG. 12 is a graphicsl representation of the inhibi-
tion of binding of 1f3 ‘by the antibody shown in FIG 10;
FIGS. 13 and 14 are porticns of the nuclaotide
sagquances of anti-CD4 VH, and VL regions respectively;
"FI6. 15 is a graph showing anti=-CDS4 activity; and
FIG. 16 is & histogran eonpnring plasnid expreszion
features. -

014 World nonx-y- includc these referred to as baboon

 and macague ncnkoys (Lneludlng Rhesus monkay and cynomol-
‘gus monkey). This _invention provides details of use of
‘the claimed invention with vaz_m.: monkey ganas. These

' sxamples are not -limiting in the invention and may be

.readily applied to other. 014 World uonxnys.

Reterring to rig. 2, ‘there is shown in diagrumuc

' torm the general structure of genes encoding immunoglobu-

30.

35

lin heavy, kappa light, and lambda light chains. Each of
thesa chains is formed with an ATG start codon followed by

_a leader sequance of  approximately 60 bases, a region
~ancoding a variable region of the immunogiobulin, and a
constant region of that immunoglobulin. Examples of dif-

ferant leader saquences, or signal peptides, of heavy
chains are. sno\m in FIG. 1. These saguences, and their
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equivalent in monkey, can be determined by standard tech-
niques well knecwn to those of ordinary skill in the art,
~and as describad balow. ' :

The seguences shown in the lower portion of FIGC. 1
are human lgsder --qncnens. Applicants have discovered
that construction of pr;nmrs cosplementary to these leader
‘rugions. allous upuﬂutl.en of 1g genss from monkeys.
sinilarly. primers humoz.oqeus to monkey leader seguences
(2a8 f.4., upper portion of F2G. 1) can ba used in ampli~
- fication of monkey impunoglodbulin genes, and also for
amplification of human immunoglobulin ganes.

_ By use of such primers in standard amplification
procedurss, genes ancoding various monkey immunoglobulin
-genes, can be raadily isvlatad, and the sequences anceding
the variable regions of the antibodies determined. Exam-
'ples of such procedures are provided below. The results -
of the analysis provided bslow are presented in FI1Gs. 9A
through $H, and in FIG. 10. Surprisingly, applicant found

© “that, despite the ability to produce antibodies to rela-

20 .

25

30

as

tively conserved human antigens in tha monkeys, the vari-
uble regional frameverk sequencas of the antibedies ao
produced vere .\ndi.stinguishnbla from those ot hupan anti-
bodies. That is,. the amount of varubility in immuneoglo-~

' bulih sequence obsarved for the nonksys vas similar to

that observed for hmuns. and it wvas impoassible to deter-
mine whicn an'r.i.bady vas dorivaed’ from & human or monkey
without analysis of the smcurce itself.

Thus, for example, referring te FIG. 10, the amino
.acid saquance of the VH3 region of husan was compared with
monkey. The human antibodies showed a range 'of hemology
among themselves from 83 - 988, vhile those of the monkey
were from 90 - 95% homologous. vith the human VH3 region.
In contzast, the human VK2 region was homolsgous to the.
human VH3 by 60%. - {In this drawing, as .in the other
dravings, the .presence cf the same amino acid av any

- location is shown by a dash, while tha prasance of a

different aminc acid is _pNown by the atendard ona letter
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- code. Positions to which no i:b_x;aqﬂ'sus aminc acid can be
 assigned sre shown as an X.] .Sisilarly, honcloi:y for VHI,

VH2, VH3I, VHe, and VNS, ‘l.nd for VKI and VKII lnd Vliambda
II1 is shown in FIGS. SA = 94, zup.chivcly Agui.n. sig-
nificant homaology betwaan the monkey iuunug}.obulm region

_and_that of the human was. observed in sach variable ragion

including immunoglobulin J regions ssquences. Such high
homology is sizilar . tc that cbssrvad among . human

antibodh-. _
-The uthodoloqy by vhich ths saguences wcrc deter-

mined is presanted belcw in the examples. Those of ordi-

nary §kill in the art will recognize that these examples

" _Are not- J.imitinq in thig invention and eguivalent results

18

40

es-

30

and monoclonal and chimeric anf.ibodxa can be obtained by
gimilar proccdurcs wall known to those of ordinary skill
in tha art. 888 ¢:d.. U.5. pavents 4,816,567; 4,978,745;

.'4.975.369; 4,816,397, supra. PFor exsmple, aftar cloning

a gene encoding a monkey variable region, such a gene is
rasdily ligated to one encoding a monkey or human constant

zegion, and tha. fused genas axprsassd in a producer. call

line to produce the desired antibody. Below are provided

_examples of such procedurss.

Iri the folloving examples, tha first step in the
mathod involves the isolation of total RNA from monkey
peripheral blood or splesn cells. B cslls from immunized
monkeys may be obtained from. peripheral blood or lymph
nodes and used directly or, they may bea pz_-ctcréntialiy

expanded.  Expansion may invelve HarDeg papie virus

transformation, fusion to a heterologous mysloms cell with

Subsequent . lclcction, or cleoning of single B cells under
limiting dilution in the presence of stimulated human T

calls.
'~ Total RNA is then convctzod to single -crandcd (=8)

. CDNA by ravarse :un-criptau using non--pnelzxc (oligo~dT

or random- hexamers) or spoeiﬁ.c (imuneql.amun CHl or CK
or <Clambda constant region)' oligomuclectide primars.

'Bingle-stranded cDNA produced by this reaction is ampli~

This Sheet Has Been R !aced
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~ fied using the polymerass chain reaction in which ss cDNA,

togethar with deoxynucleotida triphosphatas, a DNA poly-
merasa {g.g., & tharmostable polymsrase) and specific

. primers, ‘are used to amplify heavy or light chain variable

10

15

20

. 2s

. 30

.3:.’:

-region immunoglobulin ‘genss. Tha privers used are single
stranded synthetic oligonuclactides ranging frem 20 to 40

bases, containing some degenerate bases which bind to the
immunoglobulin 5' leddsr sequences. Six different 5¢
‘leader meguence primers (mea, PIG. 7-1 incorporating a
restriction enzyme sits {8.49., Sall) -have dbeen deasigned
for amplification of sonkey heavy chain variable region
families based on their similarity to human heavy chain
variable region gane :;nil;ci; With each ¢f the =zix S'
leader sequence 'pr-im:d. i_';.! primer mpecific for the
constant region domain of the relevant isotype (2.4., IgG,

' IgM, IgA or IQE) also incorporating a restriction enzyme

site (£.9.. NbhgI) is used. B8imilarly, for monksy kappa
and- lambda light chains, other pairs of primers are used

for. mplification of the. tppx’oprnta light chain variable

rogion (Fig. -7-2).

Other sets of primers can ba used in opder to incor-
parate diffevent, unique restriction s.h:as to allow direc=
tional cloning of PCReamplified DNA into an appropriate
cxpréasian' vactor pcuusmé .tha gzma restriction site.
A sat of primers binaing to the 3' end of the antibody
heavy chain laader sequance incorporating a Mlui site, or
& set of primers dbinding to tha. tj.r_st 23 bages of frame-
work one incorporating a XhgI‘ site can alsc be used and
are described in Fig. 7-1.  The monkey immunoglobulin
heavy and light chain varieble region. ganes may ba cloned
into a shuttle vector directly after PCR ‘amplification to

-allov furthar molecular manipulations if necessary or,

cloned directly inte an expression vector that contains
human heavy or light chaln constant rsgion ganes. The
malecular configuration of the ismunoglobulin genes in the
‘axpression vacter may ba genomic, in which immunoglobulin
promoter/enhancar and other regulatory rogions are present

- — L e !
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as vsll as splice donor/acceptor saguences at the intron/

"exon Jjunctions. Alternatively, chimeric immunoglobulin
genes can bs insertad 4n a-CDNA contiguration using heter-
ologous viral promoter/enhancer nqqu.ncds. .

FIGS. 7 and 8 shov ‘the priners

with or without

restriction sites raspactively. used in the PCR amplitica=-

tion of -j.nnunoglob\_u:l,_n genas from ponkey and/or nusan

. cDNAs. Datails of tha.pzocud_urn_ used are provided belov.
.10 RNA was:. {golated fros the spleen, _ptziphara'l .plood and
" 1ymph.node calls of ponkeys using the standard guanidinium

" isothiocyanate method. The total RNA graction isolated by

_this method was then. used as a template fer subsequent

amplification reactions. An aliguot of the RNA was incu-

15 bated in the presdnce of 200 units of Moloney wurine leu-

' kemia s\_d.;:'us TavVersse ctzanscriptase and - _nen-sp:euic

~ (oligo-daT or. random hexamars) oF ‘spacific (immunoglobulin
196 CH1 region .or kapps chsin constant region CK) oligoe-
S -nﬁclc'oc_idt ‘primers _tso-:._oo piconél.os) ‘'to generata a nea~ '

20 coding sense single cDNA strand. - Single stranded CDNA

~ produced by this reaction was then amplitied using the

' polymerass. chain '::_c'netiop. (PCR). An aliquoet of single

-gtranded. CONA Was jncubated togerher with deoxynucleotide

' tri-phosphates (3000), & thermostable DNA polymerase {(2-5

25 units) and human-derived synthetic oligonucleotide primers
(50 picomoles), T0 ‘amplity either heavy or light chain

~varisble reg jon immunoglobulin genes.

-uming pairs of pripars. shown in F16. 8, saveral

r-p_ru_n'nt_at_iyc cynomolgus jmmunoglobulin hesvy and light
.30 chain variable . region atqu-neil ¢rom & number ©f gane
 families wvere awplified. Thess amplified seguences ware
cloned - into the ECORV site ‘of -the plasmid vector p-Blue~
- seript (pBS, available from Stratagens, cA) and used for
DNA ssguencing. . DNA ssquencing vas perforned using the

.

- 35 _phsmid DNA ‘cenﬁai._ni.nq. the cloned jinsert as a double

eet Has Been Re{ilaced
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_ 17
gétranded DNA tuplat_i -and the standard chain termination
sequencing mathod. . '

Representative cynclolqui monksy immunoglobulin

sequencas ars shown in FIGS. SA - 98. Included in FIGS.
SA ~ 9H are the consshsus amino acid sequence for human
variable regicn genes representing aach of the major vari~
able regicn gene families. Tha percantage homology of
each monkey saguence with the human Consansus seguencs,
excluding the constant domain regiona and the CDR regions,

‘is shown. The lavel of homolagy between human and monkey
sequences for & given fawmily is as high as bstvaen two

hupan sequences within that family. It is impossible
therefore to distinguish batween variable ragion immuno-
globulin sequences originating from 0lé World monkeys,

and  those originating from humans based on  saguence
comparisons alone.

- Imolation of RNA

Monkey antigen-epecific B calls were obrajined in
seversl wvays: by fusion of immunized monksy lymph node

' .cells to the Buman/mouse heteromyalona fusion partner cell
line X5H6/RS, and.subsaguunt screening of the hybridoma
‘lines, by virally transformed B cells, or by jn_vitro
~single B call cloning technigues. In the latter case

growth of a single monkay B cell was supported in vitra by
co-cultivation with human T cells that were stimulated by
antibody. A single B cell was placed in esch waell of a 96
well tissue culture plats together with approximately
150,000 anti-CDi-stimulated. njtonycin C=treated human T

‘cells. After a.two week incubation psriod the single B

csll expanded to at least 200 differentiated plasms cells.
Culturs supsrnatant from these wells vere assayed for the
prasence of immunoglobulin by ELISA technigue using a cap-

. ture antibedy of goat Anti~monkey immunogiobulin.
" Cells either from antigen-specific wvirally trans-

tormed cells or: hybridomas were grown up in sufficient
numbers for extractien of RNA. Wells from the in vitre
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singlie B call cloning cucuniqua that were positive for

lmmunaglobulin were ramoved, washed twice with cold phoa-

phats buffersd salins pH 7.5 and cantrifuged (1000 x g 10
min). The washed cells vere suspended in 100xl of lysis

* solutien (¢ M guanidinimm isothioccyanate, 25mM sodium

citrate pH 7.0, 0.5% scdius sarcosine, 0.1 2-mercapto-
sthancl). 1041 of 3N sodium acetate, PH 4.0, was added

and mixad, Protein wam removed by adding 100 ul vater
. saturated phansl, mixiny and adding 20ul of  chloroform/

isocamyl alcohol (¢9:1). After vortsexing and incubation on
dce for 15 min, the samples wars centrifuged at 10,000 X
g for 20 minutes. The agueous phass vas transferrad to a
nev tube, mixed with an equal volume Of isopropancl and
incubated for 1 hr at =20°C. The precipitate vas collscted
by centrifugation at 10,000 x g for 15 minutes, washsd
with 703 ethancl, recentrifuged and the pellet dried in a
Speedivac (Savant). 7The dried RNA was redissolved a

'sacond time in 100 ul of lysis buffer. An egual volume is
‘isopropanol was added and incubated at -20°C for cne hour.

