MONOCLONAL ANTI BODI ES The present invention cancerns non-human prinate

monocl onal anti bodi es, hybridoma cell |ines and-.nethods for producing them
as well as the use of .said cell lines for producing said antibodies. '
Hybri domas are cells fornmed by the Tusioﬂle# an i,ymbrtalizing cell, such

a nyel'oma cell, to a what is often a non-transforned partner cell ”2;16‘7'5""’18
chosen for its ability to produce a particular, predeterm ned substafce =~ —
(e.g., a lynmphocyte cell to produce antibodies). The resulting hybrid cel
may be selected and cloned to obtain cell |ines producing substances having
a single structure and/or property. In particular, such hybridonmas forned
w th | ynphocytes can beggﬁggﬁéNgmqufggggggglonal antibodies. The
devel opnent of hybrido years has been directed to
obtaining cell lines which are both stable and have a high and specific
production of a particulgr substance which it is desired to. obtain. QT§{§
have been vari ous approa"t?’?'f’esp’f%s?’lwsiBVﬁﬁFéﬁPV\ﬁF’BﬁeE&?aﬁ‘?é‘ S, prim
hi.storical ori giondelMmakeantibodigsongbeidemadcellt ld resclahdimethods
I mmunogl obul i nsf ant i bodi dy_ of vi,Qu ClisW WESdiy tddFr figh
pro- vides an otfloerf |Igc\’/véi%:?f?%gﬂféyﬁésagfw%rigbkgrrs%h%n%gun?éfec? and&t e var?sous
sol utions so fdomtprodueing SaidrapthkbPdirpul se for research into hybrid
cell lines produci ng monocl onal products canme fromthe field of
i munobi ol ogy, the prodi¥PEigePas ASRoCRIIA Lormed PesthenhvsienoRs an
anti - seraI :Jsualilm«;]mmﬁmg\é_eégll,asgehnw% mffe Fotha g@dges vbi ahwiiattf d's
structurally in the antigen_bind. ing.site, but e ind,to the sa
Sntigen w th o QAtER o BERTERaBRtRkRRaD Mt snpt L e BRLLE ERBERA For dts
add™i on convergb ihkty ot i psedacel soparttizivl ar | predevebninefl subistance
(e.g., a lymphocyte cell to produce antibodies). The
resulting hybrid cell may be selected and cloned to obtain
cell lines producing substances having a single structure

and/or property. - In particular, such hybridomas formed with

lymphocytes can be used to prbduce monoclonal antibodies.
The development of hybridoma technology in recent
years has been directed to obtaining cell lines which are
both stable and have a high and specific production of a
particular substance which it is desired to obtain. There
have been various'approaches to this problem which because
of their historical origin have been largely concentrated in
L the field of immunoglobulins/antibodies. : ¢

A study of previous activities in this field pro-
vides an overview of the types of problems encountered and
the various solutions so far attempted, '

The original impulse for research into hybrid cell
lines producing monoclonal Qroducts came from the field of
immunobiology, the products being monoclonal antibodies.
Conventional anti-sera usually contain a-very large number
of antibodies which differ structurally in the antigen bind-

'ing site, but each bind to the same antigen with a greater
or lesser degree of avidity and/or specificity. 1In addition
conventional anti-sera also contain a large number of anti-



-2- bodies directed against other antigens, and reflecting previ,-
ous-deﬁensive reactions of the host individual fromwhomthe antiserum was
obt.ai ned. Al though for- ADSt purposés such "broad" antisera were sufficient
it mas\¥elt that provision of nere specificity and reproducibility woul d
mark a-signi- ficant advance and provide a scientific tool of trenendous
potentjial, particularly in the field of diagnosis and therapy. The first
and now cl assi cal sol ution was that described by Kohler and M| stein

[ NATURE, 256, 495-497.(1975)] who succeeded 14 fusing pre-imunized nouse

spl een cells to példies éﬁf‘ébEéaea&ﬁh‘ﬁgtWQh@@aﬁ%‘xb%nsTQﬁdt'i"é%l'e’@ffihbmdt%%-
fused cells coul d be tro, and:cl oned f si.ngl e cell Teve

to produce a horfy2id eE%FYepEBBFSPPBﬁ BFO&BEl 355 HGﬁé§éﬁGG§ Exemyhpm the
popul ati on (nnnowﬁﬂn@ér@mtwbsdobshanaa seheehboghbtbweaasth@uﬁ@ﬁteﬂﬂsmﬁh
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It woul d however 1nvolve a consi
t herapy if ruumUPQ#eﬂbhahunﬁﬁrbiFﬁ&P§lxnﬂnbébﬁe§i@ﬂdsPﬁlﬁaﬁ9§9§dﬁfﬁ@ﬂty and
reproducibility @pyigppe obtained in this may This woul d al so reduce the

danger of sensibili- sation._Several roaches ;to_the praqbl em of producing
human anti bodi es in vitro® ﬁaGérﬁéeﬁnérgg EPsﬁ&Féls8°ﬂ§ﬁlﬁ@eﬁqsaﬁﬁéty
unsuccessful . Imeseribeaudg KbéhlerTaads Milskleiian [NATORE)RI2564MR9S-497
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cells to "drug” sensitive mouse myeloma cells., The thus
immqrtalized fused cells could be grown in vitro and cloned
from the single cell lével to produce a homogenous cell
pobulation producing a homogenous antibody population
(monoclonal antibodies). By selection between the many
unique c¢ells and selective rec;oning it was possible to
obtain And grow cells which produce antibodies of the
desired antigen speclf1c1ty. | )

