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sel ecting particular cell hybrids and as proprietary tags. DESCRI PTION OF
THE PRI OPuliRTell fusion to generate tissue or cells useful for tissue replacement and/or tissue
rejuvenation therapy or a range of organs or areas of the body. The resulting tissue or cells
may also secrete or generate a range of cytokines, enzymes, hormones and the like which
15 have improved or more efficacious properties relative to analogous molecules produced
from non-fused cells. The present invention further provides an apparatus having aspects
controlled by data processing means which facilitates the fusion of a pair of cells. Of the
pair of cells, at least one of the cells in the pair may be a mature cell or is capable of
differentiating or developing into a mature cell. The subject invention further provides
20 isolated molecules such as cytokines, receptors, antibodies, hormones, heat shock proteins,
enzymes, and glycoproteins such as mucins, lectins and heparan sulfates derived from
fused cells. These molecules may be characterized by having altered glycosylation
patterns, altered post-translational modifications, greater activity, being more efficacious
or being more stable relative to analogous molecules from non-fused cells. The present
25 invention further provides novel cell fusates or cell hybrids having a pattern of cell surface

markers unique relative to the at least two cells which fuse together to generate the cell.

These cell markers are useful in selecting particular cell hybrids and as proprietary tags.

DESCRIPTION OF THE PRIOR ART
30

Bibliographic details of the publications referred to in this specification are also collected



30 Bi bliographic details of the publications referred to in this
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et

generally not possible.

15 This is certainly the case with, for example, autoimmune conditions. Such conditions
include multiple sclerosis, theumatoid arthritis and insulin-dependent diabetes mellitus -
(IDDM). The immune system in general can frequently exacerbate adverse physiological

conditions such as having hay fever, asthma and anaphylactic shock.

20 IDDM results from the selective destruction of insulin-producing B-cells in the islets of the
pancreas, within an autoimmune inflammatory “insulitis” lesion (Honeyman et al.,
Springer Semin. Immunopathol. 14: 253-274, 1993; Bach, Endocrine Rev. 15: 516-542,
1994). This is also referred to as type I diabetes. Previously, target autoantigens which
trigger or drive immune reactivity to B-cells have been considered as potential targets for

25 diagnostic applications and also as agents or targets for specific immunotherapy (Adorini
et al., Springer Semn. Immunopathol. 14: 187-199, 1992; Muir et al., Diabetes/Metab.
Review 9: 279-287, 1993; Harrison, Mol. Med. 1: 722-727, 1995).

Despite the availability of drugs to ameliorate many of the symptoms of degenerative
30 disorders, where cell apoptosis is occurring or where metabolic and neurological networks

are permanently damaged, such as with neurodegenerative disorders, alternative protocols



Despite the availability of drugs to aneliorate many of the synptons of
degenerative 30 disorders, where cell apoptosis is occurring or where

met abol i cward/1eme6 ol ogi cal networks are pernanently dama@et/A®EOI66S W t h
neur odegenerative disorders, alternative protocols W 03/102126
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limted acity. n nost cases, the goal of cell-cel

f usi on i grafotisndedidhhedypres ferlikebboat ofxersetion.| i ne, which |ives eternally,
to an isolated primary cell, such that the properties of this prinmary cell
are preserved indefinitely by virtue of its newy created ability to

prol ifeer %%irﬁrlgé((ﬁﬁ lipk® e GRbdent brlvRBtioraRe ifVdnjors ploppsé® e mibe)eell fasioheen
applied to the gene%a ion of nonocl onal antibodies 25 produci ng B-cell
hybr i donsschnology to generate cells or tissue comprising for use in tissue replacement and/or

rejuvenation therapy. Cell fusion has been rendered possible through chemical, biological
and physical means. Examples of these techniques include polyethylene glycol (PEG)

fusion, fusagenic virus fusion and electrofusion, respectively.

15
Cell-lines can be immortal, enabling them to replicate indefinitely, as opposed to being
metabolically active but unable to divide. The immortality is due to genetic alterations,
such as loss of tumor suppressor genes. Conversely, a primary cell normally has limited
proliferative capacity.-

20

Tn most cases, the goal of cell-cell fusion is to endow the properties of a cell line, which
lives eternally, to an isolated primary cell, such that the properties of this primary cell are
preserved indefinitely by virtue of its newly created ability to proliferate forever like a cell
line. Generally, this technique has been applied to the generation of monoclonal antibodies

25 producing B-cell hybridomas.

One commonly used technique is chemical fusion using, for example, PEG. This
technology has been particularly successful in generating hybridomas. In a typical PEG-
mediated fusion of 100 million spleen cells and 10 million myeloma cells, the yield of
30 fused cells would be less than 1000, of which four or five cloned cells, but frequently none,
make antibody of the desired specificity. This leads to the practice of doing 5-10 fusion
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of its complexity, susceptibility to contamination or low efficacy. This is especially

significant in cases where a molecule occurring at low incidence on a cell’s surface is the
15 antigen of interest in immunization and fusion. Furthermore, the fusion process between

the cells is indiscriminate.

Electrofusion of cells involves bringing cells together in close proximity and exposing
them to an alternating electric field. Under appropriate conditions, the cells are pushed
20 together and there is a fusion of cell membranes and then the formation of fusate cells or
hybrid cells. Electrofusion of cells and apparatus for performing same are described in, for
example, U.S. Patent Nos. 4,441,972, 4,578,168 and 5,283,194, International Patent
Application No. PCT/AU92/00473 [WO 93/05166], Pohl, “Dielectrophoresis”,
Cambridge University Press, 1978 and Zimmerman et al., Biochimica et Biophysica Acta

25 641:160-165, 1981.

Whilst electrofusion has had some limited success, for example in developing hybridomas,
low rates of fusions and difficulties with fusion machines and in culturing the resulting
hybrid cells have limited the use of the technology.

30

In relation to tissue replacement and rejuvenation therapy, one problem is providing
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direcidy dnateﬁd&ﬁgm%glstl ssue and a reliance is placed on the cellular
m croenvironment of the target tissue to control the fate of
differentiation of the injected stemcells.

Embryonic stem (ES) cells are the most pluripotent stem cells of all, having the ability to

make any cell or tissue in the body. One of the great challenges for developmental

biologists has been the ability to control the direction in which ES cells grow and
15 differentiate.

There is a desire to control ES cell differentiation. However, this is presently partially
accomplished in a somewhat haphazard fashion with mixed results using cocktails of one
or more growth factors and/or cytokines. Alternatively, stem cells are sometimes injected
20 directly into damaged tissue and a reliance is placed on the cellular microenvironment of

the target tissue to control the fate of differentiation of the injected stem cells.

In accordance with the present invention, the inventors have now combined cell fusion
technology and stem cell technology to enable the generation of large amounts of cells
25 having a potential for use in tissue replacement and/or regeneration therapy. The resulting
fusates are also proposed to be useful as a source of cellular-derived molecules such as

cytokines, enzymes, heat shock proteins, hormones and even ligands for cell receptors.
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repl acenent and/or regeneration therapy. The resulting fusates are al so
proposed to be useful as a source of cellular-derived nol ecul es such as
cyt oki nes, enzynes, heat shock proteins, hornones and even |igands for cell
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Thr oughout this specification, unless the cont ext requi res ot herw se, the
word "conprise", or variations such as "conprises" or "conprising", wll
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cells" precursor cells" and "precursor stemcells". The other class of
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"differentiated cells", "mature differentlated cells" "termnally
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isolated cells derived fromtissue or_an inmmortal %I ne Qr
t unor - derareerdfeggqhtmhqx@m ghestem cells”. The most pluripoten and carfiest in Yerms of

developmental stage, are the “embryonic stem (ES) cells” or “ES cells”. ES cells may be
freshly derived primary cells, an ES cell-line, or an embyronic carcinoma (EC) cell line.
15 All other stem cells from somatic tissue (every tissue excluding germ cell tissue) are
defined in general terms as “somatic stem cells”, but might be commonly known as any or
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all of the following: “adult stem cells”, “mature stem cells”, “progenitor cells”,
stem cells”, “precursor cells” and “precursor stem cells”. The other class of non-ES cell is
defined as “germ line stem cells”. Finally, non-stem cells are herein described as “mature
20 cells”, but are also known as “differentiated cells”, “mature differentiated cells”,
“terminally differentiated cells” and “somatic cells”. Mature cells may also be primary
isolated cells derived from tissue or an immortal cell line or a tumor-derived cell-line. The
present invention further encompasses “precursor forms of a mature cell” which includes
all cells that do not fulfil commonly used scientific definitions for either stem cells or

25 mature cells.

The present invention provides a method for the generation of cells for use in cell
replacement and/or rejuvenation therapy. The cells may also be a source of molecules such
as proteins, hormones, cytokines, enzymes, heat shock proteins and ligands for cell
30 receptors. The method involves the fusion of a pair of cells wherein at least one cell is a

stem cell (either embryonic or somatic) and the other is a somatic stem cell, a precursor
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required for tissue therapy, and be differentiated into the target tissue

so desired.
Accordingly, by combining the proliferative capacity of one type of highly pluripotent

15 stem cell, such as as an ES cell, and the differentiation pathway commitment of an adult
stem cell or mature cell, in a fused cell hybrid of the two, a therapeutic cell-type can be
delivered which can be both expanded in larger numbers required for tissue therapy, and be

differentiated into the target tissue so desired.

20 In yet another embodiment, one or both of the pair of cells, is carrying a transgene
encoding a gene product which controls the fate of the resulting fusate. An example of this
is a myosin heavy chain gene or cDNA, which may control the fate of the resulting fusate
down the cardiac lineage. The transgene may be present in the cell in either a stably
integrated fashion, or a transient fashion. Stable integration would constitute the transgene

25 becoming part of one or more host cell chromosomes. The transgene is present in a
mammalian cell expression vector, such as a plasmid, or a virus, such as an adenovirus or a
lentivirus. Alternatively, the transgene may not encode a protein, but rather antisense
RNA, or alternatively, interference RNA (iRNA). The iRNA in this way would be able to
selectively switch on or off genes involved in the fate of the stem cell, and also the

30 resulting fusate. The transgene may be either constitutive or under inducible regulatory

control. In a preferred embodiment, expression of the transgene keeps the stem cells and
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the. ot NP RGO 8 BEIBATPHGS i SLEY SafiaoBodt PRsHENG B F18 o |
fluid-fi |}:)cﬁﬁlati5n§ fb@@l’p%n@ﬁeﬂg%of 8 1S calts. BIR! fusibH i behaRbBhlk fusion

I ndi vi du pairs of S may be involved in the fusion process, i.e.

si ngl e cethert fgino rabomirZ bublhout 160 aeliseare davalvedipn magracbullp Siploravhersgresien

Fr om abouties St olRpAGEr R st henpU R BeTleh it Rl ¥sn W ¢

greatgp thbPpreseR@Héf RIBQObieRIdidal alend, BivéH kil thEE isertertya Rkadeaiei Vitusadray by
chemical means such as in 10 the presence of PEG, biol ogical neans, such as

in the presaried means, tgsfelg@mf@smn rihe @slownase Plsetipyelye ankeaphinationenf these
el ectrofusion. -Ih S , t
e et ol AT Il YO B RN, AGEAP R LR Blek S B o

interl eukfaalhfﬁatémmﬁg), to facilitate fusion. 15 Follow ng cell fusion, a
fused cell (fusate cell) or otherw se known as a hybrid cell is

15 TFollowing cell fusion, a fused cell (fusate cell) or otherwise known as a hybrid cell is
obtained comprising of nuclei of at least two cells encased in a fused lipid bilayer from the
cells involved in the fusion. The nuclei of the cells fuse resulting in a hybrid cell with an
abnormal number of chromosomes, which might be quadraploid or containing less or a
greater number of chromosomes. The hybrid cell has the ability to divide and proliferate

20 under appropriate culture conditions.

In a preferred embodiment, the fusion is by electrical means and involves single cell fusion
although the present invention clearly extends to mini-bulk and macro-bulk electrofusion
Of mini-bulk and macro-bulk techniques, mini-bulk electrofusion is the preferred
25 embodiment as it has clear advantages over macro-bulk due to the small number of ES and
somatic stem cells likely to be isolated for individual experiments. The mini-bulk method
contains specialized methods for dealing with the smaller numbers of cells pre-fusion,

post-fusion and during the course of fusion.

30 In single cell electrofusion, an electrical current having a pre-determined waveform to the

electrodes is then applied, which permits the cells to fuse. Preferably, the cells to be fused



obt ai ned conprising of nuclei of at |east two cells encased in a fused
lipid bilayer fromthe <cells involved in the fusion. The nuclei of the

cel |l s fusworregedieé ng in a hybrid cell with an abnorml n®cPAU6N0666
chronmosones, which m ght be quadraploid or containing | ess or a greater
nunber of chronosones. The hybrid cell has the ability to divide and
proliferate 20 under appropriate culture conditions. In a preferred

enbodi nent, the fusion is by electrical9+#reans and invol ves single cell
fusion although the present invention clearly extends to mni-bul k and
macr o- bul k el ectrofusion O mni-bulk and macro-bul k techni ques, m ni-bul k

el ectrofusion is, the r . gﬁ%{&fe kit I EHahages
over naclrb- ??E?C&eddﬁ‘%mt%lb%%ge éoﬁgﬁllfe%nﬁ%%r% f E§ﬂ gr?ggltlggc:rda{ﬁi tgétzl%sggr%/cel | s
likely t@uélethas@babRréafeanbitaeially domateddepeedniten separdth drom. hothisidckodast hbel

contai ns specialized nethods for dealing with the smaller nunbers of.cells
pre- f usi dipettep s CORSRISHILY (FPCHRd; Vg & ﬂ’é‘g%&ﬁteé’é agﬁptp{ﬁ? drevesge Ipﬁpezen‘alltg cel l
el ectrof ysi on, b ; i CHahibeE TR \WpERLiBH t O
R s R e e R A e s i

Pr ef ersabloy thd f€ve eystan nmyhesd bis exhtidided By HaR1POCcEBSNEANGERS 008E61s adgpigd do

sel ected from separate .cont ai ner sing a pipette d positioned . e
fusing chegeber andsproRess HARULGQ f drogt BICHigk t I?IB%P? allg%gle?tq%e%?ngg?l\?\gte%?but

separat e [ ‘?ﬁ%ﬂ%@ cEll 3&&6&9% inT WBichPéRE! #hRSprefetre@ OBMANIfSMbtYE BPLhELRd Vi a
a drive system adapted to nove the pipette with respect to the containers

separ at elpypdtiel di ng the cells and the fusing chanber. The operation 5 of the
drive system may al so be controlled by data processing nmeans which is
adapted to receive and process input commands fromthe user. The pipettes

are st CORVER 6fide f1Sbn hHS Bcdufted) thOtBukidb hybté cein & esherdd infaisoltatiasieh t he
preferre ormof pipette is a mcro- pipette. 10 Cenerally, once fusion

has occurmetiumt préor tesbéing regpangded iin cubiime 10z ysedisse) rophcEISH}, TV AR h
e P o S5 RRRE R TS Y DR e EhaSyco R anarmEl .
contai n fRCt QISR bOWeN@Il fusate following the stress of fusion. Such a supplement could
include a high percentage of fetal calf serum, for example 20%.
15
The present invention provides, therefore, a method for the prophylaxis or treatment of
trauma or disease in a subject, the method comprising expanding a culture comprising a
hybrid cell generated between a pair of cells wherein one of the cells is a stem cell (either
embryonic or somatic) and another of the cells is a somatic stem cell, a precursor form of a
20 mature cell or a mature cell thereof fused together by fusion and introducing the expanded
culture of cells to the subject. The present invention further contemplates autofusion

between two cells of the same type.

The hybrid cells generated via cell fusion may comprise unique cell surface markers which
25  are useful in selecting these cells, monitoring their status and movement in a subject and as
proprietary tags. Furthermore, the present invention provides novel metabolites including
cytokines, heat shock proteins, hormones, ligands for receptors and enzymes produced by

the fused cells. The fusates are, therefore, also useful in cellular therapeutics.

30 The present invention provides, in a further embodiment, a system of cell fusion

comprising:-



the recovery of the cell fusate followi ng the stress of fusion. Such a
suppl enent could include a high percentage of fetal calf serum for
exanpl e 2803A&13Ihe present invention provides, thereforepCca/Amsheadsfor the
prophylaxis or treatnent of trauma or disease in a subject, the nethod
conprising expanding a culture conprising a hybrid cell generated between
a pair of cells wherein one of the cells is a stemcell (either enbryonic
or somatic) and another of the cells i$0a somatic stemcell, a precursor
formof a 20 mature cell or a mature cell thereof fused together by fusion
and introducing the expanded culture of cells to the subject. The present

i nvention further contenpl ates autofusion between two cells of the sane
type. The hybrid cells generated via cell fusion may conprise uni que cel
surface r kerelevhigcivo pdpubitiensisidelik, danh pepatiomepniprisse @l dranorawplls, & i ng
their status and novenent in a subject and as proprietary tags.

Furt her nore, ﬁW@tﬁg@b@ht i nvention provides novel netabolites including

cyt oki nes, heat shock proteins, hornones, |igands for receptors and enzynes
produced by the fused cells. The fusates are, therefore, also useful in
cel I ulsar (fiher dpdng thesat 136t thoeells gether;i nventi on provides, in a further
enbodi nent, a systemof cell fusion conprising: WO 03/102126

PCT/ AU03/ 00666 -10 (i) selecting two popul ations of cells, each popul ation
conpri si gﬂit)on%uﬁrec i ﬁeff?‘éeh%ellstt@ cuftth@@ohEGBhR gro® thé fuked &dlisNg the at | east
two cell ogether; (11i) subjecting the fused cells to culture conditions
to grow the fused cells; (iv) optionally subjecting the cells to data
processing neans, tqQ. anal.yze cell surface 10 marker d ecket or
gener at i &) of O;BPB’P%}Yn S‘ﬁ’ﬂ g°rz?8ﬁ -tﬁ? SF% i ﬁé‘iaalfﬁgf?sﬁé’%; mS%g %(gﬂ%’ﬁg oc\(;elhd%dﬁ%ee

cul tuges of fuysedeCehiRr Qo g8irhtidestprdie dritacroteln etabolites; sad be used
for further fusion experinents, i.e. refusion to other cells,

V) providing cultures of fused cells to other entities.

The fused cells may also be used for further fusion experiments, i.e. refusion to other cells,

15 in a continuous process of “cell-breeding”.

This aspect of the present invention covers a method of contract research where entities
either provide cell populations for fusion together and/or who seek to exploit cells which
have been fused together. Such entities include inter alia patients, medical practitioners, a

20 pharmaceutical entity or a researcher.



15 in a continuous process of "cell-breeding". This aspect of the present
i nvention covers a nethod of contract research where entities either
provi de ceblo3paeyed ati ons for fusion together and/ or who s®eH/AU306G0b 01 t
cells which have been fused together. Such entities include inter alia
patients, nedical practitioners, a 20 pharmaceutical entity or a
researcher. WD 03/102126 PCT/ AU03/ 00666 -11 BRI EF DESCRI PTI ON OF THE
FIGURES Figure 1 is a block diagram of1lar exanpl e of apparatus for fusing
cells. 5 Figure 2 is a schematic diagram of the apparatus of Figure 1.
Figure 3 is a schematic diagramof the pipette of Figure 1. Figure 4 is a

fl ow char S@’[@f I of fusing cells using the
appar at usﬁ%ﬂéF?@ |gulﬂe %%@e@@@? 5C are a flow chart of the process

of fusing cells inplenented by the apparatus of Figure 1. 15 Figures 6A
and 6B are schemati c diagrans, of cel]s being drawn.intg, and expelled from
the pi petiigugssl qsiadcdpg@agrﬁr@fraggxwig,ﬂf 3 g?léf%rwcfﬁ@ﬂ%f%!:s'di agrans of the
arrangenent of the electrodes and cells in the fusion well during
operation of the apparatus of Figure 1. 20 Figures 7A to 7G are exanpl es of

pul se %edqligmeesistashenaiic disgramed thoagpamtegppfdiigined. of Figure 1. Figure 8A
is a schematic plan view of a second exanple of apparatus for fusing cells.
25 Figure 8B is a schematic side view of the nodified well array of Figure

8A. Fi gurgg 1%3'ﬁaascﬁ&ﬂﬁt'i@di%g@ﬁlﬁﬂhéfi@&\ﬁ@éfﬂgp&ilﬂd_ exanpl e of apparatus for
f usi ng celgs. 30 Figure 9B is a schematic side view of one of the cells
shown in Figure 9A

Figure 4 is a flow chart of an overview of the process of fusing cells using the apparatus of

10 Figure 1.

Figures 5A to 5C are a flow chart of the process of fusing cells implemented by the
apparatus of Figure 1.

15 Figures 6A and 6B are schematic diagrams of cells being drawn into and expelled from

the pipette of Figure 3.

Figures 6C and 6D are schematic diagrams of the arrangement of the electrodes and cells

in the fusion well during operation of the apparatus of Figure 1.

20
Figures 7A to 7G are examples of pulse sequences that may be used in the apparatus of
Figure 1.
Figure 8A is a schematic plan view of a second example of apparatus for fusing cells.

25

Figure 8B is a schematic side view of the modified well array of Figure 8A.

Figure 9A is a schematic plan view of a third example of apparatus for fusing cells.

30 Figure 9B is a schematic side view of one of the cells shown in Figure 9A.



WD 03/ 102126 PCT/ AUO3/ 00666 -12 Figure 9C is a schematic perspective view
of the first electrodes of Figure 9. Figure 10 is a schematic di agram of

t he pi petwe oefioregure 3 nodified to include an el ectrodePCI/ARIOGOO®611L is a
bl ock diagram of a nodified version of the apparatus of Figure 1 adapted to
use two of the pipettes shown in Figure 10. Figure 12 is a schematic

di agram of the apparatus of Figure 11. 10 Figure 13A is a schematic

di agram of the pipette of Figure 10 motRfied to include a radiation
source. Figure 13B is a schematic diagramof the pipette of Figure 3
nodified to include an 15 alternative radi ation source. Figure 14 is a

schenati g.di agiam of . Lhe; i i IWiErird: S18kfddeybMBigargninber of cel | s.
Figure 1 1gu§e§ s@ﬁesﬁ%ﬁ%%mﬁ%eg%tregﬁeg‘gle‘gﬁe pi [ljettes of Fi gl%rae 11 positioning
cells for 20 subsequent fusion. Figure 16 is a schematic diagram of the

pipettes of Figure 11 and fused cells. Fiqure.17 is ) i ¢ di agram of
t he pi peffigurgf Iq(Fi“g@r whempe idageam 1 f ﬁ’ﬁcﬁlﬂ af #é%ﬁr%tg’lag}?%t@eglagoomcg%& frgl?gur e
18A is aefecc‘Eg@éati c diagram of the pipette of Figure 3 with an alternative

actuat or. fgure 18B is a schematic diagram of the operation of the
actuatsor of Figure 18A. 30 Figure 18Cis a schematic diagramof a first

%SVP : :d%];g};rgﬁggils \%ﬁ{l(}[:p ?Tbgrglég :a?mg'cﬁﬁecy\%?erglso/n10(%%&62a%p§r%%spé"f%é19rgq%%apfe&%é

use two of the pipettes shown in Figure 10.

Figure 12 is a schematic diagram of the apparatus of Figure 11.

10
Figure 13A is a schematic diagram of the pipette of Figure 10 modified to include a

radiation source.

Figure 13B is a schematic diagram of the pipette of Figure 3 modified to include an

15 alternative radiation source.
Figure 14 is a schematic diagram of the pipette of Figure 3 retrieving a number of cells.

Figure 15 is a schematic diagram of the pipettes of Figure 11 positioning cells for

20 subsequent fusion.

L

Figure 16 is a schematic diagram of the pipettes of Figure 11 and fused cells.

Figure 17 is a schematic diagram of the pipette of Figure 3 modified to include a radiation

25 source.
Figure 18A is a schematic diagram of the pipette of Figure 3 with an alternative actuator.

Figure 18B is a schematic diagram of the operation of the actuator of Figure 18A.

30
Figure 18C is a schematic diagram of a first example of the pipette of Figure 18A



Figure 18D is a schematic diagramof a second exanple of the pipette of
Figure 18A nodified for use wwth a bladder. 5 Figure 19 is a schematic

di agram ovoa3aexieé ng tool used for cutting cells. Figure POTiAU0a/066CkK

di agram of an exanpl e of apparatus for automatically fusing cells. 10
Figure 21 is a schematic diagram of the apparatus of Figure 20. WO
03/102126 PCT/ AU03/ 00666 -14 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides a neans forigenerating tissue suitable for use
in replacenent, rejuvenation therapy and as a source of cellular

t herapeutics. More 5 particularly, the present invention contenplates a
nmet hod for neratin ells or cells with a propensity to devel op or
differenfrfoéigie‘ﬁ?f}fse Y%P%Hldﬁ s for use in the treatment or prophylaxis of
mat ure traunma or di sease. Aecordingly, one aspect of the present i nvention

provi des a net hod forﬁgfneratln ure 10 celhs r, cell bIe ﬁg
di f f er entfignrent$D it 8 segoate @lnag@meo SO PHEWPR iR Bing X g%rf'l és‘ first

and second s and positioning said.first and second
populatl8HXP@$Pk§P‘§Q?%9%1 %%d filled fusing chanber and then subjecting
said popul ations of cells to conditions which facilitate fusion to occur
between at | east, one pair of cells. 15 Refere e e@ls capabl e of

di f f er endiighnerlg is ﬁﬁ@%@ﬂ@%%@&é‘cuﬁ%lt%é’ﬁe é%@B&SF ¥ in vivo, in
vitro or ex vivo. The term"in vivo" nmeans after introduction of the cells
to a patient. The term"in vitro" nmeans in cell culture. In any case,

addi t i onaligiixecd0ais 8 by diegrar i ao dyarapletod appathd foata@tomanp@lheﬂlﬂnﬁt%% and/ or
devel opnment into the desired cell types. The term "ex vivo" includes
differentiating tissue in culture systens or a suitable host animal 20
such A5 Frifiu® 419 staﬁymc%é orith dPd apphrafly FFGRe 20. ti Ssue or a pure
populatlon of ceF Reference to a popul ation of cells includes reference
to a single cell or a multiplicity of <cells. Accordingly, this aspect of
t he present invention extends to both single cell fusion




between a pair of cells (i.e. each population of cells conprises a single
cell) as well as bulk 25 cell fusion between two popul ations of cells where
each popuvetisoeieonprises at |east two cells. Bulk fusi oRCwayUoB@06ss ni - bul k
fusion (involving fromabout 2 to about 1000 cells) and macro-bul k fusion
(involving approxinately greater than 1000 cells). The cells within each
popul ation of cells may be each selected froma range of different 30
types of cells. Exanples of popul ationg4ef cells between which fusion is to
be induced or otherwise facilitated include enbryonic stem (ES) cells and
stemcells froman adult; ES WD 03/102126 PCT/ AU03/ 00666 - 15 cells and

e T

post - enbryo/ pre-adult stage; neural stemcells from an adult and stem
cells; neural stemcells froman adult and mature cells; neural stemcells
from a pomte- presentoinvestiad providésage nieand i rggnendting tinsue afuitsblenfaepses ins A
suitable list of stemand mature cel]s andtheirfa icatf'lonf r.u gn

t r anspl adePlAGRINeNf e FAYERAHP BN f’lﬁ‘BYafRf{ i% Eh¥MneS P ngllhgarl.t WEeuglﬁSCh s¥&8m and
mat ur es ﬁﬂﬁ% ; HRASRE hegertc

| nvenﬁ pﬁ{ahitgﬁlfr di'ca rggéﬂltﬁﬁ atlflg%%?ﬁgﬁ}]ﬁ%ﬁfe cel | ﬂ)ﬁa%néﬂggn%)eri ved e%lf (())fn any
Ih_uman t io ssllewithalpragersitpho dénveldpr @i differspiiate intd snatekicalls funiee énte tegtmendney
iver, breast, lung,. nyscle, heart, eye, bone, gastrointestinal tract,

spl een orortpﬁ‘é’hylalmén%t@?fna@éldﬂsfa# the i mune system incl ude CD4+

T-cells, CD8+ T-cells, NTA cells, nonocytes, macrophages, dendritic cells

and B-cells. It should be noted that the present invention contenplates

E he }‘ usi ohccofdisglgneneedspect ar dherpressns inssntien progifiea symelbod & Se8g@HNE &4 Frammal
i nc in
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selecting first and second populations of cells and positioning said first and second

populations of cells in a fluid-filled fusing chamber and then subjecting said populations of

cells to conditions which facilitate fusion to occur between at least one pair of cells.

15 Reference to “cells capable of differentiating into mature tissue” includes the capacity in
vivo, in vitro or ex vivo. The term “in vivo” means after introduction of the cells to a
patient. The term “in vitro” means in cell culture. In any case, additional factors may be
introduced to facilitate differentiation and/or development into the desired cell types. The
term “ex vivo” includes differentiating tissue in culture systems or a suitable host animal

20 such as a pig to produce all or part of an organ or tissue or a pure population of cells.

