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;e3eTN6LT$S A T OF T CELL DDSOD S THE TMEN R ER irrnmv FIELD OF THE
| NVENTI ON PCT/ AU01/ 01291 The present invention relates to a nethod fg _
treating wol2B8isk di sorder 5 in a subject involving di srupcigueifreost € oipﬁV
signalling to the thymus and introducing into the subject bone marrow ar
haenopoi etitc-stemcells (HSC). BACKGROUND OF THE | NVENTI ON The thynus is
i nfluenced to a ﬁreat extent by its bidirectional Zo comunication with the

em (Kendal I, 1988). O particular inportance is the

_neuroeﬁmmuﬂumm ﬁm _ . !
: QEFLS. ng ot t ropﬂ?cpl(gl' wﬁﬁ%ﬂﬁ ?@gm C gpﬁ{sst ?{m lmm’mmmlmw')
(Kendal I, 1988; Hom) Del arche 1991). Indeed one of the characterigfig

features of th hysi ol 0 is the 15 progressive decline in structure
and functi onF $@¥MN@§WFQNe with the increase in circulating sex

HBeRe TR ;ﬁzcu - Ehé Rieafy Bifesiton 63 68 G At IBAoR el T ol Bioslih s
and t hegnechaph sibjakt MV RidgB¥ripieyCaxt sturid segﬂamhgm she/ Blyrh@s RAd

determ ned. Since the thyrrus is the primacy site 20 for the  production and
mai nt enance nftlmdwclpgunlpﬁélueaubleqté)lonepmﬂrovvttm kacanepgintic lsﬁnlo;elsln (63! y
postul ated as the primary cause of an increased incidence of i mrune-based
disorders in the elderly. In particular, deficiencies of the i mune system

illustrated gy @(@ngﬁ-qﬁﬁml\]ﬁgﬁwdent i mmune functions such as

cytolytic T-cell activity and mtogenic 25 responses, are reflected by an
i ncreased i nci deriEke diymmmmfhiermedrtow,glaartmtanhhyugﬁ kddireciomalr | oad in

| at li f Hi r okawa, 98).. . Ih act af th flected
the. periPpher GOMBRENCREER AUt thg Rrerdengaerins SThers (et b ges) B8 i ng i n'a
I di t fil
(Fobbs. ot o PArtEgl: FEESRARE foibRinldRRRy HY %@ﬁ?% PiRAEY, IRRARER, ' 5,
slubsets and goiadsson dvymttsfumrtmmymahldlp ;b@dekﬂ ma('FS:H'Em:leGI%aﬁﬂ/acEall et
, 1995 0213 AUO 1291 t
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by Douek et @tog ré&s@%&leclﬁh@éuﬁh@u@tu@é aadfahtilon Wwiiich ib contirpetisurateonttr even
in old age in humans Exci si.onal DNA products of TCR gene-rearrangenent

were used t othfelnsaeasedncizquilaiing sengtereid m@dacbpw@@wi puborty tHizakpwaaf t er

H V infection der, Th t guent
peripheral T %@Mﬂb‘%ﬂaﬁa@e@é&%ﬂ ‘(’)1'Ln(%r1ee§(E at%dff){ %ﬂ‘fv# géjélag@)géi 22‘85| nce
patients whophig tang;arcgfqne %‘ﬁﬁi&bb@hdﬂhe&ﬁéﬁha&nﬁh&%ﬁwmﬂﬁﬂi@aﬁdh@er ate of
regeneration of t he cell pool, particularl cells post

pubertal pat tisrnygs etbephy a8 yebtq b@é@tmn r Slrmeeﬂq@db@nm is (the prIEnaTyesites| |

(1995} Dino ke aoiie RS aRy rpadlyiasii H obfirhe il pETARBF BT o o

mce post BNHuoprhaameﬁmualySﬁ@mm@d a5 the primekery Banes i 6 liheredbed t o the
15 aged peripheral m croenvironment, coupled to poor thym c production of

naive T cell mmfﬁmet hﬁ/mmue\ssimsedalllsqrd@mrm ’féteseldeﬂyle%pammglat,hyrmcyt es

i nt ersper sed in th iverse str m nant.| t hel i al

cel | subsets eBﬁleédﬁsLP‘?tlmu?%éy %lrlé)lé‘ﬁbﬁfeél(nﬁ% e&ﬁ%sﬁﬂgﬁ ﬂgﬁt he growt h

factors and ﬂ@bél&ﬁéﬁt 1ﬁﬁnhﬁé ehAG i SudiesesRaIptid @rcenhfe asgﬁhapnent

of the T cells. The synbiotic devel opnental relationship bet ween ynocyt es

and t hegsepi t tesipoakes abs eftectéd by @orincoiased ie¢idedié béinninndebicienny,
mat ur ati on (Bo d et al 993 X i d, i nhi on coul d occur at
the | evel of2 W“@“E@Yﬁnglﬁﬂﬁ%:{e#%fﬂe‘ rﬁf’eh'?rﬂkﬁ“ﬁ%' @e"tﬁb'he status of the

“other. It is |essthkgb¥ct Sth Srbshiis #flecielifte iy Wvith n the

t hynocytes thensel ves Since previous studles
reduced thymic input to the T cell pool 1esu1t1ng in a less diverse T cell

receptor (TCR) repertoire. Altered cytokine profile (Hobbs et al., 1993,
30 Kurashima et al., 1995); changes in CD4* and CD8* subsets and a bias

towards memory as opposed 1o naive T cells (Mackall et al., 1995) are also
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utilising radiation chineras, have shown that BM stemcells are not
af fected by age (Hirokawa, 1998; Mackall and G ess, 1997) and have a

simlar dggregols thynus repopul ation potential as young BWregloi®1291
Furthernore, thynocytes in older aged animals retain their ability to

differentiate to at 3Q | east sonme degree (Mackall and Gress, 1997; George
and Bitter, 1996; Hirokawa et al.) 1994).2However, recent work by Aspinall
(1997), has shown WO 02/ 30-t3~ 3 PCT/ AU01/ 01291 a defect within the

precursor &%?%%%uaﬁ{e&ﬁlo?e "the %tff.i&%n%; IEJ% H?}?}ﬁgbgltae%ﬁ]igqﬁf;}éweid%tﬁgatgggle DS,

stage of T ai n gene-redrrangénen urar ‘case

the primary shefletiatithe tabdityrofithe igMatResysteini® wgeheraté nenmal TG+ cel | s
and to a |l esser extent the cells of the 5 rryll eoi d | ineages of macrophages

and dendri t i Bugtiers aftexy-cely deplationnisswenkeallylash Magkald 6t ak, BS54 ysed and

the patient {s_ex { bl 0,0 I Sii ¢ infecti At h.death
2 comon. contBaRbEsHL RIS BY ek drio PR Bag Hidwh Befisnly e
nul tituge of pafphittyiocatr Bvéigtn bld kid in Rimdap! @ixeisitealNAVpiodsctsBICICR
t her api es are now becom ng nore eftfective with 10 viral | oads being reduced

dramat i cal | ygeus-teaerangemeniiveete used tpaleeonstisde cheuliding deawvbgiragueed

rem ssion. The. maior,prabl of . I mune ficienc i1l expst.s however
because t her Ea]é’g? g?]ilgﬁﬁe]éﬁ@flgwaﬁﬁclﬁ Ogﬁgll Palents ?healf"i'(']e Ph&’s‘é ‘élH’%
recover, do $ghaé@u¥ntheMbteral MecdlPpbOreRbnérAienendbdllsith iR TuYtHe? alllbssed i || 2
very long tinme and in sohe cases inmmune defence nechani snms 15 may never

recover suf f sincepatigntstivhorleeomdeargonetchemsthdrapy shoposgraatiyaedatedeopl e
the thynus is atrophied.  To nerate new T | ynphocytes, .the thynus requires
pr ecur 30r cef3te of ¥ ration Bgﬁbeei‘icx? 9 oﬂﬁ“i)if/"gﬁ?rxy SroT&% SiRAS- for a
short tinme, ug%-ee@ Pa¥sts I&Bﬁ‘ﬂ:}atrg@[tjcr)] giéorsé'vf}h épré-gﬁlisef@i Ma8kA1 deR), et ed

and new HSC e 20 taken’in ( normal circanstances this woul d be
from t he bon299&r rBuis\s futther dnteonplifiedimescent vewdkrby Tirmmanddhomct i onal

young thynus, the intake of such cells is very low (sufficient _to intain
T cel | produtk8oSh ‘ﬁloﬁ’@h‘éég‘P&Vt‘} &@tﬁthBQEICQ%%TIC@ 8aze 1'9&‘?&8@19@%0gtry of
cells into t ; Vil JHD : i i to
6C (or at | 005 PESREMIE (63 BEDELo B E BN herBly R4 Ss £ 6f
devel opsent agehpeitipkeral aslklodnvivwagednt, toupled togser ehyinie piddimatonustier goi ng

rejuvenation due a |gss of sex steroid inhibition, we have denonstrated
that this orBaivekc very receptive to new precursor cells circulating in

he bl ood, h | ' | h | hy i
and external - prectirs iigfupE¥ehfifly cordtles e 85vHoB GRS bIMBREET, cor
cell's, the Twg@lihthédiveiss sfroftil cBRE(pedbmin¥¥tl) 2p3®eBal delPelbhdh) RO 1

progressively domnate the T cell pool. This nmeans that any gene introduced

into t heI pr g@mséiinte th@sm)icmmwir@en@ ?édfm‘ﬁzisleaii@ aa'lpwgb rﬁgctwrsﬁ@ld gelétral@rf
ent. jn.vi T .
Gon nanle” o TREEEOHE meetiblt 13 (8 iRl Aty o dmb B AL BEOS celodbBlec can s

be easily ingnaBRAlt dévelSpmentdheladivpbEigetsvddhl &Wﬁ%éﬁlﬂtﬁé"@pi‘ﬂﬂﬂmr of
transferred exogenous HSC. SUMVARY OF THE | NVENTI The present ‘i nventors

have denpnst $uhsets thrdcontrply their ddfrgniiaiden and maturation (Boyd et al., 1993),

meauns sex-steroid inhibition could occur at the level of either cell type which
would then influence the status of the other. It is less likely that there is an

25 inherent defect within the thymocytes themselves since previous studies,
utilising radiation chimeras, have shown that BM stem cells are not affected
by age (Hirokawa, 1998; Mackall and Gress, 1997) and have a similar degree
of thymus repopulation potential as young BM cells. Furthermore,
thymocytes in older aged animals retain their ability to differentiate to at

30 least some degree (Mackall and Gress, 1997; George and Ritter, 1996;
Hirokawa et al., 1994). However, recent work by Aspinall (1997), has shown



10 i nduced or as a consequence of conditions such as chenot herapy or
radi ot herapy) can be profoundly reversed by inhibition of sex steroid
product i ofo iokssvi rtual |y conplete restoration of tihym pEiAufidsea and
function. The present inventors have also found that the basis for this
thymus regeneration is in part due to the initial expansion of precursor
cells 15 which are derived both intrathynmdcally and via the blood stream
This finding suggests that is possible to seed the thynus with exogenous

. . .. oot
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ing a T-ce sorder 1n a ect, the nethod

conpri si ng dimmnumeé swptemxisgiaealysed angribé patignt 5 exteemblynusceptibledosubj ect
and transplanting into ,tl_ge subj eg;t botge marrow or HSC. In preferred
enbodi ment tﬁBP?ﬂé‘BHUCdli et with deathq commaiF e auanes- BE9eRst i ng of
viral infectign | e C I ' ' aTcell
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proliferative di sease or any di sease
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Preferably,

t he_subj ect has  AIDS _and has had the viral |ad reduced by

anti-vi¥al tvasl being zedugedrdamaticadlyrtedhe pobel whate thepatiansjcantby s

post - pubertaly__Prafer L nhi bt 0 Qi d.pr chien [ s _achi eved
by e bher 5 el SIRthY i Bt ohCinal hyPb R of BRGHE bR Gishy i
Preferred sexxftehevedver)deedusiiens hitistill euhefow fus@id T Belld, auArthbiéle,

di oxal an derivatives such as triptorelin, meterelin, buserelin, histrelin,

nafarel i n, | whiehide receven dodiol very stawlyuildierneziasyofisnmyne-deficiendynis hor mone

anal ogues.
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20

25

30

To generate new T lymphocytes, the thymus requires precursor cells;
these can be derived from within the organ itself for a short time, but we
have shown that by 3-4 weeks, such cells are depleted and new HSC must be
taken in {under normal circumstances this would be from the bone marrow
via the blood). However, even in a normal functional young thymus, the
intake of such cells is very low (sufficient to maintain T cell production at
homeostatically regulated levels. Indeed the entry of cells into the thymus is
extremely limited and effectively restricted to HSC (or at least prothymocytes
which already have a preferential development along the T cell lineage). In
the case of the thymus undergoing rejuvenation due a loss of sex steroid
inhibition, we have demonstrated that this organ is now very receptive to
new precursor cells circulating in the blood, such that the new T cells which
develop from both intrathymic and external precursors. By increasing the

level of the blood precursor cells, the T cells derived from them will



sust ai ned peptide-rel ease fornul ations are provided in WO 98/08533, the 15
entire contents of which are incorporated herein by reference. In a

pref err edwayiedizgent, the nethod conprises transplanting efg0@E%1583C | nto
t he subject. The HSC nay be autol ogous or heterol ogous, although it is

preferred that the HSC are autol ogous. In cases where the subject is
infected with HV, it is preferred that tfe 20 HSC are genetically nodified
such that they and their progeny, in particular T cells, macrophages and

dendritic celpksgresvivelyeddmiing theTidellesddl0 MR tndardthdEahY dehé ditrddhded he
H'V virus. The genetic nodification may involve introduction into HSC one

or more nucl éite theipteawtsosu(RSClwilt he passashenig alhipregesyi E gelloandassenbl y

.and/or infection. Fh | ei . aci l 5 b i ch | od
oot v or ol beishb Cirtin el b i T ol neS, T SRMBEA and n
catal ytic nugbgiifiaféd 8f is8@el18 olvbr ﬂﬁ)%@%emﬁefréﬂ%rﬁiﬂggﬁféﬁs Rast dsCaehi ve T

scells, it is preferred that the HSC are genetically nodified to normalise
t he def éct. berasily tacreasealitthvery high d¢vels bylsimplypimcreddngdbié hinodiarad may
include the intr d%(iﬁ(tji on of n Cei c 30 acid constructs or genes which
normal i se t h&REEIHEXIEEPOTE Teduce its |ikelihood of beconing a cancer
cel |. WO 021 30-43~ 6 PCT/ AU0O1/01291 It will be appreciated by those
skilled in the art that the present nethod nay be useful in treating any T
cell cell di SUMMARK QR THHSINVEDNTION genetic basis. The preferred nethod

e ence 1 ha. upt abhS DrbsRil saverPRuhert AdRapeeto Lhat tipia stzoRhistaged, n T O
generallig aft deﬁ &ﬂc?sea ceﬁse;a@gﬁﬁé ) caﬁﬁ&@%hﬁzgﬁq{a@ﬂ&ﬁeg@géﬁ atrophy

under the influence of sex s ol ds, w s cel ar pro Ion reduced

to | ess thanrddiotiferapy) qrebepbelouatly feersed hinlgb#tsanof sewspididn i s based
on the finding that the jinhibition of production of sex steroids rel eases

the thynic i BFGIGHBK Vel Véﬂt}l@ﬂ\% camplgte rpglgeatiomef Hrymaic m)uqtu?e ﬂﬁ‘ﬁlct i on,
e Ly e . A i Heo
be di recery TOEAREAE, 4Bb Hiesl ib RS BN R0 rRind JRf B fhsfh B shigr o o

injection. | th;hﬁuengmsﬂpﬁ hafn paedthead!ths ifRTdl WRPahsiomdTybdi@er E5i(s Wi | |
pass the genetic nodification onto their progeny cells, including HSC

der i ved5f r oniguich aredevizied battuintrethymiealdie end oparthe blsiodistessen HEbI=I ong t he

not fully faBPRrRarseRy kit pORRESAsHrd e VPHR i B8R nali bi 11 on of

sex steroi dshadi@pbRithoste cdle(HBE@SHRIcH Ry@bédidjectedihts tHedubfedtor
treatment of AIDS, where the treatnent preferably involves reduction of
viral load, 2o rechbeabiitydo seed the biyomfisimith geneticadlygmodifiedor exogemous ex
steroids andHSC by disrupting sex steroid signalling to the thymus, means that gene

20 therapy in the HSC may be used more efficiently to treat T cell (and myeloid
cells which develop in the thymus) disorders. HSC stem cell therapy has met
with little or no success to date because the thymus is dormant and incapable
of taking up many if any HSC, with T cell production less than 1% of normal
levels.

25 Accordingly, in a first aspect the present invention provides a method
of treating a T-cell disorder in a subject, the method comprising disrupting
sex sleroid signalling to the thymus in the subject and transplanting into the
subject bone marrow or HSC.

