Met hod for Manufacturing Antigen-Specific Antibody-Produci ng Hybri domas

. Enpl oying a Single Antigen-Specific B Lynphocyte and Met hod for

Manuf act uri ng Monocl onal Antibody Technical Field The present invention
relates to a nmethod for manufacturing antigen-specific antibody-producing
hybri domas enpl oying a single antigen-specific B | ynphocyte and to a

met hod for produci ng nonocl onal anti bodi es. Background Art Conventionally,
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unrelated antibodies or no antibody at all.

When attempting to find a hybridoma producing a target antibody by the
conventional method, for example, spleen cells collected from an immunized mouse are
fused with myelomas and plated on ten 96-well plates. It would be possible to plate even
more cells, but there is a time constraint when a single person is conducting screening;
unused cells are frozen and stored. By this method, hybridomas are grown in about 500
wells.

The hybridomas in the 500 wells do not all grow at the same speed; some grow
quickly and others grow more slowly. Accordingly, it is impossible to simultaneously
check the growth of all 500. First, a microscope is used to check whether cells in the
wells are proliferating and whether a number of cells adequate to check for antibody have
been reached. On that basis, the cell supernatants are collected from suitable wells and a
check is made as to whether antigen-specific antibody is being produced. This checking
for cells and checking of cell supernatants must be conducted rapidly because
hybridomas grow rapidly and will exhaust the nutrients in the medium and die out if




desired hybridomas die out. Wien a well is discovered in which a targeted
. hybridoma is growing, a hybridoma producing another antibody will often be
found growing with the hybridonma producing the targeted anti body. Since
hybri domas may expel their own chronosones while grow ng, there are cases
where a hybridoma that was producing an anti body | oses the chronosone for
the anti body and thus ceases to produce it. Such cells normally grow nore
rapi dly than anti body- produci ng hybridomas. Wen left to thensel ves, nost
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More specifically, in the case of human antigen-specific antibodies, there exists a
method of transforming peripheral B lymphocytes with EB virus, culturing the
transformants, and screening for cells producing antigen-specific antibodies (Lymphocyte
Function Detection Methods (5% Revised Edition), ed. by Junichi YATA and Michio
FUJIWARA, Chugai Igakusha, 1994, The Use of EB Virus Transformed Cells in Human
Monoclonal Antibody Production, Fumio MIZUNO, Toyoro OSATO, pp. 381-391).
Since the frequency of the lymphocyte cell lines that can be established is low, the
probability of obtaining an antigen-specific antibody-producing B lymphocyte cell line is
extremely low. Further, about a month is required to establish a cell line. Still further,
the B lymphocyte cell lines established produce small quantities of antibody. Murine
hybridomas can be produced, but no system has been successfully devised for efficient
human hybridomas.

Murine hybridomas can be produced. Conventionally, such hybridomas are
produced by immunizing mice with antigen, removing the spleen or lymph nodes of the
mice, preparing lymphocytes, fusing about 10® of the lymphocytes prepared with about




hybri domas in a sel ective medi um such as HAT, screening the hybridomas that
., grow for those producing antigen-specific antibodies by ELISA, flow
cytometry, or the like, and selecting the antigen-specific

ant i body- produci ng hybri domas (Lynphocyte Function Detection Methods (5t°
Revi sed Edition), ed. by Junichi YATA and M chio FUJI WARA, Chugali

| gakusha, 1994, Mbonocl onal Anti body Preparation Methods Based on B
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A further object of the present invention is to provide a method of manufacturing

monoclonal antibody from the antigen-specific antibody-producing hybridomas produced,

Description of the Invention

The present invention relates to a method for producing antigen-specific antibody-
producing hybridomas by selecting a single B lymphocyte reacting specifically with a
certain antigen (referred to hereinafter as an “antigen-specific B lymphocyte™), culturing
the antigen-specific B lymphocyte selected, and fusing the cultured antigen-specific B
lymphocyte with myeloma cells.

In the above production method, the selected antigen-specific B lymphocyte can
be cultured in the presence of anti-CD40 antibody, CD40 ligand (CD40L), and
interleukins including interleukin 4 (IL-4), '

in the presence of mitogen capable of inducing the proliferation of B lymphocytes
(for example, LPS), or

in the presence of anti-CD40 antibody or CD40L; interleukins including IL-4; and
mitogen (for example LPS).




The above single antigen-specific |ynphocyte can be selected using a flow
. cytonmeter or mcrowell array chip. The above single antigen-specific

| ynphocyte can be sel ected by adding antigen to the individual mcrowells
of an antigen-specific |ynphocyte detection-use mcrowl!| array chip
having nmultiple mcrowells each containing a single | ynphocyte specinen,
detecting those | ynphocytes reacting with the antigen, and renoving the
detected antigen-specific |ynphocytes fromthe mcrowells. The

anti gen-specific | ynphocyte nmay be present at a frequency of |ess than or
equal to 0.1 Perabemt sinﬁalahﬂi@ln sptdific pngheaite canvisdeleoedusingdw 0 a net hod
for manu SRQQ lpis@nt i body enpl oyi ng the hybridonas prepared by
t he abov§&§g§%¢$%% ?ﬁ8%§ ?pthe resent invention. Brief Description of
t he Drawi ngs Figgboye $1§glaaamm5ﬁgmﬁ@g¢nnhp@meambe wlogted by @dding detigsnt i ng t he
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ant i bodyequab@toedpdiyent.ne met hod of the present invention. Best Mde of

| mpl ementing the Invention The individual |ynphocytes in the blood each
react with different antigens. Accordingly, a B |ynphocyte reacting
speci fi cal | y Futhgn thapespahinventivetrelateeth amdthol fdymatofmpiriag enquoelpaaled from
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of hybri donas, untreate spleen cells prepared fromimunized mce are
di rect | yPFFROEHVERYMR: myel omm cell's to prepare hybridomas, the hybridomas
are proliferated, and a check is nmade to determ ne whet her the hybri domas
produce gpLés&ns cfh fpaiadody. By contrast, in the nethod of the .
present Thventl cytes producing ant| gen-specific anti bodi es
are det ect ed Hfdl gs@q draging descaintive ¢fea method of detecting the change in

concentration of Ca ions within the cell using a Ca-ion dependent fluorescent pigment.

Fig. 2 is a drawing descriptive of the distribution of cells on a microwell array
chip, their stimulation with antigen, and their removal in a method employing fluorescent
pigment.

Fig. 3 shows the results of ELISA detection of antibody to OVA. in the serum of
mice immunized with OVA.

Fig. 4 shows the results of ELISA detection of antibody in the culture supernatant

of hybridomas producing OVA-specific antibody created by the method of the present
invention. :

Best Mode of Implementing the Invention
The individual lymphocytes in the blood each react with different antigens.

- Accordingly, a B lymphocyte reacting specifically to an antigen is detected and
hybridomas are prepared from this B lymphocyte in the present invention.

In conventional manufacturing of hybridomas, untreated spleen cells prepared
from immunized mice are directly fused with myeloma cells to prepare hybridomas, the
hybridomas are proliferated, and a check is made to determine whether the hybridomas
produce antigen-specific antibody. By contrast, in the method of the present invention, B




antigen-specific B |l ynphocytes that have been collected are used to prepare
- hybridonmas. (Selection of antigen-specific |ynphocytes) A single

anti gen-specific |ynphocyte can be selected with a flow cytoneter or a

m crowel | array chip, for exanple. A single antigen-specific |ynphocyte can
be selected using a flow cytoneter by the usual nethod. In nethods

enpl oying mcrowell array chips, for exanple, antigen is added to each of
the mcrowells of a mcrowell array chip for detecting antigen-specific

| ynphocytes having nultiple mcrowells each containing a single | ynphocyte
speci menlympliexytes prodphingarttigen-spzifid angibudiehart Heteatad amylemllacted, ded éet ed and t he
anti gen- [ I o t fromthe
i cr ovel T s spfifc MIREL RSt Rl WRUE CIRERA I BE) BlhrBietc ARFRKRE. " ot hod
will be described in greater detail. (The mcrowell array chip) Any

m cr owel (Setgctiay of fitigefapdcify: Whiphdgkes) M crowel | s each capabl e of contai ni ng

a single |lynpho e eci men. na e | Qye s,tkh j crowel |, array chip.

