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contacting the cells, or one or more ancestors thereof, with at least one viability promoting agent. A TEPC line is provided and used
for restoring or anhancing thymic function and for generation of T cells from haematopoietic stem celis.
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neural crest-derived nesenchyne and possibly the 3rd
pharyngeal cl eftectodermare 25 required for formation of theg tE%%?q95
prinordium which is first present as a discrete organ at day of
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(Ander son, I nt. | nmunol . 12: 1105 1110 (2000)), and may constltute a
develoBﬁ@ﬁFﬁl checkpoi nt associated with gain 8 June 2005 WO 02/051988
PCT/ GBO1/ Y& 98 yiermar mﬁﬁ”@ﬂﬁﬁ@?@ﬂ%@’?@*@ﬁbport thynmocyte maturation . )
(Fai rchi | & BT 37 munol . 30:  1948- 1956 (2000)). It.is desirable
to have in vitro neans of. developing T cells and their progenitors. 5
Thym c epithelial conplexity has proved a stunbling block for attenpts to
generate T-cells.in vitro, and this is currently possible only in organ
cultures based on ex vivo thymc tissue (Hare, K J., Jenkinson, E. J. &
. Anderson G In vitro nodels of T cell developnent. Senin.'lnnunol. 11, 3-12
(1999); Poznansky, M'C. et al. Efficient generation of human T cells from
a tissue-engineered thym c organoid. Nature 10 Biotech. 18, 729-734
(2000)). Inprovenents in this area are highly desirable, since the ability
to generate T-cells efficiently in vitro would inpact significantly on
clinical outcome in treatments of post-chenoradi ot herapy | eukaeni a and )
cancer patients and organ transplant recipients (Eisner, Y. & Martelli, M ;
F. Tol erance induction by negadose' transplants of CD34+ stem cells; a new
option for |eukenia patients 15 without an HLA-matched donor. Curr.
Opi ni on. | nmmunol . 12, 536-541. (2000), Slavin, S. New Strategies for bone
narrOM/transpIantation. Curr. Opinion. Innunol 12, 542-551 (2000). Based
on an analysis of wild-type thymic epithelial cells and of cells committed
to 20 thymic epithelial Iineages but unable to express Foxnl (fornerly
whn/ Hf hl [')
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(Kaestner, K H Genes Dev. 14: 142-146 (2000)), a transcription factor
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application, the inventors address the need for a nethod to allow the
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provite iswopndldell-tpseeand isfdrghhicel isdawo riaincdopspdrtments, the cortex and the

medulla, which each contain several distinct epithelial subpopulations (Boyd (1993);
Anderson (1996); Van Ewijk, W. Semin. immunol. 11; 57-64 (1999)). The different
thymic epithelial cell-types are thought to provide specific molecular niches required
for different stages of thymocyte differentiation and A' maturation, as T-cell

20 development requires _interactions with multiple epithelial subpopulations (Anderson,

. ) - G. Immunol. Today 20: 463-468 (1999); Ge, Q. Int. Immunol. 12: 1127-1133 (2000)).

S
During embryogenesis, contributions from the 3¢ pharyngeal pouch endoderm,
neural crest-derived mesenchyme and possibly the 3% pharyngeal cleft ectoderm are

25 required for formation of the thymic primordium, which is first present as a discrete
- organ at day 12.5 .of murine embryonic developmeﬁt (E12.5) (Manley, N. Semin.
Immunol. ‘i2: 421-428 (2000)). Sequential reciprocal interactions between
thymocytes and immature thymic epithelium are subsequently needed to establish
broper organization and function of the cortical and medullary compartments (Van
.30 Ewijk(1999); Rifter, M. A, Immunol. Today 14: 462-469 (1993)). Vascularization may
also be required for maturation of the medulla (Anderson, M. Int. Immunol. 12: 1105-

1110 (2000))_, and may constitute a developmental-checkpoint associated with gain -



Based on their in vivo properties, TEPCs are an ideal material for use in
20 transplantation therapy or for in vitro thym generation. gfhey,gee an
expandabl e cel |l - type, capable of producing all major nmature thymc

epi t hel i 3YO 83¥IHpul ations. In vitro however they have pPEVEBOHPIBPcult to
maintain in culture. The present disclosure therefore provides materials
and net hods for enriching TEPC popul atpons, for ~inproving the viability of
an i solated TEPC, for expanding a population of TEPCs in 25 vitro, and for
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surrounding the use in culture or for transplantation of cells obtained

directly fromhuman fetal- tissue. In particular, each fetus provides only .
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diluent or carrier. 15 1In a flfth_asPect,. the present invention provides a ;/
use of a théabilite tugenaratey T-cells effidientlydn yérawoulddmpachsignifieantly opiednisabsent
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in a patiHf orgah transplant recipients (Eisner, Y. & Martelli, M. F. Tolerance induction by
‘megadose’ transplants of CD34+ stem cells; a new option for leukemia patients
15  without an HLA-matched donor. Curr. Opinion. Immunol. 12, 536-541(2000), Slavin,
S. New Strat«_égies for bone marrow transplantation. Curr. Opinion. Immunol 12,

542-551 (2000).

Based on an analysis of wild-type thymic epithelial cells and of cells committed to

20 thymic epithelial lineages but unable to express Foxnf? (formerly whn/Hfh17)

(Kaestner, K. H. Genes Dev. 14: 142-146 (2000)), a transcription factor (Nehls, M.

Science 272:886-889 (1998)) required cell-autonomously for development of all
mature thymic epithelial subpopulations (Blackburn, C. C. Proc. Natl. Acad. Sci. USA -

93: 5742 - 5746 (1996); the present inventors have shown that two monoclonal

25  antibodies, MTS20 and MTS24, identify a population of progenitor celis within the

murine thymic primordium. W-h'en' purified from thymic primordia isolated from wild-

type E 12.5 mouse embryos and grafted under the kidney capsule of recipient mice,

~ these MTS20%/24" cells differentiated into cortical and med ullary thymic epithelial cell-

types, attracted lymphoid progenitors and supported thymocyte differentiation.

30 Moreover, they conferred thymus function on congenitally athymic recipient mice.

The corresponding MTS207/24" population, which includes cells expressing markers

associated with mature cortical epithelium, - could not fulfil these. functions.



In a sixth aspect, the present invention provides use of a cell of TEPC of
the present invention in the manufacture of a medicanent fog y}esigeing or
enhancing thymc function. 25 In a seventh aspect, the present invention
provides an in vitro nethod of obtaining a mature thymc epithelial cell,
conprising inproving the viability of a population of isolated thymc

epi thelial progenitor cells (TEPCs), byacontacting the cells, or one or
nore ancestors thereof, with at | east one viability pronoting agent, and

then all qu c ' _ | £ [ i i i lity
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and/ or nedeartical prmedullancibivinie epitheligbeells, shtigiand do forgne JureonabiwBiti flg to
the 35 seggnd and third aspects of the invention in generation of a hunman

T cell fromd human HSC. 8 June 2005 -3b In a ninth aspect, the present
i nvent i®n provides a nmethod of obtaining mature thymic epithelial cells,

i si i chi | ul ation of animal cells for TEP Ll ni
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cont ai ni n nuclerc acl d construct Ich reversibly inhibits
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i nhi biti orPat|Qﬁ't‘~h§‘ﬂig?fiﬂg K@E&S&ec’c’ﬂ%sﬁ?@é’m of ﬁe'é'h o'HﬁBSBV*“Q‘& (g)?}dl!tg)r?s%%ni c
non- hugmn anj ' ; "6 Hrefnote bliGgrattidoabpanteredt e
met ho%f @h@g%enqt#‘?gg%ﬂg@??g eéséﬁﬁﬁcg?ffégrtg%tr[ ation ((sj% sai d TEPCs ig:[‘s

i nhi bi t ed byne masowi angl erggartmEnsplanbresipients . /nwife heymanbase¢ta genapien

reversibly s Sses, expressi on of a gene,.essential ' | at.l.on of
TEPCs. 15 @WHﬁg(&VHUeﬁﬁﬁg%ﬁ%'P'!"&&'& %‘%b%ﬁ?” of ir%ﬁi,’ %?'ﬁb%@éﬁ%“év@% or
for use in hoticstemRAMIE Hi8CsFand/Br Bhphoid protfenitard. Bhich drifiicialthymi t he
met hod of rt‘%gﬂ%ohtsﬁétllgxs%%ct , I§YI-'-I ¥ yRphoid P @ . L. .
can be customised for particular purposes, e.g. for the in vitro or in vivo generatlon
15  of T-cell populations which are tolerant to the tissues of two or more individuals.

These and other uses of TEPCs provide important aspects of the present disclosure.

Based on their in vivo propertieé, TEPCs are an ideal material for use in
20 ftransplantation therapy or for in vitro thymi generation. They are an expandable cell-
type, capable of producing alt major mature thymic epithelial sub-populations. In vitro
however they have proven difficult to maintain in culture. The present disclosure
therefore provides materials and methods for enriching TEPC populations, for
improving the viability of an isolated TEPC, for expanding a population of TEPCs in
25  vitro, and for causing or allowing TEPCs to differentiate into cortical and medullary
thymic epithelial cell-types to generate a functional thymus in vitro or in vivo. This
strategy circumvents both ethical and practical issues surrounding the use in culture
or for transplantation of cells obtained directly from human fetal tissue. In particular,
each fetus provides only a smali number of cells, insufficient for clinical purposes.



conprising a sequence that conbines with the genone of said animal cell so
as to reversibly suppress expression of a gene essential togpue2005
differentiation of a TEPC. 20 In a twelfth aspect, the present 1 nvention
provi des a use of a TEPC according to -3he second and third aspects of the
invention tqQ ass %ene function in . T cell developnent. Discl osed herein,
there is prdUdSst 2sPaeh theoPresentiinysation Repvidee ani aliral g8l eompasing &t [Rastl at i on
of isol ated dnBticRiccsdid berstrabt g Rivetsily s@dpréssed BRpssiomit & TEPEL drad 8 June
2005 WD 02/051988 PCT/ GBQ1/05780 . -4 cf?ngri ses F?‘nt@%}l ng the cells, or
one or nor e %AEAOEF SXRIARTALE esipntinl tgrdiffeserifatign @l thg TG i ty promot i ng

agent. By "inproving the viability of a population of isolated thymc

epithelial progenitor cell 5 (TEPCs)" is nmeant the rate of decline
of the ninbdh ScpetordBpeschePesrepn entaRRIPYEPD A f@’aé 8aeRdAY terfissfirghy

i ncl ude the agpsdiesi e Wivahtioh, Tdohigsising & NRucled Rldatortrubie WhhMRivBisilyned at a
subst anti al Iﬁ cons‘#g}_nt | evel , .or the nunber of viable TEPCs in the

popul ati on BYPHESFHIrEAd EPEFEP™ i ne. 10 By “isol ated TEPCs" is neant that
the TEPCs are not associated with at |east one cell-type with which TEPCs
are normal |y associated in vivo under, physiol ogical = conditigns. The TEPCs
‘may be i sol 48 EaTsPPeFlo e REFSERT ypRicBy BroNides me ARG necasqoidings o, &g

progeni t10r s setdndaEpetes the/mséntioar endot hel ium differentiated thymc
epithelial cells, bone-marrow derived thymc stromal cells. 15 In preferred
enbodi ments, the one or nore viability pronoting agents induces or

enhances TERCarfepih Gapé@Nthel pretérit Snvtdlion (heviddeCa iph8rmdtelifiel Cbmbbsitidry of the
TEPC popul ation .as 8 V\d{leﬁl e JFE%;CC@J | east in pari, be slowed, arrested or
reversed, byCPRESING B8 & Yn uliet Rieserd ingentiognang 2o Phgmaseutisebup of
TEPCs. |f aaceqptamaienige dlupaisticatiepn of cel l's approaches confluence, then
the pop tLﬂati on may be subdivided into two or nore daughter popul ations.
Each pog | ation may be diluted in a suitable nmedium as discussed

el sewher e hei el Fifth Jaspect, the present invention provides a use of a pharmaceutically

effective dose of a cell or TEPC of the present invention, or a pharmaceutical
composition of the present invention for the manufacture of a medicament for
restoring or enhancing thymic function in a patient.

20
In a sixth aspect, the present invention provides use of a cell of TEPC of the
present invention in the manufacture of a medicament for restoring or enhancing
thymic function.

25  In a seventh aspect, the present invention provides an in vitro method of obtaining
a mature thymic epithelial cell, comprising improving the viability of a population of
isolated thymic epithelial progenitor cells (TEPCs), by contacting the cells, or one
or more ancestors thereof, with at least one viability promoting agent, and then
allowing or causing the TEPCs to differentiate, wherein the viability promoting

30  agent reversibly suppresses expression in a TEPC of a gene whose expression is
essential to differentiation of the TEPC.

In an eighth aspect, the present invention provides a use of a non-human cortical
and/or medullary thymic epithelial cell, obtained from a cell according to the

35 second and third aspects of the invention in generation of a human T cell from a
human HSC.



The one or nore viability pronoting agents may be protein, polypeptide,

gl ycoprotein, 25 proteoglycan, carbohydrate, oligosaccharideg y..2005

pol ysaccharide, nucleotide, oligonucleotide ornucleic acid in nature. The
agent may be selected fromthe group bnsisting of a hornone, growth
factor, cytokine, steroid, interferon, colony stinulating factor

extracel | ul # endipthi asnegt dhe aresent inventios pPYEEE &dMBthod %@g@mme raaipire. type

or cell-t ypwmnaesutﬁanm dfis, 2oRphibing kéhf[éiﬁ@g a%amaﬁcﬂdéf%uﬁél RIS TEFGt ed i n
to the Eu ture supernatant of those cel ecific_exanpl es of

sui t abl e ag oM iR iRlingR Soen Pl 5719 ?R@%P@Nﬁtwdpaéw e gondiijang cogdygivReto2005 WO
021051988 - cBCHUFRR Wnéith the sswrdéebrméancgraﬁ%él tast %lu&éf aduﬂﬁl%éﬁb

hydr ocorti sone, transferrin, hi gh density rotein DL), bone
mor phogeMet CRNGINK%e AnNYgiRip0l CORSIRICH ‘&'HEP (’BW‘E'Y sl rﬂ'ﬁ?'iem*%!?r‘agft growt h
factor | (FgEbCs, kafwingFedid . anirediSeelidNdnd ibSedRASE ASWING oY) cainth&eone or

nore viabilLiLt ronpt i n(t; glyn s may be added contl1nual | y or periodically
to the TEPCTE%&glt%PIﬁSF? iafet Fﬁ‘ﬁ"?'ﬂ%ﬂ}ﬁ inpiRWiPR- nay be a single, initial

period of exposure to the one or nore agents, which period can involve a
si ngl e addi on of the one or nmore agents or a plurality of successive
addi tions. Vherenty appert BisHIesaT We“t'%“ BoNidge Petirnfoenc GRB-NYMaRR Mt abi ity

pronoting agahScoMbrized WTBGlrc®lof @em ggltablé/&)rhﬂe%@tﬁéd QN $he hikeh agpsdt, or
agents added on eg%h occasi on W%EBQﬁlﬁ ferent fromthose added on a

previ ous oc¥heieyhdilipiRafiatiqnel spisb nhitiigd by insasfingca QG”?QP gonstrHgh e,

initial perirs sab aemﬁgx&jén@whrch&ev&aag@upmsge@e%}bﬁgmf@guﬁ@egé@.t.ﬁlel I's to
undergo a | ong. termé%)? ol ogi cal change. That change may enabl e the

viability of° ﬁ%‘eﬁ?ﬁ; C8 TEPCs to be substantially inproved without
t he need for a subsequent addi tion of any further wviability pronoting
agents. _ In certal n enbodi nents of the invention, the one or nore viability

pronoti iy agbdn gleversh aspect A0R BregeriHayRpdon Aravises gerestoy s use imgenatisaly one

TEPC in thenm PUh@iceMNso BRI 16 bes bR Fdt @RNAL HBemEMYd PO WMt Rspadtabi ity
of the TEPC, ?sﬂ bgftransform ng the TEPC into an imuortalized or

reversibly P edHeica that cpmbings with dhmeeqnam of sairkanimal cell so as fo

reversibly suppress expression of a gene essential to differentiation of a TEPC.

