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Reconbi nant Anti bodi.es for Human Therapy Field of the Invention This
appllcahon is a continuation-in-part of Newran et al., United. States

spat énf appl i catl@’a5 MB@@RﬁucﬁSG 281, filed March 23, 1992, which is a
i

continuation- 5 patent application serial no. 07/735, 064,
fitl edvaloBmed, - 19 f which, includi nsedpsedresi09s, are both
her eby i ncorpor at ed y re This invention.relates 1.0_reconbi nant
. anti bodi es useful for human therapy, and to metHhods for: productlomof s8§gh ‘
10 anti bodi es. Background of the Invention Miri N nonoct onal- -ant i Hodi S A% .
used in diagnosis of hunman disease,, and in sol viimMy basic bi pl ogl_gg! W paged 4
research ) v S I s 1o pa ud...z.f.’ﬁ..

m: applxcac.tcn 15 & ean:inuacioaain-pan af. Newman
st al.,  United States : paeant application serial no.
a7/uss,281, tncd March 23, 1982, which is & continvation-

5. in-part of U.S. patent applicat!.on sarisl no. 07/735,064,
. f£iled July. 25, 1991, the whola of which, including draw-
ings, sre both  harsdy incorporated by reference. This
_ inventiocn .relates to rescombinant antibodies useful for
human - therapy, snd to methods for production of such

10 antibodies. - ’

'_il'uri_ni monoclenal abt;bodies ara used in diagnosis of
hupan-dissase, and in solving basic bioclogical research
 problems. These reigents are alsec used in clinical trials
13 -as therapeutics for both acuta mnd chronic human diseasas,
including leukenmias, lynphonai. sclid tumors (8., colon,
breast, hepatic), AIDS : l!!d autoimmune diseaases.
Mouss/human . chinoric antibodies have been created,
and shown to axhibit tha bihdi.ng characteristics of the
' 20 . parental mouse ant:.bcdy, and effactor tun:t.iens agsociaved
~ with tha human. constant rag:c‘n. ;580 f.d,, Cabilly at al.,
S IULS. 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
| st al,, U.S. Patent 4,816, 397 all‘of which are incarpor-
25 ated by refersnca mroin.' Gcmuuy these chimeric anti-
' bodies are constructed by preparing s gencmic 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
30 both heavy and light chaina cxhib!.tiaq the correct anti-
" . bedy fragmant rearrangeaent patte:m. The clionad vanable -
: -r-qi.on qcncs are then ugatcd .lnta an- cxpzus:.on vecror-
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probl ens. These reagents_are al so used in clinifal

trials 15 as

t herapeutics for both acute “and chronlc human di seases, i ncl udi ng

| eukern as,

aut oi nmune di seases.

shoWn to ex

ant i boO¥Q 93/83388 ef fect or

Iynphonaihxsmktlrﬂsgm , col on, breast hepatic), AIDS and
|ner|c anti bodi es have been created, and
hi bi't- the teristics of the 20 parental nouse '
soci ated with tPSI/HSaRM61%0ONSt ant regi on.
See e.g., Cabilly et aI , U. S. Pat ent 4, 816, 567; Shoenaker et al., U.S.

U.S.- Pat ent
herein. Gen
a genomc ¢
hybri domas.

Pat ent 4, 978, 745; Beavers et -al., U S. Patent' 4,975,369; and Boss et al .,

4,816,397 all of which are incorpor- 25 ated by reference
eral 'y these chi marl ¢ antd - bodi es are constructed by preparing

%r&gzlint}rn%r Yrddd uu Sppropr 2iate heavy

light chain - husan ‘cunstant ragion. qom. The. caimnc
genss ara than oxprund in & cal) lim of cholice, usually
a wurine myeloma line, .

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

'cvd?, have bean mdueld by tha- husan reacipient in a

' pumber of cases. Such anti~chimeric antibody antibodies

10

15

are detrimental te eont:lnucd thonpy with the chimeric

antibody.

Erlich et al., 34 Mﬁ"! 1681. 1988,
Erlich et -al., 7 mm 385, 1988, Erlich et al., 6
'Bxh:imm 181, 1%m87, -me ‘Zrlich et al:, 2L  Buman_Antibedy
m:}.mu 23, 1990 (net. aduﬁ.tud 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

20

- 28

husans 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 from a hunan immuncglobulin than the different

1]

hunan. antibodies ﬂiﬁ!nz 'tron aach other. Thus, they

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

' _ thlrnpy. Co

: w o | .. g .

s

~ The presant inwvantion ‘concerns xethods for -thc anpli~
fication and cloning of 0ld Werld monkey (referred to
hersin as “monkay,* ;._g,_,_ babeon or macaque) antigen-

. bumng pcruans - of mmglohunn vntinhu rqqion-

trag&tgg‘from eX|st|ng rrurlne
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ARG &0 AT ,H<47 Cancer Research 999, 1987 The library is then
screened for vari able regi on genes from 30 both heavy and |ight chains
y fragnent

exhibiting the (':FSI e%Ha@ﬁEJnR _ rearrangenent patterns. The

cl aned vari abl e e then ligated into an expr essi on vector

2 contai ni ng cl ongiwgm% f the appropri at BCHEEPSY" | i ght chain hunan
CONgly #o$0i on g ' merjic genes are then expressed i-n a cell
line of choice, usually a nurine nyeloma line. 5

Such chineric
ant i bodi.es have been used in human
' 3

- o e genes to cloned human,
i g o i ot 9
'gnilp‘_'_"" or .G‘F:_nzns axo ﬂ"'e': ponkey: ¢ramework-encoding

(and human; FT‘:";, and their expreesicn 3s mtnmln'ﬂnkft

. ganes .1 requ fwa ;“.5' - wholly sonkey yacombinent anti
s recombimant ant ape the invention concerns use of such

~  bodies. .m:uf!:;ﬂ:“ . (unich term includes anzibodies

. recombinant nnf- of: DNA from to aiggerent antibody
produced By £ .nfll-ﬂ:he- me gpacies, 8.8 VO different
genes, even £xom anes, for exasple, Rhesus and cynonom_z:'

10 monke¥ wﬁw‘gja menkey-monkey racombinant antibody) "-
monkeys, to qutie . m‘&lfﬂr the traatment of human i::t
'im""“map:nvcn-um jg based Mpon the discovery .

_aase. N 'I’h: dj.st.wt-‘ ponkeys (S8 baboon ©F n::c:f;‘; :
o juding cynemologus, and Rhasus RORKEY ‘n;

15 o e .a'nzi. ' ays NOT ORLY gufficiently differ .

| unlike the cwizw antitodles against numan amtigens vo
trom hupans to 82 sonkeys, aven to relativaly °?“f""‘d

_be reised in These oot and COB4, but sre surgiciencly
_ ~ human .untita.-ns. s;s:; pave. antibodies similer To .hunan_
& 20 :ni.l_li_h,r..:..“- ““":::t aze . 5o host anti-antibody immune
ancibosies, °° uch. monkey sntibodies, oF T scombinant antis
s s sty e
bodies dexrived .j}riﬁf iﬁ%.ibodl” used for hupsn therspy,
unlik:;':‘:t the pr;_;cnt:_ invention do "f"-' sutter ?;:

25 tha antibodie X, . $ailar. 1); imaunogenicity and inductioh
ssveral AravPREiEs L A); responss upan Tepeated adnth”
of human lﬂ‘i-““‘mr cc wreak chironic conditions. 2) rcl.ad

vt half-lifa coupared So/husan SRS T
- tived) : ' ) _puman ¢8 :

30 3) lack of 0.,“'.“:’ g@c:i:l:, w::: :: a .‘ﬁhgticant advan-
ment. ThE IOK B by vith antibodies made bY The PratT
tage for h“’:o: -xml ‘}’ in thpcl" Qf,_ chronic hunan -

| m‘nuo:.;cmdi:;q.' meéinnunif -diseases, .or. any disea
eaAses, ) : :

' i : £- an:antidody is naces-

 where ¥ 4 semdnigerasion of BRIPE
'35 where .Pr,°1.'ql:g.g.ha-' ﬁﬁof.__ .obstacles 0 r!o?,otiti-n mti::dy
saxy " GI'I; ot'ﬁe. nost mp'gn‘&}_tclé ﬁh‘th.tap.ut).c lﬂt 19' y-

B
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t herapy. Antibodies to these chineric antibodifs, how ever,

produced by the_human reci pi ent

antibody antibodies are detrifental to continued therapy wit
10 anti body. FEr Imglgh@m@bﬁm@ |n| cal Chem stry 1681, 1988, Erlich et

zi1 oitend s M

anti- bodies are expected to be an inprovenent- over

lication) state that human

antibodies for in vivo hunan therap They al so postul ate
primate anti bodies, e.g., chi rrpanzee nonocl onal anti bodi es,

in

.10

18,

20

25

30

p1-3

HAA rasponses are often unpradictable from ons patient to

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: ._lnti.body. or anot!ur antibody of the same

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

: v_anﬁ.d- 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 gépecificity and desired effector fune-
~tion, ‘and their use in production of recombiinant anti-

bodies. These racombinant antibodies generally includs an
appropriate portion of the variable rsgicn of an antibody

have been

in a nunber of cases. Such anti-chimeric

h the chineric

1987, and

et al., 6 Hybr},ég?g,z}&il“ ,
Hybri domas .23, 1990 (not admtted to be

nonocl.onal

nouse nonocl onal

t hat non- human
to be tol erated

derived from ap immunized monkey, and the constant region.

of an antibody from a human -or -chimpanzes. 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 monkey . lymphocytas uming s_ynt'hctic oligonuclectide
primers specific for heavy and light chain varisble region

gene families. The amplified genes or appropriste por-
tions . (8.d., Complementarity deterzining region (CDRI~
.coding ragions; sea Winter, British Patent Application No. -

GB2188638A, heraby incorporated by reference herein) are

‘clonad into an exprossion vector containing a human or

' chimpaniee constant region gene for the production of a

| SUBSTITUTE SHEET
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20 humans because they are structurally sim#ar to human antibodies. Si nce
-human anti bodi es_are non-immunaoageni.c i n Rhesus nonkeys (i.e.,

¢chi npanzee anti bodi es may be usef ul
eInventlon The present

10

15

20

.25

monkay/human Tecombinant antxbodx. or a vactor containing
a monkey c:mstant reglion gon- for the production of wholly
aonkay :a:ombxnnnt antibody af the. deaired isotype. These
antibodi-s rnpros-nt immunotherapeutic agents capable of
lacalizing and/or xilling :ppxap: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-
kcy.-tozntng .GONA to thé RNA {(using reverse tzauscrip-
tase), providing 3 primar =enplcnontary o the cDNA
s-guéncc encoding a 5!/ lsuder.taquuncu of the antibody

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

complex ‘and amplitying the CDNA to produce nucleic acid
ancoding the variable region of thae monkey antikody gene.
By "an:xgcn-rocoqnizlng'portion' is meant one or more

3'por:icns of s variabla region of & zonkey 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 (sae below) or tha
vhole variable. region, or nﬂy combination of these two
regions ‘including any chanqos in coding regions that may

‘be induced to make the. region mote human-like xather than
,nonkey-likc. wlthout altnzinQ'znc specific binding proper-

' _ties of the. antibody. ' If. only a purtion of the whole

30

Tas;
by reterencee

 varjable ragion is used. tnan the’ rcnaining portions, g.9..

the so-called “framework™, azc. provided ' from anothet
lntibcdy. preferably. a hnnan or chilpanzoo antibody (see
balov) and in the art ‘cited nhevn and 1n=orpara:ad herein

. By zctcrcncc.

The phrases "variable t-gion" 'load-t sequence’

. *constant region® and *!:annuquﬂ are used ;n their conmmen
art .recognized ‘BENNET; . -xinplos of uhxch are provided

belov and in the art citca abova and xncozporatcd herein

do not i nduce

.an ant i body response) they predict that primte antibodies will be non-

I mmunogeni ¢ i n hufsissbeet His lacedt e t hat the testlng of 25 antibodies in
hu*rranﬁ,g,?,#@gecess ﬁ}' te anti body has a .region structure
‘rdent | t hat nogl obulin or, Ieas a structure no
nore different fron1a unan |nnunoglobulln t han the di fferent human

- anti bodies differ fromeach other. Thus, they 30 suggest that

in human t herapy. Sunmmary of the
i nventi-on .concerns nethods for the amli -
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flcatlon and cloning of Ad Wrld nonkey (reherred to 35 herein as
"nmonkey," e.g., baboon or nmacaque) antigen- binding portions of
‘innupoglobulin vari abl e region- 3 encodi ng genes, the fusion of these
genes to cloned human, chinpanzee or other nonkey constant region-encoding
genes (and human, chi npanzee or ot her nonkey franmework-encodi ng genes if

I equvpd9sip2io6ind t hei r expressi on as human/ nonkey Pcr/Rsnigaant anti bodi es,
or wholly nonkey reconbi nant anti- bodies. Furthernore, the invention
concerns use of such reconbi nant antibodies (which termincludes antibodies

-In prefarred qabodinen:i, the leader seguence is a
hunan, chimpanzea cor norkey lesdsy ssquence of approxi-
mately 60 bases, axamples of uhich are provided in FIG. 1.

Applicant has discovarad that the monkey, chimpanzee

5 ‘and human variable region leader seguencas ars suffi-
ciantly siuilur-thaz'priaofs 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

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

for producing an antibody to a human antigen, which anti-
'body is not immunogenic in humans. The method involves
raising in a monkey a. nenkny antibody to <the human

1S antigen, and iselnt.ing nonkey nucleic acid ‘ancoding an
" antigen-recognizing portien of a variable region of the
monkey -antibody.. . Human nucleic acid encoding a human
constant region of an antibody ia provided, and ligated to

. the monkey nﬁci;ic acid to form vecombinant nucleic acid.
20 This yrecombinant nucleic acid is then expressed to produce
the desirsd antibody. Alternatively chimpangee cor monkey
constant region-encoding nuclesic acid can be used to form
‘the recombinant antibody. There ara faw, if any, differ-
ences in the smino acid seguence of -human and chimpanzee

25 . constant regions (i.e., they are 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
racombinant antibody. All that is critical in the inven-

30 tion is that an antibody ba produced that i 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
35 racombinant antibody is engineered to be functionally the
save a8 @ human antibcdy'ii its amino acid sequence, i.s¢.,

- it has afbonsgant ragion ndusloqona to a human oy chimpan-

This Sheet Has Been R
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produced by fusion of DNA fromtwo different #tibody genes, even fromthe
sane species, e.g., two different 10 nonkey anti body genes, for exanple,
Rhesus and cynom)l gus nonkeys, to give a nonkey-nonkey reconbi nant

antik i mmunot her apeutic agents for the tre by/pd; human dis- ease.
The invention is based upon the discovery that evolutionary distant nonkeys
(e.g., baboon or macaque 15 nonkeys (i ncluding cynonol ogus, and Rhesus

_nbnkeys)), unli ke the Chi npanzee, are not only sufficiently different from
humans to aIIOM/ahtiquies agai nst 9unan antigens to be raised in these
monkeys, even to relatively conservéd human antigens, e.g., CD4 and CD54,
but are sufgasisReLboayBoRétiink afegion uTANsunmarp A ehecatitibedy g% sinilar to
human ant i bagiyeSanSeh WRinddiPhs s nltedldty €4'eadli idAQd¥nddagune

' of an. unﬂasir-d 1nnnnolegical respansa to the antibody,

and contains. an . an:igunnbinding pertian of a nmonkey

- B am'.ibody. o .
By *mot- tunnnoqanie' is nnant caue th- tntibody does
" pot raiss an antibedy responss of sufficient magnitude to
raduce the sffectiveness of continued administration of
- the antibody in the majority of hﬁnans Zor sufficiant time
16 to achieve therapautic. efficacy, s.g,. as compered to a
,au:inc or murine-human. =h;nnr$c antibody. Preferably, neo
antibody response is nbsorvad.- _
In preferred -nboﬂinnnts. the mstnod includcs immor-
‘talizing a .cell. of the sonkey vhich is responsible for
15 ;produexng the nonkay antibedy, 8.8.. bY hyhr;dnna fusion,
' viral “transformation with Hexnas_Rapnio, single B-cell
<cloning (also  termed “transiant immortalization®), and
- produation of a library of ‘yecombinant immuneglobulins.
“In- other praferred ambodiments, tha mathod includes
20 selecting a B-cell from tho monkey €xonm sithar 3 pariph~
aral blood - lsukocyte, tha splesn, bone merrev or a lymph
'node, -salecting a_ clcne which peaduces ‘the aeppropriate
antibody; . rescuing the 1umﬂnoglobu11n genes sncoding that
. .antibody from the iunoztalxzcd call line; and reexpressing
‘25 the .genes in a producer’ ccll dins (l.8.. & cell line vhich
causes sufficient production of the antibody to ba useful

for human :hnrapy). .

In a third aspect, tha invantion 2ca:ures a racombi-
nant antibody formed -from eithar.a human or chimpanzee
30 constant ragion and an antigen Tecegnizing portion of a
monkey variable region, or a- first monkey constant region.
and a sscond, differant monkey ,nnt.igan racegnizing-portion

~ of a variable region.
' ' In-a related aspact, ghn invcntion toatutcs a mono~

' 35 clonal antibody, or an !ab, (rth&,, a iight chain or neavy
- chain ‘dimeér, ar any uia al - rcconhinant truquent theraot,

such as sn Pv or & SCA (alnglh’chcxn an:ibody) or other

L _ﬂjxf"
' sum WTE Sém ' This Sheet Has Been RTiace:l
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response when such nonkey antibodies, or reco#bi nant anti- bodies derived
therefrom are introduced into a hunan. Unlike sone prior antibodies used
for human therapy, 25 the antibodies of the present invention do not
suffer from several drawbacks, e.g., 1) immunogeni-city and induction of

- humanggyys) ti body (HAA) response upon repeated qqﬁ? Jation necessary
to treat é ?@n?c conditions, 2) rela- tively short ¢¥m+a?e conpared to
human. ant i bodi es, and 30 3) lack of effector functions with human cells or
conmpl e- nent. The | ack of these drawbacks is a significant advan- tage for
human therapy with anti bodi es nade py the present invention. For exanple,
‘in the case of chronic human di s- eases, including auto-inmune di seases, or

any di seaseiniunollgically! aagivde agiFignent I xhasivof (g, antai plty i s neces- -
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 -tructnd by standa:d procedure.
15 .In another aspact, the invantion features pnaruaceu-
. 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 sgent to 2 pn:ticulur ¢ell type, such as carcinoma -
cells. The two couponnn:s ars commonly chaxically bonded
-'toqethct 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 qlobulin,_thc linkage may be by way of heterobifunctional
 crosslinkers. a.u., carbodiimide, glutaraldenyde, and the
likn ' Production of variocus 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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sary, one of the mmjor obstacles to repetitivéanti body therapy is the host
response to the therapeutic antibody. 4 HAA responses are often
,unpredl ctable fromone patient to another. Such responses are

pred t hough not exclusively, directed Ee constant region
of "t he g’?ﬁ‘%dy nol ecul e, and once they occur thgﬁpg’éﬂ“ re- cl ude, or
reduce the effectiveness of, any further therapy with that antl body, or

anot her antibody of the sane isotype. Potentially, the problens of HAA
could be circum s '

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.

5 'In yst ancther aspect, the invention features a CDR-

grafted antibedy formad from at lsast ona of the comple-

_mentarity determining regions (CDRs), that is,.aminc acid

‘residuas (using the standard amino acid labsling system of

Kabat) 31-35 (CDR 1), 50-65 (COR 2) snd 95-102 (CODR 3) of

10 the specified heavy chain, and aBino acid residuss 24-3¢

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

 light chain of an 014 World monkey variable region, and an

immunoglobulin variable region framework from a second

species. The CDRegrafted antibedy is able to bind to the

15 ' sama antigen as ths original monkey antibody.  The anti-

body canstant ragion is darived frecm a human or chimpanzes
immunoglobulin.  The methodology for parforming this.

aspact is generally described by Jones ot al., 331 Nature

522, 1986. Such CDR grafts can be alterad if desired to

20 “ensure that thay appear more 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

25 responsible for: producing a macague antibody, and rescuing

the immunoglobulin genes frxom the csll; cloning and

' sequencing the antibody genes responsible for the produc-

tion. of antibody; snxcétmq & human varigbla region frame-

work ssguence (prc:_crabl_y-ui.th' tha eloaast homology to the

30 pacaque variable vregion Sframavork); and pubstituting

_macaque COR sequences for human CDR ssquences and minor

.- modifications in the humar framswork region may be

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

‘35 BY “minor. noditications' is asant that less than a

" total of sbout 6 amine aei.ds in the framevork may be sub-

‘stituted by other amino acids. Usuauy such substitutions

SUBST ITUTE SHEET This Sheet Has Been Replaced
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vented by the use of human nonocl onal antibodigs. This 10 approach,
however, suffers fromthe ethical, clinical, and immunological limtations
on. i mruni zati on of human sub- jects with many antigens of choice (e.g.,
"human anti gens, which phrase includes antigenic or inmunogenic portions of
any proteins, polypeptides or their equivalent present in 15 a human) for
ant | mapgasegeoser ati on. Applicants' approach to cir eermuspizedsy S probl em
i ncl udes generation of antibodies of the approprlate specificity and
desired effector func- tion, and their use i'n production of recomnbi nant
anti- bodies. These reconbtnant ant.i bodi es general ly include an 20
appropriate- portion of the.variaMxnregion of an anti body derived from an

i mmuni zed nonkey, and the const ant % on-of an antibody from a hurran or
chi npanzee® Bodh¢ atiges. aYe pade :mly eri thoss aminoc acids are

- involved in conformational  interactions that hold the
framevork in an. lpprcpriatc form 80 that the desired anti-
gen is :ucognized by the antibody. Such modifications

$ will gcnntauy reflect thoss differing amino acids present
in a monkey antibody, comparsd to & human antibody. For
. example, -the anmino acid inqnnacc ot.alnuum antibody just
- prior to heavy chain.CDR 3, 92-94 is ganarally cysteine-
alanins~arginine (arginine 4s known to be replaced in a
10 minority of antibodies with merins or threonine); in some

-antibodies in the monkey the sequence is cystaine-zlanine- .
serine; thus, in this axample, it may be preferred to use '
serine at amino acid 94 (ssa Fig. 5D).

In a further aspect, the invantion features a method
15 for treating a human having. a pa:giéula: antigen, e.g.,

‘one associated with disease. The method includes admin-
istering a th-rapcutlcally effactive smount of a recombi-
nant antibody specific for the particnlar antiqen. wherein
the recombinant antibody is one having either a human or

20 chimpanzae constant rtqicn and an antzqan racognizing por-
tion of a monkey variabla region, or 8 first monkey con-

" stant region and an .antigen-recognizing portion af a
second, different nonxsy vuziablc region.

n praferred eribodiments of the above aspects, the
25 antigen is a tumor antigen, an antigen involved in an

. {mpune disorder,. an. antigen involved in an autoimmune
rasponse, a raceptor expressed on & host cell, or an

- antigen: selected from the human antigens CD58, VLA4 (o481

. intagrin}, CDZ, I-I-‘M, mu, LAM, CD2S, cm. o1y, €D29,
36 human T-cell receptor, CD3, CD8, CD2J, CD43, CD44, CD4S,

~ CD71, TNFa, TNFS, Tn antigen, IL-1, IL-8, CSa,.adhésion
molecules, p.g., VCAM, CDS¢, CD28, CDlia, CDilc, CD13, and
cp11b, the nau oncogene pzaduct. MDR-1 (P~glycoprotein),

~ TGFe and ita receptor, and PDGF; and the recombinant anti-
35 .body ia '_u:_tivo to asither deplete (kill or eliminata) -
undesired cells (e.g., anti-Ch4) by acting with comple-
ment, or.killar celis, or is active as & cytotoxic agent

wreme s



the desired effector functions can be readily chosen.
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specificities and high affinities of monocl onfl anti bodi es are retained,
and t he appropriate human or chi npanzee con- 25 stant region displaying

The present

i nvention

is further based on.a nmethod for anplification of nonkey i nmunogl obulin

. gene
from
for
genes or appropriate por- tions (e.g.,

heavy and |ight chain variable region gene famlies.
conpl enentarity determ ning region

by the polynerase chain reaction (P RNA extracted 30
aﬁb‘ﬁﬂgyblynphocytes using synthetic ollgonucﬁg%#ﬁﬁgag} Y ers specific
The anplified

(-CDR)- coding regions; see Wnter,_ British Patent Application No. 35

(GB2188638A, hereby incorporated by1¥
expr essi Onoy%t Bhusd Peabiidptod KiHeAg By = phagocyta. Alterna--

i0

15

20

23

.30

35

_civuly. ‘the antibody blocks or stimulates recapter func-
'tions, or neutralizes ac:zvc ‘soluble products,; such as one
‘Or more of ths intarlqukxna, TNF and CSa.

‘In other sapacts, the invention features pharnaceu-

" tical compasitions of the above antibodies or fragments

thareof. Canpocitioﬁs or products according to the inven-
‘tion may conveniently be provided in the form of solutions
suitabls for parcntornl or nasnl or orel administration.
Appxopriata prepara:iona of ant&boay nay be mived with
appropriate ptlplt&tlons of other agents, resulting in

increased clinical utility.
Other featuras and advsnnagas of the invention will

bs apparent from the golloving dese:iptian ef the pre~
ferred ambodimants thareof, and from the claims.

. . i -

The drawings will first briefly be described.

"FI6. 1 is a tabular representation of 20 codons 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 various Ig chaine showing the relative ppeition of
leadar, variable, and constant reglons with the positions
of restriction sites and primers used for amplification;

FIG. 3 is a diagrapmatic rapresentation of a heavy
chain cassette vector for: sxpraasicn of hunan or chineric
antibodies;
| FIG. 4 is & diagtannatic*rcprescutaticn-ot a light
chain cassette vector. d-uiqnad tqr exprassion of human or
chimaric antibodiaes;

FIGS. 5 and 6 are dilgrannatic znptncentationn of
vectora designed for axpression of immunoglobulin from
' xappa or lambda light chain GDRA, respectively. In these
vactors, the 1ﬁnupéglebulin genes are arranged in a tandem
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chi npanzee constant regi on gene for. the produeti on of a 5 nonkey/ human

reconbi nant anti body,

or a vector containi ng a m)nkey const ant

regi on gene

for the production of wholly nmonkey reconbi nant antibody of the desired

i sot ype.

after

‘features a nethod for cloning an antigen-recogni zI ng

.These anti bodi es represent
| oeali-zing- and/or killing appropriate target cells (e.g.,

pgp admnistration. Thus, in a first asp@ﬁh%&nvention
portion of the

variabl e region of a-nonkey antibody gene. This method:-

12

cantiquraticn using monycin phoapuo:ran-tenu as the

aslectabla marker;

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

. seguences, 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 1¢ are portions of the nuclsotide
sequences 0f anti-CD4 VN, and VL regions respectively;
“FI6. 15 is a'graph showing anti-CDS4 activity; and
FIG. 16 is & histogran eonpnring plasnid expreszion
t.ﬂt\lr “

014 World nonx-y- :,ncludc these raferred to as babdoon
" and macague monkeys (including Rhesus monkay and cyrnomol-
‘gus wmonkey). This invention providas details of use of
‘the claimed invention with various 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

' form the general atructure 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 seguence of  approximately 60 bases, a region
_sncoding a variable region of the impunogicbulin, and a
constant region of that immunoglobulin. Examples of dif-

ferant leader saquences, or signal peptides, of heavy
chains are shown in FIG. 1. 7These saguences, and their
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10 .i ncl udes providing nucleic acid, e.g., RNA¥romthe non- key, formng
CDNA to the RNA (using reverse transcrip- tase), providing a prinmer
.,conplrenentary to-the cDNA sequence encoding a 5 | eader sequence of the
anti body gene, contacting that cDNA and the primer to forma hybrid 15
CoRPhwixgangasesa P! i fyi ng the cDNA to produce nucl eigerpgdoghagiecodi ng the
variabl e regi on of the nonkey antibody gene. By "antigen-recogni zi ng
portion" is nmeant. one or nore portions of a variable region of a nonkey
anti-body which are responsible for binding and/or recognizing the target 20
~antigen (or epitope or idiotype) og t he anti body. For exanple, it
‘includes the CDR.regions (see bel ovvg or the whol e variable region, or any.
conbi nat i omgeivdlantein wonkey, @an bédeveinigednhy airandexst tacodi ng regions
that. My piquas well known to these of ordinary skill in the art,

' ~and as describad balow. ' :
_ The seguences: shown in the lower portion of FIG. 1
5 are human lesder uqmneu. Applicants have discovared
that construction of prmrs 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~
10 . fication of monkey immunoglodulin genes, and also for
amplification of human immunoglobulin ganes.
By use of seuch primers in standard amplification
procedurss, genes ancoding various monkey immunoglobulin
~ -genes, can be raadily isvlatad, and the sequences ancoding _
15 the variable regions of the antibodies determined. Exam~ : .
 plas of such procedures are provided below. The results - :
of the analysis provided bslow are presented in FI1Gs. 9A
- through 9H, and in FIG, 10. Surprisingly, applicant found
 <that, despite the ability to produce antibodies to rela-
20. tively conserved human. antigens in the monkeys, the vari-
~ able regional framewoxrk sequencas of the antibodies so
produced vere .\ndi.stinguishnbla from those ot hupan anti-
bodies. That is,. the amount of v;rubility. in immuneoglo-~
' bulih sequence obsarved for the monkeys was similar to
25 that observed for humans, and it was impossible 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
30 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
35 .dravings, the presence ¢ the same aminc ncid av any
- location is shown by a dash, while tha prasance of a
differant aminc scid is sNown by the atendard ona letter

R v sveer
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be induced to make the region nore human-1ike™ ather than 25 nonkey-|i ke,
Wi thout: altering the specific binding proper- ties of the antibody. | f
only.a portion of ‘the whole variable region is used then the renaining
‘portions, -e.g., the so-called "framework”,j are pr.ovi ded from anot her

anti body, preferably a human or chi npanzee anti bo e 30 below) and in
the 3O 93921081 above and i ncor porated herein by reﬂééﬂwlﬁ'he phr ases
"variabl & regi on" "l eader sequence", "constant region"” and "franeworKk"
are used in their comon art recogni z'ed'rr‘an'ner exanpl es of which are
provi ded 35 below and in the art ci ted above and |ncorporat ed herein by
ref erence. i4 _
- code. Positions to which no cc_nu_n"sus aminc acid can be
 assigned sre shown as an X.] Sisilarly, honoloéy for VHI,
VH2, VH), VHs, and VNS, ‘l.!ld for VKI and VKII lnd Vliambda
II1l is shown in FIGS. SA - 94, tup.chivcly Agai.n, sig-
5 nificant homaology betwaan the monkey iuunug}.obulm region
_and_that of the human was. observed in sach variable ragion
including immunoglobulin J regicns sequences. Such high
homology is sisilar to that cbserved among = human
antibodh-. _ '
10 -The uthodoloqy by vhich ths saguences wcrc deter-
mined is presanted belcw in the examples. Those of ordi-
nary skill in the art will recognize that these examples
" _Are not- J.imitinq in thig invention and eguivalent results
and monoclonal and chimeric anf.ibodxa can be obtained by
15 @aimilar proccdurcs wall known to those of ordinary skill
_in the art. Sse e.d,.. V.5. patents 4,816,567 4,578,745;
- 4,975,369; 4,816,397, supra. Por exsspls, aftar cloning
a gene encoding a monkey variable region, such a gene is
. rasdily ligated to one encoding a monkey or human constant
20 region, and tha. fused genes sxprsasad in a producer call
~ line to produce the d__u_i:-d antibody. Below are provided
_exapples of such procedurss. .
In the follewing -xnmilu, tha firat step in the
. mathod {nvolves the isolation.of total RNA from monkey
2S- peripheral blood or spleen cells. B cslls from immunized
monkays may be obtained from. periphersl blood or lymph
nodes and used directly or, they may bea pz_-ctcréntiany
expanded.  Expansion may invelve HarDeg papie virus
transformation, fusion to a heterologous mysloms cell with
' 30 subseguent salaction, or cloning of single B cells under
limiting dilution in the presence of stimulated human T
calls. :
_ '~ Total RNA is then convctzod to single -crandcd (s8)
CDNA by revarse tranacriptasas using non-apecific (oligo-dT
35 or random-hexamers) or spoeiﬁ.c (imuneql.amun CH1 or CK
~or <Clsmbda constant region)' oligomuclectide primers.
'Bingle-stranded CONA produced.by this reaction is ampli-

T '““""“"i‘ il
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. 1D-
6 In preferred enbodinents, the |eader sequenc® is a human,
nonkey | eader sequence of approxi- mately 60 bases, exanples
provitded in FIG - 1. Applicant has discovered that the nonkey, chinpanzee 5
and human variabl e regi on | eader sequences are suffi- ciently simlar that
pri mWQMeNeR ructed to one are suit- able for anpP@WUssaossn of the ot her.
In the nethod, the RNA is anplified sufficiently to produce
acid to place that nucleic acid.within a vector for later 10 cloning. In a
second aspect, the |nvent|on features a method

15

~ fied using the polymerass chain rsacf.ion in which s cDNA,

togethar with deoxynucleotida triphosphatas, a DNA poly-
serase (g.4., & tharmostadle poélymarase) and specific

chi npanzee or
of which are

enough nucl ei c

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

10

15

20

. 2s

. 30

) 35 |

-region 1munoglobnlin '‘genes. The primars uud are single
stranded synthetic oligonuclactides ranging trcm 20 o 40

bases, containing some degenerate bases which bind to the
immunoglobulin 3' leadsr segquences. Six different 5¢
leader saguence primers (mea, YIG. 7-l incorporating a
restriction enzyme sits {8.49., Sall) -have dbeen deasigned
for uplitica‘uon of monkaey heavy chain variable region
families based on their -:Lnuaz'zty to huzan heavy chain
variable region gane fanilica. With each of the =ix S5
leader sequence primza. a 3 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. anplification of the. tpproprxata light chain variable

r.gion (Fig. -7-2).

Other sets of primers can ba used in opder to incor-
parate diffevent, unique restriction sitas to allow direc=
tional cloning of PCReamplified DNA 4nto an appropri.ate
expression vector possassing . tha cams restriction site.
A sat of primers binaing %o the 3* end of the antibody
heavy chain laader sequance incorporating a Mlui site, or
& set of primers dbinding to tha. tirst 23 bagee of frame-
work one lncozporating a Xhel: site ean &lsc be used and
are described ‘in Fig. 7-1.  The nmonkey immuncglobulin
heavy and light chain varieble region. ganes may ba cloned
into & shuttle vector diractly after PCR ‘amplification to

‘allow further 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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HER- bPo8B: 2 @h ERP1body to a human antigenT which anti- body is not

I mmunogeni ¢ in humans. The nethod involves raising in a nonkey a nonkey
anti body to the human 15 antigen, and isolating nonkey nucleic acid
encodi ng an antigen-recogni zing portion of a variable region of the nonkey
ant i body.

Human nucl eic aci d encodi ng a human pgynEsEI%s egi on of an

ant '\%ﬂy”m provided, and ligated to the nonkey nucleic acid to form
reconmbl nant nucleic acid. 20 This reconbinant nucleic acid is then

expressed to produce the desired antibody. Alternatively, chinpanzee or

nmonkey. constant r-egion-encodi ng nucleic acid can be used to formthe
.reconbi nant anti body. There are f

- 1 foany, - di ffer-g&r;;gg(i n the am no
aci d sequence of human and chijiagzes daquencssaat the i.e., they are
ce do : _ .
nom! .OQOU.Q:":&%;?;:;T&%'E‘ Alternatively, chimezic -illﬂ“"glo“l::
‘.nu can be insertad in a -cONA contiguration using hete
q _ : -

ologous viral pmmtoglcmpqcr ssquencas..

FIGS. ? and 8 sle -.t.M priiui’s with or :::r:::
restriction sites raspactively. used in the !c:n:;:pr fhe
tion of impunoglobulin genas from sonkey sod/or wemer

: cnmu; Dstails of the proceduraes used are pr s and
E - vas isolated from the sp.l-cn-. _ptziphar o
'w ?‘5 n h&dn étlll of monkeys using the standard guani :.: "
: ii:me'.m.,nma. The total RNA graction i:::::;““
.'thii -. Qﬁtbod was ':h_en. used as a template. t:;::u R
:mﬁuucgr._idn reactions. An al;quo: of tha R N
15 bated in. the presence of 200 uni:t.s_ of .uol::cymi"'”euic
' kcnii vigus Teverss: transcriprase : (woqlomun
' -(oli'ge:-d'r' or. randou .hex_m-rl) oy spescific e igon
796 CH1 region or kappa chain constant tcg.mn_u_ orgo
o .nﬁéi.'gt_i_;&. ‘primers (50-100 .2::‘;;.“;1 ::1 .g et DA
* ::do:::c:. :;elt;::qia‘::::n ‘was then emplified \x;i.nq. n:k:
Soiys R). An aliguot of =i
w:&::::s:o::a ::s i:::::::ﬁ,(::thqz with dcoxynucleoe(;d:
| ::i-phospha:es (20uM), & thernostable DNA Tl};ni:z;a;:imrs
25 'uni;:s) ‘and .nmn-d_eﬂvulzaynth-tlc oligonucles e hain
o (50  picomoles), T° 'lqpligy either heavy oF _
variable ragion immunoglobulin genss. —
' yming pairs of primers. shown 1.:1 _h.;w ,‘M m
repressntative cynomolgus m_oglohul n he <
30 gniin variable. z_atﬁ:n duqu::::l . ::::z.; . .unbar.q“.m“ gane
| od. :
| ::::i:':;:r:h:wzggwl site of the plasnid -vcct:r u:;:l::;
" script (PBS, available from Stratagens, :::n :: e
mu{ ssquencing. . DNA ssquencing vas por

«

' 1
" 35 plasmid DNA containing the cloned insert gs a double
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di fferences present .between human and nonkey fan be read- ily altered by
standard techniques if the nucleic acid encoding the nonkey constant region
is used to forma reconbinant antibody. All that is critical in the inven-
30 tion_is that an anti body be produced that is |less inmuno- genic than the
onk WP BB ant region so that no signi- ficant” PRFAYBM%ponse ensues when
“t.he reconbinant anti- body is introduced into a human. (Such anti body
-regions are herein referred to as honol ogous regi ons.) Thus, the 35

reconbi nant antibody is engineered to be functionally the same as-a human
antibody in its amno acid sequendd, ie., it has a constant region

horrpl ogous‘ttrga&ﬁ ‘Hﬁ“z&’&pﬁ'l'.@&é‘fm. standard chain termination
- sequencing mathed. . I ' :
Representative cynomolgus monksy {mmunoglobulin
sequencas ars shown in FIGS. SA - 98. Included in FIGS.
5 9A ~ 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,
10 is shown. The leavel 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 sequencas originating from Old World monkeys,
15 and ‘those 6riqinatin9 from humans Dbased on  saguence
comparisons alone.

- laglation of RNA
Konkay antigen-gpecific B calls were obrained in
seversl wvays: by fusion of immunized monksy lymph node
. 20 c8lls to the human/mouse hetsromysloma fusion partner cell
"_'l_inn' KSHé/RS, and . subseguant screening of the hybridoma
‘lines, by virally transformed B cells, or by jn_vitro
“single B -cell cloning technigues. In the latter case
growth of a single ﬁonkny_ B cell was supported in vitrga by
25 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
"calls. After a.two week incubstion psriod the single B
30 csll expanded to at least 200 differentiated plasma cells.
Cultura supsrnatant from these wells vere assayed for the
prasence of immunoglobulin by ELISA technigue using a cap-
. ture antibody of goat Anti~monkey immunoglobulin.
' " Cells aither from mtigoh-spe’cit_ic virally trans- -
35 formed cells or hybridomas were grown up in sufficient
numbers for extractien of RNA. Wells frem the in vitro
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zee antibody constant region. In sumary, the 5htibody I's as human an
anti body as is necessary to reduce the chance of an undesired i-mmunol ogi cal
response to the antibody, and.contains an antigen-binding portion of a
nonkey 5 antibody. By "not inmunogenic" is meant that the antibody does not
rai Se woongdiesgody response of sufficient nmagnitudepgrousiedene t he
effectiveness of continued admnistration of the antibody in the majority
of humans for sufficient time 10 to achieve therapeutic efficacy, e’g., as
conpared to a nurine or nurine-human chineric antibody. Preferably,- no
anti body response is observed. I n prygf erred enbodi nents, the nethod

i ncl udes i mor -
single B call cloning cucunxqus 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
5 solutien (4 M guanidinium isothiocyanate, 25mM sodium
' citrata pH 7.0, 0.5% scdius sarcosine, 0.1 2-mercapto-
ethancl). 104l of 3M.sodium acetats, PH 4.0, was added
and mixad, Protein wam removed by adding 100 ul vater
. saturated phansl, mixiny and adding 20ul of  chloroform/
10 iscamyl alcohol (¢9:1). After vortexing 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
15 by centrifugation at. 10,000 X ¢ for 1S minutes, washed
with 703 ethancl, recentrifuged and the pellet dried in a
Speedivac (Savant). The dried RNA was redissolved a
'iaqand tin¢_in.1o0 4l of lysis buffar. An egual volume is
‘isopropanol was added and incubated at ~20¢C for one hour.
.20 The prccxpxtate vas collected by centrltuqation at 19, 000
x g for 15 minutes and washed with 70% ethanol. The pel-
'let was dr;nd in a Speasdivac (Savunt) and stored at -20°
ln 70% ‘athanol until use.

Synshesis of gingle strandad cDNA . _

25 The total RNA extracted from the cells originating
from a single well was dissolvad in J2ul of double dis-
tillsd water to which is added 1igl) (50-100 picomolex) of

- primer (either random hexmmers, oligé 4T or 3* immunc-
globuiin—ipocizic-pmlunrs} and 10xl of SX reverse tran-.
.30 scriptase buffer (0.25 Tris-HCl pH 8.3, 0.375M KCl, 15mX
. - MgCl,, somM dithiorhreitol). The mixture was haated at
65°c for. S minutes after vhich it was. phc-d in ice for 2
ninnc.s. After hsating, 1sl RNAsin (Promega), Sul of SmM

_ deoxynucleatide triphosphates, and 1ul . (200units) of
35 Moloney purine leukemia virus revarsa transcriptnnc {BRL)
vas ‘added, and th- nixturn 1ncubatad at 37°C ter 1,5 hours.

werrr seer i mTill
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talizing a cell of the nonkey which is responsible for 15 producing the
nonkey antibody, e.g., by hybridona fusion, viral transformation wth
Her pes papio, single B-cel | cloning (also ternmed "transient

I mor on"), and production of a library of nant

imné@%’z@ ns. In other preferred enmbodi ments, tﬁ%@%d I ncl udes. 20
selecting a B-cell fromthe nonkey fromeither a periph- eral blood

| eukocyte, the spleen, bone marrow or a |ynph node; selecting a clone which

produces the appropriate anti body; rescuing the inmunogl obulin genes
encoding that antibody fromthe imbdttalized cell Iine; and reexpressing 25

the genes Iﬂz@.ﬁor&%seh&.eld: khi Créverde tf‘-ﬂi!:‘irﬁﬁe rilkefbhauses
sufficient BOUUEEQN oRladdld 8BRS al o UaST WieiBEad WY, ther apy) -
. ph.nol/chlorotorn and pll“d through a 1ml G-25 SEPHADEX
- opin coluan. Thn natﬂ:xal passing through this eolunn was
s 'u-cd as t.nplate ss cDNA for PCR. anpliticatlan.