In a preferred embodiment the T cell disorder is selected from the

30 group consisting of viral infections, such as human immunodeficiency virus

infection, a T cell proliferative disease or any disease which reduces T cells




transfer into the patients of HSC (autol ogous or froma second party donor)
whi ch have been genetically nodifed such that all progeny (especially T

cells, DQyeanaoirsi stant to further HV infection. This mggRsaddiaieiot only
will the patient be depleted of HV virus and no | onger susceptible to

general 25 infections because the T cells have returned to normal |evels,
but the new T cells being resistant to HH¥ will be able to renopve any
remmant viral infected cells. In principle a simlar strategy could be

ohchar get TP ALEIPe hiigtisiallg” dBRY of RbipdeEChrbuhly. pBhidREREL OF
THE ACCOVPANAINGS dridhiERadithe virall loadgeducéd heaantblithl treaamewetc e surgical |y

.castrated and anal ysed for (g) thymus weight .in relation to pbody weight and
(b) total cells phbtadh gpﬁﬁafe@eaMgﬁ%&ﬂw@%@tﬂéwsmﬁ%@ki cant

decrease in thymug, Wel . . I i i . dto
syoung adult (Z- mg{%f%@%éﬁﬂ%lﬁgﬁ\eﬁf&gg%%s %%%@aﬁ%@[@gﬁ lS‘Sggﬁgél\‘?veeks
post - cast r at icastritiyimroe alyniaistratiphyofbseosteesidechadoghe(s)s returned to young

adult levels by 4-weeks postcastration. Results are expressed as neanlSD of
4-8 mice per grouBrefermed spx gtergidpanalegues inelyde; evdexing sesarplineleupoldaing

dul t d t- trati ' 0, Fi ; - .0l d '
surgi cal |y oerdTh FPhARyR Rl & i pefBEn pasftlin bl fin o ©
peripheral | yiaphehn! Riteslnullathpislin(@nd heealizing ROesyh@ réldadifg hokmohBe
spl een. No change in total spleen cell nunbers was observed wth age or

post - cast r at aoalogyge Currpatlyplids arefreed dbahsessteraiyl armlague isam anadog®: cel | s

to T ce]ls did,not change with e.or ,post-castratio er (c). A
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4-8 m ce per group. *** ="p<<0.001 conpared to young adult (2-nonth) and

4-week post - cast r bt gehanethep prefeged enthodigent( theysearstetaill amaloguegs) és
castrated and . the,th cyte subsets anal ysed based.on the nmarkers CD4 and
CDB. Repres eﬁfléllpb%e%%%f‘ia}r&f Bﬂ?\g&&%ﬁsed&mmlg@gna%gagwi%ot} or

CD4- CD8- DN, . 1) ; - + . diff f erence
was seen i n Chatgt Hepddaieat ol R pRudat [P0 Shodi3st ule O O
post - casst r at ieatire Ebgtemgs 6f Whidlgark {ntoyparatead Hyrein by rearencast r at ed and

injected with a pul se of bronodeoxyuridi ne rdu to determ pe | evels of
proliferation. ReBt éﬁﬂfea’ﬁd\/@nh?‘g ta&‘%ﬂ?&ﬁ?&é’oﬁpr%%é transpntingn of Br du+

1 orenco. | PR RIS e AR, L BSEIG9 S Gl R0 S5 Boabt,
proliferatingltheukh inid pieferidd thaitthe HSQ avs awadoghager ved with age or

post-castration. Figure 4. 2: tﬁged (2-year,old) mce were castrated and

injected with a plt sesesrwhensy ﬁﬁ&b&@%ﬂ@?ﬁf@d(‘ﬁmi@ﬂ%dt thcpteferrerbthaliBe s of
i ti e T . e . _ ;
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(a) The propaqr¢dly) nedcrephsigdshindndetidritic beRE, art trbdibtanieo Bifdtkiop@pd!/asri on di d
not change with age or post-castration. (b) However, a significant decrease
in the propofesarcEen witlpthg HBEY-ving. hergenstigrraedificationamay inglves seen

it h " Post - : ' i £ C i .

brol i for ati ol it Rt Hok e e Ermb i hEE i BORLE B Wh R el Rb T Change

in the total vixa@psplid=iom assrably fRl/beinfetfion. e thidlsiehEed nsleceleahav t h

age or post-castration. However (d) a si ?nl ficant decrease in proliferation
a

wi t hi n 35he The algeneophiciopdojlesan agtiyival pretein,iarcartisansewopsalict er at i on
within Th2 ribozyme, a dsRNA and a catalytic nucleic acid molecule

In cases where the subject has defective T cells, it is preferred that the
HSC are genetically modified to normalise the defect. For diseases such as T
cell leukaemias, the modification may include the introduction of nucleic
30 acid constructs or genes which normalise the HSC and inhibit or reduce its

likelihood of becoming a cancer cell.
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.30 young adult m°ce.

(CD44+CD25+) subsets was seen with age. This was restored post castration.
Results are expressed as neanlSD of 4-8 mce per group. * _p <_0.05; * *
* = p <_WooBd4gonpared to young adult (2-nonth) mce. 2@criAguweid: Aged
(2-year old) mce were castrated and were injected intrathymcally with
FITC to determne thymc export rates. The nunber of FITC+ cells in the
peri phery were cal cul ated 24 hours later.8(a) A significant decrease in
recent thymc em grant (RTE) cell nunbers was observed with age. Foll ow ng
castration, thesen_wahpséagﬁfbo‘fataal §RRk sKlidacieanat Matdhd pru&alts post - cx.
(b) The rate of emgration (export/total thynmus cellularity) remained
const ant wi t methedbuay heuissfdnn fireading any Edetlesklbdisprderakbighdsts-adefined
Wth age, a signjficant_jncrease.in the ratio of CD4+ to CD8+ E, was seen
and thi's wasBABPHEPRYECThY Prelaped 138@10- voRees flepctivating praicdugcionean+ 1
SD of 4-8 m : T Z e e = < ared to
Hrdtigh 191!11?&@0&05 58 f‘e%lgﬁdpsgtrog’ oreass the Tuftaks o bIBARGHRS! °F .0
PCT/ AUOY 012%defmopofeticstein delln@I$G). niingdnevhl) after tie vnset afqniberigd tiod
| ynphocyt es usi ng cycl ophospham de. M ce were eifher sham castrated or
castrated onthWausainslegeress8vesrcaispmibe: pRaMT the mf@wmem" sex giergids; yith ite ant

\ . 4 .
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(c) Asignificant increase in |ynph node cellularity was al so observed with
castrated ni éex gteraidsgeleagesthe iedphibitien andsalipws apHaeserpration®in+1SD

f 4-8 m R T .0 d d 10 m ce.
i gur e 9. *volligufistBrinetating TnPredend et PRBESG RORTRAET TG aeiiy™
subl el hal (628 BEtStan bk WietlyFromNhfR Ry 6 Rbi'Rle SR MaddW A1RAviNg

castrated on the sane day as irradiation. Castrated m ce showed a
si gni fi cant | pricagnjectivs. dhisewfisagegdnthat bbyehealls denivesbfrpar swdified HSC

ham castr at ed,,count er par t a)....No..di fference in leen (b I h node
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Results are expressed as meanlSD of 4-8 m ce pef group. _
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sham castrat gf, gijscastrated 1-week prior to irradiation. A significant
increase in thynus regeneration 25 was observed with castration (a). No

di fference in spl Fas idhodrofl thepreseodénventiceid paticdardy Y@stregtaendiof h
castrated mce. Lynph node cell nunmhers were still _ chronically |qw at
2-weeks post MHPSa ¢ the kisafraent pr @)‘ﬁf’bb}n‘fﬂlﬁ%s. Tﬂ@‘é‘iﬂ%o&maé@ﬁ essed as
meanlSh.of 4- 1 GE NE x4 < I A to

cont roIQOm' Ce;é;dﬂv%@o%é“&%%@g%rrxr%té?@ghx?)ggg&nc6%1?95@%38%8%? ra rgg m ce.

WO 02/ 3035 1@rabeferAbfbltielgitierits ofl HESO (auibhupgas orfrdmyeesond paggrda@and) | ynph
node cell numers followi ng treatnent_with %écl ophospham de, a_, chenot her apy

agent, and sirijridiavebeshdaengticaldnsaditacorngibtadatieprogany ispesiallydhy. Note
the rapid exg ﬁ?'Jﬁebgi&%ggsﬁé@gmﬂh’éf‘iﬁ%ﬁih?écgfmgmgﬁg' Selhe B gy o the

non- castrate (‘Cyct opnhospl al one) “group
post -t r eat neryill the @aiént berdepidted&f EWvirisphd iR ngenbaiceptibld foegeirgalr at e
group were well increased conpared to the cycl ophospham de” al one group. (n

= 3-4 & tr alestions feousedhe T cells baveroturimibin venmaldevels: buhthesnew
ble t i cal tration i ti f the i I p
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"castrated andepgaly ?ﬁ%ciﬂé af SRR SeratépyHeiila beSippietoMdneSthbragytin Hged

m ce showed a significant reduction in total Iyngh node cel lularity
¢

post -i nf ect i &or awpel esdingefeetior anypwiral irfectjom mchich tangatspbsellsastrate mice.

“(b) Representative FRCS profiles of activated (CD8+CD25+) cells in the LN

of HSV-1 infected mce. No difference was seen in proportions of activated
CTL with age or post-castration. (c) The decreased cellularity within the
Lynmph nodes of aged mce was reflected by a significant decrease in
activated CIL nunbers. Castration of the aged mice 20 restored the imune
response to HSV-1 with activated cell nunbers equivalent to young m ce.
Results are expressed as neanlSD of 8-12 m ce.



**=p<_0.01 conpared to both young (2-nonth) and castrated mce. Figure 11:
Popliteal |ynph nodes were renoved from mce i mmunised with 25 HSV-1 and
cul tured Wworp230888ys. CTL assays were perfornmed with non i pggdig@dizoce as
control for background | evels of lysis (as determ ned by 5| Cr-rel ease.
Results are expressed as nean of 8 mce, in triplicate + 1SD. Aged m ce
showed a significant reduction in CTL actPvity at an ET ratio of both 10:
i and 3:1 indicating a reduction in the percentage of specific CIL 30

St P BECRRTR  FRACK AR A L0 15 €T
GO T cel | help and o TR 1 eShonse 1o Hag i B Carec on ‘Popitteal | ynph

nodes there (@nthysensoweight poselatisu-to hodysveighh anddbhintalerlls por-thyumsar * t he
expression of, (a 25 nd speci f.r.c T 3markers and (b /CD8 T
col 15" () TRt PlepkeRpaEbRtRl: 4 fnbife AR i TS pl whibhy Bds g

ei ther (310 c@ﬂuMﬁ‘ﬁ?-v&aé SoefRPA age d&%\?ﬁhr&@%?@ﬁn aﬂhﬁe(zpl%bnﬂﬂ%ﬂze. NBhis

di fference was obsefved with age or post 10 Castration. (b) decrease in
CD4/ CD8 r at i evasrestoeed bytcasigatidh pdyil-weeks postscastationi thimegdiypettrephyas
restored post-castration. Results are expressed as an 15D of 8 m ce per
group. * - x wasphserisdgid wesparincd &o yaling St 1B Rl b 4 wHoks pots gure
13: V(310 ex i ' LAt s i J1 - el | ati_on.
Despite the Iral%‘??riﬂll &?/ ?gilg%%lfse[)%ﬁg%s\eéﬁefgn}?%hﬁggm‘gg dgi\?\érﬂﬁrlg?&?ﬁ' sone mce
a conpl ete | esx0.01; V(*3%0p 28004 simpared do yosiag\adult &ep pestecdsatation hice ogr am
profiles are shown. Note the dimnution of a clonal response in aged m ce
and thel% ei nstatement of the expected response post20 castration. Figure

14: Changes i Ve | , I S
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expansi on of ahHe: weykaigostrasaatibatior pariphadad lyvaphosplENsRilations, $a) T6tal
non-castrate group at all _time points post-treatnment. 'In addition, spleen

and | ynph nodenpbaeplewnbesdndhetspiges. fochangsria iptalisplesn eelbaimheapar ed
to the cycl ophas m ane group. (N .+ 3- r_treat t_agroup. a tinme
poi nt . Cast PR AP AL H IR AR R re iy T fud BeeridRyEr RonBpdlis ) | <
conpar egs t 0 NMp-1a&stdfR esllaf) TRleds (i@ ndt BRANSMEN ageddr postleatdd 868

PCTI AU01/ 01291 12 Fi %ure_ 15: Changes in thynus cell nun%er in castrated and
non- cast r at eflomieyer &)t/b signifieant] depseasedodhe (G4t i@DS +(Thcell 3atdo feas seaph t est
group.) (a) At .two ks, th s cell nunpber of castrated, mice was gt
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p < 0. 05) mddrReidmoplys mivepePprRip/ et 4 & b BPHoaSHRbaedbydueg e
after four weeks. Non-castrated cell "nunbers remain bel ow control |evels.
(b) CD45. 2+ (2inhanth) eb4-aveckspastirastrate miaeni ng donor derivation. Two weeks
after reconstitution donorderived cells were present in both castrated and
non-castrated mice. Four weeks after treatment approxi mately 85% of cells
in the castrgigtheldyABed (B0yed80Rd PN wesd bykthted B o seder i ved
cells in the nf’g‘ﬁ-ecastrat(egythfnus. Figure 1G %chagpgﬁf%@e%f CDgef/Lersus
CD8 donor deanabued tmsatgnehe opukats GH4 aafkt @D8! Relpadsentatik BACSprafites et al

liver reconsti i ol Lowed by 15 surgic C rati o Percent ages for
each quadr an9f§hfg4/§ﬁ§éi?ttpéoﬁsﬁée F%BWP %‘F Cgéﬁzﬁh?rﬁ&t C%ii‘e"‘é@é*‘ﬁ%ched control
profile is o IS ni of
castrated ang%@ggs%?at edzh%ﬂgg_ ab?ghgat eg&%h W@%ngg%%gﬁg%%ﬁg only
donor dmri veghregitions blanyddB4/CIig defineat oulsdeit with age stippsipedsatations of

t hynocytes do not differ between castrated 20 and non-castrated m ce.
Figure 17: Myeloid and | ynphoid dendritic cell (DC) number after | ethal
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castrated mce. (b) Donor 3o derived |ynphoid dendritic cells-Two weeks

after reconstitution, DC WO 02/ 30.135 13 PCTI AU01/ 01291 nunbers in
castrated m ce were double those of non-castrated m ce, Four



weeks after treatnent DC nunbers remai ned above control l|evels. Figure 18:
Changes in total and CD45. 2+ bone marrow cell nunbers in 5 castrated and
non- cast rwpad;spizee after fetal liver reconstitution. n= 3p¢rAERNOID®I each
test group. (a) Total cell nunber-Two weeks after reconstitution bone
marrow cell nunbers had nornalised and there was no significant difference
in cell nunber between castrated and non-8astrated m ce. Four weeks after
reconstitution there was a significant difference in cell nunber 10 between
castrated and_non:.cast. at *0<0,:05),; (B%]a 5.2+ celd nu There
was no signi pr%%qrflog,qffpgpﬁﬁegg B@tc\%ggrs("@g@trhﬁttg lﬁd TS WAL PPSFTY WE‘b with
respect to C@é@og oSeddstiawigper in the bone marrow two weeks after

reconstitution. 5.2+ cell nunber remained high in castrated mce at four
weeks. There were no donor-derived cells in the non-castrated 15 mce at
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Controls (white) bars on the | ow ng graphs based on the nor nal
nunber of T pedliferatieh vdthinithe diffetend sﬁbsatslofrhhymbcym'séxaserbenrﬁimmd m ce.
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non-castrated m ce after etal liver reconstitution. (n=3-4 mce for each

test group. )BQfaI)HTQﬁlkﬂ withiin th%lﬂ’%tiuhﬁwé %eﬂegnmbﬁgeecmst-manatm cel |
nunbers wer e decr ea

number bet weelf "eAST ftgltaealgghaca{gnde\é’gezqsggp}ggme& @?eﬂgﬁtl ncell

reconstast u CDS(DD@# Coustpeid siRifcaRAheAmbE g p@am%ué@waﬂﬁnl TNgastrated
m ce. (b) 2+ cell ‘nunmber-There was no significant difference between

castrated anfCRé#+ERR5Ha)r Btbsatscwassedn mipegs: ThisGpasreionedigoshunber in t he
spl een, two we aft constl tuti nunber 1o rengi ned

hi gh in cast P%‘&e‘%‘ ge%‘tl ¥ YNBSS aFHBf’%"vrng ‘ﬁj‘l - SRGE R?érgrrﬂ’/‘éﬁnge‘rl s in
the non-cast paiegs; m*ee—gkgr@,gl a{rbﬂﬁo@%hﬂg adElQ%cﬁo?lih] menic T cells

and nyel oid and Iynphor derived dendritic cel aft'er fetal liver
reconstitution. (n=3-4 mce for each test group.) 15 Control (white) bars
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normal in both castrated pn-castra two weeks there was no
significant HPFEEIRHEESE ﬂaérnl%wwret ifﬁfi@ae%ﬁf atlgtti)eaw seved WitBd i ce.
(c) Donor-deghy eﬁolﬁ% AﬁHHO*tRééé AANGY h&t‘lglg(fli{lt:t?nv\%#' Eése}[@ gat nor mal

| evel s two and f our ter reconstitution € was no
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mce. Figure 22 anges in total _and donor 5. 2+) h node cell
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“reconstituti Iy %
weeks after const% h?rsgtmgo ceﬁ%féaﬁ%g@e@égbgﬁﬁr r(r(gﬁq eve angl there

was no signi seemparid thib fveasemogndl &dedeen 1aesdls postdxarRbsudi3-ag8 skpriseed gk ce.