20 In a twelfth aspect, the present invention provides a use of a TEPC according to
the second and third aspects of the invention to assay gene function in T cell
development. '

Disclosed herein, there is provided a method for improving the viability of a
25  population of isolated thymic epithelial progenitor cells (TEPCs), which method



one or nore viability pronoting agents may include at-|east one
pol ynucl eotide. 25 The pol ynucleotide may be part of a vectog meﬁ]bs may be

plasm d QuoVbhdbsr artificial chronosome. Suitable vect %@lc‘?@?’a-%gchosen

or constructed, “containing appropriate regulatory sequen ronoter -
sequences, term nator fragnents, polyadenyl ation sequences, enhancer-
sequences. Vectors may contain. sel ect-dble nmarker genes and ot her
sequences as appropriate. 30 Marker genes such as antibiotic resistance or
sensi ti viconpgises sontactihy tbe eslls ar-oneror rapre apeestagothe reanfowith at least obe . used

in identif |_gg cl ones containing nucleic acid of 8 June 2005 WD 02/051988
PCT/ GBO1N PrOTAPEPE888Nts i s well known in the art. C ones may al so be
identified or further investigated by binding studies, e.g. by Southern
~'blot hybridisation. Inside the TEPC, the nucleic acid conprising the ’
pol ynucl &yt“irdpraving the viabiliy obapopulatioh ef isdiated thymje epithelizs popgendor calls i t

may ipte prefer tably, jntq the host ell .gen an
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accor danpepulationdeingmaihtainetiat g sabstahtiallynearistant levd donthe numblen aéviaklguences

| 10 which.girect jts integration.to a rticular site in. the genome where a
- codi ng gﬁfﬁﬁ%%@&ﬂ%ﬁﬂ&!’a&?‘[‘ﬂi"F‘nc"P?S&iPP’Erﬁ'ﬂ&er the control of regulatory
el ements able to drive and/or control expression of that sequence in the

TEPC. Methods for introducing nucleic acid into cells are well known to
t hos#0 skiBy “isblatedi HePCsbisaneanithat the TEPCs. are notiassociated withat deasttone

cal ci um phpsphat e, .t r ansf ion, - DEAE-- Dextran,, el ectroporatign, . . P,
 bosome CRUIES ot PARSY SEFCh aieormalie aseeriatseL & K it siiisinogpaly her
vectors. coHbftiahse THeCTPPEsiM&) BE s GARHOAVAY fronPERE VYR YdreSof; méBBALRYrAali I us,
herpes virus and retroviruses. Disabled virus vectors may be produced in

hel per céells,| Tl pragenites, Humecyteguvassylar endatbelin; diffesentiated dhymies |

Yo t hose DRI 8 eeE B BEnvel e RaR Belle. ' et Mook £ 0 et
al ., 461996) Hum Gene Ther 7(2), '

In preferred embodiments, the one or more viability promoting agents induces or

enhances TEPC replication. In this way, the decline in the viability of the TEPC

population as a whole may, at least in part, be slowed, arrested or reversed, by the

production of daughter cells from an original group of TEPCs. If a replicating

20 population of cells approacheé confluence, then the population may be subdivided

into two or more daughter populations. Each population may be diluted in a suitable

medium, as discussed elsewhere herein.

The one or more viability promoting agents may be protein, poiybeptide, glyéoprote’in,
25 proteoglycan, carbohydrate, oligosaccharide, polysaccharide, nucleotide,
oligonucleotide or-nucleic acid in nature. The agent may be selected from the group
consisting of a hormone, growth factor, cytokine, steroid, interferon, colony
~ stimulating factor, extracelliular matrix material. It may be produced bya Speciﬁc cell-
“type or cell-types, and may be a cell surface agent and/or an agent sereted in to the

30 culture supernatant of those cells.

Specific examples of suitabie agents include insulin-like growth factor 1 1GF-1, -



215-222; Wl lenbrink, W, et al., (1994) J Virol 68(12),8413-8417; Cosset,
F.L., et al., (1993) Virology 193(1), 385-395; Highkin, M Kg.&bosd ..
(1991) Poult Sci 70(4), 970- 981; Dougherty, J.P., et at.,cé‘1989) J Virol
63(7), 328LBYB g5 1ipns, B., et al., 25 (1989) Bi ochem BIAFBNPREL commun
159(3), 1191-1198; Sorge, J., et al., (1984) Ml Cell Biol4(9),1730-1737,
Wwang, S., et al., (1997) Gene Ther4(11p,1132-1141; Mbore, KW, et al.,
(1990) Science 248(4960), 1230-1234; Reiss, C S., et al., (1987) J | mmunol
139(3) . Epiderkfal gp‘@wrfaétek |EGFNess e HYERstorisond]i Bansterdh, Siigh edersitywhi ch

i s recogni'sed by 1The nmechani sm whi ch packages the viral IVﬂpenoma. They_30
produce JipoptoteinnfiRh), coonerimonphioggoetis proefeind (BMRA)2, 4§BMPRédt and (RM7

contains an i ct a i ' h t h uence
o be dolTRETBIR BARE BeR RGN TSR o Tty SR e BeaBN PR
particles, which may then be used for gene 8 June 2005 WD 02/051988

.PCT/ GBO1/05780 -7 deljvery to the TEPC. | |t wll be apparent to_.the

skil | & pEheene phaxore wWabilibi prosoting agestemayibeaddeseaniEyatiyor Wﬂ%‘a{]h’e

nucl ei c e TERC | ' i i ;

I nventi oflt?’ fﬁ? ngida@?’wt%;ggﬁr Z\rlrioé? #%tg%ggghk?émrﬁ%h%o%s%@@é ' ?ﬁiﬂ%{‘ p%@?r%p?fses a
" pol ynucl esitgodaremithe one brsmré bgentsovbiotipepipdicanfiinwolve psingleadditign bf thee
(ORF). The ORF may be operably-linked to a pronoter whic E ives its

expr essi 0PN8 O Mems@gents gy plkalty of sygcegsivaagdions; Mierea Jﬁ'é ROPUAHONS e

nucl ei c i . ' : | b | f i
transcri 3% icgﬂ@g&@gﬁ'?ﬂ?‘? #g@éﬁ%ﬁw hﬁ%&%ﬁ%ﬂg%‘%ﬁ?ﬁﬁ%ﬂ%@f ?%ngr?ay be
pl.acerd unsasione, therigent oodgents edtied oaleaghiocdasiob naiee diffepentfaare thase pl ace
it)under the control of the uyser. The term "inducible" as applied to a
‘pronot er ddegon aHevdpys 66AH9M hose skilled in the art. In essence,
expression 15 under the control of an inducible pronoter is "switched on"
or increased in response to an applied stinulus. The nature of the
sti mul us Wheire theEERCSpopulatian & subjerted to arsingle bindigb penodof expasiye, ther t | e
or undetectable | evel s of expressi %n gc“ PO | . .
one or more agents may cause the cells to undergo a long-term physiological
16 change. That change may enable the viability of the population of TEPCs to be

substantially improved without the need for a subsequent addition of any further

- viability promoting agents.

In certain embodiments of the invention, the one.or more viability promoting agents

20 may cause a change in the genotype of at least one TEPC in the population. This

| ) - change in genotype may improve the viability of the TEPC, e.g. by transforming the

; TEPC into an immortalized or reversibly immortalized state. In this connection, the
one or more viability promoting agents may include at least one polynucleotide.

25 The polynucleotide may be part of a vector which may be plasmid or viral or artificial
chromosome. Suitable vectors canbe chbs‘en or constructed, containing appropriate
‘regulatory sequences, e.g. promoter sequences, terminator fragments,
polyadenylation sequences, enhancer sequences. Vectors may contain selectable
marker genes and other sequences as appropriate.
Marker genes such as antibiotic resistance or sensitivity genes, or fluorescent- or
epitOpe-tégged.proteins may be used inidentifying clones containing nucleic acid of



expression) in the absence of the appropriate stinmulus. Watever the |evel
of expression is in the absence of the stimulus, expressiongfomsgay

i nduci bl %Brgﬁ%ﬁgé 20 is increased in the presence of the correct stinulus.
An exanpl ¥od nducible pronoter is the Tetracyclin OYCHBUPSTEYL,
(CGossen, et al., (1995) Science, 268, 1766-1769) in which gene expression
is regul ated bytetracyclin anal ogs. Exgression of the polynucl eotide may

al so be controlled or regulated by one or nore additional elenents in the

transfor igdredtCl8i & @@l thnowid in ‘the &t cOlMREEMay28isd bé dléntifled oF durhéng
agent which consists of or conprises a polynucleotide may -include a

pronot er inydstigated bybinding atudies, ek &y Seutharrdaet hybridisatiome| ude an

enhancer or other transcriptional control sequence. The nucleic acid nay be’
integrated into the genone of the TEPC so as to induce, increase, inhibitor:

prevent 3Rsi@¥RhESTERQ, e Audieicoddid Wohitishayl tig pslgauciRotide Thay axet ascamcid
may include sequences which direct its integration to a particular site in

the génorsglatedextig-geneminseqyenceonit mayintegipteinrafesably stakly iRtgthe hrst ng

per caoL oA BsBRmE 5; SR sdiEst ek, PordllSe SR e kB B, s an, . .
or a ri bepidtme@r delffcial chnewdisomes Uitbgrativndrian be préivoted by sreohsdingrivhtiv

ri bozyme may interfere with a cell-cycle checkpoint, tBereby resulting in
i mor t al in4gleieonagid spauereas wch promigie e ceGambipatian pWith H s iggaOMEeither

deri ved %:gato%&c%%mﬂa%}%na&& ftnhioRRs! ThERfloB A maf lifciBle SEgUBhESs TEFC

genone, e conStitutlve "or T nducible. . uction y requir

addi tfigon whiclordireut it@litegedioni wnal patiealas dite irhthel geGome gvhersi andadimgeous| y
wi th or subsequent to the contact of the TEPC w {h 5}36 Vi a iIitg bﬁ)r?rmti ng.
agent. 1GeaKERHE coONGAIned within: itdalls wrdenthegontil obEequidipry slemets s to

Pr oMot | ey RSidior LB EPESRGRBFhaPadqbEABSRARBLEPE! ement s A spec fic

- Methods for introducing nucleic acid into cells are well known to those skilled in the
15 artand include e.g. baliistic bombar&ment, calcium phosphate transfection, DEAE-
Dextran, electroporation, liposome-mediated transfection and transduction using
retrovirus or other vectors. Suitable vectors include adenovirus, papovavirus,

\)accinia virus, herpes virus and retroviruses. Disabled virus vectors may be -
produced in helper cell lines in which genes required for production of infectious viral
20 particles are expressed. Suitable helper cell lines are well known to those skilled in
the art. By way of example, see: Fallaux, F.J., et al., (1996) Hum Gene Ther 7(2),
215-222; Willenbrink, W., et al., (1994) J Virol 68(12), 8413-84 17, Cosset, F.L., etal.,
(1993) Virology 193(1), 385-395; Highkin, M.K., et al., (1991) Poult Sci 70(4), 970-
981; Dougherty, J.P., et al., (1989) J Virol 63(7), 3209-3212; Salmons, B., etal,
25 (1989) Biochem Biophys Res Commun 159(3), 1191-1198; Sorge, J., et al., (1984)
Mol Cell Biol 4(9), 1730-1737; Wang, S., et al., (1997) Gene Ther 4(11), 1132-1141;
Moore, K.W., etal., (1990) Science 248(4960), 1230-1234; Reiss, C.S., etal., (1987}
- J Immunot 139(3), 711-714. Helper cell lines are generally missing a sequence

‘.‘
g

which is recognised by the mechanism which packages the viral genome. They
30 produce virions which contain no nucleic acid. A viral vector which contains an intact
packaging signal along with the gene or other sequence to be delivered is packaged
in the helper cells into infectious virion particles._ which may then be use;d for gene



15 An oncogene may transformthe TEPC into an inmortalized state. rray
be conditionally inactivatable such that a reversible imorg gil. s%)bgon may

be achi ev mrortal i zi ng oncogene which is inactive

t enper at usgog*’éggétfurran patient may be used. I|nactivation '%T’{L’ﬁ%”@ﬂ gene
reduces the risk of tunmor formation when TEPCs, or descendants thereof,
are introduced into the patient 20 duripg a nethod of therapy.

| mortalizing oncogenes may al so be renoved from TEPCs, or descendants
thereof, gefiryteth'FEPT.roduction of such cells into a patient. Renoval

of oncogenes may enpl oy the Cre-LoxP system (Westerman, K A et al Proc.
Nat | . Acad Sci. USA 93, 8971 (1996)). 25 Many known techni ques and

oo R e B € g IS

nucl ei ¢ a I 'ng, | Rtreduction o nucl ei c

acid int omﬁid@eamla@a@idwmw@wm is Abtesyemtinboor alimitatibaiofthe iavention.
.described in detail in Current Protocols in Ml ecular Biology, Ausubel et

“al . edS. , John Wley & ‘Sons, (1992) and Mol ecul ar Coni ng a Laboratory

Manual : f\ wﬁggb B@m@ﬁq’%ggﬁt wﬁ% WIS 3 dr: ccﬁﬁ?r?sescﬁ" clelidEAnag"

Labor at or pronD I ng agents, for ‘use in e present
i nvent i onijnglyde aise whadke ordszant bf iaadopen gedding 2006 (ORszm'élem: may be

PCT/ GB01/ 05780 -g the basis of roytine techni ques well t,a, t hose
Cki1 Lod | Aperabhyikediad PmOter A Griyor o AR SssBcne SER s RSO

TEPCS may kg thSné)ﬁ?té’doﬁé B8f o MPshif nRRAL 'Rl RBRcuR, slifably pRRRIghaYT on

and a "con € Or nore test agents are then added to the
“test 10p0|aukiaériermecaf‘0} ttarsscriptigrotd b@mltudtedlfadrhdeheprdmohe&t aining the 5 TEPC
phenotype in each population is determ ned (nmeasurenent at t=0). After a
predeterm ned period of time (t=1), during which tine the test agent(s) may