Anplificacion of ss CRNA o
'~ 3~=10p1 of the ss cDMA was mixed with 104l 10X PCR
buffer (500mM KCl, 100mM Tris-HCl pH 8.3, l5mM MgCl,),
1,64l of 1.25mM dcox?nuclaotido triphosphatas, 350 pico-
16 moles ot specific innunogleﬁulin 5 primer, 50 pxccnoles
' af specific ;ununnglobulin 3* primer, and 2 - S5 units of -
thermostable DNA - polynnglpc”(syntnttxc Genetics).  The
reaction volume was brought to 1004l with water and over-
laid with 100ul of ainaral oil. The resction mixture was
15 1ncubated at :ha tolzowinq tamperaturas -for the specified
' times. : : -
. 94%C for 1 ninut- _
48°C for 2 minutas
- 72°% for 2 minutes : ,
20 This cycls vas repeatad 30-35 times. The amplified prod-
ucts were examined by agarose gel electrophoresis using a
1.23 agarose gel and molaculsr veight standards. The
amplified immunoglobulin variable regicn genes ran approx-
© -imately .between' 350-300 bp markers. The PCR amplified
25 products wvara then uond tcr cloning inte the appropriate
plasnid vector.

Example 2: Cloning Monkay Antibody genss
Since monkey variable region gana saguencss, at the
cDNA -level, are inailtinguxshable from- huzan members of
30 the eguivalent gene family, immuna responses To monkey/
~ human chimeric antibodiss, if any, are unlikely to be any
different than ‘thosa nountid -aqainst human antibody

molecules. L
PCR tachnology can be uud to .i.ntroduco specific

as restri;tiqn.gngynn sites, "including (but not limited va)

SUBSTITUTE SHEET This Sheet Has Been R
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In a third aspect, the invention features a réconbi- nant anti body for med
fromeither a human or chinpanzee 30 constant regi on and an antigen
recogni zing portion of a nonkey variable region, or a first nonkey constant

region and a second, different nonkey antigen recognizing portion of a

vari MQ9/Q2Ws8i on. In a related aspect, the inventiPER/USSUPEIBES a nono- 35
clonal antibody, or an Fab, (Fab)[err], a light chain or heavy chain dinmer,
or any mni mal reconbi nant fragment thereof such as an Fv or a SCA (single
chai n antibody) or ot her i munol ogi cal |y active fragnent thereof (e.g.,

.a CbR- . . _ 20
SalI, mn, Kepr and Nhel, into ths 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 specific vector

S using these primars td introduce the apecific 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

10 two types. 7The first (ses FIGS. 3 and 4) allows cloned

" cDNA immunoglobulin variadle regions from monkeys to be
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

15 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

20 signels. 1n addition, they include & bacterial origin of

' ‘raplication, & beta~lactimase gane for bacterial selec-

: _tion. an_d & neomycin phosphotransferase gana for G418

. selection, or a xanthine~-guanine phosphoribosyl transfer=-

- asa {gpt) gene for mycophenolic acid selection in mammal-

25 ian cell&é. .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. ' -

: Tha sscond typs of cxpruuen systen (Sae FIGS. 5 and

. 30 6) uses immunoglobulin genes in a cDNA- contiguration.

" That is, no introns or splice sites are prasent betwveen
. the 5' lasder sequance and the 3' constant region
- S8guences. This type of vactor utilites haterclogous’
o viral promoter/enhancer saquences , driving immunoglobulin

35 haavy and light chain genes arranged in 3 tanden fashion,
polyadenylaticn sequences and a selectable mammalian cell
marker (Nec). The Neo gens can be modified to veaken its

' SUBSTITUTE SHEET _ ‘This Sheet Has Been Replaced
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region), to a human antigen formed by an immortalized nonkey B-cell. Such
fragments are usef ul as’i munosup=--pr essi ve agents. Alternatively, the

anti body of the 5'{11?@8&%%9&&]?{ lgye attached to it an effector or reporter
ol ecul e. For |nst3 jﬁ y of the |nvent|on &dhave a macrocycl e,

for WAMMBg a he or a toxin, f-n, attached to it
hy a coval ent brid I n addition, the Fc fragnment or CH3

domai-n 10 of a conplete antlbody nDIecuIe may be replaced by an enzyne or
“toxin nolecule, and a part of the inmmnoglobulin chain may be bonded with a
-polypeptide effector or reporter ﬁblecule Bi specific anti bodi es can al so

be con- Pf&ily‘ staHdargyp Qg&cﬂ tne code'“ u*&zggot hg‘rl aspect, the

|nvent|on ur es
accnt tha start site of the gene frow ACC to TICT. 1In

ldditxon, a dihydrofolats reductasa (Ahfr) gene is present
for subseguant gene anplification with methotrexate. Mon-
5 key {mmunoglobulin variable region ganes to be clonad into
~ cDNA configured cxprcui,o_t_x vectors vere amplified either
from pre-existing clonsd sequences in the shuttle vector
(PBS}, or directly from RNA with primers containing sithar
the restriction sites Ball or MIur and MNngI, for heavy
10 chain, or BQlII and XpDI or R3jWI for kappa or lambda
' light chains. Ocher potential unique restriction sites

“however' aye not sxcluded.
~ Chimaric hcnvy and lignt chain immunoglobulin genes
were introduced separatesly or saquentially (for genomic~
i5 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
. ovary {CHO}: colls, or . mouse myeloma c.lll, folloved by
- 20 single cell cloning of the transfectants into 956 well
‘tissue.culture pla:cs. Eleempontion conditions using
& BTX-100 (BTX, San Disgo) alectroporation davice and a
iml disposable. plastic, cuvette gave optimal numbers of
‘transfectants from a given smount of vector DNA. CHO
25 - cells tnat. were adaptod to grow in suspansion in sarum-~
. free mdiun {CHO=§ SFM II minus hypoxanthine and thymi-
dine, c.tbco) were used in - constructs containing viral

' regulatory alements.

30 . ' The products of the PCR resction vere extracted with
' 'phcnol/chlorotom and’ pansed through a 1ml SEPHADEX G~-25
spin column. _If the DNA . :rngnent vag to be blunt end
'cloriad..in_to a p_lasnid 1sl 1M MgCl,, 0.5ml of 1,25aM deoxy-

. nucleotide triphosphates and 1ul of Rlenow DNA polymerase
.35 (5 units) was added to the total PCR rsacticn mixture
| (100s1) and incubated at 37°C for 15 minutes to.fill in

SUBSTITUTE SHEET
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tical conpositjons in which antibodies of the present invention are
provided for therapeutic or  prophylactic uses. Such antibodies can also be

provi ded as i nmuno- Thfs%ﬁéepﬁgssl Iecul es which are characterized by two
20 conponents and ar Eyi seful for killing sel- ected cells in

Vi t F O Wiy 93/g%108 VO. is a cytotoxic ggfgAisedesel i s usually
fatal -to a cell Wnen bsorbed. The second conmponent, known as

the "delivery vehicle" prOV|des a nmeans for delivering the 25 toxic agent
to a particular cell type, such as carcinonma cells. The two conponents are
comonly chem cally bonded together gy any of a variety of well-known
chem cal or genetic procedures. For exanple, when the cytotoxic agent is a -
prot ei n and anlyeSs caveartiangmpoBefare Slunt iandaclosinguiots a plas- .

mnid, the 'S’ ends vere pheosphorylates as follovs; Sul of
108M ATP, 1ul of Té¢ polynmuciectide Xinase (10 units) vare
-added to.ths Toral reaction mix and incubatad at 37°C for
s 30 minutas. . Applifisd trl_nlntl that contained intarnal
" restriction sitas vere first cut 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
10 cthe sppropriate vacctor. .

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
83xl), praviously digested with the restriction enzyne(s).

15 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-
20 tol), 1xl T4 DNA ligsse {1 unit) was added and the resc-
- tion allowed to procesd at 14°C overnight. The ligatad
_ mstarial wes used tTo transform competent £. coli HBiOl
- cells using the standard'cnclun chloride method of trang-
: formation.  The transforned bacteria were selected by
25 growth on LB ampicillin-containing agar plates. Indivi-
~ dual .colonies were sslected and grown up overnight in L8
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-

30. globulin 1nt_e_rt,s, the DNA’ ,vu pnparod for nqu-ncing.

- Cloned immunoglobulin variable region genes vere
saquenced using a standard chain termination method.

~ Double ::rlnded plasmid DNA: =onta1uinq the cloned insert
'35 was usad as the ssquencing. tamplate. Before uquonci.ng,
tha douhle srranded DNA was’ encnicauy dcnatured. DNA was

suasmurz SHEET
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30 globulin, the linkage may be by way of het er obi functi onal crosslinkers,
e.g., carbodiim de, glutaraldehyde and the like. Production of various

i.nmin6t oxi ns i s meIThkﬁﬁMmmgm&ﬁh I n another related aspect, the
I nvention features 3 encodlng a human/ nonkey reconbi nant
ant1 bad I n preferr the nucleic acid encodes a human or
chi mpa 02WAst ant regl nt i gen recogni zPREYUSI2Ys¥+t i on of monkey
vari abl-e regi on; and the nuclelc acid is purified, i.e., separated from
bi ol ogi cal conponents with which it naturally occurs, or nore preferably,
I s provided ' : -
. . _ ) 23 . _
.’ sequancad using T7 DNA polyperase SEQUENASE (United States
- Biochemical Corporatiop, Clavaland, OH), radiclabeled
alpha deoxyATF, and tha following. saquencing pripers: - (5¢
CAGAGCTGGGTACGTCCTC& «3*) -and . (5" GCCCCCAGAGGTGCTCTTIGG 31°)
s for innunnqzcbulin G heavy chain variadle regien in $' vo
3¢ and 3! to 5' directions :uspecs1Vlly.. (3" CAGAGCTGGGTA
© CGTGAACC . '3%) and (5° cccr:caascrccrcashss 3Y) tor immuno-
globulin lambda liqht chain vuri;hxo region in S' ro 23
-and 3' to 5' diractions, respectively. Resction products
10 were separsted on 6\ polyacrylamide gels and read.
The results of ;cquaneinq a nunbsr of old World mon-
: xey iunnnoglobulin haavy and light variable ragion genes
- ara sumnarized in FIGS. SA - SH. Cloning and meguencing
_ cynonolgus innnnnqlcbul;n genes has not been previously
AF deacrihcd in the litcrltnra. Nor, therafore, has the
' dcgrne_cf nano;qu_bepunnn huwan and cynomoigus V region
genes. bean possible to define. The homology batveen a
single chimpanzee variable lambda gene and its human’
- genomic. counterpart has been deacribed showing only a 2%
20 Qifference in the framework regions.

Afger saguencing clonad aaaﬁy”lnd light chain varia-
ble region genes, they wvere subecloned into appropriate
vectors for exprasgion. Thase mpy be vectors constructed

- 28 wvith immunoglobulin regulatory elements in 3 genomic con-

. tiguration (as shown in FIGS. 3 and 4), or with viral

* ragulatory selements using & cDNA configuration (FIGS. 5

and 6). Appropriate restriction sites (gpgI and Nhel) can

_ be designed into tha PCR anplizlcation privars during the

30. initial amplification step, or conshr-ely anplit;catxan

primers containing restriction s=ites can be uszed to

anplify immunoglobulin genes from the shuttle vectaors into

vhich they have been cloned. Alternmativaly, immunoglobu-

lin variable region genas may be cloned directly into

15 expt.ssion vectors after PCR nmpli!ication from RNA, so
- thaz suhclonlng is unnecessary.

SUBSTITUTE SHEET
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as a honogeneous sol ution. In yet anot her aspect, the invention

features a CDR- grafted ant1body formed from at

nmentdrity determ mpgmg
t he standard ani no

| east one of the conpl e-
that is, amno acid residues (using
stem of Kabat) 31-35 (CDR 1),

50- 65 (CDR

n
2) apd 95-102 (CDR mﬁﬁ: pecified heavy ?’@ﬂ’ and am no acid
r-esi 9?99’5"02!?'34 ( 2) and 89-97 53 W‘the specified

li-ght chain of an O d ver | d nonkey vari abl e region,
vari abl e region framework froma second speci es.

and an i mmunogl obul i n
The CDR-grafted anti body

i's able to bind to the 15 sanme antigen as the original nonkey antibody. The

anti- body constant region is deri%®td froma human or chi npanzee

i mmunogl omet'hod_ol ogy for performng this

' Elactroporaticn was used 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)
vas transfected into:the murine walm ¢all line Sp2/0 by

alectroporation as follows., §P2/0 cells at a concentra-
tion of 1 'x 10'/ml in ::nnstmmn puffer (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 spectrophutonutry

Cuvetta and plate alectrodes 3.5 mm apart inserted into’

the cuvetts. Using a nm-:.oé (BTX, Inc.)  transfection

spparatus the cells vere 9:I.ven & pulsa of. euzkant. for 500

microsaconds 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
nqunncnts. ' Using the BTX-100 apparatus, the optimal

value was found . to bs a pulu at an luput.ud. of 200 for

SUBSTITUTE SHEET
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aspect is generally described by Jones et al., 321 Nature 522, 1986. Such

CDR grafts can be gl.t red | f deS|red to 20 ensure that they appear nore
whuman- | i ke so thatﬁ; y of instigation of adverse reaction to

the antibody is les u rred.enbodi nents, the method includes

I'mhor-_talization o a cell froma macaque, which is 25
rresp 3403408 prodUC|ng a macaque antibody, an ypﬂ@- t he

i munogl obul i n genes fromthe cell; cloning and sequencing the anti body
‘genes responsi ble for. the produc- tion of anti body; selecting a human

vari abl e region frane- work sequence (preferably with the cl osest honol ogy
to the 30 macaque variabl e regi on # amewor k).; and- substituting nmacaque CDR

‘sequences gy nﬁl‘é@gﬂecgﬂﬁs?eq%ﬂﬁfsyé‘mn@ Re calls, they were
‘allowad to rscover on -ite for .15 minutes bafore baing
- tranaferrad to 96-wall :illun culture plates in Dulbecco's
modified Fagle's. ncﬂiun {OMEM) contalning 5% fetal calf

'S serum and 10% Sp2/0 conditicned medium. Cslls vere plated
st a concentration at which. call growth was seen in

~ approxinately 1-in 3 of ths walls after selection with the
appropriate drug. This parsmeter was determinad for each

- .electroporation sxperiment by plating varying numbers of
10 electroporated cellr par vell (1000 - 10,000) and selact-

' ing for cells which have incerporated the plasaid. The
number of wells on each plate wWhich showed cell grovth vas
~ .counted after 2-3 waaks of sslsction. Thus, the appropri-

.  ate nusmber of cells that gave 1 .0ut af 3 pogitive wells.

1% with a given eoncantrltiﬂn af a particular plasmid was
‘determined for uss in future experiments.

, Directly after slectroporstion cells were placed in
medium without drug. -Fresh medium wvas added two days
“stter electrepcrltian ean:ninzng eithcz G418 or mycophe-

.20 ‘nolic acid tor.cells,nxh&hiting naonmycin phosphotransfer-

' aws or guanasyl phosphotransferase sctivity respactively. -
Calls vers fed avery 2 days. for the firet week and then
tvice a WeeX thareafter. The concentration of drug to use
~was determinad by incubsting.cells in the presence of

25 increasing concentrations of drug snd mondtoring cell
viability. - The concentration of drug used was twice that
which gava 100% killing. - For Sp2/0 approximately 1iug
-nyeephnnohc acid/n) wag rsquired and toz' G418 approxi-
natcly 80Q0ug/ml.

30 Cells ware clau:rnpnrated in. several ways, sither
-heavy and light -chain - genomic vectors (pGenex-H and
pGanax<L) were co-slactroporated, or tha light chain was
alectroporated aloné. In the latter case, clones were
_screened for high level expression of chimeric immunoglo-

35 bulin light chain using sn ELISA technigue. These clonas
were. then .grown up and alectroporated with heavy chain
cantaining vector. 1If cONA tanden gene caonstructs were

'SUBSTITUTE SHEET
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nodi fications in the human franmework regi on may be |ncluded to maintain

affinity of the antibody for
is neant that less than a total of about 6 amino acids in the f
stituted- by other am no acids.
nDdlflcatlons are made only when those am no acids are invol ved

be sub-

conf

Usual I'y such substltutlo

its antigen. 35 By "minor WHﬁ'dehEéiﬁL

fal interactions that hold the framewsegrusgdoaipeaPpropriate form

so t hat the desired anti- gen is recognlzed by the anti body.
nDdlflcatlons '

10

s

.20

25

30

35

‘used, the expression vector (TCAES.2 or 1:;#5; was firat

linearized by diqostioh wvith the restriction snzyme NotlI.

“ M single c;nctropozneicn vas sufficient to achieve inte-

graticn of both hcnvy and 1tht chaln genes. Aftar 2-3

.wasks supernatants from vells which continue to grow in

the presance of appropriate drug were asssaysd for the
sacration of chimeric ilnhnoqlohuzin light thain or vhole
ipnunogicbulin using an ELISA. technique. Jmmunoglobulin
genas in & eDNA configuratien were electroporated into
either Sp2/0 cells, as described abova, or into Chinese

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

serum-fres nedium. CHO cells were alectroporated using a

BTX 600 electroporation apparatus, set at cenditions 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 suspension 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 cuvette was placed on ice

for 1% ninutes, the cells diluted intc 130 »ls of sarum~
frees nediun and placed into six 96~vell plates (200 ul per

- vall containing 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.

Tha prasancu cf human, nankny or chimeric antibody
secrated by :ranstee:unts vse asgayed by an FLISA tech-

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

..
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5 will general |y reflect those differing am no acids present irhis 8neBRKBY¥en Re laced
anti body, conpared to a hunan anti body.. For exanple, the am no
sequence -of a human antibody just prior to heavy chain CDR 3, ﬂ”ﬂl’!ﬂ”ﬂ”’ﬁ
generally cyst ei ne- al ani ne- ar gi ni ne (arginine is known to be r

110 © wometeg of antibodies with serine or threoniPG@SIVOISOMe anti bodies in
~ t-he nonkey the sequence is cystei ne-al ani ne- serine; thus, in this exanple,
it may be preferred to use serine.at anino acid 94 (see Fig. 9D). In a
further aspect, the invention features a nethod 15 for treating a human
havinng a particul ar antigen, e.g.27one associated with disease. The nethod

i ncl udes adnin- istering a therapeutically effective amount of a reconbi -
nant. anti %99 §B§E‘P‘*|‘9‘ﬁg‘or9°t‘ﬁe gi ’f‘aﬁ“arxy"&nﬁrg PP AT of 7

- ng/wall in Coating Buttcr (-odiun carbonate 0.8 ag/ml,

sodiun bicarbenate 1.55 mg/ml, pHS.6) and incubsted for at

least 1éhr st 4°C. The coating buffer vas ramoved and tha

-5 wells blocked with 120 41 of Blocking Buffer (1} bovine

‘serum albumin in phosphate buffersd saline containing 0.2%

scdiun azide) and incubated st 37°C for inr. Up to 125 ul

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

' taining hlocking buffer and mcubaud 2 hrs at 37°C. The

0 plaf.es ware then washed fiva times with PBS. 100 ul ‘of

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

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

. bovine scrum albumin, 0.05% Tveen-20, 0.02% sodium azide

' in PBS) was added. Plates vare incubated at 37°C for 1 hr

15 then-washed tive times with PBS. Chimeric antibody was

' detected with 100 sl of hydrogen. 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. _

- 20 Those of ordinary skill in the art can readily per-
form equivalent mathodologias to thoss describad zbove.
Examples of such technology include immortalization of
nl.eeud 8-cells by nyhridou fusion, as described above,
with ‘the cell line K5H6/B5 described by carrell et al.,

25 164 Umﬂmmm 1566, 1986, or an equivalant
cell. lina, such as SPAZ4 (available from Sandoz, ggg, .

Ehrlich et al., 34 Qlin. Cham, 1681, 1588). Similar cell

lines can be readily constructad by standard techniques

. using publically available mathodology. Altermatively,

10 immunoglobulin. genes mey ba cloned frem: (a) cells immov-
talized by .viral transformation with Hexpes papio, as
describad by Markova st al., 30 Yepr.Vizuagl $49, 1983, or
with an egquivalant virus, (b) by single B-cell cloning To

‘ : previde a czransient 1mmlxzatien.~ as described by

- 35 '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,

SUBSTITUTE SHEET
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the recombi nant antibody is one having either a human or 20 chiy§apzs

const ant
regi on,

or a first nonkey con- stant
portion of a second, different nonkey variabl e region.

-enbogo9sgigg of t he above aspects,
antigen involved in an i mune di sorder,

aut oi mune response, a receptor expressed on a host cell, or
selected fromthe human anti gens CD58, VLA4 ([err]4[err]1 integrin), CD2,

LFA3, ' ELAM LAM CD25, CD4, CD19, #£D20, 30 human T-cel

CD23, CD41, CD44, CD45, CD71, TNF[err! TNF|errl Tn anti gen,
89

C5a, adhesith? mud MeGestarty et alycAwe

10

18

20

30

ing for appropriate antibedy contsining 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

tha immortalized . cell line.. . In addition, tha 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 imsunotherapy

.of humans include CD4, ICAMs, CDlS, CD20, CDE, CDila,

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

Tns following is a -pecizxc exanple of the mathods

_and antibodies of this inv‘ntxon.

An adult cynonolqus nonkay (ﬂh&te Sanda Now Maxico

'-Prina:a Ctnterj vas immunized int:anuscuxarly, 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 nede by slicing

the tissue and rlnaing with sterile DNEN medivm. The cell
suspension was passed through a nylon gauze and collected

.by centrifugation at 1000 x g for 10 minutes.

. SUBSTITUTE SHEET
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CD11b, the neu oncogene product, MDR-1 (P-glycoprotein), T@E@s@&q{agggeng@med

receptor, and PDGF; and the reconbinant anti- 35 body is acjmumnwﬁl N
h

deplete (kill or elimnate) undesired cells (e.g., anti-CD4)
to cayse Fc-receptor binding by a phagocyte. Alterng- tively, the antibody
bl OC&EEP’EEH nmul ates receptor func- tions, or neu%&gwgf@g"act i ve sol uble

conple- nent, or killer cells, or is activé as a cytotoxic

products, such as one or nore of the interleukins, TNF and Coa. 5 In
ot her aspect's, the invention features pharnmaceu- -
) | | 25

Approximately 1 x 10° lymphocytes wara suspended in
Tris-ammonium chloride buffer (16mM, pH 7.5) and varmed ro
374C for 5 minutes to lyse the erythrocytss. 'Lynpnocytss

_ vere collected by centyrifugation and rasuspendsd in L-lsu-
5 cina methyl ester (INE) snd incubated at I7°C for 45 min- -
-Utes. The LME treatad cells werg filtered through a nylon
screen and centrifugsd. . lml of fetal calf serum was
-added, the cells suspended and washed twice in serum-free
RPMI. The cells ware counted and mixed intc a single Soml
10 conical centrifuge tube tag_-the_r with an squal nunber of
© ' K6H6/BS heteromyeloma cells, prevashed twice in serum free
‘medium. Cells vere gently suspended in 1 ml of 50% PEG
(polyethyleane glycol) added slowly with gentle stirring
over a 1 minute pericd. The cells vera than resuspended
15 Dby the addition of 20ml of ssrum-fres medium over a 5 min-
. ute. 'perli_od, with gentlé¢ nmixing- to dilute out the PEG.
';Lttét_vashing twice with serum-fres medium cells were
resuspanded at.a concentration of S5 x 10%/0.1 =l in RPMI
~ medium, containing 20% fetal calf serum and gentamycin and
20 placed inte 96 well micro tissue cuitura plates at 0.1 ml
per vell.. An equal velupe of HAT medium (0.1 m)) was
added te aeach vell and the hybrids allowed to grow for
14=17 days befora scresening. '

25 Production Of ARti~CD4
B _ - 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
~ 30 suparnatant were removed from each well and allowed to
~ incubate with the aCD4' coated platss for 60 ninutes.
Binding was detected by incubation with ™I labeled goat
_anti-human or 'goat ant.i-ﬁenkey Ig for 60 minutes. After
. wvashing four times with distilled water, the vells were
. 35 counted in a gamma counter. . Positive wells were re-
assayed in. duplicata and the hybridmn_l ¢slls from those

SUBSTITUTE SHEET
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tical conpositions of the above anti bodies or fragnents there

Conposi tions or products according to the inven- tion may conviﬂ

provided in the formof solutions suitable for parenteral or

adm ni strati on.

’Bl:fls Sheet Has Been Replaced

pultil|

10 Appropriate preparations of antlbody may be m xed with

appr‘prlateﬂgreparatlons of ot her agents, resultlﬁﬁ? ncreased clinical

utili

r features and advantages of the inv

be apparent

'”fron1the foll owi ng description of the pre- 15 ferred enbodinents t her eof
and from.the clainms. Description-of -the Preferred Enbodi nents The draw ngs

will first briefly be described. Dg%mdngs FIG 1 is a tabular

representation of 20-codons in

10

5

20

vells subcloned three times, first at 5 cells per vell

then twicea at 1 cell par well. At this stage anti-~sCD4
positives ware screened .£or the ability to bhind to cell
surface CD4.  This vag dona by inhibition of binding of an
anti-CD4 murine monocclonsl, termed 1P3, to tha CDé 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

" (about 20-25°C) cells wa: removed by vacuux onto glass

fibar filters. After extensive vashing with PBS the fil-
ters wers counted in 3 gamma countar to determine the
inhibition of IF1 binding tc supTl cells by the monkey
hybridoma supernatants.

A candidate clone was chosen. vhich 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 possaszing a lambda 1ight chain. This
call line was grown up to larger nunbars for cloning of
its innunpglobulin genes.

Region Genss fxom Monkey Jmmortalizad R-calls

25

30

3s

Total RNA was isolated from 1 x 107 monkey immortal-
ized B-cells using tha guanidinium iscthiocyanate method
described above. One tsnth of the total RNA vaz used to
make single stranded cDNA using an oligo-dT cligonucleo-

"tide primer and reverse transcriptass, 81sc as described

above. One tenth of tha amount of s& GDNA was used to set
up PCR reactions. The six PCR reactions cach includad one
of six 5' V, family specific oligonusieotide primers con-

taining a Sal I restriction site togethar vwith an Ig6 3*

constant region oligonucleotide contair.ng an fhe I site,

both shown in Figure 7-1. Similarly, five PCR resctions,
~upilizing one of .five 5' lambda leader ssquence oligonu-

cloctidc priaera containing » Bgl IT sita and a 3' lambda

_cenatant :agxon princ containinq an AVy IZ site, vers run.

SUBSTITUTE SHEET
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20 nine different 1 g heavy chain.| eader sequences and ten nonkey | g heavy
chain | eader sequences; FIG 2 is a diagrammtic representation of the
Struc- ture of various Ig chains showing the relative position of |eader,
variable, and constant regions with the positions 25 of restriction sites
and woiseesused for anplification; FIG 3 is a 8CHYSIMeES:i c representation
of a heavy chain cassette vector for expression of human or chineric
antibodies; FIG 4 is a diagrammatic representation of a light 30 chain
cassette vector designed for expression of human or chineric antibodies;
FIGS. 5 and 6 are di.agrammatic reptesentati ons of vectors designed for

expression of immnoglobulin from
Reaction conditions vere as described abovs. Each PCR

ramction waa run in triplicata. The producta of each of
'tha'hcaﬁy'chain and light chain amplification raactions
ware run on 1.2% agarcsa gels. Tha VH4 heavy chain primer
5 (8EQ. ID. NO.: 13: 5 xc:aasmccacazcaaacaccrcmcarrcrr ")
and lanbda primer (s:q. ID. NO.; 14t (5' ATCACAGATCICTCAC
;. r_mmccracrccccrcrcc'zcc 3*) gave strong bands on agarose
‘gel olsc:rophornszs. The, p:oénctn of thase reactions ware
used . for cloning into the vactor TCAE LT which contaius
10. nunan Iqu and human lanbda canstant rtgxon scqnane-:._
c1oninq cf the two vnriahlo region genas into the
' expression vector TCAE & was done sequentially. First,
the haavy~;hﬁ$n.9cx product and the. vector TCAE 6 were
digasted with the rcltriction snzynes. §al 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. Lxgatcd 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 anp;cillla 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 pitﬁj;hd restriction enzymes Sal X
and Nhe I and the products run on a 1.2% agaross gel.
‘Plasmids with inserts of approximately 450bp were used as
o i-npla:cs for the sub;oqunnz-cléning 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:th agl IT and Avr IXI. Digests giving an
“35  inaexrt of apprexinately.;oc-iso bp were scored positive.
‘Plasmids containing doth Sal I/ihs T and Bgl II/Avx 1I

su E' TiITu TE SHEET Thls Sheet Has Been Replaced
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kappa or

i mmunogl obulin genes are arranged in a tandem
neomyci n phosphotransferase as the sel ectable marker;

| anbda |ight chain cDNA, respectively. In these 35 vectors,
12 configuration using

FIGS. 7-1, 7-2,

t he

and 8

show the nucleic. acid sequence of various |eader sequence priners useful in

the invention 5
SEQ WO90308 1 -

non-

key regions -in the VHL, VH2, VH3, VH4, and VH5 sequences,

10

15

20

32

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

.additlan, the DHFR gene promoter in CLDN has been replaced

by the mouse beta globin major promoter (2 Mal, Call Biol,
1246-54, 198)) and tha t-PA CONA veplaced by a polylinker.

-All three eukaryotic transcripticnal cassettss (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}

This Sheet Has Been Reﬂ
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(these primers in FIG 8 correspond to those |isted as
12 tnfra; FIGS. 9A through 9H ar eCyyspraéIsmons of human and
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and VKI and VKII, and VI anbdalll sequences, respectively; 10

s a conparison of human and monkey VH3 sequences,

FIG 10

with one conparison to

t.he haman VH2 sequence; FIG 11 is a graphical representation of the

bi ndi ng of an anti body of the invention to a human CD4 anti gen;
a gr apkbeseziegPr esentation of the inhibi-

FIG 12 is

15 tion péyrossasisivg of 1F3 by the

anti body shown. in FIG 10; FIGS. 13 and 14 are portions of the nucleotide
sequences of "anti-CD4 VH, and VL regions respectively; FIG 15 is a graph

showi ng anti-CD54 activity;
expression 20 features.
referred to as baboon

.30

15

20

25

3o

35

(b) A human immunoglobulin heavy chain constant
region; in both canstructs the human immunoglobulin heavy
chain vas a qaniu 1 constant vegion (Kabat numbering aminc
acids 1i4=-478 allor.yp- Gmla, Gulz), which vas derived via

'upu:ication of CDNA . by 3 polynerasa chaip reaction.

{c) DHFR; cantaminq its own aukaryoctic pro-

llotor and polyadenylaticn rsgion.

~ .{d) NEO; also containing its own aukaryotic
promotar and polyadanylation region.

3) The human izmmunoglodulin light and heavy chain

cassettes contain synthetic siqnu sequences toz- sacretion

of the immuncglobulin chains -

4) The human iamunogliodulin light and heavy chain
cassettes contain specific DONA linkers which allow for

inmertion of light and hesvy immunogicbulin variable

r.gioni. which maintain the translational resding frame and

do not alter the aminc acids normally found in immunoglo~
'~ bulin chains. 'tho.incerp_ozatien_ot the changes described,

led ta _thg-'conltructiox_s of the vectors TCAE 5.2 and TCAE
6. The ¢loning of the immunoglobulin light and heavy
variable region genes, 2rom t.h- anti~CD4 heterohybridoma

call line E9. 1, into TCAE & led to the construct uhich is

deposited in the ATCC. The construct, -which has been
dsposited, contains the cynomolgus monkey immunoglobulin

' heavy chain variable ragicn and cynomolgus monkey immuno-

Qloh_uu_n light chain variable region, whosa saquences 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

Gnmla, Gn].z allotypa. 'Tha jambda 1ight chain constant

‘reglon is 8lsc of human crigin, of the 0z minus, Gy dinus

genotype and Ke minus allotype. The immunoglobulin genes

_are cloned intc the msmnallah .expresaion vector TCAE 6,

shown in Figure & , ihich. wvhan alectroporated into the
mammalian call line CHO.preduced a monkay/human anti-CD4

chimeric. antibody. . The DNA construct described herein,
has been used to transform tha bacterial strain XL-1 Blue,

This Sheet Has Been Reliiaced
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and macaque nonkeys (including Rhesus nonkey and cynonol - gus nonkey).
This invention provides details of use of 25 the clained invention with
var i olus nonkey genes. These. exanples are not limting in the invention
“and may be readily applied to other Ad Wrld I\/bnkeys Referring to Fig. 2,

there is shown in diagrammatic formthe general Pg;zw" f40f genes encoding
(i MMMQ8IeR38 30 lin heavy, kappa light, and |anmbda t chains. Each of

~these chains is formed with an ATG start codon follomed by a | eader

‘sequence of approxi mately 60 bases, a region encoding a variable region of

~.the immunogl obuli.n, and a constant_ region of that inmunoglobulin. Exanples
of dif- 35 -ferent |eader sequence or signal peptides, of heavy chains are

shown i n Ficq:‘ae&ad Tﬂ\eﬁﬁcsﬁﬂ’éﬁ%@& ﬁﬁﬂeii’ﬂnr and deposited as a
bactcriuz cell sulponlloa in ltcrilo LB medium containing
15% glycerol.
Ancther usaful’ xpr-sslcn systen is one in which the
s gene encoding a salactive lazkct is modified to .snhance
yiald of recombinant systans cneoding a desired seguance.
. For exampls, translation initistion ippairment of a domi-
nant salectadle marker results in fever drug resistant
colonies compared to a hen-impaired vector, but each indi-
10 vidual colony exprasses . llqnizicantly higher levels of
'eollnk-d gene product than in tha unimpaired vectar. For
sxanple, translation initiation is the first step in pro-
tein synthosis. The translation initiation site of the
' nsonycin pnoaphotranste:au geane (G418 :ulsunu gene)
15 wvas changed from a consansus Kozak (sequanca = SCACCATGG)
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
: ' G418 rasistant colonias obtained from a same amount of
.1'20 plasmid DNA trnns!cctad per cell, and 2) a significant
.incroase in the agiount of ¢o.:nked product gane axprsssed
" in each clone. In tha clones containing the cohgensus
Kozak 73% of the coloniss screened produced less than
-zsng/nl, with enly % producing greater than 100 ng/ml.
25 For cleonas with tha altered, pocrar Kozak, 8% of the .
. colenies screenad praducod leas than 25 nhg/ml, compared
with 63% of colonies producing greatsr than 100 ng/ml.
~ specifically, referring to Fig. 16 (uhaere wcaz 5.2 has 2
: consensus Kozak, and  TCAE. 12 has & poorer ' Kozak), 258
‘30 coloniss were derived from 2 elactroporations of 25 ug of
~ DNA vhich contains a necmycin phosphotransfarase gene with
& conaensus (unchanged) translation start site. 201 of
these colonies (78%) did not exprass any dstactable gene
product (l.8., <25 ng/ml. of chimeric imnaqlebunn) , and
35 ‘only 8 eolenics (3%). .xprcslcd moye than 100 ng/ml. 98
o .eolonias were derived from 6 electroporations of 25 pg of
DNA which contains the neouycin phospho:r;nszgrase gene

TS i
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13 equi val ent in nonkey, can be determ ned by standard tech- niques well
known to those of ordinary skill in the art, and as described bel ow. The
.sequences' shown in the |ower portion of FIG 1 5 are human | eader
sequences. Applicants have di scovered that construction of priners
conp| WAIMOBOY (o these | eader regions allows anpl PETABIMINOf | g genes from

nonkeys. Simlarly, priners honol ogous to nonkey | eader sequences (see
e.g., upper portion of FIG 1) can be used in anpli- 10 fication of nonkey

I mmunog! obul i n genes, and al so for
@ 35
| vith an altered translation start -site. 63% of these
colonias vere axprassing mora than 100 ngsal, and only 8%
- of these colonies expressed less than 25.ng/ml.

5 ° . Plasmid ONA vas preparad from 100ml culturas. It was
. turther purified by pracipitating (1 volume) with a mix-
. ture of 2.5M sodium ch;ari;h snd '20% polyethylens glycol

{6 volumes) on ice for 1% minutee. After cantrifugation
_ut 10,000 x g £or 20 minutes, the pellet was vashed with
10 70% etmmol, .’nun:titug_e__d and aried in a Spesdivac
~ {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. Sequencing prihers which vare homologous '

15 to sequences within the expression vactor upstream and

downstream of aeither the light chain or .heavy chain
inssrts vars used. Tha inserts wvere nquon_eid in both 5!
to 3' and 3' to S5° directions. Two clones of anti-CD4
1ight. chain and two clones of anti-CD¢ hesvy chain each
20 generated from ssparata PCR resctions were sequenced 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

25 that no. crrors had. been xntxadaced during the mpl.\nca-

-tion procoss. The nquem of the anti~CDe heavy and
light chains are shown in Figures 13 and 14 and Saguence .
Listing Nox.: 15 and 6.

. 30 The expression vaetoz' rm 5. 2 cnd TCAE s are not
only abla to be used for stable integratad expression into
the cell lines §pZ/0 and CHO but, becauss it includes the

~SV40 origin, is aiso -able to ba expressad transiantly in
. the cell lina €OS. - COS 'cqu expression was parformed as
35 follows: <COS celin ware seeded one day before the trans~

sum sﬂm - This Sheet Has Been Re{i',
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anplification of human i munogl obulin genes. By use of such priners in
standard anplif+4 cation procedures, genes encodi ng vari ous nonkey
can be readily isolated, and the sequences encodi ng
15 the variable regions of the antibodi es determ ned. Exam ples of such

J mmundgl obul.in genes,

proc re- provi ded below. The results of th provi ded bel ow
are %@Zﬁ?@d in FIGS. 9A through 9H, and in FI G%’é@f@?l singly, :
applicant found that,

despite the ability to produce anti bodies to rel a-

tively conserved human antigens in the nonkeys, the vari- able regional
framework sequences of the antlbod#ﬁs so produced were indistinguishable

fromthose of human anti- bodies

is, the anmount. of variability in

i Munogl o- seedich £6TURE EheILGAI1EDe fs@‘-vﬁﬁ%ﬂ?ﬂh@&&%%oﬂd@J ar to
Culture madiup was. ramoved aad the Ccells washed

ing day.

10

s

20

25 .

30

35

tvice with Transfection Buffer (T8 - 140mM NaCl, 25aM
~ Tris, 5aM KCl, 0.5mM Na PO, lmM NgCl,, 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 allowad to incubate with the

cells for 1 hour at 37°C. DNA solution vas removed and

_:npii_c‘ed_ with 3ml of 20%& _q,l.ycor'ol gor 1.85=2.5 uminutes,

ittcr;éhich thn_enlls were twica wvashed with TIB. Cells

ﬁtze.incunatcd in 5a] of fresh pediun containing loouM

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~ladeled goat anti-husen IgG as the dstection
antibody, under standard ELISA conditions. COS cells were

found to produce between 10 and 40 ng/ml of nonkey/human

chimeric an:ibody. Larger volumes Gf aupernatant wvere
concentrated 10 tald-nnd'ungd 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 wnonkey anti-CD4 and tha wmonkey/human
chimaric -anti-CD4 were used to inhibit the binding of a
high arfzinity mouse anti~-CD4¢ {1F3) antibody (Fig. 12). I
can -be sean thiat 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 antihody or 1F) itself.
Tha folloving is an axanple of ths notnnds and

antibodies’ ct this invention. - -

- T “W -

20
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25 that observed for humans, and it was inpossible to deter- mne which
anti body was derived froma hunan or nonkey wi thout analysis of the source
Jdtserf. Thus, for exanple, referring to FIG 10, the am no acid sequence of
the VH3 region of human was conpared with 30 nonkey. The human anti bodi es
shomadogamage of honol ogy anong t hensel ves from susHFdg, Whil e those of
the nonkey were from 90 - 95% honol ogous with the human region. In
contrast, the human VH2 regi on was honol ogous to the human VH3 by 60% - |
In this drawing, as in the other 35 drawi ngs, the presence of the sane
amno acid at any location is sho by a dash, while the presence of a
dlfferent amino acid is shown.by the standard one letter

Exaupla 4: Gensrasion of Monkev Antibodies Adainst Human
iymphocyta Antigens ~
. An adult cynouolqﬁs ‘ponkay (White Sands New Mexico
Primate Center) was 1munxz¢d intramuscularly, at multiple
5 sites, with 5 x 10° vzxolc CD54 positive human lymphocytes.
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-
10 tinin (4mg/well) with the inclusion of & standard adju-
" vant., JImmunization 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, B4H10, known to bind to ICAM-i. A satur-
15 ating amount of 84H10 was bound to chinese hanster ovary
cells (CHO), previcusly transfected with an expression
vactor containing human . ¢DS4 c-DNA and salectsd for high
axpressiocn of cell surface CDM. tagother with increasing
. dilutions. of monkey serum. The inhidbition of 84Hi0 binding
20 is shown in FIG. 1S. ' |
' Other murine monoclonal antibedies which recognize
ather. human J.gmpnecyta an:é.qans ware tasted by inhibition
using mnonkey sara qh:unsd by the same me.zation

- methods .