" Four weeks after recon titution WO 02/ 3035 PCT/ AU01/ 01291 15 cell nunbers

i n castr at edmfREE had} el 418 michBEer S1OWS s-° THY=845 51 < P 0.Ahpemprrad 0 was
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reconstitution. CD45.2 cell nunber remai ned high in castrated m ce at four
weeks. There were no donor-derived cells in the noncastrated mce at the
same point. , Figure 23: Changes in T cells and nyeloid and | ynphoid
derived dendritic



cells (DC) in the nesenteric |ynph nodes of castrated and non-castrated
mce 1o after fetal liver reconstitution. (n=3-4 mce for each test group.)
Control (o d8bsd3ars are the nunbers of T cells and dendrigdy¢agilohs:f ound
in untreated age matched mce. (a) T cell nunbers were reduced two and four
weeks after reconstitution in both castrated and non-castrated mce. (b)
Donor derived nyeloid dendritic cells weré nornal in both castrated and
non-castrated 15 mce. At four weeks they were decreased. At two weeks

non- cast raf ed TELRG0! FRfibg SR B Re PHACE o ArGBRGEAE ROl ¢ orc

at normal | evsiclophvssphachitiouMirveakereaditler shaaposdtrdted ioprasttatet vum thieeks

.there was no significant difference between nunbers in castrated and
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non- cast r at ecFam&aay 2p cpetprhosphoniteipatrapntiofarAsignifioant tR¢IeRsa Wi t i ons

the hature andogrs il BUGPRE S pR @R ER AT YRee cBisted fo Thib 09 =°

expressi on ofcaghatalhficsd.si)cCantLed ntise alboxshuvesd akidrifisentciheraebeni stic
nol ecul es include, but are not linmted to, the T cell receptor, CD4, CDB

CD3, CD25, Copeercoall nugpeiatanweekeyst-qy@ophesphamidecieatsians. (BleAnunber of
T-cells" refers iko ag.absol ut e, 30 1%1ncreas§ 'in.tt he nu]ﬁnbeoﬁ? of E cells in a
subject in t a5k ’3%8 1%%89%"1%/“&? @BflgtCP Hathe/EPs #R0¢ ée]éyﬁ eenm-and/or in
the bone mar rQuraRs! Blick Bt 1-WMRIO0RSHrdedmeRETRALAMS QA28 Lprk6sdiesd pher al

ti ssues such as |ynph nodes, gastrointestinal, urogenital and respiratory
tracts. This mbhansdSH ebd-Bahigespargraupel*it'iv o5 hoptaompared te ehdtsatedor

i nstance _when conpared to B cells. A "subject having a depressed or

abnor maf? T- ceCopul ation or 5 function" includes an individual infected
wi th the human i mmunodeficiency virus, especially one who has Al DS, or any
other virus or infection which attacks T cells or any T cell disease for
whi ch a def ecFiguee gelfouhg$3imemth cldhiiite evkre Aepldted b dpmphbiptep usige

i ncl udes any pqst-pubertal individyal, 10 especially an aged person who has
decreased | bl gortsRodnasmdigiion. Miceagexs Hitag TR castrated o1 casated
consequence o L- tal. } %Qﬁ#f SRR Hsgdt | on
t he word "con(};)l} ?gezheflﬁglra%’f?ilg |¥ér%&ls'3§é&g%¥dc@n%n ses %%{gn?:%nprﬂsfdﬁgé},

w | | beisnderst®ofitliyanuspégenichetiomcompacstl 6f sltarhTastratetidcaitonryalrts (ant Bger -
or step, or group of elenents, integers gr stqefﬁs, byt not the exclusion of
ol @il By

any ot her el éiﬂﬁﬂﬂ?nqerﬁrw&?e%{b)s(?’élﬁfnl& ng Kt was iSﬁQ%QéF}!; or
D . . r ) i .
cindor st ood) - SR piEE R ot pBT minodty S 3! lroBfed B %

range of waysSwebley p@taitttenittdiiiidredfo 0bnEeKntiter Results A etirossed as
bl ocking a sex steroid receptors) wthin the thynmus. Inhibition_ of sex

steroi d produsmehn 18Ehobt-8auitecpdronpr *ex4mpP &5 apymparedtatgosirol mice;
adm ni stratiopn.0of a st er Qi d ;anal ogue(.s),, of her well known 25
techniq Qs. In San%sﬁﬁfl%%oiFﬁ%lggega«%gm%gﬁtcas{é%&e\é{m%?. t he gonads via

physi cal castration may be appropriate. In a preferred enbodi nent, the sex
steroid signalling to the thynmus is disrupted biqadm' nistration of a sex

steroi d anal dgjgare r ¥penglfdymenthaeld) orige vesre [dgptstad of Aymmpboayies usigasi ng
hornmone. It is,Gurren f.erred.that. the anal,oque is deslorelin
(desor bed: aoHieaEb12 READ RisdSatidm e e R RHE gl <3558) B clptapted
Anal ogues PCT{ fldak/fHAYD ivRMiSi6H.0AdkignHady ifcraish M glymis fogelefdtRIAPI €S
and "chem cal castration” are weh known. Exanpl es of such anal ogues i ncl ude
Eul exi n25 was observed with castration (a). No difference in spleen (b) or lymph node

(c) cell numbers was seen with castrated mice. Lymph node cell numbers

were still chronically low at 2-weeks post-treatment compared to control

mice. Results are expressed as mean+1SD of 4-8 mice per group. * =

P=<0.05; ** = p=<0.01 compared to control mice; *** = p<0.001 compared to

30 control and castrated mice.
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(described in la' R7923545, WD 86/01105 and PT100899), Cosereiin (described
5 in US4100274, US4128638, (B9112859 and (GB9112825), Leuprolide (described
in US4490R9)p2/30533972859, US4008209, US4005063, DE2509783 aigd/AimiRen421),
di oxal an derivatives such as are described in EP 413209, Triptorelin
(described in US4010125, US4018726, US4024121, EP 364819 and US5258492},
Meterelin (described in EP 23904), Busereéllin (described in 10 US4003884,
US4118483 and US4275001), Histrelin (described in EP217659), Nafarelin

F Chad | 1 | : : .
Us089940), [P Gtihept 0 thynlE ot Ehttpmph nodd édll Ll Fllbtne 0
such as are teatnehewiihncyddpidihantife 50 aRemhothisabp@agdit, aufsmgisalor
.US4010149, US3992365 and ,US4010149.. The di scl qsures of 15 each the,
3~eferences FRe@icalgasationperiormedpibiifoiame dake Nate thy rapid sxprasiondice.
A W11 be UpRenRRA0c P Y- RELBANS Bl Bl 5o 55 R0 pbEaRLuRITe Of the

nmeans for di STupting sex steroid signa . nymus W only be

ef fectige as(dyelgplassphaenideRiens)iggbep aonreidnziweskagabirirsanas. IAs a result,
20 an advantage of certain enbodinments of the present invention is that
once the deshdédiammwplesncid limphmedenuanbensofghe sastratergrenpiveretwsid been

achi eved, (2:3 nmonths) the treatnen an_be stopped and the sybjects
reproduct i venécgfg?% \"‘/érflpalfeélt tﬁ’(ratﬁetcg CLPMPBE‘%%&%&% FORBui Fi‘c§f4‘ BR* of
Haenopoi et i ¢, ghffbAetloup(diRClinlepbiads CHénﬁc?aQ'cﬁ&ﬂx@ﬁo@’i’éjcémiﬁfaMQ!tcS‘g stens
cells and progenitor cells would be well known to those skilled in the art.
Exanpl es of swgienltoppration ipregesration of thie soniunedsystem posénpl e, in WO

95/ 08105, US 5,155%@7:@3El 5,399,493, US 5,061,620, WD 96/33281, WO

96/ 332829, USCECIEBRC Iﬁﬁ BB 199 942, WD 02/30.135 18 Antisense
Pol ynucl eoti des PCT/ AU01 /01291 The term "anti sense", as used herein,
refers to pol ynucl eoti de sequences which are conplenentary to a

pol ynucl eot i Higwe thdgedanérd (2-yreesit wore cahiaterbasé analysed fesrespynbeto
produced by any nethod, includi gﬁ 5 synthesis by |i ga}.i ng tﬂe enes) of
interest in HeTRYAPIRPISK Vit (H Agedanice srowRd ASIEHLIGRICIedYEHANIR t he
synt hesi s of d ( 4 nt j i
transcri bed ’g?t?g %g@ptﬁ?sdl\}ﬁ %@%Sﬁ%ﬁ%gggu‘gﬁ%ggsg‘ﬁgg%dgéﬁb@ ﬁ?e}; {uer% to
f or m dugl exesnd Poeseadirgth anizs. t(bpReplesoktativelRACS peofilestdfaictivatudscri pti on
or translation. In_this manner, nutant_ 1o phenot%pe,s may be generat ed.

Gatantic Nuc[(@P8-+Ad e+ Irerlls iy thedel &t IS 1Hndecied mice d Nedidferenee wapna
aeoxyri bozyfe B EPHs FRat S ittt ool dfafil 18 e ¢ (arso

known as a decreased cellularity within the lymph nodes of aged mice was reflected by a

significant decrease in activated CTL numbers. Castration of the aged mice
20 restored the immune response to HSV-1 with activated cell numbers
equivalent to young mice. Results are expressed as mean=+1SD of 8-12 mice.

**=p<0.01 compared to both young (2-month) and castrated mice.

Figure 11: Popliteal lymph nodes were removed from mice immunised with
25 HSV-1 and cultured for 3-days. CTL assays were performed with non-
immunised mice as control for background levels of lysis (as determined by
51Cr-release. Results are expressed as mean of 8 mice, in triplicate + 1SD.
Aged mice showed a significant reduction in CTL activity at an E:T ratio of
both 10:1 and 3:1 indicating a reduction in the percentage of specific CTL
30 present within the lymph nodes. Castration of aged mice restored the CTL
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t hynmus, spl e8d

"ribozyme") which specifically recognizes a distinct substrate and
catalyzes tile chem cal nodificatior_of this substrate. The nucleic acid
bases in &2Ba8! ytic nucleic acid can be bases A, C G pbr{hifdizeds el
as derivatives thereof. Derivatives of these bases are well known in the
art. 20 Typically, the catalytic nucleic acid contains an antisense
sequence for specific recognition of a tddget nucleic acid, and a nucleic
acid cleaving enzymatic activity. The catalytic strand cl eaves a specific

siteinata j ' t ypes, o, [ r jcularly
useful in th?‘%ﬁjﬁﬁ\p}%?& ?gﬁngggg{tr}y Bimmrer eﬁéror&i(%%%& 6 é&?‘elpgfa? uanaIi dGerl ach
1988, 25 Per pbsteaseiatehged #6&) and the hairpin ribozyne (Shippy et al.,

1999). dsRNA dsftNA is particularly useful for specifically inhibiting the
production of a particular protein. Al though not wishing to be limted by

th , 3 > 9 ' | .f

rechan sm by Ber 2 BRIy 8R! BEAE d P RUE AEVEER FeftRiBa b S YA
nmodel has  WieB680 PHRLIRAT IR AR lwdi@ et oh D8 gibst B V- g fétifbn
expanded by Waterhouse et al. (1998), This technology relies on the

presence of as®Enalisedsxrdvotanthecexnrassion of fgjuenes, Chamndsspestfimtial |y

encodi ng a paCiabERtesand (PCETEPs Hailer 3o Thp meroinien et &ivlede s on.
Conveni ent | y(chie.+ §leiid qaébll?e;&fr@&’éiﬁ%@ith@r@’(?ﬁb'?ﬂ' PP KGR 8nbdpme in a

reconbi nant vector or host cell,” where the sense and anti sense sequences
are flanked bBylSAhfarrf sliae per greqpe Ve dikfexsmce vads @sservael sithsageamdpastt | - sense
sequences to hybri di o,formthe | ecul.e with unr el at ed
sequenddf or FIGT §Bh A ceter B CHRICIR Bk fruie ¥l CdlepPuiRtEn St « abi o
dsRNA nol ecu {&m | td R ch St bidlkdate 6 ity of a
person skil I(L-:-: }n t ﬁr?{lgé’gﬁ féglg?&g?lﬂyﬁggﬁgf%ﬁéé'ngb%ﬂgﬁﬁertJﬁg%%a arl cs
(1995), Wat entansel 3D ofiB. mickg8R)grow® 997 32 HEA).0MOcOMPasébth ydigg aRd 49029,
and WO 01/34815. 'I5 Anti-H YV Constructs Those sl',illed in the art would
be able to dEJEFHE MBIt abl e anti-H V constructs for use in the present

i nvention. |Indeed, a nunber of anti-HV aniisense constructs and ri bozynes
have al ready been devel oped and are descri bed, for exanple) in US

5,811, 285, UBidrddls: UPA0 HB-OMAA0BE GTIA 20 BEBA4NGfoliWindSIB Y14, 010.
EXAMFLE 1- RSAL AGED- | NDUCED THYM C ATROPHY Materials and Met hods
Ani mal s 25 CBraodatiemdDespite he nounel Wte regpomsolemesshibdagedmiGeaverall, Ani mal
Servi ces, Mopash_ Uni versiéﬁ{lpgr}d V\er‘ﬁ‘z‘gﬂ]sed under conventiopal conditions.
Ages ranged 1SS TBICRARUNPLEtS dossof VKT eXpression vas aPseiwit at ed wher e

rel evant. CaRipiishn@iv30hiRtigiRinSpittilés ABABDWIET NS&ItHYdinHih @R of LARAA]
injection of 0.3nl of 0.3ny xylazine (Ronpun; Bayer Australia Ltd., Botany
NSW Aust r al iespoaselin ag@l 02c6end-thpcainatidement of tikDexpented kexpamse @ost-
hydrochl| ori de (Ketal ar; Parke-Davis, Caringbah, NSW Australia) in saline.
Sur gi c&l casf? E}E{BDHJ'V\/as performed by a scrotal incision, revealing the
testes, which were tied with suture and then renoved al ong with surroundi ng
fatty tissue. 5 Bronodeo,~n.uidiiie (BrdU) incorporation Mce received two
i ntraperi t onEigurenjde Chiangss if tiBndisk,(spleprs Iinphi wade God bofe mdroasvsellMO)
(100ng/ kg body ig% in 1Q0al of PBS) at a 4 hour_jnterval. Contrql mce
recei ved vehPEMPeR fflowinehqnemarroph bapgpianiation of by sepgricimicec YR,

t hymuses wer i i I fs
anal yais, or IREAREBIAN o (hO ThyRuGih Bt BRATARMAE OB P
| NC, | r2di anajhe somgadtrateairoup alt iatjutiste idinsgeost-tesatmehbr bdadditionf) €pleeni |
use. Flow Cytonetri (f‘1 analysis Mce were killed by COZ 1eis,phyxi ation and
HEYFHP node numbers of the castrate group were well increased compared
to the cyclophosphamide alone group. (n = 3-4 per treatment group and time
point). Castrated mice had significantly increased congenic (Ly5.2) cells
compared to non-castrated animals (data not shown).
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-

15 nesenteric |ynph nodes were renoved. Organs were pushed gently through a

200, msieve in cold PBS/ 1% FCS/ 0. 02% Azi de, centrifuged (6509, 5 mn, 40,

and resusp@agdyssn ei ther PBS/ FCS/ Az. Spleen cells were ing4bhat@idod red

cell lysis buffer (8.9g/litre amoniumchloride) for 10 mn at 4C, washed

and resuspended in PBS/FCS/ Az. Cell concentration and viability were 20

determned in duplicate using a haenmocytotfeter and et hidi um

brom de/ acri di ne orange and vi ewed under a fluorescence m croscope

(Axi oskop;  Cogdye8is Ghadpss ko us @@n'fﬁ{}ﬁ?)er ﬁpﬁasﬁa? 8HA non-castrate

i mmunof | uorescence thynocCytes re routinely labelled wth anti-a, (

TCR-FI TC or ante af®r TaRl hvéecanstit@vh. P andt4dor eaclDBeshBEo@h) ((a) At dbai ned
San Di eg CA), followed hy flow cytonetry anal ysjs. Spleen

and | ymoh nodeekastmIToRll REFIDar 4 spF@ate Wipecman gt normal levels dn

s roveal oo WISt LLbier Shaktit ol st SR i S 28h FRATopIR "

Labor at or i eswdsfubserdr in ihyanses ©f.castried Me3fterfodt w¥eks AMb-0dstfitedror
BrdU detection, cells were surface |abelled with CD4-PE and CD8 APC,
fol |l owed by Felanishersramain belay craliel lavels ) &P4USHcdlssGPB2EH B2 ayon

and Bord, 19 Bl i | | r I X G.N at..4C in, 1%
PFA/ 0. 01% T\Ag‘i%k%gﬁ%&{s%e%&{cogrl Cfbgg"v%g‘foé‘ THB ks ﬁ?ﬁergﬁﬁ?ﬁsﬁkﬁ% 1956 5
Kuni tz unitsdeBoel cellp eRire Mrasdiiiboth c&aramaand f6n-3RstraledSmite. Fcfarl N
order to denature the DNA. Finally, cells were incubated with anti-BrduU

FI TC ( Bect onwoiekk iaffep ieatingnt approxonatalyndabioof celleicthecastiajethmeus wer e
| abel | ed for_CD3,, CD4,. CD8 20 and Macsy 1, cpllectivel. etected,b

ant -1 1 g 750 HGRORHERYHGr MR e A ictips Fratye orlfS iy B8 PR atRled 1 or
anal ysi s. Theyyygse further stained for CD25-PE (Pharm ngen) and CD44-B
(Pharm ngen) followed by Streptavidin-Tri-colour (Caltag, CA) as previously
described (Godfrey and Zlotnik, 1993). BrdU detection was then perforned as

descri bed abgve. 1 es re sed a,FacsCalib

(Boct bne bi b Riine 1h: PR BRodie 0 Pafl va5hs Chlalies et ymmosie: o o and
90 light sca ids : i le: fHU re
(Bect on. D1 ok PO aitidlis iR 1801l $3hiatn AL R Rt faloed YS! ©
cut usimsg a euygicdlatas{thtibna)Peacehtdges fomredch gelagrdntard givenl 0theadglitosfe. For

o PhSSSReES AT TS S0 b S 5 5,7
Godf t . . ' ' b
(ot 2] = et LUl B A0

pol yval ent 2patedidni CDasStd+ eplleksicaving oly (doake defiaedicaller MMavo whkks Bftsnd mAb
was revealed with FITC conjugated sheep anti-rat | Sil enus Laboratories)
and anti cyt sRenstitaien subpelations @ thympeyies domalgtifien bgbueemmstratadbi t

lg (Silgnus rat ori br onodeoxyuri di ne detection sections were
stai ned wt hkig??@rg%%z%‘% Pﬁgét okeratin followed by anti-rabbit-TRI TC or a

speci fic mAb, which was

Figure 17: Myeloid and lymphoid dendritic cell (DC) number after lethal
irradiation, fetal liver reconstitution and castration. (n= 3-4 mice for each
test group.) Control (white) bars on the following graphs are based on the

25 normal number of dendriticAcells found in untreated age matched mice. (a)
Donor-derived myeloid dendritic cells—Two weeks after reconstitution DC
were present at normal levels in non-castrated mice. There was significantly
more DC in castrated mice at the same time point. (*p<0.05). At four weeks
DC number remained above control levels in castrated mice. (b) Donor-

30 derived lymphoid dendritic cells—Two weeks after reconstitution, DC



WO 02/ 3035 PCT/ AU01/ 01291 22 then revealed with anti-rat 1g-Cy3 (Anmersham.
BrdU detection was then perforned as previously described (Penit et al.,
1996) . Brywdfdaseszsections were fixed in 70% Et hanol for 30 pgegi{\sp109R491 -dri ed
sections were incubated in 4M HCl, neutralised by washing in Borate Buffer
(Sigma), followed by two washes in PBS. BrdU was detected using

anti-BrdU- FI TC (BectonDi cki nson). For thrdé-col our i munof! uorescence,
sections were |abelled far a specific NITS mAb together with

anti - cyt oker af i fipe BY 1?1%&131%?&1 ABe ‘0%33 H%%Pf@%Js@rMD%égﬁ?% ihed ?Bﬂi/ e. 10

~ Sections yvere analysed using a Lerca fluorescent an n conf ocal

N>i cr oscopes. whklgy @ftéotnestinegdi td3C Amnilsdrs remiatnahalesichedritssidebsls.
.Jntraperitoneal injection of 0.3mlL of 0.3ng xylazine (Ronpun; Bayer
Australia Ltd., Botany NSW Australia) and 15 |.5ng ketam ne hydrochl ori de

