;e3elniL 6Tn | MPROVEMENT OF T CELL MEDI ATED | MMUNI TY FI ELD OF THE
| N\VENTI ON The present invention concerns methods of modifyi ngl 8hdUlr- 20881
popul ati on make up or i ncrea5| n m of T-cells in a subject having
depressed orwelen6265al T-cel | ag m\m‘\ unction. These nPOTOAI00/00329 ve
di srupting sex steroid signallin g thymus in the subject 10
BACKGROUND OF THE | NVENTION * The tR ynmus is influenced to a great extent
by its bidirectional comunication w t h the neurgendocri ne system (Kendal )
T588) . Of “particuar (NBROYMERE SRl CRLL MRRTAGHIEMMONEES! {1 t ary)

adrenal s and gonads on thym c function including both trophic (TSH and GH)
and 15 atrophic effects (LH) FSH and ACTH) (Kendall, 1988; Hono-Del arche,

1991). | ndeed Wfﬁtﬁ stlc features of thym c physiology is
t he progressu}gﬁg‘lﬂ{)l ne rn structure and function which is conmrensurate
with the increase H‘dneqnnesentamﬂgheamsnem e phastiefi nodifyingithe Bsdk ¢ v
(H r ok, and Jikinage Paakb 5 or Hkeafihghe nudiF: GELCEIL Sk &b lvin

1994). The 2o CI se target es an the rrec an| s
they i nduce t ssgd Qs bpormay a‘rcqlbpeegﬁﬂé& ViOAVQ he

primary site f@snigth é?cdétéftdlé%1@'&1hﬁ§&6‘tﬂ@ﬁ2ﬁﬁu@ﬁn‘tﬂ@sﬁ§j’ebﬂhera' T cell
a

pool) this atrophy has been wd post ul at e s the primary cause

i ncreased i ncidence of inmune based di sorders in the eI derly. r‘m\“mmmu“mmmu““
parti-cular; 25 deficiencies of the immne systemillustrated by

in T-cel d .iﬁgcﬁhw as cytolytic T-cell actiméstog*

and m tog%nl ce@gsponses are reflected an i ncreased incidence of

i mmunodefi ci ency, aihedlhy‘llmm ncedrtmn greatextent by éts hidirectipnabkawa,
1998) . The | Mafhniniddt e{ séﬁﬁ@kyaewa&éhaagggmawwf Wi tEeIBIO

reduced thymc mpg‘i tot eTce Civeraf
receptor ( TCR)Paréisulardmportanceds dhe e@t@akliaar egwsfsmtﬁe Piidiigy cadrgn. S%@
furasgl M et gonad POthynsieFaaetioh infliding batioBSphse! SanQiIG aﬁdas
owar ds penory .as ,a Yo
obser ved?! 15 Fur t%?l?mg&?tsef:ﬂse '1&%# 8&@}% Kﬁfﬁﬁﬁﬁﬁe@@ Igorinﬁ“pé‘? lt%ﬁqig e
35 such that timdeatidnetof the chasdterisine featuresmnfttbymigehysidlognis the T- cel |
nunbers after e ).

> However, @’BY’%JS“”@ @4%“6‘3.&2%6@ Wﬁﬁ*‘?&bé%{ﬁ i W"“%&n’fﬂ%?%%‘#ﬁé%m&?

t hymi ¢ out put mémseen@trc watingisexget rednstiomaspund putbe @&W@s
br oduced. nai veid MAFIELn, 075, 36?%‘2% f"?@m%’?%‘ﬁw’” at 'f@%hgq%‘fé"of
this out B8t anereew&sfém%ﬁ{fdaeﬂpﬂwepsf@d P leg%w%@h&hem & o be
further adgresﬁ@dn@s ﬂﬁ‘@pl@ﬁﬁs gt ® Mdeﬁ&&ﬂﬁnedxdsngw\& W&w@p ﬁhmoyl g&e
greatly reduce reqgenekati.on uhatly +
T cells, in po@?ﬁﬁ%é’ﬁ’% tb Pgﬂ m&geﬁaé}c&o v%ﬁe‘gé)ﬁe{%ubertal
(I\/ackall et al atroplep has bres widelyupostatated @sﬁhefpmuaryncmmftammdtew i mor
and Thoman so ﬁRHQ are

r egener at ed |n£“]°?‘z mcg%%gl\ﬁ?ggwléag%rﬁa{r to gﬁ%hﬁ) as 1 ds nmenory
cel|'s dudSto tfAeficigngiesafithe immune syssemA r@%\sec’él'gﬁ?ilthym c
production of agperedentGgirhfine Fhsctithascteas eyol éT-éélDéd:ﬁh%y@thiﬁn@g@mmg

epi thel | o col To<BRBES €75 Hfssod Bath v Vaes%ﬁ %%%E'rﬂfﬁﬁ%hﬁﬁﬁﬁ GHERSout do
tﬁe growt h f achotcimmminity ehdltamdurtlead dnilates life (Hirokawaf 4998} e opt i mal
devel opment of the 4y, gﬁHﬁ;ﬁct JWHP %bﬁy%i‘&iéﬁ%@'ﬂﬁﬂh«a i)'éh?)th'epﬁsxmtﬁ

bet ween t hyrmcyt es and
reduced thymic mput to the T cell pool resulting in a less diverse T cell

3 receptor (TCR) repertoire. Altered cytokine profile (Hobbs et al., 1993;
Kurashima et al., 1995); changes in CD4* and CD8" subsets and a bias
¢ towards memory as opposed to naive T cells (Mackall et al., 1995) are also
observed. Furthermore, the efficiency of thymopoiesis is impaired with age
35 such that the ability of the immune system to regenerate normal T-cell
numbers after T-cell depletion, is eventually lost (Mackall et al., 1995).