Having each %Sglﬁ%%\%}%%e%ﬁ%cg}cniyép E?Wg‘?ngm%r‘?ﬁd]ﬁ%g%%g?%& %@cﬁn%grr%at s

speci fi cati¢rowelbrranetiipefor exapwdd.f i ¢ | ynphocytes at the cell level. That is,
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n ied as'single cells since"a sihg
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than | ynpheg HngshodRedRhcting&Aed thWhahiioeantd Q@&teﬂ%d@ﬁ&aﬂﬁé&n— gkt ed. The shape

with antigen ca e speciti l'e | yfrphocyte

and size,of .the crowell a nat specifically [imted. wever, the shape
of the ﬁ@%ﬁ%@h%gfbe%‘{geﬁggﬁﬁ 1(%,1110391!1 ?’ﬂ’@i‘rt %ﬁ’ll‘?m@ dP OPRY, cylindrical,
it may [edivited] aotfigea-spedfialymphacytemr@lid methpd példl bodescribeelria grentenidetail.  When
the mcrowell is cylindrical in shape, for exanple, the dianeter thereof

can be frfm 5.to 100 mcic_l,rorreters, preferably 5 to 15 mcroneters and the
dept h t h&Hhsgpicrowellygray chip) 100 nicrometers, preferably 5 to 30 microneters.
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each microwell contain a single lymphocyte specimen permits specification of antigen-
specific [ymphocytes at the cell level. That is, when employing such a microwell array
chip, lymphocyte specimens reacting with antigen can be specified as single cells since a
single lymphocyte specimen is contained in each microwell. As a result, an antigen-
specific lymphocyte can be detected as a single cell and the single antigen-specific

lymphocyte that has been detected can be removed and used to prepare a hybridoma.

However, cells other than lymphocytes may be contained with the specimen
lymphocyte in a single microwell. This is because cells other than lymphocytes do not
react with antigen and are not detected,

The shape and size of the microwell are not specifically limited. However, the
shape of the microwell may be, for example, cylindrical. Other than cylindrical, it may
be that of a rectangular parallelepiped or inverse conical. When the microwell is
cylindrical in shape, for example, the diameter thereof can be from 5 to 100 micrometers,
preferably 5 to 15 micrometers and the depth thereof can be 5 to 100 micrometers,
preferably 5 to 30 micrometers. '




from1l to at nost 500 per 105 | ynphocytes, the nunmber of mcrowells present
. per square centineter can range from about 2,000 to 100, 000, for exanple.
The | ynphocyte specinmen is contained in the mcrowell with culture medium
The follow ng are exanples of culture nedia suitable for use. 1. 137 nM
NaCl, 2.7 MM KC, 1.8 mM CaCl2, 1 mM MgC1l2, | ng/nL glucose, 1 ng/nL BSA
20 MM HEPES (pH 7.4). 2. RPM 1640 cul ture nedi um contai ning 10 percent FCS
(fetal calf serun). 3. RPM 1640 culture nedium 1l ng/nL BSA. 4. Dul becco's
‘MEM cul ture medi um contai ning 10 percent FCS (fetal calf serum. 5.

Dul becco' s NVEMecuimher of mipdowetisqoestali on sagh inld]‘g*lvéﬂ.araﬁ’khlﬁrh@lot gpmlﬁoalw. e
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and the |ike. e culture or e suspendlng t he
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may be erg%hcﬁgglgal yoal’%%tdep%}ts such as cancer-infiltrating lymphocytes.

(The method of detecting antigen-specific lymphocytes)

The method of detecting antigen-specific lymphocytes comprises the steps of
adding antigen to each of the microwells in the above described microwell array chip,
stimulating the cells, and detecting those cells reacting with the antigen.

The antigen may be added to the individual microwells in the following manner.
1. An antigen solution is supplied with a pipette in a manner covering the entire
surface of the microwell array.

2. An antigen solution is supplied with an automatic spotter to each well.

The antigen that is detected by the method is not specifically limited; examples
are proteins, peptides, DNA, RNA, lipids, sugar chains and the like. Further examples
are bacteria, viruses, autoantigens, tumeor antigens, allergens and the like.

The cells may be cultured by, for example, suspending the lymphocytes in culture
medium, inserting them into microwells, and culturing them at room temperature or at
37°C in the air or in a CO, incubator.




signal transduction within the cell, cell proliferation, and anti body

. production, thereby detecting cells reacting to antibody. The detection of
signal transduction within the cell to detect cells reacting with antigen
for exanple, can be conducted by detecting change in the concentration of
Ca ions within the cell with Ca ion dependent fluorescent dyes. Wen
detecting change in the concentration of Ca ions within the cell, the
fluorescent dye enployed may be Fura-2, Fluo-3, or Fluo-4, and the
detection device may be a fluorescence m croscope or mcroarray scanner.
Specifically, as shown in Fig. 1, a Ca-ion dependent fluorescent dye such

as Pura- 2, Fiiuefls o\t altieh B NGRS kAl Ne B | ymphocyte. Next, the
B lynphocyte 1s stinmuldaed wth antigen, causing the Ca_ion concentration
Wwthin the B W%W@t&?ﬂélﬂdétmihger.ltlgenge%p‘eoé@mmqnog%bukuﬁyfbilﬂwbwboqm Ca ion

dependengigidl wensaaeint firthyR curd Rt Be ChIU QRESEEIR thel doll QRStiftratek Bed eases. Cel | s
with | ow %%nﬁr‘gntrati on of '0%15 are shown aa bl uhsh |p Cﬂgoc{t ﬁnd cells

with hi gFreSHERSARGHON SHCEF- ST TRELY AYasoUR BiRHIods MR 4E FURIO¥ET Brdetefhi s met hod
permts sipsltrewsdoéticn wikthin dwedell, @ilmaglifetaiipn,tapd detitedy pBduptigh deydbes (ant i gen

speci fi cagté/c)tin'g@ellsvygé&iggwgﬁﬁ;@,dg,_?ﬂ concentration within the cells has

i ncreased due"to stinmulFation w antigen. In the detection. of cell

proliferation, cells reacting with antigen can be detected by neasuring,
for exanpl e, Theedandetibe ol Hfnat erbhsdudtionusiiliig th deil & daedt leelssaeadting vifhl uor escent

dye. In I i figall | yvophocyt es..are st il at W th
antigen %rhn%el?;’u_ %){%% 1E=|’ E&S&_C@Bg&lt?\%%%t%%ﬁgtcg T Ee cppa atéogf “%causing the
cel | s t olops withingheieadl with€e iarhdeperdent inaessentsiyed.i f er at ed, fl uorescein

di acetate (FDA) or carboxy-fluorescein diacetate succinimdyl ester (CFSE)

solution is ed.to the cul ture nmedi um These reagent sg through the

menbr anes of aﬂzi%‘il Agfecting changgdn Hies OResOBATYY Wn%?&g‘(‘éé%g‘& fslﬁi n the cells,

produci nfuaesckhiutye espiiyed chag bt Fata-2,5°luc8 apdidieed,aihd gesdiavgoh Bevieeghaut  t he

menbr ane?egﬁﬁ?rjeécgﬂéeﬁﬁf&st:ﬁgor?){crtog'x'r%r%l rescent dye is proportional to the
cells, m the uo

nunmber o so the's 0 rescent intensity of the living
cells within the well can be neasured with a fluorescence m croscope or

micr pglr r a%/ Sgsigvﬂﬁ'fcaﬂﬁjald@ﬁ(ﬁﬁﬂﬂn{f@g.ﬂb@ﬁ{&ﬁﬂ@@fpeﬁﬁedt El\dbﬂ%gseﬁﬁdlﬁessud% I?]s Fifra-2l 3 0 N
PoOsSsI e e C . reacit.l nti ge uri.n € prodaucti on
of anti b%’alﬁl.m'ir?f F&Sﬁlsbﬁﬁoélﬁﬁdi ]8%%% [ymp. cﬁk&xﬁﬁmgmﬁ? cally

measur i ngfimwletedmithtrotigen, Speiigithc@h lop, conbemtration withindby Bdgmpheytsttd nisé.at ed

Wi th ant kg@Result] OF HRIbRM td he®aG6R dERAHAR TRBreb @t dYeCandiRe riablctdihed for one

week, they secrete antj Hody . ] o
iritensity mcreases. Cells with low concentration of Ca ions are shown as bluish in color

and cells with high concentration of Ca ions are shown as reddish color. This method
permits the use of a microwell array chip to detect B lymphocytes (antigen specificity) in
which the Ca ion concentration within the cells has increased due to stimulation with
antigen.

