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or one orwr%@%sﬁ%estor’s thereof, with at |east one viabi ﬁ’%&@‘ﬁ’&{? i ng
agent A TEPC line is provided and used for restoring or enhancing thymc
function and for generation of Tcells ffx<om haematopoietic stemcells. [err]
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‘Cells and uses thereof 5 The present invention relates to thynic epithelial
progenitor cells (TEPCs) and nore particularly to materl al s and net hods

for producing, maintaining and using said cells, for therapeutic

purposes. The thymig, r&fﬁ{éé?ltﬂéflﬂcpcf%oerﬁﬁr%af %n qusgtﬁ¥ gpment, provi di ng

. tthe - 10 mi croenviron equire suppor &fentiation and
rep_ert0| re selection (Mller, J. F. A P. Lancet 2: 748 - 749, (1961);
.Ander
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“stronal ciaglfowmmapauticpurmsganl zed into two nain conpartnents, the cortlex

and the nmedulla, which each contain several distinct epithelial
subpopul ati ons (Boyd (1993); Anderson (1996); Van BEwijk, W Sem n.

I munol . e fhim@ds (E99HL) - riHa:ﬁaafF' %fté“%ﬂ't T-&éwnaévélebﬁwl%ﬁ{'%roﬁeid tgpges are

t hought to provide speC|f|c I"'ecul ar niches required for ‘different stages
of t hdho dpiceoenviroamants saduineddo duppon Taealidifferentgtiareand mpezn@welagmtm

(ot oS (VRIG ASE AP, Kbl L ThOB e PR A 595 (00

( 2000)) . 149309 (@ UbB»OEJﬁ{H%%' lﬁ'nq@é’ Bt'éde@%s e dbbéﬁaélﬁ%rﬁﬂq@ tngmdgasﬁda pouch

endoderm  neural crest-derived nmesenchyne and possibly t

phar yngedBeveai Rdet/auaunelaf eday 14: 445-459 {1993)) ThtS comprises a highly ordered,

three-dimensional network of thymic epithelial cells interspersed with non-epithelial

- 15 stromal cell-types énd is organized into two main compartménts, 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. 12: 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 -



25 required for formation of the thymc prinmordium which is first present
as a discrete organ at day 12.5 of nurine enbryonic devel opggpt. 4dsd2. 5)
(Manl ey, N. Semin. Imrunol. 12: 421-428 (2000)). Sequential reclprocal

i nt er act Wh82Hd¥8%een thynocytes and i mmature thym c epi t RET/GR/EF80
subsequent |y needed to establish proper organization and-function of the
corti-cal and nmedullary conpartnents (Van .30 Ewijk (1999); Ritter, M A

| mrunol . Today 14:462-469 (1993)). Vascul arization nmay also be required
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t hynocyte maturation (Fairchild, P. J. Eur. J. Inmunol. 30: 1948-1956
(2000)). It is desirable-to have in‘vi'tro means of developing T cells and
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vitro would inpact _significantly on clinical. ou in _
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but unable to“express Foxnl (forrerly whn/Hf hll) Kaestner, K. H. Genes
Dev. 14: ‘trégatiose’ zassplantszoft CRA4e stemi ealist aciay hifor lankerig; Rafiepts

272: 836~ 888 (AR ATSIEhEE doSSL. o OPIBR Y ntuAGY 151%48- SRTER 00} s1abih,
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.



mature thym c epithelial subpopulations (Blackburn, C. C. Proc. Natl. Acad.
Sci. USA 93: 5742 - 5746 (1996); the present inventors havegghawasthat two
nonocl onal 25 anti bodi es, MIS20 and MIS24, identify a popul ation o?
progenitor cells within the nurine thymc prinordium Wen purified from
thymc prinordia isolated fromw ld- type E 12.5 nouse enbryos and grafted
under the kidney capsule of recipient nhce, these MIS20°/24' cells
differentiated into.cortical and medullary thymc epithelial cell- types,
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Mor eover, M unction on-con a athym c reci pi ent
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I dentifi esv.g thymc epithelial progenitor cell-type or types (TEPC), a
thymc prod Yitor- or .stemcell capable of differentiating into both
corticgd or nedullary thymic epithelial cells, sufficient to forma

f [ | th i ivo, 5 I h | i ' he, d
e o he s aa atioon ety ross BRERLSR i Linei gL leR) e
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be used to°restore thymoc function in athymc individuals, e.g. in
patients sfies thay magrbeDusid tg ectgnedthymic ﬂmatloorinta‘tbymwmdiwq%ﬂ%"e-g- n
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aspects of e present disclo Based on their in_vivo properties,
TEPCs are ean be eabtomised far pariculaspuiposes, e.gaies thevn wilodT ip vdvoganesation, jn

R T D

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.



however they have proven difficult to maintain in culture. The present
di scl osure therefore provides materials and net hods for enrgggﬂe%og'EPC
popul ations, for inproving the viability of -an isolated TEPC, tor
expandi ng a popul ation of TEPCs in 25 wWa&ro, and for causing or allow ng

TEPCs to differentiate into cortical and nmedul | ar thym c epitheli al
cel | -types t'®afEniersRest e Rigeent dnentior praydes Al Gl GOmAEp at st

strategy ci repgmueRicadi®ténstiubl Wiith Eﬁ%@rﬁ?@@ﬂﬁ@éseb%&ﬂ@%siﬁ#ﬁd STESOG 4 he use
in culture or for transplantation of ({I;Tge | s. obt aj ne irectly from human

fetal tissud®NPHNose exRIgrsion is esserfialigidiftereptipliPResthg PG sal | nunber  of
cells, insufficient for clinical purposes. 8 June 2005 -3a In a first
aspect, the present  invention provjdes, an anj nal conpri si it | east
one nucl 8i ¢ "g@i $PeoBdh eppertt thamressnt W@'P'Q“b?r?"@ﬁ%ﬁr%s‘]ééc%{ 'F‘%é%irt}g%ﬁ‘rﬁh a TEPC
of a gene wBpsa 6XPeCHIRAbLN, ToRBASAYI &lndckidliabiietemtiual WaRkhOfevbiRITEPC. 5
In a second aspect, the present invention provides a TEPC according to the
first aspeé?p@PS? PR EXPTESHONconpri si ng a nucl ei ¢ acid construct which
reversi bly suppresses Foxnl expression. In a third aspect, the present

i nvention proviges a TEPC |ine according to the second agpect of the
T iventi on. T1ip 8,13, SSproh dog fesefi U oBarE Ry GnTFER Do Rraali © the

phar macedot i gatorridgpesi dfitleninvesidar i sing the cell or TEPC of the present
invention and a pharnmaceutically acceptable vehicle, diluent or carrier.
15 In a fifth aspect, the present invention provides a use of a

phar maceut i ¢alal fourtefdspedt] e sresént dhveatic® lprovitles TEPRawhadelifcap cempBsition

i nvention, or a.ghargace ti ﬁ@\% conposi ti or} of the %lcpgsent inventi ?n for

t he manuf acCAP@yna 4 HmbRECt oy he, repent; iRyeRiona At fc PRMeARSHHEEMY unct i on
in a patientaccéiable vehisle Xdildeasqreatriert he present invention provides use of a
cell of ,TEPC of the present invention in the manufacture of a nedi canent

for rest1_ ring or enhancing thymic function. 25 In a seventh aspect, the
present invemtd @ifth Rispetifeite Predet WivehBorMBrd\adksoh @t af Bl pBarmaceutically

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.