(I Cetal ar; Patrke- ] [ , t i i.n. sahi ne, tails of
‘the FITC | ab(aallgl:élﬁﬁggéf épﬁéﬁ%cl&g@gﬁt ni &ﬁ}gnghé%llrgw %egf {"ﬁ%l?g%dlélscri bed
el sewherg ( ScedshaYedhn@hon-de3&@tedBatiéé Bftertetal liverk@88nstitBitiosf | v= 3ldwmite

| obes were exposed and each | obe was injected with approximtely 20 10~. ~m

of 350 i.i g/ rorepqictedtgroms)(a) Tetalwslinaumbsr-c{Tosewerks aftar sanogistittien t apl e,
and the nouse_was_war ned ﬁntil ful%recoﬁ;erﬁd fdtre m anaest hesiﬁ. M ce were
killed by FEMBIAY £ “éB’b‘_?%ﬁi RRREERC R P BHBEHEAY nphoi d
organs were rgfRystd 9r c:ﬁpglgﬁ?gggbggg&@ﬁ c&ﬁk&te&%‘ﬁﬂhﬁon—é%t@& REe Fidi ned

with anti-CD4-PE and anti , then anal ysed by flow cytonetry.
M grant cel | sweekseaftetareconstithtizg theve wpatacsigFifiiant différenes pin esHimgnkert her

CD4 or CD8 (t,o . omt autofluorescin e|lls and doublets e percentages of
FTcs o andeisen e raled S AturoeBelr e B 0t o8 FRfeE Sl cont age
for I'ynph no ded ; ' j rt rates
was por For mod aeoaE TReRERa HRSFERHCIRL Hifidhre bOOLE Sstifyd pd KRR

PCTI AU011012%asR@atddhtrdcovadtlansipgsetb OBMAR + kell unpabereith iedsta@t matrow 88d or

nonpar anetrical Mann-Whitney test was used to &I}gtit’erm ne %‘Eﬁ tatistical

si gni fi cance WeekieltercisRppsiitutice. : @RE5 2oy el umphergemain ﬂé‘ Heeasddrated at

| east in triplk : ﬁﬂ%r | g L i i

control 5 va%%és;ea%tﬁg In |(1:égt e eg% v%’eg{a :ﬁ(;%\?\%&i&m %L‘;_égr%% 191 @%g{éjﬁgﬁ&faﬁa *ox

* p<_0.091. Reased dtsthehvaned fiand peihtage on thynmocyte popul ations. (i) Thymc

wei ght and thynucyte nunber 10 Wth increasing age there is a highly
significant (p<_0.0001) decrease in bofih thymc weight (Figure 1A) and

body) i n ¢ he VUR T dnar Sl <8Rkt 0U B il P bR O s
at 18-24 nonthitlsqD@Aa Hotd pasewlePesstidted ahil Mon-Sastted alite RtbERtal i On} .
The decrease in thymc weight can 15 be attributed to a decrease in total

t hynmoc~rt e nuifssmeconsiitution. o4 mice for each test group.) Controls (white) bars
20 on the following graphs are based on the normal number of T cells and

dendritic cells found in untreated age matched mice. (a) T cell number—
Numbers were reduced two and four weeks after reconstitution in both
castrated and non-castrated mice. (b) Donor derived myeloid dendritic
cells—Two weeks after reconstitution DC cell numbers were normal in both

25 castrated and non-castrated mice. At this time point there was no significant
difference between numbers in castrated and non-castrated mice. (c) Donor-
derived lymphoid dendritic cells—Numbers were at normal levels two and
four weeks after reconstitution. At two weeks there was no significant
difference between numbers in castrated and non-castrated mice.
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thymus contains ---6.7 x 10" thynocytes, decreasing to --~4.5 x 10e cells
by 24 nonths. By renoving the effects of sex steroids on the thynus by
castrati ofyg d2898R€erati on occurs and by 4 weeks post-castrq?ﬁa otfolt®t hynus
is equivalent to that of the young adult in both weight and cellularity
(Figure 1A and 1B). 20 Interestingly, there is a significant (p<_0.001)
increase in thynocyte nunbers at 2 weeks Pbst-castration (---1.2 x 108),
which is restored to nornmal young | evels by 4 weeks post-castration (Figure
1B). The decrgase Jn & cell. nunber rod he thymys is, not. reflected
in the peri pﬁﬂﬁe ‘ngjtcﬁ"aélﬁreégﬁog‘glapal%éﬂg%%T%fﬁﬁeB)éﬁﬂtwatlﬂ 25 age
(Figure 2A). chsthQBRQMEhbi5-cHRENBAIAIFR dftbriiBl PREE Pé@fxﬁéti‘f@ﬁ&n.e[/ﬁgglﬂnﬁé@,ce
.the Bcell to T cell ratio in spleen and | ynph nodes was not affected with
age and t he dobsajutest gubaxy)eda)clotal Teld @iumbrrrsEwe wedsHifiay rebengiduiipher y
(Figure 2B). wever, the ratio of to CDB8+ T, cell significantl
ecrensed { et TouRpw Wereoreasgthand herd wanga Hgndicas dftersneS B obl i o of
111 at 2 yeans ofer308ybb) Gt Rate® and ROh RN RekeAFRIdA AR BHks! VO

02/ 30~3'2~5 PCTP%BS% 0128’%&54 su%seqaunent ri seﬁjl['i’trfl3 T ccree?IF%mers Arfgee{chi ng the
peri phery, neechmshijetion ceHmphbeml wdrecapproacining meormwad ledety eaktragpdenic T

cell nunbers and the ratio of B: T cells_in both spl e_%g ang, | ynph nodes was
not altered MBICRoWPhgDéaZ+ sellanupkeignlberewas gosygnificantidiffezancesy cp4: cos
ratio in the j i il |

post - castrat ib%ﬁk%%?ﬁé%ﬁgﬁg@‘ﬁp@e e gﬂ%&%@g@ge%‘tﬁ?&éﬁ%t%g‘?t?}_%gz;-gtcg lalti on
(Figure 20). numberan3he Gpleeys Twd' wiEtksCierandoiddfiutivntl €SB4R R+ Teelatigibsrne i f
t he decrease in thynocyte nunbers seen with age was 10 the result_of the
depl et i bh of repaiied kighdm cashiptadamiiemat faug t ekheze veere dipedonar-dgrived

aadi (i on, e neelia s ShEROHeab GaRn/OCh L IR ARRPUBISPSIRDTC Tepopu atf on

past-castration. The proportion of the main thynocyte subpopul ati ons was
conpared with those of the normal young thynmus 15 (Figur'e 3) and found to
remai n uni f ofiguset3it: fpdenicrl’ gelds andmyelaid ard lyuplpiddenveshdertdritiy cellyt es

Dy £ he oDt eTPET R kT B0t I RS T B R PP O
post - cag I at icRhirdHWHRRY LS e PP BB RASEh BHBLREHadeR i AN ARRBE] ONS

and, since thynocyte nuinbers increase by up to 100-fold 20 post-castration,
thi s indi cat ef Tacedlsrroidl demdrsitie xpHe $owmd of valreatedyagecychedosiates (apThed] t han

a devel opnment al .progressi on of expansion. The decrease.in cell nunbers seen
" the. ¢ hy mud UGG CE TR PETe REUCAEH B0 SoBOWPRES RSt ReCoBR BTG e o
reduction i ”b%}liLc&&!relte@*&%%é’rrﬁ@%trd%% hnif2e. ZbPDbBbP&%v&cP I?.g#gyrﬁgﬂ%id

popul ati ons bei ng detected. ynmus 25 regernierati on occur ronous
f ashi on, repldenidsiticngliatitvio ard fowuwpekubiies mwesnstitatidreDEaushbersaréwer t han

sequentially. Proliferg~iion of tliynocytes Sshown in Figure 4.1, 15-20%
of thyntfbyt eéloallnék Bt gPa’f %ﬁ‘%ﬁtﬁ‘% agd D@-%C%%fﬂ\kﬂﬁs Racef Hidwo R & Wiy no
(---80% of : i t: p U
1291 maki ng %ﬁﬁ%ﬁsﬁlg}ﬁa égr%égg{%eggkpu g'?ll%olﬁ C&%&e(agé%ﬁ? ﬁ?ﬁﬁ%‘%{%‘w
Accor di ngly, (cjBonael-deisverh(CB4%2eq) lympiiodd dehdrifis Wetlsantimbeisaxereyat

i mmunohi stol ogy (¢data not shown). So ivision s seen in the nmedullary
regi ons wit thResP%v&i%/w% apgyfvglalr Wﬁggag%mﬁewtwn-sﬁthwgee(l@@w cD4 T

| d 25%.qf Te. I VAN [ . t |
ﬁﬁrrbngnare s@%nﬁ%%%‘%@ té@)cf?%él\ség?e?%eéﬁg%%%dégﬁ?%%?égr%’% er'glte i on of

t hynocydses r enstratedanivet ant, decreasing to 12-15% at 2 years (Figure 4.1),
with the phenotype of the proliferating population resenbling the 2 nonth
thymus (Figur a 4. 2A) . Immunohistol ogy revealed the division at 10 1 year

of age to refdec 0t . Lt wevar t eans,..
proliferati o?‘ﬂ‘l"néai.? ?\e'lth f%ggghn it%tapﬁréagé,?l gf" @?f’@%})gx&‘@’u‘r‘?@%ﬁ%‘i‘ ﬁ’él%?l?%s
vascul ature {dlahstratell apldondn-casttatdd WRRIeSa e Total divef dddoddtit@idMOfsR3-4
"thynocyte nunbers significantly increase, there is no change in the

proportion ofor¢apkoiest seupnala)afelabeell nusrkarsndl wa yedeks iafigr ceqonstitutian
synchropous expansion of cells (Figure 4. 1), | munohi stal.0 eveal ed the
ocal | <k on BN ey Rde vt anriel el sad bt IMenne s GROH ARG | ot o
resenbl e thepaihaet bairdted hhA o BARted thicBY Tt Wecks WK fedemistitedsd rat i on
(data not shown). When anal ysing the proportion of each subpopul ati on which
represent the proliferating population, there was a significant . 20
(p<0.001) increase in the percentage of CDB T cells which are within the
proliferating population (1% at 2 nonths and 2 years of age, increasing to




---6% at 2 weeks post-castration) (Figure 4,2A). Figure 4.2B illustrates
the extent of proliferation within each subset in young, old and castrated
m ce. Theg d2BeRsSi gni ficant (p<0.001) decay in 25 prolif egidifiodol! un the
DN subset (35% at 2 nonths to 4% by 2 years). Proliferation of CD8+ T cells
was al so significantly (p<<0.001; decreased, reflecting the findings by

i mmunohi st ol ogy (data not shown) where notddi vision is evident in the

medul | a of the aged thynus. The decrease in DN proliferation is not

returned to nofnal young | eve by 4 week ost, 30 ca ion. Hoifever,
proliferati oﬁgm&%ﬁl‘?{ef;’s Hg ce&_aie% rg%qel ngf‘bgé’ll&irgal 13‘7@’*03#’%@@38%6" ce

PCT/ AU01/ 012@%ined D1 Th&BRIAY nd Bigrlfi@8H) diffees fashdtwdlenZa¥8ated] and non-
.post-castration and is returning to normal young |levels at 4 weeks

post - cast r at cestrat¥enitecwidhgespact po donpe £E14502r+ el lmuwmbeeirDMeskybsEh  was
anal ysed further using.the markers, 4 an 25.. The, DN subpopul.aifi.on, in
2ddiion 1o PRE° AP EtySONETOB, o IAnE CRRVED TEEReUHE iyt cs.

whi ch arge th?%%mteaqnﬁ%ve& feey\gfeemw ahefb RRtdnb Aondr eIk cBlls i $hé hgps! ti on

to SP cells dfirey & Zlotnik, 1993). By gating on these mature cells, it

was possi bl ectastratadgioe atithe sameepoiht.conpart nent (CD3' CD4' CD8') and t hese
showed no difference in their proliferation .rates wwth age or follow ng so
castration (Figure 4.2C). However, analysis of the subpopul ations

expr essi ng Cigll5 . PR ( ﬁ%rgﬁ) '
proliferati on’ &{%é%?‘ggﬁgggﬁ%g%@ﬁ%gﬁ?gﬁdr@m })},dﬁgﬁ’%g%ﬁ?}?ﬁgfk young
to around 6%cells IBCjriwthisneserigeic(yngl Rode2t)) cashiatdl wad noasdastatedihide
weeks postcastration, The decrease in the proliferation of the TNl subset,

was 15 Yonpealiar fal Breygpcanatiiion. & 3-¢grics. fop e5ch test gaaiep.) Control
| i f i 1 i '| -
Pormal -young 1 Hite] B85 e BUIRRRMLE bl X difs BT GBkMitc bl Rolhd Sl HEIER L,

o#' age on thge iWtohed Mies.0EH)VI 6N ARIMEbee Wéie rehasat swb AndTBut WeRkS after
m croenvironnent with age were exam ned by i munofl uorescence using an

ext ensi ve pategonstituiipr in both cayraird apdrmascastratpd enicabdéb) Banox derived

pol ycl onal anti-cytekeratin ._The antjgens,,recogni sed,by these S can
e subdivi detyaich el Pefibwert RoRfel SEPouL ATt oy fbn castiet

vascul afs- assggat od BF WeRRS thifweROascréasdl, CAL Mo SPedietier! fR8Rb cel I's and
thynmocytes. (1) Epithelial cell” antigens. Anti-keratin staining

( pan- epi t hel sigmificintAliffesancel ltktweanawrhhensin castretddeandnbnasingtedemirenl

t hymus ar chi ure wth sever, itheli ce] | disorganisatiop. an
abgence of a}éﬁé??WC&IEﬁﬁydBph@gﬁqp“éﬁﬂlﬁ ﬁ‘%ist‘i‘gir\‘.ml?‘?.fﬁtv}‘?g? aé@oalﬁlapwegs usi ng
the mAbs, MIg,dQndey ks Afd: Mttt 6Q6H Wt tw WU there Wad 2/ 3035 27

significant difference between numbers in castrated and non-castrated mice.

20

DETAILED DESCRIPTION OF THE INVENTION
Definitions
The phrase "modifying the T-cell population makeup" refers to altering
25 the nature and/or ratio of T cell subsets defined functionally and by
expression of characteristic molecules. Examples of these characteristic
molecules include, but are not limited to, the T cell receptor, CD4, CD8, CD3,
CD25, CD28, CD44, CD62L and CD69.
The phrase "increasing the number of T-cells” refers to an absolute
30 increase in the number of T cells in a subject in the thymus and/or in

circulation and/or in the spleen and/or in the bone marrow and/or in



PCT/ AU(I 1/01291 distinct reduction in cortex size with age, with a less
substanti al decrease in nedullary epithelium (data not shown). Epithelial
cell freaype9igns. or keratin negative areas (KNA's, van pgrjAfoh134 - .

1980; CGodfrey et al., 1990; Bruijntjes et al., 1993).) were nore apparent
and increased in size in fine aged thynus, as evident with anti-cytokeratin
| abel ling. There is also the appearance of6 thym c epithelial "cyst-1ike"
structures in the aged thynus particularly noticeable in meduliary regions

Y A vt n art [0 TEdu. A g
the dectine PHAPheEHRESs S Soh s bRPhabiiuintaiBiiRel tonediid et °"
concl usi vel y yyfifntbReiradts] ThHik Phedsdld18o é¥esd B A rdldtive FhdreRSY irSTQMIL; fokhe

.thymus is beginning“to regenerate by 2 weeks post-castration. This Is

evi dent in thestsneewhientdranpiredap® telbss (a), the increase in cortical
epitheliumas revegled. b S, 44 (.b) and,the |ocal,,gatjon of znedullary
.epi thel i um (c)) Thé ﬁahl%ﬁggylwgiﬁéﬁsa‘?ﬂ Pga'aa?féeﬁleﬁcsb mﬁafbo%PFd at” 2
weeks, igher &k @ici k) §1eRRRFIRiidelal BRoERR! Wi 53R BuMi ddlickency
scattered throughout the cortex. By 4 weeks post-castration, there Is a

di stinct nedwita, esykciallyt ene ari hasAHDS| &t eny othercdrusenivinifestion wihéth on. The
mar kers MIS 20 and_24 are presungd to detect prinprdial epithelial cells
(Godfrey, et alipcks Toslls ofqmyr T ceH slisqase dgt w; &@W@f@fé@}@r&q{@th%&wme aged
t hymnus. 'Thei? xﬁFf?e resent in abundance at E14, detect isolated 20

medul | aiy epi helial cell clusters at 4- 6 weeks but are again increased in
intensity in the agacthichyious, thiaphragetinsludes hny post-pabenal drlividadal,on, all

t hese antigens are expressed at a_| evel equivalent to that of the young
adul t t¥ynusespraiallyan agrdmersan whoNmes desregredNmunpae respansivaness adlscr et e

subpocl cet s I thel i ocat. t t rtico- |l any | tion. 25
(ii1) Vascul a?lg‘ggg%ec‘flg}céﬂéﬁt %%ggas%gg?%%&h?ﬁgﬁgg%ﬁ%ﬁ‘l‘%‘?"k#gﬁy %ﬁght to
be responsi blagobﬁythe immgration of T cell precursors to the thynmus and
the emgration of mature T cells fromthe thynus to the periphery. The

n-i Ab MIS 15 is sPhauyghoutdhistspecificidicnethiewond "aomypiise”"bbovari@ionesyd s,
denonstrating a granul gr, ,diffuse staifin tter Godfrey, .et. al, 90) .
11 the agedts HgnBntarr; Sompiatnd Bill retyf g bt te iilydion gis
021130, 1185 285 cH Bhd 4 Bk gbiebl @epoot ionipor ABARA AMBACY ARt it Of

bl ood vessel g aand peri véscuﬁar 1spafcjeg dat'a not s&mfvnl?%T e ltﬁyﬂ?’c

extracel | ul anotrihe exclusiomt @f aniyngthemeternent, istegacoustelp, engragl dfidlamemdifiesi on
mol ecul es such as collagen, lamnin and fibrinogen, is detected by the mAb
MIS 16. Scat t*e8&siHdehout the normal young thynus, the nature of MIS 16
expressi on becones nore w despread and interconnected in the aged thynus.
Expression of MIS 16 is increased further at Z weeks post-castration while
4 weeks post Diszsiptizni ext BtesoixpignsHi is representative of the situation
in the 2 nonth thynus_ (data not 10 shown). (jii), Shared anf~gens MHC ||
expression in th Mlhlah’eﬁtﬁlr:]é"% 0o é?’éé"teé db%lg'ﬂﬁlim&)diﬂ the thymusican
strongly posiLi L i d ( et ol.,
1990) it ¢ h wEicETop R I Bne Bl bAGe 10f bxERIpIE AN BIERSIGEH T 71
shows a decr pasdudtionvbiblockicy #sex stervid: feceptoresd svithinsthiesthgnivsal | y

i ncreased at weeks post-castration., By 4 weeks post-castration,

expr essi on i Shigiion pkaer steraidpradystien cenrhq aghieyed.Her oxamalen byl d t hynus

(data not sh@Wilation, administration of a sex steroid analogue(s), and other well known

25 techniques. In some clinical cases permanent removal of the gonads via
physical castration may be appropriate. In a preferred embodiment, the sex
steroid signalling to the thymus is disrupted by administration of a sex
steroid analogue, preferably an analogue of luteinizing hormone-releasing
hormone. It is currently preferred that the analogue is deslorelin (described

30 in U.S, Patent No. 4218439).