In the detection of cell proliferation, celis reacting with antigen can be detected by
measuring, for example, the number of cells by using a live cell-specific fluorescent dye.
In this method, specifically, B lymphocytes are stimulated with antigen and cultured in a
CO, incubator at 37°C for three days, causing the cells to proliferate. Once the cells have
proliferated, fluorescein diacetate (FDA) or carboxy-fluorescein diacetate succinimidyl
ester (CFSE) solution is added to the culture medium. These reagents pass through the
membranes of living cells and are decomposed by esterase within the cells, producing a
fluorescent dye that is incapable of passing throughout the membrane. The light emitted
by this fluorescent dye is proportional to the number of cells, so the sum of the




into the culture nmedium Antigen-specific antibody that has been secreted
.into the culture nediumcan be detected by the ELISA nethod (enzyne-|inked
i mmunosorbent assay). Alternatively, it is also possible to enpl oy

m togen, lectin, antibody, cytokine, PMA and Ca ionophore to detect
signal transduction, cell proliferation, and anti body production. The

i ntroduction of cells onto the mcrowell array chip, their stinmulation with
antigen, and their renoval will be described bel ow based on Fig. 2. (1)

Cell introduction Single cells are introduced into each mcrowell. The

cel | s i nflrossmeediniensity ¢flibe hiviag celblWithiathe varlleqaabe theaduped wichapl e, by

separati t : J of an
o, ze g ostane KPR mbREPRabi AT TR BERufibe FIbIREE Of The &
| ynphocyte fraction. Next, the cells are suspended in Fluo3/AM (2

m CL O(rjml e) SOItE% alﬁmposllﬁ%[btto ﬂ%@&cﬂeﬂgrea&ﬂ{ With ﬁﬂti’gen 8} melfink egoer at ur e, a?dd
washed wj u ol uti,on not een | Corpora e
into theP }OQPTQ%OH &ﬁgtsb Sqngpg‘%’t 'T[{DCI\{IHP F%fah%%%eﬁt% Bot h

si des of Hlen%lrméhfxm@body dipesifically, whan 8 lsmahw‘;esar@tmwrbweh amt:gep,l aced

ther eove[ncuﬁ'eﬂéh fnbﬁ:@ E@oa@:ﬁ'tﬁﬁ?ch‘ zﬁqdfdu‘ﬂu%g fornk qu@k'ftﬁ%r Sﬁa%te%hg&i O prevent

it fromdr Measuri ng fluorescence | uor escence of
t he unsti Fhé?tcé ur@é‘i‘qdéu“i‘ sAﬁ%%‘cﬁPé‘H ig Aptibody £ has hegn secrgterbininstence i ntensity

(A) is cablowt aiediim ddadte dembted b HHLISAl éthod(chsyra® hikeddmbinbicobeént bet ween
the glasg gll de and the gl ass cover, replacing the buffer solution, and the
fl uorescence) of cells that have been stinul ated by the antigen is neasured.
One or two 8 mnutes following stimulation, the fluorescent intensity (B)

i's measured. K'It@rnﬁﬁ'J'ell}s il 19 alslﬂ?bisﬂalt‘!\’toté?nlﬁoﬁfnﬂb odr@ldeBn %tlﬁédﬂ’oéﬁ

t t ef or ter stimulation afe Rerm al of
I(:gl FQSIre &ggé?ﬁqp ?Jr&)}o Q?tieﬁﬁf%‘?\[%eﬁlswe‘h“’éie ‘glf‘?rﬁ‘i“?lbﬁﬂ‘g%‘&(bﬂa vveenvt he

gl ass sl paduetivah. t he gl ass cover, the cover glass is readily renoved. Cells
that have reacted to antigen sti mul ation are selected based on the ratio
(B/'A) of fluorescence jntensity of the cells after stinmulation to the ratio
of 1 uor escehpe nFodudionpt egllsidato the migropell array ehiptheiystiumyletipnawith r emoved.

antigen, and their removal will be described below based on Fig. 2.

(1) Cell introduction

Single cells are introduced into each microwell,

The cells introduced into the microwells are prepared, for example, by separating
the Iymphocyte fraction from the spleen or lymph node of an immunized mouse,
followed by further separation and purification of the B lymphocyte fraction.

Next, the cells are suspended in Fluo3/AM (2 micromole) solution, kept standing
for 30 min. at room temperature, and washed with buffer solution to remove dye that has
not been incorporated into the cells.

The cells are then introduced into the microwells. Both sides of the microwell
array chip are sealed, a glass cover is placed thereover, and the space between is filled
with buffer solution to prevent it from drying out.

(2) Measuring fluorescence

First, the fluorescence of the unstimulated cells is measured and at the time,
fluorescence intensity (A) is calculated. Next, an antigen solution is applied to flow
between the glass slide and the glass cover, replacing the buffer solution, and the
fluorescence of cells that have been stimulated by the antigen is measured. One or two




(Preparation of hybridomas) In the nmethod of the present invention, a

. single antigen-specific B |lynphocyte that has been selected is cultured
and the antigen-specific B | ynphocytes that are grown by culturing are
fused with nyeloma cells to prepare hybridomas. In reality, it is difficult
to prepare a hybridoma froma single B | ynphocyte. Accordingly, the single
antigen- specific B lynphocyte is cultured and proliferated. The
antigen-specific B |l ynphocyte can be cultured in the presence of anti-CD40
anti body or CD40 ligand (CD40L) and interleukins including interleukin 4
(1L-4). ponmttes fellowinhatmutatien,ahé¢ flgeascepdnieqsiy (B) id enpired.y The edls@raused to
grow by i -4 . rol { . . itself is
known (Bgltr?%:l itgg&?é} raify gﬂi&)or g]ﬁe&nt\éféﬁlﬁ;ggﬁg,b%&:% %ﬁéﬂﬁ?%iﬁgﬁé%%%. Long-
term hunﬁﬁie‘}?dcel | lines dependent on interleukin-4 and antibody to CD40.
Sci ence 251: 70-72, 1991). However, there is no previous exanple of the

use of t ridomas. B | ynphocytes may be cultured in
t he pres@ﬁi@ hg%ﬁfﬁ%%gﬁgﬁooarmlg@n%w 1% popol ysaccharide (LPS)) capabl e
of induci ng BWhgnphosintreduded bpivakn thergitse slidereayl thepglass abew, the cover glased in the
pr esencem@feacﬁi B rbmGRHO0 @l 'tlﬁ@ﬁé‘ve%ac%glanu%eﬂtsﬁﬁllu E%hgl% s'e%gﬂegﬂ%is%go I'L-4, and

LPS. %Itl to LPS, exanples of ens i.n 2}3@ | prollferatlon
are phor |raf1°zt%a pEHugrescencedpispsiof timas]ls aftey sHembshine Futie rafioept

ant i - i nmilnegsebintensityasitthd ey privhe sﬁhﬁmﬁ)atan@fenﬁzfve@ybrl domas using B

| ynphocytes stinulated wwth a mtogen such as LPS is known (for exanple,
see: (1) Van Snick J.L., Coulie P., Mnoclonal anti- |gG autoanti bodi es
derived {Breparatiosspdlbddaresshri de- activated spleen cells of 129/Sv i ce.

J ournal of Expahk EH%EHO@'of Mr%eﬂﬁinv@rﬁén 2a1§nga§ Qnuglsg-ﬁgecdﬁczﬁ ARy . Le Guern

o0 che caII actlvated
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proli fera oﬁé@@g éﬁ\% %&gﬁt ?‘%ﬁ:@yﬂg{h ?{'t %XP&HQE@B%[ lg%g%pec%%l?cal ly, th
ant i gen- sissHicB e rOVEN @aﬁpﬁélf@aqe@ u?b@:laﬂtlfgem-ﬁl@cfféﬂB phgcytfanner . 1.
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1640 nedixmphocyte is caused to grow by stimulation by CD40 and IL-4. The proliferation
method itself is known (Banchereau J., de Paoli P., Valle A., Garcia E., Rousset F. Long-
term human B cell lines dependent on interleukin-4 and antibody to CD40. Science 251:
70-72, 1991). However, there is no previous example of the use of this method to prepare
hybridomas.