Ol g T e B3] U 0 SoREORIT Sy i gne
change i npromoterdp piddedhunder the abhwokm‘ltlhe usett athe tegmt” indutitre’ amapplisdde i n
B P oteh e o Sraiod b o8 SRURHUR IRl AR Chbsch e
15 under the control of an inducible promoter is "switched on" or increased in response
to an applied étimulus. The nature of the stimulus varies between promoters. Some
inducible promdters cause little or undetectable levels of expression (or no
expression) in the absence of the appropriate stimulus. Whatever the level of
expression is in the absence of the siimulus, expression from any inducibie promoter
20 is increased in the presence of the correct stimulus. An éxample of an inducible
‘_ ) promoter is the Tetracyclin ON/OFF system (Gossen, et al., (1995) Science, 268,
' 1766-1769) in which gene expression is regulated by tetracyclin analogs. Expression
of the polynucleotide may also be controlled or regulated by one or more additional
~ elements in the transformed nucleic acid, e.g. by an enhancer.
25 _
A viability promoting agent which consists of or comprises a polynucleotide may
include a promoter which is not operably linked to an ORF. It may include an -
" enhancer or other transcriptional control sequence. The nucleic acid may be
integrated into the genome of the TEPC so as to induce, increase, inhibit or prevent
30 expression of a neighbouring coding sequence. The nucleic acid may include
sequences which direct its integration to a particular site in the genome, e.g. by virtue
of their homology with sequences surrounding that site. A polynucleotide viability



the test population is less than that in the control population, then the
one or nore test agents is/are suitable candidates for vi abhlj—‘ilﬁey oB¢ onoti ng

agents. The 5
det er ni n@HOALOIB% i nterval s subsequent to t=1; so as toFPEE(G
ability of the one or nore test agents to pronote the viabili

roportion 15 of viable cells in each popul ation na
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The proportion of viable cells in a TERC popul ation may easily be

determ ned using 20 known techni ques for assessing cell viabi
of exanpl
of vi abl

lity. By way
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~cel |'s mayeelecydia ehoripomt Wef%%équb'ﬁ'qgomémq'%(hﬁ-?m&ﬂg?pgﬁoﬁﬁétn%rl}ber 25 of

cells.in the sanple; or (b) the total volunme of the sanple. The proportion
of viabl'e cells retaining the TEPC phenotype may be determ ned i.n flow
cyt ot r | Expressionmofre pplypeptite cahethealdesived frame eihar parwitthetansiorned ve

t t t is , .. iti | i i £.5
|t he- adualeig a5 oHEoHIATERS: oRpPER. MR BeciaTPRER frashle pduptc Cnee
fﬁglt 2;% :gngfﬁlggﬁﬁ%"ﬁ%naaﬁﬁﬁoﬁ%ﬁrbﬁé I tenipd SHItiGIRl ragaity etocthed TERGse.g.

e test agent is a candidate for a viability
agent. 8 simuitaReoasly Wittt GEbsequadTiociel contaghof the TEPE wyitht
of the invention, th? | sol ated TEPC which is contacted wth,
more vi abPToMMQHNS 3GRMi ng agents, is cultured under conditions

ropoting

é’%m’msnts
t he one or
whi ch inhibit

di ffefgentiation of the TEPCs intoe.g. cortical or nmedullary thymc

epithelial cells. The TEPCs nmay be cultured in the absence of e.g.
mesenchy nBxampldss of palyucieotides vhigh dgamiheused @y yiabiliy Riefotiad S
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Different'ﬁﬁdﬁ] of the TEPCs, e.g. into cortical or nedullary
epithelial cells
or into ancestors thereof, of a

15 An oncogene may transform the TEPC into an immortalized state.

thym._c

, 10 may al so be arrested by the introduction into TEPCs,

It may be |

conditionally inactivatable such that a reversible immortalisation may be achieved.
An immortalizing oncogene which is inactive at the body temperature of a human
patient may be used. [nactivation of the oncogene reduces the risk of tumor

- formation when TEPCs, or descendants thereof, are’ introduced into

the patient

20  during a method of therapy. Immortalizing oncogenes may also be removed from

TEPCs, or descendants thereof, prior to the introduction of such cells into a patient.

Removal of oncegenes may employ the Cre-LoxP system (Westerman, K. A. et al

Proc. Natf. Acad Sci. USA 93, 8971 (199‘6)).

25  Many known techniques and protocols for manipulation of nucleic acid, for example
in preparation of nucleic acid constructs, mutagenesis, sequencing, introduction of

nucleic acid into-cells and gene expression, and analysis of proteins, are described

‘in detail in Current Protocols in Molecular Biology, Ausubel et al. eds., John Wiley
" & Sons, (1992) and Molecular Cloning: a Laboratory Manual: 3rd edition, Sambrook

30 and Russell, 2001, Cold Spring Harbor Laboratory Press.

Viability promotihg agents for use in the present invention may easily be identified on

.



nucl ei ¢ acid sequence. The nucleic acid sequence may -i nhi bit
differentiation by pronoting proliferation. Such a nucleic g&hgzﬁﬁguence
may affect the control of the cell cycle. It -may be an 15 oncogene. The
nucl ei c a¥PP28eW8nce may conprise one or nore control el EFEHERIVAHEN upon
i nduction or inhibition, will permt the differentiation of the host TEPC
to proceed. The nucleic acid which arsgests differentiation of TEPCs may
cause suppression or 20 ablation of Foxnl "expression: as discussed

el sewher e Riid of Téiltine ©RAARUes did!f RIGW it tivodenskilledhintie atty By wayi ofhel i al

cell sub-popul ati ons w t,hout Foxnl = expression. The nucl ei _gci d cause
condi t i onexarsplepadeashbhisofated papulatipn &f JitiCs maiinstie SHEOéY' EQHW%(\/e
condi tions L fferentiatl W ) : |l e
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nor e agenjgs thafadied lo theresti pupuistinreaaiiheghoportionoéviablentelig refinining thte t he
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Foxnl fr ofBP& phemntype in pagh PORHAHONAR Sg&H E"T‘ﬁg\?ﬂie@ﬁ”@'?ger&fﬁ rji_’L&)r éﬁﬂraﬂ ory

o eTent s Bl BYRRFBella 8 RS Ui R BEuNGc) R bgans I o

of one or ran e ran tegrated I'n to a

" TEPC genoggdedite ithé teSopopulation, thenptapartigre cf vigtitecefje metaningi die TERGhen

back d onto a Foxnl-' k d, .e.q. d [ yely i
ey compr PBENGUPe v AboRYalay PGS CatpiEtined JE SPRg SIS RICHIAS 8P Y 11
dified F I _ \ fromh h
5" June 2oBEb e Rsay HRE TR pABRBNBeTR SHct B e ot Ty
sequet@escalgulAtecher mt - random i ntegrati on of a nodified  Foxnl transgene,

i n¢l udi ngFoxnl regul atory regions, into the TEPC genome which again may be
Foxnl or may be a w |l d-type TEPC genone. which is then backcrossed onto a

Foxn1 - baghg plibtioRif HePpibboHiooRdsie BBlls el theTERC phishotybelwiffian!

expression 1S reversibly ablated. This may be achieved by the introduction

of a st opthetestpopulation is less thamihajdméhe mmtpcmlﬁt@n. then the,gne or more

;|r o Pk Bfare shilshid  ARaRARESH: VidBiMy Brofbfing 8etisOThé Progtiign® to
15 of viable cells in each population may be determined at time intervals subsequent to

t=1,so0asto bette.r assess the ability of the one or more test agents to promote the
viability of TEPCs. '

‘The proportion of viable cells in a TEPC population may easily be determined using

20 known techniques for assessing cell viability. By way of example, a sample of the
~ TEPC population may be taken, and the number of viable c_ells in the sample

- determined, e.g. using a microscope, e.g. using trypan blue, by countihg the number

of viable cells, in the whote or- part of the sample, optionally after dilution. The
proportion of viable cells may be determined in relation to e.g.: (a) the total number

25 of cells in the sample; or (b) the total volume of the sample. The proportion of viable
cells retaining the TEPC phénotype may be determined in flow cytbmetric or

immunocytochemical analysis.

: Where a conditionally active test agent is used, e.g. a conditionally active oncogene,
30 - a difference in the ability of the agent to improve or maintain the viability of the
| contacted TEPC between the permissive and non-permissive conditions indicates
" that the test agent is a ca‘hdidate for a viability promoting agent.



Foxnl expression, and hence TEPC differentiation, to proceed.. This may be
achi eved using the Cre-LoxP system or the Flp reconbi nase S¥$L&Mgoor ot her
10 reconbi nase systens. Alternatively Foxnl expression nmay be reversibly
abl at ed BYO %¥P39%8yt r oduction into the TEPC genone of nucl &CT/GRY1QETS0
conprising constructs designed to express antisense Foxnl RNA, constructs
desi gned to express Foxnl- specific ri.pgzyne, constructs encoding a :

dom nant negative Foxnl protein, or constructs encoding a protein or agent

capabl e qf, caRaHPENBOUMEeMY T thdVinvBhtion the tsdidted IFERD GvHibhiis comtactedvathi, t
I nactive. The i1ntegration of nucleic acid at a specific point in the TEPC

genone ndhelbae cichorendability premeting sgeptsoissiultugethundgraanddions ydareh inkibibn .

tr ansgendieentpfish of i FE6CRIMR saE ¥obfoa PRk B Ty micahllif cello e =
" acid are viepckifay b eeniedannBeibsencd dff @gemdsahchymaf calisPaidion Teoell i cal
or nmedullary thynic epithelial cell-types may be detected by any of éhe

met hods deregeniters and yeogitesi Suchscelhtypes: have bespqshme do fnvesth

T R B s W e

by, expl affituga.t ures fromone or nore tissues selected fromthe group it
consi sting of foetal heart tissue and tissue from branchial ‘arch, e.g.
whol e branchial arch or branchial arch ectoderm These tissues are

adj acent o, &Y iHZPTEl iltB ddtcA B Hedifary tiriic diieliaPssIRS MRy
be kept a%@@{é'{!}?%}r?ﬁ‘ﬁgh:gggegpgde%%ggaby ané'?pgpfﬁgglrl f"a ewnenbrd;@e or filter.
The i ®p! ahay alscise amested by tieiotredudtion into PEPSsnorintoancestotsthereaf, gfawt h
factors expressed in these tissues. The isolated TEPC nay 8 June 2005 WO
02/ 051988"YRaIC@sY FBGYSCE-- 12 be cultured on irradi ated feeder cells,
sel ected fromthe group consisting of fibroblast <cells, or enbryonic
thymc epithelial cells, or branchial arch cells. The fibroblast cells may
be t r ansf The adcleicatid $equenceynapiphibi diftarestiationdeypromatingdiralfetatigne Suehc
growth fg Cntuc_():rle'ic acid sequence may affect the control of the cell cycle. It may be an

15 oncogene. The nucleic acid sequence may comprise one or more control elements

“which, upon induction or inhibition, will permit the differentiation of the host TEPC to

proceed.

_The.nucleic acid which arrests differentiation of TEPCs may cause suppression or
20 ablation of Foxn1 expression: as discussed elsewhere herein, TEPCs cannot
differentiate into mature thymic epithelial cell sub-populations without Foxn1
expression. The nucleic acid may cause conditional suppression of Foxn7 expression

such that under permissive conditions, differentiation of the TEPC may proceed. It
may for example comprise: (i) an inducible promoter responsive to the addition of one
25 or more agents; and (i) targeting sequences which direct integration of the promoter
into the TEPC genome s0 as to functionally repléce the wild-type Foxn1 promoter;

or {iii) a Foxn1 transgene in which the Foxn1 regulatory elements are replaced by an .
inducible promoter responsive to the addition of one or more agent. The transgene
may be randomly integrated in toa TEPC 'g_enome which is Foxn1”, or a wild-type
30 TEPC genome which is then backcrossed onto a Foxn1” background, e.g. a nude
mouse. Alternatively it may comprise (i) targeting sequences which direct integration
of a modified Foxn1 gene into the TEPC genome so as to fqnctionally replace the



5 The isolated TEPC may originally be derived from an enbryo e. g from an
enbryo which has devel oped at |east as far as nurine H ? 2005

equi val ent _stages in other manmmals. In one protocol, the cel e
enbryoni C PH‘%’ 88re dissociated from one anot her and t hECHERBL788) at ed
by flowytonetry. Fluorescence Activated Cell 10 Sorting (FACS) may be used
to identify and partition TEPCs fromether thym<c cell- types: the

nmonocl onal anti bodi es MI'S20 and MIS24 nmay be used. Alternatively-or in

addi ti on,wiltEge ?@)@b@r iy ebgtencds ahioht permit ramdemadatdgratinrubbbi modified ‘si ze
sel ection_usi ng I ght scatter paranmeters. |sol ation of_ TEPCs by size

sel ect i o aXiditiaNsgERe, ISG!'-&S#'RQ Ry raav\amlregoesfl@tq thekERe gs8P ‘f"h'Ch
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15 and thus rendering it inactive.

The integration of nucleic acid at a specific point in the TEPC genome may be
achieved by sequences promoting homologous recombination. Alternafively, the
nucleic acid may be inserted as a randomly integrated transgene. Materials and
- 20 methods for transforming TEPCs with nucleic acid are described elsewhere herein.

Differentiation of TEPCs to cortical or medullary thymic epithelial cell-types may be
detected by any of the methods described elsewhere herein.

25 Incertain embodiments of the invention, the isolated TEPC is contacted with the one
or more viability promoting agents, and/or is cultured adjacent to, or in medium
conditioned by, explant cultures from one or more tissues selected from the group
consisting of foetal heart tissue and tissue from branchial arch, e.g. whole branchial

‘arch or branchial arch ectoderm. These tissues are adjacent the thymic primordium

30 . inthe embryonic state. The tissues may be kept apart from the isolated TEPC by an.
appropriate membrane or filter. The isolated TEPC may be contacted inthe presence
of one or more growth factors expressed in these tissues. The isolated TEPC may



a nucleic acid sequence encoding the marker, the specific binding nenber
conprising a nucleic acid probe capable of hybridising wth ?Eﬁg uence,
or an 5 i munogl obul i n/anti body domain with specificity for nuc eic

aci d seqWeN@0SEP88t he pol ypeptide encoded by it. A specif PET/GBIHPIES nenber
has a particular specificity for the marker and in normal conditions binds
to the marker in preference to other _gpecies. Aternatively, a specific
MRNA for the.nmarker may be detected by its. binding to specific
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Spring Hpgder Laboratory Press). 15 Binding or interaction may be
determnmi ned by any nunber of techniques known in the art, qualitative or
quant bt atlve I nteraction between the specific bi ndi ng menber and the
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may be derived in vitro from multipotent ancestor cells, e.g. ES cells.

The isolated TEPCs may originate from non-human transgenic or chimaeric
mammalian embryos, i.e. embryos containing foreign or heterologous nucleic acid
20 which is absent from the corresponding wild-type cells, or human embryos.” The
heterologous nucleic acid may be found throughout the embryo or it may be localised
to certain paris. It may contain elements which produce a phenotypic effect in a
limited number of céll-types. In this way, a method of improving the viability of an
isolated TEPC may comprise contacting an ancestor of the TEPC with a
25 polynucleotide-based viability promoting agent. Materials and methods for introducing
nucleic acid into cells are described elsewhere herein.