‘25 Use : .
antidodies produced in the manner described above, or
by aguivalent techniques, can be p'u_:.’f.!hd by a combination
of affinity and size exclusion ~-earonlto§raphy for charac-~

- terization in functional dhiological asweys. Thase assays -
30 include determinarion of :l,pu:;it_it:_it.y and binding affinicy
 as vell as effector functiocn associated with the expressed
isotype, s.9., ADCC, or complement fixation. Suech anti-
bodies may be used as passive or active tharapeutic agents
~ against a number of human disesses, including B call
3S lympnoma, infectious diseases including AIDS, autcimmune
and inflammavory disemgas, and transplantation. The

n (in )
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14 code. Positions to which no consensus am no acid can be assigned are
shown as an X.] Simlarly, honology for-VHL, VH2, VH3, VH4, and VH5, and
for VKI and VKII and VMlianbda Il is showm in FIGS. 9A - 9H, respectively.
Again, sig- 5 nificant honol ogy between the nonkey i mmunogl obulin region
and whepey/etest he human was observed in each vari albcrrusdgriesys. i ncl udi ng
i-mmunogl obul in J regions sequences. Such high honology is similar to that
observed anpbng human anti bodi es. 10 The net hodol ogy by which the
sequences were det.er- nmined is preasaent ed below in the exanples. Those of
ordi - : _ _
: ;n:’ihodh‘-_ can be used sither 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
5 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 sffect can be detarmined by standard techniques wall
known to those of ordinary skill in the ert. The anti-
10. bodies will gcn.:any be provtdod by s:-ndn-e teachnique
' within a pharmsceutically acceptabla buffer, and may be
sdministared by any desired route. Because of the effi~
cacy of the presently claimed antibodies and their toler-
ance by humanas it is possible to administer. these anti-
1s bodien repatitively in order teo combat various disnuca or
dilﬂllﬂ states within a human.
. The anti-CD4 racombinant antidodias (er Iragments .
thereof) of this invention ars also ‘ysagul for i.ndﬁcihq
immunesuppression, Ji.e.. inducing a suppression of a
20 human‘s or animalt's immune. systez. This invention thare-
' . fore relates 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
25 hunnn or other animal.
The ability of tha canponndc of this invention to
. 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
30 .T-cell proliferaticn msasursd by thymidine uptake.
The fact that the antibodias of this invention have
utility in inducing immunosuppression maans that they are
. usagul in the treatment or prevention of resistance to or
rcjnct.ion of t:amplnnt-d organs or tissues (g.4., kidney,
3% heart, lung, bona marrow, akin, carnea, §%S.); the treat~
nent -or pravanticn of autoimmune, i.ntlamtary prolifera~
‘tive and hmrp:on!tra:iv- diseases, and of cutanecus

' SUBSTITUTE SHEET

This Sheet Has Been Re{i}aced

~ EARCEN R




nary skill in the art will recognize that these exanples are not limting
ih this invention and equival ent results and nmonocl onal and chineric
anti bodi es can be obtained by 15 simlar procedures well known to those of
ordiwanyosigi | | in the art. See e.g., U S. pacenussnoas8l6, 567; 4,978, 745;
4,975, 369; 4,816, 397, supra. For exanple, after cloning a gene encoding a
nonkey variable region, such a gene is readily ligated to one encoding a
nonkey or human constant 20 regjon, and the fused genes expressed in a
producer cell line to produce e desired anti body. Bel ow are provided
exanpl es whisesthtipneCedurigsunciogichByf obdddentndg aisemskes, the first step in
t he net hock.abyv ehanastdiartigdtit, | pun brcdémicodduA siremmicronkey 25 peri pheral
‘bl ood or spheeerptbhditoni, Colabiinbtam thypeidigiad 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
N 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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nonkeys may be obtai ned from peripheral blood or |ynph nodes and used
.directly or, they may be preferentially expanded. . Expansion may involve

Her pes

Wt h 30. subsequent sel ection,

papi o virus transformation,

dilution in the presence of stimulated human T cells. Total
" convavg eyknies Si ngl e stranded (ss) - cDNA by rever s ePQIVESI/MEIIPt ase using

non-specific (oligo-dT 35 or

fusion to a heterol ogous myel ona cell
or cloning of single B cells under limting

RNA i s then

random hexaners) or specific (inmmunoglobulin -

CHL or CK or.C anmbda constant region) oligonucleotide priners.
Si ngl e-stranded cDNA produced by this reaction is anpli -

. ‘0

meibnéd ,'n_ctaods of traatzent in an amount -aufzicient- to

' _produce such effect to a therapeutic or prophylactic

5

degree.. Such antibodies of the invention can be adminis-

tered to .such human or other. animal in a conventional

dasages form pr-pnnd by combining the antibody of the

" invention with a conventional pharmsceutically acceptabls

carrier or diluent according to known tachnigues. It will
be recognized by one of skill in the art that the form and

;éna:usct of the pharmaceutically scceptable carrier or

10 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 term parentseral as used herein

includes intravenous, intramuscular, subcutanecus, rectal,
vaginal or intraperitoneal adsinistration. The subcutane-

| ‘ous and intramuscular forps .of parenteral administration

.20

- 28

30

35

ara genarally proteirod.:

The daily parenteral and orTal donage reginens for
. employing compounds 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 is meant non-

systenic administration and includes the applicaticn of an

_sntibody (or fragmarnt thereof) cémpound of -the invention

This Sheet Has Been R
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fied using the pol ynerase chain reaction in which ss cDNA, together with
deoxynucl eotide tri gbosphat es, a DNA poly- nerase (e.g., a thernostable

pol ymerase) and sp Bere R laced € used to anplify heavy or light chain
variable 5 region i g nes. The prinmers used are single

stYanded synt hetic olli ranging from 20 to 40 bases, containing
sonVY .ate bases which bin 0 the i munog | RS S97/06194 | eader sequences.

Six different 5 |eader sequence priners (see, FIG 7-1 incorporating a 10
restriction enzyme site (e.g:, Sall) have been -designed for anplification
of nonkey heavy chain variable region famlies based on their simlarity to
human heavy chain vari abl e regi orf%gene families. Wth each of the six 5

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-
5 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
10. 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.

15 While it is possible for an antibody or fragmant
thereof to be- administarad .alone, it is preferable to
presant it as a'_. phimenutical formulation. The active

- ingredient may comprise, ‘1‘-0?-, topical administration, from

" 0,001% ®o 10% W/w, g£.4,, f¥om 1t to 2% DY veight of the

20 formulation, although ii nay comprise &8 much as 10% w/w

: but pratuably not in excess of 5% vw/w.and more pre:erahly
" from 0.1% to 1% wiw ot ths foraulation.

‘The topxcal !omulaf.iom of .the p:cunt invention,

} compriase . an active ,mq:od_hn_t together with one or more

25 acceptable carrier(s) tharafor and optionally 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 thareetf. _

30 - 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

a5 to the eye, asr or nose.
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| eader sequence prinmers, a 3" priner specific for the 15 constant region
- domai n of the relevant isotype (e g- , 19gG IgM IgA or IgE) also .

.incorporating a resfd sﬁ‘qu‘t ﬁxﬁﬁ‘ ite (e.g., Nhel) is used. Sinmilarly,

- for nonkey kappa and ains, other pairs of prinmers are used
for anplification of e light chain variable 20.region (Fig.
7-2) woInttesset s of used in order ROT/USIL/06194 porate

di fferent, unique restrl ctlon sites to allow direc- tional cloning of

PCR- anpl |f|ed DNA into an appropriate expression vector possessing the sane

Testriction site. 25 A set of primers. binding to the 3' end of the antibody
heavy. chai n | eader sequence incorm@rating a Mul site, or a set of priners

binding to the first 23 bases of frane-
Drops sccording to the presant inventicn may comprise

sterils agusous Or oily sclutions or suspensions and may
'be prepared by dissoiving the active ingrediant in a suit-
.able aquecus soluticn ‘of a badtaricidal and/or fungicidal
'S agant and/or any othar.suitable preservative, and prcfer-
ably .including a surface active agent. The. resulting
- soluticn may -then be clarified by filtration, ~tr_auterirbd
to a suitable container which is then sealed and steril-
.ized by autoclaving or maintaining at 90°-100°C for half
10 ‘an hour. Alternatively, 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%) _ ' .
15 and chlorhexidine acetate (0.01%). Suitable solvents for o
' the preparation of an oily .selution include glycerol,
diluted alcohol and pz-opyhnc quccl. . B
Lotions according to the present hwoa:.taa include
" those suitable for npplieauon to the skin or sya. An eye
20 lotion my comprise a sterile aqusous ‘solution optionally
- containing a bactericide snd may be preparad by methods
similar to thosa for tha preparaticn of drops. Lotions or
;1n1nchts for application to the skin may also include an
. Bgent to hasten drying and to cocl the skin, such as an
25 alcohol or acetone, and/for 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 applicaticn; They may be made by mix-

30 .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-grausy basis. The hasis may comprise
hydrocarbons such as hard, soft or liquid paraffin, gly-

3% carxecl, baaswax, a utauic soap; & mucilage; an oil of
natural origin such ag almond, corn, arachis, castor or
olive oil; wool fat or its dsrivatives, or a fatty acid
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wor k one incorporating a Xhol site can also be used and are described in

Fig. 7-1. The nonkey i mmunogl obuli-n 30 heavy and |ight chain variable
Tegi on genes may bisSheshidal BeantReplaceghut t| e vector directly after PCR -
ampllflcatlon to al | ecul ar mani pul ations if necessary or,

cI onegesioiiort | y int n vector that cpefpésdssfyman heavy or

ght chain constant region genes. The 35 nol ecul ar conflguratlon of the
|nnunoglobulln genes in the expression vector may be genomc, in which
i mrunogl obul i n pronnter/enhancer and’ other regul atory regions are present

such as stearic or oleic acid together with an alconel

such_as propylene. glycol or microgols. The formulation

may mco:pon:n any suitable surface active agent. such as
.. Afn- Anionic, cationic er non-ionie surface active such as

'S sorbitan ustora or polyeuylthylonc derivatives thereos.

' Sulpcnding agnn:a such as natural guns, cellulosa deriva-
tives or inorganic materials such as silicacwous silicss,
and other ingrsdients such as lnnqlin.- may alsc be

: included.

10 It will ba reccqnizcﬁ by one of skill in tha art that
the optimal qnanzity and spacing of individual dosages of
an antibody or tthqut'tacrcot of the invention will be
deternined by the nature and extent of the condition being
treated, the form, route and gita of administration, and

15 the particular animal being treated, and that such apti-
mums can .be determined by conventional techniguas. It
will also -be appresciated by one of skill in the art that
‘the optimal course of treatment, i.8., the number of doses
of an antihédy or fragmant therecf of the invention given

20 per day for u defined number of days, can be ascertainad

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

without further élabsration; it is beliavad that one

-skilled in the art can, using the precading description,

25 utilize the present invention to its fullest extent. The
.tol;owing-nre. therafere, to be construed 38 merely illus~
trative exawples and not a limitation of the scope of the
Present invantion in any way.

: ’ ] : ‘I‘ )

30 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

35 stesrate. : :
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as wel |l as splice donor/acceptor sequences at the intron/ exon junctions.
Al ternatively, chineric inmunoglobuldin genes can be inserted in a cDNA

configuration u5|ngnngn@&3g%&gg V|raI pronoter/enhancer sequences. 5
Exanpl e 1: Sequence ? dles FIGS. 7 and 8 show the priners

w th r ively,. P lifica-
ti'E)n 0 ’%rr#@ﬁogl ogﬁltl eﬁE;c/t anglg,r hﬁﬂg{lﬂ&g (D:St :irr})s of C'flhe'
procedures used are prOV|ded belom/ 10 RNA was isolated fromthe spleen,
peri pheral bl ood and | ynph node cells of nonkeys using the standard
guani di ni um i sot hi ocyanat e met hod. ‘The total RNA fraction isolated by this
nethod was then used as a tenplate or subsequent anplification reactions.
c .

. A pharmaceutical composition of this invention in a
tfora aui:abinf!ot-adniniszxptian by injection is prepared
by stirring. 1.5% by weight of an antibody or fragment .
$ thereof of thd invantion in 310% by volume ;ropyiane glycol

.and water. The -eluzion is sterilized by :iltrntxon.

ols . i
' Antihody or. trngnont Lheraot o: the invention 1.0 g.
_ _ White soft parattin to 160.0 g.
10 ruc_nnz&hedy or t:agnunt thereof of the invention is
dispersed in a small valume of the vehicle To produce a
~ 'smocth, homogensous product. -Collapsible metal tubes are
_then filled with the dispersion.

~ Iopical Cream Composition
' '25.  Antibedy or tragpent thereof of the invcntion 1.0 g.
: " 'Polawax GP 200 20.0 g..
~ Lanolin Anhydreue 2.0 g._
Wnite Bccuvax 2.5 .
. Mathyl hydroxyb-nzoatc c.1 g.

20 - Distilled Water to 100.0 g.

o The polawax, baeswax and lanolin are heatad together
at 60°C. A. aoln:xon of nt:hyl h&dzaxybcnzontc is added
and hopogenization is achieved ut;ng high speed stirring.
The :-npcracuze is then -allowed to fall to 50*C. The

25 antibody or fragment thermof of ths invantion iz then
" mdded and dispersed throughout, and ‘the composition is
alloved to cool with slou_-pncg stirring. '

_ , |
- Antipody or fragment thersof of the invention 1.0 g.
-1 I sérhitdhjuonolauzlgg.o,s g. 1
| ‘polysorbite 20 0.6 g. - ' '
Catostearyl &1cchol 1. 2 g.
" Glycerin 6.0 g. _
Methyl Hydroxybenzoats 0.2 g.
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15 bated in the presence of 200 units of Ml oney murine |eu- kemia virus
reverse transcriptase and non- specr*flc (oligo-dT or random hexaners) or

specific (i nﬂunogl'nﬁsldhédﬂHL £0ion or kappa chain constant region CK)
oligo- nucleotide p plconnles) to generate a non- 20 c¢oding
sens WOA¥ZIe8 c DNA s e stranded cDNA RETAEIv06I by this reaction
was then anplified rrerase chain reaction (PCR). An aliquot

of single stranded c_DNA vvas [ ncubat ed together with deoxynucl eoti de
tri-phosphates (20[err]M, a thernostable DNA pol ynerase (2-5 25 units) and
- human- deri ved - synt hetic oligonucl.etide primers (50 piconoles), to anplify

ei ther heavy or ht chain vari abl e rebi on i munogl obul i n genes. Using
pairs of pri ne?%"’sﬁ&ﬁm"f’ﬁ“f—'lh’@ “séx?@rg ml. (B.P. = British

- Pharmacopeia)

The wmethyl: hydroxyh-nzoau and glycarin are dissolved
* : 4in 70 ml. of the water st 75°C. The sorbitan monclaurats,
-5 polysorbate 20 and cetdstesaryl alcohol are meltsd together
at '75 b '-'a_nc_l_ added to the agueocus io_l\_ltlon- The rasulting
azulsion is homogsnized, alloved to cool with centinuous
stirring snd the antibody or fragment therecf of the
. invention is added as a suspension in the repaining vater.

10 ‘The whole suspension is stirrsd until homogenized.

Antibody or !:Sg'n_cnt_z,t_h_ctqo! of tha invention 0.5 g.
Msthyl. Hydroxybenzoate 0.01 g.
. - Propyl Hydroxybenzoate 0.04 g.
15 Purified Water B.P. to. 300.00 nl.
The mathyl and yropyl hydroxybenzoates ars dusolv.d
'in 70 ml. purifisd water.at 75°C and tha resulting solu-~
tion is allowed tg cool. The antihod_y ar fragmant thereof
- 'of the invention is then added, and the solution is stexr~
20 ilized by filtration :héough-a-nubum gilter (0.022 um
pore size), and packed.aseptically inte suitable sterile
' containers. '

c {£ion for Admimistration by Inbalatic
For an sercsol container with a capacity of 15-20 ml: .
25 'uix, 10 mg. of an nnt.ibaay.' or fragment thersof of the
‘invention with 0.2~0.5% of & Jubricating 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-
3@ methane snd put intc an appropriate a¢rosol container
adapted for eithar intranasal or oral {nhalation
adninistration. : :
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representative cynonol gus i munogl obul i n heavy and light 30 chain variable

regi.on sequences froma nunber of gene famlies were anplified. These

~aan|f|ed sequences were cloned into the EcoRV site of the plasm d vector

p- Bl pt (pBS, available from Stratagene, used for

seyue ‘vﬁg’ﬁﬁ“ DNA sequenci ng was performed using ﬁuggﬁi% Pdsmi d DNA
containing the cloned insert as a double
the standard chain termnation sequenci ng met hod. Representé‘

cynonol gus nonkey - i nmunogl obul i Ne
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Seppomition for Adminsurakicn by luhalasien

 For an aercsol cuhtainnr'wi:u n'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 coabina:ion of (1.2 dichlerotttutluerutham) and
di:luorccm.o:ommm, and put intc an appropriata seroscl
containar adapted for -mur. intranasal or oral inhalation
adninistration.

The antibodies and pharnaceutical. caupuluons of the

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

tration, j.a., 'suhgutamomly, . intramuscularly or intra-’

vencusly. The compositions for parentaral adninistration
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 mL 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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sequences are shown in FIGS. 9A - . 9H. Included in FIGS. 5 9A -
consensus am no acid sequence for
each "0f the major vari- able region gene famlies.
%ﬁﬂé each nonkey sequence with the human consensus sequence

honol o
exctl

is as high. as between two human sequences within that famly.
I npossi bl e therefore to distinguish between variabl e region

The | evel of honol ogy between human and nonkey sequences for ﬂsﬂﬁ%&eﬁm
15 and

gl obul in sequences originating frdmh O d Wrld nonkeys,
originati

'RNA

JTI0 aJdc il tikuM: : . ' - bass
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#e constant domain regions and the CDﬂ*FE

Webi £ WTRESO30Y B £5 WHHRES CAPPRL! SO Sedk e
Ringcr 8 lolution, and 150 mg. of an ancihcdy cr fragment
therecf of the invention.. actual methods - for preparing
pa:cntarally udnlnxs:rahlc 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.

Emston, Pennsylvania, harsby incorporated hy'r-znrcnco

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

zion can be lyophilized for storage and reconstituted in
a suitable carrier prior to use. This technigque has been -

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

‘can ba employod._

Depending on the 1ntanded rcauzt, the pharmaceuticsl
conpqsi;ion of the invention can be administered for pro-
phylactic and/or therapautic¢ treatmenté. In therapsutic

- application, compositicns are aduinistered to a patient

already nutte:ing fron s disease, in an amount sufficient
to cure or at least partially arrest the disease and its
conplicntxgnc. In prephyl;etzc.applicaticn;. ccupasitchs
containing the: prdaent. antibodies or a cocktail thereot

ares administered to a patient not alraady in a disease .
-gtate to cnhanee tha patiant's resistanca..

51ngla or multiple administrations of the pharmaceu~

tical compesitions can bé carrisd out with dose levels and

pattern being salected by the treating phfsieian. In any
event, the pharpaceutical composition of the invention
should ﬁrovide a quintity a!nthe'axtarcd antibodies (or
tragments thereof} of the invcnt;on suttieian: to affec-
tively treat. the patien:._u

It should also ba noted that the antibodxos of this
inveation may be used for the_dcq;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.. Egigngg z;;, 792+795 (1991).
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Monkey antigen-specific B cells were obtained in several ways: by fusion
of i mmuni zed nonkey | ynph node 20 cells to the human/ nouse heteronyel ona
fusion partner cell |ine K5H6/B5, and subsequent screening of the hybridona
lines, by virally transfornmed B cells, or by in vitro single B cell cloning
teehrﬂvqmmm In the latter .case growth of a singlrerTrusedsggs B cel | was
supported i'n vitro by 25 co- cultivation with human T cel'ls that vvere

stimul ated by ant.ibody.- A single B cell was placed in each vve’]h
‘well tissue culture plate together with approxi mately 150, 000
anti-CD3-stinulated mytonycin C-trgated human T cells. After

i ncubation_pericod the single B 30 cell expanded to at | east

di fferentiaﬂﬂ_lﬂ asma cells. Culture supernatant fromthese vvel | s were
assayed for thérrain has baen deposited with the ATCC and '

ansigned number ____ .. This deposit vas made on July 9,
1992, - . :

5 Applicants' and ‘their assignees acknowledge their
- -Tesponsibility to replace thesa culturss should they die

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

$ yYears ut'clr tho 1nt rnquu: for a culture, or 30 years,

. whichever is.the langcr. and its responaibility to notify

10 tho dopocitory of the .i.nnance of such a patent, at which
‘time the deposit will be made irravecably availabla to the -

public. - Until thaut time the deposit will be made avail-

.able to-the Cmiaazoﬁlz ©f Patents under the terms of 37

: -, C.F.R. .Section 1-14 and 35. U.s.C. Section 113.
- 18, Qthar cmdlnen;s l!‘l vithin thc following cluins.

Rel
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presence of immunoglobulin by ELISA technique using a cap- ture antibody of
goat anti-nonkey i mrunogl obulin. Cells either fromantigen-specific virally
trans: 35 fornmed cells or hybridomas were grown up in sufficient nunbers
for extraction of RNA.  Wells fromthe in vitro single B cell cloning.

t echWO¥021Mat were positive for irmmunogl obul i n WM MYed, washed twi ce
with col d. phos- phate buffered saline pH 7. 5 and centrlfuged (1000 x g 10
nmn). The washed cells were suspended in 100[err]I lysis 5 sol'ution- (4
M guani di ni um i sot hi ocyanate, 25nM sodiumcitrate pH 7. Crhis Qheéafr3 Rl Ll{T

sarcosine, 0.1M 2- rrercapt o- s : ”"’,”
- u) GENERAL INPORMATION: ' . "" m'

(1) APPLICANT:- 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:

(A) ADDRESSEE:  Lyon & lyon

{B) STREET: - €11 Wast Sixth Street
(C) CITY: ' Los Angelss

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

- {¥) 2IP: -02111~2658

(V} COMPUTER RELDABLE !'ORH.
" (A) MEDIUM TYPE: 3.5* Diskatte, 1.44 Mb ptorage

(B) COMPUTER: . . IBM Compatible
.{C} OPERATING SYS‘I‘E!{' 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: _
CVii) PRIOR APPLICAIION uxra-
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: zs-mv-un

(viii) ATIORNEYIAGENT IN?ORHATION'

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

- { :.x) TELECOMMUNICATION mromuon.

{A) TELEPHONE' ' (213) 485~-1600
(B) TELEFAX: . o (213) 955=0440
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et hanol ).

1=

10[érr]| of 2M sodi um acetate, pH 4.0, was added and m xed.

Protein was renoved by adding 100 [err]| water saturated phenol, m xing and

addi ng 20[err]| of chloroform 10 i soamnyl

al cohol (49:1). After vortexing

and incubation on ice for 15 mn, the sanples were centrifuged at 10,000 x
g for 20 m nutes. The agueous phase was transferred to a new tube, m xed
with WR9HMRWE ol ume of isopropanol and i ncubat ed PFHUSI2/PRSat - 20[ err] C.
The precipitate was collected 15 by centrifugation at 10,000 x g for 15
m nutes, washed with 70% et hanol, recentrifuged and the pellet dried in a

Speedivac (Savant).

i ncubat ed at 0
;]3)

centrifugatio DOO

(2) :Nromuon FOR SEQ ID NO:  1:
(x) smumcs CHARACTERISTICS:. -
'(A) LENGTH: 17
{B) TYPE: NUCLEIC 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) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 20
(B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
{D) TOPOLOGY: Linear. .
(xi) SEQUENCE nzscnxrrxon SEQ ID WO: 2:
Amcsacarac rrrsrrccac '
{4) INFORMATION FOR SEQ ID NO: - 3:
(x) s:qu:ucz cumcrmxsrxcs.
(A) LENGTH: 30 :
{B}) TYPE: NUCLEIC aczn
. {€) 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: Linsar |
" (xd) szovzncz nzscazvr:on SEQ ID NO: 4:

L?MC&CC TGTGGTTC‘.IT

' SUBSTITUTE SHEET
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. . 1
x g for 15 mnutes and washed wth 70% et hanol. The pel- let was dried in a
Speedi vac (Savant) and stored at -20[err]C in 70% et hanol until use.
Synt hesis of single stranded cDNA 25 The total RNA extracted fromthe

cells originating froma single well was dissolved in 32[err]l of double
di s- WOIMae8at er to which i s added 1[err]l (50- le@rfusspesmbes) of priner
(“ei ther random hexamers,. oligo dT or 3' immuno- globul.in-specific priners)
and 10[err]l" of 5X reverse tran- 30 scriptase buffer (0.25 JTris-Hd pH 8.3,
0:375M KA, 15mM MgC [err], 50mM dithiothreitol). . The m xture was heat ed

at 65[err]C for 5 mnutes after weich it was placed in i bse;l
After heatln& 1%9" RNAsin (Promega), 5[err]l of 5mMd l "
tris S £PI¥Q=2008hi t 5)" of |
" (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 =~
{B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single-
(D) TOPOLOGY: Linear
(x1) SEQUENCE DESCRIPTION : 'SEQ ID No: S:
ATGGGGTCAA CCGECATCCT - 20
(7) INFORMATION FOR SEQ ID NO:  &: |
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20
. {B) TYPE: NUCLEIC ACID
© (C) STRANDEDNESS: Single
(D) ‘TOPOLOGY: Linear
o) sxqua«cz DESCRIPTION : SEQ ID NO: 6: , .
ATGTCIGTCT CCTTGCTCAT | _' - 20 | ' |
(8) INFORMATION FOR SEQ ID NO: - 7:
(i) SEQUENCE cmcrms:zcs: -
(A) LEWGTH: 16 - -
(B) TYPE:. NUCLEIC ACID
(C) . STRANDEDNESS: Single
.- (D} TOPOLOGY: Linear
(ed). SEQUENCE DESCRIPTION : SEQ ID NO: 71
. TTGGGGCGGA 'rccac:r ' O : _ .16
(S) INFORMATION FOR SEQ ID uo. ;-
(1) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 17 . . .
(B} TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linesr. -
(%i) SEQUENCE nzscnmzon SEQ. zn NO: a.
enaasccc PTGCTGGA , , : , a7
(10) 'INFORMATION FOR SEQ ID NO: - 9i

(i) SEQUENCE CHARACTERISTICS:

| SUBSTITUTE SHEET
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35 Mol oney murine | eukem a virus reverse transcriptase (BRL) was added, and -
the m xture incubated at 37[err]Cfor 1.5 hours. 19 After conpletion of
tthe reverse transcriptase reaction, the single stranded cDNA/ RNA mi xture.
was extracted with phenol/chlorofOrnland passed thrﬁﬁgh a 1mM G 25 SEPHADEX
spi 'WOSMIR The nmterial passing through this cBFIAUSIMREN-S used as

tenpl ate ss cDNA for PCR anplification. Anplification of ss cDNA 3-10[err]|
of the ss cDNA was m xed with 10[err]l 10X PCR buffer (500nmM KC, 100nM -

nr&mij&&_wmwwd[wd)g

(A) LENGTH: 21 : :
(B) TYPE: NUCLEIC ACID o Tthhaﬂfkw

e Wi Tilld

cazaacccas rcrccneecrc . o 21
A o | |

C31) znronusrxou FOR SEQ ID NO:  10:
(1) SEQUENCE: cnanacrznzsrxcs.--
(A) LENGTH: 21
(B) TYPE: NUGLEIC ACID
-(C) STRANDEDNESS: Single
(D) TOPOLOGY:: Linear |
(xi} ssquncz DESCRIPTION : S2Q ID NO: 10:

CTCACTTGCT ccacacccrcc _ o I 21

(12 xuronuxr:ou'ron SEQ ID No:  11:

(i) SEQUENCE. cxanacmznzsrrcs:

(A) LENGTH: 19

(B) TYPE: NUCLEYC ACID

(C) STRANDEDNESS: Single
. (D} TOPOLOGY: Linear '

{xi) SEQUENCE DESCRIPTION : SEQ ID No: 13:
AMGACAGATC GTGCAGCCA - . 19
(13) INFORMATION FOR SEQ 2D NO: . 1321 |

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:.

{(B) TYPE: NUGLETC ACID:

(C) STRANDEDNESS: Bingle -

(D). TOPOLOGY' Linear _

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 12:

GGAACAGAGT cacccacssc N o , 20

(24) ;uronnaxzou FOR SEQ ID NO:  '13:
(1) SEQUENCE CHARACTERISTICS:

SUBSTITUTE SHEET
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1.6[err]l of 1.25mM deoxynucl eotide triphosphates, 50 pico- 10 noles of
speC|f|c |nnunoglobulln 5" prinmer, 50 piconoles of specific imunoglobulin
3" primer, and 2 - 5 units of thernostable DNA pol ynerase (Synthetic
Genetics). The reaction volune was brought to 100[err]l with water and
over- MOW/Re8h 100[err]| of mineral oil. The reactRCEUS3M6Ure was 15

i ncubated at the following tenperatures for the specified times. 94[err]C
for 1 minute 48[err]C for 2 minutes 72[err]C for 2 minutes 20 This cycle
was repeated 30-35 tinmes. The anplified prod- ucts were exami ned by agarose
gel el ectrophoresis using a 1.2% agsy ose gel and nol ecul ar wei ght

st andar ds. The

. - (A) LENGTH: 31
(BY TYPE: NUCLEIC ACID:
(C) STRANDEDNESS: Single : ' This Sheet Has Been Rerilaced

iR [ 1111

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

ACTAAGTCGA CATGAAACAC CIGTGGTICT T . . n

(25} TNFORMATION FOR SEQ ID NO:  14:
m smuzncs CHARACTERISTICS:
' (A) LENGTH: 39
 (B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: -Single
{b). TOPOLOGY. Li.nnt

{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 241 | .
ATCACAGATC TCTCACCATG ACCIGCTCCE-CTCTECTCE 39
(m INFORMATION FOR SEQ ID NO:  15:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 423
- (B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Lmur .

{x1) SEQUENCE DESCRIPTION : SEQ ID No: 15:

GAC ATG ARA CAC CTG TGG ﬂc TEC CTC CTC CTG GTG GEA GCC CCC AGA 4B
766 GTC TTG TCC CAG GTG CAG CIG CAG GAG GEG GGC CCA GGA CTG GTG 96
* AAG CCT 7CG GAG ACC CTG TCC CTC ACC TGC AGP GIC TCT GGT GGC TCC 144
| ATC AGC GGT GAC TAT TAT T6G TIC TGG ATC CGC CAG TCC CCA GGG ANG 152
GGA CTG GAG TGG ATC GGE TAC ATC TAT GGC AGT GGT GGG Goc acc T 240
| TAC AAT_€CC TCC-CTC AAC AAT C€GA GTC TCC ATT TCA ATA GAC ACG 7¢C 288
AAG MAC CTC TTC TCC -“Gmmm'rﬂ'm ACC GCC GCG GAC ACG 335 :
| GCC GTC TAT TAC TGT GGG AGT AAT ATA TTG AAA TAT CTT CAC TGG TTA 384

SUBSTITUTE SHEET
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anplified i munogl obulin variable region genes ran approx- imately between
350-500 bp narkers. The PCR anplified 25 products were then used for
.cloning into the appropriate plasmd vector. Exanple 2: Coning Mnkey

Ant i.body genes Si nce nonkey vari abl e regi on gene sequences, at the cDNA

| evel . are indistinguishable from human nenbers g&r t he equi val ent gene
fam\"?”f’ﬂﬂﬂne responses to nmonkey/ human chi ner Yies, if any, are
unlikely to be any different than those nmounted agai nst human anti body

mol ecul es. PCR technol ogy can be used to introduce speC|f|c 35 restriction
enzyne sites,. including (but not I|n1ted t o) '

TTA TAC 7GG GGC CAG GGA GTC CT6G. GTC A_CC GIC TCC TCA 423

(17) INFORMATION FOR SEQ ID NO:  i6:

(1) SEQUENCE CHARACTERISTICS: - This Sheet Has B aced
C wmem aw LT
(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 626 192
TG GTC ATC TAT GCT GAC AGC.GAA €GG CCC TCA GGG ATC CCT GCG CGA 240
| TIC TCT GGC TGC AMAC TGA GGG AAC ACC GCC Aci: TG ACC ATC AGC GGG 288 -
GTC GAG ‘GCC GGG GAT. GAG GCT GAC TAT uc TGT CAG GTG TGG GAC AGT 136
ACT GCT GAT CAT TGG GTC TTC GGC GGA GGG ACC €66 CTG.ACC éTc CTA 384

er '- -_ 87
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20-Sal.,--Bgl I'l, . KpnL_and Nhel, into the Od Wrld variable region sequences
“du the PCR lification reactlon using primers based on those in FIG
6. Uﬁfﬂ ugjﬁ ned genes were anplified fromtheir specific vector. 5
usi to introduce the specific restriction site which was
subsequently used to clone the gene into an expression vector.

Al ternatively, these primers were used to anplify directl y'”Pl td‘b#Bmhae laced
RNA. | Expressi on vectors whi ch have been nstructed are of ’mn

The first (see FIGS. 3 and 4) al | ows cl d"cDNAim‘runogIob
r—eg| ons fmnkeys to be _ _

1. o A 'recombinant '_ant:ih_ody éompris'ing a- human, a

. chimpanzee or a tfirst 0ld World ;mnkey immuneglobulin

'con_sta_nt' region and an antigen-binding portion of a second

‘5 0ld World nopkay' immﬁnogiobulin .variabie' region, wherein sa 1d

|  first and second 61d - werld monkey. 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
reg_:.on and an antige_n—bmd:.pg_ portion of a different 01d

' World monkey immunoglobulin.

3. A fsco_mbinaﬁt ;ntibédy' comprising an
15 - iinmunoglobulin heavy or light chain having specificity for a
-' particular 'knoﬁn entigen having a constant region homologous
"to a dorrespbnding constant‘ région' of e 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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i.nserted_into a cassette vect dl’h;sSh&tHgBd Rcedest ri ct lon sites, in which
t he |nnuno | obul i n gene elenent in a-.genomc conflguratlon
Ttllﬁmmlltl "lﬁfunr 15 |ncorpo gl obulin pronmoter, the two

e i nmunogl obu |n ea er sequence, two ctloning sites Spel
and Nhel' omnstrean1spllce donor sequences, an i munogl obulin enhancer
regi on, a human constant regi on gene (heavy or light chain) and downstream
pol yadenyl ation 20 signals. In addition, they include a bacterial origin
of replication, a beta-lactanmase gene- {98 $acterial -sel ec- tion, and a
neonyci n phosphotransferase gene for (418 sel ection, or a xanthi ne-guani ne

phosphorhgmay, transifranéeérkirivegion f whigttopisnol essentdaddyct inotin
marmal - 25 ian cells. The heavy and |'i ght chai n expression vectors

. 1:_munogen1c to a human ax_ld an antigen~binding portion of a

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

5. 5. - An antibody as clained 1n claim 4 wherexn said
| censtant region is homologous to a constant reg:.on of a
human, Ca chinpanzee or a a second 01d World  monkey
'immunoglobulm constant reg:lon. wherei.n said £irst and second

old World monkey can be the sm or different.

10

'6._ _ ~ An antxbody as. c].aimed in clam 4 or cla:un 5
wherein said framework region 'ie homologous to a. human,
chimpanzee or 0ld World monkey framewerk region. |

15 7. ' _ an ahti_body as claimed in any one of claims 1 to

6 'wh,erei_n' the or eéch."‘ oid 'Wo_rld monk_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'
25 7 wherein said antiqen-binding portion conprises the whole '
- variable region of an old -erld- monkey immunoglobulin.



FEB-18-86 23:168 FROM: : ID:
use neonyC|n ‘phosphot r ansf er ase ( NefwshadrHlasgBt RdpR&aguani ne phosphori bosyl

enes respectivel able mar ker. The second
ﬂmnr mmngw 'ﬂsystem (see FI GSI H"Mﬂﬂwm uses inmmunogl obul i n genes

cDNA cenf sgusation. That is, plice sites are present
betmeen the 5 Ieader sequence and the 3' constant region sequences. Thi s
type of vector utilizes heterol ogous viral pronoter/enhancer sequences,
driving i munogl obulin 35 heavy and Ilggh,chaln genes arranged in a tandem
f ashi on, pol yadenyl ati on sequences an@ 2 %€l ect abl e nannallan cell rmarker

Neo) . The hbo ene can be nD i fied - to weake S
(Reo) 10. J An tibody as clafna& in any one of the

p_racedj.ng claims which binds specitica'l_ly tc a human antigen.

B S ¥ oA recombinant antibody cmprf:sing_
5 | '('1) a'-cdnstant_rpgioﬁ"o_:--a heavy chain of a human |
| an'_cibbdy: B | |
(2) a conatant :j_agion of a iight chain of said human
-arx_t.ibody: L |
(;s;} Coa vari.able region of a heavy chain of an 0ld
.1'0- : wOrld nonkey antibody aqainst a human antigen; and
(4) a variable ragion of a l:l.ght chain of said old

¥

.World monkgy antibody

1z . an ant:l.body as clained in claim 10 or claim 11
15 which binds specifically to a human antigen chosen from CD58, :
VCAM, VIA4, 002, LFA3, ELAM. IAH, CD25, CD&, CDlS, CD20,
CD23, CD41, _CDM, CD54, INFa, TNFA, Tn antigen, IL-1, IL-a,
_nunan T-cell rageptor, CD3, cnza, cDs, cn11a,-c011h, Cblle,
CD18, CDSa, CD4S, neu. encogene product, MDR-1, TGFa , TGFa
20 receptor, PDGF and o7,

13, Nucleic acid encoding a2 recombinant antibody
comprising a first 0ld World mnnkey dmmunoglobulin antlgen-'
bi.ndmg port:.on.

25
14, A nucleic acid as claimed .in claim 13 wherein

'said racaubinant antihodv comnrises a human. chimpanzee or
I
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21 translation, e.g., by changingy dan rgan1and adjacent t he
start site of the gene from ACC to a di hydrofol ate
-l eﬂwmﬁﬂﬂlﬂ “Muﬂlge is present fo mllh Eﬁi ene anplification with

key |nnunoglo regi on genes to be cl oned
into cDNA " cohf ifgurted expression vectors were anplified either from
pre-existing cloned sequences in the shuttle vector (PBS), or directly from

RNA with prinmers containing either thedﬁffLriction-sites Sall or Mul and
Nhel, for heavy 10 chain, or Bgtll pnl -or BsiW for kappa or |anbda

tight Cg@haénd%ﬁ woLEa! h«ﬂnwﬂasn&esw %‘dé’fcﬁ' t Ghe S Sa 8A° Fi¥st

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

15. | A ‘nuclele, acia as claimed 'in' clain 14 wherein

5 said antibody compx'ises a tranework region of a second 0ld
: Wcorld nonkey. a hunan or a chi.npanzaa antibody, wvherein said
fir.st and second o:l.d- worm_ nonkey may be the_ same or-
different. - |

10 . 16. 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
15 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
to 17'¢hgrein the or”eQCh'Old'Hbrld monkey is separately

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

19. A monoclonal ant:.body, or a Fab, Fv or (Fab),
fragment. thereof, fomned by an :lmnortalized 01d World monkey
‘B-cell.
25 | | .
20. o A monoc_].ohﬁl ﬁntibody as claimed in 'cl'a:i_.m 19-
wherein said B-cell is é cynénolgus .Be=cell, a Rhesus B~=cell



..or on the sdne’vett or (for cDNA configured construct oration
into a producer cell. line. Electroporgtign_was used neari zed
DNA constructs into either Chinese hanster ovary. (CHO cells, or nouse

Ay el oma k 45‘9 QFQ?IZO single cell cloning of the transfect ants
"into 96 Wel 1b SU \(lz\ﬁ ‘vl ates. El ectroporation conditions using a
BTX-100 (BTX, San Di ego) electroporation device and a 1m disposable
pl-astic cuvette gave opti nal nunbers of transfect ants from a given anount

of vector, DNA. CHO 25 cell t apt ed LN suspension pn
serum fél‘e medi um (Mgngﬁ@qua ﬁ&%aﬂ?h ti’r?m'a-nlg one of
claims 18 to 20 which binds a human antigen.

me I RRRYEL 25 57 o runos) 0% “a?FSGi??‘@"’*@“' 2 Hgﬁ"ffct ).,

.22.' - A monoc:l.onal antibody as clainad in claim 21
which binds specxficany to a human antigen chosen from CDSB,
VCAM, VLA4, _cnz, u'-'aa, Emu, LAM, CD2S, Cb4, CD13, CD20, .
CD23, CDA1, CD44, CD54, TNFe, THFS, Tn antigen, IL-1, IL-8,
16 human 'I'-cell receptor, D3, CDZS, cDhs8, cnna, cm.lb, Cpllc,
CDJ.-B, cnsa, CD45, neu oncogene product, !&DR—l, '_rGFa, TGFa
receptor, PDGF and CD?l. |

23. : A method gor iéo;ating thé variable region of an
.15 0l1ld World ._monl_éey antibody gene, comprising the steps of:
contactj.ng' n.nc’.l’éic acid from the 0ld World monkey and
a pri,'mér complementary to the nu_cleic 'aci.-d sequence encoding
a _5." leader sequence of said .ar__xtibody. gehe _to form a hybrid
' complex. and | | |
20 o _' ampllfy:.ng said nucleic acid in said hyhrid complex to
produce amplified nuclaic acid.

24, A method as cla:lmed in claim 23, wherem said
nucleic acid is DNA or cDNA. | |
25. . A mei:héd as claimed in claim 23 or ciaizi 24

' . .wherein said ptime;- i§ conplementary to the non-coding strand



d| sed in constructs containing viral TeReplaeadt s
l“{mlmmlgumamgbl e region genes 30 The produc ﬁ] u

reac iconiwer e extyacted with phenol /chl orof orm and pass

* SEPHADEX G 25 spin col um. | f the DMA&Q agnent was to be blunt end cI oned

into a-plasmd 1[err]l 1M Md [err], 0.5n of 1. 25mM deoxy- nucl eoti de

triphosphgg ea agd eader dedﬂxenu DO ! hrumarse03s 03durWor)ldwasonkeyd
to the total PCR reaction m xture (100[err]l) and incubated at 37[err]C for

| .15 m nut %Snﬁfb&lyl gehe. 22

26. A nei:hod as claina'd'_in any one of claims 23 to 25
5 | whereit;, said amplifying step prcducas._sufﬁcient nucleic acid

to place within a vector.

27.. | A metliod for 1so_lating the variable region of an
oid Worlad monkey antihody gene, comprising the steps of:

10 | contacting' RNA from an 01d 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

15 - -amplifying said nucleic acid in said hybrid .complex to

produce amplified nucleic acid. _

28. | A method for prpcl_ucing a fecombinant antibod& to
a huinan anti_gen, said a_ntibody belng not immunogenié in_ a
20 hum.an-, com_pi:ising the '_st_:eps of:
| raising an 616 World monkey antibody to said antigen in
| aﬁ Old ﬁorl'd monkey,
isolating an 0ld World monkey _nucleic acid encdding ar
antigen-binding portién of a 'var.iabla region qf said old
25 ."wOrld monkey antibody, | |
. | | prcvid:.ng a human nucleic acid encodmg a human

constant region of a human antibody,



H!ﬁu mﬂﬂwﬁ“ﬁ“mef ore blunt end cloning into a pl a@]SShwﬁjﬂj!BT’iﬁﬁ‘ﬁﬁds
as follows; 5[err]l of 10nM ATP, 1

Jpol ynucl eot i'de *ki nase (10 uni ts) wer e %e,d to the tot X and

i ncubated at 37[err]C for 5 30 mnutes. Anplified fragrrents t hat cont ai ned

LRE?LQaLnéfeiééé‘iish‘*é%@ét Eﬁayvfrfbat VHr i mihkey, JdERiE0R | f}? %fﬁt #‘j
fiéif.h o : ralg%%?%fs B R HEm: 3, redsmb ThbRe] %ﬁ#ﬁ%ﬁ%ﬁsﬁr fof
t

mixed wi {h appPORRREIGS2AREe e LasBt, dolete, ar g tiepapdtge)
previ OUS|¥13 i%ton&wnérq thetrﬁmcil ction enzyne(s).

