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Progenitor Cells and uses thereof 5 The present invention relates to thymc
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nmet hods for producing, maintaining and using said cells) e.g. for .- ,
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epithelial celltypes, attracted | ynphoid progenitors and supported
thynmocyte differentiation. 30 Moreover, they conferred thymus function on
congenitally athym c recipient mce. The correspondi ng MIS20-/ 24-

popul ati on, which includes cells expressing nmarkers associated with mature
cortical epithelium could not fulfil these functions.



WO 02/ 0i 1988 -3 PCT/ C B01/ 05780 MrS20+/ 24+ expression therefore identifies
a thymc epithelial progenitor cell-type or types (TEPC), a thymc

progeni t oo o0s®eEM cel | capable of differentiating into poricGevansisecal or
medul lary thymic epithelial cells, sufficient to forma functional thynus
in MVO. 5 1In the present application, the inventors address the need for a
method to allow the generation of T ce‘l2| s and di scl ose uses of TEPCs and

conpositions containing them In vivo th e u r
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syndr one "nude" condition or 10 to augnment or custom se
t hynmus fuﬂ%ﬁt iﬁ%&f@d{} ‘pronote allograft acceptance eg. in bone marrow and
organ transplant recipients . In vitro they may be used to generate
artificial thym , thereb enalln the :
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vitro, for au5|n or allowing TEPCs to dlfferentjate into cortlgal and
nedul | ar youlu:;ame:unetneamntapf @@ﬁt—clt%e@dtqiha@wr%t"@%{"ﬁmq e

t Th t
ssues suPPR g RO rRab e TSP Mo A 1 Fbrats ipgadicrrey
obtai ned dhggsddse’ twanabm@af OB+ stersoells; Imnmrctptmml far lewkerhiaf patignts

provides only a small nunber of cells) insufficie oses.
30 115 wilioutap meisbedser. G RuBe bntngk had o541 s SV Ehe
vi abi li ty t ' uﬁ‘ibﬂgﬁﬁh'itﬁfol aells
(TEPCs), h&qt"’ %F#%@gsq&b%%}%ﬂ%@@%é%ﬁgg@l/%gir?rBSj conprises contacting
t he cell 354Qr5531n@0@0 yhore ancestors thereof, with at | east one viability
pronoting agent. By "inproving the viabili ty of a popul ation of isolated
thymc epithelial progenitor cells 5 (TEPCs)" is neant that the rate of
decl i ne of %Fﬁ JWQP%ha% svéfe\pﬁcﬁty-fﬁﬁ midlepitieliaPsalisadndof callsr edmpeitted Thi s
en
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TEPCs. If ar e8tiblemn aeg then

. the popul ﬂ?%?%é%ed%u%ﬁbeﬁged I tgge?&gegﬂrth%r gg%gatareér& opIBI at i one

Each popul tﬁésemm+m+delns.duﬁdrenmaaeosuiotcmm@l andmedullay thvrg@meah% PQ@Mer e
herein. The one or nore abj pr.onot agent r

< pol ylpeptl dypeyy atsted éY'\F?PhQ'ISI BF{;{G@H@W@QHQ mﬁ %Q&tg Q%ge'lsegc'c At de,

pol ysa,\#gy 89%0‘4923@;‘83%”?&' kP fIrRAbh & (ang@ﬁﬁblw athgetid récipieat rmee The

agent e group _ consisting of a hornone, gro
factor, cyfekiogespdrmting MTSZ&/QAfmmﬂatlmwb\mh léclvdﬁﬁﬁﬁilﬁgxﬁfﬁ‘é%'ﬁg ar ers

extracel | ul ar matri x materi al e Cs hype or
cel | - t ypesassopiatady Wil matyiq %W?%C%P ﬂbeé' grnéhafgggnﬁe%gre@ into
the 30 culture supernatant of those cells. SpeC| fic exanples of suitable
agents include insulin-like gromh factor 1 I1G--1,



WO 02/0S 1988 -5 PCT/ G BO1 /05780 epidermal growth factor EGF, insulin,
hydrocorti sone, transferrin, high density |ipoprotein (HDL), bone

nor phogengig ¢/@isakei n (BVP2) 2, (BMP)4 and (BMP) 7 noggi n, fpdagbBhastsogr owmt h
factor 1 (Fgfl), Fgf2, Fgf3, Fgf8, and sonic hedgehog (shh). 5 The one or
nore viability pronoting agents nmay be added continually or periodically to
t he TEPC popul ation. Alternatively, t hed-e may be a single, initial period
of exposure to the one or nore agents, which period can invglve sin

1o 3 . . | e
addi ti on NTS203/244 expressiongherpfoneddentifiess thymie wtf@*'ab!tr@e%%?v@"%bie? Plgons.

VWhere a TEPC p | ati i s cant e 1 ited AbiL ity e gjaRd | ng
agents onthPeﬁd%Eg) OPQQYJHL%FHBBP@@ rigrg@eﬁgggﬁgﬁé?%&?&féﬁﬁlﬁg?hi%g‘ﬁ{éS added
on each o ' ultstydhfrhReitheliaiuBlis hasficiedtiedorn afupctonaldbymus @i on.
Wer e theE@épgoﬁgPaMn ?s subjected to a single, initial period of
exposure, viibe one or nore agents nmay cause the cells to undergo a long-term
‘physi o%ogi cal 15 change. That change may enable the viability of the

popul ati on of TEPCs to be substantially inproved without the need for a

Sbo e e B ot | L1 or oot 1 he gt 5 20
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{1 amst of iy EST B Be Thed fBHieSlfe e fRCliod h Byl ridividuale, @0,
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vectors C%%ggg-p&{g&\g%@td%rggﬁ ﬂﬁﬁ%@ﬁﬁﬁ‘é{:ig‘féﬁr’ mi& aijm/He tRePmalbealsedite gehataiey

sequences, er¥sequerces, nator fragnments, polyadenyl ation
sequences ,arﬁﬁﬁlﬂﬂﬁ?mi,stﬂemblmfgdhergeneegnimot eiaturecT-setl AspelationsieaMgenes

d oth jate. 3 ker such b o LG
Fesi ot ancdasmaengrlic s1a) coEHESCorerh ey BebaitbrogEn Bl st AR o
may be usediih Ladhidad R ralRifS fURPbSLlieNdl fBHHehaitRS briOfivo g¥AbALINNS 1988

-6 PCT/ GB erest, as Is known in the art. C ones mﬂﬁl“@i‘l{'so be
i dent i1f5i echfoF-célipbpalations ewichy ates toleran ite dhe: isswesripPE VO @ GOTyindly ‘n

| dent ] echfoT-cblipbbalations: _ RIPEY i
pol ynuel cothae anptbss uised TR pobio SR Ern e pRERIMAIORSLRE

integrate, preferably stably, into the host cell genone. As an isol ated
sequence, it may be capable of replication, e.g. as an epi sone or
artificial chronosone. Integration may bé pronoted by including in the

accor dancabara, G ANk, Ve RIoRRRiSS. TTEPRE PR AL e ol R Tse

accor danc € nucleic acid may I ncl ude sequences
10 whig dirhgsianthfion tHerap @bl fBRintvitrathyailgenstations iTheyane ahexpandahleghlbre a
codi ng sequence contained within it falls under tt hq.afﬁgﬁ r ol Iog rgng&t ory
el ement s alype, capabie qipradusing al BAigranatuye thyaue gpithel PERYAEREE T N he
TEPC 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 small number of cells, insufficient for clinical purposes.
30
In a first aspect, the invention provides a method for improving the viability of a
population of isolated thymic epithelial progenitor cells (TEPCs), which method



Met hods for introducing nucleic acid into cells are well known to those
skilled in the 15 art and include e.g. ballistic bonbardnent, cal cium
phosphat ewbroamnsfoget i on, DEAE Dextran, el ectroporation, |i poyasyioeddated
transfection and transduction using retrovirus or other vectors. Suitable
vectors include adenovirus, papovavirus, vaccinia virus, herpes virus and
retroviruses. Disabled virus vectors mdy be produced in helper cell |ines

i n which genes required for phoduction of infectio vi ral .20 ar%iﬁles are

expr esse&ONMRIsEsoBtartingdhe cells, qrigNesOrINare,aneestat e{qﬁ)ftwgégt P88 in
th t. : . Fall , F.J., et al., 1996) H Ge

Ther -7 o) PEbsoRIGERBERL e W ot m (1964} 0 Virol 6812
*8413-8417; Cosset, F. L., et al., (1993) Virology 193(1), 385-395; Hi ghkin,
MK, et al,, {1991) Poylt Seci 70(A), 97098%: PV ,
(1955) 3 S irgptaiinghe vighily 854 pdpaling A{IS0Rtea EHE S Mataligepity s

"Bi ophys '%?Ef%’s:;’”lélnmégﬁf fhat tﬂé?&teé%fggcieclﬁ@rﬁﬁh&numﬁér of viab{el 9B sMpl theel |

Bi ol 4(9), 1730-1737; Wang, S., al ., (1997) Gene Ther 4(11 ), 1132-1141;
Moor e, K.papulattonais redussD) Tissi may eingluges theo numie-af2viablerdiERCs dnghe et

i s5i ng PtAtREE N ENebepl asHPSEnBly B iR L e AbRer ety | .
viral gengfpes THe pObREASH BEINgi iht@Rsewdvehtiment ai n no nucl eic acid. A

viral vector which contalins an intact packaging signal along with the gene
or other sequence to be delivered is packaged in the helper cells into

infectjo Virion i cle i ; 051988
7o PRy Yot BRI el 1R S EF RS et REp GG ot 1ckar e
skilled pensgpet Wity wiich TERCE ak@mnoeihallg @ssbciatechidviveathdes physialogical
nucleic acid into the TEPC i s not essential to or a Iinit%tion of t

he
i nvent i orcorglitionsi dbhe TEPGswawderisolatrchawaniiom ebaor sided Besepaymaes a

pol ynucl eot,i d i ncl t CRER: i f

(o) Tr R R PSR PERRE et e ot RERRCBifcREH e e

expr essi agpiftielidEEdRs, bofeenakdw derinée tiymieatonjalicetisl as part of the sane
nucl ei ¢ aci d nol ecul e, suitably positioned 10 and oriented for
transtription to be initiated fromthe pronoter. The pol ynucl eoti de may be
pl aced unde | a r i | BloPndt RE0h@licdsooR! ace
it under Iﬁ r%re@%ﬁ?ofgﬁﬁggl 'Tﬁétsugheére&%?g%g?ér# Ialgﬁﬁlugl bl eﬁiggg%ppl ied to a
pronot er éshamies TEEEr spticatidry 10 Hbisewsk, theededlinetingharviability- efsthentEPC
expression 15 under the control of an inducible promter is "sw,tgch on"
or i ncr eaReRHIAHOD @%ﬁd{'}é@et’%ahﬁt flﬁ?ﬁlt f"bﬁa@ﬂ?efwﬂpﬂ’@' q*ﬁg&@t%fév%r?%h@y St nul us
var! es bebuRfiBh Yrddtighterea: roftiahbbRgiRAI0GRP! f TEPSS. It b @pficating

undet ect abl e T evel s of “expression (or no expressi on? in the absence of the
appr 020 i apepuiationibfiselisvitpriroaches tenfluense, thendhp pepsiatianinay hersnedidachce of

the stinu)]us, expression from any,.induycible pr t ISt NG jn the
presence ©f0 M&O@HPF%Q?U%QtPWR}Egt‘%?-&%@éﬁ@h’%%égé"gfé@ ;ﬁ)rag%ﬁott%g!é is
the Tetragyehif siGhsseFLrRBWHERSReRdinet al ., (1995) Science, 268,
1766-1769) 1 n which gene expression is regulated by tetracyclin anal ogs.
Expressi on of the pol ynucl eotide nay al so be controlled or regul ated by one
or nore additional ele | d [ [ | g4 i inan
ennancer - 158 A8 G gfs VR iherodiG g AR BErem, feifodgide, ofrcBproind] |
pol ynpi| eﬁfd'téégl;y@dn,i nehtisihydratepnuligosaditehides palysaeehatilg, | inoktestide, an
ORF. It may include an enhancer or ot hQ]r_ transcripti on%Iﬁ cd%ntr% sequence.
The nucl eDKg@UJQlBQMF wauciaiegeidin pature of hea0g FRRELLe PelegtecriEpip 1hg 9LUR

i nduce, increase. 1NN Qi p t X RBRISIkO i E3ERPUT éd18ng 0di ng
. sequence. c%%gﬁpuﬂ:logig gém&ﬁ%ybl nc ufe ggquetﬁcﬁz@g' t%ﬂl&dpﬁ%ct it'sd.xn ¥
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anti Sgﬁsecﬁzﬁﬁé%rﬁétaﬁt bt PegX s 0r DNA encoding such a sequence. The
se orr

antis I bozyne may interfere with a

Specific examples of suitable agents include insulin-like growth factor 1 IGF-1,



cell-cycle checkpoint, thereby resulting in imortalisation of the host
cell. 5 Expression of a polypeptide, whether derived fromeither part of
t he transwo omefissscl eic acid or fromthe TEPC genone, may Ber/Gsosdsrgoti ve
or inducible. Induction may require the addition of one or nore additional
agents to the TEPC, e.g. sinultaneously . with or subsequent to the contact
of the TEPC with the viability pronotiintg agent. 10 Exanpl es of

pol ynucl eot i des whi ch y . be ed as viabjlity pronpting agepts include
oncogeneseRifaMalagegysha Cg’reﬁérslr:en’f@'r"'m eF?'i)('ég'é%nﬁﬁpé%r@’%t HB?‘S%GS#V
antigen. | e ﬁﬂﬁ i 1 il\mr | @ ipst at e.
It may belgpc%gr?gtle??gﬂgﬁﬁy b?ﬁéc’%‘? at zgglrnghé[}?ﬁﬁtﬁgtm?%g\?g?si bl eéﬁa ( ﬁ

i mor t al i sedgin/fibrelylabtgrawth faceat. 1 (Rgf1)nhefi2t Boidz FofB, andsgeichedgebbgishh).

i nactive at the body tenperature of a human patient may be used.

| nactivation of the oncogene reduces the risk of tumor formation when
TEPGs, 5 or TRE S RE B ATrE VidIRtg Bfometiify Agénts dunask baded b&ﬂirﬂﬁllwﬂbeﬁadidu[lly ng a
met hod of therapy. Immortalizing oncogenes may al so be renpved from TEPCs,
or descentdatties THRE quipulgtionorAlternatieely nthesgupay oie & singlg indial Parigdooh

et i PrBUTR the SRR RR BT IR iy oRE sHRAE ST
techni queénéagmef@?gémh%régiuram@iowh@éés@m%dmmseiwnéfé SATEPO pepadidre i N

preparation of nucleic acid constructs, nutagenesis, sequencing,

i nt r oduct iswontdcted witbioneasinpreniability Iprematiag gaerts@ns ryHPenof cangeanivg si s

B of oy Serasiure B GaemtaabBn e Arbrol GRbion 5068 i Epfediios
G oni ng: addédena previddsrosebsioar d edition, Sambrook 30 and Russel |, 2001,

Col d Spring Harbor Laboratory Press. Viability pronoting agents for use in
the present invention may easily be identified on WO U2/f1s1988 g