20 Thynocyte emigration Approximately 1% of T cells emgrate fromthe
thymus daily in the young nouse (Scollay et al., 1980). W found em gration
was occurwighgsfssa proportional rate equivalent to the norpEgiavRlens ouse
at 24 nonths and3 even 2 years of age (Figure 5a and 5b)) although
significantly (p<_0.0001) 25 reduced in nunmber. By 2-weeks post-castration,
a significant increase in RTE was obser ved (p <_ 0.01) conpared to the
aged mce. Despite the changes in cell nunbers emigrating, the rate of

em gration (RTE/ ot al thEMrmc tes) remai ned constant with age (Fig. 5b).
However, at gﬁé’éﬁ%—@%‘%&e ation this had significantly decreased (p <
0.05), reflecti ngsé@ﬁtélaﬂms%ﬁék ad aielﬁﬁsé mm&gﬁs%%'a”%hﬁnﬁéél this tine.
Interestingly, there was an inCrease in the /sn. ~3s

PCT/ AUO1/ 0129&@&01%(3%% &nofvit, hgxaRmples rafsuch -adalogues Inclwde Bulexin- - - 7: 1
o oal 1 sed ¢ Elepchibesl hmeigssads, WhatHaRD At el fandelinaire B &scribed
RADI ATI GN- | NH&’%%Q BH).% QA gﬁ%@é G%atiﬁasﬁqnatt?gﬁgzstzag Lo rg@@k prior to

treatnment, or on e sane ay as treatnment owe I NCr eases

in thymus r egﬁsehbbddn WH4£902901| UE3992859, ddSmﬂmngS@Q%mﬂ]deQQMG
treatnent. 1o In_the thy U:f irradi ated m ce, show aevere dj sruption of
1

t hyni ¢ ar chi ﬁ@étlﬂﬁ;‘bqg?@@ﬂb paalangarivadives surbas are dagarihed i &P 41320%el | s.
Gortical col ﬁﬁrﬁﬁﬁl Gie%bﬁﬁﬁ@tm?j 40*1%1?%%&%%%634%%? ir]ﬁatsﬁg ié%]galTCR

reveal s | oss ere’1s a downre u atro

expr essi on oygsRés48zy h@&&telﬁ?(dé'sﬁﬁib@dtlﬁﬂl zm@enagarerlnqid@mrmn@ cells.
In 15 conpari son, clo hos&:&am de-treated aninals show a | ess severe

di sruptliton oU&Wﬁf‘é‘l’aU Al 1483 ard US4378001, Blistielin (dessgibed intER247688k of

ol on 11 cant e sermibed FEYSARNe £l P MR TIEE” £ o
8) . In conpajdsepibeddl B9408I46 0 RBtdTR] fdeseHBYE fn PRoskee of @BSati LARFAN
DP thynocytes (rapidly dividing cells) and subsequent increase in

proportion ofnaioguasducivgs ee¢ Hesqrilzad o1 ERE3 E236n1)S46082581, SSHEH247| | ust r at ed

Cast a4 ol ataepaas oM s S ARS8 fiy bRt b RS EElbuieicnt sy o

weeks, fshe n%ac&%ﬁéya%%ca@haﬁhfed% s?dbi)é'ed}'efiﬁ&@l&)bi’a%e&%éi‘é}ﬁ ByPors mal | ty

wi th regeneration of both DN and DP thynocytes. "However, portions of
t hynocyt es aretermiceyet equi val ent to the young adult control t hynus.

ndeed, ot 2 veekq, e Vash il erence 0 epulal Lo tance belueen
were equi val e, RELVAEI RS LER BerBiPsiRRM ing A4 thu3wilBBniyPé AU0L/ 01291
effective as long as the appropriate compound is administered. As a result,
20 an advantage of certain embodiments of the present invention is that once
the desired immunological affects of the present invention have been
achieved, (2-3 months) the treatment can be stopped and the subjects

reproductive system will return to normal.

25 Genetic Modification of Haemopoietic Stem Cells (HSC)

Methods for isolating and transducing stems cells and progenitor
cells would be well known to those skilled in the art. Examples of these
types of processes are described, for example, in WO 95/08105, US 5,559,703,
US 5,399,493, US 5,061,620, WO 96/33281, WO 96/33282, US 5,681,559 and
30 US 5,199,942.



Interestingly, thynus size appears to' overshoot' the baseline of the
control thynus. Indicative of rapid expansion within the thynus, with the
m grati onygfpashigse new y derived thynocytes not yet occur pichghohbi1dopkes
---3-4 weeks for thynocytes to mgrate through and out into the periphery).
Therefore, although proportions within each subpopul ati on are equal,
nunbers of thynocytes are buil ding beforel@®eing released into the
periphery. Figure 9 illustrates the use of chemi cal castration conpared to

sur gi cal casAtArn"pgieone&Jn1 enh@n&egge nt of T cell regeneration. The kinetics of
cheni cal cast¥HH5E0EEAL r than surgical, that is, mce take about

3 weeks i 0 longer tredefheantsdiiel astidedHeibid)FefeX tepSyRdlddtR S-
.However, chem cal castration is still effective in regenerating the thynus

as il ustr at eequendesgulichcare ExnyRementary toiv\pdy REGIENERATI Chie POkdeTiV NG

I NHI BI TI ON O SEX, 15 STERO DS SULTS | N,REST Tl OF DEEI CJ ENT. .

. PERI PHERAL T“BE‘EE‘%N%E&PS SRR iy Rk eé%t%%ﬁh&ﬁn‘émﬂ&e the
| mune  15es pogsRthebR INER g AP HEX gdhd(BFof iHBMbs AN NvkAkd BHeNBRiRY PaY as it
all ows the st%dy of t&Fi}’lﬁséasﬂg?pr ogr es[gllson1 andsr ol e of CTL ((3cytlot oxXi c)faT

cell's. Castr aremofr whivh pemvstat ithedis wé hycoamplemeamtaryt sitdnde| @niepr oved
responsiveness to the virus ce ware, i nised in the footpad and the
popl i teal ( dRalpRwgst Wﬂﬁw%%lbahm%@&%w Gosubinesath gabiigh | n
addition, th NS ' t I 1 t i

fitre ot par FroaniprblubalBy e 6o FOMRARRCISEs, Micsk ohill Bfbg tigp 16K
post - i muni saithenthd hatleasidmdceiptivrcer fransdaton) gnithisaaanhsr, ndi@at |yl nph
node cel | ul ar Lty than the aged mce (Figure 10a). Although no difference in
the prdiforti GReBetyResiex be gererieh25+) cel s was seen with age or
post-castration, activated cell nunbers within the |ynph nodes are
significantly increased with castrati on when conpared to the aged controls
30 (Figure lOm)alyhomNkdeic A€idsvated cell nunbers correlate with that found
for the young adult indicating that CTLs are being activated to a greater
extent in WD 02/ 3beiegnzatadylic augleio aedh rafers toasDNd swledule or MINAt he

young adult may, have an, enkarged, | h node due t,0 B cell activation. This
was conf i r med HARE ‘E’E‘F{ecé‘i%g’ﬁs‘a’é[’é@?’i IHQ_%'FI%FB? Bp@?‘i”fﬂﬁ?o&y“&é’@i fic lysis
occuri mg w t hpRGeyat) BPaH RAAA T HN AL onfAiding flole A8 falib d&1031PHES 2
signifi cantly reduced tarﬂet cell lysis at etfectoraarget ratios of 10:1

and 3:1 conparikekyme'}ovinighagetifiqallymenognizes adigtihiaj.subsirateCast caihlyzes

restored the_,abiit f m.ce 1.0 rat cifjc CTL .res ses ,post - HSV
i nfection (Ffl_be. char HC#%%%CQEQH%%& %E’Sﬁ'ggf{i‘hﬁﬁﬁ‘ict%? F‘Sﬁf Q S‘&{%:ﬂ;@ usage
for the CTLsc hfly18SRAARS: heidHak baBasksanad, (%,n*#a SUT & GRIMCferfRlitRednal ysed

for their V(i 10 expression, it was found that this was predom nant (Fig.
12a). Howevethereof. aDgenptivesodf thgee basaseare veelt knbwini instheast.obser ved (Fi gure

13). Furt hernore, decr.ease i 1+ T cells.in the drainjing | ynph nodes
was seefl with age ?Xﬁﬁéjlé(da?eocﬁe&%dcy’bWSma%ﬁ}fltm&%néégtar“é’cséas‘%r?‘i%lmg.
12b). This i VA k .aa tj ells
From the thyltetekis scopfit pl o BEEPL haUIGACRHATERY (UL T cRlaving
responsi venesszymxAvRLHvity: ThdHtRaIFitHON tEndSEa GIEREp &5 ENHe TRRSabSTAl CE OF

NEW HAEMOPO! ETI'C, PREGURSOR CELLS | NTO TI - ~E. THYMJS, WHI CH ENABLES CHI MERI C
M XTURES OF PRGIPIORE L hezymesthatarerparticulayly pesdoRin tdsceL L S1

Previous expgfipidrcallane RO iBb4/RE MiR15H A0 BE1h Po&Y.S
25 Perriman et al., 1992) and the hairpin ribozyme (Shippy et al., 1999).

dsRNA
dsRNA is particularly useful for specifically inhibiting the production
of a particular protein. Although not wishing to be limited by theory,
30 Dougherty and Parks (1995) have provided a model for the mechanism by

which dsRNA can be used to reduce protein production. This model has



an inpor tent role in organ transplant acceptance. Dendritic cells have

al so been shown to play an integral role in tolerance to graft antigens.
Ther ef O_rewdqifm?sfsf ects of castration on thymic chinera forggii@nisd
dendritic ce 25 nunber was studied. For the syngeneic experinents, 4
three nonth old mce were used per treatnment group. All controls were age
mat ched and untreated. For congeni c experidments, 3-4 eight nonth old mce
were used per treatnment group. All controls were age matched and untreat ed.

' adi at | on, TR DR, BIOTREAAGE PUREROTR BVREiowts ShloHHBPHE o i ce
The total th¥éﬂl§nc§8¢§ ARG thePpresantd 6t @SRIAINBRRGAS Ak ednfafs@nst i t ut ed

.m ce were conpare 0 untreated age natched controls and are sunmarised in
Figure 14. Asedpodrice2thahisiestentdely igerstical e dhermmRNAcofdhel gemernfdntezestuitber s

were significantly incr ed in castrated ¢ ared,.to, ngncgstrated mce
<o 05y Abate aRnRRMA PoROHBER POWRFRGE BTl HEh Arekpapest of the
howe~rer,, th a I.,.C r i

noncasnat ed ieaortAGbBILRERME M BIAGR REpRAURiEh d 388l oen, g

| et hal i rradireddiog freauedgeaaecombaiailt vecteerorrestnsllj whierethesshse asidratti-on.

Total cell nunbers in the spleen greajly. decreased, 4 and eks after

re 2

i rradiation &PBSEERANCHCEE AYY ﬂﬁr,lkqd\qgﬁapnlre‘a phpeueng whirheenableethani ce. 15
| I gain, castr d mce.shornzed {ncr d 0 u e tinme
poi nts copar 3%5 eoaé\%%ﬁicla%’ P gtsg éml{b%(gei?g&gﬁld 3;5%)&’ %%Pﬁtoﬂt}g noR(jrlﬁ {ﬂfetgpge?\ce in

total spl eenvggh thaunbsatddedaipence a@ﬁmmge@dloag&tfmnﬁmst Thé ddsigheaidrent
groups ~n~as seen at 2-weeks (Figure 14B). 20 |blesenieric |yanph nodes
fol | owiMy | epreductiomaf switahle @g@%mlgcubef@n thej presertciayastiontiswedh and

trati on Mesenteric |ymh node cell. . d d 2:weeks aft
Fradiati on AR besRRAERE Al aherfap eTHIaEhe AL S RER RER SRR e
However, by thfighe¥§aind PaRsIQ008), Yedtbrivize et al.Nadas e antesh/gosid,avd evel s.

25 There was no stafistically significant difference in | ynph node cell
nunmber bet we &3/THWS0r Q@ PIXRD 29 And WPAHB481Rat ment groups (Figure 14C).
Thym c charges following lethal irradiation, foetal |iver reconstitution
and castration of congenic nce

15 Anti-HIV Constructs
Those skilled in the art would be able to develop suitable anti-HIV

constructs for use in the present invention. Indeed, a number of anti-HIV

anlisense constructs and ribozymes have already been developed and are

described, for example, in US 5,811,275, US 5,741,706, WO 94/26877, AU
20 56394/984 and US 5,144,019.

EXAMPLE 1 - REVERSAL OF AGED-INDUCED THYMIC ATROPHY
Materials and Methods
Animals

25 CBA/CAH and C57B16/] male mice were obtained from Central Animal

Services, Monash University and were housed under conventional
conditions. Ages ranged from 4-6 weeks to 26 months of age and are
indicated where relevant.
Casliration

30 Animals were anaesthetised by intraperitoneal injection of 0.3ml of

0.3mg xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and



30 In noncastrated mce, there was a profound decrease in thynocyte sl unber
over the 4 week tine period, with [ittle or no evidence of WO 02/ 30.13 33

PCT/ AUO1/ Q4%940d389¢eneration (Figure 15A). In the castrat eq,cqwmgwever,
by two weeks tﬂere was al ready extensive thynopoiesis which by four weeks

had returned to control levels, being 10 fold higher than in noncastrated
m ce. Flow cytoneteric analysis of the tidomi with respect to CD45.2
(donor-derived 5 antigen) denonstrated that no donor derived cells were

detectabl e in the,noncastyrated gro 4 weeks,. but remarkab virtually
all the _thym%@{‘%§eW_“ﬁﬁe“@f&??&rﬁﬁp@é@aﬁg%ﬁﬁa?&?s’-éwﬂhﬁg‘d%Wt his time
poi nt (Fi Qurﬂu&ﬁﬁlia ﬁ!l¥§L‘i‘né.hSﬁrgﬂé&l%h‘éﬁoﬁ'\?&é“ﬁ@ﬂ@ﬂhe&BytahéﬂiBﬁPEl‘i‘éb&rﬁ rom
.donor - deri ved haenppoietic precursors, it was Tnportant”to determ ne

whet her T cekdveatingithbdesns, whicdhnwhezaltipd witle edtade madntdhlenyrene®éd abbgg and TCR
defi ned subset,sl wer e aaggé’gd tg%/ flow cytonetry. There were no proportional
.di fferences MAth pYHEEY Bs$SUSr oporti ons 2 weeks after reconstitution

(Fi gure:16). i i ible at 4 weeks, because the
510) - BHInSa0R ke P In BhoRARS

noncastrated m ce were not th donor derived cells. However,
at this tine poi nMité eeckhvédiwo tytrepguiiopeal irjetions cfBidlA{Signm Chemppdar
normal . Two weeks after foetal liver reconstitution there were

si gni fi cant | Fonotte IdnrarMEDr(10Rame kg eody weighidni100ul eEPBS) atiaflihmy as

CD45. 2+ Macl+ CD11CH) in.castrated mice.than noncastrated m,ce he

di ffer ence. vaTtoGpriIARG BESvel i AR A IGREOR SR aifr chEF e,

of donor - der ky@hdMHb&ich, 2B yHARAS vidre disdebfed £AMbitREr 8RENSukPehSORhale | N

castrated mce (Figure 17A). 2 weeks after foetal liver reconstitution the

nunber i dofrFAEPiamadydig.mtioimediatelyiambedsdd in Tisetie Tek (€5C.T.

CD45. 2+Macl1- CD11C+) ,in th s of castrated,m.ce,was doubl e .t hat fqund
T noncast r atam g, Nl NGRS et otk bReeE i amid Riipgatt gnd 'stored 1"

donor - der i vedyhyphal dsélendritic cell's 25 remai ned above the control in
castrated mce (Figure 17B). I mmunofl uorescent staining for CDL1C)
epi t hel i um ( #dw Kptanetnjc andygPA5. 2 (donor - derived marker) |ocalised

dendritic cells tv. the cortic lary junction and nedullary areas of
thymi 4 weeks afMife M&%ﬁfélh@ff ek %Pﬁl%&é{%@%ﬁlyw@lew 8edl i sat i on
Thi s e supasF Byt bRBh A w3F3EmERey3 HRRnS e, BSHed Roy BilouRiClD)
suggesting t hgoofnverke iAfdobd PBSEIRCES/010296 Az, @enbiafiled (8508, mig) | s in
the thynmus are donor derived. Changes in the bone marrow foll ow ng | ethal

i rradiation, 4@eaad resuspendeddnsithayiBSHF RN % aSplegni aphlsaeere ingwbated inn t he
Done, TR O g SRS SRR BRARRSHA S uhEERISLLY WP A AP SRR ©0
and resuspended in PBS/FCS/Az. Cell concentration and viability were
20 determined in duplicate using a haemocytometer and ethidium
bromide/acridine orange and viewed under a fluorescence microscope
(Axioskop; Carl Zeiss, Oberkochen, Germany).
For 3-colour immunofluorescence thymocytes were routinely labelled
with anti-off TCR-FITC or anti-yd TCR-FITC, anti-CD4~-PE and anti-CD8-APC
25 (all obtained from Pharmingen, San Diego, CA) followed by flow cytometry
analysis. Spleen and lymph node suspensions were labelled with either
aTCR-FITC/CD4-PE/CD8-APC or B220-B (Sigma) with CD4-PE and CD8-
APC. B220-B was revealed with streptavidin-Tri-color conjugate purchased

from Caltag Laboratories, Inc., Burlingame, CA.



and are surrunarised in Figure 18A. Bone marrow cell nunbers were nor nal
two and four weeks after reconstitution in castrated mce. Those of 1o
noncastr aye@d,As6s were normal at two weeks but dramatical bygtdgeisased at
four weeks (p<0.05). Although, at this tinme point the noncastrated mce did
not reconstitute with donor-derived cells. Flow cytoneteric analysis of the
bone marrow with respect to CD45.2 (donor2iderived antigen) established that
no donor derived cells were 15 detectable in the bone marrow of
noncastrated mce,4 fter regonstitutd ony 1h ver t he
cells in the casﬁ%ﬁeﬁﬁéﬁggeﬁpecﬁgﬂwem get ?e%bab%hwghtwgoq'ﬁb{)&f gur e
18B). Two wepht: FbHli6wed 50MRdtidiHARS PetiiBalbidiRatiof ¥iptediohsBeddscripeer s of

.both castrated and noncastrated mcé were markedly | ower than those seen 20

in the contr (Camniyor apdRBow5198%: BrieBpkstainedreellsewererfixatb@dN ai ¢7C Ve d9a
cells in the e rrow of nan trated mce and T,ce er renmi ned

. bel ow Lont roPiL%ZQrQF '&Wvgéﬁ's?tq gwg‘gﬁ?‘ﬁie fﬁf%ﬁﬂ%‘“ﬁ@l&d lﬁgh@huﬂgﬁf%mfsmnyel oi d
and | hoi d adr i L. . I 0 e
narrogvn'g)f noIndglglé rlg %Sg %%yl@%?%%WQéy?%h{@&g&g tg}lhggggzog??ut ion.