Mouse antibodies produced in this fashion have
- proved useful for research and diagnostic purposes and some
have even been used therapeutically in humans. It would
&yj however invblve a considerable advance in human immunoglobu-
l1in therapy if human or non-human primate antibodies of
similar specxfzcity and reproduc1b111ty could be obtained in
this way. This would also reduce the danger of sensibili-
sation. Several épproaches to the propiem of producing
- human antibodies in vitro have been tried but have so far
been largely unsuccessful. These include:
T (i) Transformation of normal human lymphocytes with
'Epstein-Barr virus (EBV). This method ‘has met
with little success as cells of this typé re-
quire a long and tedious process to become
' established and are extremely difficult to
clone and select.



quire a long and tedious process to becone establ i shed and are extremely

difficult to clone and sel ect. -'3- (i1) Fusion of normal (human)

"~ lynphocytes witH human nyel ona cells. This'nmethod represents an obwoué’< -
anal ogy to the nouse-nouse hybridoma approach but faces the problemthag in
t he iunan- system only one nyel oma cell line has been nmade broadly avai. Tabl e

and this was found to be contaninated with mycopl asma whi ch i npedes
successful fusions. (iii) Fusion of normal human | ynphocytes to an EBV-
transfornmed human | ynphobl astoid B-cekB=line. Wiilst this is probably the
‘nost reliable and reproduci bl e method yet described it suffers fromthe
basic in vitro di awopesiencofinhermal W hbmbwrptlghbmrcgiﬂis:eiﬂm hHuwesn ar e

extrenely difficult to hey gsent | t .

B-cel | d?fferentiati%%ef+ﬂ£a§8ngh T% B? tSQSF%gﬁggra%H§sgg$e{2 anti -
bodi es is about 10 tébresohswanalbap tnathef mpmse-n;aeismﬂwbr(ndqme Fusi on of

human |ynphocytes to ?gyéﬁcﬂyﬁhenﬁaclg'%h@EPQ8@1QHPQHﬁﬁ§ GFH! wth the

sane excellent in vit aracteristics as the nouse-nouse hybri donas but
with the great dis- héBanrsystemapniycRnByByedomiareldn Lintedf genetic

instability. One pa%éeﬁUhQBEthbﬁaQbeav%QEﬁbues@dd<Hhﬂ§“¢hsffddﬁﬁ t hey
expel the human chroppsone on, whi,c ge qegone for, form
to be contamxnate w mycoplasma which

impedes successful fusions.

(iii) Fusion of normal hdman'IYmphothes to an EBV- .
| transformed human lymphoblastoid B-cell line. v/

whilst this is probably the most reliable and
reproducible method yet descrxbed it suffers
from the basic in vitro drawback encountered
with lymphoblastoid cells- they_are extremely
difficult to clone and, as they represent an
early stege'in B-cell differentiation lineage,
their capacity to prOduce and secrete anti-
bodies is about 10 times lower than that of
true myelomas.

(iv) Fusion of human lymphocytes to mouse myeloma.

This method produces cells with the same _ L./
excellent in vitro_character1stics as the

mouse-mouse hybridomas but with the great dis-
advantege'that such hybrids have an inherent

genetic instabiiity."One particularly trouble-

some result of this is that they expel the

‘human chromosome oh which the genome for form-

ing the kappa light chain of éhe immunoglobulin

is located.
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ing the kappa [ight chain of ‘the |nnunoglobulln I's | ocated. -4- It was
subsequently reported that by using a xenogeni'c hybridoma cell as par ent
fér fur'ther fusion to another cell it is possible to obtain a hybridoma of.
great!|Yyinmproved stability. (Ostberg, et al., HYBRIDOVA 2, No. 4, 361,
1983) and’' that these xenogenei c hybridomas present a nore benign
environnent for the inprovenent of stability in ternms of chronosone | oss.
Thi's invention concerns a hybridoma cell Iine conprising a parent
imortalizing cell fused to a xenogeneic par Ter cell, the resulting

i mortalizing cell being hen fus r,oduci ng_a_ non-
human pri mate nonocl onal t"ﬁ)%d?/u ‘F‘éeﬁ“é Xe?e%%a?e‘fsaf%g d'é%‘e‘?‘ic &l y
conpatible wi th xémoganit fayhriioneltelh aélepammgefmr.cfmyﬁteﬂofwsicﬁy to

genetical |y comalddlér | Se A H‘@&@{@f& eEé Sbkal %6&%t

related cell as to species and origrn suc
si gni fi cant: | ossg%gaehy kRl hbl &Y or (O3 thexrq, aetle%hab‘l@wb@b i

stability after fiaisi o 361, NDYE RPREH StAAE! 106 60 HAOFEnSE! KiPSr O orke)-
human pri mat e nonocl onal anti bodi es prepared by such Xenogene€i ¢ hybri doma

fusi on techni querTRSLINE GV anare Renigmn efnNizgmentc Hfan thee inpravemanifof

humans usi ng nono | bodi es d i n diagnostic appllcatlons No pri or
report of prepar%f??#&iﬁ iﬂﬂEﬁFTﬁl pt®$%t e rronocl onal

anti bodies is known. It |$hrsxxnwhm@dqnamon&¢rm$ dfhyibur Sdomey etél bnlime

provi de a et hod. £gt..pr aduich g S b EmfiStald 2635 ALY AS0EI &S gon- huren

primate monocl onz
' xenogeneic partner cell, the resulting immortallzing cell

N being then fused to a cell capable of producing a non-~
human pfimate monoclonal antibody. This latter cell is
to be geneticaliy compatible with the said paftner cell
in the xenogeneic hybridoma. By genetically compatible is
meant the chafacte:istic of resembling the related cell
as to species and geﬁera of origin such as to avoid
. significant loss of chromosomes and therefore retain a
desirable degree of stability after fusion.
It now appears that preparation and use of non-
human primate monoclonal antibodies prepared by such
. Xenogeneic hybridoma fusion technique may prove to be a
_ 'useful approach to the treatment of humans using monoclonal
\\/ antibodies and in'dithostic applications. No prior report
of preparation or isolatxon of non-human primate monoclonal
antibodies is known.
It is accordingly an object of this invention
to provide a method for producing stable cell lines which
generate non-human primate monoclonal antibodies useful
in the treatment of humans and in diagnostics. It is a
further object of this invention to provide immuno-
globulins derived from non-human primate lymphocytes
which are capable'bf effective use in humans. The non-
human primates included in this aspect of the invention
include in essencé the apes, e.g., organgutans, gorillas,