The precipitate vas collected by centrifugation at 10,000
x g for 15 minutes and washed with 70% ethanol. The pel-

'let was drud in a Speasdivac (Savunt) and stored at -20°

ln 70% athanol until use.

The total RNA extracted from the cells originatia{

_tron a -ingh wvell was dissolvad in Jaul of doudble dis-

tin;d water teo- which is added 1gzl (50-100 picomoles) of

" primer (aither .rnndqn hexaners, oligé 4T or 3* immuno-

T

35

globniin—ipocilic- primers) and 10ul of SX reverse tran-~
acriptase buffer (0.35 Tris-HCl pH 8.3, 0.375M KCl, 15X

- MgCl,,  SomM dithioxhreitol). The mixture was haated at

65°C for 5 minutes after.vhich it was. phc-d in ice tor 2
ninnt:u. After hsating, 1sl RNAsin (Promega), Sul of SmM
deoxynucleatide triphosphates, and 1ul . (200units) of
Moloney purine leukemia virus revarsa tramcriptuc {BRL)

vas ‘added, and tha nixturn :l.nc\lbuud at 37°%¢C tar 1,5 hours.

werrr seer i mTill
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After completion Of the raverse transcriptase reaction,

‘the single strandad cDNA/RNA nixture wvas extracted with
. ph.nol/chloroton and passed through a 1ml G-25 SEPHADEX

spin coluan. Thc nurul passing through this colunn was

'uud as mplate s €DNA - tor PCR - upliticatlan.

. 3~10p1 of the s8 CONA was mixed with 104l 10X PCR

buffer (500mM KCl, 100mM Tris-HCl pH 8.3, l5mM MgCl,),
1.641 of 1.25uM dcoxynucuoudo triphosphates, 50 pico-
moles ot spacific imunoglmun 5 primer, 50 picomoles

" of spsecific ;ununqglobul:l.n 3* primer, and 2 - S5 units of -

thermostable DNA - polym_z_'uc_ - (Synthetic Genetics).  The

reaction volume was brought to 1004l with water and over-

laid with 100l of mineral oil. The reaction mixture was
1m:ubated az :ha tonowzl.nq tamperatures for the specif.ied
t:.ncs. . . . .
. 94%C for 1 ninut-

48°C for 2 winutes

~ 72° for 2 minutes . : |

This cycls wvas repeatad 30-35 tinea. The amplified prod-
ucts were examined by agarose gel electrophoresis using a
1.23  agarose gel and. nahcul;r waight standards. The

amplified immunoglobulin variable regicn genes ran approx-
imately between’ 350-500 bp markers. The PCR amplified

products wvera then uud tcr cloning inte the a.ppropri.ate
plasnid vector. '

Exanple 2 _Cloning Monkay Aptibody genes
Since monkey variable region gana saguencss, at the
cDNA -level, are inﬂis:.lnguuhable from- huzan members of

the eguivalent gene family, immuna responses To monkey/

human chimeric antibodiss, if any, are unlikaly to be any .

different than ‘thosa mounted -aq_unst human antibody
molecules. - :

PCR tachnology can be uud to .i.ntroduco specific
restriction enzyns sites, .including (but not limited ta)
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Salx, EQLII, Kpnl and MheI, into the Old World variable
-ragion nqucncu during the PCR amplification reaction
using pzinm based on -those in FIG. 6. Pre-existing

clondd genes were amplified from their spaecific vector
using these primars td introduce the specific restriction
site which was subsequently used To clona the gene into an

expression vactor. Alternstively, these primers vare used

to amplify-directly from callular RNA. :
Exprassion vectors which have bssn constructed are of
two types. The first (ses FIGS. 3 and &) allows cloned

inserted into a cassette vactor, using unique restriction
sites, in which the jimmuncglodulin  gene alamants are
arranged in a genomic configuration. This type of vector
ineozpcratu an iwsunoglobulin proucw, the twe axons
uakinq up the immunoglobulin leader ssguenca, two cloning
sites Spel and Nhal, downatrsanm splice donor sequences, an
iuunnglehulin enhancar region, 2 human constant reglon

gene (huavy or light chain) and downstreaw polyadenylatien

signals. 1In addition, they include & bacteriml origin of

‘raplication, a bata~lactanase gane for bacterial selec-
‘tion, and a neomycin phosphotransfersse gana for G413
. selection, or a xanthine~-guanine phosphoribosyl transfer=-
- asa {gpt) gene for mycophenolic acid selection in mammal-

ian cellfé. .The heavy and light chain exprassion vactors
usa neonycin phosphotransferase {Neo) and xanthine~guanine
phospnori.booyl tnnstc:au (Gpt) genes respectively as the

_selactabla marker. '

Thea sscond type of cxpruuen systen (S8e FIGS. 5 and
6) uses immunoglobulin genes in a cDNA - contiguration.
That is, no introns or splice gites sre prusent betveen
the 5' laader sequencea and the 3' constant region

...nqucncos. This type of vactor utilites haterclogous

viral promoter/enhancer saquences, driving immuncglobulin
haavy and light chain genes arranged in a tandem fashion,

polyadenylaticn sequences and a selectable mammalian cell

marker (Nec). The Neo gens can ba ‘modified to veaken its
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translation, £.9., by changing the codon. upstresss and
sdjacent the start site of the gene frow ACC to TCT. In
addition, a'dihydrofolate reductasa (dhfr) gene is present

£or subsequant gene amplification with msthotrexate. Mon-

key {mmunoglobulin variable region genes to be clonad inte
cDNA configured cxpruuon vectors vere applified either
fron pre-axisting clonad sequences in the shuttle vector
(PBS}, or directly from RNA with primers containing sithar

the restriction sites ZalI or Mlur sand Nhel, for heavy
chain, or BglII and Xpnl or H3iWI for kappa or lambda

light chains. Other potential unique ruu-zc:.ion sites

“however' aye not sxcluded.

~ Chimaric hcnvy and iight chain immunoglobulin genes
were introduced separatesly or saquentially (for genomic~
ally configured constructs}, oz_'_:an the same vector (for
CDNA contigured constructs), by alectroporation into a
producer cell line. Electroporation was used to introduce

- linearized DNA constructs into either Chinese hamstar

20

25 Lt
. free medjum (CHO-S SFN II minus hypoxanthine and thymi-

30

a5

.ovary {CHO}: colls, or . mouse myelopa calls, followed by

single cell cloning of the transfectants into 96 well

‘tissue.culture plates. Electroporation conditions using

a BTX~100 (BTX, San Disgo) electroporation device and a

iml disposable plastic, cuvette gave optimal numbers of
‘transfectants from ‘a q;\fon ‘amount of vector DNA. CHO

cells that were adapted to grow in suspansion in serum-

dine, Gibco) were usad in constructs containing viral

' regulatory alements.

ahhsinn1ns;nlaauduuna_:n;uuxsumﬁs'

. The products of the PCR resction vare extracted with

' 'i:hcnol/chlorotom anﬂ passed throuqh a8 im) SEPHADEX G-~2%

spin colusn. £ the DNA . !ragnent vag to be blunt end

'clonad..m:o a p_lasnid 1sl 1M MgCl,, 0.5ml of 1.25nM deoxy-

nucleotide triphosphates and lul of Klenow DNA polymerase
(5 units) was added to the total PCR reaction mixture
(100s1) and incubated at 37°C for 15 minutes to.fill in

SUBSTITUTE SHEET
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“amy 'S’ overhangs. ~Before blunt end cloning into a plas-

mid, the 'S’ ends were phosphorylates as follous; Sul of
108 ATP, lul of T4 polymucliectide kinase (10 units) wvare

‘added to.the rotal reaction mix and incubatad at 37°C for
‘30 minutas.  Amplifisd tuqnntl that contained intarnal

‘ 'rostti.ctiqn _sittq vere tirlt_ ent with the appropriate '
vestriction anzyme and used directly for ligation without.

phosphorylation. In both cmses the fragment to ba cloned
was -xtzacud with phml/enlorefem batore ligatinq into
the sppropriate veccor. .

Por the ligation reaction 10% of tha phosphorylated
or restriction enzyme cut<PCR enplified fragmant wes mixed

_,with approximately 2ng of spprapriate vactor (total volume
8kl), praviously digested with the restriction enzyna(s).

For biunt end-cloning pBluescript digested with ECORV vas

used. For sticky end cloning tha vector TCAE 5.2 or 6.0
‘or pGenax-H or pGenexl, cut with appropriate reatriction
anzymes was ussd. 1l eof ‘10X ligation buffer (500mM
~ Tri-HCl ‘PH 7.6, 100mM.MgCl,, 10mM ATP, 10mM dithiothrai-

tol), 1xl T4 DNA ligsse {1 unit) was added and the resc-

tion allowed to procesd At 14°C overnight. The ligated
. mstarial wes used to ':rm!on campetent £, coli HBiOL
- calls using the standard cuclun chloride method of trans~

formation.  The transforned bacteria were selected by
growth on LB anpicuun—centaininq agar plutes. Indivi-
dual .colonies were sslected and grown up overaight in LB
nediup containing ampicillin and plasmid DNA extracted
using the - standard alkaline lysis method. Mtuﬁ restrice-
tion analy-i; to detarmine 9hi=h clones conuin-d imnuno-

- globulin inc_e_rt;s, the DNA° ,vu pnparod for nqu-ncing.

- Cloned immunoglobulin variable region genes vere
saquericed using a standard chiin termination method.
Double ::rlnded plasmid DNA: =onta1uinq the cloned insert

‘was usad ‘as. the ssquencing. tamplate. Before uquonci.ng,

tha douhle srranded DNA was’ encnicauy dcnatured. DNA was

suasmurz SHEET
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| segquencad ﬁ;ir_\g ‘,I.‘."I_'DN_&_ polymarase SEQUENASE (United States

: pzmd&:ﬁu- ‘Corporation, - ;hv-iand; OH),  radiolabesled

‘10

. '15.

- 20

- 2%

10

i85

slpha deoxyATP, and tha following sequencing primers: (5¢
CAGRGCTGGGTACGTM 3%) Iﬂd (5" GCCCCCAGAGGTGSTITTTIGG 31°)

for immunoglobulin G heavy chain variadle region in §' o

3* and 3% to 5' directions respsctively.. (5! CAGAGCTGGGTA

- CGTGAACC 3%) and (5' GGCTTGAAGCTCCTCAGAGG 3°') for immuno-
globulin lambda light chain variable ‘region in 5' o 23°
and 3' to 5" divactions, respectively. Reaction products
‘ware separsted on 6% polyacrylamida gels and read.

The results ¢f sequancing a number of Old World mon-

: key imnnoglobulin haavy and light variable ragion genes
- ara smarized in FIGS. SA - SH. Cloning and meguencing

cynonolqus imnnqlcbul;n genes has not been previously
eacrihcd in the littnttlra. Nor, therafore, has the
dagree of na_m.'l:qu betwean huwman and cynomolgus V region
genas. baan possible to defins. The homology batveen a
single chimpanzee ‘variable lambda gene and its human’

- genomic counterpart has been described showing only a 2%

aiffersnce in the framework regions.

