ENHANCEMENT OF HYBRI DOVA FUSI ON EFFI Cl ENCI ES THROUGH CELL
SYNCHRONI ZATI ON BACKGROUND OF THE I NVENTION 5 [1] FIELD OF THE

| NVENTI ON [ 2] The present invention relates to nmethods of enhancing
hybri doma fusion efficiencies through cell synchronization of the
fusion partners, in order to aid in production of antibodies. 10 [ 3]
RELATED ART [4] The use of nonocl onal antibodies (mAbs) as

t herapeutic reagent has becone an effective approach for the
treatment of various diseases. In addition, mAbs are powerful tools
to gain a better understandi ng of the hni nuno-pat hogenesis of various
di seases. [5] Generation of nonocl onal antibodies has first been
descri bed by Kohler and MIstein (Kohler and 15M | stein, Nature 256:
495- 497 (1975) ) ENBANGEMENG UFDBRENINGA FEIONBFIIGIENGIRS THROGEHIORER has
beconme a standard procedure in tsyechabrmzArionpi cal protocol for

hybri doma generation involves: (i) imunizing an animal (e.g., nouse,
rat or rabbit) with a purified roteln ant i (i1) harvesting

anti body producing B-cells,?® %@ﬁé) ?ﬁgngﬁleen; (iii) fusing
B-cells wwth a non-secretory nyelona ceII line deficient for the
enzynme hypon@nhﬁtﬂ@Fgganhm@Tnhosphoribosyl transferase 20 (e.g.,
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t hymi di ne (mﬂvoaghdel(vycllgﬁew@@mpﬁ@? fﬁsaﬂn pelmells,sn e to aphmeie@eﬂtthé desired
anti body and (tidodlet. Mt dilution cloning to obtain a honogenous cel

l'ine thatl0 ﬁ%LA%EBQﬁTant'bOdy [6] In this time consum ng
mul ti-step F ocess, oné of the nost critical steps is cell fusion,
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the cel |l fusi Orcopeoteds prosedyreinyhe lamef Hri@i pentol foByemiomnaertidésblvektiown

condi tions, sUghuggPdbhirkie. Qfmofs@ %@@r%&) whHR PR @il Buntiod i) FeBhding
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[6] In this time consuming multi-step process, one of the most critical steps is cell fusion, where

25 antibody-secreting B cells and myeloma cells are fused. The murine HGPRT negative B cell
myeloma cell line, FO, with a doubling time of 8-12 hours, has become a siandard fusion partner
in the hybridoma process. When fused to splenocytes from a mouse that is mounting a strong
hunoral immune response, FO-derived hybridomas that secrete the mAb of interest can be
gencrated quickly.

30 [7] However, the cell fusion process is very inefficient. Even under best known conditions, such as
purity of reagents, temperature, and cell viability, only approximately 0.08% splenic antibody
secreting cells are fused. Such inefficiency is due to many factors. For example, fusion of two
splenic cells creates a hybridoma that is notl immortalized and will not grow, and fitsion of two
myeloma cells creates a hybridoma that does not secrete antibody and will die under selection

35 media. In addition, fusion of greater than two cells results in unstable syncytias and the

polykaryons will not survive,



2 [8] As aresult of all these variables, initial hybridomas are
often unstable and do not survive the selection process while the
ones that do usually secrete low |l evels of antibody. Therefore, there
is a need for inproved nethods to generate hybridomas and nake

nonocl onal antibodies. 5[9] SUMVARY OF THE | NVENTI ON [ 10] The present
i nvention provides a nethod to increase hybridoma fusion efficiency,
conprising synchroni zing fusion partner cells. In one aspect, the
present invention provides synchronizati on of antibody-producing B
cells. In another aspect, the presentzinvention provi des
synchroni zati on of nouse nyeloma cell$. 10 [11] In one enbodi nent,
the synchroni zation is achi evenent through serum starvation. The
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the present invention. The antibodi es produced using the present

i nvention can be used for therapeutic, diagnostic, and/or research
pur poses. 15 [12] DESCRI PTIMONSEHEMARE OFQUENYENNIPN 3] Citations: Al
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[14] The term “immunogen” as used herein means any molecule that can potentially clicit an immune

response in a subject. Since some immunogens do not elicit an immune response when
30 administered in the absence of an adjuvant, the term “immunogen™ encompasses molecules that
only elicit an immune response when co-administered with an adjuvant.

