METHODS OF GENERATI NG CELLS EXH BI TI NG PHENOTYPI C PLASTI CI TY TECHNI CAL

FI ELD The present invention relates to cellular differentiation and, in
parti cul avoteloiorond cel | s that exhi bit phenotypi c pl astcriavzosvdorret hods
for producing these cells. The invention also relates to nethods for
generating specific cells of a desired phenotype. The invention stil
further relates to nmethods of producing hybrid cells with a capacity to
de-differentiate into an earlier progenitor state. The invention further
contenpl ates the use of hybrid cells in a range of applications, for
exanpl e tissue generation. BACKCGROUND]Any di scussion of the prior art

t hroughout the specification should in no way be considered as an adm ssion
that such prior art is widely known or fornms part of comon general

know edgeMETHODS ORGENFRPANG CRLLE EXHIBITING PHENGEYPREPLASTICI®UENET at e
bodily tissues and on unique plasticity of the cellular stem cel
conpartnent have opened the possibility of targeted tissue repair.

Hemat opoi ¢fic¢iaicam Fairly (HSCs) exhibit both a capacity for self-renewal
and the potential to generate into a variety of specialised blood cel
types (I|ﬁ@%@@%?tﬂﬂHW°@%$B§JPédW§“§B§%¢¥@@“ﬁ?éf%@ﬁ@?ﬂ@ﬁﬁ@ﬁ@§i“*ﬁgmbrocess

of di ffermwnaﬁﬁeg&y&t«, pHsfifif” SR mQhQRKLF BloiSeind BieRELIE ORGL 8fcRtioPhQY | des a
val uabl e nodel " for“exam ni ng how genetic _prograns are estabplished and

execut ed foptesde medods &3 gerprling|spesiivowmilh ohe destrad penepy| BsdinFaripastilbn i s
altered | fhr#h%fafgg @émdﬁs%e préduBill A0S Qs VithY daPiflie &) Be-R@chhiS ifiRY be
achi eved but al so show the extraordinary plasticity of tissue stemcells in
vi vo. Hensit eqplisir esdgsnitas statay alteyimeapiorc fuetdier qontgmiplagas dhectsic @4 hylirigsesilom a wi t h
HSCs gi vi then to precursors with varying
capa0|t|egﬂgg$%§?%%P§%t?g?%&%gﬁﬂhﬁg%ﬁﬂaﬁg or single |lineage pathways.

Studi es investigating the plasticity of cells coommtted to a particular

| i neage have found that the process of |ineage switching required

t ransf or nBAIGKGRQUMRI/ or expressi on of oncogenes. Mreover, when evidence
for |lineage switching was observed it was found to have occurred only in
smal | per aeyltl'agxssiomﬁf the ptisr aftthiontent the spdcific@ddnl sh&dd ir81‘fo7w85617ﬁ; coh9i88ed G af et
at, BIood 99 002 ecificall xper i son

U rus ¢raberbrRer LB b Rl e e S T bl odBR) e
resul ted kmnﬂmgahmmefem ceIIs exhi biting nacrophage | i ke properties,
including the ability to adhere to plastic as well as phagocytic and
esterase activities (Boyd et al, Nature 297:691-693, 1982). More recent
experlnenRgxh@wﬂtMﬁﬂﬁMﬁbfa&mdmnm@hegmﬂ@mnbﬂanﬁﬁe%pmessmﬂmu@ﬁMEwnyofand

f |
! heage. oFI<eTia, e st TBMPRENST Lo, ARERb e B oSlis o et e ghei” ™
t r ansf ect gemampdiaRhage ctlisKESCEl dxRibpmothesspakityLbit selfLmdmehmmmyhﬁm mar ker s

such as col ony stimnul ating.reg r-1 and ex ress sozynme but Iso
"ot i nod_ PEIFEIBR VRS SrPGare Hard SR (e nRS GHOBE f pecif

rear r angemidibenyirohnahell ﬂ“h@[ﬂoée@s df G Eritiafsh & fQliffe&d BRDAGES, icBemhipaigs, cel | s
were al so reported to transif{ to granu] ocytes, upon transfe Wi

h max
gene (Li nBMEEs &t valyably mofieli oy examying. Bow gegggdfyrog@m@rﬁr?,egéfq 51?‘ ﬁﬁﬂ y very

smal | fragicc@Bs iRfveiebrhSs, €aar ASShBe ESARSnUeIsbiesd ftnadiorS W Taﬁé}@dj in i neage,
|nd|cat|a% that the transition from one | i neage to another is a conpl ex

process whpkaniass Resentclidpes ney aphyindisats hewdhip kiay b aphigted dut alpphowsthe
857-867, 198BiaiReY ARk Ry Bltisdlo siletl GRlido, B 0f . 10:2703- 2714, 1990). An
alternate experinmental ‘approach which investigated henatop0|et|c | i neage
plasticity involved the generation of gene-knockout mce. Specifically, B
lineage Cﬁkin%og&églsvﬂlsM@r@eﬁ.@eéa% mfe&lfamal rfasm@n eaﬁm hrsé@g.vg@afns@qtrﬁrtbstl cs of
pre-B cells such as expréssion of 13 L chain and c-Kit (low)
but not CDPgenitpricand thea|tp gregirs@s thwﬂ/tﬂé@ama&ea@t@ﬁ@rﬁwa&dw Biltipke 9ot ent
stem cel | uo | I I presence of
interleuk?%ggqpﬁ%%7§?nﬁ%gnlﬁ%dﬁguiﬁgﬁgﬁﬁ?k P?%&ﬁggﬁé?ﬁffgﬁg% gnﬁhﬁlon and
t he abi | i pyrticwardinkdgsrhame foand thahthe prassss df dinedgo switdtingeregeirad trapplegnayion h i n
vivo and in vitro. For exanple, when transplanted into RAG knockout m ce
these cells differentiate into T cells (Rolink et al, Nature 401:556-562,
1999). When grown in the presence of different cytokines or growmh factors
they differentiated into a range of different cell types. For exanple,
treatment with 3



1L-2 resulted in conversion to natural killer cells (NK cells), treatnent
with CSF-1 and granul ocyt e-nmacrophage col ony-stinulating factor (Gw CSF),
resul t ed wo 20omMe98i on to dendritic cells, treatnent w PoT@IRe10/0€86]ted in
conversion to macrophages, and treatnment with IL-3, IL-6, stemcell factor
(SCF) and granul ocyte colony-stinmulating factor (G CSF) resulted in
conversion to neutrophils (Nutt et al, Nature 401: 556-562, 1999). Al though
pl asticity appeared to be denonstrated with cells derived from Pax-5
knockout m ce, cells exhibiting a phenotype conparable to the Pax-5
knockout pre-B cells nost likely do nat exist in wild type animals as
culture of pre-Bcells fromwild type mice is problematic (Kee et al, Curr.
Qpi n. Inmunol. 13: 180-185, 2001). O her studies using transgenic nce

i nvesti gakhdAg Blpasiibiof Yoned geb&MMMdted eRIRInde D Tort Micsgd Ghvtsing sAowed t hat
CPLs from a transgenjc nouse |line ectopically expressing human 1L-2

recept or PECRRAITVARNEIN G hays ecruprd evly dhainall Berrentages %ﬁ@géﬁ%@kﬂ ef gl 7

di fferenticef et g5nis97, Bog®ldrst AnH BNSd 08130893 YEROA- 2 Was added to the
culture they fornmed granul ocytes and macrophages. However, these results
coul d not be repeated fromcontrol CLPs grown under the sanme conditions
(Kondo et sadeifichiy, WkeritdAis vAtSARREn vRAA s foARGOSEIBgMPhorh & 1IN SR Wehieq Of t hese
studi es seemto suggest that inducing cell plasticity requires the

expr essi oMithf5-gyaewstidinpresylbedyil p pulsgh plosdlsgexbipitingnimparerbgec B9 Bropartes: cel | s
exhi bi ti ngh.RRGBORYWilfty B ABEleGh bMstiiokaleled phéko%ﬁﬁ: A% R{LLBRLISiEEM®L,ened
above were either derived from nouse | ynphonmas, were cells transforned by
an oncogerid, d¥ateet 24763 11693.mle%-i oMare [ecentt exgerdagdgs davesdenannstttied phahsticity
of normal .B- : . S i Iy i of CD19,
D0- oar rafaane xSRI R EREN-H TSGR b Mol CRMES BB o

adul t mi céeukenio bauthmareow Brlinsagspietlgenn| lpddeto gldit epnwtreinn cumearpbdgasi These - 3,

I L-6 and =ONY el Si it . t ible to
acni eve. (e e Ehec FADUE Srpllsddl Raie Rovclorhitbl s AARR puBERST B ° P
forced exprlessstomulgingesedpyorB hridnequpesed plpsriziing but aks eethiped Gatufescefothe encoded
by E2A EBE ANI.QIENG i Rin ATl SearhRLERM: SXA RAAN bk L sed Lhe
cells to Po¥etHer r’"5aner Ent prgoper i €s, down-regulate the expression of
Mac- 1 andmeerbphuges, Britheagechaiewere alsorogportaf toBransineagmubpgeld dpoo trgesfasion ncl udi ng
an ability.to formK.chain in. respons ' e e I , p. Med.
T8a. 690. Yihmay §5‘§)(E'“‘Cf‘ﬁ“é'a"f SRy DAV o “gﬂé@ﬁ%é‘ﬂ? very FinalP™

B- | i neage fiptenotoy pells uggesing tdnaigerich esctvalpisndtthed nlirehge- v icdEBE  thantle RAG gene
expressions Ls not suffllci en%) for, li.neage §%2ci ficat.i. n.anq t ha ta}ddi tional
genes rusf2BEOPnTIP LS B Fa iR fFoRER S ANBITP I Pioces WU S50t SFBICY Ther e
are al so exdergdodKlifikehte o Q88 5B 85786NVIeRs) Burzdletenek Mol -Cellriialy €0:a703 -
macrophaggzI4 A%P%Ebset of purified pro-T cells when cultured in the

condi tion methom from a thymc stromal cell |ine generated functional

macr ophages. The same conversion was observed in the presence of a

conbinatign of IL-6, IL-7 and crophage col opy-stimyl ating factor (MCSF,;
CSF-1), bdf ﬂﬁ&errﬁtenﬁ@ﬁ“@%rawrcg@ué‘%@y ?lt%%lgaéﬁp ﬁ?i?atel?mq%ﬁmgqe. Pleggty

5964- 5989 jnvdRed dhe gthRatiASI c8@SlalotiRREmidearspedififaly eBlihact 0fllsi dritdddfahl y t he
pl asti ci t¥ Wi thin nyeloid-erythroid conpartnent., Mst exper.i rrea%i in this
field arePbas&BodautgRics cxubitdd haeepsistics shpieal Cols SUXpReTRISHOD ThE*Hbst
reproduci bl 1280 cRdif shdd-RRI(BwS ¥iGlol OB athesy &6 Als@bAHMel Shat k@ Blics of
differentiation of cultured cell lines fromone |lineage to another is based
on transf 8bReREErstar calls siehersyomtipions nelfararylory siremalrslied PEFECBP t he
Myb- Et s- epgodig 7 ﬁﬂh?,nﬁcﬁmﬂg% tHehe bDAESBERCAVER 168lhBHSK RNE IR Minyper of
megakaryocytic and stemcell surface markers such as

MEP21/ t hr Sisesitiete inteupihempaparic sl RpeTmh i Gagnddr vigp, Faperampig vion- 213,
1992, '\’b'\'ﬂgﬂ%ﬂaﬁ%d Ao RAGTBIIckolBnite tlhg-s%‘?b'eﬂl§8§feﬂe4lfiite i&@%@glléma/lﬁk:er ap GATA-1

and FOG 1 b nmyel ononocytic cell surface markers and no or |low |l evels

of PU. 1, UeEBP:HAF6T E8P]. 3Wherf growptin theprésarpstal diffecant pyiokinesss gewtths, t hey
di fferenti i : . i I I : ~1158 1987;
Rossi et E%FO?SC{&E% 811?1%{%{1%1&%19%8%%? %%%Kﬁég%t)&h te%r E\%t%@@e’, tgﬁllﬁiegg %@gti on of
M/b | eads to conversion of these cells into thronbocytes (Franpton et al,
EMBO J. 14: 2866-2875, 1995). Through an introduction of oncogenes of the
ras pathways via retroviral transformation or by activating protein kinase
C (PKC) the cells can be 5 commtted to becom ng either eosinophils or
nyel obl asts, depending on the strength of the signal (Gaf el al, Cell

70: 201- 213, 1992; Rossi et al, EMBO J. 15: 1894-1901, 1996). It is widely
acknow edged that maintenance of nulti-potent or differentiated state is
the result of an on-going process and that activation or repression of a
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It has also recently energed that HSCs possess a remarkabl e capacity to
contribute to different types of tissue. Therefore, the ability to control
or introduoeotohipPbasticity of cells has potentially nmargTaai20eiioerie
applications. For exanple, functional hepatic reconstruction of FAH

tyrosi nase deficiency was achi eved by using highly purified HSCs.

Hepat ocytes are derived fromendoderm thus it appears that nesodermally
derived HSCs have a capacity to convert to an endodermal derivative
(Lagasse et al, Nature Med. 6: 1229-1234, 2000). Another set of experinents
points to even greater plasticity of HSCs, whereby a single stem cel
derived from bone marrow denonstrated | ow | evel contribution to various
epithelial tissues in many organs even though no data on functional
capacity of-2trepdted arekdmyensiongo ngtupal dslenteelts (N& aelbe tedatradnt w@bl CSFLO%nd 369- 377,
2001) . Recent, experiments with adult siem eriv f.romenriched bone
mar row pofrdpRRTa TFRRS ebhr I8l okl M So o Rl MRS el | <
af t er nyodeardditiakelisnfraatrodnt ovith ((OF- i esdted &b conemion NYmAcraphagSc bnd 1838nenP21- 230,

2001; Oligc ! ur e 0. =70 2001: Jackson cal.,  J. 0.

Fvest . 109 T3 baielh Eafathor (U 00 el B ol et LYY, i cat e
t hat understulagddh bghvanidn henddgophilk ENltDeriah INa0GeIeH : ph@sed, ¢d49y. i nto cel | s has
potentially valuable applications in for exanple tissue regeneration. There
is also increasing evidence that hematopoietic cells can retro- or

de- di f f er @nthowgheplistitiey apeged to B dgpicdg@aed @ith SEIat derivEd fro@XFRTH nockdiit cken
nyel ononocytic cells transforned by te rature sensitiv ts). tant of
Vinyb. oxhite Sl SRe eﬁ?f@%ﬁ%&fagleé%g‘ﬁ%ﬁ%‘ﬁ%“?&#@%?‘&&@ st il

per ni ssi veo tiRARKKALLRMI fgMaMR als & c@ltud®df RRE-BI &8l VRorh ORE sk UhRe tifey shi ft
i nt o adherent, Fha ocytic, macrophage-]ike cells and cease dividing.
Tine-laps@“@%ﬁ@‘? €5 shgthd P MEURY; B p3GEes200as reversible with nost
adherent cells acquiring back blast norphol ogy and re-entering the cel
cycle within 2 tg 3 days after shift to_ the pernissive tenperature (Beug et
al, Genes k. stydiesy pyind gigansaayisy ymicopsgnyratigatio plisgip iy | Afy cgpman Jymekpid

I nvesti gabioRehifofAQE P fHoGel tat 8PLORAAMENRRER nitROCIHN dhpRamheipRisicg! | s as
no reproducibl e and stabl e nodel “exists which allows the generation of

f unct i onahtyanyilkferesentoraPeehainy ethsh doudprel yorplitpialc edllss inf prssange Hifnig-2 cel |
popul at I OPifEYenﬁBQ& le Bt n(afNIE leﬁe WO P Rhs acé% %ﬁl? Elure fh'eJ(] forme%
trans-difrerentiation studies wthin anhenatop0|e Ic I'ineage have been
carried osgtanilpcytesrantunrarephagde| Howeguithdse tpslisansldl mhbatepeated findro coritipll ng host .
Mor eover, e : enoRstrated. aohi uency of
cells thapﬂgaﬁr§%1E@&%i*gggggf%¥?%§%§g§$%ﬁﬁg§ﬂl?ﬁ%??ﬁggtﬁg?ggﬁf%@c' of in
vi tro andAcepriingly, geudsdts. ofMbete Rudjesi feematot Suggest e eindmedhgl <1if plegiognt | y

i nvolve th of cel.l t ypes i ch do,not exist turally, such as
col 1§ sol GG Spfeboan SaER PR S0 B bor it ot aner of red - cel Is.

7 There is limted or no data available in relation to transdifferentiation
of matureeffectar..cells. This results.froma |lack of a cell system or

ani mal  modlt S ERHE T PPk R d5 Rt e xptavaty puohy! 0 E. T
cel | s andeitheedaiivdd dieid sipuse paapHoinea)| wate gEltskehsomdbyam @iDdgne, @4ltaed CD3, and
CD15. The, major.ity. of. eri ment 1 th.B Lineage transdifferent.iation

ol ve prb sty LAueRG sk BT PRI ALY OR L Lar OH of GRHIERS D10
positive d&bktied MbicdsrsdafaIrsiopDibeiriargsmedt pdsitéaad B0 Myehios G aned T

| ynphoid to nyel oid has been achieved with J]imted success, no .

i nter- con%"@’F’%B"ntré?W\égaﬁi“ "H?Fd'm?-qd?‘?fffﬁm%’OPL%SQE%C%]ééﬁ‘E%@HmE?E%W&d. It is
an obj ect 301 -6 @l EMESENHolvenee doh@isid 0inQVEKGR Mecells wakBbt kb€ tdchlegast one
of the di sadvant ages, of thF rior art, or to provide a useful alternative.
SUMVARY ORMp QWZW§’5§hém5WWV-%§ﬁ§§di that nulti-fusion cells are
unstabl e and that the nore cells involved in a fusion, the greater the
instability of the resulping hybrid cell. Surprisingly, in the present

i nvent i onYerylipited &4 isqvpidable a1t thy revesn tieREOMESiP® iost mielpidripesecdptodel | s, for
exanpl e t gfnﬁﬁ-ofEIQHe%e. SRl XbdrirhdHRCIhhORAL bedrAltdbicdién Wele PahbriiG eb@Emelit has
been found that cells derived fromdifferent |ineages can be somatically
fused or hybridised to formsubstantially stable chineric/hybrid cells.
More particularly, the present invention relates to cross-1lineage
chimeric/hybrid cells generated fromthe hybridisation of at |east three
parental cells resulting in a tri-hybrid where at |east two parental cells
are derived fromdifferent |ineages and wherein a nyelonma cell is not

i ncluded in the hybridisation.



It has also surprisingly been found that the stable chinmeric/hybrid cells
of the invention exhibit phenotypic plasticity which allows their

conver si omoi2ntooi4a990el | of a desired phenotype such as apdesiizen/dodmieage by
treatment with a predeterm ned exogenous factor or factors. These factors
may include a cytokine, a growth factor, an imunogl obulin, a receptor

| igand, a cell such as a stromal cell or a conbination thereof 8

Previ ously known nethods of altering cellular phenotype have invol ved
cellular transformation, for exanple, by alteration of oncogene expression
or isolation of cells fromtransgenic4ani mals. These nethods are
technically conplex and produce inefficient results, which routinely

i nclude low | evel s of cellular phenotypic plasticity. Mreover, these known
met hods cafith ferced eqtkdskiyn be e@iypB dinegke apediticraanscddtion .facldre eptodsd by ERAyent i on

provi des spgnifi t adyant age ver. previou known et hods, i n, t.enns of
provi di ngﬁggﬁ"‘igﬁ@n@é@l P ag‘ﬁét gﬁ‘iegle?]@fﬁﬁsf%‘ OZ#iA‘ccia'éﬁ‘?‘(i ﬂ{er‘gﬂﬁodlf’?eftaer"énti ation
or dedi f f gitRfthi @bpdiies, dwreeeite tHeRRpPEsRMEITIMAdc VAR tel/Bf, Ape indutesa ftheber
trans-differentiation_or dedifferent%gtion of human.cells. In one

enbodi menft Btligags, wedfit 8515¢ itludss aeabdlity Lo fImok SHAIRY PSRN HHIMECSEAY

versati | eqmdely, $YSipeMel orgs! Boesil Q@S?nghé he: (419628 selRfaif Rdtlacquire full
differentiation, for exanple differentiation of blood cells, ie

hemat opoi BslingageThkenpivpe estigadistay it ithen camnBination| af &4y EBI. ogidd iR 2e0@l uabl e
model for, A Rond? Qe RE ok GinPAo TR A7 aRS AP LUSHGH 80fks GxReYL ed in
vertebrates. The present 1nvention also relates to providing an

under st antivalyedfRotmagow e atelYipofelbd: 3881358 2000kl i gnanci es, for exanpl e how
honeostasis of blood formation is altered in | eukemas. In an alternative
enbodi nent, the present invention also relates to the generation of cells

t hat expr &bge pleatroteypnplesdfabe passibly comarsioralietiren Jskirgageanndppiciaphadesns such as
t he gener gt . ific ge S s t di sease.
The pr eschl trifdurTeEBle:t Ceiiha Bfintd CERE bRliudf it FER ¢ Hnf

di f f er ent btatniab nelplimceseratedlfigotiotahmrgophmgedh ellwisama tonymsiontvers ebseheed aibi [ ity to
differentjate or de- £ ferentiat £ r X | s may be
advantagegﬁgﬁwﬁgPOZ%gﬁ%b%%ﬁgéﬁgtﬁaﬁfzﬁﬁgh%ggﬁﬁg%%ﬁ%ﬁTﬁﬁ#gﬁ%gE%F% uce enough
cel | s wi t BSE; @8fi-1), butlaba mpételotyfoguehee (Lee aral, dtlimomnalt 1650 FR64pIBAL200H). t he
differentiation pathway. For exanple, they may have pre-B cells but not
mature B cells. Isolating pre-B cells fromsuch patients and driving them
to B cel | Shavebidienmibed ehipdiffdentaten, is tigeally dichdasticint witlen eeleloid-ynyehsoidv t hout

mutation may be traps-differentiated.to B cells using.the invention. 9 In
Cor s i n cHBURHRENT o VERCS PRIBH B reielf ot Bed fn SEpEe (s g hor

haemat opoegiréssioh.r arsdhdst e¢peautiblci i Bydittabie CkPESmental e3tedr hitowsng Hizect
generation.of B cells, T cells or nyelanobnocyti¢ cells on demand.. In one
Orbod ren irgienEf B el e froionn Jes F ey e e B e

gener at ledobyvim{neryhmy&mineﬁgmtgioeﬁlicloﬁr?@emﬁﬁy@! mamgnﬁlgtsieacqaﬁ@gemm vires. t herT

i morta primary), one B ce ei ther imortal or primar and one

cel | (ei ¢ Rls? iﬁﬁﬁ%{%@lgrﬂwf%&’wb% PEE?{‘*‘EYQFH‘CWBPFHP &l %“f%'g?p% ges

speci fi ¢ GRhMRMVMEPS!/thfsiBoahtin®CLPNene etf I pas: 1ugRst énurt bell hyRoi-dizat i on
for exanple CD15 the skilled addressee wi || understand

CcD19, CHM4. H
it 1”0 MeRagmoets e I ba 1385 B 9o I 1l 26 G A T SO Ryt heae

par ti cul ap, R KeLiSmotddyGediadufa&PRsiktis Gng HBQA I8 Mvels ity NYdERELGaL! s of
the invention nmay be generated by hybridisation of, for exanple: one comon

myel ononoEYEBRP. pif gdianistioacti k&Gin (e oeleDhew- Yl iffaredtiadn @tqery reaid cils d¢eplay ( CD19)
and one T cel b (D447 KBT087; Rossi ef al, Curr. Biol. 6: 866-872, 1988). Alternatively,
inactivation of Myb leads to conversion of these cells into thrombocytes (Frampton ef al,
EMBOQO J. 14: 2866-2875, 1995). Through an introduction of oncogenes of the ras pathways

via retroviral transformation or by activating protein kinase C (PKC) the cells can be



one common mnyel ononocytic progenitor K562 and immortal B cell WL2NS and
inmmortal T cell MOLT4 - KMA or one comron nyel onobnocyti c progenitor

derived fwormprisn®@oy bone marrow CD34+CD15+ cel |, one i momratabloBoeas |
WL2NS and one primary T cell - WIM In a particularly preferred

enbodi ment, the hybrid cells of the invention may be differentiated into a
B, T or nyel onobnocytie cell on denmand by either exposing themto various
factors such as a cytokine, a growth factor, an i munogl obulin, a receptor
ligand a cell, such as a stromal cell or a conbination thereof or by
further hybridising themwith a desiréed cell type. In another enbodi nent,
the hybrid cell of the invention may be dedifferentiated by further

hybri di sing themw th another cell such as a progenitor cell such or a cell
that expr essesgtefl oo beramg| eéth@[@élimphil@omwo!dam derending pm gt steqeeicef the he
present inyv 0 t f determ ned
phenot ype Slsggﬂzbra?%’t (]:@%m?ro?g??i ]B?ﬂ Rosst' g,eaqe,g@ﬁpr}g}ﬂgg Lgéﬁ lg%frst cel |,
wherein sai d vfrnd«figtaclcmkvlledgai ﬂlasmemeoaicb ocﬁnmm-pcablht Qie:hfﬁ:rednafed@mtais the

unconmi tted regeni tor cel erlve rrph0| d
progeni tor: Uﬁ) Fg’ A% Qrﬂceﬁdan ﬁ"’ﬁa évraf“\)/ne%frf?rgsﬁ%ogo %n(?r an%ﬁggt(’fleﬁr ogeni t or
cell, to D&’gﬁ)ﬁttﬁﬂnﬁy leytbtol cﬁiffe:raitiatlandinag@mntdhg]gmldd-dtfﬁebemmtme{okkm Nagure
predeter ed envir uch that said., h idcell of a
D et or mEODRedot b 20 dhatiibiat se OF fsteaf Bense BER R Rett ype s a
B cell ar&trtc&-ldlm dhcir @xprgslioni tol pareitilar llnlaa@@ 1saiftpeftiaalbeme:i°dmds ﬂi&}ﬂbstaﬁliﬁh&
predetermned henotype is a de: defer |at é%per tlvetothe
Pybr 1 ok RNt Ao PEIes BrenayEu D WO Forh g 1

expr essi OhfmpdrtafiGn QGhstiiRhE m‘ma@%m@r cmwa@uw aﬂaxp@ﬂafanlsnl thléﬁ aré nnocsertai n
enmbodi nrents the first cell is cell derive el oi d

pr ogeni t ofeeEERrly lfl%f@cté"&fawﬂ&wdlffegefafaew iSog%lPY%éaf fly B‘}?FaN%l Wﬁdp 861 d

| i neage anbal 4% 63134505 COLR; Stsifck o] HrodhRir, WREW. St pIsa 96: bogrm0ighol.i neage.
Preferably, the cell derived froma comon nyel oi d progenitor cell, is a

nyel ononocytic progenitor cell, nonocyte, nmacrophage, eosinophil

neut r ophi lrhe deRPikity 6f Gfdake erff@%ﬁ‘m has ¥%n StGRr illdstaRd Odyeﬁudléshﬁhlchhe
i nvention provides a nmethod of generating a cell of predetern ned phenotype

conpri si ndidigate t8atdhe emeeniiBHONIPISIEYRY 2lavhiple B @GNSR Rejari it cpF ssRdinoinfleqce |

nmonocyt e, dﬂwkﬁm%ageegﬁkfbﬂﬁﬂloh Qﬁééfffcﬁ’lﬁ’_sh%,a denWrided Chickdd prgerht%?Oph” a
B Iynphoid cell and a T | ynphoid cell. Preferably the cell derived froma

common  ny 8Yseing (Karlesepeas iaf SienesdPav. & 12p0-2342, £995).dheslineageeougpome arrelegpd withng CD
ant i gens G 1R o@&"ﬁAqrengssloAh A@‘ﬁ)vﬁéfé’!s 1t'gtenér§ted3']-:d§ nPﬁlB%hd Lt%‘?gﬂ BYRNE T on

provi des a met hod ating a ce pr edet er henot ype
conpri si ngrdgyendi etgythrpﬁlgand megakary00y11c cells. Recently, it has also been found that high

levels of PU.1 favour the development of macrophages, whereas at lower levels, B cells are
generated (DeKoter ef al, Science 288: 146-149, 2000).

It has also recently emerged that HSCs possess a remarkable capacity to contribute to
different types of tissue. Therefore, the ability to control or introduce the plasticity of cells
has potentially many valuable applications. For example, functional hepatic reconstruction
of FAH tyrosinase deficiency was achicved by using highly purified HSCs. Hepatocytes are
derived from endoderm, thus it appears that mesodermally derived HSCs have a capacity to
convert to an endodermal derivative (Lagasse et al, Nature Med. 6: 1229-1234, 2000).
Another set of experiments points to even greater plasticity of HSCs, whereby a single stem
cell derived from bone marrow demonstrated low level contribution to various epithelial

tissues in many organs even though no data on functional capacity of these cells were



11 a common nyeloid progenitor cell that displays at | east one of the
followng CD antigens CD 16, CD15 or CD14, a B lynphoid cell and a T

| ynphoi d wel2b10/i4m90ne enbodi ment, the cell derived frompaTeanrmmwomiel oi d
progenitor cell is a nonocyte. As such, the invention provides a nethod of
generating a cell of predeterm ned phenotype conprising hybridising a
nonocyte, a B lynphoid cell and a T |ynphoid cell. In one enbodi nent, the
cell derived froma comon nyeloid progenitor cell is a primry

nyel onbnoeytic progenitor. As such, the invention provides a nethod of
generating a cell of predetern ned phénot ype conprising hybridising a
primary nyel ononocytic progenitor, a B lynphoid cell and a T | ynphoid cell.
I n one enbodi nent, the cell deri ved froma commn nyel oid progenitor cell
i's an i morescakdds €lragss] 41 .al, Asels USh 369-877, 208De dRecetarparivenisnvignadugrstqm ovi des a
met hod of i

hybr i di si negﬁgﬁﬁl% fIL%%Qx] %ﬁéa bo?n]:a FI%Irg%%gglg@do’ﬁ?%&QPIHQ%MF& 8:%%9%%595%}% geni tor,
nonocyt e, muede oghadier n'eoeiu‘di@lplhfakqtloneé()tlmoqﬂul I Anrdé‘ﬂﬁﬂrAcad cSci.ed3B: @21-BHkophi |, a
B | ynphoi 90(?1% llc er? I%Iaturé %Il%pt?@ll %dl JacEsog‘nréth é,ﬁ”fﬁ%_& q‘ﬁjﬂtlf_’)% h$02Cel !
derived firom progeni to ved Triom spleen

peri pheralZOﬂ:iI)ood, unbl I i cal cord bl ood or bone marrow. As such, it |s cl ear
that the invention provides a nethod of generating a cell of predeterm' ned
phenot ype conprising hybridising a conmon nyel oid progenitor cell derived
from spl e@he stpélési {dledlabdke pdepriylinbicdte dat ueiersthndihg ant bame)Metonﬁrmdlme a B

I hoid ¢ and a.T.| haid cel|,. |In.another enbo nt, the.c
o ved 1 P P gS e TR Ga e afiabis aplisBaRG B or SRR MRR b dSie | 4
nave B cell, an activated B cell or an effector B cell As such, it is clear

t hat the | ventl on. proyi des, a t hod of .generati n a cell f%f Eredet erm ned
phenot ype 83RO R earf%ﬁ\ftﬂ'ﬁ%ﬁﬂ%téﬂwﬁ% et gid tﬁ?c?égﬁﬂ FEEP MYy 5 stem
cel |, a Bah ¥irp&Qirggeadd stael B@ﬁ@anbreomlﬁceﬁrn@eﬁn@ﬂbdﬁtc%Elllsl waebihal & gel |, a
nave B cell, an activated B cell )an effectqoqr B cel] and a Tr@i‘nghm d

cel | . 12 RCHHES SFRSBNP n(EInm”“t"ﬁé?f FHlbigag dmmatugse RRENGRYPE gESFNPRY | enced

B-cel | or mgeBbRGEIR tBEhdrmiséiFe &mp@rantré]emwy@mat P RoRpQMisdRS tednpeRENO the Pf
generating .a cell of predeterm ned Fhenot pe conprising hybridising a

common ny 818 gtoprdhgEnt tphreoeBls mcropnagsrlke)qells gpd sease gié\ﬁd@&pewéﬂ%a B-cel |
or a pl asp@efiflehts gidived thht INPOERECwESE ersilIOwRR B1oSTHARGENTRA s achii@ngGRbk deri ved
fromB | ynPh0| dli neage di splays at | east one of the follow ng CD anti gens
CD19, CDeblastomgrehelpeicprd rexenterifghthergell gyelpevithinre gt dviayesftyr piftHedthef

gener at i NGe dhiGRE ltenﬂ)‘eraﬂfr@ﬁ?eh@’é%lr@&epb@@qt YPR2&Og7h Si ng hybridising a
common mnyel oid progenitor cell or a stemcell, a B lynphoid cell which

di spl ays at | east one of the foI | om ng CD antigens CD 19, CD20, CD72 or CD5
and a T 'xm@pug. bkt omum&em%mgﬂfngmas dlﬁbsnﬁa%h hg\%raexﬁqorremm onl ymphoi d
lineage is a pre-T cel I, an | mmat ur e , a have , an activated T
cel | or ahumgtf e@lﬁcﬁs M repiofucibig aBdJéIﬁbletWeI Wéﬁwmﬁh ﬁiowlthmge@fﬁﬁ'é'ﬂ I?(fd of

gener ati ng, a. cgﬁh% derd: GAEY rerﬂlﬁ'%‘ij lfmﬁfbcel %Ifs g&gpz{ bﬁ%l@gce!]yﬂ%g flt%

comon nyel ol ogenitor ce or s hol
| ynphoi d aehllpulsmreﬁttlwnw@meat pre-T cell, an inmmture T cell, a nave T
cell, an activated T cell or an effector T cell. In one enbodi nent, said

cell derived fromT |ynphoid |ineage displays at | east one of the follow ng

CD ant i geAs pEE3Yf, a@lmns @breotiat CDBtudies wibioha, hetapoiptielitehgenhape bsﬁinatesieé met hod

of generat] M el eterm enot conpr i br| di i ng a

conmon rryg? Oiigdﬂ ga’leaIF" OdQ{Sé’g L11I1r1 a]‘{SdlranIHhteqn IHYOpF% m))st SN[Q}% I'lOI]E %

| ynphoi d detd mmdiulGystdmslmivaylsmamﬁ;tr’amaath:g}nﬁeqllbndymf cfebzI Ihat/vsmlg:h@ﬁ) daaﬁfﬂrergens CD3,

b4, % (I)uﬁeaggg?thus limiting the efficacy of in vitro and in vivo studies. Most significantly, these
models frequently involve the use of cell phenotypes which do not exist naturally, such as

cells isolated from transgenic animals or artificially transformed cells.