B lymphocytes may be cultured in the presence of 2 mitogen (for example,
lipopolysaccharide (LPS)) capable of inducing B lymphocytes to proliferate. They may
also be cultured in the presence of anti-CD40 antibody or CD40L, interleukins including
IL-4, and LPS. In addition to LPS, examples of mitogens inducing B cell proliferation
are phorbol 12-myristate 13-acetate (PMA), Ca ionophores, and anti-immunoglobulin
antibody.

The preparation of hybridomas using B lymphocytes stimulated with a mitogen
such as LPS is known (for example, see: (1) Van Snick J.L., Coulie P., Monoclonal anti-
IgG autoantibodies derived from lipopolysaccharide-activated spleen cells of 129/Sv
mice. Journal of Experimental Medicine, 155:219-230, 1982; (2) Lange M., Le Guern C.,
Cazenave P.A., Covalent coupling of antigens to chemically activated lipopolysaccharide:




containing 10 percent FCS) containing 200 mcroliters of interleukin 4

. (lIL-4). 2. The 96-well plate is transferred to a CO2 i ncubator (5 percent
CX2) and the cells are cultured for one week to 10 days at 37C. 3. The B
| ynphocytes grown with the CD40 and IL-4 signals are recovered fromthe
wel I's and fused with myel oma cells by known nethods to prepare hybri donas.
4. \Wen adding CD40 and |IL-4, instead of enploying sol uble anti-CD40

anti body or CD40L, CD4OL and IL-4 genes can be introduced into cells,
adherent cells producing CD40L and IL-4 can be cultured in advance in the

wel | s of atduvd f&@6n witloland i @itre speuifit B lbell aithbigesir. SQeBAl fof tmBuhylogibgicyt es t hat
are reco 36 GU egd _over.these cells. In addition to IL-4, it
1l co SEUER ML 8 SRopYE b TR EiRiieTs ot ths BRI et hod 1 or
prepari ngybryd@maabmsiuemgﬁh@rph@y@nn of aviegleiaptigen-spagifio Bylymphogyteepar ed from
m ce i muni zed with antigen are added to a mcrowel| array chip and

stinmulated w th tigep to.identi si.ngl e antigen-specifi¢c B | ynphocyte.
The single a ‘?anéqﬁ‘llg’ﬁg?:ﬁtfg@nﬁpﬂfﬁ%%%ﬁ@%ﬁﬁfm F"’sg‘ﬁ ‘F‘F}i‘ee#&ﬁi)‘é{mignduced to
proliferataenand the |ynphocytes obtained are used to prepare hybri donas.
Accordi ngly, .l . i : I I rown can
e anti orpat e Bt 1vAfhRE e Ao B iU AR iy B £561

ant i gen- specVeli Blats thathan besptnsecoaied Moty antddthanjibednofaD4Qigaadt ed i n

m tC_r gwgl | t ar (GA4ehi wzseh W%alls e pRIRIePARE :aléle%_c%llﬁyr@étlﬂd&tﬁﬁ(mt ﬂ@@@ﬁ%}.{ﬂ% oducr:] ing
anti body to anti.gen.tha reviou i ff.jculft. repare oug
convent i onal “WA pgé@gerﬁ?rﬁﬁrgﬁg??rgﬂn%?ﬂﬁggcrp m?ifémﬁﬁﬁﬁ%%@iaﬁd time, the
use of nicr olre 2Wywehblate ip &anifersedito rCPapeubatde (Epdram COF,) amitthgesilssypeci fic B

| 'ymphocyt es, og@ddgr R KRIROWRYs 28% i me. 10 Exanples The present
invention is described in greater detail below through exanples. 1.

Separation of B | ynphocytes The |ynphocyte fraction was separated fromthe
spl een add | Vil lymgiecgks grownl widiLihe CEOrad SE-4 sThalsBrd ysopheadirénfiieact i on was
t hen further r I fromthe | hocvie fraction using an
At ovass. (1 TEERBLHEL A BbE LA b G ind TP IRRY Sy 01 1001
Fluo3 intlo cWhesaddiegCPHg and JL-, instesibofeaipleying soitilyapheB(0 estiwdyer suspended
in 2 mecr omoE B0 CIHA0I0R{IAWL4A genes can be introduced into cells, adherent cells

producing CD40L and IL-4 can be cultured in advance in the wells of the 96-well

plate, and the antigen-specific B lymphocytes that are recovered can be cultured

over these cells,

5. In addition to IL-4, it is also possible to add TL-2, IL-5, IL-6, and the like.

In the method for preparing hybridomas of the present invention, lymphocytes
prepared from mice immunized with antigen are added to a microwell array chip and
stimulated with antigen to identify a single antigen-specific B lymphocyte. The single
antigen-specific B lymphocyte that is identified is induced to proliferate and the
lymphocytes obtained are used to prepare hybridomas. Accordingly, most of the
antibody-producing hybridomas that are grown can be anticipated to produce antigen-
specific antibodies. Since antigen-specific B lymphocytes of low frequency can be
detected in microwell array chips, it becomes possible to produce hybridomas producing
antibody to antigen that were previously difficult to prepare.

Although conventional hybridoma preparation methods require manpower and

time, the use of microarray chips permits more rapid detection of antigen-specific B
lymphocytes, saving both manpower and time.
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(Dojin, Kumanoto)/l|oading buffer (137 nMNaCd, 2.7 nMKCl, 1.8 mM CaCl2, 1
.MM MCa 2, 1 ng/nL glucose, 1 ng/nL BSA, and 20 mM HEPES (pH 7.4)) and
incubated for 30 min at roomtenperature. The cells were washed with

| oadi ng buffer to renove the Fluo3/AM that had not been incorporated into
the cells. Subsequently, the cells were suspended in RPM 1640/ 10 percent
FCS solution. 3. Mcrowell array chip (see Fig. 2) The mcrowell|l array chip
was nmade of pol y(di nethyl sil oxane) (PDMS) or silicon and had mcrowells of
10 micrometers in dianmeter and 20 microneters in depth arranged

hor i zont Bkdmplend vertically at a spacing of 30 mcroneters (the

cent er - 1o CentRIwichl ANGFion & ad iR LRAIRL 3R A0 ALl IEERLS) On a 2 x 2

cmchip. Seals khess and a
|l ength of 2 cm were adhered to both sides of the chip. 4. The mcroarray
scanner Tl ﬂeﬁ@@@fgmm efleyvas basically a Hitachi Software Engineering

K. K. Y k Y S t.he.foll
Change: one. (DT Rpeat? EicBh LAY sorRRarfo S irieen atb Racpe et 532 i
Cy5- use, nBBEirRd) Mowss. ﬂ"b@de:tedmwterﬁaamdﬂ&amtheh&sﬁter separaRetand piofiedf
activat eflof they/ lgﬂﬂ:@ﬁ%&@ﬁad’éﬁyhﬁhgmg all ARV lC'g (t@ﬁl[t ht&: 3% cﬁ'(ﬁ%dbéé h, The

cel

above- descri be suspensi on was add ove- escrl mi crowel |
array ch B4 -kept standing for five ninutes. CeI | s that had not entered
mcrowells were washed away with RPM 1640/ 10 percent FCS. The di aneter of

t he 'y”p?qﬁt)f&ﬁ%tﬁﬁ‘{?gflﬂiﬁ&?#%oéeﬁs eg:gé%‘rqﬁer s. Since the dianeter of the

m cr ownel é s, a single |lynphocyte entered each
m crowel | . Angl’id scetlgpEPB lymphashige egreosuspenddd inhuicatmoeles ofddue3d/AdH seal and

t1 2207 Egcg)cpﬁte K?%Embﬂﬁ/lfaﬂ%r@obg 1'3@ nqhaﬁacp QW%MAmlfﬂ 8 hﬁ@scéegsh IBW o a
ut i i i

i croar r&@@%i%&aﬁ&“ﬁsﬁ&n‘%’ (a)ﬁﬁgﬁs %’%g#gﬁngﬁ%‘i“ ?tg The dat a

wer e st ofoed0 niiolat mork tefiperatues dﬁlemelmwemrwasbechwtth trading i ffed tatremm)e. Next, the

RPM  164{f ﬁﬂ.{o@?};ﬁﬁﬁ& hgﬁoﬁ%le# fdcgﬂaopaef% "E‘dqthg Ra1sC %Bsea'ﬁ'&t érhﬁle I%LS\? re. cover was

removed an ace was gen ( m'cr ogf ans ssol ved
in RPM ﬁ‘@ﬂ‘md Mé A4 peseant F§ 50l U@qe m nute after the antigen was
added, the mcrovvell array chip was inserted into the mcroarray scanner
and scangle\qmgowee} lh %eermfﬁgoj 2.5 microneters. The data were stored (data

B: fluorescence o aI owin
The microwell array chip was made of poly(dimethylsiloxane) (PDMS) or silicon

and had microwells of 10 micrometers in diameter and 20 micrometers in depth arranged
horizontally and vertically at a spacing of 30 micrometers (the center-to-center distance
of the microwells was 40 micrometers) on a 2 x 2 cm chip. Seals with a thickness of 1
mm, a width of about 1 mm, and a length of 2 cm were adhered to both sides of the chip.