Four weeks abidar tordeaianeret theUDNAr Fidellycesdowby idvmbated witht arsd-Bad Ui ce and
no donor-derived cells were seen in the noncastrated group (Figure 19B). 30
WO 02/ 30~3~ FETedBeaioniPiskimspngp| eni ¢ changes fol lowing | ethal irradiation,

and. noncast rat ed Tacbg PpRUREAbHARLRE: ARARER BT ek WERTER B CTRE! Chcc”

control s andCrhe GBS BI20 @i MacrTRIO et vely détguied BPdnti-tapIgepks after
treatment, spleen cell nunbers of both castrated and noncastrated mce were

appr oxiifat el {/ABIWShl_tﬁmi Udf. )1 and M?GFgﬂﬁ.r:’eBiﬁl}Sdﬂ'N]m ,fOfl‘rﬂmiblé&i% They 3§Qr_ﬂat ed
Tonmi nod decFuSBe AN ARDAF R GralRAfRER) aol DL CRRBR S ot v dat a

denonst r at ed fiidled B Srdmaviiin t8i-sbhir(Capag, dA) hepeaasusly deberibsdrber  of
donor derived cells 0f castrated and noncastrated m ce, 2 Wweeks after

reconstituti ¢Godffeyand ZoB)ik, M9 Yokndhdetectidnowdd thencperfatemagcasabl e in the
spl eens of n ncasl%‘%réit ed mce at 4 weeks, however, alnost all the spleen
cells in the%sdt %I?P‘Fﬁ'ce wer e donor derived. z5 Two and four weeks after

reconstt Ut on NGk NES AR A RAARACR b PRl oAYIDR bR DOldbls

castrated and noncas m ce Figure 22A). Two weeks ter
foetal |iver lymphosylet wrérergatahaccotdinigvied) arel a0°dightdchitapprofilesiendrdata ¢
cells (Figures 21 A and B res ectiveI%/) were found af control levels in
noncast r at ed VAT AIEAEEANERE G uegt sattiyaze BerdoRdNSKINSgNYer i ved dendritic
cells were d%‘%ﬁmﬁd t he spl eens of noncastrated m ce and nunbers
renai ned decreased In castrated m ce.

Frozen thymus sections (4um) were cut using a cryostat (Leica) and
20 immediately fixed in 100% acetone.
For two-colour immunofluorescence, sections were double-labelled
with a panel of monoclonal antibodies: MTS6, 10, 12, 15, 16, 20, 24, 32, 33,
35 and 44 (Godfrey et al.,, 1990; Table 1) produced in this laboratory and the
co-expression of epithelial cell determinants was assessed with a polyvalent
25 rabbit anti-cytokeratin Ab (Dako, Carpinteria, CA). Bound mAb was revealed
with FITC-conjugated sheep anti-rat Ig (Silenus Laboratories) and anti-
cytokeratin was revealed with TRITC-conjugated goat anti-rabbit Ig (Silenus
Laboraiories).
For bromodeoxyuridine detection sections were stained with either

30 anti-cytokeratin followed by anti-rabbit-TRITC or a specific mAb, which was



The effects of lethal irradiation, foetal liver reconstitution and
castration on nesenteric |ynph node nunbers. 25 Lynph node cell nunbers of
castr at edwand/zopacastrated, reconstituted mice were conparpggyAmijoipse of
untreated age matched controls and are summarised in Figure 22A. Two weeks
after reconstitution cell numbers were at control |levels in both castrated
and noncastrated mice. Four weeks after réconstitution, cell nunbers in
castrated mce remnined at control 30 |evels but those of noncastrated m ce
decr eased i gai h6RAIDwHE AHFadRRys (AWRHOZH0 Bt PABCHHAHAN0ARSL FI ow
cytonetry analysis with respect t .2 suggested that there was no

signi ficant geffbenedae pravichelyndeseeibedf(Pdnitet afle1998)d Biteflys sectionasterat ed

.and noncastr txgg,m' ce gktwe?gs af ter recon,s%gécﬁ;i on (Figure 22B).. No donor
derived cel | §xgdin 793 Ethanal o3 30 miRs o Semirdied sections jwaesingupated in 4M
reconstituti j . I i 1 astrated
mce Were do%igjrl’- ggir,l\l&élgéfda}%ﬁl 'EA{]agﬁisﬂa%lel?tﬁg’Tr#ég?g]?f r?? ?g%%ﬁaﬁogl(#"gﬂjr b%"g&s after
reconst ist ut i erastesitxi PBSI iBtdW Was deteotedraeing dnti-BedU-FTe! (Batash-and

noncastrated_mce were |ower than control levels. At 4 weeks the nunbers
remai ned | owDigkiag@r)k at ed nice and there were no donor 1o derived T cells

in the |ynph nodeg_ of noncastr.ated nc pqure 23). Two eks,after foetal
| iver reconstitut %lnt}ﬁg?"lggfc&lérllg‘gggflghni}gﬁeé?%&aen88%%%‘6'?83 %ﬁﬁ?g??rc?cel S
vere found akps@ftMNITSEnsl tbgéthed YREALATRkERANC TTHAIGLCcHDE Yvdsthey es 23
A & B respectively). Four weeks after treatnment the nunber of donor-derived
nmyel oi d dendpetlpemed ok slesetibedabove.t he control, 15 howevea~, |ynphoid
dendritjc cell nu r remai ned.unchanged.. General D scussi of the

el d0°ve- have SHEIRRS A SLFENIHIS = Liiehauore-ca0Erad piked spntal 0

mai ntai ns it gitkebpenal capacity with age, with T cell. proliferation,
differeiltiation and mgration occurring at |evels equivalent to the young

adul t nouse. Migrdtpugifudieymi ¢ function is regul ated by several conpl ex
i nteractions between the neuro- eﬁflegcri e-J nmune,_ axes, the atrophy duced

\ . i
by sex steroid proBHBRIEHeEEIACS ey IndFapRTife ﬂnﬁﬁHOBPéloﬁfQEBPeffects
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ymphoi d andosd Rarafe (8ol BORE iyl FARIERE BARADIRENS AT RpR™! " ©
reducedsw t h1ageg ketashimerhypirevhlovisley(Kekdlan Kawke-Dadidy@aringah, NS5,

Aspi nal |, 19%% agid correlates wth a significant decrease in thynocyte
numbers. The/dBHala) imsalingy by the 30 castration technique, which may

result in further ' s Cartj [ds, is
overri dden by t nePeap ey g FRECIaBH Bk e Bt h SRS B 051
i nfl uences wlidsetdigcibu¢elseodnie §Senlldyyerud., i1980EB6iZgs bal;eldas) aBiielyby
20-30 fold fbom t h]g)bpr e-castrat % m%l %}; 3 mqk;ﬁﬁg}os;{bcast rat iq?cgi the
aged t hynus SHERK '‘QD&F ¥l'e SgRA%e 8 Q3¢ Was Hue 1 W18 japPreximaieiy
nunber ,,.surp i n f adylt_th S presumably due.tq the
acti on€%of s@@g&%ﬁ%@iﬂﬁ}lﬁﬂﬁﬁﬁﬁﬁh ﬁg‘et‘ﬁ%ﬁ@? sdf’?f‘fﬁ’éﬂ%a Fr‘ﬂ)lfgtl?la_ciol d
mouse. Qur dafaple; ARl thEEmeheYival Svdrnitdl #8861 Fl1Bf reRBPERE $Emt et Ridsid1ued
ability of thynocytes to differentiate and mai"'ntai n constant subset
Mice were killed by CO, asphyxiation approximately 24h after injection and

lymphoid organs were removed for analysis.
After cell counts, samples were stained with anti-CD4-PE and anti-

25 CD8-APC, then analysed by flow cytometry. Migrant cells were identified as
live-gated FITC" cells expressing either CD4 or CD8 (to omit autofluorescing
cells and doublets). The percentages of FITC* CD4 and CD8 cells were added
to provide the total migrant percentage for lymph nodes and spleen,
respectively. Calculation of daily export rates was performed as described by

30 Berzins ef al. (1998).



proportions with age (Aspinall, 1997). In addition, we have shown t hynocyte
differentiation to occur sinultaneously post-castration indicative 10 of a
synchr onoyg @xpaasi on in thynocyte subsets. Since thynocytperdiiiRimare
decreased significantly with age, proliferation of thynocytes was anal ysed
to determine if this was a contributing factor in thynmus atrophy.
Proliferation of thynocytes was not affec®d by age-induced thynic atrophy
or by renoval of sex-steroid influences post-castration with ---24%of ~.5
all | hynocytes preali [ HONEY, : ' 0 thi s division
differed with age?kkagkg%ﬁgﬁ?ﬁ nnuggﬂ¥%§ﬂ %&s gggﬁ%EJh gg%rdivision

t hr oughout t henpabnaptidad Mand VWitithé ¥ st avasased T dueknbinethealtdtistioalt h sone
di vision also ocgurring in the nggulla. Due to thym c epithelial
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thynocytes Wehbuddair8 Ghafkatdd SRS o, ey <aind Y - §yuodsgy, in the
medul la with simlar distribution to the 2 month thynus. The phenotype of
the proliferating popul ation as determ ned by CD4 25 and CD8 anal ysis, was
not altered yth age or follow ng castration. However, analysis of
proliferatio in thynocyte subpopul afiions, reveal ed a significant
decrease in B i dfaes off thyRidtvid CD8+ cells with age. Further
analysis within the TN'?l ul‘))set S)'on Pr?\eﬁggls}ils of the markers CD44 and CD25,
reveal ed a si(grilfyimanteigldcarmhdgmoecype nuifber at i on of the TN1 30 ( CD44+CD25-)

popul ati on whi ch was conpensated for by an increase in the TN2 (CD44-CD25+)
popul atibn. TheseWibhdusransingagedners i a highiwsignificar/(psBH0POMeaeasoipg 1

™ Subset  wabodh SRt wbtihy BRI LRI Ryt g b Pl dBY o
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post - cast r at ivehie efhd 3grolsich: dasueaskes GDY-66Talc t8-R4 montthswéege fadiposer at i ng was

kedly i i L h t th , ibly indicating. | e |
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shown tf5 occye aat.rﬂ?utear1§hadﬁcraas@nﬁrtbmrthggndfgwﬁﬁm%s:whé R-2gforAnf Ii cting

wi th previous data by Scollay et al (198 who showed a ten-fold
reduction i nthjausaoatains t+H6.Foci@’ ehyinpeyteso deteasing toer i Ben g cellsdy 24

difference in these results be. due to the difficulties ip intrathymc

I TC | abol 11 ReRss Hramdiipd s aitects of sosieleioida e o aann By soakatish | on
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reduction i nte shatofdhe RFoESgtalulthin beth whightlandl cedlulagityo(Figdiei A wndl1B)esul t
in changes in the periphery predomnantly affecting the T cell repertoire

(Mackald0 et Imterestrgly, theyeis %&%nyéwtipéweﬂbincre@seén thymnyte auambgsswn a
kewi fot | L et At ive, T cell
Shenot upe. w o 2 S pd PRALLRIOE (L8 A AR WhibRsS st laRiniE Jotfe,

cope if the iaelybgualeelncposticastratiow (Paidiod®)s, possi bly accounting for
the rise in imunodefjciency in the aged. Obviously, there is a need to re
establish the T c&hp dsserasean Tiealhbesmsreprederadiby thegthsmaus Rt at i on

allows the tOylSed On 15O PRIPALS, WAfh REldeR! defl Nubdbetd' MinSheny £o5a05 With

25 age (Figure 2A). Homeostatic mechanisms in the periphery were evident

since the B cell to T cell ratio in spleen and lymph nodes was not affected

with age and the subsequent decrease in T cell numbers reaching the

periphery (Figure 2B). However, the ratio of CD4* to CD8" T cell

significantly decreased (p<0.001) with age from 2:1 at 2 months of age, to a
30 ratio of 1:1 at 2 years of age (Figure 2C). Following castration and the




i ncreasing the production of naive T cells. 25 In the periphery, T cell
nunbers remai ned at a constant |evel as evidenced in the B: T cell ratios of
spl een angglggapfasnodes, presumably due to peripheral honmeegtragiosoidackal |
et al., 1995; Berzins et al., 1998). However, disruption of cellular
conposition in the periphery was evident with the aged thynus show ng a
significant decrease in CD4:CD8 ratios fr&m 30 2:1 in the young adult to
1:1 in the 2 year nouse, possibly indicative of the nore susceptible nature

of CD4+ T cel] . Qr. i i : i ~3~ 39
PCT/ AUO1/ 0125@@1??’?‘?%%1??“?‘%12%52@ r 5tr§§,<$n{1§§ g@% k’ggé’%’é’y nﬁ%&%ﬁé%

post - cast r at ipefiphehHlST &6l n@nfilsss Regoliverval: ispishic FuedlhnafiHees thd ghé hetio

i mredi at e reSponse of the inmune systemto surgical castration. The above

findi ngs havef Brnbaalls in botly splean anidelyarjel nodgnhwas inot aHprasl follswingnct i oni ng

in a nature egul val ent. to e s pyhertal th . this respect, T cell
-nunbers are Egéﬁ?tf?%@hﬁlf/e %Cq)'@a@hd*glgtde{:ﬁeeas %ﬁﬁ%@b@frapﬁ)}ﬂt}ﬁ?t})&l%ry

di fferemtiat qyjtis af@ivadistliléiaent 12 WeekY Yobl-basthitldi but WaPtempiéenf ¢ and
eventually mgrate to the periphery is again not influenced by the

age- associ at eeveasedbpyyt weekshpostinastrationdiégree 2Qwo i nportant findings 1o
were noted. Firstly, there appears to be an adverse affect on the TN cells
intheir ability to proliferate, correlating with findings by Aspinall
(1997). This C y@q i i nherent defect in the

t hynocyt es tﬁgﬁé’gf%’s? et’%? gftfg%éb%%%}éé?@@i ous work has shown thynocyte
differentiation, Tbtdedeighindiifitine dbewassin thymocyte nuanbesisesh adth agatwag from
the 15 BMis also not_ affected with age (H rokawa, 1998; Mickall and G ess,
1997). this thpressdt ektherdenlayon of speebis cpll porulatippstthysiocyiss were oi d

action and c Y. ; 1 i [ rsor subset of T
cells. Secpng%@e?&ﬁ‘gitwﬁﬂ%@ﬁ%?%gltdse?g%?lbﬁ aﬁﬁgsgﬁ%‘iﬁﬁ shed in their
proliferativeubppgelatipn¥i Th addftici)cthid Qlldwsll AgalRsd 6fthedineBesblymheant | y
20 increased proportion of CD8+ T cells proliferated as conpared to the 2

nont h nouse. 1apEPPabphipeskeagratiin. ndhemsogortisin of the maindiymaeaytee a fi nal
step before mgration (Suda and Zl atnik,.,1992 such tihat a significant
decrease | n eaRORYGRohE o Sl Ml i st ot hehEtntloBnk fixdfis

mi gratignal rp%fégpé BRhnd THhsd Y RQhBRS AifbPMSHIRAEE € ¥n AMdAWN ffuffkpg that the
rati o of CD4: T cells in 25 RTEs increased wth age, indicative of a
decrease in eiBdividehlof thigoaytasdy He exprasdivelof ofTICR imed ySPAR aeepiledel i um

is providing the key fagctor for, the T cel] maintenance, whether a

| ynphost r or n&P qﬁé@qﬂée dpéﬁ%PT‘&WIES‘HPﬁé’fiCtEg%B%‘@PUPW Mlﬁbes%ﬁd%ywséhawsla ur bed
wth increas t I I - 0n. j ]

sex- st er oi ds,?ﬂﬁi%ﬁ%&%gq#t%g%%g§€,0%§&%%¥g%é]ﬂngﬁ% # égﬁglt%gdgf&ﬁhﬁnl ly.
Thus, it wassaeequspoytidit ded,sincathyrhocytetraithbers Hacshed bg wf tot To0¥fald

epithelial cells pre-, and post-castration. WO 02/ 3035 40 PCT/ AU01/ 01291
The cordlex apgehsastiations shisdpdicates @ syRglerongusespradrn e atly

subsets rather than a developmental progression of expansion.

The decrease in cell numbers seen in the thymus of aged animals thus
appears to be the resull of a balanced reduction in all cell phenotypes, with
no significant changes in T cell populations being detected. Thymus

25 regeneration occurs in a synchronous fashion, replenishing all T cell

subpopulations simultaneously rather than sequentially.