I n one enbodi nent, the cell derived fromB |ynphoid |ineage is an

immortalised cell. As such, the invention provides a nethod of generating a
cell of pwedeteersmdned phenotype conprising hybridisi ng aCctauror/oyaboi d
progenitor cell or stemcell, an imortal B | ynphoid cell and a T | ynphoid
cell. 13 In one enbodinent, the cell derived fromT lynphoid |ineage is an
immortalised cell. As such, the invention provides a nethod of generating a
cell of predeterm ned phenotype conprising hybridising a comon mnyel oi d
progenitor cell or stemcell, a B lynphoid cell and an imrortal T |ynphoid
cell. In one enbodinent, said cell derived fromB |ynphoid |ineage is

derived fromlynphoid tissue. As such, the invention provides a nethod of
generating a cell of predeterm ned phenotype conprising hybridising a
comon ny dheieds plimitgfen'r norlageivhilable istrelauitmetol txanadiﬁerbgt'm}jhmbﬂmellrd effigtarved from
| ynphoi d t . T | hoi d I n cel l. derived
fromT | yrrpﬁoiu]g"ﬁ m%“e‘tgéfé’“} E}slpg(eriiav%e?i] S?'Stem f ammﬁl i e'([i)l slslzr:ﬁeml 3 ma‘i: =9 |fnvent| on
provi des anat@t bhndo‘gﬁesgnérmeufem |Th@llaarmlehj/el@ﬂ chrsesi:emﬁ:ramty m&&eﬁmnlmsﬁiel?)

conprisin br n en
yrohor o Ga ori 3hd 4uf)s ST ARGIHT b BineDEEHE Mih UG eSliBone, o the
B or T | yriphoietreBldels with Iveltjeldwlﬁleqnﬁelmey n’etdmeksnﬁ td heturan@B 9 paitivarcellder i ved

fromlynphgid ti ssue sajd hoi d t IS era e ed from

ber | phar Al LB Bp dehresh Tigkeand TaeiE urt BrreR D EEhE e

adenoi ds, asliiehet @gihdindited| sycgets, A® de& cohverdsnebawbnd Hi&ﬂT Jyragholdelahgeoling of t he
cells incl ude%ﬁl n the method of the invention is a human cell. It wll also
be cl ear H¥dvet hod of the invention may include cells other than a
human ceII for exanple a nouse cell. In one enbodi nent, the cell derived
froma conmpn Imc} Brogenltor cell is a K562 cell As such, fg wll be
cl ear thatlt #Sh@ PIH%r& 1B PRRSTY IBStion fRe PHBEPTRT O aReliosty 3k leastcedlel o

predet er mdpedl:RMASRRE IR PAR b B! pre)idiyalsk &l SiteRfative, K562 cel |, a 13 | ynphoid
cell and a T |ynphoid cell. 14 cell of predeterm ned phenotype conpri sing
hybridi sing a comon nyel oid progenitor cell or stemcell, a WL2NS cel |l
and a T | wyimioiak€oF ivwvierigwent i on al so provi des a net hod of generating a
cell of predeterm ned phenotype conprising hybridising a comon mnyel oi d

progenitor cell or stemcell, a B lynphoid cell and a MOLT4 cell. In one
enmbodi menty; it Agefally TonG@rdd Rt duliRRRichelells A @SR Bfl thed Mo Wik2NS cel |
and the third cell is a MOLT4 cell. In another enbodiment, the first cell

is a K562 welved in hEisvachadreater thejinstagiliy phiie yes@ﬂeehybrréﬁallt Rerprisinglys i8el | s a
primary Ttl‘feebllesent invention, hybrid cells resulting from the fusion of a number of cells, for
example three cells, exhibit functional stability. In particular, it has been found that cells
derived from different lineages can be somatically fused or hybridised to form substantially
stable chimeric/hybrid cells. More particularly, the present invention relates to cross-
lineage chimeric/hybrid cells generated from the hybridisation of at least three parental cells
resulting in a tri-hybrid where at least two parental cells are derived from different lineages

and wherein a myeloma cell is not included in the hybridisation.

It has also surprisingly been found that the stable chimeric/hybrid cells of the invention
exhibit phenotypic plasticity which allows their conversion into a cell of a desired
phenotype such as a desired lineage by treatment with a predetermined exogenous factor or
factors. These factors may include a cytokine, a growth factor, an immunoglobulin, a

receptor ligand, a cell such as a stromal ¢ell or a combination thereof.



I n anot her enbodi nent, the first cell is a primary human nonocyte, the

second cell is a WL2NS cell and the third cell is a primary T cell. In
anot her ewbadiomemn9p the first cell is a primry human mperomnmogoile
progenitor, the second cell is a WL2NS cell and the third cell is a
primary human T cell. In another enbodinent, the first cell is a K562 cell,
the second cell is a WL2NS cell and the third cell is a primary T cell. In
still a further enbodinment, the first cell is a primary nouse nonocyte, the
second cell is an SP2 cell and the third cell is a primary nmouse T cell. In

certain enbodinments, the B cell and t¥e T cell express CD5. In alternate
enbodi nents the B cell expresses CD20 and CD72 and said T cell express CH
and CD8. In certain enbodinments, the hybrid cell generated by the method of
the i nvenPi'ewimui;ls kmvxtnhemeﬂhwlbr bﬂiaétsdhg\/vit:tﬁulan(phmtypcehtve Welved ncetllblar ot her

g ﬁLL dl”angn ral’lsfc{rﬁlatxon ?g‘%%i%llgpﬁ%: f]oé/ 3 t%rﬁt\} GSH ofo%tl:,or%%neoex %%smé 8’.f lscﬁﬁ?n ofcéiétf'F g n; ler f:g: l”
a cyt oki nean@elgcr mmmhlsf ﬁbetse metmus armm}mngﬂllgtwmblem andapmétme pneﬁﬁmdnt ganltk, or

conbi nati Onlcﬁ’l Tou Egly inclu Ie eHels o{ rllg%r p%gil(ﬁgpeg gllast ﬁegc eover tEQs% k%\?ntcl) :16

i nvention provi C ove,

exanpl e ankﬂmaiamebhwmmbaéempbsahﬂﬂmnmsbaﬁelI is a ceII derlved from an
uncomm tted progenitor cell; a second cell derived froma common |ynphoid
progenitor cell; and a third cell derived froma conmon | ynphoi d progenitor
cell, to phogteat awlamimi foiéds! sigilt‘fﬂ:aﬁ)qd@&it@s S&ércbrﬂydlrsly&rﬁ@hlmetﬂﬁ)dfs hiym c
stronal cells, t oki ne,. a grow h tor, bul.in ecept or

" gana or SBRF Al & ebe g RUT e enato s B Hred ke bd 55 G col

of a predaifRrdmtines. PRIBROLMPe drisefiCint&ition RBNIEH e Nfads-d fdRnGatiod krnde- or

growt h faCI% |nclugﬁd in Ehe predeterm ned environnment is selected from
the groupdtisratigioneghgpenqelly - | -3 10-4, 1L-5, 1L-6, 11-10, ILlbeta, IL-7,
1L-23, TGF-beta, M CSF, GV CSF and | FN- ganmma.

In one embodiment, the present invention relates to providing a simple and versatile model
system for investigating the process of cell differentiation, for example differentiation of
blood cells, ie hematopoiesis. The present invention also relates to providing a valuable
model for examining how genetic programs are established and executed in vertebrates.
The present invention also relates to providing an understanding of the formation of cellular

malignancies, for example how homeostasis of blood formation is altered in leukemias.

In an alternative embodiment, the present invention also relates to the generation of cells
that express phenotypic plasticity that may be used in applications such as the generation of

specific cells or tissues for the treatment of a disease.

The present invention may represent a model system study of the differentiation process.
Also, there may be situations where the ability to differentiate or de-dedifferentiate specific
cells from mature cells may be advantageous. For example, some patients lack the ability to
produce enough cells with a particular phenotype due to mutation at some point in the
differentiation pathway. For example, they may have pre-B cells but not mature B cells.
Isolating pre-B cells from such patients and driving them to B cells would not help.
However, their other mature cell types without mutation may be trans-differentiated to B

cells using the invention.



In certain enbodi nents, the i munoglobulin is selected fromthe group
consisting of antilL-4, anti-IFN-ganma and anti-CD3/CD28. In certain

enbodi mrenwe,20tohi@199ecept or ligand is FIt 3 Iigand or CD4®cCiriagant/o0dTéanot her
aspect, the present invention provides a hybrid cell generated by

hybridi sation of: a first cell, wherein said first cell is a stern cell or
a cell derived froman uncommtted progenitor cell; a second cell derived
froma comon | ynphoid progenitor cell; and a third cell derived froma
comon | ynmphoid progenitor cell, and wherein said first cell is not a

myel oma cell. 16 In another enbodi mer*, said second cell is a cell derived
fromB lynphoid |ineage and said third cell is a cell derived fromT

| ynphoid |ineage. Preferably, said first cell is a cell derived froma

comon nyél cedaipr ogedintans ¢iel linvedidons udies itb the atatian ¢fhat hidmetdpniegat i on

or ogent ¢ of "R ErBHEncARRC TS wiih BVE S Bkba esrp SEE DACaR on

al so pr ovigelsmandeytic tedls o iémapener at ed by hybri di sation of a conmon nyel oi d
progenitor cell, or a stemcell, a B lynphoid cell and a T |ynphoid cell.
Preferably said cell derived froma comon nyeloid progenitor cell, is a

I ¢
o OronORY bl ARRAL 955U ) RARRAL TR GIARIASy BORLERRY b g
i nventi onhyhrﬁiﬁshﬁtesoﬁaoriwbyakdnmleb}h1cgm@nmmre(dltﬂry uhxylbnta]d]rsmnaqr) afe B cell

I t
et rophi (e olimesdand o8 InEd! Gin R BT JRpnERY) CORN %e
i nvent i onhgtrigicel exprésda@sperifiey@d indrieed frorg elhef tht eddl tayes lnyddrin diedgbridisatiof  a

nyel ononogyti c [.C nonocy. hage, Bl

neut r ophi f‘% @H@??ﬁﬁg [EQI? (g[lr)i b QYR Leéklgg(f B d“gé’lnﬁer% téa‘t'lth?yrrphoi d
cel I. Prepesablnyergiah G e liitetewnihyBdl dello Bxpressiagitiose patellar thafkesgeni t or cel |

di spl ays at | east one of the follow ng CD antigens CD16, CD15 or CDl14. As
such it is clear that the invention provides a hybrid cell generated by
hybri di safi odita@f spRci€io remdodimeats Othd HIBag ellst &f the elvkntidhadhayibs Py sedby | east
one of th foll ow ng. CD antigens CD16, CD15 or CD14 and two B | ynphoid
cells. ti”r‘?%ﬁé‘r‘ﬂ“i‘gnfoéf”%a@p rovides a hybrid cell generated by hybridisation
of a hybrl d cell generated by hybridisation of a comon nyeloid progenitor
cell that displays at |east .one of the follow qq%Da gens CD 16, CD15 or
CD14, a Bovfp%wa?rumélélpmoamh%mgfﬂymﬁﬂﬁﬁa (GE’F?C A oRd aEFEmaRen? cellai d cel |
derived f{ome £ cayvelend kywgenitor cell is a nonocyte. As such, the
invention provides a hybrid cell generated by hybridisation of a nonocyte
and two B |l ynphoid cells. The invention also provides a hybrid cell

gener at edope%/ cOMRbh Fhy@nhd0c Rk FofRRSC K82 aAd BmhspRNOBdcdieiLang and

I hoi d
ymp immortal T cell MOLT4 — KMW; or

one common myelomonocytic progenitor derived from primary bone marrow CD34'CD15"

cell, one immortal B cell WIL2NS and one primary T cell - WTM.

In a particularly preferred embodiment, the hybrid cells of the invention may be
differentiated into a B, T or myelomonocytic cell on demand by either exposing them to
various factors such as a cytokine, a growth factor, an immunoglobulin, a receptor ligand a
cell, such as a stromal cell or a combination thereof or by further hybridising them with a
desired cell type. In another embodiment, the hybrid cell of the invention may be de-
differentiated by further hybridising them with another cell such as a progenitor cell such or

a cell that expresses for example CD34.



17 I n anot her enbodi nent, said cell derived froma common nyel oid
progenitor cell is a primary nyel ononocytic progenitor. As such, the

i nventi orwpnrowdem®oa hybrid cell generated by hybri di sarcomuzdiozopris mary
nyel omonocytic progenitor cell and two B | ynphoid cells. The invention al so
provi des a hybrid cell generated by hybridisation of a primary

nmyel ornonocytic progenitor cell, a B lynphoid cell and a T Iynphoid cell.

I n one enbodi nent, said cell derived froma comon nyel oid progenitor cel

is an inmmortalised cell. As such, it is clear that the invention provides a
hybrid cell generated by hybridisatiohbof an imortalised cell selected
froma nyel ononocytic progenitor cell, nonocyte, macrophage, eosi nophil

neutrophil, dendritic cell or basophil and two B | ynphoid cells. The
invention also provides a hybrid cell generated by hybridisation of an
immortalised gell Sﬁlected froma nyel pnonocyti c rog%nitor,cell gnnocyte,
macr ophag@C BHLE Hup AT aspreck,iF SFRENt MVEHORRRYILes @dnqthogrotigussaing a celf o

| ynphoi d gelibtedigkdahdndtypphigintttoglcbmprishgafottiarof eyhpdingent , sai d cel |

derived froma ¢o n el oi, rogenitor cell is derived from spl een,
peri pheral bIo%gﬁp%ﬁbWH¥@8ngQEHC%V%%HB@FG prfeceldervsd foRsas ych, it is cl ear

that the invengiconmdi\prélRaitat clybrid cell generated by hybridisation of a
common mnyel oi d progenitor cell derived from spleen, peripheral bl ood,

unbi | i cal cordaﬁF%‘@oFeBtd%Y?HéTOWWGW%HH“PWHog‘%ﬂﬁﬁh‘%ﬁ’ﬁda"éelIs. The invention
al so provides amipybEN b8l fro®8REMAbLE W nihhoRYREdefittEN,on of a common nyel oi d
progenitor cell derjved from sp|een, peripheral blood, unbilical cord bl ood
or bone mit pradice g hgbrid eadlang @xrosing seith Bybgideeflyorp Rrspeferatned enyirpngicst feh

enbodi Mentya: 5l KbRekll BN &R Erkanicd shiggae s a pre-B cell, an
immature B cell, a nave B cell, an activated § cell or an effector B cell.
As such, it is clear that the invention provides a hybrid cell generated by
hybri di sat : i it OR I d tw B
Yphot d del s gPinEACTRpruEi N MERAGR O G L TReN & EhEEbfFecl BT 5

cel |, an aetitgazte¢ribodigient, dhe pigdes¢rmined athe®tyrel s a Frdifferpntisied ohenabywe

provi des ?elﬂ%e(/PrJodthgeHbrige&W atiad RaiftdDiia .d(szgfﬁein&?%tffecgl?lgrgs% r P e&%ﬁélgi d

progenitor cell or stemcell, 'a B 1ynphol oma pre-B cell
an i mmat uegr8siorbf onear neveo 125 dr CDHA oaBdi-Vat etk cell or an effector B
cell and a T |ynphoid cell. 18 In one enbodinent, said effector B cell is
an anti gen-experienced B-cell or a plasma cell. As such, the invention

provi des &n tyrhain @ntodinhengethe fiest eell Bya dejihietrididsidh arcominoa reyeinid progystosi d

it ] tem cell and hai.d cel | ect ed f
Bt P gon- oxpbrtecntind ol Buf rele PR b bPPO R e S D e TR el P01 des o

hybri d celdérivgefiemat Bt nipholdViedgdi sati on of a common nyel oid progenitor cel
or stemcell, an antigen-experienced B-cell or a plasma cell and a T
| ynphoid cell. In one enbodiment, said cell derived fromB |ynphoid |ineage

iis spl a%s af]efdrgﬂﬁtth@ml Mivech_&gml doﬁ}i]\:idéhgpdﬁ]biallpfdggﬂﬂﬁ caplégla g@%%n@?.z or CDS];
such, the i.nvention provides a hybrid cell generated by ridi.sation o
a conmon RIPEFYIH CQL SRRERF Yt MeEtRhags esinoRhit dfentShltl, fgrie F%ﬁ%g?sag‘ea I's

whi ch di splsayicit itl Baglkarongt @e trventioal g@w‘deg aCle@Bl | gepmefatid,a BRQr CD72 or
CD5. The invention also provides a hybrid cell generated by hybridisation
of a commbfsdsiyBlvdPhsRRsfomprisipathe shp ofthuhidigng a myelsmoposyHe PEPSERIN whi ch
di spl ays ati, h%;ﬁ@éyté?Hﬁc@f)hargaeéom&dhqmengom, SMHHGERS oEbhsdhil, @R2Omphdid2 or CD5
and a T IynEPO|d cell. In one enbodinment, said cell derived fromT |ynphoid
| i neage i §eleandrael lympbpid celan i pmature T cell, a nave T cell, an activated T
cell or an effector T cell. As such, the invention provides a hybrid cel
generated by hybridisation of a common nyel oid progenitor cell or stem

cel |, a BProjagoihg celbderived drom qeonyingrhayeloidarogesiaraet digplpysorhleastoens-of cel |,

an i mmat u ! LV Tit G or.r
0% Buipht CLRaBYR 08101530 Aok, VAL BT tebiby a3k BLLRERST D o1

cell. In one enbodi nent,” sal
at | east orides a methof of Eewiating €oelhaf predetesm@Bd phadbtype cpBprésingdp8ridisisgsuch,

the invention provides a hybrid cell generated by hybridisation of a commobn
nyel oid progenitor cell or stemcell, a B lynphoid cell and a T | ynphoid
cell which displays at |east one of the follow ng CD antigens CD3, CD4, CD5
or CD8. In one enbodinent, said cell derived fromB |ynphoid |lineage is an
immortalised cell. As such, the invention provides a hybrid cell generated
by hybridisation of a cormmon nyel oid progenitor cell or stemcell and two B

| ynphoid cells, at |east one of which can be an



19 immortal cell. The invention also provides a hybrid cell generated by

hybri di sation of a conmon nyel oid progenitor cell or stemcell, an imortal
B | ynphoiwoceldi4a9vd a T | ynphoid cell. In one enbodi mentcTsdaizdiooebiicderi ved
fromT lynphoid lineage is an imortalised cell. As such, the invention
provi des a hybrid cell generated by hybridisation of a cormon nyel oid
progenitor cell or stemcell, a B lynphoid cell and an immrtal T |ynphoid
cell. In one enbodinent, said cell derived fromB |ynphoid |ineage is

derived fromlynphoid tissue. As such, the invention provides a hybrid cel
generated by hybridisation of a conmorilnyel oid progenitor cell or stem cel
and two B | ynphoid cells derived from|ynphoid tissue. The invention al so
provi des a hybrid cell generated by hybridisation of a cormon nyel oid

pr ogeni t ora comimon oiiye®tice progalitor cdlBthhtydigplteys dt adt lonelef the ddlofwirgnTDyanpgemsd ti ssue

[ neage | SE08r PULEOTRIA FHTBRGIE CleBLR T VAP | nvent | on provi des’ &’

hybrid cell generated by hybrldlsatlon of a common nyel oid progenitor cel

or stemcell, B hoid c el | der| ed from| ynphoid
lsuer wiepte el RGH e o6f s drofha st Proge e oo PHRERH S of ¢ he
i nv ]tcant i gln P@l’sﬁclzﬂj el mwfﬂn&ﬂ @midysmﬁ h@thdd B’lf goatifAL gel{)iym;&!bltdﬂmliﬂe& @ﬂ@gt}@e
preferably sel ect rom peri pher ood,  cor 00 een, bone marrow,
t hynus, taﬂewse’glyg@s‘faﬂegmoaﬂ §lzs'ﬂ%‘1m §rgRd A d demplioid @l enbodi ment . at

| east one of the cells |ncluded in the generation of the hybrid cell of the
invention_is a human cell. It w|l also be clear that the hybrld cell of

the i nvent? 8%¢ FBRPdimeaf. ibrecedl degived BomR @rcommen myslridarpeeritor c¢lbis APy e a
nmouse cel InyeRthohydifit PlogatitoPN ASEuch, KO Refi®hnl prévidhs bWeetiBdl of jthhg GQklis. The

i nvention also provides a hybrid cell enerated by hybridisation of a K562
cel |, an PhRisAtaminsd|ppeRoRerFoRBIiTingRriaisme RyRtFRGY alyelémpnocwp ¥R&NERBOdi nent ,

said secogd;g%bhnggdﬁgﬂq]tQMPgn@ggi is a WL2NS cell or a MOLT4 cel
respectively. As such, it w be clear that the invention provides a

hybrid cell generated by hybridisation of a conmon nyel oid progenitor cel

or stem cel lone %nﬁ}[;&%l@ﬁ Ghl 'cel@"!ﬂg@%ﬁﬁbﬁﬁgﬂlgln%o‘ﬁe%elo gh&ogéﬁ‘&@ﬁ%lp% %50

provides a hybrid cell "generate I sation of a comon nyelo
progeni t oimmertylisest cedl drsrpuelp|if is CEHIB atyrpineindion eravidan o methbof gengefing a| n one

enbodi ment,) §Pﬂrﬁ<{e§érx§1§ﬁ:ﬁi Pﬁ%nbtygé c&nﬂ?ﬁ@% h?ﬁjldlsm@?ﬂ %ﬁ&?aﬂ% cﬁgkéledtéd ForfV L2NS

cell and sald third ce I n~ anot her Inent, said first
cel | is aan®GRmoabiytic puigdnitecoerdcyealmacrophagepedsinaplyil, Belﬁ@Iphll aleadrggicallt hi r d

cell is aoPBdsBﬁﬁﬁlya Eyf’%ﬂom‘!e aﬁ@?trhﬁﬁ%@ﬁc%ﬂ' ment, said first cell is a

primary human nohoc sal d secon i's a WL2NS cel | and said third
cell is a primary T cel

In another embodiment, the cell derived from a common myeloid progenitor cell is derived
from spleen, peripheral blood, umbilical cord blood or bone marrow. As such, it is clear
that the invention provides a method of generating a cell of predetermined phenotype
comprising hybridising a common myeloid progenitor cell derived from spleen, peripheral

blood, umbilical cord blood or bone marrow, a B lymphoid cell and a T lymphoid cell.

In another embodiment, the cell derived from B lymphoid lineage is a pre-B cell, an
immature B cell, a naive B cell, an activated B cell or an effector B cell. As such, it is clear
that the invention provides a method of generating a cell of predetermined phenotype
comprising hybridising a common myeloid progenitor cell or a stem cell, a B lymphoid cell
selected from a pre-B cell, an immature B cell, a naive B cell, an activated B cell or an

effector B cell and a T lymphoid cell



I n anot her enbodi nent, said first cell is a primary human nyel ononoeytic

progenitor, said second cell is a WL2NS cell and said third cell is a
primary hwoaniofi4e®bl . 1 n anot her enbodi ment, said first pceElAU208/@0HE662
cell, said second cell is a WL2NS cell and said third cell is a primary T
cell. In another enbodinent, said first cell is a primary nonocyte, said
second cell is a WL2NS cell and said third cell is a WLL2ZNS cell. 21 In
anot her enbodi nent, said first cell is a primry nouse nonocyte, said
second cell is a SP2 cell and said third cell is a SP2 cell. In another
enbodi nent, said first cell is a primhy human or nouse nonocyte, said
second cell is a WL2-NS cell and said third cell is a SP2 cell. In one

enbodi ment, the hybrid cell of the invention expresses a desired protein.
In one enbodi nent said protein is an endogenous protein. In another

enbodi nen sai rotejn LS. a feconbinant protein. Preferably, said protein
is a cyt 0&1?{’53 3"3@"‘8‘6% %‘ﬁ)?'ff%‘tt?rrﬁ.lfe t' ?{lganﬁ%%k-%ﬁperbe'ncw-lcﬂf %A pzﬁE%ﬁ?ﬁl‘%\s one
enbodi mentuchatld ipveatiei proivileCSivhifisthod dhgeamatiies celrad grdderiminaplebnpiypd €i n i S

i nterl eukin 2_.Inh%ﬁﬁ.another enbodinﬁnt, s%id g otein is”a rqugtor or
fragment PHEFESE MYORGsme 4 SMmer BRHRYi PRETIOS P OB r Bt Richik & ANUSTUDI e
recept or . etpariedted BRIt ABldma @8iafk PT Oingihdidi cglla human 1-4 receptor al pha
chain. In another enbodi ment said proteinis IgM In yet another

enbodi ment, said proteinis IgG In a still a further enbodi nent said

protein i sn &45hmboliineat) eheeddnardiiv@aNfrom SRl thphoid Nihéhics AlshbRs atsled: b gaper ate the
hybrid cell of the invention is_achieved b¥ eIectri&aL means. | n anot her

enbodi nenfollo¥ineCR g SIPoRDRS GRFePLlE t Hes Highr th ivengionggroyides 3 nvent i on

i s achi everihbY of keBlatiad 2 BRPNpredeRrRingd ﬁiéh@?b@&ﬂﬁprisln@%yﬂ&%ﬁihﬁ@a 6&thinoef the
invention is further hybridised with a cell that expresses a protein of

i nt er est . MyplolEogsiydrihent steaigel miy brmrioudgell grhichcdisplays aylsie pag &f ththe hybri d

cell of tkbelobvmg@tsL@@eﬂs&:@@ccbed,_@ﬁz&;cdsyakaahdﬂ?w&ia&ru.ee i ndividual cells.
I n anot her enbodi nent, said hybridisation used to generate the hybrid cel

of the invention is carried out using three popul ations of cells wherein
each populdeQmbbdimkrtds call ®rHEREbHYT 9hphdA@Ridagels 2 GRd-Ir cLlY RR SmMhtuRENOL ypPES.

cell, a naive T cell, an activated T cell or an effector T cell. As such, the invention provides
a method of generating a cell of predetermined phenotype comprising hybridising a
common myeloid progenitor cell or stem cell, a B lymphoid cell and a T lymphoid cell
selected from a pre-T cell, an immature T cell, a nafve T cell, an activated T cell or an

effector T cell.

In one embodiment, said cell derived from T lymphoid lineage displays at least one of the
following CD antigens CD3, CD4, CDS5 or CD8. As such, the invention provides a method
of generating a cell of predetermined phenotype comprising hybridising a common myeloid
progenitor cell or stem cell, a B lymphoid cell and a T lymphoid cell which displays at least
one of the following CD antigens CD3, CD4, CD5 or CDS8.

In one embodiment, the cell derived from B lymphoid lineage is an immortalised cell. As
such, the invention provides a method of generating a cell of predetermined phenotype
comprising hybridising a common myeloid progenitor cell or stem cell, an immortal B

lymphoid cell and a T lymphoid cell.



22 I n one enbodi nent, said hybrid cell of the invention is enriched for a
particul ar cell type-defining marker to permt the expression of a protein
exhi bi ti nyoaotesiyed post-transl ati onal nodification or pdEsiUR2emd/ 000716
functionality. DEFINITIONS In the context of the present invention, the
words "conprise", "conprising" and the like are to be construed in their

i ncl usive, as opposed to their exclusive, sense, that is in the sense of
"including, but not limted to". Hybrid cell A hybrid cell is a cell that
conpri ses conponents from nore than one genonme (other than zygotes and
their derivatives). It is a cell that18s constructed froma somatic cel
hybri di sation (or a whole cell hybridisation) of, for exanple, two or nore
bi ol ogical cells (parent cells). The parent cells can be obtained from

ei t her of I bve @etdinhent) eleege]](doriveipiean é‘slymplroifhlinﬁagé araantnnortabsad ecl(. OAs
species). The sang,l i.ne and, specjes is
ubbeq: auftsiny By Tt Browidet Erhfog SCRFRFun 1 A aTeeerEng BREGHES

het er o- hy bdsmphsu@mylﬁndlsmg raeblnrrAnoﬂmemr pogattol cdlisorastenacdli, kiR lyalphyid peidduced
hybrid cell with a 0 inating fromtw or nore different species.
C}oss-lin@%ﬁ@“ﬁ?ﬁ??gFgﬂﬁﬁo' goss lineage hybrid cell is an artificially
produced hybrid cell with a genone originating fromtw or nore cells

derived fromdifferent cell |ineages. tqpoietic cells for ex are
vt ded 1t 81 G e et B L dnse SEIEUET SoRumRIO el | o)
and mnyel okiskué.MBOKIYH, Bfie AVEINIIBACHTOENRIE frethd @ W leORAdtIng ,a MS&nhbde&rﬂmdd

eosi nophils, erythrocytes, ﬁggakar yocyt es/ pl atel et s, ndritic cells). 23

Tr - hybri dPEfé'PTYP?ACP‘PP“%Pde gl a P%‘“‘aﬂ“ apeiedq E’i(’&?‘]'?f ﬁf—"gaﬁéféﬁ' bR cel |
with a geneiphoRIceDusdlel ROmfIVAPAJiIdTiRE: £ifdlal Slymphoid cell.

In one embodiment, said cell derived from T lymphoid lineage is derived from lymphoid
tissue. As such, invention provides a method of generating a cell of predetermined
phenotype comprising hybridising a common myeloid progenitor cell or stem cell, a B

lymphoid cell and a T lymphoid cell derived from lymphoid tissue.

Where the B or T lymphoid cells included in the method of the invention are derived from
lymphoid tissue said lymphoid tissue is preferably selected from peripheral blood, cord

blood, spleen, bone marrow, thymus, tonsils, adenoids, and regional lymph nodes.

In one embodiment, at least one of the cells included in the method of the invention is a
human cell. It will also be clear that the method of the invention may include cells other

than a human cell for example a mouse cell.

In one embodiment, the cell derived from a common myeloid progenitor cell is a K562 cell.
As such, it will be clear that the invention provides a method of gencrating a cell of
predetermined phenotype comprising hybridising a K562 cell, a B lymphoid cell and a T
lymphoid cell.

In one embodiment, the second cell or the third cell is a WIL2NS cell or a MOLT4 cell

respectively. As such, it will be clear that the invention provides a method of generating a



Stabl e When referring to a cell, the term"stable" denotes a cell's
capacity to denonstrate a consistency of a given growh or productivity

par anmet erwoaniccn®pst ency of the cell line's product chacacoioznoTs with
i ncreasing generation nunber. \Wen used in reference to a stable
transfectant it denotes a cell line that expresses a trans-gene at a

relatively constant |evel substantially indefinitely. Somatic cell

hybri di sation In the context of the present application the term"sonmatic
cell hybridisation” refers to a process in which one single viable cell is
created fromtwo or nore diploid (nondganete) cells (parent cells) in such
a way that the plasnma-nenbranes of the cells are induced to be in good
contact, a reversible breakdown of the plasnma nenbranes of the parent cells
at the poceit ofgifredecennmed phenotyparednipridmg ts brydidimglal casimanshyélbid pesdenitdresll or

organel |l es_of each r el | e C i wi.thin the envegl ope of ' the
oy 1 or AEteEeRbReRHERS cchiad adFpoReN ek Shéoriafeb o FoVBeibaana

hybri di sle_dfgﬁleﬂatifagla Et_}m);]ﬂpdedetehﬁin;d%}ﬁmtplﬁ domphising Byb_md'fssgemo@?hdn"m%eﬂﬁiaalrs to an
unspecialised.cell with a c city.to divi tosis and to develop into
a range oPm&F'f"PéF%lrf’trS'i?@l“le”’tz\?%g'él?pﬁ’é'fiéﬁlulﬁ‘&"}Igl%rfra‘g}cnmcl ude enbryonic stern
cells, "adult" stemcells derived fromunbilical cord or stemcells derived
from adulﬁs. Stemcells include cells tgal’it‘ have an unlimted Eapacity to

di f f er ent iBe% §phodiman. theglist qegdpa Kop2 celbthesispericell dy 3 VLG peledlditee al so may
i ncl ude celildsell Ratmereskéim ted in their capacity to differentiate into
specialised cells, for exanple pluripotent, nultipotent, oligopotent or

uni potent stemcells. 24 Inmortalised cell The term"imortalised" cell
refers torpafetlel eMbddifedtane HREHRPAKSKY c£10thd REhICBI {1 SR B celitand | | be
clear that an imortalised cell may be derived froman in vivo nalignancy
or enbr yotheapitdgelas 4 rémasy Talli mrortal i sed cel | nmay be derived by perforning
an action on a cell that induces a capacity for indefinite growh. These
actions may include, for exanple, in vitro transformati on processes eg the
i nt r oduct fbapagier gmbedimgetn i fyicqell ds a mpigraey hurgky mondcyigsthe sevnd el i an vi r us
40 (Sv40) i s El B, and human papil | omavirus
(HPV) E6 gﬁéﬁg%aﬁﬁdg&%@??géel{lg?pg}rqérlyafmr]r%r"t alised cell nmay be derived froma
cell via expression of the tel onerase reverse transcriptase protein (TERT)
or ot her I . i I ; LN which
oncogene gﬁ %{rz)zhseg ielg;ﬁ&{]%lgﬁtb@g g]rérirg%ﬂll ? 3 %@mﬁm ﬁag |nIg§3 (rg 31 ‘6@%’?}1}15 %%ﬁhjlé’stgée rived
from any sesondeeltihatVILiNb cdland theahiadiellyis 4§ primargdiedhamT el gr owt h i ncl udi ng,

but not limted to, UV exposure or spontaneous transformation in which the
mechanismfor immortality is not known. Myeloma cell The term "nyel oma

cel I " ref &rsotigr anbadiingmathe firsotelhispl I8 @ecelethé sechlydoealidie meW H2eIStogH amd
"“hybridomg’ .r.ef e to.a cel| which is produced by the hybridisation of a
nyel oma gg]eltﬁlpgﬁqlzsﬁrgg‘w% 81rl'i ved fromthe spleen of an inmuni sed ani mal.
Hybri domas are immortalised cells wwth a capacity to produce nonocl onal

anti bodi i still a further embodiment, the first cell is a primary mouse monocyte, the second cell is

an SP2 cell and the third cell is a primary mouse T ceil.

