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HUMAN MYELOMA CELL LINE
The present invention relates to a human myeloms cell line. In particular it relates to the
use of a urpan myeloma cell line (1 & methoed for making a human hybridoma capable of

producing human monoclonal antibadies.
BACKGROUND

The technique for providing murine monoclonal anttbodies was dovised in 1975 by
Kahler & Milstein (1,2). In this method, antibody-producing spleen cells from an
iraanised mouse age fused with cells from a mouse myeloma to produce hybrid cells
known as hybtidomas. After fusion, the cclls are sclected nsing drugs that kill the
myeloma parental oell, whereas the unfused parentak spleen cells have a limited life-span
and seon die, so that only hybrid cells survive. These hybridomas have the capac-ity 0
pm.lifer'ate indefinitely and to secrete antibody speeific for the antipen used to immunise
the spleen cell donor. Those hybridomas producing antibedy of the desired specificity are
cloned, resulting in a hybridoma cell line producing a homogenous pepulation of anttbody

molecuies (i.e. monoclonal antibodies).

Much: résearch eftort has been directed to the adaptation of this technodogy to praduce
human menoclopal antibodizs.  Attempts to use the mouse myclomas to derive human
monoctonal entibodies were unsuccessful because the hetero-specific hybrids quickly lose
the relevant human chromosomes. Attempts have also been made to use known antibody-
secreting human myeloma cell lines {such as the IgEA secreting U266 human myeloma
cell line, and the RPMI-8226 cell line which contains a heterogencous mixture of
lymphobiasioid and plasmablast cells {3)) for the production of human menoclonal
antibadies, but they have all failed, in spitc of promising early reports.

Dug to the lack of suc¢ess in abtaining human antibody-producing hybridemas, various
aiternative cell lines have been considered. For example, the Epstein-Barr virus (EBV)
has eeti used to immentalise antdbody-producing human peripheral blood B-lymphocytes.
However, such cell lines have a number of drawbacks when compared with the murine

monoclonal antibody-preducing hybridomas. For cxample, they tend (o be unstable with

JP 2004-502454 A 2004.1.29
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respect to growth, they are low producers of antibodies, and EBY does ot preferentially

immortalise lymphoblasts engaged in antibody respouses (4},

Strategies have alsn heen devsloped to produce monoslonal antibodies with Truman
character wiich bypass the necd for an antibody-producing hurian cell line. Tor cxample,
usefil monse monaclanal antibodies have becn “humarised” by linking rodent vanable
regions and human constant Tegions (chimerie antibodizs) (130, This somewhat reduces
the human anti-mouse immuncgenicity of the auiibody but residual immunogenicity is
retained by virtus of the foreign V-region framework. Moreover, the antigen-binding
specificity is essentially that of the murine donor. CDR-grafting and framework
manipulation (EP 0238400} has improved and refined antibedy manipulation to the point
where it is possible to produce humanised murine antibodies which are acceptable for
tharapeutic use in humans. However, the antibody specificity remains determined by the
mucine binding site donor. Morcover, their producticn 'u]vol%-cs complex manipulation of

sequences and is laborious,

Phage displuy technology has been developed for the in vitro generation of human
monoclonal antigen-binding fragments, whose V genes can be recoverad and enginesred
inte antibody genes to produce monoclonal antibodies (14). However, production of
human monoclonal antibodies by this route is a complex multi-step procedurs, and the
binding specificity of the antibodies, since it is engincered in vitro as a result of
c.omb:'n:itian. of raudonﬂy—generatcd sequenices, 1s mot subjected to fn vivp affinfty

maturation as is the case with natural antibodies.

A ansgenic mouse strain which contains human Instead of mouse impunogiobulin genes
Thas been developed (15} This mouse strain contains human genes and produces buman
antibodies: however because the diversity created is sclected not in a human but the
mouse host, and the antibodies wndergo affinity mataration i the qouse, the antibadies

are oot truly human.

From an analytical perspective, nope of the known methods is capable of dissecting man’s
immune response to specific antigen challenges. Direct analysis of genes from heavy and
light chains following polymerase chain reaction (PCR) amplification has become the
method of choice 10 characterise tbe type of antibodies expressed by people in certain

2
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conditions.  This method las the Jisadventage that the informatien of the hewvy-light

chains pairing is lost.

The murine hybridoma procedure for producing monoclonal antibodies has the added
advantage (over the above-mentioned non hybridoma based provedures) that it can
preferentially immortalise antigen activated B cells, thus produving & tong-lasting supply

of monoclonal 2ntibodias,

There s thug a need for 2 method for producing human monoclonal antibodies which hus

all the advantages of the conventionsl murine monoclonal antibody production method.
SUMMARY OF THE INVENTION

The present invention provides a human myzloma ccll line which is capable of acting tn
en analopous manner to the monse myeloma used in conventional methods for maiking
rurite manoelonal antibodies. Thezefore, for Ihe fimst itme, the present invention enables

the reliable production of truly buman hybridomas and monoeclonal antibodies.

The present invention thus concerns a human myeloma c#l line which is capable of being
fused with a buman fymphocyte using a standurd technique, such as a polyethylene glycol
(PEG) fusion pratocol, use of inactivaied Sendai virus (2) or electrofusion methods (17),
1o produce hybrid cells. The present inventor has also developed a method for producing
2 myeloma cell line with a considerable growth advantage (ie. a such shorter doubling

time than & primary plasma cell eniture from a myeloma patient).

The hursan myeloma cell ling of the present invention can be used as a general antibody
producing cell. For example, previously characterised aotibodies can be praduced by
rransfection of the myeloma cell line with known antibody genes. The myeloma cell line
is suited for “physiological” antibody production because “the post-translational
modifications of proteins prodused by the myeloma cells are likely to be identical to those

produced by human antibody-producing cells.
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In a preferred embodiment, however, the myeloms cell Jine of the present invention is
used in & method for producing a buman hybridoma which is capable of producing human
monoclonal antibodiss. Forther aspects of the invention, therefore, relate to: a methed for
produging a hybridoma, which comprises the step of fusing a human myeloma cell line
with a human lymphecyte; a human hybridoma cell linc produced by such 2 method; and

a human menochonal antibady praduced by such a hybridoma.