After saguencing cloned heavy and light chain varia-
ble region genes, they wvere subecloned into appropriate
vectors for exprasgion. Thase mpy be vectors constructed
vith immunoglobulin regulatory e¢lements in & genonic con-

. tiguration (as shown in FIGS. 3 and 4), or with viral
* ragulatory selements using & cDNA configuration (FIGS. 5
and 6). Appropriate restriction sites (gnaI and Nhel) can

be designed into tha PCR anpuza.cation privars during the
initial amplification step, or conv-ru&y anplit;catxon
primers eontaini.ng rutrict.i.on sites can bs uzed to
amplify munoglobulin genes trom the shuttle vectars into
vhich they have been cloned. Alternativaly, immunoglobu-
lin variable region genas may be cloned directly into
expt.lsion vecrars after PCR nmpuﬂcation from RNA, so

- thu. subclonlnq is unnecessary.
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" Elactroporation vas usit_: to aither co-transfect haavy
and light chain genomic constructs or seguentially trans-

-fact heavy and light chain genomic constructe into Bp2/o

cells. In sequential transfections alectroperaticn of the
chimeric nan. chain construct was followed by salection

_in mycophenolic acid. ‘Scresning culture supernatants from

clonqn, grown in 96 well plates, £or light chain produc-

-tion with antisers against human light chain constant

20

15

20

25

30

as

ragion using an ELISA technigque, 2llowed sslection of the

highest light chain expressing clones. BSubsequent elec-
traporation of light chain tranmsfectants with a vector
containing. the. monkey/human chimaric heavy chain immuno-
globulin construct allowed the sclactien of transfectomas

axpressing’ cninenc antibody pt the dasirad. apociﬁci:y
and isotyps.

.The J.Lgm: -chain construct pcmzxax. (FIGS. 3 a.nd 4)
was transfected intocthe aurim_nyalm ¢all line Sp2/0 by

alectroporation as follows., §P2/0 cells at a concentra-

tion of 1 'x 10'/ml in transfsction buffer (272 mM sucrose,
7aM sodium phospna:a PH 7.4, lmM Hq-l,) vers mixed with 50

ug  of szNEx-L containing the apprepriate cloned light

chain gena, which had prov&mly baan umar:lzad by diges-~
tion with the restrictien snzyme BmIl.  The cells were
placed into a iml disposable. plastic spectrophotonutry

_ cuvatta and plate alectrodes 3.5 mm apart inserted into’

the cuvetts. Using a nm-:.oé (BTX, Inc.)  transfection
apparatus the cells wers g:l.ven & pulsa of. euzkant. Zor 500
microssconds such that apprcxxmtcly 503 ‘cell death
occurrad. This valus vas detormined p:ior to the trans-

- fection by pulsing the calls, in the absence of DNA, with
-incraasing: vo!.tagn and msurmg the numbders of calls
-surviving 24 hours later. The voltage varsus cell viabil-
ity was plotted qnphicuny and tha vo].taga eorrupendinq

TO 508 cell death used for all subsequent elsctroporation
axperiments. ' Using the BTX-100 apparatus, the optimal

value was found.to bs a palsa at an amplituda of 200 for
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‘allowed to rscover on ite for .15 minutas bafore baing
- tranaferrad to 96-wall :i.uun culture plates in Dulbecco's

modified Fagle's. nad.i.un {OMEM) contalning 5% fetal calf

serum and 10% Sp2/0 conditicned medium. Cells were plated

st a concentration at which. call growth was sean in

_ _qpﬁrexiutaly_l_-in 3. of the walls after selection with the
appropriate drug. This parameter was determinad for each
-alectroporation sxperiment by plating varying numbers of

10

electroporatsd cells psr well (1000 - 10,000) and selacz-

ing for cells which have incorporated the plasmid. The

number of wells on each plate Which showed cell growth was

counted after 2-3 waaks ¢f sslsction. Thus, the appropri-

 ate nusmber of cells that gave 1 .0ut af 3 pogitive wells.
with a given eoncantrltiﬂn af a particular plasmid was

18

‘determined for uss in future experiments.

Diractly after slectroporation cells were placed in

'__ndiun without drug. - Fresh medium wvas added two days
“atter electroporation containing either G418 or mycophe-

.20

‘nolic acid for cens axhibiting neomycin phosphotransfer-
ass or gumsyl phcsphotms!-rue activity respactively. -

Calls vers fed avery 2 days. for the firet week and then
tvice a week thareafter. ZThe concentration of drug to use

~was déuninnd by ':Lneublting cells in the -presence of

a5

increasing concentrations of ‘drug snd- non&toring cell
vhbuity. The concentration of drig used was twice that
which gava 100% killing. - For Sp2/0 approximately 1iug

-nyeophnnohc acid/n) wag rsquired and toz' G418 approxi-

30

mately 800sg/ml. :
Cells ware olau:rnpnated in. several ways, sither

-heavy and light -chain - genomic vectors (pGenex-H and

pGenex-<L). were co-elactroporatsd, or tha light chain was
slectroporated alone. In the latter case, clohes were

_8creened for high level cxpreuioa of chimeric imunoglo-

35

bulin 1ight chain using an ELISA technigua. These clones

_were. then grown up and alactroporated with heavy chain

cantaining vector. 1If cDNA tandem gene constructs wvere
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‘usad, the expression vector (TCAES.2 or TCAES) was first

lirearized by digestion with the restriction snzywe NotI.

“ M single chctropouucn vas sufficient to achieve inte-

graticn of both huvy and J.tht-. chaln genes. Aftar 2-3

.wasks supernatants from vells which continue to grow in

the presance of appropriate drug were asssaysd for the
sccrn:iqn of chimeric imnoqlohunn light thain or vhole
immunoglobulin using an ELISA technique. . Jumunoglobulin
ganes in a cDNA configuration were elactroporated into
sither Spz2/0 .ce.us, as described abova, Or jinto Chinese

Hamster Ovary (CHO) cells adapted to grovw in suspension in -

serum-fres nedium. CHO «alls vere alectroporated using a

BTX 600 electroporation mpparatus, Bet at conditions for

achieving maxinmsl humbers of - G418 resistant colonies.
These ware 210 volts, 400 uF snd 13 ohmg. After electro-

poration, cells were counted, washed in transtection buf-

fer, resuspended in the sdme buffer end placed-on ice for

15 minutes. Cells were adjusted to 1 x 107 live cells/ml
and 400 41 of cell suspensioen placed in & 0.4 nl sterile .

disposable cuvette (BTX Inc.). 25 sg of Not 1 linearized
TCAE 5.2 or TCAE 6 vector DNA, containing cloned macaque
immunoglobulin variable region genes, vere resuspended in

TE buffer (10 mM Tris, 1 =M EDTA, pH 8.0} at 1 ug/ml and

added to the cell suspansien. Electroporation was carried
out by discharging the apparatus using the autonmatic

‘charge and pulse button. - The cuvetts was placed on ice

for 15 minutes, the cells diluted into 130 als of serum-
frees nediun and placed into six 96~vell plates (200 ul per

- vall conuining spproximately 6, 667 alectroporsted or

2,333 live cells per well). Independent slsctroporation
parameters were established for this cell line and selmc-
tion by G418 was at €00 ug/ml.

'rha pranncu cf human, nankny or chimeric am:ihody
secrated by v.nnsteer.unu vse asgayed by an FLISA tech-

_nique ag follovws: 96-wall flat bottem plates (Dynatech)

..
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vere coated with goat aﬁ:i-n_unan Igé or kappa &t 200

-_nq/ucu in Coating Buffer (-_od_iup-_ carponate 0.8 ng/ml,

sodiun bicarbenate 1.55 mg/ml, pHS.6) and incubsted for at
least 16€hr at 4°C. The coating buffer vas ramoved and the
vells blocked with 120 4l of Blocking Buffer (1% bovine

‘sarum albumin in phosphntc buztnud saline containing 0.2%

sodium aszide) and incubated at 37°C for 1hr. Up to 128 ul

‘of cell culture supernatant vas added to ths wells con-

' taining blocking butfer and ucubaud 2 hrs at 37°¢. The

10

. 15

. 20

25

T

- 35

plaf.es ware then washed five times with PBS. 100 ui ‘of

horse radish peroxidase-labeled goat anti-human IgG (or

kappa) - diluted 111000 .= 1:5000 in Dilution Buffer (It

. bovine scrum albumin, 0.05% Twean~-20, 0.02% sodiuz azida
' in PBS) was added. Plates vare incubated at 37°C for 1 hr
then -washed zive times with PBS. Chimeric antibody was

detected with 100 ul of hydrog-n peroxide and the sub-
strate, 1,3',5,5'-tetramethylbenzidine (1:1 v/v) par vell,
The color reaction was tarminstaed after 2 to § =in. with
100 u) of 2M sulfuric acid per well. _

Those of ordinary skill in the art can readily per-
form equivalent mathodologias to thoss describad zbove.
Examples of such tschnolaqy include i{mmortalization of
nl.eeud 8-cells by nyhridou fusion, as described above,

with ‘the cell line K5H6/B5 described by carrell et al.,

164 I Experimental Medicing 1566, 1986, or an equivalent

cell lina, such as SPAZ4 (avallable from Sandoz, gge,
Ehrlich et al., 34 Clipn, Cham, 168), 1988). Similar cell
lines can be readily constructad by standard techniques
using publically available mathodology. Altarnatively,
immunoglobulin genes may be ¢loned frem: (a) cells immor-

talized by .viral transformation with Hexpes papio, as

described by Markova st al., 30 yopr.Vizuaol su, 1983, or
with an egquivalant virus, (b) by single B-cell cloning To
previde a <transient umemuntien. - as described by

‘Amaroso and Lipske 145° ,L_mm 3155. 1990, or (c}
by use of a recombinant immunoglobulin .b_amno_pnaqe 1ib-

varies, as described by Huse et al., 246 Sgience 1275,
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1989 and Mccafferty et al., 348 Nafure 552, 1990. Screen-

ing for asppropriate antibody containing clones can be.
performad by those tachniques dascribed above, or squiva-

lent techniquss well known to thosa of ordinary skill in

‘the art, and the desiréd immuncglobulin gene rescued from

the immortalized cell line.. . In addition, the antibody

.produced by isolated monkey B cells can be used in human
‘therapy, without manipulation to form a chimeric antibody.

The human constant region may be obtained by standard

' tachniques, with any desired isotype well known to those

of ordinary skill in the art, and the variable region of
‘a monkey antibody ligated with zhat human constant region.
Particularly useful chimeric antibodies against apecific
call surface receptors which can be used in immunotherapy

.of hupans include CD4, ICAMs, CDl9, CD20, CD8, CDila,

CD11b, ¢D28, CD18,. CD4¢S, CD71, and TCR.

'rhe following is a -pecuxc exanple of the mathods

_and antibodies of this i.nv‘nuon.

An adult cynonol.qus ncnkay (ﬂh&u Sanda Now Maxico

' -éri.:m:a ccnterj vas immunized int:mscu}.arly, at pultiple
' mives, with 150-300ug of soluble CD4 (8CD4) ox cell mem-

25

branes (1 x 10° cells} from the CD4 positive call line
SUpTl nsing ‘a sf.andnrd sadjuvant. - l'.mni.ut.ion vasg

- repaated svery 2=~3 waaks a total of six timas. The monkey

was boosted by injection of 100xg of 8CD4 intc the
inguinal region of one thigh and one weak )ater tha drain-
ing lympn node from ths same thigh surgically removad.

“lymphocytes were removed from the lymph node by slicing .

the tissue and rinaing with storile DMEM medivm. The cell

suspension vas passed through a nylon gauze and collacted
.by centrifugation at 1000 x g for 10 minutes.
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Approximately 1 x 10° lymphocytes wara suspended in
Tris-ammonium chloride buffer (16mM, pH 7.3) and varmed to

374C for 5 minutes to lyse the erythrocytss. Lymphocytes

vere collected by centyrifugation and rasuspendsd in L-lsu-

cine mathyl ester (IME) snd incubated at I7°C for 45 min- =

-0tes. The LME treated c.n. werq filtered through a nylon

screen and cantrifuged. . lml of fetal calf sarum was

‘added, the cells nu:mulcd and washed twice in serum-frae

RPHI. The cells ware counted and mixed into a single S0ml

'conical centrifuge tube tcgcther with an equal number of
' K6H6/BS heteromyeloms cells, prevashad twice in serum free
‘megdium. Cells vere gently suspsnded in 1 Bl of 50% PEG

(polyethylene .glycal) added slowly with qanr.}.e ati:nnq'

over a 1 minute pcrmd. The cells vera then resuspended

by the. addition of 20ml of. nru:a-trco medium oVer a8 5 min-

ute. period vith gentlé nixing. to dilute out the PIG.