a mature thymc epithelial cell, conprising inproving the viability of a
popul ation of isolated thymc epithelial progenitor cells (E %
contacting the cells, or one or nore ancestors thereof, at east one
viability pronoting agent, and then al3bew ng or causing the TEPCs to
differentiate, wherein the viability pronoting 30 agent reversibly

suppr esses &% Br Wtk 3perh the prsentonventigenoVides @ eribed f kainigg r@%@’@nu al to

di fferenti atiypmic @faltﬁéﬂﬁl cBE?Qonipﬂsﬂ?Ieﬂhéﬂiﬁd‘a%gglﬁﬂondéff%uﬁéi%ﬁﬂor'w I on

provi des a I#?se of a non-human_ cor ry thym c epithelial
cel |, obtai REIMFRBIANG Zepyreaelttidippigal seltsHendessultuse sprliltang doRfveve¥pect s of

the inventi egy I Sun@RIe Whbic thé duldendp sE.cp@ntmélr@énsamcmua@rbmlﬁQ cBislune
2005 -3b In a ni nt h astgect t he present invention grow des a net hod of

obt ai ni ng mEPUABING: Ay ¥ Sl (Acich SPNSITUGE apich TEVRFBYS IMABITS iR NiRHoR of

popul ati on qEP@Rl Bakurfg! $8id faMmdiEEs, ahy JIBEEGRINDY Qﬂ]o@m?oé’rr éz-ﬁ,lsﬂf
ani mal cells under culture conditions conducive to cel surV|va mhereln

the source OF"&Site diigrentiptedy rpeersing edBRIVBRNMal celI's 5 cont ai ni ng a
nucl eic acid construct whi ch reversibly inhibits differentiation of TEPCs,

culturing s |d animal cells, and subsequently all ow ng or causing the
TEPCs to di %’Hmaéf’%"tb‘if‘er%%%|'W§“F%PF°HWPB|%Wﬂ’i"ge'l“ﬁ ngnthetaR aEpakt , t he

present 19 nvwntdhommms deBoutcd R RS BLIGabP forHEBNeBH BRithe AfhtVRisSdkt,
conpri ses awgource of cells suitable for the nmethod of the ninth aspect,

wher ei n di f POP&H Afferephation a2 TEPes is hibisd hyviiasering 7 gsaelq ﬁ‘QPSXUQ‘enet ic

construct inté @alaéﬁnﬂnﬁrtjeﬁ@hm%ﬂ'rbﬁer%lycéﬂlp @égé%iair&sswp@m?éﬁéess@muslss' on of
a gene essenti o differentiation of TEPCs. 15 In an eleventh aspect,

t he present tqw&%*&m%ﬁ”ﬁfﬁla%s a vector for use in genetically nodifying
cells so as to be suitable for use in the nethod of the ninth aspect,
conprising a uence that conbines wth thegﬁenome of said aninmal cell so

as to ?%vef’k?’b? verihy grrect tas presertipyengen prayiies acesion farase ipgenetically

di fferenti akicanyigd calls' EPGs t80bd BuitableMrfide ﬁslﬁécrhethbdl‘%f PRI akpagnt i on
provides a use of a TEPC according to the second and third aspects of the

i nvention t BOMARLSING §&RISNGA LAt 6AMPiRes wilh the gerared sipsaihanimal cell so as to

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



Di scl osed herein, there is provided a method for inproving the viability of

a 25 popul at | on of isolated thymc epithelial progenitor cegls0bHECs) .,

" which metj e 2005 WD 02/051988 PCT/ GB01/05780 -4

contacti ng t e or one or nore ancestors thereof, wiP%ﬁ'r@{mﬁ'gégt one

viability prormtl ng agent. By "inproving the viability of a popul ation of

isolated thymic epithelial progenitor dells 5 (TEPCs)" is neant that'the

rate of decline of the nunber of viable TEPCs in the population is

reduced. compsisencontactingdhé lgells)writre af meraaheesteiGheraof; vith ab dgmst aheon

bei ng mai rllatpgl ned at _a substantially constant |evel, or the nunber of viable

TEPCs i nViabIty BIRIMGHNGAIBRE ng i ncreased over tinme. 10 By "isol ated TEPCs"

is meant that the TEPCs are not .associated with at |east one cell:-type

~with which TEPCs are nornmally associated in vivo under physiol ogi cal ’
condi t i oldy “imMprovirgRtes viaijlitjoef a population aﬁa;ztatedatrhyaﬁeepltheﬁai progenitoecadisc hy mal
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or enhances TEPC replication. 'S way, viability of
t-he TEPCpoputalliIoatheang mairdainkdlata sapstaatuall;eemstamt lgealsor the nambee df viableest ed
‘or reversr-ﬂ: ﬁth@ roducti.on.of daughter.cells froman original group of
-TEPCs Q%ﬁ] a‘tq %%'Bgl'ﬁ?rﬁﬁﬁe PVELIME- appr oaches confl.uence, then
the popul ation may be subd|V|ded into two or nore daughter popul ations.
Each popul ation may be diluted in a suitable nedium as discussed

el selber Bynisalated FEPG?aelsaneantrthabttw VERKIS| arewqirasnocuat@ﬂ wifbrat deastyoniee

protein ept de otein rotea hydr at L
D! Do CRRARE R i 1EBRCR® Prefdul ARRSSH e b B owea .
cacid in %éhuih@nsﬂ'l‘heaFEPCsrmé(y be isshre! &lay frof HRE ob IR ofcRRSEAEhYIAAP! a
hornone, growth factor, cytokine, steroid,” interferon, colony stimnulating

fact or @ﬁtls,aE@eHmregenmrsl shyreecytes vasculare@mb)tbelauncéﬁfaﬁ?nt@te@ébymlct
cell- Y RbiRElialce s S ma%‘év H&?‘vé’aeth%%éstmﬁ%gl oBfi§. 29ent and/or an agent

sereted
15

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 approachee 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, glyeoprotein,
25 proteoglycan, carbohydrate, oligosaccharide, polysaccharide, nucleotide,
oligonucleotide or-nucleic acid in nature. The agent tnay 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, -



30 culture supernatant of those cells. Specific exanples of suitable agents
include insulin-like growth factor 1 I1G--1, 8 June 2005 V\DQ;&Q‘\%g§8 -
PCT/ GB01/ 05780 -5 epidermal growh factor EG-, insulin, hydrocortisone,
transferr P9S8 density |ipoprotein (HDL), bone nor phod&d4rBHo5i88: o n
(BWP2)2, (BMWP)4 and (BMP)7 noggin, fibroblast growth factor I (Fgfl),

Fgf 2, Fgf3, Fgf8, and sonic hedgehog ($hh). 5 The one or nore viability
pronoting agents may be added continually or periodically to the TEPC

“popul at i GEpiddinial’ groltly Fhdtor LEGFE ifulinD @yarsdotidche, lﬁﬁarﬁSféhnrpeﬁigﬁOH@fS|ty
exposure to the one or nore agents, I ch period can involve H&’d?
tions.

\zﬁdl tion Itpfopmtem GiBLhrbong enapbegenetic @T@Bm &BMR2)3¢ (BMPc)és%ﬂdléB
T PC
“agent s orlBST B Pont TeERRY 2FHE0 S SR 6, 4R Sl ARbbhda BRRTT,  0°

on each:- occa5| on may be different fromthose added on a previous occasion.
.VWhere the TEPC popul ation is subjected to ahselff?,{? injtial &(Parlo (1
exposdr e, Thenene sR@oEe Viability pigertngagentamay beradded cantingaliv atpepipdically

I t t f
t ﬁggponggt %STgkegeégLﬂatnéﬁbe su‘gg‘lt veﬂ] Ffé] %Er ovedg\/\PH‘lqn{t'gFﬁ\éhnee f )c/)r Oa
"S lrJTtt;S gquer%xwégr% tlrc]}Qhe efe @Pmcifrel G?Eﬁfs mmidatpdrioﬂxcapm%mf!e aginmead?lttoh of ther : ain
enbodi nents o e invention e_one or, nore, Vviabj]|i ents

20 may caserseeorarn@wts or a plrglity;of §‘-ﬂf‘é’e§$“’8@dﬂg'&’§§ WaerpebFEPE Rqpiation

popul ati S gﬁ cfed \ﬁfﬂ’?@ﬂg of PhAE VbR Wot'i ﬂ% irABet 6ftc¥m§écdt% TEPC,

e.g. byt ormn reversib

i mm el | gegisiing! the. dgent Of sgerts vadde& on eath@ccaslen onaynipe dlﬁarermfrom those
prbrmtl ng agents may |include at |east one pol ynucl eotide. 25 The

‘pol ynucl e34qegkonaPrédous PECAFIOR. vect or whi ch may be plasnmid or viral or
artificial chronosone. Suitable vectors can be chosen or constructed,
contai ning appropriate regulatory sequences, e.g. promoter sequences,

t er m nat oWheratveTEPC pomligtiate issubijected $e qusimgle sinitiat panodrof sﬁgmeeﬁle
Vectors nmay contain. selectable n&r ker g?nes and ot her ts

appr opr i 2@R€ ogdgnore agents may cause the cells”to undergo & long-te
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

ughys@ogtcal

- 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-tagged proteins may be used in identifying clones containing nucleic acid of