in the treatnment of humans and jn dlagnostlcs -1t is a further object of
this invention to provide inmmno- giobulins derived from non-hunan prlnate
1 ynphocyt es whi ch are capable of effective ‘use.in humans. The non- humafr:
primates included in this aspect of the invention include in essence the
apes, e.g., organgutans, gorillas, = -5- or chinpanzees, and the nonkd¥s,
such as new worl d nonkeys, e.g. cebus nonkeys, ard old world nonkeys, e.g.
rhesus nonkeys. As between the apes and nonkeys, it is clear that for.
practical purposes, the use of animals sm84 enough to be readily handl ed
in |aboratory conditions is preferred but this aspect is intended to cover

all non- humuy phingarzeds) ar@rthetﬂmkwtsudmms(mmgmm hydink esesna,
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hybri dona celmonhﬂrsj- e thetiwenn \ideh apesy andrarateyandit 15 mplray tthatel |
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and will preferably pro uce no_1 mmunogl obul i n. These_nye- | omas can
t henmsel ves b&hR ixgadiely hapdled in TAtRIE CIIFRRE S whi ch are in

effect nyel Orﬁ%fer&éw butetHis Saspecgt id hintended P Zcovet bl asdn- | i ne.
This may then be fused to a nonkey Iynphocyte for instance, to produce
nonkey nonocl ’As descri bed in the HYBRI DOVA 2 paper

o Ok Patent ei\{oﬁf’i Eivf%ipzrﬂgu 5, 25RA5G S HApRanats Rmdonde

xenogenei ¢ hythosennaased ﬁmmommmzalngzaielan iss arawiee Xbme Hyse &4 afHidH i Or

to further  pag 1ost its own ability to produce immunoglobulin. An \‘/
example of such a xenogeneic ‘hybridoma cell would be that
between a myeloma cell and a lymphocyte cell, 'Examples of
suitable myeloma cells are those obtained from mice and rats
and wxll preferably produce no immunoglobulin. These mye-
lomas can themselves be hybrids (e.g. mouse myeloma X mouse
lymphocyte) which are in effect myelomas. Such a cell is,
€.9., the mouse SP-2 myeloma cell line. This may then be
fused to a monkey lymphocyte, for 1nstance, to produce
monkey monoclonal antibody.

As described in the HYBRIDOMA 2 paper previously
referred to (as well as in corresponding patent applica-
tions, e.g. UK Patent Application 2,113, 715A. published
August 10, 1983), the xenogeneic hybridoma used for
immortalization is made drug resistant prior to further
fusing, and the lymphocyte to which it is fused is obtained
preferably after,pre-sensitization for improved production
of the desired substance. The methods used in drug resis-
tance and pre-sensitization treatments are conventional,
as is the process of fusing these. cells. Selection of the
desired hybrids and cloning are also performed in a con-
ventional manner, as earlier described, and published, e.q.

o’
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fusi ng, . and ‘the | ynphocyte to whi ch |t is fused |s " 'obt ai ned preferably
after pre-sensitization for inproved production of the desired substance.
THe 'net hods used in drug resis- tance and pre-sensitization treatnents are
convenfvbnal as is t‘he process of fusing these cells. Selection of the
de5|red'hybr|ds and cloning are also perfornmed in a con- ventional manner,

as earlier described, and published, e.g. -6- in the references quoted
above. In a partlcular enbodi-ent according to the present invention, the
SP-2 cell line is used. It was originally itselfga hybridoma between

P3- X63- Ag8 |ine and nouse spleen cells which produce anti bodies to sheep
red bl ood cells and has lost its ability to produce antibodies (C.F. M
Shul mann et al ., iNAtbREreferencgs gyegpd APOVE.obtainable e.g. fromthe
NI GVB Human Gbnetlc Mut ant  Cel | Repo&ixxghpq% GVl 35669 A

1982 Catal og of Cell Linédd). @ martigylag ingnfe iﬁ%&f‘“ﬁé s'f%n’fg‘%rﬂr?ﬁ%?lt
fused with norrraliriwmlq@e,rluﬂ*eers#-z Waloyims 1y weedentioneas teeiyi nakby
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5G) ENcE 210, 5374 ]‘Nph d3° by, pakden %%/b’ﬁ]g Aye S8 o ¢ §pigen
approxi mately fiweldsekhich m@mg%@wmtw sitep sédvbloed 'gﬁblm hand
and no anti body. paalydOrieg est.gf’: eﬁf@d@@é e&ﬂ@fb%?{eéeé;ésﬁarﬁe $Rulmann

8-azaguani ne and with three of | S possl to obtain nutants

which are resist &% aclo vZ@‘ﬁTé’/ﬁfﬂ ?d‘..B %z%gu’a?ﬂ%b-. These cells are at the
sane tine sensitive to Hmcr.OXﬁmtmexﬂampéﬁji nErdmyehéli NEGNSVHImaR dGemetic

hegonor bosyi "t Matarts a1 Répadidry ket ok 888K JUEUE B 1502
Catalog of Cell Lines). This cell line is made drug
resistant and then fused with normal human peripheral
lymphocytes by conventional techniques [C.F. G. Galfre
et al,, NATURE 266, 550 (1977) and R. Nowinski et al.,
SCIENCE 210, 537 (1980)].