The hybridoma-production metiod the proscnt invention can be used to immortalise
human antibodies that are provoked by the matural body reaction in pathological
conditions. This enables an immune response to be monitored over time, and also
provides & source of antibodies which are more likely to be useful in therapy than
antihodies proparsd by other methods, Analysis of the specificity of such antibodies can
be used to provide information oo the disease-specific antigens which proveked the
antibady iz vivo. This information can, in ium be used to devise antigen-based

therapeutic stratepies, such as improved vaccines.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Quantitation of fel3 secretion by two hybridomas. 70771640} and
707/100¢#). Each hybridemna was seeded at a concentration of 3x10° cellsiml in RPMI-
1640 growth medium supplemented with 10%5 fetal bovine serum. Samples were
collected at the indicated intervals for IgG gquantitation by mumunefixation and for cell
counts. After four days the cell count of the 707/164 bybridoima reached gx107° cells/ml
while that of the 707/100 hybridome was 6x10° cells /m!. Thereafter the number of
viable celis decreased and by the 10" day nearly all the cells were dead when the level of
1gG in the medium was at its highest, namely 210 pg/ml of IgG for both culwres.

Figure 2: Analysis of immunoglobulin secroted Ey the myeloma Karpas 707 cell line
and hybridomas. The celis were grown at a concentration of 2516° cells/ml in L-
methionine, L-cysting deficient mediom whioﬁ was supplemented with 10% dialysed fetal
bovine serum and with [**8] methiozins and cystein 2t 250nCiml (Amersham
International). The cells were incubated for 8 hours at 37°C in a COz incubatar. After

incubation the cell suspensions were centrifuged at 1000g for § minutes, The supematant

JP
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was analysed by sodium dodscyl sulfate polyacrylamide gel electrophoresis after total

reduerion. The identity of radiclabetled sooreted Ig was confitmed by imnwunofixation,

Panel:
i Small quantity of x light chain produced by the mycloms cclls
2 120 that react with the gpdl HIV-1 preduced by the ybrid with the 164 cells,

34 f2G producing hybridoma formed by fusing the myeloma cells with fresh white
blood cells.

5,89, 16 Ig(3 produeing hybridoma formed with tonsil cells.
57  Twohybridomas with tonsil cells that secrete the « light chain onlby.

10-12 IgM scorcted by hybridoma formed with fresh tonsil cells. Band 12 suggests that
this hybridoma secretes both light chalns.

13 This hybridomna appears to secrete onty the twe light chaing since it was negative
for the heavy chains G and M.

14 1gG with the two light chains produced by = hybrid between the mycloma and

tonsil cells.
15, Hybridoma with tonsil cells that secrete high levels of light chain only.

Figure 3a Karyotype of the chromosomes of the Karpas 707 cell line which are near
tetraploid. Nete that chromosomes 2, 14 and 22 which contain the jmmunoglobulin genes

are normal #od diploid.

£3,X,-X,- X, del(1)(p] 1p36umd, +del( 1(qL 1q44),-2,-2.der{ 3)del (3Wp2 Lp23 inv(3}
(q23q25),+del(3)(q13q2 1) der(S ) 1;5)(p1 [;a31).der(3)(2:5)(g21;9431),
del(5)ql3q3 3Nz, +addr51g1),-6,-6,add(7)(p25).del(8)(g22624),-5,

5
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del{11(¢23925),-11,del(12)(p1 2p13),-13,~13,-14,- 14,2dd(1 5)p1 1 )R2,
der(16t(1;163p 1 1;p11),2dd(16)p1 132,16, der(1 831 T8} q23;p1 1),
add(18)p11).add( 18}q23),- 1 B,2dd( 1Dyl 32, +der{ 194(1;19Hq 1 1:p13)
Feder(] Pidup(l Wg23odd ) 19K 11:p153),-21,-22, 22, Hmar 112, mar2

b. Karyolype of the hybridoms Kaspas 707/164 which is near hexaplold containing
the normal pairs of chrmosomes which are readily ebvious in the case of chromasomes

No. 1.

125,502, e 1 )p 1| p36d, +del(] Hgl Lg94),2,-2,add(3)p23),
der(33del(3)(p2 Lp25inv(3)(q2 3qR 5),add(4) (a3 1),-4,der{ St 1;5)(p] ;g3 1)
der(SI(2:5)(q2 1;q3 hdelrS)a1 3q3302, +add(5)(a3 1), del (63521423}
-6,-6.add(7)(p23)%2,del(8)(q22q24),-9,del{11)(q23925),-11,

del(12)(piZp] 3)x2.-13,-13 - 14,-14,add(15)(p1 11x2, der(16)t(1; 16)pl1;pl by,
add(16)(pl 1)52,-16,der(18)t(1:18)(q23;p11),add(18)(p1 1 ),add(18)(q23),

-18,addf 1901 32 Hder(19911;19)(q F 1;p1 3}, Her( 1 9)t({dupi1)(q23q44);19)q1 1;p13),
-21,-21,-22,-22 +mar (%2 +mar2

Figure 4: Electron micregraph of the myeloma {a) and hybridoma (b}, In conteast to
ths cyteplasm of the myeloma cells which does not appear to contain deteciable levels of
rough endoplasmic reticulum (RER), the eytoplasm of the hybridoma is taken up by
parallel and concentric RER resembling plusma cells. These morphological observations
can he correlated with the low level of « light c¢hain produced by the myeloma and high
levels of 1gG which is secrefed by a hybridoma. The colis were fixed in 3%

piuteraldehyde and (he ullya-thin scetions stained in urany] acetate and lead citrate.
DETAILED DESCRIPTION OF INVENTION

In a first aspect, the present invention relates to a human myeloma cell line whish is
suitable for use in a methed for producing 2 human monoclonal antibody-secreting

hybrrdoma,

The myeloma ceil lins mey be developed from primary plasma cell cultures from patients

with myeoma, for example from the bone marrow or pesipheral bleod of such patients.

[
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In vrder to develap a homogenous cell line, the cells from the patients are cultured i vitro

and amplified.

It {s punmal for newly developed human myeloipa cell lines to have a welatively long
deubling time, of the order of 70 houwrs. However, the present Hrventor has surprisingly
Tound that it is possible to produce a much faster growing cell line by culturing the cells
ir vitre, For example, it is possible te educe the doubling thme to approxinately 33

hours or less.

The myeloma cell fine of the present jnvention may have a doubling time which is less
than 0.73, preferable less than 0.5 times the doubling time of the cell line before fr vitra
culture treatment. The myclama cell line of the present invention may have a doubling

time of less than 50 hours, preferably less than 40 hours, more preforably about 30 heurs.