';;After washing twice with serum-fres medium cells were

20

25

- 38

resuapended at .a concentration of 5 x 10%/0.1 al in RPMI

medium, containing 20% fetal calf serum and gentamycin and
placed into 96 well micre :inue culture plaves at 0.1 nl

per wvell.. An equal volupe of HAT medium (0.1 ml) was
added to each wvell and the hybrids Anound to grow for
14~17 Qays befora sczccning.

Production of Anti-~CDR4

_ - The assay to 'qictetminc anti~CD4 mpacificity wvas as
followg: ELISA plates ware coated with recombinant sCD4
at a concentration.of 100ng per well and blocked with 1%
bovine gerum albumin in PBS. 350 ul aliquots of hybridoms
suparnatant were removed from each well and alloved to
incubate with the 8CD4 coated plates for 60 ninutes.
Binding was detected by incubation with ™I labeled goat

“antiehuman or goat antivmenkey Ig for 60 minhutes. After
. wvashing four times with distilled water, the vells were

counted in a gamma counter. . Positive wells were re-
assayed in. duplicata and the hybridmn_l qp_lls from those

SUBSTITUTE SHEET



FEB-18-96 23:11 FROM: ' ‘ - Yy
This Sheet Has Been Replaced

|

W0 93/02108 - [ . PCT/US92/06194

30
vells s_ubclon_éd three times, first at 5 cells per well
' then twice at 1 cell par well. At this stage anti-scDd
positives ware screened .£or the ability to bhind to cell
surface CD4.  This vag dona by inhibition of binding of an
5 anti~CD4 murine monoclonsl, termsd 1F3, to tha CD4 posi-
tive call line supTl. Briefly this vas done by co-incu-
pating different amounts of monkey anti-Cb¢ and 10ng of
W1-labaled 1F3 vith 3 X 10° supTl cells/vell in a 96 wall
plate. After incubation ‘or 1 hour at room temperature
10 ' (about 20-25°C) cells war removed by vacuux onto glass
gibar filters. At:u’ extensive washing with PBS the fil-
ters wers counted in a gamma countar to determine the
inhibition of IF1 binding tc supTl cells by the monkey
. hybridema supernatants.
15 . A candidate clone was chosen vwhich produced an anti-
bedy that shovad strong inhibition against 1F). The clone
.Ws chose wvas isotyped using human isctyping reagents and
found To be an IgG2 possassing a lambda light ‘chain. This
call line was grown up to iarq'er nunbars for cloning of
20 its impunoglobulin genes.

Rsgion Genss fxom Monkey JImmortalized R-calls
a Total RNA was -'i.soli:_lt.l from 1 x 107 'nenkiy immortal-
. ized B-cells using the guanidinium iscthiocyanate method
25 dascribed above. 'One tenth of the total RNA was used to
' wake single stranded cDNA using an oligo-dT cligenucleo-
"tide primer and reverse. transcriptase, &1sc as described
above. One tenth of tha amount of 88 GDNA was used to set
up PCR reactions. The six PCR reactions es¢h includad one
30 of six 5' V, family npceuie pligonuoleotide primars con-
taining a Sal I restriction site togethar vwith an Ig6 3*
‘constant region oligonucleotide contair.ng an §he T site,
both shown in Figure 7-1. Similarly, five PCR reactions,
~upilizing one of .five 5' lambda leader ssquence oligonu-
3s chctidc pﬂ.aera containing » Bgl IT sita and a 3' lambda
_cenatant :agxon prim containing an AVx IX site, vers run.
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Reaction conditions wvere as described above. Each PCR
reacticn was run in triplicats. The producta of each of
the heavy chain and light chain amplification raactions
ware run on 1.2% agarcsa gels. Tha VH4 heavy chain primer
5 (8EQ. ID. NO.: 13: 5 mmmmmmcacmmnm ")
and lanbda primer (s:q. ID. NO.; 14t (5' ATCACAGATCICTCAC
;. r_mmccracrccccrcrcc'zcc 3*) gave strong bands on agarose
‘gel olsc:rophonns. The, pMucu of thase reactions ware
used . for cloning into the vactor TCAE LT which contaius
10. nunan IqGJ. and human hnbda canstam: ngzon nqnanen._
c1oni.nq cf the two varublo region genas into the
' expression vector TCAE & was done sequentially. First,
the -haaw--.c'hain PCR product and the vector TCAE 6 vere
digasted with the rutr.iction snzymes. Sal I and Nhe I, the
. 15 products extracted with phendl/chioroform, and passed
°  through a SEPHADEX C~25 spin column. The PCR product was
ligataed .to the cut vector ovarnight &t 14°C in the pres-
‘ance of T4 DRA ligase. Approximately 500ng total DNA was
_ligated in a volume of 10wl with an insert/vactor meolar
.20 ratioc eof 10:1. Lxgaud material was used to transform
XL~-1 Blue competent cells (Stratagene) and the transformed
calls plated onto LB agar plates containing S0ug/ml ampi- .
.cillin. -Colonies of amp:.ci.lli.a resistant bacteria wvere
_ picked and grown as 5al minicultures. Plasmid DNA was
25 extracted from each of thase cultures by a standard alks-
' line lysis method cut _uitl'\j the restriction enzymes §Sal I
and Nhe I and the products run on a 1.2% agaross gel.
‘Plaswids with inserts of approximately 450bp were used as
. templates for the subsequant cloning of light chain vari~
30 able regions. The products of the light chain PCR reac-
" tion as wall the plasmid containing the haavy chain inser:
were cut vith the restriction snzymes Bgl II and Avx IX
and ligated- togcthct. . Plasnid minicultures were scraeaned
. by cutting w:t.h m IT and Avr IXI. Digests giving an
“35  inaexrt of apprexiutely. 400-450 bp were scored positive..
‘Plasmids containing doth Sal I/Nhs I and Bgl II/Avx II
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insarts ware grown -up in - larger quan:itus for DNA

. sequencing,

Tha tandem chinrle nnf.:l.body axpression vectors TCAE

. %5.2 and TCAE 6 wara derived !ron the vector CLDN, which

itsalf is a derivative of the voctar RLDN10b (253 Scisncs

77-79,1991). . RLDN1OD in turn is a derivative of the |
‘sxpression vector IND (7 DNA 651-661, 1988)

RLDN10b differs from the vaector TND in the following
ways. The dinydrofolate reductass (DHFR) transcriptional
cassette (promotar, CDNA, snd polyadenylation region) was
placed inbetween tha tissue plasminogen activator cassette
(t~PA expresalon cnutu) and the nccuycin phesphotrans-

" ferase (NEO) cassetZe so that zll three cassettes ars in

tandenm. and in the same transcriptional orientation. 1In

.additian, the DHFR gens promoter in .CLDN has beeh replaced

by the mouse bsta globin major promoter (3 Mal. Cell Ricl.
1246-54, 198)) and tha t-PA CONA replaced by a polylinker.

-All three eukaryotic tranecriptional cassettas (Expression
'+ DHFR, NEO) can be separated from the bacterial plasmid

DNA (plUC9 derivative) Dby digestion uith the restriction

-ndonuclcase mx.
CLDN - differs from RLDN1OD bccaun the Rous LTR :Ln

' . front af ‘the polylinker has besen replaced by the human

25
a0

as

cytoncguoviz-us immediats early gene promotsr enhancer (41

Ceoll, 521, 1985).
The expression vecrtors TCAE S.2 and TCAE 6 differ

from CLDN in that:

1) They contain gour transcriptional cuaattss'
(inst.ad of three), in tandem order:

() A human immunoglobulin light chain constant
rcgion derived via amplification of CONA by a polymarase
chain reaction. In TCAE 5.2 this is the human immuncglo-
bulin light chain kapps constant region (Kabat numbering

amino acids 108-214, allotype Kn3), 8nd in TCAE 6 the
human immunoglobulin light chain lambda constant ragion

(Kabat numbering amino acids xoa-z:.s. genotype Ot nl.nus,
Mcg minus, Ka minus anotypn}
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(b) A human immunoglobulin heavy chain constant
region; in both constructs the human immunoglobulin heavy
chain vas a gapna 1 constant region (Kabat numbering amino
~aclds 114-478 allotype Gmlia, Gml2), which was derived via

S anplizicatien of CDNA . by 3 polynerasa chaip reaction.
, {c) DHFR; conta;ning ;ts own aukaryotic pro-
moter and polyadenylaticn xrsgion.
- .{d) NEO; also containing its own sukaryotic

. promotar and polyadanylation region.

30 3) The human izmmunoglodulin light and heavy chain
cassettes contain synthetic siqnu sequences toz- sacretion
of the immunoglobulin chainx
| 4) ‘'The human immunoglodulin light and heavy chain
cassettas contain specific OMA linkers wvhich allow for

15 insertion of light and heavy immunogicbulin variable
regions vhich maintain the translational reading frame and
do not alter the aminc acids normally found in immunoglo~

" bulin chains. The incorporation of the changes described,
led ta _thg-'conltruction of the vectors TCAE 5.2 and TCAE

20 6. The ¢loning of the immunoglobulin light and heavy
variable region genes, 2rom the anti~CD4 heterohybridoma

_ call line £9.1, into TCAE § led to the construct which is
deposited in the ATCC. The construct, -which has been
dsposited, contains the cynomolgus monkey immunoglobulin

25 heavy chain vatiabli.toglon_nnd cynéuolqus monkey immuno-

' globulin light chain variable region, whose seguences are
shown in- Figures 13 and 1¢ raspectively, cloned from the
anti-cD4 hybridoma cell line ES.2. The heavy chain con-

. mtant region is of human origin of the gamma 1 isotype and

30 Gnla, Gmlz allotypa. 'Tha lambda light chain constant

" “reglon is alsc of human crigin, of the 0z minus, Rcy pinus
genotype and Ke minus allotype. The immunoglobulin genes

are .cloned into the mamnullan expresaion vecror TCAE 6,
shown in Figure 6 , ihich. whan cltciropo:ated into the

35 mammalian cell line CHO. produced a monkey/human anti-~CD4
chimeric antibedy. . The DNA construct described herein,
has bean used to transform the bacterisl strain XL-1 Blue,

sl 1 (11
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selectad in the’ an:lhlotxc agpicillin and dcpositod a8 &
bacuriuz cell sulponlloa in ltcruo LB medium containing

15% glycerol.
Another usaful axpnss!.cn systen is one in which the

- gene encoding a salactive mkct is modified to .snhance
yiald of recombinant systans cneoding a desired seguance. -
_ For example, translation initistion ippairment of a domi-

nant salectadle marker results in fever drug resistant
colonies compared to a hen-impaired vector, but each indi-
vidual colony exprasses llgniﬁcantly higher levels of
colinked gene product than in tha unjmpairsd vector. For
sxanple, translation initiation is the first step in pro-
tein synthuis. The translation initiation site of the

' nsonycin pnoaphotranste:au geane (G418 :ulsunu gene)

vas changnd from a consansus Kozak (sequanca = GCACCATGG)

to a poor Kozak (uqucncc - CCTCeATGC) « ‘.l‘:'analauonal

initiation impairment of the G418 rasistance gene rasulted
in: 1) & significant (5 fola) reduction in the nunbar of

increase in the agiount of ¢o.:nked product gane axprsssed
in sach clons. In tha clones containing the conssnsus
Kozak 73% of the coloniss screened produced less than

: zsng/nl, with enly % produ:ing greater than 100 ng/nl.

For clonas with tha altersd, poorer Kozak, 8% of the

with 63% of colonies producinq greatsr than 100 ng/ml.
Specifically, referring to Fig. 16 (uhaere wcu $.2 has 2

' consensus Kozak, and TCAE. 12 has & poorer ' Kozak), 258

30

35

colonies were derived from 2 elactroporations of 25 ug of
DNA which contains a neomycin phosphotransfarase gene with

& conaensus (unchanged) translation start site. 201 of

these colonies (78%) did not exprass any dstactable gene
product (l.9., <25 ng/ml. of chimeric imnaqlebunn) , and

~only 8 uoleniu (3%). .xprcsud more than 100 ngjml. 98

colonias wers derived fram 6 chcuopeuticns of 25 pg of
DNA which contains the monycin phosphotransferase gene
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vith an altered translation start -site. 63% of these
colonies were axpressing mors than 100 ng/ml, and only 8%

- ©f these colonies exprussed less than 25.ng/ul.