- The identity of isolated cells as TEPCs may be confirmed by analysing expression

by said cells of one or more of the following markers: Foxn1 (formerly whn/Hfh11),

30 Pax-1, Pax-9, Hoxa-3, keratin 5, keratin 8, MHC Class il, epitopes reactive with
MTS20 and/or MTS24. | | " -



-14 tandem fl uorophore. Qther materials and nethods for isol at| ng TEPCs may
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15
Binding or intéraction may be determined by any number of techniques known inthe
art, qualitative or quantitative. Interaction between the specific binding member and
the marker may be studied by labeiing either one with a detectable label and bringing
it-into-contact-with the-other which may-have been immobilized on a solid support,

20 e.g. by using a secondary anﬁbody bound to a solid support. Interaction between a
'speciﬁc.binding member and a marker expressed on a cell surface may be detected

- by flow cytometry.

Flow cytometric techniques are by now well established. Detailed protocols are
25 compiled in several recent compendia, including Flow Cytometry: A Practical
Approach, 2" ed. M.G. Ormerod (ed.), Oxford University Press (1997); Handbook of
'Flow Cytometry Methods, J. Paul Robinson (ed.), John Wil.ey & Sons (1993); Current |
" Protocols in Cytometry, J. Paul Robinson (ed.), John Wiley & Sons (1997 with
updates). Fluorescent labels for conjugation to specific binding members include e.g.
30 FITC (fluorescein isothiocyanate), PE (phycoerythrin), PerCP (peridinium chlorophyll.
protein), APC (allophycocyanin), PE-CY5 tandem fluorophore {phycoerythrin-cyanine
5 tandem resonance energy transfer fiuorophore; Cychrome) or PerCP-CY5.5



conposi tion conprising a TEPC di scl osed herein, use of such a TEPC or
conposition in a method of nedical treatnent, a method conprkSi,AHoos

adm ni stration of such a TEPC or conposition to a patient, e.g. to restore
thymc 5 function in an athymc individual, e.g. for the treatnent of

D George Syndrome or the human "nude" condition, or to augnment or custom se
thymus function and pronote allograft.@cceptance e.g. in bone marrow and
organ transplant patients, use of a TEPC disclosed herein in the

manuf act Ufddef, fluBRiphepeent for administration to a patient, e.g. to an
.athymc patient for the restoration of thymc function in D George 10
Syndrome or the human "nude" condition, or to augment or custom se thynus
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- The TEPC populations may be maintained by seeding cells into: (i) wells coated with
extra cellular matrix gel; (i) uncoated wells; (iii) wells coated with defined extracellular
matrix components (e.g. laminin, collagen); (iv) wells coated with gelatin; or wells

20 coated with irradiated feeder cells, e.g. irradiated fibroblasts, e.g. irradiated E12.5
thymus cells. The one or more viability promoting agents may be contacted with the
poputation of isolated TEPCs before or after the seeding of the cells.

Disclosed herein, there is provided a TEPC which has been

25 maintained in a viable, undifferentiated state, by any one of the methods disciosed
herein. |

~ There is also disclosed a TEPC containing heterogeneous nucleic acid which promotes
the viability of the TEPC in vifro. The nucleic acid may be of the type described
30 elsewhere herein, e.g. a transforming oncogene, which may be conditionally
inactivatable.



in a "prophylactically effective anmount” or a "therapeutically effective
anount"” (as the case nmay be, although prophyl axis maybe conghﬁﬁg%ﬁgs
therapy), this being sufficient to show benefit to the individual. The
actual anount admnistered, and rate and tinme 5 course of adm nistration,
w'll depend on the nature and severity of the condition being treated.
Prescription of treatment, e.g. decisiqfg. on dosage etc, is within the
responsibility of general practitioners and other nedical doctors. A
conpositioP in co nat i an ot her
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cortical thymc 20 epithelial cell or a medullary thymc epithelial cell.
Such factof @ﬂgﬁcbée%ﬁ?fsmi e thepandactarerdl adeedicaimara farad@Husitaian 1¢81 | and/ or
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thymc epithelial cell. 30 IT a population of TEPCs is used, a mgjority of
the TEPCs maybe caused or allowed to adopt nmature thymc epithelial fate.
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being disclosed, may comprise, in addition to the population
of TEPCs, a pharmaceutically acceptable excipient, carrier, buffer, preservative,
stabiliser, anti-oxidant or other material well known to those skilled in the art. Such
- maferials should be noﬁ-toxic and-should not interfere with the activity of the TEPCs.
20 The precise nature of the carrier or other material will depend on the route of

administration.

Liquid pharmaceutical compositions generally include a liquid carrier such as water,
petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline
25  solution, dextrose orother saccharide solution or glycols such as ethylene glyco!,

propylene glycol or polyethylene glycol may be included.

The composition‘may be in the form of a parenterally acceptabie aqueous solution
which is pyrogen-free and has suitable pH, isotonicity and stability. Those.of relevant
30 skill in the art are well able to prepare suitable solutions using, for example, isotonic
vehicles such as Sodium Chloride, Ringer's Injection, or Lactated Ringer's Injection.



-17 nore than 70% nore than 80% nore than 90% of the TEPCs differentiate
into' mature thymc epithelial cells. Specific factors that ghgy gse TEPC -
to differentiate are the Wit famly of proteins (Witl, Wt4, W1t5

Wit| o), the BMP famly of proteins (BMP2, BWP4), the Fgf famly of
proteins (Fgf7, Fgf8, Fgfl0). 5 The nethod may conprise culturing the TEPC,
e.g one fromwhich the immortalizing agent and/or differentiaton bl ocking
agent have been renoved, with: (i) a mesenchymal cell and/or T-cell

pr ogeni tOAdrﬁrmsltrbﬁdm(jf)étm%%@hﬁd@g@ one or nore factors secreted from
mesenchymal cells, thynocytes -cell " progenitors, T-cells or vascul ar
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differentiation of the TEPC to either a cortical or thymc epitheli al
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their expression of MHC Cass Il. Binding or interaction of 4F1 and/or

MIS10 and/or MHC Class Il with cortical and/or nmedullary thym c epithelial

cell-type ‘ 4k - f .
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expressi O'E %}?}ﬁ%\s' S. The net hod may nprise the steg of separat.ing
cortical H& A 'W'?n@ﬁllﬂ‘l?eﬂ pat'entsbv 8By technighg snewn in the 8ft. TEPCs
whi ch have undergone differentiation to a nmature thymc epithelial

cell -type. Such separation may enploy FACS, e.g. using

fl uor escdhistlysdcﬂimémdamﬁdlamddllﬁ:ﬂc anintaiOm@lydes 11 and/ or adhering said

cells to aalPowecf HP ce;a&ggc? to alﬁerentlate mto a mature thymic epithelial cell-type, e.g. into
15 a cortical or medullary thymic eplthehal cell. Such differentiation may occur in vitro
| or in vivo after removal of an immortalizing agent and/or removal of a differentiaton
blocking agent as appropriate. A pharmaceutical composition, medicament or drug

disclosed herein may therefore comprise, in addition to the isolated TEPC, one or
more factbrs which promote the diffetentiation of the TEPC, e.g. into a cortical thymic
20 epithelial celi or a meduliary thymic epithelial cell. Such factors may be supplied by

or derived from a mesenchymal cell and/or T-cell progenitor or thymocyte.

Also disclosed herein, there may be provided an in vitro method of generating a mature
thymic epithelial cell from a TEPC, which method comprises culturing the TEPC,
25 under conditions which promote removal of an immortalizing agent and/or removal
of a differentiaton biocking agent if appropriate, in the presence of one or more
factors supplied by or derived from a mesenchymal cell and/or T-cell pfogenitor or
" thymocyte which promote differentiation of the TEPC into a mature thymic epithelial
cell-type, e.9. a cortical or medullary thymic epithelial cell.
30
If a population of TEPCs is used, a majority of the TEPCs may be caused or allowed
to adopt mature thymic epithelial fate. In preferred embodiments, more than 60%,



| rmunoadsorbent, e.g. to a solid support having 4F1 and anti MHC C ass |1

I mmobi | i zed thereon. Alternatively, the nmethod nmay conprise §%B%r2@bg ng

undi ffere\géi Ited TEPCs froma culture containing TEPCs which have_undergone
di fferent V%OM%®S a mature thymic epithelial cell -type. SGHFROMIEREL i on
may enploy 5 FACS, e.g. using MIS20 and MIS24, e.g. using a nar ker
introduced into the genone of the TER{ysuch that it is expressed in TEPC
but not mature thymic epithelial cell-types, or such that the marker is
renoved upere treYEY%, Gholehthani BO%! hitré Zihdty 5896 BF tile TEPCS Affedétie ad'at i on
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..conmprising such a cell. Also disclosed herein, there may be provided 15

the use of such a cell or conposition in a nmethod of nedical treatnment, to
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to augnent or custom se thymus function and pronote allograft accept ance

e.g. in bone marrow and organ transplant 20 patients, to the use of such a
cel I in the manicaghihgmal cél BRdiof T8 orb mt&@BFtny.%er afagfop @ pati ent,
e.g. to an athymc patient tor therestor tion of unction in -
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pharmaceutical 25 conposition conprising adm xing such a cell with a
pharmaceutical ly acceptable excipient, vehicle or carrier. The fornulation

~ and adni rit Braydrapriss culturingthe t ERE withom fibrabdaet ordanesmarioncellel sewher e

herein. 30 TEPCs and/or their progeny, cortical ‘and nedullary thynic
epithelial cells, may be wused to provide.a thymc function, either in vivo

or i msvi tTie mds@HERY PRI 8élls2 TLEIMNBrogenitors, fibroblasts and bone marrow cells may
each be derived from a cell line. Cell lines provide a homogeneous cell population.

The method may comprise detecting differentiation of the TEPC to either a cortical
or thymic epithelial celi. Cortical thymic epithelial cells may be identified by their
20 expression of epitopes reactive with the monoclonal antibody 4F1 and/or their
expression of MHC Class Il. Medullary thymic epithelial cells may be identified by

po—

their expression of epitopes reactive with MTS10 and/or their exbression of MHC
Class ll. Binding or interaction of 4F1 and/or MTS10 and/or MHC Class il with
cortical and/or medullary thymic epithelial cell-types may be detected in accordance

25 with any of the methods described elsewhere herein. Differgntiatibn may also be
detected by observing changes in cell morphology, e.g. by microscopy, and/or by
gene expression analysis. |

The method may comprise the step of separating cortical and/or medulla,ry_epitheliél
30 cells from a culture of TEPCs which have uridergone differentiation to a mature
thymic epithelial cell-type. Such separation méy employ FACS, e.g. using
fluorescently-labeled 4F1 and/or anti MHC Class i and/or adhering said cells to an



8 June 2005 -19 function in vitro or in vivo may require renoval of an

i mortalizing agent and/or an agent which blocks differentigtjonggf TEPC
fromthe TEPC. Provision of a thymc function in vivo requires
transplantation of the cells into a patient. 5 For an artificial thynus in
vitro, the cells are cultured in a nutrlglve medi um whi ch may additionally
conpri se one or nore other cel |l -types, non-epithelial cells of t he
thym c stroma, nesenc cells, cells of t he vascular endat hel i
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“to amethod comprising administration of such a cell or composition to a patient, e.g.
to restore thymic function in an athymic individual, e.g. for the treatment of DiGeorge
Syndrome or the human “nude” condition, or to augment or customise thymus
function and promote allograft acceptance e.g. inbone marrow- and organ transplant
20 patients, to the use of such a cell in the manufacture of a medicament for
administration to a patient, e.g. to an athymic patient for the restoration of thymic
function in DiGeorge Syndrome or in the human “nude” condition, or to augment or
customise thymus function and promote allograft acceptance e.g. in bone marrow-
and organ transplant patients, and to a method of making a pharmaceutical
25 composition comprising admixing such a cell with a pharmaceutically acceptable

excipient, vehicle or carrier.

The formulation and administration of pharmaceutical conditions is described
elsewhere herein. '

30
TEPCs and/or their progeny, cortical and medullary thymic epithelial cells, may be
used to provide a thymic function, either in vivo or in vitro. Provision of a thymic
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with those of "a recipient, or donore.g. by additive transgenesis. 25 In
one enbodiymphaid pregeniteacelis tp matiedD4* orddD8’ Preelisc Matute Tinellymppay be

derived rtificial t d,a conmposij.ti pn di. capent..
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artificial thymus in vitro. The method comprises providing a population of cortical and
medullary thymic epithelial cells, which population has been obtained by causing or
aliowing differentiation of a population of isolated TEPCs.

20 Themethod may comprise inducing said differentiation by contacting the TEPCs with
one or more factors supplied by or derived from mesenchymal cells, HSCs, tymphoid
progenitors, thymocytes, vascular endothelial cells, or mixtures of such cells. The
method may comprise co-culturing TEPCs with one or more of said cells.

25  There may also be provided a method of producing mature T-cells, which method
comprises’ contacting HSCs and/or lymphoid progenitors/thymocytes, with an artificial
 thymus disclosed herein. HSCs and lymphoid progenitors may be obtained from
blood or bone marrow using standard techniques well known to those skilled in the
art, e.g. by biopsy followed by e.g. FACS, affinity purification, using antibodies
30 directed to appropriate cell markers. Such techniques may also be used to obtain
the mature T-cells from the artificial thymus.



8 June 2005 WO 02/051988 PCT/ GB01/05780 -21 to derive human TEPCs. This
can be achieved. by addition of Foxnl-antisense' oligonucl egtygessor
viral or liposomal delivery of antisense-Foxn 1 RNA or anti-Foxn |
ri bozynmes, to human enbryonic thymc epithelial cultures, or by other
suitable neans. Alternative strategies for delivery of constructs carrying
a conditionally 5 inactivatable SvV40 T % tigen to primary TEPC cul tures Ieg
retroviral delivery, adenovirai delive 6 may al so be used, as
may' strategi es onlng t he use of constructs in which regulatory
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pr opagat edoapamboiaapatl'mgensl nes in vitro, and al so provi de efficient
protocols for the derivation, growh and differentiation of TEPC-lines and
for the-use-of clonal TEPC lines to support T-cell devel opnment. 20 Since

cel | Ilne%@mr@iaﬁhwhugvfﬁagsb ribrafed o TEP R Danites ﬁfbn‘{‘tHéthyﬁﬂk%fthe

provides significant advantades over current in vitro T-
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protocol s, “e.g. ‘pat hogen-speci f T-cells for transp antation into :
i mmund&o nﬂ'rhmmgydmave benefi cual consequences if the T-cells are for use in allo or xeno-graft

patients: the T-cells may be tolerant to both graft and host. A further option is to
establishabank of cells coveﬁng arange ofimmunological compatibilities from which
an appropriate choice can be made for an individual patient. TEPCs cells derived
from one individual may also be altered to ameliorate rejection when they or their
20 progeny are introduced into a second individual. By way of example, one or more
MHC alleles in a donor cell may be replaced with those of a recipient, e.g. by
homologous recombination, or augmented with those of a recipient, or donor e.g. by

additive transgenesis.