5
29. A method as claimed in claim 28 wherein said
antigen-binding portion comprises one or more CDR regions of
an 0ld World mpnkey!variable region.

10 30. A method ‘as claimad in claim 28 wherem saia

-antigen-binding portion comprises the whole variable region

qf an Old World monkey.

31. A method as claimed in any one of claims 28 to
15 30, further comprising the step of identifying the 0l1d WOrld'
monkey nqcleic acid encoding a vn:iable :agion of said old

World monkey antibody.

‘32. i A méthéd as claimed in any one of claims 28 to

20 31, wheréin 'said method further féompfisés the step of
1nmortalizing a-dellqible to prbduce said 014 wWorld monkgy
antibody. | | |

33, _ A method as -c_:laihed in claim 32 wherein said
25 immortalizing is by hybridoma fusion.

34, "~ A method as claimed in claim 32 wvherein saiad



FEB-19-96 23:17 FROM:
15 For blunt end-cloning pBluescript di gestérdlsm

3 e used. For
the vector TCAE 5.2 or 6.0 i[ r pGenexL, cut
D ﬁ gmmuj estriction enzynmes was used 10X ligation
HO pH 7.6,.100nM MgC [err], 10nmM ATP, 10nmM dit hi ot hrei -
tol), 1[err]l T4 DNA Ilgase (1 unit) was added and the reac- tion

.a1|omed to proceed at 14[err]C. overnight. The ligated material was -used to
transform conpetent E. coli HB101 cells using the standard cal ci um chl ori de

met-hod of trans- formation. The transfarned bacteria were sel ected by 25
.growth on LB anpicillin- contalnlng agar Mates. Indivi- dual colonies were
. selected and gro overn in J B nedi ng anpicillin and
pl asmi d Eiﬂpﬁgﬁ?éih s?ﬁg (-4 i§F§td§Fﬂn§?g§Fﬁ&gﬁh§3|s met hod. After
restric- :
- 35. A nethod as claimed in claim 32 wherein 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.

57.. - A nethod as clai.ned :I.n any one cf claims 28 to 36
10 wherein saxd human constant reg;on iz selected to have a

degired isgtype.

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

- 15 said olad world nbnkéy-.'

BETS A method as c]_.iimed in claim 38 wherein said B-
cell is obtained from pefibheral blood lymphocytes, lymph
node, bone marrow or spleen.

20

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.

‘25 41. A method as.claimed in any one of claims 28 to 40

wherein said exprass:l.ng 15 wi.th:ln a producer cell line.



FEB-18S-36 23:18 FROM:
t—crn anal ysis-to—determ ne which cl ones contai n%ISIWH&Be%%ﬁB&HU| in-

s prepared for sequencing. Seq genes
c H Mn vari abl e regi on genes were MHM&H m
cha4 n cterL t hod. Doubl e stranded plasm d g the cl oned

g a standard
i nsert 35 was used as the sequencing tenpl ate. Before sequencing, the °

doubl e stranded DNA was chem cally denat ured. DNA was’ ‘23 .sequenced using
T7 DNA pol ynerase SEQUENASE (United States Bi ochem cal Corporation,
CI evel and, OH), radi ol abel ed =~ 63 ~

42. . A pethod as claimed in any one of claims 28 to 41

wherein said isolating comprises immunoglobulin gene rescue

- of fsai& variable region. .

5 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, C€D25, CD4, CD19, CD20, CD23. CDA4l,
CD44, CDS4, TNFa, TNFA, Tn antigen, IL-1 IL-8, human T-cell

' receptor, C€D3, CD28, CD8, CDlla, CDllb, CDllc, CD18, CD5a,
110 CD45, neu oncogene product, MDR-1, TGFa, ‘TGFa receptér, PDGF, .
' and cDT1. | |

44. A recomﬁinant antibody as. claimed in any one- of
cl_aiins 1 to 12 for use as é therapeutic agent in humans.
. 15' . | | .
| '4_,5. A recombinant antibody as claimed in claim 44
having binding specificity for a human tumour antigen for use

in cancer treatment.

20 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.

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

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

hmnan cell



. FEB~19-8S6 23:18 FROM:
alpha deoxyATP,. and. t he fol | owi ng sequenci ng phhisigbeeskas ﬁ?ﬁn?{h«n

CA 3') and (5 GCCCCCAGAGGT or
vy chain variabl e region |n
d| er (5" CAGAGCTGGGTA CGTGAA

GECTTGAAGCTCCTCAGAGG 3') for immuno- globulin Ianbda Ilght chain variabl e
region in 5 to 3 and 3 to 5 directions, respectively. Reaction products
10 were separated on 696po|yacry|an1de gels and read. The results of
sequenci ng a nunber of A d Wrld non- % 4 "grunogl obulin heavy and |ight
vari abl e region genes are sumarized in"FIGS. 9A - 9H. C oning and

sequenci ngggynonol gus i s h Pr &,

‘descri bed |4n the liter WW%nggggforgamﬁgskﬁ%egre% %or;r‘%

bet ween huﬁﬁaﬁ%\fe’{@ﬂ’wu% ﬂf&bﬁ?lacticauy effective amount of an
| antibody of any ot cla.ims 1 to 12 and 19 to 22 1n ‘a

_phamcqn_xtically- acceptable carrier.

5 .
- 49, . A éomposition as -c_:laimed in clainm 48 for use in
the treatment of a disease chosen from rheumatoid arthritis,
. eczema and immunonodulatory diseagses.
- 10 '50 < Reconbinant nucleic aci.d conprising at 1east one

CDR reqion from the variable region 1n SEQ. ID No 15 or 16.
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prinmers containing restri ctTt@thsaH&SB

used to anpllfy |nnunoglobulln
genes fromthe shuttle vecto ey have been cloned. :
’ﬂ”g”& , egi on genes nay be cl oned
PCR anpllflcatlon fromRNA so

-Al tefnatively, imunoglobu-
directly into 35 expression v

t hatWa@a¥e3ehi ng i s unnecessary. 24 El ect r opor REFUII&LCt r opor ati on was
used to either co-transfect heavy and |light chain genon1c constructs or
sequentially trans- fect heavy and Ilght chain genonic -constructs into
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I'n sequential transfections electroporation of the,chi NBEL G, Iaced
| i ght chain construct was followed by selection in rrycophenol |
Screening culture supernatants from cl ones, grown in 96 well ﬂl
light chain produc- tion with antisera agai nstewé} @ht cha
10wosdaizeed usi ng an ELI SA t echni que, -al | owed s ct16n of the highest |ght
.chain expressing clones. Subsequent elec- troporation of I i ght chain
transfectants with a vector containing the nonkey/ human chi meric heavy
chai n i mmuno- gl obulin construcjsy ﬁl | owed the selection of transfectonmas 15
.expressing chinmeric antibody of the desired specificity and isotype. The
light chain construct pGENEX-L (FIGS. 3 and 4) was transfect ed into the
murine nyeloma cell |ine Sp2/0 by

COMSIANT CL.
T Ao B

‘OONSTANT C8

RNV TR
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PRI R TR IeTHL

NTY
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1g HEAVY CHANL
WRINSLE
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lg LAMBDA GHANN

d
'

NG LFADER

WL 7/ 1SS L LS AL s
Y77/ izl

NE LMR 6

Bgt I
gl 1

Y7 I PPZ/77 s

FIG. Za
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el ectroporation as follows. SP2/0 cells at a concentra- 20 tion of 1 X
10[err]/m in transfection buffer (272 nM sucrose, 7nmM sodi um phosphate pH
7.4, 1mM MyC [err]) were mxed-with 50 ug of pGENEX-L containing the

" appropri ate cloned li'ght chain gene, which had previ géjzz y been linearized
by W&ﬁ?ﬁ é4g ON With the restriction enzyne pvul | PCHH l's were 25 pl aced

.into a r%l di sposabl e pl astic spectrophotonetry cuvette and pl ate

_ellectrodes 3.5 nmapart inserted into the cuvette. Usi ng a BTX-100 (BTX,
Inc.) transfection apparatus thg eI | s were givema putse-of current for

xrmately SO%ng el 16l ﬁ] R o curred. This

il

.500 m croseconds such that appr
val ue - was determ ned prd or to the trans- fectj
‘the absence of- DNA with increasing voltages
'cel l's

he cells, in
t he nurrbers of

Puulis

 Hind 10—
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surviving 24 hours later. The voltage versus cell viabil- ity was plotted

graphically and the voltage corresponding 35 to 50% cell death used for all

subsequent el ectroporation experinents. ‘Usi ng the BTX-100 apparatus, the
* optimal value was found to be a pul se at an anplitude of 200 for 25 500

m craisﬁg@gjs. "After pulsing the cells, they WeCHUSPIOARA t 0 recover on
_i.'cew m nutes -before being transferred to 96-well tissue culture
plates in Dul becco's nodified Eagle's nmedium (DVEM cont-ai ning 5% f et al

calf 5 serumand 10% Sp2/0 con_cli,isi oned medium Cells were plated
. _ ' This Sheet Has Been Rerilaced

RAMIR

Bam Nt e D) -

FIG. 4.
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at a concentration at which cell growth was seen in approximately 1 in 3 of
the wells after selection with the appropriate drug. This paraneter was

, determned for each el ectroporation experinent by plating varying nunbers
of 10 el ectroporated cells per well (1000 - 10,000) and select- ing for

cell Whave i ncorporated the plasm d. The nusdrrussfeessc! | s on each

.p1 at ‘N showed cell growth was counted after 2-3 weeks of selection.
Thus, the appropri- ate number- of cells that gave 1 out of 3 positive wells
15 with a given concentration of parti cul ar sdﬂm B.Eem ned for
.»use in future experinments. Direc after electr were placed
in medi umw thout drug. Fresh nedi um was added
el ect roporation containing ei t/@7664‘1)-8 or rrycoph
of 1-8

\

L~LEADER, GW’MLWWS PROMOTER
BETA+ MOUSE BETA GLOBIN MAJOR PROMOTER

BGH OVINE GROWTH HORMONE POLYADENYLATION
SVSV40 EARLY POLYADENYLATION

SV ORI=Sv40 ORIGIN

| O 5.2
‘CONTAINING HUMAN 1gG1 AND KAPPK CONSTANT REGKONS
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20 nolic acid for cells exhibiting neonycin phosphotransf'er- ase or

guanasyl phosphotransferase activity respectively. Cells were fed every 2
days for the first week and then twice a week thereafter. The concentration

a L

*of drug to use was deternined by incubating cel b @apresence of 25
I n §¢d concentrations of drug and nonitoring cell viability. The
concentration of drug used was tw ce that which gave 100% kil ling. For
Sp2/ 0 approximately 1[err]g nycophenollc acid/m was required and for 418
~approxi- mately 800[err]g/m . )25 Cells were_ el ectropor ated in several
Mays, either heavy .and |ight chain genomic vectors Gene agd pGenex- L)

wer e . co- el ect ropor at ed,
the latter case,

cl ones were

mobﬂkl

or ‘the Ilght chain mas

alone Tn

" Nt 18

L+LEAKR, oy~ CYTEMERALOVERUS PRONDTER
. PRONOTER
| 31 mmem%mwm

- SWW m‘-m

TOE 6

mummus HOMAN 1g6] AN LABDA DGSMTM
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screened for high |evel

- f ¥

expression. of chimeric imunoglo- 35 bulin |ight

chai n .using an ELI SA techni que. These cl ones were then grown up and
el éctroporated with heavy chain cont ai ni ng vector. | f cDNA tandem gene,

constructs were

26 used,

t he expression vector (TCAES.2 or TCAE6) was

first I%@y&@d by di gestion with the restriction %Notl A single

el ectroporation was sufficient to achieve inte- gra

| i ght chai n genes.

After 2-

%t h heavy and
3 5 weeks supernatants from wells-which

continue to grow in the presence of appropriate drug P Bl Bs ed for t he

L T

Vgt & Acmxmmnammeacmsa

ViR 5 ACRAAGIQQAGATGGACKﬂKﬂTTGTﬁCCNC3“
i3 _5'ACIAASIE&&M}NﬂGGAGTTFGG&KﬂﬁHKﬂD3'

Vit 5' ACTAAGICGAGATGAAACACCTGTGGTTCTT 3

ViS5 5" ACTAAGIGGACATGGGGTCAACCGCCATCCT 3°

Vb - 5'ACTAAEIQQAQ&TGTCIGTCTC&HTCCWCKT3'

Vi) 5'GGCAGCA GCICT) AQG CAT GCC CAC TCC GAG GT 3
ol
Vi2 & GACCGTCCCG mmxemcmc 'rcc CAGGT 3"

Vi3 & GCTATTTTC ACG CGT GTC CAG TGTGAG 3

ol

V4 5 GCGGCT cccmmrc CTGTCCCAG 7'

o

Vs & Gscrewcrcm.csxsrc TGT GCC GAGGT 3

FIG. 78
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secretion of chinmeric inmmunoglobulin Iight chain or whol e i munogl obul i n
"using an ELI SA technique. |nmunoglobulin genes in a cDNA configuration were
el ectroporat ed into 10 either Sp2/ O cells, as described above, or into
Chi nese Hanster Ovary (CHO) 'cells adapted to grow in suspension in

ser UnguhlesAnggdi um CHO cells were el ectroporat ed l&h gggg'x 600

€l ectroporati on apparatus, set at conditions for achievi maxi mal nunbers
of 418 resistant colonies. 15 These were 210 volts, 400 [err]F and 13
ohms. After electro- poration, cells were counted, washed in transfection
buf- fer, resuspended.in the sane Y& fer and pl aced on ice for 15 minutes.
CeIIs wer e adj usted to 1 x 10[err] live cells/mM and 400 [err]l of cell
suspl laced 3 0.4 nl sterile 20 disposable cuvette(BTXInc)

25 [ lﬁ | i neari zed

e msrcucwm&amas
Vid  CAGGTGCAGCTACICGAG CGAGTCGRG
W6 CAGSTAGASCTAGICAAGTOAGG

I8 | SR I
gy 5esceenecmmrsmsneacsssﬂ
. b | |

FIG. 7‘7-’7
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TCAE 5.2 or TCAE 6 vector DNA, containing cloned macaque i munogl obulin
vari gbl e regi on genes, were resuspended in TE buffer (10 MM Tris, 1 nM
EDTA, pH 8.0) at 1 [err]g/m and added to the cell suspension.

El e ion was carried 25 out by dischargi aratus using the
aut g&mtllgi@arge and pul se button. The cuvette &hﬁsﬁg on ice for 15
mnutes, the cells diluted into 120 m's of serum free nedium and pl aced
into six 96-well plates (200 [erri/l per well containing approxi rrately 6, 667
el ectThis baeelﬂeeae@ Beed 3, 333 |ive & 1s per well). Independent

electr ineters were establlshed for this cell line and sel ec-
tion b 400 [err]g/ M. Screening for production of anti body The
presence o uman nkey or chineric antibody :

1. 5 ATCACAGATCTCTCACCATGGTGTIGCAGACCCAGGTC 3

2 5 ATCACAGATCTCTCACCATGG(GAGATICCCC(TAIGCTAICAGCT s
3. §'ATCACAGAICTCTCACCATGGACATGAGGGTCCCCGCTCAG 3

4. 5 ATCACAGATCTCTCACCATGGACAC(BACIAGGGCCCCCACTCAG S

5 ATCACAGATCTCTCACCATGGCCTGGGCTCTGCTGCTCS 3
5 ATCACAGATCTCTCACCATGGCCTGBGCTCCACTACTTC 3
- s".xrcAcAﬁa:cIcrcaccAmAccTGcrccpcf_cmctc.d 3
5 ATCACAGATCTCTCACCATGGCCTGGACTCCTCTCTITC S
i ATCACAG_AIQ‘_[CTCACCATGACTTGGACC_CQACTCCTC L

FIG. 7D.
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35 secreted by transfectants was assayed by an ELI SA tech- nique as
follaws: 96-well flat bottom pl ates (Dynatech) 27 were coated wth goat
anti-hunan | gG or kappa at 200 ng/well in Coating Buffer (sodium carbonate
r&% .sodi um bi carbonate 1.55 ng/m, pHI9.6) and incubated for at | east

16hr ’W&Qﬂr] C. The coating buffer was rermved aPCY/Use/et. wel | s bl ocked :
with 120 [err]I" of Bl ocking Buffer (1% bovine serum al bunin in phosphate
buffered sal i he. containing 0.2% sodi um azi de) and incubated at 37[err]C for
‘::LQL - S};[egtH]ziszBSeer[zIe{Lil]ll of ceII culwusg super nat ant was added to the wells

llllll i

: : 08 - <9
c . s-z:os mexmcascnﬁﬁl&ﬂ'rccmceucars
' ' Kpal -
- ollZ |03
5 TGC AGC ATCQGI.AGGTITGATWGAG cITY
Bu¥i :

.lm o <38 :
5 ACC TAG GAC GGT AAG CTT GGTACCTCC GCC ¥
' . Rndlil- Ken |

 ol07 '  o97
5' ACC TAG GAC GGT CA{C/G) (C/G)TT GGTACC TCC GCC GAACAC 3
: ' Kpn | '

<10 »102
~ §CTT GGG CTG ARC TAGGAC GGTCAGCCG ¥
lvr l!

FIG. 7’
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tai ni ng bl ocking buffer and incubated 2 hrs at 37[err]C.

were then washed five tines with PBS. 100 [err]]l

perOX|dase | abel ed goat anti-human 1 gG (or

kappa) diluted 1:1000 -

Ais:

The 10 plates
of horse radish
1: 5000

0. 05@6Tmeen 20, 0.02% sodi um

in D I%%@F&ﬁfer (1% bovi ne serum al bum n,
azide was added. Plates were incubated at
Chineric antibody was detected with 100

t hen washed five tines with PBS.
[err]l" of hydrogen peroxide and the sub- strate,

3,3 ,5,5' -tetranethyl benzi dine (1; #%/v) per well.
of 2M sul furic acid per well.
in the art can readily per- form

termnated after 2 to 5 mn. with 100 [err]|

20- Those .of ordinary skill

equi val ent met hodol ogi es to those descri bed above.

technol ogy include imortalization of

FIG. 8

SUBS'fITUTE $HEET

USIY61Y o 1 hr 15
The col or reacti on was

Exanpl es of such

AkhumaimmnxnmnMJnmmm
VH1 & CCATGGACTGGACCTGG 3
vH2 ATGGACATACTTTGTTCCAC 3"
VHS &  CCATGGAGTTIGGGCTGAGE &
VHe 5"  ATGAAACACCTGTGGTTCTT &
VHS 5 ATGGGGTCAACCGCCATCCT 3
VHS 5 Are'rcra'rcrccwcc'rcnrs-
B. mmmmwmmm
oM 5  TTG6GGCGGATGEACT 3
kG L S5 GATE6 GCCCTTGOT RGA
- C: Light Chain Variable Region;
Keppa &  GATGACCCAG TCTCCA @MCETC o
tmbda & csrcucmr (TOHGIAIC TGC (ACICA GGG ‘réc 5
- mmmwmwmas.
Kappa & M’G"ASC AGA TGG T6c Aacé.l\ms'
Lambda 5’ egfnmsmmcaseagus'

This Sheet Has Been R
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sel ected B-cell's by hybridona fusion,

as descri bed above, with the cel

| ine KbH6/ B5 descri bed by Carroll et al., 25 164 J. Experinental Medicine

1560,

Sand | Ehrlich et al., 34 din. Chem 1681
can géor’g’ggqofy constructed by standard techni ques 'ﬁlﬁ%”’ﬁé
avai | abl e net hodol ogy. Al ternatively, 30 i.m€munogl obulin genes may be

cloned from (a) cells inmmor- talized by viral
‘as described by Markova et {13, 30 Vopr Virusol 549, 1985,

papi o,

+1986, or an equivalent cell line, such as SPAZ4 (avail able from

imlar cell [lines
blically

transformation with Herpes

or with

an equi valent virus, (b) by single B- cel | cloning to provide a transient

imMmmortalization,

3155,
I'i b-

as described by 35 Amaroso and Li pske 145 J.

| mmunol ogy

1990, or (c) by use of a reconbinant inmmunogl obulin bacteriophage

monkey varlabie regions

s ' 0

. A KL 6 R M
g . E RT T K vV
XVOLVQSGAEVKKPGXSVXVSCKASGYTFS DYXIH wanAPGxGszxs
| s e ~emmeeec==FN-G NYAIS -
B e S 2 g (R S s
T
‘M P
VRS TS
I LKA ET

XINPSXGYTNYAPXFOG RVIXTXDXSXNTAYMELSSLRSEDTAVYYCAR

. HINTDTGNPTYAQGFKE ~=-F-Me~=--==a=KI-1 Ke=m=o=—~

- c HOMOLOCY
W wGQGerwss MUNAN VH] CONSENSUS
- YWGITYAEYFEF A - WONKEY CLOKE -2 88%

mmr m oS eess—- MONKEY CLONE 1M 94%

/—76 %o
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raries, as described by Huse et al., 246 Science 1275, 28 1989 and
McCafferty et al., 348 Nature 552, 1990. Screen- ing for appropriate
ant i'boely cont ai ni ng cl ones can be perfornmed by those techni ques descri bed

above, or equiva- lent techniques well known to those of ordinary skill in
5 thwoasmaoend the desired i nmunogl obul i n gene r ®CTWUSH2/b618M t he
I mMmmortalized cell [|ine. In addition, the antibody produced by isol ated

nonkey B cells can be used in human theraDY, wi t hout manipulation to forma
chinmeric anti body The human constlggg regl on may be obt ai ned by standard

Comﬁarison of human VH2 e_oni_eusus. sequence with cloned
monkey variable regious

G : . . .

Q A : - I : G

Q K T - Q 13 F A
XVTLRESGPXLVKPTETLTLTCTVSGFSLS,IZEHXZE'WIRQPPGKXLEWLA
| mmmssree e csammc e e s s ena——— TSGTGYS —meemmmmme————
o s ——— e o ASGIGVE ===~5-~ =T
mmme————— i Al &7 2 4 1L : _ -

: ™ A
“ g , | RLTNM V

' | NVSSV G
W RLTISKDTSKNQVVLXXXXXDEXDTATYYCAR
EID WDNDRYYSTSLKN —===w=w=weesmcseeccccsmc]loameeooo-
SIE BIGVKYYNTSLKN - =====§====D=~=echmm=weelan=m ~——G=
SIY HNDVEYYITELKS R: e —————

.W wGQGTMVSS HUMAN YH2 CONSENSUS
£GSI DY ===~V - MONKEY CLONE 2-3  98%

GYYWSGYS EDY ===~A-===—- WONKEYCLONE 213 91%
IPGTAGTVPYYTL DS ==—=AV-==—- MWONEYCLONEZ® 97%

FIG. 9b.
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10 techniques, with any desired isotype well known to those of ordinary
skill .in the art, and the variable region of a nonkey anti body ligated with

t'hat hunan const ant region. Particularly useful chimeric antibodies against
specific cell surface receptors which can be used in i munot herapy 15 -of
hura0 P380kie CD4, | CAMS, CD19, CD20, CD8, CD11aPCTUSIMO61ED28, CD18, CD45,
CD71, and TCR Exanple 3: doning and Expressing a Nonkey/ Human Chimeric
Ant i body with Specificity for CD4 The following is a specific exanple of
t.he methods 20 and antibodies of fgss i nvention. Generation of Mnkey

| mortalized B-cell Lines An adult cynonol gus nonkey (Wiite Sands New
Mexico Primate Center) was immunized intranuscularly, at nultiple

Compnﬂson ‘of human consensus VH3 sequence with cloned
monkey variable regions

: ' G
1 § N _ . 8
' A v S A
EVQLVESGGGLVQPGGSLRLSCA&SGFTFS.ﬂxzuﬂ WVRQA?GKGLEWVX
——=-E~m=m=——~F=- <~ ZYDMT
_ . - = - -EXSIH 'Q R
e e ~< SYDMN =~ -
- - —s--------—-'- m --—-sf---------
NV $ KT '
: ' . NA SAF D EP LY T
BIEEKXNGSATYYADSVKG RFTISRDDSKNTLYLQHNSLRAEDTAVYYCAR
BISH NSGIIYYASSVKG —===eee———ee R=~
LAGKKADRYKIEYATAVERG —<~=~=—=s===§ee====T . -
XISS ASGXIYYADSVKG ——-===~Fec==s§o-==ceeao- -

BVIRK GARTKYAASVKG w=-mmm=-mmmm=m=m—m—samm oo

: HOMOLOSY
RREVESLXXXEXYXXEEDS WGQGTLVIVSS HUMAN VH3 CONSENSUS
GIALCSDSGCSS DY =- - MONKEY CLONE 3-34 96%
BYLGDRHE . FDL =====PI-e=- NONCEYCUNE 3-35-93%
GOPVIOFLENLLPTTGSDY =~P=Vwe=—=— HONKEY CLONE 340 95%
- DYABAGT Gow=Veowem—— WNKEY CLONE 39 85%

oy
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sites, with 150-300[err]g of soluble CD4 (sCD4) or cell nem 25 branes (1
X 10[err] cells) fromthe CD4 positive cell line supTl wusing a standard
adj uvant . | muni zation was repeated every 2-3 weeks a total of six

ti rre nkey was boosted by injection of 10 rr of sCD4 into the
|ngw %&@Don of one thigh and one week | ater th H%’gf %30 ing |ynph
node fromthe sane. thigh surgically renoved. Lynphocytes were renoved from
the | ynph node by slicing the tissue and rinsing with sterile DVEM nmedi um
The cell suspension was passed'ttmgygh a nylon gauze and col | ected by
centrifugation at 1000 x g for 10 m nutes.

Comparison of bhuman consensus VH4 sequence with cloned
monkey - variable regions

T YV S R

QVQLQESGPGLVK?SETLSLTCAVSGGSIS SSYYNS WIRQPPGKGLEWIG
-M~ -~ SSYDHT M-—=m-A
oo SEYYUG —---T-~~mmmmmm
S — ~—mm=§em=eeSSCYYHG --
e eeeeoceeaee GYYHG —e=-1 -

S o MPKK HY N
XIYY SGSTYYNPSL xsnvnsva:sxm?sx.m.ssvrmnmm
VISGN SGSADYNPSL  -N-~-===-=-Nem--seTm=mmmncLaemn-

SLOGR GGNKXLNLCL = —=~===L=A===m==== ——
SIHGS GGSNSINPSL  =~<=~Le==-w==G-Kem==vem=mvemeaeeF =
SLOGR GGNKXLNLSL  w~==~~LeA~reossmwacvmea= -
XIYGS GGGINYNESL  NN==§=~I====olm=ee=Resesmm—ceeae=g
- - HOMOLOEY
eenan e esinsanenes B mmcmsmsns
.GEJZISGHXBEI ERS WGQGCLVI\?SSG NONKEY CLONE 413 90%
- VGONR EDY WGPGVLVTVSSG MOMEY CLONE 4-4 9%
- ELYSSSPY YEDE WGQGVRVTVSSG MNKEY CLONE 46  92%
GONR EDV WGPGVLVTVSS  MONKEY CLONE SC CHIM 95%
NILKYLHWLLY WGQGVLVTVSS . MORKEY ANTCD4 CHIM 88%

 FIG.- 94
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29 Approximately 1 x 108 | ynphocytes were suspended in Tris-amoni um

chl oride buffer (16mM pH 7.5) and warned to 37[err]C for 5 nminutes to |yse
the erythrocytes. Lynphocytes were collected by centrifugation and

resu endﬁd in L-leu- 5 cine nethyl -ester (LME) and incubated at 37[err]C
for W8 tes. The LME treated cells were filt BCRYSIMSBUgh a nyl on
screen -and centri fuged. 1m of fetal calf serumwas added, the cells
suspended and washed twice in serumfree RPM. The cells were counted and
mxed into a single 50mM 10 coni dgi2scentrifuge tube together with an equal
nunber of K6H6/B5 heteronyel oma cells, prewashed twice in serumfree
medium Cells were gently suspended in 1 m of 50% PEG (pol yet hyl ene

gl ycol) added slowy with gentle stirring

Comparsscn af human consensus VHS sequence " with cloned
: monkey variable regions

R
EVQLVQSGAEVKKPGESLKISCKGSGYSF ISYBIG WRQMPGKGLEW

-------- G==-R-==--Re==-TC-Fe~ IGFUIS ----VY~-Q--=~

wsnmm VTl SADKSISTAYLQWSSLKASDTAMY YCAR. .

’QD. eyr - - - — --T—TF'—-N ------------ —Q
---------- “amrds e v maeresn mmmﬂw

RAGNGNYYOD -  EYY WGHGVLVIVSSG MEYCLOES! 84%
FIG. Ye
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over a 1 mnute period. The cell s wer e then resuspended 15 by the addition
of .20m of serumfree nmediumover a 5 min- ute period, with gentle mxing
to'di1ute out the PEG After washing twice with serumfree mediumcells
ended at a concentration of 5 x 10[er in RPM medi um
qon?gr’ﬁﬂr#g'ﬁm%fet al calf serum and gentanycin ‘#%bﬂ ced into 96 wel |’
mcro tissue culture plates at 0.1 m per well. An equal vol ume of HAT
medium (0.1 m-) was added to each well and the hybrids allowed to gr.ow for
14-17 days before. screening. Scrid8ing of Fused Cell Hybrids for the 25 '

Production of Anti-CD4 The assay to determne anti-CD4 specificity was as
foll'ows: ELISA plates were coated with reconbi nant sCD4

Compamon of human consensus VKl sequence with cloned
mcnkey variable regions

v : _
DIQMTQSPSSLSASVGDRVIITC RASQSVXXSDISSYLN WYQQKP
DIQMTQSPAS-~==—~=-K-~==~ RASQ  SESSSLA --=~~--

DIQMIQSPAS~~===---=~==- QESQ  SYSNLIA ==-~-=
DIQMIQSPAS-=~=~=---=V=~ RASQ GINQELS ===~~~

DIOMTQSPAS—~—m=mw=——m=m aas.a - GISSYLN --=---

R
GKAPKLLIYXASSLES GVPSRFSGSGSGIOFTLTISSLQPEDFATYYC
--------DSASSLOS ==-===r==K~=o=n== =g
————— P--~KASSLES ~=-===~TR~r==owvwmmeN~eEm=nr=aF-
~=eeTmem-AASSLOT - —————— +~§=~PE=~=V==ED~
--_--___L . ) .
QOYNSLPXXYD XI recsrxvzzx_ HUMAN VK1 CONSENSUS
QOYYSYPR™ LT =~==~-<~—- WNEYCLOE ki1 94%
. QOGNSYP LT —~Gu==————= MONKEYCLONE KI-3 90%

LoDyMsSp BT -—-—a==a—-  MONKEY CIONE Ki-i4 90%

FIG. 9
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~at a concentration of 100ng per well and bl ocked with 1% bovi ne serum
albumn in PBS. 50 [err]l aliquots of hybridoma 30 supernatant were
.rénoved fromeach well and allowed to incubate with the sCD4 coated pl ates
for 60 mnutes. Binding was detected by incubati pe,-,PgMerr] | | abel ed goat
ant wgnesm0®r goat anti-nonkey Ig for 60 mnutes. After washing four tines
wWith distilled water, the wells were 35 counted in a gamma counter.
Posi-tive wells were re- assayed in duplicate and the hybridoma cells from
t hose 30 wel I's subcloned thred8/Snes, first at 5 cells per well

ufnan consensus VKII sequence with cloned

| arison of h :
comp ' monkey variablg regions

R

: | | ]
DIVMTQSPLSLPVIPGEPASISC RSSOSLVHSNGNIYLN WYLOK

DIVMTOSPAS——-=1-G==--=- TISTQSLLSGNGYSXIN =-==~"
- LA~P-nmA--A===-Q----==- BASESY SFEGUNLIH

GQSPQLLIY KUSNAFS GVEDRESGSGSGTDFTLKISRVEAEDVGVYYC

- am
--:---—b- ----—---w----—----o-
-
- - H—---

E - e — W --—A—-—--.-—-—----—-?NP-—-D—A-p---

MOALOSP T HUMAK. VK2 CONSBISIS
MOTLOSE xz, Efgff?-%fl-(' NONKEY CLONE K2-§ Si%
= : MORKEY SC G 81%

LOSKNSPR I ~==G-==—=

FIG. 9
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then twice at 1 cell per well. At this 'stage anti-sCD4 positives were
screeped for the ability to bind to.cell surface CD4. This was done by
i‘nHi'bi.ti on of binding of an 5 anti-CD4 nurine nonoclonal, terned 1F3, to
the tive cell line supTl. Brieflythisrgﬁ.;” by co-i ncu-

baf i ng W?dgrent amounts of nonkey anti-CD4 and ng %?)aflérr]l-label ed 1F3
with 3 x 10[err] supTl cells/well in a 96 well plate. After incubation for
1 hour at roomtenperature 10 (about 20-25[err]C) cells were renoved by
vacuum ont o gl ass fiber filters. 985 er extensive washing with PBS the fil-
ters were counted in a ganma counter to determine the inhibition of 1F3

bi nding to supTl célls by the nonkey hybridoma supernatants. 15 A
candi date clone was chosen which produced an anti -

Companson of human consensus Lambda VIII sequence
with cloned. monkey variable regmns

| s :
SYELTQPPSVSVSPGQTARITIC SGDALGOEKYVY WYQQKP

M

o T G
| - . N AQE .
GOAPVLVIY EDSKRPS GIPERFSGSNSGTTATLTISGVEAXDEADYYC

P—--———--—-— m ——-Aﬁ----v‘---— Sandeainad T S A

QAMDSXTXXVY FGGGTKLIVLG  HMAN X I CONSENSUS
QVEDSTAOHWY ——===R-==== -MORKEY ANTI-CDE  91%

A6 9h.
' ""‘ﬁﬁ’iiﬂtfiii;ﬁm uﬁin



ST T TI0 £

Srel FROM: a 1D

body that showed strong inhibition agai nst 1F3. The clone we chose was

i sotyped using human.isotyping reagents and found to be an I g& possessing
a 1anbda Ilght chain. This cell line was grown up to larger nunbers for

cl oni its inmunogl obulin genes. C oning F{gﬁw gand Light Chain
Var~| ﬂg egl on Genes from Monkey I nmortalized B-%T tal RNA was

I sol ated from1l x 10[err] nonkey immortal - ized B-cells usi ng t he

guani di ni'um i sot hi'ocyanate method 25 described above. moﬁ 2éent h of the
total RNA was. used to nmake si ngle stranded cDNA using an ( o-dT

ol i gonucl eo- tide primer and zp ranscrl pt ase, al so as. descri bed

above, TDNA used to set up PCR reactions.
ﬂé; ssgﬂ;nce wx:h . monkey VH3

ences

The sf q%]z%gt:f ‘ag% ﬂ’b‘ﬁém

' G
s S
I v A
EVQLVESGGGLVQPGGSLRLSC&ASGFTFS DYAMH WVROAPGKGLEWVX
Q R =  SYGMH ==
Qv—-------v—s—-n----------~s~— SYGME ===~Cmmew—vem-
Qw=---menVee=SRme~ SYAMH -=~G
wonei, - B e\ scm - - e -
- R~ N-G - DYSMT - '
e —- Gommmee  SYAMS =wwrmmmmee
—=Re==~=DmmEvemem=VarEVae=I-n KAWMN - --Q
~Mommn i AF e mmman K N=~ DSTIK ——
- - L s”m -
) §=-v NYNMD $
-t Fommmmmmnn TYOMT ==mws
- S§a- EYSIH —mmmeQmemRemm

=x-r-a--~2x--x—rsr-r—r-tv---sL- TXGHXVG =I=-P==-X---1-

| | | MV § KT
: NA - SAF D EP LE¥T
HIEZKXNGSATY!&DSVKG RETISRDDSKNTLYLOMNSLRAEDTAVYYCAR
vis YDGSNEYFIDSVKG - e =M
Vvis DDGSNKY!IDSVKG - -k D K
VIS YDGSNKYYADSVKG - i =5 3 - 1msShmﬁ}h

TIS ASGYATYYADSVKG =]w-—<momcoammee—anmesa=feenneeN
SIRSKDYGGTTEYAASVKG ==ev-mmmwe§lmmmemmmeesammeeanaS-
AISG SGGSTYYADSVKG =mw- e : , X
QIKNKVDGGTIDYARPVKG == Inemew—nGuwe -KI-~ VG
HIENKTKNYATIYRASVKG —~=av=ceasccpFaneD=aepDv=al~-~~P
YIS SASGYIYYADSVKG . ~=m=w--FRA~-§~§-=-5= - -
RVI RKGARTKYAASVKG :§=~KT -
RIS WNSGTIYYASSVKG —=em=w D
LAGKKADRYKTEYATAVKG - - T

RIN XWDDDKYYSTSLRS -L——-x-r-—-evv—xxxxxopx--—r----—

Wi Tin

DPEVESLXXXFXYXX FFDS WGQGTLVIVSS Hum VHI
DRVAVIASVEFID  SFDI ~=~=o=u~ RF 782 92%
GVYCSSSSCYSYYYYHYMOV ~~KwwTe~ RF SJ1 87%

- GRECSGQOSCYSYYYYYYMDV wKw~Tammme RF SJ2 81%
NISETL DS ~wmwcacean- BE 93%
WNTSPY FDY ==Evemmrawes . CHERRI 52%
GQVLYYGSGSYRW FOP wossmmmwa—s 1872 988
NYIGTV DY warrccammwe KeH6 84%

- PPEVESLRS meRrecconas 1811 3%
GQPVLQFLEHLLPTTGS DV ea=pPoVecasas. monkey #40 92%

- 'DVARAGT GrewaVomnann monkey 49 903

- GTALCSDSGCSS DV w~veeccenwe~ monkey #34 LLE
PVLGODRWEF - . DL mwwevplele- monkey #36 g1

© RXPRXXXGDXGXYXXA FOV.
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30 of six 5 V[err] fam |y specific oligonucleotide priners con- taining a
Sal I restriction site together with an 1gG 3' constant region

ol i gonucl eotide containing an Nhe |I site, both shown in Figure 7-1.

Si m |woleysoziggve PCR reactions, utilizing one of fipseaimeshg@ibda | eader
sequence oligonu- 35 cleotide primers containing a Bgl Il site and a 3'

| ambda constant region prinme containing an Avr |l site, were run. 31
Reaction conditions were as described above. Each PCR r tion was run in
triplicate. The products of each of the heavy chain and IS@& chain

anplification reactions HG‘ //

DIRECT BINDING OF CHIMERIC ANTI-CD4
TO SUP TI CD4-POSITIVE CELLS

400
—a— WYSE ANTI-CO4
g TR
~——g— CHIMERIC ARTI-CD4
]
;Mﬂ
1001
:
0 v v Pty e gy

i T 100 1000
: ANTIBODY (ng/ml)

FIG. 12

lﬂmamou-os 1F3 BINDING TO CD4 POSITIVE
-CELLS BY MONKEY AND MONKEY/HUMAN -
CHIMERIC ANTIBODIES

{ ——o— NONKEY MTICH
——a— MOUSE ANTI-CO4

3
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. 1D
were.run on 1.2% agarose gels. The VH4 heavy chain priner 5 (SEQ ID. NO :
13: .+ 5 ACTAAGTCGACATGAAACACCTGIGGITCTT 3') and | anbda prinmer (SEQ 1D.
NO. : 14: (5 ATCACAGATCTCTCAC CATGACCTGCTCCCCTCTCCTCC 3') gave strong bands
on a el ectrophoresis. The products of t i ons were used
fer %?%%dgfnto t he vector TCAE 6, which contai n?ﬁi@éﬁ%n I gGL and hunan
| ambda constant region sequences. Coning of the two variable region genes
into the expression vector TCAE 6 was done sequenti.ally. First, the heavy
chain PCR product and the vector TCAE 6 vvere di gest ed wi t [Z#2he restriction
enzynes Sal | and Nnhe |, the }@-ﬁ extracted with
phenol / chl or of-orm and passed eou a SEPHADEX G 25 spin colum. The PCR
producienkay Adggaced v Seateftd. 1388 W Di ¢t420bp 1 Mrahklirdd) the pres-
from leader sequence methicnina ATG (Bp 4)tc bp 420. Protein
sequance numbered from antibody tnmeuork residue +1 to last vy
- raesidue +120

M X H L W F F L L L Vv A a P R
GAC ATG AMA CAC CTG TGG TTC.TIC CIC CIC CTG GIG GCA GCC CCC AGA

of . i0
¥ VvV L s§ ¢ Vv @9 L €@ E A &6 P 6 uL WV
TGG GIC TTG TCC CAG GTG CRG c:rG CAG GAG GCG GGC CCA GGA CIG G1IG
)
L

[

K P § E T L S T ¢ § V $§ 6 G S
AAG CCT TCGE GAG ACC €TG TCC Cﬂ_'c ACC TGC AGT GIC TCT GGT GGC TCC

3 | : - 40 |
I s G D Y Y W F. w 1 R Q s P G X
ATC AGC GGT GAC TAT TAT TGG TIC TGG ATC .CGC, CAG TCC CCA GGG AAG

50 - &0
G L E W I G ¥ I Y G S G G G T N
GGh CTG GAG TGG ATC GGC TAC AIC TAT GGC AGT GGT GGG GGT ACC AAT

- 10
Y N ¢ S & N N R V 8§ I 8 T D T 8
TAC AAT CCC TCC CTC AAC ART CGA GTC TCC ATT TCA ATA GAC ACG TCC

' [ . > | %0
K N L ¥ § LT X LT R § V T A A D T
ARG ARC CTC TIC TCC CTG AAA €TG AGG TCT GTG ACC GCC GCG GAC ACG

AV Y Y € A S N. I L K ¥ L B W L
GCC GTC TAT TAC TGT GCG AGT AAT ATA TIG AAMR TAT CIT CAC TGG TTA

0 : -' : 120
L Y R G Q G ' L v T s S
TeA TAC TGG GGC CAG GGA GT_C CTG GIC ACC GTC TCC
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: 112
ence of T4 DNA |igase. Approximately 500ng total DNA was ligated in a
volsure o6f 10[err]l with an insert/vector nolar 20 ratio of 10:1. Li gat ed
materi & was used to transform XL-1 Bl ue conpetent: cells (Stratagene) and
the transfornmed cells plated onto LB agar plates containing 50[err]g/m

anpi®- woiss/ozfye Col oni es of anpicillin.resistant ba ' e picked and
Feiidvidisy

&

grown as 5m minicultures. Plasm d DNA was 25 rom each of
these cultures by a standard alka- line lysis nethod cut with the
restriction enzynmes Sal |- and Nhe | and the products run on a 1.2% agarose

gel . -Plasmds with inserts of approximately 450bp were usBf¥as tenpl ates
for-the subsequent cloning of |ight chain vari- 30 able regions. The
products of the l.ight. chain Eﬂﬁsfe?gg tion as well the plasm d containing
the heavy chain insert - LA '

Monkey RAti-CD4 Vp,m.q, Sequence. Listed from 1 to 387bp.