Plasnid ONA vas preparad from 100ml culturas. It wvas
further purified by _.pza,:i_.;iuung {1 volume) with a mix-

. tura of 2.5M sodium chlaride and 20% polyethylens glycol

10
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{6 volumes) on ice for 1% minutee. After cantrifugation

.4t 10,000 x g £or 20 minutes, the pellet was vashed with

70% .ethanol,  racantrifuged and dried in a Speadivac
{Savant). The pellet of DNA was resuspended in deionized

water at a eoneanu-ation of 150-250 ug/ml. Sequencing vas
' earried out on Sug of doubla stranded DNA using the tech-
nique of Sanger. Sequancing prijiers which vere homologous '

tc seguences within the expression vactor upstream and

_downstream of aeither ‘the light chain or heavy chain

inssrts vars used. The inserts uvere seguenced in both 5!
to 3' and 3' to 5° directions. Two clones of anti~CD4
light. chain and two clones of anti-CDé hesvy chain each

generated from ssparata PCR resctions were saquenced in

parallel in ordar to determine whethar any nucleotide
changes had been introduced during the PCR reaction. Both
of the chosen heavy chain.and both 1ight chain clanas were
found to be .ldnntical over 'enair antire langth, eoutirninq
that no- crrors had. been xntxadaced during the mpl.\nca-

-tion procoss. The nquem of the anti~CDe heavy and
light chains are shoun in Figures 13 and 34 and Saquence .

Listing Nox.: 15 and 6.

The expreasion vaetoz' rm 5. 2 cnd TCAE s are not

only abla to be used for stabls integratad axpression into
the cell lines §pZ/0 and CHO but, bacauss it includes the

;-s_v(o origin, is also «nbl_.e to be expressed transiently in
. 'the cell line COS. - COS call expression was performed as
follows: <COS c¢ells wara sseded one day before the trans-
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. fection so that they would be 50-70% confluent the follow-

ing day. cCulture madiup was ramcved and the cells washed
twice with Transfection Buffer (TB ~- 140mM NaCl, 2SmM

Tris, SmM KCI, 0.5mM NafiPO, 1mM MgCl,, 1mM CaCl). 30 ug
. 6f cesiun chloride purified TCAE ¢ plasmid containing the
" anti-CD4 monkey/human chimaric heavy and light immunoglo-
- bulin chains vere mixed with Iml of DEAE dextran per dish

(1 mg/ml in TB). The DNA vas slloved to incubate with the

cells for 1 hour at 37°C.. DNA solution was removed and
uplaced with 3ml of 20% glycerel for 1.5-2.5 uminutes,
after which the _calls vere tuice washed with TB. Cells

'Htre. incubated in Sal of fresh sedium containing lo0uM

chloroquine for 3-5 hours At 37°C, after waich they were
washed twice with medium and incubated with normal DMEM
for 72 hours. Supernatant (100sxl) from the tranafectsd

€OS calls vas assayed at various dilutions for the pres-
-ance of antibedy by an ELISA-based technique.  Gost anti-

husan lambda was used tO. coat 96 well assay plates and a
paroxidase~labeled goat anti-hugan IgG as ths dstection
antibody, under standard ELISA conditions. COS cells were

‘found to produce between 10 snd 40 ng/ml of monkey/human

chimeric antibody. Larger volumes of supernatant vere
concentrated 10 fold and 'un_cd in a direct binding RIA to
CD4 poaitive supTl cells. The parantal whole monkesy anti-~

‘body and an irrelevant human imsunoglobulin were used as
a positive and nagative controls respectively (Fig. 11).

Furtharmore, the monkey anti-CD4 and tha nank-y/hmn
chinaric -anti-C0D4 werea usad to inhibit tha hxnd:l.nq of a
high attiuizy mouse anti-CD4 {1F3) antibody (Fig. 12). I
can -be sean that the monkey/human recombinant antibody
(ATCC No. : } not only binds to CD4 positive
calls but is able to inhibit tha binding of 1F3 o D¢

- ‘positive calls in approximstely the same concentrations of

vholly nenkcy ant.thody or 1F) itself.
Tha folloving is an axnple of ths not.bods and
antibodies ct this invention. - -

- T “W -
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. An adult cynouolqﬁs ‘ponkay (White Sands New Mexico
Primate Center) was 1munxz¢d intramuscularly, at multiple
sites, with 5 x 10° vzxoh €D54 positive human lymphiocytes.
Calls used wers uto:nataly. §B cslls (humsn B lymphoid
line) and activated periphsra]l humen lymphocytes, acti~
vated by pre~incubstion with » mixture of pokeweed mitogen
(2:%mg/ml), phorbol monoacetats (40 n¥) and phytchemagglu-
tinin (4mg/well) with ths inclusion of a standard adju-

‘vant, lamunization was repeated every 2-3 weeks over a

pericd of 8 months. Sera from the immunized animals were
screened at various times by inhibitien of binding of a
murine antibody, 84H10, known to bind to ICAM-1. A satur-
ating amount of 84H1C was bound to chinese hamster ovary
cells (CHO), previcusly transfected with an expression
vacter containing human ¢DS4 c-DNA and selected. for high
axprassion of cell surface CD34, together with increasing
dilutions of monkey serum. The inhibition of -84H10 binding
is shown in FIG. 15. ' '
Other murine monoclonal antibodiss which recognize
ather. human J.gmpnecyta an:é.qans ware tasted by inhibition

" using monkey sara qh:unsd by the same me.zation
~methods. - ' '

antidodies produced in the manner described abova, or
by aguivalent techniques, can be purified by a combination
of affinity and size exclusion chromatography for charac-~

- terization in functionsl biclogical aszeys. Thesae assays -
include determination of mpacificity and binding affinicy

as vell as effacter function associated with the expressed
isotype, s.9., ADCC, or complement !1:&1:-1en. such anti~
bodies may be used as passive or active tharapeutic agents
against a number of human disesses, including B call
lympnoma, infectious diseases including AIDS, autoimmune

and inflammavory disemgas, and transplantation. The
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ﬁnn’ihodh‘-_ can ba uicd sithey in thair native form, or as
- part of an -antibady/chelate, -antibody/drug er antibedy/

toxin complex. Addicionally, whols antibodies or antibody

‘fragments (Fab,, Fab, Pv) may De used as imaging raagents

or as potential vaccines or jmmunégens in active fmmuno~

' tharapy tor the. gcnontiun of an:i-.tdiotypic TORPONSes.

‘The amount of antibody useful to produca a tharapeu-
tic effuct can be detarmined by standard techniques waell
known to those of ordinary skill in the srt. The anti-
bodies will gcn.:any be provtdod by s:-ndn-e teachnique

within a pmmecu:i.cnuy ‘acceptabla buffer, and may be

sdministared by any desired route. Because of the effi-
cacy of the presently clainmed. antibodies and their toler-

ance by humans it is possible to administer. these anti-

bodien repatitively in ordar to combat various disnuca or

.dinnnnc states within a human.

The anti-CD4 zn:unblnant antinodias (er fragments .

thereof) of this invention ars also ‘ysagul for i.nducinq

i.muimsuppr---xan, di.. . inducing a lupprosla.en of a

hunan‘s or animalifs inuno system. This invention thare-
. fore velates to a method of .prophyhenenny or therapeu-

tically inducing immunosuppression in a human cor other

~animal in need thereof by administering an sffective, non-

r.ax.'lc apount -of such an antibedy of ‘this !.nvcnt.ion to’ such

hunnn ar other animal.
The ability of tha =anpcnndc of this invention ta

. induce 1muuasuppru-ion may ba dsmonstrated in standaxd
tests usad for this purposa, for czoaph. a mixed lympho—

' ‘eyte reaction test or a test measuring inhibition of
T-cell proliferaticn measursd by thymidine uptake.

The fact that the antibodias of this invention have

utility in inducing lmmunosuppression maans that they are
- usaful in the trestment or prevention of resistance to or

rcjnct.ion of t:amplnnt-d organs or tissues (g.4., kidney,
heart, lung, ban- marrow, akin, camu. S%EC.): the treac~
nent -or pravanticn of autoimmune, i._nt;am_t:ry prolifera~

‘tive and hyperproliferative diseases, and of cutanecus
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manifestations of immunologically medicated diseases
{e.d9., rheumatoid arthritis, lupus erythematosus, systenmic
lupus erythematosus, Hashimotos thyroiditis, multiple
sclerosis,' myasthenia gravis, type 1 diabetes, uwveitis,
5 nephrotic syndrome, psoriasis, atopical dermatitis, con-
tact dermatitis and further eczematous dermatitides,
seborrheic dermatitis, Lichen planus, Pemplugus, bullous
pemphigus, Epidermolysis bullosa, urticaria, angiocedemas,
vasculitides, erythema, cutaneous esosinophilias, Alopecia
10 areata, etc.); the treatment of reversible obstructive
airways disease, intestinal inflammations and allergies
{e.g., Coeliac disease, proctitis, eosinophilia gastro-
enteritis, mastocytosis, Crohn's disease and ulcerative
~&olitis) and food-related allergies (e.g., wmigraine,
15 rhinitis and eczema}. .

One skilled in the art would be able, by routine
experimentation, to determine what an effective, non-toxic
amount of antibody would be for the purpese of inducing
immunosuppression. Generally, however, an effective

20 dosage will be in the range of about 0.05 to 100 milli-
grams per kilogram body weight per day.

The antibodies (or fragments thereof) of this inven-
tion should alsc be usaful for treating tumers in a mam-
mal. More specifically, they should be useful for reduc-

25 ing tumor size, inhibiting tumor growth and/or prolonging
the survival time of tumor-bearing animals. Accordingly,
this invention alsoc relates to a method of treating tumors
in a human or other animal by administering to such human
or animal an effective, nun-toxic amount of an antibody.

30 One skilled in the art would be able, by routine experi-
mentation, to determine what an effective, non-toxic
amount of antibody would be for the purpose of treating
carcinogenic tumors., Generally, however, an effective
dosage is expected to be in the range of about 0.05 to 100

35 milligrams per kilogram body weight per day.

The antibodies of the invention may bs administered
to a human or other animal in accordance with the afore-
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meibnéd Eethods of traatient in an amount -sufficient to

' _produce such effect to a therapeutic or prophylactic

10

5

degree.. Such antibodies of the invention can be adminis-
tared to .such Numan ©r other. animal in a conventiocnal
daosage form prepared by combining the antibody of the

" invention with a conventional pharmaceutically acceptabls

carrier or diluent according to known techniques. It will

be racognized by one of skill in the art that the form and
character of the pharmaceutically acceptable carrier or
diluant is dictated by the amount of active ingredient

with which it is ©o ba combined, the route of administra-
tion and othar well-known variables, .
'Tha route of administraticn of tha antibedy (or frug-

" ment thereof) af the invention may be oral, parenteral, by
inhalatien or topical. The tera pauntoral as used harein

:.nclud-s intravenous, :.m:zmuscula:. subcutansous, ractal,
vaginal or intraperitoneal a_dnlnutut._i.,cn. The subcutane-

| ‘ous and intramuscular forps .of parenteral administration

.20

- 28

30

35

ara genarally proterrod.. :
The dally parenteral and. c:ll dosage reginsnsg for

. employing c_onpqunc,ls of the invention to prophylactically

or. th-rlpluti.cally induce immunosuppression, or to thera-

_peut;cauy trest carcinogenic tumors will generally be in
- the range of about ¢.05 to 100, but preferably about 0.5

to 10, milligrams par kilogram body weight per day.
The antidody of the invention may also be adminis-

“tarad by inh_allt_io_n. By *inhalation" is meant. intranasal

and oral inhalation adunistr_aucn. Apprepriau dosage
forms for such administration, such as sn serosol formula-

‘tion or'a metersd dose inhalar, msy be prepared by conven-
“tional techniques. The preferred dossge amount of a com-

pound of the znvem.lon to be amployed is gomany within
the rangs of about 10 to 100 milligrams. _
The antibody of the -invention may alsc ba adminis-

tered topically. By topical sdministration im meant non-

systenic administration and includes the applicaticn of an

_sntibody (or fragmarnt thereof) cémpound of -the invention

This Sheet Has Been Rep

i i oo s



FEB-19-86 23:13 FROM: & 1t

WO 93/02108

10

Th:s Stieet Has Been Reﬂ aced

Hiﬂlﬂ IIIIH i

41

PCT/US92/06194

extarnally to the epidermis, to the buccal cavity and
instillation of such an antibedy into the ear, eye and
nose, and where it doas nat significantly enter the blood
strsam. By systemic administration is meant oral, intra-
venous, intraparitoneal and intramuscular administration.