25 -In one embodiment, there may be provided a T-cell produced by the TEPC- derived
~artificial thymus, and a composition, medicament or drug containing such a T-cell.
. There may also be provided the use of such a T-cell or composition in a
method of medical treatment, e.g. to restore cellular immunity, and the use of such
a T-cell for the manufacture of a medicament. Formulation and administration of

30 pharmaceutical compaositions is described elsewhere herein.

In an example described in more detail below, suppression of Foxn1 activity is used



30 patients. TEPC |ine-based thym can also be used in conposite organ
grafting protocols, which increase the rate of T-cell recon ﬁh&gbbfn and
pronote allo- or xeno- transplant acceptance, or to restore m c function
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Further to these benefits, the reversibly imortalized TEPC |ines provide a
robust, easily manipulable in vitro model for the investigation of gene
function during thymus organogenesis and T-cell devel opnent. This wll
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-secondari Ab only; (k) flow cytonetric analysis of cells recovered from
MrS20° / 240 cepirpl splegtablemaekerGXPFRSSI9N.- 8- t hynocyt es, showi ng devel opnent  of
si ngl e- and doubl e-positive popul ations. Scale 20 bars: (a,b) 1mm (c j)
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with viability promoting agents, and/or reversible suppression of Foxn1 protein

expression, and/or reversible immortalization of cells, followed by phenotypic and
15 functional analysis.

We thus provide a TEPC population which can be propagated as clonal cell lines in
vitro, and also provide efficient protocols for the derivation, growth and differentiation
of TEPC lines and for the use of clonal TEPC lines to support T-cell development. .
20 Since cell lines are easily manipulable and can be expanded at will, this provides
- significant advantages over current in vitro T-cell differentiation strategies, which

v}

depend on the culture of ex vivo derived thymic tissue. TEPC lines may thus prove
a powerful clinical fool, as they p\;esent the capacity to routinely generate in vitro
large T-cell repertoires tolerant to donor-and-host tissues. These can be used to _
25 reduce infection-related morbidity in treatments requiring transplantation of T
| depleted bone marrow. Additionally, T-cells of particular specificities can be
expanded from these repertoires, providing an efficient means of generating, 'e.g._
. donor-derived recipient-lymphocyte-specific T-cells for donor-lymphocyte infusion
protocols, e.g. pathogen-specific T-cells for transplantation into imm unoconjlpromiséd '
30 patients. TEPC line-based thymi can also be used in composite organ grafting
protocols, which increase the rate of T-cell reconstitution and -promote allo- or xeno-

transplant acceptance, or to restore thymic function to athyfn.ic individuals.



| ynph nodes of: (a,b) nude mce grafted with 500 MIS204/24' cells; (c;d)
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show CD3, CD4 expression; Fig. 2(b, d, f, h) show CD3, CD8 expression.
Figures refer to percentage of |ynphoi d_ cel | s i'n the upper right quadrant
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strategqy: may contain an integrated, inducible Cre transgene (not shown), or

Cre may be dellvered to the tgll_reted ES cells via a viral or.plasmd v}

expr essi onBRIBEIRESCRIBAION G Undierti on of Cre reconbi nase

expressi on, the LoxP flanked cassette is excised by Cre-nedi at ed
reconbi nation, |eaving a single LoxP site in the intron. This restores

nor mal Foxplgue B oW an afBlyskeTReHs gféﬁéﬂ iiﬁdler tﬁelumaywm of nudengce 20
dei nmmortal irzatron and are conpetent to ferentiate upgn re

of
appr opri at ) %1@5&'582%7@_@ graft; (b) E12. 5 MTSZO I24 cell graft site; (Cc) hematoxyhn '
15 and eosin stained section of graftfrom (a); (d) hematoxylin and eosin stained section

of graft site from (b); (e-) MTS20"/24" cell graft stained for (e) cytokeratin, (f) 4F 1, (g)
-MTS10, (h) MHC Class [I, (i) Thy-1, (j) secondary Ab only; (k) flow cytometric
analysis of cells recovered from MTS20°/24" cell graft seeded with CD4'8"
thymocytes, showing development of single- and double-positive populations. Scale

20 bars: (a,b) 1Tmm; (c-§) 100um. Arrows in (a,b) point to graft site, in (c,d) to filter
fn'arking graft site. Box in (c) is area shown in (e-). Representative of _3 )
experiments: Grafts contained: 80000, n=1, 12500, n=2, MTS20"/24* ceils;- 25000,
n=1, 12500, n=2, MTS207/24" celis.

25 Figure 2 shows how MTS20%/24* cells confer thymus function on nude mice. The
graphs Hisplay a flow cytometric analysis of CD4" and CD8" T-cell populations in the
lymph nodes of: (a,b) nude mice grafted with 500 MTS20"/24" cells; (¢,d) nude mice
grafted with E12.5 whole 'thymus lobes; (e.f) nude mice grafted with-
dissociated-and-reaggregated £12.5 thymus lobes; (g,h) unmanipulated control nude

30 mice; after gating for lymphoid cells. Fig. 2(a, ¢, é. a) show CD3, CD4 expression;

' Fig. 2(b, d, f, h) show CD3, CD8 expression. Figures refer to percentage of lymphoid
cells in the upper right quadrant of each graph. Mice grafted with MTS?O"I24+ cells,



25 Murine TEPC |ine generation MATERIALS AND METHODS Anti bodi es 30 The
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' ('{ig Phar M ngen); anti-CD4 (CGK1.5, PE conjugated, PharM ngen); anti- co3
(1S 2T Yanearhitg3yRde BYd! woRil 1608, -3, e Soraftell With

- conj ugat ed, ar M ngen).. propriate isotype-control antibodies

( Phar M ngiisgomtated redreaggregated k2 &dhymus dobesana®; urenaripuiated BICeBT1 90w
cytonetry, unconjugated mAbs were detected using goat anti-rat FITC
(-Jackson Labs) or goat anti-rabbit FITC (Signma). For inmmunohi stochenistry,
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) 10 should not be transcribed or translated. Cells in'which both Foxn? alleles are
targeted are Foxn? null and cells that would normally express Foxnl are
immortalized by SV40 Tag. The construct used for gene targeting includes an
additional selectable marker under a promoter expressed in ES cells which is deleted
before use of the targéted cells and, is not shown. ES cells used for this targeting
15 strategy may contain an integrated, inducible Cre transgene (not shown), or Cre may
be delivered to the targeted ES cells via a viral or plasmid expression construct; and
- (B) After induction of Cre recombinase expression, the LoxP flanked cassette is
excised by Cre-mediated recombination, leavinga single LoxP site inthe intron. This
restores normal Foxn1 expression, and removes SV40 Tag. Cells therefore undergo

20 deimmortalization and are competent to differentiate upon receipt of appropriate

J : signals.
- EXAMPLE 1
25 Murine TEPC line generation

MATERIALS AND METHODS

Antibodies _

30 The foliowing monoclonal antibodies (mAbs)were used forimmunofiuorescence and
flow cytometry: MTS20and MTS24 {both rat mAbs); 4F1 (Imami, N. Dev. immunol.
2: 161 - 173 (1992)); MTS10 (PharMingen); anti-cytokeratin (rabbit poly__clpnal anti-



For i mmunohi st ochemni cal staining, sections were blocked in 10% nor mal

serum incubated with primary antibody for 1-2-hours followgg,h
i ncubatiqon with the 25 appropriate secondary anti body. Additiona
WROZO:1A%% treated with tyranide anplification r ®&FEGROLONSEY Life
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data is present% using 5 Cell Quest software (Becton Dickinson). For FACS

sorti g,
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enbr yoni arfti-tat oI EEL s(Jabkson weabshr epageat f aotirahizt 5 FHFC e1Rigma). | d-

Co o ot nnmians @apmiho R HLGatERES were Syt ARt P = 0

| 1's were anal ysed on a FACscan (Becton D ckinson) and

cells were prepared as above and stained with MIS20 and MrsS24

iagﬂ gkgér'aﬁeﬁ&t FRRAGR Y forME untoAjiRlblsPRARY weeBetddledisinggoas,

orte popul ations was greater than 95% Cell's Miri

to a sind™¥n

cont i N&idA%, Fasy HabBR NHRP |(Diaghtdtiod Séstiant) r epstreptavidinaRtTGwer e
harv?geggﬁ%gﬁ'y%ﬁé%tton (0.0ZS%trypsi n) af.termgl m ni mrum of 3 days.

Doubl e ndfharwmingemynocytes were prepared by MACS depletion of CD4' and

- CD8' cell

s fromthynocytes recovered 20 fromadult thym, according to the

manuf acturer's instructions (MIltenyi Biotech).

15

20

25

30

' followed by extensive washing. Cells were relea'sed from lymph nodes and adutt |

Mice

Female C57BL/6 and male CBA mice were caged to'gether overnight. The morning
of finding the vaginal plug was designated embryonic day 0.5 (E 0.5). Female ICRF
nu/nu mice were obtained from Harlan UK and kept in ventilated, isolated cages

under sterile conditions.

Histology and. immunochistochemistry ‘
Tissues for sectioning were washed in PBS and embedded inOCT compound (Bayer

Diagnostics). 8um frozen sections were cut onto Poly-L-lysine {(Sigma) coated slides.
Sections were fixed briefly in cold acetone and stained with hematoxylin and eosin.
For immunohistochemical staining, sections were blocked in 10% normal serum,
incubated with primary antibody for 1-2 hours followed by incubation with the
appropriate secondary antibody. Additionally, some sections were then treated with
tyramide amplification reagent (NEN Life Sciences) according to the manufacturer's

instructions.

Flow cytometry

Solid tissues were dissociated in 2mg/ml hyaluronidase, Q.?mglml 'cbllagenase,
0.05mg/ml DNAse (all Sigma) at 37°C for 30 minutes to a single cell suspension
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MIrS20' / 24" and MrS20/ 24" cells were prepared fromthym dissected from

early E 2.5 enbryos, as above. At E12.5, each thym
ym c | obe
appr oxi matela/ 5,000 cells (unpublished data), approx. 3000 m&‘% p§4 or

appr ox. UNPEBE_/ 24- cells constitute the equival ent rRIrEEBIASTEY

ell's of
each popul ation to that found in two intact 25 E12.5 thynus |obes. Kidney
cipzul e grafting-Reaggregate cultures waLe prepared as previously described
(Anderson, G Nature 362: 70 - 73 (1993)). The appropriate numbers of each

cell - typettyngﬁygé%%%gegh@l{thym% CHR i (FERBN) MTeRe thekd incubatedsiitiry

pl aced in I'Sopore nenbrane - filt M|
medi um  Apisds #f PESMOW FCSet né?iggjoeﬁﬁtmlnum If:\gd%@é%ﬁ%ﬂ%i@%%%@ﬁ??ﬁlé;g o

capsul e of fermale | CRF nu/

02/ 051088 intEretser aHg, oS T@%ee 1"913%‘%‘? “?tﬁ at 'géﬁ“ 301‘!*95 nL%%gﬁalﬁM%r af t
§ HIOT f mann C&:ﬂg vygre %n%@sg%d a FA®%¢an %BéctoH%chﬁQon)&fr&Bdé‘l’éﬂ@ pleseamsd usilpe
_follow ng f I'tirons were used: 5 Short termgrafts MIS20' /24
cel | gsaf @elmlfdwsoﬁwaae (Beddn Cackimsm)cel |.s (n=1). MrS20124- cell grafts

12,500 cells (n=2); 25,000 cells (n=1). Al with 100, 000 |
MEF. All both with
and w t hout 100, 000 CD4-8- thynocytes. 10'Long termgrafts MIS20'/24"' cell

' g(r)gf B > OSB%QQFA% Q&Tﬁgo%ée%&elpképa@éuasabawah&aa(nedlwnh BNS20:AnEMT 5Ré s

plus 1,000 MEF
200, 000 NEBlidwed by ahtieat-FEEC (dagksen)Labss, WSM\QQS P@éfFl)F 8%%?&6’%5?? .
|
Pty - 20 Beetarupiokinsont B ioar <Pty S22 el Were E“"émﬁ‘ig"mS%@‘%EF
(n=1). 1{30 3@3%8&0&@ | weam@ma@de&x% BACISy nirs alt eiasegy pltty ofdhe BrEe | 5
n=

(n¥6) ; s plus 000" MEF 100, 000 cells
n=1
Unmanl pul qicmﬂlahdnam&@lreaiefthaéleg re age matched and from Ehe )sarre

Cells
Murine embryonic fibrobiasts (MEF) were prepared from E13.5 or E14.5 wild-type
15 embryos stnpped of their internal organs (including thymi) and triturated to a single
cell suspension. These cells were plated in DMEM (Gibco) containing 10% FCS,
50U/ml penicillin and 50pg/ml streptomycin, and were harvested by trypsinization
(0.025% trypsin) after a minimum of 3 days. Double negative thymocytes were
prepared by MACS depletion of CD4* and CD8* cells from thymocytes recovered
20 from adult thymi, according to the manufacturer's instructions (Miitenyi Biotech).
MTS20°/24* and MT820124'.cells- were prepared from thymi dissected from early
E12.5 embryos, as above. AtE12.5, each thymic lobe contains approximately 5, 000
cells (unpubllshed data), approx. 3000 MTS20"/24", or approx, 7000 MTS207/24 cells
“constitute the equivalent number of celis of each population to that found in two intact
25 E12.5 thymus lobes.

Kldney capsule grafting
Reaggregate cultures were prepared as previously described (Anderson, G. Nature

362: 70-73 (1993)). The appropriate numbers of each cell-type were mixed in a tiny
30 volume of medium, and the cell sturry placed in a drop on a 0.8um Isopore
membrane filter (Millipore) floating on medium. After 24-48 hours the reaggregate
was grafted under the kidney capsule of female ICRF nuw/nu mice with a small piece



purchase group in all experinents. Since |loss of cells during experinental
procedure is inevitable but not quantifiable in this nodel, Eﬁ'ﬁnéﬂ)@k‘t cel l
nunber s ﬁ@t gﬂgare overestimted. Statistical significance

det er mi ne %KY he Mann-Wiitney U Test. RESULTS 30 1. %Gﬁ?ifws%f
functional thym from popul ations of isolated TEPCs 8 June 2005 WO

02/ 051988 PCT/ GBOL/ 05780 -27 Defined nggbers of purified TEPCs

(MrS20' /24'"). or MIS20/24- cells and primary enbryonic fibroblasts are

m xed, r eaﬁgﬂtggﬁi Parit fle ﬂds?tsdi'?éﬁlgé Qraft géﬁmaﬂfaggtﬂﬂ F‘r'c%’%atf hggg SBPUSA

capsul e of nude m ce (Fl'anagan

Pant el our i 89: 252682536 1992)211‘1‘[6 fanowmgjgram@m)nchtms wélte tﬂs&d t hree 5 weeks.
before anal ysis. Robust grafts are recovered fromall MIS20/24' reci pi ent
~mce (Fig. 1 a). These grafts are encapsul ated and vascul ari zed, and found-.
~to contain cells of Iynphoid appearance (Fig. 1c). 10 Inmunohistocheni cal
anal yS| s reveal s extensive networks of cytokeratin-positive epithelial

cell's V@t hBhoHdemgrafts (Fig. le), which nostly express MAC class Il (Fig. -

el | ary ST Rb G wpRE2 80 e TnPol AU B N SR 4 i oosi

stai ned 15gRFRITRBT0 éﬁls@(n—zp)zs mmcénsrmbcp) datt iths 001000 MEFN A BoeH Withar e
.Thy-1 p05|t|ve (Van | mmunol . 12: 262-271 (1982)) (Fig.