subsets that controls their differentiation and maturation (?oyj et ﬁhl
1993), 20 neans sex-steroid inhibition could occur at the le & JOL 2WBner

cel | type whbebsaeey! d then influence the status of the otherpcthuboioosRSS
likely that there 1s an inherent defect within 'the thynocytes thensel ves

since previous studies, utilising radiatiog chineras) have shown that BM
stemcells are not affected by age (Hirol cawa) 1998; Mackall and G ass,
1997) and have a simlar degree 25 of thymus repopul ation potential as
young BM cel |IHowefer, reeemoweyk bipyDmesk efsall (1088 hasghdwanpresiimabdy Hiymicei r

e g ot il SR H

e e e o,
pl e nega v e AT t

gene: rear randetht NG KA IS LI ol mtelT 1o e Sl TS

thte_ t rteat negtsfiﬁf;? bﬁﬁ@ﬁ@ﬁ;ﬁ&%ﬁ@ﬁﬁ&eg@%&@ﬁéﬂ%@h@ﬁ%ﬁsh@& régfl m%ﬁﬂe}lm -
patients an W ng cnenotneyapy. . . e
P esent i nverfEd Of FRERReRRER oL the duealhBpok mAtHE Ao RhA el IR Bt et ol ¥
reversed by imﬂhdrl&glliﬁﬁeﬂtsmmpmd%dhps@mmre pre-plaberthl (Meckadl ettdlpn of
a .
S

e b oo 10l 35 o TR U i e

clinical applicati sex

nd
st er oi d 18i gnal180A) who hasetshovas thatedt 4"iTicells aresteganerated in pld

present i nvent,k tcyqlﬁe rgﬁ;ﬂ% | f,34 wtagé 1 '
makeup or in(r}trng&s]?ﬁgg t he 'fltlljl?r%e o.?'g'tl'&%% sfﬁsgesu J%%@%@?%ﬁﬁﬁ{e@& or
abnor mal T- cel8e herad muisroenyieengsnt.coumed 48 foed thmis PEIdFtanselypt i ng
sex steroid shgRalT kélds.t o the thynus in the subject. Preferably) the

dificati f T-gel | ati K ' terized b .alt ti
" the nat ure. and/Gie PGS sses Gally ceifsltel Sariiefla fmadnd inferhars by
ex lor esis i16n  of withdn ahe eivetsectrohelced]ss(predomimamtly epithetihbeet sabsess)i which)
ecul es are . C , :
i Co, o BB s, BRCHGHRBHB T rReld b arblih Facifls el SRS
t hat i ncr easi ideractionsmasessiryTor ¢h¢ optimal davejepmentofithesTicells. Tdeat i ve
i ncrease in T, g?@é Y’ﬁ%ﬂa? ; %%m;t ; ‘
:3r efer:tbl Iy tsf?g:diﬂc))%ohﬂarJ yr%%ﬁ | Cgﬁ@ﬁgﬁ%?%é;ﬁég? I't, i%%?dgﬁepe%ﬁ‘t%‘?li%ld
that the subj8se &lﬁ#@%‘ﬂﬁﬁﬁh@gﬁam%ﬂﬁw Tagfuratigp (Bay Slhai)r1993 ,

functiorgoi s spichak isBg-sté@id anhiHidohi ulé ocett aeltHd el be elihonell B Whidly
of : cancer, huma

a P]%/perseﬂsi t W& ?%ﬂohg‘%& m%gﬁﬁﬁg%;gﬁg%a%%;%%%ﬂgﬁgﬁggze
sufferer has indure gbdefec evibthirettspth ydes § maeilv a$ isincet previgms simdiiesy bone
mar row transpl,gia %iagégzcﬁi%f#rﬁsds a&?@%ﬁ%&t&%&ﬂ&&ﬁ@ not affected

I munodefi ci ency vitus In ter preferr
enbodi ment , t b agaifHirakawea, 3998; Mankalland Guess, ARA7kand haye asimilar dggragnt
to arisgsas aoPytHES répbpaldtiorPPotential as young BM cells. Furthermore,
thymocytes in older aged animals retain their ability to differentiate to at
least some degree (Mackall and Gress, 1997; George and Ritter, 1996;
Hirokawa et al., 1994). However, recent work by Aspinall (1997), has shown
a defect within the precursor CD3'CD4'CD8’ triple negative (TN) population
30 occurring at the stage of TCR f chain gene-rearrangement.

The enormous clinical benefits to be gained through restoration of
thymic function, would represent an important strategy for the treatment of
immunodeficiencies, particularly in the elderly, HIV patients and following
chemotherapy.