Proliferation of thymocytes
As shown in Figure 4.1, 15-20% of thymocytes are proliferating at 4-6
30 weeks of age. The majority (—80%) of these are DP with the TN subset



avai l abl e to expand the network of epithelium The nost dramatic change in
thym c epithelium post-castration was the increased network of cortical

epi t hel i wyodpizesked by MIS 44, illustrating the significaperfAgoi
thynmocyte 5 nunbers. At 2 weeks post-castration, |ICNAs are abundant and
appear to acconmopdate proliferating thynocytes indicating that thynocyte
devel opnment is occurring at a rate higher2d han the epitheliumcan cope
with. The increase in cortical epithelium appears to be due to stretching

no 10 prot i 1 SrEiFgPFbkEoRTIEke IBECA S ShiF R 4l RtniRRgY. "o
i nmunof | uor e sigdt Aevisditidl dedh)inehk siBbapEilé anAQbrdk k?lﬁﬁﬁmohﬁﬁoldg dta

-influences nost |ikely due to the |esser nunber of ell's accumilating in
this area (>88Vshewnhyfome divisier is sean i thehmedmllaryarpgiensewith BACSct i on

events). However, .the 15 aged thynus Wshsever | thel al

Gl srupti on dREEpFIRERRE ] HopaBISeT P SEIR BPGR P mitstind Bonlaur 1 ary
junction wi tloridre GeRdPABdNhg g e!4.2m).i ncorporating into the cortical
epithelium By 2 weeks postcastration,” .the nmedullary epithelium as
detected by MIS 18ltwaghicel members ayamsigraficantly deereaxed m thdegeld/ drymus,
subpockets are still present within the 20 cortical epithelium By 4 weeks
post - cast r at ﬂ)a?l‘}ftef%mga?ﬁm&f’%ﬁa TERRALS %HIV% i HeEeREiRgite 12siRYe i Q) years
reor gani sed with. iy S,k e Y fhL R b 413 ; young
adul t thynus@lgtt}b?flg] ’cmﬂglg%gﬁ%dg% ﬁpg@s@%@ 1%%%‘%%@%2‘%? %1??1% , host
evi dent in thke denoethstitynexp(Rigareon 24i). Mdthwhalsstolbgyeusdehledodhetdiyision at

barrier 25 antigens when conpared to the pre-castrate thynmus. MAC |
(det ect¥d byll\WPSBP?%e F%e&f&e@igﬁaﬁ ped,iny 188 Jioymsiad ult doxrpver ahZwearpossi bl y

relating to a, méArF C ot . I t due to their
di m ni shed n rlrglzfrég %éeﬁlﬁg@&v%%l,lgﬁg%&&@%ﬁ%érggs%éﬂﬁgﬁgg% of maski ng
by the t hynoegs@tatirtl(dstarmitationhgo At Weeky pest-cdstadion; althotiflynus (Randl e
and Boyd, 30 1992) which is dep|leted of the DP thynocytes. Once thynocyte
numbers are thpneapledywbprigeilicastlydnragse . theraistrgehangenidi the sites are
agai n bl ockedrggo . V\l()) /30035 &C&{aﬁugllpojlﬁlléll the acguctrggl ation of

t hynocyt es t KIS J&?Pe S X&’é’ ec ﬁebg; I g6 B8 IJLEN l.ng'la_he anti gens
detectiqsg t h@Kﬁém@ﬂohgﬁéﬁpﬁnhéﬁfdf%llé WiigliZe 411). apSndRohistdlog@pfdvealdicipased
in the aged thynus and also revert to the expression in the young adult

t hynus post - degadisatipnrof thyriecyte pudiferation theyerdent efdiaidingvellsitose

imt f th ti .1q.t i h | ai t. hi i
P axpr evst ofts A hE e ey ibfat Abeniyai, AP BY EeBaEs Porropstatishe
hecessary CO'(k‘leHQ'ndmﬁBgﬁ‘J).S VEhey 8haly3th EMRY $iSpbAoP bf &&&ﬁﬁﬁu@fsu}m&ﬁént hus

when these are depl eted, expression i s not” controlled. The "prinordi al
epi thel i al amthighnsprteericthedpioifemmgngpamdatims therowasasigmificensed i n.

' int dth but t kets, of i theli t th
cort i ooheaulp POt ke HowR berkfhGer of Lo ABR A kiR st ity
ort i coiredulPaFPPafcTeErt i o df REDISS 2T )

oise. RenoyPho R BopelarRia 508 L AR PPy o el e 2n

di ff erenti at e-G% at2pvesls postidastrhtien) (Righiead.2ARNt i gens. 15 The above
findings indicate_a def theliumrendering . it jincapable

Lin. the thym I ]
of providing the H&WEe 6%%131‘?%9'{%%’“‘%?% 1 f?ﬂ@é‘é’é‘s‘ﬁ’rt&%ﬁ“fhﬁ‘ﬂlfgselté?.
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hymooyt oo miROHE: G puld sl Sligs. T f PhghlifodP L 080 Aty ) P o,
by the mex speslifechtioil witiiaahe DMubBstBS % at 2mozihé Beh9aby R8RS

cortical T cells for its proper devel opnment and
Proliferation of CD8* T cells was also significantly (p<0.001) decreased,

reflecting the findings by immunohistology (data not shown) where no
division is evident in the medulla of the aged thymus. The decrease in DN
proliferation is not returned to normal young levels by 4 weeks post-

30 castration. However, proliferation within the CD8" T cell subset is



mai nt enance. Thus, if this population is dimnished, the medullary

t hynocytes nmay not receive adequate signals for devel opnent. This

particul agby:86888 to affect the CD8+ popul ation. |IRF ~" p¢awmiorg
decreased nunber of CD8+ T cells. It would therefore, be interesting to 25
determ ne the proliferative capacity of these cells. The defect in
proliferation of the TNL subset which wagbobserved indicates that |oss of
cortical epitheliumaffects thynocyte devel opnent at the crucial stage of
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pool with age. In addition, we have described in detail, the effects of
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hani i . 0tilisi . ; ndi
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peri pheral Tat&$ mgribs ofnge {Figure 4.205-whichiwas réstoredrbyusiveaeks post-

I nmmunosuppr e

e S o e N TR T R R e

i mmunodepl et | 1ig (YA ' g f: : ration
on t he Pacoy P npeRBREIbERY bigHIRAR fed. GO ThPRised E pRolBEANGL oF B,

cycl ophosphaffiNgesubpegiuietion (THe4tCD25 Hswhichi retumedep! wirnerl yaanhgtlevels biybi t
DNA synthesis and therefore target rapiDgI y dividing cells. In the thynus
these cel | s arEegspriskicashittion (gatuteD)s cortical thynocytes, however all
subsets are effected (Fredrickson and Basch 1994). In nornmal healthy aged
mce, the qualitative and quantitative deviations in peripheral T cells

sel dom | ead Thepdfebdbbbageohn the dhnanic ivweavirommeéit. probl ens ari se fol | ow ng
severe depletion of T cells because of the reduced capacity of the thynus
for T &1 regenethe chansesuionthefdymis maicregnyirpiapen) witkiagevergeramined
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irradiated agshigy edoaphwkbatieddeithaepilgclonal entieoysdkerbiiambiar kedl y enhanced
thym c regeneration. Castration was carried out on_the sane day as and
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maj or differences were observed two weeks after castration. This was the
case whet her (i &pithebialosellvamtigrast or ned on the sane day or one week prior to
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“mar kers denonstrated that 1 m-. nunodepl eti on caused a col |l apse in corti cal
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regeneration was a marked upregulation in the extracellular matrix,
identified by MIS 16. h'lo~v cytonetry analysis data illustrated a
significant increase in the nunber of cells in all thynocyte subsets in
castrated mce, corresponding zo with the i nmunofl uorescence. At each tine
point, there was a synchronous increase in all Cb4, CD8 and a(i-TCR -
defined subsets follow ng i nmunodepl eti on and castration. This is an
unusual but consistent result, since T cell developnent is a progressive




30 granul ocyte nunbers within the thynus. WO 02/ 30-135 44 PCT/ AUO1 /01291
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t hynocyt ewigLgaipeis peaked at every two weeks and decreased gequkymmers after
treatment. Alnost inmmediately after irradiation or chenotherapy, thynus

wei ght and cellularity decreased dramatically and approximately 5 5 days
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25 (ii) Vascular-associated antigens.
The blood-thymus barrier is thought to be responsible for the
immigration of T cell precursors to the thymus and the emigration of mature
T cells from the thymus to the periphery.
The mAb MTS 15 is specific for the endothelium of thymic blood
30 vessels, demonstrating a granular, diffuse staining pattern (Godfrey, et al,

1990). In the aged thymus, MTS 15 expression is greatly increased, and
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20 Thymocyte emigration
Approximately 1% of T cells emigrate from the thymus daily in the
young mouse (Scollay et al., 1980). We found emigration was occurring at a
proportional rate equivalent to the normal young mouse at 14 months and
even 2 years of age (Figure 5a and 5b)) although significantly (p<0.0001)

25 reduced in number. By 2-weeks post-castration, a significant increase in RTE
was observed (p=0.01) compared to the aged mice. Despite the changes in
cell numbers emigrating, the rate of emigration (RTE/total thymocytes)
remained constant with age (Fig. 5b). However, at 2-weeks post-castration
this had significantly decreased (p<0.05), reflecting the increase in total

30 thymocyte nubmers ast this time. Interestingly, there was an increase in the
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of DN and DP thymocytes. There is a downregulation of aff-TCR expression

on CD4+ and CD8+ SP thymocytes - evidence of apoptosing cells. In

15 comparison, cyclophosphamide-treated animals show a less severe disruption
of thymic architecture, and show a faster regeneration rate of DN and DP
thymocytes.

By 1 week post-treatment castrated mice showed significant thymic

regeneration even at this early stage (Figures 6, 7 and 8). In comparison, non-

20 castrated animals, showed severe loss of DN and DP thymocytes (rapidly-
dividing cells) and subsequent increase in proportion of CD4 and CD8 cells
(radio-resistant). This is best illustrated by the differences in thymocyte
numbers with castrated animals showing at least a 4-fold increase in thymus
size even at 1 week post-treatment. By 2 weeks, the non-castrated animals

25 showed relative thymocyte normality with regeneration of both DN and DP
thymocytes. However, proportions of thymocytes are not yet equivalent to
the young adult control thymus. Indeed, at 2 weeks, the vast difference in
regulation rates between castrated and non-castrated mice was maximal (by 4

weeks thymocyte numbers were equivalent between treatment groups).



| munol . Rev. 160:91. Penit, C. and Ezine, S. 2989. Cell proliferation and
t hynocyte subset reconstitution in sublethally irradiated m ce: conpared
ki netics wé odBogendogenous and i ntrathym cally transferredporagefvi2or s.
Proc. Natl. Acad. Sci, U S. A 8G5547. Penit, C, Lucas, B., Vasseur, F.,
Ri eker, T. and Boyd, R L. 1996. Thym c nedulla epithelial cells acquire
specific markers by post-mitotic nmaturatid8n. 20 Delr. | mmul 20l . 5: 25.