Mar ker genes such as antibiotic resistance or sensitivity genes, or

fluorescent- or epitope-tagged proteins may be used in |den§[,%l¥fi7j§%5cl ones
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Dougherty, J P., et at., (1989) J Virol 63(7), 3209-3212; Sal nons,
al ., 25 (1989) Bi ochem Bj oph Res

al .. (19Methogs fotintioducingn eweetlmtmé]l 159&3@%\@% tci-l OSG@GQ)'“&;@ et

;222 60)arﬁ§t§ lic%@é:e e@’%‘&ﬂ%ﬂ&%ngar?ﬁ‘neﬁ{ oa&é@%ﬁos?ﬁ:a%;ﬁﬁg?fe%%?g?ég
711-714. Diettrey, @lebiromnaaenahﬁommdlated transfgchols eamdetnaesduﬂtmomsgeg

recogni sed by the nechani sm whi ckages the vira en
J etro%i/lrus or oﬁmer vectors. %tutggle vgctors include ad&ov?rus papow}fawrus

vaccinia 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., (1 991) 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
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 used for gene

‘.‘
g



30 produce virions which contain no nucleic acid.. A viral vector which
contains an intact packaging signal along with the gene or gfher,mequence

to be del ed | s packaged in the helper cells into infectl Qus Vvirion
parti cl es,k"y%?"@sr’lb*%ay t hen be used for gene 8 June 2005 %) %B%li@%@

PCT/ GBOL1/ 05780 -7 delivery to the TEPC. | It will be apparent to the
skill ed person that the particul ar choize of nethod used to introduce
nucleic acid into the TEPC is not essential to or a limtation of the

i nvent i ongdeliverf oy tROTEPCY pronoting agent which consists of or conprises a
pol ynucl eotide”may include the whole or part of an open reading frame
(ORF). The ORF may be .operably-linked to a pronoter which drives its
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i ncr edfed and driented egdrarscoptidvhto be initatedftormihe promoteexanpl e of an

i'nduci ble pronoter is the Tetracyclin OV OFF system (Gossen, et al.,
(1995) Science, 268, 1766-1769) in which gene expression is regul ated
bytetrac ' : ' I ' y
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agent 'a plpo?rrl]gtleﬂsswgh understosd Ib?fetﬁoge %ﬂlu&’d‘{ﬁ the tﬁ:\'rtcI n'B8sence, expression

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
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An oncogene may transform the TEPC into an immortalized state. 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

25

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

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
|n 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

$UR of

pekiderpribddnes ar raliepasane Cighiine Ahelt SERIAE IS Mp S0 Toe

8971 (1996)).
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The proportion of viable cells in a TEPC popul ati-on may easily be
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‘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 phenotype may be determined in flow cytemetric 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.
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‘sequence nmay inhibit differentiation by pronmoting proliferation. Such a
nucl ei ¢ .aci.d sequence nmay affect the control of the cell cycle. It may be
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di f f et@ent may izt oé atriestdbby tHEGREot octicur inte €EP CEheor inbe hetestats thevgofcaf a __
arrests differentiati on of TEPCs may cause suppression or 20 ablation of { ;
Foxnl expiedeicavid §80YPRG8issed el sewhere herein, TEPCs cannot
differentiate into mature thymc epithelial cell sub-popul ations w thout
Foxnl expression. The nucleic acid may cause conditional suppression of
Foxnl expTesaidsic amitsequencemaidnhipd differentiatiordnipromating prolifeeation: Suchon of
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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
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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
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20

25

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
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
polynucieotide-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

30

by said cells of one or more of the following markers: Foxn1 (formerly whn/Hfh11),
Pax-1, Pax-9, Hoxa-3, keratin 5, keratin 8, MHC Class I, epitopes reactive with
MTS20 and/or MTS24. | "
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Binding or intéraction may be determined by any number of techniques known inthe

nbryo
i ch

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
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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 disclosed
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.
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buffer, preservative, stabiliser, anti-oxidant or other material well
known to those skilled in the art. Such materials should be non-toxic and

shoul d1510t Pﬁ&h?arcreﬁfcﬁl }%.rﬁ;posﬁtlaﬁs %Fs:[cio\éla& %epéin,tarﬁ% fIIElIJDS%S in accordance with what is
: 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 non-toxic and should not interfere with the activity ofthe 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.



20 The precise nature of the carrier or other material will depend on the
route of admnistration. Liquid pharmaceutical conpositionsggghesmeb!y
include a liquid carrier such as water, petroleum aninmal or vegetable
oils, mneral oil or synthetic oil. Physiological saline 25 solution,
dextrose or other saccharide solution or glycols such as ethylene glycol,
propyl ene gl ycol or polyethyl ene gl ycolygmy be included. The conposition
may be in the formof a parenterally acceptabl e aqueous solution which is
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differentjgg}a into a mature thymc epithelial ceI,I-t%/pe, e.qg. into 15 a
cortical %@d@ﬁyéﬁy‘“@ﬂww‘ﬁé iatei @ patieny by apy technigueiknewp dpthediion may
occur in vitro or in vivo after renoval of an imortalizing agent and/or
renoval of a differentiaton blocking agent as appropriate. A

phar mace udisdesedciompinsart isolatedBERC arantéined mdybg di scl osed herein may

thereforgﬁlﬁ) rise, in addition to_the isolated TEPC, ci_n? o& nmore factors
whi ch pr d pecavsed fedifferntite to @ matwedhymigepthalal seldyne. &9 i/ ¢

e SUihl TageHicER it ol E e CHh N el B ohShfiherRglion nfSoodtih i 1T
or thynocet #.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%,
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cell. Cortical thymc epithelial cells may be identified by their 20
expressi on of epitopes reactive with the nonocl onal antibody 4F1 and/ or

S their edpmaydiosnprise mHIrgihe TEPCwithua filaroplastyorionepnamemi call. cel | s may be

identified by their expression of epitopes reactive with MIS10 and/ or
their expression of HC

15 The mesenchymal cells, T-cell progenitors, 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
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herein. Differentiation nay al so be detected by observing changes in cell
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the use of such a cell or conposition in a nethod of nedical treatment, to
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e.g. to anqaudd RFhpAshg HaMitEEatiGPO¥RhARIY chbp¥stion 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



function in D George Syndronme or in the human "nude" condition, or to
augment or custom se thymus function and pronote allograft agcepigace e.g.
i n bone marrow and organ transplant patients, and to a nethod of naking a
pharmaceutical 25 conposition conprising adm xing such a cell with a
pharmaceutically acceptable excipient, vehicle or carrier. The fornul ation
and adm nistration of pharmaceutical cqaditions is described elsewhere

herein. 30 TEPCs and/or their progeny, cortical and nmedullary thymc
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thymus in vitro. The conprises providing -a population of corti cal
and nedulynphoid pyegenitgsicelie to avatued CH4" w8 pbseliat iMatured asdismabbai ned

b i | | owi diff tiati | ati ' PCs.
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, , I'ymphoid progenitors, thynocytes, vascul ar endothelial cells,

or m xtures of such cells. The
15  Further, disclosed herein there may be provided a method of generating an

artificial thyml.is 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.
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with those of a recipient, e.g. by honologous reconbination, or augnented
wi t h flfosdhig mayheve geaﬁf g:labmom&ﬂmleelcgs ifitye T-cells are for use in alio 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



additive transgenesis. 25 In one enbodi ment, there nay be provided a T-cell
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reversi bl e suppression of Foxnl protein expression, and/or reversible
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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.
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capsul gpof nude mce: (a) E12.5 MIS20'/24" cell graft; (b) E12.5 MIS20?24-
cell graft site; (c) hematoxylin 15 and eosin stained section of graftfrom;
(a); (d) hBRHERDESERIRAIONOM THEFKAHRES t i on of graft site from (b);
(e-j) Mrs204/24' cell graft stained for (e) cytoKeratin, (f) 4F1, (9g)
MIS10, (h) MHC Cass Il, (i) Thy-1, 0) secondary Ab only; (k) flow
cytonmetri Cﬂ%ﬁ(ﬂYﬁtﬁV@én afblysisroferis geaftéd anddMiakidriey capsule of atide aaested
w th CD4- 8- nmocytes, showi ng devel opnent of single- and dé)u | e- posi tive
popul at i onfa) Eg\XTSZ_O"I%* cell graft; (b) E12.5 MTS207/24" cell graft site; (c) hematoxylin
15 and eosin stained section of graft from (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 [l, (i) Thy-1, () 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-)). Representatiye of _3 | )
experiments: Grafts contained: 80000, n=1, 12500, n=2, MTS20"/24" cells; 25000,
n=1, 12500, n=2, MTS207/24" cells.