35



30 essential conponent of which is the participation of patho Bgiﬁﬁl Z[mglf
reactive T cells. By treating such subjects with chenot herapy rJ

irradiatio | r without bone marrow transplantation, t
Thalhits ATtz

reactive an be ablated. It is envisaged that disruption o

steroid signalling to the thynus will alloy reactivation of the thynus
resulting in a cohort of new 35 non-autoreactive T cells. 4

Accordingly, in a second aspect the present invention provides a nethod for

treati ng an BUNMMARYE OF THEBNVENTION?] ect, the nmethod conprising the
steps; ablating t resident T cell, popyl atio n I.Sruptin ex steroid
signalling to the H{f‘sSBPElﬁwﬁeﬁbﬁliﬁae@%@@eg@gﬁmfk@ge §aRSFect
of ‘the preserdompletely eversed liyeintebitiomefséxstenyidopduction, it Aflbr r ed

bone mar f ow tPRREBRaR PHELE Bl ERER 45 RuRotOht g Brisdfe 1AL Ry a8

popul ati®n i sfoandatlinicelappliestparss fog rejuyenatingitiyadic functiemby lddsmipyingr
i rradi ation. @%t@f&&%ﬁ%&lﬁﬁﬁ%@@ u§| so be utilized to enhance an
ILgeR In a

| mmune response to an ar ! ~a subject. Accordi nglé, in a third aspect
the present invenibenprginglydissa sirsteaspost.ithe RensritdnHention pravides eaphivde o
an anlt : gen { rbf@médt thé wa:tefgppapﬁlaﬁap%m&guﬁ g@gnabﬁéiﬁgtthagxlﬁﬂ%?xﬁdferﬂl d
signalling to_the S e subj ect, and ‘admi.nistering.an antigen,
The anti gen rigjisa o pubieck Bt deibrirdkor opaianel pel mopuleters it SEEGiom  om
a tunoudocel | thelmethqt ebmprising dixvdptingtsexfstédotd signatlims tietiie) thyeusitbhect
I's suffering &}%A%éom cancer or an infection. In a further preferred

t‘Ehi rd aspect,

enbodi nment of the antigen is m xed with an adjuvant
bef ore adni ni st r atRreferably, 4h¢ suedificatipacf, T-celd popedation makempiisn provi des a

[ret hod of de?él?&é'?{éﬁliz!égséy Mﬁ'agtre?étﬁloﬂ ﬁ?ﬂ?}é gﬁuh@ aﬁ(ﬂ&bﬂa%toff’? EHT%BQets _
ranspl antation_of an 25 -organ, the method ,conprising the follow ng steps:
abl ating T- celefingd faneticnal[and/og byrexnressjon ok ChABIHRTS S Heeulay to the
thynus ks theywhdidigdhe chiagadteABaR ndéletilbsdte GblRted frof thelgiip datststide
subj ect Pref el Al dr &elf rétapior, cbha,'Os Al BrdsP8ize? i BB 55 cpeo.
It is further preferred that increasing the number of T-cells in a subject
results in a relative increase in T cell numbers when compared to other
lymphoid cells. Preferably, the other lymphoid cells are B cells.

20 It is also preferred that the subject having a depfessed or abnormal T-
cell population or function is suffering from a condition selected from the
group consisting of: cancer, human immunodeficiency virus infection, an
autoimmune disease, a hypersensitivity disease or endometriosis.

N Preferably, the cancer sufferer has undergone chemotherapy and/or-
25 radiation therapy and/or bone marrow transplantation.
Preferably, the subject with the human immunodeficiency virus
infection has AIDS.
In a further preferred embodiment, the subject is post-pubertal.
Autoimmune diseases are thought to arise as a polygenic trait, an
30 essential component of which is the participation of pathological self reactive
T cells. By treating such subjects with chemotherapy or irradiation, with or
without bone marrow transplantation, these self reactive T cells can be
ablated. It is envisaged that disruption of sex steroid signalling to the
thymus will allow reactivation of the thymus resulting in a cohort of new
35 non-autoreactive T cells.



30 transplanting bone marrow to the subject fromthe donor. Wth respect to
each of the nethods of the present invention, it is preferredlBhélﬂL

steroid si gn@dovgagst o the thymus is disrupted by inhibiting sex/ajosnszkel
production or by blocking a sex steroid receptor(s) within the thynus. 35
Preferably) inhibition of sex steroid proddction is achieved by either
castration or admnistration of a sex steroid anal ogue(s). Preferred
sex steroid anal ogues include, eulexin, goserelin, |euprolide, dioxalan
derivatives such adceendinglyein a sepend aspect the pwesasitiinvehiion mabiides a

nafarelin, | uidethod fot BRAAL Sn' dltoRfitind @isBhdd it BABBORNE GhedRignd hor mone

s
anal ogues. 5 Currently, it ,gt sex sterold analogue is an

anal ogue of Iﬁ?@iﬂﬂsﬁ&ﬁh%éﬁ%h lﬁgpségﬁﬁﬁﬂ srhdirell pepelaios; epdiligrunting
| ut ei ni zi ng hestrpteeoidesigaslliiig tacthenthgnanainoiesubjedtes! orelin. In yet

anot her preferred odi nen t he sex steraid anal oques) |.s adm.nistered by
a sust ai ﬁed pept i d@ggé eé?fs%} ,Sﬁﬁpgﬁiaanectp?ofetg@rnrgae@dgf%phga Gag be
pept i de-r el eaperfoomed!iatamnerdere provi ded in WO 98/ 08533) the entire

tcﬁ”t ents of which ﬁ{gﬂr@fe%egpérﬁﬁgguﬁgﬁg!tgisb%efl%cfﬁﬁ'@ﬁeef caflpfishi L\txge@ﬁﬁgm’
e present inventlon'provi des a conposition tor enhancingtan | Houne
response to atheindiyidualritos bong nwriow teansplasdsi ti on conpri si ng an

adj uvant) the anti , i h Nz g i ng
hormone. 1t will alsg fbuf‘;ﬁ@g?f?‘if??%gfgﬁf%%ﬁ{!?%%ﬁ%@%@ﬁ?ﬁ}?@hﬁw
present Pnvent¥Basiagithgdndiadpalta cherhg PEHgkialiRnossesses a t hynus

at some stage duri Theigreséieriaventivntmayakbdienitilized beeahgasd aMikfmangamal .
Mor e pref erablg t he olrﬁ%‘e/mit?m IS a hﬁmag 20 Throughout this specification
i s Efttas

the word "conpyiREISe 18 &t Yhe sS4 "conprises” or "conprising",

wi || be under st andAccoidipgly,tiha third aspech theé presendimverti@nprovides aagethook
step, or grou sood i f any
ot her el enment ?°f%?§%§mgﬁsﬁ%‘%@g§%€9%sﬁ%§ﬁ%‘%ﬁ gf&ishpgegg,@egx?l © ecgs. 25