4. The microarray scanner

The device employed was basically a Hitachi Sofiware Engineering (K.K.)
(Yokohamashi) Microarray Scanner (CRBIO [le) with the following change: one (Cy5-
use, 635 nm) of the built-in lasers (Cy3-use, 532 nm; Cy5-use, 635 nm) was replaced
with a 473 nm laser.

5. Detection of activated B lymphocytes using a microwell array chip (see Fig. 2)

The above-described cell suspension was added to the above-described microwell
array chip and kept standing for five minutes. Cells that had not entered microwells were
washed away with RPMI 1640/10 percent FCS. The diameter of the lymphocytes was
about 10 micrometers. Since the diameter of the microwells employed was 10
micrometers, a single lymphocyte entered each microwell. A glass cover was placed over
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stinmulation). The ratio (B/A) of fluorescent intensity before and after
~stimulation was calculated, and wells with high ratios were specified.
Anti gen-specific B | ynphocytes were present in these wells. 6. Separating
out cells fromthe mcrowlls The cells were separated out under a

m croscope using a glass capillary with a mcromani pulator. 7. Method of
preparing hybridomas 1) To the wells of a 96-well plate are added 10

m crograns/ nL of anti-CD40 anti body (eBioscience) and the antibody is

i ncubated overnight to coat the wells with anti-CD40 antibody. Cells that
have beetheiabovadesdrizadesesidaiddhd spadiﬂélﬁhtﬂéﬁn(tﬁ@bﬂlp Acdihe gtist edvier ngs filled per cent

FCS, 100 t |
e 0 YN FROAIRNEn! ko i SRISRERN LAY ABRAIIB AU LSl Y
about on&litieEka GawEr AR se annada@héﬂSpﬁé@@ﬁE%Smw@nw@meﬂte datpwere stord,  2) The

cel I's ar edat-APNRGedcb R piide 10/itilgsn @nﬂumﬁ@gsferred t o Eppendorf tubes.
Approxi mately 200 nouse nyelona cells (X63.ag8.653) are added and the

m xture is centrifuged for two mnutes at 2,000 rpm 3) The supernatant is
removed, taki Ngxtcthedk ML 1646/ 10 petaenbF € eolptiechapweeattheichip esd thuglass t he

cel I's. O@@ve?‘wa@ﬁen‘fﬁﬁ% aﬁc@fh@ W‘Wﬁ@@%xﬁ%@hé&&'l?%ﬁ% @d:g&@lveﬂhe cells

are suspen ed, he mxture I's centri s at 2,000
rpm 4) M&&é‘i%h@ &fﬁ?enit §Coepivtian, Oparipge éféﬁréherﬂsmg%wm addgdghe he
preci pi t atitrogel eshgtidp ofs tlertedciatd ﬂie naadarfayrst:ia%r aNchinfed 98 rekelitidi) seconds

at 2,000 Ef?}r}mé‘l%m%)terg Sdél?ae\gvgraets or%iﬂu a%?f??ﬁ.lgle%%nry,% fo?]g%\llr}egd%t gki ng care not

to dlstur e precipi atlng re S croliter
quant i t y sighuladorper cent pol yet hyl ene glycol (Sigma) is added and the cells
are lightly stirred. 7) The m xture |s centrifuged for five mnutes at

2,000 rpm A Omc it uant i t M 140rrE|um not cont ai ni ng
FCS) is added g g @&fﬁé“c’%ﬁ%e%ﬂ’é%’é 6&? diafter stigpy Ei"ﬂoélr Siters of RPM
1640 nedcalmle®dtand wellg w2ih High maont wB€Spedfial dedigandpdcific B dyrhshocptee

suspendede Biredel 1,0 ggveﬁgntri fugation for five mnutes at 2,000 rpm the

supernatant 1s renove the cells are suspended in 1 nL of HAT
sel ecti ve nmedi um contai ning 20 percent FCS.

6. Separating out cells from the microwells
The cells were separated out under a microscope using a glass capillary with a
micromanipulator.

7. Method of preparing hybridomas

1) To the wells of a 96-well plate are added 10 micrograms/mL of anti-CD40 antibody
(eBioscience) and the antibody is incubated overnight to coat the wells with anti-CD40
antibody. Cells that have been isolated are added to medium (RPMI 1640 containing 10
percent FCS, 100 U/mL recombinant IL-4 (eBioscience)) that has been previously added
to the wells of the 96-well plate, and the cells are cultured for about one week to 10 days
in the presence of 5 percent CO; at 37°C.

2) The cells are removed from the wells and transferred to Eppendorf tubes.
Approximately 200 mouse myeloma cells (X63.ag8.653) are added and the mixture is
centrifuged for two minutes at 2,000 rpm.

3) The supernatant is removed, taking care not to disturb the precipitating residue of the
cells. One mL of RPMI 1640 medium (not containing FCS) is added, the cells are
suspended, and the mixture is centrifuged for two minutes at 2,000 rpm.

4) The supernatant is removed, taking care not to disturb the precipitating residue of the
cells, and further centrifuged for 10 seconds at 2,000 rpm.
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Anot her 20 nlL of HAT sel ective nmedi um containing 20 percent FCS is added,

. and the mxture is placed 2 nL per well on a 24-well plate. HAT sel ective
medi um RPM 1640, 1 x 104 M hypoxanthine, 4 x 10"7 M am nopterin, 1.6 X
10-5 Mthym dine. 9) The cells are cultured for 7 to 8 days in the presence
of 5 percent CO2 at 37C. 10) Proliferation of the hybridomas is observed
under an optical mcroscope and the presence of antibody in the culture
supernatant is detected by ELISA or the like. 8. Method of preparing

hybri domas (Alternative) 1) B |l ynphocytes are cultured (37C, 5 percent CO2)
for one $eHe superfRitht i Grifibletalydemovdd2 Qingicarealot toadisthibethe pre€ipithtirigni ng 10

per cent ?[ﬂg culture supernatant (5 percent v/v) of human T cells
sti mul atlgegﬁe\? %fj‘ﬁgoo EL4 cells exposed to radiation (50 Gy), 500 U nL of

human | LOA 36 amigohigr aangty @R parrenimalaetip)lens 2ol (higmolis eddedandiiei ty of the
cul ture glipefeNahanttiis. reroved, 10,000 adherent cells expressing CD40

| i gand t hav een exposed to r.adiati.on (50 nd 5.ng/ nL.of . human
|L-4 ar eﬂglgﬁé’alf?“éﬁﬁ CERE eaﬁ?frf}evein%‘nﬁqﬁ? ?tl.?r’@%) r?@?’g%@?’ﬁ&“&lgﬁ'?q‘@@t}’ %or one
week i n REMML646wedimedhotmo200ngFC8)ak addedshiviiiel cellcamtsaspendegl. Nexper cent  of
FCS and ( . : I

St il at o LS SRV TPl SpRGAERS pottatd rES {THIIATS B8R )
100 mi cr¥Er¥seEdidantity of the culture supernatant is renoved, 10,000
adher ent 8)Jlllbsvingocptr st ing fGEHHRR mhihg@sst 2,00t rphae s 1@t pORAdvbdarddadi ati on

50 d,th i I S.cult d (37C Cc02) f
(500 0 T S T o, e o),
of FCS afdothérelOonl oiiHA Tsssisstiveamaditm(®niaining2i peréan) FCB1is avideduand theel | s

sti mul at @gkvive §dlplacdd® AL pof whikofta 229@ 1WAk, of human IL-2, ‘and 5 ng/nL of
PMA and . Subseque , A ? ogf,;atlons of. 2) to-10) i.n the
64l e

above-d isséaﬁ“ neqp| i MR 10 Magpeeatam. and
hybr i donhs xdi08 Melyeditiind. ( Preparati on of anti-OVA anti body- produci ng

nybri donger e kR fePlor 718 AR EPHR bRl ol bt CO R R b o of

oval buni H)Pexiapiatipx atthasybridomag igpbseryedpnder an opfifjalimiprescapssandrihect ed
subcut ang@stsby of 4iBoBARBIE clliueEsupdiBtakEis Kstettdd BY ELIIA or the like.