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 E12.5 thymus lobes; {g,h) unmanipulated control nude

30 mice; after gating for lymphoid cells. Fig. 2(a, ¢, e, g) 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,
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e
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 Thefollowing monoclonal antibodies (mAbs) were used for mmunoﬂuorescence 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-
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(Sigma), donkey anti-rabbit HRP (Diagnostics Scotland) or streptavidin FITC
(Pharmingen). '

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

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



Hi st ol ogy and. i mrunohi stochem stry 20 Ti ssues forsectioning were washed in
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i ntracel | ul ar st ai'ni ng, cells were treated with Fix and Perm (Cal tag
Laboratories). Cells were analysed on a FACscan (Becton D cKki nson% and

"data is pr@%ﬁﬁ@s&ﬁuhggceté vtk bRifFEd 88 6bbae and Seiterwith Ma'SE&m)d MESR4FACS
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ryonlc robl asts wer e reparedfromE1350r El14.5 wld-type 15
enbryos stpognﬂﬁtbnsfwa&greater\tmnrﬁ)oorgans (including thym) and triturated
to a single cell suspension. These cells were plated in DVEM (G bco)
containing 10% FCS, 50U m penicillin and 50pg/mM streptonycin, and were
harvest ed dyyd rypsi-ni zation

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) contalmng 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



(0.025% trypsin) after a m ninmum of 3 days. Doubl e negative thynocytes were
prepared by MACS depletion of CD4'" and CD8' cells fromthym) szogﬁﬂcovered
S

20 from th according to the manufacturer's |nstruct|on
Bi ot ech) %6%?24 and MIS20/24' cells were prepared frink
di ssected fromearly E 2.5 enbryos, as above. At E12.5, each thym c | obe

contai ns approximately 5,000 cells (unpgblished data), approx. 3000 °*
MIS20' / 24", or approx. 7000 MIS20-/24- cells constitute the equival ent

number  of @ﬂl&?tﬂhaﬁ@% nacsﬂt 08 gkt g&ﬁméﬁwl Wptra\? Nt Achd. 8ei. BEA S

thymus | obes capsul e t| ng Reaggregate cultures were prepared as
previ ousl yBQie'giﬁﬁ-B‘é%D (1oaR)). §'dne fotmwwgra&mgamadzﬂmwe,we@ yseh3)). The
appropriate nunbers of each cell-type were mxed in a tiny 30 volune of
~medium and the cell slurry placed in a drop on a 0.Bpm |Isopore nenbrane
~filter (MIlipore) floating on nedium After 24-48 hours the reaggregate
was grafted under the kidney capsule of female ICRF nu/nu mce wth a small
pi ece Juﬁ&ﬂaaangmﬁm/ 051988 PCT/ GBO1/ 05780 -26 of filter to mark the

D6, 2og0_ My 4 del G TR g s the 2, 0,000 bbts, G-, arfisent2 ol

term graf t grafE$2(B0REIsqaER), qsaam)sdalsiﬁeweAﬂ #ith192)0003AEFO Al BotH mthn 1)
.Mrs20124- cell grafts 12, 500 cells (n=2); 25,000 cells (n=1). Al

100, 000 VEAN ayithowd 1 A0IAGHCO4:81 thymeeYies100, 000 CD4- 8- t hynoeyt es. 10 Long
termgrafts MIS20'/24' cell grafts 500 cells (n=1); 500 cells plus 1,000
MEF (n=1); 500 cells plus 200,000 MEF (n=2); 1,000 cells plus 1,000 MEF

(n=1);10L, Oﬂﬁngﬁ&ns?@fws 200, 000 MEF (n=1); 5,000 cells (n=1). -15 MT820124-
cell graftsh00 s 200, 000 MEF 1,000 cells plus 200,000 MEF ;

o) ¥ 56 R el st S e (bet S0picaks podoaMER o) S00000 ol |
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graftsl
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
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20 cells plus 1,000 MEF (n=2); 100,000 cells (n=1). Unmani pul ated nu/nu
control mce were age nmatched and fromthe sanme purchase grg)meizﬁosall
experinments. Since loss of cells during experinmental procedure is

i nevi t abl WOPROSIR quantifiable in this nodel, the input FEMGCHBARESEPs 25
cited are overestimated. Statistical significance was determ ned using the
Mann- Whi t ney U Test. RESULTS 30 1. @Generation of functional thym from
popul ati ons of isolated TEPCs 8 June 2005 WO 02/051988 PCT/ GBOLl/ 05780 -27

Dt ned WP rlits! o BB TEHOL SArSattiol) o MITSR0/RH cetie!dre) and

primary e onic tibro sts are m xed, reaggregated for 1-2 days in
vitro, gparhaadembdenic ibroblastsyareamingide reaggiegated ios i-Bidaysganvirs, p.
Genet. Res. _8 95.,(1966); Pantel quris, .E | r . 3705374 (1968))
and 1 ef ¢ diaftedyder s WARkL cRRRUR ST TPy (MoRded § B  Gendl Retler oo
fromall 1’?@63%%6%‘}5 PERiIGERY, B eNatis-217: @70-Fecreayy ahd defefer taraapsul at ed
.and vascularized, and found to contain cells of [ynphoid appearance (Fig.
1c). 50 ‘Iweekoheforeanslyisisal anal ysis reveal s extensive networks of
cytokeratin-positive epithelial cells within each graft (Fig. .le), which
nostly express MHC class Il (Fig. 1 h) and enconpass both 4F1 -positive
“and MTISI Orpgastdrifls afecreobEiet froth, al)MTSRb4! fezipienndicedFig.da). Thess are
clearly visible in hematoxylin and eosin stained 15 section Fi.g., 1c). The
| ynphoi d gefisarapneapsulated angrvasculaszashyand foprd fq gontaingells R!‘&”li/v Eur .
J. Immunol, 12: 26227 1982)) (Fig. 1i) and B220-negative, indicating
t hat theyaBP%arfDF$§%E§gic)(Cel | s. They are found mainly within the keratin
posi t4gve areas. Sone epithelial Thy-1 staining is also evident. 20 These
dq}a indicate that cells within the MIrS20' /24 poRqualti n can differentiate
ifito cel | imewppbistachgnyiea RealysisTeYRAISEREDSVE Netyqrks af oyt aﬁi"&ﬂﬁ' Yot ure

epithelial cells within each graft (Fig. 1e), which:mostly express MHC class il
(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



medul lary (MIS10') thym c epithelial |ineages. Furthernore, MIS20/24' cells,
or their progeny, can attract T-cell progenitors and initi at @ yne 2005

vascul ari zation of the graft. Control grafts containing onl rinmary

enbr yoni VOOIHIBMBast s survive in 25 sone recipients but afETHIOIBYBNi zed
by | ynphoid cells. Nor do they express keratin, 4F1 or MIS10. |In MIrS20124-
cell recipients, no evidence is found.p§- grafted cells although the graft
sites are clearly marked in all animals (Fig. la-d). 30 To rule out the

possi bi | i t equiretthiyfioiPfe2derived Factarseior apmlival Wt dreridide do divac! T-een!
thynmus if supplied with thynocytes, as would be the case if th%B June

2005 WO OPJagenders, AETHPRBEN axieM TS24 gell gsafts e speded avitty §D4 &t or

for surviv e e at Cltyt=cel | gepi S 4' and
MI'S20- 124- ﬁ'l(ygﬁttytgr af Pgﬁg‘?&e sf}eog'aec#%ﬂit-hth&ﬂi' 8Trﬁ%§rmq€%/%|§5 Bﬂ%qlal%e rom

adul t/thynimmfmhobietmm'cab?nalgsisfdiﬁ qulzwznhgnaﬂér;] giwrhm’swalbidemwd Su&b_s of -
MIrs20/ 24' grafts gives results identic to. 5 those described above. )
MTS207 4. - Has dgaaniped e‘awﬁuMﬁ§25§26\9@ﬁefﬁftswsﬁei§areq%pr%d-d\éﬁ%%@l%eref ore-

reconst | tubgis L bl RocdMUAbIARInGY ARGER, WBR whSTBLBIRA WHADCYt oS-

These data suggest t in addition t'o the- rolés escri ove,
MIS20/ 24' iehaturesipylroaytepsi r Eoest mdata Ispggesi tivhtr dotagdition teutheordlegr owt h

d ivgl of diffe LAt tical .thymc,10
o vBbehed BhSer A A oAb L T WArhey e
expr essi ngsuddok gfowlY kR Qirv%fb'fﬁ‘cfiﬂférﬁﬁtié alory a’fufreh?émealewgﬂ?le' y been

thought to be sdfficient to support thynoc evel opnent to t nmmat ur e

CcD4' afd cegithelivm gincetbei MT 820424ipopulation cQntding epithelial oklls expredsing 1133 '
(2000); De i n . N nal,. 158: 2558 - 2566 (1997 15 T est the
ot | onal S0, fiarkpr gf conEaNmeuisiiR, wigh has pbRviouRY hrei Bovgbtfh bnen: s’
anal ysed 1 sufiéiaht fo SGSSEE thymBeBdevBlophméd to tREARfRAILE TD4 MM cogronetric
anal ysis of thynocytes recovered from MIS20/24' cel | grafts indicate

single positive stages (Ge, Q. Int. Immunol. 12: 1127-1133 (2000); DeKoning, J.