" Translated from leader sequence methionine ATG (bp d)to bp387,
Protein sequence numbared from antibody framework residue +1 to
last Vyyends residue +109 '

M A W A L L L L 66 L L A K F 1T
ACC ATG GCC TGG GCT CTG CTG CIC CTC GGC CIC CTT GCT CAC TTT ACA

e | 10
S s A A s b 4 E S Q P R s Vv S v
GAC TCT GCG GCC TCC TAT GAG AGT CAG CCT CGC TCA GIG TCC GIG

S P & Q@ T A ©

L
TG
En

TCC CCA GGA CAG ACG GCC GGG TIC.

¥ 3 _ .
R K § VvV Q W Y Q@ Q X ¢ P Q A ? v
AGG AAA AGT GTA CAG TGG TAC CAS CAG ARG CCA CCG CAG GCC CCT GTG

‘ 5 | 80
1 VvV 1 Y A D S £ R F S G 3I P A R
CTG GIC ATC TAT GCT GAC-AGC GAA €GG CCC TCA GGG ATC CCT GCG CGA

| n |
F S 6 S N § 66 N T A T L T I 5 ¢
TTC TCT GGC TCC AAC TCA GGG AAC ACC GCC ACC CTG ACC ATC AGC GGG

- 8 . %
v E A 6 D E A D ¥ ¥ € @ V W D s
G’IC GAG GCC GGG GAT GAG GCT GAC TAT TAC TGT CAG GTG TGG GAC AGT -

100 -
TADHH-V!‘-GGG‘I_BL‘IVL
~ ACT GCT GAT CAT TGS GTC TIC GGC GGA GGG ACC CGG CTG ACC GTC CTA
108

GGT

B 111
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were cut with the restriction enzynes Bgl Il and Avr Il and |igated
together Plasm d mnicultures were screened by cutting with Bgl Il and Avr
Jl. = Digests giving an 35 insert.of approxi mately 400-450 bp were scored
positive. Plasm.ds containing both Sal 1/Nhe | and B ‘ L/ Avr Il . 32
-inserts were grown up in larger quantities for Qﬁﬂ& ncing. The tandem

théﬂiﬂﬂiz ti body expression vectors TCAE 5.2 and TCAE 6 were derived from
the vect or CLDN, mhlch 5 itself is a derivative of the vector RLDN1Ob (253
Sci ence

¥ .7

kB GELL
MITH:DSG DGHPETITNE AGTWIT'!
IMMUNIZED MONKEY . INIBLTION OF uﬁ:ﬂ -

msmmuc 0) \cm
“1 g PRE BLEED N
: —O— W16/9
:;: 4 —a— /218
£ ' —O— 1281
) 20
o T 2 a4 8 1632 84 126286 )
| sera Dilution x 1/100
FIG. 15
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77-79,1991). RLDR10Ob in turn is a derivative of the expression vector TND
(7 .DNA 651-661, 1988) RLDN1Ob differs fromthe vector TND in the fol | owi ng
mefys= The di hydrofol'ate reductase (DHFR) transcriptional 10 cassette
(pr fokroa CONA, and pol yadenyl ati on regi on) waPCFrusspMdesnbet ween t he
. trssue plasm nogen activator cassette (t-PA expression cassette) and the
ﬁ'e-orryci n .phosphotrans- ferase (NEO cassette so that all three cassettes
are in tandemand. in the sane t#s}ﬁscri ptional orientation. In 15
~~gddi ti on, the DHFR gene pronote n CLDN has been repl aced by the nouse
beta gl obin nmajor pronoter (3 Mdl. Cell Biol. 1246-54, 1983) and the t-PA
CDNA repl aced by a polylinker. Al three eukaryotic transcriptional
cassettes (Expression , DHFR, NEO can be separated fromthe bacterial
. plasmd .

1000

500
W0 TCAES?Z
@A e @

4%7)%-
0

TCAES2 V5 WAL W2
- 100
EXPRESSION  NG/WL

TCAE 5.2+ 259 COLOMIES
TOAE 12- 59 COLOMIES

3

60
1
o
i

FIG. .
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20 DNA (pUC9 derivative) by digestion with the rgstrictannngQngcléggzg”g
Notl. CLDN differs from REDNI®S begause the. Rous. LTR ig frQqnt. 0fethe
pol yl i tker has been repl acgdzasy®k he hunan cyt onegal ovi r us (e dets
gene pronoter enhancer X 41p25:dG# |, 521, 1985). The expre3sL DA GEL TSSHERE
5.2 and/ TCAE. 6 di f f ert #onpehoN®n! that: 1) They. “contai p™ ——
transcrd pti onal :cass@ﬁ!es;mgmbreaﬁ ofmthrqe);:ﬁrﬁfénﬂenl'--.'”-
(a) A human i mmundgl obulin |ight chain constant region dgrjved via
anpl iifi cation-of, CO¥A byadgspol yner ase pEsTRIPIGONt i on. I n
t he human i-AMunegro=——btH-+ta—i+ hai n kappa constant re

nunberi ng

Recombinant Antibodies for Human Thera

Field of the Invention

This application is a continuation-in-part of Newman
et al., United States patent application serial no.
07/856,281, filed March 23, 1992, which is a continuation-

5 in-part of U.S. patent application serial no. 07/735,064,
filed July 25, 1991, the whole of which, including draw-
ings, are both hereby incorporated by reference. This
invention relates to recombinant antibodies useful for
human therapy, and to methods for production of such

10 antibodies.

Background of the Invention

Murine monoclonal antibodies are used in diagnosis of
human disease, and in solving basic biological research
problems. These reagents are also used in clinical trials
15 as therapeutics for both acute and chronic human diseases,
including leukemias, lymphomas, solid tumors (e.g., colon,

breast, hepatic), AIDS and autoimmune diseases.
Mouse/human chimeric antibodies have been created,
and shown to exhibit the binding characteristics of the
20 parental mouse antibody, and effector functions associated
with_the human constant region. See e.g., Cabilly et al.,
U.S. Patent 4,816,567; Shoemaker et al., U.S. Patent
,3439784745; Beaéers et al., U.S. Patent 4,975,369; and Boss
- f@gﬁ;al.;fvts.'Patent 4,816,397 all of which are incorpor-
25h atéd:$y feférence herein. Generally these chimeric anti-
o hpdieé'érgfconstructed by preparing a genomic gene library
~'I‘-w.:i\s"__m'._.D_NA'»:axtz:z;u:tx_'d from pre-existing murine hybridomas.
Nigﬁiﬁhfé_“et: al., 47 Cancer Research 999, 1987. The
library“ié;éhen screened for variable region genes from
30 both heavy and light chains exhibiting the correct anti-
body fragment rearrangement patterns. The cloned variable

region genes are then ligated into an expression vector
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am no acids 108-gxaallTotype {KnB), and in TCAE 6 the 35 human
I mmunogl obul i n} | a constant region (Kabat nunbering am no
acids 108-215,149 , Mcg minus, Ke mnus allotype) 33 (b) A
human i nmunogl pb constant region; in both constructs the
human i mmunogl §bul i n heavy chainjwas a gamma 1 constant regi on (Kabat
nunberi ng am né—actrds—IIZ4-4/8 all otype thg, Grlz), which was derived via 5
anplification of cDNA by a polynmerase chai'h reaction. (c) DHFR, contai ning

its own eukary®dnt€aififng cloned cassettes of the appropriate heavy or
light chain human constant region gene. The chimeric
genes are then expressed in a cell line of choice, usually
a murine myeloma line.

5 Such chimeric antibodies have been used in human
therapy. Antibodies to these chimeric antibodies, how-
ever, have been produced by the human recipient in a
number of cases. Such anti-chimeric antibody antibodies
are detrimental to continued therapy with the chimeric

- 10 antibody. .
Erlich et al., 34 Clinical cChemistry 1681, 1988,
Erlich et al., 7 Hybridoma 385, 1988, Erlich et al., 6
Hybridoma 151, 1987, and Erlich et al., 1 Human Antibody
Hybridomas 23, 1990 (not admitted to be prior art to the

15 present application) state that human monoclonal anti-
bodies are expected to be an improvement over mouse
monoclonal antibodies for in vivo human therapy. They
also postulate that non-~human primate antibodies, e.g.,
chimpanzee monoclonal antibodies, to be tolerated in

20 humans because they are structurally similar to human
antibodies. Since human antibodies are non-immunogenic in
Rhesus monkeys (i.e., do not induce an antibody response),
they predict that primate antibodies will be non-
immunogenic in humans. They indicate that the testing of

25 antibodies in humans is unnecessary if a primate antibody
has a constant region structure identical to that of a
human immunoglobulin or, at least, a structure no more
different from a human immunoglobulin than the different
human antibodies differ from each other. Thus, they

30 suggest that chimpanzee antibodies may be useful in human
therapy.

Summary of the Invention
The present invention concerns methods for the ampli-
fication and cloning of 0ld World monkey (referred to
35 herein as "monkey," e.q., baboon or macaque) antigen-
binding portions of immunoglobulin variable region-



not er and pol yadps pLOW #21(d) NEGQ also containing its own
eukaryotic pronofef and pol yadenylfati on region. 10 - 3) The human

i munogl obul i n |} ght sepapReasty i n cassettes contain synthetic signal
sequences for sefrption of the i nogl obul i n chains 4) The human

I mmunogl obul in 1jgl Y chai n cassettes contain specific DNA |inkers
whi ch all ow for ﬂ5 I nsertion of lijght and geavy I mmunogl obul i n vari abl e
regi ons which maintain the translational reading franme and do not alter the

fhe changes denadshd Yeiips ) IR oF ribd Ydiee S U Bhldsh) O

TCAE 20 6. aery F THer RRRERY SFRenskantgFegdirneesRAing genes

{(and human, chimpanzee or other monkey framework-encoding

genes if required), and their expression as human/monkey

5 recombinant antibodies, or wholly monkey recombinant anti-

bodies. Furthermore, the invention concerns use of such

recombinant antibodies (which term includes antibodies

produced by fusion of DNA from two different antibody

genes, even from the same species, e.g., two different

10 monkey antibody genes, for example, Rhesus and cynomolgus

monkeys, to give a monkey-monkey recombinant antibody) as

immunotherapeutic agents for the treatment of human dis-

ease. The invention is based upon the discovery that

evolutionary distant monkeys (e.g., baboon or macaque

15 monkeys (including cynomologus, and Rhesus monkeys)),

unlike the Chimpanzee, are not only sufficiently different

from humans to allow antibodies against human antigens to

be raised in these monkeys, even to relatively conserved

human antigens, e.g., CD4 and CD54, but are sufficiently

20 similar to humans to have antibodies similar to human

antibodies, so that there is no host anti-antibody immune

response when such monkey antibodies, or recombinant anti-
bodies derived therefrom, are introduced into a human.

Unlike some prior antibodies used for human therapy,

25 the antibodies of the present invention do not suffer from

several drawbacks, e.q., 1) immunogenicity and induction

of human anti-antibody (HAA) response upon repeated admin-

istration necessary to treat chronic conditions, 2) rela-
tively short half-life compared to human antibodies, and
30 3) lack of effector functions with human cells or comple-
ment. The lack of these drawbacks is a significant advan-
tage for human therapy with antibodies made by the present
invention. For example, in the case of chronic human dis-
eases, including auto-immune diseases, or any disease
35 where prolonged administration of an antibody is neces-
sary, one of the major obstacles to repetitive antibody
therapy is the host response to the therapeutic antibody.



vari abl e region gé&bgLAQEMﬁﬁghéHgﬁI -CD4 heterohybridoma cell line E9.1,
into TCAE 6 led t he construct ch is deposited in the ATCC The
construct, which has$ bepenpiepogit Dd cont ai ns the cynonol gus nonkey
|nnunoglobulln 25thg¢avy chain varjaple region and cynonol gus nonkey i nmuno-
gl obulin I'ight chai mvarrabte regl oh, whose sequences are shown in Figures
13 and 14 respectiively, cloned fromthe anti-CD4 hybridoma cell line E9.1
The heavy chain con- stant region is of huiran origin of the gamm 1 i sotype
and 30 Gl a, éﬁ%z_allotzge.a The | anbda |ight chain constant region is
al so of hunan FITSPORSERAES Af HRR  UBRELM GEADLR B 9B oRR PRELIANRUSO
al | otype. The amotimenl obSuch geeepofsasc Cladee dpreéfiomi A&nERYYR IR UK PREESI ON
vector TCAE &e§%EW£3¢Qlylg&ifegte&hggginggeghgl%Aﬂé%%%éﬂé%giégc5£hghe
antibody molecule, and once they occur they often pre-~
5 clude, or reduce the effectiveness of, any further therapy
with that antibody, or another antibody of the same
isotype.

Potentially, the problems of HAA could be circum-
vented by the use of human monoclonal antibodies. This

10 approach, however, suffers from the ethical, clinical, and
immunological limitations on immunization of human sub-
jects with many antigens of choice (e.g., human antigens,
which phrase includes antigenic or immunogenic portions of
any proteins, polypeptides or their equivalent present in

15 a human) for antibody generation. Applicants' approach to
circumvent this problem includes generation of antibodies
of the appropriate specificity and desired effector func-
tion, and their use in production of recombinant anti-
bodies. These recombinant antibodies generally include an

20 appropriate portion of the variable region of an antibody
derived from an immunized monkey, and the constant region
of an antibody from a human or chimpanzee. Thus, the
specificities and high affinities of monoclonal antibodies
are retained, and the appropriate human or chimpanzee con-

25 stant region displaying the desired effector functions can
be readily chosen.

The present invention is further based on a method
for amplification of monkey immunoglobulin genes, e.g., by
the polymerase chain reaction (PCR), from RNA extracted

30 from monkey lymphocytes using synthetic oligonucleotide
primers specific for heavy and light chain variable region
gene families. The amplified genes or appropriate por-
tions (e.qg., complementarity determining region (CDR)-
coding regions; see Winter, British Patent Application No.

35 GB2188638A, hereby incorporated by reference herein) are
cloned into an expression vector containing a human or
chimpanzee constant region gene for the production of a
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R “ééFégproﬁuceb B nmonkey/ human anti-CD4 chineric

| ped herein, has been used to transform
the bacterial straiin {XL2 34 selected in the antibiotic anmpicillin
and deposited as a {pbacte ugpension in sterile LB nmedi um
contai ni ng 15% gl yclerol . Anot her usefiul expression systemis one in which
the 5 gene encodin sel-ecttVE marker is nodified to enhance yield of
reconbi nant systens encoding a desired sequence. For exanple, translation
initiation i menkerfiundn arefoombinant antibody, or a vector containing

a monkey constant region gene for the production of wholly
monkey recombinant antibody of the desired isotype. These
antibodies represent immunotherapeutic agents capable of

5 localizing and/or killing appropriate target cells (e.q.,
tumor cells) after in vivo administration.

Thus, in a first aspect the invention features a
method for cloning an antigen-recognizing portion of the
variable region of a monkey antibody gene. This method

10 includes_providing nucleic acid, e.g., RNA from the mon-
key, forming cbDNA to the RNA (using reverse transcrip-
tase), providing a primer complementary to the cDNA
sequence encoding a 5! leader sequence of the antibody
gene, contacting that cDNA and the primer to form a hybrid

15 complex and amplifying the cDNA to produce nucleic acid
encoding the variable region of the monkey antibody gene.

By "antigen-recognizing portlon" is meant one or more
portions of a variable region of a monkey antibody which
are responsible for binding and/or recognizing the target

20 antigen (or epitope or idiotype) of the antibody. For
example, it includes the CDR regions (see below) or the
whole variable region, or any combination of these two

35 mammal i an cel
ant i body. The

regions including any changes in coding regions that may
be induced to make the region more human-like rather than

25 monkey-like, without altering the specific binding proper-
ties of the antibody. If only a portion of the whole
variable region is used then the remaining portions, e.9.,
the so-called "framework", are provided from another
antibody, preferably a human or chimpanzee antibody (see

30 below) and in the art cited above and incorporated herein
by reference.

The phrases "variable region", "leader sequence”,
“constant region" and Yframework" are used in their common
art recognized manner, examples of which are provided

35 below and in the art cited above and incorporated herein
by reference.



nant sel ectable ma r results in r drug resistant col onies conpared to
10 vidual colony expresses

Kk
a non-inpaired vecjof PpRang
significantly highger | evel s of  colli nked gene product than in the uninpaired
vector. For exanplp, transratTom—Tnijtiation is the first step in pro- tein
synthesis. The trahslation initiatidn site of the neonycin phosphotransf
erase gene (418 resistance gene) 15 wag changed from a consensus Kozak
(sequence - cCcAccATGE to a poor Kozak (sequence - ccTccATGO).

Transl ati onal i niIn apreferppdi remdmert&te Hé neaderanmngaite I esukt ed

L0 onl en ot Aplbl EROUEARRY JebiEs " IRRsee AR pEBE AL

cell, and 2matedyyfid h?@ﬁsfl exagkes oft hishare proyvidedkds PISdudt gene
expressed Applicant has discovered that the monkey, chimpanzee
5 and human variable region leader sequences are suffi-
ciently similar that primers constructed to one are suit-
able for amplification of the other. In the method, the
RNA is amplified sufficiently to produce enough nucleic

acid to place that nucleic acid within a vector for later
10 cloning.

-

In a second aspect, the invention features a method
for producing an antibody to a human antigen, which anti-
body is not immunogenic in humans. The method involves
raising in a monkey a monkey antibody to the human

15 antigen, and isolating monkey nucleic acid encoding an
antigen-recognizing portion of a wvariable region of the
monkey antibody. Human nucleic acid encoding a human
constant region of an antibody is provided, and ligated to
the monkey nucleic acid to form recombinant nucleic acid.

20 This recombinant nucleic acid is then expressed to produce
the desired antibody. Alternatively, chimpanzee or monkey
constant region-encoding nucleic acid can be used to form
the recombinant antibody. There are few, if any, differ-
ences in the amino acid sequence of human and chimpanzee

25 constant regions (i.e., they are homologous), and those
differences present between human and monkey can be read-
ily altered by standard techniques if the nucleic acid
encoding the monkey constant region is used to form a
recombinant antibody. All that is critical in the inven-

30 tion is that an antibody be produced that is less immuno-
genic than the monkey constant region so that no signi-
ficant immune response ensues when the recombinant anti-
body is introduced into a human. (Such antibody regions
are herein referred to as homologous regions.) Thus, the

35 recombinant antibody is engineered to be functionally the
same as a human antibody in its amino acid sequence, i.e.,

it has a constant region homologous to a human or chimpan-
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in each clone. In thé clones contain ng the consensus Kozak 73% of the
col oni es screened pr dt{lceZI‘?IAé%fM‘IWan 2bng/ M, wth onty 3% produci ng
greater than 100 ng/m { 25 For clongsiwith the altered, poorer Kozak, 8%

of the colonies scregned produced T€ssfthan 25 ng/m, conpared with 63% of
col oni es produci ng greates-f-han.100 ngf - Specifically, referring to Fig.
16 (where TCAE 5.2 has a consensus Kozak, “and TCAE 12 has a poorer Kozak),

258 30 col onkgg gﬁggbgag|¥§HSE A Le #gﬁtrqﬂpggﬂﬂggkl t&giéegﬁgéhof DNA

whi ch contai ns a neo otran eraseé gene w a consen
(unchanged) t?ﬁnE‘PQFPoﬁ“sﬁﬁFtlb?idﬂeas 3g1neresBary &6 seduce 33 ahiahgmt

express any defe@hﬂﬂﬁﬁékiﬁewrQﬂﬂ&hoibgfc&l<%5dﬁaﬂﬂe(ioCEhQEHd%1b0%¥

hgyﬁroglggullgkd aggn alngn|Xn gg%{ggg§gléa?nexpressed nore t han

5 antibody.

By "not immunogenic" is meant that the antibody does
not raise an antibody response of sufficient magnitude to
reduce the effectiveness of continued administration of
the antibody in the majority of humans for sufficient time

10 to achieve therapeutic efficacy, e.g., as compared to a
murine or murine-human chimeric antibody. Preferably,” no
antibody response is observed.

In preferred embodiments, the method includes immor-
talizing a cell of the monkey which is responsible for

15 producing the monkey antibody, e.g., by hybridoma fusion,
viral transformation with Herpes papio, single B-cell
cloning (also -termed “transient immortalization®), and
production of a library of recombinant immunoglobulins.
In other preferred embodiments, the method includes

20 selecting a B-cell from the monkey from either a periph-
eral blood leukocyte, the spleen, bone marrow or a lymph
node; selecting a clone which produces the appropriate
antibody; rescuing the immunoglobulin genes encoding that
antibody from the immortalized cell line; and reexpressing

25 the genes in a producer cell line (i.e., a cell line which
causes sufficient production of the antibody to be useful
for human therapy).

g portion of a monkey

In a third aspect, the invention features a recombi-
nant antibody formed from either a human or chimpanzee
30 constant region and an antigen recognizing portion of a
monkey variable region, or a first monkey constant region
and a second, different monkey antigen recognizing portion

of a variable region.
In a related aspect, the invention features a mono-
35 clonal antibody, or an Fab, (Fab),, a light chain or heavy
chain dimer, or any minimal recombinant fragment thereof,
such as an Fv or a SCA (single chain antibody) or other



col oni es were derive
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ations of 25 [err]g of DNA which

tontai ns the neonyci h age gene 35 with an altered

transl ation start sife, Ofég%{)%%hese col oni es were expressing nore than
100 ng/ M, and only %ei—these col ohips expressed | ess than 25 ng/m . DNA
Sequencing 5 Pl'asnm d DNA was preparaed from 100m cultures. It was
further purified by precrprtatrrg—t=ol une) with a mx- ture of 2.5M

sodi um chl or iemunod oi%anqly eabrlicee fFygaént6 Bidie®s) (@ld.Ce AOrcri-
mnutes. Aft ¢e g&%@\t)r' fggat ' %uman antigen formed by an immortalized

10

i5

20

25

30

35

monkey B-cell.
pressive agents.

Such fragments are useful as immunosup-

Alternatively, the antibody of the
invention may have attached to it an effector or reporter
molecule. For instance, an antibody of the invention may
have a macrocycle, for chelating a heavy metal atom, or a
toxin, such as ricin, attached to it by a covalent bridg-
ing structure. In addition, the Fc fragment or CH3 domain
of a complete antibody molecule may be replaced by an
enzyme or toxin molecule, and-a part of the immunoglobulin
chain may be bonded with a polypeptide effector or
reporter molecule. Bispecific antibodies can also be con- |
structed by standard procedure.

In another aspect, the invention features pharmaceu-
tical compositions in which antibodies of the present
invention are provided for therapeutic or prophylactic
uses. Such antibodies can also be provided as immuno-

toxins, i.e., molecules which are characterized by two

components and are particularly useful for killing sel-
ected cells in vitro
cytotoxic agent which is usually fatal to a cell when
attached or absorbed.

or in vivo. One component is a
The second component, known as the
"delivery vehicle" provides a means for delivering the
toxic agent to a particular cell type,
cells.

such as carcinoma
The two components are commonly chemically bonded
together by any of a variety of well-known chemical or
genetic procedures. For example, when the cytotoxic agent
is a protein and the second component is an intact immuno-

globulin, the linkage may be by way of heterobifunctional

crosslinkers, e.q., carbodiimide, glutaraldehyde, and the
like. Production of various immunotoxins is well-known in

the art.

In another related aspect, the invention features
nucleic acid encoding a human/monkey recombinant antibody.
In preferred embodiments, the nucleic acid encodes a human

or chimpanzee constant region and an antigen recognizing
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at 10,000 x g for 20 nmjnutes, the pelTlet; was washed with 10 70% et hanol ,
recentrifuged and dried nzg;gpﬂeggyac ({Savant). The pell et of DNA was
resuspended in deionizpdf water at "a” candentration of 150-250 [err]g/m.
Sequenci ng was carri ed} out—om5ferrtg-off doubl e stranded DNA using the
tech- nique of Sanger.i{ Sequencing prinerjs ghich were honol ogous 15 to
sequences Wi thin the expression vector upstream and downstream of either
the |ight chaipprkidreas rdritey iveaeidslearegiced. addehaIridei®raciad is

sequenced in s b 40 8 . and.3 'y directi . | .
anti-Ch4 i gh?ﬂ%. a%\e%'ndﬁrewb' cf%ﬁ%%gggdagh’-ﬁchhggég\%f a@ﬁ%ﬁ%"%&%ﬁ% with
gener at ed fr ok QatOralehy t9eArr Suerer Rane Rrafsualpar alisprayigeder

to determ ne wietdehormsyene6h8§0s5biatebanges had been introduced during the
PCR reacti%?. Bot h

In yet another aspect, the invention features a CDR-
grafted antibody formed from at least one of the comple-
mentarity determining regions (CDRs), that is, amino acid
residues (using the standard amino acid labeling system of
Kabat) 31-35 (CDR 1), 50-65 (CDR 2) and 95-102 (CDR 3) of

10 the specified heavy chain, and amino acid residues 24-34
{CDR 1), 50~56 (CDR 2) and 89-97 (CDR 3) of the specified
light chain of an 014 World monkey variable region, and an
immunoglobulin variable region framework from a second
species. The CDR-grafted antibody is able to bind to the

15 same antigen as the original monkey antibody. The anti-
body constant region is derived from a human or chimpanzee
immunoglobulin. The methodology for performing this
aspect is generally described by Jones et al., 321 Nature
522, 1986. Such CDR grafts can be altered if desired to

20 ensure that they appear more human-like so that the proba-
bility of instigation of adverse reaction to the antibody

" is lessened.
In preferred embodiments, the method includes immor-
talization or selection of a cell from a macaque, which is

25 responsible for producing a macaque antibody, and rescuing
the immunoglobulin genes from the cell; cloning and
sequencing the antibody genes responsible for the produc-
tion of antibody; selecting a human variable region frame-
work sequence (preferably with the closest homology to the

30 macaque variable region framework); and substituting
macaque CDR seguences for human CDR sequences and ninor
modifications in the human framework region may be
included to maintain affinity of the antibody for its
antigen.

35 By “minor modifications™ is meant that less than a
total of about 6 amino acids in the framework may be sub-
stituted by other amino acids. Usually such substitutions



I denti cal over theijr fonfirmng 25 that no errors had been

i ntroduced during tthg anpplifica- I process. The sequence of the
anti-CD4 heavy and Iighz dﬂﬂ?mgﬁar« shown in Figures 13 and 14 and Sequence
Listing Nos.: 15 and({l6. Expressioh pf Mnkey/Hurman Chineric Anti-CD4 30
The expression vector TCAE 5.2 and TCAE ggare not only able to be used for
st abl e i nt egrat ed ‘éxptess+on—ntothe cell |ines Sp2/0 and CHO but, because

it includes tde rME icvatdions ifrelmuialim y aHin cxdss sefihbaasiant hyel n
Lo Shbre TSR BB R R LS d O (RS
framework in an appropriate form so that the desired anti-
gen is recognized by the antibody. Such modifications
5 will generally reflect those differing amino acids present
in a monkey antibody, compared to a human antibody. For
example, the amino acid sequence of a human antibody just
prior to heavy chain CDR 3, 92-94 is generally cysteine-
alanine-arginine (arginine is known to be replaced in a
10 minority of antibodies with serine aor threonine); in some
antibodies in the monkey the sequence is cysteine-alanine-
serine; thus, in this example, it may be preferred to use
serine at amino acid 94 (see Fig. 9D).

In a further aspect, the invention features a method

of the chosen heavy i fght chain clones were found to be
. AT E
tifo

\1”4

15 for treating a human having a particular antigen, e.q.,
one associated with disease. The method includes admin-
istering a therapeutically effective amount of a recombi-
nant antibody specific for the particular antigen, wherein
the recombinant antibody is one having either a human or

20 chimpanzee constant region and an antigen recognizing por-
tion of a monkey variable region, or a first monkey con-
stant region and an antigen-recognizing portion of a
second, different monkey variable region.

In preferred embodiments of the above aspects, the

25 antigen is a tumor antigen, an antigen involved in an
immune disorder, an antigen involved in an autoimmune
response, a receptor expressed on a host cell, or an
antigen selected from the human antigens CD58, VLA4 (a481
integrin), C€D2, LFA3, ELAM, LAM, CD25, CD4, CD19, CD20,

30 human T-cell receptor, CD3, CD8, CD23, CD41l, CD44, CD45,
CD71, TNFa, TNF8, Tn antigen, IL-1, IL-8, C5a, adhesion
molecules, e.g., VCAM, CD54, CD28, CDila, CDllc, CD18, and
CD11b, the neu oncogene product, MDR-1 (P-glycoprotein),
TGFa and its receptor, and PDGF; and the recombinant anti-

35 body is active to either deplete. (kill or eliminate)
undesired cells (e.g., anti-CD4) by acting with comple-
ment, or killer cells, or is active as a cytotoxic agent



36 fection so tha
Cil ture medi um wag
Buffer (TB - 140
MC [err], 1nM Ca
pl asm d containin

I mmunogl o- bulin ith 3m of DEAE dextran per dish (1
nmg/mM in TB). The DNA was allowed to ingybate with the cells for 1 hour at

37[err] C. DNA solution was renoved and 10 replaced with 3m of 20% gl ycerol
for 1.5-2.5a01 tud exusd iRr-mdeeptdhebird i AgWbyeat phagoogtiead witderia- Cel | s

tively, the antibody blocks or stimulates receptor func-
tions, or neutralizes active soluble products, such as one
or more of the interleukins, TNF and CSa.

b: 70% confl uent the foll ow ing day.
gells washed twice with Transfection
5mM KCl, 0.5nmM Na[err]HP( err] 1nM

g 5 of ceS|un1chIor|de purified TCAE 6

S In other aspects, the invention features pharmaceu-
tical compositions of the above antibodies or fragments
thereof. Compositions or products according to the inven-
tion may conveniently be provided in the form of solutions

_ suitable for parenteral or nasal or oral administration.
10 Appropriate preparations of antibody may be mixed with
appropriate preparations of other agents, resulting in
increased clinical utility.
other features and advantages of the invention will
be apparent from the following description of the pre-
15 ferred embodiments thereof, and from the claims.

Description of the Preferred Embodiments
The drawings will first briefly be described.

Drawings

FIG. 1 is a tabular representation of 20 codons in
nine different Ig heavy chain leader sequences and ten
monkey Ig heavy chain leader sequences;

FIG. 2 is a diagrammatic representation of the struc-
ture of various Ig chains showing the relative position of

20

leader, variable, and constant regions with the positions .
of restriction sites and primers used for amplification;
FIG. 3 is a diagrammatic representation of a heavy

chain cassette vector for expression of human or chimeric
antibodies;

25

FIG. 4 is a diagrammatic representation of a light
chain cassette vector designed for expression of human oX
chimeric antibodies;

30

FIGS. 5 and 6 are diagrammatic representations of
vectors designed for expression of immunoglobulin from
kappa or lambda light chain cDNA, respectively. 1In these

35 vectors, the immunoglobulin genes are arranged in a tandem



were incubated in
hours at 37[err]C,
i ncubated with nor
t he transfected

m cont ai ni ng 100uM chl oroqui ne for 3-5
were washed twice wth nedi um and

t er ' hgy
%ﬁ%ﬁf%gﬁb?() 2 hours. Supernatant (100[err]l) from

_ yed at various dilutions for the pres-
énce of anti body an_EL| SA-based ffechni que. CGoat anti- human | anbda was
used to coat 96 well assay pla nd a jper oxi dase-1| abel ed goat anti-hunman
| gG as the detection 20 anti body, under standard ELI SA conditions. COS
cells were foonfiigurptéduceudingemeonycind giosphatrafsfienhsy/ hamarthe

chinmeric antilpd¥ranibahdfkeya! umes of supernatant were concentrated 10
fold and used I n aag%rect EFnding RIA to CD4 positive supTl cells. The

parental whol e nmoRk€§-ari+ ZSzboéydaﬁdsbﬁWiﬁgélEV&APlﬁuﬁﬁﬁdiﬁ#ﬂﬁ@@cﬁbulin
were used asof various leader sequence primers useful in the invention

5 (these primers in FIG. 8 correspond to those listed as
SEQ. ID Nos. 1 - 12 infra;

FIGS. 9A through 9H are comparisons of human and mon-
key regions in the VH1, VH2, VH3, VH4, and VHS5 sequences,
and VKI and VKII, and VliambdaIIlI sequences, respectively;

10 FIG. 10 is a comparison of human and monkey VH3
sequences, with one comparison to the human VH2 sequence;

FIG. 11 is a graphical representation of the binding
of an antibody of the invention to a human CD4 antigen;

FIG. 12 is a graphical representation of the inhibi-

15 tion of binding of 1F3 by the antibody shown in FIG 10}

FIGS. 13 and 14 are portions of the nucleotide
sequences of anti-CD4 VH, and VL regions respectively;

FIG. 15 is a graph showing anti-CD54 activity; and

FIG. 16 is a histogram comparing plasmid expression
20 features.

Monkey Antibodies
01d World monkeys include those referred to as baboon
and macague monkeys (including Rhesus monkey and cynomol-
gus monkey). This invention provides details of use of
25 the claimed invention with various monkey genes. These.
examples are not limiting in the invention and may be
readily applied to other 0ld World Monkeys.
Referring to Fig. 2, there is shown in diagrammatic
form the general structure of genes encoding immunoglobu-
30 1in heavy, kappa light, and lambda light chains. Each of
these chains is formed with an ATG start codon followed by
a leader sequence of approximately 60 bases, a region
encoding a variable region of the immunoglobulin, and a
constant region of that immunoglobulin. Examples of dif-
35 ferent leader seguences, or signal peptides, of heavy
chains are shown in FIG. 1. These sequences, and their
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a positive and negaj | ye—€BitL ;E sgectively (Fig. 11). Furthernore, the
honkey anti-CD4 and{ the nonkey/ hundgn {chinmeric anti-CD4 were used to inhibit
the binding of a hijghl aPfd APRYI99bude janti-CD4 (1F3) antibody (Fig. 12). It
30 can be seen thatj tthe gonkey/ human {r econbi nant anti body (ATCC No.

not only binds tg CD4 positive cellis bytyis able to inhibit the binding
of 1F3 to CD4 posi ttve—eells..ln.apprexi mately the sane concentrations of
whol |y nonkeyegai v&Dét Oin kionkéy ¢! éan3Be determifiebOblyOWAhadr Fech@mp! e

of the nethods, and ant]bodies of fhis invention, i _
nigues we known to those of ordinary skill in the art,

and as described below.

The sequences shown in the lower portion of FIG. 1

5 are human leader sequences. Applicants have discovered

that construction of primers complementary to these leader

regions allows amplification of Ig genes from monkeys.

Similarly, primers homologous to monkey leader sequences

{see e.g., upper portion of FIG. 1) can be used in ampli-

10 fication of monkey immunoglobulin genes, and also for
amplification of human immunoglobulin genes. -

By use of such primers in standard amplification
procedures, genes encoding various monkey immunoglobulin
genes, can be readily isolated, and the sequences encoding

15 the variable regions of the antibodies determined. Exam~
ples of such procedures are provided below. The results
of the analysis provided below are presented in FIGS. 9A
through 9H, and in FIG. 10. Surprisingly, applicant found
that, despite the ability to produce antibodies to rela-

20 tively conserved human antigens in the monkeys, the vari-
able regional framework sequences of the antibodies so
produced were indistinguishable from those of human anti-
bodies. That is, the amount of variability in immunoglo-
bulin sequence observed for the monkeys was similar to

25 that observed for humans, and it was impossible to deter-
mine which antibody was derived from a human or monkey
without analysis of the source itself.

Thus, for example, referfing to FIG. 10, the amino
acid sequence of the VH3 region of human was compared with

30 monkey. The human antibodies showed a range of homology
among themselves from 83 - 98%, while those of the monkey
were from 90 ~ 95% homologous with the human VH3 region.
In contrast, the human VH2 region was homologous to the
human VH3 by 60%. [In this drawing, as in the other

35 drawings, the presence of the same amino acid at any
location is shown by a dash, while the presence of a
different amino acid is shown by the standard one letter
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37 Exanpl e 4: Gener atji

bodi es Agai nst Human Lynphocyte
Antigens An adult cyndo

hi te Sands New Mexico Primate Center)
was i mruni zed i ntramjs uI ple 5 sites, with 5 x 10[err] whol e
CD54 positive human ljy used were alternately, SB cells
(hunan B | ynphoid Iinpe) and actlvated oeﬁlpheral human | ynphocytes, acti -
vated by pre-incubati of'%okemeed m t ogen (2. 5ng/n1)

phor bol nmonoaggdal & éégxﬂ%nén‘izoo%ﬁheqf&%&hsér%ué'J}h{hé Ang{gekl

t he inclusion-of ,a standard u- vant ni zat1on was repeate every 2 3

weeks over a pEFigRediaBe BhO¥R asan ¥-lonSiRd 1Ak E@B%ﬁgi&fa@r\/\féﬁé:
screened at VWZQUYHBanmbyaMBhIWiﬂ,I Ghdfedy kndard ¥KII and viambda

III is shown in FIGS. 9A - 9H, respectively. Again, sig-
5 nificant homology between the monkey immunoglobulin region
and that of the human was observed in each variable region
including immunoglobulin J regions sequences. Such high

homology is similar to that observed among human
antibodies.

U)""S

10 The methodology by which the sequences were deter-
mined is presented below in the examples. Those of ordi-~ -
nary skill in the art will recognize that these examples
are not 1imiting in this invention and equivalent results
and monoclonal and chimeric antibodies can be obtained by

15 similar procedures well known to those of ordinary skill
in the art. See e.g., U.S. patents 4,816,567; 4,978,745;
4,975,369; 4,816,397, supra. For example, after cloning
a gene encoding a monkey variable region, such a gene is
readily ligated to one encoding a monkey or human constant

20 region, and the fused genes expressed in a producer cell
line to produce the desired antibody. Below are provided
examples of such procedures.

In the following examples, the first step in the
method involves the isolation of total RNA from monkey

25 peripheral blood or spleen cells. B cells from immunized
monkeys may be obtained from peripheral blood or lymph
nodes and used directly or, they may be preferentially
expanded. Expansion may involve Herpes papio virus
transformation, fusion to a heterologous myeloma cell with

30 subsequent selection, or cloning of single B cells under
limiting dilution in the presence of stimulated human T
cells.

Total RNA is then converted to single stranded (ss)
cDNA by reverse transcriptase using non-specific (oligo-dT

35 or random hexamers) or specific (immunoglobulin CH1l or CK
or Clambda constant region) oligonucleotide primers.
Single-stranded cDNA produced by this reaction is ampli-



nuri ne anti body, kﬂ knomn to blnd to ICAM1. A satur- 15 ating anount

of 84H10 was boun S angt ovary cells (CHO, previously
transfected with an eﬁggésgggﬁgvggt r containing hunan CD54 c-DNA and

selected for highje surface CD54, together with increasing
di lutions of nan y serum The |nh| ition of 84H10 binding 20 is shown in
FIG 15. Oher | bodr®s which recogni ze ot her human
| ynphocyte anti ens were tested by inhibition using nonkey sera obtained by
the same i mTﬁF:F’ abEdRInthroRelymsrase shaipoxeastpppdikathich i3/ aRier

descri bed abtugethlerbwitmlid@beput EEHPideetripRBsphakuEE], f hedNaY po1y-
conbi nati on

merase (e.d., a thermostable polymerase) and specific

primers, are used to amplify heavy or light chain variable

5 region immunoglobulin genes. The primers used are single

stranded synthetic oligonucleotides ranging from 20 to 40

bases, containing some degenerate bases which bind to the

immunoglobulin 5' leader seguences. Six different 5'

leader sequence primers (see, FIG. 7-1 incorporating a

10 _restriction enzyme site (e.g., SallI) have been designed

for amplification of monkey heavy chain variable region

families based on their similarity to human heavy chain

variable region gene families. With each of the six 5!

leader sequence primers, a 3' primer specific for the

15 constant region domain of the relevant isotype (e.d., IgG,

IgM, IgA or IgE) also incorporating a restriction enzyme

site (e.g., NheI) is used. Similarly, for monkey kappa

and lambda light chains, other pairs of primers are used

for amplification of the appropriate light chain variable
20 region (Fig. 7-2).

Other sets of primers can be used in order to incor-
porate different, unique restriction sites to allow direc-
tional cloning of PCR-amplified DNA into an appropriate
expression vector possessing the same restriction site.

25 A set of primers binding to the 3' end of the antibody
heavy chain leader sequence incorporating a Mlul site, or
a set of primers binding to the first 23 bases of frame-
work one incorporating a XhoI site can also be used and
are described in Fig. 7-1. The monkey immunoglobulin
30 heavy and light chain variable region genes may be cloned
into a shuttle vector directly after PCR amplification to
allow further molecular manipulations if necessary or,
cloned directly into an expression vector that contains
human heavy or light chain constant region genes. The
35 molecular configuration of the immunoglobulin genes in the
expression vector may be genomic, in which immunoglobulin
promoter/enhancer and other regulatory regions are present
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functional biol ogical| assays. Thesd gssays 30 include determ nation of
specificity and bi fdijng2&APRI®99 ag |1 as effector function associ ated
with the expressed |i ot ype, e.g., ADEC, or conplenent fixation. Such anti-
bodi es may be used }as.passive or active therapeutic agents against a nunber
of human di seases, Ywetuding.B.coll 3B5 | homa, infectious di seases

i ncl udi ng Al DS, aut oi mmune and i nf | ammatory di seases, and

]E {)?rr]ns p'()?”;gt | 88 we1l THE sp188e 38bhEPPAESeFRBr PElitfichis RY the iidod Al Ve
exon junctions. Alternatively, chimeric immunoglobulin
genes can be inserted in a cDNA configuration using heter-
ologous viral promoter/enhancer seqguences.