[n order to use the standard polyethylene glycol (PEG) fusion protocoi, the myeloma cell
line of the present inventton may be resistant to PEG. The present inventor found that

$9% of buman myeloma cells were killed after first treatment with PEG for lymphocyte

fuston. Myeloma cells may be made PHG-resistant by treating eells with multiples cycles

of PEG. The present inveator has found that in the region of twenty cyeles of treatrent
produces a cell ling in which only about 25% of cells are killed by PEG treatment.
Sclection of a PEG-rosistant myeloma cell resulis in a cell line which can be fused with
human lymphocytes to produwce a human/buman hybridomz in accordance with the

present invention.

In the standard murine monoclonal antibody-secreting bybridoma production method,
fused cells are selected using hypoxanthin, aminopterin, thymidin (HAT) medium.
Murine myeloma cells are HAT-sensitive because they lack the enzyme
hypoxanthine;puanosine phosphoribosyl transferase (HGPRT), wherzas hybridoms ealls
are HAT-resistant, the HGPRT gene being provided by fhe splecn cell fusion partner. In

order o use the same selection procedure, the mysioma cell line of the invention should |

be sensitive to AT, HAT sensitivity may be selected by growth i 8-azapnanine andfor
6-thioguanine or other selective agents as known in the art. As used herein, the term

“HAT-sensitive” means that, in a hybrdoma fusion procedure, treatment with HAT
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medium results in preferential kiliing of unfused myelomes such that hybndoma sells

may be isokated.

It is canvenient for the mytloma cell line 1o be Cuabain resistant, to facilitate the fusion
and selection procedure with cell lines or with fresh cells isolated from tissues (such as
hone marrow, tonsil, lymph node, splecn and malignant fissue). Cells may be rendered
Cluabain tesistant by continued culture in increasing Ouabain concentrations. The

restilting cell lines are HAT-sensitive and Crizbain resistant.

It has been found that the mycioma cells baving a growth advantags have an incroased
chromosome number -'sompﬂled to myeloma cells with longer doubling times. The
myeloma cells of the present invention may bave an increasc in the number of
chremosomes (anuploid), or be Tear tetraploid, and - may have o number of gross
chromosemal abnrormalitics. However, one or more (pré%erably ull) 'of ehromosomes 2.
14 and 22 may be notmal and/or dipleid. Chromesomal analysis may be perfnr.rﬂe;i'lxsing

standard techniques such as the G-banding method.

The present inventor has produced and characterised a buman myeloma cell Mine which
has a short doubling time, is PEG resistant, Quabain resistant und HAT sensitive (sce the
Examples). This ccll ting is known a3 “Karpas 707", and a sample has been deposited at
rhe ECACC, Salisbury, Wiltshire, §P4 0JG, under Deposit Ne. 00071108,

The secondd aspect of the invention relates to 2 method for producing a myeloma cell line.
In addition 1o steps sclecting for: & growth advantage, HAT-sensitivity, Ouabain-
resistence and/or PEG sensitivity (as described above), the ethod smay also comprise the
step of introducing into the cells 3 marker capable of confernng sensitivity or resistance to
an agent other than HAT, Ousbain apd PEG. Such a marker or maker(s) may be
introduced into the cell by, for example, genetic engineering metbods known in the art,
Representative markers: enzymes producing 2 detectable product, such- as [-
galactosidase; proteins which confer antibiotic resistance or susceptibility; and gencs
whose pressnce is fatal to the cell snder certain conditions (“sujcide genes”), such as
herpes simplex virus thymidine kinase (HSVTE) which causes cell death in the presence

of gancy<clovir,
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The third aspeet of the invention relates to a method for preducing 2 human bybridoma
cell Tine, The hybridoma may be produced by a methed enalogous to the conventional
method for praducing murine hybridomas (7). For example, the myeloma ccll line of the
first uspect of the present invention may be fuscd with a human lymphocyte using, for
example, 2 standard PE(Y fusion protocol, inactivated Sendai virus or electrofusion

mathods.

Hybrid cells may be selected from unfused cells by any of the means known in the art.
For example, hiybtid cells may be selected andfor isolated by cell sorting {such as by
fluorescence—activated cell sorting (FACSY). using megnetic beads or using cytotoxicily.
The conventiona! rawrine method for selecting hybrid cells involves growing the celt
population post-fusion in 2 medium containing 2 chemical which will selectively kil
rayeloma cells which are not fused with lymphooytes (such as HAT). The hybrid cells
may then optionally be cloned to produce 2 homogenous hybridoma cell line. General
methods for hybridoma production are known in the art.  For example, the following

procedute may be used:

A singlecell suspension of human lymphoeytes from en immwnised individual is formed
in serum free RPMI 1640, supplemented with 2 mM L-glutamive, 1 mM sodium
pyruvats, 100 units/ml penicillin, and 100 ugiml streptomycin (RPMT}.  The cell
suspension is filtered through sterile 70-mesh Nitex cell gtrainer, and washed twice by
centrifuging at 200 g for 5 minutes and resuspending the pellet in 20 ml serum free

REMIL

2 x 10° tymphocytes are combined with 4 % 107 myeloma cells (kept in log phase in
RPMI with 11% foetal bovine serum (FBS) for three days prior to fusion), centrifuged
agd fhe supernatant is aspirated. The cell pellet is dislodged and 2 ml of 37°C PEG
1500 (50% in 75 mM HEPES, pH 8.0} is added while stirring over the course of one
minute, followed by the addition of 14 ml of serum free RPMI aver seven minutes.
Additional RPMT can be added and the cells are centrifuged at 200 g for 10 minutes.
Afier discarding the supornatant, the pellet is resnspended in 200 ml RPMI containing
15% FBS, 100 mM sodiurm hypexanthive, 0.4 mM aminopterin, 16 mM thymidine
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(HAT), 25 units/ml IL-6 and 1.5 x 10° lymphocytes/ml. The suspension is dispeused
into ten 96-well flat hottor tissuc culture plates ac 200 pliwell. Cells are fed on days
2, 4, and 6 days post-fusion by aspirating 100 ul from each well with ex 18 G needle,
and adding 100 pi/well plating mediam with or without 10 Ti/mi IL-6 and lacking

lymphocytes.

When cell growth reaches 60-80% confluence, culture supergatants ate taken from each
well and screened for reactiviry to the desired antigen by ELISA, ELISAs may be
performed as follows.  Tmmulen 4 plaws are coated at 4°C with 50 pliwell with
160ng/well of antigen in 50 mM carbonate buffer, pIT 9.6. Plates are washed with PBS
with 0.05%, Tween 20 and blocked 30 minutes at 37°C with 0.5% Fish Skin Gelatin.