PCT/ GBf 114Q1 7 ' : [ j L : e illed
n the. arTiess e,/ E5C BhauBlioh f butlEcteRIo SHER, it s eRpLSRLIT
first be gnd-ofi mosedgentsomayocaogetia icelts to andeegds ‘a [onguleami pysioldgizal
control" popul ation. One or nore test a%glnts are the ,added,géﬁﬁtgg t est
p(ﬁpul %@i ofhange.t f8ahebpede May enariedpe ! IOIFtVsofrt € PoRuIasion . pﬁ& be
phenot ype_| - : fﬁgﬁ,@ SHEMdi a
pr edet er ms%%égﬁgé]lngFaéq %ht)tat:?fé ﬁégzrj irilﬁga | C%Hit:ll nme tﬂg&t‘ tggt ngenbgg may
agai n be wvidbiity pronidting aggntpopul ation, the proportion of viable cells
retaining the TEPC phenotype in the population is again determned. The
chaRge i nmt he pr OET?rtI on oI Vi alir:_e Ci};]l S Irde;:@aé,tm gg igeﬂ TEPCﬁ&henptypg i tnh
eacnh. pop ifeg s i iabflitieproffotinlg! dgenitd €
proportion g%ﬁe\g/iﬁgblﬁewégleﬁtss (?et?gi n\{ez]g th@@TEPC prﬁe';]eot|yp<a|ﬁ€mpt hi n _{ghégét est
popul 20i omayscdusesa thamge indheigenotypecofatieastmeul BPCon the pepulationoddisr

nore test ents is/are suitabl e candidates. {.or—xpabil i I ents.
The pr opoPﬁg’bgP WWO?W%Wé( Rreve \%ﬁ Véagﬁlﬂy ﬁghlﬁ EFF?& er%%btggn%gé)@'ﬁgﬁ at
time int emgplcsintd BRaAnTeHalized ot FevéarSibRsinirfoRaliierl stats $1 this keneédtion!, Ynef t he
one or nore test agents to pronote the viability of TEPCs. The proportion
of vi abl eopelar snorg \AakilitpEremeting tigentsnigy dreluds ableagboae polwyclestids. 20
known techni ques for assessing cell viability. By way of exanple, a sanple
of the TEPC popul ati on may be taken, and the nunber of viable cells in the
sanpl g5 detraepolficibtide gy BE partidf anestr pehictendy besplagmid yipdral bt artifictay
counting the nunber of viable cells, in the whole or part of the sanple,

opt i onal | ghegmesorae| Suitable vertersnapherahosan of congpicted sPPINAY apRIPERER i ned
i | at i . t al | S - b
the toral MIEeD Siseph@teddr &8 TRBIERE fetufEnceS] | Torminalf, SRagEntsD] (P

the TEPC pbladenplationsefaentsse enhancer sequeoves Wertetsriay contain selectable

i mmunocyt ochem cal anal ysis. Wiere a conditionally active test agent is
.used, e.gMmakecgenes anAPiner SeAHGRCEHHRDIRRVPI8F a difference in the ability
of thg agent to inprove or maintain the viability of the contacted TEPC
bet we 91 t he perm ssive and non-perm ssive conditions indicates that the
test agenMarkengeassisdett asfantibiticirabistance qgrsensitivity gegeas or fluorescent- or

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



WO 02/ U1988 -10 PCT/GBA /US780 In certain enbodi nents of the invention, the
i sol ated TEPC which is contacted with the one or nore viability pronoting
agents, iwoepbiugseed under conditions which inhibit differeagricanosisof the
TEPCs into e.g. cortical or nedullary thymc epithelial cells. The TEPCs
may be cultured in the absence of e.g._.nmesenchymal cells and/or T-cell 5
progenitors and/or thynocytes. Such ce'pT-types have been shown to drive the

production of cortical and medullary thym c epithelial .cell-fypes jn thymc
organ culintgrest, ap)isrwelk nown Bhthg @%wgé.%ﬁoib% b“ceg‘é'k'?%’c@ﬁ Fuggtler

medul | ar Ay I i I [digstiond by the

i nt roduc%{'?%e% '%@%@?!dﬁm?%%béghggswgéinﬁg?go ?({;f a nucleic acid
rsequence. The nucleic acid sequence may inhibit differentiation by

pronoting proljferation. Such a nucleic. acid sequen ; f

control gms'ﬁiﬁéh%&ﬁ%éyme@“ﬁ?'c 0 GRMPHISTY ﬁc%‘g)é'ﬁ‘éag"r@ﬁﬁ"f& %ﬁ%t %%?‘8

“sequence GQ:TIQPF BREE of RPhaPinteyrate Prsferdbig Stablyp o thedhosti on or
i nhi bi%ti 6%@‘% I Sleﬁc?ﬂﬁ%hgi fferenti ast?i oérFl of tphe hosgtC TEPC to proceed.

The nucl ejell geriothemfiscan isdlatet sequenee dhmaytheearable Pbeplicalior.£igeas an

suppression or 20 | at.i on _of Foxn : Long i L e
her ei n, 'ﬁﬂﬁ'(%“%é’ﬁﬁgq 'Cb"i‘lfc?'é(?'gﬂﬁrg?eﬁ'\t%%i'ﬁéﬁj%;b? ﬁ)?/%ﬂé epli ﬁglﬁéﬁwﬁ
sub- poF’”'rﬂfcié?@%c%" Begliedtesn et rroRiote . reBoentiinaticri owitiei tienggnomes ein
condi t.i onal suppression of Foxnl expression such that upder 4)errri ssive
condi t i oremcottidricer withi standardofechniguesPChaeLGlRIe @Sl M3y "}?ﬁiﬂ BFAENIES e

Lo ! i : . . os
ror & Whentich itpct S TtsoBuBh 168 HarlTBE Hia R i, bARERE WHERE Loty B of
pronot er da@ntEohifed ARGIEt $allsasnder themonhtrohel tegutatpiyaelements abledtor ype

Foxnl pronoter; or (iii) a Foxnl transgene in, V\:Ei (S,Iﬁ__térge Foxnl regul atory
el enent s drive argibacentreyexpressieiuel thak seasrredpn the ive to the addition

of one or nore agent. The transgene nay be randomy integrated in to a TEPC
genome which is Foxnl-/-, or a wild-type 30 TEPC genome which is then
backcr os sgidttitsForint@saging-nUvksik geidlinth, calls@are avaliidowrotodboseskiedin theel y it

may conprise (i) targeting sequences which direct inpteqrati.on. of dified
Foxn11 G eran Bnd dnalude Fipbalishi Rembarament calghmRivsP gt iediqh, BEARD

02/ 051988- CJil. SR NiNMdaid Yedi ey, GHcastioh iusihgoer mi t
random i ?\Pgé‘}%&i %ﬁgg&é{%ﬁ%ﬁi P%gg oxnl ligfr;egnts%'ggrfgiéﬁ?ar\glﬁgd_i ngFoxrlll r eguglo atory
regi ons, jdutovirtibeorT6f@r g@utors. WSuithblegeectorsyndiede@denovirusr PARGVayH Ug,

ild-t TEPC which.is th k ._ont ' c = d.
The' FoxhIvadcimaganis. migpes Wibth AN edOLET navsRBiehs AL NBLEEs (AL B8 O
reversi bl ¥ro%l&|c?ﬁ§gl|}%l§§i1§elﬁmésl?ﬁwﬁﬁwg@h%@. rByuitétefor prddudtioh iodmfedticussrap

cassette Tnto gene, downstream of the Foxnl transcriptjonal
st ar t 20 Thpasitls aresxptessera\Suitabledueipericalt inastate walhnawn o thpse RkiEgd in

expression) and_hence TEPC differentiatigen, i

a)éﬁi e\S/Z:JI Uiﬁ A @)ﬁévadr%f-q_’@k’?algyﬁeé aulapx'lt 'ﬁgﬁﬁ%lﬂﬁﬁﬁ?\%@?%}{?}eﬁﬁ?@ ot her
L0 r ecombh paoes\aBrink . S612A! {108layJ anes(12piedd Sias TnBpstet, Fduestsl bl y
abl ated by the introduction into the TEPC genone of -n %el c%a{& (2%

conpri si n@l998) Airalegys193(d) F39% %%bk'@sM-gntqt%n&gqﬂg ipult 0% 90r uct s
desi q F 1 e ! h . . N
neoati ve PEAMBOBRRRYr Por St P L VIt BT S0y i S b &

5T agua pmedcomln 3oy e e s 2l e,
be achi e\g/_Mbl BellBiol AR} 45 30r biL M&&&@@&@&S@?ﬁﬂﬁ ﬁ"éﬁri‘@ﬂ-)' Al%g%ﬁgﬂ?vel ))C
teri a sMamsoh ebgad 99D ST @2 B0 TR0 2B IR C S, AsagneeD)
descri bed jahsRuUAST £3918Y,67 ™-704f fesipet tell lines afe GERErllyomissing asequence
« g? ﬁuﬁr égégghmiﬁgfpecggtg&eﬁ:qi;gé trﬁélfrgc,ttféﬁ?s% r\‘ferTl?llchb(pa)ac eatgeecst t%% \Pl?él %@ﬁome.t I?’ﬁey
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 |



25 In certain enbodi nents of the invention) the isolated TEPC is contacted
with the one or nore viability pronoting agents, and/or is cultured

adj acent wmoams1988 nedi um condi ti oned by, explant cult ur espdwoeBVIEAER0r NOr €
ti ssues selected fromthe group consisting of foetal heart tissue and

ti ssue from branchial arch, e.g. whole branchial arch or branchial arch
ectoderm These tissues are adjacent the thynmic prinordium30 , in the
enbryonic ,state, Th | ssues may be kept apart fromthe isolated TEPC by an
appropri a@@'vm&é%‘?aﬁ lter. The isolated TEPC nmay be contacted in the
presence of one or nore growh factors expressed in these tissues. The

i solated TEPC may WO 02/0S1988 -12 PCT/ GBO / OS78U be cul tured on

irradi at el wWikbd eppaegritdo theskited pefsoorthatibeqrastioulaneikaiee phgediod LeediR ast

F1 br obl s eaFs PhESIRAY Fuf B IERG R ofRoshnidhia BE A I BbRun B8 BB, oc°
‘encodigg a specific growh factor. 5 The isolated TEPC may originally be

derived froman enbryo, e.g. froman enbryo which has devel oped at |east as
far as nuAiviabilitylpresoting agentwihiehcogsisife 8f Ph compsisefwhRalysucleptide dnay

protocol,.the cglls,li n [ # | hat f ot her
nd the riasie B il B oRY B Shetl 1ePng Thari XEREL"AFfle ORE BT 0
Sorting (§ YTk td! aegronfoteflavHicH yirieasl igagipression TREPEBPCs ohDpelably
thym c cell types: the nonocl onal antibodies MIS20 and MIS24 nay he used.

Al t er nat i liked"sneans jginac aspart pEessaras nyeleicagidmelecyignsytabbt Pesilioned cel |
popul ati o -S| I TP ters. Isolation of
s T8y 8 BheBlekfiof TaRSblbr | 0 rhdaoh SRR oRTBET °LF i octe. o
nonocl onal anti bodi es and thereby helps to 15 naintain the TEPCs in an

undi fferentiated state. Alternatively or. in addition, K TEPC | deri ved
O o The Rohnuclense mavhe deidsd undef heé Godiclebad BxietTialy, daeBie 081 Yepcs
may ori gi r - ' ey Ni InG i L ,
Y, Cnr PRifiote MIDRRETAUHTRA S EORAABE hetliedr? THBREI [TBITBIC! 88 DBRCALS .

absent framprohmtenisnesipandemnsgosd by thoseeskiiéd in ther athuheueseeahees; axprasson

het er ol ogous nucleic acjd may 1% found throughout the.enbryo. or it nm
['ocal 15edundetibecanirobatanndlieibigrogien nwlitieRY QHTE RO HIEsPans
phenot ypi ¢, &h beftied irftulsIThhalHBRA inedtirfilu vhN@eBetvicer! flomotéis, Senft hod
of 1 nproving Vi abl i ty of an isolated TEPC may conprise contacting an
ancest or afducitde TG otetsh caugé kit yoru cindetactiable alewaisy oh eApression ol@st fdg

agent. Materials and t hods for. jintroduci.ng nucl eic LA C re
descri bedeép'éeé\ﬂ?é\?é”ﬁggeq eNeh O W?n?ﬁ’?%?pg?% §@rﬁ5®3d %%&bﬁﬁ%F%y be
confirmed eggre%B&JrM§ inHe @HBERSS bARe BYmEig] exBidssiopifraph @ngindilibte pforhbter
fol |l ow ng rkers: Foxn 1 (formerly whnlH h 11 ), 30 Pax-1, Pax-9, Hoxa- 3,

kerat 2A 5js kereased i8, thetameseness of the epiTedstigmuludc Anexample afrasp mduedie
MrS24. 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



WO 02/0S1988 -13 PCT/ GBOL/ OS780 Markers may be detected according to any
met hod known to those skilled in the art. The detection nethod nmay enploy a
speci fi c vwongongssrenber capabl e of binding to a nucleic aecu/cmyuesce
encodi ng the marker, the specific binding nenber conprising a nucleic acid
probe capabl e of hybr| dising with saidgsequence, or an 5

i mmunogl obul i n/ anti body domain with spém fi CI ty for the nucI eic acid
sequence or the pol y{)eptl de encoded by it. eC| f| & bin mAhas a
parti cul gromediogfagent maysise GRMRHER 8P amaei*?f* ﬁ CeY ! ? S to the
mar ker in ference aefére witha f or
the mar ke%’%ﬁéy‘go%“ cr?e? éggﬂénc% ?ngb P%%ﬁg‘ﬁgg?kmeg??gonucl eot i de
primers al-@iEl Elidakpbimnthieretsy @suttimg ipamostadisatiamotthg hosteglt i on (Current
Protocol s i n Ml ecul ar Biol ogy) Ausubel et al. eds., John Wley & Sons,
(1992) and Ml ecul ar O oning: a Laboratory Mnual : 3rd editi on, Sanbr ook
‘and #op BitREeart ohthé radistosmed
Labo?ﬁso%xq\/ggggﬁ Of%k)ﬁlgéebm@a‘ﬁﬁétﬁgﬂgbﬂ%% 1988, Cold Sprin Har bor

Labor at orrmd%uem)d orJfﬁor‘BltheI i @ genome:r 402y b cenglitytiveief mdhlic B@U%‘W

b f t h th t t t
o or nc | AY CeaHge heraidner 9h e, drcnelt Addliiinal s tanht PEPES g0
studi ed a%‘ ﬂﬂ?ﬁébﬂ?}g%{m% spBsedidrit & Biet enitatt of t@EEP@Wuﬂhrth&ngab”'M into

cont act er whi ch may have been i mobilized on a solid support,
20 e.g. byronsoting agertcondary antibody bound to a solid support. Interaction
bet ween a specific binding nenber and a nmarker expressed on a cell surface
may b¥ detected by flow cytonetry. Flow cytonetric techniques are by now

wel | esta ré&g beb is| gidbility peoraoting rageats
conpendi aél(l ngfé;d. ﬁgb@"gﬁ’é&‘?{ﬁ'gﬁe‘*ﬁﬁbﬁ ¢ beousednas ity