1i) and B220d Ndgut J80, qurﬁbéeﬁ'lth!fﬂpﬁﬁtﬁst hey are T-1ineage cells. They are
found mainly wthin the keratin positive areas. Sone epithelial Thy-1
staining is also evident. 20 These data indicate that cells within the
MI'S20' 124" Lo terd gajﬁscan d| fferehtl ate | nto ceI | s expre55| ng - rrar kers of
bot h rrature cortical tu

re J; ;]
~ epi thel i al MTSRh&s ce af@ftse‘it}&ﬁ@ls (w@zéﬂ@&e&!%mw 600 MEF (h=1}- 500 cells
| plus 200,000 MEF (n=2); 1,000 cells plus 1,000 MEF (n=1); 1,000 cells plus )

200,000 MEF (n=1); 5,000 cells {n=1).

15 MTS207/24 celigrafts500 cells plus 200,0.00 MEF (n=2); 1,000 cells plus 200,000
| MEF {n=1); 10,000 cells (n=1); 10,000 cells plus 4,000 MEF (n=1); 160,000 cells
plus 100,000 MEF (n=1).

Dissociated and reaggregated E12.5 thymus cell grafts 10,000 cells (n=6), ,10,_000
20  cells pius 1,000 MEF (n=2); 100,000 cells {n=1).

Unmanipulated nu/nu control mice were age matched and from the same

purchase group in all experiments. Since loss of cells during experimentai

procedure is inevitable but not quantifiable in this modet, the input celt numbers
25 cited are overestimated.

Statistical significance was determined using the Mann-Whitney U Test.
RESULTS

30 _
1 Generation of functional thymi from populations of isolated TEPCS



or their progeny, can attract T-cell progenitors and initiate
vascul ari zation of the graft. Control grafts containing Onlghﬂkb y
enbryonic_fibroblasts survive in 25 sone recipients but are not col oni zed
by |ynmphoV@%@F1%88 Nor do they express keratin, 4F1 or MPSFEBOIRSHS20124-
cell recipients, no evidence is found of grafted cells although the graft
sites are clearly marked in all aningls (Fig. la-d). 30 To rule out the
possibility that MIS20124- cells are capable of formng a functional

thynus if i Ik Mt |‘fi8€d’t CEIMNBI2ae) bPavTeRe/d4 dehsyarld June
2005 V\DB%%&S@%&F&[B@U 57%;[??-_23_ requi r‘ee)t hynocyt e-deri ved factors
for sur vi prdthabuembrgonin dibrablasts aarer mixedT reaggregatedgioni t-drdaysvipsaltipo4'  and
MIS20-124- cel|l grafts, .are seeded with CD4' G- Vi e j.ed: from
adul i hyaretieddeinelkiangy SRS o e Mmool o fer et Res Bl ot
Mr'S20/ 24" g8 ﬁ QGB)QP&EFB!&&%{'E.SI\A! NeRirecad7: 870-37 1 Qrm)plaﬁ@ néfoést thkee/e.
.Mrs20724--cel'l grafts cannot be recovered. MIS20124- cells cannot therefore
r econ$t i't weeks hefone analysis. on, even when supplied with inmature thynocytes.
These data suggest that, in addition to the- roles described above,
MrS20/ 24" cells may be required directly or indirectly to support growh
and survi Rabufgrité ARS Ritovaidd ol T SEB/24! recipient mide (Fig:rtiad. These

epi thelium since the MIS20724- popul ati on contains epithelial gells '
expr essi ngraﬁarareeacamaut@ted@ddassu@aze@pﬂndﬁevm%iﬁ CQHARE §§’fgﬂ'§§h°&tsl y been

t hought tg _be f Gl to support thynocyte devel opnent to the i mmature
CD4'  and %egearaﬁ?%&i*@ gg)tSitive stages (Ge, Q Int. Inmunol. 12:1127-1133
J

(2000)g DeKoni ng, J. | munol . 158: 2558 - 2566 (1997)). 15 To test the

fupctional potential of the MIS20/24' popul ation, th te. devel opnent is
aﬁ?u ysed ImwnahﬁwwémamﬁWﬁlS@!ﬁal%eXWB%w F%}Y%@Hﬁ%‘? .faiﬂi'B\i?P‘%E?/t onmetric

anal ysi s @bl ITRENd GRnInCEQYE bRk [EigM M SARP ol exprédd MHOEea!
(Fig. 1h) and encompass both 4F 1-positive and MTSiO-positiv.e areas (Fig. 1f.g).
Medullary and cortical areas are clearly visible in hematoxylin and eosin stained
15  sections (Fig. 1¢). The lymphoid cells within the grafts are Thy-1-positive (Van
Ewijk, W. Eur. J. Immunol. 12: 262-271 (1982)) (Fig. 1i) and B220-negative,
indicating that they are T-lineage cells. They are found mainly within the keratin
positive areas. Some epithelial Thy-1 staining is also evident.

20  These dataindicate that celis'within the MTS20*/24"* popuiation can differentiate
. into cells expressing markers of both mature cortical (4F1%) and mature
i ) medullary (MTS10%) thymic epithelial lineages. Furthermore, MTS20/24" cells, -
or their progeny, can attract T-cell progenitors and initiate vascularization of the
g'raft. Control grafts containing only primary embryonic fibroblasts survive in -
25 some 'recipients but are not colonized by lymphoid cells. Nor do they express
keratin, 4F1 or MTS10.

In MTS20/24" celi recipients, no evidence is found of grafted cells although the
graft sites are clearly marked in all animals (Fig. 1a-d). |
30 : o
o rule out the possibility that MTS207/24" cells are capable of forming a
functional thymus if supplied with thymocytes, as would be the case if they



that the grafts support differentiation of CD4-8- progenitors into CD4' and
CD8' 20 single-positive T-cells, the distribution of CD4' and8 508 bsets
being identical to those within a nornmal adult thynus (Fi

: . The
functi ondVOBYPAMS al of the MIS20/24' popul ation is furt hell’%if’é?éi’c“ 45789

assaying the presence of peripheral T-cells in recipient nude mce. In
these experinents 25 |ow nunbers of cefls are grafted under the kidney
capsul e of nude recipients, which are left for 12-16 weeks before anal ysis.

Reci pi ent paquirerthgRiocgtestiefived fctoRfer BubivaliLZte/ difabié ablditradt Pcdll
enbryo-t hynus egw val ents per graf tgﬁ 500- 160, 000 Mrs20124- cells (0.7-1.4

enbr yo- t hy RIRgeBRars, YIERRE/3%k rangh BAESZ0/edheek 9rafle ate sepded withéD4 8
Cnoui nat - anySe e Cpfiied Triih RARM: AR S50EE"EPeks opbBrdrdfiint Y |
ITng: udi]élg Eﬂapho?istadfmmig?laépalﬁsw ¢mgsaﬂlﬂ3@r&ﬁ§§3{e§4'{embli_delﬁtiﬁéaalécoéa\,lﬁ;l o
able 1). ui val ent popul at i e found in mice that receive . ol e
| obe 8 Jun %fﬁégsc%‘géﬁ@‘ﬁ%gg%@%@@ﬁg nnoblae reoveted MES2024); Table-
1), wh J ' : o ' : h
nédes (elr:ieg.éelgg, E; @;{h?}eﬁ%& 8§ﬂgﬁéa;ﬂj' @@?@J‘Ws%f’ﬁ%é‘cEP‘F%‘%@I‘W? gain
t hymus f uninofneture athyimsioytes. TThesd dabesuggesh that, fio usdbition dt)lghfel' roles \(/)v]tc.hG
i pi ent f MIrS20124- t Table 1), ' t.fromagro
e e (TN T
Mrs20124' | ' e S | t
ceu%qbgﬂg?oww ahéiesurviyal B'f%;ﬂgér]gtpm fawhrc?r_ fridire’ eﬁg&gt@mﬂ% S

of di ssoci at ed- and- r eaggregated cel | racti onat ed
devel 3 peepifteditm, sihaethe MEBR0424 populationcontaiss epithalad celimekpiessing

v oork o el B BRE AU 01T b b U8R e bt Vb vere
T or et | B A O A (e LD ey
t her ef or e singlepesitiveisiages(GeHa. K dmoiunol.c:114 27t HIH(2000);Bekoringult.i ne
| ]E L\%(r:r][ Fog;: HBWII ﬁgéﬁ é@ggl_%ggg (Tgtg".ﬁ).v\hi ch ar ? sufficient to generate a
16 ' . )
To test the functional potential of the MTS20/24" population, thymocyte
development is analysed in grafts seeded with CD4" 8" T-cell progenitors. Flow
cytometric analysis of thymocytes recovered from MTS20/24" cell grafts indicate
that the grafts support differentiation of CD48" progenitors into CD4*and CD8"*
20  single-positive T-cells, the distribution of CD4"* and CD8* subsets being identical

to those within a normal aduit thymus (Fig. 1k).

The functional potential of the MTS20/24* population is further tested by assaying
the presence of peripheral T-cells in recipient nude mice. In these experiments
25 low numbers of cells are grafted under the kidney capsule of nude recipients,
| which are left for 12-16 weeks before analysis. Recipient mice receive grafts of
500-5,000 MTS207/24" cefls (0.2-2 embryo-thymus equivalents per graft), 500-
160,000 MTS207/24" cells (0.7-1.4 embryo-thymus equivalents per graft) orwhole
E12.5 thymic lobes. Significant CD4* and CD8" T-cell-populations are present
30 inthe axillary, inguinal and popliteal lymph nodes of 6/7 MTS20/24" cell recipient
mice, including the four mice grafted with only 500 MTS20/24" celis (Fig. 2a.bﬁ
Table 1). Equivalent populations are found in mice that receive E12.5 whole lobe



2. Inproving TEPC viability by addition of growth factors Miri ne TEPCs are
enriched fromenbryonic day E12.5 thym c pfinordia by flow Eg%&r@ggy
Forward and side scatter paraneters are used-to select the T

popul at i HOO¥RIIPE are re- suspended in nodified DVEM ( Si gnBSTGRIFPERENt ed
with 2 nMglutanmne, 1 nmM sodium pyruvate, 0.1 nM Non-essential Am no :
Acids (G BCO BRL), 50 ug/m gentanycinpgolution (Sigma). Gowh factors are
added and the cells seeded into plates. A seeding density of approximtely

4x105 | dded
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]E)f)pulkat i ?ng{;lis tﬂl_l_ﬂrl;v&'sedymphérhdeﬂdﬁgam;efbm?’ﬂm Mse#hniwe):ewad!l‘ﬁﬁ?.@‘?d nﬂj | B ,
aSKS a e (0] C ure |1 S.assesse er.l | Ca
ke ot obRS S gal Vel Bihchat 1 Rofind HekPanipesa Aruadit guy Joufs Y Y
s T B SYaapRRb TSR0 T Co BRI (18BIe PPadd MEPRAIAIMGRAun of |
Tr ansgehi c lmengribless aﬁ@mmmneg MTS20124 celimsinge 49 N08IIT 520124 cniiscareu onal |y
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used, and both Foxnl alleles are 5 targeted. di scussed el sewhere herein,

thynic cel paly\ﬂﬂ%asas,@ramoédeme!opm@s‘sceldmmuletmsrmduyawhatmw cannot

diff ||

Suppr eeot ofef MR AN ne BRoh B Ria) S mpal PRS2 28 Be e o
the TERC sCallectivily, ﬁnéwaataﬁﬁmasieltﬁeaumﬂdwaé R@lligRtgheMotybié WulyaFt ocyst s
angl transferred to pseudopregnant female mice. This creates chimaeric

en%ryos THhed ee&nmtefbemthe@almeﬂwfth:aﬁh%MTmm eell gpdts. Jbpytheseiose
mar ker / st o, (ASIFhEE 91 | QR NI, ém%ﬁdﬁ%&:prﬂ%rdiu Frbryos
g ar ‘h (;e

at day E12.
are specified TEPC which are suﬁ" cient to generate a functional thymus in vivo.

15 .
2. Improving TEPC viability by addition of growth factors

Murine TEPCs are enriched from embryonic day E12.5 thymic primordia by flow
cytometry. Forward and side scatter parameters are used to select the TEPC
20 population. Cells are re-suspended in modified DMEM (Sigma) supplemented
D ~ with 2 mM giutamine, 1 mM sodium pyruvate, 0.1 mM Non-essential Amino
\ Acids (GIBCO BRL), 50 ug/ml gentamycin sofution (Sigma). Growth factors are
added and the cells seeded into plates. A seeding density of approximately 4x10°
cells per well of a 24-well plate is used. Growth factors are added every two
25 days. Once the TEPC cultures approach confiuence, the population is diluted
with supplemented DMEM (as above) and maintained in flasks at 37°C. The
phenotype of these cultures is assessed periodically by immunocytochemistry,
flow cytometry and gene expression analysis, to ensure maintainance of the
TEPC phenotype.
30
3. Preparation of immortalized TEPC lines



thym renoved. TEPCs are enriched by FACS purification using forward and
side 15 scatter paraneters. Cells are dissociated to single ?-HeZOOS
suspensi on, and grown in supplenented nodified DVEM Antibiofic 1s added
to the n¥ WM ¥8ensure growth of only those transgeni c REVEBOVHSTRhi ch t he
Foxnl pronoter is active. Candidate TEPC |ines are characterized

phenot ypi cal | y usi ng nonocl onal antilygpdi es MIS20 and MI'S24, or ot her

mar kers expressed in TEPCs. as 20 appropriate. Lines expressing TEPC

mar kers arg ?Fér%gybtﬁﬁ: EQ el sl epaRidlinagnth Foxn BexpiebSibRas turditiondigkn. 1 is

condi tional’ly ablated b(é targeted integration of a LoxP- flanked sel ectable
mar ker anditdated bydsrgetedintagration etarl ofP-flankedRMA0 Tamtigeapius sglectahle start,

o TR AN G MR S AR T O SR B DY
antigen expaAgdaidES ell HYeRsh RcHHiQWddard ubbe &l bbtH FokAY raliejes are
anal ogues. TEPC lines are derived as above, upon growth in nedi um

cont ai i ngargetedt r&%yzliﬁouﬁs%@ﬂsmul@eresmﬁr@jn.Ahmi%@gila/whi&h REX Winaple to

Founl | ooutpiedy Gvaf dDrisHC PRI PLERNAR BlreRntbl RGBS, (e
02/ 051988 dpithefi@i¥dIRubSsopuldtiorms) dSappressiapssftfioxni axplessiorpttasdeéads st r eam
of the Foxnl transcriptional start, and a transgene containing a '