Reference to a population of cells includes reference to a single cell or a multiplicity of
cells. Accordingly, this aspect of the present invention extends to both single cell fusion
between a pair of cells (i.e. each population of cells comprises a single cell) as well as bulk
25  cell fusion between two populations of cells where each population comprises at least two
cells. Bulk fusion may be mini-bulk fusion (involving from about 2 to about 1000 cells)

and macro-bulk fusion (involving approximately greater than 1000 cells).

The cells within each population of cells may be each selected from a range of different
30 types of cells. Examples of populations of cells between which fusion is to be induced or

otherwise facilitated include embryonic stem (ES) cells and stem cells from an adult; ES



Enbryonic stemcells CGeneration of any tissue for transplant Somatic stem
cells Generation of tissue for transplant Germstemcells Generation of
tissue fowotsasapé ant Human enbryoni c stem cel | s Gener ati ®aTOfUOBOE®6 vari ety
of tissue for transplant Human epidermal stemcells Generation of tissue
for transplant Tissue-specific cells: Includes both somatic stemcells,
mature cells and germline cells Brain Adult neural stemcells CGeneration
of neural tissue for transplant Humanlfieurons Generation of neural tissue
for transplant Human ol i godendrocytes Generation of neural tissue for
transpl ant Human astrocytes Generation of neural tissue for transpl ant

Epi dermi s_Huna. t . ' j W'
tissues é’ﬁ@%arédsqnﬁgll&? 09@9§§ﬁ8§%§g}’%}: %BO 8%%%23&“8 %O%g%?jﬁ?ﬁ{enbmp iecat i on
I(rjl l'icl et%ldlélz @tﬁg’@;t@m lﬂs?ﬁd%gl?ﬂoﬁ{thﬂpds@bmbrwmadnh stageymerd eteat ¢alls dipne
ansi en neration of e t ' ' I fyi
c;al s f Haniaéulégl}d §f€@a@§ulgéuﬁﬁ£§%§ Cﬁ%@fﬁ%ﬁﬁ%ﬁ@? a%? Cﬁﬁ&ﬁh ag &h shaw%ﬂ%f%ﬂ%gyt e
stem ce ' ] '
ﬁ%@ﬁget%g%qgo/ﬂe-:?&Iﬂtlc%%%lﬁg?lﬁ%gg alhlIPRARS k@h céllsanspl ant  Human

nmel anocytes n-of “epi e tissues for transplant Skin Human
foreskin fibroblasts Generation of skin for transplant Pancreas Human duct

pancr eat 1 ShafhiA §oicahBiE Fh TP LF S (routerisguabnrs croi (AL and
ffgﬁgpﬁgﬁgjﬁl%{aﬁsn it gy 1§ sERE TRThIR 10AT1IsHEHbth- RGHMGTS I8 @td contedtiplated
and are encompassed by the present invention. As indicated in Table 1, a mature cell may

be derived from any human tissue such as from the brain, epidermis, skin, pancreas,

10 kidney, liver, breast, lung, muscle, heart, eye, bone, gastrointestinal tract, spleen or the
immune system. Cells of the immune system include CD4+ T-cells, CD8+ T-cells, NK

cells, monocytes, macrophages, dendritic cells and B-cells. It should be noted that the

present invention contemplates the fusion of stem cells and mature cells from any source

such as a mammal (including human), non-mammalian animal and avian species.

15
TABLE 1
. Celltype .. . . Application -
Genéral Stém cell types — V | : )
Embryonic stem cells Generation of any tissue for transplant
Somatic stem cells Generation of tissue for transplant
Germ stem cells Generation of tissue for transplant
Human embryonic stem cells Generation of wide variety of tissue for transplant
Human epidermal stem cells Generation of tissue for transplant

Tissue-specific cells: Includes both somatic stem cells, mature cells and germ line cells

Brain
Adult neural stem cells Generation of neural tissue for transplant
Human neurons Generation of neural tissue for transplant
Human oligodendrocytes Generation of neural tissue for transplant
Human astrocytes Generation of neural tissue for transplant
Epidermis

Human keratinocyte stem cells |  Generation of epidermal type tissues such as hair




Ki dney Human adult renal stein cells Generation of kidney tissue for
transpl ant Human enbryoni c renal Generation of kidney tissue for
transpl arwo oapizibel i al stem cells Human ki dney epithelial PcEIAm3@aGer ati on
of kidney tissue for transplant Liver Human hepatic oval cells Generation
of insulin-producing cells for transplant Human hepatocytes Generation of
liver tissue for transplant Human bile duct epithelial cells Generation of
liver tissue for transplant Human enmbigeni c endodermal Generation of |iver
tissue for transplant stemcells Human adult hepatocyte stem Generation of
liver tissue for transplant cells (controversial as to existence) Breast

Human mamrery—eprid Ceneratiom of  manmmar,y RStion {1 SSUe for-
transpl ant sten1céﬁﬂ§ﬁtung Bone narrom#derlvegﬂgﬁen#cglIs Gener at i on{of
tissue for transplant including musflliles, gabatéduagiandb emdskih fordransplestr t
brai n, | It %cﬂﬂ{&%dc%aﬂﬂéﬁﬁn I uGgndratisobt sdFmeERpE diktuensueh dsihasue |f or
}[ L?ngi ﬁnt I ne ﬁg’&ﬁfse’ cal ti {;Adfes, KYABeous ipYRis al€ atih forFaAkplant
Pral or 9 trirad | Qat ssue
for trang p?&?ﬂaﬂ rﬂgllaﬂ%%yﬁ st pg cGF attlBﬁ OTgf())ld&%‘ ﬁ@ééﬁmﬁeaﬂr) loﬁlaf% {’:lalhil:’l
I ntestine and prufsh niéwﬁaaytaé veol ar Getll@ﬁmloh oFepidertidl aypeaisstidstotigarfsplant
transpl ant_including miscle, WD 03/102126 PCT/.AJ03/00666 17
Skin
Human foreskin fibroblasts Generation of skin for transplant
Pancreas
Human duct cells Generation of insulin-producing cells for transplant
Human pancreatic islets Generation of insulin-producing cells for transplant
Human pancreatic 3-cells Generation of insulin-producing cells for transplant
Kidney
Human adult renal stem cells Generation of kidney tissue for transplant
Human embryonic renal Generation of kidney tissue for transplant
epithelial stem cells
Human kidney epithelial cells Generation of kidney tissue for transplant
Liver
Human hepatic oval cells Generation of insulin-producing cells for transplant
Human hepatocytes Generation of liver tissue for transplant
Human bile duct epithelial cells Generation of liver tissue for transplant
Human embryonic endodermal Generation of liver tissue for transplant
stem cells
Human adult hepatocyte stem Generation of liver tissue for transplant
cells (controversial as to
existence)
Breast
Human mammary epithelial Generation of mammary (breast) tissue for transplant
stem cells
Lung
Bone marrow-derived stem cells | Generation of tissue for transplant including muscle,
cartilage, bone, liver, heart, brain, intestine and lung
Human lung fibroblasts Generation of tissue for transplant including muscle,
cartilage, bone, liver, heart, brain, intestine and lung
Human bronchial epithelial cells | Generation of tissue for transplant including muscle,
cartilage, bone, liver, heart, brain, intestine and lung
Human alveolar type II Generation of tissue for transplant including muscle,




Cel | type Application pneunocytes cartilage, bone, liver, heart, brain,
I ntestine and lung Miscle Human skel etal nuscle stem Generation of tissue
for transwbantiozieel |s (satellite cells) Heart Human car dipompawyness
Generation of heart tissue for transplant Bone nmarrow nesenchynal
Generation of heart tissue for transplant stemcells Sinple Squanpus
Epithelial Generation of heart and vascular tissue, for exanple cells
rebuilding aortic arteries after aneurysmrepairs Descending Aortic
Endot hel i al Generation of heart and vascular tissue, for exanple cells
rePrllg%ng aortic arteries after aneurysmrepairs Aortic Arch Endotheli al
cells efatt+on heart—andvascul ar 11 SSUE, 'e Tebuildin
aortic arteries ap E %eurysn1repa|rs Aortic Sngggﬁﬁﬂﬁgcle cells °
Gener ati bn of NegfcunRgteyascul ar| tdagiflugs, bbos, liexn hpare braiepinicstiieapddong i ¢
arteriesgpreraneurysmrepairs Eye Linbal stemcells Regeneration of|the
entire cprneal epitheliumfor transplant Corneal epithelial cells
Regener af i urin §ifget@inhudote t@nnepl epit h@énenaticinoof tiss@nfopiramsplanBone Mar [ ow
(in some caseqwﬁg (saIgikeickug)ed for cord blood and peripheral blood as a
source o PE 0 the betow stem cells) CD34+ henmatopoietic stemcells
bR Of a

Ggangarati wi de variety of tissues for transplant, including, buf not
limted {o, HumMkdiSHYECytes Generation of heart tissue for transplant
Bone marrow mesenchymal Generation of heart tissue for transplant
stem cells
Simple Squamous Epithelial Generation of heart and vascular tissue, for example
cells rebuilding aortic arteries after aneurysm repairs
Descending Aortic Endothelial | Generation of heart and vascular tissue, for example
cells rebuilding aortic arteries after aneurysm repairs
Aortic Arch Endothelial cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Aortic Smooth Muscle cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Eye
Limbal stem cells Regeneration of the entire corneal epithelium for
transplant
Corneal epithelial cells Regeneration of the entire corneal epithelium for
transplant
Bone Marrow

(in some cases be substituted for cord blood and peripheral blood as a source of some
of the below stem cells)
CD34+ hematopoietic stem cells | Generation of a wide variety of tissues for transplant,
including, but not limited to, immune tissue
Mesenchymal stem cells Generation of a wide variety of tissues for transplant,
including, but not limited to, cardiac tissue, bone,
cartilage, muscle, tendon, endothelial tissue, vascular
tissue and neural tissue
Osteoblasts (precursor is Generation of bone for transplant
mesenchymal stem cell)
Peripheral blood mononuclear | Generation of a wide variety of tissues for transplant,

progenitor cells (hematopoietic including but not limited to cardiac tissue, bone,
stem cells) cartilage, muscle, tendon, endothelial tissue, vascular
tissue and neural tissue
Osteoclasts (precursor is above Generation of bone for transplant

cell type)




Mesenchymal stein cells Generation of a wide variety of tissues for
transplant, including, but not limted to, cardiac tissue, bone,

cartil agewormagedies tendon, endothelial tissue, vascular ®PCIsUB3ENEsneur al
ti ssue Osteoblasts (precursor is Ceneration of bone for transplant
mesenchymal stemcell) Peripheral blood nmononucl ear Generation of a wde
variety of tissues for transplant, progenitor cells (henatopoietic
including but not limted to cardiac ti8sue, bone, stemcells) cartilage,
nmuscl e, tendon, endothelial tissue, vascular tissue and neural tissue

Ost eocl ast s (precursor I s above Generation of bone for transplant cel

type) uo1¢u¢¢z ADO31 00666 - 18 Cel'l™ TYDP] ,ARPA tion Stromal cells
t
Generatipn of a mn&g%x%rlety of ftissues for tranE@PanPﬁp i ncl udi ng but | not
linmted fo cardiggohhiseds, bone,| Gukiativng€a widsedrizty dimsoes, foetraimspheat,i Al
tissue, Vyascular tissue and_neural iRl buthbeRitcl ichrdipt dssue, tnecur sor
stem Genpration of spleen tissue chtﬂé%eaﬂr%@él@%nddﬁeEﬂ@tﬁﬂlﬁﬁﬁ%sﬁ@|V@@&ﬁaﬂ es
Gener ati on of spl een tissue for trans ant G el sisdddman CD4+ T-cel |'s
e tls richital His
Cenerati g ﬁp% Hoe—eetH-stHtssue—for—t ansPl ant Homam CO8+ T-Ccet t s |
Generatla f%i mune cel |l s/tissue for transplant Human NK cells Generation
of i mune grRidas/shichfiftedi@bortsteBNSpl ant Generation of spleen tissue for transplant
cells
Human splenocytes Generation of spleen tissue for transplant
Immune cells
Human CD4+ T-cells Generation of immune cells/tissue for transplant
Human CD8+ T-cells Generation of immune cells/tissue for transplant
Human NK cells Generation of immune cells/tissue for transplant
Human monocytes Generation of immune cells/tissue for transplant
Human macrophages Generation of immune cells/tissue for transplant
Human dendritic cells Generation of immune cells/tissue for transplant
Human B-cells Generation of immune cells/tissue for transplant
Nose
Goblet cells (mucus secreting Generation of cells/tissue for sinus tissue repair
cells of the nose)
Pseudostriated ciliated columnar Generation of cells/tissue for sinus tissue
cells (located below olfactory repair/replacement
region in the nose)
Pseudostratified ciliated Generation of cells/tissue for sinus tissue
epithelium (cells that line the repair/replacement
nasopharangeal tubes)
Trachea
Stratified Epithelial cells (cells Generation of cells/tissue for trachea
that line and structure the repair/replacement
trachea)
Ciliated Columnar cells (cells Generation of cells/tissue for trachea
that line and structure the repair/replacement
trachea)
Goblet cells (cells that line and Generation of cells/tissue for trachea
structure the trachea) repair/replacement
Basal cells (cells that line and Generation of cells/tissue for trachea
structure the trachea) repair/replacement
Oesophagus
Cricopharyngeus muscle cells Generation of cells/tissue for oesophagus
repair/replacement




Human nonocytes Ceneration of inmune cells/tissue for transplant Human
macr ophages Generation of immne cells/tissue for transplant Human
dendri ti cwoeBlie21@ener ati on of i mune cell s/tissue for trameplAant/ 00666 man
B-celI's Generation of imune cells/tissue for transplant Nose Goblet cells
(mucus secreting Ceneration of cells/tissue for sinus tissue repair cells
of the nose) Pseudostriated ciliated columar Generation of cells/tissue
for sinus tissue cells (located bel owmolfactory repair/replacenent region
in the nose) Pseudostratified ciliated Generation of cells/tissue for sinus
ELESU? TeELLhellgp1(ceL!sAthat line the repair/replacenent nasopharangea
es ehea—StrgtiHed—Eptthettat——cetts (celdss: atrion of
cells/tissue for F?géﬂgh t hat I|ine and strUétué@BPﬁgﬂﬁgpair/replacenewt
trachea) U R aLAEMaIIsCET TS ( CelGenefatibrbateIRNisOie foebbsdbhagsue fo

trachea |that [i1'ne and structurel the repair/rgghj ach
cel I's (ceHs—that—H pai 1/ r gphacmRIncht achea) Gobl et

H-s—that—+Hne.and-Generattom of
struct ur b YHEPI4EEA ]téan)snragggﬁﬁ?g epl acen(%ge?llfﬁ%gg@ﬁ%g [éguir@%f{egs@?ﬁ%? li ne|and
Generatipnof cell S¥8ssue for thachea—structBre L%émtfébhca)

reF?i;/raBHmm@#ﬁﬂh" Oe§ophagus C)icgpharyngeus nmuscl e cells Generation|of
cel I s/tissuerl g OrmtiR f5ligles ' CPR T/ T P A& B tion of natural fertility

Male spermatogonium Generation of natural fertility

1%

In terms of using the cells for tissue replacement therapy or augmentation therapy, at least
one population of cells may come from the patient to be treated or from a
histocompatibility matched subject (i.e. HLA-matched). Furthermore, at birth, subjects
5 may store cells or tissue for subject use in later life. Such tissue would include placenta

tissue, umbilical chord tissue, foreskin, blood or other uteric tissue associated with a fetus.

In general, the preferred fusion is between two cells where one cell is an immature stem
cell such as ES cell, neural stem cell, astrocyte or bone marrow mesenchymal-derived stem
10 cell and the other of the cells is a somatic stem cell or a mature differentiated cell.

Preferably, stem and mature cells are those listed in Table 1.

Accordingly, another aspect of the present invention contemplates a method for generating
mature cells or cells capable of differentiating into mature tissue, said method comprising
15 selecting first and second populations of cells from a first population comprising an
immature stem cell selected from a stem cell listed in Table 1 from an embryo, post-
embryo/pre-adult or adult and from a second population comprising an adult stem cell or
mature differentiated cell selected from the list in Table 1, positioning said first and second
populations of cells in a fluid-filled fusing chamber and then subjecting said populations of

20 cells to conditions which facilitate fusion to occur between at least one pair of cells.

The method may further comprise collecting the fused cells and subjecting same to culture
conditions to facilitate expansion or proliferation to generate sufficient tissue for use in

transplantation or regeneration.



WO 03/102126 PCT/ AU03/ 00666 -19 Cell type Application Cesophageal stem
cells CGeneration of cells/tissue for oesophagus repair/replacenent
CesophageaD osnexigé t anpli fyi ng Generation of cells/tissuePCorAtmesaphagus
cells repair/replacenment Reproduction Female primary follicles Generation
of natural fertility Male spermatogonium Generation of natural fertility
In terns of using the cells for tissue replacenent therapy or augnentation
t herapy, at |east one popul ation of cebls may cone fromthe patient to be
treated or froma histoconpatibility matched subject (i.e. HLA-matched).
Furthernore, at birth, subjects 5 may store cells or tissue for subject use
inlater life. Such tissue would include placenta tissue, unbilical chord
tissue, foreskin, blood or other uteric tissue associated with a fetus. In
gener al , Thaecdudaioek rekich Uadilitatd Sushet iwedidet wloctciedll sonditeme (@r& etestrofiisionan
immature stem cell such as ES cell ﬁgraél tgn1§ﬁl 5 ﬁi ﬁ [ bone
mar row meksHepgiaien)dcheisal canditions (881 PEGHston 2B Riglogifal gpndiions {o.g52 5
sonmatic I f els@)tpé sSuemaand
mat ur e cﬁ?agkégjl Opa%@gﬁtﬂhéﬁ gﬁx}fasﬁglggfgf %hSI %&gnot heciﬂeaspect of

t he préesegtokiney eetg. dh-Honhgnioabe ssal hetfirditafeofusippneatasemgellaeiulk dugien| s or
cells capable of diff r nti at into .mature tissue, said nethod conpri sing
15 sel ectPARIPSFSHIERIY lui)%ﬁ $i8Rs of cells froma first popul at i on
conprising an immture stemcell selected froma stemcell listed in Table
1 froman enbryo, post- enbryo/pre-adult or adult and froma second

popul at i dn atleagesj fisiog naay techy single eell fisidn arbullpfisione differentiated cel |
selected fromthe list in Table 1, positioning said first and second

popul ations of cells in a fluid-filled fusing chanber and then subjecting

sai d Rgpuﬁh%t t;}x%f@ré&f formQof eﬁén%caloﬁﬁ%dist vzgan@h PEG fididd hiagtie tomienientlp
occur betwee | east one pair of cell
accomplished by the method described in U. S Patent No. 4,832,814 and may optionally be

used in combination with electroporation.

According to this embodiment, there is provided a method for generating mature cells or
15 cells capable of differentiating into mature tissue, said method comprising selecting first
and second populations of cells from a first population comprising a stem cell listed in
Table 1 from an embryo, post-embryo/pre-adult or adult and from a second population
comprising a somatic stem cell or mature cell selected from the list in Table 1, positioning
said first and second populations of cells in a fluid-filled fusing chamber and then
20 subjecting said populations of cells to chemical conditions which facilitate fusion to occur

at least between one pair of cells.
Preferably, chemical fusion is conducted under bulk fusion conditions.
25 Preferably, the first population comprises ES cells.

The most preferred form of fusion, however, is electrofusion. Electrofusion may be
conducted under single cell or bulk fusion conditions although single cell fusion is
preferred;

30

Accordingly, another aspect of the present invention provides a method for generating



The nethod may further conprise collecting the fused cells and subjecting
same to culture conditions to facilitate expansion or proliferation to
gener at e wofoBilediemt tissue for use in transplantati on or PcEgdananaiss on. WO
03/102126 PCT/ AUD3/ 00666 -20 The conditions which facilitate fusion
include electrical conditions (e.g. electrofusion, electroporation),
chem cal conditions (e.g. PEG fusion) and biological conditions (e.g. a
fusagenic virus) or a conbination of any-two or nore of the above.
Mol ecul es such as 5 cytokines (e.g. IL-3) may also be used to facilitate
;u5|on bet ween cells. Bul k fusion enconpasses m ni-bul k and bul k- macro
usion. In_all as gl ldssih Nm Kgb on.
10 The prn%? B g??rl]lso#é%@em ca ?Ill}%)ﬁ(r)lg ﬂg@?@%gilzss éj%h% %?%Eblﬁgf} %
Z 0 g\é gn ;3 i Zsbleyténgﬂﬁm ripdl issdted gopulatiensref belts flemcr fitse gopulatibiBeoRptigng aNtem
and may optionally be_ used in co i nati.on ctro oration.
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Table 1, {Ofidd fRIAGE PRAY ohbpak opBdisecond popul ations of cells in a
f|UId-fI| usi ng cha er and then 20 subjecting said popul ati ons of
gel |l s to chem cal condi t| ons which facilitate fusion to occur at |east

et ween aqne pair . C Pr ef er abl chem fu5|o der
bul k1 usi BIPECRUAIEHB e sk preaperaey yhe hreny piver LR arisbieRad At 4 e
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El ectrof usion may be conducted under single ce or bhulk fusion_conditions
al t hough emyisegeseldctifig §ishand secopd @ppwladens of cells and positioning first and second

populations of cells between two electrodes in a fluid-filled fusing chamber and then

applying an electrical current having a predetermined waveform to the electrode to induce
at least one pair of cells to fuse.

15
Preferably, the cells are maintained in the fusing chamber close to but separate from the

electrodes. Consequently, the cells are held separate from each electrode.

Preferably, electrofusion is conducted using a single pair of cells wherein at least one cell
20 in the pair is a stem cell (e.g. an ES cell, neural stem cell, asirocyte or bone marrow stem
cell) or another stem cell as listed in Table 1 and the other cell is the pair in a mature cell
or a precursor form thereof such as from the brain, gastrointestinal tract, epidermis, skin,
pancreas, kidney, liver, breast, lung, muscle heart, eye, bone marrow, spleen or the
immune system. Examples of such cells are listed in Table 1. Furthermore, in a preferred
25 embodiment, the pancreatic tissue generated is used for tissue replacement or tissue

rejuvenation therapy.

According to this embodiment, there is provided a method for generating mature cells or
cells capable of differentiating into mature tissue for use in tissue replacement and/or
30 rejuvenation therapy and/or as a source of cell-derived molecules, said method comprising

selecting first or second cells wherein one of said first or second cells is a stem cell



30 Accordingly, another aspect of the present invention provides a nethod
for generating WO 03/102126 PCT/ AU0O3/ 00666 -21 mature cells or cells
capabl e ovodBfibHe@enti ating into nmature tissue, said net ho®CENPBO&IcH]
selecting first and second popul ations of cells froma first popul ation
conprising a stem cell listed in Table 1 froman enbryo,

post - enbryo/ pre-adult or adult and froma second population conprising an
adult stemcell or mature differentiate?l-cell selected fromthe list 5 in
Table 1, positioning said first and second popul ations of cells in a
fluid-filled fusing chanber and then subjecting said popul ations of cells

to el ect r@g{;{g{i tgll ﬁa{ b, ef P ]anci i dthél‘%tf%alﬁqﬁ‘bt%d%EC&{d deBa3d 2 RGO Of

cells. (2] ce usion I's concerned, the present invention is

direct ed ot samn@eumsrebpgelecxén fremehalistrig Tableur zmdqﬁisitmnmg sl fisst empedobred of
differentiating into mature _tissue
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chanber & an electrical current having a predeterm ned
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Preferably, the cells are maintained in the fusing chanber close to but
separ at e Blom the el ect r odes. Consequently, the cells are held separate
fromeach el ectrode. Preferably, electrofusion is conducted using a single
pair of cells wherein at |least one cell 20 in the pair is a stem cel

(e.g. an ReGanidsk of teumalle of Arsionekéfereastt todteppansion” ke pellsripaludesinducing | ) or

th t || i sted Tabl 1 d,th t
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| ung, nus eye, bone marrow, spleen or the inmmune syste
Exanpl es gn@wﬁufahtocmddwed prdliferation. |Eurtbabn@re,lcellsumﬂhéﬁer&;fférentlﬁ% B?SéF dired
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mature cells.

15 In relation to expanding tissue for transplantation and/or tissue regeneration, the fused cells
may also be cultured in the presence of agents such as growth factors or cytokines or small

molecule chemicals.

Furthermore, the resulting hybrid cells may have a unique set of surface markers. DNA,

20 RNA or antibody microarray technology may be used to identify the surface markers and
in particular growth factor receptors. Such growth factors include Bone Marrow
Morphogenetic Proteins) BMPs, cytokines (e.g. G-CSF, GM-CSF, TNF-o, TNF-(, LIF),
interleukins (e.g. IL-1, 2, 3,4, 5, 6, 7, 8, 9, 10 and 11), and Ciliary Neurotrophic Factor
(CNTF) amongst many others. The identification of growth factor receptors provides a

25 means of inducing proliferation such as by culturing the cells in vitro in the presence of the
growth factors and/or administering the hybrid cells together with or sequential to (in
either order) the growth factor.

The identification of a novel spectrum of surface markers is also useful in order to select

30 particular hybrid cells and to act as proprietary tags.



rejuvenation therapy. According to this enbodinment, there is provided a
met hod for generating mature cells or cells capable of differentiating
into nmat uwe oBilexee for use in tissue replacenent and/ or POTrAdjosmeat i on
therapy and/or as a source of cell-derived nolecules, said nmethod
conprising selecting first or second cells wherein one of said first or
second cells is a stemcell WO 03/102126 PCT/ AU03/00666 -22 selected from
the list in Table 1 and the other of saBd first and second cells is a
mature cell or a stemcell thereof selected fromthe list in Table 1 and
P?s!élﬁp:ngds?id first and second cells between two electrodes in a
uid-fill.e usj ng._chanmper .and..t a i i avin
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"expansi oaid bybridiellcel I's i ncludes inducing proliferation of the original
hybrid cell to a number of cells sufficient to inplant into a 10 subject.
Expansion of the cell culture may be by chem cal induced proliferation
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Furthernore, the resulting hybrid cells may have a uni que set of surface
markers. DNA, 20 RNA or antibody microarray technology may be used to
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Such growt actors 1nclude Bone Marrow Morphogenetic Proteins) BMs,
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occurring or artificially created cell line. Other stem cells may be isolated by a variety of

techniques including biopsies and bone marrow extractions.

15
The ES cells, neural stem cells or other stem cells may also be first genetically modified to
introduce particularly useful traits such as enhanced production of therapeutically useful
cytokines or engineered to produce receptors to help target the cells to appropriate
locations in the pancreas, brain, heart or other tissues of the body.

20

Accordingly, another aspect of the present invention contemplates a method for generating
mature cells or cells capable of differentiating into mature tissue for use in tissue
replacement and/or rejuvenation therapy, said method comprising selecting first and
second populations of cells wherein one of said first and second populations of cells is

25  selected from a stem cell listed in Table 1 and the other of said first and second populations
of cells is selected from a mature cell or stem cell such as listed in Table 1 positioning said
first and second populations of cells in a fluid-filled fusing chamber and then subjecting
said populations of cells to cell-fusing conditions to facilitate the fusing of at least one pair
of cells.

30

In one embodiment, the fusing conditions comprise the addition of a chemical such as



(CNTF) anongst many others. The identification of growh factor receptors
provides a 25 neans of inducing proliferation such as by culturing the
cell's in wpDtosoodleé t he presence of the growh factors andPer/Aadsietest eri ng
the hybrid cells together with or sequential to (in either order) the
grow h factor. The identification of a novel spectrum of surface markers is
al so useful in order to select 30 particular hybrid cells and to act as
proprietary tags. WD 03/102126 PCT/ AUB240B0666 -23 The present invention
provi des, therefore, a data set of surface markers of a hybrid cell forned
by fusing a stemcell wth a mature cell or precursor thereof, said data
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i sol at ed h f inal t t itable | ' ith
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marrow extractions. 15 The ES cells, neural stemcells or other stemcells

may al so dtem telt Sbngepaticdart payt offie bddsd to i ntroduce particul arly useful
traits such as enhanced production of therapeutically useful cytokines or
engi neered to produce receptors to help target the cells to appropriate
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for generm&ﬁurﬁg cells or cells capable of differentiating into mature tissue for use In tissue
replacement and/or rejuvenation therapy, said method comprising selecting first and
second populations of cells wherein one of said first and second populations of cells is an
ES cell and the other of said first or second populations of cells is a mature cell or a stem
15 cell selected from the list in Table 1 and positioning said first and second cells in a fluid-
filled fusing chamber and then subjecting said cells to conditions to permit fusion of at
least one pair of cells and then culturing said fused cells under conditions to permit

expansion of the cells.