A Practi cal roach 2
O nmerod (idlude @«fageneejmnﬂehramsqpsa%&@e{nﬂwy,\ Spﬁaﬁg &\ﬁ g\//f‘glrﬁt ry
Met hods, J.. Paul Robinson (ed.), John Wley & Sons (1993) Current
Pr ot ocol sa'l’“i'g%%/torretry, J. Paul Robinson (ed.), John Wley & Sons (1997
with updates). Fluorescent |abels for conjugation to speci f| c bi ndi ng

menbers include e.g. 30 FITC (fl uores n i sothi ocyanat e)
(phycd)éryAhron()QgelP@r wrRy( iransfarmi the EE?’& Bpayan lfﬁﬂ&i@"ﬁﬁ!g s}@é It may be

| | oph Y
L andom | coonaRnBAy BRAIIapRRNIEN ht BroRiEhR IRYRARION Ay Bedenled.
02/ 051988 Anlifhrhanaleing bu%g&ﬂmmmﬂﬂh&ta@ at theﬁ)wy]temneeaturmpéaﬂwma%nd
met hods for 1solating TEPCs inclu e ma ic sortin '(.Johs ng ?t
al ., (1999ptieet mayobe wdszﬂﬁaﬁﬁ‘tﬁt&n {4 QWBHG'?%F‘Q"UE??& edl 3 ﬁ$“@°
pape | 109k aemol WiefiitePed Fdéeger?q‘é?g@tﬁ'&ebh%t RtioEUBE Mot the Geutlant al

thymc eplq’rﬁ% l's may with 4F1 and both corti cal and
medul bgry dhhh@aﬁn’@lﬂhddlef trdrap! Ienomylizing bacegensas WVW'%BEGEW%@@ 1

Che: TEPCs THACs «r daspendnys therson rict fq Barsfiligh ot iBh Gefiginto Bpatieht! o
medi um i st@dxgv%ﬂbq orﬁgg Eh&dnfAVEh n%ﬁ;\ﬁhé @bﬂ_d‘x S&Iﬂr(WestBﬂﬁm e aetraiy be

suppl enmen h~one r nor e ounds sel ec fromthe group consisting
of : nutri tArepaNathdiicad Seis USA 93rr89%1 61998 her al s antibiotics, antifungals
and antivirals. DVEM may be supplenented with one or nore of: gl ut am ne,
sodi um pyruvate non-essential amno acids, foetal calf 15 serum and

gent anCi ’Mér?s( gaﬁém tecHMUEERER PEROEIS fohmariyulationr nmaeneaﬂ:ld)yomi\pig
cellsfinto: I's coated with extra cellul ar matrlx & unccgated
wel I's; (i iih)preydration ohnudeid acid gonsieets exuiagesesis aﬁq%%ﬂ g g %%9%

.| /]
conted wi tHdeiP GAIUO BRI del piregsEh e?"r#”%ﬁg"x?@ﬁ*ﬂr i attPdcserl

|1 adi at edn baiPin' Gt PRtécols HoRRsianBiokgy, Ausubdl et al. edsmolohng Vit s
may be con

. seedi ng of&%%;lig@}gﬂtg) ana “@lg&lj‘lﬁﬁéiocr)‘g&?gdla %I{%ée égg%fq(ﬁ%@h?ncs]arﬁw rdfagea
TEPC whi ch cﬂéu Eg@@ iq §§’ﬂﬁ& Hatb8r VAshfory pedd ferentiated state, by

any o of 31 herern. A related aspect is a TEPC
cont ai ni ng het erogeneous nucl eic acid which pr ormt es the viability of the

TEPC invitro. The nucleic acid nma of t e desc
Viability promoting agents for use Yn tl?\e presen |nv Rionfva Sy ééstﬁ?‘ge identified on



30 el sewhere herein, e.g. a transform ng oncogene, which may be
conditionally inactivatable. WO 02/ 0al1988 -15 PCT/ G BO1 /OS 780 The

i nvent i onybwpiokegs ext ends to a pharmaceutical conpositionpcrazBocasmat , drug
or other conposition conprising a TEPC according to the present invention,
use of such a TEPC or conposition in ajrethod of nedical treatnent, a

met hod conprising administration of such a TEPC or conposition to a

P The’ dhediaiere gougecesiBues s bASHT T WioaISY i AL T Wl of 9
augnent %ﬁaﬁgﬁﬁf’g‘@%gﬁmmﬁeé EBEB!aﬂBn%N‘_BP@@ﬁ@ farst b@sabtdividedtarte® e. g.

i n bone rgan transplant patients, use of a TEPC of the
.i nvent i onpépulafiensaritdstcpapuation andredeentrainpopyation e gF mere kst ageqts

atient, e.g. to an athynic_patient for . j . i tion
o b Geordfe Them g BrBeoiest HoRialian ol haProfRBh BLYaBlsie/s ReBing R
‘custorg Sergbtﬁbﬁerfd{?ﬁé P BaBRHopURIBhESs aAlctargiinéd (neasyreaternt at t50). iAfteane
marrow and organ ttransplant patients, and a neth

od of nmaking a .

phar naceupiedateroungdpetiodaf woei=sidujingdavhich Heyedne ieshagen ?Hﬁ%ﬁgm‘}? a

har naceut i, cal | ccept i pi.e | : i ini

Ighar maceuf‘?’ﬂi‘?;l‘iE t%éﬁ?)gggtt ?ghtgagéﬁoﬁf& ﬁ{;cptoo thg)lf Slrléelg%g%“ig r{sfear:?liihgnt,heaTnEPF or use
in afcordﬁﬁg,ﬁot%@éhgstﬂbep@;?]@am ig ﬂigﬁﬁl‘i’lrdlemeinadr. a'glafmhiasge in theapeaipariéen eb t he
opul atioh o PCs, a armaceuti ca accept e excipient,_ 1er

Eu? fer, pviable oalls Kﬂi?i@{)&mq TE8C PBﬁPP&BQi'B c%opoQ}ﬁﬂtéquhg{%h(g?é \E\Eflls known
to t.h?c:ae ski | ,a\%dql n the art. Such materials should be non-toxic and shoul d

not i erF%lch ‘h the activity of the TEPCs.- 20 The precise nature of the
carrier or other material will depend on the route of adm nistration.

as e cr ) Mie resstion m emBIoPoFIcaR R AR cols feleiniafas TR PHbfoGRR Wil 2"
oi . Physiol &%&@gbgéﬁbh €1ed8 tﬁ.ﬁ@ Hidt 87 indleaiitrel popalatioh efershe s éximore

sol ution such as et ene glycol, propylene glycol or )
pol yet hy| et aglentsab/aresulieblereanditiaties fonaiahilitp 950mPHig aggntbel e PIAROTHAN m of

teral | t abl lut | i ClLei .
ot aBbe Siviabialae eash aaatianan it ARmbeg bt el pas sUbEEQRHLO 2>
art are W‘?J:L,.sﬁbésetotﬁ’etﬁér%%é%%&ééamlyebf;iﬁé Bhé @RInoteitast, adents Expropiate the

| C

i sotonic ve es such as Sodium Chloride, Ringer's Injection, or Lactated
Ri nger' s highdlity obMEPCSAD 02/ U51988 -16 PCT/ G B01 /0a780 Administration of a
conposition in accordance with the present invention is preferably in a
"prophylactically effective anount” or a "therapeutically effective anount”

(as the cagf sRpoRdN GHvidie gbIPnePTEPSpspulaiorbmag easilydes determinetby§ingt hi s
being sufficient to show benefit to the |

‘ndivi dual . _Th |
admi ni2ét eradwratedhnigues dadassessing Qﬁih‘f‘é%‘\'&f VW@PE?’(%[?‘P@%U%’P&ED&?S@Ed on

D o “TEPE BB, i O 3gRE] o e T 5Tl cBIE < s
determined, e.g. using a microscope, €.g. using trypan blue, by counting the number
of viable cells, in the whole 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 cytometric or

immunocytochemical analysis.

Where a conditionally active test agentis 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 candidate for a viability promoting agent.



responsibility of general practitioners and other medical doctors. A
conposition may be adm ni stered alone or in conbination with other

t r eat ment 4o dsedggher si mul taneously or sequential | y depengemngpogsmgot he
condition to be treated. TEPCs may be inplanted into a patient by any

techni que known in the art. An isol ated -TEPC naintai ned in accordance with

t he present invention nay be all owed or 0caused to differentiate into a

h hel i al |
Thyr ¢ epln petaBieradimestiet heiRansGr, e Bhae) TEECIAERT iR,
after renpyabnObr Aloré mfl?@ﬂoﬁ&%ﬁ%ﬁ‘ﬁs 39 elIeired RBEALoitiGhAWAICATIEHIbIt at on

bl ocki ng agent as appr opr har maceut i cal ngosm on, medi canent or
drug of tﬂﬁferenmttomfthaSFEﬂ&srlefowg cstipalios medulandbymicepitheliaheelissbhat ed

o B el el BB B o LU AR ol Sheler -
epi t he}%]' a |6§ér} or§%/6.amwﬁc§cw@y S6cts wehltypst bverbeber skiowinftoodrive the

nmesenc and/or T-cell” progenitor or thynmpcyte. In a further

aspect, t ipeoduntient obnomcal/ad@sﬂafwlﬁ shymis epithelial eell @éﬁfér iy thynig ofgenr e
thym c epi tBeI ial cell froma TEPC, which nmethod conprises culturing the
TEPC, 25 GHU¥¥Sconditions which pronote renmoval of an inmmortalizing agent
and/or renoval of a differentiaton blocking agent if appropriate, in the

presence of one or nore factors supplied by or derjved, froma, nes
cel | and/ diffgrastiatiopof dee TEFC ©-9 Hipkbegrtisal Pl @ﬁdHh%f‘ﬁméﬁ F?'Q?r%'ﬁf IE/on of

rodul 10+ y Ry ARe oA Fub Py fie fftoliftbRn8 TEPOYRR 6 shoshipfrioredt of

maj ority Qqfucldi€ adidR¥ezjusigebe caused or all ovved to adopt mature thymc
epithelial fate. In preferred enbodi nents, nore than 60% WO 02/ 051988
-17 PCT/ GBOL1/ 05780 nore than 70% nore than 80% nore than 90% of the TEPCs

di fferent i'l?r]gﬁ@c{@@a@%@ﬁﬁeﬁ@’rﬁb?|rﬁﬁb|f$}ﬁéfféﬁtiaﬁ6h b? pro‘i@@lﬂ‘ld prelifergtion. Suchat

may cause erentrate’are t proteins (Wtl, Wit4,
Wit Sb, Wtglabtleid beidBa&ydentel yagfaffechitbe n‘mn(rBNpQthGBIVPH)CVClehe"Ff@ﬁYf%ﬁPy of

Fgf 7, Fgf8, F 5 Th hod TEPC,
DT o o 1 \ankodRNERT bR BUERKOAGE BeaeneS ey combleE o o Be e bortfdl Bferhefte -
agent have{Nl%ﬁrlgﬁcﬁPﬂ&Egtlo% fiRhiot tlc)n Wulf‘ﬁér%ﬁ'h)érﬂiﬂfer@ﬁhétlmtﬂé h&sEEEPC to

progeni tor or 't /or 1) one or nore factors secreted from
rresenchyrrquoceédis thym)cyt es, T-cel I progenl tors, T-cells or vascul ar
endothelium It nay conprise cul turi ng the TEPC with a fibroblast or bone
marrow cell. 15 The nesenchymal cells, T-cell progenitors, fibroblasts and

bone marr opy& RLERIHRNC Rhch BResi8rdifa@ntiaton of tepbsl rnay caleé kuppressiopravi de
a honogeneous cell popul ation. The nethod may r| se dete
di f f erZént i ablaten off Ew‘rr@wgrq%m tq'ferd'%w@é?@ |‘°d§‘? ?fet RG TR g%*’?ﬁef’?%"%m .
Cor 1 ool BLuaRh I b RE i phphlopd ] Shpdbuaiias wihoRKiror or
expression. The nucleic acid may cause conditional suppression of Foxn1 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 so as to functionally replace 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 to a TEPC genome 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 functionally replace the



expression of MVHC Class Il. Medullary thymc epithelial cells may be
identified by their expression of epitopes reactive with MIS10 and/or their
expr essi aRo@biodks Cl ass I1. Binding or interaction of 4Flpand/Bon/oiEs10
and/or MHC Class Il with cortical and/or nedullary thym c epithelial
cell-types may be detected in accor danﬁe 25 with any of the nethods

descri bed el sewhere herein. Differentiation may al so be detected by

o LSRRl o) R S B enciEb et
cortical Fad}%gfaéﬁpg%! RENAHYAPHirahufbrg ebdiené iRt the THRO gen6eNARGA Whi ch

have undergon erentration to a mature thymc epithelial cell-type.

-Such sepagdin anayreye ¢rqpndy, RACBAYebg. a wilthtypel BEPEs @anome vdtieh del then

and/or anti MHC Cl.ass |I_-and/or_ adhering i I t 988
"8 PeT) G8SHEISSB T ot o aaround o TRE £y fdhsoBnBtupy BRABATRAR L
‘anti MHC ddcRsthat FokATixpldssash tsheiversibly Albigtedat Tiviel iay tieeachieved! byethe
conprise separating ' undifferentiated TEPCs froma culture containin

. g
TEPCs whiiotiothustionuatiar sfopecasseite riater ther Fexn{ @eaendownstreainpt theiraxal’i al
cell-typ

. Such,. rati i %};%%Q S24,
e.g. usi ﬁba'ﬁcﬂﬁpiﬁi%’lt%#r ﬁ&c@%p ?ﬁ?%&%@‘ag?%%‘ﬁ%% FEQ{ q’% suc%?(?%g%%i t is
expr essedexh1TERTdagion) aindThente TERGI diffepentiationalto qgebteed.pEsis oraysbeh t hat
the marker is removed upon rempval of th |r|1_m)rtall ing a e{}?t andl gr the
di f f er entachieved vsigaithegCeybaxP systamwer g*'epur'n F?%‘H“é#"?geb%ﬁ Mireh § & d
MI'S2 or__ej I ; AL ) ; i
det or 1 ndrEapPHasi s i, AARRu S Forh PR iER5gT¥afRleer o dokted by
further appeptraduttivh inteethei PEPExgencdimet of aucteicuaeids pomprising tdoestratctscel |
produced by a nethod of the inventi og__zmgnd tsg_ absphar.mac ut i Carlle CP([H()O_E_I tion,
rerl cigerﬂqsﬁﬂ%tocﬁx%@ﬁe?m&%‘%ﬂﬂ& b'ln‘ﬁf?’? s %‘?ﬁiiln t?.e?’ip. %Ehpz]b ePtl on
al so Beépﬂs ; i iRy ati 1o
medi cal tegrﬁea msFll ?irﬂg’au‘?r@%t ocﬁcorrporal"fsglen d%;ﬁ ni stratlil‘lgEF%)ghgﬁﬁ a'ce! | or

conposi t i constructs eratoding a pratein aragesteapable of sdauestetiogi fkax il witvin thersath ¢

i ndi v{éjual , ﬁng far N h%.t r%at ment of Di George Syndrone or the human "nude"
condi 13 orAndthuSsenasHag it MACYEst oni se t hynus function and pronote al |l ograft

acceptance e.g. in bone marrow and organ transplant 20 patients, to the
use of such a cell in the manufacture of a nedicament for admi nistration to
a pati ent The.integtaticanofinhgleiccagidtatemispeeific tpginty issther He Peng@siorpa yhay. be

hugmens | ROinE Ry SBareeBramtiid ORI B e b Ak RRvel, te
i n bone nRGEEWARG PRAABe iNGIER] a8k PALLAIN htegrted transgeridioMatériatalinuy a

phar maceutical 25 conposition conprising adn xi ng suc_B g (fell wth a

phar n2@ eumiedrndsyfontrangfoaping ERRCE vt nudeinagidargdessribed elsewhere 8ethiMat i on
and adm ni stration of pharmaceutical conditions is described el sewhere
herein. 30 TEPCs and/or their progeny, cortical and nmedullary thymc

epi t hel i abiffeebhtsationesf TEPOs ¢l corical avinddultary tiyyric epithetial @e)l-typeswmayibe vi vo

or tnvi tcrigtéctperdok\)lyl/ 2;13 r(;ft fe %egthhc}gg dcescri\é\ie)d %%s/e(%vsl"\legrg%e_rell%.