A large number of hybrlds is obtained and, after
approximately five weeks, five clones are selected which
show fast growth and no antibody production. These cells
are selected for resistance to 8-azaguanine and with three
of these lines it is possible to obtain mutants which are
resistant to 20 ug/ml of 8-azaguanine;-~Thése cells are at

U _ the same time sensitive to Hypoxanthine~Aminopterin-
Thymidine (HAT) medium which showed that they had lost their
ability to produce hypoxanthine phosphbribosyl transferase.
One of these lines is SPAZ 4 which may be used for further
fusion to obtain the éﬁtibody producing hybridoma.

The simple hybridéma cell lines of this invention
‘which produce non~human primate monoclonal antibodies may
also, if desired or required, be fused further, such as
with a further lymphocyte cell from a monkey, to provide
cells of either still greater stability or somewhat
different desired characteristics.



One of these lines is SPAZ 4 which may be used for further fusion fo obtain
t he antibody prioduci ng hybri domd. The sinple hybridoma cell |ines of this

i nventi on whi ch:produce non-human prinate nonogcl onal ‘anti bodi es nmay also Cog
"if desired or required, be fused further, such as with a further Iynphgcyte‘
cel | “froma nonkey, to provide cells of either still greater stabilityor
sonewhat different desired characteristics. -7- The antibodi es accordi ng
to the invention nmay then be used in humans to fight infectious diseases,

mal i gnanci es, allergies, and nmay be u§ed to curb transplantation rejections
and for other purposes known in the art, such as |n toxicity caused by

phar maceut i Gg|
applicati ons suc as 9 n ;%é%%daﬁ%r?d es of‘gpﬂe pes o sedlarn
| i nes to whihumang st rﬁpaht cknfestieus aﬁ@@wﬂ impklignanries n@akirkgies,

_yel oma cel Igngnghyd Lﬁ’@rhélflij E@%Mﬁf&:i’ﬁéﬂﬁ@t&@ieﬁﬁ,réﬂ@é‘tﬁni &Rd dfor

nouse- human xenogenei c to produce a (nouse x hunmgn) Xx non- human '
pri mate cel I°tFl'ﬁf'e Purppses kpehi 10 nEAR AT, KR\ AhIR | BRRECERY | C32usRd o
a (nouse X - cpéutmaéﬁ)sx @0R; MIIWML rmwycxﬁ} ai$e, be ugdedsin

{o this ”"%ﬁf %«wm 1 Ape Elopeldfs snel 98 tRar s 63 ﬁa%f*@% mate] x
non- human prinmate cell line, for instance a [(nouse_x human)
monkey] x cebus nonkefxamplesi o€ the| t¥BGsc Of ﬁ&#&n}iﬁeﬁhé?u?hﬁﬁﬁkggfsx

[ime. “and a LONBASSOR FRIARe ”"%?Séé‘#&“uéﬁ Somp ﬂ%iﬁ&le@éeé?lgﬁé‘ﬂéﬁ%ﬁi”

nonocl onal apeiliediand mmmhuxxhdununihumaﬁcpftmat@veellen §8¢hbgs from a

CO“feCt'O”Edméﬂgea%WHy (%%éﬂkxc cell to produce a (mouse x human) x
non-human primate cell line, e.g. a (mouse x human) x
monkey hybridoma cell line, or a (mouse x non-human primate)
X non-human primate cell line, such as a (mouse x monkey) x
monkey cell line., Further cell lines'provided according to
this invention include, e.g. a [(mouse x human) x non-human
primate] x noa-human primate cell lxne, for instance a Y
[(mouse x human) x cebus monkey] 'x cebus monkey cell line, a '
{ (mouse x human) x rhesus monkey] x rhesus mdnkey cell line,
a [(mouse x human) x-chimpanzee]_x_chimpanzée cell line, and
a ((mouse x human) x rhesus monkey] x chimpanzee cell line.

The monoclonal antibodies produced.according to _
the invention may be confectioned and administered in v/
conventional manner for therapeutic application and also
got up in conventional kits for diagnostic use. \

The following examples illustrate the invention.



conventional nanner for therapeutic application and also got up in
conventional kits for diagnostic use. The follow ng exanples illustrate the
ihvent iton. -8- Exanple 1 Digoxinis dissolved in 2 nl of absolute
ethandh_and 2 ml of- 0.1 nolar sodi um periodate is added dropw se and the
m xture | ncubated for 45 minutes. Then 60 nmicroliters of ethylene glycol is
added. After 5 m nutes incubation 50 ng of keyhole |inpet henocyanin (KLH)
in 10 mM of water at pH 9.5 i.si,added. Wen the pH stabilizes at 9.5, 0.3
grans of NaBH4 in 2 m of water is added-gﬂuaresultlng prepara- tionis
dlalyzed over ni ght agai nst saline. About 4 ng of KLHdigoxin in a volune of

0.5 mM is enulsified together with 0.5 m of. Freynd',s. conplete adju- vant.
The enulsion-is injected intramuscul arly |n—&&ﬂﬁﬂﬁhﬂghs of a cebus nonkey.