BRI EF DESCRI PTomprifng idisaptmgrranvstaeidsgiridngitg the thyehasge dhe subfegtoand e

nunber pre- agd pesitelin: t@pﬁﬁ' Thymus atrophy results in a significant
decrease in thym)c;ﬁié nur ers%%'h 30 age., By 2 weeks post- castration)
r

cel | numbers have ilferastigan mayhsu fer exammple, dodved frymanjadeatious agent(s)
post - castr at i @f fratdrbrirBotiaeell.si gnificantly increased fromthe young adult

G eront 1 rom yoult Sadererres SRo AL i il paeoisths bt isgutiBing .

nunber s 2enuai framrsnent omahlinfegtionnd postcastration. The B: T cell ratio in

the periphery al Solﬁﬁrﬁrﬂferﬁﬁ'gfe% efnBbdiment of the third aspect, the antigen is
mixed with an adjuvant before administration.

In a fourth aspect, the present invention provides a method of
decreasing host-vs-graft reaction in a subject following transplantation of an

25 organ, the method comprising the following steps:

ablating T-cells in the subject; ]

disrupting sex steroid signalling to the thymus in the subject; and

transplanting an organ from a donor into the subject.

Preferably, the method of the fourth aspect also comprises

30 transplanting bone marrow to the subject from the donor.

With respect to each of the methods of the present invention, it is
preferred that sex steroid signalling to the thymus is disrupted by inhibiting
sex steroid production or by blocking a sex steroid Teceptor(s) within the
thymus.

35 Preferably, inhibition of sex steroid production is achieved by either
castration or administration of a sex steroid analogue(s).



6 however, the CD4:CD8 ratio decreases significantly (p<0.o0chf Jul H2083e
and is restored to normal young |evels by 4 weeks post-ex. Fig. 3: FACS
profil es of witbdosezes? CD8 t hynocyte popul ations with age and pest/aceménszt i on.
Percent ages for each quadrant are given above each plot. Subpopul ati ons of
t hynocytes remain constant with age and th&re is a synchronous expansi on of
thynocytes follow ng castration. Fig. 4.1: Proliferation of thynocytes as
detected by incorporation of a 10 pulse of BrdU Proportion of
proliferating thynBiefermed sexatareidamalogues inicludexgalexia, gosarelinnlguprolide,

castration. Figgoxdarf defivheésSs@ih é‘&lﬁ-xé{é R SthbRirb A, Bisdielh! htAlidn Of

thynocyte subsets ropQrtion subset that constitfutes the total
proliferating® }EFIEBBAi‘H%ﬁl% etm@rgkap%mf Wsiyzingdearmonerelsagingharmaene
proliferatingapalog Iuag-l on is significantly increased. (B) Percentage of each

subpopul ati on that | if.erat nd. Subset s hav

si gnificdntl y | ess E‘éfrfte‘Fmt?ﬁ%é’[&z‘%ﬁa’éFEe’?ﬁgmﬂ?g‘ée ﬁ%ﬁ?ﬁgafoﬁuefﬂlxeeks
pos]t ]E:ast rati dutelmlzmgThbpnpmﬂ-aelemngémer rNdre preferably, fy thednteiniziags of
proliferationy gn| icant increase in
proliferation. %bﬁfs Fﬁ%%%ﬁ@%‘@bgﬂe?ﬂggﬁgﬁm young by 4 weeks

post - castration. (I yelencther prefprrediembedimant; thesexstexnid maaloguea(s) isge and
post-castrati ‘&Hmﬂﬁ@@fé@r%y? h BRswie @eﬁea& r@l%%@?o%ﬁxdl&tx@ﬁmPrEFér?éd Séstiindd1

TN1 subpopul ation wt | S, not urned tQ [ eve 4 vvee S
past - casi at i PP ders)ei]eas srmulafiogs aye @soeﬂsa.mq@%?/ 085 Q3(ﬁ’60%/!1

=si gnl fi cantzjcgnt@xﬁ,s leﬂnlchgﬁﬂﬁd afdt@dlhbﬁémﬂayffetﬁmeﬁcgear and 2 year mce
as determ ne y 14 Fll abe Youn m tion rate 196 per
oy Control s usedhafit gy et et FyEtio bRt b BoSHidit for
constant with ean@ancﬁ@ dﬁlgnnﬁmedeapgnsza tcnam hptigen i plsabjecinthd gompposiditm cel |
nunbers follo taEEJZ#; s&g][aa@ g agent
Not e the rapi prgsrﬁggon 0 u%ﬁeﬁq yrrus cas rgﬁalgggﬁpﬁa {J}&hzgﬁgconpar ed
to the rlén-ca Otfmoéle( Stn @m?mgroup at 1 and 2 weeks post-treatnent. In