25 In certain 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



PCT/ GBOL1/ OS780 function in vitro or in vivo may require renoval of an
imortalizing agent and/or an agent which bl ocks differentiation of TEPC
fromthe WERQ/05P88vi sion of a thymc function in vivo requ@CREB01/05780
transplantation of the cells into a patient. 5 For an artificial thynus in
vitro, the cells are cultured in a nupﬁggive medi um whi ch may additionally
conprise one or nore other cell-types, €. g. non-epithelial cells of the

hasmat opoPerntrER e a P GRokbraRre el et i ioth 2o8BH0 SFHiBhst o oun
on a sol i gelfs)ppembryaii¢ thymiepithslial oellsPbr rahdhial awhadellgr Thé fisioblast Bgnels may
be detected by the ability of 10 the thynus to cause differentiation of

‘haemat opomayike teansfeeted sych thattheymaress Jehenigencsehgedings snesificarewthat ur e
CD4+ or 0rTceIIs. Mature T cells nmay be detected using | abel ed
ant i bodi es"agai nst Cb4 or CD8, e.g. by using mcroscopy or flow cytonetry,
‘as des®&ribed el sewhere herein. 15 In a further aspect, the invention

t herefore Rrovides a et ho energtiqg$ﬁn artificial thymus in vitro.

hod of .
The net hod @cﬁﬂi?ﬁegeEE%%WﬂPH@mg"\bB% PHY 0Bt aR §MLNYQI € AntioMen ey
thym c epj i i i e Al i or
al I>lovm' ngpimh@ e'?%n??@%’%%d é?bgap%g%rggmlﬂm# ng?a?re%@%?js@%e#ﬁg& hgt'ghod
may conpr imaematiudnranespiiotioab! f thercefls iraan @miryosiorthgmius rage tdissoTERES frait h one

f l.ied . i ved, f I I ls,.
Pyhor d B gaRtHes BBd e TRECR is8BlediSt e S h Ehlaipscsioe dctybiamGell e
of sugh CSbf@g (E%@@%B?ﬁem@éd%ﬁﬂHﬂtWaﬁ@pﬁHlthﬁEﬂCIﬁBﬁo’tMe"r'ﬂ'ny?ﬁi%,c‘é'll- nor e

of said cel 5 The 1 hvention al so extends to a nethod of producing

mat ure T- typlessthevhboocinpalandibodigsMES20 @apdtMTE 24 naydss used/ Alterngtinsiy bo

rogenitors/thynoc wth an artificial .thymus.of the inventipn. .HSCs
ey A0S BE e Ty ey, bRdsBhled Hoh™orh By ool Haubtilis, B 548 g
standard saebﬂémugﬁg\g@h{ sdat@_wpafa?nét_@%%@giiéﬁ SATEPCE b stie selSetibn AWbidd OPSy
followed by e.g. FACS, affini purification, using antibodies 30 directed
t o appr opttieapetentially rastivating effgels efetionoglongl matibedies ang thaseby hels 8 n t he

mat ure-T-cel |.S. (G - 20,

o) i BRRBiBLTEPGs 3 ph (bl Rl ER Stars A LrivER o B sblien 7RG usea
t 0 restorgmayibe g8l pPOVitralfrony Aniltipole st arigestordiells delgl EShesiB. | nune system
has been suppressed, e.g. with cyclosporin, e.g. by cheno- and/or

radi o-therapy, e.g. to reduce the likelihood of allo-or xeno-transpl ant
rejectiongnLQr;: n'apmd i f i 5 Lngdi Vi e.g.
donor - deri-r\r}gd'sbgaéfé%%?pg umo r- @gt@% icfc - C@W‘SPH@P @gggﬁgglhsgﬂe#ﬂﬁ %érfl(gr
parti cul amagmambatigre enbros dret iembryes combaimirsg fargigneorgeatercidgalist musteic Ee{cs
extracted frgmthe thynus of the intended recipient of the ture T-cells,
or " agdbe W trcabsansfiantee oTERpoRding viduvae elicort AT PHOS dLE

reci pi ent I i o I mm P : r ant
of the ti Qgﬁa’églbg?ﬁ?n’gbﬂreg:éllﬁg @r??i%blfﬁu@iertal n e%o%%}ﬁrrgh)tas/ of %eﬁﬁeg%fon,
t he TEPCstmtertthio marts.f ltanay cohtainuslemsgnts avhich pradiider @ phenotypic effeet in a

di fferent .indi,vidual s .or two or re specie Ln.this way., the nmpture
T-cel | s phiGd QMREraiEeltyRes I walor niethed of MRV thsadablit; ofan,,
mor e i ndi Wofhtai STEPC RAGY eéom%ﬁsér hédgnta@ihghaire dreasior Corlthe OTEPTUSHfesa | f
the T-cells are for use in allo or xeno-graft patients; the T-cells may be
t ol eraht polypuelrotiderbasedhiabibitypromoting agrnt. Materials and methesisfenintseducinghnk of
cells cover,i . i i jhilities fromwhich an
appropria é&lgﬂ:o?%éwgﬁcegé aﬁégggggoér&aﬁglé“’ﬁ?%ﬁg ‘patient. TEPCs cells
derived fromone individual may al so be altered to aneliorate rejection

.when they_or their . i ) i
The identity of isolated cells as TEPCs may be confirmed by analysing expression

by said cells of one or more of the following markers: Foxn1 (formerly whn/Hfh11),
30 Pax-1, Pax-9, Hoxa-3, keratin 5, keratin 8, MHC Class I, epitopes reactive with
MTS20 and/or MTS24.



20 progeny are introduced into a second individual. By way of exanple, one
or nore WHC alleles in a donor cell may be replaced with those of a

reci pi entwoa2@s198y honol ogous reconbi nati on, or augnent ed poTtdBoifsme of a
reci pient, or donor e.g. by additive transgenesis. 25 Further aspects of

t he present invention include a T-cell  produced by the TEPC derived
artificial thynus, and a conposition, "medi canent or drug containing such a

T1Ca et hirkers manhedioler@aianspTaing teany Biatadd kiaatd 1hoessghip 8 Aand
" - . ! .
the use ﬁf@f?é@cw g?eqééd E),ﬁjgr%rrﬂ@ow;é&md&ﬁdi% rAerABE} EapEAE of bPidRY @t i on

and adm I"on euti cal conpositions is described el sewhere
‘herei n. & rutleisaagit esetpsencebedcodingothe ararket, thel speciiagpndingi mensleroxnl
activity is used WO 02/ 051988 -21 PCTI G, B0l ./ 0S78 . i u TEPCs.
This can wawnwe'av%waﬁml Pr 8?p¢§:§rr?%-ryﬁ{'9'§ s‘ﬁﬂg%%ﬂ%ﬁ%‘g‘&% ggs%n or
wviral gr W j ithaspeeificly fiok tHiViudeicakid sequencé or the

ri bozy?res'?ﬂrﬁgﬁ%%wqgﬁ%%%dyn?ﬁgwc epi tﬁeYi al cul tu?es,, or by ot her

sui t abl e peEgpeptids ¢readedbydt. #¢ spaaifit kisdingrmewbey bay adrriaHar sRESficity der yi ng
a conditignally 5 inactivataple Sv40 T. antj g i I s (eg
retroviral ed@la?/'ﬂﬁ'ér@ﬂ YHEeRBy? g?nﬁg??%gp'@% @a@%aﬁgé&géﬁﬁssréﬁ 'Jégéé ﬁgy&Hé'e
strat egi eép&?%.oﬂltré@néth/%_lwsé? sPECIfIEARNAC for the markdr mayWeatietected eyeits s
from TEPC 'or TESC specifi’c genes are used to control sel ectabl e nmarker

expr essi obinding totspebifisxdigonycieptide primess and amplifigation iR Bnthe PRINTNERRSP he

resi dual organ_specific st ; i C e
based'on FEABPOGITbIC GretEieiboE inhBoRe BIdERT A e BeFeR P EAS SRIEC
Agg} n, thVﬁle?”n‘g:Sbfﬁs,Qq)QQ@)Céhdlg\/lc?lbeulee|O|6niw'_:1t b Lebavatory )szmtmtijchgdmgent s,
and/ or reverSible suppression of Foxnl protein expression, and/or, .

rever si bl Sambnoek and fgﬁsg\h 2101: Gald ,SPF'BQI"XQCBW B?g%ﬁg?%tﬁgﬁﬁﬁ' /g'%@%es A
functional _an i i PE O TP pEbit ¢ i qQHbIPAL

pr opagat eLabogr%ﬁ'rgrl'@?m}éég] Flig{.‘ﬁvr‘{ég %"Iﬁ&lgﬁﬁ?‘oﬁ"gr?ggéﬁgg %@gt\]/dl\@gﬂg‘rf ici entory

pr ot ocol spfégsg,t he derivation, growh and differentiation of TEPC |Iines and
for the use of clonal TEPC lines to support T-cell devel opnent. 20 Since
cell MPnes are easily manipul abl e and can be expanded at will, this

provi des gionifical ' nufBErof fechnidilds known in the

di fferent Z{ﬁ?’ﬁub@?%é?gtg‘?('g@w\%%?ﬁg@@Bg%&?m He Cl5| tp_rce of é?x \?i vo derived
thynic ti agugualit&iR@ or quemtitativet misraction betwernviberapecticibinding meypber akd t hey

present the capacity to routjnel enerate in.yit e..Jz P

repert oi r 8 Markar My %stagwgfrtzyﬁﬁﬁelﬁ&@{hqrggag\gt aﬁégét%@ﬁq]laggFaﬁLdetgpr}%n%S
reduce infieeti Qnas&h@irethe ®hBE dinich By Havatygentimmstliiidd 6g al salidspippartat i on
of Tdepl eted bone marrow. Additionally, T-cells of particular specificities

can be0exeay dycdising esehosdaryantibody beund se avsolid syPraert dnterackon bEMGRN 3¢
generating, e.g,. donor-derived recipnl : ief 2 Sedior
donor -1 yn%hﬁ%‘?gg"] g e %Iag]?ioacﬁﬁg@%&érés)é%%?ﬁ’éﬁrme thSy be dRetdcte
pat hogen- $p8pMW & Errfé@f'yl sfortransplantation into i munoconprom sed 30

pat i ents.%QEPC I)ﬁne- based thym can also be used in conposite organ
grafting protocols, which increase the rate of T-cell reconstitution and

P e EISk st ERR CEARRLEE 8 B RUR W& eStablicheid® DR BiBtéedisi e on

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 Wiley & 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 fluorophore; Cychrome) or PerCP-CY5.5




-22 rcT~csotins~so Further to these benefits, the reversibly imortalized
TEPC | ines provide a robust) easily manipulable in vitro nodel for the

i nvest i gavomossgene function during thynmus organogenesi ®camaBoTosmsb |

devel opnment. This will have application in identifying genes with inportant
roles in these processes. 5 10 Aspect sv\gnd enbodi nents of the present
invention will now be illustrated, by y of exanple only and with
reference to tge follow ng figures. Further aspects and enbodi nents will be
appar ent 1BBIRJUOTRN9™ed in the art. All docunents nentioned in this
specification are incorporated herein by reference. BRI EF DESCRI PTI ON OF
THE FI GURES Figure 1 shows an anal ysis of _cells grafted under the kjdney
‘capsul e dDthendeateriats a(wd)m@li\@ds fomr sadatina TEE&S| "@Vdﬂ@'Ud(BU)‘aEEQt'%SWGSO ] 24-

(2 (o) GeRansan o anaraadcel, 46 2% L8 Mg RlpTreb b s By T O
(e-j) gMr 339éﬂ|§§1h&9ﬁ'\hﬂf9§ﬁﬁﬂ0éé§hﬁd% P@émgﬁhemytbaim@ément(fOortﬂcEaIlhyrﬁg:)

MIS10, (h) Cl ass , secondary Ab onl é ?aéy
cytorretrleplmleaalysﬁ!ls mayclee |Iabe"edd»véh 1faraﬁnbnﬂ'52©mp2han€énﬁ yiasy thyBicded

th CD4- 8t. t
bopul at | JrUMERRCoalTney BB abicth SpERstiaf VG Bhess REPeCAtantpBags T8
to graft site) in (c,d) to filter nmarking graft site. Box in (c) is area
ﬁi‘i,““l'ZE ﬁéé&@u?u%%éééﬁv”éiﬁx'y%& Pell 59805 TERSGD 2169 S ey 8
cel | W i &owmw@gw@%@ﬁ £ ShadiufP Y ELvAIMETHAIRE DIMENDD

nude ce e grap s di l'ow cytonmetric anal ysis of CD4+ and CD8+
T-cell pO(@UhWéblérf:somnStgma)l qunske moetis roBy Wen sbpplettanted cwitlyraiet ot mpreh 500
MIS20+/ 24+ cel | s; ude m ce rafte w th th s.|l obes;

(e, f) nud%ofPrP@'é"'Qﬁ%R'?ﬁ d\r/h'qrn the g SRRAE H\%Ofr BEE,@PBBWSCQ )Ogu Wﬁfg

| obes; ( ﬁﬂwaf Afls "DMEM3h&Ebe 8 I&nérﬂéd'vaﬂ)hOId
cells gmmeégfgnaﬂﬁt%{l@é i é)!ané‘%ﬁDﬁweX%r DREM3! )fé S) 2 oy
CD3, CD8 engoeamirenf: grutgmmae safiem mwuwecenm@geerwal Iaymph@cw5cémt§l ¢3lf t he
upper right ﬂ{Jadrant of eac rano Mce grafted with MIS20+/ 24+ cell s,

WO 021a 18858, £5d W@UEPI?‘%&% n=7: mice grafted with whol e E12.5 thymus

| obes, n=7; mice grafted with dissociated-and- reaggregat ed E12.5 thynus

Iobes, n:9; unmani pul ated mce, n=15. Fi ng 3 shows mtwggr ation of the
LoxP- f | anKbe TEPADpapulationgmay begnaiptained Rrsseding Pzel&s p goated with

Kk d- st tt to the F
ont rol - oPxieiarstor g o BnsAReo et 3RS e R i ergliiling
noncodi NgmaAEcohpdREREE fb.§OlamiRiInS ChbRagEm P(iv) Q@elmé@wtmgémedon welisie
SV40 Tag | RES Pneo cin resistance cassette. Transcripti o Eaégat ed

at thEOpocweéwltfatrl‘aﬂfatgdtfée@@fcpqllér fritharagiated fityeb HS%&QNH?