8. Method of preparing hybridomas (Alternative)

1} B lymphocytes are cultured (37°C, 5 percent CQ,) for one week in RPMI 1640
medium (200 microliters/well) containing 10 percent FCS, and the culture supernatant (5
percent v/v) of human T cells stimulated with 50,000 EL4 cells exposed to radiation (50
Gy), 500 U/mL of human IL-2 and 5 ng/mL of PMA and PWM.

2) A 100 microliter quantity of the culture supernatant is removed, 10,000 adherent cells
expressing CDA40 ligand that have been exposed to radiation (50 Gy) and 5 ng/mL of
human IL-4 are added, and the mixture is cuitured (37°C, 5 percent CO;) for one week in
RPMI 1640 medium (200 microliters/well) containing 10 percent of FCS and the culture
supernatant (5 percent v/v) of human T cells stimulated with 500 U/mL of human 1L-2
and 5 ng/mL of PMA and PWM.

3) A 100 microliter quantity of the culture supernatant is removed, 10,000 adherent cells
expressing CD40 ligand that have been exposed to radiation {50 Gy) are added, and the
mixture is cultured (37°C, 5 percent CO,) for one week in RPMI 1640 medium (200
microliters/well) containing 10 percent of FCS and the culture supernatant (5 percent v/v)
of human T cells stimulated with 5 ng/mL of IL-4, 500 U/mL of human IL-2, and 5
ng/mL of PMA and PWM. ' '
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m crograns of OVA m xed with Freund's inconpl ete adjuvant was injected

. subcut aneously into the sane mce. Two weeks later, 10 m crograns of OVA
m xed wth Freund' s inconplete adjuvant was injected subcutaneously into
the sane mce. Subsequently, the nouse serumwas collected and the
production of antibodies to OVA was checked by ELISA by the foll ow ng

nmet hod. The anti-OVA anti body in the serumwas detected by the foll ow ng
met hod. A 96-well plate was coated with OVA protein and bl ocki ng was nade
in a manner preventing nonspecific binding. Diluted serum obtained from

t he i Mmuni zedSutseqenthy shasigtedionoofBab 10kl thedtbve daetivet ¥0Mdivgl dfour s at

[ 00m t eMREpALAY IR bridlifad i Xl fea S, ‘Dg&;;}ng' FaRGdef! kal I ne

 phosphat an use i n n"Was 'added, and the m xture
was reacted for another two hours at room tenperature. Fol | owi ng washi ng,

al kal i ne(ménsahalassi-Suns kiidoty-pasiusg %%nadﬁ%asm xture was reacted for 15
i nut t t d 414 d. Th
fesul 15 are G APTROEHS Pr%"ar%ﬁr}B’éBFW&"@WW%P@%E@HQC%WS}%FE}%%%%Esfhe cel s

Two vveekgivb:abdow 10 micrograns of OVA dissolved in PBS were injected into
the abdom nal cavity. Four days l|later, the spleen was renoved and spl een
cells were prepared. The spleen cells were suspended to a cell density of

107/ nL i HupuRizgionso| ytion A (20 nMof HEPES, pH 7.4, 137 nMof Nad, 2.7
mM of KO, 1. EﬂﬁM@éoﬂ&Iﬂlﬁroglams’M@fal%ﬁl VA bt dlwie Frélube o 8dimpla@d 1 g/ nt

f BSA t M Fl O d
oL 05 por AR RichieTsthSMncolty oo é‘%@ﬁ&m Mootk it T ure for 30
m nut es. mBupgens ehOMA mixed wothl Hrsundy incovaplatecddinvait vmsfifjected sol ution A, the
Fl uo-4 a%cﬁi‘ﬁhéoﬂﬁ@%’ﬁ@%he@aﬁfégﬁc& hgdvo BRGKdater, B g%gicf M{Wﬁgﬁl Qo the 14

cells was he cells were sus 5/mcroliters in RPM

1640 so]W S?anﬁd’?‘fc’é‘?l’ &6 PRy, WaY Inigsirdsu Eq:q{@neggs bé\t%@ﬁtsarm:@wqaet ection of
OVA- spec Sﬁbseqﬁnﬂy,rthhmmyﬁe%nﬁpbv@ﬁd&blleeﬂeﬂ and 1@ ptaduetied dittipodird @iV t h

fl uor escgvg% @cﬁ&ﬁpﬁ%l:f@ﬂfﬁﬂg?&lown Pglrowel | array chip (made of silicon,

10 m croneter appr 15 mcroneter well depth, 20
m crometer well pitch, about 240, 000 wel | s) and the surplus cells that had

not entered tig MILOVAEKBOA ﬂQH@%ruﬁh@s%%&e&VEfﬂfé%l%\ﬁiq \Meftﬂbda gl ass

(KK 3, oxci bon S e nicant R0\ i h blosBEmmen ey i op 4

f | uor escennsger grevantivveinepegiiie binding. Diluted serum obtained from the immunized
mice was added to each well and reacted for two hours at room temperature. The mixture
was then cleaned, alkaline phosphatase-labeled anti-mouse immunoglobulin was added,
and the mixture was reacted for another two hours at room temperature. Following
washing, alkaline phosphatase substrate was added, the mixture was reacted for 15
minutes at room temperature, and absorbance at 414 nm was measured. The results are
given in Fig. 3.

Loading of fluorescent pigment on the cells
Two weeks later, 10 micrograms of OVA dissolved in PBS were injected into the

abdominal cavity. Four days later, the spleen was removed and spleen cells were
prepared. The spleen cells were suspended to a cell density of 10”/mL in buffer solution
A (20 mM of HEPES, pH 7.4, 137 mM of NaCl, 2.7 mM of KCI, 1.8 mM of CaCl,, 1
mM of MgCl,, 1 mg/mL of glucose, and 1 mg/mL of BSA) containing 1 microM Fluo-4
AM, 1 microM CellTracker Orange, and 0.02 percent Pluronic F-127, and incubated at

~ room temperature for 30 minutes. Subsequently, the cells were washed with buffer
solution A, the Fluo-4 and CellTracker Orange that had not been incorporated into the
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of 535, and then excited at a wavel ength of 535 nm and scanned for

. Cel |l Tracker Orange fluorescence at a wavel ength of 585. Next, the chip was
renoved fromthe scanner, the buffer solution B between the chip and the
gl ass cover was renoved, and OVA dissolved in buffer solution B (100

m crograns/ n.) was added therebetween. The chip was inserted into the
scanner and scanned at a resolution of 2.5 mcroneters one mnute after

the addition of the OVA. Aratio of Fluo-4 fluorescence before and after
stinmulation was conputed, and the addresses of cells exhibiting a fivefold
t o t enf otdlsiws reased) and thd cidls ereencpended & RPRGtbhiirs: inRepavissy and cul turing

of OVA-s B I h t Buf fer solution B that had entered between
t he chi pgog'%d R %E%rlséfsﬁgogg{/ggn%av%sng 1?) ﬁ%\%#%ﬁd t he gl ass cover was taken

of f. Subsequently, buffer solution B was added to the chip to prevent

dryi ng. Hb@cifdh iF ORR-sBEAEED 1@kl icor escent m croscope and observed while
using a mcroggnl pulatqs, .o r.ecqver .th -specjfic B | ynphocytes that
had been i denﬁ?‘?“ect‘]’h%t@ﬂ“{lﬂgf‘@éj?ﬁg@ﬁ ."“‘%‘rfg\éﬁ’sf’%ﬁw{ werepgdsligred wer e