35 addition, spleep @iiflalspiRuR@élSst e thkﬁ%da%gsééttﬁaﬂﬂféuﬁré@:%ﬁﬁ vel |
7 |ncreased conpared to the cycl ophospham detw%raglpﬁsrou 4" weeks, cell

numbers are ndRHeftigRgan bg appiied t9-4n) CreanIn 8eifes R ya&wi)somﬁg
7: Changes i n stdpendisning %Qﬁﬁemiﬁnéﬂﬂmtemmﬁ@hé olﬁ(ﬁfﬁﬁh&sﬁa makmewl.NYore
irradiation (62 E?a\gla) te the. rag{d expansi on 0 he thynus in castrated
ani mal s when cpﬁ% Pbe (|rrad| ation aI one) group at 1
and 2 wedks post - th‘éJatOuglmuttB;s Spemfiksuomﬁid wondriermprise", oo rvamaitions. such

3-4 per treatngn n

spl een and Iy%hE?\%?%%gla‘Fp lr%g?nsﬁﬁg tv%ﬂ l?&\‘/‘mﬁﬁgmut (?)rda?g:tﬂggﬁtﬁ{&%&t e ?faﬁlol d
expansi on of  tSiiet pjement, integer onstap, S5 BRAMR ChAIYAHTREETs FTiSkRD
non-castrate &Icﬂllﬁe%&chﬁﬂo@aﬁ%ﬁer@éﬁeh@ﬁh@&or 2\, mﬁiae;ftaléxfn@hwce

observed is thtas obvi ous as en mce were castrated 1 vveek pri.or to
treatment (Fi g™M®Ps 85 5%®Pfeeks) cell nunbers 15 are nornal | sed (n = 3-
per’  treazdrent group and tinme point).

BRIEF DESCRIPTION OF THE ACCOMPANYING FIGURES
Fig. 1:Changes in thymocyte number pre- and post-castration.
Thymus atrophy results in a significant decrease in thymocyte numbers with
30 age. By 2 weeks post- castration, cell numbers have increased to young adult
levels. By 3 weeks post-castration, numbers have significantly increased
from the young adult and they are stabilised by 4 weeks post-castration.
***=Significantly different from young adult (2 mth) thymus, p<0.001

35 Fig. 2:(A) Spleen numbers remain constant with age and post-
castration. The B:T cell ratio in the periphery also remains constant (B),



Fig. 9: Changes in thynus, spleen and | ynph node cell nunbersw;&)lrj Wi nﬂa
treatnent with cycl ophospham de, a chenot herapy agent. Note t z&&g

expansi on o dmzfsg}ynus in castrated animal s when conpared t Qcgf dodoaze
non-castrate (cyclophospham de al one) group at 1 and 2 weeks posttreatnentA
I n addition, spleen and | ynph node nunbersgof the castrate group were well

i ncreased conpared to the cycl ophospham de al one group. By 4 weeks, cell
nunbers are nornmalised. (n = 3-4 per. treatment group and tinme point).

Cheni cal casth@bedr, ithe memmaﬁd@cﬁuwscsagmﬁ@ahuy (p2%0.0012withageneidis on
of the inmmune syst post -Eﬁycl opn%si h mge treatnmenf. "Fig. 10: Lynph node
cellularity f’@ls{%ﬁ?@ IRl yo4ng %535{ YEeRF BIPSH8¥: 1. Note the increased
cellularity in the aged post-castration as conpared to the non-castrated
Gated on D25 vs. Tgp %S BiSiletDr 413 %, LI ARSI a
dot plot§ illasd m’st-qgstpaﬁd»magemamgequopmh Quadrdnt aiprgivemabere ¢agh plotng
HSV-1 1 mmuni s bg@r%uﬁﬁfdn\é%ﬂ Hg&ﬁl&feﬁe%nﬁ@?é{n%nmm foﬁemow nigﬁéf@ is 8° 8
eldh i

Fig. 12: V(err)1 Xpressi on on in actiyated HSV- 1
i nocul ati on. REIArPRAUS EXDARIIPB yaocytgsdolloyapg rastrationged i ce and the
reinstation of the expected response post-castration. 5 Fig. 13: Changes in

th I ;| h d | | f ol | owi .b

o ow t £ anapt ant 8o A 5 PrerabitEaf HnerSias Hefaaen iy ncalhaRuna bt s
the thymos i npubetofdirdd).aRiopdrtiontefiprotifpratiag thymdoytes renaiisraimstartovithat
all tinme poi n%ge Rﬂ&?&fl&%ﬁ%qaﬁ&.add' tion) spleen and | ynph node nunbers

of the castrat® group wer i ncreased conpared 10 to the
cycl ophospham de al one group. (n = 3-4 per treatnment group and tine point).

Castrated mce hadg l%kf%ﬁ@%'&d@@%ﬁ%ﬁéﬂﬁﬁw@ﬁzﬁoﬁ%ﬁgh &%@oﬁg@ar ed
to non-castrated anrnals ata not” shown). Fig. 14: Changes | ynus  cel |
nunber in casﬁ&éﬂ"éﬂ tabPrenartion qitesg ss\gﬁ%ﬁﬁ'@lagppélﬁupé@satge ItPté‘nghh erating

reconstifgut i OBop{latiotr. AThe prép6hidiLsf CHEWT. cel®) withihWhe YR6kferafihy mus cel |
nunber of casirated, mgce was. at .nornal | v&b? and[a%gm |c%tll¥ hllﬁh r _than
that of noncaBPPultiptisaignitisanglomereasshe (B) BRFiPrtaEe oheast subpopElAGAR; of
castrated mi cthatfit @rolifaratingeRhe Thinaras CDSt Subsetd havasbpnificantinilessbel ow
control |evel A '~ - +11.S |

deri vati on. T%OI\Q/\%@% éryera%g%ﬂn% %ﬁ@\mgbrﬁr%eﬂ% ] f:%%%%’@%ﬁgent
in both castrappulatinn hanteturned éonerwel yrung lovedk of prokiferation mhils the

appr oxi ngf el YC%‘%Qpratﬁﬁll éh%wpafstgniﬁaﬁﬁf fHceehse ol ifeFici0 MPhe ¢6vel 861