5 Example 1: Sequence of Monkey Antibodies
FIGS. 7 and 8 show the primers with or without
restriction sites respectively, used in the PCR amplifica-
tion of immunoglobulin genes from monkey and/or human
CDNAs. Details of the procedures used are provided below.
10 RNA was isolated from the spleen, peripheral blood and
lymph node cells of monkeys using the standard guanidinium
isothiocyanate method. The total RNA fraction isolated by
this method was then used as a template for subsequent
amplification reactions. An aliquot of the RNA was incu-
15 bated in the presencé of 200 units of Moloney murine leu-
kemia virus reverse transcriptase and non-specific
{0ligo-dT or random hexamers) or specific (immunoglobulin
IgG CH1 region or kappa chain constant region CK) oligo-
nucleotide primers (50-100 picomoles) to generate a non-
20 coding sense single cDNA strand. Single stranded cDNA
produced by this reaction was then amplified using the
polymerase chain reaction (PCR). An aliguot of single
stranded cDNA was incubated together with deoxynucleotide
tri-phosphates (20uM), a thermostable DNA polymerase (2-5
25 units) and human-derived synthetic oligonucleotide primers
(50 picomoles), to amplify either heavy or 1light chain
variable region immunoglobulin genes.
Using pairs of primers shown in FIG. 8, several
representative cynomolgus immunoglobulin heavy and light
30 chain variable region sequences from a number of gene
families were amplified. These amplified sequences were
cloned into the EcoRV site of the plasmid vector p-Blue-
script (pBS, available from Stratagene, CA) and used for
DNA sequencing. DNA sequencing was performed using the
35 plasmid DNA containing the cloned insert as a double
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part of an anti body/d KEE : ilbbd ‘fgrug or antibody/ toxin conplex.
‘Addi tional ly, whole anﬁibodles or anti body fragnents (Fab[err], Fab, Fv)

may be used as imagirjg ir epgeARPp 1gB%or jas potential vaccines or inmunogens
i n active inmuno- thgrgpy for the gemegation of anti-idiotypic responses.
The anount of anti body 0-produg¢e a therapeu- tic effect can be
determ ned by standarid technlgugs meLL.kgﬁ to those of ordinary skill in
the art. The anti- 10 bodies wi |l generali’ly be provided by standard

technique wt &Rd&i‘aﬁﬁ@cg%gi?ltley Bl T a(#t%rﬁ&éztcf fche?{‘ﬁi gg¥¥1§).fnﬁglon

adm ni stered any desire ecause cac
presently cle§¢§RPQﬁﬂnqxnﬁﬁk°€nd their toler- ance by hunans it is possible

to adm nister theggeprident@tivedi eSyn&Siddd Vehbnkayo! dehmhRog28Ba in
vari ous di seases or

sequences are shown in FIGS. 9A - 9H. Included in FIGS.

5 9A - 9H are the consensus amino acid sequence for human

variable region genes representing each of the major vari-

able region gene families. The percentage homology of

each monkey sequence with the human consensus sequence,

excluding the constant domain regions and the CDR regions,

10 1is shown. The level of homology between human and monkey

sequences for a given family is as high as between two

human sequences within that family. It is impossible

therefore to distinguish between variable region immuno-

globulin sequences originating from Old World monkeys,

15 and those originating from humans based on sequence
comparisons alone.

=~ Q

Isolation of RNA
Monkey antigen-specific B cells were obtained in
several ways: by fusion of immunized monkey lymph node
20 cells to the human/mouse heteromyeloma fusion partner cell
line K5H6/B5, and subsequent screening of the hybridoma
lines, by virally transformed B cells, or by in vitro
single B cell cloning techniques. In the latter case
growth of a single monkey B cell was supported in vitro by
25 co-cultivation with human T cells that were stimulated by
antibody. A single B cell was placed in each well of a 96
well tissue culture plate together with approximately
150,000 anti-CD3-stimulated mytomycin C-treated human T
cells. After a two week incubation period the single B
30 cell expanded to at least 200 differentiated plasma cells.
Culture supernatant from these wells were assayed for the
presence of immunoglobulin by ELISA technique using a cap-
ture antibody of goat anti-monkey immunoglobulin.
Cells either from antigen-specific wvirally trans-
35 formed cells or hybridomas were grown up in sufficient
numbers for extraction of RNA. Wells from the in_ vitro
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di sease states W fhin a human. Jhe anti-CD4 reconbi nant anti bodies (or
‘fragnments thereqf oégt[p@pqgve tyon are al so useful for inducing

| mmunosuppressiqn,} i~e., 1nduci hgfa suppression of a 20 hunman's or

ani mal ' s i Mmune jsyst+en—TIMTS 1 nvgntion there- fore relates to a nmethod of
prophyl actical | yy or "t herapeu-_ticdlly inducing i nmunosuppression in a human

or other aninmal Th need thereof by adm nBstering an effective, non- toxic
amount of such an antibody of this invention to such 25 human or ot her
ani mal . The Sh9le yBorcalde ebapbnddeshninue ithatht wenet Posifuiee for

| Munosuppr eseio PEi fleh@rnet rahsved N isHEd wigst vitRedolar phbks

purpose, T Orie@lMlce e 11 X LXIPHY 7 °¥' $0d SBSL0 0680 h0Bo' §°4 20

min). The washed cells were suspended in 100ul of lysis

5 solution (4 M guanidinium isothiocyanate, 25mM sodiun

citrate pH 7.0, 0.5% sodium safcosine, 0.1M 2-mercapto-

ethanol). 10pl of 2M sodium acetate, pH 4.0, was added

and mixed. Protein was removed by adding 100 ul water

saturated phenol, mixing and adding 204l of chloroform/

10 isoamyl alcohol (49:1). After vortexing and incubation on
ice for 15 min, the samples were centrifuged at 10,000 x ~

g for 20 minutes. The aqueous phase was transferred to a

new tube, mixed with an egual volume of isopropanol and

incubated for 1 hr at -20°C. The precipitate was collected

15 by centrifugation at 10,000 x g for 15 minutes, washed

with 70% ethanol, recentrifuged and the pellet dried in a

Speedivac (Savant). The dried RNA was redissolved a

second time in 100 ul of lysis buffer. An equal volume is

isopropanol was added and incubated at -20°C for one hour.

20 The precipitate was collected by centrifugation at 10,000

X g for 15 minutes and washed with 70% ethanol. The pel-

let was dried in a Speedivac (Savant) and stored at -20°C

in 70% ethanol until use.

Synthesis of single stranded cDNA

25 The total RNA extracted from the cells originating:
from a single well was dissolved in 32ul of double dis-
tilled water to which is added 1xl (50-100 picomoles) of
primer (either random hexamers, oligo dT or 3' immuno-
globulin-specific primers} and 10sl of S5X reverse tran-

30 scriptase buffer (0.25 Tris-HCl pH 8.3, 0.375M KCl, 15mM
MgCl,, SOomM dithiothreitol). The mixture was heated at
65°C for 5 minutes after which it was placed in ice for 2
minutes. After heating, 1ul RNAsin (Promega), 5x1 of 5mM
deoxynucleotide triphosphates, and 1uxl (200units) of

35 Moloney murine leukemia virus reverse transcriptase (BRL)
was added, and the mixture incubated at 37°C for 1.5 hours.
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30 T-cell proliferati ﬁ"neasurea¥%y'ihynidine upt ake. The fact that the
anti-bodies of this {n e2%+aﬁ haye utiflity in inducing i munosuppression
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| ung, bone marrow, gki-n, cornea, etc.]); the treat- nent or prevention of
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and of cutaneous . 39 nanifestations of imunol ogically nedicated di seases
(e.g., rheumatdfi%rmrcompletiohupss thet hewerseustrayséeiptase reaction,

the single stranded cDNA/RNA mixture was extracted with

phenol/chloroform and passed through a 1ml G-25 SEPHADEX

spin column. The material passing through this column was
5 used as template ss cDNA for PCR amplification.

Amplification of ss cDNA
3-10nx1 of the ss cDNA was mixed with 104l 10X PCR
buffer (500mM KCl, 100mM Tris-HC1l pH 8.3, 15mM MgCl,),
1.641 of 1.25mM deoxynucleotide triphosphates, 50 pico-
10 moles of specific immunoglobulin 5'.brime}, 50 picomoles
of specific immunoglobulin 3* primer, and 2 - 5 units of
thermostable DNA polymerase (Synthetic Genetics). The
reaction volume was brought to 100l with water and over-
laid with 100pul of mineral oil. The reaction mixture was
15 incubated at the following temperatures for the specified
tinmes.
94°C for 1 minute
48°C for 2 minutes
72°C for 2 minutes
20 This cycle was repeated.30-35 times. The amplified prod-
ucts were examined by agarose gel electrophoresis using a
1.2% agarose gel and molecular weight standards. The
amplified immunoglobulin variable region genes ran approx-
imately between 350-500 bp markers. The PCR amplified

25 products were then used for cloning into the appropriate
plasmid vector.

Example 2: Cloning Monkey Antibody genes
Since monkey variable region gene sequences, at the
cDNA level, are indistinguishable from human members of
30 the egquivalent gene family, immune responses to monkey/
human chimeric antibodies, if any, are unlikely to be any
different than those mounted against human antibody
molecules.
PCR technology can be used to introduce specific
35 restriction enzyme sites, including (but not limited to)
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skilled i n tREingt RWNarDHe assé a3y teesendn FIG. 6. Pre-emstmg
cloned genes were amplified from their specific vector
S using these primers to introduce the specific restriction
site which was subsequently used to clone the gene into an
expression vector. Alternatively, these primers were used
to amplify directly from cellular RNA.
Expression vectors which have been constructed are of
10 two types. The first (see FIGS. 3 and 4) allows cloned
cDNA immunoglobulin variable regions from monkeys to be
inserted into a cassette vector, using unique restriction
sites, in which the immunoglobulin gene elements are
arranged in a genomic configuration. This type of vector
15 incorporates an immunoglobulin promoter, the two exons
making up the immunoglobulin leader sequence, two cloning
sites Spel and Nhel, downstream splice donor sequences, an
immunoglobulin enhancer region, a human constant region
gene (heavy or light chain) and downstream polyadenylation
20 signals. In addition, they include a bacterial origin of
replication, a beta-lactamase gene for bacterial selec-
tion, and a neomycin phosphotransferase gene for G418
selection, or a xanthine-guanine phosphoribosyl transfer-
ase (gpt) gene for mycophenolic acid selection in mammal-
25 ian cells. The heavy and light chain expression vectors
use neomycin phosphotransferase (Neo) and xanthine-guaning_
phosphoribosyl transferase {(Gpt) genes respectively as the
selectable marker.

The second type of expression system (see FIGS. 5 and

30 6) uses immunoglobulin ‘genes in a cDNA configuration.
That is, no introns or splice sites are present between
the 5' leader sequence and the 3' constant region
sequences. This type of vector utilizes heterologous
viral promoter/enhancer sequences, driving immunoglobulin

35 heavy and light chain genes arranged in a tandem fashion,
polyadenylation sequences and a selectable mammalian cell
marker (Nec). The Neo gene can be modified to weaken its
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experi - for subsequent gene amplification with methotrexate. Mon-

5 Kkey immunoglobulin variable region genes to be cloned into

cDNA configured expression vectors were amplified either

from pre-existing cloned sequences in the shuttle vector

{PBS), or directly from RNA with primers containing either

the restriction sites Sall or Mlul and Nhel, for heavy

10 chain, or BglIX and Kpnl or BsiWI for kappa or lambda

light chains. Other potential unique restriction sites
however are not excluded.

Chimeric heavy and light chain immunoglobulin genes

were introduced separately or sequentially (for genomic-

15 ally configured constructs), or on the same vector (for

cDNA configured constructs), by electroporation into a

producer cell line. Electroporation was used to introduce

linearized DNA constructs into either Chinese hamster

ovary (CHO) cells, or mouse nmnyeloma cells, followed by

20 single cell cloning of the transfectants into 96 well

tissue culture plates. Electroporation conditions using

a BTX-100 (BTX, San Diego) electroporation device and a

lml disposable plastic cuvette gave optimal numbers of

transfectants from a given amount of vector DNA. CHO

25 cells that were adapted to grow in suspension in serum-

free medium (CHO-S SFM II minus hypoxanthine and thymi- .

dine, Gibco) were used in constructs containing viral

regulatory elements.

Subcloning Ig variable region genes

30 The products of the PCR reaction were extracted with
phenol/chloroform and passed through a 1ml SEPHADEX G-25
spin column. If the DNA fragment was to be blunt end
cloned into a plasmid 1pl 1M MgCl,, 0.5ml of 1.25mM deoxy-
nucleotide triphosphates and 1ul of Klenow DNA polymerase

35 (5 units) was added to the total PCR reaction mixture
(10041) and incubated at 37°C for 15 minutes to fill in
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to 100 35 mlligr mibddy wei ght per day. The anti bodi es of
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with the afore- 40 nentioned net hods treatnment in an anount

sufficient to preduce such eftfect To a therapeutic or prophylactic degree.
Such antibodafg 6 bRerhBngeli OBHrdHAMNENEAd cloning into a plas-
mid, the 5' ends were phosphorylated as follows; 5ul of
lomM ATP, 1ul of T4 polynucleotide kinase (10 units) were
added to the total reaction mix and incubated at 37°C for
5 30 minutes. Amplified fragments that contained internal
restriction sites were first cut with the appropriate
restriction enzyme and used directly for ligation without
phosphorylation. In both cases the fragment to be cloned
was extracted with phenol/chloroform before ligating into
10 the appropriate_vector.

For the ligation reaction 10% of the phosphorylated
or restriction enzyme cut-PCR amplified fragment was mixed
with approximately 2ng of appropriate vector (total volume
8ul), previously digested with the restriction enzyme(s).

15 For blunt end-cloning pBluescript digested with EcoRV was
used. For sticky end cloning the vector TCAE 5.2 or 6.0
or pGenex-H or pGenexL, cut with appropriate restriction
enzymes was used. 1pl of 10X ligation buffer (500mM
Tri~HC1 pH 7.6, 100mM MgCl,, 10mM ATP, 10mM dithiothrei-

20 tol), 1ul T4 DNA ligase (1 unit) was added and the reac-

. tion allowed to proceed at 14°C overnight. The ligated
material was used to transform competent E. coli HB101
cells using the standard calcium chloride method of trans-
formation. The transformed bacteria were selected by

25 growth on LB ampicillin-containing agar plates. Indivi-
dual colonies were selected and grown up overnight in LB
medium containing ampicillin and plasmid DNA extracted
using the standard alkaline lysis method. After restric-
tion analysis to determine which clones contained immuno-

30 globulin inserts, the DNA was prepared for sequencing.

Sequencing cloned genes
Cloned immunoglobulin variable region genes were
sequenced using a standard chain termination method.
Double stranded plasmid DNA containing the cloned insert
35 was used as the sequencing template. Before sequencing,
the double stranded DNA was chemically denatured. DNA was
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parenteral as_used_herein_includes I ntravenous
subcut aneous21PR2{ AeOXYATP NG the, folJaw knth SRAURNE W% MLimens: THS'
subcut ane- CAGAGCTGGGTACGTCCTCA 3') and (5' GCCCCCAGAGGTGCTCTTGG 3')

$ for immunoglobulin G heavy chain variable region in 5' to
3!' and 3! to 5' directions respectively. (5' CAGAGCTGGGTA
CGTGAACC 3') and (5' GGCTTGAAGCTCCTCAGAGG 3!') for immuno-
globulin lambda light chain variable region in §' to 3!
and 3' to 5' directions, respectively. Reaction products

.10 were separated on 6% polyacrylamide gels and read.

The results of éequencing a number of 0ld World mon-
key immunoglobulin heavy and light variable region genes
are summarized in FIGS. 9A ~ 9H. <Cloning and seguencing
cynomolgus immunoglobulin genes has not been previously

15 described in the 1literature. Nor, therefore, has the
degree of homology between human and cynomolgus V region
genes been possible to define. The homology between a
single chimpanzee variable lambda gene and its human
genomic counterpart has been described showing only a 2%

20 difference in the framework regions.

Transfection and selection

After sequencing cloned heavy and light chain varia-
ble region genes, they were sub-cloned into appropriate
vectors for expression. These may be vectors constructed

25 with immunoglobulin regulatory elements in a genomic con-_
figuration (as shown in FIGS. 3 and 4), or with viral
regulatory elements using a cDNA configuration (FIGS. 5
and 6). Appropriate restriction sites (Spel and NheI) can
be designed into the PCR amplification primers during the

30 initial amplification step, or conversely amplification
primers containing restriction sites can be used to
amplify immunoglobulin genes from the shuttle vectors into
which they have been cloned. Alternatively, immunoglobu-
lin wvariable region genes may be cloned directly into

35 expression vectors after PCR amplification from RNA, so
that subcloning is unnecessary.
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fect heavy and light chain genomic constructs into Sp2/0
cells. In sequential transfections electroporation of the
chimeric light chain construct was followed by selection
in mycophenolic acid. Screening culture supernatants from
clones, grown in 96 well plates, for light chain produc-
tion with antisera against human light chain constant
region using an ELISA technique, allowed selection of the
highest light chain expressing clones. Subsequent elec-
troporation of light chain transfectants with a vector
containing the monkey/human chimeric heavy chain immuno-
globulin construct allowed the selection of transfectomas
expressing chimeric antibody of the desired specificity
and isotype.

The light chain construct pGENEX-L (FIGS. 3 and 4)
was transfected into the murine myeloma cell line Sp2/0 by
electroporation as follows. SP2/0 cells at a concentra-
tion of 1 x 107/ml in transfection buffer (272 mM sucrose,
7mM sodium phosphate pH 7.4, 1mM MgCl,) were mixed with 50

‘ug of pGENEX-L containing the appropriate cloned 1light

25

30

35

chain gene, which had previously been linearized by diges-
tion with the restriction enzyme PvuII. The cells were
placed into a 1ml disposable plastic spectrophotometry
cuvette and plate electrodes 3.5 mm apart inserted into
the cuvette. Using a BTX-100 (BTX, Inc.) transfection
apparatus the cells were given a pulse of current for 500
microseconds such that approximately 50% cell death
occurred. This value was determined prior to the trans-
fection by pulsing the cells, in the absence of DNA, with
increasing voltages and measuring the numbers of cells
surviving 24 hours later. The voltage versus cell viabil-
ity was plotted graphically and the voltage corresponding
to 50% cell death used for all subsequent electroporation
experiments. Using the BTX-100 apparatus, the optimal
value was found to be a pulse at an amplitude of 200 for

bout
r day. The anti bogly of
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the ear, eye and nose, and where it does™not signijfficantly enter the¢ bl ood

stream By SwioehicAeEeB6AaEal | ORFER Y B s P! tH 11s, they were
allowed to recover on ice for 15 minutes before being

transferred to 96~well tissue culture plates in Dulbecco's

modified Eagle's medium (DMEM) containing 5% fetal calf

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

at a concentration at which cell growth was seen in
approximately 1 in 3 of the wells after selection with the

appropriate drug. This parameter was determined for each
electroporation experiment by plating varying numbers of

10 electroporated cells per well (1000 - 10,000) and select-
ing for cells which have incorporated the plasmid. The
number of wells on each plate which showed cell growth was
counted after ﬁ-3 weeks of selection. Thus, the appropri-
ate number of cells that gave 1 out of 3 positive wells

15 with a given concentration of a particular plasmid was
determined for use in future experiments.

Directly after electroporation cells were placed in
medium without drug. Fresh medium was added two days
after electroporation containing either G418 or mycophe-

20 nolic acid for cells exhibiting neomycin phosphotransfer-
ase or guanasyl phosphotransferase activity respectively.
Cells were fed every 2 days for the first week and then
twice a week thereafter. The concentration of drug to use
was determined by incubating cells in the presence of

25 increasing concentrations of drug and monitoring cell
viability. The concentration of drug used was twice that.
which gave 100% killing. For Sp2/0 approximately 1lug
mycophenolic acid/ml was required and for G418 approxi-
mately 800ug/ml.

30 Cells were electroporated in several ways, either
heavy and 1light. chain genomic vectors (pGenex-H and
pGenex-L) were co-electroporated, or the light chain was
electroporated alone. In the latter case, clones were
screened for high level expression of chimeric immunoglo-

35 bulin light chain using an ELISA technique. These clones
were then grown up and electroporated with heavy chain
containing vector. If cDNA tandem gene constructs were
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active ingredient ma or toplca nistration, from,
sxngle electroporatlon was sufficient to achieve inte-
gration of both heavy and light chain genes. After 2-3
weeks supernatants from wells which continue to grow in
the presence of appropriate drug were assayed for the
secretion of chimeric immunoglobulin light chain or whole
immunoglobulin using an ELISA technique. Immunoglobulin
genes in a cDNA configuration were electroporated into
10 either Sp2/0 cells, as described above, or into Chine§e
- Hamster Ovary {(CHO) cells adapted to grow in suspension in
serum~free medium. CHO cells were electroporated using a
BTX 600 electroporation apparatus, set at conditions for
achieving maximal numbers of G418 resistant colonies.
15 These were 210 volts, 400 uF and 13 ohms. After electro-
poration, cells were counted, washed in transfection buf-
fer, resuspended in the same buffer and placed on ice for
15 minutes. Cells were adjusted to 1 x 107 live cells/ml
and 400 pl of cell suspension placed in a 0.4 ml sterile
20 disposable cuvette (BTX Inc.). 25 ug of Not 1 linearized
TCAE 5.2 or TCAE 6 vector DNA, containing cloned macaque
immunoglobulin variable region genes, were resuspended in
TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) at 1 pg/ml and
added to the cell suspension. Electroporation was carried
out by discharging the apparatus using the automatic
charge and pulse button. The cuvette was placed on ice
for 15 minutes, the cells diluted into 120 mls of serum-
free medium and placed into six 96-well plates (200 ul per
well containing approximately 6,667 electroporated or
30 3,333 live cells per well). Independent electroporation
parameters were established for this cell line and selec-
tion by G418 was at 400 pg/ml.

25

Screening for production of antibody
The presence of human, monkey or chimeric antibody
35 secreted by transfectants was assayed by an ELISA tech-
nique as follows: 96-well flat bottom plates (Dynatech)



0.001%to 10%wWw, e.g., from1%to 2% by mighm%gb il atio

al though it may conprise as nuch as 10% w w but .a‘LfF‘y A 1} exce
5% w w and nore preferably fromO0.1%to 1% w w jof t£ f ormul atifon. The
topical fornmulations of the present invention, fcqnpfiPAPRM%ct ifvé

I ngredi ent together with one or nore 25 accepfa arrier(s){therefo
optionally any other therapeutic ingredients($). The carrief(s)

be "acceptable" in the sense of being campati b MWti—tke—other ) ngred
of the fornulation and not deleterious to the recipient thereof. 30
For nul at i ons¥eL]) cagited fvitht gyatal anhdrhnmary akg6n dnckaedpd i gti Rar

sem - 11 qui d iy ARSI Bt EANScEt £ BukbrPeedd Alvh O%arBdtte t BeeSkigyd 0, t he

site of vvhereéreat-. \
sodium bicarbonate 1.55 mg/ml, pH9.6) and incubated for at

10

15

20

25

30

a5

least 16hr at 4°C. The coating buffer was removed and the
wells blocked with 120 gl of Blocking Buffer (1% bovine
serum albumin in phosphate buffered saline containing 0.2%
sodium azide) and incubated at 37°C for ihr. Up to 125 ul
of cell culture supernatant was added to the wells con-
taining blocking buffer and incubated 2 hrs at 37°C. The
plates were then washed five times with PBS. 100 ul of
horse radish peroxidase~labeled goat anti~human IgG (or
kappa) diluted 1:1000 - 1:5000 in Dilution Buffer (1%
bovine serum albumin, 0.05% Tween-20, 0.02% sodium azide
in PBS) was added. Plates were incubated at 37°C for 1 hr
then washed five times with PBS. Chimeric antibody was
detected with 100 gl of hydrogen peroxide and the sub-
strate, 3,3¢,5,5'~tetramethylbenzidine (1:1 v/v) per well.
The color reaction was terminated after 2 to 5 min. with
100 1l of 2M sulfuric acid per well.

Those of ordinary skill in the art can readily per-

form equivalent methodologies to those described above.

Examples of such technology include immortalization of
selected B~cells by hybridoma fusion, as described above,
with the cell line KSH6/BS described by Carroll et al.,
164 J. Experimental Medicine 1566, 1986, or an equivalent
cell 1line, such as SPAZ4 (available from Sandoz, see,-
Ehrlich et al., 34 Clin. Chem. 1681, 1988). Similar cell
lines can be readily constructed by standard techniques
using publically available methodology. Alternatively,
immunoglobulin genes may be cloned from: (a) cells immor-
talized by viral transformation with Herpes papio, as
described by Markova et al., 30 Vopr Virusol 549, 1985, or
with an equivalent virus, (b) by single B-cell cloning to
provide a transient immortalization, as described by

Amaroso and Lipske 145 J. _Immunology 3155, 1980, or (c)
by use of a recombinant immunoglobulin bacteriophage lib-
raries, as described by Huse et al., 246 Science 1275,

n,
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Drops according to the present invention may conpfife sterile aq us or

oily solutions or suspensions and may be preparedjby digepniong tihe active
ingredient in a suit- able aqueous solution of a paftericidal and o%

fungicidal 5 agent and/or any other suitaple presebvative —and pref er -
ably including a surface active agent. e resulting solution _mayithen be

clarified by i§£§r§ﬁ&QQcC£f§Q§£§rEgdal., 348 Nature 552, 1990. Screen-
ing for appropriate antibody containing clones can be
performed by those techniques described above, or equiva-
lent technigques well known to those of ordinary skill in
the art, and the desired immunoglobulin gene rescued from
the immortalized cell line. In addition, the antibédy
produced by isolated monkey B cells can be used in human
therapy, without manipulation to form a chiwmeric antibody.
The human constant region may be obtained by standard
10 techniques, with any desired isotype well known to those
of ordinary skill in the art, and the variable region of
a monkey antibody ligated with that human constant region.
Particularly useful chimeric antibodies against specific
cell surface receptors which can be used in immunotherapy
15 of humans include CD4, ICaMs, CD19, CD20, CD8, CDlla,
CD11b, CD28, CD18, CD45, CD71, and TCR.

Example 3: Cloning and Expressing a Monkey/Human Chimeric
Antibody with Specificity for CD4

The following is a specific example of the methods -
20 and antibodies of this invention.

Generation of Monkey Immortalized B-cell Lines
An adult cynomolgus monkey (White Sands New Mexico
Primate Center) was immunized intramuscularly, at multiple
sites, with 150-300pg of soluble CD4 (sCD4) or cell mem-—
25 branes (1 x 10%® cells) from the CD4 positive cell line
supTl using a standard adjuvant. Imnmunization was
repeated every 2-3 weeks a total of six times. The monkey
was boosted by injection of 100pg of sCD4 into the
inguinal region of one thigh and one week later the drain-
30 ing lymph node from the same thigh surgically removed.
Lymphocytes were removed from the lymph node by slicing
the tissue and rinsing with sterile DMEM medium. The cell
suspension was passed through a nylon gauze and collected
by centrifugation at 1000 x g for 10 minutes.
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were collected by centrifugation and resuspended in L-leu-
cine methyl ester (IME) and incubated at 37°C for 45 min-
utes., The LME treated cells were filtered through a nylon
screen and centrifuged. 1ml of fetal calf serum was
added, the cells suspended and washed twice in serum-free
RPMI. The cells were counted and mixed into a single 50ml
conical centrifuge tube together with an egual number of
K6H6/BS heteromyeloma cells, prewashed twice in serum free
medium. Cells were gently suspended in 1 ml of 50% PEG
(polyethylene glycol) added slowly with gentle stirring
over a 1 minute period. The cells were then resuspended

15 by the addition of 20ml of serum~-free medium over a 5
ute period, with gentle mixing to dilute out the
After washing twice with serum-free medium cells
resuspended at a concentration of 5 x 10°/0.1 ml in

min-
PEG.
were
RPMI
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medium, containing 20% fetal calf serum and gentamycin and
placed into 96 well micro tissue culture plates at 0.1 ml
per well. An equal vdlume of HAT medium (0.1 ml) was
added to each well and the hybrids allowed to grow for
14-17 days before screening.

Screening of Fused Cell Hybrids for the
Production of Anti-CD4

The assay to determine anti-CD4 specificity was as
follows: ELISA plates were coated with recombinant sCD4
at a concentration of 100ng per well and blocked with 1%
bovine serum albumin in PBS. 50 ul aliquots of hybridoma
supernatant were removed from each well and allowed to
incubate with the sCD4 coated plates for 60 minutes.
Binding was detected by incubation with '®I labeled goat
After
the wells were

anti~-human or goat anti-monkey Ig for 60 minutes.
washing four times with distilled water,
counted in a gamma counter. Positive wells were re-
assayed in duplicate and the hybridoma cells from those
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surface CD4. This was done by inhibition of binding of an
anti-CD4 murine monoclonal, termed 1F3, to the CD4 posi-
tive cell line supTl. Briefly this was done by'co-incu-
bating different amounts of monkey anti-CD4 and 10ng of
1B1-labeled 1F3 with 3 x 10° supTl cells/well in a 96 well
plate. After incubation for 1 hour at room temperature
(about 20-25°C) cells were removed by vacuum onto glass
fiber filters. After extensive washing with PBS the fil-
ters were counted in a gamma counter to determine the
inhibition of 1F3 binding to supTl cells by the monkey
hybridoma supernatants.

A candidate clone was chosen which produced an anti-
body that showed strong inhibition against 1F3. The clone
we chose was isotyped using human isotyping reagents and
found to be an IgG2 possessing a lambda light chain. This
cell line was grown up to larger numbers for cloning of
its immunoglobulin genes.

Cloning of Heavy and Light Chain Variable
Region Genes from Monkey Immortalized B-cells

Total RNA was isolated from 1 x 10’ monkey immortal-
ized B-cells using the guanidinium isothiocyanate method
described above. One tenth of the total RNA was used to
make single stranded cDNA using an oligo-dT oligonucleo-
tide primer and reverse transcriptase, also as described
above. One tenth of the amount of ss cDNA was used to set
up PCR reactions. The six PCR reactions each included one
of six 5' V, family specific oligonucleotide primers con-
taining a Sal I restriction site together with an IgG 3°*
constant region oligonucleotide containing an Nhe I site,
both shown in Figure 7-1. Similarly, five PCR reactions,
utilizing one of five 5' lambda leader sequence oligonu-
cleotide primers containing a Bgl II site and a 3' lambda
constant region prime containing an Avr II site, were run.
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reaction was run in triplicate.

The products of each of
the heavy chain and light chain amplification reactions
were run on 1.2% agarose gels. The VH4 heavy chain primer

5 (SEQ. ID. NO.: 13: S' ACTAAGTCGACATGAAACACCTGTGGTTCIT 3')
and lambda primer (SEQ. ID. NO.: 14: (5*' ATCACAGATCTCTCAC

CATGACCTGCTCCCCTCTCCTCC 3') gave strong bands on agarose

gel electrophoresis. The products of these reactions were

used for cloning intc the vector TCAE 6, which contains

10 -human IgGl and human lambda constant region sequences.
Cloning of the two variable region genes into the
expression vector TCAE 6 was done sequentially. First,
the heavy chain PCR product and the vector TCAE 6 were
digested with the restriction enzymes Sal I and Nhe I, the
products extracted with phenol/chloroform,
through a SEPHADEX G-25 spin column.

15 and passed

The PCR product was
ligated to the cut vector overnight at 14°C in the pres-

ence of T4 DNA ligase. Approximately 500ng total DNA was

ligated in a volume of 10pl with an insert/vector molar
20 ratio of 10:1. Ligated material was used to transform
XL-1 Blue competent cells (Stratagene) and the transformed
cells plated onto LB agar plates containing 50ug/ml ampi-
cillin. Colonies of ampicillin resistant bacteria were
picked and grown as 5ml minicultures. Plasmid DNA was
extracted from each of these cultures by a standard alka-
line lysis method cut with the restriction enzymes Sal I-

and Nhe I and the products run on a 1.2% agarose gel.

25

Plasmids with inserts of approximately 450bp were used as

templates for the subseguent cloning of light chain vari-
30 able regions. The products of the light chain PCR reac-
tion as well the plasmid containing the heavy chain insert
were cut with the restriction enzymes Bgl II and Avr II
and ligated together. Plasmid minicultures were screened
by cutting with Bgl II and Avr II. Digests giving an
insert of approximately 400-450 bp were scored positive.
Plasmids containing both Sal I/Nhe I and Bgl II/Avr II

35
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5.2 and TCAE 6 were derived from the vector CLDN, which
itself is a derivative of the vector RLDN10b (253 Science
77-79,1991). RLDN10b in turn is a derivative of the
expression vector TND (7 DNA 651-661, 1988)

RLDN10b differs from the vector TND in the following
ways. The dihydrofolate reductase (DHFR) transcriptional
cassette (promoter, cDNA, and polyadenylation region) was
placed inbéiween.the tissue plasminogen activator cassette
(t-PA expression cassette) and the neomycin phosphotrans-
ferase (NEO) cassette so that all three cassettes are in
tandem and in the same transcriptional orientation. 1In
addition, the DHFR gene promoter in CLDN has been replaced
by the mouse beta globin major promoter (3 Mol. Cell Biol.
1246-54, 1983) and the t-PA cDNA replaced by a polylinker.
All three eukaryotic transcriptional cassettes (Expression
., DHFR, NEO) can be separated from the bacterial plasmid
DNA (pUC9 derivative) by digestion with the restriction
endonuclease NotlI.

CLDN differs from RLDN10b because the Rous LTR in
front of the polylinker has been replaced by the human
cytomegalovirus immediate early gene promoter enhancer (41
Cell, 521, 1985).

The expression vectors TCAE 5.2 and TCAE 6 differ
from CLDN in that:

1) They contain four transcriptional cassettes
(instead of three), in tandem order:

(a) A human immunoglobulin light chain constant
region derived via amplification of cDNA by a polymerase
chain reaction. In TCAE 5.2 this is the human immunoglo-
bulin light chain kappa constant region (Kabat numbering
amino acids 108-214, allotype Km3), and in TCAE 6 the
human immunoglobulin light chain lambda constant region
{(Kabat numbering amino acids 108-215, genotype Oz minus,
Mcg minus, Ke minus allotype)
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chain was a gamma 1 constant region (Kabat numbering amino
acids 114-478 allotype Gmla, Gmlz), which was derived via
S amplification of cDNA by a polymerase chain reaction.
(c) DHFR; containing its own eukaryotic pro-
moter and polyadenylation region.
(d) NEO; also containing its own eukaryotic
promoter and polyadenylation region.

10 3) The human immunoglobulin light and heavy chain
cassettes contain synthetic signal sequences for secretion
of the immunoglobulin chains

4) The human immunoglobulin light and heavy chain
cassettes contain specific DNA linkers which allow for

15 insertion of 1light and heavy immunoglobulin variable
regions which maintain the translational reading frame and
do not alter the amino acids normally found in immunoglo-
bulin chains. The incorporation of the changes described,
led to the construction of the vectors TCAE 5.2 and TCAE

20 6. The cloning of the immunoglobulin light and heavy
variable region genes, from the anti-CD4 heterchybridoma
cell line E9.1, into TCAE 6 led to the construct which is
deposited in the ATCC. The construct, which has been
deposited, contains the cynomolgus monkey immunoglobulin

25 heavy chain variable region and cynomolgus monkey immuno-
globulin light chain variable region, whose seguences are
shown in Figures 13 and 14 respectively, cloned from the
anti-CD4 hybridoma cell line E9.1. The heavy chain con-
stant region is of human origin of the gamma 1 isotype and

30 Gmla, Gmlz allotype. The lambda 1light chain constant
region is also of human origin, of the Oz minus, mcg minus
genotype and Ke minus allotype. The immunoglobulin genes
are cloned into the mammalian expression vector TCAE 6,
shown in Figure 6, which, when electroporated into the

35 mammalian cell line CHO produced a monkey/human anti-CD4
chimeric antibody. The DNA construct described herein,
has been used to transform the bacterial strain XL-1 Blue,
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Another useful expression system is one in which the

5 gene encoding a selective marker is modified to enhance
yield of recombinant systems encoding a desired sequence.
For example, translation initiation impairment of a domi-
nant selectable marker results in fewer drug resistant
colonies compared to a non-impaired vector, but each indi-

10 vidual colony expresses significantly higher levels of
colinked gene product than in the unimpaired vector. For
example, translation initiation is the first step in pro-
tein synthesis. The translation initiation site of the
neomycin phosphotransferase gene (G418 resistance gene)

15 was changed from a consensus Kozak (sequence - cCAcCATGG)
to a poor Kozak (sequence - ccTccATGC). Translational
initiation impairment of the G418 resistance gene resulted

in: 1) a significant (5 fold) reduction in the number of
G418 resistant colonies obtained from a same amount of

20 plasmid DNA transfected per cell, and 2) a significant
increase in the amount of colinked product gene expressed

in each clone. In the clones containing the consensus
Kozak 73% of the colonies screened produced less than
25ng/ml, with only 3% producing greater than 100 ng/ml.

25 For clones with the altered, poorer Kozak, 8% of the
colonies screened produced less than 25 ng/ml, compared
with 63% of colonies producing greater than 100 ng/ml.
Specifically, referring to Fig. 16 (where TCAE 5.2 has a
consensus Kozak, and TCAE 12 has a poorer Kozak), 258

30 colonies were derived from 2 electroporations of 25 ug of
DNA which contains a neomycin phosphotransferase gene with

a consensus (unchanged) translation start site. 201 of
these colonies (78%) did not express any detectable gene
product (i.e., <25 ng/ml of chimeric immunoglobulin), and

35 only 8 colonies (3%) expressed more than 100 ng/ml. 98

colonies were derived from 6 electroporations of 25 ug of
DNA which contains the neomycin phosphotransferase gene
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DNA_Sequencing
5 Plasmid DNA was prepared from 100ml cultures. It was
further purified by precipitating (1 volume) with a mix-
ture of 2.5M sodium chloride and 20% polyethylene glycol
(6 volumes) on ice for 15 minutes. After centrifugation
at 10,000 x g for 20 minutes, the pellet was washed with
10 70% ethanol, recentrithed and —dried in a Speedivac
(Savant). The pellet of DNA was resuspended in deionized
water at a concentration of 150-250 ug/ml. Sequencing was
carried out on 5ug of double stranded DNA using the tech-
nique of Sanger. Sequencing primers which were homologous
15 to sequences within the expression vector upstream and
downstream of either the light chain or heavy chain
inserts were used. The inserts were sequenced in both 5°
to 3' and 3' to 5' directions. Two clones of anti-CD4
light chain and two clones of anti-CD4 heavy chain each
20 generated from separate PCR reactions were sequenced in
parallel in order to determine whether any nucleotide
changes had been introduced during the PCR reaction. Both
of the chosen heavy chain and both light chain clones were
found to be identical over their entire length, confirming
25 that no errors had been introduced during the amplifica-
tion process. The sequence of the anti-CD4 heavy and
light chains are shown in Figures 13 and 14 and Sequence
Listing Nos.: 15 and 16.

Expression of Monkey/Human Chimeric Anti-CD4
30 The expression vector TCAE 5.2 and TCAE 6 are not
only able to be used for stable integrated expression into
the cell lines Sp2/0 and CHO but, because it includes the
SV40 origin, is also able to be expressed transiently in
the cell line CO0S. C0OS cell expression was performed as
35 follows: COS cells were seeded one day before the trans-
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fection so that they would be 50-70% confluent the follow-
ing day. cCulture medium was removed and the cells washed
twice with Transfection Buffer (TB - 140mM NaCl, 25mM
Tris, 5mM KCl, 0.5mM Na,HPO, 1mM MgCl,, 1mM CaCl,). 30 ug
of cesium chloride purified TCAE 6 plasmid containing the
anti-CD4 monkey/human chimeric heavy and light immunoglo-
bulin chains were mixed with 3ml of DEAE dextran per dish
(1 mg/ml in TB). The DNA was allowed to incubate with the
cells for 1 hour at 37°C. DNA solution was removed and
replaced with 3ml of 20% glycerol for 1.5-2.5 minutes,
after which the cells were twice Qashed with TB. Cells
were incubated in Sml of fresh medium containing 100uM
chloroquine for 3-5 hours at 37°C, after which they were
washed twice with medium and incubated with normal DMEM
for 72 hours. Supernatant (100ul) from the transfected
COS cells was assayed at various dilutions for the pres-
ence of antibody by an ELISA-based technique. Goat anti-
human lambda was used to coat 96 well assay plates and a
peroxidase-labeled goat anti-human IgG as the detection
antibody, under standard ELISA conditions. COS cells were
found to produce between 10 and 40 ng/ml of monkey/human
chimeric antibody. Larger volumes of supernatant were
concentrated 10 fold and used in a direct binding RIA to
CD4 positive supTl cells. The parental whole monkey anti-
body and an irrelevant human immunoglobulin were used as
a positive and negative controls respectively (Fig. 11).
Furthermore, the monkey anti~-CD4 and the monkey/human
chimeric anti-CD4 were used to inhibit the binding of a
high affinity mouse anti-CD4 (1F3) antibody (Fig. 12). It
can be seen that the monkey/human recombinant antibody
(ATCC No. ) not only binds to CD4 positive
cells but is able to inhibit the binding of 1F3 to CD4
positive cells in approximately the same concentrations of

wholly monkey antibody or 1F3 itself. .
The following is an example of the methods and
antibodies of this invention.

wth
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Lymphocyte Antigens

An adult cynomolgus monkey (White Sands New Mexico
Primate Center) was immunized intramuscularly, at multiple
sites, with 5 x 10® whole CD54 positive human lymphocytes.
Cells used were alternately, SB cells (human B lymphoid
line) and activated peripheral human lymphocytes, acti-
vated by pre-incubation with a mixture of pokeweed mitogen
(2.5mg/ml), phorbol monoacetate (40 nM) and phytochemagglu-
tinin (4mg/well) with the inclusion-of a standard adju-
vant. Immunization was repeated every 2-3 weeks over a
period of 8 months. Sera from the immunized animals were
screened at various times by inhibition of binding of a
murine antibody, 84H10, known to bind to ICAM-1. A satur-
ating amount of 84H10 was bound to chinese hamster ovary
cells (CHO), previously transfected with an expression
vector containing human CD54 c~DNA and selected for high
expression of cell surface CD54, together with increasing
dilutions of monkey serum. The inhibition of 84H10 binding
is shown in FIG. 15.

Other murine monoclonal antibodies which recognize
other human lymphocyte antigens were tested by inhibition

using monkey sera obtained by the same immunization
methods.