Plates are washed as described above and 50 pl culture supernatant is added.  After

incubarion ai 37°C for 30 minntes, 50 [l of borseradish peroxidase comjugated goat -

anti-human I2G(fe) [diluted 110,000 in PBST] is added. TFlates arc incubated at 37°C
for 30 minutes, washed with FBST and 100 pl of substrate, consisting of 1 mgiml TMB

and 0.15mlimal 30% FO: in 100 mM Citrate, pH 4.5, is added. The colour reaction is

stopped witht the addition of 30 mi of 15% F50+. Asn is read on a plate reader.

The term lymphocyte is intended to include any antibody-producing ecfl. For exampic,
the lymphoeyte may ke a lymphoblast, such as an EBV-transformed B cell. The
lymphacyte may also be an i vizro cultured cell. Altemnatively, the lymphocyle may be
freshiy isolated from a human subject. For example, the lymphocytes can be obtained

from organs such as tonsils as well as lymph nodes, spleen, blood or bone marrow.

A human subjest may be & healthy individual, in parficular an individual who has been
immunised with a particuler antigen, or who has had (and recoversd from) & particular
disease. The human subject may alternalively be an individual who Aqs a particular
disense, A lymphoeyte from the buman subject may. therefore, be capable of producing

an antibody of interest.

Myelomas according to the invention may also be fused with non-antibody-producing
lymphocytes, or other white blood cells, which produce lymphokines. Especially
preferred are tumour-infilrating cells which produce antr-tumar  antibodies  or

T
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lympheokines of therapeutic utility. The hybridemas tiws ebtained are capable of reliably

produving soti-tumor antibodies or lymphokines in large quantities,

One areantags with the hybridoma-production method of the present inveniion, as well as
the conventional method for producing mouse monoclopal  antibody-secreting
hybridomas, is that the myeloma cell line preferentially fuses with antigen-activated

lymphocytes.

The present invention zlso provides a bybridoma cell line, and a mozoclonal antibody

produced by such a celi linc.

Preferably the hybridoma of the present invention produces a bigh yicld of antibodies.
For cxample, the hybridoma may secretc more than 100 pyrm] antibody, preforably at

least 200pg/ml antibedy, more preferably at lcast 390 pg/ml antibady:

The Lybridoma of the present imvention may have extensive rough endoplasmic reticulum
{RER). [n contrast to the cytoplasm of the myeloma cells (which do not appear ip contain

detectable levels of rough endoplasmic reticulum), the present inventor has found that the

- cytoplasm of a hybridoma cell of the present invention is taken up by parailel and

- Gancentric ER rescmbling plasma cells. The term “cutensive” is used herein to indicate

that the levels of RER in the hybridorha are compareble to those found in plasma cells.

The monoclonal antibody may be of any isotype: for example TgG, IgM, IgD, luA or IgE.
Tt may comprise light chains, heavy chains or both.

Preferably the antibody is usefal in the prevention or teatrnent of 4 disease. For example,
if a disease-specific antibody-producing cell i3 isclated from one patient, the cell could be
immortalised by the method of the present imvention, enabling the antibody to be
produced in large quantities. The entibody may be given 1o 2 patient in & passive
iminunisation profocol to confer resistance 10 the discase. Altematively, the antibady
may be given o & patisnt suffring from the discase to boos! linmune Tespenses and help
clear the infeotion. It is possible that the derived hybridomas with various white biood

cells will give rise to a range of therapentic humoral fuctors.
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Humsn monoclenal antibodies produced according to the method of the presenl invention
may be cmployed o substantially any process which involves ligand-polypeptide binding,
including in vivp therapeutic and prophylactic applications, i vitro and i vivo diagnostic
applications, in vitro assay and reagent applications, and the Iike. For exampie, antibedy
molecules may be used in antibody based assay techniques, such as ELISA technigues,

aceording to methods known to those skitled in the art.

As alluded to above, the anfibodies produced according to the invention are of use in
diagnostic, prophylactic and therapeutic procedures. For example, antihodies produced
accurding to the inventio.n are of use diagnostically in agglutination, ELISA,
immunoperoxidase, Western blot and  in sity protcin. defection by  standard
immunehistochemical procedures. For use in these applications, the antibodies may be
labelled in aceordance with techniques known to the art. Tn addition, such antibedics may
be used preparatively in affinity chromatopraphy procedurcs, when campleed o a
chifmatographic suppost, suck as a resin. All such technigues are well known to one of

stall m the art.

Therapeutic and prophylactic uscs of antibodies prepared according tw the invention

involve the admisistration of thereof to a recipient or patient,

Substantially pure antibedies of at least 990 to 93% homogenei:ty are preferred for
administration to @ patient, and 98 to 99% or more homogeaeily (s mest preferred for
pharmaceutical uses. Once pusified, partiaily or to homogeneity as desived, the selected
anlibodies may be used diagnostically or therapeutically (including extracorpereally} or in
developing and performing assay procedures, inununofluoresvent stainings and the itke
{Lefkovite and Pernis, (197% and 1981) Tmmunelogical Methods, Volumes [ and 10,
Academic Press, NY).

The antibodies thereol of the present invention will typicalty find use in preventing,
suppressing or teating inflammatory slates, allefgic hypersensitivity, cancer, bacterial or
viral infection, and autoimmune disorders (which include, but are not limited to, Type
dighetes, multiple sclerosis, theumatoid arthritis, systemic lupus erythematosus, Crohn's

disease and myasthenia gravis).
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In the instant application, the term “preventien”” involves administration of the protective
composition prior to the induction of the disease. “Suppression” refers to administration
of the composition after an inductive gvent, but prior to_the clinical yppearance of the
disease. *Ireatment” involves administration of the protective composition after disease

symptoms become manifest.