In certain embodiments, the B cell and the T cell express CD5. In alternate embodiments

the B cell expresses CD20 and CD72 and said T cell express CD4 and CD8.

In certain embodiments, the hybrid cell generated by the method of the invention is further
hybridised with another cell. Wherein the other cell may be, for example a stem cell or a

progenitor cell.



Phenot ype The term "phenotype"” refers to the physical characteristics or
nor phol ogy of a cell. For exanple it may relate to a particul ar cel

| i neage, woromxanpbe | ynphoid or nyeloid |ineage. Altermrariatebi/ooohe term
"phenotype” may relate to the expression of one or nore nol ecul es for

exanpl e on the surface of the cell, such as, CD markers or nol ecul es inside
the cell, such as transcription factors. 25 Uncommitted progenitor cell An
uncomm tted progenitor cell is an early descendant of a stemcell that can

only differentiate into limted kinds of cells w thout being commtted to
any specific lineage, but it cannot réhew itself anynore. Conmon nyel oi d
progenitor cell A common nyeloid progenitor cell is a progeny of a

henmat opoi etic stemcell restricted to the nyeloid |ineage and capabl e of
gi vi ng ri &ecdriainginiboéimens gk aregeteniigddeny rdvmeeny t@npoisesgr Gipmicodipina! eedics ophage

progeni tors but not hoi d cel | §. I hoi d. | i heage: derived LI A B
Ymmho o Frip 8 K SEEPH i mbao liy Mo TR JeidF ag b P e inh

| ynphoi d pichg@rill @& cletd thwhé thethbs oBthei ineagen promided ngphtising: theeaiets, any t ype
of Bcells. T hyggho'd Iinﬁage-derived cell AT lynphoid |Iineage-derived
cel | is afyoldaboys: F S

g froma common | ynphoi d progenitor follow ng

its T |ineage £omndcll®hdreih oaid 8GO igayel L depi@edofronl aiC@icbMmitted progenitor
Granul ocyt e- macrophage progenitor cell A granul ocyte-nacrophage progenitor
cell is a progemittor cell originating froma conmon nyel oid progenitor cel

and bei ng comi {ck&fd deD défed Gomnidoamtindy Bpishipogmitbecellj ah@ages but not to
nmegakar yocyte and er throig | i neages ) )
a third cell derived from a common lymphoid progenitor cell,
to produce a hybrid cell and exposing said hybrid cell to thymic stromal cells, a cytokine, a
growth factor, an immunoglobulin, a receptor ligand or combination thereof such that said

hybrid cell becomes said cell of a predetermined phenotype.

In certain embodiments, the cytokine or growth factor included in the predetermined
environment is selected from the group consisting of IL-2, IL-3, [L-4, 1L-5, IL-6, [L-10, IL-
1beta, IL-7, IL-23, TGF-beta, M-CSF, GM-CSF and IFN-gamma.

In certain embodiments, the immunoglobulin is selected from the group consisting of anti-
IL-4, anti-IFN-gamma and anti-CD3/CD28.

In certain embodiments, the receptor ligand is Flt 3 ligand or CD40 ligand.

In another aspect, the present invention provides a hybrid cell generated by hybridisation of:
a first cell, wherein said first cell is a stem cell or a cell derived from an
uncommitted progenitor cell;

a second cell derived from a common lymphoid progenitor cell; and
a third cell derived from a common lymphoid progenitor cell,

and wherein said first cell is not a myeloma cell.

In one embodiment, said second cell is a cell derived from B lymphoid lineage and said

third cell is a cell derived from B lymphoid lineage.



Megakar yocyte-erythroid progenitor cell A negakaryocyte-erythroid
progenitor cell is a progenitor cell originating froma conmmon nyeloid
progeni t owvoceld14a¢%d bei ng commtted to the negakaryocyt ecamdizeronbimei d

| i neages but not to granul ocyte and nonocyte |lineages. 26 Pre-B cell A

pre-B-cell is a developing B cell at the stage when the heavy chain of
menbr ane bound IgMis expressed with surrogate light chain. Immture B cell
An immature B cell refers to a developing B cell in bone marrow where at

t he reconbi nati on stage of antibody |oci VJ are rearranged on L chains and

VDJ are rearranged on H chains | gMrebteptor expression is exhibited. Naive

B cell Anave Bcell is a mature B cell that has differentiated and matured

i n bone marrow t hrough random gene rearrangenent of its surface

i nmunogl omﬁnbrherbamm:lmtenhagid yebnecdios atdl datived fnatke lyanphoid dincagn andhsid

peri phery,, . vat e ted B cell is atype of mature B cell

t hat has Ehr'{gﬁﬂ relgd?rfvggl%@ﬁn]y lté‘h‘%, eé‘ﬁel n the periphery through antigen

recognition via BCRresulting in a corrbl nation of clonal proliferation and
el entl t| 0 cells in ent I ndependent

t i |
renmer - cPteltbly S Bl Fe 8o BeRE Rk B bl Be b RERE eohs i o
ant i body &ecdlel ltlfagthplua&ﬁﬁombvhdesa ttypie clf g@hmtetl blthV/BﬁHI:Btlﬁxebfa wdihdn secr et es

ant i bodi es cific.to articular anti 1 as pl et hora of
cyt okKi nes‘“@’%gﬁdﬁ%eé't%ft ?Fi'r e Fieg wrh p ‘g %’l 8&@ cells?” The fmvéntion 2150
provides a hybrid cell generated by hybridisation of a common myeloid progenitor cell, or a

stem cell, a B lymphoid cell and a T lymphoid cell.

Preferably said cell derived from a common myeloid progenitor cell, is a myelomonocytic
progenitor cell, monocyte, macrophage, eosinophil, neutrophil, dendritic cell or basophil.
As such it is clear that the invention provides a hybrid cell generated by hybridisation of a
myelomonocytic progenitor cell, monocyte, macrophage, eosinophil, neutrophil, dendritic
cell or basophil and two B lymphoid cells. The invention also provides a hybrid cell
generated by hybridisation of a myelomonocytic progenitor cell, monocyte, macrophage,

eosinophil, neutrophil, dendritic cell or basophil, a B lymphoid cell and a T lymphoid cell.

Preferably said cell derived from a common myeloid progenitor cell displays at least one of
the following CD antigens CD16, CD15 or CD14. As such it is clear that the invention
provides a hybrid cell generated by hybridisation of a common myeloid progenitor cell that
displays at least one of the following CD antigens CDI16, CDI15 or CD14 and two B
lymphoid cells. The invention also provides a hybrid cell generated by hybridisation of a
hybrid cell generated by hybridisation of a common myeloid progenitor cell that displays at
least one of the following CD antigens CD16, CD15 or CD!4, a B lymphoid celland a T
lymphoid cell.

In one embodiment, said cell derived from a common myeloid progenitor cell is a
monocyte. As such, the invention provides a hybrid cell generated by hybridisation of a
monocyte and two B lymphoid cells. The invention also provides a hybrid cell generated by

hybridisation of a monocyte, a B lymphoid cell and a T lymphoid cell.



Menory B-cell A nmenory B cells is a long-lived B cell formed from an
activated B cell that is specific to the antigen encountered during the
primary iwounw/memponse and capabl e of quick response f ecrawizog/moaecond
exposure to the same antigen. 27 Plasnma cell A plasma cell is a termnal
post-mitotic, short-lived cell of imune system which differentiates from
a B cell upon stinulation by CD4+ | ynphocyte (Th cells) and secretes a

| arge anount of antibodies. Plasticity The term"plasticity" refers to the
ability of a cell with a given genotype to change its phenotype, the change
may be in response to changes in the &€hvironnent. Pre-T cell Pre-T cell is
a developing T cell at the stage when VbDbJb is conplete and TCR beta chain
is expressed in a double negative (CD4-CD8) T cell (CD3+). Immature T cell
An i mmat uire afotiee embbdimantl eaié |cof)i degvell T@hla wdmrodn hezslo'rdi g'o&mﬁdr telbim bone

.h h d th
Sl cot i onPHIP; Pecket EkaPlog R ach Tyt b PEBG PG hrobditate n « ne

cont ext oferestdd- b}ajk@bndﬁsmbmaﬂna)@hmar)d myyloﬁﬁmpﬂyaa( p(rcbgeﬂitcﬁ) cdiioheic we B or

d th | | hel | i ol I
inder 00 AT T Ok kBB g1 !

mol ecul esprimayp@elomotbiytic ptogea@e caipaBI limFHaid detl an@ s HegngHeaneilypi cal |y by the
| oss of expression of one of the co-receptor nolecules, CD8 or CD4. Naive T

cell A nave T cell is a mature T cell that has differentiated in bone

marr ow, and ofidl @GBSEMmet] yalﬂlrbéﬂr@ﬂﬂai fibe PQSiioviemdlgid neeghitecdlr acasses of
central sel ection |pthe with re-agreenent o CR and Jéfss of
0

one of t hEnBIAERksllo A Aol d St Bt thh A oReS Wdeéﬁé‘éﬂﬂﬂ‘é‘;‘r@a“eéﬁ%
antigen i ﬂyﬁrﬁﬂ%aﬁ&lr bPhEidmortalised cell selected from a myelomonocytic progenitor cell,

monocyte, macrophage, eosinophil, neutrophil, dendritic cell or basophil and two B
lymphoid cells. The invention also provides a hybrid cell generated by hybridisation of an
immortalised cell selected from a myelomonocytic progenitor cell, monocyte, macrophage,

eosinophil, neutrophil, dendritic cell or basophil, a B lymphoid cell and a T lymphoid cell.

In another embodiment, said cell derived from a common myeloid progenitor cell is derived
from spleen, peripheral blood, umbilical cord blood or bone marrow. As such, it is clear
that the invention provides a hybrid cell generated by hybridisation of a common myeloid
progenitor cell derived from spleen, peripheral blood, umbilical cord blood or bone marrow
and two B lymphoid cells. The invention also provides a hybrid cell generated by
hybridisation of a common myeloid progenitor cell derived from spleen, peripheral blood,

umbilical cord blood or bone marrow, a B lymphoid celland a T lymphoid cell.

In another embodiment, said cell derived from B lymphoid lineage is a pre-B cell, an
immatt_;re B cell, a naive B cell, an activated B cell or an effector B cell. As such, it is clear
that the invention provides a hybrid cell generated by hybridisation of a common myeloid
progenitor cell or a stem cell and two B lymphoid cells selected from a pre-B cell, an
immature B cell, a naive B cell, an activated B cell or an effector B cell. The invention also
provides a hybrid cell generated by hybridisation of a common myeloid progenitor cell or
stem cell, a B lymphoid cell selected from a pre-B cell, an immature B cell, a naive B cell,

an activated B cell or an effector B celland a T lymphoid cell.



28 Activated T cell An activated T cell is a T cell that, through
engagenent of both TCR and CD28 on the cell surface by the Mjor

Hi st oconpabi2bid/i4tgpoconpl ex pepti de (pepti de: VHC conpl expcamad2iBio/oents | y
menbers on the antigen presenting cells respectively, is set on beconm ng an
antigen-specific effector T cell Effector T cell An effector T cell is a
type of short-lived T Iynphocyte that is able to respond i medi ately upon
contact with cells bearing the appropriate peptide: MHC conpl ex for the
cell. Tratudifferentiation The term"transdifferentiation” refers to a
process which takes place when a non-d48emcell of particular type
transforns into a different type of cell or when an already differentiated
stemcell creates cells outside its already commtted differentiation

pat hway. BRoiEFenbESBRNE T4 iDNTERorTRE: IFis@uRESedrgperénded Bleell bf a plasmoesland

sort-purif,ied 71+ K562 cel.ls. FEiqure 2. FA rofil.es of 15 and CD71
positive @65 Chg& & ;ve%hoj] par%\ﬁgegxe} Eﬁ@gl ile”l%f‘d}gfg% d g),y ?hdfbﬁlglsat& L ENPT"Ehed K562
cel | popubatianprogmétopadli dristen Edl afdDbo § Rinphedl @iy seleded By mraa-aarigdnysi s of
CD15 positjve K562 cells follow two months in culture. Figure 3.Sorting
of Cobas eiredasBebl et f pbfnt it o B ERB e e AV ek BNEd Biar “ce | <
after 48 hghtidssatioh dthecoaimiontfigloid progenitor cell or stem cell, an antigen-experienced B-

cell or a plasma cell and a T lymphoid cell.

In one embodiment, said cell derived from B lymphoid lineage displays at least one of the
following CD antigens CD19, CD20, CD72 or CD5. As such, the invention provides a
hybrid cell generated by hybridisation of a common myeloid progenitor cell or stem cell and
two B lymphoid cells which display at least one of the following CD antigens CD19, CD20,
CD72 or CD5. The invention also provides a hybrid cell generated by hybridisation of a
common myeloid progenitor cell or stem cell, a B lymphoid cell which displays at least one

of the following CD antigens CD19, CD20, CD72 or CD5 and a T lymphoid cell.

In one embodiment, said cell derived from T lymphoid lineage is a pre-T cell, an immature
T cell, a naive T cell, an activated T cell or an effector T cell. As such, the invention
provides a hybrid cell generated by hybridisation of a common myeloid progenitor cell or
stem cell, a B lymphoid cell and a T [ymphoid cell selected from a pre-T cell, an immature

T cell, a naive T cell, an activated T cell or an effector T cell.

In one embodiment, said cell derived from T lymphoid lineage displays at least one of the
following CD antigens CD3, CD4, CD5 or CD8. As such, the invention provides a hybrid
cell generated by hybridisation of a common myeloid progenitor cell or stem cell, a B
lymphoid cell and a T lymphoid cell which displays at least one of the following CD
antigens CD3, CD4, CD35 or CD8.

In one embodiment, said cell derived from B lymphoid lineage is an immortalised cell. As
such, the invention provides a hybrid cell generated by hybridisation of a common myeloid

progenitor cell or stem cell and two B lymphoid cells, at least one of which can be an



Figure 4. A FACS profile of unbilical cord bl ood nononucl ear cells stained
W th nmouse anti-human CD19 and nouse anti-human CD5 anti bodies. Figure 5 A
FACS pr ofwbeomfi4m®nonucl ear unbilical cord bl ood cells gCaiaediwiootienouse
anti-human CD3 and nouse anti-human CD5 anti bodies. Figure 6. A FACS profile
of bone marrow nononucl ear cells stained with nouse anti- human CD20 and
nouse anti-human CD72 anti bodies. 29 Figure 7.A typical FACS profile of
tonsil ar nononucl ear cells stained for CD3 and CD54. Figure 8. The presence
of IgMand 1gG positive cultured |ynphocytes; (A) after 5 days in the
culture 18% of CD19+ cells were IgM pd8itive and only 1% had detectable 1gG
on the surface and (B) after 10 days, the percentage of |gM positive

| ynphocytes reduced to only 2% whil st the percentage of 1gG positive cells

i ncr eased immortd %l FiTheie@idBAGS Profdsl 2bytoil €D gengrated by bytgidimtidfiT & KMW cel | s

and sorting L& QNHid Pogdlilol RLR: LACUA YR fnfiSitel PR Wand 2 T

Iymphoid cell.

In one embodiment, said cell derived from T lymphoid lineage is an immortalised cell. As
such, the invention provides a hybrid cell generated by hybridisation of a common myeloid

progenitor cell or stem cell, a B lymphoid cell and an immortal T lymphoid cell.

In one embodiment, said cell derived from B lymphoid lineage is derived from lymphoid
tissue. As such, the invention provides a hybrid cell generated by hybridisation of a
common myeloid progenitor cell or stem cell and two B lymphoid cells derived from
lymphoid tissue. The invention also provides a hybrid cell generated by hybridisation of a
common myeloid progenitor cell or stem cell, B lymphoid cell derived from lymphoid tissue

and a T lymphoid cell.

In one embodiment, said cell derived from T lymphoid lineage is derived from lymphoid
tissue, As such, invention provides a hybrid cell generated by hybridisation of a common
myeloid progenitor cell or stem cell, B lymphoid cell and a T lymphoid cell derived from

lymphoid tissue.

Where the B or T lymphoid cells included in the hybrid cells of the invention are derived
from lymphoid tissue said lymphoid tissue is preferably selected from peripheral blood,

cord blood, spleen, bone marrow, thymus, tonsils, adenoids, and regional lymph node.

In one embodiment, at least one of the cells included in the generation of the hybrid cell of
the invention is a human cell. It will also be clear that the hybrid cell of the invention may

include a cell other than a human cell for example a mouse cell.

In one embodiment, said cell derived from a common myeloid progenitor cell is a K562

cell. As such, it will be clear that the invention provides a hybrid cell generated by



Figure 10. Expressions of CD4 and CD19 on primary m xed spleen | ynphocytes,
popul ations of sorted CD4 and CD19 and a resulting HTS-KBT cell line; (a)
expr essi omoabioddsand CD19 on primary spl een | ynphocyt eectu2puviooseprofil e
of sorted CD19+ cells (98.1%; (c) purity profile of sorted CD4+ cells
(96.8%; (d) co-expression of CD19 and CD4 on HTS-KBT cells. Mire than 99%
of HTS-KBT cell popul ation co-express markers for both B and T cells.
Figure 11. Expressions of CD 19, CD3 and CD5 on HTS-KBTAE |ine derived from
one imortal nyeloid and two prinmary anti gen-experienced |ynphoid cells:

(a) expressions of CD19 and CD5 on HTZUKBTAE cell surface; (b) expressions
of CD3 and CD5 on HTS-KBTAE cells. Figure 12. Surface expressions of CM,
CD8, CDr72 and CD20 on HTS-KBTDP cells derived fromone imortal nyeloid and
two pri mahybridisatidrootia d&i6R sellend vea B lyorphtid rvellsyal howmveantghnt aﬂgonmsvidésaa

expressi o of the HT |ons of
D1 and Cpstssi Rt poeR DG o icoRp el M RT b R e HERE R

on the suﬂ)ﬁlameld@iali.HTSKBTDP. Fi gure 13. CD expressions on the surface of
HTS-WIM cel | s originating from nyel ononocytic progenitor cells; (A
tri-colour staining with CD19, CD4 and CD15 and (B) tri-col our staining

w t h CD34 ok <aibbdinckat, ismeded‘ond)mlhyxedainlnﬂ:fﬂd)eylt isca willcpenediior aMOLCB4eler i ved
fromeffector .T cell ur, representativ t ai ile for
o Con 6 g st etk vl By b e iR RGO s el e e 12
after 8 daytsidisatidzDgf a)b(ﬁmamyp@elprdogmgdnn@ @ihivd rrseani el aMEQNSl&ﬂl%ndfa Tells

retai ned a e mark r on their cell surfac tlve cH4
ol 1's) - NDAMEEARRT o PEHERgL A0 Oy byl oo K eies o By BRaba cel | s

r epr esent eeind8Yemoethidpkogehdrickingr saopedliad BaympdtBiettahdg MOLTMARY of triple
positive CDI 5+CD19+CD4+ cells; in HIS-KBT, it reached 50% out of initial
100% doubl e positive CD19+CD4+ popul ation; in HTS-KBTAE. 1, it reached 61%
out of 1009brelehibb&imRAS bdid Mt M3+ CISHidReRIAH aéll RR; WILRNISTSH KidlTAR. 4, it
reached 74%out . of injtial 100% of CD3+ cells; in HTSSWIM 1, it reached 82%
f r om 10098'tcipl & P81 ¢l cD15+CD19+CD4+ popul ation: arid in HTSWIM 7, 71%
of cells becane single CD4 positive cell s from 100%tri pl e positive

popul ati on of CD15+CD34+CD4+ phenot ype. gure 15. A representative staining
profile f&tancther er@mign%cfalé@i% celhis 6?<Bqlbﬁﬂligece%n tellriva pirers Biosdosdf cells
stai ned posi HiMQcll Rfa gridiity £E8. af ter 14 days of exposure to CD8+ pronpting
environnent. Not shown in the Figure, in KBTAE. 1, the nunber of single
positive CD8 cells reached 53% from 100% triple positive CD3+CD19+CD5+
popul at i oy ado'fheK@H;@tﬁinﬂent' §a1cf ﬁ]@?&@lqs stm‘/fh{%? hesh 1%5&'3}1@0591@ skl &GO+

popul ation; 1n DP. In 4, these nunbers were 72% and
86% out oWL%W&M@%#@Z@MWE@%ﬁE cefb4 +CD8+CD20- CD71" popul ati ons,
respectively. Figure 16.Intracellular production of human IL-2 and human

IFN-y in single positive
In another embodiment, said first cell is a primary human myelomonocytic progenitor, said

second cell is a WIL2NS cell and said third cell is a primary human T cell.

In another embodiment, said first cell is a K562 cell, said second cell is a WIL2NS cell and

said third cell is a primary T cell.

In another embodiment, said first cell is a primary monocyte, said second cell is a WIL2NS

cell and said third cell is a WIL2NS cell.

In another embodiment, said first cell is a primary mouse monocyte, said second cell is a

SP2 cell and said third cell is a primary mouse T cell.



CD8 cells of HTS-KBTAE. 4 (A) and HTS-KBTDP.12 (B) cul tures.

Wi | st bot h

cultures contained cells producing 1L-2, IFN-y or both, HTS KBTDP. 12

cul ture haoaami4d®or ange of production levels for |L-2, pcm/aauntooastiét he
HTSKBTAE. 4 cul ture exhibited a wi der range of IFN-y concentrations. Figure
17. Typical profiles of intracellular perforin and granzyne A in single CD3
positive cells of HTS-KBTAE. 4 (A) and HTS-KBTDP. 12 (B) cultures. 31 Figure

18. Typi cal stainings of HTS-KBTAE. 6 culture with anti-CD19,

anti - CD4 and

anti-CD15 anti bodies after 7 days in a B |ynphoid pronoting environnent.
Fi gure 19. Adherent nor phol ogy of cell 3l generated fromHTS culture after 8
days in a nmacrophage perm ssive growh nmedium Figure 20.Profile of CD19,
CD15 and CD4 expression on HTSSWIM 4 cells after 8 days in macrophage

per mi ssi vén grothet kmhetimenh siibiishegllsisralprinpeyr menteagmooyte,celdl sscadickll iposi ti ve

for C4 a@gzgghﬂgS&gg#%ﬁ£@%§%%%ggunyelonDnocytic CD15 marker on the surface

whi | st | oSi ng expres

conpletely. Figure 21. Expressions of

macr ophage-|i ke markers on the surface of HTS-WIM 4 cells after 8 hours in

et ophags, RS ahfindl MRl B o BLAHE St EIRAREHLASLE. Qg 1008, N

m cr ospheres I've macropnhage erive
af ter 8 daslbisb Wiy Oiage sqicthird ssll sa SPAvel.onment .

cul ture

In one embodiment, the hybrid cell of the invention expresses a desired protein. In one

embodiment said protein is an endogenous protein. In another embodiment, said protein is a

recombinant protein. Preferably, said protein is a cytokine eg a colony stimulating factor or

an interleukin. In one embodiment said protein is GM-CSF. In another embodiment, said

protein is interleukin 2. In yet another embodiment, said protein is a receptor or fragment

thereof. In yet another embodiment, said protein is a soluble receptor.

In one embodiment, said protein is a human IL-4 receptor alpha chain.

In another

embodiment said protein is IgM. In yet another embodiment, said protein is IgG. Inastilla

further embodiment said protein is CD54.

In one embodiment, said hybridisation used to generate the hybrid cell of the invention is

achieved by electrical means. In another embodiment, said hybridisation to generate the

hybrid cell of the invention is achieved by chemical means.

In one embodiment, the hybrid cell of the invention is further hybridised with a cell that

expresses a protein of interest.

In one embodiment, said hybridisation used to generate the hybrid cell of the invention is

carried out by hybridising three individual cells.

In another embodiment, said hybridisation used to generate the hybrid cell of the invention

is carried out using three populations of cells wherein each population includes a plurality of

identical cell types or phenotypes.



Fi gure 23.Production of nitric oxide by LPS stinulated HTS-WIM 4 cells
after 8 days in a nmacrophage perm ssive growh nedium Figure 24. Typica
profil es wh 20031429%d CD54 expression by CD19 B | ynphocyt esToanriwadofis om

HTS- KBTAE. 6 trans-differentiated into T cells by somatic cell hybridisation
with primary CD54+ human T cells. Figure 24A shows the | oss of the CD19
expression by such cells with sinultaneous acquisition of CD3 expression
whereas Figure 24B confirnms the expression of CD54 by CD3 positive T cells.
Figure 25. A representative profile of transdifferentiation of CD3+

HTS- KBTAE. 4 cells after somatic hybrid2sation with CD40 activated |gM
positive B cells showi ng the |oss of CD3 expression and acquisition of
surface IgM Figure 26. RT-PCR transcripts for early B cell devel opnent

mar kers i hn pESWDNingeot, tseid digbrid egtlcbfhd mivernitiat dsdenficld 000 Ppetioriaypeidégs cul ture

of CD 19+ .| s B ' . Of - di. Lent | af i red to
R L e e
up- r egul amodificatfon@Ddesired filnotidnaliffS- WM and an appearance of CD34 in
HTS-WIM 7 32 indicates de-differentiation of mature B cells into B cells
of earlier stages in response to change environnental conditions. Figure
27. A si ngIDEFINITIONSI pul ati on/delivery system Figure 28. A gl ass
m cro-pipette. Figure 29. A micro-electrode. Figure 30. Two parall el
m cr o- el ectrodes.

In the context of the present invention, the words “comprise”, “comprising” and the like are

to be construed in their inclusive, as opposed to their exclusive, sense, that is in the sense of

“including, but not limited to”.

Hybrid cell

A hybrid cell is a cell that comprises components from more than one genome (other than
zygotes and their derivatives). It is a cell that is constructed from a somatic cell
hybridisation (or a whole cell hybridisation) of, for example, two or more biological cells
(parent cells). The parent cells can be obtained from either of the same lineage (or species)
or a different lineage (or species). The hybrid cell created from the same lineage and species

is dubbed auto-hybrid, whereas that of different lineages is dubbed a hetero-hybrid.

Chimeric cell
A chimeric cell is an artificially produced hybrid cell with a genome originating from two or

more different species,

Cross-lineage hybrid cell

A cross-lineage hybrid cell is an artificially produced hybrid cell with a genome originating
from two or more cells derived from different cell lineages. Hematopoietic cells for
example, are divided into two main lineages: lymphoid (T cells, B cells and NK cells) and
myeloid (monocytes and macrophages, neutrophils, basophils and eosinophils, erythrocytes,

megakaryocytes/platelets, dendritic cells).



Figure 31. Two mcro-electrodes in a well of a tissue culture plate. Figure
32. A top-view of a well containing 3 cells internmediate 2 m croel ectrodes.
Fi gure 33waeiodaisnew of the well of Figure 32. DESCRI PPCTMUb 00716
| NVENTI ON A preferred enbodi nent of the invention is further described by
the followng non-limting exanples with reference to the acconpanying
figures. Exanple 1 1. Cell selection, cell manipulation and single-cell
cloning The foll owi ng exanpl es describe cell preparations including
selection and isolation (or sorting) of mammalian cell lines and primary
cells used for the creation of HTS. TR® choice of particular selection
techni que to obtain pure population of cells with specific characteristics
or use of a particular marker (or markers) for the isolation of the cells
of a part fgubvliid pdlenot ype is not in anyway restrictive but rather
| ndli cati Ve QDAY oGk hithARc Y SEife® bR A"k W RIBRAG G5 FAN D dised o
deliver simlar Jr?aesuI S. ??‘Wﬁge‘ﬁéct’(bz‘n C%%‘l cer& rom n@rrltﬁ)?t alﬁ uman cel |
lines Allcéllsmortal cell lines (see below) were grown in suspension culture
under standard (normal) conditions in a CO incubator at 37Cin humdified
5% CO-, atnosphere using nodified RPM 1640 (Roswel| Park Menorial Institute
medi um wsib/eNaHCO3 ( TRH Bi osci ences), 20 nM Hepes (Sigma), 4 rri M
L- gl ut am Si ng,) and | enent with 10% Fpetal calf serum. . FCS, (JRH
Bi osci enc@}e.g rfﬁfr S5 st 3@@39'30? her v?n?agle‘i CAYY flscgg’e iina s dseglgns%tgi tm (TC
medi um dessisicbg@dohepigen grotvie ospradataivity peaineten, bo cansistencyeo fithk celhénd’smor t al
cell lines rimary cancer.cells, prinmacy cell c\%ture .and. est abl i shed
Uri - hybri OSSP PHEE ey M e g GSTeTPIRDSPToSh, WIS B dP dFTe5 Oihe el |
| i nes, pr stasle yranfRear itdehdts asdl [plei thareypregbd S trusa@dnivar € refavivé 1y rcetktann
antibioti s-lfree en i.rge?.neat. However, when there was a suspicion of a high
risk of bS¢tlsPpsantalygrdiinfieltgal contani nati on, 2% penicillin (5000
units)/streptonycin (5 ng) solution (Signa) was included in the standard
medi um Hgman_ce} | ] idytues_ used in this invention are as follows: -

omatic cell hybridisation

In the context of the present application the term “somatic cell hybridisation” refers to a

process in which one single viable cell is created from two or more diploid (non-gamete)

cells (parent cells) in such a way that the plasma-membranes of the cells are induced to be in

good contact, a reversible breakdown of the plasma membranes of the parent cells at the

point of contact is simultaneously induced and the entities or organelles of each parent cell

are combined within the envelope of the newly formed single cell. The newly formed single

cell is dubbed a hybridised cell or hybrid cell.

Stem cell

The term “stem cell” refers to an unspecialised cell with a capacity to divide by mitosis and
to develop into a range of different cell types. Stem cells may include embryonic stem cells,
“adult” stem cells derived from umbilical cord or stem cells derived from adults. Stem cells
include cells that have an unlimited capacity to differentiate into all cell types, ie totipotent
cells. Stem cells also may include cells that are limited in their capacity to differentiate into

specialised cells, for example pluripotent, multipotent, oligopotent or unipotent stem cells.