t hus the | ted.
ol s i n TP 06 P DRE 1 e aieigitg WrotnBlihe 6erte MiAFEs BORIRled ARARNT

t hat woul gopglatian by |wVQIEd§'£FF®s< béfae er iaftepthenséeding bfthevaaisTag. The
construct used for gene targeting includes an additional selectable marker
under a pronoter expressed in ES cells which is deleted before use of the
targeted geld s, r‘ﬂf& hSplt tﬁé‘gﬂwserﬁsnﬁ/@h i&n Lt?r@dldéé’ratTEPCt ¥hitgt hag Béen
strategy may contain an intedrated, Inducib Cre transgene (not shown), or
Cre np§ benaistaineer inda viablehanddfegentiadedState) bysarw eneof theanethods| diseipged
expression construct; and (B) After induction of Cre reconbi nase

expr essi oRe&iMe LoxP flanked cassette i s excised by Cre-nedi at ed

reconmbi nation, leaving a single LoxP site in the intron. This restores
.normal Foxnl expression, and renoves SV40 Tag. Cells therefore undergo 20
dei mor t alA reiatednspect inadT ERGmentainingheteropenesis audeigasid whishi promsites

DG Akl Hlabi Be R yling i fileris duid ik BT RL| il YeSerbet 2 20°
for i ggunefdewticrs CRarem, 289, a transforming oncogene, which may be conditionally

inactivatable.



flow cytonetry: MIS20 and MIS24 (both rat mAbs); 4F1 (Ilmam, N. Dev.

| munol . 2: 161 - 173 (1992)); MIS10 (PharM ngen); anti-cytokeratin (rabbit
pol ycl onayoanisioss WO 02/ 0S1988 - 24 PCT/ GBOL/ OS78U ker at i n pCDadk®®1/05780
Corporation); anti-MHC class Il (M114-biotin, PharM ngen), anti-Thy-1
(T24, PharM ngen); anti-CD4 (GK1.5, PE é_onj ugat ed, Phar M ngen); anti-CD3
(14S2C11 Cy-chrone conjugated, PharM na; n); anti-CD8 (53-6.7, FITC

C Phar v nottie myenton diher vl €08 bRbfns SRR GRPLfon IR RBETR grug o,
cytometr yTacgfg?PéBd#Eééiﬁgn BBRDridRigea TEPECacsbramigne tigepiesent inveatiof| Jse of

(Jackson or goat anti-rabbit FITC (Sicﬁqm%{ For i munohi stochem stry,
sunconj ugasusth nFBERCwscompsisiiionda awsethgdof madical treatment, apgethod campriging

donkey antj-rahbit HRP (Di i r t avidi ;

(Phar i o atnlaucE £33 6F SRRl & peleh (R odetie ymic,
“over nightfynéfien iﬁ‘h’rﬂétﬂgnﬂ&indfviddaﬁ.(ﬁ.ggot the tremgiment ofDiGeonrgs Syadiamenethe
enbryonic day 0.5 (E 0.5). Fermale ICRF nulnu mce were obtained from Harl an

UK and kepuman "megde’idondiion, ps i augmephoreusiprise thyeus fangtinfuarg pramote

Hi stolo nd_J ' C 1S4 ' I AT ed in
PBS and- SHBGIRLACHPERe Sl e maftol- B rga el pler® paflont Lee HAal Ol
were cut prRPC &ahe-ihvéntdinia thSntrajfactast eflashedieamesefdriagmsinistrationiteed
briefly in cold acetone and stai ned with henpt ox &{Xn.anﬁosi.n .gor

i munohi sPaignéng-galo 3R QFWQPaE%'&'tfPB\#? W@F‘Hgg?'&eﬁ MG U )’qoﬂd'?Pé 8@ Um

| ncubgg edsuhdddnRd HRRRY HRitPORYdd OEordifiofios fo abirene brusterpisRatryaiusi th
the 2 app¥opr| ate secondary anti body. Additionally, sone sections were

t hen tr eafundtion ahd psoraatieddiograft addeptdricsre.g daene marEw-a@ndorgan trapepiant

o ot Jpattents g e bHd 4 raakng:m PROMR S AL Basthn sy afbhihe,
0. 05ng/ m S%?’g ﬁl?ltig)nj’ivﬂfmé Iﬁ)ﬁ%rrﬁzgeﬁt%allggcadéé;?tléb%seidibién? VBHEicR 6€tarrier.

suspensi on ext ensi ve washi ng. S were released from |l ynph
nodes and adul t WO 02/0,1988 _25 PCT/GB(11 /0a780 thym by passage

through a_70 || strainer. (Falcon). Cel i - i
PBS! 186 FRaAHTaGRttcRb FoRwoRtias ACcaing R ibg ATRSEUNEAR G gt &M s,
stai ni ng, a(e@ddrhéna@ﬁﬁthttﬁ@@?@ééﬁmﬁ\)énﬁbﬁ, WAy BRpTIseCH adultibatothet gopation Cel | s

were anal ysed on a FACscan (Becton Dickinson) and data is presented using 5
Cel | Quest o 3ERGH, @ pBatnaceutically meoeptable excipient, carrier, buffer, preservative,

stabiliser, anti-oxidant or other material well known to those skilled in the art. Such
materials should be non-toxic and should not interfere with the activity of the TEPCs.

20 The precise nature of the carrier or other material will depend on the route of

administration.

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

propylene glycol or polyethylene glycol may be included.

The composition may be in the form of a parenterally acceptable agueous solution
which is pyrogen-free and has suitable pH, isotonicity and stability. Those of relevant
30 skillin 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.



For FACS sorting, cells were prepared as above and stained with MIS20 and
MIs24 foll owed by anti-rat-FlI TC (Jackson Labs). Sorting was perforned on a
FACS St arwboBeetess Di cki nson). MIS20+/ 24+ and MIS20-/ 24- celir&Bye0E780
collected and aliquots 10 of the sorted cells were re-analysed by FACS. In
all cases, purity of the sorted popul aL ons was greater than 95% Cells
Muri ne enbryonic fibroblasts (MEF) were“prepared fromE13.5 or E14.5

wild-type 15 enbryos stripped of their internal organs (including thym
Bnd ‘111 F AdmIBBIAEoR o6 pmBoBERR IR RE st Sty e RbRR K Bfareblh uen
G bco) ¢optal ni .09 : [T ' kLh, and
wer o har L2 BgRhYRch et dirithn 8 otnerae Ry BHSe oGRS e
. daés .CDgotmlable lmr@,?m,iamﬁugy poapHydeis\aay Qucmgroslic;med)ww, ﬂﬁ@bging@mﬁﬁﬁzm+
an +. cells fromthynpcytes recovere om a t t accarding to
the manufasbawoenshl ke aavaral’ TR AEkRameNol Slhiisiviea; i e AgAgHe- "
"MI'S20/524-¢opRdd & athiRisHaBiBAGH dEpBAY bRYHE natliFsasd sl drifyintieatbidifidrbing
embryos) as above. At E12.5, each thynic | obe contai s appr oxi rr]at_elt)‘l 5, 000
cel | s (unmatéd.sheesdeption ofppeatmerd0e@. MESIgOND H1, dosage pidbys witup the
MIS20-/24- cel |l.s.

popul at i 6ﬁSQ@§'WH®09®é§9%?$'EPr%h 'ﬁ%ﬁ%%ﬁh;@&%ﬁggﬁéhﬁﬁﬁ%: l)f)eg].c Eiaggey

capsul e grafting Reaggregate cultures were prepared as previously described
(Anderson, G Nature 362: 70 - 73 (1993)). The appropriate nunbers of each
cel | -t ypdd eempositiadmay be admipistrred dlenfooin Gasehinaiiomwih aieerdegatmants.r y

hear b Rifer'sBRulheby oo tadRpgy SEHBRARR bidd fe MMMPR] B aded) "9 o
capsul e ofEpEsh&y b@lﬁﬁrmltéwim@ aeatichhbp anaéthridges Rnowhdh (He2af51988 - 26

PCT/ G BO1 /0S780 of filter to mark the position of the graft (Hoffmann, M
W Proc. Natl. Acad. Sci. USA 89: 2526-2530 (1992)). The follow ng grafting

cols ( By YeigelioPEpChratinel iR daod WRANe BrEsEf InyBhficd ndf 0800
25, 000 cellloweldnerldausttito diffdremfigte0Ad d/itaturd thyhiic bpithelial eeliitypie, leagitintb00, 000

CD4-8- th tes. 10 Long te ts MrS20+/ 24+ cel] grafts 500 cel |
(n=1)15 SGRCeBkALOEduETa Sy RHeS cellod tah g dersriletion AP YHED)

1, 000 cel - =) n ANy n 5, 000
cells (n:dﬁc".7 %@Sﬁ\?ﬂ"éggﬂ‘%%@f ﬁ@r"a??%ﬂ%%gbhﬁ?@aﬁ us 2%%?8@?\5%2%??22) ;

1, 000 celBlsckihg agéftadappideFaten Alpharbtacebicaletdnspdsitian), madicanent ef dgigpl us
4,000 MEF (p=1); 160,000 cells plus 100,000 F(n=1).. Ds Lat ed and
*eagar eg!dhe iverdion A dheieloretratnpdss, i qstion Paneissterb TERE: Sheld s
plus 1, OQﬂo}\ﬁ%cgﬁémCm&QnQQQtW@dméréxﬁa%n oHABEIE | 2§ St B dHIcaIRyrRY i ce
were age matched and fromthe sane purchase group in all experinments. Since
| oss 2if capithelidleeliner ameduilanyrthunipepithadial eell. Suchdestoesomayhet suplied by

quantifiable in this nodel, .the input I+ n . i
over est | rﬂtc&ﬂ"egtféﬁmﬁ Mesphehying 'f(ie@aﬁﬁ?zgr\/\t?eg g? (g(iefﬂ'%z § ¥ tﬁ%&}t&%‘e
Mann-Whitney U Test. RESULTS 30 9. Ceneration of functional thym from

popul ati ons of isolated TEPCs _ L _
In a further aspect, the invention provides 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 blocking agent if appropriate, in the presence of one or more
factors supplied by or derived from a mesenchymal cell and/or T-cell progenitor or
thymocyte which promote differentiation of the TEPC into a mature thymic epithelial
cell-type, e.g. 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%,



WO 112/0S 1988 PCT/GBO 1 /0i 780 -27 Defined nunbers of purified TEPCs
(Mrs20+/ 24+) or MIS20/24- cells and primary enbryonic fibroblasts are

m xed, rewganespked for 1-2 days in vifro, grafted under teoa/dBodnsigocapsul e
of nude mce (Flanagan, S. P. Genet. Res. 8: 295 (1966); Pantelouris, E M
Nature 217: 370-371 (1968)) and left :‘\/ﬁ%_zt hree 5 weeks before anal ysis.
Robust grafts are recovered fromall N 0/ 24+ recipient mce (Fig. 1 a).

These grafts are apsul at ed vascyl ari ., and d.,to contai.n cells
oF Ty dnares fiader Ok Bnpie tyan 8005, e thanshs of S IRFLE olfRie e ol cn <
extensiv ; SoMTE: t k4 i ! ik e Rti h
graft (Fﬁa.a&[f[é?’?%ﬁvﬁi (P F}tﬁﬁ%@ﬁ% 3%%?2@2 Téh%&%éélﬁéaklsrgaﬂjb?éﬁ E.E'ibﬁowémé(}bgﬂggcnpass
.bot h 4F1-gresthei Wat famdilyWbspeotpinsi (Wotd, Vetds VW5, VInt10§),. th Pl fanyilyaefd

cecti ons Rieras QefPrRBrd) ical Bonborplam (el Jrater B8R Thy " posi ti ve
‘(Van mBnjk, W Eur. J. Imunol. 12: 262-271 (1982)) (Fig. 1li) and

B220-negative, indicating that they are T-lineage cells. They are found
mai nl'y wi Tie metihed ey gomprisesiuituriag theeBsP Cse.gongiremavhich thewpmontalizing ng i s

popul o | areart e dperenRafs PREGRb Goetthalifbedn KBl bt 00 i ur o

cortical (4Fl1+) and mature nedullary (MrSi10+) thym c epithelial |ineages.
Furthernore, MIS20/24+ cells or their progeny, can attract T-cell
progeni t okils and mesenchyeal eelband/or 188!ogenitHOrdhUnEcYterARd/Sr grafts

cont aj Qi ng, onl ri I i I j | ypi ent's
conv i 1 1 4o00 Tl S Bl Ve g, TP, 1
or MTS10. progeNt&ia0TLcxs aredabculac epdetheiumno evi dence is found of grafted

cells although the graft sites are clearly marked in all animals (Fig. 1
a-d). 30 To rule out the possibility that MIS20-/24- cells are capabl e of

f ' ' j | i ' |d be th
case 1 thoAERPREs BN e bR Es Sh et Re R A v Ve
factors for survival but are unable to attract T-cell progenitors,

MIS20/ 24+_and MIS20-/ 24- ft d with CD4- 8th t

pur f1%5d Thomershetyey e, Trodlbongendors BESBRHS phS DoF AN SEU% A% cal
anal ysi S %é%@g%@_%éiggqlf@h%tca|mh&eeen figed b@vidéeahbﬁﬁilgr?gggg? gzn pepetatiencr i bed

above. grafts cannot be recovered. - cells cannot
therefore reconstitute thynus function, even when supplied with i nmature

bbovey i She Fasthod aros s detaihe difesp oty h8 TERG 1 Bl £ B3shb T
growt h angy Wn’ﬁh‘éﬂith@fialdééllg f@:}fcﬁﬂéél&h'ym apithdial EBlid! tayChe tiderifietiMyytisir O

epithelium since the MIS2 24- popul ation contains epithelial cells
expr e2@i ngxpregsion ofaeritopeast reastive caith dhe trheneclenalyantinedya4F brand/eutheir been

brs and SresRRAfMEIS ols at BREA iey HTRR BN Ry be ARy, o7 ©
ot ona e o b e 3 oDl AL o o o dovel oprEnt 1 s
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anal ysi s ehnbOMIRGN! BBl RO YRIAH doithBIAESHYFAihal be Uetldidd IMsbddanddial

the grafts supp progenitors 1nto CD4+ and CD8+
20 si gl ewjthsartyi ofethé-mettoals deéseribied telsdwiheérerheréinCDifferentialtd8 mayublsotle bei ng

identical to those within a normal] adult thynu Fig. 1k). The funct, onal
:oot enlt i al deﬂect%gwnﬂvggewlmrﬁtﬁm%ﬁ |%9§F@°fﬂh¥%ﬁ eg%-!sﬂéﬁ"‘t‘i%’s%%@’aﬁnﬁéortﬁ%

presence ] < s in recipient nude mce. In these experinents
25 | ow nu%%?g&%gégm%%e{ﬁégrafted under the kidney capsul e of nude

‘recipients, which are left for 12-16 weeks before anal ysis. Recipient mnice
receive grafts of /500-5, 000 S20+/ 24+ cell s . 2-2 rVOs: .

.equi val enﬁ-seﬁé?tﬁag 113y COBRItSEs e(§8%0 %%_rgt?@_éoggﬁlgn?@ ﬁﬁ‘?"h’gm%ej?hyws
equi vah entaiP frond badditure of WEREs Wield haly tingletgdirs differdntidtiopadta mtureand
CD8+ T-cell popul ations are present 30 in the axillary, inguinal and
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WO 02/0a1988 _29 PCT/ G B01! 05780 grafts (Fig. 2c,d; Table 1), whereas
unmani pul at ed nude controls have few T cells in these | ynph nodes (Fig.