Animal modet systems which can be used to sureen the offectiveness of the antibodies in
protecting against o treating the disease are available. Methods tor the testing of systentic
Iupus ervthematosus (SLE} in susceptible mice are known in the art (Kaight ez al. {1978)
J Exp. Med, 147: 1633; Reinersten et al. (1978) New Iny. J Med, 29%: 515).
WMyasthenia Gravis {MG) is tested in SJL/] female mice by indusing the disease with
soluble AchR pratein from another species (Lindstrom ef al. {1988) Adv. Immunal., 42:
233). Artlmitis is induced in a susceptible strain of mice by injection of Type I collagen
(Stuart ef . (1934} Ann Rev! Inemunol.. 42: 233), A mode] by which adjuvant arthritis is

induced in susceptible tats by injection of mycobacterial heat shock protein has been

deseribed (Van Bden er of. (1988) Mature, 331: 171). Thyroiditis 15 ingduced in ;-uice'by

administration of thyroglabolin as desuribed (Maron ef af. {1980y J Exp. Me-d., 152:

1115). Insulin dependent diabetes mellitus (IDDM) occurs naturally or cao be induced in ’

certain straing of mice such as those described by Kanasawa et af. {1984} Digbatviogia,
27: 113. EAE in mouse and rat serves as 2 model for MS in human. In this model, the
demyelinating disease is induced by adminisiration of myelin basic protein (se= Patcrson
(19467 Tenthook of Mmmuncpathology, Mischer er af, eds., Grune and Stratton, New
York, pp. 17-213; McFerlin et al. (1973) Science, 179: 478: and Satoh et af. {1987) J.
Immunol., 138: 179).

The antibodies of the present invention may also be used in combination with other
anttbodies, particularly human monoclonal antibodies (MAbs) reactive with other markers
on human cells responsible for the discases. For example, suitable T-cell markers can
inelnde thase prowped into the so-called "Clusters of Differentiation,” as aamed by the
First International Leukocyte Differentiation Workshop (Becnbard e of. (1984) Lewkocyte
Typing, Springer Yerlag, NY). .

Generally, the present amtibodies will be utilised in purified form together with

pharmacologically appropriate carriers. 1ypically, these carriers include agueous or

13
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wlcoholicfaqueons solutions, emulsions ot suspensions, any including saline andior
buffered media. Parenteral vehicles include sodium chloride solution, Ringsr's dextrose,
dextrose and sodium chloride and lactated Ringec's. Suitable physiologically-acceptable
adjuvants, if aecessary to keep a polypeptide complex in suspension, may be chosen from

thickeners such as carboxymethyleellulose, polyyinylpyrraiidons, gelatin and alginates.

Istravenous vehicles include fluid and nutrient replenishers and electrolyte replenishers,
such as those based on Ringer's dextrose. Preservatives and other additives, such as
antinicrobials, antioxidants, chelating agents and nert gases, may alse be present (Mack

(1982) Remington's Pharmaceyrical Selences, 16th Edition).

The autibodies of the present invention may be used 28 seperately administered
compositions or in conjunction with other agents. These can include various
immunotherapeutic drugs, such as cylcosporine, methoitexate, edriamytin or. cisplatinum,
and immunotoxing. Pharmacentical compositions can include “coclduils” of various
eytotoxic or other agénts in conjunction with the selected anti.boﬁias, receptors or binding‘
proteins thereof of the present invention, or even combinations of selected polypeptides
according to the present invention having different specificities, such as polypeptides
sclected using differemt target ligands, whether or mot they are pooled prior te

admipistration.

The route of administration of pharmaccitical compositions according to the invention
may be any of those commonly known to those of ordinary skill in. the at. For therapy,
inchuding withour limitation jmmimotherapy, the antibodies of the invention can be
administered to any pafient in accordance with standavd techniques. The administration
can be by any appropriate raode, neluding pareterally, intravenously, intramuscularly,
intraperitoneally, transdenmaliy, vie the pulmeonary route, or also, appropriately, by direct
tnfusion with & catheter. The dosage and frequency of administration will depend on the
age, sex and condition of the patient, concurrent sdministration of ofher drugs,

counterindications end other pacameters to be taken into account by the clinician.

The antibadies of this inventicn cag be lyophiliseé for storage and reconstituted in 2
suitable camisr prior ic wse. This fechnique has been showm to be effective with

conventional immunoglobulins and art-known  {yophilisation and  reconslitution
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techniques can be employed, It will be appreciated by those skilled in the art that
lyophilisation and reconstitution can lead to varying degrees of antibody activity Joss (e.g.
with eonventional Immunoglobuling, TgM antibodies tend to have greater activity loss

thar Tr( andbadias) and that use lovels may have to be adjusted upward Lo compensate.

The eompositions containing the present antibodies or a cocktall thercof can be
administersd for prophylactic andfor therapeutic treatments. In certain {herapeutic
applications, an adequate amount to accomplish. at least partial inkibition, suppression,
modulation, killing, or same other measurable pacameter, of a population of selected cells
is defined as a "therapeutically-cffective dose™. Amounts needed to achieve this dosage
will depend upon the severity of the disease and the general state of the patient's own
immune system, but generally range from 0,003 to 5.0 g of antibndy per kilogram of
body weight, with doses of 0.03 to 2.0 rag/kg/dose being mare commonly used. For
prophylactic applications, compositions containing the present selecled polypeptides or

cocktails thereof may also be administered in gimiler or slightly lower dosages.

A composition containing an antibody according to the present invention may be utilised
in prophylectic and therapeutic sedings to aid in the altertion, inactivation, killing or
removal of a select target ecll population in 2 mammal. In addition, the antibodics
described herein may be used exiracorporeally or ir vitro selectively to kill, deplete or
otherwise effectively remove a target cell population from a heferogencous collection of
cells. Blood from a mammal may be combined extracorporcally with the selected

antibodies, cell-surfacs receptors or binding proteins thereof whereby the undesired eells

are killed or otherwise removed from the bload for retun to the marmmeal in accordance

with standard techniques.

The ¢apaciiy to produce unlimited quantities of a particular antibody from an antibady-
producing cell in a patient can aiso be used o gain valuable information about the
immune respalnsa. Tor example, if the patient has a disease, it is possible to deduce the
disease-specific antigens targeted by the immune system. This information can be used to

design better drags and vaccines to treat and/or prevent the dissase.

Almost every discase produces an antibody-mediated hmmune resposse, and 30 is a

candidate for prevention/treatment by an awtibody-mediated therapy. The procedure of the

15
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present invention will be invaluable to immortaliss human antibodies provoked by the
matural defensive reaction of pathological conditions. Of particular interest, however, is
ihe usc of the method of the present invention to immortalise tumour-infiltrating
lymphocytes. This may producs nsefol anti-sancer antibodics and alsy uncover funour

specific untigens. Such antigens could in tumn be used as anti-cancer vaccines.