Common nyel oid progenitor |ineage, K562 (a cell line derived froma human
chroni ¢ nyel ogeous | eukaem a), T lynphoid |ineage, MOLT4 (human T

| ynphobl aso)oswmdiBol ynphoi d |i neage, WL2NS (human B | yrpholai2estopo7id. 1. 1
Single-cell delivery systemCell isolation or sorting, cell manipulation
and single-cell cloning are essential processes throughout this invention.
Here we describe a single-cell delivering systemwhich was established for
mani pul ati ng and/ or cloning a single cell of interest. The cell delivery
system (Figure 27) consists mainly of a glass micro-pipette, a 1 m syringe
and a one-di nensi onal coarse nmani pul albr. Figure 28 shows a gl ass, L-shape
m cro-pipette used for picking up a single cell of interest. The pipette
was nade of a haematocrit capillary tube, 75 millinetres (m) in | ength,
with an olmwmertdise! @ i nner diameter of 1.5 nmand 1.10 mm respectively. By
using hea « he it th an

i nner di a?rhe {e%?go r%rl%e§| ﬁ%ltrg{%% t@%gdggb Cﬁ‘lﬂ?:sftg&n&p wtgtf?} ﬁ?efgﬁgg%ﬁuéh mal | of
the tip owdhppmhmlﬂatehymﬁﬂﬂﬂmﬂitﬁiUMmeskmhmhﬁneUmlThewmmhégmmmdoof t he

m cro-pip n s t I r t (Figure
27), a syfgrlhgr)lg ?%%l nag‘%r?g nt e %ﬁg%d( %%larPA berr&;e(r?lllvgue}’ Qﬁ)rhﬁl%h&?@ ﬁlq turn
nount ed ocelbthatagdmts xcaphatydoy m&efmntﬁgmvﬂlysﬁ“m mroksmayl mlm:lh, far mylptehat t he
pl unger ( e can be, f ver

f orward oV) Y)’%@IE\&%&%IT"}%P% FREEFy oty h'étm%"'cnon Ochmlf1 e d%u ta3 érlpgtem at e a

si ngl e cevirusofEAW); 8masd yirdish4D @\r‘4omgéanngsm ddmwumECAeﬁth:iBL faed thnmmdl fied

d of th ] the f f.l ib
oo on | o Pale s AN B £ g gl it e Soddhe Rgtiviiem ©
sterilisedcdlyvih kxsbisiog osﬂ’M@d‘l@herﬁden‘a&rse3141n$Mlbthseﬁﬁ8rieﬂ|(iEBR©j oradtikr frema | y

filled up.w thout. air bub S Wit a te tissue culture nedi um or
Lol utt on” et E atpialo B dbivel g, SRRGS Rhich gt srgrssiys Bhscbelh

Si ng: e- Cellnlbdﬁlbd)nl[lﬂ@loﬁpl\ﬁé‘tﬁé‘egl@fmaﬁ_‘/ﬂie|cférxflé’cpﬂ%rﬁ&ﬁjﬂ a@ﬁ»hlthdtih:itﬁlcw eapeﬁtyaibl}i sheflI by
single ce oni tec oni.n ulatin single ce

of any bi 5‘96%1‘@%’0‘%@”’?%“‘“% “@3‘2&%!%’ to V| eZpaspre et %@F?“Slt?aﬁgf MABR in this
i nvent i oninl vhiglehe feBiRdiskebOoimmortality iPhotkedwn, suspensi on of K562 cell's were
taken out fromits culture at the | og-phase and deposited into a well of a
tissue culture 96-well|l plate (TC plate, Becton and Di cklnson or BD), which
contalnedA@@gmgcalof TC medi um The well was designated a "cell-storing
wel | ". The plate was placed on an XY m croscope stage of an inverted

m cr oscopgh‘(‘ﬁ%?omé?l‘?m%% reters (o EZ@?I%‘}‘HCYW@(BPS‘P%)“‘SH ngl e cell

mani pul ating/cloning process, a mcro-pipette (Figure 28) was conpletely
filled up with TC nmedi um wi t hout air bubbles. The m cro-pipette, the tubing
and the s{¥bidpgraof the single-cell delivery system (Figure 27) were nounted
on a one- @hmnﬁtmho&g%f%% te%%m)%ﬁh@sr pr()éaceé Bwhbﬁp@rq@amr}f be, By Qsma Pi pette
tip (1) was arrariged 1n such a way t he tip was |ocated in" the centre
of the opetdlcand ¢iRgelbflerived ﬁ‘ﬁ'%rtbﬁséldiﬁél. ofr@n mampm&ﬂda@rémalnd Hybuidranag as¢ ngl e
cel | of Kﬁr% rtdIR& d@l?&ﬁ@?b@%&{ﬁo uld W&ok B mﬂal'aﬁﬁ%dk@e cel | -storing well. By
novi ng the p unger o ri'nge very slowy 1n a sucking direction, a
single cell of K562 was dep05|ted in the mcro-pipette. The mcro-pipette
was retrap%ggﬁ% omthe cell-storing well. By noving the m croscope stage

| aterally fromthe cell-storing well to an adjacent well, designhated "a

cl oni ng wé&hd 'L’ermei‘nhlenbwpshty&eq%trht Ipﬁyﬁiqa‘selvatdctegistﬁdae)r mcgplelqey petat @ lli rFtoo this
cloning wel |, then , rel eased
fromthe ?ﬁ(ac le lp i{e{fﬁe Falanll?étlc\}\l/ké C%a{[;ﬁ" g%/éaor eQadi’ ymd’\ﬂ?ﬁ nT(?"e]r‘fl)(ﬂ]gqulq t he
syringe vaitgrnsti\(aw, ;heltenm aghemmm‘s mag redate eccthle@mresﬂoe o;ﬁonn:egsomfma/lxcu]eslr awi ng a
tSIhgglﬂeOI(’:]Ie Oll' e&éﬁr e\(RIa%he SUI'% pth S Ch a% %%eglgl&()s' ! I eC}.lpie Sld%%g? Fqul |0n|62t 0
per TC plamham&memqhbammeﬂs The clonlng pl ate was |ncubated ina humdified
i ncubator (Thernoline Scientific), operated at 37C with 5% CO2, for a
period of 10 days. The nmediumin each cloning well was replenished with
fresh IC nediumregularly during the incubation period. Cell proliferation
of each clone fromeach 35 cloning well was recorded every 24 hours. At
the end of the incubation period, a nunber of clones of K562 cells were
established. A clone with the highest proliferation rate or the highest

| evel of a marker of interest that expressed on the cell surface, for
exanple, CD71 transferrin receptor on K562 cells, was selected for
establ i shnent of HIS or further experinents. 1.1.3 Sorting of CD71+ cells



As an exanpl e, the nethod bel ow describes a cell selection and sorting of
CD71 positive cells of nyelononocytic |lineage fromK562 cell line using a
fl uor escewoeaonxtdiovat ed cell sorter (FACS). For this purposaUu20000671K562
cells suspended in 100 1.11 of a phosphate buffer solution (Dul beco PBS)
contai ni ng 2% bovi ne serum al bum n, BSA, (Sigma) were incubated in the dark
with 20 p.1 of either phycoerythrin (PE) conjugated anti-CDr1 (BD

Phar m ngen) or PE conjugated isotypic control antibodies |Ig&alc (BD

Phar mi ngen) for 30 m nutes at roomtenperature. The incubation m xture was
diluted with 1 m of PBS and the staiftd cells were collected by
centrifuging at 300 g for 10 mnutes. Follow ng an additional wash with 1
m of PBS, the stained cells were suspended in 1 m of PBS and anal ysed

i medi at ewcwtﬁgifmm@@ ¢eBD FACSCal i bur). Figure | shows profiles of CD71+
cells of + Y and sorted out
(Figure | g?.gg?&ppr 3‘)3(4 ‘?{gg%‘ftg%g%)%z‘ lefa rl%?‘?%‘%"ﬁa’ﬁ %%%'% C%%E ta(‘tqﬁéﬁgvxer e positive
for CD71. diffeesntige ineullirgiedd kindaef eclis evithout beige doramit@O @ apyfspecificdingigeubues and
suspended.i, further experinments. 100 m of suspended
CD71+- sor{ n%ttl%%v?vt\?eerﬁg%l{q%ect ed for purity analysis as shown in Figure

| b. A purity of 99% of CD71+ sorted cells was obtained. Follow ng cell
sorting, Qne?mg’g)ml%l% m em?: ceI%SGZ cell Iine were either used for further
experi nmen f’aceg 15"t h&%cul ture under standard cul ture conditions and
mar ked as A@aﬂﬂnoennyedrhedrdgaﬁ@r cell issu prdgray 98 athemet haicki Dgy celbsswised td o
establish,CD71-enriched WL2 CD71- enriched T4 cultures. 36 1.2

| sol at i on"Sr AT JHEHRSAE| %‘p%@f I Eglw}ﬁ 8%&08@? Feg%aé‘é"ﬁ?"?{%ﬁgawes °tan be
derived f pannlasye/mamnephhgd progeaitombmooy lyimphaiekdllsl i nes or from primary

haemat opoi etic tissues such as bone marrow. Bel ow are exanpl es of isolating
nmyel ononocytic progenitor cells from human nyeloid cell line K562 and from
bone mar rBw»@ﬁBmlﬁ@ageJdeavel{GSEI ection of nyel ononocytic cells from CD71+

K562 cul tyr reth no henot ype of the cells for ceII
nobri o saf Brbvawben e i sl kg col pBETERE Popeheoman AR or DL+
cells usi ﬂgg&ﬁmoﬂming&ssmaaﬂgefcainhmweﬁktbﬁec%afetahy@peQﬁmeu@,nrl ched K562 cells
described in Section 1.1.3 were | abelled with PE anti-hunman CD71 and FI TC
anti-human CDI5 (BD Pharm ngen). |x105 washed CD71-enriched K562 cells
suspendedrll}nnp?y‘,@gmgag@fde}?&ac@gnt ai ning 2% BSA were incubated in the dark
with 20 til _of elthe anti-human, CD71- PE and anti - human CD15-FI TC

ant i bodi e brlymapeid i lipeagedstiyss E‘ﬂh&n?‘fyoFe[bﬁf'FBﬁd’igeg"fBra eprron [¥npoid apel | ed
negative br%@érﬁtﬁiﬁl]&@ﬂéﬁt@'l‘lﬁ%%eQ@Hln%&eﬁﬂé b&@mmaﬂw Soft cdIQOM t enper at ure.
The incubatiron mxturé was diluted with 1 S and the stained cells
were collected by centrifuging at 300 g for 10 m nutes. Foll ow ng an

addi ti onal;NaaRyWlbobndle PleiBmceliNe stained cells were suspended in 1 m
of PBS and analysed imedi ately using a FACS Calibur (BD). A typical FACS
profile i4 ssmgeytermaciophes magenigriest i RipgeHer icell erigina g figies CUDWEBE t he

CDrl-enri ghg !k ﬁae & fo! HE b0 whd b tely
18% expresgegld?&?%gce cCD%S e cer{ﬁﬁs %otse‘?%l veogFg lm‘ﬂ %ﬂ %XHCQETS wer e
gated (Fi gfurtfemwyaram@tes@dteé)dhrouﬂtlmeﬁBI% sorted cells were coll ect ed by
centrifuging at 300 g for 10 m nutes and suspended in 1 nm of PBS for

further experiments. 100p. lof suspended CD71+CD15+ sorted cells were
col | ect edMegrkapiacitt-yrydmeil peigenitdrgb/l owi ng two nmonths culture, the sorted

cell's werg E f.-CD7 n b). The
results i ndﬁ%a?ﬂ%% q’fthr% §8 eﬁl)gg{%gﬁée?@m%gﬂ}%fcgq %ééiﬂ %% engél g@f‘ﬁsgr et ai ned
both CD 7hyend mﬁg‘eﬁltorlwllwa@ bélmgl peint ad tcsmmagakmrjmeyteehdi sryvinoid Hineame$ i er
expressedeO Ptoc'r%?a% eanC(‘iD%mocqettha surface had | ost their 37 CD 15
expression ‘Q@? est?’ PAat conmitment to nyel onmonocytic |ineage

in K562 ceIIs |s not stable and rever5| ble. 1.2.2 Sel ection of uncommtted
and nyel onortocytic progenitor cells fromprimary cells



As an exanpl e, the nethod bel ow descri bes the selection of uncomm tted
cells or cells of the nmyel ogenous |ineage from bone marrow sanpl es obtai ned
from pat iwotzsio4t9voacut e myel ogenous | eukaeni a (AM) . TreTsdreiomeotied coul d
al so be applied to select cells of other |ineages from bone marrow sanpl es
of correspondi ng bl ood malignanci es. Bone marrow aspirates from patients
with AML were obtained after infornmed consent. The sanples were extracted
fromthe patients whose diagnosis of AML was established prior to
conducti ng experinments. AM. nononucl ear cells were isolated using the sane
density gradient centrifugation proceffure as described in Section 1.3.1,
and CD34+ cells fromthe sanples were sorted or isolated using a FACS. To
stain or | abel the nononuclear cells obtained above, 10 Il of a nobuse

anti - humafireePsdl PE anti body (BD Pharnmingen) or a PE isotype control

ant i body _Rh 1 r - gl i of 1x10
nononucl egﬁ)p %gl grgl %g‘g\mso g@rﬁa %%pgng%l %a%eg"%%@?c%é% ?}%E’gérfvng%h%dgﬂ%gﬁ quot ,

t he st ai nlghMisreixpessed withisuriagetgbightedtiaifior 30 mi nutes on ice. 10 mM of ice-cold
stai ning medi um was added to the cell pellet and centrifuged for 7 mn at
350 g and 4C. Supernatants were aspirated and then the cell pellet was

r esuspendéudndiyrefl ¢edki ng t he tube in which a conparable volune of ice-cold
st ai ni ng di um was,added.. The stained ce]ls,were centrifuged apd, washed
once nor eglﬁnm?r%aetgrgo]igdcegt Fﬁfer{ls }r}a ?mqa?’eu?ﬁmgT %e cflzlalb%l lfoéla CEITS Were agggepended in
st ai ni ng reednbinat&ndtagppl anebodydodt ASre réirtappeds@t I cimgnsegop MY rareae@raged | ng

gat es forI§EB4+ Qﬁk{ goPuIationh.th Lce | fractions were collected. The
CD34+ cel % v?/g?l%s &t i ?p%g)épdesgforéﬁ%‘ﬁfm% y or placed in the culture for
enrichnment of myel ononocyt ic cells. 38 For enrichment cultures, 40x103
cells of &hg grBz-enriched cells were plated in 12 well plates pre-coated
with syntH&¥f€®tracellular matrix. The cells were expanded in conplete TC
medi um supptaereBtetl iwatihathré BriveDftha Jasraifeaptioed bah @latr& @Megne narfdV

hydrocortijsone and 20 ng/m of humanp .interl eukin-3 (I1L- and human

7 s ooy SRR BRSPS EeHOr TS AL Db 1 sy mmApaedttulia o g Toh dehe
culture, ¢desumi@td sognme entfodh ihee pephaot ed for CD15 expression using FACS.
For fluorescence-cell staining, a nouse anti-human CD15-FI TC (BD

Phar m ngen) and a nouse anti-human CD34- PE (BD Pharm ngen) were used and a
simlar cgldvoili®@aiing met hod described earlier in this Section was al so
enpl oyed. The stained sanples were anal ysed using a FACS. After setting
appr opr i af'Badbpted Rreddt 2ers ot metpysB srldhatbpsenseuitered, s ognate muigen Bithon
(CD34+CD1§eﬂahé}z thRugFlaRdodaoskd dntnatid BER Srefl@gRt inve SoltinaROPWEaIdRN
(CD34+CD15), the fractions were col|ected. The typical expression profile
and sort i Piglif§eatien andierripm alifferentiatointe Rlesmacoisingy brderesfie o idgnsadeapaa+ AM
cells aftghnf@8 hours in culture is shown in Figure 3. Approxinmately, 54% of
AML nmononucl ear cells tested positive for CD15 whilst maintaining their
CD34 expression, whereas the rest of the cell population retained its CD34
expr essi Oﬁjfé’&&-ga%é?l commtting to nyel ononocytic |ineage. The CD34+CDl5+
cells were” used in experinments for creating a transdifferentiation system
whi | e uncdmefieeterB BB Hoftaal sysonymens wik dn faotibodi sefirétingpdasma aell.ontyex pér i ment s.
1. 3 Isol ati.Qn; ol i 3 :

t ransdi fﬁpgﬂivi%aﬁ %ér{lpgg@%{é%%t?ﬁgemfbeﬁ%sﬁ%%gggstégg}r?pt Cé'%gél?tll%?gés g\;e'tl]haésra from any
type specplftherajofrmpekings te edage etherfeellsmfminmes systepaphocyt es. The preparati on
of B and T |ynphocytes derived fromimortal WL2NS and MOLT4 cell Iines,
respectively, was described in Section 1.1.3. The primary |ynphocytes can
be i sol at #dmbmydiwadny | ynphoi d ti ssues such as peripheral blood, cord bl ood,
spleen, b nar oW, t hynus,. t.ansi a regignal .l odes...As a first
sFep. "l PATSARG B bR R B Bt Ben o b e SRl & R R 5 S0
1. 3. 1. | sit attigen emdfouintemed duringtbe prih@ g immehd wsfongmnb onabkeaif faivk repgmspher al

bl ood or ﬁﬂ?' lical cord blo Per i phﬁr al bl ood sanples were collected from

d
heal t hy i RaPVI"ddare artrary s ﬁ‘%??ﬁ&?a& #&ent. Each bl ood sanple was col | ected
in heparinised tubes (Vacutainer, BD), pooled, and diluted in RPM | 640.



Human bone marrow aspirates were obtained from patients who underwent bone
mar r ow bi opsi es and had nornal bone nmarrow w t hout any bl ood abnornmalities.
The sanplwe 2osve@i1dn| uted at a ratio of 1:3 with RPM 164@cTHurrerv/oonmis| i cal
cord bl ood sanples were obtained fromnormal full-termvaginal deliveries
after informed consent. Each cord bl ood was collected with a heparinised 60
m syringe after delivery of the infant and ligation of the cord, prior to
expul sion of the placenta. Each sanple was diluted in RPM 1640. Peri pheral
bl ood nmononucl ear cells (PBMCs), bone marrow nononucl ear cells (BMMCs) and
unbi li cal cord bl ood rmononucl ear cel | 37 (UCBMCs) were prepared by density
centrifugation over Ficoll-Paque (Anmersham Pharmacia). In brief, 10 m of
Fi eol | - Paque were | ayered under 20 nml of cell suspension using cannul ae
tube attaéledard/ a 20 nl syringe. The sanple cells were centrifuged at

1, 700 rpmy( ) 4 ! ) C N el.hs 4t i f wer e
col | ect edAaéggmvxgsc gg,g ianQ%%]nﬁrt‘)g% rﬁ&ﬁf’l%l}?gp@fﬁc%ﬁt (r)# pﬁ%gﬁ lcsz))aﬁeat’ gﬁgjbo rpm
(1, 000 g) difforentigesfrombdscellTipen stipdativattar@D4tdgmpliosyta(Hecellanahdpedrtet 2d cel | s
were re-s i of RPM 1640 and centrifuged at 1,300 rpm (400 g)
for 10 m %E%gag%% defqlrjtée]hj d%}'ood cells and platelets were renoved by lysis
with 0.83% (wt/vol) NHACL and a second centrifugation over Ficoll-Pague

di |l uted aty a.r tio of 1:2 with PBS, respectively. The isol ated nononucl ear
cel I's were 04y for culturing or analysis and sorting into cell specific

f ract i ons ThéramdiplaatidigCSefert o hd alllityl fod edli with af gitunnganotyps endiahgaits cel | s
fromsolid | ﬁ&?hﬁﬁ d,ti ssueg) The net t}od bel aw descri bes the procedure used
in this i RVERPPSANGLPIE° D De b sReBrfaR GRnsss 1 ¢ DL SRl s pl een. The sane
met hod can be used for isolating nononuclear cells fromthynus, tonsil or
regi onal | ‘nEh odes. A nethod for cell staining and sorting is also given.
Spl een saf%&l' €lyer e obt ai ned from or gan transplant donors follow ng the

nat |h onal eteET edl is guiﬂajpﬁﬂgﬁgﬁlﬁt G%lg&geiyhlsmyBBFﬂ,b i@&ﬂ:ﬁlﬂ%téﬁrﬁi”ﬁttlylb&aléhﬁnx 3 Em ]
each, were kept at / ) . unt tion of the splenocytes. Eac
bl ock was‘sc?ﬁi["%?sﬁ‘?glas H‘g “Egaé‘ﬁ"eé:%%@ggbh CFIL& h of a sterile sieve using
the plunger of a syringe. The cells were then dissociated enzymatically by
digestion with 20 U ml type VII collagenase (Sigma) and 20 U m DNase

(Si gma) i A"EEWsI e medi um for 30 ninutes at room tenperature. The cel |
aggr egat eanuRr@ntdIT tdIPk a dbwsiPiigat &4l Wiich RS naighdict ifQM e Eabwit@ g n 10mMv
and agitation for 5 minutes at roomtenperature. The splenocytes were then
washed wi P¥ @8 het eenarlpiediithenierariapgenest ot 8p TERz phutlpetionifgieds iIT6R Rinding

r e- suspenggdoityio REWpe kRO preRA 8n BRNGhikidTSe Mnfhjdd AistRbhBAibiIRY toAgIex MOl ecul e
expression conpared to non-enzymatic di ssoci ation procedures (Mllroy et al
1995) . Sp(MER) misksHlge oe apdesgang sopmitaenisis) e dakidlerops THelper Spgagssordicl
SUSpensi opSirdpc PROBLY Ywit g%@ptml‘aeﬂ}euﬁthsg@&wam REICIBRGT | BEH mBleRR&L i on
1.3.1 except for the renoval of red blood cells. The spleen nononucl ear

cel | s wer Espastivaly Jdrraar] commitmgat i a@rled Pheratypicalin b rhe loss ehexpaessiadofist ed to
1x106 cel ] .l |-y, above 98% as determ ned by trypan

bl ue excl hiﬁﬁlﬁeéﬁ@@?@r}n@é‘c@%,?g%) Y\%u?fure B cells and helper T cells from
human spl eens and peri pheral bl ood The tissue sanples were initially

pr ocessenggegogMact t he nononucl ear cell popul ation as described in
Section 1.35.1 and Section 1.3.2. Fluorescence-cell staining followed by

cel | sort Ampiveals cdlhisra panfedl pabitheii lak idiffedenhiatad sn binetrherovs @hdisicorssiofly t he

nmononucl e opulation T I re end N | et.e _medi um
under st aﬁl&di 5&@ u(’: Hf%t ‘%gléﬁ%: 8‘2@?%%3‘}3‘%5&?‘]?8%éﬁéﬂ%ﬁ e.cﬁﬁ)'?ﬂnnihfltﬁyg’?%w}hngf 41

Bel ow ar eagrzcampt of inf TGR aindi Ingy aih dnes of tthen go-ofcelBoramd lefulee blits ndtr ko yet | mar y
cells. UB%%LHXQ-%Q9n%?'%Pt53£§ onigmpells and helper T cells were based on
the surfate expressond™ ot CoroPard®eps, respectively. In brief, 10 pi of
each of nouse anti-human CDI 9- FI TC conj ugat ed anti body (BD Pharm ngen) and
nouse anti - human CD4- PE conj ugated anti body (BD Pharm ngen) or appropriate
i sotype control were added to a 100 i.t1 aliquot of nononuclear cells in
st ai ni ng medi um ( PBS+5%8BSA), containing 1x105 cells per aliquot. For a

gi ven aliquot of nmononuclear cell population, the staining mxture was

i ncubated for 30 mnutes on ice. 10 m of ice-cold staining nmediumwere
added to the staining mxture and centrifuged for 7 m nutes at 350 g and
4C. The supernatant was aspirated and then the cell pellet was resuspended
by flicking the tube on which a conparable volune of ice-cold staining
medi um was added. The stained cells were centrifuged and washed once nore
in ice-cold staining nmedium The process was repeated for other aliquots.
The stained cells were anal ysed using a FACS. At |east 20,000 gated events
wer e anal ysed for each sanple. After setting appropriate sorting gates for

~NNA ~ o ™~ . 11 o o, o L NI A PN . NN A o " o P 1



A smal |l nunber of cells (< 5x105 cells) were sorted directly into

m crocentrifuge tubes with appropriate adapters. Prior to sorting, a small
vol une (Owo 20m/@19®0nm ) of suppl enented RPML1640 was addedTtaa2bte@oodeovery
tubes in order to mx with the sorted sanple and inprove viability of
sorted cells. After sorting, provided the nunber of recovered cells
permtted, 20 gl of each sorted cell sanple was diluted at 1:10 with
staining medium for reanalysis to verify its purity. An acceptable purity
was a.95% Further 20 to 40 pA of FCS per ml of sorted sanple were added
and foll owed by centrifugation for 7 n at 350 g, 4C. The cells were then
re-suspended in the standard tissue culture nmedium If sufficient cells
were avail able, they were counted to determine yield. 42 A FACS profile of
spl een saﬁﬁh@?leabél led with anti-human CDI 9-FI TC and anti-human CD4-PE is
shown in t ted
Dlor B ool ey s TR b gl ok fenhy bl YO ¢BoP ol Ce |
purity i nsurfaee by ﬁthansHamgep%iHﬂ%%mLﬁtX &Dl!@er(mmlldeé\ﬂﬁﬁcm@l@%ﬁ o BD4+
cells. rii r r.of | pm

peri pher a?‘mﬁﬁ' b B\g\%ﬂ?e%qeglgeénn%]%arﬂpg&sﬁltﬁgIc§?£ tr%?%t}?'welg g r %?14"5% géé)lﬁﬁn arréirpl es,
only fevveantrgamrtmrcsﬁcaffe@ac”hcerﬂel | popul ati on were obtained. 1.3.4. Isolation
of CD5 positive (antigen-experienced) B cells and CD5 negative (nave) B
cells from human unbilical cord bl ood Mononucl ear cells were prepared from
unbi | i cal Efevar Tdeiod sanpl es as described in Secti on 1.3.1.

Fl uor escence i ni cel | wthin 4
hour s of Bﬂgﬂccz%rl %F?Ha (W% ﬁorrfhc‘feg M@@FTCYB% I'Sa I otrol C ﬁ C[]I'"lnmedpagﬁhfl cul ar
exanpl e, smmtdongctafithCoBs aged ihy eproyaiie)pepideaVHE camdleCRy tlkoill | ve
(antigen-experienced) B cells from human unbilical cord blood, was carried
out using a nouse anti-hunman CD5-FI TC anti body (-BD Pharm ngen), a nouse
ant i - humafirdabd@erBlziceivk | body (BD Phar mi ngen) or appropriate isotype control

accordin o the d descri hed previo The st ai ned
Sl o6 b tel SRR e o RS * RS gD 8Bt BYHES Sollr o

anal ysed bppar@ath tﬁﬂr’fﬁhﬁomﬁf ih@ra EgtlehtNYpAPPIARE WAk a:5 OFdati @ifadnGised Or CD5
negative B cel]| oEuFﬂtlon (CDI 9 ositive B cell

S
popul at i offeP g g s Qe i algady cﬁ‘“ﬂ{m‘{f’e"r“tfwmﬂ‘% RS- wer e col | ect ed.
Figure 4 shows a typ| cal profile of the sanples stained wth nouse
anti-human_ CD19 and nouse anti-human CD5. The percentage of B cells in the
sanpl e r afYeHEY DESGRIPIIONOBTHEFIGERES B cel |'s ranged from 0.8 to 7. 2% of
total circulating |ynphocytes. 43 1.3.5. Isolation of CD5 positive
(antigen- exper| enced) T cells and CD5 nwga}tl ve (nave) T cells from human
umbi | i cal Fgdied - bl odéenibsrsinn ardsert-rsfirs CREE <% cellect ed from unbilical cord

bl ood sampjygs si ng?AQZSSt)rGHeﬁ'b’f @ﬁbq&id @‘@ﬂe&ﬁfﬂv@%sﬂ RelRe¢d) @Pro;(u‘l?’atélly
Fl uor escence cell staining followed by cell sorting was ormed Within 4

hours of the isol atlﬁéwpf@flglﬁﬁlﬁ%ﬂcqnélahedd%i@ C%BQH“&*@'P@WGFGIPQS'tlYﬁ for 6B % i cul ar
exanpl e for sortingrof, a{?(p )ré!ﬁal)(s?sflff't%f‘;ﬁ‘agﬁ E'K%%Sgﬂs B1IGEIk fw@nd CD5

negative (nave) T cel I s f uman unbilical cor was carried out
using a nouse anti -ﬂmmﬂﬁnnmtel:l TC anti body (BD Pharm ngen), a nouse

anti - humap; Fg@?’thm%{ahlng%@'pD@?%nﬁgﬂécr B e R froAPIRE @B@?‘aén‘?lche%OAMEe contr ol

accordi ng ed previousl Section 1.3.3). The
stai ned cel |l s wer e morahyedericalis pitgy 48 hFwre® thapulfuesast 20, 000 gat ed events were

anal ysed. orti t . I C i g either
D5 hogat FRUEE cel 18 AERGTRAN st (oREbbRT AL BT TRIMB A 2 2
5 shows a typical pmowbddngi-loimanii® 19anpnessesintiihngen GDE hntitwdse ant i - human CD3
and m)useF%nreS h”miz{‘ F% %He (%dllngl?onuclear umbilical cord blood cells stained with

mouse anti-human CD3 and mouse anti-human CD5 antibodies.
Figure 6. A FACS profile of bone marrow mononuclear cells stained with mouse anti-

human CD20 and mouse anti-human CD72 antibodies.



Effectively, the sanme nethod used to recover and anal yse the sorted

popul ati ons has been described in Section 1.3.3. The percentage of T cells
in the sawplen/magvged from 1.7 to 13.5% and CD5 T cel | spcangroiofaoeis0. 4 to
1.3% of total circulated |ynphocytes. 1.3.6. Isolation of early B cells,
activated and resting B cells based on CD 20 and CD 72 expressions from
human bone marrow nononucl ear popul ati on Mononucl ear cells were extracted
from bone nmarrow using the nmethod described previously (Section 1.3.1). The
fl uorescence-cell staining foll owed b¥ cell sorting was performed within 4
hours of the isolation of nononucl ear?®ell population. Staining and sorting
the activated B cells is described previously in Section 1.3. 3.
Specifically, 10 Il of a nmouse anti-human CD72-FI TC anti body

Phanni ngefigueend 20 Altypical BACH prefile ef tonsilar menappcean cliPstaingd ifoyod 3(aB‘ID

Phar m ngen) or apprgpyyi ate i sotype control (PE nmouse | g&b, K anti bodi es)
were used. The stained cells were anal ysed using a FACS. The sorting gates
44 were sé&iguted. col [Theprefenae of lgivsand dgd apsiiveguliined smpbpRGspds iaftensedayopul at i on

conprisin re-B cel | t ban, gendritic
celrrlps (CDgOECD72) g‘# t%o‘}gﬁ%fag%‘@e%i?:?ﬁdeg%ﬁ% t%%?oglgﬁp%@sbﬁgqegrh g B cells

(CD20O- CD72+) or actdetectaldel [g8 oeltlhessu(f@BZ@dmyzﬁe)r 10Fdagurtiee BrecopeesthM a
typi cal profile of %Dgp d nouse
anti - human CD72 ant Bgﬁ‘éf Whﬁ%@ Ejl\q/% Y, rigg%n@ﬂ&n%hg% esc}%qged in

Section 1.3.3 was aopptlveecalli mcnemdtceﬁ‘yand anal yse sorted ceI | s. Typically,

appr oxi ma 0- 15% qf oW m)nonuc I opul at.i on was
positive ﬁr%’r yeb%t h Pro [%&ngﬂg(p 2% "3f°“ce?$s¥“‘§§)r € Hgo@r OrE"%g 6" to20 but
negative for CD72; faftﬂffaﬁprpbmomioezleyp&%lmne positive for CD72 only. 1.3.7.

VRS D4 T Sor BEPESTAR Setipl WorREY o er o ebae B o Raar | ve

t hymocyt es, CD4+CD&¢pLdﬂld:lﬂk ef posd Cmand opnoayd ESe,suIaﬁlngM"Bé‘ﬁ(ﬂl 1@8@) SI ngl e
positive thym)cyte cel ‘gfu&é re sarted ut aeeor di ngl?

manuf acturer's i nst f‘lﬂfﬁ‘isf"(? a&‘fl S%ﬂ\ﬁtmﬁﬂg’f)'iyeﬁp %81 yBRRogyes, &) 'ﬂ”ﬁy simlar
met hod asbt hgt Slesc;:mfbedfgoﬂe@em?qmlslm 1?);/\@0 9uﬂ1t9©hﬁi'ﬂd(ﬁdomd¢JD@%llMl| tisort
CD4 m crobeads for inutes. After DTA 5% BSA
in PBS, the |abell égﬁq%‘%}ﬂ W@regs@ﬁ&fﬁé e‘ﬁiﬁ% ﬂ_ﬁnéf? ferﬂi'é“
positively sel ect e@9t/mfmcsyxs$gel%ﬁupalanweéceeﬁpeasammérsm HotteB amOMEdlisc col um,
cont ai ned_CD4+ si n%‘e posi tive and doubl e pEsSi ti

popul at i oRBUeiHer edZPieponesi (i @%ﬂ“dcg%a%ﬂé'ﬁﬁ |8 onl‘"evﬁ’?f%?eij &igrlgloéF uded

through the col um,im@RAIGHhASId @Bt pritgdre amg%ntdxy@lea&d [N e s dQy bl e
negative cells. To renove nicrobeads fromt posi tively selected cell

Gl
popul ations, the c&Kpressinas af Chipag @Bﬁﬂﬂﬁ?%@g I\/Eﬂntﬁuéf%“ret (b grIsssions eagent .
After 20 m nutes, thepdi.geebsen asksttnead, and the cells were Iabel | ed

for 30 minutes with CDB rnicrobeads. The CD4+CD8+ doubl e posi v
t hymocyt e§igherle obtSHITAREEBipsHiensi ol I s%?%é%f?f@ﬂandvﬂé?féa%'ﬂ%a@ n@"@

posi tive cell's vier efightbul nd REncAEDhOUSH 60 blo PRI A Bic Tt depl et ed

cell popul ation was incubated for 30 m nutes WI m crobeads. After
appl yi ng | abel | ed diem bowmnarmgnéﬁhym%oﬂammpre@ms of [Ghifl endpeBP toinvige cel | s

45 coul d be separ atgg f @ irishes P4 reSQBH?éiecﬁA?Q&N:M?z &rhbﬁ@‘gﬁrlﬁc@%f The
purities of the four dlfferent thy te subpopul ati ons were eval uated by
flow cytonetric andlBssKBT THe @@mémlédofpﬁm(ﬂ ypnghdD &ron ghet svataco§O41TS-

KBT®

Figure 13. CD expressions on the surfaice of HTS-WTM cells originating from
myelomonocytic progenitor cells; (A} tri-colour staining with CD19, CD4
and CD15 and (B) tri-colour staining with CD34 and CD15 derived from

myelomonocytic progenitor and CD4 derived from effector T cell.



1.3.8 Isolation of CD54+ T cells from human tonsils. Mnonucl ear cells were
extracted from human tonsils using the nethod described in Section 1.3.2.
The fl uorwecernceiwel | staining followed by cell sortingpraasiperofooormed
within 4 hours of the isolation of the nononucl ear cell population. CD54+ T
cells (intercellular adhesion nolecule-1 or ICAM1) were extracted fromthe
nmononucl ear tonsillar cell population, using a nouse anti-human CD3-PE

anti body (BD Pharm ngen) and a nouse anti-human CD54- FI TC anti body (BD
Phar m ngen) or an appropriate isotype_control were chosen using the cell
stai ning/sorting nethod as descri bed P Section 1.3.5. The stained cells
wer e anal ysed using a FACS. The sorting gates were set to collect fractions
containing either CD3+ T cells (i.e. CD3+CD54- cells) or activated CD54+ T
cel I's (i.&iguepd+CDsY epssentaiive siEiyug arofiles fopkdd4a GDACInA (dP 15 & etuehef sanpl es
stained with nouse @pg kVWERNRRTME BRUSESRWih i, oA any i dogli es. The
CD3+ cells were used for the creation of HTS, whereas CD54+ activated T
cells were used f orphenodyps@rdniasing gnyiepningnt vebepe HQ0feef oslls mitainadddod 2sshe howed

that whilst T cell t At LOFk 20 0 .cells
i solated from tonsﬁngﬁg%%%ry&hgt&)grmgr]gsug%%ﬁcfk )écffé)lglas@ C?%@%'eﬁglrc %altltg %rll&and

sel ection of hunan the/RigtrecitiEES-K8EWdt duitgre! singla 64| gelisPapriefented 48%cak | s (see
Section 1.3.3) were,s a . 10 |.s/ i dhovel les 96, I d bottom
wol | plates (Corni ) i R ol A L 3’85‘3"%"3[)

Phar m ngen). The c&lDS @RISCRY tellspth HAS-E&TplitatawhdPi% 840 ofrindialig0%

suppl enented with 10%;heat..i j-vat,e l.tra- [ t al vi g, Serum
FBS, (G bco/BRL) andou lﬁﬁoi'}f&rﬁnégié ﬁ?%a Oéj"r]ﬁt{é)r% %ﬁ%ﬁ%@ﬁﬁ E)rea?%g[fﬂs@st ens)
and 50 ng/m of hurmanof I9D%rthigle lpbsitiieOCP3 CD19)CRE gopulationein MIESAKBTAR.4, he

redi um ever'y 2. to- 4 e AEBPR ey L Bl Hig B e ©

triplicate by trypaa¥birare 1062 itise positirgi Iyl SACHeIOOA pomtlaion; Mid iS5 and day
10, cultured |ynph 46 were harvested shed tw ce in PBS.and

anal ysed by FACS ugﬁgﬁ’rgﬁg"eo a5l -"ﬁ‘iﬂ?ﬁrf”@%lgp\é\’%f’mﬁgﬁgeﬁisa’ﬁ'? -%@Bf‘rgrrlf’a}?gl\/} FI TC
or nouse anti - hunmarnokigfe foplti@né GG €934 abl” plieaseyD Phar mi ngen). Al
stainings _were achieved with 1 jig of ch. antj bo er | .cel at 4C.
ol | oF PR anal v desenpetve st e der (Dt 1 5508 SOFEGEHTE w e
mar kers set accor diKBrt 02 icsiiry persad@h od cdlk gatne¥ RosidRIHOJustIBS 4fiengd The
regi ons containing dead. cells and debris were excl u}c\i]ed fromanalysis. Al

d
anal yses were done By Y&rPIYH0 68 PEMBING 6B R NTEIteNaLiewn IiisiFiglIe: pr of i | es
of 1gMand |9gG posiih ikuer€el ks ﬂdhﬁeh@f@ﬂgktﬂo@ﬁvé ynzhegy treshed 83% e in
Figure 8. After 5 daﬁos in the culture 18% of CD19+ cells_were | gM positive
and only 1% had det'd ﬁatHP@ ROgiEVS A DPHeP Sl FPdc BoPuflhigpedsKET t ¢t ‘tl’@a“d’ﬁgs t he
percentage of |gM pgj bdrNed ¥ APTIOCY tifSle ICEBUGBE N0 H MTR %t l1sdnd tihe
percentage of 19gG positive,cells increased to 15% After Settl\l;l\g .
appropriate gates tHhe> 1R pdisi thesre nimers gBeisodPYs vied f Pt iBhf WP sor t ed
out. IgMand |IgG cons£phRRipAEDYIT t hgdCuldpepyRiTsodabar m E@;ﬂ:lé@i}én@;
standard ELI SA using 96 ELI SA well plates and pl astic-absorbed
goat - af fi ni ty- puri fifPeCtiAkli bodi es to human i and 7 chains. The bound
anti bodi eg; Wwere re i : GORI € .- hur "
ant i bodi egl.gw% ]I%' an%lll ggflﬂgagﬂ&v@rugl T om éilirég%eﬂ?@ ?r\%gg?ﬁsye@%@a&gﬁ vgt rate
and optical densiti@28 wekefnEESHBIE".4t(A}@8d HHS-KBET ¢l 21(B urvitares. s¥hilst he

days. Tabl e 1. _ProdfCBHCoI TP SHE R R e vy S ERBEbTRe T2l T ur o
Period in culture lcghhré hgd 4 0dec@hdes)f pk@faciondlekBoioe 8l-2Sh contrast the HTS-
KBTA®.4 culture exhibited a wider range of IFN-y concentrations.
Figure 17, Typical profiles of intracellular perforin and granzyme A in single CD8
positive cells of HTS-KBT** .4 (A) and HTS-KBT"".12 (B) cultures.