Pl osker, G L. and Brogden, R N. 1994. Leuprorelin. Areviewof its

pharnacology and s ' | G and

ot her sex horrmneh?eg ?ﬁﬁ@ sﬂﬁ %%%e%%%%ﬁgé’%B?g%gﬁgé%ﬁ%ﬂ%ﬁﬁaﬁa”e t,

and Boyd, R tont&I%h:; 1ﬁﬁb(@rﬁl1¢ﬁtﬁfdlﬁrmpid3éﬁpﬁﬁ31@md\nﬂﬁmﬂﬂi@tﬁ poigethd o
.sublethal irradiation. Dev. |munol. 1. Scollay, R G, Butcher, E. C and

~~~ei ssman, migratigamt ﬂlnm@%sedenw@ﬂaym@mrteg@w@ahwqwmgdlfat@ises:rsﬂ i

|1 ul fiitaffjcef h E
.f?z??nﬁ:]ol B 12518’ rtﬂ%ﬁgcgg-:}s% rgfglg,%ﬁthﬁ\ er| tig{%rﬁweui’h Egert on,
M, Spaggr Ud?hel‘éfére ﬁﬁﬁo§§l‘?‘p|r@p(ort16ns Wi%’m Je{&l Wp%qaﬁﬁh afuieci@ene of

thynocytes. Seminars in t ar z| Denetri s,
Mirase, N., Rgdvens of mymmytérs amed)uMlngQEioredmmg melgamd ortp thhmupbsry. and

raft acceptance. Lanc t.,339:.1579. Sud T., and Zlotnik, A 91. I L-7
Daintains Pho T JERRS TIustEEs B uit PErhenicalgasiiemsoi Firgical

| mrunol . 146;3088i0nl@ dﬁﬁﬂﬁceﬂle?rt_d?"ldcéﬁh 'ﬁereﬁdn RO %indfRds 5 ?ﬁ'xﬁﬁf ChA+

| ynphocyt es |n t he aged m croenvironi ent S in a nmenory-enric
popul ati on. dasttatiomnaie. mh6R skiver ﬂ:ﬁn‘@hmgnicabrthaﬁs)/\tmamdhkembdut 31986ks . Are

dendritic ce|ls the key li,ver transplant? I | o Today  Z0: 20, Tosi,
R Rt FeneL dASbase Y GPH ARG s RieRHALEL. CHWAISS Chgpand
Cottier, H { e he 20
cortical ar eé%glgdtg)l u%&q %fg&gﬂ%a{élel ﬁa%rah?@xtﬂﬂr{ﬁ %Hﬁk‘?&ﬁﬁ o F%Lf:é

W, Rouse, RgV. and Weissman, LL. 1980. D|str|but|on of H2
m croenvironnents in the nmouse thynus. J. H stochem Cytochem 28:1089.

EXAMPLE 3 - THYMIC REGENERATION FOLLOWING INHIBITION OF SEX
15 STEROIDS RESULTS IN RESTORATION OF DEFICIENT PERIPHERAL T
CELL FUNCTION.

To determine whether castration can enhance the immune response,

Herpes Simplex Virus (HSV) immunisation was examined as it allows the
study of disease progression and role of CTL (cytotoxic) T cells. Castrated

20 mice have a qualitatively and quantitatively improved responsiveness to the
virus. Mice were immunised in the footpad and the popliteal (draining)
lymph node analysed at D5 post-immunisation. In addition, the footpad is
removed and homogenised to determine the virus titre at particular time-
points throughout the experiment.

25 At D5 post-immunisation, the castrated mice have a significantly larger
lymph node cellularity than the aged mice (Figure 10a). Although no
difference in the proportion of activated (CD8*CD25%) cells was seen with
age or post-castration, activated cell numbers within the lymph nodes are
significantly increased with castration when compared to the aged controls

30 (Figure 10c). Further, activated cell numbers correlate with that found for

the young adult indicating that CTLs are being activated to a greater extent in
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decrease in CD4+ T cells in the draining lymph nodes was seen with age
compared to both young adult and castrated mice (Fig. 12b). This illustrates
the vital need for increased production of T cells from the thymus throughout

15 life, in order to get maximal immune responsiveness.

EXAMPLE 4 - INHIBITION OF SEX STEROIDS ENHANCES UPTAKE OF
NEW HAEMOPOIETIC PRECURSOR CELLS INTO THE THYMUS WHICH
ENABLES CHIMERIC MIXTURES OF HOST AND DONOR LYMPHOID

20 CELLS (T, B, AND DENDRITIC CELLS)

Previous experiments have shown that microchimera formation plays

an important role in organ transplant acceptance. Dendritic cells have also
been shown to play an integral role in tolerance to graft antigens. Therefore,
the effects of castration on thymic chimera formation and dendritic cell

25 number was studied.

For the syngeneic experiments, 4 three month old mice were used per
treatment group. All controls were age matched and untreated. For congenic
experiments, 3-4 eight month old mice were used per treatment group. All
controls were age maiched and untreated.

30
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reconstitution and castration.

Total cell numbers in the spleen were greatly decreased 4 and 6 weeks
after irradiation and reconstitution, in both castrated and noncastrated mice.
15 Again, casirated mice showed increased lymphocyte numbers at these time-
points copared to non-castrated mice (p=0.05). although no difference in
total spleen cell number between castrated and noncastrated treatment

groups was seen at 2-weeks (Figure 14B)..

20 Mesenteric lymph nodes following lethal irradiation, syngeneic foetal liver
reconstitution and castration
Mesenteric lymph node cell numbers were decreased 2-weeks after
irradiation and reconstitution, in both castrated and noncastrated mice.
However, by the 4 week time point cell numbers had reached control levels.
25 There was no statistically significant difference in lymph node cell number

between castrated and noncastrated treatment groups (Figure 14C).

Thymic changes following lethal irradiation, foetal liver reconstitution and
castration of congenic mice
30 In noncastrated mice, there was a profound decrease in thymocyte

number over the 4 week time period, with little or no evidence of
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Changes in the bone marrow following lethal irradiation, foetal liver
reconstitution and castration

Cell numbers in the bone marrow of castrated and noncastrated
reconstituted mice were compared to those of untreated age matched controls
and are summarised in Figure 18A. Bone marrow cell numbers were normal
two and four weeks after reconstitution in castrated mice. Those of
noncastrated mice were normal at two weeks but dramatically decreased at
four weeks (p<0.05). Although, at this time point the noncastrated mice did
not reconstitute with donor-derived cells.

Flow cytometeric analysis of the bone marrow with respect to CD45.2
(donor-derived antigen) established that no donor derived cells were
detectable in the bone marrow of noncastrated mice 4 weeks after
reconstitution, however, almost all the cells in the castrated mice were
donor- derived at this time point (Figure 18B).

Two weeks after reconstitution the donor-derived T cell numbers of
both castrated and noncastrated mice were markedly lower than those seen
in the control mice (p<0.05). At 4 weeks there were no donor-derived T cells
in the bone marrow of noncastrated mice and T cell number remained below
control levels in castrated mice (Figure 19A).

Donor-derived, myeloid and lymphoid dendritic cells were found at
control levels in the bone marrow of noncastrated and castrated mice 2
weeks after reconstitution. Four weeks after treatment numbers decreased
further in castrated mice and no donor-derived cells were seen in the

noncastrated group (Figure 19B).
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were compared to untreated age matched controls and the results are
5 summarised in Figure 20A. Two weeks after treatment, spleen cell numbers

of both castrated and noncastrated mice were approximately 50% that of the
control. By four weeks, numbers in castrated mice were approaching normal
levels, however, those of noncastrated mice remained decreased. Analysis of
CD45.2 (donor-derived) flow cytometry data demonstrated that there was no

10 significant difference in the number of donor derived cells of castrated and
noncastrated mice, 2 weeks after reconstitution (Figure 20B). No donor
derived cells were detectable in the spleens of noncastrated mice at 4 weeks,
however, almost all the spleen cells in the castrated mice were donor
derived.

15 Two and four weeks after reconstitution there was a marked decrease
in T cell number in both castrated and noncastrated mice (p<0.05) (Figure
21A). Two weeks after foetal liver reconstitution donor-derived myeloid and
lymphoid dendritic cells (Figures 21 A and B respectively) were found at
control levels in noncastrated and castrated mice. At 4 weeks no donor

20 derived dendritic cells were detectable in the spleens of noncastrated mice

and numbers remained decreased in castrated mice.

The effects of lethal irradiation, foetal liver reconstitution and castration on
mesenteric lymph node numbers.

25 Lymph node cell numbers of castrated and noncastrated, reconstituted
mice were compared to those of untreated age matched controls and are
summarised in Figure 22A. Two weeks after reconstitution cell numbers
were at control levels in both castrated and noncastrated mice. Four weeks
after reconstitution, cell numbers in castrated mice remained at control

30 levels but those of noncastrated mice decreased significantly (Figure 22B).
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derived cells were detectable in noncastrated mice 4 weeks after
5 reconstitution. However, virtually all lymph node cells in the castrated mice
were donor-derived at the same time point.
Two and four weeks after reconstitution donor-derived T cell numbers
in both castrated and noncastrated mice were lower than control levels. At 4
weeks the numbers remained low in castrated mice and there were no donor-
10 derived T cells in the lymph nodes of noncastrated mice (Figure 23).
Two weeks after foetal liver reconstitution donor-derived, myeloid and
lymphoid dendritic cells were found at control levels in noncastrated and
castrated mice (Figures 23 A & B respectively). Four weeks after treatment

the number of donor-derived myeloid dendritic cells fell below the control,

15 however, lymphoid dendritic cell number remained unchanged.

General Discussion of the Examples
We have shown that aged thymus, although severely atrophic,

20 maintains its functional capacity with age, with T cell proliferation,
differentiation and migration occurring at levels equivalent to the young
adult mouse. Although thymic function is regulated by several complex
interactions between the neuro-endocrine-immune axes, the atrophy induced
by sex steroid production exerts the most significant and prolonged effects

25 illustrated by the extent of thymus regeneration post-castration both of
lymphoid and epithelial cell subsets.

Thymus weight is significantly reduced with age as shown previously
(Hirokawa and Makinodan, 1975, Aspinall, 1997) and correlates with a
significant decrease in thymocyte numbers. The stress induced by the

30 castration technique, which may result in further thymus atrophy due to the

actions of corticosteroids, is overridden by the removal of sex steroid
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<= <& ()- surpassing that of the young adult thymus presumably due to the actions of
. 5 sex steroids already exerting themselves in the 2 month old mouse.

Our data confirms previous findings that emphasise the continued
ability of thymocytes to differentiate and maintain constant subset
proportions with age (Aspinall, 1997). In addition, we have shown
thymocyte differentiation to occur simultaneously post-castration indicative

10 of a synchronous expansion in thymocyte subsets. Since thymocyte numbers
are decreased significantly with age, proliferation of thymocytes was
analysed to determine if this was a contributing factor in thymus atrophy.

Proliferation of thymocytes was not affected by age-induced thymic
atrophy or by removal of sex-steroid influences post-castration with ~149% of

15 all thymocytes proliferating. However, the localisation of this division
differed with age: the 2 month mouse thymus shows abundant division
throughout the subcapsular and cortical areas (TN and DP T cells) with some
division also occurring in the medulla. Due to thymic epithelial
disorganisation with age, localisation of proliferation was difficult to

20 distinguish but appeared to be less uniform in pattern than the young and
relegated to the outer cortex. By 2 weeks post-castration, dividing
thymocytes were detected throughout the cortex and were evident in the
medulla with similar distribution to the 2 month thymus.

The phenotype of the proliferating population as determined by CD4

25 and CD8 analysis, was not altered with age or following castration. However,
analysis of proliferation within thymocyte subpopulations, revealed a
significant decrease in proliferation of both the TN and CD8" cells with age.
Further analysis within the TN subset on the basis of the markers CD44 and
CD25, revealed a significant decrease in proliferation of the TN1

30 (CD44*CD25°) population which was compensated for by an increase in the
TN2 (CD44 CD25%) population. These abnormalities within the TN
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1ncreased from the control thymus possibly indicating a role in the re-
establishment of the peripheral T cell pool.
Thymocyte migration was shown to occur at a constant proportion of
thymocytes with age conflicting with previous data by Scollay et al (1980)

10 who showed a ten-fold reduction in the rate of thymocyte migration to the
periphery. The difference in these results may be due to the difficulties in
intrathymic FITC labelling of 2 year old thymuses or the effects of adipose
deposition on FITC uptake. However, the absolute numbers of T cells
migrating was decreased significantly as found by Scollay resulting in a

15 significant reduction in ratio of RTEs to the peripheral T cell pool. This will
result in changes in the periphery predominantly affecting the T cell
repertoire (Mackall et al., 1995). Previous papers (Mackall et al, 1995) have
shown a skewing of the T cell repertoire to a memory rather than naive T cell
phenotype with age. The diminished T cell repertoire however, may not

20 cope if the individual encounters new pathogens, possibly accounting for the
rise in immunodeficiency in the aged. Obviously, there is a need to re-
establish the T cell pool in immunocompromised individuals, Castration
allows the thymus to repopulate the periphery through significantly
increasing the production of naive T cells.

25 In the periphery, T cell numbers remained at a constant level as
evidenced in the B:T cell ratios of spleen and lymph nodes, presumably due
to peripheral homeostasis (Mackall et al., 1995; Berzins et al., 1998).
However, disruption of cellular composition in the periphery was evident
with the aged thymus showing a significant decrease in CD4:CD8 ratios from

30 2:1 in the young adult to 1:1 in the 2 year mouse, possibly indicative of the

more susceptible nature of CD4* T cells to age or an increase in production of
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The above findings have shown firstly that the aged thymus is capable

of functioning in a nature equivalent to the pre-pubertal thymus. In this

[$7]

respect, T cell numbers are significantly decreased but the ability of
thymocytes to differentiate is not disturbed. Their overall ability to
proliferate and eventually migrate to the periphery is again not influenced by
the age-associated atrophy of the thymus. However, two important findings

10 were noted. Firstly, there appears to be an adverse affect on the TN cells in
their ability to proliferate, correlating with findings by Aspinall (1997). This
defect could be attributed to an inherent defect in the thymocytes
themselves. Yet our data, and previous work has shown thymocyte
differentiation, although diminished, still occurs and stem cell entry from the

15 BM is also not affected with age (Hirokawa, 1998; Mackall and Gress, 1997).
This implicates the thymic stroma as the target for sex steroid action and
consequently abnormal regulation of this precursor subset of T cells.
Secondly, the CD8* T cells were significantly diminished in their
proliferative capacity with age and, following castration, a significantly

20 increased proportion of CD8* T cells proliferated as compared to the 2 month
mouse. The proliferation of mature T cells is thought to be a final step before
migration (Suda and Zlotnik, 1992), such that a significant decrease in CD8*
proliferation would indicate a decrease in their migrational potential. This
hypothesis is supported by our finding that the ratio of CD4:CD8 T cells in

25 RTEs increased with age, indicative of a decrease in CD8 T cells migrating.
Alternatively, if the thymic epithelium is providing the key factor for the CD8
T cell maintenance, whether a lymphostromal molecule or cytokine
influence, this factor may be disturbed with increased sex-steroid production.
By removing the influence of sex-steroids, the CD8 T cell population can

30 again proliferate optimally. Thus, it was necessary to determine, in detail,

the status of thymic epithelial cells pre- and post-castration.
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epithelium detected by MTS 44, illustrating the significant rise in thymocyte
5 numbers. At 2 weeks post-castration, KNAs are abundant and appear to

accommodate proliferating thymocytes indicating that thymocyte
development is occurring at a rate higher than the epithelium can cope with.
The increase in cortical epithelium appears to be due to stretching of the
thymic architecture rather than proliferation of this subtype since no

10 proliferation of the epithelium was noted with BrdU staining by
immunofluorescence.

Medullary epithelium is not as susceptible to age influences most
likely due to the lesser number of T cells accumulating in this area (>95% of
thymocytes are lost at the DP stage due fo selection events). However, the

15 aged thymus shows severe epithelial cell disruption distinguished by a lack
of distinction of the cortico-medullary junction with the medullary
epitheliuimn incorporating into the cortical epithelium. By 2 weeks post-
castralion, the medullary epithelium, as detected by MTS 10 staining is re-
organised to some extent, however, subpockets are still present within the

20 cortical epithelium. By 4 weeks post-castration, the cortical and medullary
epithelium is completely reorganised with a distinct cortico-medullary
junction similar to the young adult thymus.

Subtle changes were also observed following castration, most evident
in the decreased expression of MHC class II and blood-thymus barrier

25 antigens when compared to the pre-castrate thymus. MHCII (detected by
MTS6) is increased in expression in the aged thymus possibly relating to a
decrease in control by the developing thymocytes due to their diminished
numbers. Alternatively, it may simply be due to lack of masking by the
thymocytes, illustrated also in the post-irradiation thymus (Randle and Boyd,

30 1992) which is depleted of the DP thymocytes. Once thymocyte numbers are

increased following castration, the antigen binding sites are again blocked by
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may explain this increase in expression. Alternatively, the developing
thymocytes may provide the necessary control mechanisms over the
expression of these antigens thus when these are depleted, expression is not
controlled. The primordial epithelial antigens detected by MTS 20 and MTS

10 24 are increased in expression in the aged thymus but revert to subpockets of
epithelium at the cortico-medullary junction post-castration. This indicates a
lack of signals for this epithelial precursor subtype to differentiate in the
aged mouse. Removing the block placed by the sex-steroids, these antigens
can differentiate to express cortical epithelial antigens.

15 The above findings indicate a defect in the thymic epithelium
rendering it incapable of providing the developing thymocytes with the
necessary stimulus for.development. However, the symbiotic nature of the
thymic epithelium and thymocytes makes it difficult to ascertain the exact
pathway of destruction by the sex steroid influences. The medullary

20 epithelium requires cortical T cells for its proper development and
maintenance. Thus, if this population is diminished, the medullary
thymocytes may not receive adequate signals for development. This
particularly seems to affect the CD8" population. IRF~ mice show a
decreased number of CD8" T cells. It would therefore, be interesting to

25 determine the proliferative capacity of these cells.

The defect in proliferation of the TN1 subset which was observed
indicates that loss of cortical epithelium affects thymocyte development at
the crucial stage of TCR gene rearrangement whereby the cortical epithelium
provides factors such as IL-7 and SCF necessary for thymopoiesis (Godfrey

30 and Zlotnik, 1990; Aspinall, 1997). Indeed, IL-7" and IL-7R” mice show
similar thymic morphology to that seen in aged mice (Wiles et al., 1992;
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5 stringent control by thymic epithelial cells as seen in the normal young

mouse due to the lack of structural integrity of the thymic
microenvironment. Thus the proliferation, differentiation and migration of
these cells will not be under optimal regulation and may result in the
increased release of autoreactive/immunodysfunctional T cells in the

10 periphery. The defects within both the TN and particularly, CD8*
populations, may result in the changes seen within the peripheral T cell pool
with age. In addition, we have described in detail, the effects of castration on
thymic epithelial cell development and reorganisation. The mechanisms
underlying thymic atrophy utilising steroid receptor binding assays and the

15 role of thymic epithelial subsets in thymus regeneration post-castration are
currently under study. Restoration of thymus function by castration will
provide an essential means for regenerating the peripheral T cell pool and
thus in re-establishing immunity in immunosuppressed individuals.

The impact of castration on thymic structure and T cell production

20 was investigated in animal models of immunodepletion. Specifically,
Example 2 examined the effect of castration on the recovery of the immune
system after sublethal irradiation and cyclophosphamide treatment. These
forms of immunodepletion act to inhibit DNA synthesis and therefore target
rapidly dividing cells. In the thymus these cells are predominantly immature

25 cortical thymocytes, however all subsets are effected (Fredrickson and Basch
1994). In normal healthy aged mice, the qualitative and quantitative
deviations in peripheral T cells seldom lead to pathological states. However,
major problems arise following severe depletion of T cells because of the
reduced capacity of the thymus for T cell regeneration. Such insults occur in

30 HIV/AIDS, and particularly following chemotherapy and radiotherapy in
cancer treatment (Mackall et al. 1995).
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out on the same day as and seven days prior to immunodepletion in order to
appraise the effect of the predominantly corticosteroid induced, stress
5 response to surgical castration on thymic regeneration. Although increases
in thymus cellularity and architecture were seen as early as one week after
immunodepletion, the major differences were observed two weeks after
castration. This was the case whether castration was performed on the same
day or one week prior to immunodepletion.

10 Immunohistology demonstrated that in all instances, two weeks after
castration the thymic architecture appeared phenotypically normal, while
that of noncastrated mice was disorganised. Pan epithelial markers
demonstrated that immunodepletion caused a collapse in cortical epithelium
and a general disruption of thymic architecture in the thymii of noncastrated

15 mice. Medullary markers supported this finding. Interestingly, one of the
first features of castration-induced thymic regeneration was a marked
upregulation in the extracellular matrix, identified by MTS 16.

Flow cytometry analysis data illustrated a significant increase in the
number of cells in all thymocyte subsets in castrated mice, corresponding

20 with the immunofluorescence. At each time point, there was a synchronous
increase in all CD4, CD8 and af-TCR - defined subsets following
immunodepletion and castration. This is an unusual but consistent result,
since T cell development is a progressive process it was expected that there
would be an initial increase in precursor cells (contained within the

25 CD4°CD8" gate) and this may have occurred before the first time point.
Moreover, since precursors represent a very small proportion of total
thymocytes, a shift in their number may not have been detectable. The
effects of castration on other cells, including macrophages and granulocytes
were also analysed. In general there was little alteration in macrophage and

30 granulocyte numbers within the thymus.
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5 days later the first phase of thymic regeneration begun. The first wave of
reconstitution (days 5-14) was brought about by the proliferation of
radioresistant thymocytes (predominantly double negatives) which gave rise
to all thymocyte subsets (Penit and Ezine 1989). The second decrease,
observed between days 16 and 22 was due to the limited proliferative ability
10 of the radioresistant cells coupled with a decreased production of thymic
precursors by the bone marrow (also effected by irradiation). The second
regenerative phase was due to the replenishment of the thymus with bone
marrow derived precursors (Huiskamp et al. 1983).
It is important to note that in adult mice the development from a HSC
15 to a mature T cell takes approximately 28 days (Shortman et al. 1990).
Therefore, il is not surprising that little change was seen in peripheral T cells
up to four weeks after treatment. The periphery would be supported by some
thymic export, but the majority of the T cells found in the periphery up to
four weeks after treatment would be expected to be proliferating
20 cyclophosphamide or irradiation resistant clones expanding in the absence of
depleted cells. Several long term changes in the periphery would be
expected post-castration including, most importantly, a diversification of the
TCR repertoire due to an increase in thymic export. Castration did not effect
the peripheral recovery of other leukocytes, including B cells, macrophages
25 and granulocytes.

Example 4 shows the influence of castration on sygeneic and congenic
bone marrow transplantation. Starzl et al. (1992) reported that
microchimeras evident in lymphoid and nonlymphoid tissue were a good
prognostic indicator for allograft transplantation. That is it was postulated

30 that they were necessary for the induction of tolerance to the graft (Starzl et

al. 1992). Donor-derived dendritic cells were present in these chimeras and
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negative selection processes of thymus and if donor-derived dendritic cells
were present in the recipient thymus, graft reactive T cells may be deleted.

5 In order to determine if castration would enable increased chimera
formation, a study was performed using syngeneic foetal liver
transplantation. The results showed an enhanced regeneration of thymii of
castrated mice. These trends were again seen when the experiments were
repeated using congenic (Ly5) mice. Due to the presence of congenic

10 markers, it was possible to assess the chimeric status of the mice. As early as
two weeks after foetal liver reconstitution there were donor-derived dendritic
cells detectable in the thymus, the number in castrated mice being four-fold
higher than that in noncastrated mice. Four weeks after reconstitution the
noncastrated mice did not appear to be reconstituted with donor derived

15 cells, suggesting that castration may in fact increase the probability of
chimera formation. Given that castration not only increases thymic
regeneration after lethal irradiation and foetal liver reconstitution and that it
also increases the number of donor-derived dendritic cells in the thymus,
along-side stem cell transplantation this approach increases the probability of

20 graft acceptance.

All publications mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the
described methods and system of the invention will be apparent to those
skilled in the art without departing from the scope and spirit of the

25 invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understood that the invention
as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the
invention which are apparent to those skilled in molecular biology or related

30 fields are intended to be within the scope of the following claims.
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'10% & ()- 10 prjsing disrupting sex steroid signalling to thymus in the’su
5 introducing into the subject bone marrow or haemopoietic stem cells (HSC).
2. A method as claimed in claim 1 wherein the T cell disorder is selected

from the group consisting of viral infections, a T cell proliferative disease and

any disease which causes a numerical or functional reduction in T cells .

10
3. A method as claimed in claim 2 wherein the viral infection is human
immunodeficiency virus infection
4, A method as claimed in any claim 3, wherein the subject has AIDS.
15
5. A method as claimed in any one of claims 1 to 4 wherein the HSC are

genetically modified prior to introduction into the subject.

6. A method as claimed in claim 5 wherein the HSC are genetically
20 modified such that the HSC and their progeny are resistant to infection and /

or destruction with the HIV virus.

7. A method as claimed in claim 6 wherein the genetic modification
comprises introducing into the HSC one or more nucleic acid molecules

25 selected from the group consisting of a nucleic acid molecule which enclodes
an antiviral protein, an antisense construct, a ribozyme, a dsRNA and a

catalytic nucleic acid molecule.

8. A method as claimed in any one of claims 1 to 7 wherein the HSC are

30 introduced into the subject by injection.
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11.

A method as claimed in claim 10, wherein inhibition of sex steroid

production is achieved by administration of a sex steroid analogue(s).

10
12,

A method as claimed in claim 11 in which the sex steroid analogue is

selected from the group consisting of eulexin, goserelin, leuprolide, dioxalan

derivatives and luteinizing hormone-releasing hormone analogues.

15 13.

A method as claimed in claim 12 in which the dioxalan derivative is

selected from the group consisting of triptorelin, meterelin, buserelin,

histrelin, nafarelin, lutrelin and leuprorelin.

14.

A method as claimed in claim 12 wherein the sex steroid analogue is

20 an analogue of luteinizing hormone-releasing hormone.

15.

A method as claimed in claim 14 wherein the luteinizing hormone-

releasing hormone analogue is deslorelin.

25 16.

A method as claimed in any one of claims 11 to 15 wherein the sex

steroid analogue(s) is administered by a sustained peptide-release

formulation.

17.

A method as claimed in any one of claims 1 to 16 wherein the method

30 comprises transplanting enriched HSC into the subject.
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18. A method as claimed in any one of claims 1 to 17 wherein the HSC are

autologous.