By analysing antibodies produced at ditferent times, it is also possible to map the course
of an immune respense to antigeric challenge. This may provide valuable information on

the optimwn timing for a particular treatment strategy or vaceinalion protocol.

[n a further aspect of the present invention there is prnvidcﬁ the use of a human myeloma
cell line according to the first aspect o produce an antibody, by transfection of the cell
line with antilody-producing genes. The post-transiational modifications effected by the
hurpan myeloma are identicel to those formed jn human antibodies. Thus, for
biotechnologicat production, the human myeloma line is prefemed to produce anfibodies
derived not onfy from human hybridomes but also by transfection of already knowm

antibody senes.

A human hvbridoma cell line of the pre-scnt invention may alsa be used (o select a mutant
that will be also HaAT-sensitive i the same way that the murine 8p2/0-Agld was
develaped to producs a hybrid hybridoma (16) following fusion with another lymphocyte.
In particular, a hybridema produced using the mysloma cell line of the present invention
which prochuces low/andetectable levels of antibody, but has high levels of RER, may be
selected for fusion with a sccond ymphocyte capable of producing an antibody of
imterest. In this way, a hybrid hybridoma may be produced which is capable of scereting

bigh titres of the desired antibody.
The following examples serve to illustrate the present invention, but should not be
construed as a limitation thercof. The invention particularly relates to the specific

embodiments described i these examples.

EXAMPLES
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Exampie 1 — Production of ar improved hum#n mycioma cefl line

The present inventor has been {rying to develop new human myeloma cali lines for over
twenty years. The present inventor has previously deseribed a myeloma cell line which
was developed from the bone marrow and peripheral blood of & 53 year old male patient
diagnosed as having multiple myeloma (5,6). Since ikis cell line now secretes
only = light chain it has a potential practical advantage over myeloma cell lines that alse

praduce the heavy chain,

Selecting for myeloma celly having a growth adventage

The doubling time of this myeloma cell e after isolation was over 70 hc;urs, but
Tollowing continuous i wifre culture over many months a faster growing cebl emerged
with & doubling tite of approximately 30-40 hours, with an increase tendency to stick 1o
the surfaces of glass or plastic when in stationary culture. The adberent cells can be
detached easily by forceful pippeting in a similar way to the mouse myeloma cells used i
generate hybridomas.

Selection for HAT sensitivity and Cuabain-resistance

The conventional method for making murine hybridemas relies on the fact that the
unfused murine nyelonw cells are sensitive to hypoxanthin, aminopterin, thymidin
(HAT). Inorder to select for human myeloma cells which are (HAY)-sensitive. they werc
grown in B-azaguanine. Azaguanineresistant cells that grew at a concentration of
30pg/ml were further subjected o 30ugfml of 2-Aminc-6-mercaptopucing (6-
Thicguanine). The first twenty clones that grew out were tested for their sensifivity fo
HAT mediumn. The fastest growing clone which did not seem to produce any resistance
wag selected for further work. In order to be able to fuse the myeloma cells alse with
antibedy producing cell lines it was decided to select also for an Ouzbain resistant
subline. Growing the myeloma cells with an increasing concentration of Ouabain

eventually led to the emcrgence of a HAT-gensitive Ouabaii-resistant subline.

Example 2 — Production of 2 human hybridoma

In order to optimise the conditions end screening for hybridema formation the present
inventor decided to develon (for the initial fastons) an antrbody-producing human B-cell
Iymphocyte with known specificity. Therefore the peripheral blood lymphocytes from
bealthy HIV-1 infected individual were infected with EBV. From the EBV-tnmmortalised

17

JP 2004-502454 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

Q7

WO 04607 PUTIGRILIISY

B-cells, cells that produced monoclonal antibodies to HIV-1 gpdi were selected and
cloned, and reterred to as Cell line Karpas 164 The present biventor then attempied
unsuccessfully 1o fuse the myeloma oclls with the EBY-immortalised human lymphocytes

using pelyethylene glycot (PEG) of different molecular weights.

[n arder to lry to investigate the reasons tor the repeated failure to develop hybrids the
myeloma cells alone were treated with PEG using the same procedure as that used for cell
fusion. Thereafter, the cells were seeded in growth medium, but without IIAT o
Cuabain, ad examinad for viability. Examination of the PEG-treated cells revealed that
the PEG was highly toxic, killing over 53% of the cells.

Development of ¢ PEG-resistant sub-line
In view of the ahove findings, the presént jnventor decided to try and dovelop a PEG-

resistant subline. This was achieved by treaiing zbout 0 myeloma cells. with PRG

{1500MW) following the protoca} used for murine hybridoma formation. The few viable

* cells which cventuatly grow out were treated again with PEG. ‘He repaated such cycles of .

treatment more than twenty times overa period of about 18 months befure a subline of the
myeloma emerged where cuiy about one querier of the cells were killed by the PEG
treatment. However, in the process HAT-resistant cells reeppearsd.  The cells were
therefore treated onoe rote with, $~azaguanine and cloned. A clone was isolated which
did not revert when grown in HAT medium. This celf line is known as the myeloma
Karpas 707 cell line, a sample of which has been deposited as Deposit No. ECACC
00071108,

Fusion with ERY-immortalised lymphocytes

The HAT-szositive, PEG-resistant cells were then fused with the EBV immortalised
lwman B-lymphoeytes 164 cells produsing the monoclonal antibodies to gpdl wsing a
standard PEG fusion protocol (7). The cell suspension was seeded in multi-well plastic
rrays. Following growth in the presencs of HAT and Ouabsin, elones resembling the
wiyeloma cell line grew out. The tissue cultwre fluid gave sirong staining of the
membrenes of acetone fixed HIV-1 infected Karpas 45 T-celis in the Karpas ATDS cell

test for anti-viral antibodies (8).
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Charavterivation of the humar moagclonal anitbudy produced by the hybridomu

Further studies using several polypeptides of the gp4l of HIV-1 enabled us 1o establish
that our monoclonal antibody reacted against the peptide LAVERYVLKDQOLLGIWG but
it Failed 1o react against four other peptides of the gpdl of HIV-1 {results not shows). The
cpitope that this moncclanal entibody recagnises seems not to be present jn the Aftican
NIVK strain of HIV-1 {$), since the antbody fails to react with NDK infected T-cells bur
reacts nat only with the Cambridge isolate of HFV-1 (10) but also with the early French
LAYV isolate (11). A datebase search confirms that both the French (LAV) and British
{CAML) isolates of BIV-1 share the above amino acid sequence, whereas the African

tsolate bas a lysine to arginine mutation.