There were no donor-deriyed cells Tn the nongastrated,thynus, Fi 5:
FACS profi | es€gil tior theonammral g BIE tWF@%&pdp&ﬁs‘fﬁ@?gﬂ\} er
| et gal i rradi @_i‘tbki)f@r@ﬂildnfr@ﬁiah ol shd:éx!ﬁéf nfﬁﬁti]ﬂﬂisgé&mﬂ' st-cRetration dgeweteay tleach
quadrant are givep to the right of,.ea . age mat.ched cont .
oofite i o of Hghifieh ddehl pRyERRtblpt e TN A8 ARDRNGE 0 6lb e
castrated andnobretusned tedorinad levals hateweeks poxtccastratdor @D). 8% * sHighlyg onl y
donor degd ved %,h 1) Sewaf gﬁ{f{ big4t 1 on subpopul ati ons of
thynocyt?ieds dos t gﬁ?w%@?é\ben% S r%?g’(r}%lg noncastrated mce. Fig. 16:
Myel oi d and | ynphoid dendritic cell (DC) nunber after |ethal 35
irradiation) foetaFjgd,i geMigREionSkdtes froad13/dr 88417 péaOmicdas detbriiified byr
each test or oY prilfabellidg: Yohhg aduit Algralion Rtesate T SRdy. ESnfiBR°Y O"
used were non-injected animals. Migration rates remain constant with age.

30
Fig. 6: Changes in thymus, spleen and lymph node cell numbers
following treatment with cyclophosphamide, a chemotherapy agent. Note
the rapid expansion of the thymus in castrated animals when compared to
the non-castrate (cyclo alone) group at 1 and 2 weeks post-treatment. In
35 addition, spleen and lymph node numbers of the castrate group were well



normal nunber of dendritic cells found in untreated age matched mce. (A)
Donor -derived nyeloid dendritic cells-Tw weeks after reconsqggm_ogﬂugc
were present at normal levels in noncastrated mce. There were

si gni ficant MO #2657DC i n castrated nmice at the sane tinme poi RET/AUNG3295) .
At four weeks 5 DC nunber remai ned above contfjol levels in castrated mce.
(B) Donor derived Iynphoid dendritic cells - Two weeks after reconstitution
DC nunbers in castrated m ce were double those of noncastrated m ce. Four

weeks after treahmahe@@ongf&red&oweyeb@mb Hemedé hldie gxﬁupl By 4 Wekkd, cell’:
Changes in total_a

d
noncastrated ni CBURPERSATE IR 1segg&f1 ?Ffﬁ?lagx%ﬁr§ﬁ Z&arisqtég}efg?i%g ch

test group. (A) Total cell nunber - Two vveeks after reconstitution bone

[ 1 b h
T Colt humbor bet we b AR il s ShRlRA BA‘EPH'*"EH%@?? E‘? af tC or
reconstituti on tfalewingirradisition (ﬁzésﬁcﬁ sdi iYate dhe sapid expansi

castrated and neRggatdeahRaldiveRer c@xﬂf)ali’&i to tH nbRasiat, hbdi&‘&%eeﬂone]-rhere
was no significant dlffe ce between castrat e%yand ngﬁcaitratsd mce Wth

respect to CD45.85QuP @4 1jang, 4iyeeekspastirasdmenty pISchIe

reconstitution. Iﬁi)&ﬁui&edce(hl qr?@ﬁ'ﬁ‘e%mneﬁrduplhndmﬁ@ poisy.r at ed mce at
f our weeks. There were no donor-derived cells in the noncastrated nice at

the sanme time point. Fig. 18: Changes in T cells and nyeloid and | ynphoid
derived dem@iritic ceIElg. 6DChanges hetliyones,nspleemand lgmphoredd c¢ll nambers

he Tol | ow ng. o ange ag 'ﬁﬁasé%%ﬁ“?ﬁ%ﬁ% R eﬂh%?“?ﬁé%ﬁ%'ﬁﬁﬁw ’

dendritic cells animads whemeqmparad em%ﬁWﬁ*ﬁEcEé”ouPA)H
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castrated gnd nopeawrhmlRddM(ee= 3 pePih®atingBt pRAUY ahd &inke Pemt)O0
significant difference between nunbérs is castrated and noncastrated m ce.

(C Donor-derived Iynphoid dendritic cells - Nunbers were at nornal |evels
two and four weeks afRigr 9: @hanges imthpnusﬁdplbmanddbzmphnu@emﬁmmmbers

fi t diff i t

o gn 1 cant 9 e Tt TR O A0 b MR Rl 80
castrated and n a’gpr@@unam@g ofthe thymaisdn qalstl‘é'ﬁedré%lm%lﬁ wehen eempazesl tp
Meconsti turs on oo i eistr @loyelophoSThamie Bt gifp HELRAT Webks post:
difference in cetlr‘i’at?erﬂfn‘ﬁ@r ‘ﬁpﬂ/@eﬁp g8 E’Jﬂ H‘OF}SMP?TQPZJﬂﬁFE% a‘igogfpup
weeks af tCI er recowstd well imoremsked counfered tothe cgrphjp:lmsphagnm@almie greuel By #
castrated nice.
di fference betwe E& astﬁﬁ‘é@%gkbjd&%ﬁsg—%@fstep mélg%‘*ﬂﬁ%tfﬁ*e%@?%hﬁg%& %Rﬁ%‘“}%
cell nunber in tpeint)pl €bhemicalcastrakionds tcempa‘ebl&stq sxugloahcastfam:Qm cel