Fol lowing this first injbdgordn thedaasﬁdbedsthQshﬂddﬁbwmsdﬂﬁﬁb\Hﬁﬂhdbl,

I L I
Freund s T noompl 878 Acitvakt O- Tapeade; spaTin Baciodabe b, 4da8H famyine and
shows that the akheamikturpr ddeubdtedt lfbm'd|4és migateiag When cﬁ@marctha&e_rs
were able to inaggl ¥Eﬁ§1§ﬂ§ugﬁgb&t g0 ad %OX' Afede B ‘rﬁia Ize&{ cﬁ:%atiTJH 30

I's shown by noting t ns o *ser um neut
(lethal) effect B9 @fgkeyholer 1P~B‘§’®&n8?§'@¢8@@éﬂ‘n)(m)séﬁl 14 t“}]véﬂhmf at

| ynphobl ast oi d Cﬁh' . Snxﬁebhdﬁa| tuifien Bhle® Hr%%tdtﬁg.ztﬁ% A Rls f @, 3 Yrams
nont hs, anot her ﬁéglon

of KLH ine is ven
i ntravenousl y. Cﬂ Hai ig aayiapﬁeﬂaﬁﬁé P&s% éﬁ&r %GU§§§H¥§£hQMPr§R§q§$
are renoved fromide asldmhlyaedfbsechlgat Hlaiodt saldne.ed froma

peK‘BheraI vein into a. About 4 mg of KLH- digoxin in a volume of 0.5 ml is

emulsifxed together: w1th 0.5 ml of Freund's complete adju-

 vant. The emulsion is znjected intramuscularly in both
thighs of a cebus monkey.. Following this first injection,
the animal,is boosted four times with a similar amount of
KLH-digoxin but this time emulsified in 0.5 ml of Freund's
incomplete adjuvant. After this immunization the test

 bleeding shows that the animal has produced antibodies
reacting with digoxin that were able tb_inéctiVate the
‘toxicity of digoxin in in vxtro studies, This is shown by
noting that dilutxons of monkey serum neutralize the toxic

(lethal) effect of_digoxzn (or its analogfoubain) on sen-
U ~ sitive human lymphoblastoid cells in cell culture. - After
resting the anima; for two months, another injection of
0.5 ml of KLH-digoxin_in_saling is given intravenously.
On the third day after the last intravenous
'”injection, cells are removed from the animal for fusion.
a. Blood is removed from a.per1phera1 vein into a
| syringe containing. 50 pl heparzn_solutxon
(10,000 USP units/ml). The blood lymphocytes
are purified By gradient'centrifugation'on a
cushion of PERCOLL® (Phatmécia,'rnc,, Piscata-
way, N.J.). After centrifugation'the cells are



syringe containing 50 [err] heparin solution {10,000 USP units/m). The
‘bl ood | ynmphocytes are purified by gradient centrifugation on a cushion of
[err] (Pharmacid, Inc., Piscata- way, N J.)y. After centrifugation the. ceIIs ¥
are _ -9- washed in ank s bal anced salt sol ution ‘(G bco.Laboratoriesyk
Grapd jisland, N Y., catalog no. 310-4020, widely available comerciallyy.

b. By using aseptlc surgi cal techni ques, |ynph nodes are renoved fromthe

i ngui nal area. The |ynph nodes are nashed through a fine nesh steel net in
order to prepare single cell sus- pensigps. The isolated cells are washed

I n Hank' s bal anced salt solutions. c. ing aseptic surgical techniques, a
partial splenectony iwapbe@odinpHaok'shbalanced sadtsisogiut icsl |(Giksmensi on

is prepared fromthe ﬁQbSFQtESQQQEnthﬁd“&%ﬁb&Q tmaz}¥§EHE§ éﬁqu the fine

mesh steel net. This isolated single cell suspénsion'is mas I n Hank's
bal anced sal t solut|0%1°A$B?BX|W&FGﬂ¥ avadiable sompargidld®res are nixed

with a simlar anpyntggf usRAg- 4sepeliemBueglilcal( RednmifursC Wg to
nmet hods described in t ﬁpar{g such -as t(r}‘(eigllleBR | DQVA lei fsg'r (elrn%'gb

af orenenti oned) in sePRARSr BES EEMOY LS, FTOM the.dnaiidtae 258 &M ri f uge
at | ow speed. The cenympalheaessa&@emhemehomumaﬁgﬁrungaw&tﬁbgh()lﬂ of 50%

‘ncubation at [err]. BRESH ReBr thomrder, deanzapars o digle ¢S 9 Quly ©
added. In the foll ow pgnedensi.nuThe u@wyahed cells are washed in
Hank's balanced'salt_solutions.' |
c.” Using aseptic sufgieal:teohniques,'a partial
| splenectomy is performed on the animal. A /
single cell_SuspenSion is prepared from the
spleen:fragment by maSHinq';he-organ through
the fine mesh steel net. This isolated'single
cell suspension is washed in Hank's balanced
salt solution.
Approximately 2x107 isolated lymphocytes are miied with a
similar amount of SPAZ-4 myeloma cells (avaxlable according
to methods described in the art, such as the HYBRIDOMA 2
reference aforementioned) in serum free medium and pelleted
together in a centrifuge at low speed. The cell pellet is
treated for one minute with 1.0 ml of 50% PEG-1500 in Hank's
balanced salt solution at a pH'of_B.O. After one minute W,
incubation at 37‘¢., one ml. of Hank's balanced salt solu-
tion is slowly added. 1In the.folloﬁing one minute, ten more
ml of Hank's solution is added. The cells are recovered by
centrifugation and resuspended in 20 ml of Dulbecco's
Modified Eagle Medzum (No. 430-2100, Gibco Laboratories)
VIROLOGY 8, 396 (1959); VIROLOGY 12, 185 (1960); Tissue
_Culture Standards Committee, IN VITRO, vol. 6, No. 2, P. 93,
containing 20% fetal bovine serum and using HAT (hypo-
xanthine-aminopterin—thym;dlne) as a selection system.