29, h; TabWe 0ips1988 ce that receive MIS20-/24- cells fail tecyaBrioirgous
function: a distinct T-cell population is found in only 1 out of 6

reci pients of MIS20-/24- cell grafts (Jable 1), and may result from growh
of 5 | ow nunbers of contam nating MIS2 '24+ce| | s since 10, 000

MIS20/ 24-cells are grafted in this instance. .M cg that rec v raft of
di ssoci atieen @We@aﬁ etp @epolid SHBROTNIFRG %ﬂa?@ﬂ e@"&hgrﬁ Sdével op

ber | Pher nplofifida PABRGE! HRrhde.Y B4 O ricifed . nidy! dompAte da¥phitingE* T

cell pop ons ese cells have Treduced
“t hynus- gejmrfﬁérennatpdt'EEPCal frazmnepau&dret mmmﬁzﬁ’gscwhlczh hawe godegeonevel v,

th dat dicate the f h
1T or ont R BAUERAT ep FIAtIEe I aep el Fel- DR ok iaiBh ey dmBlay.  °
‘ther efgor %/Q@go%ﬁﬁm #ifig tM?S2b%dwm£4e‘gC@|s|rﬁg i hBikertingoflchd lrlifurtihee
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thym ¢ prinordi are speci fied TEPC whi ch are sufficient to generate a
functi onagertdmyenmsﬁ the RERG. such that litrisr expragsedERC TERLbibut Nt BYatHERItRYTBIE of

rowt h fact e TEPCs are enr chedfro mc
grl nor di £/ @‘J?' |L&p§ﬁetqr UGk, s e ETRE g '(? Peﬁﬂ'eocf égﬁ:')r?e”f%"r% oZrttg used
to sel ect; é&erﬂ%&/éﬁ th%”drff@ﬁéritr%tr@rﬁ rbrcrcknﬁgra@eﬁtdeuzm werei LirifiedDVEM
(Si gma) supp errente nmM gl ut am ne, nmM sod |U@@F%r uvat e,

Non- essenwittabothii 6 2@EngsM{T 8RB0 @itkier anBOOQrgalwegBHﬂ FR %@?MﬁXBFPS@A
S h f.act t | A
Scediith doragmuRaatReRoRsPary 4 feP kBRIRTSROMTR2LT" 2 DA2Weli bl ate

is used. Gowh factors are added every two 25 days. Once the TEPC cul tures

approach confl uence, the population is diluted wth suppl enented (as
above) ani variousurber aspectasioe inveniian e"ltﬁ@diﬁeﬁdf@%’ée y"f‘ﬁe‘é‘lﬁ‘@ﬂ% s is

assessed per hg?{,/gﬁ) gymgmdmngﬁ f SiHdYio & ;ﬂ%rﬁ}ér&”ﬁ éryc&mﬁogﬁaﬁ

expr essi egnsur e nai nt al nance of t phenot ype

Pr epar at i pladfamehtpdiug orzstilel ESBpbsition com&as@ﬁ $IRT08 8el sm@mvem aAs@B?BU

A) Transgenic ES cells are prepared in j.ch Foxn &L res
condi 19 onextepdsitn thecdsaof %‘éﬁf"g@lcéﬁ of ﬁP@@PﬁF'PBd” &mgthog Qtﬁeﬁmﬁf‘t"l'

antigen p] us e trtfd??t@‘ atldhe &gxnl

transcri p{o%wgﬁl'ocfé&ﬁbﬁ?—]qga@fﬂm%ﬁgt'é BQS@%SE% taml ng tecao‘;hnl ques are

used, andidrestoréthymlicabmetiopsn anathymic 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. in bone 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
fenction 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



5 targeted. As discussed el sewhere herein) thymc cells which are unable to
express Foxn 1 (formerly vvhnlHfh 11 ) cannot differentiate into mature
thym c epvbhebi@ks cel | sub-popul ati ons. Suppression of Forot/agpopnEssi on
thus leads to an arrest in devel opnent at the TEPC stage. 10 Foxnl-/- ES
cells are injected into wld-type bl asigcysts and transferred to
pseudopregnant fermale mce. This creates chimeric enbryos. TEPCs carrying

the LoxP-flanked SV40 T antigen/sel ectabl e rTFr ker/ st Oﬁ .casset&e é\[e
obt ai ned functiorcis vitieor &1 kivarpanreauitgemovalgr g1 inorighizing ggegt gpg/or an
sacrificed and thei g tehedbBYisiod-St #¥Ryrhiccat i on
usi ng form VHH%' b[oggg%@%régp?grﬁp%%fgﬁgsfé%%hg*g@a{e d%sésoci at e% to
-singl e celuhctiors PEVISH Pequifssttraisplentatiors optieccalistieto arpaiiénted DVEM  Ant i bi ot i ¢
is added to the nediumto ensure growth of only those transgenic cells in
which the Foxnl pronoter is active. Candidate TEPC |ines are characterized
‘Phenoty pi 6414 YaifBANTRRAGH O, Ntdiesk eoiiYESR0a AOIVE BRdiumiwiatheray

mar ker's expressed I n 1 Gs as 20 appropriate. Lines expressing TEPC markers
are sel ecadditibroallyfcornprse pnemagacieodtheByelltyresn &tg. vainyepithsligh Cells of the

Corker anvetesirenedBer BRI b, hRlsST R Ryl eBuofEli iR aRiidele Y ©
and a tra%\‘%ﬂ?ﬁ'@lIﬁ%@hﬂﬁﬁo@eh%&élh@”ﬁ@c§}é4@|a'rr bRngiogenon egsdliat suppoyt t he
er s I ntroduce s

Tet prono into the sane ES cel such t hat Svdég,_'l' apti gen
expr essi omatrix. | Prduetiobpf g fanetionat artifisiat t1ynus may bedetectedbysha pbiitee’ TEPC

lines are derived as above,.. upon .gro i I: 1! clin
anal e, theongde KoeAdEs cuTerSniiii ol BabBRR e SEh Tl sty Sider s
integrati &H]dcmoicf‘ tquHiee ReIIS RARRING Cha’ BOOTB* IToceils. Maturei Thelis may be
LoxP-fl anked se gct able marker WO 0210S1988 PCT/ GBQ1l/ 05780 .-31 and stop
cassette Hetectastusipg iaheledianfiradiesagainst GR4ms 8.8 S V$IRY MYFPSCAPUPE | and
a transgepe coptainin p- f T antigen regul ated by the Tet
pr onot er ﬂgwi 9rBal 'e% &%%Cgfﬁteﬁeé@é;bnﬁggg‘\éie\nl's, such that SV40 T antigen
expression is induced by growth of the cells in tetracyclin anal ogues.

Transgenic 5 mce are produced and backcrossed,onto a, Foxnl-' background
(i . e. 16ul tup. furthecaspaets the enwthnewea%héﬁ)w%\{'d%ﬁ)ér{"&'mff R}ﬁﬁ"ﬁ‘@g‘f‘gnﬁ'“

contai ning a. teflr clif i , idrl dfesrtrataser i ved
by retr ovgﬁﬁﬁc'aﬁh\’ﬁ%’k’\ﬁ]@rﬂ{fg’ﬁ P&&d@oﬁ ritéaerf c\ggﬁlbﬁpc? ar%yddi dr?lacti vat abl e
SV40 T anmidgilakpthpkiic EpiteeIBERES) whish papieatiofrERe been abteinediey eausing er
imortalisation’is achieved, E) Al terne*t.i Vel%’i”[)’%ggc lines are derived by

r et r ovi r aldllewinggdifferantiatiog of a laffonOTdgela alPy inactivatable SV40 T
antigen, and Foxnl-antisense 15 oligonucl eotides, to purified TEPC or
TEPC-enriched cultures. Both reversible imortalisation and reversible
suppr @gsi qmerhethodmiaycampiise iedadingsaidplifferengatiorey epntastingthed ERGSWiRt ur e

SVAD | ar s cxHIaTgEACIPRs SHERbed By o eiad o Saskepchifiel 5, PCRChFIpRIn o

di fferent ip¢5¢§+lntcog]i,, tggﬁoﬁgﬁ vh8éRanBhdbtRelidlosils, epmixteesadf suehl cellgpthe

i ncl udi ng "co lary thym c epithelial cells: Crepediated

exci si on ohethbd rSayloomprige co-culturing ERCe withine ordPREs PL3YP Cligsette, or
the separate SV40 |large T antigen- and sel ectabl e marker and stop 25
cassettes, is achieved by transformng the cell line with a Cre expressing

vect Ohs OrTHYindshiiotPalseexRnd¥toianthettidel 6f fRodutingnsateresT wiellsj whichenattipd.

Fol l owm ng reactivation of Foxnl and deletion of SV40 large T anti . the
TEPC | i ne dosnprises soetacting HHE spanskeriwapbeidirggsmitorsd H%‘Pﬁ)/g%ﬁ @lalnégﬁfﬁ}&ﬁ‘?'or 30

haenmat opoigti c st cells. and I J i, s
“thynocyt ed! y'ﬂ“?fcgﬁglﬁt'ﬁ\é%qﬁgﬁ' oélg?él%g@!vr?% @gﬁ?ls aI'%%gﬁérf\éggﬁB;émég hfﬁ{?c
epi t hel i alp|SepoPBBHE Adrti® ushgastasdarddedsninges wellkoowndo tbosesskilechindthgene

' WO 02/ 021988 PCT/ GBOL/ 11 S780),. - 3 lysis. If requited..
GG {1 or orar o ac BYERIGPEY dolkSHRS, B BohAR: SR Py R Sifg HriBBuies

30 directed to appropriate cell markers. Such techniques may also be used to obtain

the mature T-cells from the artificial thymus.



EXAMPLE 2 5 Human TEPC |ine derivation. Human Foxnl+/- ES cell lines are
generated as now described. TEPC are enriched fromthymc tissue obtained
fromfirswaoenesesser human abortuses by 10 fl ow cytonetry reI/GBoO1foSTH0t
scatter paraneters as described for nouse TEPCs, and re-suspended in

D-val i ne-nodi fi ed suppl emented DMEM and seeded into plates. Inactivatable
SV40 T antigen and reversi bl e Foxnl suggr ession is then delivered 15 into

he cul f JEPCs by additi f Foxni-ant i X | eqt d
Foxni- ant Mabfiee TrRSTSHEPEHGCHI Y Mo eresn Tt dagertsTray Bl mbao TGots Al r
or |i DOSOi'ﬁ‘?rhuHSiob)Eg%gﬁﬁn%fioﬁof%ﬂ‘iﬁhfvi&lalWﬂé'se FAMEhe spitai hasheentpBressed,

anti sense- Foxnl by retroviral or adenoviral delivery of a
.condi t i onalgl ywitmayciosporn e.gf ibye chemoP andiok eagiotherapy, &g.i geredurg the

I ndi vi dua), col oni es, of cells are, s | for. phenpt ypi S| . RT- PCR
and | mmunsiBe88 REIGer EnaarePiabd Fedon, 8 e BBPR A il ag BaftuRetial!

char acg er fodri iAdfdudilé. g "donbrerivied fé digicABturieu s pBaITicOT-t 8, 0gTIe2lioépddii?0 and
MIS24. Candi date TEPC are sel ected for further propagation and cl oning by

phenot ypefor partigidan prthogens.act eri zed via |ineage and functional anal yses
after SV40 T antigen inactivation/Foxn 1 activation, which is achi eved by
delivering Cre to the imortalised cells as above, and by w t hdrawi ng Foxnl
ant i senseAplarifivialthgats desy be gendratedfecin i RGOs extaagied fronathe. thpdublaf the al s

and Met hods for demonstrati on of ression of Foxnl expression b

ant i senselNigndRshiRARIeRt efcise mwgg%ﬁ, PoSAY by ‘gﬁ’f?éﬁmﬁ/’@@%@tem \égus
Enbry f QL. 1 : r N i ted
o B2, NG GmAR infendels et SpHE 1R RS Wy e 108 profided bl Selimds o
whi ch a | aay be dolegamteofhtie tissesi ofstha eetipient timeceRaim n{badimehtscob theuch

M et al | Mvapligari TRPGP Seiie aBteal dyBus e SeietBBABING P dhORy m c
epi thel i U%a?%\etjﬁetﬁsidaz%or?ggg g@@%g%ag@ mthmga MHeEmaRlrb o’ bddés 10. 5

of enbryonic opnent ay of appearance of a vagi nal plug
was consi b tes tHyonds mby b@ folgrantiodbeitidsseThetwd aomese aidividuglged species.

Foxnl- ant] N | i | eot. fl in.t d I
ror pinb1 GG TEBAALE B0 A RoPBSURARa N 1o B aRe M AL LB I .
Oregon) . éaﬁeﬁngme% hAFHR tBleraMsto/Bsth Iqtafleies RoSteA ReHer Bpisn 19td he
supplier's 1nstructions. Wl e enbryo culture and el ectroporation of

ant i senseeslabfjsmabarioof atds cEIEiR iAngees iNLBovginabeorppatibiliiesfrormdriche

nmuscl e and deci dua, wth t ent a . i_nt.aci . £ : ushed

hr ough af8 o te Sgopel O By A5 fon o iAG k0 AN PG R SRR Retieyor

sac and t feniahé MHiViaaar Rap\ub bElitefd ftgamielicatd rejctictmishgashpoe tidiaced

on one side in a small d({ﬁ%p_ of medi um Fl uorescei n-tagged Foxnl-antisense
0

nor ph3d0i npragenyaadnisedy toaseepadidivigual; By way of examplegieecvRrte ol
e ; . . _ GEFITFER . h
oron ot " MHEC AR b8 oot oot ek B ReBlabett it ASheTof BG4 B0, |0°

t he opposhbmaisysi’ rasombirationobr alyrhentediwithethpse efdreaisient bedonoike.gnpyect ed.
El ectroporation (2 or 3 pulses of 30V, 50 mlliseconds} using a BTX830

appar at us addiive g@nsgenesieonj uncti on with 1 nm genetrode el ectrodes

(Qoi ogene) was then used to introduce the oligonucleotides into cells of
the third pharyngeal pouch. Enbryos were 30 transferred to a rotatin

cul tups s¥srther aBjectErafithe eresent iGeenticndigeluderd Tv«tetllkpr@dencetﬂr‘:lmyytbeiTFEIQ&L

whol e enbrya cul ture medi um per bottle _.and a . continuoys supply.of 95%
oxygen. | ERBRyeR alicll Fimis,A0d aenREStR ragkament AT HikeSedmahing sush a
T-cell. The invention also provides 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 compositions is described elsewhere herein.