nb d L
Gonor - der 1 25 catpeherdtidrlof 88 fiffile Ry fad pdepycUBRESphdti ol

20: Splenic changes in T cells and nyel oid and Iynph0|d derived dendritic
cells (DC) after foetgjg, |10/ Eymipte ande 'cbuhleﬁi\ty ﬂéﬂ%w‘ln@f@@t-}f)ﬁ ifafithit&9én With

group. Control on the f e base n the nor mal

nunber of T cel Iggyﬁlﬁ Bgﬁﬁih?ll’ém@éﬁ ‘Mﬁaﬂvﬁn&ﬁ? ,ageoéé)&)s 2\vicH m ce.

(A) T cell nunbetompbbstbes the\ror-casgiaieddgronp. Buttéragrapkéisstedtesthe overall
30 activated cell number as gated on CD25 vs. CD8 cells by FACS.

D

Fig. 11: Examples of Flow cytometry dot plots illustrating activated
cell proportions in lymph nodes following HSV-1 immunisation. Activated
cells are CD25/CD8 double-positive.
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reconstitution in both castrated and noncastrated mce. (B) Bor Eggdﬁ‘aed
nyeloid dendritic cells - two and four "weeks after reconstit |t“'|

nunbers 20 weoeomggsnal in both castrated and noncastrated m geT/A000100829
weeks there was no significant difference between nunbers in castrated and
noncastrated mce. (C) Donor-derived |ynphogd dendritic cells - nunbers
were at normal |evels two and four weeks after reconstitution. At tw weeks

there was no significant difference between nunbers in castrated and
noncastrated mi ce. Fig. Ai2g VD exprassjen onfCToimacvateddbdd folowingHSNotle cel |

nunbers in caspabidicd Leflidh Sgﬁ;n@ ihi :
reconstitution. n=3-4 olr\jbgé;glzé?ggt grd(;ﬂugf.sa ?%D%IFB% 1 céldll aﬁgﬁbx%lrcg andttv\l%a
weeks after rdeinsdatiopafdhecxpectadigspensicpestrastiatigal | evel s and there was
no significant difference in cell 30 nunber between castrated and

Cast rat e m co. et 8L Yo CHARERS Yo Lot Siesr 1VRLCRde i Hons sefmo qell

no signi fi cantnuinbees foltewing beenmmaxivw aaadplanthtimnofkys abagemicanaics. t Note

respect to CDAy, c el r dda t

recgnsti tution, eéﬁg&&g&g?}l (r?lluon%@F tggﬁlal%égggz “Eﬁg%)du W‘gg‘g@%@%@@bﬁ% 0
four weeks. Thbeqar-castrategnoup-atali time paintsspast-traadmenic is addition,rapleent

t he sane point i : i |~0d

| ynphoi d geri vae%ld : enériii Itu?dc&g‘elﬁﬁ). s? r%ﬁ%?ﬁfﬁasﬁ%gﬁ@gnﬁg?{gm%ﬁ%ﬁéé%gge@ r%?%rggl
foetal |19er rtochsgvclephesphamulenlane group. B -daar traimentgsaup gnd time
(Wlﬂi te) 38{13 _i:nqlﬂ)e @aﬁiﬁéie@/f \toilék Eé&@igt%iﬁé@ ﬁﬁﬂe&@?td&gaﬁid@ys?%&@rls 0}‘ | T
cells and dendritic c s_foun unt rea a ched m ce. ce
number - Nu%e?@%?ﬁ*%ﬂﬂﬁﬁs&ﬁ#%ammﬁﬁw é‘%gsggwgs reconstitution in
both castrated and noncastrated mce. (B) Donor derived nyeloid dendritic
cells - Two weeks af:ter iUty b i

castrated and so nﬁl a&ﬁ{:?ﬁl@zﬁ%&;ﬁ&rﬁ&hﬁ?xu?ggp%@@ésr @ﬁé@%%@%&#@%@%ﬁm&
two weekd5t her@imsftﬁbf@ﬁtghlivetmpnaﬁmtmﬁenne= Bt fozeach uestegroupn (ddsit dwed
and noncast r at gloR Gfiynld bl Bl dr (BG-h tRRARI e BERbIAI 5kl Sand nUTDET S

were at normal |evel s two and four. weeks after reconstitution. At weeks

there was no stigpificanthy higherdhan thatrfinancashatedanice f pca §:05dt dypartrophy
pongafst_rat eflhrmﬁ@' 8 oblzr,éfv@al Ti?sll ﬁx%%t_ %@&H@@Mf a‘f’iéEfbh%ltﬁka\NBiﬁt a@ﬁtﬁ@ﬂeceu
modi fyi n e T-ce opu on make efers +ter sature
and/ or yr a'? io o?mfl%(%f Fg@gb% EFLOWQPPEQEPGP’GI?M@;ngIBg?%arﬁ?ﬂSE}gEéggx dJF @sagkeTof
char act egdst i cshowvingdenor &rrinpties. Gwd tesks efter mcoastiattion doherdedsed
i ncl ude, but Ll . I ,
coze) cbaa. - gt Vo it fhboth 8Estlal dnd SR Bated Hilce FOuy Ptk after
refers to an aB§airnent appraxiswtely 85% ofigellein tie qastrated thymas svegeslanam t he

thynus and/ or dérived. Thtre WéreHPdbROr-@E1W callb fnh@eSid ARk ndfdd ﬂiyrhﬁs.t he
bone marrow and/or in peripheral tissues such as |ynph nodes,