' The amount of an antibody regquired for therapeutic or

prophylactic effect will, of courss, vary with the anti-

‘body chosan, the nature and severity of the condition

baing treated and the animal Undergoing treatment, and is
ultimately at the discretion of the physician. A suitable
topical dose of an antibody of the invention will gener-
ally be within the range of sbout 1 to 100 milligrams per
kilogran -bodj wveight daily.

Wnile it is possible for an antibody or fragment
thereof to be- administarad .alone, it is preferable to
present it as a pharpacautical formulation. The active

. ingredient may comprise, -for topical administration, from
© 0.,001% to .10% w/w, 2.9, ‘t¥om 1% to 2% by veight of the
20

!emuia:ion. although it may comprise &8 much as 10% w/w
but pratuably not in excess of 5% vw/w.and more pre:erahly

. from 0.1%. o 1% wiw ot ths foraulation.

25

3o

‘The topxcal !omulaf.iom of .the p:cunt invention,
compriase . an active ,mq:od_hn_t together with one or more
acceptable carrier(s) tharafor and copticnally any other
therapautic ingredients(s). ‘The csrrier{s) mnust De
racceptable® in the wanse of baing compatible with the
other ingredients of the formulation and not deleterious
to' the recipient tharaef. _

Formulations suitable for tepical adminigtration

" ‘include liquid or semi-liquid.praparations suitesble for

penstration through the skin to the site of where treat-
ment is required, such as linimants, lotions, cresms,
cintments or pastes, and drops suiublc for adainistration
to the eye, asr or nose.
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Drops sccording to the presant a‘.nvcnt..i._én may comprise
sterils agusous or oily sclutions or suspensions and may

'be prepared by dissoiving the active ingrediant in a suit-
.able aqueocus soluticn-of a bactaricidal and/or fungicidal

agant and/or any other suitable preservative, and prefer-
ably including a surface active agent. The. resulting

- soluticn may.then be clarified by filtration, transferred

10

i5

20

25

30

38

to a suitable container which is then sealed and steril-
.ized by autoclaving or maintaining at 90°-100°C for half
‘an hour. Altarnatively, the solution may be sterilized by
- £iltration and tranafarred tc the container by an aseptic

tschniqua. Examples of -bactericidal and fungicidal agants

- suitable tor anlusion .i.n tun drops are phenylmercuric
_nitrate or.nceute {0.0028%), hcnzalkomun ehleride (0. 018%)

and chlerhaxidine acetate (0.01%).. Suitable solvents for
the preparation of an oily .solution mcludc glycerocl,

diluted alcohol and pz-opyhnc quccl. .

Lotions according to the present hwoa:.taa include

" those suitable for npplieauon to the skin or sya. An eye

lotion may comprise a sterile agquscus ‘solution optienally

- containing a bsctericide and may be prepared by methods

similar to thosa for tha preparaticn of drops. Lotions or
;1n1nchts for application to the skin may also include an
agent to na_s'ton.dryiag' and to coel the ' skin, such as an
alcohol or acetone, and/or a moisturizer such as glycerol
or an oil such as castor oil or arachis oil.

Creams, ointments or pastes accarding to the present
invention are sami-solid formulations of the active ingre-
dient for extarnal application. They may be msde by mix-

.ing . the active .ingredient in finely-divided or powdered

form, alona or in solution or suspansion in an aqueous or
non-aqueous fluid, with the aid of suitable machinery,

‘with a greasy or non-graasy basis. "The basis may comprise

hydrocarbons such as hard, soft or liquid paraffin, gly-

carol, basmwax, a _not_all.i_: soap; & mucilage; an oil of

natural -origin such ag almond, corn, arachis, castor or

olive oil; wool fat or its derivatives, or a fatty acid
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such as stearic or oleic acid together with an alconel
such_as propylene. glycol or microgols. The formulation
may incorporata any suitable surfsca active asgent such as
an:qntbpié,'cit;nnic or non-ionic. surtace active such as
sorbitan esters or polyexyethylens derivatives thereot.
Suspending agents such as natural gums, cellulosa deriva-
tives or inorganic materials such as silicacwous silicss,
and other ingrsdients such as lnnqlin.- may alsc be

included.

It will ba reccqnizcﬁ by one of skill in tha art that
the optimal qnanzity and spacing of individual dosages of
an antibody or fragment theredf of the invention will be
deternined by the nature and extent of the condition being
treated, the form, route and gita of administration, and
the particular animal being treated, and that such opti-~
mums. can .bs deternined by cenventional techniquas. It
vill also be appr.ciatcd by one of skill in the art that

the optimal” cournc of trcatnnnt. L*QL the nunber of doses
of an antibody or fragmant thereof of the invention given

per day for a defined number of days, can be ascertainad

'by. those skilled in the. art using conventional course of

treatment datarnination tests.
Without further élaberation; it is beliaved that one

skilled in the art can, using the preceding description,

utilize the present invention to its fullest extent. The

.tol;owing-nre. tharafore, to be coastrued as ncrely:illus-

trative exawples and hot a limitation of the scope of the

Present invantion in any way.

: ’ ] : ‘I‘ )

A pharmaceutical compositicn of this invention in the
torm of a capsule iz preparsd Dy filling s standard two-
piece hard gelatin capsula with 50 mg. of an antibody or
fragment theresf of the invantion, in powdered form,
100 mg. of 1accose, 32 ng. of talc and B ng. oz nagnesium
stearace. :
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, A pharzmacevtical coapeli:ion of this invention in 2
form suitable’ for sdministration by injection is prepared

by stirrinq 1.5% by welght of an antibody or fragment

thereaf of thd invention in 310% by volume ;ropyicm glycol

.and water. The -eluz:l.on is sterilized by :ilunnon. _

- Antibody or fragment theraof of the invention 1.0 g.
. Wnite soft paraffin to 100.0 g.
. The antibedy or fragmsnt thereof of the invention is

dispersed in 3 small valume of the vehicle To produce a
‘smooth, -homogensous product. -Collapsible metal tubes are

' ~then filled with. the disp_éuion.

18,

20

25

k1)

Icpical Cream Compoajtion
" Antibaedy or fragment thereot of the invcntion 1.0 g.
'Polavax GP 200 20.0 g. .
~ Lanolin Anuydreue 2.0 g.
Wnite Bcuw\x 2.5 .
. Mathyl hydroxyb-nzoatc c.1 g.
Distilled Water e 100.0 g.
The polavax, baeswax lnd lanolin are neated together
at 60°C. A. aamuon of nt:hyl nydraxybcnzoatc is added
and hopogenization is achieved us;ng high speed stirring.

"J.'ha :-npcruuze is then -allowed o fall to 50*C. The
antibody or fragment  thersof of ths Iinvantion iz then
' mdded and dispersed throughout, and the composition is

auovad to cool uith slow lpud lclr.:xng.

Antibody or fragment tnirqog- of the invention 1.0 g.

Borbitan Monoclaurats 0.6 g.
Polysorbate 20 0.6 §.
Catostearyl &1:9!101 1. 2 g.
" Glycerin 6.0 g. .
Methyl Hydroxybenzoats 0.2 g.
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Pur!.ucd Watar B.P. o 100.00 ml. (B.P. = British

Pharmacopeia)
The wmethyl: hydroxyh-nzoau and glycarin are dissolved

in-70 ml. of the watszr st 75°C. The sorbitan monolaurats,

paly-qrpa,u' 20 and cetdstearyl alcohol are melted together

at '75 ic '-'a_nc_l_ added to the agueocus io_l\_ltlon- The rasulting
enulsion is homogsnized, alloved to cool with continuous

stirring snd the antibody or fragment therecf of the
invention is added as a suspension in the resaining water.

The wvhole. suspension is stirrsd until homogenized.

Zye Drop Composition S
Antibody or !:Sg'n_cnt_z,t_h_ctqo! of tha invention 0.5 g.
Msthyl. Hydroxybenzoate 0.01 g.
_Propyl Hydroxybenzoate 0.04 §.
Purified Water B.P. to0. 100.00 ml.
The mathyl and yropyl hydroxybenzoates ars dusolv.d

'in 70 ml. purifisd water.at 75°C and tha resulting solu-~

tion is allowed %o cool. The antihod_y ar fragmant thereof

‘of the invention is then added, and the solution is stexr~

ilized by filtration through a membrane filter (0.022 um
pore size), and packed.aseptically inte suitable sterile

containers.

_ For an asrcscl centainer with a capacity of 15-20 ml:
mix 10 mg. of an antibody or fragment therscf of the

‘invention with 0.2-0.5% of a lubricating agent, such as

polysorbate 83 or oleic acid, and disparse such mixture in

‘& propsllant, such as. fzaoh, prefarably in a combimation

£ (1,2 dichlorotetratiucroethana) - and diflucrochloro-

methane &nd put intc an asppropriate a¢rosol container

adapted for either intranasal or oral inhalation
adninistration. ' :
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' For an aerosol cantainer with & 'capacity of 15~20 ml:
dissoive 10 mg. of an antibody or fragment therecf of the
invention in ethanol (6~8 Bl.), add 0.1~0.2% of a lubri-
cating agent, such as .polysorbate 8S or oleic acid; and
disperaa such in a propallsnt, such as freon, preferably
in combination of (1.2 dichlerotetraflusrcethane) and
di:luorccm.o:ommm, and put intc an appropriata seroscl
containar adapted for -imr intranasal or oral inhalation
adni.nistration.

The antibodies and pharnaceutical. caupuluons of the

invention are pazeicul.ar;y usaful for parenteral adminis-

This Sheet Has Been Re;

.

tration, j.e., subcutaneously,  intramuscularly or intra-

vencusly. The compositions for parentaral administration
will commonly. comprime & solution of an antibody or frag-
ment thersof of the invention or & cocktail therssf dis-

-s0lved -in .an acceptabla carrier,. preferably an agueous
‘carrisr. A varisty of sijuscus carriers may be employed,

£.9., water, buffered water, 0.4% saline, 0.3% glycine,

‘and the like. Thesme solutions are sterile and generally

free of par:iculate partar. These solutions may be ster-
ilized. by conventional, velleknown sterilization tech-

- nigues. The =nnpos£t:l‘.ons .may contain pharmaceutically
_ acecpubla auxiliazy substances &s uqui.t‘d €O approximate

physiological. cond.ttions such as. pH adjus:mq and buffer~-
ing agents, gatc. The concentration of the antibady or

fraguent thereof of tha invention in such pharmaceutical
formulation can vary widely, i.s., from less than abdout

©° 0.5%, usually at or at least about 1% to as much as 15 or

‘30

35

20t by weight, and wil] be selected primarily based on
fluid volumes, viscosities, §3c., according to the parti-
cular mode of administration sslected.

Thus, 3 phermaceutical cemposition of the invention

for intramuscular injectien could be prapared to contain

1 sl sterile buffered water, and 50 mg. of an antibody or
tragument thereof of the invantion. Simllarly, 3 pharma-

ceuticsl composition of the invention for intravencus
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‘infusjon could be made. up to contain 250 ml. of eterile

Ringcr 8 lolution, and 150 mg. of an ancihcdy cr fragment
therecf of the invention.. actual wetheds for preparing
pa:cntarany udmluu:ﬂhh compositions are wall-~known or
wvill ba apparent to those skilled 'in the art, and are
described in more detail in, for sexample, Ramington's

Bharmaceutical Scisnce, 15th ad., Mack Publizhing Company.