20 One or both cells or populations of cells may carry a transgene, the expression of which,
alters the level of differentiation or proliferation of the cells. The transgene may encode a
protein (e.g. a cytokine such as LIF, G-CSF, GM-CSF, M-CSF, an interleukin, EPO, an
interferon) or an RNA such as antisense RNA, sense RNA, interference (i) RNA or
facilitate formulation of a complex comprising RNA. The transgene may be constitutively

25 expressed or inducible such a developmentally regulated or regulated induced at a

particular level of differentiation.

This method also includes providing a genetic sequence encoding an expression product. A
gene encoding the expression product may be introduced into a cell’s genome or may be
30 introduced into the cell on a human artificial chromosome (HAC) vector such that the gene

remains extrachromosomal. In such a situation, the gene is expressed by the cell from the



mature cells or cells capable of differentiating into mature tissue for use
in tissue replacement and/or rejuvenation therapy, said method conprising
sel ecti ngwbiosge2iamnd second popul ati ons of cells wherei n eoe/Aafo3edied fir st
and second popul ations of cells is 25 selected froma stemcell listed in
Table 1 and the other of said first and second popul ations of cells is

sel ected froma mature cell or stemcell such as listed in Table 1
positioning said first and second pop@bations of cells in a fluid-filled
fusi ng chanber and then subjecting said populations of cells to
cell-fusing conditions to facilitate the fusing of at |east one pair of
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Quantin et al., Proc. Natl. Acad. Sci. USA 89: 2581-2584, 1992; Rosenfeld et al., Cell 68:
143-155, 1992; Wilkinson et al., Nucleic Acids Res. 20: 2233-2239, 1992; Stratford-
Perricaudet et al., Hum. Gene Ther. 1: 241-256, 1990; Schneider et al., Nature Genetics

15 18: 180-183, 1998), vaccinia virus (Moss, Curr. Top. Microbiol. Immunol. 158: 25-38,
1992; Moss, Proc. Natl. Acad. Sci. USA 93: 11341-11348, 1996), adeno-associated virus
(Muzyczka, Curr. Top. Microbiol. Immunol. 158: 97-129, 1992; Ohi et al., Gene 89: 279-
282, 1990; Russell and Hirata, Nature Genetics 18: 323-328, 1998), herpesviruses
including HSV and EBV (Margolskee, Curr. Top., Microbiol. Immunol. 158: 67-95, 1992;

20 Johnson et al., J. Virol. 66: 2952-2965, 1992; Fink et al., Hum. Gene Ther. 3: 11-19, 1992;
Breakefield and Geller, Mol Neurobiol. 1: 339-371, 1987; Freese et al., Biochem.
Pharmacol. 40: 2189-2199, 1990; Fink et al., Ann. Rev. Neurosci. 19: 265-287, 1996),
lentiviruses (Naldini et al., Science 272: 263-267, 1996), Sindbis and Semliki Forest virus

(Berglund et al., Biotechnology 11: 916-920, 1993) and retroviruses of avian

25 (Bandyopadhyay and Temin, Mol. Cell. Biol. 4: 749-754, 1984; Petropoulos et al., J. Viol.
66: 3391-3397, 1992), murine (Miller, Curr. Top. Microbiol. Immunol. 158: 1-24, 1992;
Miller et al., Mol. Cell. Biol. 5: 431-437, 1985; Sorge et al., Mol. Cell. Biol. 4: 1730-1737,
1984; and Baltimore, J. Virol. 54: 401-407, 1985; Miller et al., J. Virol. 62: 4337-4345,
1988) and human (Shimada et al., J. Clin. Invest. 88: 1043-1047, 1991; Helseth et al., J.

30 Virol 64: 2416-2420, 1990; Page et al., J. Virol. 64: 5270-5276, 1990; Buchschacher and
Panganiban, J. Virol. 66: 2731-2739, 1982) origin.



| east one pair of cells and then culturing said fused cells under
conditions to permt expansion of the cells. 20 One or both cells or
popul ati owe oofioxed | s may carry a transgene, the expressi oRCofAUMBOOIGS
alters the level of differentiation or proliferation of the cells. The
transgene nmay encode a protein (e.g. a cytokine such as LIF, G CSF,

G\t CSF, M CSF, an interleukin, EPO an interferon) or an RNA such as
anti sense RNA, sense RNA, interference2¢+) RNA or facilitate formulation
of a conpl ex conprising RNA. The transgene nmay be constitutively 25
expressed or inducible such a developnentally regul ated or regul ated
induced at a particular level of differentiation. This nethod al so

i ncludes providing a genetic sequence encodi ng an expression product. A
gene encolnngral heenexpaesai methpdo die thnowy e thentartoshchess ichewica é@hrllqéle@enorre

or nmay be 3Q intraqduce th I h tif I
(HAG) v BrcHIAE CHHIGINGR, PRARPIEn SOETHaP U OB P AT B S PRI O R R™
situati O/H‘Bﬁ%gge&{%ﬂe eﬁqb?ﬁﬁﬁrﬁﬁiﬁﬁ%é?ﬂaté&‘ﬁa&%ﬂ Vil 1i@BRInR M@ e DRI bptake

PCT/ AUO3 extrachronosomal | ocation. Vectors for i nt roducti on
of gerfes ahdtévepior-neeitare DN itronsfem & iraf-oredeskad geter oans s ean bRgPRbERESNKiEh ar e

known in the art and a wtab e vect

i nt r oducHECIBRAMOEHS (‘9@3{‘? T4 11%1‘?0816 ly%rﬁb?lgcwmg% c%%#ﬁ%osp eCtors
CO-preci pj éﬁﬁbﬁ’l’ﬂr &R, Kitb@ativd AN Rl Vtor phsiMer delltiie can be nﬁe@edlmto
transfer stems known in the art may be useful in the practice of etic

mani pul apeoionlaf isse. injektiote of prodhcanigllagrould taan Proxifef & FORREIRBY SOUIK r‘? nber
of viruses . hav geen used as gene transfer vectors or as the basis for

pr epar i ng°¢fehRa IF fisfer vectors, including papovaviruses (e.g. SV40,
Madzaj et al . . Gen. Virol. 73 1533-1536, 1992), 10 adenovirus (Berkner,
Curr. Top. M CI’ObI ol . I'munol. 158: 39-66, 1992; Berkner

Bi oTechnily wasap@roa@hemglg combags bedegira)| and pirsicrhgene wanster. m‘%iﬁ?%‘-l plasguid

i’gg; Aéé e? alé¥ aen}sl (r& ﬁmg WrcﬂDr Oﬁolyﬁ‘@ltnle coﬁﬁ:@gted SthibolPRp&RHic 488Hhe 2584,

adenovirus hexon protem and the resulting complex is bound to an adenovirus vector. The
trimolecular complex is then used to infect cells. The adenovirus vector permits efficient
15 binding, internalization and degradation of the endosome before the coupled DNA is
damaged. For other techniques for the delivery of adenovirus based vectors, see U.S.

Patent No. 5,691,198.

Liposome/DNA complexes have been shown to be capable of mediating direct in vivo gene
20 transfer. While in standard liposome preparations the gene transfer process is non-specific,
localized in vivo uptake and expression may occur, for example, following direct in situ

administration.

Conveniently, the first and second populations of cells are maintained in separate
75 containers and each is selected using a macro-, micro-, namo- or pico-pipette.
Consequently, the pipette selects a first cell or group of cells from a first container and then
a second cell or group of cells from a second container. As described above, the first and

second populations of cells are generally selected from cells listed in Table 1.

30 The pipette then positions the first and second cells or groups of cells generally in close

proximity to each other in a fusing chamber. In the case of chemical fusion, the first and



143- 155, 1992; Wl kinson et al., Nucleic Acids Res. 20: 2233-2239, 1992;
Stratford- Perricaudet et al., Hum Gene Ther. 1: 241-256, 1990; Schnei der
et al., NxOuwsaoXtemetics 15 18: 180-183, 1998), vaccini a viPCOAUBM&®Ss Curr.
Top. Mcrobiol. Inununol. 158: 25-38, 1992; Moss, Proc. Natl. Acad. Sci.
USA 93: 11341-11348, 1996), adeno-associated virus (Mizyczka, Curr. Top.
M crobiol. Imunol. 158: 97-129, 1992; Onhi et al., CGene 89: 279- 282, 1990;
Russell and Hirata, Nature Cenetics 1827323-328, 1998), herpesviruses

i ncludi ng HSV and EBV ( Mar gol skee Curr. Top., Mcrobiol. Imunol. 158:
67-95, 1992; 20 Johnson et al. . Virol. 66: 2952-2965, 1992; Fink et al.,
Hum Gen | eoﬁ@l'ectrd‘ﬂﬁsibﬁ)bth@ 1:
339- 371, %i%@;p(’?ﬁggé%s &P cel%%?géene@ﬂ%%gﬁgge A Tt 2199, 1990;
Fink et aktlls adrpositicawd aﬂ&a‘un’ ths@ilectribées 22654@/8@ sudlogey the twernelly o u@@grqlmal di ni
et al., SCI ence 272:. 26 Q%f%w S 1a§ em i ki Forest virus

(Ber gl un@fggl SaﬂIePOBPB’E‘ ljf‘i:l Q;) cly &ff -and retroviruses of

avi an 25 (Bandyopadhyay and Tem n, Mol. Cell. Biol. 4 749- 754, 1984,
Petropoul os et al., J. Viol. 66: 3391-3397, 1992), murine (Mller, Curr.
Top. M crAdbnlinglymmeticdr. asids8 of thedpreserddzventing Icpatemplates| a mektad, fopdpsing B of |

5: 431-437, 1985:;. Sorge et al ., 4: 173 and
Bal t i nor &tenycel mag.ge celhar agiem Cf%éhfre%s}l&?s fo gegprate a?ﬁﬁl:{l}% lf&ggs% m
4337- 434§1’evel$ ?)a c%'I‘tg.ré A E%lls f&his@i?éj@pl%erﬁéntand/o@kéjﬁlvenhﬁmeﬂierap&&.nd/kﬁéﬁa1047
1991; Helseth e Virol. 64: 2416-2420, 1990; Page et al J.

Virol. 64pufsgnd-csl- ﬂ@nv@gmieca@s;,mmﬂ@d c&mnsmwgbﬁqm&ﬁ firgt cellj papulatigs:
2731-2739, 19 02126 P ne
transfer AR Hé taq%qgaﬁ@ SR HOps Geh fﬂ%%%{ %9@0@% co}% %PHSIM%E%I)%

as chemcal
i ncl ugh NGy 4RO FRRNAH ‘%eé‘dﬁdﬁfo@ﬁlaﬁbﬁsﬁl@ﬂ &dlls iffaciosing cmmbmmrqmme dfor
exanpl e, mcroinjection, nenbrane fusion-nediated transfer via, Lli nes

and di r ecaidDRst @pd sieeorsl porilatione of sellsmisip sten coend thp Oflst of\ﬁa}%ﬁr at ed
gene transfer. ¢ be oo |ned i
i posome A&, &N 15,8 SH\Q&{Q BI%F%%& f%%l ﬁlérlfg i\%é@‘f?c}?é@%@%&u |S€i8 | ar

cells. A'ﬁo@ﬁlhﬁbhé@f yensttbeeoﬁ@tlb@s/td fakilivae fisingobatiesst one h)blrqumells:amd Hen
injected into
culturing said cells.

15
As above, a “population” of cells may constitute a single cell or two or more cells.
Consequently, this aspect of the present invention encompasses single cell fusion and bulk
cell fusion such as by chemical or electrical means or a combination of the two. The
preferred form of fusion, however, is single cell electrofusion.

20

Accordingly, another aspect of the present invention contemplates a method for fusing a
stem cell and a mature cell or a stem cell thereof such as to generate a hybrid cell for use in
developing a culture of cells for tissue replacement and/or rejuvenation therapy, said
method comprising selecting a first cell from a first container and a second cell from a

25 second container using a micro-pipette and placing said first and second cells in a fusing
chamber wherein one of said first and second populations of cells is a stem cell and the
other of said first and second cells is a mature cell or a stem cell thereof and then applying
an electrical current having a predetermined waveform to the electrodes to induce the cells
to fuse and then culturing said cells.

30

Also as indicated above, the preferred cells are those listed in Table 1.



particular tissue. Injection of producer cells wuld then provide a

conti nuous source of vector particles. 10 In an approach whi ch conbi nes

bi ol ogi caWwoandoybysi cal gene transfer nethods, plasnmd DRETHUANG666I ze | S

conbined with a polylysine-conjugated anti body specific to the adenovirus

hexon protein and the resulting conplex is bound to an adenovirus vector.

The trinolecular conplex is then used to infect cells. The adenovirus

vector permts efficient 15 binding, FB88ernalization and degradation of the

endosone before the coupled DNA is damaged. For other techniques for the

delivery of adenovirus based vectors, see U.S. Patent No. 5,691, 198.

Li posone/ DNA conpl exes have been shown to be capable of nediating direct in

vivo gene 20 transfer. Wiile in standard |iposone preparations the gene

transf er Theqipst isslesignedstoanotd ane od mow delledr ina wiivo-pipettekwhighds ieph %é si on

may occur, for exanple, follaqw n irect in sjtu .adm.ni styation.

Conveni efepiring gad {rapsportyig %1%%18%81?&%6& ﬁli?v(?ﬂ%s tﬂlﬁplB%P% 8 pgerféra ogledde i n

separate C ' ' ' ) inef§ano-
P a drive %@&%&d%%f@% ﬂqgoe&@ hagt REpdés td e FirSB&IdOsecorl Edida

or pico-pipett equent pi pette selects a first cell or group
of celd s ahdalme fusfnigrabinmben Tak pipettandmptisas anactetosadanpied fo atuale hgpmsttede| | s

froma second container. . descri ped apove, t first

popul at i dA&eRy exRal 18 V\éﬂgﬁwgrtﬁﬂ“;g e 05@%8@@3% £er9® lq%lntgttg‘(?jaﬁgg%%?% 1.
30 The pipatihe atdehdr RRNes b sciifies tid Sibetad dn wpentitn,cok conebligrioepssedftocel | s
generally 1n close proximty to each other in a fusing chanber. In the

case of chevd thalpipeits such thatethe ipost isaadieonn B3enoon merEcTisnboang desdesied 7

second popul ati.ons of..cells enerall.y m xe her . h of
el ect r of LFE‘?‘@ﬁt,enf‘tﬁ%s’ & I%ée 8?12(2)35’?%“& %%%Cf%an o&sﬁﬁg’ﬁ%ﬁ g‘%tﬂrléo %%t grr g@cﬁgeed
such {dateohfighd WPhE@Ink®116 thé Bt @4t 648 pipette €& titasy iarfinid asbdigiothe gort, thereby
substantially between the two el ectrodes. 5 Accordingly, another aspect of

t he presehawingis thd eshl andihesastoandingdluitbt hod for fusing a

The pipette via the controller is then caused to position a second one or more cells adjacent
the first cell(s) causing the controller to move the pipette such that the port is adjacent the
15 first cell in the fusing chamber, fluid is then expelled from the micro-pipette to release the
second cell(s) into the fusing chamber. If necessary, the pipette may be used to draw in
fluid comprising the first and second cells or groups of cells which is then expelled back
into the fusing chamber. This process may be repeated as required until the first and
second cells or groups of cells are within a predetermined distance of each other.
20
Preferably, the pipette is a micro-pipette and is employed to manipulate single cells. This is

particularly convenient for positioning cells between electrodes prior to electrofusion.

In relation to electrofusion, conveniently, the electrodes are coupled to an electrode drive
25 system adapted to move the electrodes with respect to the fusing chamber. Generally, a
controller is coupled to the electrode drive system to facilitate positioning the electrodes in

the fusing chamber, and in particular relative to the first and second cells.

The electrodes are also connected to a waveform generator which applies a predetermined
30 waveform to the electrodes leading to cell-to-cell contact, subsequent electroporation of

the cells at the point of contact and, finally, fusion between the two cells leading to a



stemcell and a mature cell or a stemcell thereof such as to generate a
hybrid cell for use in developing a culture of cells for tissue

repl acenewo oano1e¢ rej uvenati on therapy and/ or as a sour ®ETHUGBId6s deri ved
nol ecul es, said nmethod conprising selecting a first cell population froma
first container and a second cell population froma second contai ner using
a pipette 10 and placing said first and second popul ations of cells in a
fusi ng chanber wherein one of said fi2st and second popul ati ons of cells
is a stemcell and the other of said first and second cells is a mature
cell or a precursor formthereof and then subjecting said popul ations of
cells to q?'tions to facilitate fusing of at |east one pair of cells and
t hen cupgﬁ? hﬁa§aid cells. 15 As above, a "popul ation"” of cells may
constitute a single cell or two or nore cells. Consequently, this aspect

of the present invention enconpasses single cell fusion and bulk ..c

fusi on sd&A m@‘ebvlfk‘!ﬁ@iﬁnc@o"ﬂﬁs;éﬁ%r@ quac%FneF@gn%tJ é}ﬁmﬁ %Bm‘ﬂé%% CSIIIS’S%% t wo.
The preferred form of fusion, however, is single cell electrofusion. 20
Accordin&F%?xgﬁ%@ﬁgk’aspect of the present invention contenplates a nethod
for fysing a stemcell and a mature cell or a stemcell thereof such as to
generate a hybrid.cell for use in ?eveloping a culture of cells for tissue
repl acemétl aneleging by Gt aad ssnd AefSapy, said rmethod conprising sel ecting
a first cell froma first container and a second cell froma 25 second
container using a mcro-pipette and placing said first and second cells in
a fusi ng (b)chamoeitiomingtled firsoaed secomhiellsftieweendwd esestrodes inoplvidiillsddudng cel | s

is a stemcell and t ot her, of sai irst d se C | 4S re
cell or a steﬁP€@4enqﬁ%ﬁ@ﬁﬁngﬁ8“¥ﬁéﬁﬂ§%SW§ﬂﬁgPH%ﬁmé%§g¥}%Jgﬁm%MQQQE?&ﬁaving
a pregeterm negopayef,gam to the el ectrodes to induce the cells to fuse and

then culturing said 'cells. 30 Also as indicated above, the preferred cells
are those listed in Table 1. WD 03/102126 PCT/ AU03/ 00666

(c) applying a current having a predetermined waveform to the electrodes to cause the
cells to fuse.

15 Typically, the cells are held in suspension between the electrodes.

The method typically includes generating a DEP field, the DEP field being adapted to urge

the cells towards each other.

20 The predetermined waveform may include a current representing the DEP field.

Alternatively, the method can include applying the DEP to a pair of second electrodes.
The method generally includes:-
25 () applying a DEP current to the pair of second electrodes;

(b) positioning the first cell in the fusing container, the alternating field acting to attract

the first cell towards one of the second pair of electrodes; and

30 (c)  positioning the second cell in the fusing container, the alternating field acting to

attract the second cell towards the first cell.



-28 The pipette is designed to nove one or nore cells or is a mcro-pipette
which is ideal for capturing and transporting a single cell. In either
event, thwopBpexiee is preferably coupled to a drive systecradapoedést o nove
the pipette with respect to the first and second containers 5 and the
fusi ng chanber. The pipette conprises an actuator adapted to actuate the

pi pette to thereby expel or drawin fluid through aport. A controller is
coupled to the drive system and the agbuator noves and actuates the

pi pette. In operation, the controller is caused to nove the pipette such
that the port is adjacent to one or nore cells having the desired
characteristics, with the cell(s) being held in fluid suspension in the
first or second 10 container. The controller then actuates the pipette to
draw i n fAt U4t by SUBE fitdiand e¢dond cbildy 8 lpgnerdliyapesitipried in kentget| Witlaaideash ene
surrounding fluid. The pipette via the controller is then caused to
positionoﬁggé@@mdnwﬁPf ecHPA®S: cel | s adj acent the first cell(s) causing the
controller to nove the pipette such that the port is adjacent the 15 first
cell in the fusing chanber, fluid is then expelled fromthe mcro-pipette

t o relseagethethseobrdecid (le) fiishtnd sbeonflusils dgymtallbimcludes visges siweye 1@ he

pi pette may be used to drawin fluid conprising the first and second cells
or group$XBfcicel Is which is then expelled back into the fusing chamber
This process may be repeated as required until the first and second cells
or groups of cells are within a predeterm ned distance of each other. 20
Preferabl(y), t hie fiispedit froins growp of Brspeisthels inndirsiscoatainayar t o mani pul at e
single cells. This is particularly convenient for positioning cells

bet ween el ectrodes prior to electrofusion. In relation to el ectrofusion,
convepy entyy, th&cGhEEdI RIBS: Gb6h 6L4RbRICIR hald iflagetsmtndiinere 25 system
adapted t'o nove the electrodes with respect to the fusing chanber.
Generally, a controller is coupled to the electrode drive systemto

Gener: control | er . ot |
par i cul By BLppeibnBenny SR Sekhg (oE SRR AN E P ofBtully

connect equdigd&.-wavef orm generat or which applies a predetermned 30
waveformto the electrodes leading to cell-to-cell contact, subsequent
el ectroporation of

15 (@ using the pipette to position the first cell in the fusing container;

(b)  using the pipette to position the second cell in the fusing container, adjacent the

first cell; and

20 (¢) positioning the electrodes such that the first and second cells are located

substantially between the electrodes.
The pipette is typically coupled to:-

25 (a) a drive system adapted to move the pipette with respect to the first, second and

fusing containers; and

(b)  An actuator adapted to actuate the pipette to thereby expel or draw in fluid through
a port.
30



the cells at the point of contact and, finally, fusion between the two
cells leading to a WO 03/102126 PCT/ AU0O3/ 00666 -29- hybrid fusate. The
present iwoeatldxme provi des, therefore, a nmethod of fusi ngPCirraatosaede second
cells, the nethod including: 5 (a) selecting the first and second cel|s;
(b) positioning the first and second cells between two el ectrodes in a
fluid filled fusing container, the first and second cells being held in
suspensi on separated fromeach 10 el edirode; and (c) applying a current
havi ng a predeterm ned waveformto the electrodes to cause the cells to
fuse. 15 Typically, the cells are held in suspension between the

el ectrodes..,. i BVAN! i ivelststerh ad DEP
e O e e T

pr edet er rthe eslumevefmove amlyactuacd the @ipetteur rent representing the DEP fiel d.

Al ternatively, the nethod can include applying the DEP to a pair of second
el ectrodes. The nethod generally includes: 25 (a) applying a DEP current to
the pair ; ; M QNHaR8ns iR donfretleragl-l 1 n the fusing
cont ai nerﬁ{etlﬁgﬁg ?2@#@?‘?’%gq?ﬁgfﬁfp‘)égpﬁﬁg{‘?%mé?iﬁr%ct the first cell towards
one of5the second pair of electrodes; and 30 (c) positioning the second

cell in the fusing container, . the ternating field agting t t he
second cdfl tdhRYLhe papette, %hcﬂﬁaf %%0337516%'11%? ﬁCFF&%%%%@%E&%@%&t
| east one of tdhgrkidisticamt SALp&Le Beld is ffid 4ggRhsbh in Masidshaviion comaipent act

with at | east one
and

10 (b) actuate the pipette to draw in fluid through the port, thereby drawing in the cell and

the surrounding fluid.

The method of using the pipette to position the second cell adjacent the first cell generally

includes causing the controller to:-

15
(@)  move the pipette such that the port is adjacent the first cell in the fusing container;
(b)  cause the pipette to expel fluid through the port, thereby expelling the second into
the fluid in the fusing container;
20
(c)  move the pipette such that the port is as close as possible to both the first and
second cells;
(d)  cause the pipette to draw in fluid through the port, thereby drawing in the first and
25 second cells and the surrounding fluid;

(e) cause the pipette to expelling the first and second cells into the fluid in the fusing

‘container; and

30 O repeat steps (c) to (e) until the first and second cells are within a predetermined

distance.



of the second pair of electrodes. 5 The nethod of selecting the first and
second cells typically includes using a pipette to extract: (a) the first
cell fromveogneups of first cells held in a first contai nePCTaxt®3A®66b) t he
second cell froma group of second cells held in a second container. The
met hod of positioning the first and second cells between the two el ectrodes

usually includes: 15 (a) using the pipette to position the first cell in
the fusing container; (b) using the pip2tte to position the second cell in
the fusing container, adjacent the first cell; and 20 (c) positioning the

el ectrodes such that the first and second cells are |located substantially
between the el ectrodes. The pipette is typically coupled to: 25 (a) a drive
system adapted to nove the pipette with respect to the first, second and
fusing canfealdeaodss ramgbd byuphnl tach i todeadiay systetmadapteddo enaviaghelprirodes t o

t hereby expel or draw in fluid, through. a popt. 3 03/.10212 .

PCT/ AUO3/M0 ect ) thefupifg coptguiers, ﬂ%%%t%%d{h&gagﬁp%ﬁmwdaéu i vye?
control | | {deMEdS URYE HRRE 1o LAGItBE [tHAeRitrbOesMBe Fiéing
actuate ?hgﬁg#%éﬁgg&afhgﬁ%gtﬁod o? seﬁ%ctingpg cell preferably includes
causi g tchembantroller to:- 5 (a) nove the pipette such that the port is

adj acent a cell having predeterm ned characteristics, the cell being held
in fluid suspension in the respective container; and

The electrodes may be coupled to a signal generator, in which case the method of applying
the alternating current includes causing the signal generator to apply a predetermined
waveform to the electrodes.

10
If the first and second cells having a respective cell type, the method preferably includes
using a controller coupled to the signal generator to select the current in accordance with

the cell types of the first and second cells.

15 The first and second cells may be the same type of cell, the first and second group of cells

being the same group.

In a second broad form, the present invention provides apparatus for fusing first and
second cells, the apparatus including:-

20
(@ fluid filled fusing container;

(b) at least two electrodes adapted to be positioned in the fusing container in use;

25 (c) a selector for:-

@) selecting a first cell from a group of first cells held in a respective container;
and
30 (i)  selecting a second cell from a group of second cells held in a respective

container;



10 (b) actuate the pipette to draw in fluid through the port, thereby
drawing in the cell and the surrounding fluid. The nethod of using the

pi pette twomasdtiz©n t he second cell adjacent the first celPCTgamanashy

i ncl udes causing the controller to: 15 (a) nove the pipette such that the
port is adjacent the first cell in the fusing container; (b) cause the

pi pette to expel fluid through the port, thereby expelling the second into
the fluid in the fusing container; 20-38)- nove the pipette such that the
port is as close as possible to both the first and second cells; (d) cause
the pipette to draw in fluid through the port, thereby drawing in the first
and 25 second cells and the surrounding fluid; (e) cause the pipette to
expelling the first and second cells into the fluid in the fusin

cont ai ner; andii®0 (fositicmpeathesirspad( sepond c¢lls) inutheifising eoftainst, thedirsewdnd
cells are within a req§t?rginegﬁldistance..MD 03/ 102126 PCT/ AUO3/ 00666
32 The el ectrodes $E9Rdeells JEimedaldip susPentiaRddde drive system adapted to
nove the electrodes wth respect to the fusing containers, in which case
the method typically includes using a controller coupled to the el ectrode
drive 8ys(dem tesiguali genentariveupled de theddectiodes, Hhe sigoalngenesitarheitgeadaptpdeo

| ectrod b led t. i gnal . t in which h t hod
of applying 185 oy RHoprige & PleBREmAE Gt of 1 ERe-SRE Rl Saniny o
to apply a predgiRdel, Iedebyensh B defls tdisel ect rodes. 10

The selector is preferably a pipette.

10
The apparatus generally further includes:-
(@) a drive system adapted to move the pipette with respect to the first, second and
fusing containers; and
15

(b)  an actuator adapted to cause the pipette to expel or draw in fluid through a port.

The electrodes may be coupled to the fusing container.

20 Altemnatively, the apparatus can include an electrode drive system adapted to move the

electrodes with respect to the fusing containers.

The current waveform typically includes a fusion pulse, the signal generator being adapted
to apply the fusion pulse to the electrodes to generate an electric field pulse thereby
25 causing the cells to fuse.

The current waveform preferably also includes a DEP current, the signal generator being
adapted to apply the DEP current to the electrodes to generate a DEP field thereby urging
the cells towards each other.

30



If the first and second cells having a respective cell type, the nmethod
preferably includes wusing a controller coupled to the signal generator to
sel ect thwomanomed in accordance with the cell types of wPrha/Atossescand
second cells. 15 The first and second cells may be the sane type of cell,
the first and second group of cells being the same group. In a second
broad form the present invention provides apparatus for fusing first and
second cells, the apparatus including-320 (a) fluid filled fusing
container; (b) at least two el ectrodes adapted to be positioned in the
fusing container in use; 25 (c) a selector for: (i) selecting a first cel

froma grﬁ%pagggra{d rn%eyi %%#ud% aq)% rOfisBodhd RRRBALL, ViR Wf‘&iaéee@l{d cle@fdesSBeing i )

sel ecting’a group of second ce in a respective
cont ai nercouMd @34 466342 i g6l geﬁe&&frpme G6cond 3zngl garl)ermeung)adap‘@dtth gefaratst  and

d | 1 the f h '
ol a' i n- SURBueR the oGt how gnaliedgaries B el Eapt BRCRYE e SRRt Fodes,

the si onghpoRBRI ALy REINSHRIGN flal® cabiBypera fiel d having a predet erm ned

wavef or e generate etween the electrodes, thereby causing the cells
to fus®. The selector is preferably a pipette. 10 The apparatus generally

e b Thinges te e St st SR kS PTG cBhRGLS Surklob”

The apparatus also typically includes a controller adapted to control the fusing of the cells
by controlling operation of at least one of:-

10
(a) the pipette;

(b)  the electrodes; and
15 (¢ the signal generator.
The controller typically includes a processor coupled to at least one of:-

(@) the drive system and the actuator, the processor being adapted to move and actuate

20 the pipette;
(b) the electrode drive system, the processor being adapted to move the electrodes; and

(c) the signal generator, the processor being adapted to cause the signal generator to

25 generate the field having the predetermined waveform.