[15] The term “monoclonal antibody™ as used herein refers to a preparation of antibody molecules of
single molecular composition. A monoclonal antibody displays a single binding specificity and
affinity for a particular cpitope. Monoclonal antibodics include murine, human, humanized and

35 chimeric monoclonal antibodies.
[16] In gencral, antibodics arc proteins or polypeptides that exhibit binding specificity to a specific

immunogen. Intact antibodies are heterotetrameric glycoproteins, composed of two identical light



35chi meri c nonocl onal antibodies. [16] In general, antibodies are
proteins or pol ypeptides that exhibit binding specificity to a
speci fic i munogen. Intact anti bodies are heterotetnuneric

gl ycoproteins, conposed of two identical light 3 chains and two

i dentical heavy chains. Typically, each light chain is linked to a
heavy chain by one coval ent disulfide bond, while the nunber of
disul fide lIinkages varies between the heavy chains of different

i mmunogl obul in i sotypes. Each heavy and |ight chain al so has

regul arly spaced intrachain disulfide_,bridges. Each heavy chai n has
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then incapable of growing in certain selective media which support the growth of only the desired
fused cells (hybridomas). For example, where the immunized animal is a mouse, one may use

30 P3-X63/Ag8, X63-Ag8.653, NS1/1.Ag 4 1, Sp210-Agl4, FO, NSO/U, MPC-11, MPC11-X45-
GTG 1.7 and 8194/5XX0 Bul.

[19] Mecthods for generating hybrids of antibody-producing spleen or lymph node cells and mycloma

cells are well known in the art. Generally, somaltic cells are mixed with myeloma cells ina 2:1
proportion, though the proportion may vary from about 20:1 {o about 1:1, respectively, in the

35 presence of an agent or agents (chemical or electrical) thal promote the fusion of cell membranes.

Fusion methods using Sendai virus have been described by Kohler & Milstein (1975; 1976), and



30P3- X63/ Ag8, X63- Ag8.653, NS1/1.Ag 4 1, Sp210-Agl 4, FO NSO U,
MPC-11, MPCII -X45- GIG 1.7 and S194/5XXO Bul . [19] Methods for
generating hybrids of antibody-producing spleen or |ynph node cells
and nyeloma cells are well known in the art. Generally, somatic cells
are mxed with nyeloma cells in a 2:1 proportion, though the
proportion may vary from about 20:1 to about 1:1, respectively, in
the 35presence of an agent or agents (chem cal or electrical) that
pronote the fusion of cell nenbranes. Fusion methods using Sendai
virus have been described by Kohler & Mlstein (1975; 1976), and 4
t hose usi ng pol yet hyl ene gl ycol (PEG) such as 37% (v/v) PEG by
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binding to [} tubulin and preventing formation of one of the two interchain disulfide linkages, thus
inhibiting microtubule dynamics, disruption of mitotic spindle function, and fragmentation of the

25 Golgi complex. Nocodazole arrests the cell cyele at G2/M phase. Other examples include
mimosine, which is a plant amine acid and iron chelator that inhibits DNA replication and blocks
the cell cycle in the G1/S phase; and aphidocolin, which prevents mitotic cell division by
interfering with the activity of DNA polymerase, also blocking the cell cycle in the G1/8 phase,
In addition, growth of cells in media lacking serum induces cell cycle arrest at G1 in most cell

30 types.

[23] Alarge portion of exponentially growing cclls in culture is in the G1 stage of the ccll cycle.
Howcver, this stage may not be optimal for cell fusion. It has been found that following treatment
of myeloma cells with coleemid, a mitotic spindle inhibitor that arrests cells at the metaphase
stage of milosis, there is an increase of 26-570% for colonies in hybridoma cell fusion.

35 According 1o the present invention, cells can be grown in a synchronized manner using one or

more cell cycle inhibitors followed by washing andk/or restoration of normal growth media. In



popul ation of cells, there are several nethods that can reversibly

bl ock cells at certain stages of the cell cycle. For exanple,
nocodazole is an antimtotic agent that disrupts m crotubul es by
binding to 13 tubulin and preventing formation of one of the two
interchain disulfide |linkages, thus inhibiting mcrotubule dynam cs,
di sruption of mtotic spindle function, and fragnentation of the
25Col gi conpl ex. Nocodazole arrests the cell cycle at &/ M phase.
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Kabat et al. Suquences of Proteins of Immunological Interest, U.S. Dept. Health (1983) and PCT
publication WO 05/33029 and US 10/872,932, filed 06/21/2004, entirely incorporaied herein by

reference.

[27] Such imported sequences can be used to reduce immunogenicity or reduce, enhance or modify

30 binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any other suitable
characteristic, as known in the art, Generally part or 21l of the non-human or human CDR
sequences are maintained while the non-human sequences of the variable and constant regions are
replaced with human or other amino acids. Antibodies can also optionally be humanized with
retention of high affinity for the antigen and other favorable biological properties. To achieve this