Esston, Pennsylvania, harsby incorporated hy ‘rafarsnce

herein. _
The antxbodlcs (or fragnents thereof) of the irwcn-

tion can be lyophilized for storage and reconstituted in

a suitable carrier prior to use. This technigque has been -

shown to be effective with conventional immune globulins
and rv.-known lycphihzatien and reconstitution techniques

‘can ba cmploycd. _

Depending on the :Lntanded rnult, the pharmaceuticsl
conpqsi_t:lon of the invention can be administered for pro-
phylactic and/or therapautic¢ treatmenté. In therapsutic

- application, compositicns are aduinistered to a patient

tical compositions can be carrisd out with dose levels and

already nutte:ing fron s disease, in an amount sufficient
to cure or at least partially arrest the disease and its
conplicaugnc. In _prephyl_actzq applicatj_.cn_u. cnpasitchs
containing the present antibodies’ or a cocktail thereof

This Sheet Has Been
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ares administered to a patient not alrudy in a disease .
-gtate to cnhanee tha patiant's resistanca..

Smgle, or multiple administrations of the pharmaceu~

pattern being salected by the. treating physician. 1In any
avent, the pharmaceutical compasition of the invention
should provide a qun'nt'ity af the ‘sltered aﬁtihodioc {or
tragments thereof} of the invcnt;on sutﬂe.tan: to affec-
tively treat. the patiem:.

It should also ba noted mr. the antibodus of this
inveation may be used for the des;qn and synthesis of
either paptide or non-peptide compounds (mimetics) vhich

‘wWould be useful in the same therapy as the antibody. gSee,

a.49., Saragovi et al.. s_gigm z:.;, 792+795 (1991).
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- Strain
ansigned number _____. This deposit vas made on July 9,
1992, ' ' :

Applicants' and ‘their gctignicn acknowledge their

-Tasponsibility to replace these culturss should they die

 bafors ‘the end o2 ‘the term of a patent issued hsraon,

10

- 18,

$ yYears utt-r tho 1-;: r-qu-l: for a culture, or 30 years,

'whichever is. the langur. and its responaibility to notify

tho ‘depository of the in-nance of such a patent, at which

‘time the deposit will be made irravecably availabla to the

pubdlic. {bﬂti;;th;tlt;ua_qh- deposit will be made avail-

.able ‘to the Commissionar of Patents under the terms of 37

c F.R. Section 1~14 and 35 U.S.C. Section 113.
Qthar cubodlnen;s lrc wvithin thc following cluinn.

- SUBSTITUTE SHEET

has baen deposited vith the ATCC and
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(1) APPLICART: ROLAND A. Hm
| © NABXL HANNA
- RONALD W. RAAS
(1) TITLE OF INVENTION: CHIMERIC mxaoozzs FOR KUMAN THERAPY -
-(u.n NUMBER OF SEQUENCES: 16
. ¢iv) CORRESFONDENCE ADDRESS:

(R) ADDRESSEE: Ltyon & Lyen

{(B). STREET: ' 611 Wast Sixth Street
(C) CITY: ' Los Angelss

- (D) STATE: Caliternia
(E) COUNTRY: U.S.A.

- {¥) 2IP: -02111~2658

(V} COMPUTER RmABLE !'ORH.

(A) 'MEDIUM TYPE: 3.5" Diskatte, l.4&44 Mb ntorage
(B) COMPUTER: . . IBM Compatible
.{C} OPERATING SYS‘I’EH' IBM P.C. DOS (Vermion 5.9)
cn) somm o Hard?.rhct (Version 5.0)

‘(Vl) CIJ'RRENT APPLICATION DL!‘A.
{A) AP-PLICATION -NUMBER:
(B} FILING DATE: :
- (C} CLASSIFICATION:
Wii) PRIOR APPLICATION DATA'
Priar npplj,cations total,

including applicazion
duscribed balow: - R

. m) APPLICNTION NUMBER: 07/856,281
(B) FILING DATE: 23~MAR-1992

(A) APPLICATION NUMBER: 07/735,064 °
(B) FILING DATE: 25-JULY-1991

(viii) ATTORNEY/AGENT ;urnmnéu:

{(Ay NAME: : tluhu:‘q. Richazrad J.
(B) REGISTRATION NUMBER: 32,327 _
(c) Rzrmzncz/nocxw msa. . 198/158

- { :.x) TELECOMMUNICATION mromuon.

(A) *rzr.r:pnoaa- ' (zu) 489-1600
(B) TELEFAX: . T {213) 955=0440
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() TELEX: | 67-3510

(2) :Nromuon FOR SEQ ID NO:  1:
(x) smumcs CHARACTERISTICS:. -
'(A) LENGTH: 17
{B) TYPE: WUCLEIC ACID .
{C} STRANDEDNESS: Single
14°)] rorowcv_: . Lineax:
(xi) s:oumcz DESCRIPTION : sm ID NO: 1:
CCATGGACTG caccrcc |
(1) mromuou FOR SEQ ID NO: 2:
(1) saquzncz CHARACTERISTICS:
(A} LENGTH: 20
(B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
{D) TOPOLOGY: Linear. -
(xi) SEQUENCE nzscnxrrxon SEQ ID WO: 2:
xmsacuac msnccac '
{4) INFORMATION FOR SEQ ID NO: - 3:
(x) s:qu:ucz cumcrmxsrxcs.
(A) LENGTH: 30 :
{B}) TYPE: NUCLEIC aczn
{(C} STRANDEDNESS: Single
- (D)} TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3t
' CCATGGAGTT TGGGCTGAGE .
{S) Iuromr:ou roa sr:q ID NO: 4:
(i) szousucz camc?msucs 3
(A) LENGTH: 20 -
(B} TYPE: NWUCLEIC.ACID.
{C) STRANDEDNESS: 8ingle
(D) TOPOLOGY: Linear N
" (xd) s}:quncz m:scazvmon SEQ ID NO: 42

L?MC&CC TGTGGTTC‘.IT

' SUBSTITUTE SHEET
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' (6) INFORMATION FOR -SEQ ID NO:  S:
Ee sr.qusuca camc:zusucs. |
{A) LENGTH: 20 '
{B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single-
) rosomc!. Linear

(x1) SEQUENCE DESCRIPTION : 'SEQ ID NO: S:

ATGGGGTCAA ceGeeaTeeT 20
(7) INFORMATION FOR SEQ ID NO: 6
(i) SEQUENCE CHARACTERISTICS:
(M) LENGTH: 20 ' '
_ (B) TYPE: NUCLEIC ACID
~ (C) STRANDEDNESS: Single
(D) "TOPOLOGY: Linear
(xd) sxqua«cz DESCRIPTION : SEQ ID NO:
" ATGTCTGTCT CCTTGCTCAT ' 20
(8) INFORMATION FOR SEQ ID NO: - 75
(i) SEQUENCE cmcrms:zcs: -
{A) LENGTH: 16 - B
(B} TYPE:. NUCLEIC ACID
(C) . STRANDEDNESS: Singla
.- (D} TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID No: 7: |
TTGGGCCGGA 'rccac:r ' 16
(s). Iuromrxou FOR SEQ ID uo. 81
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 . . .~
{B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear -
(%i) SEQUENCE nzscnm':ou SEQ. zn NO: a.
17

GATGGGCCE PTGCTGGA ,
(10) 'INFORMATION FOR SEQ ID NO: - 9i
(i) SEQUENCE CHARACTERISTICS:

| SUBSTITUTE SHEET
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(A) LENGTK: 21

{B) TYPE: NUCLEIC ACXID
(C}. STRANDEDNESS: Single
{D) TOPOLOGY : LGcar

(XXI SEQUENCE DESCRI?TION 4 SEQ

3"cmacccm 'rcrccaeccrc
K

C31) mromrxou FOR SEQ ID NO:  10:
(1) SEQUENCE: czmmcz‘msncs.

(A} LENGTH: 2% :
(B) TYPE: NUCLEIC ACID

.(C) STRANDEDNESS: Single -

(D} TOPOLOGY: Linear .
(%i} SEQUEB!CE DESCRIP‘Z‘ION : SEQ

CICACTTGCT GCACAGGGTCC
: Y VR M

(12) INFORMATION FOR SEQ ID NO:  11:

(i) SEQUENCE. CHARACTERISTICS:
&) LENGTH: 19
(B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
. (D} TOPOLOGY: Linear '
{xl) SEQUENCE DESCRIPTION : SEQ

AMGACAGATC GTGCAGCCA |

(13) INFORMATION FOR SEQ ID NO: = 123

( i_) SEQUENCE CHARACTERISTICS:

{A) LENGTH:
{B) TYPE: NUCLEIC ACID:

(C) STRANDEDNESS: Bingle -

(D). ’EOPOLOGY' Linear
(xi) SEQUENCE DESCRIPTION :
GGMCAGAGT GACCGAGGGG

SEQ

(24) Iurqm:mu FOR SEQ ID NO:  '13:
(1) SEQUENCE CHARACTERISTICS:

52

Ip NO: 9:

XD NO:

I_D NO:

ID NO:

10:

11:

123

SUBSTITUTE SHEET

ID:

PCT/US92/061y-

This Sheet Has Be.

i M )

21

21

1s

20



FEB~18~86 23:18 FROM:

.

WO 93/02108

L)

- (A) LENGTH: 31

(B} TYPE: NUCLEIC ACID:
{C) STRANDEDNESS: Singla
(D) TOPOLOGY: Linaar:

(Xi) BEQU'EN'CE DESCRIPTION : SEQ IP NG: 13

L0

PCT/US92/061
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AT

ACTAAGTCGA CATGAAACAC CTGTGGTICT T n
(25} TNFORMATION FOR SEQ ID NO:  14: .
m smuzncs CHARACTERISTICS:
' (a) LENGTH: 39
 (B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D). TOPOLOGY. Li.nnt
"{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14: .
ATCACAGNTE TCTCACCATG accrsq-rccé--crcrccrcc' 3
(m INFORMATION FOR SEQ ID NO: .15:
" ti) SEQUENCE cxmcrmsrrcs.
(A) LENGTH: 423
~ (B) TYPE: NUCLEIC ACID
{C} STRANDEDNESS: Single
(D) TOPOLOGY: Lmur .
(x1) SEQUENCE DESCRIPTION : SEQ ID NO: 15:
cacucmcaccrcmsn‘cwccrccrcmmccaccccccm 4B
.':'cccrcn'crccmcrscmmcasmcccaccmssamcrc o6

_AMG CCT TCG GAG ACC CTG TCC CTC ACC TGC AGT GIC TCT GOT GGC TCC  le4
| ATC AGC GGT GAC TAT TAT T6G TIC TGG ATC CGC CAG TCC CCA GGG ANG 152
QGA CTG GAG GG ATC GGC TAC ATC TAT GGC AGT GOT GGG GGC ACC AAT 240

| TAC AAT_€CC TCC-CTC AAC AAT C€GA GTC TCC ATT TCA ATA GAC ACG 7¢C 288
AAG MAC CTC TIC TCC-CTGMLCTGMGTCT-G!’GACC GCC GCG acg:; 335-

SUBSTITUTE SHEET
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TTA TAC 7TGG GGC CAG GGA GTC CT6. GTC #_CC GIC TCC TCA 423

(17) INFORMATION FOR SEQ ID NO:  i6:

(i) SEQUENCE CHARACTERISTICS: - This Sheet Has Been Replaced
U mumens T
'(B) TYPE: NUCLEIC ACID _
(C) STRANDEDNESS: Single :
(D) TOPOLOGY: Linear . - |
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 16:
ACC ATG GCC TGG GCT CTG CTG CTC: CTC GGC CIC CIT GCT CAC TTT ACA 48
“GAC TCT GCG GCC TCC TAT GAG TTG AGT CAG ceT coc TCA 616 Tcc ot 96
TCC CCA GGA CAG ACG GCC GGG TIC ACC TCT GGG GGA GAC AAC GTT GGA 144
" AGG AAA AGT GTA CAG TGG TAC CAG CAG AAG CCA CCG CAG GCC CCT GIG 152
TG GTC ATC TAT GCT GAC AGC.GAA €GG CCC TCA GGG ATC CCT GCG CGA 240
| TTC TCT GGC TEC AAC TCA GGG AAC ACC. cee Aci: CTG ACC ATC AGE GGG 288
GTC GAG ‘GCC GGG GAT GAG Ger GAC TAT uc TGT CAG GTG TGG GAC ACT 136
m ser GAT CAT 765 ¢re TIC 6GC GGA GGG ace €GG CTG .ACC ETC CTA 384

GGT " '- : - 287

SUBSTITUTE SHEET
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BT o A 'reéombinant antibody comprising a -_ human, a
_ chimpanz_'eé or a first 0ld Werld ;mnkey immunoglébul in
'con_sta_nt' region and an antigen-binding portion of a second
‘5 old _ﬁorld nopkay' immﬁnogiobulin .variabié' region, wherein sa 1d

 first and second 61d -World wmonkey can be the same or

different.