Use

Antibodies produced in the manner described above, or
by equivalent techniques, can be purified by a combination
of affinity and size exclusion chromatography for charac-
terization in functional biological assays. These assays
include determination of specificity and binding affinity
as well as effector function associated with the expressed
isotype, e.g., ADCC, or complement fixation. Such anti-
bodies may be used as passive or active therapeutic agents
against a number of human diseases, including B cell
lymphoma, infectious diseases including AIDS, autoimmune
and inflammatory diseases, and transplantation. The

and addeor ; tihe
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solution is ster- 20 ilized by filtration through g nenbrane filjtegr (0.022
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di f1 uor ochl &@¥in complex. Additionally, whole antibodies or ‘antibody
fragments (Fab,, Fab, Fv) may be used as imaging reagents
5 or as potential vaccines or immunogens in active immuno-
therapy for the generation of anti-idiotypic responses.
The amount of antibody useful to produce a therapeu-
tic effect can be determined by standard techniques well
known to those of ordinary skill in the art. The anti-
_ 10 Dbodies will generally be provided by standard technique
within a pharmaceutically acceptablé buffer, and may be
administered by any desired route. Because of the effi-
cacy of the presently claimed antibodies and their toler-
ance by humans it is possible to administer these anti-
15 bodies repetitively in order to combat various diseases or
disease states within a human. '

[v2)

The anti-CD4 recombinant antibodies (or <fragments
thereof} of this invention are also useful for inducing
immunosuppression, i.e., inducing a suppression of a

20 human's or animal's immune system. This invention there-
fore relates to a method of prophylactically or therapeu-
tically inducing immunosuppression in a human or other
animal in need thereof by administering an effective, non-
toxic amount of such an antibody of this invention to such

25 human or other animal.

The ability of the compounds of this invention to
induce immunosuppression may be demonstrated in standard
tests used for this purpose, for example, a mixed lympho-
cyte reaction test or a test measuring inhibition of

30 T-cell proliferation measured by thymidine uptake.

The fact that the antibodies of this invention have
utility in inducing immunosuppression means that they are
useful in the treatment or prevention of resistance to or
rejection of transplanted organs or tissues (e.g., kidney,

35 heart, lung, bone marrow, skin, cornea, etc.); the treat-
ment or prevention of autoimmune, inflammatory, prolifera-
tive and hyperproliferative diseases, and of cutaneous
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(e-g., rheumatoid arthritis, lupus erythematosus, systemic
lupus erythematosus, Hashimotos thyroiditis, multiple
sclerosis, wmyasthenia gravis, type 1 diabetes, uveitis,
5 nephrotic syndrome, psoriasis, atopical dermatitis, con-
tact dermatitis and further eczematous dermatitides,
seborrheic derﬁatitis, Lichen planus, Pemplugus, bullous
pemphigus, Epidermolysis bullosa, urticaria, angioedemas,
vasculitides, erythema, cutaneous eosinophilias, 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
colitis) and food-related allergies (e.dg., migraine,
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 purpose 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 also be useful for treating tumors 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 also relates to a method of treating tumors’
in a human or other animal by administering to such human
or animal an effective, non-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 be administered
to a human or other animal in accordance with the afore-
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Such antibodies of the invention can be adminis-
tered to such human or other animal in a conventional

5 dosage form prepared by combining the antibody of the
invention with a conventional pharmaceutically acceptable
carrier or diluent according to known techniques. It will
be recognized by one of skill in the art that the form and
cha;actef of the pharmaceutically acceptable carrier or

10

diluent is dictated by the amount of active ingredient
with.which it is to be combined, the route of administra-
tion and other well-known variables.

The route of administration of the antibody (or frag-

ment thereof) of the invention may be oral, parenteral, by

15 inhalation or topical. The term parenteral as used herein

includes intravenous, intramuscular, subcutaneous, rectal,
vaginal or intraperitoneal administration. The subcutane-

ous and intramuscular forms of parenteral administration
are generally preferred.

20 The daily parenteral and oral dosage regimens for

‘employing compounds of the invention to prophylactically
or therapeutically induce immunosuppression, or to thera-
peutically treat carcinogenic tumors will generally be in
the range of about 0.05 to 100, but preferably about 0.5
to 10, milligrams per kilogram body weight per day. .

The antibody of the invention may also be adminis-
tered by inhalation.

25

By "inhalation" is meant intranasal

and oral inhalation administration. Appropriate dosage

forms for such administration, such as an aerosol formula-

30 tion or a metered dose inhaler, may be prepared by conven-

tional techniques. The preferred dosage amount of a com-

pound of the invention to be employed is generally within
the range of about 10 to 100 milligrams.

The antibody of the invention may also be adminis-

35 tered topically. By topical administration is meant non-
systenic administration and includes the application of an

antibody (or fragment thereof) compound of the invention
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stream. By systemic administration is meant oral, intra-
venous, intraperitoneal and intramuscular administration.
The amount of an antibody required for therapeutic or
prophylactic effect will, of course, vary with the anti-
body chosen, the nature and severity of the condition
being 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 about 1 to 100 milligrams per
kilogram body weight daily.

Formulations

While it is possible for an antibody or fragment
thereof to be administered alone, it is preferable to
present it as a pharmaceutical formulation. The active
ingredient may comprise, for topical administration, from
0.001% to 10% w/w, e.g., from 1% to 2% by weight of the
formulation, although it may comprise as much as 10% w/w
but preferably not in excess of 5% w/w and more preferably
from 0.1% to 1% w/w of the formulation.

The topical formulations of the present invention, .
comprise an active ingredient together with one or more
acceptable carrier(s) therefor and optionally any other
therapeutic ingredients(s). The carrier(s) must be
"acceptable® in the sense of being compatible with the
other ingredients of the formulation and not deleterious
to the recipient thereof.

Formulations suitable for topical administration
include liguid or semi-liquid preparations suitable for
penetration through the skin to the site of where treat-
ment is required, such as liniments, lotions, creams,
ointments or pastes, and drops suitable for administration
to the eye, ear or nose.
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up to contain 250 nl. of sterile Ringer's solution,

anti body or fragment thereof of the invention. Actu
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sterile agueous or oily solutions or suspensions and may
be prepared by dissolving the active ingredient in a suit~
able agueous solution of a bactericidal and/or fungicidal
agent and/or any other suitable preservative, and prefer-
ably including a surface active agent. The resulting
solution may then be clarified by filtration, transferred
to.a suitable container which is then sealed and steril-
ized by autoclaving or maintaining at 90°-100°C for half
10 an hour. Alternatively, the solution may be sterilized by_
filtration and transferred to the container by an aseptic
technique. Examples of bactericidal and fungicidal agents
suitable for inclusion in the drops are phenylmercuric
nitrate or acetate (0.002%), benzalkonium chloride (0.01%)
15 and chlorhexidine acetate (0.01%). Suitable solvents for
the preparation of an oily .solution include glycerol,
diluted alcochol and propylene glycol.

Lotions according to the present invention include
those suitable for application to the skin or eye. An eye
lotion may comprise a sterile agqueous solution optionally
containing a bactericide and may be prepared by methods

20

similar to those for the preparation of drops. Lotions or
liniments for application to the skin may also include an
agent to hasten drying and to cool 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.

25

Creams, ointments or pastes according to the present
invention are semi~solid formulations of the active ingre-
dient for external application. They may be made by mix-
ing the active ingredient in finely-divided or powdered
form, alone or in solution or suspension in an agueous or
non-aqueous fluid, with the aid of suitable machinery,
with a greasy or non-greasy basis. The basis may comprise
hydrocarbons such as hard, soft or liquid paraffin, gly-
35 cerol, beeswax, a metallic soap; a mucilage; an oil of

natural origin such as almond, corn, arachis, castor or
olive o0il; wool fat or its derivatives, or a fatty acid

30
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may incorporate any suitable surface active agent such as .
an anionic, cationic or non-ionic surface active such as

sorbitan esters or pélycxyethylene derivatives thereof.

Suspending agents such as natural gums, cellulose deriva-

tives or inorganic materials such as silicaceous silicas,

and other ingredients such as lanolin, may also be

included.

It will be recognized by one of skill in the art that
the optimal guantity and spacing of individual dosages of
an antibody or fragment thereof of the invention will be
determined by the nature and extent of the condition being
treated, the form, route and site of administration, and
the particular animal being treated, and that such opti-
mums can be determined by conventional techniques. It
will also be appreciated by one of skill in the art that
the optimal course of treatment, i.e., the number of doses
of an antibody or fragment thereof of the invention given
per day for a défined number of days, can be ascertained
by those skilled in the art using conventional course of
treatment determination tests.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following are, therefore, to be construed as merely illus-
trative examples and not a limitation of the scope of the
present invention in any way.

Capsule Composition

A pharmaceutical composition of this invention in the
form of a capsule is prepared by filling a standard two-
piece hard gelatin capsule with 50 mg. of an antibddy or
fragment thereof of the invention, in powdered form,

100 mg. of lactose, 32 mg. of talc and 8 mg. of magnesium
stearate.
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by stirring 1.5% by weight of an antibody or fragment
thereof of the invention in 10% by volume propylene glycol
and water. The solution is sterilized by filtration.

Ointment Composition

Antibody or fragment thereof of the invention 1.0 g.
White soft_paratfin to 100.0 g.
The antibod§ or fragment thereof of the invention is
dispersed in a small volume of the vehicle to produce a

smooth, homogeneous product. Collapsible metal tubes are
then filled with the dispersion.

Topical Cream Composition

Antibody or fragment thereof of the invention 1.0 g.

Polawax GP 200 20.0 g.

Lanolin Anhydrous 2.0 g.

White Beeswax 2.5 g.

Methyl hydroxybenzoate 0.1 g.

Distilled Water to 100.0 g.

The polawax, beeswax and lanolin are heated together
at 60°C. A solution of methyl hydroxybenzoate is added
and homogenization is achieved using high speed stirring.
The temperature is then allowed to fall to 50°C. The
antibody or fragment thereof of the invention is then
added and dispersed throughout, and the composition is
allowed to cool with slow speed stirring.

Topical Lotion Composition
Antibody or fragment thereof of the invention 1.0 g.
Sorbitan Monolaurate 0.6 g.
Polysorbate 20 0.6 g.
Cetostearyl Alcohol 1.2 g.
Glycerin 6.0 g.
Methyl Hydroxybenzoate 0.2 g.
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P. to 100.00 ml. (B.P. = British
Pharmacopeia)

The methyl hydroxybenzoate and glycerin are dissolved
in 70 ml. of the water at 75°C. The sorbitan monolaurate,
polysorbate 20 and cetostearyl alcohol are melted together
at 75°C and added to the aqueous solution. The resulting
emulsion is homogenized, allowed to cool with continuous
stirring and the antibody or fragment thereof of the
invention is added as a suspension in the remaining water.
The whole suspension is stirred until homogenized.

-~

Eye Drop Composition

Antibody or fragment thereof of the invention 0.5 g.

Methyl Hydroxybenzoate 0.01 g.

Propyl Hydroxybenzoate 0.04 g.

Purified Water B.P. to 100.00 ml.

The methyl and propyl hydroxybenzoates are dissolved
in 70 ml. purified water at 75°C and the resulting solu-
tion is allowed to coocl. The antibody or fragment thereof
of the invention is then added, and the solution is ster-
ilized by filtration through a membrane filter (0.022 um

pore size), and packed aseptically into suitable sterile
containers.

Composition for Administration by Inhalation

For an aerosol container with a capacity of 15-20 ml:
mix 10 mg. of an antibody or fragment thereof of the
invention with 0.2-0.5% of a lubricating agent, such as
polysorbate 85 or oleic acid, and disperse such mixture in
a propellant, such as freon, preferably in a combination
of (1,2 dichlorotetrafluoroethane) and difluorochloro-
methane and put into an appropriate aerosol container

adapted for <either intranasal or oral inhalation
administration.
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For an aerosol container with a capacity of 15-20 ml:
dissolve 10 mg. of an antibody or fragment thereof of the
invention in ethanol (6-8 ml.), add 0.1-0.2% of a lubri-

5 cating agent, such as polysorbate 85 or oleic acid; and
- disperse such in a propellant, such as freon, preferably
in combination of (1.2 dichlorotetrafluoroethane) and
difluorochloromethane, and put into an appropriate aerosol
container adapted for either intranasal or oral inhalation
10 administration.

The antibodies and pharmaceutical compositions of the
invention are particularly useful for parenteral adminis-
tration, i.e., subcutaneously, intramuscularly or intra-
venously. The compositions for parenteral administration

will commonly comprise a solution of an antibody or frag-
ment thereof of the invention or a cocktail thereof dis-

solved in an acceptable carrier, preferably an aqueous
carrier.

15

A variety of aqueous carriers may be employed,
e.q., water, buffered water, 0.4% saline, 0.3% glycine,
20 and the like. These solutions are sterile and generally
free of particulate matter. These solutions may be ster-
ilized by conventional, well-known sterilization tech-
niques. The compositions may contain pharmaceutically
acceptable auxiliary substances as required to approximate
25 physiological conditions such as pH adjusting and buffer-
ing agents, etc. The concentration of the antibody or
fragment thereof of the invention in such pharmaceutical
formulation can vary widely, i.e., from less than about
0.5%, usually at or at least about 1% to as much as 15 or
30 20% by weight, and will be selected primarily based on
fluid volumes, viscosities, etc., according to the parti-
cular mode of administration selected.
Thus, a pharmaceutical composition of the invention
for intramuscular injection could be prepared to contain
35 1 mL sterile buffered water, and 50 mg. of an antibody or
fragment thereof of the invention. Similarly, a pharma-
ceutical composition of the invention for intravenous
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Ringer's solution, and 150 mg. of an antibody or fragment
thereof of the invention. Actual methods for preparing
parenterally administrable compositions are well-known or

will be apparent to those skilled in the art, and are

described in more detail in, for example, Remington's
Pharmaceutica) Science, 15th ed., Mack Publishing Company,

Easton, Pennsylvania, hereby incorporated by reference
herein,

The antibodies (or fragments thereof) of the inven-
tion ‘can be lyophilized for storage and reconstituted in
a suitable carrier prior to use. This technique has been
shown to be effective with conventional immune globulins
and art-known lyophilization and reconstitution techniques
can be employed. _

Depending on ‘the intended result, the pharmaceutical
composition of the invention can be administered for pro-
phylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient
already suffering from a disease, in an amount sufficient
to cure or at least partially arrest the disease and its
complications. In prophylactic applications, compositions
containing the present antibodies or a cocktail thereof
are administered to a patient not already in a disease
state to enhance the patient's resistance.

Single or multiple administrations of the pharmaceu-
tical compositions can be carried out with dose levels and
pattern being selected by the treating physician. 1In any
event, the pharmaceutical composition of the invention
should provide a quantity of the altered antibodies (or
fragments thereof) of the invention sufficient to effec-
tively treat the patient.

It should also be noted that the antibodies of this
invention maf be used for the design and synthesis of
either peptide or non-peptide compounds (mimetics} which
would be useful in the same therapy as the antibody. See,
e.q., Saragovi et al., Science, 253, 792-795 (1991).
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5 Applicants! and their assignees acknowledge their

10

15

responsibility to replace these cultures should they die
before the end of the term of a patent issued hereon,
5 years after the last request for a culture, or 30 years,
whichever is the longer, and its responsibility to notify
the depository of the issuance of such a patent, at which
time the deposit will be made irrevocably available to the
public. Until that time the deposit will be made avail-
able to the Commissioner of Patents under the terms of 37
C.F.R. Section 1-14 and 35 U.S.C. Section 112.
Other embodiments are within the following claims.
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{ii) TITLE OF INVENTION: CHIMERIC ANTIBODIES FOR HUMAN THERAPY
{iii) NUMBER OF SEQUENCES: 16
{(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Lyon & Lyon

{B) STREET: 611 West Sixth Street
(C) CITY: Los Angeles
(D) STATE: California
~ (E) COUNTRY: U.S.A. -
{F) ZIP: 02111-2658

(v} COMPUTER READABLE FORM:

(A} MEDIUM TYPE: 3.5" Diskette, 1.44 Mb storage
{B) COMPUTER: IBM Compatible

(C) OPERATING SYSTEM: IBM P.C. DOS (Version 5.0)
{D) SOFTWARE: WordPerfect (Version 5.0)

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

(vii) PRIOR APPLICATION DATA:
Prior applications total,

including application
described below: 2

(A} APPLICATION 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 INFORMATION:

(A) NAME: Warburg, Richard J.
(B} REGISTRATION NUMBER: 32,327
(€) REFERENCE/DOCKET NUMBER: 198/158

(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (213) 489-1600
(B} TELEFAX: {213) 955-0440




(D) TOPOLOGY: Linear (xi) SEQUENCE DESCRI PTI ON :

“GACCTGG

17 (3) IN IJ\M)&N

NO. 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 20 i F@‘
ACID (C) STRANDEDNESS: Single (D) TOPOLOGY: Linear (X| $EQUENCE
‘DESCRI PTION : SEQ I D NO 2: ATGGACATAC TTTGITCCAC %Apn 1999
20 (4) | NFORMATI ON FOR SEQ | D NO 3: (i) SBQUENCE Cﬁ% | STICS: (A
LENGTH: 20
{C) TELEX: 67-3510 -
(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17
(B} TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 1:
CCATGGACTG . GACCTGG 17
(3) INFORMATION FOR SEQ ID NO: 2: -
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20
(B} TYPE: NUCLEIC ACID
(C} STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2:
ATGGACATAC TTTGTTCCAC 20
(4) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20
(B) TYPE: NUCLEIC ACID
{C). STRANDEDNESS: Single
(D)} TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3:
CCATGGAGTT TGGGCTGAGC 20

{5) INFORMATION FOR SEQ ID NO: 4
(i) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 20
(B TYPE: NUCLEIC ACID
(C) STRANDEDNESS: single-
(D) TOPOLOGY: Linear
(xi)} SEQUENCE DESCRIPTION : SEQ ID NO: 4:

ATGAAACACC TGTGGTTCTT 20

'SEQ ID NO_1: CCATGGACTG

D



(B) TYPE: NUCLEIC ACID (C) STRANDEDNESS: Single (D) TOPOLOGY: Linear (xi)
SEQUENCE DESCRI PTION : SEQ ID NO 3: CCATGGAGIT TGGGCTGAGC

20 (5) | NFORMATION FOR SEQ ID NO  4: (i) SEQUENCE CHA :
LENGTH: 20 (B) TYPE: NUCLEI C ACID (C) STRANDEDNESS: Sin WET
Li near (xi) SEQUENCE DESCRI PTION : SEQ ID NO 4: ATGAAA ettt

q

20
51 29 APR 1999
(6) INFORMATION FOR SEQ ID NO: 5:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20
(B) TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
{D) TOPOLOGY: Linear
{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 5:
ATGGGGTCAA CCGCCATCCT 20
(7) INFORMATION FOR SEQ ID NO: 6:
{(i}¥ SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20
(B} TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
(D} TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 6:
ATGTCTGTCT CCTTCCTCAT 20
(8) INFORMATION FOR SEQ ID NO: 7:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16
(B) TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
{D) TOPQLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7:
TTGGGGCGGA TGCACT 16
(9) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17
(B} TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 8:
GATGGGCCC TTGGTGGA 17

(10) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:



51 (6) | NFORMATION FOR SEQ ID NO  5: (i) SEQUENCE CHARACTERLSILCS. (A)sc.

LENGTH: 20 (B) TYPE: NUCLEIC ACID (C) STRANDEDNESS: Singli@Ff WE@@
Li near (xi) SEQUENCE DESCRI PTION : SEQ ID NO 5: ATGGGGIG Q&L--m.w, )
20 (7) I NFORMATION FOR SEQ ID NO  6: (i) SEQUENCE CHARAGTERI STI éq)
LENGTH: 20 APR?@

52 R

(A} LENGTH: 21 meE
{B) TYPE: NUCLEIC ACID
(C) - STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi} SEQUENCE DESCRIPTION : SEQ ID NO: S:

GATGACCCAG TCTCCAGCCTC 21
K

{11) INFORMATION FOR SEQ ID NO: 10:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21
(B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10:

-

CTCACTTGCT GCACAGGGTCC 21
Y VR M

(12) INFORMATION FOR SEQ ID NO: 11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19
(B) TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 11:
AAGACAGATG GTGCAGCCA 1s
(13) INFORMATION FOR SEQ ID NO:  12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20
(B) TYPE: NUCLEIC ACID
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 12:

GGAACAGAGT GACCGAGGGG 20

(14) INFORMATION FOR SEQ ID NO: 13:
(1) SEQUENCE CHARACTERISTICS:



(B) TYPE: NUCLEIC ACID (C) STRANDEDNESS: Single (D) TCPCLOGY Li near (xi)
SEQUENCE DESCRI PTION : SEQ ID NO 6: ATGICTGICT CCTT
20 (8) INFORVATION FOR SEQ ID NO 7: (i) SEQUENCE CHA %%S
LENGTH. 16 (B) TYPE: NUCLEI C ACID (C) STRANDEDNESS: Slncle (D TOPOLOGBY
Li near (xi) SEQUENCE DESCRI PTION : SEQ ID NO 7: TTGG(:‘G( 9T&ﬁ@\@'99
16 (9) | NFORVMATION FOR SEQ ID NGO  8: 53

(A) LENGTH: 31

(B) TYPE: NUCLEIC ACID

(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13:
ACTAAGTCGA CATGAAACAC CTGTGGTTCT T 31

(15) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 39

(B) TYPE: NUCLEIC ACID -
{C) STRANDEDNESS: Single

{D) TOPOLOGY: Linear

{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14:
ATCACAGATC TCTCACCATG ACCTGCTCCC CTCTCCTCC 39
(16) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 423

(B) TYPE: NUCLEIC ACID
{C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

{xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15:

GAC ATG AAA CAC CTG TGG TTC TTC CTC CTC CTG GTG GCA GCC CCC AGA 48
TGG GTC TTG TCC CAG GTG CAG CTG CAG GAG GCG GGC CCA GGA CTG GTG .96
AAG CCT TCG GAG ACC CTG TCC CTC ACC TGC AGT GTC TCT GGT GGC TCC 144
ATC AGC GGT GAC TAT TAT TGG TTC TGG ATC CGC CAG TCC CCA GGG AAG 192
GGA CTG GAG TGG ATC GGC TAC ATC TAT GGC AGT GGT GGG GGC ACC AAT 240
TAC AAT CCC TCC CTC AAC AAT CGA GTC TCC ATT TCA ATA GAC ACG TCC 288
AAG AAC CTC TTC TCC CTG AAA CTG AGG TCT GTG ACC GCC GCG GAC ACG 336

GCC GTC TAT TAC TGT GCG AGT AAT ATA TTG AAA TAT CTT CAC TGG TTA 384



STRANDEDNESS: Single (D) TOPOLOGY: Linear (xi) SEQE
I D NO 8: GATGGECCC TTGGTGGA

| NFORMATION FOR SEQ ID NO  9: (i) SEQUENCE CHARACTERI L% @PR 199952
LENGTH 21

(i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 17 (B) Tw?"'“;f“-*;jf-rgyﬁ -0
3 o SHERT
' 17

10)

NN
=

54

TTA TAC TGG GGC CAG GGA GTC CTG GTC ACC GTC TCC TCA 423

{(17) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 387
{(B) TYPE: NUCLEIC ACID
(C} STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQbENCE DESCRIPTION : SEQ ID NO: 16:
ACC ATG GCC TGG GCT CTG CTG CTC CTC GGC CTC CTT GCT CAC £TT ACA 48
GAC TCT GCG GCC TCC TAT GAG TTG AGT CAG CCT CGC TCA GTG TCC GTG 86
TCC CCA GGA CAG ACG GCC GGG TTC ACC TGT GGG GGA GAC AAC GTT GGA 144
AGG AAA AGT GTR CAG TGG TAC CAG CAG AAG CCA CCG CAG GCC CCT GTG 192
CTG GTC ATC TAT GCT GAC AGC GAA CGG CCC TCA GGG ATC CCT GCG CGA 240
TTC TCT GGC TCC AAC TCA GGG AAC ACC GCC ACC CTG ACC ATC AGC GGG 288
GTC GAG GCC GGG GAT GAG GCT GAC TAT TAC TGT CAG GTG TGG GAC AGT 336
ACT GCT GAT CAT TGG GTC TTC GGC GGA GGG ACC CGG CTG ACC GTC CTA 384

387

SEQ



(B) ID (C) STRANDEDNESS: Single (D) T
QMM”W ﬂﬁ SEQ ID NO 9: GATGACCCAG TCT
K'(11) ' NPORWATFON FOR SEQ ID NO  10: (i) SEQUEN

(A) LENGTH 21 (B) TYPE: NUCLEIC ACID (C) STRANDEDNES$:

TOPOLOGY: Linear (xi) SEQUENCE DESCRI PTION : SEQ I D
GCACAGGGTCC 21

, Llnear (xi)
Vil :

55

Claims:

1. A recombinant antibody comprising a human, a

chimpanzee or a first 0ld World monkey immunoglobulin con-
stant region and an antigen-binding portion of a second

5 0ld World monkey immunoglobulin variable region; wherein
said first and second 0ld World monkey can be the same or
different.

2. A recombinant antibody comprising an immunoglobu-
lin heavy or light chain having specificity for a particu~
10

lar known antigen having a constant region homologous to

a corresponding constant region of a human, chimpanzee or
first 0ld World monkey antibody,

a framework region homologous to a corresponding

human, chimpanzee or second 01d World monkey framework
15 region, and

an antigen-binding portion homologous to a third 014
World monkey antigen-binding portion, wherein said first,

second, and third 0ld World monkey can be the same or
different.

20 3. A recombinant antibody comprising an immunoglo-

bulin constant region which is not immunogenic to a human,

a framework region which is essentially not immunogenic to

a human, and an antigen-binding portion of a first Old

World monkey immunoglobulin variable region.

25 4. The antibody of claim 1, 2 or 3 wherein said
antibody binds specifically to a human antigen.

5. The antibody of claim 3 wherein said constant

region is homologous to a constant region of a human, a

chimpanzee or a second Old World monkey immunoglobulin

30 constant region, wherein said first and second 0ld World

monkey can be the same or different.
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(Dt TGPOEOGY: Linear (xi)
AAGACAGATG GTGCAGCCA

| NFORMATI ON FOR SEQ ID N0 12: (i) SEQUENCE CHARAQTHRI STICS: (A) EI#IGTH:
20 (B) TYPE: NUCLEIC ACID (C) STRANDEDNESS: Single

i T
i ngte '

10

15

20

25

IPTION | SEQ ID N0 11:
25D APR3H99

.

56
6. The antibody of claim 3 wherein said framework

region is homologous to a human, chimpanzee or Old World
monkey framework region.

7. The antibody of claim 1, 2 or 3 wherein one said
Old World monkey is a Rhesus monkey.

8. The antibody of claim 1, 2 or 3 wherein one said
0ld World monkey is a cynomolgus monkey. -

-

9. The antibody of claim 1, 2, or 3 wherein one
said 0ld World monkey is a baboon.

10. A recombinant antibody comprising a first Old
World monkey immunoglobulin constant region and a second
antigen-binding portion of a different 0ld World monkey
immunoglobulin variable region.

11. The antibody of claim 10, wherein said antibody
binds specifically to a human antigen.

12. The antibody of claim 1, 2, 3, 5, 6, 10 or 11
wherein said antibody binds specifically to human antigens
chosen from CDS8, VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD25,
CDh4, CD19, CD20, CD23, .CD41, CD44, CD54, TNFa, TNFB, Tn.
antigen, IL-1, IL-8, human T-cell receptor, CD3, CD28,
cD8, Cbila, CD1lib, CD18, CbS5a, CDllc, CD45, neu oncogene
product, MDR-1, TGFa, TGFa receptor, PDGF, and CD71.

13. The antibody of claim 4 wherein said antibody
binds specifically to human antigens chosen from CD58,
VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD25, CD4, CD19, CD20,
CD23, CD4l1, CD44, CDS4, TNFe, TNFB8, Tn antigen, IL-1,
IL-8, human T-cell receptor, CD3, CD28, CD8, CDlla, CD1l1lb,
Ccbllc, ¢Dis, CDSa, CD45, neu oncogene product, MDR-1,
TGFa, TGFa receptor, PDGF, and CD71.



J(Wcm" "m ﬁm (xi) SEQUENCE DESCRI PTI O\|20 (Si% |

NUCLEI C ACI D (C) STRANDEDNESS: Single (D) TOPOLOGY: Lin
DESCRI PTION : SEQ I D NO. 13:

10

15

20

25

30

®(i§ SEQUENCE CHARACTERI STI CS: 53 (A) LENGTR9 APR(BY9 T

(xi) SEQUE

57
14. The antibody of claim 7 wherein said antibody
binds specifically to human antigens chosen from CDS8,
VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD23, CD25, CD4, CD19,
CD20, CD41, CD44, CD54, TNFa, TNFB8, Tn antigen, IL-1,
IL-8, human T-cell receptor, CD3, CD28, CD8, CDlla, CD1ilb,

CDhllc, CD18, Cb5a, CD45, neu oncogene product, MDR-1
TGFa, TGFa receptor, PDGF, and CD71.

15. The antibody of claim 8 wherein said antibody
binds specifically to human antigens chosen from CDS58,
VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD23, CD25, CD4, CD19,
CD20, CD41, CD44, CDS54, TNFa, TNFB, Tn antigen, IL-1,
IL-8, human T-cell receptor, CD3, CD28, CD8, CDlla, CD1l1b,
CDl1llc, CD18, CDSa, CD45, neu oncogene product, MDR-1
TGFa, TGFa receptor, PDGF, and CD71.

16. The antibody of claim 9 wherein said antibody
binds specifically to human antigens chosen from CD58,
VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD25, CD4, CD1l9, CD20,
CD23, CD41, CD44, CD54, TNFa, TNF8, Tn antigen, IL-1,
IL-8, human T-cell recept;or, cDb3, CD28, CD8, CDiia, CD1l1b,
CDlic, CD18, CD5a, CD45, neu oncogene product, MDR-1,
TGFa, TGFa receptor, PDGF, and CD71.

17. The antibody of claim 10 wherein each said 0l1d
World monkey is selected from the group consisting of
baboon, Rhesus, and cynomolgus monkeys.

18. The antibody of claim 1, 2 or 3 wherein said
antigen-binding portion comprises one or more CDR regions
of an 0ld World monkey variable region.

19. The antibody of claim 1, 2 or 3 wherein said

antigen-binding portion comprises the whole variable
region of an 0Old World monkey.
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CTGTGGTHi tHas Been Replaced Iﬁ‘f-' i 33‘1’&)(‘153?;3 : gﬂl: DRVATI ON
W!m]ﬁm (i) SEQU STICS] (A) LENGTH: 39} (B) TYPE:

NUCLErC ACI'D (C) sSTRANDEDNESS: OLOGY: iLi T?%rpﬂw SEQUENCE
CCTGCTCCC CT

DESCRI PTION : SEQ I D NO 14: ATCACAGATC T CCAT CcCcTCC
LENGTH: 423 (B) TYPE: NUCLEIC ACID (O %ERANDEDNE S: Single

.

39 (16) | NFORMATION FOR SEQ ID NO  15: (i) SEQUEN 1ES: (A

20. Nucleic acid encoding a recombinant antibody
comprising a first 0ld World monkey immunoglobulin
antigen-binding portion.

21. The nucleic acid of claim 20 wherein said recom-

5 binant antibody comprises a human, chimpanzee or second

0ld World monkey constant region, wherein said first and
second 0l1d World monkey may be the same or different.

. 22. The nucleic acid of claim 21 wherein said anti-
body comprises a framework region of a second 0ld World
10 monkey, a human or a chimpanzee antibody, wherein said

first and second 0l1d World monkey may be the same or
different.

23. The nucleic acid of claim 20 wherein said
antigen-recognizing portion comprises the whole variable
15 region of said 0ld World monkey antibody.

24. The nucleic acid of claim 20 wherein said
antigen-recognizing portion comprises one or more CDR
regions of said first 0ld World monkey variable region.

25. The nucleic acid of claim 20, 21, or 22 wherein
20 said first and second 0ld World monkey are separately

selected from the group consisting of baboon, Rhesus and
cynomolgus monkeys.

26. A monoclonal antibody, or a Fab or Fv or (Fab),

fragment thereof, formed by an immortalized 0l1d4 World
25 monkey B-cell.

27. The monoclonal antibody of claim 26 wherein said
B-cell is a cynomolgus B-cell.

28. The monoclonal antibody of claim 26 wherein said
B~cell is a Rhesus B-cell. '



(p) Wm@,@ﬁ, (xi ). SEQUENCE DESCRI PTI ON : SEOR&LAGEW_.GAAA
<116

C CTC CTG GIG GCA GCC CCC AGA
G GCG G3C CCA G CTG GIG
GI GIC TCT GGI' G&C TCC 144 /4
TGG TTC TGG ATC CGC CAG TCC CCA GGG AAG 192 GGA 3 QG+

ATC TAT GGC AGT GGT GGG GGC ACC AAT 240 TAC AAT gCC TCC CTC AA CGA
GIC TCC ATT TCA ATA GAC ACG TCC 288 ARG AAC CTC TTC TCC CTG ARA AGG

Tﬁ CTQ " 'IC';:IA-CCI'; éTC‘CI': ga:\g ge mogxgElBOBX?%%t %(il;(b\ -Ic-)fTAc aim Z%terGrTeiA‘re‘ Tsz'ab‘a:.r TG

B-cell is a baboon B-cell.

ACC
TAT
TAC

CIG TCC CTC ACC TGC

30. The monoclonal antibody of claim 26, 27, 28 or
29 wherein said antibody is produced to a human antigen.

5 31. The monoclonal antibody of claim 26, 27, 28 or
29 wherein said antibody binds specifically to human anti-
gens chosen from CD58, VCAM, VLA4, CD2, LFA3, ELAM, LAM,
cb25, Cb4, CD19, CD20, CD 23, CD41l, CD44, CDS4, TNFe,
TNF8, Tn antigen, IL-1, IL-8, human T-cell receptor, CD3,

L0 cD28, CD8, CDlia, CD18, CD1lb, CDllc, C5a, CD45, neu onco-
gene product, MDR-1, TGFa, TGFa receptor, PDGF, and CD71.

32. A method for isolating the variable region of an
01d World monkey antibody gene, comprising the steps of:

contacting nucleic acid from the 0Old World monkey,

15 and a primer complementary to the nucleic acid sequence

encoding a 5' leader sequence of said antibody gene, to
form a hybrid complex; and

amplifying said nucleic acid in said hybrid complex
to produce amplified nucleic acid.

20 33. The method of claim 32, wherein said nucleic
acid is DNA or cDNA.

34. The method of claim 32 wherein said primer is
complementary to the non-coding strand of a 5' leader
sequence of a human or 0ld World monkey antibody gene.

25 35. The method of claim 32 wherein said amplifying
step produces sufficient nucleic acid to place within a
vector.

36. A method for isolating the variable region of an

0ld World monkey antlbody gene, comprising the steps of:
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TR e, e amarea iy

GH:CT&HZ". ] ri R TCA gACFM}‘NTS fT

NO! RACTER BT

. VPR T MUCE ingle (DT

(xi ) SEQUENCE DESCRI PTION : SEQ I D NO ACC ATG
T

CTC G&C CTC CTT GCT CAC TTT ACA 48 GAC TCT GCG GCC {TCC TAT GAG TTG A?T
CAG CCT CEC TCA GIG TCC GIG 96 TCC Cg%éx¥\CAG ACG GT
GGG GGA GAC AAC GIT GGA 144 AGG AAA AGIT GTA CAG TGG TAC CAG CAG AAG CCA

CCG CAG GCC CCT GEgntakid Qaﬁcfé&@ dATosT w@%@&ﬁ%&% %ﬁ&%eg%sg%
ATC CCT GCG gGA 240 TTC EEC AA TCA GGG AAC A A cC
ATC ACC GGG crlptase to form cD
contacting said cDNA w1th a primer complementary to
the cDNA at a location encoding a 5' leader sequence of
5 said antibody gene, to form a hybrid complex, and
amplifying said nucleic acid in said hybrid complex
to produce amplified nucleic acid.

o r>=

37. A method for producing a recombinant antibody to
a human antigen, said antibody being not immunogenic in a
10 human, comprising the steps of: - )
raising an 0ld World monkey antibody to said antigen
in an 0ld World monkey,
isolating an 0ld World monkey nucleic acid encoding
an antigen-binding portion of a variable region of said
15 01d World monkey antibody,
providing a human nucleic acid encoding a human con-
stant region of a human antibody,
ligating said 0Old World monkey nucleic acid and said
human nucleic acid to form a recombinant nucleic acid, and
20 expressing said recombinant nucleic acid to produce
said recombinant antibody.

38. The method of claim 37 wherein said antigen-
binding portion comprises one or more CDR regions of an
0l1ld World monkey variable region.

25 39. The method of claim 37 wherein said antigen-

binding portion comprises the whole variable region of an
0ld World monkey.

40. The method of claim 37, wherein said method
further comprises the step of immortalizing a cell able to
30 produce said 0ld World monkey antibody.

41. The method of claim 37, further comprising the
step of identifying the 0ld World monkey nucleic acid



GIC gﬁﬂmﬁmmﬁuﬂlﬂn G GCT GAC TAT TAC TGI CAG GIG
l l C GGC GGA GGG ACC CGG CTG ACQ c C2QTAp
387 * 55 CEAINB g, = reconbi nant antibody co

portion of a different Od Wrld nonkey d,nmunogl obék
wherein said anti body binds specifically to a human anti gen.

anti body of eflcdding Waer apbkbedy n e@dyd ¢ :
anti gens chose{l:n. fr}gm ngh'%\;%%\il‘é i gh f &Lgs;%%ﬂEcL%\(/il ﬁrﬁécﬁg%

42. The method of claim 40 wherein said immortaliz-~
ing is by hybridoma fusion.

5 43. The method of claim 40 wherein said immortaliz-
ing is by viral transformation.

44. The method of claim 40 wherein said immortaliz-
ing is-by single B-cell cloning. -

45. The method of claim 40 wherein said immortaliz-
10 ing is by library construction.

46. The method of claim 37 wherein said human con-
stant region is selected to have a desired isotype.

47. The method of claim 37 wherein said method

further comprises selecting a B-cell from said 0ld World
15 monkey.

48. The method of claim 47 wherein said B-cell is
obtained from peripheral blood lymphocytes, lymph node,
bone marrow oxr spleen.

49. The method of claim 37 wherein said method fur-
20 ther comprises screening cells of said 0Old World monkey
for production of said antibody.

50. The method of claim 37 wherein said expressing
is within a producer cell line.

51. The method of claim 37 wherein said isolating
25 comprises immunoglobulin gene rescue of said variable
region.
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oncogene product, MDR-1, TGFa, TGFa receptor, PDGF, and
CD71.

53. A method for treating a human having an antigen,
wherein said human is in need of treatment, comprising the
step of administering a therapeutically effective amount
of a recombinant antibody specific for said antigen,
wherein said antibody comprises a human or chimpanzee or
first 0ld World monkey constant region and an antigen-

binding portion of a second 0ld World monkey variable
region.

54. The method of claim 53 wherein said human suf-
fers from cancer, and said antigen is a tumor antigen.

55. The method of claim 53 wherein said human suf-
fers from an auto-immune response, and said antigen is an
antigen involved in an autoimmune response in the human.

56. The method of claim 53 wherein said antigen is
a receptor expressed on a host cell.

57. The method of claim 53 wherein said antibody
comprises portions homologous to human and 0Old World
monkey antibodies.

58. The method of claim 53 or 57 wherein said anti-
gen is selected from CD58, VCAM, VLA4, CD2, LFA3, ELAM,
LAM, CD25, CD4, CD19, CD20, CD23, CD41, CD44, CD54, TNFa,
TNF8, Tn antigen, IL-1, IL-8, human T-cell receptor, CD3,
cp28, Cbs, Cbls, CDlla, Cbh11b, Cbllc, CbHa, CD45, neu onco-
gene product, MDR-1, TGFa, TGFa receptor, PDGF, and CD71.

ai B-cell i$ a baboon B—cel



Tn ‘mmmﬁm mgunL 8, human T-cell receptor, CD3, ¢D: A
neu oncogene product, MR-1 GF err]
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an O d Wrld nonkey anti body gene, conprising the stg
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to forma hybrid_conp n yi sal nulelc acid rid
conpl ex to pr odug’% n%)c?’iefllﬁ gﬁﬁ’gp % rL]'I ‘?’r’éfhﬁ&léif %PEFﬁPB"
wher ei n sai Binddngi padiion scBN@rmsasDMne 16r HerereCbRdrely idrad o8 wherein
said primerghg %! ing strand of a 5 |eader
sequence of a humnf%ﬁ‘?%@?ﬁigﬁl gﬁ yody gene. 11. The nethod of
claim8 wherein said anplifying step pr oduces sufficient nucleic acid to
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ad wrl g ngnk%y ant i body
ing portlon conmprises the whole variable region of an

0ld World monkey.
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of . _cont acti’

61. A recombinant antibody comprising
(1) a constant region of a heavy chain of a human
antibody;

10 (2) a constant region of a light chain of said human
antibody;
(3) a variable region of a heavy chain of an 01d
World monkey antibody against a human antigen; and
(4) a variable region of a light chain of said 01d
15 World monkey antibody.

62. Recombinant nucleic acid comprising at least one

CDR region from the variable region in SEQ. ID NOS. 15
or 16.

63. A pharmaceutical composition comprising a thera-

20 peutically or prophylactically effective amount of an

antibody of any of claims 1, 2, 3, 10 or 26 in a pharma-
ceutically acceptable carrier.

64. The pharmaceutical composition of claim 63 where

said antibody binds specifically to CD58, VCAM, VLA4, CD2,

25 LFA3, ELAM, LAM, CD25, CD4, CD19, CD20, CD23, CD41, CD44,

CD54, TNFa, TNFB, Tn antigen, IL-1, IL-8, human T-cell

receptor, cD3, cD28, CD8, CDi8, CDila, CD1lib, CDllc, CSa,

CD4S, neu oncogene product, MDR-1, TGFa, TGFa receptor,
PDGF, or CD71.