The controller may include a detector adapted to detect the position of cells within the
containers, in which case the processor can be responsive to the detector to move at least

one of the electrodes and the pipette in response to the position of detected cells.

30



15 (b) an actuator adapted to cause the pipette to expel or drawin fluid
through a port. The el ectrodes nay be coupled to the fusing container. 20
Al t er nat iwelog/102ibe appar at us can i nclude an el ectrode dri PeTsy®seMcadapt ed
to nove the electrodes with respect to the fusing containers. The current
wavef orm typically includes a fusion pulse, the signal generator being
adapted to apply the fusion pulse to the electrodes to generate an
electric field pulse thereby 25 causit&fthe cells to fuse. The current
waveform preferably al so includes a DEP current, the signal generator being
adapted to apply the DEP current to the electrodes to generate a DEP field
t her eby UAEélﬂgtivélgeolc&idn%ﬂaHWh@ %r@@é@.ﬂngtsPﬁém B8y WG 3D Zbib for receiving

PCT/ AU03/ 00666 -34 The apparatus may include a pair of second el ectrodes,

t he pair inputsmounahdsifomn reskes bei ng coupled to a second signal generator,

t he second signal generator being adapted to generate a DEP current, the
DEP current being applied to the pair of second electrodes to generate a
DEP fi el diidgiogb¥oréf BOcdupRdas!d stoleoREdEng aGiveRirialata feptdieititigsa fadber t he
pair of second el ectrodes being provided on the fusing container surface.
The apbareft differdng @mcge;ﬁrmquywawécpméheap@@mspbbp@g adapipd de selscicons phihe; he
fusing of t

the pi potRumy prilseaii s Btrind iy PRTARp o Thelao ook RAFRl ok i

control |l eiset.ypically includes a processor coupled to at I east one of:

The processor can also being adapted to move at least one of the electrodes and the pipette

10 in response to the input commands received from the user.

Typically, the controller is adapted to cause the cells to fuse by causing the apparatus to

perform the method of the first broad form of the invention.

15  Another aspect of the present invention provides a controller for controlling apparatus for

fusing first and second cells, the apparatus including:-

(@ a fluid filled fusing container;

20 (b) at least two electrodes;

(c) a selector;

(d a signal generator coupled to the electrodes;

25
wherein, in use, the controller is adapted to cause the cells to fuse by:-
)] causing the selector to:-
30 (1)  select a first cell from a group of first cells held in a respective

container; and



(a) the drive systemand the actuator, the processor being adapted to nove
and actuate 20 the pipette; (b) the electrode drive system the processor
bei ng adawoad/10126rove the el ectrodes; and (c) the signal pgenarnaness the
processor being adapted to cause the signal generator to 25 generate the
field having the predeterm ned waveform The controller may include a
detector adapted to detect the position of cells within the containers, in
whi ch case the processor can be respor8bve to the detector to nove at |east
one of the el ectrodes and the pipette in response to the position of
detected cells. 30 WD 03/102126 PCT/ AU03/ 00666 -35 Alternatively, or
additionally, the processing system may include an input for receiving

i nput commands froma user. The processor can be coupled to a store for
storing waveform dg2a r egeasesetomiead] fremidegrousobiecaid ¢adlsdeld Wracigenaeshiie ned
wavef orns, the processor be{ngg a&apt ed to select one of the nunber of

pr edet er m ned wavef or ms P2 #Bfhse to the input commands received fromthe
user. The processor can al so being adapted to nove at |east one of the

el ectrodes and the pipette 10 in response to the input commands received
from thhe user. Typi(al | positite thedirst aid| segoridscellsl ipthe dusing eqniaiper e ecay the to

fuse by causing the apparatus t rformthe t hod . I br oad
form of the invention. fkcﬁiﬂ%ﬁh@? f&%ﬁ@@tsecélpgtcﬁgg?)erl%%lé%{l 11{1 %8%%55&0% provi des

a controller for controlling apparatus for fusing first and second cells,
t he apparatus including: (gﬁ a fluid filled fusing container; 20 (b) at

| east two el ediiy odewsitibuing shesdpetadss in the fusingseagiamerg@ier at or coupl ed to the
el ectrodes;

10 (iii)  causing the signal generator apply a field having a predetermined waveform

to the electrodes, thereby causing the cells to fuse.
The controller can also be adapted to position the cells in the fusing container.
15 In this case, the controller typically includes a processor coupled to at least one of:-

(@)  drive system adapted to move the pipette with respect to the first, second and fusing

containers;
20 (b)  an actuator adapted to cause the pipette to expel or draw in fluid through a port;

() an electrode drive system adapted to move the electrodes with respect to the fusing

containers; and
25 (d) the signal generator.

The current waveform typically includes a fusion pulse, the controller being adapted to
cause the signal generator to apply the fusion pulse to the electrodes to generate an electric
field pulse thereby causing the cells to fuse.

30



25 wherein, in use, the controller is adapted to cause the cells to fuse
by:- (i) causing the selector to: 30 (1) select a first cell froma group
of first weliBgotiedd in a respective container; and WO 03PCAAIDB/00666

PCT/ AU03/ 00666 -36 (2) select a second cell froma group of second cells
held in a respective container; and 5 (3) position the first and second
cells in the fusing container between the electrodes, the first and second
cells being held in suspension; (ii) p8%ktioning the electrodes in the
fusing container; and 10 (iii) causing the signal generator apply a field
having a predeterm ned waveform to the el ectrodes, thereby causing the

cells to '[fh'és p%vaggf&g}‘éq*shglgyﬁ Gk SP D@%’e@tﬁi’e% efle tdén’&@ﬁéﬁ b&ﬂ% tabgpte®ltd S 1N

t he fusing co A nar is case, controller typicalTy includes a
pr ocessorcaieupb 8tknabgéierdteatet appiye thef DEP a:)mtdnil toeths edtctdedtapgadraio a R t he
pipette wth respect, to the firs d and fusing containers; 20 (b) an
act uat or fi @%@F@@Yt“églé&ﬁ@éepﬁ@vﬁr%%?aﬁg Lexpel or draw in fluid through a
port; (c) an electrode drive system adapted to nove the el ectrodes with
respect to the fusing containers; and 25 (d) the signal generator. The
currerf VEneepparatisyah dadlide d pmf uﬂ esond blstsimdesmhb peir quecmkclﬁmdé?? bejag ng

adapted to cause the sign rat 0 t he, fusi 0 e
el ect r odéguplgd d‘ér?e?eéf)%‘f gll g eFar e, t ?8?@‘8@?&%1%%438 té)a ghet %lec O%QI l's
to fuse. 300307 g0 FE 4 AMIBLAOERS the DEP current being applied to the pair of

second electrodes to generate a DEP field thereby urging the cells towards each other.

10 The controller is typically adapted to operate for use with apparatus of the second broad

form of the invention.

In this case, the controller is preferably adapted to cause the apparatus to perform the
method of the first broad form of the invention.

15
In another aspect of the present invention, a computer program product is provided for
controlling apparatus for fusing first and second cells, the computer program product
including computer executable code which when executed by a suitable processing system

causes the processing system to operate as the controller of the third broad form of the

20 present invention.

The present invention further provides a pipette system for manipulating particles, the

pipette system including:-
25 (a) a nozzle for containing fluid in use, the nozzle including a port;

(b)  an actuator coupled to the nozzle, the actuator being adapted to draw in and/or

expel fluid through the port; and



-37 The current waveformusually includes a DEP current, the controller
bei ng adapted to cause the signal generator to apply the DEP current to

t he el ectwodadoxies generate a DEP field thereby urging theczauos/oewwar ds
each other. 5 The apparatus can include a pair of second el ectrodes, the
pair of second el ectrodes being coupled to a second signal generator, the
controll er being adapted to cause the second signal generator to generate
a DEP current, the DEP current being apptied to the pair of second

el ectrodes to generate a DEP field thereby urging the cells towards each
other. 10 The controller is typically adapted to operate for use with
appar at us .of the, second . | t I tdhe
contr ol 1191 s B EPapryPLAS i FPRCIAGH, YRR, Wbl Rdsiearhod 18

met hod of t he chbgesdte Ritharkebondrietirddeao alivenhictaetriclfelilo baapplead tasperled of
the present invention, a cpnputer_prognan1product is provided for

control ling appeneerusoeperticiesnegitioned adiaset Y8O8Hd cel I's, the conputer
program product including conputer executable code which when executed by
a suitable processing system causes the processing systemto operate as

t he cont rmpkleictrode isheudlhi fotinbd @ashduotive wbet he 20 present invention. The
present invention further provides a pipette systemfor manipul ating
particles, the pipette systemincluding: 25 (a) a nozzle for containing
fluid in e n i [ - ledsD 5d Uslvilc GOWRIn@ddert @ft he
nozzl e, 9%% g%%ﬁgehgéﬁé?ﬁg%ghggtQ%H?SPS%%ﬂf#nkgﬁgfgr expel fluid through
t he port apprdinelyd0n126 PCT/ AUO3/ 00666 -38 (c) an el ectrode coupled to
the nozzl e adjacent the port, the el ectrode being adapted to cooperate
with a second electrode to allow an electric field to be applied to coupl ed

10 The pipette system can include a drive system adapted to move the pipette system to be

with respect to a fluid filled container to thereby allow particles to be positioned in or

removed from fluid in the container.

The pipette system can include a signal generator coupled to the electrode for generating a

15 predetermined electric field between the electrode and a second electrode positioned in the

container.

The pipette system typically includes a controller adapted to control the drive system, the
actuator and the signal generator to thereby apply an electric field to a particle by:-

20
(a) positioning the particle in the container adjacent the second electrode using the
pipette;
(b)  positioning the pipette port adjacent the particle in the container; and
25

(© activating the signal generator.
The controller is typically adapted to fuse cells, by:-

30 (2) positioning a first cell in the container adjacent the second electrode using the

pipette;



to one or nore particles positioned adjacent the port. 5 The electrode is
usual ly fornmed a conductive tube. The el ectrode may be forned froma
st ai nl esswetogad2ieawbe having a di anmeter of approxi mately POTMU03AG6d he
pi pette systemcan include a drive system adapted to nove the pipette
systemto be wth respect to a fluid filled container to thereby allow
particles to be positioned in or renoved fromfluid in the container. The
pi pette system can include a signal geB@rator coupled to the el ectrode for
generating a 15 predeterm ned electric field between the el ectrode and a
second el ectrode positioned in the container. The pipette systemtypically
i ncludes a controller adapted to control the drive system the actuator
and the signal generator to thereby apply an electric field to a ?article
by: 20 (ah) pogjokitieningg sebendueltih theecdnindnadjaoent dinrst eal] wsirgithepinstigecond
el ectrode using the pipette; (b) positioning the pipette port adjacent the
particle in the container; and 25 (c) activating the signal generator. The
controll is typicall g%&re : S Y (1) shEStdat Gt agd a
first ceﬁp ink lglogglﬁttéle% r a%&%ﬁ%&tﬁﬁgﬁgggto%@ﬁcg%?fodé using the
pi pett®; WO 03kdddL2ls REFUBARIARGB6rveen3ke ¢Ibjtrgslsssiandoni ng a second cell in
the container adjacent the first cell using the pipette; (c) positioning
the pipette port adjacent the first and second cells, such that first and
5 second Gel | Sl iUt Bhiinkhrdi6! WPeRudne b@RliRiles ficANdedudiceact beat i ng
the signal’ generator to cause a predetermned field sequence to be

applied to the cells, thereby causing the cells to fuse.

10 The pipette system generally further includes:-

(a) aradiation source; and

(b)  a waveguide having a first end coupled to the radiation source and a second end
15 coupled to the nozzle adjacent the port to thereby allow radiation from the radiation

source to impinge on particles positioned adjacent to the port in use.

The pipette system can include a detector, the detector being adapted to detect radiation

emitted by the particle.
20
The detector can be coupled to the first end of the waveguide, to thereby detect radiation
emitted from the particle.
The radiation is typically a laser, although other sources, such as LEDs may be used.
25

The waveguide can be a fibre optic cable, or alternatively can being formed from the
nozzle, the nozzle including a shaped portion to allow the radiation from the radiation
source to enter the nozzle and pass along at least a portion of the nozzle, the radiation
being emitted from the nozzle through the port.

30

The pipette system generally includes a controller adapted to perform at least one of:



applied to the cells, thereby causing the cells to fuse. 10 The pipette
systemgenerally further includes:- (a) a radiation source; and (b) a
wavegui dewbasitomg2@ first end coupled to the radiati on souPcg/Aandoe6second
end 15 coupled to the nozzle adjacent the port to thereby allow radiation
fromthe radiation source to inpinge on particles positioned adjacent to
the port in use. The pipette systemcan include a detector, the detector
bei ng adapted to detect radiation em#bed by the particle. 20 The detector
can be coupled to the first end of the wavegui de, to thereby detect
radiation emtted fromthe particle. The radiation is typically a | aser,
al t hough ot her sources, such as LEDs nay be used. 25 The wavegui de can be
a fibre optic cable, or alternatively can being formed fromthe nozzle,
the nozzleg) i nektivitihg the sttagectopthertbycausoflaid tole drevn adindtdrenpdlied thnongh

radi ation source to enter the nozzle and pass along at |east a portion of
the nozzle, tHeepYHiaadion bei ng emtted fromthe nozzle through the port.
30 The pipette systemgenerally includes a controller adapted to perform at
| east one of WO 03/102126 PCT/ AU03/00666 -40 (a) activating the actuator
t o thes elfy) causevdtingthe tadidtiendoanes, tb theaghy/ expossxppirtield te daigh- the port;
and 5 (b) activating the radiation source, to thereby expose a particle to
radi ati on. The drive system can be coupled to a controller, the controller
bei ng ad qﬁ{eecﬂi\}eosyg@ﬁpt(lﬁ{ be BRIFILELEE cHAYIING, e BAE6NEH Brash BAHRE toi reSover OM
the container by 10 (a) positioning the pipette systemsuch that the port
i s adj acqnttidles havipgrpreddtemmined properties from the container by:-

10 (a)  positioning the pipette system such that the port is adjacent to a particle;
(b)  activating the radiation source to thereby expose the particle to radiation;

(c) detect any radiation emitted by the particle;

15

(d)  determine if the particle has the predetermined properties in accordance with the

detected radiation; and

()  in accordance with a successful comparison, activate the actuator to thereby draw
20 fluid into the nozzle through the port, thereby recovering the particle.

The actuator can include:-

(a)  afluid reservoir;
25

(b)  aflexible tube coupling the nozzle to the fluid reservoir;

(¢ an arm positioned so as to partially compress the tube;

30 (d) an actuator drive system adapted to move the arm so as to perform at least one of:-



(b) activating the radiation source to thereby expose the particle to
radiation; (c) detect any radiation emtted by the particle; 15 (d)

det er m newpfostibm2parti cl e has the predeterm ned properti ePCri@somsdance
with the detected radiation; and (e) in accordance with a successful
conparison, activate the actuator to thereby draw 20 fluid into the nozzle
t hrough the port, thereby recovering the particle. The actuator can
include:- (a) a fluid reservoir; 25 ¢(Wd)-a flexible tube coupling the
nozzle to the fluid reservoir; (c) an armpositioned so as to partially
conpress the tube; 30 (d) an actuator drive system adapted to nove the arm
so as to performat |east one of: WD 03/102126 PCT/ AU0O3/ 00666 -41 (i)
further conpressing the tube to thereby expel fluid fromthe port; and

(ii) deconpregdi ng fiuftigertcotnprdssing ttertebytodheraby kxped fiurd fromdbeport;iedport. 5
The actuator drive systemgenerally includes: (a) a first actuator drive
for noving the armw th respect to the tube; and 10 (b) a second act uat or
drive formed f5pm QB 1 & Rhd iPekdiBnhdsrig i n cont act
with the tube(?g ugg?ﬁ? gggg%g%é&gg?gg%gﬁldrive bei ng é%éﬂ%g% to cause the
armendl portion to expand or contract. The pipette systemusually includes
a controller coupled to.the actTato drive system the 15 controller being
adapt ed f%wdﬁEWﬁF@nWﬁéy%ﬂ?éﬁ?ﬂ?l%??6@e%ysten1to thereby draw fluid in or
expel fluid through the port. The drive system can be coupled to the

controller, the controller being adapted to recover
() a first actuator drive for moving the arm with respect to the tube; and

10 (b) a second actuator drive formed from an arm end portion, the arm end portion being
in contact with the tube in use, the second actuator drive being adapted to cause the

arm end portion to expand or contract.
The pipette system usually includes a controller coupled to the actuator drive system, the
15 controller being adapted to operate the actuator drive system to thereby draw fluid in or

expel fluid through the port.

The drive system can be coupled to the controller, the controller being adapted to recover

particles from the fluid by:-
20
(a) positioning the pipette system such that the port is adjacent to a particle; and
(b)  activate the actuator drive system to thereby draw fluid into the nozzle through the
port, thereby recovering the particle.
25

The tube can be formed from silicon tubing.

An example for apparatus suitable for implementing the present invention will now be
described with reference to Figures 1, 2 and 3.
30

As shown in Figure 1, the apparatus includes a processing system 10 coupled to an



particles fromthe fluid by: 20 (a) positioning the pipette system such
that the port is adjacent to a particle; and (b) activate the actuator
drive syswomstiaeieher eby draw fluid into the nozzl e througirCrhao3paiss ,
thereby recovering the particle. 25 The tube can be formed fromsilicon
tubing. An exanple for apparatus suitable for inplenenting the present
invention will now be described with reference to Figures 1, 2 and 3. 30
As shown in Figure 1, the apparatus i rdRudes a processing system 10 coupl ed
to an WD 03/102126 PCT/ AU03/ 00666 -42 inmaging system 11, a control system
12 and a signal generator 13. The control system12 is coupled to a

pi pette . SOOIV I i

Cyot em 1R e T o 2 R e Pt it (LD 5
devi ce 2Zoupled tompiettatystdnadé a@Ban electoottersybteinntSe p$ sloovie4, and a si gnal

i nterface 25, coupled together via a bus 26. The processing system may
thereIore be apygpne of a nunber of systens, such as a suitably progranmed
conputer, i [ €S2 Pl3Bessbk 20, d Pchibly Y @ftinpithRtgut vice
typicall }h?ﬁ%%%elgégﬁa‘%a@p ay,&%dugﬁl %SE%S cogrr%ut er m)?l’i tor orpt hetﬂl i (kae/,dga
keyboat d deeicd 28nan tmageointerfach23, a qopirol idésrface 24sarsha signal intstfses 23, opupledk,

trackball or, the 0 1] The i magi ng system 11.i ngcl ud such
a CCD caﬁ%%eélleéer? A qsiiéej;mi REACSSYn é?ﬂ_%fﬂlerﬂa)f g{eégfmecﬁ%%géggﬁ% iﬁie e?Qn)wggi ng
system 1 Jsgétém&%@ﬁ' 64 £ uitBly PR RNBREBSINTt&Y §iceiilizéd Rartifvere] ompe likatlanhgce
23. 15 The pipette system’14 i'ncludes a pipette shown generally at 33 that
i s coupl edertpthed&O device typically includes a display, such as a computer monitor or the like, a
keyboard, and one or more other input devices such as a mouse, joystick, trackball or the

10 like.

The imaging system 11 includes a camera 30 such a CCD camera or the like which is
coupled to a microscope 31. The imaging system 11 is connected to the processing system

via the image interface 23.

15
The pipette system 14 includes a pipette shown generally at 33 that is coupled to the
control system 12 via a drive system 32. In use, the control system 12 is coupled to the
processor via the control interface 24, thereby allowing the drive system 32 to be used to
control motion and operation of the pipette, as will be described in more detail below.

20

Similarly, the electrode system 15 is formed from two electrodes 35 coupled to the control
system 12 via a drive system 34. Again, the control system 12 allows the drive system 34

to control the position of the electrodes, as will be described in more detail below.

25 In use, the system allows a user to select and move individual cells using the pipette
system 14. When appropriate cells are placed next to each other, this allows an electric

field to be applied to the cells using the electrodes 35 thereby causing the cells to fuse.

In order to achieve this, the apparatus is arranged as shown schematically in Figure 2 such
30 that the pipette 33 and the electrodes 35 may be moved relative to a well array shown
generally at 40. This allows cells to be moved between the wells 40, 41, 42, 43, 44, 45, 46,



control system 12 via a drive system 32. In use, the control system12 is
coupled to the processor via the control interface 24, thereby allow ng
the dri veweysti@mn@2 to be used to control notion and operPaTiAIm3/06666 he

pi pette, as will be described in nore detail below 20 Simlarly, the

el ectrode system 15 is fornmed fromtwo el ectrodes 35 coupled to the control
system 12 via a drive system 34. Again, the control system 12 allows the
drive system34 to control the positidh-of the electrodes, as will be
described in nore detail below. 25 In use, the systemallows a user to
sel ect and nove individual cells using the pipette system 14. \Wen
appropriqhe4§g$lﬁogﬁe pl aced next to each other, this allows an electric
field to be dppFle to the cells using the el ectrodes 35 thereby causing
the cells to fuse. In order to achieve this, the apparatus is arranged as
shown schematically in Figure

uc 30, that .the,pipette 33 and t
el ect r odddovemenhyofy dhergyeeter andyy 9eaﬁﬁr°éle§\e Brd Vgﬁoé% OP&%é)PaP??hgt 40.
This all t Q. t ' dhat thd,précessifp, 46,
W0 0af 105 0RTRRIRR SR GoRRICR, B MEGAGR, Mt iborétlatodthat e prdctesids
pi pet te apstemhE) abache mses t3bortm] gukitoning of) theppipettd 33 anfl thaelectrodes 35

correspondi ng drive system 32, 34. Acc i ngl. it.wll .be a I: t hat
t he proc @glgwﬁbg the 1§9‘%1{ee$ﬁ i‘?ﬁf ﬁ’&f?f%ro S%gg ?% %gdﬁgteft&% 1V¥|85&\nf1 o) ﬁﬁlﬁgg‘g@ @%n:g

pi pette 33206 d &k GiRSHERAES 4354Rl4uond ng 4hespi pette 33 and the el ectrodes
35 to be inserted into and pdsitioned within a respective one of the wells

41, 42, 43, 44, 45, 46, 47, 48. Furthernore, the m croscope 31 is arranged

to i mage _sel ected l1s 41 . 43, 44, 45 4 S t hat 4 he
repr esenth‘ﬁthﬂn?fF’ tﬁ’\ﬁ@l&?ﬁ?d@ﬁéﬁ 1§ AITANESS) 1@ HNage ge/el?ﬁtédgvggﬂso%ﬂgﬁz’sgf’gﬁ égg’t A(')é’t he
user ysing hieuddnsaUt s@reddntatith SEME Cahtents RE a BElOCRS Kicll@as s dixplaled testhe
adapted to control the pipette 33 and the electrodes 35 in accordance with
i nput comsemnaeng thediYdeViea i t he user via the UO device 22. In 15 order to
achieve this, the processing system 10 nust be able to performa nunber of

In general, the processing system 10 is adapted to control the pipette 33 and the electrodes
35 in accordance with input commands received from the user via the /O device 22. In
15 order to achieve this, the processing system 10 must be able to perform a number of

functions simultaneously, such as:-
e presenting an image of the well array 40 to the user on the I/O device 22;

20 e responding to commands input via the /O device 22 to move and, if required, actuate

the pipette system 14;
e responding to command inputs via the I/O device 22 to move the electrodes 35; and

25 e responding to commands input via the /O device 22 to apply an electrical signal to the
electrodes 35.

This is achieved by having the processor 20 execute appropriate application software
which is stored in the memory 21.

30

The pipette is shown in more detail in Figure 3. As shown, the pipette 33 is formed from a



functions simultaneously, such as: presenting an inmage of the well array
40 to the user on the UO device 22; 20 responding to conmands input via
the I/ O dwoiosaod26to nove and, if required, actuate the pCpattiogospet em 14;
respondi ng to conmand inputs via the 1/0O device 22 to nove the el ectrodes
35; and 25 responding to commands input via the 1/0O device 22 to apply an
electrical signal to the electrodes 35. This is achieved by having the
processor 20 execute appropriate appli-ddtion software which is stored in
the menory 21. 30 The pipette is shown in nore detail in Figure 3. As
shown, the pipette 33 is formed froma WO 03/102126 PCT/ AU03/ 00666 -44
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Thus, in use, with the aperture 58 positioned in fluid in one of the wells 41, 42, 43, 44, 45,
46, 47 48, causing the piezo-electric element 52 to move in the direction of the arrow 60
will increase the volume of the chamber 51B, thereby causing fluid to be drawn through
15 the aperture 59. Similarly, causing the piezo-electric element 52 to move in the direction of
arrow 61 will decrease the volume of the chamber 51B, thereby causing fluid to be

expelled through the aperture 58.

Accordingly, the pipette can be activated to draw in or expel fluid through the aperture 58
20 depending on the polarity of the current applied to the leads 56. Accordingly, in use, the
leads 56 are coupled to either the drive system 32, or a separate activation system, to allow

a suitable current to activate the pipette as required.

The manner in which the apparatus is used to fuse cells will now be described.

25

An overview of the method of fusing cells in accordance with the present invention will

now be described with reference to Figure 4.

In particular, at step 100, the user selects the cells to be fused. At step 110, the cells are

30 placed in a fusion well.



expel l ed through the aperture 58. Accordingly, the pipette can be activated
to draw in or expel fluid through the aperture 58 20 depending on the

pol arity wb oshe2ieurrent applied to the | eads 56. Accordi ng@Cy/Alosouse, the

| eads 56 are coupled to either the drive system 32, or a separate
activation system to allow a suitable current to activate the pipette as
requi red. The manner in which the apparatus is used to fuse cells will now
be described. 25 An overview of the réd hod of fusing cells in accordance
with the present invention will now be described with reference to Figure
4. In particular, at step 100, the user selects the cells to be fused. At
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to the seéb éseed cel!s to cause the cells to fuse. Cells that are placed in
an electric field will distort the field in their inrediate, vicinity. 5
The field distortion is dependent on the geonetry and el ectrical properties

of the paidikchs ar@BﬁlcEchﬁ{ aPblebR 18 vaunHitod thafitidCinedeir iinviadinte eicimtyhave
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appl i ed ?‘g?rodlelﬁtpg Cg?%t%lét can 15 be exploited to selectively manipul ate
l'iving cells using radio-frequency alternating

Accordingly, the degree of the distortion of the field both inside and outside of the cellisa
very strong function of the frequency of the applied electric field. As a result when placed
in a non-uniform electric field cells will experience a force whose magnitude and direction
will vary in a complicated manner with the frequency of the applied field. This effect can
15 be exploited to selectively manipulate living cells using radio-frequency alternating
electric fields created via suitable electrodes. The movement of particles in AC electric
fields is referred to as “dielectropherisis” (DEP) and is independent of any net charge on

the particle.

20 The application of the radio-frequency electric fields, typically in the region 10-10,000
kTz, exerts a positive DEP force on the two cells, urging the cells into close contact with
each other. A stronger electric field is then used in order to induce electrical breakdown of
each cell’s membranes at their point of contact. This controlled electroporation triggers a
process of cell fusion that is somewhat akin to reverse-mitosis. This in turn creates a fused

25 hybrid cell that has a genetic make up that is a combination of the two original cells that

were fused.

The fused cell is then generally placed in a recovery well at step 130 before being checked
after a predetermined time period to confirm the cell has fused at step 140.

30
The fused cells can then be collected at 150 and used as required.



electric fields created via suitable el ectrodes. The novenent of particles
in AC electric fields is referred to as "diel ectropherisis" (DEP) and is
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exerts a positive DEP force on the two cells, urging the cells into close
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descr i bedyilindme&ividtianlordatieivbeldiyv. St ep 200 t he target and partner cells
are placed in respective target and partner wells. 10 This procedure wll

general |y involve sui tabl e preparation of the cells, which may be achieved
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recovered from sample plates and washed in appropriate enzyme solutions.

The well array would then be sterilized before appropriate fluids are inserted into the wells
15 to be used. The target and partner cells are then placed in the target and partner wells, 41,

42 respectively, with the cells being held in suspension in respective enzyme solutions.

At step 210, the user selects a target cell from the target well 41 using the pipette 33. In
order to achieve this, the user will arrange the well array 40 such that the target well 41 is

20 imaged by the imaging system. Accordingly, the target well 41 is placed under the
microscope 31 so that the camera 30 may generate an image signal and transfer this to the
image interface 23. The image signal will then generally undergo some pre-processing in
the image interface 23 before being transferred to the processor 20 for any subsequent
further processing.