5 days 2,480+182 850+92 10 days 1, 215+260 1, 914+101 47 Exanple 2 2.
Somatic cell hybridisation Several nethods of somatic cell hybridisation
are wel |l woawv/i4amovhe art. These include but are not | i rCrad20m/0007s
exanpl e, a biol ogical nethod using fusagenic virus such as Sendai virus
(Kohler and M| stein, 1975), a chem cal neans using polyethyl ene glycol
(PEGQ (Wjciezsyn, et al, 1983), and an electrical nmethod using electric
fields (Neil, and Zi mrermann, 1993). Each nmethod can induce or cause the
pl asma nenbranes of cells of interest to be reversibly perneable and to
hybri di se. Regardl ess of cell hybridi3htion nethods nentioned above, two
essential steps are, in principle, required in order to achieve cel
hybridisation. First, the plasma nmenbranes of the cells to be hybridised
must be bF@ughs. i ntlopigdlodainiagy ofdiBridile ~dontaet witlsertbhB 19, ant anb| e

breakdown of the plas j i i

si nul t aneousl y ind&@gggngggm%ﬁgggTﬂgf% cglqighPﬁﬁiggﬂﬁﬁgé?ﬁgﬁ ﬁg?hod, t he
cells of Figwesrl@st dalhedont orphedday of pells sgusnatedadn HSrebltarm efter Srdazcin aby  usi ng
an alternating-curr I-G: F jeld) with an appropriate field
frequency and then g&wﬁ%%§é§h§3%ﬁ§%grg@%@“&hen they are exposed to a short
el ectric pighee0si mikifdaedCBIY, GDthandhE@DACxpresicd. oriTdTR{VEDMdrdatedls faliert her, t he

o coLrs cal cell DYkl bR, s 5, LELL BTN R ol elEnp
nmenbr anes. cells still positive for CD4 and 7% of cells retaining myeiomonocytic CD15
marker on the surface whilst losing expression of CD19 completely.

Figure 21. Expressions of macrophage-like markers on the surface of HTS-WTM.4 cells
after 8 hours in macrophage permissive growth media.

Figure 22. Phagocytosis of 1000 nm microspheres by CD64 positive macrophages
derived from HTS-WTM.4 culture after 8 days in macrophage permissive
environment,

Figure 23. Production of nitric oxide by LPS stimulated HTS-WTM.4 cells after & days
in a macrophage permissive growth medium.

Figure 24, Typical profiles of CD3 and CD354 expression by CD19” B lymphocytes
derived from HTS-KBT*E.6 trans-differentiated into T cells by somatic cell
hybridisation with primary CD54-+ human T cells. Figure 24A shows the loss
of the CD19 expression by such cells with simultaneous acquisition of CD3
expression whereas Figure 24B confirms the expression of CD54 by CD3
positive T cells.

Figure 25. A representative profile of transdifferentiation of CD3* HTS-KBT*£ 4 cells
after somatic hybridisation with CD40Q activated IgM positive B cells
showing the loss of CD3 expression and acquisition of surface IgM.

Figure 26. RT-PCR transcripts for early B cell development markers in HTS-WTM
cultures 1 and 7 initiated from 100% homogeneous culture of CD19+ cells
and showing signs of de-differentiation when compared to HTS-KMW.1.

The presence of Pax-3 and A-like transcripts alone with up-regulation of

CD10 in both HTS-WTM and an appearance of CD34 in HTS-WTM.7



Di el ectrophoresis (Pohl 1978) is a phenonenon which describes the novenent
of dielectric particles such as biological cells when they are suspended in
an appropwpars/sodat i on and subj ect to a non-uniform ACpelraatniomodiiel d of
an appropriate frequency. It is well docunented that the novenent of cells
can be described as a (i) translation or mgration of dielectric particles,
for exanple at field frequencies between 0.5 - 2.0 negahertz (MHz) for Sp2
cells suspended in 100 nM sorbitol (Mahaworasilpa, 1992) and (ii) rotation
of 48 dielectric particles (Mahaworasilpa, 1992), for exanple at field
frequenci es between 2 - 10 kil ohertz @%Hz) for Sp2 cells suspended in 100
mvisorbito I. A non-uniformfield can be generated by applying an electric
field across a pair of electrodes, for instance, electrical, cylindrical
wires that can be drdiestrdg-differentinterodrmasire Eoerils dnie Braclnef canfise stagnsfin gur at i on
nost wi dely used i %S?,O,%gr@gﬂa %&B@Hﬁegg@c&gg{ohgur ation (Figure 30). In the
presence of a nonunitormiield, can cause dielectric particles (i.e.

bi ol ogi caFigwed37s) tosingle-relbmamipdationielieery sya¢msi nmul t aneously migrate towards
the regio f the@[rglg it € field. As aresult, it forns a chain or
string of @%gﬁzs& and, I%ﬂtu%{pﬁﬁﬁe?t{: i nduces good cell nenbrane contact. It is
evi dent t Fauregd9e mut mako-alettralet i on of cells is strongly pronoted when the
cells arecgs ded. | |yt | derately |l ow el ectrical conductivity.
The el ect rl:?gggﬁ%)gr eawf&aﬁﬁgﬁkgg‘?%mﬁ%d ranes can be induced when the cells
suspended Figaresl s ui tToval mictoydedtwhidesat b el 964 tisshocul@repl@xposed to an el ectric
pul se with.an appropriate | se, anpl i.t ude ,and w dt h,(Zi [ n, 1982). A
range of %fﬁ"%eeﬁ\'/vi dt‘ﬁé?’vfe&gfgax‘gﬁ%ﬁog,amén L13f’;ljcre]elS lﬁluﬁr%lgésjlat(e) lcrr%%%g&m croseconds
(usec) i sFuuekdly usteside-diepefidienglluibigute®2. t ypes of cells to be hybridi sed.
2.1. Electrical cell hybridization systemIn certain enbodi ments of this

i nvention, an electrical cell technique nmay be used to create hybridi sed
cells, SUDESTRIPTHON-Off THEMIVENTION) cells. 2.1.1. Cell nmanipul ation system
In order to ni pulate indpyidual .cells of interes rior. to cell.

ybr 1 df s BREREREM G e o b iR gt PR e el St facltnged

previ ous| yxdnfeatwititetbreheclt) thascdigRdyihd figighout this invention. 2.1.2.

M croel eetrodes In this invention two L-shape microel ectrodes were used.

Fi gure 29 shows a mcroel ectrode which was nmade of an uncoated ni ckel

al oy, 12%xpm@leiin di aneter (7). The shaft of the microel ectrode was covered
wth a haematocrit capillary tube, 1.5 nmouter dianeter. The

1. Cell selection, cell manipulation and single-cell cloning

The following examples describe cell preparations including selection and isolation (or
sorting) of mammalian cell lines and primary cells used for the creation of HT'S. The choice
of particular selection technique to obtain pure population of cells with specific
characteristics or use of a particular marker (or markers) for the isolation of the cells of a
particular phenotype is not in anyway restrictive but rather indicative. Other cellular

markers or sorting procedures can be used to deliver similar results.

1. 1. Selection of cells from immortal human cell lines

All immortal cell lines (see below) were grown in suspension culture under standard
(normal) conditions in a CQO; incubator at 37°C in humidified 5% CO: atmosphere using
modified RPMI1640 (Roswell Park Memorial Institute medium) with NaHCO; (JRH
Biosciences), 20 mM Hepes (Sigma), 4 mM L-ghitamine (Sigma) and supplemented with

10% Foetal calf serum, FCS, (JRH Biosciences). Unless stated otherwise, the tissue culture



49 L-shape Section of the m croel ectrode was configured to allow a

consi stent area of the surface of both the horizontal and vertical Sections
of the elwotwodai149o be exposed to a nedi um or an appr opPCatad28/000716n
(Mahawor asi | pa, 1992). Prior to the cell hybridisation process, two

m croel ectrodes were nounted on two fine mcromani pul ators, one for each

m cr oel ectrode. These m croel ectrodes were arranged in such a way that a
paral |l el electrode configuration of each el ectrode was obtai ned (Figure
30). Each fine mcromani pulator was hydraulically driven and al |l owed
novenent as fine as 0.5 1l.un to be maée in the X, Y or Z direction. 2.1.3.
Cell chanber and configuration Figure 31 shows two parallel electrodes in a
wel | of a standard 96-well -flat-bottom TC plate, the well serves as a cell
hybri di satiednimdhgnmisdum) desseibeddiere is thesthindasd medigm tp lsilgure plldpim®ertal 7! per f or m
cell hybrjdi.sati I GL: r r .1 ropriate
roct um (115 o ap el lt, SFREH RS, H o TRARE IOy B PR R

cul ture pbmsest inFergioneln3@nexzidalFthgweld i3S, priroay sattcepeells evd prirdarn célistusedal - vi ew
of the pa I . canfi Lan i I Eon: f: O anpl e
thr co. pr oo e SupEl SELTBLTCERE bAMLARLATHE GRRE Shick Hhofe WOE spiidil o

paral | el bigkck oflesterial mdoh fimgaleopntaimatatio) @96 pantcilbie (3006 woisl/streptahyagm or form
a chain o | 1 s i . pr of , an r iate AC electric field.
Exanpl e BESBI%EEQEIF}%{]@Q%T) Weasfngglﬁlg%ﬁiﬂﬁegs%ng%gtn%g&méti c transdifferentiation
systens by electrical cell hybridization nethod The foll ow ng Sections
provi de e | es, ,of the.creation of h topo iet ic transdifferentiation
syst ens (ﬁili%?n %egltlglf%%sagglfﬁﬁy Y "sﬁr%fbsafg@a % fromeither different Ii neages
or cell tygpamodinyshiteprbgen@dmsdger KOG (h célyleslebivdd febink & Bureaichppéenot ypes. Each
stabl e system underwent analysis to confirmthat it sinultaneously
possessedmﬁfﬁgﬁec?i"i/g}"@e@ﬁ%fr acteristics of parent cells. The confirmation was
based on Theanghaa isage, PIOLT4MRAGM BRephiblageall surface markers,

intracel | yl.ar expressi f.lineage specific markers, the presence of RNA
transcrip gy%?hq"fﬁﬁé%ee%gbgﬁ’fhu@aﬁ%rlw'é'gléo,%llaéﬂ'd/ or the secretion of |ineage
50 specific proteins. The exanples below illustrate the nost typical
phenotypi ¢ _characteristics of transdifferentiation systens. However, these
exanpl es hid- Pheleselhdeliveriy6%€® t 0 a particul ar marker chosen. 3.1. HTS

derived f CemisoREod BRSYrtied, cE @laRIFRRAEY AldCsiNOE8NEbihg aRNBschiATPréRbseB
| ymphocyte and one immortal T | ynphocyte -HTS- exanple, this type

] S-KMW As, an .

of HTS walreieset! dbis dyverijat iftirsvrgderde mipeesr!l A7brshs eyt i g dgeni t or
K562 cel | gsidblighet T dnHulafing YRR idY skt 1Rl lof ARfes N@e LETRIV @Y sBtdny MPhoi d
WL2NS cell. The HTS so obtained was | abell ed as a HTS- KMV system (fol | owed

by its seffigire ADmonyists myingy 9fs glassimigiostinshe. & bl syringp abt @ gae-gimeasdensh| i shi ng

| TS- KMV Edese SRInul@ S Fighhé sl fbwat 190s, Lcéhlclﬁé_lﬁlfcr@-gfﬂet’feeﬁs@éf%rym%@ aand the
paraneters used in this invention are described below 3.1.1. Cell
pr epar at i &nele 69!l efrigerpt Thkpissite wesimads of a AeprmtncTiycapdiary upsnds nyBimetres) t ur ed

| . . - - i di fied
in our st@ﬁq)a[nqer]lég,swclca)g@uﬁggd ﬁﬁéf%"qﬂ%ﬁq‘?gﬂ“%&'mmﬂ BspRetid difie

i ncubat or _at” 37C, 0 routine, eac | Ine was passageéd every 3
days. Pri By using besk.longygiskofdsstabs was pullaésush gist Bie dipdhew tlf areifads désgiefer ppe whi ch

had the hjgh Olshf - t Al J e%}p the.br gﬁgmre
descri bed!”lgjn e?:t? l&or%b fsqaﬁérgrﬁﬁ&%éﬁg@dpgﬁﬁen%@& gl%gﬁ{ rﬁ%gaegle I
popul at i othéckestsabtairsthelhe ashed estofi thedhidraypipettt riemaindd dmBodifirdg2udethe cAllso, on
some occasi,ons, the 15+ cel | s of CD71+- enriched K562 popul.ation (Section
1.1.3) we eéwargf esastleﬂ (lgglbrgrzl’lﬁ,éiﬁtygj}ge (4)71s mounteﬁ on a coarse mampuﬁtop, which is in

turn mounted on a magnetic stand (16). The system works in such a way that the plunger (6)

of the syringe can be forced to move very slowly, either forward or backward relatively to

the syringe. In order to manipulate a single cell of interest, the syringe must be connected to

the unmodified end of the micro-pipette (2) as shown in the figure using a flexible, medical

grade tube (3). The single-cell delivering system must be sterilised by flushing several times



3.1.2. Cell hybridisation protocol for establishing HTS-KMN A few wel | s of
a TC 96-well plate were used as cell hybridisation wells. Each well was
filled wwb zapprumoonmat ely 150 1 11 of hybridi sati on nedipamAatzhiomiooensi st ed
of 240 mM sorbitol (Sigma), 2.0 inM KH2PO4 (Signma), 0.4 mM CaCl, (Sigma),
0.2 mM Mg(C2H302)2 (Sigma) and 0.2 inM Ca(C2H302)7 (Sigma), supplenented
with 0.2 % bovine serumal bumn, BSA (Sigma). Prior to electrical cell
hybridi sation, the cells of the pre-selected clone of each cell type were
washed once in a hybridisation mediumfor a few mnutes and 51 transferred
to a well containing the fresh hybrid?bati on medium The well was
designated as a pre-hybridisation well. Before the cell hybridisation
process, a single and washed cell of each sel ected clone was mani pul at ed
accor di ngwith 7@§g@ﬂmbcﬁ apd finallydilleth up wathows girpubtesewithcan apgropggte tisshie Ay s h

sel ect ed , p " i dentical, parallel
el ect rodefs;lle‘(ﬂ\[/l]\h?ul orﬁ\ﬁe\tgog gﬁdb&}ngfg% edt’g lé}ﬁég@gﬁlgﬁag}l fat:ﬁr& wel | (as shown in

Figure 33). The separation of the el ectrodes was set at 400 m cronetres
(e.g. 4004 _@ﬁtgf Y& electrical cell hybridisation, firstly, an
alternati ngq%:tsﬁrl lgrf X\%Efi eld with a frequency of 0.8 Mz and a field
strengt h Gfones ofoallbGom cbch deilll limo*re!r@esp@ﬂislwétbmsingb ggll ckDing0Akeghniquevat appl i ed

B S e T e

cel | s. Thlise, pseddrethss ivawnyeis térerips lebwt 0 make good cell nenbrane contact.

The cells were arranged in such a way that K562 cell was in the mddl e of
the cell alignment (14) (see Figure 32 or 33). Then, two electric square
pul ses, W tuhoficeli sikhvicth 0DKSR Sctie ovactStakat v domt nfnecummlesaeme loagpkasappd | ed

si mul t anequsl| with the Cflel intensi.ty of circa 170
T e e o o s e et kBl el o1 102

t he conpl gbi,GihicH cohthed ESPMIL I TAURERUR UER velll iR doaratedl a0 ctiRStok@DEIPN
contlnuously for another 5 seconds, resulting in cell hybridisation into a
singl e t r Ihawlteivas 8lagrdas an X Eayicressppeastage @b iV eRdRIcioscoph (AXOVeUeICi on, i t
was obser ygq 7Lpgt phar%lsqigﬁeasemqnan@gudnhg/cromngepr&c@ésl g nmlgmlpeﬂgt(p. @k egpl ace

si mul t aneously, "I . e. hybridisation of hree cells frequently
occurred way sempletelyofiked lm/wtitheT Gryareed jughy §’ati1€>llirﬁffobubtbl$é Tlllﬂ pereioette, |the some

cases an t
hr ee- col [0 O s FAUPLPURLIRE 49 ucliedl slifth [Rpitbo7), Rl ARGk Ea
trans- di f bea-dimensina hepatse manipalgtor ki iNanishessh.dihe édcm'rmmft@ Hie (IDyss pkinged | on wel |
t i : f th
0 a reco %Wh X‘@h thaé"@ Qw&‘@ﬁcdt&ﬁﬁtdﬁ:%{npecgf r{?éa(lgﬂrt]rg@%o&g‘% ffcIEL aﬂ%af o e

hybri di sa Ion we recovery wel . _ standdrd TC nedi um
(see Sect menipdait)and Elwh arsnglley cablsefalbda2s tednicreapipetti Wiseingened anto nhy dt | was

i ncubat ed e - g ; e p r ,

i 1 ef U b PAIAEE bEBR GlheclBin ISR R by kol s
Most of t kiegle rcalhsf &sHE GVaerdbpcaitedqgl the i mianyobpripatitec €hd mionveppetio wasl rétactdd vi de
within 36 terth bridi.sation eve th he

i ncubat i o]rﬁlrmblleﬂé? ceg RS W We rrr1n ™ %%8 N Fecove Stage P{efan%z{mm ﬁwr op'rS {lgfg{l %I y

repl eni shewdll wb tain aﬂ}laemh well adadgnaiedrédclumlg T=1full§, astll byuﬂubteqdemlglmsertﬁlg the
proliferation of tea h glns.- di f E!jentl e:}lgm té %/bl’l dttcl on henTVe‘:’?l 1or t hree
days | at eP"EPOPEIGH Y D HSHPUNE MRS B85S S TP IPES™T MO A ?‘écovery
wel | and wavasedp@h etk inktopipére. Wik Ivars @thived thynaaich ﬂhépmgér M@k)&mge gi ving
rise to a set 05 IranF di f _erent t|n trt hﬁﬁbﬂd cl onles 1 Fact} I

trans- di f Y& SRPbaniafgleesine Vsteqnd esHALWEIAIPR A SR CRL TR et bl at e
for anot h&brfﬂgeﬁrklll :a@cli aesiag Mg imgsmséle rm@d]ddmlgngawlzﬁ mﬁ’eﬁa&eﬁhﬁﬁkmus
containing 10 m it tandard cult ium (see Section
1.1) and 8@?%@‘”‘]‘%@&5["5 "%Hp?q%%ﬁflpﬁfgl@p b Wi ?lﬂ%‘f’edaulfi‘leygE‘%‘“g'P Stire
process Ofncala@@tif b BahideRklindiphsd dh&alifhsaamifity, aﬁesat@ld itfer@Rith 3% O,
trihybrid recovery E)rocess was repeated for a nunber of tines.in order to

create a BARdiied 0% PYERE T'i‘ealﬁgd'd?’f"l‘ 8¥BrignRg Wyl vas reﬁ&fr‘aﬁsw wigh fresh o 1 3,

Li neage npkkigh Rifidy iRk teTRcdY By 308 Srofferakibe oF 8dch felona iofNeadh _
co-expression of "|lineage specific markers on established HTS-KMV cell |ine
is given below. After a HTS-KMN cell |ine had been established under nornal
culture conditions for 6 nonths, the HTS-KMW cel |l popul ati on was anal ysed
for the expression of specific CD narkers of nyelo id, B and T | ynphoid

| i neages. A tri-colour FACS analysis was utilised to verify co-expressions
of the following CD markers: CD19 originating fromWL2NS, CD15 originating
from K562, and CD4 originating fromMOLT4. In brief, 100 pl of HTS- KMV
cells at concentration of 1x106 cells/m in PBS containing 5% BSA were
suspended |n 100 ] - iI of PBS and i ncubat ed for 30 mn at 4C W|th 0 5

] A PN oA o o " ANENA ™ N NN ~N O™ ] AN oA Y o - o



53 Figure 9 shows typical FACS profile of the HTS-KMW cel | s, which

i ndicates that the HTSKMNV cel | s, where |ineage specific characteristics
conme fromvormovidadoophenot ypes, contai n het erogeneous celPcTpapouioanians of

m xed phenotypes, with nyel oid being predom nant. However, 62% of HTS- KMV
cells shared nyeloid and T | ynphoi d phenotypes and 28% of HTS-KMWN cel | s
express T and B | ynphoi d phenotypes. 3.1.4. Isolation of different

phenot ypi ¢ popul ati ons from HTS- KMV The HTS-KMN cell s were further sorted
into six different phenotypic popul ations, specifically: (1) CD15+CD19CD4+;
(2) CD15+CD19+CD4-; (3) CD15+CD | 9- CBA+; (4) CD15-CD194- CD41-; (5)

CD15- CD19+CD4-; (6) CD15-CD19-CD4+. The sorting regions were set as shown
in Figure 9. The sorting gates for different cell popul ations were defined
as fol | owslonjpgyvetpyas sepiigd sy 24 bers. Abdisuind of e l@Fégﬁ‘t@ﬁ@F'éQﬂa asumrsAMA 1 and
count ed i RRQ! i RSsrals BRrd &GbANRA. Aaon%%+@p}9§h%olﬁﬁjaﬂiorpﬁ@% gon

desi gnated_as HTS-KMN 2 and counted in both R5 and regions; (3
CD15+CD19-highast level of aysgrieraaf iferesicbit grpressed as thearsll Kiviacs fanekaoolentPdli n bot h
R6 and R ' , i [
TR 5 L R e Vi Gl L P ST g
popul at i omxmteisiegnat ed as HTSKMAV 5 and counted in both R7 and R2 regions;
(6) CD15-CD19-CD4+ cell popul ation designhated as HTS-KMN 6 and counted in
both R4 and Rl regions. Sorted cell populations were transferred into fresh
cul ture mddidSortinglob €W calls separate cul tures under nornmal culture

condi ti ons, MR opuH ati.on S rdfd i npedi ately
arter sortiAs i oo, &8 bsPPBEL Rl ML GEH FERE one

i Mmortal wgislodmyalooghaogtiplicgenfréokscded! priusing g fBoleyrpdeactitatedaetl one
primary T lXe?Pp&%}jte -HTS- KBT As an exanple, this type of FITS was created

by somat i 8T bridisation of one immortal nyeloid cell derived from
K562 cell line, one primary human B cell and one primary human T cell. The

type of S was dubbed HIS- KBT fol |l owed b erjal nunber. 4 3.2, 1. Cell
preparati off" %pﬁg?sﬁ’b?’f@hﬁ?ﬁ 5HE. i‘@ﬁ\%ﬁ%gy b‘foebg?gf ipg?ispg?te RB%‘*Z YHIOE pr i or
to the cre¢pilbad FHS) cliiliBd 2baso vReBrudLakInh iREBIS AF @¥inRY Sk ihd®akd @nthd. 1. 3) .
The primary cells used in the creation of HTS-KBT I ncluded (i) nmature B

cel | s ( CDEgkwither0in) afieithep pvepiryidrin (B cppngated angitlot P Rhwaningenper BBy d

bl ood; ea id G, ) I Clii., ed B
cell's (CD%J()) 1 tze?q%ﬁé’??“\(/ed f?%ﬁqﬁégﬁ%fhﬁ%’\r{‘g@,ﬁ Sﬁ%ﬁ@ﬁ%‘? Gk dth P
( CD19+CD5 #mpgetire.bhefinomptinrbinkxgalwas dildted indtbdl suhdf PBB ant eliepeaind adls| s

(CD4+) derj.ve I spl een. heral bl .ant i gen- epienced T
(SR Cobiouaniaamy e 5L PIE Al sl BBl 81050 07
unbi | i cal ndof BB$)|tloath inalselietre aspelaad inel posi RBS/and hndedet $mh&hMelZD8HE der i ved

f th Ln. i . The | j 4 f i i
| ymphot o SRR BRb RO TG ohd melee SR L Baue KB Ph TR BrE Y busi y
in Secti o@DT13posBiv2 cdls viced fatduydmdisohiegladut (Figupe t)oapprofimate Bs6bbf sligimg HTS- KBT

The cell idisation protocol tablishing HTS- KBT .i s_sinm.l to that
used for gé?%ﬁ?ﬂ“ aﬁlﬁ’éﬁvteres}os'l %?%Id#{lsﬁ%tﬁogﬁd §e%.“%? ceply fssd af %@]Ité%ﬁg%nedi um
and the A@imltacindi @isfenédddth angl pUPBE Jorv Arrihedexpfimefty.br00dinG af sespertiedi um used
in these i nents, consisted of 230 mM sorbitol, 1.8 KH2PO4, Q.5 nM
CaCl2, O. %‘W@:ﬁﬂé‘o‘ﬁ?’% °8h“&te6.f{%" Rl sy, ?“%Eﬁ“% BUHY b 0.3 %
BSA. An A@yicglab 7t séhicd dMikzwanshidifed 7 BolloWing velSsoadig] ihe rwilMetitsaasss! y wi th
a train of B ree sgu re E(gl ses at a 3-second |n(§erval, each with a pul se

wi dth of $tbleswere giaersisee YAty cxpesimepts qeplaged e Agityre dnder\ziadaidy ¢ ched

on conti NY@sé YorkdRonanalt RekePas€B7abARhed REGE MTR! Bhd QfheQhethdtBloeiviad squar e
pul se resulting in the hybridisation of the cells toggroduce a

cross- | i n8sgdo bl 7 rensiched WHRANS 31 I [renmicheddMPFE? ewliwrasybri d recovery
protocols of each newy fornmed trans-differentiating hybrid cell has been
descri bed previously (Section 3.1.2).




3.2.3. Lineage marker profile of HTS-KBT Exanples of the verification of
co-expression of |ineage specific nmarkers on established HTS-KBT cells are
gi ven belwo.201061902. 3. 1 Marker profile of HTS-KBT est alpCrstieoiofaoers one
immrtal nyeloid cell, one primary mature B cell and one prinmary effector T
hel per cell After a HTS-KBT cell line, for exanple, had been established
under normal culture conditions for a few nonths, the cell line was

anal ysed for the expression of |ineage specific CD nmarkers. The cells of
HTS-KBT cell line were | abelled with nouse anti-hunman CD19 and CD4

anti bodi es using the sane protocols ad®described in cell preparation prior
to hybridisation (Section 1.3.3). Figure 10(d) shows FACS profiles (CD19
and CD4 | abel s) of a HIS-KBT cell |ine established fromone i mortal

my el ononoéytlsadationl df myelynpnpeyitieweNs cel |s. Typically, nore than 99% of cells
in such a : [ both B
and T cel |3 roRoHEPRERARF SR, coh e AU N REPRAREEMARISEESHL 8 0

3. 2. 3. 2 Mndser fgmofrinasy bﬁelﬂa{moi(m tigsyesasobh ehiemale imunwoﬁelowmmmmmbleﬁpél oi d

cell and D | i - LidigCelili8,e ( I1s) In
anot hor clsbai B %o TR AR SHRP L RIES, RSP0 el e (R TBF: o0 of
one K562 bailelmarmmesasptes.gen- experi enced B and one antigen-experienced T cell
was established. This variant of HTS-KBT was desi gnated as HTS- KBTAE. The

cells were anal ysed for co-expression of CD19, CD3 and CD5 using a FACS. In
brief, thet ZdQeI@twveofenjredmmddoeyhm'ellhfranGD'iIé{ﬂ(iﬁzhulmm CD5- FI TC and nouse

anti - huma nouse P d| £s. usin sane
pr ot ocol sj?'glse TR E’glrpyelorl@ﬁ a'tcl noﬁ’fpleo()? tEDdélé:%? ?lg%. T4 L Fi’
1. 3. 3). FCOaieKis chowsre RAES: arrinhéd fosCD1 5 celid usasmngME:iinaleSﬂlﬁBMEwecel I i ne.