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



WO 02/ 051988 -34 period before analysis. PCT/G BO1 /Ca 780 Xgal

(5- brono- 4-chl oro-i ndol yl - (3-D- gal act opyranosi de) staining of whole
enbryos. vwohahiwes were fixed for 30 - 60 m nutes at 4C i pca/caohmwsison of
(0. 2% gl ut ar al dehyde, 1 % f or mal dehyde, 5nM EDTA, 2mM Mgl 2, 0. 02% NP40) in
PBS, and then washed 3 tinmes for 5 m néliles roomtenperature in PBS plus
0. 02% NP40. They were then stained for 12 hours at 37C in the dark in a

Ferri 232482@&%'@69%#@%?%%8  fopgued Bl PdGen o RGN T EIoB <.
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t enper at ur NP40, and were then re-fixed for 30 -

-mi nut es aibogmes, abduﬂnaﬁrmnwsmwethymlheeplﬂvabaledultufePBsr Byuether w)@hhm

d st d at 4C
cect  oni redss adpatied SYERTEY S BoERE S oS lERlnd 3 FORBEAI ocr
‘Conpound &'a%tﬁfalﬂ@b@%%@rrﬂ &tg;\eﬁrwrghﬁfarv EERE e FRIGS Gbd QBS0o0kal delivegy,a
cryotone 650 An?dl a Scienti ections were 20 stored at-80C and

ai r - dri edadarfaviral deliverpomay alsmbﬁgiu&ad as anay stjatpaies emplqwng the use of

i nut s tFRRTUGE AW Ordy g SRR ol Y BB e SRSk Aehs A see” 10
ability of c@Mtic?8BRetadle BRitkEl ©@resiont 0 suppress Foxn 1 expression was

sought via assay of Foxnl expression in cultured nouse enbryos. Embryos
obtained fromthe C57BL/6 x Foxnl-(err)gal +/- cross descrl bed above were

55 TN R A R BT g

nor phol i ngtef icams ualie Qiri dﬂerr@nlvmp@rmcanjbmbasled aandreaetleattdmof these

el ect ropor at ed and cul tured for, 30, hours, descri bed abo d of
the cul t uiesidyal TESC ‘@@E‘PV&%‘%tEy%tfﬁSHQdAﬂﬁ r}tﬁ?? BYWHNF COoR t'f‘ﬁ el’f‘g\r/]m ng

nor mal  deygh QRAKIKY promoting agents, and/or reversible suppression of Foxn1 proteln
expression, and/or reversible immortalization of cells, followed by phenotypic and
156 functional analysis.

We thus provide a TEPC population which can be propagated as clonal cell lines in

vitro, and also provide efficient protocols for the derivation, growth and differentiation

of TEPC lines and for the use of clonal TEPC lines to support T-cell development.

20 Since cell lines are easily manipulable and can be expanded at will, this provides
significant advantages over current in vitro T-cell differentiation strategies, which
depend on the culture of ex vivo derived thymic tissue. TEPC lines may thus prove

a powerful clinical tool, as they present 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 immunocompromised

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 athyfnic individuals.



WO 02/ 051988 PCT/ GB01/ 05780 -35- ' were taken forward for further analysis.
Initially, these enbryos were genotyped by PCR Enbryos that were

het er ozygQee209vgd he |1 acZ transgene were stai ned w th Xgalpctr@poemenh

bet a- gal act osi dase activity, which reports Foxnl expression (Nehls 1996;
Gordon, J., GenR and Foxn 1 mark early rat hyroi d- and thynmus 5 specific
domains in the devel oping third pharyng&d pouch. Mech Dev 103, 141143
(2000)). Follow ng staining, expressjon was scor lhsual Iy a ed
phot ogr aptRurtidryo tiess berefistbe revars b@@@@ﬁ"%ﬁébﬁ\"@ﬁi%ﬁ"@%@r ;ce?gjt%rgﬁ ed
hi st ol ogi cal .exam.nat.i i ; mg(,)&’hle idH dgrineRteyeRser ved
in both t AT mm@&%@’)@@@ﬁﬁ?@g@@geéri\%tsﬁg% enbfryos,fﬁgﬁzfﬁenbrg%sy _

-i nj ected/ edrgﬁﬁégé}%s?é efdW 1cBll tdeveopmierd!  Tinisphit| have appligatian|ieddeifying
Enbryos injected/ el ectroporated with the Foxnl-antisense norpholino

ol i gonucl eggriesewith upertantales INGRAESEPIACAPHS i n the thynic | obe derived from
‘'t he uniilj ect ed/ el ect oporat ed pouch, but very weak, or no Xgal 15 staining
in the*thymc |obe derived fromthe injected/ el ectroporated pouch.
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i njected/ e ﬁp@{ idoRatdif t6 Bgeodkilngy infthé iano All demmentsahentéonethus
20 i ndi caté'ﬁébg a t?ﬁ’@mgyé? gure Itself had no effect on Foxnl expression,

or on t hyninsthidespeloifipation argireosperated bewiebyseierensonst rat e t hat
I ntroduction of the Foxnl-antisense norpholino oligonucleotide into third
pharyh&éal pouch cells was able to suppress Foxn 1-expression, as reported

by bet a- ga PHESERIPEION O THESFIBWREEe 3 Devel opnent of custoni zed
human T-ce ITes. ring thynocyte devel opnent, the MHC |i gands
required for positive and negative sel ection need not be supplied by thymc
epithelial cells, since 30 fLi.0r BRLE chps B df YRdeGRickS can
nedi at e po@&‘—’a@i shaws3h aﬂaléﬂ#'gﬁg?é@%ﬁgﬂ]ﬁ%ﬁg@é @a@gﬁl s,B whi | e negative
sel ecti on mga? E 1109 METIS oy kgl lypate, (DREN 2\6-MEBROE2M chi} gaft sitel el harsatoxyiin
(DC) and ullary epithelial cells. T-cel &; V\gﬁ%/ 08%988. PCT/ C%%@J&?SO
-36 malSr aahdeosiarstaingd seetion ehgsaftiom @n@ﬂ hemsinydnen GPS'%%'{'E-
ggggrggﬁggtpf QT SHESTSRTE) (P WPrs3E - CeRibtaatained f6AR) BRRErdtinN (A1 Tgy el |
MTS10, (h) MHC Class II, (i) Thy-1, (j) secondary Ab only; (k) flow cytometric
analysis of cells recovered from MTS20%/24* cell graft seeded with CD48
thymocytes, showing development of single- and double-positive populations. Scale
20 bars: (a,b) 1mm; (c-j) 100um. Arrows in (a,b) point to graft site, in (c,d) to filter
marking graft site. Box in (c) is area shown in (e4). Representative 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 display 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; (c,d) nude mice
grafted with E12.5 whole thymus lobes; (ef) 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, ¢, €, 9) 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 MTS20%/24" cells,



5 Therefore, nouse TEPC lines are used to generate specific human T-cell
repertoires via a strategy whereby epithelial function in chinmaeric
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EXAMPLE 1
25 Murine TEPC line generation

MATERIALS AND METHODS

Antibodies
30 Thefollowing monocional antibodies (mAbs) were used forimmunofiuorescence and

flow cytometry: MTS20and MTS24 (both rat mAbs); 4F1 (Imami, N. Dev. Immunol.
2: 161 - 173 (1992)); MTS10 (PharMingen), anti-cytokeratin (rabbit polyclonal anti-



E 12.5 MIS20'/24' 1 /6 13 16 [7.2]e 13 [4.0]e cells D& E12.5 thynmus 519
15 38 [10]" 7.8 [3.2]" 10 cells Intact thynus |lobes 717 19 190 [29]g 49
[14]9 (2)whmess®s8 11 [1] 7.7 [1] Ungrafted nu/nu n=15 24 ptQ/GE185786. 4 [ 2]
15 Ungrafted wild type n=12 8.8 240 [16] 160 [15] a Gafts were taken to
have conferred thynus function where Tizcell nunbers in recipients exceeded
two standard devi ations fromthe nean 8 the ungrafted nude population. b

The unsuccessful graft contained 0
successf d(erghmeaI&ﬁQ@Oﬁ@wni@rﬁhMﬁ%@és?'\q%g&‘fP?t'"?’ %ﬁ?@ﬂgﬁ?gmbi ents
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CD4+, 4 Tor CD8+. g whol e | obe recipients versus ungrafted nude,
p=0. 0002 b@FMID@ﬁm) p=0.010 for . CD8+. Statistical analyses include data
fromagll mce in each group. SEM standard error of the nean; D&R,

Di ssocl ated and reaggregated; LN, node. 30 WO 02/ 0i 1988 "Z Al VB
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lated t t h :
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ronot i ent inhibits differentiation of EP to
cortical mmmghmlamhhelnasmg tummnwge;ﬁctrnéqbﬁmereéet%c 8%5'99 r%t’%l ﬁ’gﬁ'#]
Claiml, wherein | . ea I d
from 10e 6?'8 (5#%‘%9%?@' SDtb' (T:f?%é(ﬁ&s}ﬂ “%Ptai’@ﬁ FAC

epi der rral RAct or (EGF), | nsul in, hydr ocortl sone transferrin, high
density |1 poprotgl n (HDL), bone nor phogeneti c protein (BWP)2, BWP4 and/ or
BMP7 15 4. The nethod of Caiml or 2, wherein the at |east one viability
pronot i ng gent causes a change in the genotype of a TEPC in the

popul ati o . The nethod of Claim4, wherein the at |east one viability
pronoting F@&%& C@ﬂ%humemm arice wiese oagexhtogethercxernighty Thecbgeted 6.

The nmethod of Claim4 or 5 wherein the at |east ,on ng
agent 16s obfindingdhavaginahplug wasdasignated embrygnic %Yﬁ%<%$5;n§¥g%ég[§§’a ai s
4 1o 6, wherel Mitdwélb diiaRkd GRS HuaA Uk/and kept in ventilated, isolated cages

under sterile conditions.

Histology and immunohistochemistry
20 Tissues for sectioning were washed in PBS and embedded in OCT compound (Bayer

Diagnostics). 8um frozen sections were cutonto 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
25 appropriate secondary antibody. Additionally, some sections were then treated with

tyramide amplification reagent (NEN Life Sciences) according to the manufacturer’s

instructions.

Flow cytometry
30 Solid tissues were dissociated in 2mg/ml hyaluronidase, 0.7mg/ml collagenase,

0.05mg/m! DNAse (all Sigma) at 37°C for 30 minutes to a single cell suspension

followed by extensive washing. Cells were released from lymph nodes and adult




pronoting agent causes suppression of Foxnl expression

viability has been naintained or inproved by aprret hod acgorﬁi -rl;sp?omggfleone
of C ai mswd @stogg 30 9. A TEPC containing an i mortali zi ngpcancmgesso WO
02/ 081988 -40 10. A TEPC line. PCT/GB01 /05780 11. A pharnaceuti cal

conposi tion conprising the TEPC of Claim8 or 9, and a pharnmaceuti cal |
accept abl e vehicle, diluent or carri er295 12. The conposition of d ai myll

further conprising one or nore agents which pronot f
f
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gener at t
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thod of O aim 13, wherei h
el udes Getisenepysedonia Pia FACToR(BG3PB DK 2B date o eraP e s s
igrrlled 8¥H§r %ggg gyﬂﬁﬁﬁ?chynal cell or T-cell progenitor
I _ efein the viability pronoting agent is
a nucleic acid |nclud|ng a LoxP sequence, and the one or nore agents which

pronote differentiat f th

of restorFogFacsén?a%é’-%eﬁswtﬁﬁwéﬁg 35 ehiva A S Y820 2y 34 hod
compr S S fvad éﬁ rRgEhe | Q@@L@B& ) SSORAYTRRSpé fomidd ontdl BACS tadose
° har maceut i cal Sit

ccor di ng(BectGh@mmﬂaéo.@)r mszafslzmand\MTSﬂ 2t @ell’ﬁéﬂﬁ@dc%lﬁc&gﬁ@ﬂ |"?4{;°t3
mature T-cell, which nethod co ris @ A § cel |
(HS) 1o :Ofﬁbﬁ@ﬂﬂeﬁr%‘érﬂ/@r@r pRVEEH b FACEn AN AR LY of the sahedr
aP\d/ ore Irrg(ﬂﬂ o ly “P&?Hﬁl@r ]’é}e‘ngﬁtgtgolg of Caim17, wherein the cortlcal

epit i'al cells are obtained b
to any one of Clains 13 to 15. WO 02/ (151988 -41 y @ method according

Cells

A ALl

Murine embryonic fibroblasts (MEF) were prepared from E13.5 or E14.5 wild-type
15 embryos stripped of their internal organs (including thymi) and triturated to a single
cell suspension. These cells were plated in DMEM (Gibco) containing 10% FCS,
50U/ml penicillin and 50pug/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 (Miltenyi Biotech).
MTS20*/24* and MTS20/24" celis were prepared from thymi dissected from early
E12.5 embryos, as above. AtE12.5, each thymic lobe contains approximately 5,000
cells (unpublished data), approx. 3000 MTS20%/24*, or approx. 7000 MTS207/24" cells

constitute the equivalent number of cells of each population to that found in two intact

)

25 E12.5 thymus lobes.

Kidney 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 slurry 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 nu/nu mice with a small piece



PCT/GBU 1 /05780 19. The nethod of Caim17 or 18, wherein the corti cal
and/or nmedullary thymc epithelial cells are each derived fromtwo or nore
genet i cal Wy @diokfogg ent i ndividuals. 20. The nethod accor di rgTIEBENF780f

Clains 17 to 19, wherein a human T cell is ' 5 generated using non-human
cortical and/or nmedullary thymc epithelial cells. 21. The nethod accordi ng
to daim20, wherein the human T cell i‘%6'generat ed using nouse corti cal

and/or nedullary thymc epithelial cells. 10 22. Use of a ngn- hﬁﬁ%
cortical afditter tormoatl thempsitiepraf thegiaft{Hioffmanie M. WnPepe, Matk fAead o¥ciaUBfman T

cell fromgag,. . =4 I e“'gy r medul | ary
thymc epi@n%ﬁgﬁé@:ﬂ@m‘ﬁ% ﬁ?\@ggfgj;a@.g I ggg%)tp ﬁ?\%}reto g(r;])y of Clains 8
‘to 10 in generation of a human T cell from 15 a hunan HSC. 24. A T cell

produced by the nethod according to any one of Clains 17 to 21. 25. A
pharmaceutical conposition conprising the T cell of daim?24 and a 20

‘phar mageut éﬁShlt%rrﬁg?ﬁgg abl e vehicle, diluent or carrier. 26. A nethod of

restoring -thym c function in a patient) the nethod conprising
admi ni st er MTB205/24" eefiagrafist 2,600 leatlsdne2)t BOLA0ycealisf (et ).v MTDE/24f call T cel |

25, 25 27, OifimiZiagl eHsdr Ao B Gaibea” T ARTRETAD BB EETAThBRsds 25" o

et hod of  gpg LAERS 180/BRRLEBkIAnARoAREER! cCl IS for TERCS, whi ch

conpri ses: mai ntai ning a source of said animal cells under culture
condi ti ons conducive to cell survival, wherein the source of said ani nmal

cells '(gcl I:des ani malE cells containing a nucleic acid construct which
i nhi bi d n of TEPCs, and WO 02/0S1188 -42 culturing said
ani mal _cel NersRT4> R brdf@Ediedl (nThe 500 LBIEbInb 10000 MEEGn=1/800icalls

differentiation of sai is inhibited by inserti n%; a _genetic construct
into said phisn200,080IMERNINER);sLPRP osle plushi0BIMER GF1); 0R0fele RldSent i al

hucl ei ¢ acPB0BRARER T TAOCSBHY LEhS expressi on i n-a TERC of a gene
whose expression is essential to differentiation of the TEPC
15  MTS207/24 cell grafts500 cells plus 200,000 MEF (n=2); 1,000 cells plus 200,000
MEF (n=1); 10,000 cells (n=1); 10,000 cells pius 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 plus 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 experimental
procedure is inevitable but not quantifiable in this model, the input cell 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



10 31. A transgeni c non-human ani mal which conprises a source of cells
suitable for the nethod of claim28. 32. A vector for use in genetically
modi fyi ngyoabhsios® as to be suitable for use in 15 the nepbowdsoi/odsai m 28,
conprising a sequence that conbines with the genone of said animal cell so
as to suppress expression of a gene ential to differentiation of a TEPC
33. A vector according to Claim 32, r honol ogous reconbination with the

20 genone of said animal_ cell 34 ccor di for
homol ogouefinashmombears o¥f Pwifieds TES (U@%&OO&%)“ Oar{\?ﬂﬁé&gg pef%@%%%
vector accordin 0 t rth,ﬁtoFoxnl
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graft sites are clearly marked in all animals (Fig. 1a-d).