25

Thus, for example, the image interface 23 may be formed from an image capture card,
which is used to capture images from incoming image signals. The captured image is then

formatted by the processor 20 before being presemnted to the user using the /O device 22.

30 The user adjusts the relative position of the microscope 31 and the well array until a

suitable target cell is shown. The user then uses the processing system 10 to control the



42 respectively, with the cells being held in suspension in respective
enzyne solutions. At step 210, the user selects a target cell fromthe
target wewbD 04102186 ng the pipette 33. In order to achi eve PCRiAL0306686 user
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transfer this to the inmage interface-23.- The image signal will then
general ly undergo some pre-processing in the inmage interface 23 before
being transferred to the processor 20 for any subsequent further
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all ows the user }go position the pipette 33 10 with the pipette aperture 58
adj acent the selected cell. At this point, the user activates the pipette
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cell and the surrounding fluid will be drawn into the pipette, allowing the target cell to be
removed from the target well 41.
15

Sometimes, it is difficult to separate individual cells within the wells. This can be
overcome by repeatedly operating the pipette to cause the pipette to repeatedly draw in and
expel fluid via the pipette aperture 58. Agitation of the fluid medium and repeated
movement of the cells through the pipette aperture 58 will usually allow a cell to be

20 separated from surrounding cells.

An example of this is shown in Figure 6A, which shows the hydrodynamic stream-lines 70
as fluid is expelled from the pipette aperture 58. As shown, the hydrodynamic streamlines,
which represent lines of constant force, spread out away from the pipette aperture 58.
25  Similarly, as the cells, shown at 71, 72, are entrained in the fluid flow, this will tend to

cause the cells 71, 72 to separate as they are expelled away from the pipette aperture 58.

In any event, once the user has selected the target cell at step 210, the user washes the
target cell in a fusion medium in the washing well 43. In order to do this, the pipette
30 containing the respective cell is positioned in the washing well 43, using the imaging and

control system 11, 12 to move the pipette 33 as described above. Once the pipette 33 is



removed fromthe target well 41. 15 Sonetines, it is difficult to separate
individual cells within the wells. This can be overcome by repeatedly

oper ati ngwoh/imipette to cause the pipette to repeatedly acamuosoesssd expel
fluid via the pipette aperture 58. Agitation of the fluid nmedi um and
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of this is shown in Figure 6A, which sHA8ws the hydrodynam c streamlines 70
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posi tion e Wash using the imging and control system 11,
12 to frove the pipette 33 as descrl bed above. Once the pi pette 33 is WO

03/ 102126 PCT/ AU03/ 00666 - 48 p03|t oned he
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The user then uses the pipette 33 to place the target cell into the fusion well 44 at step 230.
Steps 210 to 230 are repeated for the partner cell, with the partner cell being placed in the
fusion well 44 next to the target cell at 230.

15
As an alternative to performing steps 210 to 230 separately for each cell, the target and
partner cells may be selected from the respective wells and then washed together in the

washing cell 43 being transferred simultaneously to the fusion well 44.

20 As will be described in more detail below, it is preferable for the cells 71, 72 to be
positioned adjacent to each other. In order to achieve this, it is preferable to first place the
target or partner cell 71 in the fusion well 44 and then place the other partner or target cell
72 adjacent thereto.

25 In general as adding the second cell 72 will cause fluid to be transferred into the fusion
well 44, this also causes movement of the first cell 71. It is then generally necessary to
repeatedly activate the pipette 33 until the both cells can be drawn in to the pipette
simultaneously. As shown in Figure 6B, when the cells 71, 72 are drawn in to the pipette
aperture simultaneously, the hydrodynamic lines of force 70 converge as the fluid enters

30 the aperture 58. Accordingly, this draws the cells 71, 72 together. The cells can then be
expelled from the pipette 33 with the cells being sufficiently close for the fusion process to



10 target well 41. The user then uses the pipette 33 to place the target
cell into the fusion well 44 at step 230. Steps 210 to 230 are repeated
for the paotnaszieel |, with the partner cell being placed PeTtA®3/066661 on
well 44 next to the target cell at 230. 15 As an alternative to performng
steps 210 to 230 separately for each cell, the target and partner cells
may be selected fromthe respective wells and then washed together in the
washing cell 43 being transferred sinmuyjpaneously to the fusion well 44. 20
As will be described in nore detail below, it is preferable for the cells
71, 72 to be positioned adj acent to each other. In order to achieve this,
it is pwifer o first place the target or partner cell 71 in the
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thereto. 25 In general as adding the second cell 72 will cause quid to be
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35 by pr aypbrhprigteapmmmpnd sigeals via the control interface 24 to the control system 12. The
control system then activates the drive system 34, thereby casing the electrodes 35 to move

as directed by the user.

15 An example of the relative positioning of the electrodes 35, the cells 71, 72 and the pipette
33 at this stage is shown in Figures 6C and 6D, which show a perspective and end on view
of the fusion well 44 prior to fusion being performed. Thus, as shown, the cells 71, 72 are
positioned close to each other substantially between the électrodes 35. At this stage the
cells need not be in contact as they will in any event be urged together by the applied

20 electrical field as will be described in more detail below.

As shown in Figure 5B, the next step is for the user to determine the sequence of electric
fields that are to be applied to the cells at step 260 before using the processing system 10
and the signal generator 13 to generate the determined pulse sequence at step 270.
25
The manner in which the user determines the electric field will vary depending on the
particular implementation of the invention. A first example by which this may be achieved
is shown in steps 280, 290. In this case, the processing system 10 applies a predetermined
electric field to the partner and target cells. The response of the cells in the electric field is
30 then used to determine the electrical parameters employed for the DEP electric field (in

order to bring the cells together) The response can also be used to determine the fusion



commands via the PO device 22. Again, this is usually achieved by having a
respective 10 joystick or the |like provide control signals to the
processorw@®3/1Thes processor then transfers appropriate comeandosiogioal s vi a
the control interface 24 to the control system 12. The control systemthen
activates the drive system 34, thereby casing the electrodes 35 to nove as
directed by the user. 15 An exanple of the relative positioning of the

el ectrodes 35, the cells 71, 72 and thé0pi pette 33 at this stage i s shown
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case, the processing system 10 applies a predetermned electric field to
the partner and target cells. The response of the cells in the electric
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desired response. It will be appreciated that this information may need to be determined

initially. Accordingly, each time a new lineage of target and partner cell combination is
15 fused, the pulse sequence used to achieve this successfully will be stored in the LUT and
the memory 21, together with information regarding the complete set of fusion parameters
at which the desired response was observed. The processor 20 can then use the indication

of the response to select a pulse sequence from the LUT.

20 Alternatively, the pre-programmed pulse sequences could be stored in the LUT in
accordance with each particular type of target and partner cell combination. Again, this
information will need to be determined initially. However, by storing the pulse sequence
each time a new target and partner cell combination is fused, this allows the processor 20
to select a pulse sequence at step 310 in accordance with cell types provided by the user at

25 step 300.

In any event, the electric pulse sequences applied to the cells to cause the cells to fuse by

DEP at step 320.

30 At step 330, whilst the cells are still in the fusion well 44 the user examines the both
morphology and the electrical behaviour of the cells to determine if they have fused to
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el ectri cal viour “of the ce to determne if they have fused to Y\D
03/ 102126uRGlé AUBBEGNEHEEN to Bhcwwage esllagbwdnt & it és Aetenpingdh thapihe st G5l and
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pipette 33 at step 390, and selects new cells at step 210.

15 Otherwise, the user transfers the fusate cell to a respective hybrid well 46 using the pipette
33 at step 400. The fusate cell is incubated in the hybrid well at step 410, with the cell
being monitored after and during the incubation process at step 420, to determine if the

fusion has been successful.

20  As described briefly above, different pulse sequences may be used to control the fusion of
the two cells. The generation of different pulse sequences is achieved by having the
processor 20 control the signal generator 13 in accordance with pre-determined pulse
sequences stored in the memory 21. The pulse sequences are generally stored in data arrays
and associated parameters in an LUT, as outlined above or calculated using suitable

25 equations and data arrays at the point of fusion. The processor 20 extracts the neceséary
parameters and the like stored in the memory 21 and transfers this information to the signal

interface 25.

In this example, the signal interface 25 is in the form of an arbitrary signal generator or the
30 like, which uses the determined parameters to define a desired pulse sequence. The signal

generator therefore generates a signal representative of the pulse sequence and transfers



stages of cell fusion only take a few mnutes, typically under ten for nost
type of cells and accordingly, the user can sinply view the cells on the
UO devi cewP3aod2elet ermine fromb5 this whether the fusi onrPprodamssodias been
successful. If it is determned that the cells have not fused at step 340,
the user sinply discards the unfused cells with the pipette 33 at step

350, and returns to select new cells at step 210. Once placed in the
recovery well 45 the fusate cell is |ef2-for approximately 45 m nutes 10
bef ore again being checked at step 370. During this tinme, the cell is held
in suspension in a suitable culture nmediumto encourage cell growth. If it
is determi.ned th . -has : I adncst®Pba380

t hen theﬁ]ﬂgg[? %ih?%ha&%gu%rﬁga%ﬁ}%?éﬁcp 11cﬂe‘%?’l Esdrl‘tﬁilfnﬁgﬂfghdegsﬁ%)ciygg%é? :@33 at step 390,
and sel eghfsfoevd &etht sledtrodds 8P a8 1&yuirkd. Ot her wi se, the user transfers the
fusate cell to a respective hybrid well 46 using the pipette 33 at step
400. The fusate cell is incubated in the hybrid well at step 410, with the
cell being: i i i i og&sse wkd st ep 420,
to deter %{kglelf@)%]éﬁpgée&&? ﬁghkgéth%{;@rﬂgggﬁigﬁ%%ggiﬁ:géﬁ%%%g\lsﬁciilescri bed briefly
above,s di fferent pul se sequences nmay be used to control the fusion of the

two cells. The generation of .different pulse sequences i s .achi
havi ng t ﬂ%mb?%ésaé’cﬁxa@ﬂﬂégm&ﬁ@tt%@t%qagﬁ‘é S¢ g‘?%?tg gl?a% Py 0 ug8%g0§$é§§% with
pr e- det erghngel rﬁH{xzsﬁef ASRAVEN AR Tash OF Bcbsé RxhhiBleH P fiinctibns hRed¢fitledein the

sequences are generally stored in data arrays and associ ated paraneters in
an LUT, asmparhl domeaingbove or cal cul ated using suitable 25 equations and
data arrays at the point of fusion. The processor 20 extracts the necessary
paranmeters and the like stored in the nenory 21 and transfers this

I nf Or]!f'U;t 93 Halic plike 3b4RAke profic8ih AR FeBined th feRhSoftkaePhations:he si gnal

interface 25 1s’in the formof an arbitrary signal generator or the 30
| i ke, which uses the determ ned paraneters to define a desired pul se
sequence. The signal . generator therefore generates a signal representative
of the pul se slé&ﬂé‘néémg?ﬁ trahsfers WD 03/102126 PCT/ AU03/ 00666 - 52

¥, () =C() L <t<i,

¥, (t) = Bsin(wt) >t,

where:
15
A is a constant;
B is a constant (and may be equal to A);

C(?) is the function describing the pulse.

20 C() is typically based on one of the following functions, although it will be appreciated

that this is not essential:-

C(t)=xK

C,(?) = Qexp(-ar)
C,(8) = Qexp(at)
C, (@) = Osin(ct)

25  where:



this to a high frequency signal anplifier, allow ng the desired pul se
sequence to be transferred to the electrodes 35 as required. It will be
appr eci atwo oshex12et her fornms of pul se sequence gener ati onPcam@bswobe used.
5 1In any event, an exanple of different electrical pulse sequences that may
be used for fusing cells wll now be described. In each of these exanpl es,
the functions are defined in the tenporal domain, t. 10 The basic pul se
sequence profiles maybe defined in tergks-of the equations: vy, (t) = A
sin(wm) <t, Y, (t) =C(t)t, <t <t2 y3 (t) =Bsin(wmt) >1t2 where: 15
Ais a constant; Bis a constant (and may be equal to A); C(t) is the
function descri bi t he, pul se. C(t) is typically based on one of the
foll owing functi é@ ES{FQWHFWW be appreci at ed that this is not
essential: C, (t) K CZ (t) Qexp( at) C3 (t) Q exp(at) CA(t) =0Q
sin(5t) 25 where: WO 03/ 102126 PCT/ AUO3/ 00666 -53 K a and ~ are
const ant BasiBasilss sghemwes eanbn cersbinad apé oreilifl iR GreaifdC GNRIFY APBICREFSe FYURF e

conpl ex Sengrnf):lrég SEwhich ae listed below and are shown in Figures 7A to 7G.

5
Figure 7A shows a first example of a basic DC fusion pulse sequence consisting of 2
unipolar square pulses, separated by sinusoidal waves. The equations used to govern the
generation of these pulse sequences are as follows:-
¥, (¢) = Asin(wt) <t
y, () =+K t, <t<t,
10 v, (t) = Bsin(ax) t, <t<t,
y, () =+K t, <t<t,
ys () = Asin(awt) >,
Figure 7B shows a second example of a basic DC fusion pulse sequence consisting of a
bipolar square pulse, separated by sinusoidal waves. The equations used to govern the
generation of these pulse sequences are as follows:-
15
¥, (t) = Asin(ax) <t
y2(t)=+K 1, <t<i,
¥, () =-K t, <t<t,

v, (t) = Asin(ax) >t,

Figure 7C shows a third example of a basic AC fusion pulse consisting of a sinusoidal (of
differing frequency) of increased amplitude and differing frequency separated by
20 sinusoidal waves. The equations used to govern the generation of these pulse sequences are

as follows:-



exanpl es of which are listed below and are shown in Figures 7Ato 7G 5
Figure 7A shows a first exanple of a basic DC fusion pul se sequence

consi sti Myo®B/1@212ani pol ar square pul ses, separated by sineswiAdaBovaees. The
equations used to govern the generation of these pul se sequences are as
follows: yl1(t) = Asin(cot) <t1 Y2 (t) _ +Ktl <t <t2 10 y3 (t) =B
sin(cot) t2 <t <t3 y4(t)=4K t3 <t<t4 y5 (t) = Asin(cot) > t4 Figure 7B
shows a second exanpl e of a basic DC tgdi-on pul se sequence consisting of a
bi pol ar square pul se, separated by sinusoidal waves. The equations used to
govern the generation of these pul se sequences are as follows: 15 y1 (t) =

A sin(cot) <tl1,X2 (t. +tKtl <t <t2 y3(t)=-Kt2 <t<t3 vy4 (t) =
Asin(cot) > t?lﬁjgu‘ggh%)shométla third exanple of a basic AC fusion pul se
consi sting of @ (®i=nAsoi(fnl (of <td#&fering frequency) of increased anplitude

and differingn;QﬁqyggﬁémgeparﬁL€p< y 20 sinusoidal waves. The equations
used to goverr *'he 8e_n ration’of these pul se sequences are as follows: WO
03/ 102126 PCT/ A037 O6BEE) - 54s f1<{t) = Asin(wt) < tl1 Y2 (t) = Qsin(~t) t1

<t <12 y3 (P)oy=BshihHW) £2, <t < t3

Figure 7D shows a fourth example of a basic DC and exponential pulse separated by
sinusoidal waves. The equations used to govern the generation of these pulse sequences are

5 as follows:-

y,(?) = Asin(awt) <t
yz(l‘)=+K 1, <t<t,
y,()=K+Qexp(-at) t,<t<t,
v, (t) = Asin(wt) > t,

Figure 7E shows a fifth example of a basic DC and exponential pulse separated by
10 sinusoidal waves. The equations used to govern the generation of these pulse sequences are

as follows:-

v, (?) = Asin(at) <t
y,®)=+K t, <t<t,
y,()=K—-Qexp(at) t,<t<i,
¥, () = Asin(awt) > 1,

15 Figure 7F shows a sixth example of a basic DC pulse sequence convoluted with a linear
curve. The equations used to govern the generation of these pulse sequences are as
follows:-

y,(t) = Asin(axt) <t

Y, @) =+K®(-pt) 1t <t<t,
¥, (t) = Bsin(at) t, <t<t,

V() =+KQ(—pr) t;<t<i,

ys(t) = Asin(at) >,



y4 (t) = Qsin(~t) t3 <t <t4 Y5 (t) = Asin(w) > t4 Figure 7D shows a
fourth exanpl e of a basic DC and exponential pul se separated by sinusoi dal
waves. Thwoaqguexieons used to govern the generation of the®eTpuoswo®equences
are 5 as follows: Y1 (t) = Asin(cot) <tl Y2 (t) _ +Ktl <t <t2 Y3 (t)
= K+ Qexp(-at) t2 <t <t3 y4 (t) = Asin(wm) >1t3 Figure 7E shows a
fifth exanple of a basic DC and exponential pul se separated by 10

si nusoi dal waves. The equations used t-db5govern the generation of these

pul se sequences are as follows: Y1 (t) = Asin(cot) <tl1 Y2 (t) _ +Ktl <
t <t2 y3 (t) =K-Qexp(at) t2 <t <t3 y4 (t) = Asin(w) >1t3 15 Figure 7F
shows a sixth exanple of a basic DC pul se sequence convoluted with a |inear
curve. The equations used to govern the generation of these pul se sequences
are as fPlehspumte that dn) extraA3C p(lst js shown ivPigurg 7F forclqrity(-)8t) t1 <t < t2
Y3 (t) =Bsin(w) t2 <t <t3 y4 (t) +K(r)(-13t) t3 <t <t4 Y5 (t) =
Asin(wt) > t4 WO 03/102126 PCT/ AUO3/ 00666 -55 Please note that an extra DC
pul se is BEWYdGRhENEY Bvellh bRImESIk ¥FiatBasic DC pulse convoluted with an exponential

5 decay curve. The equations used to govern the generation of these pulse sequences are as

follows:-

y,(t) = Asin(wt) <t

7, &) =+K ®(Qexp(-at)) 1t <t<t,
¥, () = Bsin(wt) t, <t<t,

¥4 =+K ® (Qexp(-ar)) 4 <1<1,
vs(t) = Asin(at) >t,

10 Please note that an extra DC pulse is shown in Figure 7G for clarity.

The subject may be any mammal such as including a human, livestock animal, laboratory

tests animal or captive wild animal.

15  Yet another aspect of the present invention provides a composition comprising a culture of
hybrid cells generated by fusing a stem cell and a mature cell or a precursor form thereof,
said composition further comprising one or more pharmaceutically acceptable carriers

and/or diluents.

20 The present invention extends to a combination of fusion techniques such as chemical and
electrical fusions. Furthermore, additional selections may be made to the cells to facilitate
promoting cell proximity. For example, a cell may be engineered or selected to express a
ligand and another cell may be engineered or selected to express a binding portion to the
ligand. Cell-cell contact is then facilitated by the ligand and its binding partner.

25
The fusion process and the selection of cells are conveniently used as part of a commercial

operation such as in a method of doing business. For example, fusions may be done on a



.Figure 7G shows a seventh exanple of a basic DC pul se convoluted with an
exponential 5 decay curve. The equations used to govern the generation of
t hese pulwe osacpiecices are as follows: yl (t) = Asin(w) 2CT/AUI20¢d0s +K
(r)(Qexp(-at)) tlI <t <t2 y3 (t) =Bsin(w) t2 <t <t3 VY4 (t) _ +
(r)(Qexp(-at)) t3 <t <t4 y5 (t) = Asin(wt) >t4 10 Please note that an
extra DC pulse is shown in Figure 7G for clarity. The subject may be any
mammal such as including a human, |ive$s6éeck animal, |aboratory tests
animal or captive wild animal. 15 Yet another aspect of the present
invention provides a conposition conprising a culture of hybrid cells
gener at eq:oﬁ%ac{‘i H§§1§'9r Shtitfe§ ma?%ké i8O8 y3e Rk RtafiBhybrids tebdEariedr form

t her eof nposition %1 conprising one or nore pharnaceutically
acceptabl e carri ers and/ or dil uents. 20 The present invention extends to a
conbi nati on usi on technl qu such m cal_.and_ el tr ons.
Furt her nn’?‘é’or‘%’éﬁiy’t ARREr F’%tc?’(le sprﬁfﬁ? Blév g8 I{r?)vﬁﬁse acséllsf%gn ?1 aci %18{1 ate
pronoti ng, ﬁ‘g)hg roximty. For exanple, a cell nmay be engi neered or selected
to express ﬁn gand and another cell may be engineered or selected to

express a binding port| on to the ligand. Cell-cell contact is then
facilitated by the |] dlt ndi rtne Ss
and the 81 oA PHoPRIHRE: 0berla risnerh Al Tt uiiipy Sy H3haR RIERET

operation suctﬁ@sto?a rret hod of doi ng busi ness. For exanple, fusions may
be done on a WD 03 102126 PCT/ AU03/ 00666 -56 contract basis or entitles
may specifically request certain hybrids to be generated. Accordingly,

anot her a(S?eCtﬁlsnghe L8 t%‘&ceﬁﬂ‘(c?g%{ﬂeﬁn provi des a system of cell fusion

10
(iii)  subjecting the fused cells to culture conditions to grow the fused cells;
(iv)  optionally subjecting the cells to data processing means to analyze cell surface
markers and/or analyzing protein or non-protein molecules produced by the cells;
15 and

(v)  providing cultures of fused cells to other entities.

This aspect of the present invention covers a method of contract research where entities
20 either provide cell populations for fusion together and/or who seek to exploit cells which
have been fused together. Such entities include inter alia patients, medical practitioners, a
pharmaceutical entity or a researcher.
The fusates or hybrid cells may provide a source of new or improved molecules such as
25 cytokines, antibodies, enzymes, proteins, heat shock proteins and ligands such a for cell
receptors. The molecules may have an altered glycosylation pattern or be more stable or
have greater activity or be otherwise more efficacious. The cells are said to be useful as
cellular therapeutics due to their potential to produce useful molecules or large amounts of
new or previously known molecules. The present invention extends to these molecules in

30 isolated form and their production via culturing the hybrid cells.



conprising: 5 (i) selecting two popul ations of cells, each popul ation
conprising one or nore cells, to fuse together; (ii) fusing the at |east
two cel | swoogaoties; 10 (iii) subjecting the fused cells PETAUBAI®G
conditions to grow the fused cells; (iv) optionally subjecting the cells to
data processing neans to analyze cell surface markers and/or anal yzing
protein or non-protein nolecules produced by the cells; 15 and (v)
providing cultures of fused cells to etfer entities. This aspect of the
present invention covers a nethod of contract research where entities 20
ei ther provide cell populations for fusion together and/or who seek to

expl oi t ofldedthi féﬁi}ent Vi fRRRR dEisiBEl bPaRbR6winBuoR-1RAtinkIFREmbIe) ude i nter
alia patients, nedical practitioners, a pharmaceutical entity or a
researcher. The fusates or hybrid cells nay provide a source of new or

i nproved nol ecul es such as 25 cytokines, antibodies, enzynes, proteins,
heat shock proteins and |igands such a for cell receptors. The nol ecul es
may have an altered glycosylation pattern or be nore stable or have
greater activity or be otherw se nore efficacious. The cells are said to be
useful as «cellular therapeutics due to their potential to produce useful
nol ecul es or |arge anmounts of new or previously known nol ecul es. The
present invention extends to these nolecules in 30 isolated formand their
production via culturing the hybrid cells. W 03/102126 PCT/ AU03/ 00666 -57
The present invention is further described by the follow ng non-limting
Exanpl es. WD 03/102126 PCT/ AU03/ 00666 -58



EXAMPLE 1 The sel ection and fusion chanber A schematic of the chanber used
for this particular exanple is shown in Figure 4. The 5 fusion process is
carried owDmnoA26t andard fl at-bottoned 96 wel |l cul ture plParavThe&coel | s
designated for containing the cells prior to fusion are filled with a

sui table gromh nmedium and the wells designated for carrying out the
fusion process are filled with a nedium suitable for this purpose. 10 Two
el ectrodes were nounted on a suitabl e-dBi-ve system al |l owi ng t hree degrees
of freedom w th one of these el ectrodes having a further independent
three degrees of freedom This allowed the el ectrodes to be noved and

positioned at any |l ocation within 15 A suitable waveform
generator was connected to the el e‘@%@éﬁ“&m al l owed a predeterm ned
waveformto be applied acrosg,tif 858ahd pe\eon tRhpsuce fusion between the
pre-selected cells. A pipette systemsuitable for the isolation and

mani pul ati on of single cells was nounted on 20 a suitable drive system
that all owed three grees_ of fre Asutabe ctuat or attached to
he. pi peth SR QAR PebPouisd IohALF BAGH e SRl = Ay €h &Y gt 4 168
facilig atiﬁﬁoﬁ focesElseCiian ofd o ﬂhﬁda?d AIROBbt O WIS Slafeo The hesiiel | s
prior to't usion process. EXAMPLE 2 25 ES cells ES cells are obtained

from any desighatad lfgr mtmmngelm cedle pnolethﬁusuomye ﬁ&eé)mthmrwlta@@ gEavell mediyms or

f d
(i soci aretl hh el et or SoERE At it st ot SUEF SRR ATl

vessel argqltgﬁglfmfsq;ungdggi on. In 30 sone circunstances, the ES are
pre-treated with proteinases or other simlar enzynmes. WO 03/102126
PCT/ AU03/ 00666 -59 EXAMPLE 3

10 Two electrodes were mounted on a suitable drive system allowing three degrees of
freedom, with one of these electrodes having a further independent three degrees of
freedom. This allowed the electrodes to be moved and positioned at any location within the

well.

15 A suitable waveform generator was connected to the electrodes that allowed a
predetermined waveform to be applied across the electrodes to induce fusion between the

pre-selected cells.

A pipette system suitable for the isolation and manipulation of single cells was mounted on
20 a suitable drive system that allowed three degrees of freedom. A suitable actuator was
attached to the pipette to allow fluid to be inhaled or exhaled. This system facilitates the

selection and initial positioning procedure for the cells prior to the fusion process.

EXAMPLE 2
25 ES cells

ES cells are obtained from any ethically convenient source and may be primary isolated
cells or an artificially or naturally created (ES) cell line. The ES cells are dissociated into
single cells and distributed into an appropriate culture vessel and medium for fusion. In

30 some circumstances, the ES are pre-treated with proteinases or other similar enzymes.



Mature or precursor cells Mature or precursor stemcells are isolated from
potentially any animal tissue, but 5 preferably human or pig tissue.
EXAMPLE 4wo@alib21euisi on 10 An outline of the production of PCusdwsbewan stem
cells using the apparatus of Figure 1 is described. Set-up of the
?zg?r\?;trjrsmgoir nf ;rs1l on 13 f\ 20(;,71(5 syri nget(g%)c) waasl oadeﬂ with RPM nedi a
i ncubat or mns a : ing the syringe a |l arge

droplet of the warmed RPM sol ution was9deposited into the centre of a
Petrie dish (#3). This dish was then placed on the inverted m croscope
(Ni kon TE2000) such that it was situated beneath the pipette. The pipette
hi'iVI Rgl }‘l rst been sterilized wt %ﬁg@ﬁ%ﬁgﬁ\ashi ngs of 70%v/v
al cohol /wat er sol ution. The pipett 20 lowered so that the tip was
inmrersed in the droplet of RPM, the end pfopcdigngth of  silicon tubing(#4)
(with suitable connectors(#5)) w‘és atotﬁa%ﬁegotg a second syringe and the
1(:)';]her ﬁndhto thg pi pette. RPM was then gently drawn into the pipette and

rou the tubin [ t [ [
bubbl cs. PRER CRrpARERY SToRE AE (AT TP e 5d: FAT Ao (AR ReM
filleds Sﬁréﬁgﬂ%’lyflﬁﬁ&goé"ﬁ%sfsme?m ed into the 25 nozzle of the piezo electric
actuator ‘until 7t was cormpletely filled and a positive neniscus forned
oyle_r t he noEzI e. The second syringe was then gently uncoupled fromthe
silicon tubing. Using the first j illed with RPM, the uncoupl ed
end of the silicon tubing was togégdg&ﬁ)irﬂﬂui d until a positive neniscus
over the mouth of the connector. The ol }oplg was then coupled to the piezo
electric nozzle 54. 30 Each pi pette%o zle 54 is drawn fromcapillary
tubing (120 minner dianeter) from (#7). WD 03/102126 PCT/ AU03/ 00666 -60

10  An outline of the production of fused human stem cells using the apparatus of Figure 1 is

described.