The resul Ls show t hat 5-10% of the HTS-KBTAE cell population retained its
menory of n exposure by maintaining cell surface expression of CD5
nol ecul e whil st being posi tive for CD3 or/and CD 19. Also at |east 83% of

CD5 negat | cel | 0 xpressed th B ag. 1 and T

| i neage (Eé% e “rhﬁg%gg& 'If %S%rch gdﬂg SETR ]OP9 drefs @L%IP;? ‘%‘ﬁbﬁ%%‘%ﬁma“

popul at i ogp7i LATFHTSadtEian U1 SHBD KBkARges! 1.8 oil\ﬁmed QDY nekiriched Kedzi nt 0 six
di fferent phenot ypi ¢ E‘opul ations, specifically: (1) CD3+CD19+CD5+

CD3+CD19Ces suspgded il of BB sontqinyie é‘t"s@%ﬁﬁyewubate%w t@ﬁﬂﬂemt@éﬂm (6)

CD3CD19+Chbsither aRi-hlin 511 LB adMtitmhale DA s F8EC aRidBRYEr hddafived tﬁa éLl The
sorting gates for different cell popul ations were defined as fol

CD3+CD19Cesgrot antibogish g &k T gnd h%lbédlee#sxssmmq ceg! aptihedisel f‘Prn3Q)ot h R2
and R4 regl'uﬁﬁb%ﬂt ﬁo%)n t%e#%%cubﬁﬁdﬂ mﬁ é’bv@stdlfﬁ'ﬂed%ﬁf QB@B%%JMLS KBTAE. 2

and counted 1 n both R and g‘gons CD5+ cel (Fopul ation
desi gnat e#faiged WSWRB‘PAI?CE‘JC'&WG%W ingdt pop mfﬂ‘é@iwrf—sb‘fﬂ"oww ade idgiabn; (4)

CDBCD19- CRBs, G&h!1 MPRbES it ?Q sg%%ar E%Dg{fsﬁe@{ /’rﬁﬁnf&d PEQURT &1 g\ls&i R3

regi on but not RI' region; popul ati on desi ghated as
HTS- KBTAEIH@“HMGIEGWeHACﬁCRlebtﬁBDhot R4 region; (6) CD3-CD19+CD5- cell
popul ati on desi gnated as HTSKBTAE. 6 and counted in Rl but not R3 region.
Sorted cell populations were transferred into fresh culture nedi um and
grown as deppicatiAuprobileas shovdein Figurerdh. AfidrtSumentboimdhe cahse, 99%eofpgbe ity of

each cel | cPAPULAES Y YBS MR Hhlfils’ JITRAL 2! | fhich lpblaiiath] Moot o
expressed surface CD15. The cells positive for both CD71 and CD15 were gated (Figure 2a)
and sorted out. The sorted cells were collected by centrifuging at 300 g for 10 minutes and
suspended in I ml of PBS for further experiments. 100 plof suspended CD71°CD15" sorted
cells were collected for purity analysis. Following two months culture, the sorted cells were
re-analysed for co-expression of CD71 and CD15 (Figure 2b). The results indicate that that
approximately 98% of the purified cells retained both CD 71 and CD15. It was found that

some of the cells which earlier expressed both CD71 and CD135 on the surface had lost their



3.2.3.4 Marker profile of HTS-1CBT established fromone imortal nyel oid
cell, an activated B cell and one primary double positive unconmtted
ef f ect or woceld14k9v0anot her enbodi ment a HTS-KBT cel | | i meTda@rowadofisom cel |
hybri di sati on of one K562, one T cell (double positive for CD4+ and CD3+)

i solated fromthynus and one activated B cell (CD20+ and CD72+) i sol ated
from bone marrow was established. This variant of HTSKBT was desi gnated as
HTS- KBTDP. The cells were anal ysed for co-expressions of CD4, CD8, CD20 and
CD72 on the cell surface. In brief, the HIS-KBTDP cells were either

| abel | ed with antibody conbination of 3frouse anti - human CD4- PE and nouse
anti - human CD72-FI TC anti bodi es or nouse anti-human CD20 PE and nouse

anti - human CD8-FI TC anti bodi es or nouse anti-human CD4- PE and nouse

ant i - hunaRDEDExEesFRndHiguisod) eyggssiinggthatheonymitreen to myelomosesyte dissagbdn f or

i sol ation f (Section 1.3). Figure 12 shows FACS
profiles Ig?ézsﬁélh%}’st%%%%fﬁa 57 positive for CD4 and 88-89% of cells
were being positive for . In 60% of these cells, the expression of CD4
and CD8 c r t [ d Lr9m doubl e
posi ti vem?%;%rrgég{/ck&gé%érf&}mﬁl %’:?d &gegﬂgolné%y\ﬁgo@?éﬁn\% Qﬁfsr E-ngz r](/ed from
activatededdscel | s of bone marrow. However, 94% of HTS- KBTDB popul ation

cxpr o= ed AR BBl BB RGO R0 EBPSLL U5,

12. 3. 5 | sthk atyelbperohs ticagefran boghearotw@imp les o prained frmnmtiantsrmtiﬂ'dﬁuﬂéBTDP The

HTS- KBTDP, furth rted into,fif di f ferent ypi c

popul at i onggoéeﬂcét\é\ﬁ PikagpR ¢ ')Sﬂﬁﬁﬁfdﬁﬁj {%ngb %t %fﬁpeEZGCD?Z- ;
(3) CD4+Ci8er(ibRdEe CHFR-bond dirrdDh{plE bCLRtesfidnddg blo@&)naﬁﬁ)thﬁﬁ% CD20+CD72+; (6)
CD4+CD8CD20+CD72-; (7) CD4+CD8-CD20-CD72+; (8) CD4+CD8-CD20-CD72-; (9)

CD4- CD8+CD20+CD72+; (10) CD4- CD8+CD20+CD72-; (11) CD4- CDB8+CD20-CD72; (12)
CD4- CD8+CBaid- bRy 4splrdtdy fr&i4patEnB-valRAMID & obthihd) afeP4riERRd CORRMODI2- ;  ( 15)

CD4- CD8- CD20- CD72+. The sort ns were.s shown i ure 12. The
sorting gHRLesSHsre ‘Hi"ia?t@‘?g tf&“e*?"it‘eﬁgHﬁ??tq‘%%’fgsw\%t[‘%ﬂgé’ﬁsﬁétabl&g Jf:'H? Sus: (1)
®4+0m+%9d@g%ipﬁ&ﬁdntspm ahdrghucitas Icumbatve@ lmﬁe&uﬁ;{melsaaMd&@wt ed in
all three regions &gRZ R5 and @8 gq) 2- cell populatlon
desi gnat e%fa(g ntGeadrifgatien procadureds dhtceaed if %qcilo’l ]n? éeal}de%l?%f’hsceg? frpsm thexg and

R4, (3) GapldoSvetdddedbiidsthatetlsdingRaudsat i on desi gnated as HTS- KBTDP. 3 and
counted in all three regions of R2, R5 and R9; (4) CD4+CD8CD20CD72" cell
popul ati on desi gnated HTS- KBTDP.4 and counted in all three regions of R2,
R4 and RI7, iaih o%@ﬂ%n%@lgpzaﬁ oﬁbfeallr{edﬁgd}vél l%@a%%’s%ﬁtlﬁl%aﬁ%ﬂﬂs' KBTDP. 5
and counted in al hree regi ons of RI, ofi (6 CD8- CD20+CD72-
cel | popuf%taﬂmdﬁégpgﬂaf@mg% oHRPIKBTYyPe GO@EI’R!I ae@h@dr ¢8 |Rhaahmgmrveeee regi ons
of Rl, R4, ) as
e N L L S g S POl
CD4+CD8- ObBoLCRB3A).dek h ghep aliquior, gl dasmgmkm&mm&ﬂ@]’moanmmds aounted in

al | threer i R4 an - +CD2 O+ 2+ cell .
popul at i of ﬁgsnl9 GhisF 'Caﬁlséa' ngW%a eé ' 5ﬁ?lg’f%fztﬁn§ﬁ"€;&%‘g%de& égn'?‘ egi ons
of R3, R6atand gR8¢ 40C.BupaindtaitD8~ERR /Gl dhd thel the peﬂppelllatt wmede;sangaabyed as

HTSKBTDP. 1.0 t ed Il th ; 1
G 4 oo BEREE BisSbe eenicl s Fomatr R SalE o et 4, S2inine 1aadim w68 el Lount ed
in all thTestsiediehswat cRarifuRal @advasid c(n]:Q)noﬁDA-nc@%iHGiEﬂng:%amnﬁ&‘hé

popul ati o i gpated as HIS- KBTDP,. 12 and coynte t hree re |ons of
R3, R11 i Bﬂq‘ﬁ% cgg S 3fFTecHRe! Ehoerisy Bediu ¢n p@ﬁﬂ?Jafq gﬁcées”fftjha?
|—rrs- KBTDthi;B)pﬂﬁ’té ssﬁug\tgetas o GIb34" Bl p&pullR9h,ONS cfﬂf ﬁﬁmms W8re 20 0eckd; Tﬁe14)

%)ég - cell % pul ati gn desi gnat%j K DP. 14 and counted
in aII t Hr@et 1 & Fd‘f?ée SF e geeiehs syareT nlapsg i SreghmeRt gk |

popul at i onyd@ssopicadnas HTS- KBT1P. 15 and count ed in aII t hree regi ons of
R10, R6 and R12. Sorted cell populations were transferred into fresh

cul ture nedium and grown as separate cultures under normal culture
conditions. The purity of each cell population was verified i mediately
after sorting with accepted purity of 98% 3.3 Exanple of HTS derived from
primary nyel ononocytic progenitor, imortal B | ynphocyte and primary T

| ynphocyte -HTS-WIM As an exanple, this type of HTS was created by somatic
cell hybridisation of one primary nyeloid progenitor derived from bone
marrow, one immortal human B cell derived fromWL2NS cell |ine and one
primary human T cell. The type of HIS was dubbed HTS-WM foll owed by seri al
nunber .



3.3.1. Cell preparation for establishing HITS-WIM The preparation of WL2NS
cells used in the creation of HTS-WM was descri bed previously in Section
1.1. 3. Thwopniomangpocel | s of helper T cells (CD4+) deri vedTtiatamogpbaen,

peri pheral blood, unbilical cord blood and thynmus were used in these
experinments. The isolation of various primary |ynphoid cells fromvarious

| ynphoi d tissues has been described previously (Section 1.3). The primary
nyel oid progenitor cells were derived from CD34+CD15+ bone narrow

nmononucl ear cells described in Secti on 1.2.2. 59 3.3.2. Cell hybridisation
protocol for establishing HTS-WM The el hybri di sati on protocol for

HTS- WM production was simlar to that used for HTSKMWV production (see
Section 3.1.2), except that the medi umvaried. The hybridisation nmedium

used in t A¥sRrighpraf FRiiiess 40095 Pl < ther CDXE-amyrhed ol mre platgl R webPo4, 0.5
mM Cad 2, E)Qteg’pl%Mo%& @tﬁ@?&%&lc Ak efalgomatk e B Qe 2 xhanld TR conptiipP! enment ed

with 0.3 % BSA. The exact electrical protocol as described in Section 3.2.2
was used Tor medmprspprlementest ofithAIN mMe of nBukescaptonthaned ($iGna)r i L it i d

d |1
has boen RABRRYR £ 2830 hNE thotad ALECHS 120 gl GRENRALIDE MY o€
profil e oftinkrSingfanEXGrpiRasAtir 48theury ér iht icalats, dlre alls wa‘eefmﬁ'rees@acmd fon‘ | i neage
specific I#g)gpg Slﬁﬂ_@mé§hed HTS-WIM cel |l s are given below. 3.3.3.1

Mar ker pro established fromone primary nyel oid progenitor,
one immort al Iyrrph0|d cell and one primary T cell After HTS-WI'M cell line

derived f i.sation of on erived from
W L2NS cefcfrnt)lkiOneescengn(éelf pri mary® 17°CE Tm'ehrli'cf]ryg.éﬁleﬁ%lfﬁ?n%ﬂ%cyﬁr '% Y9t t or had
been cul t owoed aumﬁmnammmPEccBDdﬁhﬁm@nX\seeuﬁéahd ﬁ)EhrrﬂJaﬂc)ellfsQinltfg :ﬁﬂmms t he
HTS-WIM cel | _popul ation.was .anal dfo expr.e on of line espeC|f|c
O ot ker iR R OB SRERN S FBG smlyich e e P e el BBSC Cod (T
| i ngage% us@[@lﬁh F(A:mﬁselx\(ﬁbdsdtumgquﬁ)pnaﬂadoﬁilajgﬂgla{eprf@genm ;aﬁdbcﬂzb)pomv@c@nal ysed.
In brie t ce ce In abel I e

conbi nat i BW" IoMt‘@éQJgRIE )hﬂfljrg?f éﬁ% @@“"‘?‘rﬁl‘]ge‘g\ﬁﬁ “3%‘%r?eﬂiﬁ? Q‘Rf‘ (BD

Phar mi nge@Db3ahth royithe fidttidns ereddliéskdlis- Per CP anti bodies or with a
conbi nati on of nouse anti-human CD34- PE, nouse anti-human CD4-FlI TC and
nouse anti-human CD15- Per CP anti bodies. The cell staining was perforned

accor di ngThaypiba e@ﬁr@gsfaﬁcpkoﬁa@ﬂcsbhiaggat@ﬁfb} CBB4"(ceBEAddabr AD B bressiypdLal
expr essi on files of HIS-WM cel ori %I nat i ng from CD34+CD15+

myel onono’é"ﬁﬁ)g“p‘?%éﬁ”% Qﬁeréﬁb?urawecugtﬁem Pwn 1 lggire 3 14ppreimatglyal4?aPE  showed

t hat apprmmrm&@wm&l%mfteskéﬁ?nww BeCh$s shav adiddihihp e erd3adxprelanonocyti c
phenot ypes (CD19+CD15+ and 61% of CD19+ were also positive for CD4, T

| i neage miPgeas theaws,obthecysil popwlptios rptaingd KedDaf s¥predign viHoytvemMitEing face and
68% of CO3detokSloestic BRagXMhesFed’ &M 51261 Nér@ruﬁ'e?it fn éhme%%(yﬂ)%re%da"' cells

do not retain_expression of CDL5 even thoug 4 and CD15 conme from
the same S¥adiERreqtinfian sxvismp el Bngermaydas %34 @elisnyere used for de-differentiation

experiments.

1.3 Isolation of lymphocytes

For the establishment of a transdifferentiation system, the lymphocytes can be derived either
from any type specific immortal cells or from primary lymphocytes. The preparation of B
and T lymphocytes derived from immortal WIL2NS and MOLT4 cell lines, respectively,
was described in Section 1.1.3. The primary lymphocytes can be isolated from any
lymphoid tissues such as peripheral blood, cord blood, spleen, bone marrow, thymus,
tonsils, and regional lymph nodes. As a first step, all lymphoid tissues were processed to

isolate mononuclear cells.



3.3.3.2 Isolation of different phenotypic popul ations from HTS-W'M The
HTS-WIM cells were further sorted into six different phenotypic

popul ati one208peddhi cal | y: (1) CDL5+CD19+CD4+; (2) CD1l5PCDIAR@DN007163)
CD15+CD19- CD4+; (4) CD15-CD19+CD4+; (5) CD15-CD19+CD4-; and (6)

CD15- CD19- CD4+ based on the expressions of CD15, CD19 and CD4; or (7)
CD15+CD34+CD4 +; (8) CD15+34+CD4-; (9) CD15+34-CD4+; (10) CD15- CD34CD4+;
(11) CDI 5-CD34+CD4-; and (12) CD15-CD34- CD4+ based on the expression of
CD15, CD34 and CDA4. 'The sort| ng regions were set as shown in Figure 13(A)
and 13(B). The sorting gates for difféfent cell popul ati ons based on CD15,
CD19 and CD4 expression were defined as follows: (I) CD15+CD19+CD4+ cel |
popul ati on _designated as FITSS-WIM1 and counted in both R3 and R6 regions;
(2) CD15+®§1191‘€%&'0“ eEhymappmanenyclear erds frgambayg mayreyngeyipheral blaed eunt ed i n
both R6 apghnifcal &9 B8R84 (3) CD15+CD19- CD4+ cel | popul ation designated as
HTS-WM 3 _and counted in both RS and R2 regions; CD15+CD19- CD4- cel |
popul at i oRetéRbsTal hlapé srrepestTse wiilacted finan beal yerainnqivahsaffeégif@rmeéwanw in

regi Ons REachHoodalf (o ed as
HTS-WIM 5 and count gﬁagé&%{; lélﬂ:,!;l)ﬁ%ﬁeand SE%% E%?\?rﬁgta%gpg%lﬂo%d ?dglg:dgﬁr}g& R5and
R6; (6) CDl%EMD@O CD4+ cel | popul ation designated as HTS-WIM 6 and count ed
in R2 region and NOT in regions R4, R5, and R6. Sorted cell popul ations
were transferred into fresh culture nmedi um and grown as separate cul tures
under nor Rrmae bpreumarrew ashirgics vere dhaingduirem patdshtsevloch vadshwenp bpngl marion  was
verified ure 13B
shows sor% g gap%‘(¥ @ﬁ&gp gﬁ%ﬁgg‘ggﬁtup %C&?%ﬁ%g% hgésygﬂé Sa%ﬁﬁges “E)E%resm ons
of CDI 5, &b« andat@DdS.1:3Thith GRVES4Oer e defl ned as follow (7) CD15+CD34CD4+
cel |l popul ation designated as HIS-WIM 7 and counted in both regions R3 and
R6; (8) CD15+34+CD4- cell popul ation designhated as HTSSWRM 8 and counted in
bot h regi damaRlungtrilitaR@&prd( 8)ooCOhb B4 - @i +obtahdd frompuhatrad rfuidkesing nafirad as

H-cla-lsl V\ggﬂpgfqu?%gnsoa 8}5%"62? ¢ gg ntsgm lh{f\ﬁ‘%l@ns K Cgoffﬁ’%gs‘ﬁlﬂlg ﬁ%%lﬂ&flﬂ's?deéaj%ﬁs R3 and
R4; (n) C@lrﬁMD&z&éiDdelwe@I of phopnfant hrenlightish g)lﬁahcedora,s pibr StoVdpi ibn asfdhe ount ed
in both regions_R o- CD34- CD4+ cel |l population -
desi gnat ea‘g%f’é’pﬁ§- Fé"asﬂﬁﬂ%doélﬁﬂ??‘f? region R2 and NOT in regions R2 and
NOT in regions R4, R5, and R6. Sorted cell popul ations were transferred
into fres dlum nd gr arate cultur I
A 3 T Ree TR o BUER BRI ey PR ey GIPRGE
IT mwred:]I a]E fehnd afdbélicals @bidi BGod xhdihoiﬂﬁdl@pt@ds rxﬁomc fw&%%regaeadm;&edéhsnﬁ
ransdi fferentiation cells i ifferent c phenot
changi ng EW%EPWHE&V%{I E‘ﬁ‘&h&iqt"? ARt @“gg%{ﬁ’ﬁ?‘@ ‘F)(!?W%il 48! foF’%/qqlegaﬁBgsi bl e
model s of w€ﬁ| laydrécaDadr 20emEDE LAl bidPersioh Qs fdafki@ tuBO QRAMYP &S atZr SUgh
exposing a given HTIS to g cell |ineage germ ssive or a cell lin 8%%1
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conditions (see Section 1.1) until staining.
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Below are examples of staining and sorting of B and T cells from primary cells. Usually, the
selections of B cells and helper T celis were based on the surface expressions of CD19 and

CDA4, respectively.

In brief, 10 pl of each of mouse anti-human CDI9-FITC conjugated antibody (BD
Pharmingen) and mouse anti-human CD4-PE conjugated antibody (BD Pharmingen) or
appropriate isotype control were added to a 100 p aliquot of mononuclear cells in staining
medium (PBS+5%BSA), containing 1x10° cells per aliquot. For a given aliquot of
mononuclear cell population, the staining mixture was incubated for 30 minutes on ice. 10
ml of ice-cold staining medium were added to the staining mixture and centrifuged for 7
minutes at 350 g and 4°C. The supernatant was aspirated and then the cell pellet was re-
suspended by flicking the tube on which a comparable volume of ice-cold staining medium
was added. The stained cells were centrifuged and washed once more in ice-cold staining
medium, The process was repeated for other aliquots. The stained cells were analysed using
a FACS. At least 20,000 gated events were analysed for each sample. After setting
appropriate sorting gates for CD19 positive B cell population (CD19°CD4) or for CD4
positive T cell population (CD4"CD19"), the fractions were collected. 1 ml of each fraction
was collected for purity analysis and the rest of each fraction was re-suspended in complete

medium for further experiments.

A small number of cells (< 5x10° cells) were sorted directly into microcentrifuge tubes with
appropriate adapters. Prior to sorting, a small volume (0.1 to 0.2 ml) of supplemented
RPMI1640 was added to the recovery tubes in order to mix with the sorted sample and
improve viability of sorted cells. After sorting, provided the number of recovered cells
permitted, 20 p! of each sorted cell sample was diluted at 1:10 with staining medium for re-
analysis to verify its purity. An acceptable purity was >95%. Further 20 to 40 ul of FCS per
m] of sorted sample were added and followed by centrifugation for 7 min at 350 g, 4°C. The
cells were then re-suspended in the standard tissue culture medium. If sufficient cells were

available, they were counted to determine yield.
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A FACS profile of spleen samples labelled with anti-human CD19-FITC and anti-human
CD4-PE is shown in Figure 10a, whereas the profiles of purity analysis of sorted CD19™ B
cells and CD4" T cells are shown in Figures 10b and 10c. The cell purity in the fractions
exceeded 98% for CD19" cells and 96% for CD4" cells.

The sorting and purity profiles for CD19™ and CD4" cells from peripheral blood were
essentially similar to those from spleen samples, only fewer numbers of each cell population

were obtained.

1.3.4. Isolation of CDS positive (antigen-experienced) B cells and CDS negative (naive)
B cells from human umbilical cord blood

Mononuclear cells were prepared from umbilical cord blood samples as described in Section
1.3.1. Fluorescence-cell staining followed by cell sorting was performed within 4 hours of
the isolation of mononuclear cell population. In this particular example, sorting of CD35
negative (naive} B cells and CD3 positive (antigen-experienced) B cells from human
umbilical cord blood, was carried out using a mouse anti-human CD5-FITC antibody (BD
Pharmingen), a mouse anti-human CDI9-PE antibody (BD Pharmingen) or appropriate

isotype control according to the method described previously (Section 1.3.3).

The stained samples were analysed using a FACS. At least 20,000 gated events were
analysed for each sample. After setting appropriate sorting gates for CD5 negative B cell
population (CD19"CD5") or for CDS5 positive B cell population (CD19°CD5™) population, a
number of fractions were collected. Figure 4 shows a typical profile of the samples stained

with mouse anti-human CD19 and mouse anti-human CD3.

The percentage of B cells in the sample ranged from 4 to 19.2% and CD5" B cells ranged
from 0.8 to 7.2% of'total circulating lymphocytes.
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T cells from human umbilical eord blood

Mononuclear cells were extracted from umbilical cord blood samples using a similar
method as described in Section 1.3.1. Fluorescence-cell staining followed by cell sorting
was performed within 4 hours of the isolation of mononuclear cell population. In this
particular example for sorting of CDS positive (antigen-experienced) T cells and CDS5
negative (naive) T cells from human umbilical cord blood, was carried out using a mouse
anti-human CD35-FITC antibody (BD Pharmingen), a mouse anti-human CD3-PE antibody
(BD Pharmingen) or appropriate isotype control according to the method of cell described
previously (Section 1.3.3). The stained cells were analysed using a FACS. At least 20,000
gated events were analysed. The sorting gates were set to collect fractions containing either
CD5 negative T cells (CD3"CD5") or CD5 positive T cells (CD3"CD5). Figure 5 shows a
typical profile of the samples stained with mouse anti-human CD3 and mouse anti-human
CD5 antibodies.

Effectively, the same method used to recover and analyse the sorted populations has been

described in Section 1.3.3.

The percentage of T cells in the samples ranged from 1.7 to 13.5% and CD5™ T cells ranged
from 0.4 to 1.3% of total circulated lymphocytes.

1.3.6. Isolation of early B cells, activated and resting B cells based on CD 20 and CD 72
expressions from human bone marrow mononuclear population

Mononuclear cells were extracted from bone marrow using the method described previously
(Section 1.3.1). The fluorescence-cell staining followed by cell sorting was performed
within 4 hours of the isolation of mononuclear cell population. Staining and sorting the
activated B cells is described previously in Section 1.3.3. Specifically, 10 pl of a mouse
anti-human CD72-FITC antibody (BD Pharmingen) and 20 pl of a mouse anti-human
CD20-PE antibody (BD Pharmingen) or appropriate isotype control (PE mouse [gG2b,x

antibodies) were used. The stained cells were analysed using a FACS. The sorting gates
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were set to collect fractions containing either CD20 positive population comprising pre-B
cells, resting and activated B cells, follicular dendritic cells (CD20°CD72) or CD72
positive cell population comprising early B cells (CD20°CD72") or activated B cells
(CD20"CD72"). Figure 6 represents a typical profile of the samples stained with mouse anti-

human CD20 and mouse anti-human CD72 antibodies.

Effectively, the same method as described in Section 1.3.3 was applied to recover and

analyse sorted cells.

Typically, approximately 10-15% of bone marrow mononuclear cell population was
positive for both CD20 and CD72; 9-12 % of cells were positive for CD20 but negative for
CD72; and approximately 8% were positive for CD72 only.

1.3.7. Isolation of thymocyte subpopulations by magnetic bead sorting

Using the MACS CD4 Multisort kit (Miltenyi Biotec GmbH), CD4°CD8" double negative
thymocytes, CD4"CD8" double positive thymocytes, and CD4™ and CD8" single positive
thymocyte cell populations were sorted out according to the manufacturer’s instructions.
Briefly, thymocytes collected using a similar method as that described in Section 1.3.2 were
incubated with CD4 Multisort CD4 microbeads for 30 minutes. After washing with 5 mM
EDTA and 0.5% BSA in PBS, the labelled cells were separated on magnetic columns. The
positively selected thymocytes, which were retained on the magnetic column, contained
CD4" single positive and CD4"CD8" double positive cell populations, whereas the CD4
depleted cell population, which was eluded through the column, contained CD8" single
positive and CD4CD8 double negative cells. To remove microbeads from the CD4
positively selected cell populations, the cells were incubated with MACS Multisort release
reagent. After 20 minutes, the digestion was stopped, and the cells were labelled for 30
minutes with CD8 microbeads. The CD4"CD8" double positive thymocytes were obtained
by positive selection, whereas CD4" single positive cells were found in the depleted cell
population. The CD4 depleted cell population was incubated for 30 minutes with CD8

microbeads. After applying labelled cells on a magnetic column, CD8" single positive cells
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could be separated from the CD4'CD8 double negative thymocytes, The purities of the four
different thymocyte subpopulations were evaluated by flow cytometric analysis. The

accepted purity was more than 95%.

1.3.8 Isolation of CD54” T cells from human tonsils.

Mononuclear cells were extracted from human tonsils using the method described in Section
1.3.2. The fluorescence-cell staining followed by cell sorting was performed within 4 hours
of the isolation of the mononuclear cell population. CD54" T cells (intercellular adhesion
molecule-1 or ICAM-1) were extracted from the mononuclear tonsillar cell population,
using a mouse anti-human CD3-PE antibody (BD Pharmingen) and a mouse anti-human
CD354-FITC antibody (BD Pharmingen) or an appropriate isotype control were chosen using
the cell staining/sorting method as described in Section 1.3.5. The stained cells were
analysed using a FACS. The sorting gates were set to collect fractions containing either
CD3" T cells (i.e. CD3'CD54 cells) or activated CD54™ T cells (i.e. CD3'CD54" cells).
Figure 7 shows a FACS profile of the samples stained with mouse anti-human CD3 and
mouse anti-human CD54 antibodies. The CD3" cells were used for the creation of HTS,

whereas CD54" activated T cells were used for transdifferentiation experiments.

The results showed that whilst T cells constituted the majority (82%) of mononuclear cells

isolated from tonsils, only 9% were CD54™ T cells.

1.4. Generation and selection of human lymphocytes secreting IgM and IgG

Purified B cells (see Section 1.3.3) were seeded at 3.75x10° cells/ml in wells of 96 round
bottom well plates (Corning) coated with mouse anti-human CDI154 antibody (BD
Pharmingen). The cells were cultured in complete RPMI1640 medium supplemented with
10% heat inactivated ultra-low IgG Foetal Bovine Serum, FBS, (Gibco/BRL) and 100 U/ml
of human interleukin 4 (IL.-4) (R&D systems) and 50 ng/ml of human interleukin 10 (IL-10}
added after day 3 in the culture. The cultures were replenished by replacing half of the
culture medium every 2 to 3 days. Cell viability and counts were evaluated in triplicate by

trypan blue exclusion using a hemocytometer. At day 5 and day 10, cultured lymphocytes
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were harvested, washed twice in PBS and analysed by FACS using mouse anti-human
CDI19-PE, mouse anti-human IgM-FITC or mouse anti-human IgG-FITC antibodies (all
from BD Pharmingen). All stainings were achieved with 1 pg of each antibody per 1x1 0°
cells at 4°C. In all of the analyses, more than 95% of cells were double-negative with
markers set according to isotype-matched negative control staining. The regions containing
dead cells and debris were excluded from analysis. All analyses were done by gating 5,000
to 10,000 viable cells.

Typical profiles of IgM and IgG positive cells in the cultured lymphocytes are shown in
Figure 8. After 5 days in the culture 18% of CD19" cells were IgM positive and only 1%
had detectable IgG on the surface, whereas after 10 days the percentage of IgM positive
lymphocytes reduced to only 2% whilst the percentage of 1gG positive cells increased to
15%. After setting appropriate gates the IgM positive and IgG positive fractions were sorted

out.

IgM and IgG concentrations in the culture were determined by a standard ELISA using 96
ELISA well plates and plastic-absorbed goat-affinity-purified antibodies to human ) and ¥
chains. The bound antibodies were revealed with HRP-conjugated sheep anti-human Ig
antibodies. All antibodies were from Sigma. ABTS was used as a substrate and optical
densities were measured at 405 nm. Table 1 summarises the levels of IgM and IgG detected

in the B lymphoeyte culture after 5 and 10 days.

Table 1. Production of IgM and IgG in primary B lymphocyte culture

Period in culture IgM (ng/10° cells) IgG (ng/10° cells)
5 days 2,480+182 850492
10 days 1,215+260 1,914+101

The production of IgM declined after 5 days in the culture whereas IgG production

increased.
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Example 2

2. Somatic cell hybridisation

Several methods of somatic cell hybridisation are well known in the art. These include but
are not limited to, for example, a biological method using fusagenic virus such as Sendai
virus (Kohler and Milstein, 1975), a chemical means using polyethylene glycol (PEG)
(Wojciezsyn, et al, 1983), and an electrical method using electric fields (Neil, and
Zimmermann, 1993). Each method can induce or cause the plasma membranes of cells of

interest to be reversibly permeable and to hybridise.

Regardless of cell hybridisation methods mentioned above, two essential steps are, in
principle, required in order to achieve cell hybridisation. First, the plasma membranes of the
cells to be hybridised must be brought into good cell membrane contact. Second, a
reversible breakdown of the plasma membranes at the point of contact must be

simultaneously induced.

For the electrical cell hybridisation method, the cells of interest can be brought into good
cell membrane contact by using an alternating-current electric field (AC field) with an
appropriate field frequency and then be induced to hybridise when they are exposed to a

short electric pulse simultaneously with the AC field.

To elaborate further, the electrical cell hybridisation involves the following physical
phenomena; dielectrophoresis (DEP) and an electrical breakdown of the plasma cell

membranes.

Dielectrophoresis (Pohl 1978) is a phenomenon which describes the movement of dielectric
particles such as biological cells when they are suspended in an appropriate solution and
subject to a non-uniform AC electric field of an appropriate frequency. It is well
documented that the movement of cells can be described as a (i) translation or migration of
dielectric particles, for example at field frequencies between 0.5 — 2.0 megahertz (MHz) for

Sp2 cells suspended in 100 mM sorbitol (Mahaworasilpa, 1992) and (ii) rotation of
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2.1. Electrical cell hybridization system

In certain embodiments of this invention, an electrical cell technique may be used to create

hybridised cells, such as trans-differentiating cells.

2.1.1. Cell manipulation system
In order to manipulate individual cells of interest prior to cell hybridisation, the single-cell
manipulation/delivery system described previously (Section 1.1.1) was used throughout this

invention.

2.1.2. Microelectrodes
In this invention two L-shape microelectrodes were used. Figure 29 shows a microelectrode
which was made of an uncoated nickel alloy, 128 pm in diameter (7). The shaft of the

microelectrode was covered with a haematocrit capillary tube, 1.5 mm outer diameter. The
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2.1.3, Cell chamber and configuration

Figure 31 shows two parallel electrodes in a well of a standard 96-well-flat-bottom TC
plate, the well serves as a cell hybridisation chamber in certain embodiments of this
invention. To perform cell hybridisation the microelectrodes were submerged in an
appropriate medium (11) contained with the well (12) of a standard 96-well tissue culture
plate. Figure 32 and Figure 33 show a top view and a lateral-view of the parallel electrode
configuration respectively, where, for example three pre-selected cells to be hybridised are
placed in between the parallel electrodes in such a way that they can be induced to align or

form a chain of cells in the presence of an appropriate AC ¢lectric field.
Example 3

3. Examples of establishing hematopoietic transdifferentiation systems by electrical

cell hybridization method

The following Sections provide examples of the creation of haematopoietic
transdifferentiation systems (HTS) obtained by hybridising cells from either different
lineages or cell types or same lineages/or cell types but different phenotypes. Each stable
system underwent analysis to confirm that it simultaneously possessed phenotypic
characteristics of parent cells. The confirmation was based on the analysis of lineage
specific cell surface markers, intracellular expression of lineage specific markers, the

presence of RNA transcripts of lineage specific markers, and/or the secretion of lineage
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specific proteins. The examples below illustrate the most typical phenotypic characteristics
of transdifferentiation systems. However, these examples are in no way limited to a

particular marker chosen.

3.1. HTS derived from one immortal myelomonocytic progenitor, one immortal B

lymphocyte and one immortal T lymphocyte —-HTS-KMW

As an example, this type of HTS was created by hybridising one immortal myelomonocytic
progenitor K562 cell, one immortal T lymphoid MOLT4 cell and one immortal B lymphoid
WIL2NS cell. The HTS so obtained was labelled as a HTS-KMW system (followed by its
serial number). The following steps for the process of establishing HTS-KMW, the
solutions (hybridisation, culture and recovery media) and the parameters used in this

invention are described below.

3.1.1. Cell preparation for HTS-KMW

K562, WIL2NS, and MOLT4 cell lines were cultured in our standard TC medium (see
Section 1.1) and incubated in a humidified incubator at 37°C, 5% CO,. As a routine, each
cell line was passaged every 3 days. Prior to cell hybridisation, the stable clone of each cell
type which had the highest proliferation rate was established using the procedure described
in Section 1.1.2. In some experiments, CD71 -enriched cell populations established as
described in Section 1.1.3 were used. Also, on some occasions, the CD15" cells of CD71"-

enriched K562 population (Section 1.1.3) were used in experiments.

3.1.2. Cell hybridisation protocol for establishing HTS-KMW

A few wells of a TC 96-well plate were used as cell hybridisation wells. Each well was
filled with approximately 150 pl of hybridisation medium, which consisted of 240 mM
sorbitol (Sigma), 2.0 mM KH»PO, (Sigma), 0.4 mM CaCl, (Sigma), 0.2 mM Mg(CaH30,),
(Sigma) and 0.2 mM Ca(C;H30;): (Sigma), supplemented with 0.2 % bovine serum
albumin, BSA (Sigma). Prior to electrical cell hybridisation, the cells of the pre-selected

clone of each cell type were washed once in a hybridisation medium for a few minutes and
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transferred to a well containing the fresh hybridisation medium. The well was designated as
a pre-hybridisation well. Before the cell hybridisation process, a single and washed cell of
each selected clone was manipulated according to Section 1.1.1 such that only three cells,
one from each selected clone, were positioned in between a pair of identical, parallel
electrodes, which was submerged to the bottom of the well (as shown in Figure 33). The

separation of the electrodes was set at 400 micrometres (e.g. 400 pm).

To achieve electrical cell hybridisation, firstly, an alternating current (AC) field with a
frequency of 0.8 MHz and a field strength of circa 50 — 60 kilovolts per meter (e.g. 50-60
kV/m) was applied between the electrodes for a few seconds until the three cells were
induced to attract to one another by dielectrophoresis, DEP, and form a string of cells. This
process caused the cells to make good cell membrane contact. The cells were arranged in
such a way that K562 cell was in the middle of the cell alignment (14) (see Figure 32 or 33).
Then, two electric square pulses, with an interval of 3 seconds between the pulses, were
applied simultaneously with the AC field. Each pulse with an intensity of circa 170 kV/m
and a pulse width of 75 micro-seconds (e.g. 75 psec) was used. After the completion of the
second square pulse, the AC field was kept on continuously for another 5 seconds, resulting
in cell hybridisation into a single tri-hybridised cell. For certain embodiments of this
invention, it was observed that hybridisation of the three cells might not take place
simultaneously, i.e. hybridisation of two out of the three cells frequently occurred first
followed by the hybridisation of the third cell. In some cases an additional square pulse was
required to obtain a complete three-cell hybridisation. The newly created tri-hybridised
trans-differentiating cell was then transferred from the hybridisation well to a recovery well,
which was located in a different row from that of the hybridisation wells. Each recovery
well contained 150 pl standard TC medium (see Section 1.1). Each newly established trans-
differentiating cell was incubated, one trans-differentiating cell per recovery well, in a
humidified incubator, operated at 37°C and 5% CO; content, for seven days. Most of the
trans-differentiating tri-hybrid cells were found to divide within 36 hours after the cell
hybridisation event. At the end of the incubation period, the medium in each recovery well

was appropriately replenished with fresh standard medium, This stimulated cell
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proliferation of each trans-differentiating tri-hybrid clone. Two or three days later dividing
or surviving cells were identified from each recovery well and were plated into the wells of
a standard 24-well TC plate, giving rise to a set of trans-differentiating tri-hybrid clones.
Each trans-differentiating tri-hybrid clone was cultured in the 24-well plate for another
week before being transferred into a 25 cm® TC flask, containing 10 millilitres (mi) of our
standard culture medium (see Section 1.1) and being labelled appropriately for further
analysis. The entire process of electrical cell hybridisation and trans-differentiating tri-
hybrid recovery process was repeated for a number of times in order to create a batch of

stable trans-differentiating tri-hybrid cells.