35 goal, humanized antibodies can be optionally prepared by a process of analysis of the parental
sequences and various conceptual humanized products using three-dimensional models of the

parental and humanized sequences. Three-dimensional imnmunoglobulin models are commonly



can be selected by a suitable assay (e.g., ELISA). [26] O her
sui t abl e met hods of producing or isolating antibodies of the

requi site specificity can be used as known in the art, e.g., see,
Col l'i gan, Harl ow and Lane, Ausubel, supra, each of which is entirely
i ncorporated herein by reference. Methods for engineering or
humani zi ng non- human or 20human anti bodi es can al so be used and are
well known in the art. Generally, a humani zed or engi neered anti body
has one or nore am no acid residues froma source which is non-human,
e.g., but not limted to, nouse, rat, ;rabbit, non-human prinmate or
other mammal . These human am no acid residues are often referred to
as "inport" residues, which are typically taken froman "inport"
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20 [ 28] The anti body can al so be optionally generated by i nmrunization
of a transgenic animal (e.g., nouse, rat, hanster, non-human prinate,
and the |ike) capable of producing a repertoire of human anti bodi es,
as described herein and/or as known in the art. Cells that produce a
desired anti body can be isolated fromsuch aninmals and imortalized
usi ng suitabl e nmethods, such as the nmethods described herein. 25 [29]
Transgenic mce that can produce a repertoire of human anti bodi es
that bind to human antigens can be produced by I nown nethods (e.g.,
but not linmted to, U S Pat. Nos: 5,370,428, 5,569,825, 5,545,806,
5,625, 126, 5, 625, 825, 5,633,425, 5,661,016 and 5, 789, 650 issued to
Lonberg etal.; Jakobovits et at WO 98/50433, Jakobovits etal. WD
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efficiency when cells were synchronized to the M phase. In summary, the present invention




25days post fusion. It was shown that serum deprivation w thout any
recovery period did not increase fusion efficiency. On the other
hand, serum deprivation followed with recovery led to an increase in
fusion efficiency conpared to FO cells incubated in conplete nedia.
It was determ ned that for FO nyeloma cells, the optinmal starvation
time was 13 hours and the optinmal recovery tine was al so 13 hours.
Such treatnent prior to fusion led to a 45% increase in fusion
30efficiency. [34] Myeloma cell sanples obtained before treatnent,
imedi ately after 13 hours serum staryation, and after 13 hours
recovery were stained with propidiumiodide and anal yzed on a fl ow
cytonetcr for DNA content. Wthout treatnment, 49-52% of cells were in
GO GL, 23- 25% HEFELIDcssEHsSridany 8‘812’2%%%? évhidh'b DR MTEFRARSR st um
starvati on di dminwizl ogiogdeiss sslaeffetty alter this ratio imediately 35
after treat menh wlllbuilcaﬁhsgiﬁi ihleRBiNdah p piﬁﬂ@&‘i@)ﬁl&@ge thafl @ pRORMIyAL4cEHA ith_e cells
in$S phase to %ﬁ%’nj 945!;1‘1 t\{&%e{ag&%\/ﬁﬁé{ﬂws {yd% &9&%1511%{s¥f tLe é)]{e? : teVI ous

reports ich suggésted_an jncrease In usi on ¢l ency
when cel | € wer 8" ﬁ?ﬁ?ﬁﬁ#?&&mfamﬁﬁgcWﬁﬁﬁé§ﬂ‘“PW”§&WWEF9°“Wﬁ8‘ﬁresent
invention S seeeewghighly i ncreases the hybridoma fusion efficiency,
which is highly efficient, and induces mniml or no adverse side
effects. [35] It will be clear that the invention can be practiced
ot herwi se than as particularly described in the foregoing description
and exanpl es. Nunmerous nodifications and variations of the present
5invention are possible in light of the above teachings and,
therefore, are within the scope of the present invention. 9
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partner nyeloma cells. 2. The nethod of claim1, wherein the nyel ona
cells are selected fromthe goup consisting of: 5P3-X63/Ag8,

X63- Ag8. 653, NS1/1.Ag 4 1, Sp210-Agl4, FO /vi1PC 11, MPCll- X45-GIG
1.7 and S194/5. X XO Bul. 3. The nmethod of claim1l, wherein the
synchroni zation is achi eved through serum starvation. 4. A nethod for
i ncreasi ng hybridoma fusion efficiency, conprising synchronizing the
fusing partner antibody-producing B cells. 105. The nethod of claim4,
wherein the anti body-producing B cells are obtained from spl eens,
tonsils or |ynph nodes, or froma perjpheral blood sanple. 6.The

nmet hod of claim4, wherein the synchrBnization is achieved through

serum starvation
WHAT IS CLAIMED I§:

1. A method for increasing hybridoma fusion efficiency, comprising synchronizing the fusing
partner mycloma cells.

2. The method of claim 1, wherzin the myeloma cells are selected from the group consisting of:

5 P3-X63/Ag8, X63-AgB.653, NS1/1.Ag 4 1, Sp210-Agl4, FO, MPC-11, MPC11-

X45-GTG 1.7 and 5194/5XX0 Bul.
The method of claim 1, wherein the synchronization is achieved through serum starvation,

4, A method for increasing hybridoma fusion efficiency, comprising synchronizing the fusing
partner antibody-producing B cells.

10 5. The method of claim 4, wherein the antibody-producing B cells are obtained from spleens,

tonsils or lymph nodes, or from a peripheral blood sample.

6. The method of claim 4, wherein the synchronization is achieved through serum siarvation.