J. Immunol. 158: 2558 - 2566 (1997)).

15 S ,

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



that the grafts support differentiation of CD4-8- progenitors into CD4' and
CD8' 20 single-positive T-cells, the distribution of CD4' andg aodsbsets
being identical to those within a normal adult thynus (Fi 8 % e
functi ondYOPHBHES al of the MIS20/24' popul ation is furthePCTEBOEESTRY
assaying the presence of peripheral T-cells in recipient nude mce. In .

t hese experinents 25 | ow nunbers of Q?g_ls are grafted under the kidney
capsul e of nude recipients, which are Teft for 12-16 weeks before anal ysis.
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deyel op CDB+ T cel _@Eécgul ations, indicating that these cells havé reduced

t Ky nus- genthediffgrentistedepithelialoeliawitbinte ‘[ celbgrafts. They tharetasei vel v,

ai 17 or ent  SPOIrERRFe fiafuie MESR0RY, odiR WL EREOS PRIHE G lantihh 1y o ©
therefore ae ficdTEPCwhichizee Miffididnt {0 geheiterafiMdticnae thymus ih vy, i ne

thymc prinordium are specified TEPC which are sufficient to generate a
functional thynmus in vivo.. 15 2. Inproving TEPC viability by addition of
gr owt h1§actors' : '

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 glutamine, 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



Murine TEPCs are enriched from enbryonic day E12.5 thym c pfinordia by flow
cytometry. Forward and side scatter paraneters are used to s ;] t %‘ue TEPC

20 popul ation. Cells are re-suspended in nodified DVEM ( Si supp enent ed
with 2 nMQPRSa8ne, 1 nM sodi um pyruvate, 0.1 mM Non- essRAT/GCROVT

Acids (G BCO BRL), 50 ug/m gentanycin solution (Sigm). Gowh factors are
added and the cells seeded into pl ategp-A seeding density of approximately
4x105 cells per well of a 24-well plate is used. Gowmh factors are added

every two g8 5Tﬁb?ié§;en@”@§céll&%r @Pﬁ%dIHWﬁcﬁFBk@ﬁéfprééﬁbhli@B@ﬁdltabh@liy
popul ation’is difuted wth su ment ed DMEM (as_above) and mai-ntained in
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Transgenic ES cells are prqipared I n which Foxnl expression is condltlonally

ab: at eablwatgsatg@teﬁlsudnﬂcelgas ielsevdherg herein, fthymicoee! ich arg upaRlets
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used, and dpifhelificellsub-pepiations. Suppregsionctf Axndiexpressich tHusdebds o her ei n,
.‘thymc cellI's which are unable to _express Foxnl (formerly whn/Hf hll) cannot
di f er ent iaft a7eskip dexelopmentyatitee T&iG A9l cel | sub- popul ati ons.

Suppressi on of Foxnl expression thus |leads to an arrest in devel opnent at
the TEPC stage. 10 FoxnD - ES cells are injected into wild-type bl astocysts
and tnensfRoxrerd ES calimwd@pnmmunibewﬂdieygé blastddysts andatragstemrathéo i c
enbryos. TEPCs carr %énthe LoxP-fl anked SV40 T a tIB {lﬁ? ct abI (3 )
mar ker / st RPLORERY “5 YBIMICRe h’sfqr‘iﬁ‘f‘?ﬁﬁ W!cc,e”gt?fﬁ $ARY"Enbr yos -
Al 22y Eldng | B5P-fiKe' SRS TR igERR éﬂé%aﬂk@ﬁ@tbﬁ%s@é&@%r@b@taﬁﬁé«iChed by

FACS purlflca I on usl ng scatter paraneters. Cells are
di ssoci at efcbrha:l*mnagheeuﬁﬂryomclﬁ’mms anbryasmdt Qay)EﬁZ 5 are sacrificed and their

thymiremoved. TEPCs are enriched by FACS purification using forward and side

':—r

v
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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 iriteg ration of a LoxP-
flanked selectable marker and stop cassetie downstream of the Foxn{
25 transcriptional start, and a transgene containing a LoxP-flanked SV40 T antigen
regulated by the Tet 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



in suppl enented nodified DVEM Antibiotic is added to the nediumto ensure
grom h of only those transgenic cells in which the Foxnl pro r20'b§ :
active. Candidate TEPC lines are characterized phenotypical 'y using

nonocl onaVO %4819 di es MrS20 and MrS24, or ot her markers ®&HICGBIIOFS N
TEPCs. as 20 appropriate. Lines expressing TEPC markers are sel ected for
further propagation. B) Alternativel yg1Foxn 1 i's conditionally abl ated by
targeted integration of a LoxP- flanked sel ectabl e narker and stop cassette
downstreamyfg skdle chsetle hds Heenfaced dodnalreaadt thedFExA! tranBegtivhal
containing a LoxP-flanked SV40 T antigen regulated by the Tet pronpter is

i nt r oducedsiant, and lectransgereandaining a lowPtflanked 8X4D T antigepdaguiriadd)si on i s

i nduced by, ar h of . the.cells i,m I . i I are
_derived as“%oﬁ%%’,mwgﬂ 'ﬁi‘ﬁ(}&‘i‘r‘cﬁh 'W@Sﬁ%ﬁ%‘%‘%ﬁ%ﬁ'ﬁ%t‘e‘g@tﬁ‘g@fﬁm anal ogue.
30 O Al t egppidssidhYs indauéd by §revARf theodels irytetiabatlirrarBlog wex] dransderde at i on:
.of a transgene spanning the Foxnl |ocus, in which a LoxP-fl anked

sel ect &bl eMiee Ree pPRoduses 20mbackgrossedontsa Faxn/Caaokast (. WM. st op
cassette h | ace S f ANSHLHP ; art,
and a traniggrﬁq%ﬁt%‘%n?r‘?é%ﬂ%i%ﬁi@%hé‘??ﬁs%&b E’ﬂ\t [ geplhftggﬂ@%%%y t he
-Tet pronot @trdcyclimanaldgoed into the same ES cells, such that Sv40 T antigen
expression is induced by-growh of the cells in tetracyclin anal ogues.
Transgenic 5 mce are produced and backcrossed onto a Foxnl-' background
(1.e. nu/ng. ERG i f | ; | f 41M
Cont ai ni ngth ALETRbve FEPEIReSEH: HEREsp R B SIS AR IeRP Ol 4
deri vetD by conditionallyshactivatdbledSV4QT attigendopusified THRC apratiriched AIHRC ,
i nacti vat abl SV4%T anH?%en t& %ur.ifi.ed TEPC or enriched TEPC cultures.
 Réversi bl e} t Aeverziblsimnaotaligation is aghiexpd-er nati vel y, TEPC Iines are
derived by retroviral or adenoviral delivery of a conditionally
i nactivatable SV40 T anti gen, and Foxnl -anti sense

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

conditionally inactivatable Sv40 T antigeﬁ, 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 seléctable 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 lymphiod progenitor celis and/or thyrriocytes.
' Differentiation of TEPCs into cortical ahd medullary thymic epithelial sub-
. populations is assessed using immunocytochemistry and g'ene expression