30 65. A method for treatment of a disease chosen from
rheumatoid arthritis, ‘eczema and an immunomodulatory dis-
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regi on of THiughest Hapitde ced j gating said Od Wrld
"sai d human Hi‘m% ‘o forma reconbi nant nucl
sai d reconji il acid to produce said reco
said antibody binds specifically to a human anti gen.
claim 13 wherein said antigen-binding p&%ion conpfi
regions of an A d Wrld nonkey variable region. 15 il
wherein said antigen-hjnding portion conprises the gi on of
A Ord Worl d monkey . FHSOHEISARG ol st ok MUl Sfrid et nod
further conprises the step of immortalizing a cell cable to produce said

Ad Wrld nonkey antibody. 17. The ngﬁﬁgﬂ%géjclain1l3, further conprising
the step of identifying the Ad Wrl nucl eic acid encoding a

variable region of said Od Wrld nonkey antibody. 18. The method of claim
16 wherein said idaMdAld ZhRY1b8dR¥ YRR AEBRd USONo1d World monkey

- portion and a human portion, nucleic acid encoding such

antibodies, 0ld World monkey monoclonal antibodies, and
methods for their production and use.
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gene rescue of said variable region. 28. The nethod o
"to 20 wherein said antigen is selected fromthe human
VLA4, CD2, LFA3, ELAM LAM CD25, CD4, CD19, CD20, C
TNF[err], TNF[err], Tn antigen, IL-1, 1L-8, human T-g
"CD28, CD8, 'CD18, CDlla, CDllb, CDllgy2§5a, CD45, neu
MDR-1, TGF[err], TG-[err] receptor, PDGE, and CD71.
t herapeutically effective anobunt of a reconbi nant anii
antigen, wherein said antibody conprises a human or chlnpanz‘*

Worl d nonkey constant regi on and an anti gen-binding portion of a second OLD

Wor|l d nonkey vari abl e region, wherein said anti body binds specifically to a
human anti gen for {he manufacture of @
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medi canent for treating a human having said antigen. . b
wherein said human suffers fromcancer, and said antiggp‘ ‘JWE@ Ebﬁiﬁﬁ
antigen. 31. Use of claim?29 wherein said hunman sul(ers from an

aut o-i mune response, and the said antigen is an antijggn 26vAPRego9 nja
aut o-i mmune response in the human. 325 Use of clai 49 wherein sai d
antigen is a receptor expressed on a host cell. 33. Use of clarm
wherein said anti body conprises portions honol ogous —~hunan_and A d
nonkey anti bodi es. 34. Use.of claim29 or 33 wherein said antigen is
sel ected from CD58, VCAM VLA4, CD2, LFA3, ELAM LAM CD25, CD4, CD19,
CD20, CD23, CD41, CD44, CD54, TNF [err], TNF [err], Tn antigen, IL-1,1L-8,
human T-cell receptor, CD3, CD28, CD8, CD18, CDlla, CD1lb, CDllc, Cbha,
CD45, neu oncogene product, MDR-1, TGF [err], TGF [err] receptor, PDG, and
CD71. 35. Use of claim?29 wherein said antigen binding portion conprises
one or nore

EcoRi
‘ PROMOTE Xba |
<&
Pvu il EcoRl
<?’f;}.r: Xbﬂ l .
Hind 1 . ENHANCER Hind 11
pGENEX-H(Neo)
12.6kb

NeoR

Hum. Gamma |

*
'.'. p L
et D
.y ry e~
Sl I T ae Car gt
B Hl ey tiee s



n of
bne

“‘wher ei n sai d-antigen binding portion conprises the \Mﬂo - v

an O d Wrld nonkey. 37. Reconbi nant nucleic acid conp ising at lea
CDR region fromthe variable region in SEQ ID NOS. 15 pr 2%.ARRBIA
‘phar maceuti cal conposition. conpri si ng @st her apeuti cal | y_or _prophyl ac'tlical |y
effecti ve amount of an antibody of any one of claims‘l or 3 in a

phar maceutical |y acceptable carrier adjuvant, diliuent- -or carrier, vvherel n
said anti body binds specifically to a human antl gen. 39. The phar maceuti cal
conposition of claim38 where said anti body binds specifically to human
anti gens chosen from CD58, VCAM VLA4, CD2, LFA3, ELAM LAM CD25, CDM,
CD19, CD20, CD23, CD41, CD44, CD54, TNF[err], TNF[err], Tn antigen, |L-1,

I L-8, human T-cell receptor, CD3, CD28, CD8, CD18, CDlla, CDilb, CDllc,
C5a, neu oncogene produce, MDR-1, TGF[err], TG err] receptor, PDGF or
CD71. EcoRl

CDR regions of an A d Wrld nonkey vari abl e region. 36;’3 ‘UEJ{A&Q 6{@%
S

ENHANCER

Pvu 1

pGENEX-L (Gpt)

Hind (ll 9.5kb

Bam Hi (Nhe 1)

FIG. 4.



40. Use of a pharnmaceutical conposition of claim 3
of a nedi canent for treating a di sease chosen frofi
eczema and an i mmunodul at ory di sease. 58 41. AR

whi ch conprises the variable |light and vari abl e heayy r mq‘?od
't he DNA sequences set forth |n Firgures 13 and 14. 4%2. a#ﬁ nt1 body

t he constant regions are human constant regions or
constant regions which are obtained froma different™ ' y

anti body. 43. The cheneric recon?i?ﬁgt zﬁtlbody of cIa|n142 wher ei n
sai d human constant regions are sel m the group consisting of human
gama, 1, Kappa and human | amda.

Not 1-§

Bgl 11-967

Bsi WI-1063

) G 0 -
HUMAN KAPPA cousrm Eco RI-1365

2
<
L

Not1-6345 =7 Sal 12095
% Nhe 1-2152

HUMAN GAMMA | CONSTANT

Bom HI-3145

Xho {-485!
L=LEADER, CMV=CYTOMEGALOVIRUS PROMOTER
BETA= MOUSE BETA GLOBIN MAJOR PROMOTER

BGH=BOVINE CROWTH HORMONE POLYADENYLATION
SV=5V40 EARLY POLYADENYLATION
SV ORI=SV40 ORIGIN

TCAE 5.2
CONTAINING HUMAN 1gGlL AND KAPPA CONSTANT REGIONS



44. The cheneric antibody of claiml| which specificall

Ch4. 59 29. The nonocl onal antibody of claim26 wher

baboon B-cell. 30. The nonocl onal antibody of claim 26,}2

wherein said antibody is produced to a hgmmn antigen. 5 31. The

nonocl onal antibody of claim26, 27, 28 or 29 wherein shild 2% iABSdobi rid
4. CD2, LFA3,

specifically to human anti- gens chosen from CD58, VCA
ELAM LAM CD25, CD4, CD19, CD20, CD 23, CD41, CD44,
TNF[err], Tn antigen, IL-1, IL-8, human T-cell receptor

FiG. 6

pas O B = TN

Not I-8

gl 11-967
Kpn1-1046
Hind I1-1048

<% Avr IHO5

&/‘
\ Eeo RI- 382
HUMAN LAMEDA CONST

_. \ 5 2
Mot 1-6343 ‘ By Sl 2w
[ d
Nhe | -2149
e
HUMAN GAMMA | CONSTANT
s Bam HI-345
Xho 1-4848 )
L«LEADER, CMV=CYTOMECALOVIRUS PROMOTER
BETA= MOUSE BETA GLOBIN MAJOR PROMOTER
BGH-BOVINE CROWTHHORMONE POLYADENYLATION
SV-SV40 EARLY POLYADENYLATION

SVORI= SV40 ORIGIN

TOAE 6
CONTAINING HUMAN 1961 AND LAMBDA CONSTANT REGIONS



10 CD28, CD8, CDlla, CD18, CD1lb, CD1lc, Cb5a
product, MDR-1, TGH[err], TG-[err] receptor,
for isolating the variabl e region of an Ad vorld m)nkey antl body ger-ﬂa
corrprl sing the steps of: contacting nucleic acid from t he 20daAN®HOTYH rrbnkey,
15 and a priner conplenentary to the nucleic acid sequehce encod| ng ai 5i°

| eader sequence of said antibody gene, fifg5form a hybrid conpl éx: and—
anplifying said nucleic acid in said hybrid conplex to produce. a_qpl ified
nucl eic acid. 20 33. The nethod of claim32, wherein said nuclé&'c
acid is DNA or cDNA. 34. The nethod of claim 32 V\,hereln said prinmer is
conpl enentary to the non-coding strand of a 5 | eader

Primers for the Amplifcation of Monkey Immunoglobulin Heavy Chain
Variable Regions

L

A. Human or Monkey heavy chain early leader sequence primers with Sall site

-

Vut 5" ACTAAGTCGACATGGACTGGACCTGG 3'

V2 &' ACTAAGTCGAC ZATGGACATACT“fTGTTCCAC 3’
Vi3 &' ACTAAGTCGACATGGAGTTTGGGCTGAGC 3

Vid 5" ACTAAGTCGACATGAAACACCTGTGGTTCTT 3

Vs 5 ACTAAGTCGACATGGGGTCAACCGCCATCCT 3°

V6 5" ACTAAGTCGACATGTCTGTCTCCTTCCTCAT 3°

B. Human or Moankey heavy chain late leader sequence primers with Miu I site

+1
Vi 5' G GCA GCA GC(CT) ACG QSEI GCC CACTCC GAG GT 3’

+1

V2 5 G ACC GTC CCG ACG CGT GT(TC) TTG TCC CAG GT 3'

+|
VH3 5" GCT ATTTIC ACG CGT GTC CAG TGT GAG 3°

+]

Vyé 5" GCG GCT CCC ACG CGT GTC CTG TCC CAG 3’

+]

VyS 5 GGCT GTT CTC ACG CGT GTC TGT GCC GAG GT 3°

FiG ra



sequence of a human or A d Wrld nonkey anti body gene. 35

Ihe

net hod of claim 32 wherein said anplifying step produ _}ACEMEWSMBBT eic

acid to place within a vector. 36. A nethod for isolafifgg The vartea

region of an A d Wrld nonkey anti body gene, conprisipg t?e?s imgf:
contacting RNA froman O d Wrld nonkeygysth reverse frpnstc i‘%tiia €'tg

—h

or m

cDNA, contacting said cDNA with a prinmer conpl enentar
| ocation encoding a 5 |eader sequence of

Q)

C. Human or Monkey framewotk 1 sequence primers with X-bﬂ | _site

Vy1.3a5 EL«GGT_GCAGGTGQI_GQAQTCTGG -
Vii2 gAGGTCAACTTAQ.'[C‘ﬁAﬁTCTGG

V35 +é—wsca'recmc;'rc-\.(:,lc_caAgi'rm‘csG
Vid gAGGTGCAGCTGQIQﬁAG.TCGGG

|

V6 CAGGTACAGCTGCTICGAGTCAGG

L + ¥

AH Monkey H Chain Constant Region P ADt-S Strand wit
Nhe 1 site

+18 +110
lgGM 5 GGC GGATGC GCTAGC TGAGGAGACGG 3
Nhe |

FIG. 70’



[

REPLACKMENT Shiia
5 said antibody gene, to forma hybrid conplex, and g IAHJWL% Shitd ! ;

*nucleic acid in said hybrid conplex to produce anplijfijed nucleic acidj 37.
A method for producing a reconbinant antibody to a Hufan2gnpprangy Sqi
anti body being not imunogenic in a 10 human, conprifsiing the steps of

“raising an Ad Wrld-nonkey antibody tog/gi d antigen in a

nonkey, isolating an A d Wrld nonkey nucleic acid encoding an

anti gen-bi nding portion of a variable region of said 15 A d Wrld nonkey
anti body, providing a human nucleic acid encoding a human con- stant region
of a human anti body, ligating said AOd Wrld nonkey nucleic acid and said

Primers for the Amplifcation of Monkey immunoglobulin Light Chain
Variable Reql :

¥

nse' Primer
A. Human or Monkey kappa light chain early leader primers with Bol Il site
1. &' ATCACAGATCTCTCACCATGGTGTTGCAGACCCAGGTC 3’

5* ATCACAGATCTCTCACCAT GG(GA)G(AT)CCCC(TA)GC(TG)CAGCT 3°
5' ATCACAGATCTCTCACCAT GGACATGAGGGTCCCCGCTCAG 3'

I

5' ATCACAGATCTCTCACCATGGACAC(GAC)AGGGCCCCCACTCAG 3

B. Human or Monkey lambda fight gﬁain early leader primers with Bgl/ Il site

1. 5'ATCACAGATCTCTCACCATGGCCTGGGCTCTGCTGCTCC 3’
2. 5'ATCACAGATCTCTCACCATGGCCTGGGCTCCACTACTTIC 3’
3. 5'ATCACAGATCTCTCACCATGACCTGCTCCCCTCTCCTCC 3’
4. 5 ATCACAGATCTCTCACCATGGCCTGGACTCCTCTCTTIC 3
5. 5'ATCACAGATCTCTCACCATGACTTGGACCCCACTCCTC &'

FIG. 7D.



20

human nucleic acid to forma reconbi nant nucl eic acid,
expressing said reconbi nant nucleic acid to produce sai R{F;B}g@{rrp&gmggtz;}q;gy;
antibody. 38. The nethod of claim 37 wherein said antigeny-bi-ndi-ng-"perty on
conprises one or nore CDR regions of an O d Wrld nonke i/ariable regi on.

25 39. The method of claim37 wherein said antigen: B HdiRR*PBr ti on
conprises the whol e variable region of an Od Wrld nonkey.. 40._ The nethdd
of claim37, wherein sai-d nethod further [§/@fpri ses the Step of |

imortalizing a cell able to 30 produce said old Wrld norkey-—-anti-body. d1.
The nethod of claim37, further conprising the step of identifying the Ad
Wor |l d nonkey nucleic acid

i-Senge’

A. Human or Monkey kappa light chain constant region primer anti-sense strand with
Kon 1 | BsiW1 si

+i08 - +97
C $'CCGTITGATTIC CAGCTT GGT ACC TCC ACC GAACGT 3"
Kpn |
+112 +103
5 TGC AGC ATCCGT ACGTTTGATTICCAGCTT 3
Bsi¥i -

+107 +99
5' ACC TAG GAC GGT AAG CTT GGTACCTCC GCC 3’
Hind Il Kpn {

+107 +91
5' ACC TAG GAC GGT CA(C/G) (C/GYTT GGT ACC TCC GCC GAACAC 3
Kpn |

+l10 +102
5 CTT GGG CTG ACC TAGGACGGTCAGCCG 3

Avr 11

FIG. 75’



61 encoding a variable region of said Ad Wrld non
fret hod of claim40 wherein said immortaliz- ing is by
43. The method of claim40 wherein said imortaliz

transformation. 44. The nethod of claim40 wherein $ajd i mortali’z-fi
is-by single B-cell. cloning. 45. Theset hod of cl af m AU WTeTeT
immortaliz- 10 ing is by library construction.

hybfidona' usto

{ N@ GSaon e

The

ng

A Heavy Chain Variable Region:
VH1 5  CCATGGACTGGACCTGG 3
VH2 5  ATGGACATACTTTGTTCCAC 3’
VH3 5' CCATGGAGTTTGGGCTGAGC 3’
VH4 5  ATGAAACACCTGTGGTTCTT 3’
" VHs 5  ATGGGGTCAACCGCCATCCT 3
VHS §'  ATGTCTGTCTCCTTCCTCAT 3’

B. Heavy Chain Constant Region Anti-Sense Strand:

IgM

19G -4

5'

5'

C. Light Chain Variabl

Kappa
Lambda

50
5!

R

+19 +|15
TTGG GGC GGATGC ACT 3’

A9 A5
GATGG GCCCITGGTGGA 3

ion;

+4 +{0
G ATG ACCCAGTCTCCA(G/T)CCTC 3

-9
CTC A[CMT (T/ICHG/A)C TGC (A/IC)CA GGG

D. Light Chain Constant Region Anti-Sense Strands:

Kappa

Lambda

5'

5!

+U5 +10
AA GAC AGATGG TGC AGCCA 3’
+118 +112
G GAACAGAGTGACCGAGGG G 3

FIG. 8.

-3
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46. The nethod of claim 37 wherein said human con- stant
to have a desired isotype. 47. The nethod of claim 37 whe
further conprises selecting a B-cell fromsaid Od Wrld
met hod of claim47 wherein said B-cell is obtained from
"l ynphocyt es, |ynph node, bone marrow or spleen. 49. The

wherein said nethod fur- 20 ther conpr|5@g creeni ng cel of sajid Cld
Worl d nonkey for production of said anti g@ 50. The nethod of claim 3

wherein said expressing is within a producer cell line. 51. The net hod of
claim 37 wherein said isolating

Comparison of human consensus VH1 sequence with cloned
monkey variable regions

S - ) 0]
A KL G R M
Q E RI T K v
XVQLVQSGAEVKKPGXSVXVSCKASGYTES DYXTIH WVRQAPGXGLEWXG
—————————————————————————— FN-G NYAIS —-———-————————
——=Q-— = Tomm—— e T SYYIN ———=—=== V———8-
T
M P
V RS TS
I LKA FT
XINPSXGXTNYAPXFOG RVTXTXDXSXNTAYMELSSLRSEDTAVYYCAR
HWINTDTGNPTYAOGFKE -—-—--F-M-—-=—-——- KI-L K-—-==——————
WINPSNGNTGYAOKFOG —r—————=—r=—————= N-—— e
‘é’ HOMOLOGY
XYGFYSNDYXXXXXYTXDY WGQGTLVTVSS HIMAN VHI CONSENSUS
VVGTTYAEYFEF ———e A ——— MONKEY CLONE 1-2 88%
MYSWKGT FDY ——————==——- MONKEY CLONE 1-14 94%



25 conprises i mmunogl obulin gene rescue of said variable REBLR@E/
The method of any of claims 30-44, wherein said antigen is{se -
CD58, VCAM VLA4, CD2, LFA3, ELAM LAM CD25, CD4, CD19,

CD44, CD54, TNF[err], TNF[err], Tn antigen, IL-1, IL-8, | :
receptor, 5 CD3, CD28, CD8, CD18, CDlla, CD11lb, CDllc, CSay--LIY
oncogene product,
met hod for treating a hunman having an anti gen,

MDR-1, TGF[err], TGF[epyp5receptor, P , and CD?lNJA

Comparison of human VH2 consensus sequence with cloned

monkey variable regions

G
Q A I G
Q K T Q F F A
XVTLRESGPXLVKPTETLTLTCTVSGFSLS IXGMXVG WIRQPPGKXLEWLA
—————————————————————————————— TSGTGYS —-=——=m======m==
—————————————————————————————— ASGIGVA ----S-———-—-=T
—————————————————————————————— TISETGVG ——————========
™ A
RLTNM V
NVSSV G
RINXWDDDKYYSTSLRS RLTISKDTSKNQVVLXXXXXDPXDTATYYCAR
RID WDNDRYYSTSLEN ———====—============== R
SIF WIGVKYYNTSLKN ————- §———=D-~——A-——=—— I—————- G-
SIY WNDVKYYITELKS ————- Re—— == mmmmm
HOMOLOGY
L
RXPRXXXGDXGXYXXAFDV WGQGTTVTVSS HUMAN V2 CONSENSUS
GGSI DY —==-Vm=m—== MONKEY CLONE 23 98%
GVYWSGYS EDY —=—=—RA---=-- MONKEY CLONE 2-13  91%
IPGTAGTVPYYTL DS ———-RAV----- MONKEY CLONE 240 97%



wherein said human is in need of treatnent, conprising
adm nistering a therapeutically effective anount of a |
specific for said antigen, wherein said antibody conprjs
chi mpanzee or first Ad Wrld nonkey constant region a

ap .antigen-
r@g? ARRgpgq

nd said

met hod of cl aim53 wherein said human sufi§f2bers from
antigen is a tunor antigen. 55. The nethod of claim58 wherein sal
suf- fers froman auto-i mune response, and said anti genTs—ak-20_anti gen

i nvol ved in an autoi mune response in the human. 56. The nmet hod of clarm 53
wherein said antigen is a receptor expressed on a host cell

Comparison of human consensus VH3 sequence with cloned
monkey variable regions

- G _
I S N S

A v S A
EVQLVESGGGLVQPGGSLRLSCAASGFTFS DYAMH WVRQAPGKGLEWVX
e e S TYDMT ————=mm— e
e EYSIH --—-- Q-——~R-—-
------------------------------ SYDMN —-—==m==————me
—————————————————— S=——=——=m==— NYNMD ~———-S-———————-

MV S KT

NA SAF D EP LFEF T

HIEEKXNGSATYYADSVKG RETISRDDSKNTLYLOMNSLRAEDTAVYYCAR
RISW NSGTIYYASSVKG =—=================- R-——=========
LAGKKADRYKTEYATAVKG ———=—====== S=mmmmm T mmm e
YISS ASGYIYYADSVKG --—-—-- Fommme = e

HOMOLOGY
DPEVESLXXXFXYXXFFDRS WGQGTLVTVSS HUMAN VH3 CONSENSUS
GTALCSDSGCSS DV —=—————mm——— MONKEY GLONE 3-34 96%
PVLGDRWF FDL —-—--—- PI-——--  MONKEYCLONE 3-36 93%
GOPVIOFLEWLLPTTGSDY —=-P-V———-——= MONKEY CLONE 3-40 35%
DVAAAGT Gm——Vm—m——— MONKEY CLONE 3-9  95%



57. The nethod of claim53 wherei.n said anti body conprises portions
honol ogous to human and O d Wrld 25 nonkey antlbodles?égggg

claim53 or 57 wherein said anti- gen is selected fro ' SHE&%
CD2, LFA3, ELAM LAM CD25, CD4, CD19, CD20, CD23, 1, CD41”“CDE¢“~
TNF[err], Tn antigen, I1L-1, 1L-8, hunman T-ceII receptqr, 8
CD18, CDlla, CD11b, CDllc, C5a, CM5, nda/&nco- gene pr ¢duct, A%Eﬂ&%?
TG[err], TGFa receptor, PDG-, and CD71. 63 59. The¢ Mmettoet—ef-clalm

wherein said antigen- i

Comparison of human consensus VH4 sequence with cloned
monkey variable regions

T YV S R

QVOLOESGPGLVKPSETLSLTCAVSGGSIS SSYYWS WIRQPPGKGLEWIG
L SSYDHT —------ M- A
—————————————————————————————— SGYYHG —===T===m—m===
B et §~-————- SSGYYHG —————=========
------------------------------ GYYWG ——=-T————~m—=m
------ Am—=mmm——mmmmm e S e —em GDYYWF —————————————

MPKK HY N
YIYY  SGSTYYNPSL KSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

VISGN SGSADYNPSL —“N-—mm e “N-————— MT———————— I-———-
SLOGR GGNKYLNLCL  -—--- L-A-———mrm e
SIHGS GGSNSLNPSL  ——--- L———— G-K-———mm— F——-
SLOGR GGNKYLNLSL  ——--—- L-A-———m e m e e
YIYGS GGGTNYNPSL NN-—-S==I~—=—-- L-———o ) e S
HOMOLOGY
................... HUMAN VH4 CONSENSUS
GDVISGWYRGY FDS WGQGCLVTVSSG MONKEY CLONE 4-13  90%
VYGDNR FDV WGPGVLVTVSSG MONKEY CLONE 4-14  96%
ELYSSSPY YEDFE WGQGVRVTVSSG MONKEY CLONE 4-16  92%
GDNR FDV WGPGVLVTVSS  MONKEY CLONE SC CHIM 96%
NILKYLHWLLY WGQGVLVTVSS  MONKEY ANTI-CD4 CHIM 88%

F1G. 9d



bi ndi ng portion conprises one or nore CDR regions of an Od Wrld nonkey
avari able region. 60. The nmethod of claim53 wherein g aftge—>s—B+ndi ng
portion conprises the whole variable region of an Gcm A
reconbi nant anti body conprising (1) a constant regiorn gqf a heavy chajnjof a
“human anti body; 10 : (2) a constarg/2%egi on of a I|g sal d
human anti body; (3) a variable region of a heavy chdin h?9c§§%q%% | ¢
nonkey anti body agai nst a human antigen; and (4) a yartapte—egron—bf{a
light chain of said Ad 15 Wrld nonkey anti body.

P

Comparison of human consensus VHS sequence with cloned
monkey variable regions

R
EVQLVQSGAEVKKPGESLKISCKGSGYSF TSYWIG WVRQMPGKGLEW
———————m G---R———-- R=——-TC-F~- TGFWIS -—-—-V--Q-——-
MGIIYPGDSDTRYSPSFOGH VTISADKSISTAYLOWSSLKASDTAMYYCAR..
VGRVSPGDSITRYNPSFOGH ————=———- T—TF-—=N-———————————— o)
HOMOLOGY
...................... HUMAN VH5 CONSENSUS
RAGNGNYYOD F_Y_Y_ WGHGVLVTVSSG  MONKEY GLONE 5-11 84%

FiG. e



62. Reconbi nant nucleic acid conprising at |east one CDR region fromthe

Variable region in SEQ ID NOS. 15 or 16. 63. A pharnmac --L0NNQSi tion
conprising a thera- 20 peutically or prophylactically e REH;A(\}@MEW @f
an anti body of any of clains 1, 2, 3, 10 or 26 in a phaj ng= mm
acceptabl e carrier. 64.- The pharnaceuti cdif/#onposition pf cb | m 63 wherje
said anti body binds specifically to CD58, VCAM VLAA4, : % APRA997 EL AW
LAM CD25, CD4, CD19, CD20, CD23, CD41, CD44, CD54, TN Tn

antigen, IL-1, IL-8, human T-cell receptor, CD3, CD28, ;CD8, CD18, CDlla,
CD11b, CDl1lc, C5a, CD45, neu oncogene product, MR-1, TGar—tcH-e++}
receptor, PDG~, or CD71.

Comparison of human consensus VK1 sequence with cloned
monkey variable regions

v
DIOMTQSPSSLSASVGDRVTITC RASOSVXXSDISSYLN WYQOKP
DIQMTQSPAS-~—-~-- Re———m RASO SESSSLA ------
DIQMTQSPAS———=——=m===== 0AS0 SVSNLLA —---—-
DIQMTQSPAS---~-—----=~V-— RASQ GINQELS —-----
DIQMTQSPAS—————=====m=== RASO GISSYIN —-=-==

R

G 1
GKAPKLLIYXASSLES GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
—m—————e DSASSLOS ———-——--- K- —mmmmmm o mm e o S——-
————— P---KASSLES —---—--TR-————==—===N--E-———-—-F-
—==-T----3ASSLOT ——=-———~=—=——===== S--PE-—--V--ED-
________ L :

HOMOLOGY

OOYNSLPXXYD YT FGQGTKVEIK HUMAN VKI CONSENSUS
QOYYSYPR LT ———————-- MONKEY CLONE KI-7  94%
QOGNSYP LT ——-G-—————- MONKEY CLONE Ki-3  90%
LODYMSP HT ——————— MONKEY CLONE KI-14 90%
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Comparison of human consensus VKII sequence with cloned
monkey variable regions

-

R

DIVMTQSPLSLPVTPGEPASISC RSSOSLVHSNGNTYLN WYLQKP
DIVMTQSPAS--—-L-G-—=—-- ISTOSLLSGNGYSYLN -~--—-
~LA-P--—A--A----Q-———-- RASESV SFFGVNLIH —-----

GQSPQLLIY KVSNRFS GVPDRESGSGSGTDFTLKISRVEAEDVGVYYC

————H--—-- YDSYRAS ——=T——-—————mm o m o
——P-————- QOASNKDT ———A————=—=——————— FNP——-D-A-D---
\Y _

1 R HOMOLOGY
MOALQSP YT FGQGTKNEIK HUMAN VK2 CONSENSUS
MOTLOSP FT ~-P—-——-D-- MONKEY CLONE K2-8 91%
LOSKNSPR T --G—-———- MONKEY SC GHIM  81%

FIG. Sg
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- Comparison of human consensus Lambda VIII sequence
with cloned monkey variable regions

S
SYELTQPPSVSVSPGQTARITC SGDALGOKYVY WYQQKP
——==8-——R——m—————— GF~— DNV VO —=-—=—-

M
T G
N AQ E

GQAPVLVIY EDSKRPS GIPERFSGSNSGTTATLTISGVEAXDEADYYC
e ADSERPS ~=~A=—======m==m——mmmmm e

QAWDSXTXXVV FGGGTKLTVLG  HUMAN X III CONSENSUS
OVWDSTADHWY ————— R————= MONKEY ANTI-CD4  91%

FIG. 9h.
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FIG. 10

Comparison of Human VH3 consensus sequence with 4 monkey VH3
sequences and 8 human VH3 sequences

G
s S

I v a
EVQLVESGGGLVOPGGSLRLSCAASGETES DYAMH WVRQAPGKGLEWVX
Q== V-———R-———— e SYGMH —====—————mmem
Qmmmmm———— V-G-—R-———————=—— §-— SYGMH —-==C-—-—--——=
Q-————-=—- V-==SR~-=—————m SYAMH --—G-——-—————-
s T V-—-N-- SCTMT -——=-—————=———e
--------------- R-—————~===-N-G DYSMT -——-—=--—————-
---------- ——===R-—==—=—————-ec  SYAMS -—-==-—-—-—————
--R-—--—- S S V—-EV---I-- KAWMN —-====—=e=Q-—-
e AF-————— K———————— N-- DSTIH ----—- S—-§~———=
e SYDMN ———-——=m————ee
——————————— A-————m§===Vemme——= NYNMD ——-=S--——————v
———=E-—m—m Fo———mm e TYDMT ——===—————————
S §-- EYSIH ----—- Q--~~R---

X-T-R---PX--K-TET-T-T-TV-—-SL- TXGMXVG -I--P——-X-—-L-

MV S KT
NA SAr D EP LFT
HIEEKXNGSATYYADSVKG RFTISRDDSKNTLYLOMNSLRAEDTAVYYCAR

VIS YDGSNEYFADSVKG ——-==——w- ) S ¥ o R
VIS DDGSNKYYADSVKG —————==——- S D-m—m—m——— K
VIS YDGSNKYYADSVKG -———-———-——=—- T
TIS ASGYATYYADSVKG ~—I-—-—=—-———mmmomm—m—me————— Amm———— N
SIRSKDYGGTTEYAASVKG ——=—w—————- Sl-mm—mmm S-
AISG SGGSTYYADSVKG ——=—mm—————— e — e — e — e o K
QIKNKVDGGTIDYAAPVKG ——-I-———--— S——-—— e KI-——————- VG
HIENKTKNYATIYRASVKG —————=-=———= AF-—-D-=-PD---L=-—--P
YIS SASGYIYYADSVKG -————=-- FA--§=S-==8-—————mem—————
RVI RKGARTKYAASVKG ————-em———e—————— S=—KT————————m—
RIS WNSGTIYYASSVKG ———=—————————————= R-———————m—
LAGKKADRYKTEYATAVKG ————====-— S——m———- Trmem e ———— e
RIN XWDDDKYYSTSLRS -L-—-K-T--~-QVV-XXXXXDPX-~~T-=~==
DPEVESLXXXFXYXX FFDS WGQGTLVTVSS Hum VH3
DRVAVYASVFFID  SFDI —--—- G-~ RF TS2
GVYCSSSSCYSYYYYHYMDV —-—-K--T-- REF SJ1
GRFCSGQOSCYSYYYYYYMDV —K--T--—-—-~ RF SJ2
NISETL DS ——————mmeem BE

NNTSPY FDY ~=E-—=——~-- CHERRI
GQVLYYGSGSYHW FDP —————m—m—— 18/2

NYTGTV DY ————m——m— K6H6
PPEVESLRS B - B 1B11
GQPVLQFLEWLLPTTGS DV —~P-V-——-—- monkey #40
DVAAAGT G--—-V-—==—~ monkey #9
GTALCSDSGCSS DV ——————————~ monkey #34
PVLGDRWEF pL —-—--—- PI-I-- monkey #36

RYPRXXXGDXGXYXXA FDV ——=—- Tr--—- Hum VH2

92%
87%
91%
93%
92%
98%
84%
83%
92%
90%
95%
91%
60%
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DIRECT BINDING OF CHIMERIC ANTI-CD4
TO SUP TiI CD4-POSITIVE CELLS
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G 3.

Monkey Anti-CD4 Vy Sequence. Listed from 1 to 420bp. Translated

from leader sequence methionine
sequence numbered from antibody

residue +120

TTC

CAG

. TCC

AGT

GTC

TTC
CTG
20
CTC
TTC
ATC
CGA
CTG
100

N

AAT

CTG
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ATG {(bp 4)to bp 420. Protein
framework residue +1 to last Vg

L
CTC

CAG

ACC

TGG

TAT

GTC

AGG

ATA

GTC

L
CTC

GAG

TGC

ATC

GGC

10

TCC

TCT

TTG

ACC

L
CTG

GCG

AGT

CGC

AGT

ATT

GTG

GTC

v
GTG

GGC
GTC
40
CAG
GGT
TCA
ACC
TAT

120
S

TCC

A A P R
GCA GCC CCC aGa

{0
P G L VvV
CCA_GGA CTG GTG

S G G S
TCT GGT GGC TCC

S P G K
TCC CCA GGG AAG

60
G G T N
GGG GGC ACC AAT

I D T S
ATA GAC ACG TCC

90
A A D T
GCC GCG GAC ACG

L H W L
CTT CAC TGG TTA
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FG. 14

Monkey Anti~CD4 Vi, 4, Sequence. Listed from 1 to 387bp.

Translated from leader sequence methionine ATG (bp 4)to bp387.
Protein sequence numbered from antibody framework residue +1 to
last Vy.mbda residue +109

M A W A L L L L G L L A H F T
ACC ATG GCC TGG GCT CTG CTG CTC CTC GGC CTC CTT GCT CAC TTIT ACA

+1 10

GAC TCT GCG GCC TCC TAT GAG TTG AGT CAG CCT CGC TCA GTG TCC GTG

2

TCC CCA GGA CAG ACG GCC GGG TTC ACC TGT GGG GGA GAC AAC GTT GGA

AGG AAA AGT GTA CAG TGG TAC CAG CAG AAG CCA CCG CAG GCC CCT GTG

30 60

CTG GTC ATC TAT GCT GAC AGC GAA CGG CCC TCA GGG ATC CCT GCG CGA

0
TTC TCT GGC TCC AAC TCA GGG AAC ACC GCC ACC CTG ACC ATC AGC GGG
80 90

v E A G D E A D Y Y C Q v W D S
GTC GAG GCC GGG GAT GAG GCT GAC TAT TAC TGT CAG GTG TGG GAC AGT

100
T A D H W v F G G G T R L T v L
ACT GCT GAT CAT TGG GTC TTC GGC GGA GGG ACC CGG CTG ACC GTC CTA

109

GGT

o
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immunoglobulin constant region and a second antigen-binding portion of a different Old
World monkey immunoglobulin variable region, wherein said antibody binds specifically
{0 a2 human antigen.

2.  The antibody of claim I wherein said antibody binds speciﬁc:?ﬁly to. human
antigens chosen from CD58, VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD25, CD4,
CD19, CD20, CD23, CD41, CD44, CD54, TNFa, TNFpB, Ta antigen, IL-1, IL-8,
human T-cell receptor, CD3, CD28, CD8, CDlla, CD11ib, CD18, CD5a, CDllec,
CD45, neu oncogene product, MDR-1, TGFa receptor, PDGF, and CD71.

3. A monoclonal antibody, or a Fab or Fv (fab) 2 fragment thereof, formed by
an immortalized Old World monkey B-cell, wherein said antibody comprises a first Old
World monkey immunoglobulin variable region, wherein said antibody binds specifically
to a human antigen.

4.  The monoclonal antibody of claim 3 wherein said B-cell is a cynomolgus B-
cell.

5.  The monoclonal antibody of claim 3 wherein said B-cell is a Rhesus B-cell.

6.  The monoclonal antibody of claim 3 wherein said B-cell is a baboon B-cell.

7.  The monoclonal antibody of any one of claims 3 t0.6 wherein said antibody
binds specifically to human antigens chosen from CD58, VCAM, VLA4, CD2, LFA3,
ELAM, LAM, CD25, CD4, CDI19, CD20, CD23, CD41, CD44, CD54, TNF«a, 'l‘j}IFB,
Tn antigen, IL-1, IL-8, human T-cell receptor, CD3, CD28, CD8, CDlla, CDI8,
CD11b, CDlic, C5a, CD45, neu oncogene product, MDR-1, TGFa, TGFa receptor,
PDGF and CD71.

8. A method for isolating the variable region of an Old World monkey antibody
gene, comprising the steps of: contacting nucleic acid from the Old World monkey, and a
primer complementary to the nucleic acid sequence encoding a 5' leader sequence of said
antibody gene, to form a hybrid .complex; and amplifying said nucleic acid in said hybrid
complex to produce amplified mucleic acid. '

9.  The method of claim 8, wherein said nucleic acid is DNA or cDNA.

10. The method of claim 8 wherein said primer is complementary to the non-
coding strand of a 5* leader sequence of a human or Old World monkey antibody gene.

11. The method of claim 8 wherein said amplifying step produces sufficient
nucleic acid to place within a vector. .

12. A method for isolating the variable region of an Old World monkey antibody
gene, comprising the steps of: contacting RNA from an Old World monkey with reverse
transcriptase to form ¢cDNA, contacting said cDNA with a primer complementary to the
cDNA at a location encoding a 5* leader sequence of said antibody gene, to form a hybrid
complex, and amplifying said nucleic acid in said hybrid complex to produce amplified

nucleic acid. REPLACEMENT SHEET
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13. A method for producing a recombinant antibody to a human antigen, said antibody
being not immunogenic ifi 2 human, comprising the steps of: raising an Old World
monkey antibody to said antigen in an Old World monkey, isolating an Old World
monkey nucleic acid encoding an antigen-binding portion of a variable region of said Old
World monkey antibody, providing a human nucleic acid encoding a human constant
region of human antibody, ligating said Old World monkey nucleic acid and said human

nucleic aeid to form a recombinant nucleic acid, and expressing said recombinant nucleic
acid to produce said recombinant antibody, wherein said antibody binds specifically to a

56

human antigen.

14, The method of claim 13 wherein said antigen-binding portion comprises one
or more CDR regions of an Old World monkey variable region .

15. The method of claim 13 wherein said antigen-binding portion comprises the
whole variable region of an Old World monkey.

16. The method of claim 13, wherein said method further comprises the step of
immortalizing a cell cable to produce said Old World monkey antibody.

17. The method of claim 13, further comprising the step of identifying the Old
World monkey nucleic acid encoding a variable region of said Old World monkey
antibody.

18. The method of claim 16 wherein said immortalizing is by hybridoma fusion.

19. The method of claim 16 wherein said immortalizing is by viral transformation.

20. The method of claim 16 wherein said immortalizing is by single. Bcell
cloning.

21. The method of claim 16 wherein said immortalizing is by Iibrary construction.

22. The method of claim 13 wherein said human constant region is selected to
have a desired isotype. ' '

23. The method of claim 13 wherein said method further comprises selecting a B-
cell from said Old World monkey.

24. The method of claim 23 wherein said B-cell is obtained from peripheral blood
Iymphocytes lymph node, bone marrow or spleen.

25. The method of claim 13 wherein said method further comprises screening cells
of said Old World monkey for production of said antibody.

26. The method of claim 13 wherein said expressing is within a producer cell line.

27. The method of claim 13 wherein said isolating comprises immunoglobulin
gene rescue of said variable region.

28. The method of any one of claims 3 to 20 wherein said antigen is selected from
the human antigens CD58, VCAM, VLA4, CD2, LFA3, ELAM, LAM, CD25, CD4,
CD19, CD20, CD23, CD41, CD44, CD54, TNFa, TNFB, Tn antigen, IL-1, IL-8,
human T-cell receptor, CD}3, CD28, CD8, CD18, CDila, CD11b, CDllc, C5a, CD45,
neu oncogené product, MDR-1, TGFo, TGFa receptor, PDGF, and CD71.
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29. Uscofa (hcrapéuiii:ﬁﬂy effective amount of a recombitiant antibody specific for
an antigen, wherein said antibody comprises a human or chimpanzee or {irst Old World monkey
constant region and an antigen-binding portion of a second OLD World monkey variable
region, wherein said antibody binds specifically to a human antigen for the manufacture of a
medicament for treating a human having said antigen.

30. Usc of claim 29 wherein said human suffers from cancer, and said antigen is a
tumour antigen.

31.  Usc of claim 29 wherein said human suffers from an auto-immune response, and
the said antigen is an antigen involved in an auto-immune response in the human.

32.  Use of claim 29 wherein said antigen is a receptor expressed on a host cell.

33.  Use of claim 29 wherein said anfibody comprises portions homologous to
human and Old World monkey antibodies.

34,  Use of claim 29 or 33 wherein said anfigen is selected from CDS8, VCAM,
VL A4, CD2, LFA3, ELAM, LAM, CD25, CD4, CD19, CD20, CD23, CD41, CD44, CD54,
TNF «, TNF §, Tn antigen, IL-1,7-8, human T-cell receptor, CD3,CD28, CD8, CD18, CD113,
CD11b, CDllc, C5a, CD45, neu oncogene product, MDR-1, TGF o, TGF « receptor, PDGF,
and CD71.

35.  Use of claim 29 wherein said antigen binding portion comprises one or gmore
CDR regions of an Old World monkey variable region. '

36. © Use of claim 29 wherein said antigen bindirig portion comprises the whole
variable region of an Old World monkey.

37. Recombinapt nucleic acid comprising at least one CDR region from the
variable region in SEQ ID NOS. 15 or 16.

38. A pharmaccutical composition comprising a therapeutically or prophylactically
effective amount of an antibody of any one of claims 1 or 3 in a pharmaceutically
acceptable carrier adjuvant, dilivent or carrier, wherein said antibody binds specifically to
a human antigen. .

39. The pharmaceutical composition of claim 38 where said antibody binds
specifically to human antigens chosen from CD58, VCAM, VLA4, CD2, LFA3, ELAM,
LAM, CD25, CD4, CD19, CD20, CD23, CD41, CD44, CD54, TNFx, TNEB, Tn
antigen, IL-1, [L-8, human T-cell receptor, CD3, CD28, CD8, CD18, CD1ila, CDIL1b,
CDl ic, C5a, nieu oncogene produce, MDR-1, TGFe, TGFa receptor, PDGF, or CD71.

40. Use of a phammaceutical composition of claim 39 for the manufacture of a

medicament for treating 2 disease chosen from rheumatoid arthritis,

cczematand an immunodulstory discase REPLACEMENT SHEET
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41.  An anti-CD4 antibody which comprises the variable light and variable heavy
regions encoded by the DNA sequences set forth in Figures 13 and 14.

42.  The antibody of claim 41 wherein said antibody is a chimeric recombinant
antibody wherein the constant regions are human constant regions or Old World monkey
constant regions which are obtained from a different Old World monkey antibody.

43. The chemeric recombinant antibody of claim 42, wherein said human constant
regions are selected from the group consisting of human gamma, 1, Kappa and human Iamnda.

44,  The chemeric antibody of claim I which specifically binds to human CD4.

REPLACEMENT SHEET
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RECOMBINANT ANTIBODIES FOR HUMAN THERAPY
ABSTRACT
Chimeric antibodies including an 0ld World monkey
portion and a human portion, nucleic acid encoding such

antibodies, 0ld World monkey monoclonal antibodies, and
methods for their production and use.

No suitable figure
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