Set-up of the apparatus for fusion

15 A 20 mL syringe (#1) was loaded with RPMI media (#2) warmed in an incubator (30 mins
at 37°C). Using the syringe a large droplet of the warmed RPMI solution was deposited
into the centre of a Petrie dish (#3). This dish was then placed on the inverted microscope
(Nikon TE2000) such that it was situated beneath the pipette. The pipette having first been
sterilized with repeated washings of 70% v/v alcohol/water solution. The pipette was then

20 lowered so that the tip was immersed in the droplet of RPMIL One end of a length of
silicon tubing(#4) (with suitable connectors(#5)) was attached to a second syringe and the
other end to the pipette. RPMI was then gently drawn into the pipette and through the
tubing using the syringe. Care was taken to ensure that no air bubbles formed anywhere
along the tubing or in the pipette. Using the RPMI filled syringe, fluid was injected into the

25 nozzle of the piezo electric actuator until it was completely filled and a positive meniscus
formed over the nozzle. The second syringe was then gently uncoupled from the silicon
tubing. Using the first syringe filled with RPMI, the uncoupled end of the silicon tubing
was topped with fluid until a positive meniscus over the mouth of the connector. The
tubing was then coupled to the piezo electric nozzle 54.

30
Each pipette nozzle 54 is drawn from capillary tubing (120 pm inner diameter) from (#7).



The el ectrodes 35 were then aligned using a graticule until they were
spaced -400-500 m apart. 5 The previously prepared partner cells were then
transferrwo oBooA26i ngle well in a 96 well plate (#6) andPChaUgPlaeCYyt €S
were deposited in a separate well in the sanme plate. The pipette was then
inserted into the well containing the partner cells and a suitable partner
cell selected. This (single) cell was then transferred to a fresh well
containing 10 RPM + 10% w v fetal cald0serum (FCS). The pipette was then
inserted into a well containing the previously sorted B | ynphocytes
specific to the target antigen. A suitable B [|ynphocyte for fusion was
then selected. Returning to the previous well the | ynphocyte cell was
expelled fromthe pipette beside the partner cell. Both cells were then

vi sual | y Theelpaedded 36 averd theh nlignod wing a pnatibde uhtibthey wetdbspdaed p4006aS0bpmof
the cells prior to fusion The pipette was then used to transfer both cells
into a wedarigont ai ni ng an enzyne colution of 1% w v pronase plus a
sorbitol solution of appropriate pH and osnolarity. The cells 20 were
imersed in this mediumfor five mnutes before being "washed"” in the

f usi ons methe prefiduisBhpriepargd peartiedr | opllf avenetheh rtcmsfersd tdiatsidgls otelit inon 96 fwell
appropri ate pH and _osnolarity) by gently inhalin nd expel ling them

t hr ough t %M&hQB@HWP@GSWGFW%PH@ 1nla(§e]aqrgt53’ye§]ﬁgﬁ]gq %@fc@?‘gn&ti ze to

t he changed environnent. Once the cells had adjusted to the change in
osnolarity the pipette was then used to hydro-dynam cally arrange the cells
25 so t haThé¢ bipettaewas thich Hnsertsd iotonthef welhchnteirtieg theTpartnsr petls endvassuitable

d f th 3 t ed d
o anged BEUER4El HECkHeT B B elnget bS] Beohdtoa b cRUTraar | y
bet wegpy tRPFIT Farl, &l LCkiLAS]d &r&ﬁn%gS)CtIﬁg Pip Y FadithdilinseRS @htboy wiilr e of

180 m di aneter nmanufactured by the | "forni"an Fine Wre Conpany,
Cal i f or ni enntaiiag thhprevinlygarted Bdpmphodytes @b@ﬁp ﬁ@d@stargﬁhérltrgeshépéltd:ﬂ@iﬂ hei r

proxim t yl : %htog}?te\%)r %4011_10\7%{:}82&165 {epfugsﬁetu rnifig to the previous well the lymphocyte

cell was expelled from the pipette beside the partner cell. Both cells were then visually
inspected for their suitability for fusion.
15

Manivulation of the cells prior to fusion

The pipette was then used to transfer both cells into a well containing an enzyme colution
of 1% w/v pronase plus a sorbitol solution of appropriate pH and osmolarity. The cells
20 were immersed in this medium for five minutes before being “washed” in the fusion
medium (which is generally formed from a sorbitol solution of appropriate pH and
osmolarity) by gently inhaling and expelling them through the pipette aperture 58 in order
to allow them to acclimatize to the changed environment. Once the cells had adjusted to
the change in osmolarity the pipette was then used to hydro-dynamically arrange the cells
25 so that they were within 5-10 pm of each other. The pipette was then removed from the

well.

The electrodes 35 were inserted into the well and arranged so that the previously arranged
cells lay centred and co-linearly between them. Each electrode is constructed from a nickel
30 alloy wire of 180 um diameter manufactured by the Californian Fine Wire Company,
California, USA. The configuration of the electrodes, their shape and their proximity to the



-61 cells are specifically designed so that a suitable electric field
pattern can be generated in order to induce DEP between the cells. The

el ect r odewowane1eonnect ed t hrough an anplifier to the arbiPCraxyp3siagnal
generator and a 5 series of voltages conformng to different waveforns,
previously defined by the user, were applied. The first waveform applied
to the el ectrodes was sinusoidal and had a frequency of 500 kil ohertz and
an anplitude, post anplifier, of appre¥ilmately 6V peak to peak. Through
phenonena known as diel ectropherisis, whereby neutral particles becone

pol arized in the presence of an alternating, non-uniform electric field,
the cell eXRelH - ' atfch ©afl bk henerhd in

coal esce.%e]'h%greagr%ﬁfftcglg}gﬁ%%g!{eﬁgoﬁﬁgﬁ)%S%ayfﬁ%%tﬁ?r?g?ggsed to 15V peak to peak
for a perardg toinduce PEPhetigesamrtheicelst hat good nmenbrane contact was made
between the cells. In this increased field there was a slight drift of the
cells towards the upper electrodes, and to counter this 15 the stage of the

M Cr 0S COP’ MBS 1AL R ohREAEd %?Ol,l{gh dohenglRe k6 aRasbianefkhfGenantr had ai n

the cells position between the el'ectrodes. Electrofusion of the selected
pair of cetitsof wlagesionfinyiing tb differentwapgfomns praviasbedafieddydhe user.aperg

arranged a f.ield pattern _conform o the fusiaon.pul

appl i ed. aipﬁfl‘?‘ﬁiﬂ‘ei tﬁé‘i Whsgorn ﬁ%phfegg[g 6&6 B%th%éeg mgggugo@g}lgﬁcgﬁée{g@%qﬁ%ypul se
trains, eaCiN( kAbHErEORl & hRglinkle! Yost mflifesesf agfroRimpély Laie paflVio peak.
(resulting in an electric field of approximately 180 kV) each bei ng of 80
s dur at i GPhrofgie nheheaenanknews epardieleeiraplierisis,d whatebynneiral oparticles fopcamen
train was separated, by 500 mllise . dur | whj ch_ (L..25 e {4nt enin
e o DAV el SBTEh n 2By Aorr R bk cios Pt el SEE 8 pakpn o

Post {yiSi xBeistcse a To:QY 8NGiGractdsh thAcdassiatedib cbdledcel was applied in order to
mai ntai n good contact between the cells whilst the cells fused. Recovery

of the cells to growh nedium 30 The el ectrodes 35 were the retracted from

the fusi themeaﬁi)lituag betfE RAPHal GhadP idlBstd 86 r1‘59dpeak to peak for a period of 5

seconds ensure that good membrane contact was made between the cells. In this increased
field there was a slight drift of the cells towards the upper electrodes, and to counter this
15 the stage of the microscope was adjusted relative to the electrodes to correct and retain the

cells position between the electrodes.
Electrofusion of the selected pair of cells to obtain hybrid fusates

20 Once the cells were suitably arranged a field pattern conforming to the fusion pulse
sequence was applied. In this instance, the fusion pulse sequence consisted of two pulse
trains, each train consisting of two DC pulses, of amplitude 90V, (resulting in an electric
field of approximately 180 kV) each being of 80 us duration. The pulses were separated by
a duration of 100 ps, and each train was separated by 500 milliseconds, during which in

25 the intervening time a DEP field was applied in order to keep the cells in good contact.
Post fusion pulse sequence, an increased DEP field was applied in order to maintain good

contact between the cells whilst the cells fused.

Recovery of the cells to growth medium

30
The electrodes 35 were the retracted from the fusion well, and the pipette 33 was inserted



WO 03/102126 PCT/ AU03/ 00666 -62 and mani pul ated so that the newly created
fused cells were in the vicinity of the pipette aperture 58. The cells
wer e t herwormhabdsade i nto the pipette and the pipette retracPrel/Atoenvdohe

well. In this fashion the cells were transferred to a fresh well containing
hybri doma gromth nedia (RPM + 10% w v FCS). The newy fused cells were
the only cells that were present 5 in this nedia. The above description

f ocuses on manual use of the apparatus,62+1 which positioning of the cells,
el ectrodes and pipette are controlled in accordance wi th commands i nput by
the user. 10 However, alternatively the processing system 10 can be

adapt ed tald%aﬁl Qlatddh® RRP Aty JtaiRfk SR wéx’@ ifrAe vidiftaehitespditei S,

t he processor execut es | nage recogn|t|on appl i cations software stored
in the rreapertyre258 T'ﬁlalcsllamem/\ﬁlen chapedoiotesthie mg)eﬁyslnélﬁhq pipeiseretiapted doom é?@el ved

wel 15 41, Wb dndfs Seplonhe Sal s elenEd lof FERivo S et Bl o
of the el ﬁ@@lﬁ?ﬁ?ﬁﬂ%l 0%5&//@'?@85 hEnetiRY figsed dellsh&@antiidbrly cblls b Werb@resent

appreci ated that the processor 20 and be programred to performthe
procedﬁrandhﬁﬂnmbd above automatically. Accordingly, the processing system
wll be adapted to automatically select target and partner cells in
accordance with the appearance 20 of the cell in the inage. The cells wll

then be piiegsbvelesdtiptibn FoceRes\ mafidaltuge 8f {h@\&pf)ﬂﬁtusfmswmﬁh ﬁ@sﬂ‘i@niﬁ@l’of fhened.
Again, during this process the processor 20 control osition of

t he cel | scellaceledtieodes and pipeftssare Thirglledde sewordanse iitheraimpands snpuk BY Hhe user.
sequence to be applied to the cells, and applies the 25 pul se sequence via
the el ectrodes 35. Once this is conpleted t he processor 20 can nonitor the

cel I s100 Hewevdd fieerhdtiviehiethbysbeusing @9asm I0scapusc sdupiad to donper ilespiparahay e
i ndi cat ed t hat practl cally as few as one in seventy fused cells ret al n the
genes needdemptigally; dpqrderainy agicys, dus theapogessey |20I xeeutes, HagH TesRgNItion

fraction ?)118%5(915 SRWIRCLGTE if t?%ﬂfeﬁlo?%gi Tlgg &M6wE thd brdeSsside §s&hP I use

desirabl e ave an apparatus at co
images received from the imaging system 11 to determine the position of cells within the

wells 41, 42, 43, 44, 45, 46, 47 48, as well as to determine the position of the electrodes 33
15 and the pipette 33.

From this, it will be appreciated that the processor 20 and be programmed to perform the
procedure outlined above automatically. Accordingly, the processing system will be
adapted to automatically select target and partner cells in accordance with the appearance
20 of the cell in the image. The cells will then be placed in the fusion well 44 to allow the
fusion to be performed. Again, during this process the processor 20 will control the

position of the cells and the electrodes.

The processor then determines the pulse sequence to be applied to the cells, and applies the
25 pulse sequence via the electrodes 35. Once this is completed the processor 20 can monitor

the cells to determine if the fusion process is successful.

Experiments have indicated that practically as few as one in seventy fused cells retain the
genes needed for mitosis and of these stable cell lines a much smaller fraction go onto
30 secrete a protein of interest. It is, therefore, desirable to have an apparatus that combined

the benefits of single cell fusion along with high with a throughput of fused cells.



the benefits of single cell fusion along with high with a throughput of
fused cells. WO 03/102126 PCT/ AU03/ 00666 -63 Exanpl es of apparatus

provi di ngvoeshedigues for inproving the throughput of the @oboxaaoddesecri bed
apparatus will now be described. A second exanple of apparatus suitable for
fusing cells will now be described wwth 5 reference to Figures 8A and 8B.
In particular, the apparatus is substantially the sane as the apparatus
descri bed above with respect to Figurag-1 to 3. However, in this exanple,
t he apparatus includes a nodified well array 40 having el ectrodes
incorporated therein. Accordingly, the electrodes 35 are not 10 required

with the I array
ne i |1 FREECOF BRI by icholtiel K SURSUREIES L s e
array is @é@@MbbdldppEﬂagisrvall%wmdamm the well array 80 includes a fusion

well 81. Mounted within the fusion well 81 are a nunber of pairs of 15
el ectrodes 82A, 82B, 83A, 83B, 84A, 84B, 85, 85B. Although only four pairs

f electrgd | t hat
or electrg ge%n%er \ég?r{}@l%ect ?%‘?athé" s{lﬁ' e usgghﬁ% ckils Willl nd¥e RPisESHRL f4kht ha

a greater an appropriately sized
f usi on5 welelferersceps BiguekesB A Tink8Bl ect rodes are typically formed fromgold
plated to a thickness of -2 monto a |l ower 20 surface 86, as shown in
Figure 8B. The well array nmay al so provided with one or nore recovery

wel I's 87, ?%.hr@auér @, éﬂamg%@suﬂs&ﬁu@m}e%ts%magqﬁ BIpafRuSRBUERREDHoIBWithe
applied to e cell gg fused wusing theelectrode pairs to 82,

83, 84, 8Espst mrmmes 250 BnHaweyert hethisssxemple, thesappenatustindudes|4 modified v2llt o be

fused and he cells. b 82
et A PRl a5 S8 RO SR BP JhL Ry B 8o
posi t ugn%gﬁﬁéd'\%ﬁﬂ thd8le kSTl yORRS1 BrtiliAIRE thR BB as WBE thY it aﬁﬁgtae nell may

be applied to the electrodes to thereby cause the cells to fuse in the
manner debeddéshaledabovare detail below.

An example of the modified well array is shown in Figure 8A. As shown, the well array 80
includes a fusion well 81. Mounted within the fusion well 81 are a number of pairs of
15 electrodes 82A, 82B, 83A, 83B, 84A, 84B, 85, 85B. Although only four pairs of electrodes
have been shown in this Example, it will be appreciated that a greater number of electrodes

may be used if an appropriately sized fusion well is provided.

The electrodes are typically formed from gold plated to a thickness of ~2 pm onto a lower
20 surface 86, as shown in Figure 8B. The well array may also provided with one or more

recovery wells 87, 88 as shown.

In use, the predetermined pulse sequences may be applied to the cells 71, 72 to be fused
using the electrode pairs to 82, 83, 84, 85 as shown.

25
In use, the user will select the cells 71, 72 to be fused and position the cells between a
respective pair of electrodes 82 using the pipette, as described above. Once the cells 71, 72
are positioned between the electrodes 82, the predetermined pulse sequence may be
applied to the electrodes to thereby cause the cells to fuse in the manner described above.
30

From this it will be appreciated that four pairs of cells may be positioned in the fusion well



30 Fromthis it will be appreciated that four pairs of cells my be
positioned in the fusion well WO 03/102126 PCT/ AU0O3/00666 -64 81 at any
one tine,wal3gbmem by the dotted |ines. Wiilst it is possiPbiratos/oéasse the
four pairs of cells sinmultaneously, it is possible for the field sequence
generated each pair of electrodes 82, 83, 84, 85 to interfere.
Accordingly, in some cases it is preferable for each pair of cells to be
fused in sequence. 5 In order to achieg£-this, the processing system 10 can
be adapted to apply a first predeterm ned pul se sequence to the el ectrodes
gg, fgllor?d brla Sﬁcon? predgternined pul se sequence to the el ectrodes

, etc. LW t heref ore ! - Al Sk thyeef 1l ences
may b a8t v (e BB ol SRR RL ARG i onpPIO0 b R R E eES
be 10 fygediwigihiRaldaasisameis peaitds Yomeld fiell séquerce ganpbied ofachmsdr af us
for fusing cells will now be described with reference to Fi hes 9A.. 9B
and 9C. Ielechadesi Bal5ar 34,73 SorileniRres MSRRIIEY, o SATRIFSH IHBRF PRS0 pa r

of el ectrode 9 nd pair of electrodes 92A, 92B. In use the
eIectrodé?néic%éﬁg#g%g%ﬁg 3%“%§&§ first signal generator 93 with the

elect;ﬂde?_QZA, 958 being coupled to a second signal generator 94. In this
case e first and second signal generators pl ace the i,ngl e si
gener at orln1@deh vachigve;thisr dhey pragssyiig SY§ieR i(?gfﬁﬂl 5% &H%th‘i dP gapggy agﬁ?éér e

coupled t ' OC i t i bataesd t
a1 ow ¢ nd e R B e b e 61 et odes

g_ZA, | 928 il #q&ﬁlc'e Qoghe eleatrodes SRt ilemdllnthiertoies be appsciated: bai Adireta
ipole in cells provided at .an appropriate ti .4 hi i
00" Thi s e sasBEted Dt AP Ehs BEFID! PUrptalrdorauogtie p obiegt bitBPBe jag

92A,  92B, s dEHER Al QW BS H{Refiel | S to be positioned accurately within
the fusi on el

A third example of apparatus for fusing cells will now be described with reference to
Figures 9A, 9B and 9C. In particular, Figure 9A shows a fusion well 90 having a first pair
of electrodes 91A, 91B and a second pair of electrodes 92A, 92B. In use the electrodes 91
15 are coupled to a first signal generator 93 with the electrodes 92A, 92B being coupled to a
second signal generator 94. In this case the first and second signal generators replace the
single signal generator 13 shown in Figure 1, so that the signal generators 93, 94 are
coupled to the processing system 10, via an appropriate interface 25, to allow their
operation to be controlled.
20
In this Example, the electrodes 92A, 92B are used to generate a DEP field which is
adapted to induce a dipole in cells provided at an appropriate location within the fusion
well 90. This is used to attract the cells to a selected one of the electrodes 92A, 92B,
thereby allowing the cells to be positioned accurately within the fusion well.
25
Accordingly, in use, the AC signal generator 94 will be activated to generate a DEP field.
A pipette is then used to insert cells 95 into the fusion well 90, in a manner similar to that
described above. In this case, the cell 95 are attracted to the electrode 92A, and will
therefore align as shown. It will be appreciated that this inherent attraction reduces the
30 accuracy with which cells must be positioned within the fusion well 90, compared to in the

techniques outlined above, and will operate to retain the cells 95 in position during



25 Accordingly, in use, the AC signal generator 94 will be activated to
generate a DEP field. A pipette is then used to insert cells 95 into the
fusi on wewb 090921260 a manner simlar to that described ab®¢g/Auosoedsss case,
the cell 95 are attracted to the electrode 92A, and will therefore align
as shown. It wll be appreciated that this inherent attraction reduces the
30 accuracy with which cells nust be positioned within the fusion well 90,
conpared to in the techniques outlineésabove, and will operate to retain
the cells 95 in position during WO 03/102126 PCT/ AU03/ 00666 - 65-
subsequent processing. As shown in Figure 9B although the cell may contact

t he el ectr,ode 9 as.the electrode is typically forned froma |ayer of
gol d pl aflébcfe%lh gp%%gésblg]tom of the fusion well 90, the 5 point of contact
between the cell 95 and the el ectrode 92A will typically only be very

1. Th h | d
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will not roce easy to recover fromthe
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Figure 9 e requ red cells are held in position within the
f usi on wek lwiBe daasmlmdom@m the asHn Wil notppldasiged by Hee prasedureceyl wilhbeg1p

via the first si eper.at or This fusion pulse may consist of a
si npl e DEAHUPTEGH e%bﬁ%tgaf‘fsbontwgﬁgﬁ)'ectrodes 91A, 91B, or maybe formed from
a nor g conpl ex waveform Similarly, the electrodes 92A, 92B are used to

generate a DEP
Tn any event, with a number of first cells 95 positioned in the chamber 90 a number of

second cells 96 may be positioned adjacent the first cells 95. In use the dipole induced in
the first cells 95 will attract the second cells 96 to form a number of cell pairs, as shown in
Figure 9A.
15

Once the required cells are held in position within the fusion well 90, a fusion pulse can be
applied to the electrodes 91A, 91B via the first signal generator 93. This fusion pulse may
consist of a simple DC current applied to the electrodes 91A, 91B, or may be formed from
a more complex waveform. Similarly, the electrodes 92A, 92B are used to generate a DEP

20 field in accordance with signals from the second signal generator.

Thus, as shown in the signals shown in Figures 7A-7G the overall electric field
experienced by the cells consist of a generally alternating DEP field, with a superimposed
fusion pulse formed from a substantially DC field. In this Example, instead of this being
25 achieved using a single set of electrodes, the fusion pulse is produced by the first set of
glectrodes 91 with the DEP field being produced by the second set of electrodes 92.

In this Example described, the electrodes 91 can be provided in the cell as fixed electrodes.
Alternatively, however, the electrodes may be positioned in the cell once the cells 95, 96
30 are in place. This has a number of advantages and in particular will avoid stray currents in

the electrodes disturbing the cell placement. An example of the electrodes used in such an



20 field in accordance with signals fromthe second signal generator. Thus,
as shown in the signals shown in Figures 7A-7G the overall electric field
experi encwo obgoxibe@ cell s consist of a generally alternati mgTEP3NI@GEd, Wwith
a superinposed fusion pulse forned froma substantially DC field. In this
Exanpl e, instead of this being 25 achieved using a single set of

el ectrodes, the fusion pulse is produced by the first set of electrodes 91
with the DEP field being produced by tI66-second set of electrodes 92. In

t his Exanpl e described, the electrodes 91 can be provided in the cell as
fixed electrodes. Alternatively, however, the el ectrodes may be positioned

in the Ceanlan %ﬁ&tapes%wﬂ arglr ? 30 are in place. This has a number of

advant ages "a |cu "avoid stray currents in the el ectrodes

di sturbing the ceII pl acenent. An exanple of the electrodes used in such an
WO 03/ 102126 PCT/ AUD3/ 00666 g rrangenent are shown in Figure 9C. This
arrangeneﬂﬂsﬁ%@#ﬁnWHWﬁﬁﬁ”ﬁmmﬁéﬁ benelits. 57k st | allowing the first cells 95
to be placed in a DEP field generated by the el ectrodes 92 allows the
cells to be arranged far nore easily in the fusion well 90. In particular,
as nent |Ibr$¢:chllabm@thetﬁret aeils 195 t®be plagehin @ DER ifmlécgenmted e tiDEeleetrasiey O2

t her eby ensun
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allowi ng a l'arge nunber of |'s to be aligned accuratekélln t he fusion
wel | 90. tﬁgcdmdot mhee aﬁcrqﬂabewm wheefuther aeltsraie pdded: dhisrdlopis ke cqlkﬂtpbe% by

t he gener DEP fi el reb caus el I $

form cel Ip a 3§ close @hﬂ%cgrgﬁwe %Pgartlgag@fm& ghl %eShgr%tgc ?t%:lél)ﬁgg%oéee with
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chanber n partrcul ar this allows a nunmber of cell pairs to be formed

ina relatively short space of tine such as a couple of mnutes, even
USL19 by PIRE EERE sBlob B R g B e emes o
thereby causing the cells to naturally align to form cell pairs, as shown at 97. This vastly

aids the practical speed with which cell pairs can be formed at correct locations within the

15 fusion chamber 90. In particular, this allows a number of cell pairs to be formed in a
relatively short space of time such as a couple of minutes, even using manual operation of

the pipette.

Third, as the fusion pulse is provided by the first electrodes 91, the cells will not be
20 damaged by contact with the second electrodes, thereby allowing the cells 96, 96 to be
inserted into the fusion well 90 without requiring that they are positioned near to, but out
of contact with the electrodes. As the cells are retained in position well away from the first
electrodes 91, this allows a higher field strength to be used for the fusion pulse, which in
turn increases the chances of successful cell fusion.
25
To further enhance this, the DEP field generated by the electrodes 92 can be momentarily
increased (~50 ms) as the fusion pulsé is generated between the electrodes 91. The purpose
of this is to increase the strength of the dipoles generated in the cells 95, 96, thereby urging
the cells together with an increased force, to ensure good membrane to membrane contact
30 between the cells during fusion. This helps increase the chances of successful cell fusion.

Once the fusion pulse is applied the increased DEP field can be maintained for a short time



20 damaged by contact wth the second el ectrodes, thereby allow ng the
cells 96, 96 to be inserted into the fusion well 90 w thout requiring that
t hey are wosBtioxmed near to, but out of contact w th thePelraaisoaess. As
the cells are retained in position well away fromthe first electrodes 91,
this allows a higher field strength to be used for the fusion pul se, which
in turn increases the chances of successful cell fusion. 25 To further
enhance this, the DEP field generated-®7-the electrodes 92 can be
nonentarily increased (-50 ns) as the fusion pulse is generated between

t he electrodes 91. The purpose of this is to increase the strength of the

di pol es gﬁ%e % N ddi®o GftHSaid FusidP, thereby urging the cells together
with an incr ase orce, to ensure good nenbrane to nenbrane contact 30

bet ween t he cel | s during fusion. This helps increase the chances of

successf ul fusi an ce the fusio ul se. i.s appli.ed el sed DEP
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t he fusatﬁod@d’éqt@ilé \éﬁn}%ﬁfapp.ﬁ?ogg. fused cells to be produced for
experimental purposes. A fourth exanple of apparatus for fusing cells wll

now be described wth reference to 10 Figures 10 to 12. In this Exanple,
o et roded it FpPieca ot P ang sbft 4t BoBURt B tii Wit hrBiRE g%
exanmphe olﬁlg{nl@g 10Rbpette is shown in Figure 10. 15 As shown, the pipette i s
nodi fied by the inclusion of an el ectrode 100 fornmed from a

In this Example, apparatus similar to that in Figures 1 to 3 is again used with one of the

electrodes 35 being replaced by an electrode provided on the pipette 33. An example of the

pipette is shown in Figure 10.

15

As shown, the pipette is modified by the inclusion of an electrode 100 formed from a

cylindrical tube 101, and which is coupled to the nozzle 57. The electrode 100 is coupled

to the nozzle 57 such that the aperture 58 is contained in the tube 101 as shown.

20 In use, the pipette may be used substantially as described above to draw in an expel fluid
through the port. This can be used to recover cells from a well allowing the cells to be

placed in a fusion well, as described above.

In this example, the fusion well will additionally contain a second electrode. The second
25 electrode may be a separate electrode similar to one of the electrodes 35 shown in Figure 2.
The cells can then be positioned between the electrode 100 and the electrode 35. The
signal generator is used to apply a predetermined pulse sequence to the electrodes 100, 35,

allowing the cells to be fused as described above.

30 Alternatively, the electrode may be provided on the underside of the fusion well, in a

manner similar to that shown in Figures 8A and 8B.



cylindrical tube 101, and which is coupled to the nozzle 57. The el ectrode
100 is coupled to the nozzle 57 such that the aperture 58 is contained in
t he tube wOb3asi1ghhown. 20 In use, the pipette may be usedPprsubdioanedsal | y as
descri bed above to draw in an expel fluid through the port. This can be
used to recover cells froma well allowng the cells to be placed in a
fusion well, as described above. In this exanple, the fusion well wll
additionally contain a second el ectrodgs-The second 25 electrode may be a
separate electrode simlar to one of the el ectrodes 35 shown in Figure 2.
The cells can then be positioned between the el ectrode 100 and the

el ectrode 35. The signal generator is used to apply a predeterm ned pul se
sequence to the electrodes 100, 35, allowing the cells to be fused as
descri bedyseal quher3htidn ersaednidvisipstte B3R miyebe pockddetayither prspedtive blentrodhe

underside of the fusion well, in a manner simlar _fo th S i. i gures
8A and 8B00BOThe rendtinmsamemrys iiEyeden 1s 48 shewa 1 Figures ﬁ)ﬁ‘{l& 32?Wét%st§80nd

pipette SRR P Bubdol il o (BYRRI VEnS 00! HoBonalRBindhg 334,

resultin atus” con uration is as sﬁ%ﬁn In Figures 11 and 12, with
the i paBBe asyhbem Wechdindy,fiartisdetangrie,t electridey ¢ 084511608 Boyided2B Had t wo
pi pettes 33A, 5 33B, _as shown. Accordingly, in this exanple, electrodes
100A, 10@3’%&@368%3%40%@6 %?%@@Fé?t%i?-' 33B, formthe el ectrode system
15. In any event, an electric field can be generated between the two

el ectrodes 100A, 100B to allowcells 71, 72 to be fused in the manner
descri bednahgéeent]1h tlectic Ifleldbeandppgaeiatddobtwhert the eo slasitodesoH0dY, 180Bdeond

pi pette provides umher, of .addi ti onal, advantages. In particular, each
pi pette ﬁlﬂ’,‘”%egﬁiﬁ‘s%ug’gﬁ @%F%B%}%@W?Q@Sﬁgg??g%o‘%m s 71, 72 adjacent 15
each her by positioning the first cell 71 using the first pipette 33A

and then positioning the second cell 72 using the second pipette 33B. Once
the cel | gt wildbapprregricdthst $he provision of a second pipette provides a number of additional

advantages.