30
To 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
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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 MTS20°/24" cells (0.2-2 embryo-thymus equivalents per graft), 500-

160,000 MTS20/24  cells (0.7-1.4 embryo-thymus equivalents per graft) or whole

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" cells (Fig. 2a,b;

Table 1). Equivalent populations are found in mice that receive E12.5 whole lobe
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only 5/9 cases, and do not develop CD8+ T cell populations, indicating that these
cells have reduced thymus-generation potential compared to MTS20*/24" cells.
10 Collectively, these data indicate the functional as well as phenotypic maturity of
the differentiated epithelial cells within the MTS20%/24" cell grafts. They therefore
demonstrate that the MTS20/24" cells within the E12.5 murine thymic primordium
are specified TEPC which are sufficient to generate a functional thymus in vivo.

15
2. Improving TEPC viability by addition of growth factors

Murine TEPCs are enriched from embryonic day E12.5 thymic primordia by flow
cytometry. Forward and side scatter parameters are used to select the TEPC

20 population. Cells are re-suspended in modified DMEM (Sigma) supplemented
with 2 mM glutamine, 1 mM sodium pyruvate, 0.1 mM Non-essential Amino
Acids (GIBCO BRL), 50 ug/ml gentamycin solution (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 confluence, 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
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0210%8"16) i %‘%‘1““@&}!&@ Gre injected into wild-type blastocysts and transferred to
pseudopregnant female mice. This creates chimaeric embryos. TEPCs carrying
the LoxP-flanked SV40 T antigen/selectable marker/stop cassette are obtained
from chimaeric embryonic thymi. Embryos at day E12.5 are sacrificed and their
thymi removed. TEPCs are enriched by FACS purification using forward and side

15  scatter parameters. Cells are dissociated to single cell suspension, and grown
in supplemented modified DMEM. Antibiotic is added to the medium to ensure
growth of only those transgenic cells in which the Foxn1 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 integration of a LoxP-
flanked selectable marker and stop cassette downstream of the Foxn7
26  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, Foxn1 is conditionally ablated by random integration of a

transgene spanning the Foxn1 locus, in which a LoxP-flanked selectable marker
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D) Alternatively, TEPC lines are derived by retroviral or adenoviral delivery of a
10  conditionally inactivatable SV40 T antigen to purified TEPC or enriched TEPC
cultures. Reversible immortalisation is achieved.

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

conditionally inactivatable SV40 T antigen, and Foxn7-antisense
15  oligonucleotides, to purified TEPC or TEPC-enriched cultures. Both reversible

immortalisation and reversible suppression of Foxn1 are achieved.

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

20 Reactivation of Foxn1 and/or deletion of SV40 large T antigen in TEPC cell lines
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 rharker/stop cassette,
or the separate SV40 large T antigen- and selectable marker and stop-

25 cassettes, is achieved by transforming the cell line with a Cre expressing vector,

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

Following reactivation of Foxn1 and deletion of SV40 large T antigen, the TEPC

line is cultured in the presence of thymic mesenchymal cells and/or

30 haematopoietic stem cells and/or lymphiod progenitor cells and/or thymocytes.
| Differentiation of TEPCs into cortical and medullary thymic epithelial sub-

populations is assessed using immunocytochemistry and gene expression
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Human TEPC line derivation.

Human Foxn1* ES cell lines are generated as now described. TEPC are
enriched from thymic tissue obtained from first trimester human abortuses by
10  flow cytometry using light scatter parameters as described for mouse TEPCs,
and re-suspended in D-valine-modified supplemented DMEM, and seeded into

plates.

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 oligonuclectides to TEPC cultures, or by viral or
liposomal delivery of a construct that conditionally expresses antisense-Foxn1,
and by retroviral or adenoviral delivery of a conditionally inactivatable (i.e. LoxP
flanked) SV40 T antigen.

20
Individual 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 Foxnt antisense

oligonucleotides from the medium when appropriate.

30 Materials and Methods for demonstration of suppression of Foxn1

expression by antisense oligonucleotides
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with heterozygous Foxn1-fgal males, which are targeted transgenic mice in
which a lacZ transgene has been inserted into the Foxn1 (whn) locus such that

5 transcription of LacZ is controlled by the Foxn1 promoter (Nehls, M. et al. Two

genetically separable steps in the differentiation of thymic epithelium. Science
272, 886 - 889 (1996)), and were collected at day 10.5 of embryonic
development (E10.5). The day of appearance of a vaginal plug was considered
EO.5.

10
Oligonucleotides
The fluorescein-tagged Foxni-antisense morpholino oligonucleotide 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 Foxn1-antisense morpholino oligonucleotide (50
micromolar) or fluorescein-tagged control morpholino oligonucleotide(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. Embryos were
30 transferred to a rotating culture system (BTC Engineering, Cambridge, UK) with
one embryo in 2ml whole embryo culture medium per bottle and a continuous
supply of 95% oxygen. Embryos were monitored during the 30 hour culture
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5 Embryos were fixed for 30 - 60 minutes at 4°C in a solution of (0.2%
glutaraldehyde,1% formaldehyde, 5mM EDTA, 2mM MgCl,, 0.02% NP40) in
PBS, and then washed 3 times for 5 minutes at room temperature in PBS plus
0.02% NP40. They were then stained for 4 - 12 hours at 37°C in the dark in a
solution of (1mg/ml Xgal, 5mM potassium ferrocyanide, SmM potassium

10  ferricyanide, 2mM MgCl,, 0.02% NP40) in PBS, until staining was visible.
Following staining, embryos were washed 3 times for 5 minutes at room
temperature in PBS plus 0.02% NP40, and were then re-fixed for 30 - 60 minutes
at 4°C as above. Embryos were then washed in PBS plus 0.02% NP40, and
stored at 4°C until processing for conventional paraffin embedding and sectioning

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

minutes then eosin (Sigma) for 5 minutes.

Results

25 Evidence for the ability of antisense oligonucleotides to suppress Foxni
expression was sought via assay of Foxn1 expression in cultured mouse
embryos. Embryos obtained from the C57BL/6 x Foxn1-Bgal*” cross described
above were dissected at E10.5, microinjected with fluorescein-tagged Foxn1-
antisense morpholino oligonucleotide, or control fluorescein-tagged antisense

30 morpholino oligonucleotide, 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
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5 specific domains in the developing third pharyngeal pouch. Mech Dev 103, 141-
143 (2000)). Following staining, expression was scored visually and recorded
photographically. Embryos were then processed for sectioning and detailed

histological examination as described.

10  Strong Xgal staining was observed in both thymic lobes of mock-injected control
embryos, and embryos injected/electroporated with the control morpholino
oligonucleotide. Embryos injected/electroporated with the Foxn1-antisense
morpholino oligonucleotide showed strong Xgal staining in the thymic lobe
derived from the uninjected/electoporated pouch, but very weak, or no Xgal

15 staining in the thymic lobe derived from the injected/electroporated pouch.
Histological examination 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
injécted/electroporated with the control morpholino oligonucleotide. Thus

20 indicating that the procedure itself had no effect on Foxn7 expression, or on
thymus development. Therefore, these data demonstrate that introduction of the
Foxn1-antisense morpholino oligonucleotide into third pharyngeal pouch cells
was able to suppress Foxn1-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
marrow-derived thymic dendritic cells (DC) and medullary epithelial cells. T-cell
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development.

5 Therefore, mouse TEPC lines are used to generate specific human T-cell
repertoires via a strategy whereby epithelial function in chimaeric reaggregate
foetal thymic organ cultures (RFTOCs) (Anderson, G., Jenkinson, E. J., Moore,
N. C. & Owen, J. J. T. MHC class |l positive epithelium and mesenchyme cells
are both required for T-cell development in the thymus. Nature 362, 70 - 73

10  (1993)) is supplied by differentiated mouse TEPC lines, while MHC-selection is
mediated by human fibroblasts and DC. Human TEPCs could similarly be used.

This approach is carried out in a fully murine system in which Cre-induced
differentiating TEPC lines are supplemented with allogeneic MHC specificities.

15  Here, fibroblasts and DC from mice haplotype-mismatched with the TEPC are
included in TEPC line-based RFTOCs.

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

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

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

30 cytotoxicity assays in which their ability to lyse syngeneic and allogeneic human
and mouse cells is tested. If necessary, tolerisation of the T-cell repertoire to

human proteins is optimised by injection of human cell lysates into grafted
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Further TEPC lines are generated from Class I- and Class Il-deficient mice, since
5 no positive or negative selection of the T-cell repertoire on mouse MHC

complexes could occur in this case, and such TEPC therefore have potential for

the production of human T-cells for clinical use.

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

and can also inciude fibroblasts from one or more individual human.
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Table 1. Analysis of lymph node cells from grafted nude recipients

Graft Total LN CD4' cells CD8’ cells

Graft Success Cells per 10° LN per 10° LN
2 (x10°) cells [SEM] cells [SEM]
5 E12.5 MTS20°/24* 6/7° 20 46 [9.9]° 33[9.1]
cells '
E12.5 MTS207/24 1/6 ¢ 13 16 [7.2]° 13 [4.0)°
cells
D&R E12.5 thymus . 5/9 15 38 [10] 7.8[3.2]
10 cells
Intact thymus lobes 77 19 190 [29])° 49[14]°
2)
MEFs 0/3 ' 11 [1] 7.7 1]
Ungrafted nu/nu n=15 24 10 [2.3] 7.4 (2]
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 standard deviations from the mean of the ungrafted nude
population.
®The unsuccessful graft contained 1x10° MTS20'/24" cells.
20 ®The successful graft contained 1x10* MTS207/24 cells.
IMTS20*/24" recipients versus ungrafted nude, p=0.0006 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>0.4 for CD8".
Swhole lobe recipients versus ungrafted nude, p=0.0002 for CD4*, p=0.010 for
CDsg".
Statistical analyses include data from all mice in each group. SEM, standard error
of the mean; D&R, Dissociated and reaggregated; LN, lymph node.

30
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1. A method for improving the viability of a population of isolated thymic epithelial
progenitor cells (TEPCs), which method comprises contacting the cells, or one or

5 more ancestors thereof, with at least one viability promoting agent.

2. The method of Claim 1, wherein the at least one viability promoting agent
inhibits differentiation of the TEPCs into cortical and/or medullary thymic epithelial

cells.

10
3. The method of Claim 1, wherein the at least one viability promoting agent is
selected from the group consisting of insulin-like growth factor 1 (IGF-1), epidermal
growth factor (EGF), insulin, hydrocortisone, transferrin, high density lipoprotein
(HDL), bone morphogenetic protein (BMP)2, BMP4 and/or BMP7

15

4. ‘The method of Claim 1 or 2, wherein the at least one viability promoting agent
causes a change in the genotype of a TEPC in the population.

5. The method of Claim 4, wherein the at least one viability promoting agent

20 comprises or consists of an immortalizing oncogene.

6. The method of Claim 4 or 5, wherein the at least one viability promoting agent

is conditionally inactiyatable.

25 7. The method of any one of Claims 4 to 6, wherein the at least one viability
promoting agent causes suppression of Foxn1 expression.

8. A TEPC whose viability has been maintained or improved by a method
according to any one of Claims 1to 7.

30
9. A TEPC containing an immortalizing oncogene.
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5
12.  The composition of Claim 11, further comprising one or more agents which
promote differentiation of the TEPC into a cortical or medullary thymic epithelial fate.

13.  Amethod of generating a mature thymic epithelial cell from the TEPC of Claim
10 8 or 9, which method comprises contacting the TEPC with one or more agents which
promote differentiation of the TEPC to a cortical or medullary thymic epithelial fate.

14. The method of Claim 13, wherein the one or more agents includes a
mesenchymal cell, a T-cell progenitor, or one or more factors supplied by or derived

15  from a mesenchymal cell or T-cell progenitor cell.

15.  The method of Claim 13, wherein the viability promoting agent is a nucleic acid
including a LoxP sequence, and the one or more agents which promote

differentiation of the TEPC include a Cre vector.

20
16. A method of restoring or enhancing thymic function in a patient, the method
comprising administering to the patient a pharmaceutically effective dose of a TEPC
according to Claim 8 or 9, or a pharmaceutical composition according to Claim 11or
12.

25

17.  An in vitro method of generating a mature T-cell, which method comprises
contacting a haematopoietic stem cell (HSC) or lymphoid progenitor with cortical
and/or meduliary thymic epithelial cells.

30 18. The method of Claim 17, wherein the cortical and/or medullary thymic
epithelial cells are obtained by a method according to any one of Claims 13 to 15.
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21. The method according to Claim 20, wherein the human T cell is generated

using mouse cortical and/or medullary thymic epithelial cells.

10 22. Use of a non-human cortical and/or medullary thymic epithelial cell in
generation of a human T cell from a human HSC.

23.  Use of a non-human cortical and/or medullary thymic epithelial cell, obtained
from a cell according to any of Claims 8 to 10 in generation of a human T cell from
15 ahuman HSC.

24. AT cell produced by the method according to any one of Claims 17 to 21.

25. A pharmaceutical composition comprising the T cell of Claim 24 and a

20 pharmaceutically acceptable vehicle, diluent or carrier.

26. A method of restoring or enhancing thymic function in a patient, the method
comprising administering to the patient a pharmaceutically effective dose of a T cell
according to Claim 24, or a pharmaceutical composition according to Claim 25.

25
27. A method of culture of TEPCs, comprising maintaining TEPCs

28. A method of enriching a population of animal cells for TEPCs, which
comprises:-

30 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 inhibits differentiation of TEPCs, and
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30. An animal cell comprising at least one nucleic acid construct which
suppresses expression in a TEPC of a gene whose expression is essential to
differentiation of the TEPC.

10
31.  Atransgenic non-human animal which comprises a source of cells suitable for
the method of claim 28.

32. A vector for use in genetically modifying cells so as to be suitable for use in

15 the method of Claim 28, comprising a sequence that combines with the genome of
said animal cell so as to suppress expression of a gene essential to differentiation
of a TEPC.

33. A vector according to Claim 32, for homologous recombination with the

20 genome of said animal cell.

34. A vector according to Claim 33, for homologous recombination into a Foxn1

gene of an animal cell.

25 35. A vector according to Claim 33, for homologous recombination into a Foxn1

gene of a human cell.
36. A vector according to any of Claims 32 to 35 which additionally includes
recognition sequences, eg Lox P or FRT sites, which allow subsequent excision of

30 the integrated construct via site-specific recombination.

37. Use of a TEPC to assay gene function in T cell development.
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38. Use according to Claim 37 of a TEPC according to Claim 8, 9 or 10.