15 oligonucl eotides, to purified TEPC or TEPC-enriched cultures. Both
reversible imortalisation and reversible suppression of Fo§galrea10%5
achieved. 4. Differentiation of TEPCs into mature thym c epithelial

cel | -t yp&¥O0 90§88t i vati on of Foxn | and/or del etion of SYET/GRILEYETSY
antigen in TEPC cell lines prepared as in (3) above enables
differentiation of the TEPCs into mat | ne thymc epithelial cell types,
cincluding cortical and nedullary thym<c epithelial cells: Cre- nediated
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cassettes facsachieved by transformng the cell line with a Cre expressing
vector, or by activation of an inducible Cre transgene within the TEPC
Fol l owi ng reactivation of Foxnl and. deletion of SV40 |arge T antigen, the |

TEPC Iin Iéired i'n the presence of thym c nmesenchymal cells and/or
30 haenmat Mﬁ em cel'ls and/or |ynphiod progenitor cells and/or

thynocgtes. Differentiation of TEPCs into cortical and medullary thymc .
epithelial sub- populations is assessed using inmunocytochem stry and gene
expr essi od'llynsan'&gﬁdwe deriyatigna08s PCT/,GBOL/ 05780 -32 anal ysis. |f
required, undifferentiated TEPC are renoved fromthe culture by. FACS.
EXAMPLE 2 5 Human TEPC |ine derivation. Human Foxnl" ES cell lines are
gener at ed Humanwogstf iE@ cellTHRE are geperatetieas nowndesgnbed.t TEEGe a6t ai ned

scatter peniibeaTERIMBE ISHEON e blen rebrbtesit AR atiTiies bR
D-val yge- Al B BthetHPalingThe dodtidrfaraniiérgaicdeddtied ok Mdise TERDS, vat abl e

SVA0T ‘antigen ers suppression is then delivered 15 into | ;
the cul t urandbfe-SiEpesdey indivalireamodifiesksuppiemestedsME M gand seedrd e or
Foxnl - ant iagtrésse nor phol i no ol i gonucl eotides to TEPC cul tures, or by viral

or 5. : _

Inactivatable SV40 T antigen and reversible Foxn1 suppression is then delivered
15 into the culture‘of TEPCs by addition of Foxn1-antisense oligonucleotides or
| Foxn1-antisense morpholino oligonucleotides to TEPC cultures, or by viral or
liposomal delivery of a coristruct that conditionally expresses antisense—Foxm,
| and by retroviral or adenoviral defivery of a conditionally inactivatable (i.e. LoxP
flanked) SV40 T antigen. '
20
" Individuat 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 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. |

30 Materials and Methods for demonstration of suppression of Foxn1

expression by antisense oligonucleotides



| i posomal delivery of a construct that conditionally-expresses
~antisense-Foxnl, and by retroviral or adenoviral delivery O§hﬂw2 5
conditionally inactivatable (i.e. LoxP flanked) Sv40 T anti gen.
| ndi vi dué’YO@%Pﬂﬂ?ses of cells are sanpled for phenotypic aﬁﬁ’l‘“&s‘?"&’“ﬁ‘}“ RT- PCR
and i mmunohi stochem stry, which assesses expression of markers o
characteristic of nurine TEPC, includggg the human orthol ogues of MIS20
and Mrs24. Candidate TEPC are sel ected forfurther propagation and cloning
by phenot ygee 25 and then characterized via |ineage and functional analyses
after SV40 T antigen inactivation/Foxnl activation, which is achi eved by
del i ver i ngEmtayosiar méholé embryaculture ware lobtained froneC5aBU/GSemales thated ng

| “anti Li i f di i ate.. 30
vererial's A0 ateradoRs Fof@tmeEr mdB, Whier i e SR Mo in  ossi on
by anti sengpich 4 %Ebtﬁér%gbhd%s%e&lﬁﬂﬁséﬁé@int%@%ﬁﬁﬁ@ﬁﬁnﬁ%é;g@u%ﬁ fhaf80 -33

Mce Enbr{‘os for whol e enbryo culture were obtained from femal es

mat ed i t HanseriptionyafdipsZrs captrolied byndhe Soxahipcomates (Nehigevb etal.afwgeni ¢

mece in L ch Lnse ' he. Foxal. (whn)
Tocus suchIPiEicuY 3pEabRR SRRTIn 49S AMGRNLARGH bF it @ply it Sebe bt v
“(Nehl's, M 2gp, $86 Twe89 9EI996)); Adnd iemRaicalttedt apsidyn 10I% ofi bhfrponicat i on
-of thymc epithelium. Science 272, 886 - 889 (1996)), and were_collected
at day 10.8evglopmenydalds) Jhedaypfanpearancessf a yaginaknjupwagseswidered of a
vagi nal pl g s considered EO.5. 10 Adigonucleotides The
fl uorescei n-tagged Foxnl -anti sense norpholino oligonucl eoti de and
f1 uorecei n-tagged control norpholino oligonucleotide were obtained from
erwet ools, .LLC (Corvallis, Oregon). The sequence of these oligos was '
Oligonucleotides
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



15 determ ned according to the supplier's instructions. Vhole enbryo
culture and el ectroporation of antisense oligonucl eoti des ?% Rpbryos
were dissected free.of uterine nuscle and decidua, wth the centa
intact. EWOP2MIY0 was gently pushed through a small (2 -P@/ﬁmlﬂﬁvﬂﬁt 20
made in an avascul ar region of the yolk sac and the ammion was renoved.
Fol I owi ng di ssection, embryos were plaggd on one side in a small drop of
medi um Fl uorescein-tagged Foxnl -antisense norpholino oligonucleotide (50
nlcronnlar?eﬂgd@ i dls t agged control. norpholino oligonucl eoti de(50

m cr onol ar en n1c¥0|njected into the lumen of the third pharyngea
pouch 25 on one side. of ‘the enbryo, IeaV|ng t he opposite pouch as a
control. tively, ryo re no | nj ect ed, Iectro oratlon (2 or
3 pul ses oﬁa?g\vg%fem%rﬂﬁe&maew '@S‘PT‘@CI mgﬁoﬁ ISS@\'J'E“ whe®e) in
conj unct i oipehivdsl MM genetrode el ectrodes ((Qoi ogene) was then used to

I ntroduce the ollgonucleotldes into cells of the third pharyngeal pouch.
Enbr yosd wekanyosraaest dixeddfaro3@ + @lamingtesulat 14%€ diy.sa esolgRFC dfnfl.28er i ng,

oot oo At hsot® BEBakRruReo Bl Ta T el G B

during the pig wth@w\&agr?eoes iR 18P 8 Ininte L2l ok i FErbtG78AA/ AT Blis - 34

period before ‘anal ysi's.

(5- br ono- 4W%rNP40;da'h¢ymrmgem ataingy fomdsadouss at 877G irothendarkdn a
enbryos. E re f| 0 | ut es at 4 ol ution of
(0. 2% gI uP&[ﬂgP ?’é‘ﬂ@dé’m%ﬁﬁwfa °°Xﬁm%%"z"ﬂ" @‘89%'?&@40) in
PBS, a1 t Ha h@dg&n [ f GTNPY® S S plus
0. 02% NPAO.* Ty vt t"ﬂeﬁ‘@%' a.‘“n‘é%’ D R e i s
sol uti on ofFoflewanstaiajag, embwps)tm umshedr&dyaas cfer Sminptesaatiraomio -

f % PBS t | bl

Fol | ow ng SapRiEEERS s 002k NRad dnders s -kt 3 4B BB3ninkism, ©

J;n e ﬂﬁf;?t ur @it 4eC BRSattves  EnfiAYediRile e WiRNBAIRTBS Pidd 892% NP4 a0
stored at 4°C until processing for conventional paraffin embedding and sectioning

15 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
20  stored at-80°C and air-dried before use. For histological staining sections were
| acetone-fixed, washed and incubated in Mayer's haematoxylin (Sigma) for 10

N

minutes then eosin (Sigma) for 5§ minutes.