¢ C e
m of Hank's solution is added. * The cells, are recovered by centrifugation
and ‘resuspended in 20 m  of Dul becco's Mdified Eagl e Medi um (No. 430-2100,
@G bro Laboratories) VIROLOGY 8,:396° (1959); VIROLOGY 12, 185 (1960): Ti ssue
Cul tur®..Standards Conmittee, IN'VITRO, Vol. 6, No. 2, P. 93, containing 20%
fetal bovine serum and using HAT (hypo- xanthi ne-am nopterin-thym dine) as
a selection system -10- -After about three weeks, when good growth is
seen in the culture wells, supernatant is renoved fromthe cultures for
testing. The testing is perforned by akOELlI SA techni que using digoxin

coupl ed to bovine serum ' Aas. . the-antigen (the BSA-digoxin is ,
produced in a way anal ogghgg?oQP&§§K)IEIH}&Q95%%S;' g@sﬂ'} iGRPC | HfEL, 1° seen In
det ected usi ng athabghiturei weddsn supewnatamtkels iremowesl dindm rthe cultures
per oxi dase syst eghrPpakkikg,C! Qpﬁs_t%rs‘iﬂ?i'gc!ﬁesdgé&o?i@q r!:g( Uh Hdr S ¢dhnique
same time cloned b{ |InLtIn% difution in"mcrdotiter wells us]ng nouse
thynocytes as fiPRaRIcELBOXinscoypleds to bavine, sfum Flhumin (BSA) as the

avai l abl e the cl gaesgene (thezeBa-aigoxind i iraRited {£'d lvayHd s diss ¥ &
produced by grom%ﬁg kgg_ﬁ brldoga C%ll lines either in sjfationajy culture
or in roller cul tFe 48] égﬁﬁﬂﬂ ccoPOSNEHYR [Hopem arhfereatRd fuiing a

bovi ne serum Antabbdteanttiyhumanl pratant isamorkey anmmaflculin 50 peroxidase

Sepharose. P ot ef BYAEERr onRoBiBARY, croRea et B ket TE Pt O B ad ¢

be chromat ogr aphtiieosanet kdmeokcdoneds diyurldm itol ndhal idod iom sirimiiratiter

eqoval Jof the unbsaadisiig, iEflel CRUIVILE B I SOLT A% Hon g9,

0. 05" M sodi um ci LpEge BYRPErnPig celd svarediava idakke khe clones are frozen in

- liquid nitrogen at -196°C. o
- Antibodies are'prdduced'by growing the hybridoma
cell lines either in stationary culture or in roller culture
using Dulbecco's MEM with a maximum of 10% fetal bovine
serum. Antibodies, typiCaily at a concentration of 20 to 50
micrograms per milliliter, are purified by affinity chroma-
tography on SepharOSé Protein A columns (Pharmacia, Inc.),

- by loading the material to be chromatographed onto.the
column, saturating the column's binding capacity and washing
the column with phosphate buffered saline. After removal of

_ the unbound material from the column, the column is eluted
\MJ with 0.05 M sodium citrate containing 0.5 M sodium chloride
' (pH 3.0). The eluate is rapidly neutralized by addition of
1 M Tris-HCl, pH 8.0).



“(pH 3.0). The el.uate is rapidly.neutralized by-addition of 1 MTris-Hd, pH

8.0). Exanple 2 Cells produced according to the cell production and

sel ection processes of Exanple 1, which cells have over. time lost their-
ablllty to generate immunogl obulin, are nmade drug resistant- by treatner LA i n
t he fpresence of [err]/m of 8-azaguanine making it possible to use HAT #s a
sel ection systemin conventional fashion. The resulting cells are then
fused to immuni zed cebus nonkey |ynphocytes and after treatnment again with
HAT- medi um positive cell cultures are Tkt ect ed usi ng the sane procedures
as described in Exanple 1 above. ERampldi g to this procedure t hree

Tonkey. The nybri donsceits BESRRERY yecaRaLyy 10 Mle SdILRIREEE ang,

t hr ee antubodsebe9hwenbpnncaeseedofoaxam@hﬁ dmlungph<;ekﬂﬁthavqrnyeunaxney
of digoxin 0n1ésbueﬁezkyHBhQQE?SEB'éeﬂaUadé m%mddﬂéioaﬂrihtfﬁtéﬂﬁé&gmhfﬁg

were used in fi, nal centrafion [err]!/ the follo ng result was

obt ai ned: Di gb%FASHBRE ¥u§Fﬁ§tRG&ttﬁ5n€%e pr sence of 20ug/dr

phosphat e 8-azaguanine maﬁiﬁg[ﬁtrbwd@ﬂHI§W£$Suﬂeruhﬂ’ds a selectlon
4. 7x[err] M 11-

S oxlert M Thadstem An; goRyeRtionad, GAshiF.L] Xre Feqyiting cotls gre

agalnst otherth;pefueéddmglumMMaLahﬂmthta mdnkey lymphocytes and after
treatment aga1n with HAT-medium, positive cell cultures are
selected using the same p:ocedures as descrxbed in Example 1
above. | | o |

According to this ptocgdure, three antibodies have

been obtained from fusions“using cells from the cebus
monkey. The hybridomés_are designéted 7-1, 11-1 and 11-3
respectively.' All three antibodies have'beeh tested for
their abxllty to inhibit the toxxcxty of dlgoxxn on a human
lymphoblastozd cell llne, IM-9. When the antibodies were
used in a final concentration of 100 ug/ml the following

result was obtained: _
.Digoxin dose causing

Addition : _ no damage

phosphate ' " 2,9%x10-8M

buffered ) _

saline _ ' _ _ _
7-1 4.7x10~7M Y,
11-1 . - 9,4x10"7M
11-3 2.3x10"7M

The 7-1 antibody has also been tested for its
specificity against other types of digitalis alkaloids. The
result of this specificity testing is summarized in the

following table: .
Drug dose causing

Drug : no damage

phosphate

buffered

saline 7-1
oubain 2x10-8M 2x10-8M
digitoxin - 5.9%x10-9M 2.3x10~8M

deslanosid 2.3x10-8M 1.9%x10-7M

4



result of this specificity testing is summarized in the follow ng table:

Drug dose causing Drug - no damage phosphate buffered
gal.i nel, 7-1 oubain : ) 2x[err]M  2x[err]Mdigitoxin
5. 9x[ &ur ] M 2. 3x[-err] M desl anosi d ' 2.3x[err] M 1.9x[err] M

-12- These data taken together show that antibodies produced by this

nmet hodol ogy can be protective to the toxic effect of drugs, and that in the
case of digitalis al kal oi ds. one anti body can cover two of the drugs used on
an out-clinic patient basis (digoxin and=#2gitoxin) and agai nst one
parenterally used drug (deslanpsid). It has no activity agai nst anot her
parenteral drug (oubai n)TheS@fAta Xaken tegether; showr thatt antibedéesbed

in Exanple 1, Kigtolgsed oy St_wﬁ@dnélﬁl‘ldw_e@aﬁ NbéNpAdeeét fobetshtABARERE e
After atotal o ve injections of this aptigen, given_ essentially two_ |
weeks apart, a*ﬁé%ﬂéaﬁéglé;ﬂﬂ§ﬂsFQﬁkghﬁgt%ﬁe ?n?g%%éﬂ5u§F?iﬁﬁiﬁsoﬁﬁkﬁﬂ°bﬁs
KLH- d: goxi '?h( apmim’quﬁﬂ-m Qf?wt)tmm)og Bi_;m;i_mwgl gséa aakaﬂ'f][?m t he
ani mal on ‘the si 2 St.|. injection and.. one da er .
the bl eedi ng, isg%dsle‘%a%/no?é cpg#ﬁ{%}‘ﬁ‘si%#ﬁtﬁd{%g*gbﬁ‘ﬁ ﬁt%f'ﬁ?rﬁ?&gl fnd; pgainst

usi ng the proced@ne: garentrrallywmsedairudrodeshanssig) e obtahasdnonadayvity
| 9G ant i body pr agupirik ST rianl 4R S G Codda iyl OH 4-25 are
armbd *

obt ai ned, having respectively al a and a.
- N Example 3
In a manner similar to that described in Example 1,
Y KLH-digoxin is used as immunogen in an adult male

chimpanzee. After a total of five injections of this
antigen, given essentially two weeks apart, a final
challenge is administered intravenously with 0.5 ml of
KLH-digoxin (approximately 4 mg of protein). Blood sample
'is taken from the animal on the sixth day after the last
i.v. injection and, one day after the bleeding, is used for
‘cell fusion with the SPAZ-4 myeloma cell line using the
procedure previously outlined. From the sample obtained on
day 6, IgG antibody producing hybridomés designated CH 4-14
and CH 4-25 are obtained, having respectively a lambda and a
kappa light chain. Characterization of the light chains is
obtained by using the reagents.against human immunoglobulins

. in conventional_mqnnér. Such reagents give unambiguous
results and the rehctivity_is_strqnger to anti-human '
reagents than to anti-monkey reagents'prepared against the
cynomolgus monkey. Both of these (mouse x human} x _
chimpanzee antibodies have affinities for digoxin that are
distinctly'higher than cebus antibody'11-1 mentioned in
Example 2 above. B - T



kappa |ight chajn. Characterization of the light chains is obt ai ned by
using the reagents agai nst human |nnunoglobullns in conventional manner;
Such reagents gi‘'ve unambi guous results and 1+mr+eact|vrty i s stronger to
anti - hunan reagents than to nts prepar ed-agai nst the x4
cyngnmol gus nonkey. Both of mmm w ! man) x chi npanzee anti bodres
have affinities for digoxin tHat care Stsi natly higher than cebus anti body
11-1 nmentioned in Exanple 2 above. -1 3- Cainms: 1. A hybridonma cel

| i ne produci ng a non-hunman primnmate nonocl onal antibody, conprising an
I mmortalizing ceII fused to a cell pragycing a non-hunman primate antibody,

the imortalizing cell conprising a xenogenei ¢ hybridoma cell fused froma
parent i mort 3 ng cell and a partner cell, said antlbody pr oduci ng cel
bei ng genetlcally co bje with sajd partner cell . A hybridoma cel
line as clained in @Mﬁ*%ﬂér%ﬁ‘ﬂ g’é‘?f-{ UCHBS)\R B?'bﬂ\yl‘,‘?'hd""é'&ﬂe is of the

sane generzmoaectdmlm'rmbedy.cebMpmmhdenXmeﬂﬁlzﬁn@mﬂIIdﬂ!ﬁ%dcﬁi a &snent. 3.

Cell 1 s of brigucing F oBSnineh, BFmase Anethddy’ o o8 2 f8oeld s hybri dom
cel | par entcomgrisAngyéhixedogemede| Hybiridmnaase tll £usextl fmm @l paren? m@rean ztihe
cel I pr Od“‘i:'e:‘l‘?? ﬁaﬁg rﬁa%gtgwwf 'ﬁ‘?&earﬁc%iiapmﬂ)‘od w%ﬁgfpﬁeém

hybri doma ce in-cl he non-
monocl.onal aRRALIBAG Widhasaidnrastnesnesdilonal ant | body 6. A hybri dorra cel I
line acording to claim1 mhereln t he par ent imortalizing cell is of the
SP-2 cel

2. A hybridoma cell line as claimed in claim 1 \,/

wherein said antibody producing cell is of the same genera
as the partner cell in the xenogeneic hybridoma cell parent.