LoxP- f | ank@tiagsaiondeyelongent.at de JIERE 51298 he Tet pronoter is introduced
into the same ES cells, such that SV40 T antigen expression is induced by
gromh of the cells in tetracyclin anal ogues. Transgenic 5 mce are
produged gFekrirdc ES eshedrerihjected-dntolwild-hyek dlastosysts and trahsierred ®EPC

e o e e Phouge B O b S0 PR el ! 1
adenovi 1 alnAgloibAiankal Svad P SRGRNILCRIAbIE haAREHLIIHRLEUSWIE obtaAfiéd gen O

purified or enriched ]
from chimaeric embryonic thymi. Embryos at day E12.5 are sacrificed and their

thymiremoved. TEPCs are enriched by FACS purification using forward and side
15  scatter parameters. Cells are dissociated to single cell suspension, and grown
in supplemented modified DMEM. Antibiotic is added to the medium to ensure |
growth of only those transgenic cells in which the Foxn7 promoter is active.
Candidate TEPC lines are characterized phenotypically using monoclonal
_antibodies MTS20 and MTS24, or other markers expressed in TEPCs. as
20 appropriate. Lines expressing TEPC markers are selected for further
propagation. '

B) Alternatively, Foxn1 is conditionally ablated by targeted iritegration of a LoxP-
flanked selectable marker and stop cassetie downstream of the Foxn1
25 transcriptional start, and a transgene containing a LoxP-flanked SV40 T antigen
regulated by the Te{ promoter is introduced into the same ES cells, such that
SV40 T antigen expression is induced by growth of the cells in tetracyclin
analogues. TEPC lines are derived as above, upon growth in medium containing
a tetracyclin analogue. '
30
C) Alternatively, Foxn? is conditionally ablated by random integration of a
transgene spanning the Foxn1 locus, in which a LoxP-flanked selectable marker



cultures. Reversible imortalisation is achieved. E) Alternatively, TEPC

| ines are derived by retroviral or adenoviral delivery of a d){ onal |y
i nactivatable SVA0 T antigen, and Foxnl-antisense 15 oli gonucﬁ& I'des, to
purified YEP&OMBEPC enriched cultures. Both reversibl e PCH&RMA5B8ation
and reversi bl e suppression of Foxnl are achieved. 4. Differentiation of
TEPCs into mature thymc epithelial ceg{-types 20 Reactivation of Foxn |

and/ or deletion of SV40 large T antigen in TEPC cell lines prepared as in
(3) above §ﬁab.4t@;§ casdetfy ﬁaé 'b%bh%’la@éd HBWnEEEQ% ofnfre FBXAH ErahBriBtional
epithelial cell ‘types, including cortical and nmedullary thym c epithelial

cell's: Cr estampadndiaciiansgsns mnta:num LewRdlanked & VG htanjigendegelatesive

ker/ st tl th N t abl
marker anatg by e BlrrdSiniR B MEHE e B s Rl S n Bfivge T ©
with a Creeﬁpfrerssmumdueéa ngrovﬂh dfthep6dlls etetragyelfn mzogn@bezlmﬁsgmc -
.transgene within the TEPC. Follow ng reactivation of Foxnl and del etion of

SV40 | & geMice &g gmuqaéearrtbeckcprpﬁeecﬂ §ntqthl9xed |baqh9é0w%§@adww thym c
rresenchyrra or, oi C I

progeni tor ceI s"%g%d%/o de 9%%25{%%9 E@beﬂﬁ‘@? gﬁnl‘ &ﬁﬁérilr%ﬁo cortlcal
-and medul | tﬁtgedybbfmanalegueml i al sub- popul ations is assessed usi ng
|mmnocyt ochemi stry and gene expression 8 June 2005 WO 02/ 051988

PCT/ GBOL1/ 05780 -32 anal ysis. If required, undifferentiated TEPC are
renoved fr ErédB AR

derivation. I—é%ﬂﬁﬁ—& IE% hnegéﬁsld%es ar%ll:egtgo#erré!it ed as&lr:"?vcvd%lységl ed. TEPC
are efQi cbeddlhomﬂytihaoil\tatablesi;mm)ﬂ‘tmtrmd torpumnified rEEP € rarrersicbed ARG
ab})rtuses 10 ];ﬁlﬁi’w QEEJ”E” usi ”ﬂ g'tllt sgatter parameters as descri bed
 f6r nouse AR E GENPMRY nodi fi ed suppl enent ed DVEM
and seeded |nto

E) Alternatively, TEPC lines are derived by retroviral or adenoviral delivery of a

conditionally inactivatable Sv40 T antiged, and Foxni-antisense
15  oligonucleotides, to purified TEPC or TEPC-enriched cultures. Both reversible

immortalisation and reversible suppression of _Foxn1 are achieved.

4. Differentiation of TEPCs info mature thymic epithelial cell-types

20 Reactivation of Foxn1 and/or deletion of SV40 large T antigen in TEPC celllines
prepared as in (3) above enables differentiation of the TEPCs into mature thymic
) epithelial cell types, including cortical and medullary thymic epithelial cells: Cre-
mediated excision of the SV40 large T antigen/selectable marker/stop cassette,
or the separate SV40 large T antigen- and selectable marker and stop-
25 cassettes, is achieved by transforming the cell Iine.with a Cre expressing vector,

or by activation-of an inducible Cre transgene within the TEPC.

Following reactivation of Foxn7 and deletion of SV40 large T antigen, the TEPC

fine is cultured in the presence of thymic mesenchymal celis and/or

30 haematopoietic stem cells and/or Iymphlod progenitor cells and/or thymocytes
' Differentiation of TEPCs into cortical and medullary thymic eplthehal sub-
. populations is assessed using immunocytochemistry and gene expression



pl ates. Inactivatable SV40T anti gen and reversi ble Foxnl suppression is
vered 15 into the culture of TEPCs by addition of ggéﬁkﬂﬁgtisense_
es

t hen deli

ol i gonucl eotides or Foxnl-antisense norpholino oligonucleoti
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30 Materials and Methods for denonstration of suppression of
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grn ug was considered EO. 5. .
and re-suspended in D-valine-modified supplemented DMEM, and seeded into

plates.

Inactivatable SV40 T antigen and reversible Foxn1 suporession is then delivered
into the culture of TEPCs by addition of Foxn7-antisense oligonucleotides or
Foxn1-antisense morpholino oligonucleotides to TEPC cultures, or by viral or

liposomal delivery of a construct that conditionally expresses antisense—Foxm,

20

and by retroviral or adenoviral defivery of a conditionally inactivatable (i.e. LoxP
flanked) SV40 T antigen. '

Individua! colonies of cells are sampled for phenotypic analysis by RT-PCR and
immunohistochemistry, which assesses expression of markers characteristic of
murine: TEPC, including the human orthologues of MTS20 and MTS24.

- Candidate TEPC are selected for further propagation and cloning by phenotype,

25

30

* and then characterized via lineage and functional analyses after SV40 T antigen

inactivation/Foxn1 activation, which is achieved by delivering Cre to the

immortalised cells as above, and by withdrawing Foxn1 antisense

oligonucleotides from the medium when appropriate.

Materials and Methods for demonstration of suppression of Foxn1

expression by antisense oligonucleotides

L]



10 digonucl eotides The fluorescein-tagged Foxnl -antisense norpholino

- oligonucleotide and fluorescein-tagged control norpholino ogmg%@%6§eotider
were obtajned from Genetools, LLC (Corvallis, Oregon). The sSequence of
these ol i®YB8201888 15 deternined according to the supplier PSTIGROMOFER i ons.
Wiol e embryo culture and el ectroporation of antisense oligonucleotides
E10.5 enbryos were dissected free.of uggrine nuscle and decidua, with the
pl acenta intact. Each enbryo was gently pushed through a snall (2 - 3 nmm)
slit 20 negged N an avascul ar region of the yolk sac and the ammion was

renoved. Follow ng dissection, enbryos were placed on one side in a snall
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-culture system (BTC Engi neering, Canbridge, UK) with one enbryo in 2ml
whol e enbr Jevelapment(EH bl rhhedanpfianpeassncaotd Meginaldiug wassensidared 50s
oxygen. Engws were nonitored during the 30 hour culture 8 June 2005 WO
02/ 051988 "GB01/ 05780 -34 period before anal ysis. Xgal

(5- br oifo- 4- chl or o-i ndol yl - p- D- gal act opyr anosi de) staining of whole
éenpryos. 5_Enbryos were fixed for 30 - 60 mnutes at 4C in a solution of
(0.2% g up&'%"(ﬂ'éi@%‘é‘?ﬁ%forrml dehyde, 5mM aDTA, 2mM MyCl 2, 0.02% NP40) in

The fluorescein-tagged Foxni-antisense morpholino oligonuclectide and

fluorescein-tagged control morpholino oligonucleotide were obtained from

Genetools, LLC (Corvallis, Oregon). The sequence of these oligos was
15 determined according to the supplier's instructions.

Whole embryo culture and electroporation of antisense oligonucleotides -
E10.5 embryos were dissected free of uterine muscle and decidua, with the
placenta intact. Each embryo was gently pushed through a small (2 — 3 mm) slit
20 made in an avascular region of the yolk sac and the amnion was removed.
Following dissection, embryos were placed on one side in a small drop of
medium. Fluorescein-tagged FoxnT-antisense morpholino oligonucleotide (50
micromolar) or ﬂuorescein-taggéd control morpholino oligonucieotide(50
micromolar) was then microinjected into the lumen of the third pharyngeal pouch
25 on one side of the embryo, leaving the opposite pouch as a control.
Alternatively, embryos were mock injected. Electroporation (2 or 3 pulses of 30V,
50 milliseconds) using a BTX830 apparatus (Qbiogene) in conjunction with Tmm
genetrode electrodes (Qbiogene) was then used to introduce the
oligonucleotides into cells of the third pharyngeal pouch. Embryds were‘
30 transferred to a rotating culture system (BTC Engineering, Cambridge, UK) ‘with
one embryo in 2ml whole embryo cuiture medium per bottle and a continuous
supply of 95% oxygen. Embryos were monitored during the 30 hour culture



PBS, and then washed 3 tinmes for 5 mnutes'at roomtenperature in PBS plus
0.02% NP40. They were then stained for 4 - 12 hours at 37Cig thesgark in a
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staining, enbryos were washed 3 tines for 5 mnutes at room
e in PBS plus 0.02% NP40, anggwere then re-fixed for 30 -60

t 4C as above. Enbryos were then washed in PBS plus 0.02% NP40,

i rocessi ng for conventional paraffin enbeddi ng and
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forward for further analysis. ‘Initially, these enbryos were
genot yped Figliowinm. staimingoembryos weere wasbedzy duones ffor & minuteszat raosyene
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at 4°C as above. Embryos were then washed in PBS plus 0.02% NP40, and
stored at 4°C until processing for conventional paraffin embedding and sectioning
as necessary.

Histology ‘

Fresh tissue was snap frozen in OCT Compound (Tissue TEK) and 8 micrometer
transverse sections cut using a cryotome-650 (Anglia Scientific). Sections were
stored at-80°C and air-dried before usé. For histological staining sections were

| acetone-fixed, washed and incubated in Mayer's haematoxylin (Sigma) for 10

minutes then eosin (Sigma) for 5§ minutes.

- Results

25
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Evidence for the ability of antisense oligonucleotides to suppress Foxn1
expression was sought via assay of Foxn? expression in cultured mouse
embryos. Erhbryos obtained from the C57BL/6 x Foxn1-Bgal*" cross described
above were dissected at E10.5, micrdinjected with fluorescein-tagged Foxn17-
antisense morpholino oligonucleotide, or control fiuorescein-tagged antisense
morpholino o}igonucleotide. or were mock-injected, and were then electroporated
and cultured for 30 hours, as described above. At the end of the culture period,

-embryos were examined by microscopy, and those showing normal development

uor escei n-tagged antisense 30

N



(Nehis 1996; Gordon, J., GcnR and Foxnl mark early parathyroid- and thynus
5 specific domains in the devel oping third pharyngeal pouch. 85%1%@06?\’

103, 141- 143 (2000)). Follow ng staining, expression was scored visually
and r ecorWO®2/09M8k ogr aphi cal ly. Enbryos were then process@®€TH@01888Pi oni ng
and detailed histological exam nation as described. 10 Strong Xgal

stai ning was observed in both thym c | ghes of nock-injected.control
enbryos, and. enbryos injected/electroporated with the control norpholino
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Foxnl - expr distologicabexarapativedshgedueibedgal act osi dase activity. 25 Exanple 3
Devel opnment of custom zed human T-cell repertoires. During thynocyte
devel opment, the MHC |igands required for positive and negative selection
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- morpholino oligonucleotide showed strong Xgal staining in the thymic lobe
derived from the uninjected/electoporated pouch, but very weak, or no Xgal
15 staining in the thymic lobe derived from the injected/electroporated pouch.
Histological éxaminatibn of sections derived from these embryos confirmed these
. data, and indicated that embryonic development was equivalent in
- unmanipulated control embryos, mock-injected embryos, and embryos
injéctedlelectroporated with the -Icontrol morpholino oligonucleotide. Thus
20 indicating that the procedure itself had no effect on Foxn7 expression, or on
E ) thymus development. Therefore, these data demonstrate that introduction of the
) Foxn1-antisense morpholino oligonucieotide into third pharyngeal pouch cells
was able to suppress Foxni-expression, as reported by beta-galactosidase
activity. '
25
Example 3 Development of customized human T-cell repertoires.

During thymocyte development, the MHC ligands required for positive and

" negative selection need not be supplied by thymic epithelial cells, since

30 = fibroblasts and haematopoietic-derived cells can mediate positive selection of
both CD4* and CD8* T-cells, while negative selection is imposed both by bone

: -rharrow—derived thymic dendritic cells {DC) and meduliary epithelial cells. T-cell



mat urati on can thus be viewed as thynus-dependent but. thym c- VHC

I ndependent. Furthernore, nouse thym c epitheliumcan suppor Qﬁje 5T-ceI I
devel opnment. 5 Therefore, nmouse TEPC |lines are used to generalJe specific
human T- cMO 2058881t oires via a strategy whereby epithel i #CHGREVIS30 i n
chimaeric reaggregate foetal thymc organ cultures (RFTOCs) (Anderson, G,
Jenkinson, E. J., Moore, N C & OnenggJ. J. T.. MHC class Il positive

epi t hel i um and nesenchyme cells are _bo(t;h required for T-cell devel opnment

in the thynus. ure 3 70, - 10_(1 N i i ntiated
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and DC. Huirgepéhb6at. qastiterfioné | rablse thymis epithdliura capsuppolt humaral+delld out
ina fully nurine systemin which Cre-induced differentiating TEPC |ines

are suppl efeygleBm@nth al | ogenei ¢ MHC specificities. 15 Here, fibroblasts
-and DC from m ce hapl otype-m smatched with the TEPC are included in TEPC
l'i ne-based RFTOCs. These are grafted into nude m ce syngeneic with the TEPC

line argl | Q‘hbréf@ll‘(e,hﬁoilﬁ? TERRSlinef tify ugg'dcto gblacleedtélériepiﬁm‘ hﬁhnanr ga:ielﬂident
mce to reject skin grafts syngeneic 20 and allogeneic wi.th TEPC an
"donor " hafRsigies Vi3 ageirateay i .re%eelm%h@ég-wmﬂdﬂﬁﬁm'%rﬁﬁggﬁw@?"
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the T-cell reper?m re';g generaét3 I maeric RF grafts are fully
functi onal Nad & Qivesrat Jt . MbiChclEES @ positivioepithelivss and mesenbhymencellst ¢

human T cells, the systemi di fied such that fibro sts

haemat opoi @f¢ kot T%Fc’rc.épgg dﬁﬂﬁmmﬁﬂtdpéﬁﬁlthﬁmng@i’r@ %@2700 t §3mouse
TEPC- ed ) ; | ; i i ith

(he Tepe | (TEOBR sybHien i diretehiiafed al.de FEFE IHeE wme M EI et Lor
cells. Thensjistedfbydiurnas fipfobldsts ard DIQ.i HgmanTEP Cs could simjjarly be usedare

~addressed using 30 cytotoxicity assays in which their ability to |yse
syngenei ¢ and al | ogenei ¢ human and nouse cells is tested. |If necessary,

tolerisati g . tR UHHEByReR! fi Whidts Qretihdiced by
i nj ection Thisappfsach; f {:é/g%taggdtl & Tl Ui Syste 2005 WO 02/ 051988
PCT/ GB01/ Odif®entiating TEPC lines are supplemented with allogeneic MHC specificities.