- Resuits _‘
25 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, micreinjected with fluorescein-tagged Foxn17-
antisense morpholino oligonucleotide, or control fiuorescein-tagged antisense
30 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



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

stored at4C until processing for conventional paraffin enbedglj@gz;é@g
sectioning 15 as necessary. Hi stology Fresh tissue was snap trozen in OCT
Conmpound WO0i0283I888TEK) and 8 microneter transverse secti oRETERIIGEISAg a
cryotonme 650 (Anglia Scientific). Sections were 20 stored at-80C and
air-dried before-use. For histol ogi cal_3§./_;taai ning sections were

acet one-fi xed, . washed and i ncubated in yer's haematoxylin (Sigma) for 10

ThiTity of Wr Fakel famiftia: i Bheb TRy rudfitificbs enfby Wiid6enodbed 12
sought vi apa$gR. Bm QS@ihaiWr@ﬂﬁt@mz}rngotﬂi@tﬁcﬂﬁmgeaﬁhﬂetestaiﬁedtryos
obtained fromthe C57BL/6 x Foxnl- pq%a " cross .describe apove were

di ssect ed Mthp{gadtareveat betengalaciapidaseradtivio Meve reRATEGRHT FeSRIZSSIaR: i sense
mor phol 1 0 (@LiigdBYE! BRIIAIE Y. Berhd Ui ashh YALRIERY b B0GRd2Md ffftRA- 3O

_nor phol i no*ol'i gonucl éo were nock-injecte e then

el ect r opor apecific dothaing inthe defrelopi thd pharymgedbpoudcth MectbbDee103t14The end
of the cultuyre Lio enbryos .were exam ned by m eroscop and t.hgse
showi ng_nor'AaICBAN SioHemina:Stainie #Heeessien Wasdiopted vURIENd FeRERd - 35
~were taken pachitaty. | ANSHeYhER prbBédded] fof sechBRmgeaty Yetila’ e
genot yped p@;g{%@jéﬁ‘n&'yg@é}ﬁgts vveretﬁhitper&r)oz%/ge(?us fsor tsﬁegl acZ transgene
wer e st ai naistologichl xmminationeascdesdribed- gal act osi dase activity, which
reports Foxnl expression (Nehis 1996, Gordon, J., GcnR and Foxnl mark
early parathyroid- and thynus 5 specific domains in the developing third

phar ynggal '- iR %%s%ﬂed'%‘b%ﬂ(ﬁ%ﬂ%)‘be'é‘ﬂf'n%&l@ﬂ\'édté’d@éﬁtﬁal
expr esggons\igg@g(cgodyg ‘v'ﬁgﬁ”a ly and r‘ecor de phopg ographically. Enbryos were
t'Hen pr oceesddyds)r ane crnbryosginjentedielestioparatad swith dhe ceonteslanpmhalibg as

o agl S Iy G R T RN
the contr olmdRhBfi% idi§onucleotide 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



ol i gonucl eoti de. Enbryos injected/ electroporated with the Foxnl-antisense
nor phol i no ol i gonucl eoti de showed strong Xgal staining in thg ﬁﬁ‘eyiﬁog | obe
derived fromthe uninjected/el ectoporated pouch, but very vveal{, or nho Xgal
15 stai ni W@ 22951988, thynic | obe derived fromthe injectedRIHEBIWSat ed
pouch. Histol ogi cal exam nation of sections derived fromthese enbryos
confirmed these data, and indicated that enbryonic devel opnent was
equival ent in unmanipul ated control .enbryos, nock-injected enbryos, and

enbryos inject el ect popor.at Lhh th g hal i .

ol i gonucl egh?wgﬁg@hﬁgﬁzﬁlﬁ%aqaecgﬁ?%atﬁ%t ﬂ-[y(ﬁgur%gig ee urr(Fat P&J’ggﬁﬁyn}% '?1% ef f ect
on Foxnl ejfplepepbent. Rurtistmdréoaselthyatioepithtliumitansuppert huneseTdalla
denonstrate that introduction of the Foxnl-antisense norpholino )

ol i gonucl edévelepmend t hird pharyngeal pouch cells was able to suppress

- Foxnl - expression, as reported by beta-gal actosidase activity. 25 Exanple 3
Devel opnent of custom zed human T-cell repertoires. During thynocyte

devel o@rentThetdfordyHRols@aMEBCr s aesl used two geherete aspikcifitepamane Tsaallect | on
need not be supplied by thymc epitheljal cells, si &%e 3Q fi broblﬁsts and
haenat opoi EGREFIQHES Via @ sleategy M&erﬂ%eamelﬁi iNGHieR 18 SRR ER TRRIIIeM D
and CD8' T I | | ' L Sk NBOS b

mar r ow- der Fé:/egél @K?ﬁrﬁg}%emnﬁgﬁ?%%&%e §§§ @H%éhgh'%ddfgﬁgﬁgbgb?ﬁi'eﬁbglm'cel | s.
T-cel |l 8 JWh€.F0wen\Q. 02TORHIB8laBETY paitivedsgiieliuns andwesenchymeceellst hus be -

i d th - dependent t thymc-VHC. i nd d F
e B ot i R et W A5 "0
TEPC '1@6%%&35%%@#@%@&@@9@@ hbGsEHEPT Iné€ Mhile'MPRI-t@LERSH 14 2 @
ere epr'thelial

strat egy unctron I n chinmeeric reaggregate foetal L)
t hynm ¢ or gawrediatetdbydsurh8FTicblastédade DO Hu@an TERRS could similady be vpede, N -
C. &0Omen, J. J. T. MHC class Il positive epitheliumand nesenchyne cells

are both required for T-cell devel opnent in the thynmus. Nature 362, 70 - 73
 This approach is carried out in a fully murine system in which Cre-induced

differentiating TEPC lines are supplémented 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



10 (1993)) is supplied by differentiated nouse TEPC |lines, while
VHC- sel ection is } nediated by human fibrobl asts and DC. Huggn, Habss coul d
simlarly be used. This approach is carried out in a fully nurine systemin
whi ch Cré“???d‘l?é%ﬁ differentiating TEPC |lines are suppl enPRT/EBOHPITRO

al | ogeneic MHC specificities. 15 Here, fibroblasts and DC from m ce

hapl ot ype-mi smat ched with the TEPC argy.included in TEPC |ine-based RFTCCs.
These are grafted into nude mce syngeneic with the TEPC Iine and left for
12-16  wveqfstorkt ' b - 96 iR predbhBe bPhuRiawct *skin
grafts syngen%?fg’slrzgy\{aﬂr?gﬁ%% Pﬁ%@ﬁghcﬁ%eﬁﬁt‘éﬁ;@g’gﬁg ?'do?lor" hapl otypes is

det er ni neccelliApsztes prioetooéreation of BROckimMaerigdofOChapl ot ype skin grafts, but
rejection of 3rd party grafts denobnstrates that the T-cell repertoires
~generated in these chimaeric RFTOC grafts are fully functional and

tol erant tm,otrEFinddstedRPeratbl $omeClassd- afdl GBS lladeficlurthiicd, shedd s, the
systemis nodified such that fibroblasts and haenatopoietic progenjtor

cel | s 6r oo mubisitiveual regative selectiondefl the Teel seperpreHeR dRoHsEr AIC These
fted into SC de ni LC W ' i
Fecervos. dmimPleanS oML BUAE SEEPERT Lo TEBG hEferdiqiald Bientiait6r

-speci fi ci tihasrefudtivh. 6Bauhah Tocdligten cliniégllsel epertoires are addressed using

30 cytotoxicity assays in which their ability to |yse syngeneic and

al | ogenei ¢ human and nouse cells is tested. |If necessary, tolerisation of
the T-cell, reperigi [ I LSy I Lo . i) { f human
col 1 1 ysatHURRR TeE Spbaisab ks ih e R BisBBhe BHEmes RETR Bl 7
RFTOCsjg or TEPC Al Haémafopdistiyprogeaitboddlle dronm one or maone individuabbemeaa, of
hupan cell lysates prior to creation of the chjnmeric RETOC. Further TEPC
Iines are arhsaaaise inchidediniaklaptsdremaneser mergBdiMduahymaR since 5 no
positive or negative selection of the T-cell repertoire on nmouse MHC

conpl exes could occur in this case, and such TEPC therefore have potenti al
for the production of human T-cells for clinical use. Human TEPC can al so

be used with the follow ng nodification; RFTOCs' include 10 TEPC and
haenmat opoi eti ¢ progenitor cells fromone or nore individual human,



and can al so include fibroblasts fromone or nore individual human. 8 June

2005 WD 02/051988 PCT/ GBOA /05780 -38 Table 1. Anal ysis of hg@?gﬁ

cells. fromgrafted nude recipients Gaft Total LN CD4' cells cells

Graft Sul¥R8%0318%8 ' per 10 LN per 10 LN a (x106) cel | FOTEERAVOEEO| s

[SEM 5 E12.5 Mrs20'/24' 6/7 b 20 46 [9.9] 33 [9.1] cells E12.5 MLS20124- |
1/6° 13 16 [7.2]e 13 [4.0]e cells D&R B.5 thynus 5/9 15 38 [10]"' 7.8
[3.2]" 10 cells Intact thynmus | obes 717 19 190 [29]9 49[14]9 (2) MeFs 0/3 |
11 [1] 7. 7171 UOngrartednurnu n=15 24 10 (23 7- 4 12— 15—omgrafted-w | d |
type n=12 8.8 240 [16] 160 [15] a G afts were taken to have conferred

t hymus function where T-tell nunbers in recipients exceeded two standard

devi ati ons frolablelngaalysis ofilymphmddecdelis éom graftedtriude récipients

unsuccessful graft contai ned 1x103 MIrS20'124' cells. ) 20 'The successful

graft contained 1x104 MIS20124- cells. MIS20'/24' recipients versus

ungrafted nude, p=0.0006 for Ghgtt. P=CratafLier C@ecelﬁs MIS28p82 Eelts

reC| pi ents @gaftus ungrafted nude, p>0.6 CcD4' ) '