3.1.3. Lineage marker profile of HTS-KMW

An example of the verification of co-expression of lineage specific markers on established

HTS-KMW cell line is given below.

After a HTS-KMW cell line had been established under normal culture conditions for 6
months, the HTS-KMW cell population was analysed for the expression of specific CD

markers of myeloid, B and T lymphoid lineages.

A tri-colour FACS analysis was utilised to verify co-expressions of the following CD
markers: CD19 originating from WIL2NS, CDI15 originating from K562, and CD4
originating from MOLT4.

In brief, 100 pl of HTS-KMW cells at concentration of 1x10° cells/ml in PBS containing
5% BSA were suspended in 100 pl of PBS and incubated for 30 min at 4°C with 0.5
mg/100ml of mouse anti-human CD15-PerCP, 0.25mg/100ml of mouse anti-human CD4-
PE and 1.0mg/100ml of mouse anti-human CD19-FITC antibodies or an appropriate isotype
control. All mouse anti-human antibodies were acquired from BD Pharmingen. After
extensive washing with PBS, the labelled cells were analysed using FACSCalibur flow

cytometer and CellQuest Pro software.
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Figure 9 shows typical FACS profile of the HTS-KMW cells, which indicates that the HTS-
KMW cells, where lineage specific characteristics come from immortal phenotypes, contain
heterogeneous cell populations of mixed phenotypes, with myeloid being predominant.
However, 62% of HTS-KMW cells shared myeloid and T lymphoid phenotypes and 28% of
HTS-KMW cells express T and B lymphoid phenotypes.

3.1.4. Isolation of different phenotypic populations from HTS-KMW

The HTS-KMW cells were further sorted into six different phenotypic populations,
specifically: (1) CD15'CD19°CD4"; (2) CDI15°CDI9"CD4; (3) CD15°CD19°CD4Y; (4)
CD15CD19"CD4"; (5) CD15CD19"CD47; (6) CD15CD19°CD4",

The sorting regions were set as shown in Figure 9. The sorting gates for different cell
populations were defined as follows: (1) CD15'CD19"CD4" cell population designated as
HTS-KMW.1 and counted in both R3 and R6 regions; (2) CD15'CDI19'CD4 cell
population designated as HTS-KMW.2 and counted in both R5 and R2 regions; (3)
CD15"CD19°CD4" cell population designated as HTS-KMW.3 and counted in both R6 and
R1 regions; (4) CD15CD19°CD4" cell population designated as HTS-KMW.4 and counted
in both R4 and R3 regions; (5) CDI15CD19"CD4" cell population designated as HTS-
KMW.5 and counted in both R7 and R2 regions; (6) CD15°CD19°CD4" cell population
designated as HTS-KMW.6 and counted in both R4 and R1 regions. Sorted cell populations
were transferred into fresh culture medium and grown as separate cultures under normal
culture conditions, The purity of each cell population was verified immediately after sorting

with accepted purity of 98%.

3.2. HTS derived from one immortal myelomonocytic progenitor, one primary B
lymphocyte and one primary T lymphocyte —-HTS- KBT

As an example, this type of HTS was created by somatic cell hybridisation of one immortal
myeloid cell derived from K562 cell line, one primary human B cell and one primary human
T cell. The type of HTS was dubbed HTS-KBT followed by serial number.
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CD markers for both B and T cells with the density similar to that of parent, primary cells.

3.2.3.2 Marker profile of HTS-KBT established from one immortal myeloid cell and
two primary antigen-experienced lymphoid cells (B and T cells)

In another embodiment a HTS-KBT cell line derived from cell hybridisation of one K562
cell, one antigen-experienced B and one antigen-experienced T cell was established. This
variant of HTS-KBT was designated as HTS-KBT*F, The cells were analysed for co-
expression of CD19, CD3 and CDS5 using a FACS.

In brief, the cells were labelled with mouse anti-human CD3-FITC and mouse anti-human
CDI19-PE or mouse anti-human CD4-PE antibodies using the same protocols as in cell
preparation prior to cell hybridisation (Section 1.3.3). Figure 11 shows FACS profiles of
cells of such HTS-KBT*® cell line. The results show that 5-10% of the HTS-KBT** cell
population retained its memory of antigen exposure by maintaining cell surface expression
of CD5 molecule whilst being positive for CD3 orfand CD19. Also at least 83% of CD5
negative cell population co-expressed both B lincage (CD19) and T lineage (CD3) markers.

3.2.3.3 Isolation of different phenotypic populations from HTS-KBT*F

The HTS-KBT*® ceils were further sorted into six different phenotypic populations,
specifically: (1) CD3'CD19°CD5"; (2) CD3'CDI19°CD5"; (3) CD3'CDI9CD5™; (4)
CD3"CD19°CD5; (5) CD3'CD19°CD5%; (6) CD3°CD19'CDS.
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The sorting regions were set as shown in Figure 11. The sorting gates for different cell
populations were defined as follows: (1) CD3*CD19'CD5" cell population designated HTS-
KBTE.] and counted in both R2 and R4 regions; (2) CD3'CD19"CD5" cell population
designated as HTS-KBT*£.2 and counted in both R1 and R3 regions; (3) CD3"CD19°CD5*
cell population designated as HTS-KBT*F 3 and counted in R4 region but not R2 region; (4)
CD3'CD19°CD5" cell population designated HTS-KBT*F.4 and counted in R3 region but
not RI region; (5) CD3'CDI9'CD5" cell population designated as HTS-KBTAE.5 and
counted in R2 but not R4 region; (6) CD3'CD19"CD5" cell population designated as HTS-
KBT"E.6 and counted in R1 but not R3 region. Sorted cell populations were transferred into
fresh culture medium and grown as separate cultures under normal culture conditions. The
purity of each cell population was verified immediately after sorting with accepted purity of
98%.

3.2.3.4 Marker profile of HTS-KBT established from one immortal myeloid cell, an
activated B cell and one primary double positive uncommitted effector T cell

In another embodiment a HTS-KBT cell line derived from cell hybridisation of one K562,
one T cell (double positive for CD4" and CD8") isolated from thymus and one activated B
cell (CD20" and CD72") isolated from bone marrow was established. This variant of HTS-
KBT was designated as HTS-KBT™. The cells were analysed for co-expressions of CD4,
CD8, CD20 and CD72 on the cell surface.

In brief, the HTS-KBT™ cells were either labelled with antibody combination of mouse
anti-human CD4-PE and mouse anti-human CD72-FITC antibodies or mouse anti-human
CD20-PE and mouse anti-human CD8-FITC antibodies or mouse anti-human CD4-PE and
mouse anti-human CD8-FITC antibodies using the same protocol as described for isolation
of primary lymphocytes (Section 1.3). Figure 12 shows FACS profiles of such HTS-KBT"F

cells.

The results (see Figure 12) showed that 99% of HTS-KBT cells expressed either of
double positive T cell derived CD4 or CD8 on its surface where 66-71% of cells were being
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positive for CD4 and 88-89% of cells were being positive for CD8. In 60% of these cells,
the expression of CD4 and CD8 was concurrent. Whilst being positive for CD4 derived
from double positive thymocytes, 61% of cells were also positive for CD72 derived from
activated B cells of bone marrow. However, 94% of HTS-KBT"® population expressed
CD72 on their surface. On the other hand, 31% of CD8 positive cells co-expressed CD20.
The total number of CD20 positive cells was 39%.

3.2.3.5 Isolation of different phenotypic populations from HTS-KBT™

The HTS-KBT™ cells were further sorted into fifteen different phenotypic populations,
specifically: (1) CD4'CD8CD20°CD72"; (2) CD4'CD$§'CD20°CD72; (3)
CD4'CD8'CD20CD72"; (4) CD4'CD8'CD20CD72; (5) CD4°CDh8CD20'CD72"; (6)
CD4'CD8§CD20°CD727; (7) CD4°CD8CD20CD72"; (8) CD4'CD$'CD20CD72; (9)
CD4'CD8'CD20°CD72"; (10) CD4°CDS'CD20'CD727; (11) CD4CDS'CD20CD72%; (12)
CD4CD8§'CD20°'CD727; (13) CD4CD8CD20°CD72%; (14) CD4CD$CD20°CD72; (15)
CD4'CD8CD20CD72".

The sorting regions were set as shown in Figure 12. The sorting gates for different cell
populations were defined as follows: (1) CD4 CD8'CD20°CD72" cell population
designated HTS-KBT™".1 and counted in all three regions of R2, R5 and R8; (2)
CD4'CD8'CD20°CD72" cell population designated as HTS-KBT™".2 and counted in all
three regions of R2, R8 and R4; (3) CD4'CD8"CD20°CD72" cell population designated as
HTS-KBT™ 3 and counted in all three regions of R2, R5 and R9; (4) CD4'CD8'CD20
CD72 cell population designated HTS-KBT"" 4 and counted in all three regions of R2, R4
and R9; (5) CD4'CD8CD20"CD72" cell population designated as HTS-KBT™.5 and
counted in all three regions of R1, R5 and R7; (6) CD4"CD8'CD20CD72 cell population
designated as HTS-KBT"".6 and counted in all three regions of R1, R4 and R7: (7)
CD4'CD8CD20°CD72" cell population designated as HTS-KBT".7 and counted in all
three regions of R1, R5 and R12; (8) CD4 CD8CD20°CD72" cell population designated as
HTS-KBT".§ and counted in all threec regions of R1, R4 and RI2; (9) CD4
CD8'CD20°CD72" cell population designated as HTS-KBT™.9 and counted in all three
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regions of R3, R6 and R8; (10) CD4 CD8"'CD20"CD72" cell population designated as HTS-
KBT"".10 and counted in all three regions of R3, R11 and R8; (11) CD4 CD§'CD20CD72*
cell population designated as HTS-KBT™.11 and counted in ail three regions of R3, R6 and
R9; (12) CD4'CD8'CD20CD72 cell population designated as HTS-KBT .12 and counted
in all three regions of R3, R11 and R9; (13) CD4'CD8CD20'CD72" cell population
designated as HTS-KBT.13 and counted in all three regions of R10, R6 and R7; (14)
CD4'CD8CD20'CD72 cell population designated as HTS-KBTP.14 and counted in all
three regions of R10, R11 and R7; (15) CD4CD8'CD20°CD72" cell population designated
as HTS-KBT™.15 and counted in all three regions of R10, R6 and R12. Sorted cell
populations were transferred into fresh culture medium and grown as separate cultures
under normal culture conditions. The purity of each cell population was verified

immediately after sorting with accepted purity of 98%.

3.3 Example of HTS derived from primary myelomonocytic progenitor, immortal B
lymphocyte and primary T lymphocyte -HTS-WTM

As an example, this type of HTS was created by somatic cell hybridisation of one primary
myeloid progenitor derived from bone marrow, one immortal human B cell derived from
WIL2NS cell line and one primary human T cell. The type of HTS was dubbed HTS-WTM

followed by serial number.

3.3.1. Cell preparation for establishing HTS-WTM

The preparation of WIL2NS cells used in the creation of HTS-WTM was described
previously in Section 1.1.3. The primary cells of helper T cells (CD4™) derived from spleen,
peripheral blood, umbilical cord blood and thymus were used in these experiments. The
isolation of various primary lymphoid cells from various lymphoid tissues has been
described previously (Section 1.3). The primary myeloid progenitor cells were derived from

CD34"CD15" bone marrow mononuclear cells described in Section 1.2.2.
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3.3.2. Cell hybridisation protocol for establishing HTS-WTM

The cell hybridisation protocol for HTS-WTM production was similar to that used for HTS-
KMW production (see Section 3.1.2), except that the medium varied. The hybridisation
medium used in these experiments consisted of 235 mM sorbitol, 1.8 mM KH>POy4, 0.5 mM
CaCly, 0.3 mM Mg(C2H302)2, and 0.25 mM Ca(C,H30,); (Sigma), supplemented with 0.3
% BSA. The exact electrical protocol as described in Section 3.2.2 was used for the
production of WTM. The incubation and HTS tri-hybrid recovery protocols of each newly

formed trans-differentiating hybrid cell has been described previously (Section 3.1.2).

3.3.3. Lineage marker profile of HTS-WTM
Examples of the verification of co-expression of lineage specific markers on established

HTS-WTM cells are given below.

3.3.3.1 Marker profile of HTS-WTM established from one primary myeloid

progenitor, one immortal lymphoid cell and one primary T cell

After HTS-WTM cell line derived from cell hybridisation of one immortal B lymphocyte
derived from WIL2NS cell line, one primary T cell and one myelomonocytic progenitor had
been cultured under normal conditions (see Section 1.1) for 6 months, the HTS-WTM cell
population was analysed for the expression of lineage specific CD markers. The expression
of surface markers for CD19 (B lineage), CD4 (T lineage), CD15 (myeloid lineage) and
CD34 (progenitor cell) were analysed. In brief, the cells of this HTS-WMT cell line were
labelled with combination of mouse anti-human CD19-PE, mouse anti-human CD4-FITC
(BD Pharmingen) and mouse anti-human CD15-PerCP antibodies or with a combination of
mouse anti-human CIX34-PE, mouse anti-human CD4-FITC and mouse anti-human CDI135-
PerCP antibodies. The cell staining was performed according to the protocols described
earlier (Section 1.3.3). Typical expression profiles of HTS-WTM cells originating from
CD34'CD15" myelomonocytic progenitor cell are shown in Figure 13. The analysis showed
that approximately 81% of HTS-WTM cells shared B lineage and myelomonocytic
phenotypes (CD19'CD15%) and 61% of CD19" were also positive for CD4, T lineage
marker. 34% of CD4" cells retained also CD34 on their surface and 68% of CD34" cells
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expressed CD135. Interestingly, 28% of CD34” cells do not retain expression of CD15 even

though both CD34 and CD15 come from the same source (myelomonocytic progenitor cell).

3.3.3.2 Isolation of different phenotypic populations from HTS-WTM

The HTS-WTM cells were further sorted into six different phenotypic populations,
specifically: (1) CD15°CD19°CD4%; (2) CDI5'CD19°CD4; (3) CDI15'CD19°CD4"; (4)
CD15CD19'CD4"; (5) CDISCDI19°CD4; and (6) CDI5CDI19CD4" based on the
expressions of CD15, CD19 and CD4; or (7) CD15°CD34CD4"; (8) CD15734°CD4’; (9)
CDI15"34CD4"; (10) CD15CD34°CD4™; (11) CDI5CD34'CD4; and (12) CD15CD34
CD4" based on the expression of CD15, CD34 and CD4.

The sorting regions were set as shown in Figure 13(A) and 13(B). The sorting gates for
different cell populations based on CD15, CD19 and CD4 expression were defined as
follows: (1) CD15'CD19*CD4" cell population designated as HTS-WTM.1 and counted in
both R3 and R6 regions; (2) CD15'CD19'CD4 cell population designated as HTS-WTM.2
and counted in both R6 and R1 regions; (3) CD15"CD19°CD4" cell population designated as
HTS-WTM.3 and counted in both R5 and R2 regions; (4) CD15"CD19°CD4" cell population
designated as HTS-WTM.4 and counted in R5 region and NOT in regions RI, R2, and R3;
(5) CD15CD19°CD4" cell population designated as HTS-WTM.5 and counted in both R3
and R4 regions and NOT in regions R5and R6; (6) CD15CD19CD4" cell population
designated as HTS-WTM.6 and counted in R2 region and NOT in regions R4, RS, and R6.
Sorted cell populations were transferred into fresh culture medium and grown as separate
cultures under normal culture conditions. The purity of each cell population was verified

immediately after sorting with accepted purity of 98%.

Figure 13B shows sorting gates for different cell populations based on the expressions of
“CDI5, CD34 and CD4. The gates were defined as follow: (7) CD157CD34°CD4” cell
population designated as HTS-WTM.7 and counted in both regions R3 and R6; (8)
CD15734°CD4 cell population designated as HTS-WRM.8 and counted in both regions R1
and Ré; (9) CD15734°CD4” cell population designated as HTS-WTM.S and counted in both
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and NOT in regions R4, RS, and R6. Sorted cell populations were transferred into fresh
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of each cell population was verified immediately after sorting with accepted purity of 98%.

Example 4

4. Transdifferentiation of HTS cells into different cell phenotypes by changing
environmental condition

This example shows some of the possible models of cell transdifferentiation into different
phenotypes through exposing a given HTS to a cell lineage permissive or a cell lineage

promoting environment. Each example is in no way restricted to conditions given here.

4. 1.Transdifferentiation of HTS cells into CD4™ T cells

The HTS cells derived from the following subpopulations HTS-KMW.1, HTS-KMW.6,
HTS-KBT, HTS-KBT"E.1, HTS-KBT*E.4, HTS-WTM. 1, HTS-WTM.6, HTS-WTM.7 and
HTS-WTM.12 and produced as describe in Section 3.1.4, Section 3.2.3.1, Section 3.2.3.3
and Section 3.3.3.2 as wells as control cultures of K562, MOLT4 and WIL2NS cells were
transferred into fresh culture medium and cell concentration was adjusted to 250,000 to
500,000 cells per ml. The cell culture was supplemented with 10 U/ml of human IL-2 (BD
Biosciences), 10 ng/mL of human IL-1beta (BD Biosciences), 10 ng/ml of human IL-23
(R&D Systems), 1 pg/ml of anti-IL-4, 1 pg/mL of anti-IFN-y and anti-CD3/CD28 activation
beads at a ratio of 1 bead per cell (Invitrogen) and seeded in U-bottom 96 well plates at 200
ul per well (Corning). An increasing concentration of TGF-beta at 0.1, 1 and 10 ng/ml was
added to a series of four wells. The culture media was replaced with fresh medium

containing all cytokines and antibodies at days 3 and 5. On day 8 the cells were stained with
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anti-CD4, anti-CD19 and anti-CD15 and analysed by flow cytometry as described in
Section 1.3.3. Prior to the staining cells were activated for 5 hours with 50 ng/ml of PMA,
500 ng/ml of ionomycin and 1x of BD GoldgiStop.

The cells were then labeled with mouse anti-human CD4-PE, anti-human CD19-FITC and
anti-human CD15-PerCp antibodies as described in Section 3.1.3. Figure 14 shows
representative profile of tri-staining for CD4, CD19 and CDI15 in cultures where 100% of
cells expressed only CD4 on the surface after induced differentiation towards CD4™ cells.
In the HTS-KMW.1 culture, the single CD4" cells reached 49% out of total cell population
initiated from pure population of triple positive (CD15°CD19°CD4") cells. In HTS-KBT it
reached 50% derived out of nitial 100% double positive (CD19°CD4") population; 61% in
HTS-KBTAE.1 out of 100% triple positive (CD3"CD19°CD5") population; 74% in HTS-
KBT*: .4 out of initial 100% of CD3" cells; 82% in HTS-WTM.1 out of 100% triple
positive (CD15°CD19'CD4") population; and 71% in HTS-WTM.7 became single CD4
positive cells from 100% triple positive population of CD15°CD34'CD4" phenotype. All
control cultures of K562, MOLT4 and WIL2NS cells maintained their marker expression

profile unchanged.

4.1.1 Characterisation of CD4" T cells generated from H'TS
Single positive CD4" cells generated from HTS cultures induced towards CD4" T cells were
sorted out for further analysis of markers expression and functional characterisation.

Accepted purity was 98% of the total population of CD4™ T cells.

4.1.1.1 Phenotypic profile of CD4" cells generated from HTS cultures

Single positive CD4 cells derived from T lymphocyte permissive HTS cultures were further
analysed for the expression of the following molecules on the cell surface either exclusively
expressed on the surface of CD4" T cells or important for CD8" T cell functions: TCRaf} —
T cell receptor; CD25 — IL-2 receptor alpha expressed activated T cells and in combination
with CD4 denotes regulatory subset of CD4" T cells; CD27 — involved in T cell co-

stimulation; CD28 — indicating activation of naive T cells; CD62L — expressed on naive and
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memory T cells and involved in homing; CD69 — signal transduction molecule on activated
T cells; CD95 — upregulated upon activation; and CD45RO — indicating activated T cell or
memory T cells. Each marker expression was assessed in combination with CD4. For this
purpose, the cells were stained with mouse anti-human CD4-PE in combination with either
mouse anti-human CD25-FITC, mouse anti-human CD27-FITC, mouse anti-human
CD62L-FITC, mouse anti-human CD69-FITC, mouse anti-human CD95-FITC or mouse
anti-human CD45RO-FITC following essentially the same protocol described in Section
1.3.3. Table 2 summarises the phenotypic profile of CD4+ T lymphocytes derived from
different HTS cultures.

Whilst all of the cells from various cultures expressed the mature form of TCR on their
surface, the CD expression profile shows a variety of the CD4' subsets generated in HTS
cultures. Cells showed different abilities to homing as evidence by CD62L expression
which markedly correlated to the level of expression for various activation molecules. It was
possible to generate not only a subset of activated T helper cells but also a CD4*CD25"
regulatory subset of the T cells particularly in HTS-WTM cultures originating from primary

myelomonocytic progenitor cells.
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4.1.1.2 Production of cytokines by CD4" cells generated from HTS cultures

Single positive CD4" cells generated from T cell permissive HTS culture were further

analysed for the production of IL-2, IL-4, IL-8, IL-10, IFN-y and TNF-¢. following

polyclonal activation with 10 ng/ml of lipopolysaccharide (LPS) for 4 days. The cells were

seeded in 200,000 cells in 200 pl of complete medium per well of 96-flat-bottom well

plates. The supernatants were removed and analysed by respective ELISA kit (all purchased

from Invitrogen). Table 3 represents a typical profile of cytokine production in polyclonally
stimulated CD4" derived from HTS cultures.

Table 3. Concentration of various cytokines in supernatants of CD4" cells generated

from HTS cultures in a T lymphoid promoting environment

HTS Cytokine concentration in HTS cultures/ng/ml
culture IL-2 1L-4 [IL-8 IL10 IFN-y TNF-«
KMW.1 145 689 123 194 0.72 12.8
KMW.6 389 723 119 215 098 183
KBT 214 69.7 239 29.7 1.01 8.7
KBT*E1 183 623 287 563 246 5.9
KBT**4 161 743 224 621 3.1 101
WTM. 1 42.7 451 441 398 198 1.05
WTM.6 41.8 448 458 412 233 1.46
WTM.7 454 49.8 40.1 352 325 43
WTM.12  46.1 504 39.8 358 4.2 5.8

The cytokine profiles reconfirm the presence of different T cell subsets in CD4™ cells

generated from HTS cultures in T cell permissive environment ranging from inflammatory

dominant to regulatory dominant profiles.
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4. 2. Transdifferentiation of HTS cells into cytotoxic CD8™ T cells

The cells derived from the following HTS populations HTS-KBT"E.1 and HTS-KBT*F 4
described in Section 3.2.3.3; HTS-KBT".1, HTS-KBT™" 4, and HTS-KBT"".12 described
in Sections 3.2.3.5 as wells as control culture of K562 were used for differentiation of

cytotoxic CD8™ T lymphocytes.

For this purpose, control K562 cells and cells derived from each HTS populations were
seeded at 100,000 cells per well in 24 well plates covered with monolayer of human thymic
stromal cells. The thymic stromal cells were prepared from minced small fragment of
thymus digested into a single cell suspension by incubation in PBS with 0.5 mg/ml of
collagenase and 2 U/ml DNase | at 37°C for 60 minutes with frequent agitation. The cell
suspension was washed once with culture medium (RPMI1640, 10% FCS, 10 1U/ml
penicillin, 10 pg/ml streptomycin, and 1 mmoVL L-glutamine). The thymic stromal cultures
were established using either fresh or cryopreserved cells in 24-well plates at 10° cells per
well in 2 ml of culture medium. After 2 days, the non-adherent cells were removed by
washing 3 times with the culture medium. The monolayer was then maintained in the
culture medium that was changed at least twice per week. The HTS cultures were also
supplemented with 1% non-essential amino acids, 10 ng/ml of human IL-7 and 100 U/ml of
human IL-2 (BD Bioscience). The culture medium was replaced with fresh medium

containing cytokines at days 5 and (0.

On day 14, the HTS cells were analysed for the expression of CD8, CD19 and CD15. For
this purpose, the cells were then labeled with mouse anti-human CD8-PE, anti-human
CDI19-FITC and anti-human CD15-PerCp antibodies as described in Section 1.3.3. Figure
15 shows a typical profile of the lineage marker in HT'S KBT .12 culture where 100% of
cells presented single positive (CD8") phenotype after induced differentiation towards CD8”
cells. In KBT*E.1, the number of single positive CD8 cells reached 53% from 100% triple
positive CD3*CD19*CD5" population where in KBT*F.4 such number was 61% derived
from 100% single CD3" population. In HTS KBT".1 and in HTS KBT™ 4, the percentages
of single CD8" cells climbed to 72% and 86% out of 100% CD4'CD8*CD20'CD72" and
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CD4°CD8'CD20CD71" populations, respectively. No changes were been observed in

control K562 cultures.

4.2.1 Characterisation of CD8" cells generated from HTS cultures
Single positive CD8" cells generated from HTS cultures induced towards cytotoxic T cells

were sorted out for further analysis of markers expression and functional characterisation.

4.2.1.1 Phenotypic profile of CD8" cells generated from HTS cultures

Single positive CD8 cells derived from T lymphocyte permissive HTS cultures were further
analysed for the expression of the following molecules on the cell surface either exclusively
expressed on the surface of cytotoxic T cells or important for CD8" T cell functions:
TCRap — T cell receptor; CD8« and CD8P where down-regulation of B chain indicates
prior antigen exposure; CD27 — involved in T cell co-stimulation; CD28 - indicating
activation of naive T cells; CD62L — expressed on naive and memory T cells and involved
in homing; CD95 — up-regulated upon activation; and CD45R0O - indicating activated T cell
or memory T cells. At first, the cells were labeled with anti-human CD8a—PE (BD
Pharmingen) and anti-human CD8B-FITC (BD Pharmingen) following essentially the same
protocol described in Section 1.3.3. In subsequent stainings, anti-human CD8B-FITC was
used in combination with anti-human TCR«f — FITC, anti-human CD27-FITC, anti-human
CD28-FITC, anti-human CD62L-FITC, anti-human CD95-FITC or anti-human CD45RO-
FITC (all from BD Pharmingen). Table 4 summarises a phenotypic profile of CD8" T
lymphocytes derived from different HTS cultures.
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The marker profiling revealed that all of the cells in various populations were homogeneous
for expression of TCRaf3 alone with both chains o and B for CD8. However, the cell
populations showed not only a heterogeneous expression of other markers but also a

different degree of marker expressions involved in activation, homing and memory.

4.2.1.2 Production of cytokines by CDS$" cells generated from HTS cultures

Single positive CD8 cells generated from HTS cultures were analysed for intracellular
production of I[FN-y and IL.-2. For this purpose, single positive CD8 cells derived from HTS
cultures in T lymphoid condition were stimulated with phorbolester (PMA) at 50 ng/ml and
ionamycin at 500 ng/ml under standard culture conditions. After 1 hour, 200ng/mi of
Brefeldin A was added and the cells were incubated under standard culture conditions for
additional 3 hours. After washing, cells were fixed in 4% paraformaldehyde for 15 minutes
at 20°C. After three washing cycles, the cells were permeabilised with saponin and stained
with anti-IL-2-PE (Pharmingen), anti-IFN-y—FITC or isotype control. Figure 16 shows
typical profiles of intracellular IL-2 and IFN-y in single positive CD8 cells of HTS-KBT"" 4
and HTS-KBT"".12 cultures. Whilst both cultures contained cells producing 1L-2, IFN-y or
both, HTS-KBT"".12 culture had wide range of production levels for IL-2 in contrast to

HTS-KBT*.4 culture having wider range of IFN-y concentration.

4.2.1.3 Cytotoxic effector functions of CD$" cells generated from HTS cultures

The production of intracellular cytotoxic granules is a major effector function indicating
terminally differentiated T cells. For detection of intracellular cytotoxic granules, single
positive CD8 cells from HTS cultures in T lymphocyte permitting conditions were fixed
with 4% paraformaldehyde for 15 minutes at 20°C. After washing, the cells were
permeabilised with saponin and stained with anti-perforin-PE (BD Pharmingen) and anti-
granzyme A-FITC antibodies or isotype control. Figure 17 shows typical profiles of
intracellular perforin and granzyme A in single CD8 positive cells of HTS-KBT"E.4 and

HTS-KBT".12 cultures. Both cultures contained cells either positive for perforin,
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granzyme A or both indicating functionally differentiated cytotoxic T cells. Approximately,

40% of the single CD8 positive cells in both cultures acquired such phenotype.

4. 3. Transdifferentiation of HTS cells into B lymphocytes from HTS

The cells derived from the following HTS populations HTS-KMW.1 and HTS-KMW.5
described in Section 3.1.4; HTS-KBT described in Section 3.2.3.1; HTS-KBT".1 and HTS-
KBT*E.6 described in Section 3.2.3.3; HTS-KBT"F.1 and HTS-KBT™.13 described in
Section 3.2.3.5; HTS-WTM.1 and HTS-WTM.7 described in Section 3.3.4 as well as
control cultures of K362, MOLT4 and WIL2NS were used for differentiation of B
lymphocytes in presence of human bone marrow stromal cell line HS-5. The HS-5 cell line
was routinely maintained in Dulbecco’s modified Eagles” medium (DMEM) supplemented
with 4 mM of L-glutamine, 1.5 g/L. sodium bicarbonate and 10% (v/v) of FCS. One or two
days before differentiation experiments, HS-5 cells were plated in 24-well plates at 60,000
cells per well in 1 ml of culture medium or in 96-flat-bottom well plates at 6,000 cells per
well in 100 pl of culture medium. The B-lymphocyte differentiation co-cultures were
initiated by removing HS-5 growth medium and seeding selected HTS cell populations in
24-well plates at 1,000 to 40,000 cells per well in 1ml and in 96-well plates at 100 cells per
weil in 100 pl The standard culture medium was supplemented with additives to promote B
lymphoid lineage, specifically soluble CD40L at 4 ng/ml (Invitrogen), human IL-4 at 10
ng/ml (Invitrogen), human IL-5 at 5 ng/ml (Invitrogen), human IL-6 at 10 ng/ml
(Invitrogen), human IL-10 at 10 ng/ml (Invitrogen), human IL-2 at 5 ng/ml (Invitrogen),
human [L-7 at 20 ng/ml (Invitrogen), Flt3 ligand at 20 ng/ml (Invitrogen), stem cell-derived
factor 20 ng/ml (BD Bioscience), human [L-3 at 10 ng/ml (Invitrogen) and agonist anti-
CD40 mAb at 5 ng/ml (clone HM40-3, BD Bioscience). The culture medium was replaced
on days 5 and 7 with fresh medium supplemented with additives to promote B lymphoid
lineage. The non-adherent cells from HTS-KMW.l, HTS-KMW.5, HTS-KBT, HTS-
WTM.1, HTS-WTM.7 and control cultures K562, MOLT4 and WIL2ZNS were collected and
stained with mouse anti-CD4-FITC, mouse anti-CD19-PE and mouse anti-CD ! 5-PerCP and

analysed by flow cytometry as described in Section 1.3.3. Figure 18 shows a typical staining
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profile of HTS-KBT*E.6 culture with 100% single CD19" cells after induced differentiation
towards B lymphocytes. In the case of HTS-KBT*E.1 and HTS-KBT"E.6 cultures, the non-
adherent ceils were stained with anti-human CD3-FITC instead of anti-CD4-FITC. For
HTS-KBTP?.1 and HTS-KBT"".13 cultures, mouse anti-human CD20-PE was used instead
of anti-CD19-PE,

4.3.1 Characterisation of CD19" cells generated from HTS cultures
Single positive CD19 cells derived from B lymphoid HTS cultures were sorted out and
further analysed for B cell markers, presence of B-specific transcripts and functional

characteristics such as immunoglobulin secretion and differentiation into plasma cells.

4.3.1.1 Surface expression of other B cell markers

CD19" cells derived from B lymphoid driven HTS cultures were further analysed for the
expression of the following molecules on the cell surface either exclusively expressed on
the surface of B cells or important for B cell functions: CD1c - MHC class I-like molecules
associated with 32-microglobulin which have specialized role in antigen presentation, CD10
— zinc metalloproteinase involved in B cell development; CD20 — B cell activation
molecule; CD22 — adhesion molecule expressed on mature B cells which is responsible for
B cell interaction with monocytes and T cells, CD38- cell activation; CD40- B cell
differentiation and co-stimulation invoived in isotype switching and rescuing B cells from

apoptosis; surface IgM and 1gG.

For this purpose, CD19" cells derived from B lymphoid-driven HTS cultures were labelled
with mouse anti-human CDlc-PE, mouse anti-human CDI10-FITC, mouse anti-human
CD20-PE, mouse anti-human CD22-FITC, mouse anti-human CD38-FITC, mouse anti-
human CD4Q-FITC, mouse anti-human IgGG-PE and mouse anti-human IgM-PE antibodies
(BD Pharmingen). Essentially the same staining protocol was followed as described in
Section 1.3.3 for all markers. Table 5 summarises a phenotypic profile of B lymphocytes

derived from different HTS cultures.
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1 Expressi Tof other macroptthge Frarkers 100 6 100 <1
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No new marker expression, up-regulation or down-regulation was observed in control
cultures of K562, WIL2NS and MOLT4.

When HTS-KBT*® populations derived originally from CD5" B cells were cultured in a B
lymphoid promoting environment, more activated CD20", more mature CD22" and CD40"
cells were detected. Given that these cultures also contained more IgG positive cells after
the LPS stimulation (Table 6), the results indicate the ability of these particular populations

to differentiate into functional B cells and plasma cells.

The appearance of CD10 on the cell surface, marker for pre-B cells coupled with
disappearance of IgM expression on the cell surface, particularly in HTS-WTM cultures;

strongly suggest de-differentiation of CD19" cells into more primitive pre-B cells.