15 Here, fibroblasts and DC from mice haplotype-mismatched with the TEPC are

included in TEPC line-based RFTOCs.

These are grafted into nude mice syngeneic with the TEPC line and left for 12-16
weeks, after which the ability of the recipient mice to reject skin grafts syngeneic

20 and allogeneic with TEPC and “donor” haplotypes is determined. Acceptance
of both TEPC and “donor” haplotype skin grafts, but rejection of 3“ party grafts - )
demonstrates that the T-cell repertoires generated in these chimaeric RFTOC
grafts are fully functional and tolerant to both TEPC and donor tissues.

25 To generate human T cells, the system is modified such that fibroblasts and
haematopoietic progenitor cells from individual humans are added to mouse
TEPC-based RFTOCs. These are grafted into SCID/nude mice syngeneic with
the TEPC line, which receives additional human haematopoietic progenitor cells.
The specificities of the resulting human T-cell repertoires are addressed using

30 cytotoxicity assays in which their ability to lyse syngeneic and .aIIOQenei'c human
and mouse cells is tested. If necessary, tolerisation of the T-cell repertoire to

" human proteins is 6pfimised by injection of human cell lysates into grafted



-37 RFTCCs, or by the use of human DC elicited in vitro in the presence of
human ceII | ysates prior to creation of the chinmaeric RFTOG llﬁ}érztoh r TEPC
lines are generated from C ass |I-and O ass 1l1-deficient nmice, since 5 no
posi tive Y 0MBUM; ve sel ection of the T-cell repertoire oPCHGHOLOITEL

conmpl exes coul d occur in this case, and such TEPC therefore have potenti al
for the production of human T-cells fygr clinical use. Human TEPC can’ al so
be used with the follow ng nodification; RFTOCs include 10 TEPC and

haemat opoi r Ny iedBakbe BFABMan and can
al so incl @&T@Ic%rgg@trﬁ&ﬁ#g@%&ﬁg@%ﬁﬂ:ﬁ{;?sr\fH@gﬁgn 8 June 2005 WO
02/ 051988 déﬂw@é%bﬁ5r7&00rea86nB&ﬂieecmmaeml%T@Cof | ynph node cells from
grafted nude recipients Gaft Total LN CD4' cells Cl138 cells Gaft
~Success. Cells" per 10" LN per 10" LN ‘a (x106) cells [SEM cells [SEM 5
El2.5 Wszﬂg{ﬁTﬁﬂd Iu*iégé}e [a?at%]:l ﬂ%?n C&s!;]l artitiags Hideffidrit fa6d,2ncel/ 67 13
16 [7.2]e 1 : mus 5/9 15 38 [10]' 7.8 [3.2]' 10
cel|'s Bnt awt positivesot matuvca?sei@ctmoo[z oT-gell repertojre) omepguee ML [ 1] 7.7
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‘where T- cahp gtgatigtioh éfhuman T-cells for clinical use.

Human TEPC can also be used with the following modification; RFTOCs include
10 TEPC and haematopoietic progenitor cells from one or more individual human,
and can also include fibroblasts from one or more individual human.



reci pients exceeded two standard deviations fromthe nean of the ungrafted

nude popul ation. bThe unsuccessful graft contained 1x103 MT§§)&)‘,§%§6 cells.

) 20.' The successful graft contained 1x104 MrS20124- cells ?2

reci pi enVOY¥PHE ungrafted nude, p=0.0006 for CD4', p=0. RCT/GRN/O5EHg. o
MI'S20-/24' recipients versus ungrafted nude, p>0.6 for CD4', p>0.2 for
CD8'. 'dissociated and reaggregated reggients versus ungrafted nude,
p=0.02 for CD4', 25 p>0.4 for CD8' . 9whol e | obe recipients versus |
ungr afted mo—momr—p?rmﬁr—tbrmses |
I nclude data fromall mce in each group. SEM. standard error of the nean;

D&R, Di ssoci ated and .reaggregated; LN, |ynph node. 30 8 June 2005 -39

CLAIMS 1. An Zabled. Analysisophimphmorle telis fromeraftetdaiudececipientst r uct

whi ch reversibly 5 suppresses expression in a TEPC of a gene whose :
expression is essential to. differentiation of the TEPC. 2. A TEPC _
according to Claim1, conprisGpyfta nuq&hmel (t[jpr}'sé(j[éjct V\bmh celigver si bI y
suppresses B&pyftl expression. 10 3. A'TEPC Iine according to Claim2. 4.

phar maceuti cal conposition co?nqmt@swg Gells cel | per T02RN of COper #0%LLN2 or ﬁ

and a pharnmaceutical ly acceptaabl e vehi di | uent rrier 5. The
corrpos:otlon of €aim4, further corrprl(gjilﬁg o‘nec('):’il r‘;%hgﬁﬁgenf;g"ﬂ$%ﬁ“

pronot & di f E4RMTBAWR40f t g7 PEPC i o a cor i4igqelgidr neduBg gyt hymi c
epithelial fate. 6. A use of a phar maceutlcally ef fective dose of a cell

or TEPC acc®®l ng to '

E12.5 MTS20724  1/6° 13 = 16{7.2 13 (4.0
cells | | 3
D&R E12.5 thymus . 5/9 15 38{10] 7.8[3.2f
10 cells |
Intact thymus iobes 777 19 190 [20F° 49[14]°
2) o '
MEFs 013 . 11 {1] 771}
Ungrafted nu/nu n=15 24 10[2.3] 7412}
15 Ungrafted wild type  n=12 8.8 - 240 [16] 160 [15]

® Grafts were taken to have conferred thymus function where T-cell numbers in
recipients exceeded two stand'ardldeviations from the mean of the ungrafted nude
population.
® The unsuccessful graft contained 1x10° MTS20%/24" cells.
20  °The successful graft contained 1x10* MTS20724 cells.
IMTS20'/24" recipients versus ungrafted nude, p-O 0006 for CD4", p=0.011 for
- CDg". |
*MTS20724" recipients versus ungrafted nude, p>0.6 for CD4", p>0.2 for CD8".
'dissociated and reaggregated recipients versus ungrafted nude, p=0.02 for CD4*,
25  p>0.4for CDS".
- 9whole lobe recipients versus ungrafted nude, p=0.0002 for CD4*, p=0. 010 for
CDg". _
Statistical analyses include data from all mice in each group. SEM, standard efror

S’

of the mean; D&R, Dissociated and réaggregated; LN, lymph node.
30 |



20 daiml1, 2 or 3, or a pharmaceutical conposition according to claim4 or
5 for the nmanufacture of a nedicanent for restoring or enhagg%§gh dogym c
function in a patient. 7. Use of a cell of TEPC according to im1l, 2 or
3 in manufacture of a 25 nedicanent for restoring or enhancing thymc
function 8. An in vitro nethod of obtaining a mature thym c epithelial
cell, conprising inproving the viability3gf a popul ation of isolated
thymic epithelial progenitor cells (TEPCs), by contacting the cells, or
one or nore ancestors thereof, with at |east one 30 viability pronoting
agent, and t he®LAIM8wW ng or causing the TEPCs to differentiate, wherein
the viability pronoting agent reversibly suppresses expression in a TEPC
of a gene whose expression is essential:to differentiation of the TEPC. 8

June 2005 - -43.9. A erein.the at |east one viability
pronoting agent' i ﬂ%ﬂ&ﬁ%@% g %B ?ast\r%&nuf: apiebransiretyvhich revessibly

and/ or neddl | SHPPIERGRS exeigbsinelin al TEE@I bka gianbowha'é'@ efEeb&en (?é elssahtfl) §o Or

9, wherein thegifd ility pronoting agent is selected tromthe
group consi sting %’#@%@u?ﬁ%ﬁfti‘g grom h factor 1(1GF-1), epidermal growh

factor (EGF), | nsul in, hydrocortisone, transferrin, high density

| i poprotein hoge tic protein (BI\/P)2 BMP4 and/ or BMP7 10
11. The met hod' 6%?1‘?5?08? dgng RR/h P . REPaisingea swiClsiveaid atvinistrugt which

pronot i ng ager&vers:blyseppﬁsmﬂé} ptdigiggenot ype of a TEPC in the
popul at i on 12. The nmethod of Caim 11 wherein the. at least one viability

pronoti ng ggent conprlses or conS|sts of an immortalizing oncogene. 15 13.

The met hod of3d ai at |east one viability pronoting
Pfineldoco @Ia y, :

agent is conditionally inactivat "The met hod=of -any one of Clains 8
to 1-3,-wherein-theat |east one vi abi lity 20 pronoting agent causes

reversible suppr e%bﬁél'n%fceEf?éa_?%o%;))(gsrit?osnséoorﬂ;')rising,the cellor TEPC of Claim 1, 2 or 3,

and a pharmaceutically acceptable vehicle, diluent or carrier.

15
5. The composition of Claim 4, further comprising one or more agents which
promote differentiation of the TEPC into a cortical or medullary thymic epithelial fate.

6. A use of a pharmaceutically effective dose of a cell or TEPC according to
20 . Claim1,20r3,0ra pharmaceutical composition according to claim 4 or 5 for the

manufacture of a medicament for restoring or enhancing thymic function in a
patient.

7. Use of a cell of TEPC according to Claim 1, 2 or 3 in manufacture of a
25 medicament for restoring or enhancing thymic function

8. An in vitro method of obtaining a mature thymic epithelial cell, comprising
improving the viability of a population of isolated thymic epithelial progenitor cells
- (TEPCs), by contacting the celis, or one or more ancestors thereof, with at least one
.30 viability promoting agent, and then allowing or causing the TEPCs to differentiate,
wherein the viability promoting agent reversibly suppresses expression in a TEPC

of a gene whose expression is essential to differentiation of the TEPC.



15. Use of a non-human cortical and/or nedullary thymc epithelial cell,
obtained froma cell according to Claims 2 or 3 in generatig@rofs@shuman T
cell froma human HSC. 25 16. A nethod oftobtaining mature thymc
epithelial cells, conprising enriching-a population of animal cells for
TEPCs by nmintaining a source of said animal cells wunder culture

condi tions conducive to cell survival, wh4@-ein the source of said ani nmal
cells includes anippl cells containing a nucleic acid constructwhich

reversibly inf¥ bi t $hemeihad ef Glaim & mberein tTERCastohe viability prantbtiagiayeht
cells, and subsfsieiirdin@liof W ing. EPCs to differentiate by
reversing the inhibit;on: tgﬂ?&ﬂgaggggg?rﬂif%?%hﬁd Orr@?%%%%#hya'%feﬂ{tﬁ?l
wher ei n di ffefelftiation of said TEPCs is inhibited by inserting a genetic
construct into said animal cells which reversibly suppresses expressi.on of
a gene essential to differentiation of TEPCs. 5 18. Atransgeni c non-hunan

ani mal whi §h d6npr ThemethosdofiCam@for@eihareitht ableastiodie vidbty pRIMhgQigeft ai m
ifying cells so as to-ge

17. 19. A vectar,for,use.in genetically_ nodjf I

suitable for lp3icefa depitnady Bt &Pﬁﬂal#m-l%esmw’tam@ré (Kakyd brepidlermat
conbi nes wi t hgtoweh SECOMEGHE), il 2hiHraRo iBone Hahs SR hi 0 defidify gécﬁlé%{; in
suppr ess. expr |og -of a gene essential to dlffnerentla lon o &" 20.
A vect or accoﬁ'iq?lr?g P BeHPeenetic potein BMBH BMiP4sndior BBA7on with the

genone of said animal cell. 15 21. A vector according to Caim 20, for

honol ogous_reconbi nation into a Foxnl gene of an animal cell. 22.
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12. The method of Claim 11, wherein the at least one viability promoting agent |
compriSes or consists of an immortalizing oncogene.
16
13. The method of Claim 11 or 12, wherein the at least one viability promoting
agent is conditionally inactivatable.

14, The-method-of-any-ene-of Claims-8-to 13;-wherein the at least one viability

20 promoting agent causes reversible suppression of Foxn1 expression.

15, Use of a nonshuman cortical and/or medullary thymic epithelial cell, obtained
from a cell accordingto Claims 2 or 3 in generation of a human T cell from a human
HSC.
25 ,
16. A method offobtaining mature thymic epithelial cells, comprising enriching a
population of animal cells for TEPCs by maintaining a source of said animal cells
under culture conditions conducive to cell survival, wherein the source of said animal
cells includes animal cells containing a nucleic acid construct which reversibly inhibits
30 differentiation of TEPCs, culturing said animal cells, and subsequently allowing or
causing the TEPCs to differentiate by reversing the inhibition.



recogni ti on sequences, eg Lox P or FRT sites, which all ow subsequent

excision of the integrated construct via site-specific recog@{l&agobg)n. 25
24. Use of a TEPC according to Claim2 or 3 to assay gene function in T

cell - devel opnent.
41-
17.  The method of Claim 16, wherein differentiation of said TEPCs is inhibited by
inserting a genetic construct into said animal cells which reversibly suppresses

expression of a gene essential to differentiation of TEPCs.

5 18 Atransgenic-noh-human animal which comprises a source of cells suitable for
the method of Claim 17.

19. A vector for use in genetically modifying cells so as to be suitablé for use in
the method of Claim 17, comprising a éequence that combines with the genome of

10  said animal cell so as to reversibly suphress expression of a gene essential to
differentiation of a TEPC.

20. A vector according to Claim 19, for homologous recombination with the
genome of said animal cell.

15 N

21. A vector according to Claim 20, for homologous recombination into a Foxn1

gene of an animal cell.

22. --A-vectoraccording to Claim-20, for homologous:recombination into a-Foxn1

20 gene of a human cell.

23. A vector according to any of Claims 19 to 22 which additionally includes
recognition sequences, eg Lox P or FRT sites, which allow subsequent excision of
the integrated construct via site-specific recombination.

25
24.  Use of a TEPC according to Claim 2 or 3 to assay gene function in T cell

development.