Fusion with fresh human lymphacyies

After the sucesssful fusion with the 164 cell line the present inventor decided to establish
whether their myzloma cells wonld also torm antibady-produsing hybridomas with fresh
bwman tymphoeyies. They fused the myeloma cells with unfractionated white blood celis
(WBC) from the peripheral bloed of um adult and with tonsil cells prepared from
surgically removed tonsils fr@m two children. The cell suspen'sions abtained afier the
PEG fusion were seeded in 24 and 96 wells plasﬂc tissue culture plates and grown in
REMI-1640 meditm supplemented with 20% foetal bovics serum and HAT for the first
12 days, Thereafter, growth medium alone was used and colony formation was observed
during the following 2-3 weeks in epproximately 25% of the wells when the myeloma
cells were fused with tongil cells and in about 10% of the wells when the myelomz cells
were fused with blood WBC. Tissue culture fluid collected fTom wells with active cell

growth was assayed by ELISA for the presenwe of fgG. To this method, protein-A was

used on the plastic wells ta capture the JgG monoclonsl antibodies produced by the pewly’

formed hybridomas. The culrure fluid from over 100 of the wells contained [gG.

The prescnt inventor has, to dute, developed over 20 independent I secreting hybrids
from fusion with peripheral blood lymphocytes and over 100 antibody producing hybrids

frant fusion with tonsil cells.
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Exzmple 3 — Characterisation of the haman myeloma celt [ine and byhridomas
Morphological analysis of the hybridomes

The growth pattem of many of the cells that grew out was variable. When in stationary
culture, myeloma cells grow in 2 uniform pattern of adherent ceils forming an Dreguler
maosaic which covered the plastic surfucs with contimous release of cells into the culture
fluid  When. grown in toller flasks, most ceils remain in suspension as clusters of variable
size. The mrowth of some Liyhrids resembled the parent myeloma gells but many sthoes
acquired a distinet morphology and mowth foems. In stationary culture, same hybridomas
adhered to the plastic surfaces and displayed numerous thick but short spindles,
rectangular and trangular shapes. Other grew mainly in suspension as single cells or

clusters.

Ultragtructural examination of the cultured myeloma revealed that in contrast to the cclls
which contained large amounts of rough endoplasmic reticulum (RER) during the first
year in culture (5), after long-term ir vitre growth the cells have lost most of the RER.
However, examination of two hybridomas, 707/164 and 707/105 (formed with blood B-
cells) revealed that in both vases the hybrids resembled plasma cells (Figure 4). A large
part of the cytoplasm was taken up by parallel and conceniric RER while (he degree of
dilatation of the eistemae varied fom cell to cell. The contents of the RER appesred as
fine granular material which is probably immuncgiobulin, A large number of
mitochondria could be scen in most sections, while sections through the Golgt araﬁ
revealed highly developed ;{ppa:atus. Since the ultrastructural exaniiﬁation of EBY-
immortalised 154 B-cells revealed onlty a small number of short and thin strands of RER
it will not be unreasonable to suppestthat the fused lymphoblast somehow uctivates the
latent mycloma RER far the production of 1g.

Chromosomed analysis of the myeloma cell line

To confirm that the antibody producing cells were indeed a hybrid of myeloma and
human_lymphocyie, cell cultures ware prepared for chromosome anelysis using the G-
bagxling method described by Coepulkuwski et al (12 Early o, the culfured mycloma
cells (like the fresh patient vells) were Tound to be hypodiploid with 43 chromesames
confaining several chromosomal abnormalities (5). However, the myeloma cells which
had the selective growth advantage (after multiple cycles of in vitro culture) and which

had inereased PEG-tegistance were revealed (o be near tetraploid containing numerous
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and unusual high number of pross chromosomal abnormalities. In fact 13 of the 23
chromaosomes were abnormal.  Kauyotyplc analysis revealed 5 copies of chromosome 1
ill of which were also shorter than usual, and 3 marker chromosomes. It is intercsting to
note that the chromosomes 2, 14 and 22 {which contait the immuneglobulin genes) are

normal and diplaid.

In order o establish whether the repeated cyeles of PEG treaunent induced these
chromosomal karyotype abnormalities, the chromosemes of cells which were frozen priov
to the PEC ireatment were also apalysed. The analysis revesled that all these changes
weye present before the PEG treammient.  Henee it appears that, during the continuous i
vitra culture over many months and reatment with 8-azaguanine, 6-thioguanine, BAT
and Cuabain, a near tetraploid cell line emerged which had a growth advanrtage over the

hypodiploid myeloma cells.

Chramosomel analysis of the hybridoma cell lines
Karyotype analysis of the bybridoma with the 164 cells revealed that the cells ure near
hexaploid, containing the near tetraploid chromosome of the myeloma cell and the normal

chromgsome from the lymphoblast.

Karyotype analysis of the EBV-iransformed lymphoblasts (Katpas 164 line) that produce
monaclonal aptibody to gptl of HIV-1 shows that about (0% of the cells display a
sunilar transiocation, (1;16) (p) ;410 to that detected also in the myeloma ccll line.

This may be dus to ptalonged in virre culture.

Analysis of IgG production

As to the quantity of IgG production, & comparative assay for the secretion of antibodies
to the gpdl of HIV-1 by the BBV infected lymphoblasts and the hybrid (707/164)
revezled that the hybridoma produced at lcast cight times more antibodies than the
Iympheblasts following cutture of identical oumber of ceils (10%ml} undey the same
conditions. Specifically, the hybrid 707/164 scorcted 470pg/mi of IpG whike the 184 cells
secreted loss than the assay detection level, which is 70ug/ml after four days in culture,
Since both eell sultures bave the same genettc information for the antibody syothesis it is
clear that the kybridoma cells of the present invention: are far more effective mn antibody

pradaction.
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Tests far the secretion of immunoglobulin confirm that the mycloma cells produced only
2 smal} quantity of light chain. The fusions with the tansil cells and blood lymphocytes
produced ciones that secreted 1gG as well 25 Ighd. One of the hybrids which was tormed
with tonsil cells produces only light chairs (b + x). Such diversity of Ig production
suggests that the myeloma cell line is capable of farming hybridomas with most if not all
the range of smtibody producing cefls. In fact the present inventar has found that the
hylwidomas that ave formed with the mysioma cell line described herein are far mare
effective in antibady production than murine kybridemas (speeifically, the hybrideoma that
secreted antibodies against gpdl of HIV-1 produced 470 pg/ml yield of IglG, and the
hybridomas that were formed following [usion with blood ymphocyles produced 210
pg/ml and 130 pgfml of [gG). It correlates with extensive rough endoplasmic veticulum
(RER) which is present in the human hybsidoma as compared to the sparse RER of the

murine hybridoma.