4.3.1.2 Ability to differentiate to plasma cells

On day 14, the cultures were exposed to 3.5 mg/ml of lipopolysaccharide (Sigma) to
activate B lymphocytes and induce plasma cell formation. Secreted IgM and IgG were
quantitated for all HTS-B lymphoid cultures by a standard ELISA using 96-ELISA-well

plates and plastic-absorbed goat-affinity-purified antibodies to human p and y chains. The
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Examle 5 5. Transdifferentiation of HTS cells into different cel

phenot ypes by hybridization with cells of mature phenotype. 77 To further
denonstrate the versatility of HTS and its insensitivity to the nechani sm
of transdifferentiation enployed, the HIS cells were hybridized with mature
effector T or B cell. The sane strategy can al so be enpl oyed for
trans-differentiating cells of different phenotype. 5.1
Trans-differentiation of HTS cells into CD4 positive T cells by

hybridi zation with primary CD54 T cell The 13 cells derived fromHTS
subpopul ations were used for trans-differentiating into CD54+ T cells via
el ectrical cell hybridisation. Specifically, cells derived from HTSKMN 5
(single CD19+ cells) described in Section 3.1.4, HTS-KBTAE.6 (single CD19+
cells) described in Section 3.2.3.3 and HTS-KBTDP. 13 ( CD20+CD72 cel | s)
described in Section 3.2.3.5 were used for transdifferentiation in this
particul ar exanple. Primary human CD54 positive T cells isolated as

descri bed |n Sectlon 1 3 8 were used as a source of CI54+ T cells. The
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5.2 Trans-differentiation of HTS cells into CD19 positive B cells by
hybri di zation with primary I g secreting B cells The T cells derived from

t he fol | owbrglodi®subpopul ati ons were used for trans- dirCraentoe@oiing i nto
i mmunogl obulin (1g) secreting cells. HIS-KMN 6 cells (single CD4+
popul ati on) described in Section 3.1.4, HIS-KBTAE. 4 (single CD3+

popul ation) described in 78 Section 3.2.3.3, HIS KBTDP. 4 (CD4+CD8+
popul ati on) described in Section 3.2.3.5 were used for this purpose.
Primary CD40 activated either 1gM positive or 1gG positive 13 cells

i sol ated as described in Section 1.4 Wre used as a source of primary Ig
secreting B cell. The electrical cell hybridisation procedure was
essentially the same as that used for the creation of the correspondi ng HTS
as described in Section 3.1.2. After the resulting hybrids became stable,
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activated | gM positive B cel |l snghtwi ng | oss of CD3 expression and

acqui sition of surfacecylgys T -differentiated T
cell cultures were anal ysed fosaXﬂe %%ggenégy§f ﬁéﬁigr | gG by ELI SA
described earlier (seexhegiliion2d.4).1sbhe calls wgre seeded in round bottom
96-wel | plates at 1x103 cells per well and cultured under standard
conditions for 24 hour ¥MWre ré8ult 2@ e submari ded in Table 8. Each val ue
is given as nean + SD @iyt hr ee (5ndepgyzdent greasumgnents. Table 8.
Production of human IgNIa%F igG by HIS T cells after transdifferentiation
to B cells HTS cul tureXBJM-pr o@bicti ohOwhen hybri d3zed with 1 gM produci ng B
cell (ng/nml) 19G produgiionswhggp hybigidi zedy wi t h359G produci ng B cel

ng/ m
(ng ) WTM.1 20 164 0 0
WTM.7 15 158 0 10

4. 4, Transdifferentiation of HTS cells into macrophages

The HTS cells derived from the following subpopulation HTS-WTM.4 and described in
Section 3.3 as well as control culture of WIL2NS were transferred into fresh culture
medium and the cell concentration was adjusted to 100,000 to 200,000 cells per ml. The cell
culture was supplemented with 50 ng/ml of human IL-7 (Invitorgen), 50 ng/ml of human
IL-6 (Invitrogen), 10 ng/ml of human IL3 (Invitrogen), 100 ng/ml of human M-CSF (BD
Biosciences), 30 ng/ml of human GM-CSF (BD Biosciences) and 50 ng/ml of Fit3L
(Invitrogen) and seeded in 24-well-flat-bottom plates at 1 ml per well. Fresh culture medium
was replenished every 3 to 4 days to the culture by replacing half of the culture medium
with a fresh one. Figure 19 shows morphology of the HTS culture after 8 days where the

cells assumed growth characteristics of adherent cells.

Cells then were labeled with mouse anti-human CD4, anti-human CD19 and anti-human
CD15 antibodies as described in Section 1.3.3. Figure 20 shows that majority of cells lost
the expression of all markers after being in the macrophage permissive culture for 8 days

with the exception of CD15 where approximately 7% of cells remained positive for the
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24+4.3 79 Exanple 6 6. De-differentiation of mature B | ynphocytes derived
from HTS wel2bm/Mi®moexposure to change envi ronnent al cona@ctrisaansiodiQé cell s
derived fromHIS-WIM 1 and HTS-WIM 7 and cultured in B | ynphoid pronoting
environment as described in Section 4.3.1.1 showed an indication of
dedifferentiation to less mature B cell types when studied for expression
of other B | ynphoid markers, especially up-regulation of CD10 and
down-regul ati on of surface | gM expression (see Section 4.3.1.1). In order
to confirmthe de-differentiation prodess initiated in these cultures, the
cells were placed into a hematopoi etic stemcell pronoting environnent
described in Section 7.1 and after 5 days in such culture were al so checked
for the tmaplowpiqsytiplinesgnowrkst Onbiel” edrckls Bergalobiting fdt I3 sufe hongsfoPax- 5,

X-11ke an@DqQSQVhereas no changes were observed in control WIL2NS culture.

4.4.1 Characterisation of macrophages generated from HTS
HTS-generated macrophages were subjected to analysis for expression of other macrophage

lineage markers as well as functional performance.

4.4.1. 1 Expression of other macrophage markers

As there is no single marker exclusively characterising human macrophages, HTS generated
adherent cells were also further analysed for expression of CD11b, CD86, CD64, CD14 and
CD115, which are characteristics of macrophage lineage. For this purpose, adherent cells
derived from macrophage-driven HTS cultures were labelled with anti-human CD11b-PE,
CD86-FITC, CD64-FITC, CDI14-PE and anti-CD115-PE antibodies (BD Pharmingen).
Essentially the same staining protocol was followed as described in Section 1.3.3 for all
markers, with exception to CD115-PE. The binding of M-CSF to its receptor CD115 may
result in receptor internalisation and thus reduce the intensity of surface staining. Therefore,
prior to staining with anti-CD115-PE, the cells were fixed and permeabilised with
Cytofix/Cytoperm kit (BD Biosciences) so that the surface and intracellular CD115 could be
assessed. Five separate cultures were analysed for the expression of macrophage like factors
on the cell surface after 8§ days in macrophage permissive medium. Figure 21 summarises
the distribution of macrophage-like CD markers (mean + SD) on HTS cells where
approximately 96% of cells were positive for CD11b, 95% of cells for CD64, 61% for
CD86, 36% for CD14 and 42% for CD115. Given that some of these markers may be
expressed at various levels on granulocytes and dendritic cells (DCs), additional staining for
human CD1a, CD83, CD15 and CD3 was performed using the protocol described in Section
1.3.3. Little (CD15) to no staining was observed. These results show that HTS cells when
transferred into macrophage permissive medium acquire surface molecules crucial for
macrophage functions such adhesion (CD11b), growth (CD115 which is a receptor for M-
CSF), phagocytosis (CD86) and immune phagocytosis (CD64 which is receptor for [gG).
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As shown in Figure 23, the HST cells after being exposed to macrophage permissive

medium produced nitric oxide in response to stimulation with LPS and IFN.

Example 5

5. Transdifferentiation of HTS cells into different cell phenotypes by hybridization

with cells of mature phenotype.



I rMmortal nyeloid progenitor and primary B and T | ynphocytes. After
hybri di sation with CD34+ stemcell derived frombone marrow, the HTS

cul t ures wenelogoa i n standard cul ture medi um suppl enerceduzotoobrusan | L- 6
at 20 ng/m, human SCF at 300 ng/m, human fins-like tyrosine kinase 3

i gand (hFLT3L) at 100 ng/m, human thronbopoietin (hTPO) at 20 ng/m, and
human IL-3 at 60 ng/m . After | nonth in the culture, the cell popul ations
wer e anal ysed for expression of B | ynphocyte associ ated markers descri bed
in Section 4.3.1.1, as well as CD34 and CD 130. The cells were | abelled
with the sane nouse antibodies as deséfibed in Section 1.2.2 as well as
nouse anti - human CD34- PE and nouse anti-hunman CD130-FI TC usi ng the sane
protocol as described for the isolation of CD34+ cells from bone marrow
(see Sect oriurthep dpmonsipfe dho veysatikisr pEHS S andiisppwsnsitivityoto hemeshapfsepf
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de-differentiated from ynphocytes derived from HTS cul tures §@a HTS
cell. The same strategy can also be employed for trans-differentiating cells of different

phenotype.

5.1 Trans-differentiation of HTS cells into CD4 positive T cells by hybridization with
primary CD54° T cell

The B cells derived from HTS subpopulations were used for trans-differentiating into
CD54" T cells via electrical cell hybridisation. Specifically, cells derived from HTS-
KMW.5 (single CDI19" cells) described in Section 3.1.4, HTS-KBT"t.6 (single CD19*
cells) described in Section 3.2.3.3 and HTS-KBT"".13 (CD20°CD72" cells) described in
Section 3.2.3.5 were used for transdifferentiation in this particular example. Primary human
CD54 positive T cells isolated as described in Section 1.3.8 were used as a source of CD54"
T cells. The hybridisation procedure was essentially the same as that used for the creation of
corresponding HTS (see Section 3.1.2). After the resulting hybrids became stable, they were
maintained as a cell line under standard culture conditions (see Section 1.1) and analysed for
surface marker expression following protocol described in Section 1.3.3. All B cell
subpopulations trans-differentiated this way lost their CD19" and became CD3+ cells as
evidence by the representative example in Figure 24A. They were further analysed for
CD54 expression. In brief, 1x10° cells per 100 pnl aliquots were labelled with mouse anti-
human CD54-FITC and mouse anti-human C3-PE antibodies following the same protocol
as described in Section 1.3.8 (isolation of CD54" T cells). The number of cells positive for

CD54 ranged between 42 to 85% as presented in Figure 24(B).

5.2 Trans-differentiation of HTS cells into CD19 positive B cells by hybridization with
primary Ig secreting B cells

The T cells derived from the following HTS subpopulations were used for trans-
differentiating into immunoglobulin (Ig) secreting cells. HTS-KMW.6 cells (single CD4"
population) described in Section 3.1.4, HTS-KBT*F 4 (single CD3" population) described in
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Section 3.2.3.3, HTS-KBT"".4 (CD4"CD8" population) described in Section 3.2.3.5 were
used for this purpose. Primary CD40 activated either 1gM positive or IgG positive B cells
isolated as described in Section 1.4 were used as a source of primary Ig secreting B cell. The
electrical cell hybridisation procedure was essentially the same as that used for the creation
of the corresponding HTS as described in Section 3.1.2. After the resulting hybrids became
stable, they were maintained and analysed for expression of CD19, CD40 and surface Ig.
All HTS subpopulations trans-differentiated in this manner lost their T cell marker
expression (CD3, CD4, and CD8) and became CD19, CD40 and slg positive cells. Figure
25 shows a representative example of trans-differentiating CD3* HTS-KBT*E 4 cells after
hybridisation with CD40 activated IgM positive B cells showing loss of CD3 expression

and acquisition of surface IgM.

The supernatants of B trans-differentiated T cell cultures were analysed for the presence of
IgM or IgG by ELISA described earlier (see Section 1.4). The cells were seeded in round
bottom 96-well plates at 1x10° cells per well and cultured under standard conditions for 24
hours. The results are summarised in Table 8. Each value is given as mean + SD of three

independent measurements.

Table 8. Production of human IgM and IgG by HTS T cells after transdifferentiation

to B cells

HTS culture IgM production when fgG production when hybridized
hybridized with IgM producing | with IgG producing B cell
B cell (ng/ml) (ng/ml)

HTS-KMW.4 31+12.3 10+1.9

HTS-KBT"".4 1845.1 2143.7

HTS-KBT™" .4 38475 24443
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Example 6

6. De-differentiation of mature B lymphocytes derived from HTS cells via exposure to
change environmental conditions

CD19" cells derived from HTS-WTM.1 and HTS-WTM.7 and cultured in B lymphoid
promoting environment as described in Section 4.3.1.1 showed an indication of de-
differentiation to less mature B cell types when studied for expression of other B lymphoid
markers, especially up-regulation of CD10 and down-regulation of surface IgM expression
(see Section 4.3.1.1). In order to confirm the de-differentiation process initiated in these
cultures, the cells were placed into a hematopoietic stem cell promoting environment
described in Section 7.1 and after 5 days in such culture were also checked for the transcript

presence of other early B cell markers such as Pax-5, A-like and CD34.

In brief, total RNA was prepared from cultured cells using the RNeasy kit (RNeasy Mini
kit, Qiagen). cDNA synthesis was performed with cDNA-Kit (Amersham Pharmacia)
according to the manufacturer’s protocol, and PCR was performed essentially as described
by Sewing et al. The PCR reaction mixture was analysed by agarose gel (2%)
electrophoresis and visualised by ethidium bromide staining. The oligonucleotide primer
pairs had the sequences as follows:

human B2-microglobulin: sense,

5’ACCCCCACTGAAAAAGATGA3’(SEQ ID NO: 1), and anti-sense,

5" ATCTTCAAACCTCCATGATG3’(SEQ ID NO: 2), at 54°C; CD34: sense,
S’CTCTTCTGTCCAGTCACAGACC3’(SEQ ID NO: 3), and anti-sense,
5’GAATAGCTCTGGTGGCTTGCAA3'(SEQ ID NO: 4), at 64°C; CD10: sense,
5’CTGTGACAATGATCGCACTCTATG3’(SEQ ID NO: 5), and anti-sense,

5’ GATTCCAGTGCATTCATAGTAATCTC3’(SEQ ID NO: 6), at 65°C; A-like: sense,
5’ATGCATGCGGCCGCGGCATGTGTTTGGCAGC3’(SEQ ID NO: 7), and anti-sense,

5’ ATCCGCGGCCGCATCGATAGGTCACCGTCAAGATT3 (SEQ ID NO: 8), at 67°C;
Pax-5: sense, 5" AGCAGGACAGGACATGGAGGA3’(SEQ ID NO: 9), and anti-sense

5' ATCCTGTTGATGGAACTGACGC3'(SEQ ID NO: 10), at 64°C; CD19: sense,



30 2954 000240 1In both cultures vast majority of cells lost its

| andmar k nmarkers of B cell |ineage such as surface Ig and CD 19, whil st
up-regul avongiod@i®oexpr essi on and acqui ring CD34. 7.2 DecuiAtf2erogmoiiati on of
CD4+ T cells trans-differentiated fromHTS cultures CD4+ T cells derived
fromthe culture of KMN6 grown in a T |ynphoid pronoting environnent were
used in this particular exanple. The cultures were selected for their
purity as 100% of all the cells being positive for CD4+. The marker
expression profile of these HTS culture after exposure to T |ynphoid
pronoting environment is sunmmarised i 8%Table 2 (see Section 4.1.1.1). After
hybri di sation with CD34+ stemcell derived from bone marrow, the HTS

cul tures mere(gromm in standard cul ture nmedi um suppl enented with vari ous
82 STCACCGTGGCAACCTGACCATG3(SEQ ID NO:; 11), and anti-sense

5"GAGACAGCACGTTCCCGTTACTG3 (SEQ ID NO: 12), at 67°C; VHconsensus-Cp:
sense, 5’"GACACGGCCGTGTATTACTG3(SEQ ID NO: 13), and anti-sense,

5* ATCCGCGGCCGCGGAATTCTCACACAGGAGAC-GAS(SEQ ID NO: 14), at 60°C;
Vkconsensus: sense, 5* ATGACCCAGTCTCCATCCTCCCTG3*(SEQ ID NO: 15), and
anti-sense 5’ ATGCGGCCGCGGGAAGATGAAGACAGATG3 (SEQ ID NO: 16), at 67°C.

Figure 26 shows that HTS-WTM cultures indeed showed expression of transcripts for early
B cell development such as Pax-5 and A-like when compared to HTS-KMW.1 cultures
which did not contain such transcripts. In addition, CD34 is also being transcribed in HTS-
WTM.7 cultures. This result strongly indicates de-differentiation of mature CD19” cells into

early stage B cells in response to changed environmental conditions.
Example 7

7. Dedifferentiation of mature cells of different phenotypes derived from HTS cells via
somatic cell hybridization.

To further demonstrate plasticity of HTS, the phenotypically distinct subpopulations derived
from various HTS cultures were subjected to de-differentiation via somatic hybridization
with primary hematopoietic stem cells. The CD34" bone marrow stem cells were selected as
described in Section 1.2.2. Essentially, the same protocol for somatic cell hybridization was

used as described in Section 3.1.2.

7.1 De-differentiation of B cells trans-differentiated from HTS cultures

B cells derived from the cultures of KBT*%.6 and KMW.5 grown in B lymphoid promoting
environment were used in this particular example. The cultures were selected for their purity
as 100% of all the cells in both cultures were positive for CD19’. The marker expression
profile of these HTS cultures after exposure to B lymphoid promoting environment is
summarised in Table 5 (see Section 4.3.1.1). KMW.5 represents a case where all the three

cells used to create HTS had immortal phenotype, whereas KBT*F.6 was derived from



cyt oki nes pronoting growth of hematopoietic stemcells (11SC) (see Section
7.1). After 1 nonth in the HSC environnent, the cells were anal ysed for the
expressi omoab100d9oT cel | s associ at ed nmarkers descri bedpcm/Aseetoiooorid. 1. 1. 1
as well as CD34 and CD130. Table .10 bel ow shows a profile of CD expression
on the surface of dedifferentiated CD4+ cells. 84 The vast majority of
the cells | ost expression of CD4 and TCR whil st up-regul ati ng expressi on of
CD25 and acquiring expression of CD34. 7.3 De-differentiation of CD8 T
cells trans-differentiated fromHTS cultures CD8+ T cells derived fromthe
culture of KBTDP.12 grown in T Iynphoﬁh pronoting environnment were used in
this particular exanple. The cultures were selected for their purity as
100% of all the cells being positive for CD8+. The marker expression
profile ofmpprdaanygigl priogenitPe angk pramary BowyiuF dymrhoqytesy dybish hibrigisalins iy

envi ronnegipsy’s séﬂﬁmrdeﬁi%ﬁ 7 Bm TRAL nafrohS B §?§tchﬂges4 wérelordwn iﬁ{sﬁg‘c{aﬁﬁ s

hybri di sation wt 4+ stemcell derived from bone narrow,

cul ture weylgrgmsdim sppleaanted o it duman dLrfedti Wnmgup e HCEaviOmelak | ous
cyt oki nes ,pLRA-AG GRME Rifdke @g ORRL P31 CarSiof mggﬁ' ham(ﬁh%%o@l@ﬁn Section

7.1). After 1 nonth i'n the HSC ervi ronnent’, s were analysed for the
expr essi ofT60)@DE4 nF/mderdshuapadbilncdd memk ekfisr desonth betheicnlt@ectheoell 4. 2. 1. 1

he. ur f abaronfthe A of AN Ryckh ITE. DRROSNSSBERc Rl (RBERGERP O oF
t hei r CD8Seatidn #GR. bxepmel 8§ GR3dhhind EP1Hk dbé réllgveexipbalisd math tiof sa@@3dausal t hough
w11 e apsPadRaR BRbf REGIAGEF el el By REBAT BB R BN Ty e
enbodi ed ami-heman G HOFITGrusig thmsdegpotogelws tsctibel for dedsgationaif gID8g™ and t he
spirit of célEeﬁ'oiIﬁ’] goenrétnilacgrré)wdfasgecgécggxg I.Bg.rﬁ;bﬁ]é 9 summarises a CD profile of cells after

de-differentiation initiation.

Table 9. Phenotypic profile of the cells de-differentiated from B lymphocytes derived
from HTS cultures (%)

HTS
It CD34+ CD38+ CDI130+ CDI19+ CDlet CDI0+ CD20+ CD22+ CD40+ 1gM  IgG
culture

KMW.5 95 100 100 10 11 33 0 0 0 [ 0
KBT*:6 67 100 100 30 29 54 0 0 0 24

In both cultures vast majority of cells lost its landmark markers of B cell lineage such as

surface Ig and CD19, whilst up-regulating CD10 expression and acquiring CD34,

7.2 De-differentiation of CD4" T cells trans-differentiated from HTS cultures

CD4" T cells derived from the culture of KMW.6 grown in a T lymphoid promoting
environment were used in this particular example. The cultures were selected for their purity
as 100% of all the cells being positive for CD4". The marker expression profile of these
HTS culture after exposure to T lymphoid promeoting environment is summarised in Table 2
(see Section 4.1.1.1). After hybridisation with CD34+ stem cell derived from bone marrow,

the HTS cultures were grown in standard culture medium supplemented with various
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Zi mrer mann, Bi ochim Bi ophys. Acta. 694: 227-277, 1982 89 CLAIMS 1. A
nmet hod of generating a cell of predeterm ned phenotype said nethod
conpri si yotzhw/wiwps of hybridising: a first cell, wherecmaagio/oTiet cel
is a stemcell or a cell derived froman uncomritted progenitor cell; a
second cell derived froma comon | ynphoid progenitor cell; and a third
cell derived froma comon |ynphoid progenitor cell, to produce a hybrid
cell and exposing said hybrid cell to a predeterm ned environment such that
said hybrid cell becomes said cell of a predeterm ned phenotype. 2. The
met hod according to claim1 wherein s&fd predet erm ned phenotype is a B
cell, a Tcell or a nyeloid cell. 3. The nethod according to claim1l
wherein said predeterm ned phenotype is a dedifferentiated phenotype

rel ative tBe Jastamuigny| of the|qells lopt exprassips ofodDArand | Bl vehilsh apapgylasiag d

de-differgﬂﬁ&@%ﬁgf@bgﬁgﬁxﬁﬁﬂgﬁgggk§§§1ﬁwgﬁg§sion of at |east one of CD 34
or CD10 or Pax-5 or ?-like. i K nmet hod according to any one of clains 1

to 4 wherein said second cell is a cell derived fromB |ynphoid |ineage and
sai d t hi r 6395 hireenBafid 4 ARV EMs (k@ irekorFRAQI tFhrh frures®: A met hod
according to any one of clainms 1 to 5 whepein said first cell is a cel

derived fEB% & edlsndsnived) &owi the mubyreneft KBTC el grown in T lymphoid promoting
environment were used in this particular example. The cultures were selected for their purity
as 100% of all the cells being positive for CD8". The marker expression profile of these
HTS culture after exposure to T lymphoid promoting environment is summarised in Table 4
(see Section 4.2.1.1). After hybridisation with CD34 " stem cell derived from bone marrow,
the HTS culture were grown in standard culture medium supplemented with various
cytokines promoting growth of hematopoietic stem cells (HSC) (see Section 7.1). After 1
month in the HSC environment, the cells were analysed for the expression of CD8” T cells
associated markers described in Section 4.2.1.1 as well as CD34 and CD130. Table 11

below shows profile of CD expression on the surface of dedifferentiated CD8+ cells.



7. The nmethod according to claim6 wherein said cell derived froma conmon
nmyel oi d progenitor cell, is a nyel ononocytic progenitor, nonocyte,

macr ophagwo 2engi4n®phi | , neutrophil, dendritic cell or baswophi2b10/00806 8. The
met hod |ine according to claim®6 wherein said cell derived froma conmnon
nyel oid progenitor cell displays at |east one of the follow ng CD antigens
CD 16, CD15 or CD14. 9. The nethod according to claim6 wherein said cel

derived froma common nyel oid progenitor cell is a nonocyte. 10. The
met hod according to claim6 wherein said®ell derived froma conmmon nyel oi d
pr ogeni t or cqll is,a primry myel ononocytic progenitor. 11. The nethod
according to jJany orje jof clains 6 to 10 wherein said cell derived froma
comon mnyel oi|d progenjtor cell is an imortalised cell. 12. The net hod
according to |any oné lof claims 6 to 10 wherein said cell derived froma
common nyel oijd grogenjtor cell is derived from spleen, peripheral blood,
unbi lical cor{d Bl oqd or bone marrow. 13. The nmethod according to claim5
wherein said [cePl d&rjived fromB |lynphoid lineage is a pre-B cell, an
immature B cell, afpave B cell, an activated B cell or an effector B cell.
14. The nethod &ccggding to claim 13 wherein said effector B cell is an
anti gen- exper|i edced—B-cell or a plasma cell. 15. The nmethod according to
claim5 @ cljaim 13 wherein said cell derived fromB |ynphoid |ineage
di spl aysat Ieagt gqne| of the following CD antigens CD 19, CD20, CD72 or
CD5. 16§ The net had jaccording to any one of clains 5 to 15 wherein said
cel l dergved fromT Ilynphoid lineage is a pre-T cell, an immture T cell, a
nave T cell, |andact|iviated T cell or an effector T cell. 91
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17. The method according to claim5 or claim 16 wherein said cell derived
fromT | ynphoid |ineage displays at |east one of the follow ng CD antigens
CD 3, CD4yvoCDb/an99€D 8. 18. The nethod accordi ng to anycomanoefo/obasNs 5 to
17 wherein said cell derived fromB |ynphoid lineage is an imortalised
cell. 19. The nethod according to any one of clains 5 to 18 wherein said
cell derived fromT |lynphoid lineage is an immortalised cell. 20. The

met hod according to any one of clains 5 to 17 wherein said cell derived
fromB | ynphoid lineage is derived frgmlynphoid tissue. 21. The nethod
according to any one of clainms 5 to 17 wherein said cell derived fromT

| ynphoid |ineage is derived fromlynphoid tissue. 22. The nmethod accordi ng
to cIa|n120 or claim21 wherein said | ynphoid tissue is selected from

peri pher af*! fﬁq%a'athe<96+5d°%r*65&?Dﬂsaaﬁ d&R exsraﬁﬁéowf [SbifavifiRg ripsessioAki | s,

adenoi ds, cang regional |ynph node. 23. The nethod according to any one of
claims 1 to 22 wherein at |east one of the cells is a human cell.

Although the invention has been described with reference to specific examples, it will be
appreciated by those skilled in the art that the invention may be embodied in many other

forms, in keeping with the broad principles and the spirit of the invention described herein.



24. The nmethod according to any one of clains 1 to 22 wherein at |east one
of the cells is a nouse cell. 25. The nethod according to claim®6 wherein
sai d cel Iwdeniovadohr om a conmon nyel oi d progenitor cell pcs/aankdgdonel | . 92
26. The nethod according to any one of clains 1 to 25 wherein said second
cell or said third cell is a WL2NS cell or a MOLT4 cell. 27. The nethod
according to claim5 wherein said cell derived fromB |Iynphoid lineage is a
WL2NS cell. 28. The nmethod according to claim5 wherein said cell derived
fromsaid T |lynphoid lineage is a NCL§4 cell. 29. The nethod according to
claim1 wherein said first cell is a K562 cell, said second cell is a
WL2NS cell and said third cell is a MOLT4 cell. 30. The nmethod accordi ng
to claiml wherein said first cell is a K562 cell, said second cell is a
primary BREBF§nCghd said third cell is a primary T cell. 31. The net hod
according to claim30 wherein said B cell and said T cell express CD5. 32.
The met hod according to claim30 wherein said B cell expresses CD20 and
CD72 and B&ige v &8ngs Revgi&d<L860#8And CcD8. 33. The nethod according to

claim 1 weergide:3AMbIfCdFBiok 8b:70352784,Abgrer y human monocyte, said second
cell is a WL2NS cell and said third cell is a primary T cell
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34. The nethod according to claim1l wherein said first cell is a primry

human nyel ononocytic progenitor, said second cell is a WL2NS cell and said
third celwoizstoa4promary human T cell. 35. The net hod aecoradizng/ie7iel ai m 1
wherein said first cell is a K562 cell, said second cell is a WL2NS cel
and said third cell is a primary T cell. 93 36. The nethod of any one of
clains 1 to 35 wherein said hybrid cell is further hybridised with a stem
cell. 37. The nmethod according to any one of clainms 1 to 36 wherein said

predet er mi ned environnment conpri ses tg%nlc stromal cells, a cytokine, a
grow h factor, an i mmnogl obulin, eptor ligand or conbi nation thereof.
38. The nethod according to clain137 wherein said cytokine or growh factor
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CLAIMS

I. A method of generating a cell of predetermined phenotype said method comprising
the steps of hybridising:
a first cell, wherein said first cell is a stem cell or a cell derived from an
uncommitted progenitor cell;
a second cell derived from a common lymphoid progenitor cell; and
a third cell derived from a common lymphoid progenitor cell,
to produce a hybrid cell and exposing said hybrid cell to a predetermined environment such

that said hybrid cell becomes said cell of a predetermined phenotype.

2. The method according to claim 1 wherein said predetermined phenotype is a B cell,

a T cell or a myeloid cell.

3. The method according to claim 1 wherein said predetermined phenotype is a de-

differentiated phenotype relative to said hybrid cell.

4. The method of claim 3 wherein said de-differentiated phenotype comprises

expression of at least one of CD 34 or CD10 or Pax-5 or A-like.

5. A method according to any one of claims 1 to 4 wherein said second cell is a cell
derived from B lymphoid lineage and said third cell is a cell derived from T lymphoid

lineage.

6. A method according to any one of claims 1 to 5 wherein said first cell is a cell

derived from a common myeloid progenitor cell.

7. The method according to claim 6 wherein said cell derived from a common myeloid
progenitor cell, is a myelomonocytic progenitor, monocyte, macrophage, eosinophil,

neutrophil, dendritic cell or basophil.
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8. The method line according to claim 6 wherein said cell derived from a common
myeloid progenitor cell displays at least one of the following CD antigens CD16, CD15 or
CD14.

9. The method according to claim 6 wherein said cell derived from a common myeloid

progenitor cell is a monocyte.

10.  The method according to claim 6 wherein said cell derived from a common myeloid

progenitor cell is a primary myelomonocytic progenitor.

11.  The method according to any one of claims 6 to 10 wherein said cell derived from a

common myeloid progenitor cell is an immortalised cell.

12. The method according to any one of claims 6 to 10 wherein said cell derived from a
common myeloid progenitor cell is derived from spleen, peripheral blood, umbilical cord

blood or bone marrow.

13.  The method according to claim 5 wherein said cell derived from B lymphoid lineage

is a pre-B cell, an immature B cell, a naive B cell, an activated B cell or an effector B cell.

14.  The method according to claim 13 wherein said effector B cell is an antigen-

experienced B-cell or a plasma cell.

15.  The method according to claim 5 or claim 13 wherein said cell derived from
B lymphoid lineage displays at least one of the following CD antigens CD19, CD20, CD72
or CDS.

16.  The method according to any one of claims 5 to 15 wherein said cell derived from
T lymphoid lineage is a pre-T cell, an immature T cell, a naive T cell, an activated T cell or

an effector T cell.
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17.  The method according to claim 5 or claim 16 wherein said cell derived from
T lymphoid lineage displays at least one of the following CD antigens CD 3, CD4, CDS or
CD 8.

18.  The method according to any one of claims 5 to 17 wherein said cell derived from

B lymphoid lineage is an immortalised cell.

19.  The method according to any one of claims 5 to 18 wherein said cell derived from

T lymphoid lineage is an immortalised cell.

20.  The method according to any one of claims 5 to 17 wherein said cell derived from

B lymphoid lineage is derived from lymphoid tissue.

21.  The method according to any one of claims 5 to 17 wherein said cell derived from

T lymphoid lineage is derived from lymphoid tissue.

22, The method according to claim 20 or claim 21 wherein said lymphoid tissue is
selected from peripheral blood, cord blood, spleen, bone marrow, thymus, tonsils, adenoids,

and regional lymph node.

23.  The method according to any one of claims 1 to 22 wherein at least one of the cells

is a human cell.

24.  The method according to any one of claims 1 to 22 wherein at least one of the cells

is a mouse cell.

25.  The method according to claim 6 wherein said cell derived from a common myeloid

progenitor cell is a K562 cell.
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26.  The method according to any one of claims 1 to 25 wherein said second cell or said

third cell is a WIL2NS cell or a MOLT4 cell.

27.  The method according to claim 5 wherein said cell derived from B lymphoid lineage

is a WIL2NS cell.

28.  The method according to claim 5 wherein said cell derived from said T lymphoid

lineage is a MOLT4 cell.

29. The method according to claim 1 wherein said first cell is a K562 cell, said second

cell is a WIL2NS cell and said third cell is a MOLT4 cell.

30. The method according to claim 1 wherein said first cell is a K562 cell, said second

cell is a primary B cell and said third cell is a primary T cell.

31.  The method according to claim 30 wherein said B cell and said T cell express CDS.

32.  The method according to claim 30 wherein said B cell expresses CD20 and CD72
and said T cell express CD4 and CDS.

33, The method according to claim 1 wherein said first cell is a primary human

monocyte, said second cell is a WIL2NS cell and said third cell is a primary T cell.

34,  The method according to claim 1 wherein said first cell is a primary human
myelomonocytic progenitor, said second cell is a WIL2NS cell and said third cell is a

primary human T cell.

35, The method according to claim 1 wherein said first cell is a K562 cell, said second

cell is a WIL2NS cell and said third cell is a primary T cell.
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36.  The method of any one of claims 1 to 35 wherein said hybrid cell is further

hybridised with a stem cell.

37.  The method according to any one of claims 1 to 36 wherein said predetermined
environment comprises thymic stromal cells, a cytokine, a growth factor, an

immunoglobulin, a receptor ligand or combination thereof.

38.  The method according to claim 37 wherein said cytokine or growth factor is selected
from the group consisting of IL-2, IL-4, IL-5, IL-6, IL-10, IL-1beta, IL-7, IL-23, TGF-$3, M-
CSF, GM-CSF, and IFN-y.

39.  The method according to claim 37 wherein said immunoglobulin is selected from the

group consisting of anti-IL-4, anti-IFN-gamma and anti-CD3/CD28.

40.  The method according to claim 37 wherein said receptor ligand is Flt 3 ligand or

CDA40 ligand.