cul t ur edm{371] &rpechirefmiade®2 jilitay, 10 ndcroreter wel dRMter Lgpoximeatielym s 200
mcrolit iRl r E I e r ant (5

per cont oot elf QG 2D ihobits .y RO P el Fapa SR 70

radi at i offlle8mt byd notspigrad/the welis Wergaemovedp The ghipsvas govaredbwithagless PWM  Next
100  m cédkt, igkgedintd HERBUIO TR TEURAT AR chVBSTWRE BN Bfserik@ (RE0),CD40

| i gand- expr.essin dher cell s, that be exposed to radi ation (50
oS 2ana SRUET fne Wpaairetis 55, o a1 midia hREREr af 4ar Bt vat od
(37C, 5 pli3deand thapyxcited atormeaveteakth af SRPRM, addbst@nmed doude![Ti8dker Orange

mcrolit Wl rnatant (5
per cent 5??%?%‘5%36%%&2%???% RELE A i ae RS pof b SBon g ) 15 AN
5 ng/ L BfioerppluterBoeReerHarhinay the glen sover wasgemerrd, and OYAedisoperinat ant
posed LAt o LB Oy L el o M  Vated
(3505 et i A Yok € SaBion 382 5 e o e e

m crol i t Begddieipn pfde A nArrgticlof Hee-ddhorsaaceheforerad afel tumdatoopesnat ant (5

percent ¥dnyut&, R Rddress8} bicelh bxAibihed fveloll B ta@b[linQbasbiran  1L-4, 500
U nL of puman IL-2 d g/ nL of PMA"and PWM Preparation of hybridonmas

and. 5 ,n
Prolifer F?ISSr‘Fe’E)‘i’eWeﬁ‘és@‘:}f??ﬂphocyt es was observed with an optical nicroscope,
cells were recovered fromwells with proliferation, and the cells were

transferRedhvbQ and culturing of OVA-specific B lymphocytes
Buffer solution B that had entered between the chip and the glass cover was
removed and the glass cover was taken off. Subsequently, buffer solution B was added to
the chip to prevent drying. The chip was placed on a fluorescent microscope and
observed while using a micromanipulator to recover the OVA-specific B lymphocytes
that had been identified with the scanner.

The B lymphocytes recovered were cultured (37°C, 5 percent CO;) for one week
in RPMI 1640 medium (200 microliters/well) containing 10 percent FCS and culture
supernatant (5 percent v/v) of T cells stimulated with 50,000 EL4 cells exposed to
radiation (50 Gy), 500 U/mL of human IL-2, and 5 ng/mL of PMA and PWM. Next, 100
microliters of the culture supernatant was removed, 10,000 CD40 ligand-expressing
adherent cells that had been exposed to radiation (50 Gy) and 5 ng/mL of human IL-4
were added, and the cells were cultivated (37°C, 5 percent CO;) for one week in RPMI
1640 medium (200 microliters/well) containing 10 percent FCS and the culture
supernatant (5 percent v/v) of human T cells stimulated with 500 U/mL of human IL-2,
and 5 ng/mL of PMA and PWM. Then, 100 microliters of the culture supernatant was
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Eppendorf tubes. To the tubes were added about 200 marine nyel oma cells

. (X63. Ag8. 653) and the m xture was centrifuged for 2 mnutes at 2,000 rpm
The supernatant was renoved, taking care not to disturb the precipitating
residue of the cells. One nL of RPM 1640 nedi um (not containing FCS) was
added, the cells were suspended, and the mxture was centrifuged for two
m nutes at 2,000 rpm The supernatant was renoved, taking care not to
disturb the precipitating residue of the cells, centrifugati on was
conducted for another 10 seconds at 2,000 rpm and the supernatant was

corrplhet ekemovied,noyI00, CDAHKIig2g d @apressigl adh@reﬁ% &is et hdvebeph egpgeed @t i ng 1 eisi duF
of the c r Q 3 ene glycol
(s gnmy _ stiion S0y [N EE Bt bnd LB sk Qigile PIEE S p B B ERG DY e
' conduct etveeloin RRMIs16ﬁ0rmccé@mé2002m@m@1th§/rweﬂb\cmumd0@bxcwrFCScmwdﬁmty of RPM
&24? med it ﬂﬁierr{éfhﬂi fmnaﬂs’e@ré sﬁﬁglaﬁéaem&ﬁ:tz %@&ﬂﬂ%ﬁu{xﬁg ch ended.
X er on g percen was

added an§¥?L%ﬁﬁéhﬂé°@%W@m§E¥Léwgga E%Mﬁﬁﬁ g@ﬁ@?lfugatlon for 5 mnutes
at 2,000 rpm the supernatant was renoved and the cells were suspended in

1 nm of %ﬁaﬁ%‘%ﬂi%ﬁ%"ﬁgg' um (RPM 1640, 1 x 10-4 M hypoxanthine, 4 x 10.7
opte

M am 5 t hym di ne) containing 20 percent FCS. A 20
L quantl ty oProfiferation ofdhq Béymﬁlww weppsarvef mathzo optiead axeropeoge.ggls added,

t hlet m X'; Wg& M@tﬁigﬁdtddﬁﬂn %elﬁrwﬁﬁﬁ)rdt&\ﬁérbhérpaﬁd %'CE\P]?A \|\5rere Iﬁlaﬁ-éf&txecﬁtﬂd t he g $|C| ST\fllver e
cu iva (0] I N 0 cen e
ot h o P PrtRbrthuteds R Reutut ARG sfing s Sl SR et o |

ant i body 653) antl ¢hegnixture was ogrifugedfor 2upisutde eteb@08dplny ThelsGpemalasg svasbed bel ow
Fig. 4 gkémea hsklﬁgééfle hst t%fdls.%!rrb% r%gﬁﬁfn% r&%e%@me%ﬁy 6L getgd in the

culture é bsor bance chan ed W|th t he
diluti on 4@ mediym @@F %cmt%nmg aséa Mgt aﬁlﬁed té? Rells Wetre suseensisdangitee ¢ o
speci f i Cﬁid{t}lreb#&(rlenﬂﬁlfmgﬂdﬁ'q o raintieb ey, 00 hhéflﬁxéﬁperﬁﬁtaﬂthﬁisbaﬁnb\&m of the

wel | ?aﬁ%g’l%ré?&t @%ﬁm%"fﬁe%9ec d)htgtngé’}etsfdpﬁoﬁ‘ﬂg‘f?e%lila(t;e% atlon%% det ermi ned

t hat ant| - & natant . The
ant i - OVAcenucisd diyr anﬁthf:hleﬁ sppbrdsdib P08 mrmdﬁ@@pmetaw@@pmlea@lyf ol lows. 16

Ar gGe\rA]/tel E%nﬁﬁvﬁﬂ Aalias cﬁ@%gﬁtﬁ dﬁu&ﬂa t%q%ig tﬁﬂ Ges?dlféco@ltlﬁﬁdréllélgA"l@%n@?gﬁe;ﬂCE E‘é S; 0
Y i ndi
\a/as adde§" Ry %%%‘J'npefffenf %IY%BYIF’%G g élmti‘ﬁhcélﬁ g‘?}lﬁﬁqﬁ Yon of.
hybr i dOI’TB.tllE@.d and eﬁnmﬁngatrmtmtcpmmctdmforﬁgimn‘mmat BH0@Hn.oA sgamiereliteobul i n
was addeg smm&iqjm&ﬂu&f@&kcomﬁnggéﬁ \I;és%héq %Id &QS@F%&&@ reacti on.
ctin

After re was washed,

al kal i ne SpRERjsHatese-PApdrelcent RPABL K40 madiie seTtining R0 pgecent FCS was

added and the cells were suspended. Following centrifugation for 5 minutes at 2,000 rpm,
the supernatant was removed and the cells were suspended in 1 mL of HAT selective
medium (RPMI 1640, 1 x 10* M hypoxanthine, 4 x 107 M aminopterin, and 1.6 x 10°M
thymidine) containing 20 percent FCS. A 20 mL quantity of HAT selective medium
containing 20 percent FCS was added, the mixture was added 2 mL per well to a 24-well
plate, and the cells were cultivated for 7 to 10 days in the presence of 5 percent CO; at
37°C. The growth of hybridomas was observed under an optical microscope and anti-
OVA antibody in the culture supernatant was detected by ELISA, described below. Fig.
4 gives the results of ELISA for anti-OVA antibody detected in the culture supernatant of
the hybridomas. The absorbance changed with the dilution ratio of the culture
supernatant. Since it was possible to specifically block binding of antibody to the OVA
on the bottom of the well by adding soluble OVA to the culture supernatant, it was
determined that anti-OVA antibody was produced in the culture supernatant.