3. A hybridoma cell line as claimed in claim 1
wherein said'antibody producing cell is of the same species
as the partner cell in the xenogeneic hybridoma cell parent.

Qlw A hybrxdoma cell line as claxmed in claim 2
wherein the cell producing the non-human prxmate
antibody is a lymphocyte.
5. A hybridoma cell line as claimed in claim 1 . \‘)
wherein the non-human primate monoclonal'antibody is a
mdhkey monoclonal antibody. |

6. A hybridoma cell line acording to claim 1
wherein the parent immortalizing cell is of the SP-2 cell
line.

7. A method of producing the hybridoma cell line
of claim 1 which comprises making a xenogeneic hybridoma
cell drug resistant, and fusing this latter cell to a .
antibody producing cell which is genetically compatible
with the partner cell in the xenogeneic hybridoma, &nd
selecting a desired hybrid. |



'8

fine. 7. A nethod of producing t_g_hybLLdona_GeLL—Flne of claim1 which
conprises meki ng a xenogenei ¢ hybridoma cell hﬁﬂ resi stant, and fusing

“this latter cell to a anti body p Fil ch is genet|CaIIy '
corrpat"ﬂbl e with the partner cell Hm“;m g c hybridoma, And sel ecting
a desifed hybrid.  -14- 8. A met'hod as clainmed in claim7 wherein
selection of a desired hybrid takes place on the basis of |ack of
sensitivity to HAT and assay for the ability to produce a non-human primte
monocl onal antibody. 9. A cell fusion sydMem which conprises a non-human

pri mate nonocl onal antibody producing cell and a xenogenei c hybri doma cel
fused froman immortaliz ng p ner.cell enet atible
Wi EE sai d ant [ \Rﬁ%d wprodﬁdmgg}j;ﬁ#jiaé %ﬁwgflﬁu&ﬁfah‘?"?ﬁ?l SEFEEFLW“
Wi an agen glecmin egiplace|on e beaibuafinlpcknate
monoci onal ant i e eily 1 4 @J\tﬂﬁp%cﬁc&@; ) Mot Ocl Lasmieggghsh%g geakgy

monocl onal . antlbod (‘nmouse X human)? x non-human pri

cell line. 13. A %(9ﬁiﬂ Fhaircirnal ankbbod¥inan primte hybrldona
cell line. 14. A cell line according to claim 12 which is a (nmouse x human)
X nmonkey hybridoma cel | 1 cel l I|ne according to ¢laim13 whjch
is a (nmouse x nonkey) x dn'o ﬁ’é %y]b ﬁﬁﬂﬁf‘ ciystemghich gomprxses a non-human

primate monoclonal antibody producing cell and a xenogeneic
hybridbma cell fused from an immortalizing cell and a
partner cell genetically compatible with said antibody

\U ' producing cell, in a nutrient culture medium together
with an agent which promotes fusion of said cells.

10. Non-human primate monoclonal antibody.

ﬂ 11. An antibody according to claim 10 which is
monkey monoclonal antibody.

12. A (mouse x human) x non-human prlmate hybrxdoma T

cell line. < i SRS TR TIN5

13. .(mouse x non—human primate) x non-human
primate hybrxdoma cell line.

14. A cell line.accofding to claim 12 which is a
(mouse x human) x monkey hybridoma cell line.

18. A cell line according to claim 13 which is a
(mouse x monkey) x monkey hybridoma cell line,



-15- 16. A hybridoma cell line_conprising a trtoma cell fused to a cell i f
produci ng a non-human prinmate nonocl onal antibody, the trioma cell - 4
conprising an immortalizing cj’" ' human ‘pri mat e Iyrrphocyte - A
t he immrtal i zing cell conpri umm mmljj mrhybrl doma cell|l fused frama d
parz imortalizing cell and & pArthertc .+ sai d | ynphocyte being '
genetically conpatible with both said partner cel'l and said anti body
producing cell. 17. A hybridona cell line as clainmed in claim 16 wherein
sai d anti body producing cell is of thejgame genera as the |ynphocyte. 18. A
hybridoma cell line as clainmed in claim 17 wherein the | ynophocyte is of
the sane genera as bot het heaps bmaoﬁal beamdnﬁedceﬂbraedngpaousbﬁa eehh.

19. A cell grdlng Ega ai_m 16 whi ch ﬁ yse X unané

non- hurman pri ﬁ Ondn®h ﬁrBPPﬁ&Pg gePPOrfHRma 28r1R35§IW°PPﬁ oRador di ng

to claim19 mbnthbbaya kheotrdeomaheedld) complrisiagz e ixmobitaldziag cellll

line. 21. Ac | c dj Lch. is a o]l

chi npanzee ce?PEF?n§S %2585Ahggﬁ nggaq%c ygghégy5géY§%§?¥§ﬁﬁ?Fggq?§Lgx

chi npanzee nnqgéﬂoqgmpgmsiggdy,xenogeneic hybridoma cell fused from a
parent immortalizing cell and a partner cell, said
lymphocyte_being_genetically compatible with both said

partner cell and said antibody producing cell.

17. A hybridoma cell line as claimed in claim 16
wherein said antibody producing cell is of the same genera \_/
as the lymphocyte.

18. ' A hybridoma cell line as claimed in claim 17
wherein the lymophocyte is of the same genera as both the
partner cell and said antibody producing cell.

19. A cell line according to claim 16 which is a
[ (mouse x human) x non-human primate] x non-human primate
cell line.

20. A cell line according to claim 19 which is a
[ (mouse x human) x chimpanzee] x chimpanzee cell line.

21. A cell line according ‘to claim 14 which is a
(mouse x human) x chimpanzee cell line. v

22. An antibody according to claim 10 which is
chimpanzee monoclonal antibody.