2., | A recombmant ant;body as clained in cla:.m 1
10 comprisinq a first 01d wOrld nonkey imunoglobulm constant
regz.on and an antigen—bmd:.ng portion of a different 01d

 World monkey 1mmunoqlohulin.

3. A feco_mbinaﬁt ;ntibédy' comprising an
15 - iinmunoglobulin heavy or light chain having specificity for a
particular 'knoﬁn éx’xtigen having a constant region homologous
"to a dorrespbnding constant‘ région' of i human, chimpanzee or
fzrst 0ld World monkey antxbody,
a franework region homologons to a corresponding human,
20 chimpanzee or second Old w:_:rl_d ‘monkey framework region, and
o an antigen-binding pbrtion homolbgous to a 'third old
wOrld monkey antzgen-—binding portion, wherein said first,
: ._second and ttu.rd Old World mankey can be the same or
different.
.25 . |
4. A recombmant antibody compf:.sing | an

-1munoglobu1 in constant region which is not immunogenic to a
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-human, a . framework ragxon which is essentxally not
; 1munogen1c to _a human and an antigen~binding portion of a

. first _.o,id -.ﬁorld monl.:éy,.'imhgnog_lohulin variable region.

8. - an antibody as claincd 1n claim 4 wherexn said

constant region is homologous to a constant reg:.on of a

human, Ca chinpanzee or a a second 01d World  monkey

'immunoglobulm constant reg:lon. wherein said £irst and second

0ld World _monkey can be the same or different.

'6._ __ ~ An antxbody as. c].aimed in clam 4 or cla:un 5

wherein said framework region 'ie homologous to a. human,

-chimpanze_e or 0l1d ‘World monkey framework region.

7. _ an ahti_body as claimed in any one of claims 1 to
6 'wherei_n' the or eébhﬁ" oid 'Wo_tld moink_ey_ is selected from

Rhesus -monkeys, Cynomolgus monkeys and baboons.

8. . | An antibody- as claimed in'any one of claims 1 to

- 20

where:.n said antigan-binding portion comprises one or more

| .'.CDR ragions of an. 01d wOrld nonkey imunoglobul in variable

. region.

9. An antihody as clained in any cne of cla:.ms 1 to'

7 wherein said antiqen-binding portion conprises the whole '
~ variable region of an 0ld ‘World monkey immunoglobulin.
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10. ~  An antibody as claimed. in any one of the
preceding claims which binds ipeciticélly tc a human antigen.

11. A reconb'inant antibody cowprising

'('1) a. constant region of a heavy chain of a human
antibody; D | |
(2) ‘a constant region of a light chain of said human

-antibody;

(;s;} Coa vari.able region of a heavy chain of an 0ld

: World nonkey antibody aqainst a human antigen; and

(4) a variable ragion of a l:l.ght chain of said old

.World monkgy antibody

'12. o An ant:l.body as claimed in claim 10 or claim 11

which binds specifically to a human antigen chosen from CD58, :
VCAM, _VLM, cnz, LFA3, Em. LM(, CcD25, CD4, CD19, CD20,
CD23, CD41, CDM, cnsi,; INFa, TNFA, Tn antigen, IL-1, IL-8,

~human T-cell receptor, CD3, CD28, CDS, CDlla, CDl1b, CDilc,

CD18, CDSa, CD4S, neu. encogene product, MDR-1, TGFa , TGFa
receptor, PDGF and C:D’?l.

13. Nucleic acid encoding a2 recombinant antibody
comprising a first 0ld wOrld monkey dmmunoglobulin ant:.gen-'
bi.ndmg port:.on.

.14. A nucleic acid as clamed in claim 13 wherein '

'sa.id recambinant antihodv comnrises a human. chimpanzee or

I
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econd 0ld World nonkey constant ragion, wherein said first

| and second 0ld World mon_l_:ay may be the same or different.

15. - A ‘nucleie acid as claimed 'in' claim 14 wherein

said antibody compx'ises a tranework region of a second 0ld

: Wcorld nonkey. a hunan or a chi.npanzaa antibody, wherein said

first and second o:l.d world nonkey may be the same or
different. '

l6. A nncleic ac:.d as claimed in claim 13 where:.n
said antxgen—recognizing portion canpr:.ses the whole vanable

region of said 0ld World monkey ant_:ihqdy.

17. A nucleic acid as claimed in claim 13 wherein

said antigeh—recognizihg. pcrt_ion comprises one or more CDR |

‘regions of said first 0ld World moénkey variable re'gioh.

- 18, A nucleie acid as claimed in any one of claims 13

20

25

to 17 irﬁgrein the or ”ej_at':h‘ 01d World monkey is separately

selected from Rhésus hdnkeys, cynono‘lgﬁs monkeys and baboons.

19. . _A nonoclpnal antiboﬁy, or a Fab, Fv or (Fab),

fragment thereof, formed by an immortalized 0ld World monkey

‘B-cell.

20. o A .nonoc_].ohaél antibody as claimed in 'cl'a:i_.m 19
wherein said B-cell is a cynénolgus .B=cell, a Rhesus B-cell
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or a baboon B-cell.

2. A monoolonal antibody as claimed in any one of
claims 18 to 20 which blnds a human antigen.

.22.' - A monoclonal antibody as . clainad in claim 21
which binds specxficany to a human antigen chosen from CDSB,

VCAM, VIA4, _CDZ, LFM, E_ml(, LAH, cb2s, CD4, CD19, CD20,
€D23, CD41, CD44, CD54, TNFa, TNFS, Tn antigen, IL-1, IL-8,

human. T-cell receptor, cb3, cp2s, CD8, CDlia, €D11b, Cbllc,

CDJ.-B, cnsa, CD45, neu oncogene product, MDR-l, TGFa, TGFa

receptor, PDGF and CD?l.

23. : A method gor ieolating the variable region of an

0ld World ._monl_éey antibody gene, comprising the steps of:
contacting’ nucleic acid from the 0ld World monkey and

a primer complementary to the’ nucleic ac:.d sequence encod;.ng

a 5’ leader sequence of said ant;body gene to form a hybrid

' complex. and

- ampllfy:.ng said nucleic acid in said hyhrid complex to
produce amplified nucleic acid.

24, A method as cla:lmed in claim 23, wherem said

nucleic aoid is DNA or CDNA.

25. . A mei:rx_od as claimed in claim 23 or claim 24

wherein said ptimer ls conplementary to the non-coding strand
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| axitiquy gene.

26. A nei:hod as claina'd‘_in any one of c¢laims 23 to 25

whereit;, said amplifying step prcducas._sufﬁcient nucleic acid

to place within a vector.

27.. A metliod for isolating the variable region of an

014 World monkey antibody gene, comprising the steps of:

c_ont-ac't.ing' RNA from an 0ld World monkey with reverse
transcripﬁase tb form CDNA, . | |
| contacting said cDNA with a primer complementary to the
cDNA - at. .a location encodmg a 5’ leader seguence of sa;d :
antibody_. gene to form a hyb:id comple_x, and
-amplifying said m_lcleic acid in said hybrid .complex to

produce amplified nucleic acid.

28. | A method for prpcl_ucing a recombinant antibod& to

a human anti_gen, said antibody belng not immunogenié in a

hunan, comprising the steps of:

raising an 014 World monkey antibody to said antigen in

an 0ld World monkey,

isolating an 0ld World monkey _nucleic acid encdding ar

antigen-binding portion of a variable region of said 0ld
.'wOrld monkey antibody,

prcvid:.ng a human nucleic acid encodmg a human

constant region of a human antibody,
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ligating said 01& World monkey nucleic acid and said
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‘human nucleic acid to form a recombinant nucleic acid, and

expressing sald recombinant nucleic acid to produce

-gsaid recombinant antibedy.

29. A method as claimed in claim 28 wherein said
antigen-binding portion comprises one or more CDR regions of

an 0ld World monkey ‘variable region.

- 30. | A method ‘as claimad in claim 28 wherem saiad

-antigen-b:.nding portion comprises the whole variable region

qf an Old World monkey.

- 31. . -A'method as claimed in any one of claims 28 to

15

20

25

Zq._, further compriging the step of identifying the 0ld 'WO_rld'
monkey nucleic acid encoding a variable :égion of said 0ld

World monkey antibody.

32, A method as clajmed in any one of claims 28 to

31, whe_réir; ‘said method <further -'-éompf_ise's the step of
1morta11zing a -dell ;la_ble to produce said 014 World monkey
antibody. | |

33, _ A method as -c_:lai.hed in claim 32 wherein said

immortalizing is by hybridoma fusion.

34, "~ A method as claimed in claim 32 wvherein saiad
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immortalizing is by @iral transfpmat:ién.

- 35. . A nethod as claimed in claim 32 wherem said

_imortalizing is by s:i.ngle B-cell clonmg.

36. ' A 'met:ho'd as claiinad in claim 32 wherein said

immortalizing is by library construction.

37. " A nethod as clai.ned :I.n any one cf claims 28 to 36
wherein saxd human constant reg;on is selected to have a

degired isptype .

8. A method as I-clai_ned in any one of claims 28 to 37

wherein said method further comprises selecting a B;-cell from

said old world inbnkéy-.'

- 39. A method as c]_.&imed in claim 38 wherein said B-

20

25

cell is obtained ﬁ:oni pefibheral blood lymphocytes, lymph

node, bone marrow or spleen.

40. - A method as claimed in any one of claims 28 to 39

vherein said method tjn_z“thei: 'cpnipri,_ses' : écreening cells of said

0ld -_Wprid monkey for prodnctioﬁ' of sald antibody.

41. - " A method as_- clainéd in 'any_ one of claims 28 to 40

_wheréin said expi:féésing 1# within a producer cell line.
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42. . A pethod as claimed in any one of claims 28 to 41

wherein said isolating comprises immunoglobulin gene rescue

- of fsai& variable region. .

4;{. . A method as claimed in any one of claims 28 to
42, wherein said antigen _ib seiacted from CD58, VCAM, VLA4,
CD2, LFA3, ELAM, LAM, D25, CD4, CD19, CD20, CD23. CD4l,
CD44, CDS4, TNFa, TNFA, Tn antigen, IL-1 IL-8, human T-cell

' receptor, C€D3, CD28, CD8, CDlla, CDllb, CDllc, CD18, CD5a,

'CD45, neu oncogene product, MDR-1, TGFa, 'TGFa receptor, PDGF,.

' and CD71.

20

25

44. A recombinant antibody as. claimed in any one of

claims 1 to 12 for use as a therapeutic agent in humans.

| '4_,5. A recombinant antibody as claimed in claim 44
having binding specificity for a human tumour antigen for use

in cancer treatment.

46. . A reconbinant antihody as claimed in claxm 44

having binding speciticity for a hunan antigen 1nvo1ved in an

. autoimmune disorder for use in the treatment of the said

disorder.

47. A recombi.nant antibody -és blaimed in claim 44

having b:mdmg specifxci.ty for a receptor expressed on a

hmnun cell
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48. - A pharmaceutical compogition comprising a

'therapaut:.cal ly or prophylactically effective amount of an

antibody of any ot cla.ims 1 to 12 and 19 to 22 1n a

_phamcqn_xtically- acceptable carrier.

- 49, . A éomposition as -c_:laimed in clainm 48 for use in

the t.rgatnei\t of a digease chosen from rheumatoid arthritis,

| eczema and immunomodulatory diseases.

CDR reqion from the variable region 1n SEQ. ID No 15 or 16.