The anti-OVA antibody in the hybridoma supernatant was detected as follows.
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added, and the mixture was reacted for another two hours at room

- tenperature. After washing, alkaline phosphatase substrate was added, the
m xture was reacted for 15 mnutes at roomtenperature, and absorbance was
measured at 414 nm The results are given in Fig. 4. Industrial
Applicability According to the present invention, by selecting and

col l ecting antigen-specific antibody-producing B | ynphocytes and using
themto prepare hybridomas, the | abor required to screen antigen-specific
ant i body- produci ng hybridomas is greatly reduced and the efficiency with
\r/]\,hib c _hdhybri doﬁwfﬁ-\ﬂf_ﬂl&pl@ﬂé@@ﬁﬁ:&ﬁed &i@m}g@bbﬁt@%iﬂﬁﬁ@ﬁﬁdﬁﬁ%ﬁhs esraversd ioonﬁ! ’
ybri do -an, gt ho eci.fica t he ar i eved.
(" st noBePRERRABbuRC sl e SRR Arutins biFBalalal PHSIRR0RA50 F s |
on the pAchtoé thguvdllsg Spneltaneepshyswisirthieladditiospfibgridomasiltum gwiseratast, 2cel | s ‘ar e
handl ed, nk&8grhinBRL SEOVIAIRGohfls-A6HERMAIIAGCHSRRE e BN & fRr den on

per sonnel p%rforﬁn n tlﬁg scr.een R% = rg%uceg{ (b) Wien the hybri domas
brol i f or SREGTHCLY i G 1WA BrASH B TGI8 dRFRGIOUFYE B0 (SEEERIS A ant | bodi es
al so pr oliftercavas, washesl, blkelinsephoyphatassiabbled agidiovse Bahlisgidbuliowas because of
the initj sel i ' f ' - clfi

ant i body%%}esaﬁgﬁ%gnﬁ&lﬁ?%sﬁ%ﬁf&? 3of BpliPod n LI MARE, A

hybr i dont#¥éshing, elkaliernhosphagse sehsirpie otas eadedathg mishet Wasieagtedfor dé | ow

f r equencihimnés 4 edtms Repefdnbe A iaBRAYTRE QY McAEird £ a0k 8mUSihe Jesulid seovel |

array chi grs Fﬁ[‘:.mis the preparation of hybridomas derived from antigen-
speci fi c B4Rt olgy-'produci ng B cells of |ow frequency the preparation of

whi ch has previously been inpossible. 17 Cains 1. A nethod for producing

ant i gen- gprckifti Lp@atsiRedy- produci ng hybridomas by selecting a single B
| ynphocyte teacting specifically with a certain antigen, referred to
her ei naf t er aéc‘a}ﬁdlﬂ&mﬁimsglﬁé@wnnen: BYs¢lasiecapd sollecting apfigenspegic
ant i gen- syioldf-peoddeink Wﬁmﬁ&d}&smg asihg d}enﬁﬂ%(bréplalﬁd M@Eifdbgriﬁg lﬂlhr;ie lul?](gd of ol aim
27 9 A s B M o YL b JLWIRAG P
pr esence thsfelBgiency erikoviieh hyntlpmacpepretasalisl gleaiha Ohproveshever panyentionki ns
i ncl udi ngybrofial pRepstdtioft Mdihodd) Specifically, the following are achieved.
(a) Since the number of cells being handled decreases, the number of wells on the
plate during plating is smaller. Since a small number of cells are handled, the time
required for screening decreases and the burden on personnel performing the screening is
reduced.
(b) When the hybridomas proliferate, although hybridomas not producing antigen-
specific antibodies also proliferate, the frequency of such negative cells is lower because
of the initial selection and concentration of antigen-specific antibody-producing B
lymphocytes.
(c) The reliable preparation of hybridomas by the detection, collection, and
proliferation of low frequency antigen-specific antibody-producing B cells using
microwell array chips permits the preparation of hybridomas derived from antigen-
specific antibody-producing B cells of low frequency the preparation of which has
previously been impossible.
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3. The method of claim1, wherein the selected antigen-specific B

. lynmphocyte is cultured in the presence of mtogen capable of inducing the
proliferation of B |ynphocytes. 4. The nethod of claim11, wherein the

sel ected antigen-specific B |lynphocyte is cultured in the presence of
anti-CD40 anti body or CD40OL; interleukins including IL-4;, and mtogen. 5.
The nmethod of any of clains 1 to 4, wherein the single antigen-specific

| ynphocyte is selected using a flow cytoneter or mcrowel!| array chip. 6.
The met hod of any of clainms 1 to 4, wherein the single antigen-specific

| ynphocyte is selected by adding anCilgime to the individual mcrowells of an
anti gen- yspeciafd - tel Al Cr J i.p havi ng

il U pl e 7 or vipod TR BRikL G AN £ b N BRBLS B Al RonBlbE.

det ect i n&clettipga singlp buyrhosyte sepstingigpenifically with agetaiyantigeandferedivi ng t he
d](?t ected h&ﬁ%ﬂaﬁ%%ﬂ?@ﬁt&éeﬁus éﬁmﬂg@%&ﬁlﬁﬁ)cﬂé@,rﬂuﬁﬁﬁnﬂh_@ Eﬂk‘?@ll‘lls&cri]ﬁ(? Bt The met hod
of any of cl.ai ns 0 erejn e ant.igen-s iC ocyte is
present i??“peb oF FS&%]S?%E‘%: ahd SE@?’? ﬂﬁﬂ'r%fa“é’a%ﬁfp?ﬁﬁ% &’H}P@Pég%fv?tﬁ& A met hod

f or manufayetoma gsffs.nonocl onal anti body enpl oyi ng the hybri domas prepared by
the met hod of any of clainms Ito 7. 18 Abstract A nethod for producing a
nonocl onal antjbody and antigen-specific antibody produci ng hybri domas

usi ng a <i ngl eRaREtGER! slawr il £ vhergn thessiested atigen-speeiiic Bdamphosyte ifet hod f or
pr Ioducg ngulamtd Gehe Siesdicé btr?]arﬂinCDb@dmilj@_ﬂ?,dlllbilmﬁga;h_&il(’CPlﬁiOIU}?fa‘ndrI]iﬁf@Fehlaﬁ§_
selectin . yte reacting specifically with a certain

anti gen, %é:ﬁld%%ér:igjfeglg%lhggg‘éﬁi ¢ B I ynphocyte", culturing the
antigen-specific B |l ynphocyte selected, and fusing the cultured

anti gen- gpeci fThe mBttod BPBIaRY § Swiiréih (i@l efeR aﬁﬁéén%p%&ﬁ@%tlﬁh%é & igybri domas.
|
f

Th nocl.onal. apti body i roduced . w t.h thus_ obtal ne mas.
€ m cul%.lreci in tHe preser%e OP mﬁogen capz%le 0% inducing the prolfferatlon
lymphocytes.
4. The method of claim 1, wherein the selected antigen-specific B lymphocyte is
cultured in the presence of anti-CD40 antibody or CD40L; interleukins including IL-4;
and mitogen.
5. The method of any of claims 1 to 4, wherein the single antigen-specific

lymphocyte is selected using a flow cytometer or microwell array chip.

6. The method of any of claims 1 to 4, wherein the single antigen-specific
lymphocyte is selected by adding antigen to the individual microwells of an aﬁtigen-
“specific lymphocyte detection-use microwell array chip having multiple microwells each
containing a single lymphocyte specimen, detecting those lymphocytes reécting with the
antigen, and removing the detected antigen-specific lymphocytes from the microwells.

7. The method of any of claims 1 to 6, wherein the antigen-specific lymphocyte is
present at a frequency of less than or equal to 0.1 percent.

8. A method for manufacturing monoclonal antibody employing the hybridomas
prepared by the method of any of claims 1 to 7.
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