' di ssoci at ed and reaggr egat edSueesss erﬁdlwer susiemr'i@l’m ed npele‘,lOJpl:N 02 for

cD4', 25 p>04for CD8' . 9whol e | obe ,regdipi ents v ungr de,
p=0.0002 for CD4', p=0.010 for (kT64P' SM'cané TeRM " %kand PSR

5 E12.5 MTS20724° 677" 20 46 [9.9F 33[9.1)
cells o - -
E12.5 MTS20724  1/6° ~ 13 = 16{7.2F 13 [4.0]°
cells | | 3
D&R E12.5 thymus . 5/9 15 38{10] 7.8[3.2f
10 cells |
Intact thymus lobes ~ 7/7 19 190 [29F 49[14]°
2) - '
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".
®MTS207/24" 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 |



CD8'. Statistical analyses include data fromall mce in each group. SEM
standard error of the nean; D&R Dissociated and reaggregat g4, Jgs! ynmph
node. 30 8 June 2005 -39 CLAIMS 1. An animal cell conprising at |east one
nucl eic acid construct which 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, conprising%a nucleic acid construct which
reversi bly suppresses Foxnl expression. 10 3. A TEPC line according to
Claim 2. 4. A pharnmaceutical conposition conprising the cell or TEPC of
Claiml, 2 or GLAIM8d a pharnaceutically acceptable vehicle, diluent or
carrier. { 15 5. The conposition of Claim4, further conprising one or nore
agents which pronote differentiation of the TEPC into a cortical or

medul l ary thynic epint y e of a.pharnmaceutically effective
dose of -a cell or ,?EI%%%’?S?B%gnﬁ"c‘yéatd%z)ﬁ%nf?%fp %’J%Q"SHP%\WB%F%E%Wi cal
conposi ti on aStBPESAES e¥piessipmint aoTEBCS of atdune WAOE aghidtfoRfis %Sg'g,?{i‘aqqgent
for restori ngd?fer&ﬂfb@igﬁio?ﬁ\etmﬁ&c function in a patient. 7. Use of a cell
of TEPC according to Carml,~27or 3 in manufacture of a 25 nedicanment for
restoring or enhancing thymc function 8. An in vitro nethod of obtaining a
mat ure thym caepit i cell. conmprising inproving the viability of a
popul ation of % sol gﬁeﬁ Wﬁ?@'@p@?ﬁélm all _Cﬁﬂﬂg'gmgt@mucleid acid (COEREadt, witigh
contacting threveeﬁibly,suppre@é&ﬁcﬁxnm&xﬁr@gmstors thereof, with at |east one
30 vi abi l Hgy pronoting agent, and then allow ng or causing the TEPCs to
differentiate, wherein the viability pronoting agent reversibly suppresses

expression in3a TERPERS life S&BRs ression i s essential to
differentiation of the TEPC ﬁj.ﬁ{@&s&aﬁﬁ@' '

4. A pharmaceutical composition comprising the cell or 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 suppresées expression in a TEPC

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



8 June 2005 -40 9. The nethod of Caim8, wherein the at |east one
viability pronoting agent’ inhibits differentiation of the TEPCs dogto
cortical and/or nedullary thymc epithelial <cells. 5 10. The %‘I of
Claim8 or 9, wherein the at |east one.viability pronoting agent i S
selected fromthe group consisting of insulin-like gromh factor 1(1GF-1),
epi dermal growth factor (EGF) I nsulin, —‘Hydrocortisone transferrin, high
density |i poprotein bone m)rphogenet ic protein (BWP)2, BMP4 and/ or

BWP7 10 11. TRe rrth%H‘%*ﬂO@faCiﬁfrB Sowhereinties at ieashmmmabmasprocrrmlnguagbnﬂ ity
t
Popul at f‘gnag‘irz“"""&i‘”ﬁ%?ﬂ@aéﬁ 8 TEr b RISy Red e i rirett 11 ¢y

pronoti ng ageﬁﬁ Is. conpri ses or consi sts of an imortali zi ng oncogene.” 15 13.
The nmethod of Claim 11l or 12, wherein the at |east one viability pronoting
agent is conditionally |nact|vat able. 14. The net hod=of-any one of Clains 8

to 1-3,-whéreilf-t hte mleﬁfm)sltofﬁlmrl\ﬂc&lgl Whérkéuntﬂ@aﬂ’éﬁ@ﬁlinb%tﬁfﬂ?ﬁ ntctihgSagent
a non- human corti cal

reversi ble su oy F% Foxnl eX[DI‘eSS# of
and/ or medul | § 7' %?ﬁ:[ iR Gonsisting pf *"%*Delikﬂéwwﬂﬁfqﬁﬁré (&H)mﬂﬁmahg to
Cains 2 or 3giowtlydadoaHGR), QfsuﬁnthH%Bch%e' taﬁn Hen§t§9

n nri c | ng a

nmet hod oftobtwn matureth mc i theli al risi
popul ati on of P“%B\Of@ogéﬁet&'ﬂ” in{BMEZh B ﬁgﬂr’ar BbATce of said ani nal

cells under culture conditions conducive to cell survival, wherein the
source of said animal cells includes animal cells contalnlng a nucleic
aci d cons?Qucl hhi chheragtapd pfTiaim Blor Bi wherdd the bf leastonb atzbility plontdingagent

Tepcs to di11evant rare gy s BPRoRHRE Rl by PeaRpubiotne 2005 ar

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.



17. The method of Caim 16, wherein differentiation of said TEPCs is
inhibited by inserting a genetic construct into said ani mal gG&ldseyhi ch
reversi bly suppresses expression of a gene essential to differentiation of
TEPCs. 5 18. Atransgeni ¢ non-human ani mal which conprises a source of cells
suitable for the nethod of Caim17. 19. A vector for use in genetically
modi fying cells so as to be suitable for 4%e in the nmethod of Claim 17,
conprising a s uegﬁe t hat conbines with the genone of 10 said ani mal cel
b

145 b1 e Mmstreskaf Claipy 16 wherein differegéiatoreafsaitt TRPCs @ inhibited by

SO as to rever
differentiati Gisepfin ic ¢ ; or di . i for
honol ogous r econbi r%?;g?ﬁgt\;\% t% ﬁnsttft:&é;’l’ ﬁg{%%%ﬁﬁgﬁ‘ﬁ{ agaclg%’ gvﬁfcﬁafe@gﬁlnﬁy SHEPEFSeH
vect or accor di€fgressiotiohprgene essentiahtidiffergotiationed dMCGw=t i on i nto a Foxnl
gene of an animal cell. 22. --A-vector-according to Caim-20,-for

honol ogous reconbi nation into a-Foxnl 20 gene of a human cell. 23. A

vect or accér dilfg tAtranggerﬁc-rﬁbrahmmaﬂﬁnitrm'lWBich{obr&Eri@é&Hédm&@bﬂdéllé&ﬁi{db@%r
recogni tion Sﬂﬂéjﬁgﬁ}%? gﬁ iLO/E7 P or FRT sites, ich all ow subsequent
excision of the 1'n g?j AW tonstruct via sit e-specific reconbi nation. 25
24. Use of a TEPC according to Claim2 or 3 to assay gene function in T

cell devel opqsnt. . . .
- Avector for use in genetically medifying cells so as to be suitable for use in

| the method of Claim 17, comprising a sequence that combines with the genome of
10 said animal cell so as to reversibly suppress 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
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.