Various modifications and veristions of the deseribed methods and system of the

invention will be apparent to those skilled In the art without departing from the seope and

spirit of the invention. Although the invention hes been described in connection with
specific praferred embadiments, it should be uaderstood that the invention as claimed
should nol be unduly limited to such specific’ embodiments.  Indeed, various
modifications of the described modes for carrying out the Jnvention which are obvious w
those skilled in chemistry ar hiology or related fields are intended to be covered by the
present imvention. All publications mentioned in the ubove specification are herein

incorporated by reference.

22
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CLAIMS
1 A human myeioma cell line for use in = method for producing a human

monoclunal antibody, which has been seleuted for prowth advantage by multiple cycles of

contipuous & vitro culture.

2 A human myeloma celt line for use in a method for producing a human
monoclonal antibedy, which possesses ene or more propertics selected from the group
consisting of

a) PEG-resistance;

b} HAT-sensitivity; snd

¢) Ouabain resistance.

properties a, b and ¢.

4, & myeloma ocll line aceording to any preceding claim which has an increased

chremosoms numbear and or one or more chromosemsl abnormalities.
3. A myeloma cell Line according to claim 4 which is near tetraploid.

4, A wyeloma eell line according to claim 4 or 5, whersin one or more of

chromosomes 2, 14 and 22 are diploid and fiee from chromeosomal abnommelities.

7. A myeloma cell line according 1o any preceding claim, substantially as desribed
herein, and known hercin as Karpas 707, which is the same as, or derivable from, the
sample deposiied in Deposit No. ECACC 00071108,

8. A method for producizg a human myeloma cell line, conprising the steps of
a}.isolatng a primary human myeloma cell from a myeloma patient;
b) culturing and multiplying the cell in vitre by multiple cycles of in vitre culture
50 as to zelect for a growih advantzge over primary meycloma cells,
©} exposing the cells to an agent which enables selection for ons or more HAT-

sensitive cells;

24

ER A human myeloma cell line according to claim 2, which passesses each of the
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&) optionally, sxposing the cslls to Guabain and selecting one or more cells which
are Crugbain-resistant; and

) exposing the cells to palyethylene plycal (PH(G), and selecling one or more
PEG-resistant cells;

wherein the sbove steps c-¢ may be perfommad individually or sequendally in any

order.

9. A method according to claim §, which includes the step
13 introducing inte the cells a marker capable of conferring sensitivily or
resistance to an agent other than HAT, Guabain and PEG

wherein step ) can occur at amy point in the method alter step a).

10. A method for production of a human hybridoma, which comprises the step of '
fusion of & buman myeloma celf line according to any of clams 1.to 7 with a human

white blaod cell.

11. A wmethod sccording to claim 10, comprising the steps oft

a) incubating & mycloma sell Jine according to any one of claims 1 to 7 with a
human white blood cell, in the presencs of polyethylene glycol (PEG), inactivated Sendai
virus, or uader electrofusion conditions;

by selecting (or hybrid cells.

12, A method acoording o cleim 11, wherein step b) comprises
i) continuing the incubation in the presence of HAT with or without Guabain,
i5) selecting HAT-resistant, optionally Quabain-resistant cells; and
ifi) culturing the HAT-resistant, opticnally Ouabain-tesistant cells and selecting

individual hybridoma clones,

13. A method according to any onc of elaims 19 to 12, whorein the white blood cell is
an antibody-producing lymphocyte, a Iymphoblast such as an EEV-immortalised

lymphocyte, or a lymphokine-producing white blood cell.

14. A method according to any one of claims 10 to 13, wherein the white blood cell is

freshly isolated from a hurnan subjact.
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15 A method according to any one of claims 10 to 12, wherein the human white
blood cell is part of a population of lymphocytes showing varying degrees of antigen
activation, and the human myvloma cell line preferentially fuses with autigen activated

lymphoeytes from the popuiation.

16. A human hybridoma cell line produced by a method according to any of claims 10

i 15

i7. A human hybridoma cell fine according to claim 16, having extensive tough

endoplasmis reticulum,

18. A human meaoclonal antibody produced by a hybridoma cell line according to
claim 16 o1 17.

15. A humzn monoclupal antibody aecording to claim 18, for uze in a methed for

ireating or preventing a disease.

20. A hwman monoclonal antibody acvording to claim 19, for uge in conferring

humoral Imrmunity to a human subject.

21. A method of producing au antibody, which comprises the following steps:

(i) isolation of a lymphocyte from a human subjcct;

fli}  production of a human hybridoma by using the lymphocyte in 2 method
accarding to any of ¢laims 1010 15; and

(i}  isolation of an antibody seereted by the hybridoma.

22, A method according to claim 21, whercin the antibody is capable of treating

and/or preventing a disease.

23, A method aceording to claimm 22, whertein the lymphocyts is 2 tumeur-intiltrating

Iymphocyte, and the antibody is nseful in the treatiént or prevention of cancer.
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24, A method for identifying a disaasergpetiﬁc antizen which comprises the following
steps:

(i} preduction of a disease-specific antibody by a method according to claim
22 o1 23 and

(@) deduction of the antigen which is specifically recognised by the anfibody.

35, A method of monitoring n immune respouse in a human which comprises the
following steps:

(i) isoiation of Iymphocytes from @ human subject at varying stages of the
LITUTLLEOE [ESPONSE,

(1) production of a human hybridemas by using the lymphecytes in a method
accarding tr any of claims 10-15;

(i)  isolation of an antibudy secreted by each hybridoma.

26. A method for producing a human antibody which comprises the following steps:
(1) transfection of 2 human myeloma cell line acearding to any' of oluini [ty 7
with ohe or more antibody encoding gene(s); '
(i1}  production of the antibody by the transfected myeloma cell line.

27. A metbod for producing a humotal factor, which cemprises the step of fusing a

cell [rom a myeloma cell line according to any of claims 1 to 7 with a white blood cell

" which is capable of producing the humoral factor.

38.  The use of a human hybridema csll line according to claim 16, in a method for

selecting # mutant that wil lead to a hybeid hybridoma.
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