In particular, each pipette 33A, 33B is used to position respective cells 71, 72 adjacent

15 each other by positioning the first cell 71 using the first pipette 33A, and then positioning
the second cell 72 using the second pipette 33B. Once the cells are appropriately
positioned, a pulse sequence can be generated between the two electrodes 90A, 90B,
thereby causing the cells to fuse.

20 A number of additional developments can also be implemented for the pipettes. These
include the provision of radiation sources such as lasers, LEDs, or the like, and appropriate

detectors.

An example of this is shown in Figure 13A. As shown, the pipette 33 includes an LED
25 102, arranged to direct radiation along the nozzle 57 and through the aperture 58, and
electrode 100, as shown. The LED is typically coupled to the processing system 10, via
leads 103, to allow the processing system to selectively activate the LED as required. This

allows a cell 71 adjacent the aperture to be exposed to radiation.

30 This can be performed for a number of reasons. Thus, for example, this may be performed

to provide simple illumination of the cells. In particular, illuminating the cells provides a



positioned, a pul se sequence can be generated between the two el ectrodes
90A, 90B, thereby causing the cells to fuse. 20 A nunber of additi onal
devel opmewD3aex12@l so be i npl enented for the pipettes. Thesa/Auosobasde t he
provi sion of radiation sources such as |lasers, LEDs, or the |ike, and
appropriate detectors. An exanple of this is shown in Figure 13A. As
shown, the pipette 33 includes an LED 25 102, arranged to direct radiation
along the nozzle 57 and through the ap&poture 58, and el ectrode 100, as
shown.. The LED is typically coupled to the processing system 10, via |eads
103, to allow the processing systemto selectively activate the LED as
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cells. This in turn makes inages of the cells presented to the user easier
to sees da additlonas thigkihagllaunination ellowetelst todre lobeledhwitbelugessaimarkess arn

addition to this, the_ illum nati naIIov% ells to eI.abIeng\{Lvitkhtt.
f1 uor escdhe likarRallowothe defegtors feedetecs thy eelly hammsuedstsrpiincd Brogerist 1 this
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operating.at ultra- yiolet vel engt hs. Al t ernati vel t hi chi eved
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| aser (g0 iR ffgli ation source such as a UV burner with suitable
filtelrésL,SSPgR’(E:léupltgg%eto an optical fibre 106. The optical fibre 106 is

coupled to the pipette nozzle 57, using appropriate fixing neans, such as
a rubber tube (not.shaown). The optical .15 fibr 06, | I
det ect or sInltglf‘,e("?H’(Pﬂ'F’ & a‘#u&f) - 9 %tggr 1&’@8‘8 S a© g‘ﬁcl][} %b%1 zj\?ilbﬁﬁjee? S‘H&l Sihabfd
filters, is coupled to an optical fibre 106. The optical fibre 106 is coupled to the pipette
nozzle 57, using appropriate fixing means, such as a rubber tube (not shown). The optical
15 fibre 106 is also coupled to detectors 107, such as photo-diode tubes, via suitable filters
108.

In use, radiation emitted from the laser is used to expose cells. Any radiation subsequently
reflected from, or emitted by the cells, which impinges on the fibre optic cable 106 is
20 transferred to the detectors 107. The processing system analyzes signals from the detectors

and uses these to select and remove individual cells from a group of cells held in

suspension.

In addition to this, in the example of the system shown in Figure 16, each pipette 33A, 33B

25  could be provided with an LED 102A, 102B having a different wavelength. This allows
the cells to be exposed by different wavelengths of radiation either to allow cells having
different properties to be detected, for example, through the use of alternative markers, or
to allow the processing system 10 or the user to determine which pipette the respective cell
is near.

30

This also allows the processing system to use the imaging system 11 to determine from the



108. In use, radiation emtted fromthe laser is used to expose cells. Any
radi ati on subsequently reflected from or emtted by the cells, which

i mpi nges WO 0Bhe21ké bre optic cable 106 is 20 transferred PoTA3Mebect or s
107. The processing system anal yzes signals fromthe detectors and uses
these to select and renove individual cells froma group of cells held in
suspension. In addition to this, in the exanple of the system shown in
Figure 16, each pipette 33A, 33B 25 cdl-d be provided with an LED 102A,
102B having a different wavel ength. This allows the cells to be exposed by
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cell 71, i | i s adjacent the cell. This also allows
gl ey S B0 20

cells 71 nt predeterm ned properties to be detected, by
arrangdng for each cell to respond to a respective wavel ength of radiation,

for exanpl.e,.by the use of appropriate .l apels. Thi ids in t i ng
t he systgﬁiléﬁ’dlsé?ﬁ ’E?é‘gng&'es gt%@t PrEYides %Q\gfﬁ’%dﬁﬁﬁ%@ Wso?’n%rgﬁfyr &g%?lrs to
be rapi dlppidys 86l rapddll ehde@Ws followsul tiple cells in a source well are exposed
to radiation fromthe LED 102A; 10 2. cells 71 having predeterm ned

properties are detected by the processing system 10 and drawn into and
stored | r.'l.t he Igllll%%ietc%ll:sg?np‘a so(”‘u%cesvrx]r(e)l\mrel er}(pgée%% Cadtation from the LED 102A;

10
2. cells 71 having predetermined properties are detected by the processing system 10
and drawn into and stored in the pipette 33A, as shown in Figure 14;
3. multiple cells in a source well are exposed to radiation from the LED 102B;
15
4. cells 72 having predetermined properties are detected by the processing system 10
and drawn into and stored in the pipette 33B, in a similar fashion;
5. both pipettes 33 A, 33B are inserted into a fusion well 44;
20
6. a respective one of each cell type 71, 72, is expelled from each pipette 33A, 33B at
the same time, such that hydrodynamic forces draw the cells 71, 72 together as
shown in Figure 15;

25 7. the processing system detects the positions of the cells using the imaging system 11
such that when the cells are expelled from the respective pipette 33A, 33B the fluid
flow is truncated;

8. a DEP field is applied to draw the cells together between the electrodes, as shown

30 for example in Figure 12. At this point the cells are pushed together using an

increased (amplitude) DEP field to aid membrane contact;



3. multiple cells in a source well are exposed to radiation fromthe LED
102B; 15 4. cells 72 having predeterm ned properties are detected by the
processi yoypaoxane 10 and drawn into and stored in the pipertaw38®66i n a
simlar fashion; 5. both pipettes 33A, 33B are inserted into a fusion well
44; 20 6. a respective one of each cell type 71, 72, is expelled from each
pi pette 33A, 33B at the sane tinme, such that hydrodynam c forces draw the
cells 71, 72 together as shown in Figdle 15; 25 7. the processing system
detects the positions of the cells using the inmaging system 11 such that
when the cells are expelled fromthe respective pipette 33A, 33B the fluid
flowis truncated; 8. a DEP field is applied to draw the cells together

bet ween the el ectrodes, as shown 30 for exanple in Figure 12. At this

poi nt t hev.cel lthe sigralpyembetbrt Kgaptphies a psédetprmmedipubseeszgeehce donthe eallde)l, PEP
field to aid nmenbrane cqntact,; $§%93/102126 PCT/ AU03/ 00666 -71 9. the

si gnal generaﬂ@?ﬂ@§k§ﬁﬁaﬁb Qévﬁ eterm ned pul se sequence to the cells 71
72 via the el ectrodes 100A, 100B; 5 10. the cells are again pushed

toget her using an increased (anplitude) DEP field to aid in fusion; 11.

t he pipetlles 3BAcclB3Be apair pushed tngsthgyorsingi avrineveaseil famplitude) DER field tetid 6- 11
are repeated as many tinmes as necessary, until a nunber of fusates 73 are
provi ded as sHBHLS Figure 16; 13. when all cell pairs have been
expel | ed/ fused on of the pipettes travels back through the well recovering

the fusates; and 15 N o
11.  the pipettes 33A, 33B move to a new position within well;

10 12.  steps 6-11 are repeated as many times as necessary, until a number of fusates 73

are provided as shown in Figure 16;

13.  when all cell pairs have been expelled/fused on of the pipettes travels back through

the well recovering the fusates; and

15
14.  fusates are recovered to recovery wells either as single clones or groups.
It will be appreciated that this technique can be implemented without the presence of the
electrodes 100A, 100B, for example, by suitable modification of the pipette shown in
20 Figure 3.

There also exist techniques for labeling cells that allows them to be magnetically sorted. In
this example, small metal beads are used as markers to identify cells of interest. This is
achieved by ensuring that cells having desired properties can be fused to the beads and

25 thereby extracted from a mixture of cells.

This can be achieved, for example, by coating the beads with an antibody of interest and
then mixing the beads into a culture of cells. Cells that are expressing the appropriate
receptor on the surface bind to the beads. The culture is then filtered through a tube, placed
30 in an external magnetic field containing thousands of small beads that attract and hold the

labeled cells, whilst allowing the unlabeled cells to be washed through and discarded. Once



14. fusates are recovered to recovery wells either as single clones or
groups. It will be appreciated that this technique can be inplenented

wi t hout twe opnexecqce of the el ectrodes 100A, 100B, for ePramus3/oms6
suitabl e nodification of the pipette showmn in 20 Figure 3. There al so

exi st techniques for labeling cells that allows themto be magnetically
sorted. In this exanple, small netal beads are used as markers to identify
cells of interest. This is achieved By2ensuring that cells having desired
properties can be fused to the beads and 25 thereby extracted froma
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i ncorporate an el ectromagnet. An exanple of a suitably nodified pipette
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The copper windings may be provided in a number of layers depending on the
15 implementation and may be embedded in a layer of epoxy in order to prevent electrolysis

from occurring.

The ends of the wire are connected to a variable DC signal generator and a resistor (R).
Passing a current through the wire (taking account of Lenz’s Law) will induce a magnetic
20 field, the strength of which is proportional to the applied DC Voltage (V), as given by the

equation.

25 where:

n = the number of turns per unit length; and

u = the permeability of free space.



fromoccurring. The ends of the wire are connected to a variable DC signal
generator and a resistor (R). Passing a current through the wire (taking
account owolena?1g6 Law) will induce a magnetic 20 field, the/Adoseegsh of
which is proportional to the applied DC Voltage (V), as given by the
equation. B=nul=nuV R 25 where: n = the nunber of turns per unit |ength;
and u = the perneability of free space. WD 03/102126 PCT/ AU03/ 00666 -73
In use, the pipette is positioned near-8 nunber of cells which may
suspended in a fluid nediumor resting on a substrate 116 as shown at 117.
In this case, at |east sonme of the cells are attached to appropriate
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normal way. This al]ows cells coupl.ed to the _nmagnetic. markers and, hence,
cel |'s hav§eHs aescrttaghes (9rppEaprielsame etl%@aglfﬂr%é‘(‘gha}sg@@%??ds\ﬂuﬂfneﬂéb%‘ﬁpr eci at ed
that cells with a higher density of receptors (a higher nunber of nagnetic
mar kers) should have a | arger force exerted on themthan cells with |ess
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collected, it is possible to flush out the pipette by expelling fluid from

t he nozzleeselastadhi s case, any cells not bound magnetic markers will

10 It will be appreciated that cells with a higher density of receptors (a higher number of
magnetic markers) should have a larger force exerted on them than cells with less receptors
for the same magnetic field strength. Therefore, as the DC voltage is increased, a larger
number of cells should be drawn into the magnetic fields influence. This field gradient can
allow for a further sorting criteria.

15
In order to ensure no wanted cells have been collected, it is possible to flush out the pipette
by expelling fluid from the nozzle. In this case, any cells not bound magnetic markers will
be expelled from the pipette together with the fluid, whilst the cells bound to markers will
be held in place by the action of the magnetic field. In this case, when the selected cells are

20 to be expelled, the magnetic field can be deactivated allowing the cells and attached

markers to be expelled in the normal way.

A further development is for an alternative form of actuator to be used. An example of this
form of actuator is shown in Figures 18A, 18B.

25
As shown, in this example, the tube 54 is connected via a stopcock 62 and a reservoir 63 to
a pump 64. An actuator 65 is positioned adjacent the flexible tube 54, to allow the tube to

be clamped as shown in Figure 18B.

30 It will be appreciated from this that any form of actuator, such as a solenoid, may be used.

However, in this example, the actuator is formed from a threaded screw drive 66, coupled



be expelled fromthe pipette together with the fluid, whilst the cells
bound to markers will be held in place by the action of the nagnetic
field. I rwomBgoxasce, when the selected cells are 20 to bePexpaloBeahsst he
magnetic field can be deactivated allowng the cells and attached nmarkers
to be expelled in the normal way. A further developnent is for an
alternative formof actuator to be used. An exanple of this form of
actuator is shown in Figures 18A, 18B.-725 As shown, in this exanple, the
tube 54 is connected via a stopcock 62 and a reservoir 63 to a punp 64. An
actuator 65 is positioned adj acent the flexible tube 54, to allow the tube
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this ex amtorttb%eaﬁdmtlmhel cﬁretmrfr@ﬁhé aowa9; i eaded oferexmdr i ve 66,
coupl ed WD 03/102126 PCT/ AU03/ 00666 -74 a DC or stepper notor 67, which
forms part of the drive system32 In use, this allows the actuator to be
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| oaded vviiﬁlhda’VSSYst%mBé fluid medi um by placing the aperture 58 into a
container that has sufficient fluid to fill the system The punp or other
such nmeans of 10 drawing fluid through the systemis activated and fluid

i's drawn fhseUmB pitttels RRIIEE wikBZZduetaBi¢ fluthardivaebs yiicip the apaade ds aitd at her e
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in awell causjng the actuator 65 to
stopcock 6% is closed to prevent further ﬂuld flow, and the pump 64 turned off.

Whilst the aperture 58 is still immersed in the fluid medium, the actuator 65 is adjusted
15 such that the silicon tubing 54 is compressed to about half its diameter, as shown in Figure
2B. Thus, in use, with the port 41 positioned in fluid in a well causing the actuator 65 to
move in the direction of the arrow 69 compresses or releases the tubing 54 which, in turn,
either expels or draws in fluid through the port 41. This allows cells to be recovered from a
well as described above with respect to the pipette of Figure 3.
20
Variation on this are shown in Figures 18C and 18D. In these examples, the actuator 65 is
positioned adjacent a bladder 54A provided in the flexible tube 54. In this case, the bladder
has a larger cross sectional area than the tube and will, therefore, contain a greater volume
of fluid per unit length compared to the tubing 54. This has two main benefits. In -
25 particular, the larger cross sectional area provides for a greater range of movement of the
actuator. This coupled with the increased fluid volume in the bladder allows for a greater

amount of fluid to be displaced when compared to the action of the actuator on the tube 54.

As a result this provides greater control over the amount of fluid expelled or drawn in
30 through the aperture 58, allowing for greater accuracy in retrieving individual cells using

the pipette.



nove in the direction of the arrow 69 conpresses or releases the tubing 54
which, in turn, either expels or draws in fluid through the port 41. This
al | ows ceWwbastieeibe recovered froma well as described abece/Atioshogsespect
to the pipette of Figure 3. 20 Variation on this are shown in Figures 18C
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shownig n FHuge54B 1&RhoRaGR FiluRgI8D. t he syst em descri bed above al | ows
individual cells to be easily fused. As the «cells are mani pul ated usi ng

the pipette as shown in Figure 3, this nakes the cell manipulation far
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cells are manipulated using the pipette as shown in Figure 3, this makes the cell
manipulation far easier than in the prior art. This, therefore, helps increase the speed and
15 ease with which fusion of individual cells can be performed. Furthermore, the electrodes
need never touch the cells, thereby helping reduce or prevent cell damage prior to or

during the fusion process.

In addition to this, the apparatus as a whole is generally less complicated, thereby helping
20 reduce the cost, as well as easing use of the apparatus to perform cell fusion. As a result,
fusion using the system described above can generally be achieved more rapidly and

cheaper than in the prior att.

A further development that can be utilized within the examples described above is for a

25 cutting tool to be provided to allow cells to be cut, as well as to allow cells that have
adhered to the well surface or electrodes to be released. An example of a suitable cutting
tool is shown in Figure 19. As shown, the cutting tool includes a support post 120 having a
blade 121 pivotally mounted thereto by a hinge 122 or other appropriate connection.

30 In use, the post is coupled to a micro manipulator (not shown), to allow the post to be

positioned within the respective well. The post can be rotated as shown by the arrow 123,



15 ease with which fusion of individual cells can be perforned.

Furthernore, the el ectrodes need never touch the cells, thereby hel ping
reduce orwproaunexite cel | damage prior to or during the fusipen/Ale0Ess. | n
addition to this, the apparatus as a whole is generally | ess conplicated,

t hereby hel ping 20 reduce.the cost, as well as easing use of the apparatus
to performcell fusion. As a result, fusion using the system descri bed
above can generally be achieved nore r&pirdly and cheaper than in the prior
art. A further devel opnent that can be utilized within the exanples

descri bed above is for a 25 cutting tool to be provided to allowcells to
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cells to b%ecombmed in any one of a number of arrangements. This allows for example cells to be

selected automatically in accordance with magnetic or radiation sensitive markers. The
cells can then be arranged in a fusion well, and fused, with the fusate being automatically

15 retrieved and positioned in a recovery well.

A specific example of apparatus for performing automatic cell selection and fusion will

now be described with reference to Figures 20 and 21.

20 As shown in Figure 20, the control system 12 is further coupled to a stage system 16,
including a drive system 36 coupled to a stage 37, with the processing system 10 being
coupled to a stimulation system 17. The stimulation system 17 is used to stimulate cells, to
allow cells having predetermined properties to be recovered from a group of cells held in
suspension in a selection well.

25
In order to achieve selection the cells are labeled with markers, which are adapted to
adhere and or permeate only the cells having the required predetermined properties. The
stimulation system 17 stimulates the marker cells and thereby identify the cells having the
predetermined properties. It will be appreciated that the stimulation system 17 may be a

30 radiation based system, similar to that described with respect to Figure 13, or a magnetic

based system similar to that described with respect to Figure 17. The following example



sel ected automatically in accordance with magnetic or radiation sensitive
mar kers. The <cells can then be arranged in a fusion well, and fused, with
t he fusatwowaitmy2@ut onatically 15 retrieved and positi on@dTiAUA00@EOVer Yy
well. A specific exanple of apparatus for perform ng autonmatic cel
selection and fusion will now be described with reference to Figures 20
and 21. 20 As shown in Figure 20, the control system 12 is further coupled
to a stage system 16, including a driVe-system 36 coupled to a stage 37,
with the processing system 10 being coupled to a stinulation system 17.
The stinulation system 17 is used to stinulate cells, to allowcells
having PLeqelat ThitudlRRELibER: UebGd:oapyer ed from a group of cells held
in suspension ina selection well. I'n order to achieve selection the
cells are | abeled with markers, which are adapted to adhere and or
perneate only the cells having the required predefermmned properties. The
sti nul at i'8p agpagearant of We PppATAE & SE‘H@’“&EWP&? d%@ﬁl“éﬁ ’Efﬁhereby identify the
cells having the predeterm ned properties. It will be appreciated that the
stimulation system 17 may be a 30 radiation based system simlar to that
descr ishedsvétioln; espatie t37 fchudee af 3pednreal Hhgrwirigcthe baissesceps Sérmewmpd ar t o

that descri bed with respe to Figure.17., The fol |l owing,exa
03/ 1021 2 hepeiry Gy b B ﬁRBF?ﬁ%t?‘ﬁEfl?gﬂb%nlﬂ%“BB%%flg& 1%%%% %egg%ed

approach iE@Eb Lrangement of the apparatus is shown in nore detail in
Fi gure oI shown, the stage 37 includes an aperture 170, having the
m croscope 31 nounted therein. Fromthis, it will be appreciated that the

i 31 is typicall i ted i t 71
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aperture 172. use, the selection well 171 is positioned gn top og t he
aper t ur e ugOhe sadectionovelk 174 is pasitianeion top of the aperture 170, to allow the camera 30

to obtain an image of the inside of the selection well 171, via the microscope 31. In use,
the processing system 10 is adapted to control the drive system 36, to cause the stage 37 to
be move in the directions shown by the arrows 173, 174.
15
This allows a representation of the contents of a selected well can be captured by the
processing system 10 using the image interface 23, which is typically a frame grabber or
the like. Images may then be used by the processing system to control the drive systems
32, 35 and 36 and the stimulation system 17. Additionally or alternatively, images may be
20 displayed to a user using the I/O device 22.

The pipette is positioned adjacent the stage 37 as shown, to allow the nozzle 57 to be
inserted into the well 171. The pipette 33 is coupled to the drive system 32, to allow the
pipette to moved with respect to the well, as shown by the arrows 175, 176, 177.
25  Accordingly, the drive system 12 typically includes a micromanipulator system having
three independently controlled axis with resolution tolerances and repeatabilities of <5 pm.

This system is controlled by dedicated software executed by the processor 20.

In any event, the cells having the predetermined properties are identified by exposing the
30 cells to radiation using the radiation source 105 coupled to the nozzle 57 via the fibre optic

cable 106. This allows the detectors 107 to receive radiation emitted by the cells through



to obtain an image of the inside of the selection well 171, via the

m croscope 31. In use, the processing system 10 is adapted to control the
drive syswomms3®126 o cause the stage 37 to be nove in thePdirraaosioess shown
by the arrows 173, 174. 15 This allows a representation of the contents of
a selected well can be captured by the processing system 10 using the
image interface 23, which is typically a frame grabber or the Iike. |Inages
may then be used by the processing syst®8wmto control the drive systems 32,
35 and 36 and the stimnulation system 17. Additionally or alternatively,
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the arrows 175, 176, 177. 25 Accordingly, the drive system 12 typically
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is contro & cate tware executed by the processor 20. In any
event,5t hﬁag&hbﬂlyb&ns ngyﬂobeclpeemﬂeiseiemrﬂﬁd apoapeith respeciieFigyent . i ed by
exposing the 30 cells to radiation using the radiation source 105 coupl ed
to the nozzle 57 via the fibre optic cable 106. This allows the detectors
107 to r G%I%Césg‘ﬁiig%%ét% W anltBh Q&htfdi'%&ﬁkiét& dyteat o 1Rk /e LRAL 2Bm the
PCT/ AUO3/ fibre optic cable 106 and filters 108, to thereby
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fromthe sel ection well 177 and place these in the fusion well 90, as

descri bedfusioowesll Puthravgh g @eﬂmeo @ss a DEP field will be applied to the
el ectrodes 92 to ensure the cells are positioned as

Fusion will then be performed substantially as described above, with the fused cells being

removed as required.

15
Accordingly, the above system describes apparatus suitable for manipulating and fusing
cells, and in particular for single cell, mini-bulk or macro-bulk cell fusion. In this regard,
the term cells is intended to cover any cells, vectors, particles, molecules, liposomes, and
other such vesicles.

20

This allows the techniques to be used for generating tissue or cells useful for tissue
replacement and/or tissue rejuvenation therapy or a range of organs or tissue areas of the
body. The resulting tissue or cells may also secrete or generate a range of cytokines,
enzymes, hormones and the like which have improved or more efficacious properties

25 relative to analogous molecules produced from non-fused cells.

In this case, the cells are selected to have desirable properties, such that the generated

fusate has properties applicable for a specific purpose.

30 A suitable list of stem and mature cells and their application for use in transplant and

rejuvenation therapy is shown in Table 1. All such stem and mature cells are contemplated



10 required. In addition to this, the stage 37 is noved, to allow the
canera 30 to image the fusion well 90 through the aperture 172. Fusion
wi || therwbaspexitor mred substantially as descri bed above, WwCTuoBeodsased
cells being renoved as required. 15 Accordingly, the above system
descri bes apparatus suitable for manipulating and fusing cells, and in

particular for single cell, mni-bulk or macro-bul k cell fusion. In this
regard, the termcells is intended to7gover any cells, vectors, particles,
nol ecul es, |iposonmes, and other such vesicles. 20 This allows the
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t hat e present-invention contenplates the fusion of stemcells and mature
mammalian animal includes a reptile, amphibian, insect, arthropod and arachnids. Avian

species include poultry, birds (e.g. ducks, emus, ostriches) and aviary birds.

In terms of using the cells for tissue replacement therapy or augmentation therapy, at least
15 one population of cells may come from the subject to be treated or from a
histocompatibility matched subject (i.e. an HLA-matched subject). Furthermore, at birth,
subjects may store cells or tissue for the use of the subject (or other suitable subject) later
in life. Such tissue would include placenta tissue, umbilical chord tissue, foreskin, blood or

other uteric tissue associated with a fetus.

20
Accordingly, while the above description has focused on cell fusion, it will be appreciated
that the techniques may generally be applied to any cells, vectors, particles, molecules,
liposomes, and other such vesicles.

25 EXAMPLE 5

Chemical and electrical bulk fusion

Cells are collected in a tissue culture or similar plastic vessel and placed in the
electrofusion chamber or other fusion chamber for use in a chemical fusion process. If the
30 cell fusion process occurs by utilizing electrofusion, then the cells are generally micro-

manipulated to be placed in a physically close proximity to each other in a medium. Cell-



cells fromany source such as a manmal (i ncluding human), non-nmanmmalian

ani mal and avi an species. Exanples of non-human mamral s i nclude |ivestock
ani mal s (wog@3/1et1eep, pigs, cows, horses, donkeys, goats) PCENPANIGH
animals (e.g. cats, dogs), l|aboratory test 10 aninals (e.g. mce, rats,
rabbits, guinea pigs, hansters) and captured wild animals. A non- mamal i an
animal includes a reptile, anphibian, insect, arthropod and arachnids.

Avi an species include poultry, birds-g@-g. ducks, enus, ostriches) and
aviary birds. In ternms of using the cells for tissue replacenent therapy or
augnent ati on therapy, at |east 15 one population of cells may cone from
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cel I's or athesgheffston hiag alse bef ddreeins ajudic tmapoer otithe potsutialih tenss bipdseds)
later in life, Such. tissue would include placenta tissue, unbilical chord
tissue, faousandser mylliggg ofeellsqirpaereyt eric tissue associated with a fetus. 20
Accordi ngly, while the above description has focused on cell fusion, it

wi |l be appreciated that the techniques may generally be applied to any
cel | s,5 vaigoe $, shpassta aroesss offbuticchieascal (M) postsatisal @)dcedt fusionsHighra/24s 8l es.
25 EXAMPLE 5 Chem cal and electrical buhk f&sfuon Cells are collected in a
tissue cuiagmmatic ipresertatipn shawips Suglesrll SIGTRIUSO%y i n the el ectr of usi on

chanmber or other fusion chanber for use in a chem cal fusion process. If
the 30 cell fusion process occurs by utilizing electrofusion, then the
cel | s ar dmmrfesieh, iy the case ofreelisfusedltinpairs therepulting dusion epnsisissatdhs miclei|ofse

proximty to each ather in a medium P PCT /. - 80
Cel | T usiibhOrEoaERerEF sh Rk ire S TRk R Tt SRE o e lpe
descr {peg)hereiiblei FHROBER WiliShue oV \ingd @@ulﬁﬁ% daeell Wvith &ubbnomaainambeurt h
potentiall'y tens, hundreds, thousands or mllions of cells or nore.
of chromosomes which might be quadraploid or contain less or greater number of
chromosomes. This cell has the ability to divide and proliferate under the appropriate

culture and nutrient conditions.

15 EXAMPLE 6

Fusion between ES cells and adult neural stem cells

Using the methods described herein, a single cell fusion is conducted between an ES cell
and an adult neural stem cell.
20
EXAMPLE 7

Fusion between ES cells and bone-marrow derived mesenchymal stem cells

Using the methods described herein, a single cell fusion is conducted between an ES cell

25 and a human mesenchymal stem cell. The mesenchymal stem cell has a transgene
encoding a myosin heavy chain gene product. The two cell types are fused together using
single cell electrofusion and recovered in a suitable culture medium, and allowed to divide
over ensuing days. The fusates are expanded to a population of several million, then finally
treated with the addition of a chemical agent to induce differentiation to a “beating”

30 cardiomyocyte cell type. The resulting cells are potentially useful for therapy of damaged
heart tissue following heart attack.



5 Figure 6 shows a process of bulk chemcal (A) or electrical (B) cel
fusion. Figure 7 is a diagranmatic representation show ng single cel

el ect r of \wp@n/102IpON fusion, in the case of cells fused i nPEAIA®3/00dGE
resulting fusion consists of the nuclei of the two original cells encased
in the fused lipid bi-layer fromthe two original cells (Figure 10 8). The
nucl ei of the cells wll fuse over tine resulting in a cell with an
abnormal nunber of chronpbsones whi ch A8kt be quadraploid or contain | ess
or greater nunber of chronosonmes. This cell has the ability to divide and
proliferate under the appropriate culture and nutrient conditions. 15
EXAMPLE 6 Fusion between ES cells and adult neural stemcells Using the

nmet hods descri bed herein, a single cell fusion is conducted between an ES
cell and an adult neural stem celEXAVIXBEMPLE 7 Fusi on between ES cells
and bone-narrow derived nesenchyznal stemcells Using the nethods descri bed
herein, a single cdusidisinorern ES cabsdwdtiadnaeforeskin fibrabséetlls 25 and a
human nesenchynal stemcell. The nmesenchynmal stemcell has a transgene
encodi ng a nmyosin heavy chain gene product. The two cell types are fused

toget her U%ﬁ%@le rﬁétﬂgaﬂé‘sehte@h&&w okisicorelipfieionds euetiRttd Betdesirt BSlcell
culture ne m and | owed to divide over ensuing days. The fusates are

expanded and admpmptibmslﬂmﬁbmblgﬁ@eﬂal mllion, then finally treated with the
addition of a chem cal agent to induce di ffer entiation to a "beating" 30
cardi onyocyte cell type. The resulting cells are potentially useful for
therapy of damaged heart tissue fpkloNnfpPpEeart attack. WO 03/102126

PCT/ AU03/ 00666 -81 EXAMPLE 8 Fusion between ES cells and human foreskin
fibroblast cells Fusion between ES cells and CD34+ stem cells

10

Using the methods described herein, a single cell fusion is conducted between an ES cell

and a CD34+ stem cell.

EXAMPLE 10

15 Fusion between neural stem cells and astrocyte cells

Using the methods described herein, a single cell fusion is conducted between a neural

stem cell and an astrocyte cell.

20 EXAMPLE 11

Fusion between neural stem cells and human lung fibroblasts

Using the methods described herein, a single cell fusion is conducted between a neural
stem cell and a human lung fibroblast.

25
EXAMPLE 12

Autofusion of ES cells

RI1ES cells were cultured in ES medium (with 10% v/v serum). The fusion medium used

30 was a suitable fusion medium.



5 Using the nmethods described herein, a single cell fusion is conducted
between an ES cell and a human foreskin fibroblast cell. EXAMPLE 9 Fusion
bet ween B8owalib=2@nd CD34+ stein cells 10 Using the net heds/adwsoedshed
herein, a single cell fusion is conducted between an ES cell and a CD34+
stemcel . EXAMPLE 10 15 Fusion between neural stemcells and astrocyte
cells Using the nmethods described herein, a single cell fusion is conducted
between a neural stemcell and an astBdeyte cell. 20 EXAMPLE 11 Fusion
between neural stemcells and human Iung fibroblasts Using the nethods
described herein, a single cell fusion is conducted between a neural stem
cell and a human lung fibroblast. 25 EXAMPLE 12 Autofusion of ES cells
RLES cells were cultured in ES nedium (wth 10%v/v serum. The fusion
rrgczil um usaES adlswhengawithiftalot eelfswedre placed imionony\® «li3uf1094 261l REGEE.AVB3VEID 666
- RLES cells along with feeder cells were placed jpto one well of.a 96
vel | pl atcentaed Egicplturegmedinpe CES?@Uﬁ%Glﬂnewﬁ’%d?eg‘?ﬁ?edlc&' ¥ 8?0\%?13&% DLy e
sel ect ed by 66 AGERLUMGIE YetdWbhioht HRb RNQLIPBYntaidR SCBTang ShanSpulee irtis ought
into a vvelﬁi'pconggi ni ng %%B an .man% pulated into 5 cg:)nt.act bydnﬁ;/dr odynani c
f ?cg sif ? canidculbye hgdtodemimic e tsingCeid ditlestirephovsts. iGetlussign hyestinduced Byl theat i on
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removed from the fusion well and placed into a fresh well containing ES culture medium.

EXAMPLE 13
10 Cell Selection Method

The following is a method for recovering fused cells following mini-bulk or macro-bulk

fusion of cells by either chemical, electrical or other means.

15 One of the issues for the recovery of fused cells following a bulk fusion is that there often
needs to be a selection process to sort out fused cells from unfused cells. This is because
only a tiny proportion of cells in a bulk fusion will actually fuse (perhaps as little as
0.001%), leaving a mixture of largely unfused cells. One of the most commonly used
selection processes in this context is HAT selection. The problem with this method is that

20 fusion is limited to partner cells that are HAT sensitive. HAT sensitive cell-lines take a
large investment in time and resources to generate. This is a major limitation with respect
to stem cells and embryonic stem cells, as these are isolated cells, or are indeed very
difficult to culture. Certainly, manipulation of HAT sensitivity properties in an ES cell-line
would appear to be an incredibly difficult objective.

25
Another approach might be to sort out the cells based on surface markers. This is a well-
established technology that generally relies on antibodies conjugated to molecules that
fluoresce upon excitation with a laser (antibody-based FACS sorting technology). Under
this regime, one would label the two different cell populations that one planned to fuse

30 with two different surface marker reagents respectively. The two reagents might fluoresce

red and green respectively, and thus any cell fusion instances (fusates) could be readily
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detectionra n only one of the two |ike fused cells. This has the
advant agexpfessthat surpct orarlsgseci fic cell types in a nixture, defined by
their surface expression. There are, however, several

What is ideally needed is a generic, non-specific stain that can be used for all types of cells
irrespective of the surface markers they express. Such stains are now available. CFSE isa
15 reagent that permeates cells, and then once inside, chemically converts to a membrane
impermeable form. Thus it is trapped inside the cell as an intracellular dye. CFSE
fluoresces green under laser excitation. CFSE has been used extensively by Australian
immunologists for many years to track the cell divisions of primary B-cells. The dye is a
little toxic to cells, but when used optimally will allow the cells to divide for 10 cycles or
20 more, and is gradually diluted through each cycle, suggesting that the dye can be safely
used to recover viable cells. Other similar reagents in other color regions are available,
thus making it possible to FACS sort fusates in an analogous approach to that described
above. It is noted that researchers have previously used toxic intracellular dyes to monitor
the efficiency of macro-bulk electrofusion of mixtures of two cell types. However, what.is
25 not recorded (or presumably invented) is the application of using slightly toxic intracellular
dyes under optimal conditions to recover fused cells for ultimate culture and expansion
following dilution and ridding of the remnants of the dyes. This method would be

conducted in combination with fluorescence microscopy and FACS sorting.

30 It is proposed that this two color-based method be used in combination with stem cell

mini-bulk and macro-bulk fusion to produce a powerful method of separating a small



problens with this approach. Firstly, the surface markers may be

down-regul ated 5 follow ng fusion of two different cell types, thus
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15

Using the methods described herein, fused cells could be used as a therapeutic treatment
for Parkinson’ disease. In this approach, ES cells could be fused with dopamine-secreting
cells, preferably neurons, that may or may not be autologous with the subject. The hybrid
cells could then be propagated in vitro prior to being transplanted into an affected patient's

20 brain to reinstate the normal function of the affected organ.

EXAMPLE 16

Fused cells as a therapeutic treatment for nervous system trauma

25 Using the methods described herein, fused cells could be used as a therapeutic treatment
for nervous system trauma. In this approach, cells secreating a therapeutic agent could be
fused with astrocytes or oligodendrocytes that may or may not be autologous with the
subject. The hybrid cells could then be propagated in vitro prior to being transplanted into

an affected patient's nervous system to promote regeneration in affected areas.

30



-84 popul ation of fused cells (fusates) froma | arge nunber of unfused
cells in a conplex mxture. EXAMPLE 14 5 Fused cells as a therapeutic

t r eat mentwbas/1on1gwl i n- dependent di abetes nellitus Using Poe/Ateshads

descri bed herein, fused cells could be used as a therapeutic treatnment for
i nsul i n-dependent di abetes nellitus. In this approach, ES cells could be
fused with pancreatic (3-cells or duct cells that may or nmay not be
aut ol ogous with the subject. The 10 hyBfid cells could then be propagated
invitro prior to being transplanted into an affected patient's pancreas
to reinstate the normal function of the affected organ. EXAMPLE 15 Fused

cells as a therapeutic treatnent i n's di sease 15 Using the
nmet hods descri bed herein, fused cmﬁ)@gg‘lwdi e used as a therapeutic

treatment for Parkifsgp . &Eii"s?glrfé o JeﬂiﬁrﬁppflﬁﬁﬁhuﬁESg&ﬂ‘k' s could be
s y

fused with dopam ne-secreting , preferab neurons, that may or may
not be autol ogous with the subject. The hybrid <cells could then be

propagated.in vitr rior.ta bei.ng.transpl an int,o an_affecte ient's
20 brai n Y¥§ @er@?tg?& ‘%ﬁ}ﬁ@ﬁ%l}%ﬁﬂnf ﬁﬁ%‘f‘f’% cc?i‘ﬂ‘fﬁeeu%efifaécat Seoglré)er %%cneﬁ'%%%ﬁgLE 16
Fused el i id G8liRa BRAImdsHndHmYIOhkSs tBYSHSinheuvied o2 mddsi n
t he rrestché %algezlggraitgglgggﬁgirjei%’f flused cel Iss coul d be used aé} Ig thera}iguti cg

t r eat nenteffidasious gromansessightizente radogous| molehilss amsuest Fomcaen-fised celdatiing a

t herapeutjc agent.could be, . fused with astr.o o] i.ged r t t hat
may or nﬁ%}’s T‘E?&haﬁ‘%ﬂﬁl %Fﬁfﬁﬁ’?gvﬁ ?ther@?élﬂc saﬁs?tec%a(?%ﬁeﬁ]ﬁf%'r“?@l %Eﬁ gﬁ%bu d then
be propaggbad defls bl GhéH bOmaitaifed B8d picpagitedni obrd BS @ soarte aff filatysaitic
patient' s nervous systemto pronote regeneration in affected areas. 30 WD
03/ 10212 62RO tstodi boBested and purified for later use 1.e. as an injectable therapy.

10
EXAMPLE 18

Sorting for HLA-patient matched fusates in order to minimize graft rejection

After fusion of a “donor” ES cell and a patient-derived partner cell, the surface antigen

15 expression profile will be a mixture of those proteins expressed from the ES cell and the
partner cell. As the fusate proliferates it may lose some or all of one set of chromosomes,
with consequent loss of cell surface antigens encoded by those same chromosomes. Thus
the cell surface antigen expression may change until the chromosome complement is
stable.

20
One major barrier to tissue transplants is that of rejection. Rejection occurs when the host
recognizes the graft as foreign. To minimize this, donor and recipient need to be tissue
typed and also blood matched. Rejection based on tissue typing is caused by the
recognition of foreign cell surface molecules termed human leukocyte antigens (HLAs).

25 HLA antigens are the MHC class I and II molecules that present antigen to CD8 and CD4
T cells respectively. The HLA molecules are encoded by six major loci that encode
structurally homologous proteins: HLA-A, -B, C (MHC class I) and HLA-DR,-DQ and -
DP (MHC class II). Together these loci comprise more than 1300 alleles, giving rise to at
least 100 different serological specificities.

30



-85 EXAMPLE 17 Fused cells as a source of cell-derived therapeutic agents
Usi ng the net hods described herein, fused cells could be used as a source
of cell - daa 0sad2126 t herapeutic agents such as cytoki nes, eCayABs/0a6w

hor nrones that have inproved or nore efficacious properties relative to
anal ogous nol ecul es produced fromnon-fused cells. In this approach, cells
secreting a therapeutic agent could be fused with stemcells. The hybrid
cells could then be maintai ned and pregégated in vitro as a source of
therapeutic agents that can be isolated and purified for later use i.e. as
an injectable therapy. 10 EXAMPLE 18 Sorting for HLA-patient natched
fusates i H fs J fefhinkt By aRe Slpréssicd@TeEll ES
cel | and%%%gﬁbgﬁﬂ%‘g?pvggéﬁg%g ?Stéﬁlgg}%l%gyggrface alr}{tl ger? 15 expression
profile \mﬂfhcdamaakam XEher mtlg‘ens fod ske meﬂeayat@mempr%sﬁéegTﬂ]r oart tfgheged sl and

t he partner cel roI it m Q of
one set ORCTERER Q{Se@ ﬁ%t%é bﬁg ‘31563@ Wsr%%¥f §§r§?1§8m%%ﬁ§ Pgéé&na%
encoded %uB&ﬁé@toS&BPBCﬁrtl%eﬁﬁ@eis aMenttfﬂﬁl gRldel1s of hacgerant i gen
expression may change until the chronosonme conplenment is stable. 20 One

mej or bharrier to tissue transpl ants is that of I’Ej ection. Rejection occurs

when t he st reco zes .t as f.or.ei B t r and
reci pi entﬂ]ﬁ'éﬁ firsqtg 1?) ‘? g‘%e&efgr i %fﬁW éf%lbougf %'Fcﬁé?dﬁﬁﬁe%}{g@@% ased
on ti ssugefebdgs iRarhAitaRg @Mudeﬁeforrﬁﬁﬁﬁﬁl thap @rd)fhsélw epgd @l bloddr g@ap

nmol ecul es ternmed human | eukocyte antigens (HLAs). 25 HLA antigens are_the

MHC cl as snatclandd quermu drutedissurfage exnression ofaamlggf@nthbcmné?ﬁﬁl onqr B3| | s

respecti vel L e ode
e g TGt HiH A RARI oS T  retdityegoce
and -1(0P deri@o@ig@s& dlirc)momt drerost iR lgpeithadthe ifssate)or 8 gossibleltABi0the

al l el es, |V|n?_1r|seto at
fgrelgn LA and/or ABO antigens will be lost as a consequence, rendering the cells

compatible with the patient. The cells/tissue obtained from the fusate should therefore be
tested for their compatibility for transplantation by tissue typing and ABO blood group
matching after the fusate has become genomically stable. Potentially, during the evolution
15 of a stable fusate (i.e. while chromosomes are being lost) compatible cells could be

isolated from a mixed population by sorting for the appropriate HLA/ABO groups.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
20 that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.



| east 100 different serological specificities. 30 WD 03/102126

PCT/ AU03/ 00666 -86 Rejection by the ABO bl ood group systemis simlarly
det er m newdms/whieé expr essi on of cell surface markers. Thecamugenseof the
ABO system are an integral part of the red cell nenbrane and of all the
cells throughout the body, the plasma of a person contains natural
antibodies to Aor B, if these antigens are absent fromthe cells of that
person. 5 If the fusate is to be used-f8@r tissue therapy, it should be

mat ched for HLA and ABO, as rejection is dramatically reduced for patients
that are tissue typed and bI ood group matched. However, the cell surface

expr essi contain both the donor ES and the
pati ent - £¥$®J%mer ceI | s HLA/ ABO conpl enent, potentially rendering the

10 cells foreign. If chronosones are | ost during gromh of the fusate, it
is possible that the foreign HLA and/or ABO antl?ens will be lost as a
consequen&@qnmehderSpnggem&mel[myun@mﬂydtH;I1§7vln99h IRe patient. The

ceIIs/tl ai ne r eshouldtherefore be tested for their
conpat i b| %Ofrllnf pﬁ%mr??g ﬁghﬁ%; ti ssue typing and ABO bl ood group

mat chi ng Hglhg@n s fregat-e2hap7besgme genomi cal | y stable. Potentially,
during the evol'ution 15 of a stable fusate (i. whi | e chronosones are

bei ng | oﬁﬂ?n%’lmpgt w1 Spriveen @enﬁﬁul"ﬁnwpaﬂ@élfét%@ 2¥brh%33 ni xed popul ation by
sorting f the hose skilled in the art wll
appr eci at u{rﬁafll alﬁ{ég%%ven%@c')'#%@/ ??rolzgéeggﬂzlrgg?n is susceptible to

vari at i orgohdndeleeirbpivrkdion Caaibiidge Unverdity@esssp@zs fical |y described. It is
to be understood 20 that the invention includes all sggi;h vari ations and
modi f i cat{igueermyR &t ¢hinehimicast Seonmeraded ol 16-16hd %t eps, features,
conposi tipi r this specification,
i ndi vi dua '&@“%Elq%o Pg@kﬁl}%i tlﬁg}%ﬁ{sil%gﬁ{f%ané Q]Ef'z n?énatl ons of any two or
nore of said steps or features. WO 03/102126 PCT/ AU03/ 00666
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1. A nethod for generating mature cells or cells capable of differentiating
into mature tissue, said nmethod conprising selecting first and second
popul at i ogmoih@el | s and positioning said first and second popul ati ons of
cells in ~filled fusing chanber and then subjecting said

popul ations of cells to conditions to facilitate fusion of at |east one
pair of cells. 2. The nethod of Claim1l wherein the first and second

popul ati ohs of CQ‘Llrﬁeth@@lﬁpT gerating mdtuz elleror wslls cpeghle af idifferemigtingantef a

mature cell or . stemc t,her eof . 3. e
st em cel | MApYreHissy meﬁlOQtCé’mPe’é%% S(‘?E’F{]ng ?‘fft a“i‘&ée?ﬂg‘? n!)agloﬁ 3f & a‘(glrIa 3
wherei n t}hﬁltﬁ)&lﬁg G&d Birdt %n@ s&%ﬁﬁ%opﬁfaﬁ@ﬁsc@ﬂ tells3n alfh@dTHEIdAORsiaE chi@ben ahdor 3

or 4 whereint stemcell and the nature cells or its stemcell are

sel ect ed themsulijéeingedaids populatabllsepflqells to Tonsliienshiodfaeilitate dpgien ofypleleastronene
fusion conditiopns are chemcal fusion conditions. 7. The nethod of Claimé6
wher ei n th?ér%er?S ‘cal fusion conditions are PEG

2. The method of Claim 1 wherein the first and second populations of cells

comprise one of a stem cell population and one of a mature cell or stem cells thereof.

3. The method of Claim 2 wherein the stem cell is an embryonic stem (ES) cell.
4, The method of Claim 2 or 3 wherein the stem cell is a neural stem cell.
5. The method of Claim 2 or 3 or 4 wherein the stem cell and the mature cells or

its stem cell are selected from the cells in Table 1.

6. The method of Claim 1 wherein the fusion conditions are chemical fusion
conditions.

7. The method of Claim 6 wherein the chemical fusion conditions are PEG.

8. The method of Claim 1 wherein the fusion conditions are electrofusion
conditions.

9. The method of Claim 6 or 7 or 8 wherein the fusion is between two single
cells.

10. The method of Claim 6 or 7 or 8 wherein the fusion is between two populations

each of one or motre cells.



8. The method of Caim1l wherein the fusion conditions are el ectrofusion
conditions. 9. The nethod of Claim6 or 7 or 8 wherein the fusion is

bet ween two wimgil2ze cells. 10. The nmethod of Caim6 or 7 raT/AUostveési n t he
fusion is between two popul ati ons each of one or nore cells. WD 03/102126
PCT/ AU03/ 00666 -89 The method of Claim1l wherein the first and second
popul ations of cells are selected using a pipette to extract the first
cell population froma group of first_gelkls held in a first contai ner and
the second cell population froma group of second cells held in a  second
container. 12. The nethod of Claim1 wherein the nmethod conprises:- (a)
selecting the first and second cells; (b) positioning the first and second
popul ati ons of cells between two electrodes in a fluid filled fusing
contai nery, the fimhetmehed %@@ﬁlﬁl 1 paRWiRthofirsd hnd ebdamdimipnitionpaf atlischre r om
each el ectrode; and (c) appl a_current having a predete veform
to the elselettedusing atR)PQj@rf@teé @Ct @pﬁféb‘él]d?%u}?éﬁnfﬁ%ﬁ‘ Brgr(ﬂﬂﬂ rftrﬁ?ﬁ%t}%ﬁd%usi ng

BRIV Y T e e S

suspensi én ectro &aml or 12 or
wher ei n tsgndebohifthdrncl udi ng generating a DEP fi el d, the DEP field bei ng
adapted to urge the cells towards each other. 15. The nethod of Claim 14
wherein the predeterm ned waveform conprises a current representing the

DEP [ el 4y 16. TH MO oPErath 3 Whctén WHhEIBd LiigpfiRshod comprises applying

(a)  selecting the first and second cells;

(b)  positioning the first and second populations of cells between two
electrodes in a fluid filled fusing container, the first and second

population of cells being separated from each electrode; and

()  applying a current having a predetermined waveform to the electrodes

to generate a predetermined fusion pulse thereby causing the cells to

fuse.
13. The method of Claim 1 wherein the cells are held in suspension between the
electrodes.
14. The method of Claim 1 or 12 or 13 wherein the method including generating a

DEP field, the DEP field being adapted to urge the cells towards each other.

15. The method of Claim 14 wherein the predetermined waveform comprises a

current representing the DEP field.

16. The method of Claim 14 wherein the method comprises applying the DEP to a

pair of second electrodes.

17. The method of Claim 16 wherein the method comprises:-



pair of second el ectrodes. 17. The nmethod of C aim 16 wherein the nethod
conprises: WO 03/102126 PCT/ AU03/ 00666 -90 (a) applying a DEP current to

t he pair w0 ®aonnd el ectrodes; (b) positioning the first eEAvw/obése fusing
container, the alternating field acting to attract the first cell towards
one of the second pair of electrodes; and (c) positioning the second cel
in the fusing container, the alternating field acting to attract the
second cell towards the first cell. 1890The nethod of Claim 17 wherein at

| east one of the first and second popul ations of cells being positioned in
contact with at |east one of the second pair of electrodes. 19. The net hod
of any one of Clains 12 to 18 wherein the nethod conprises selecting the
first and second popul ations cells using a pipette to extract: (a) the
first cell from gagr oupplgingfai DBER crednt So the lpeiriofi secohd ekictradest ai ner; and (b)
the second cell froma group of second cells held in a second contai ner.

20. The nethod of C aim 19 wherein the nmethod of positioning the first and

second cells in gp)ecfe gﬁéiﬁgmgggﬁfhmrceﬁqumgg c%ggaiﬁé?,i 9 Jifiendinpetdi€ to

position the fir usi ng contai ner; using the pipette to
position the second cetting fo tdneact uhé nfiyst eall aiomerds oneljafcthet sached fpaistofcel | ;
and (c) positioning the el ectrodes such that the first and second cells are
| ocated substanti al | §lepEedaSedt he el ect rodes. WD 03/ 102126 PCT/ AU03/ 00666
-91 21. The nethod of Caim19 or 20 wherein the pipette is coupled to:

(c)  positioning the second cell in the fusing container, the alternating field

acting to attract the second cell towards the first cell.
18. The method of Claim 17 wherein at least one of the first and second
populations of cells being positioned in contact with at least one of the second pair of

electrodes.

19. The method of any one of Claims 12 to 18 wherein the method comprises

selecting the first and second populations cells using a pipette to extract:-
(a) the first cell from a group of first cells held in a first container; and
(b)  the second cell from a group of second cells held in a second container.

20. The method of Claim 19 wherein the method of positioning the first and

second cells in the fusing container comprising:-
(a)  using the pipette to position the first cell in the fusing container;

(b) using the pipette to position the second cell in the fusing container,

adjacent the first cell; and

()  positioning the electrodes such that the first and second cells are located

substantially between the electrodes.



(a) a drive system adapted to nove the pipette with respect to the first,
second and fusing containers; and (b) an actuator adapted to actuate the

pi pette twadaozhy expel or draw in fluid through a port ;paevms/ovése net hod
conprises using a controller coupled to the drive systemand the actuator
to nmove and actuate the pipette. 22. The nethod of O aim 21 wherein the

nmet hod of selecting a cell conprising causing the controller to: (a) nove
the pipette such that the port is adjacHnt a cell having predeterm ned
characteristics, the cell being held in fluid suspension in the respective
container; (b) actuate the pipette to drawin fluid through the port,

Lher eby djanino |y HDRGRSHAAYgN0SHIAAHAN Meld g i The ot hod of

Claim 21 '6r 22 wherein usi ng efteto position the
second cell adjacent the first cell conprises causing the controller to:

(a) nove the pipette such that the port is adjacent the first cell i.n the
fusing container@ (b)d GBEYR &yside agaRied @ mQyccthg dnpstte vih (TRsRSGH P lﬂi?ehff&rt ,

t her eby expelling theég(z&l(ai)agg ﬁ%sgkgé)c&lt@ﬁngrh%q in the fusing container; WO

03/ 102126 PCT/ AU03/ 00 nove t he pipette such that the port is as
cl ose as possible to both the first and second cells; (d) cause the

pipette to draw in fluid through the port her.e dr aw in. the first
and second cells @Pﬁd taﬁeacgiflt‘?r(j’%ﬂﬂ 'eago fACHRLF: tth\eéalpfgéu et%FIi‘?Bg S<Bek ‘?re&‘ia n
expelling the first anf;§eroh L%Ji;s-into the fluid in the fusing
cont ai ner; and ’

where the method comprises using a controller coupled to the drive system and

the actuator to move and actuate the pipette.

22. The method of Claim 21 wherein the method of selecting a cell comprising

causing the controller to:-

(a) move the pipette such that the port is adjacent a cell having
predetermined characteristics, the cell being held in fluid suspension in

the respective container;

(b)  actuate the pipette to draw in fluid through the port, thereby drawing in

the cell and the surrounding fluid.

23. The method of Claim 21 or 22 wherein the method of using the pipette to

position the second cell adjacent the first cell comprises causing the controller to:-

(a)  move the pipette such that the port is adjacent the first cell in the fusing

container;

(b)  cause the pipette to expel fluid through the port, thereby expelling the

second into the fluid in the fusing container;



(f) repeat steps (c) to (e) until the first and second cells are within a
predeterm ned di stance. 24. The nethod of any one of Cains 12 to 23

wher ei n t W® @leziz6 odes being coupled to an el ectrode drivETEVOB®w@Edapt ed
to nove the electrodes with respect to the fusing containers, the nmethod
including using a controller coupled to the electrode drive systemto
position the electrodes in the fusing chanber. 25. The nethod of any one of
Clainms 12 to 24 wherein the el ectrodes9being coupled to a signal generator
wherein the nmethod of applying the current to the el ectrodes conprises
causing the signal generator to apply a predeterm ned current to the

el ectrodes. 26. ,The net hgd of i i h J gells
havi ng a respect i( e & %fey%lg,et% %%mn%’? %@%eé:og{n%réss(fqﬂggé %if%sgﬂ)ge gﬁﬁﬁg}nl er
coupled to a signal gapelat cotidcdB) ect the current in accordance with the
cell types of the first and second cells. 27. A nethod of C aim 26 wherein
the first and second cells being the sane type of cell and the first and
second group Of gl | ScREL B fifGs BBl £lituid Aroubh MR AR thefeby lagartibgah ment
or prophyl axis oft“a subjec ving mature ch seas or  trauma Oor an organ or
ti ssue system said neelfost dndseagdaellEsmdibk suwoousiihg fluidt em cel | sel ected
formthe list in Table 1 with a mature cell or a stemcell thereof selected
fromthe WO 03/102126 PCT/ AU03/00666 -93 list in Table 1 to produce a
hybrid cell using,sin i I ' ntReNs e Bandhiddna
culture conprisi gf‘ft hg&'ﬁ?%ﬁ %}p@éﬁ ﬁ%’%’egﬁfgetgéépﬁ\}mg?%ﬁé%ay be used in tissue
repl acenent and/ or rejhefesiag camtainkieanagpy. 29. The nethod of C aim 28 wherein
the fusion is by single cell electrofusion. 30. A conposition conprising a
culture of hybrid cells generated by fusing a stem cell and a mature cell
or stem cell ther Of:rfp%'gtdstemasw (Nurthir thBefirst anwIrsesdriy celle afer withiir @

phar maceuti cal | y "‘d@cceptabl e carriers and/or diluents. 31. An isol ated

mol ecul e derived frompeedhtebmingd distdncgener at ed by the net hod of

24. The method of any one of Claims 12 to 23 wherein the electrodes being
coupled to an electrode drive system adapted to move the electrodes with respect to the
fusing containers, the method including using a controller coupled to the electrode drive

system to position the electrodes in the fusing chamber.

25. The method of any one of Claims 12 to 24 wherein the electrodes being
coupled to a signal generator wherein the method of applying the current to the electrodes

comprises causing the signal generator to apply a predetermined current to the electrodes.

26. The method of Claim 25 wherein the first and second cells having a respective
cell type, the method comprising using a controller coupled to a signal generator to select

the current in accordance with the cell types of the first and second cells.

27. A method of Claim 26 wherein the first and second cells being the same type

of cell and the first and second group of cells being the same group.

28. A method for the treatment or prophylaxis of a subject having mature disease
or trauma or an organ or tissue system, said method fusing an ES cell or adult stem cell

selected form the list in Table 1 with a mature cell or a stem cell thereof selected from the



CGaiml or 2 or 3 or 4 or 5. 32. The nolecule of O aim31 wherein the
nol ecul e is a cytokine, heat shock protein, enzyne, protein, |igand or
hor mone. WO 03/102126 PCT/AU03/00666

-93 -

list in Table 1 to produce a hybrid cell using single cell or bulk cell fusion and then
expanding a culture comprising the hybrid cell to a level which may be used in tissue

replacement and/or rejuvenation therapy.

29. The method of Claim 28 wherein the fusion is by single cell electrofusion.

30. A composition comprising a culture of hybrid cells generated by fusing a stem
cell and a mature cell or stem cell thereof, said composition further comprising one or

more pharmaceutically acceptable carriers and/or diluents.

31. An isolated molecule derived from a hybrid cell generated by the method of

Claim 1 or2 or3 or 4 or 5.

32. The molecule of Claim 31 wherein the molecule is a cytokine, heat shock

protein, enzyme, protein, ligand or hormone.