gastrointestinal) urogenital and respiratory tracts. This phrase al so
refers tasa rel ati vRig. nt5:cBAESiprofileyadfl D4 versus CD& doaordenvedthgnedtyte B

function” ; nol Baeulorthiter ERAASERH diod SAT R UrEErecoBSRRRRY Ohe vino
Bas under gonterEhmmtﬂ@saﬁmy wchmxi{dmntmr?tghmm@&heaighmmbﬂbﬁmigm to a
cancer or pr ol FRAendd bonfiol AR isUranbight foatk B Eysptdiiintc nibudy

les or,

it
reduced functi Sianusqdhaseofsmstratad erdingnetstrated mico arqgatedyom £IM5L50
i ncl udes 3an 35cels]i shicivinlg dniliyaddrf dérivedidedlsh TRRG Wbl BOe rbGarittitivinr US,
especi al Iy Onesubpopulaltions of thymocytes do not differ between castrated and
noncastrated mice.

Fig. 16: Myeloid and lymphoid dendritic cell (DC) number after lethal
35 irradiation, foetal liver reconstitution and castration. n= 3-4 mice for each
test group. Control (white) bars on the following graphs are based on the



who has AIDS. Furthernore, this phrase includes any post-pubertal 12
i ndi vidual, especially an aged person who has decreased |m"m113 JUL 2 3
responsi VERE§I /2% increased incidence of disease as a consgg4e

post pubert al Rym ¢ atrophy. This phrase also includes a subj ec su erl ng
from endonetriosis, an autoi mune di sease,gallergies, hypersensitivities,
or any s inmune dysfuncti on. The subject may have undergone an al |l ogeneic
bone marrow transpl antati on, or be a post-chenot herapy | eukaem a patient

such as CLL am!rmavn@m@eoﬂdendtﬁﬁ&ldeﬂs Ifwﬁdil@ﬁmmﬁdamﬂh tristehed! nvicé h (Ay ugs
such as Fl ud ab|

which are se ?E?E/ %BXF %g‘? O{Pe%%’ilﬁ%‘slgcfﬁﬁaiﬁf 3‘%9??“ %i%%gﬁ deprgf(t)ne

subst ances t hatrepiasentat nbﬂnahllmatsgmmmndaytramﬂ mifi€e.cThyreofvernsignificrartly

conposi tion. t ¥ n ane
and squal ene o?e?tqg'rlkg&?at% rrat‘ﬁégéjilﬂe ‘f’%ﬁlﬂqﬂiﬁ @U%ﬁd}ng*t;%ﬁr ergents
such as FweenbEoaumber remainedeahs vemqnérojdemlasnmam@d wicel. \(\Bdr Donor-

veget abl e oi '&eﬁb@d‘l i’d‘kl&n&h’uc éﬁs%ﬁ@%&&%ﬂe?%d&fshﬁﬁoﬁ@@'vam S
such as coryneba terl,u gm Pro chagzﬁ riu derlvedﬁeai van&?s such as
Pr opi oni bact ef e&%?’%““g%ﬁ FCEW Lﬁ%%?c? PeRCasHR Ce&ndO®Leri nn
or BCG; i ntewkeekkafter treatmest DCtraimbersi renthinad abovecbatibl levkls. nonoki nes
such as interleukin 1; tunor necrosis factor; interferons such as ganna

interferon; conbinations 20 such as saponi n- al um ni um hydr oxi de or Quil -
al umi ni am hydr OXi dé.g |17 Glomess in $otahendGR4H2T bope abavowrdedl numbersyi |
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U S Pat. 047 238); .vacc] nia or ani nal fﬁi% pr ot el ns v ral

particle adj u%fFﬁfgn%éH cgl rappber betwsenFashat p@gcgq{gqrtggfmlqw tfPYegar d
to the net hodwetkslaftee 2etdigtit@ion (he@rwdd afsﬁg’tﬂﬁtm diffefersdedire6dl] nanhisey ng

depl oted (og PRMARCRFARE apt o et PO, IR Be Bl 1 ouea

by donor bonenumbemw/ There wak Inotsrxgmfmlaahdeﬂfemnce bak&eehn/\cadu'atequdtl on of
sex steroid s 8 dtai . ﬁﬂe?t)t H }ﬁg%

i ncl ude estab ﬁ;&é nt gf d&eﬂ%&tﬁ?é |nc ‘g‘lt% Hégnril rrtrc cee\l%s}&ﬁ \téﬁ*a‘ﬂost
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graft fromthe donor of, the Sttﬁm cel will be readily
under st ood) sBRDERrYed iGHA Pﬁ@ﬂ%f‘oﬁ{l}?&qlﬂ rrus can be disrupted in a

range of ways) for exanple) inhibition of sex steroid production or

St erol d pr oduct | ont BantBECSRRE I Ol Snd My BTG LRRbBd BRyea =<
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techni qugs. | Q.-SpEELE! r
physi carﬁcast ?ath ﬁp&(gﬁ%gﬁ% H @?ﬁﬁﬂﬂ reg err %fn %qglﬂ%%g% gﬁgbssex
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US4024121, EP MQM@%%&Q& ware At ngpmal acY@tG o Egézég‘ﬁ@

Buserel i n ( deseeekseaftemreconstitution. At two weeks there was no significant difference
35 between numbers in castrated and noncastrated mice.



20 US4003884, US4118483 and US4275001), Histrelin (described ta Eﬁfrliﬂ%gg)
Naf arelin (described in US4234571) W93/ 15722 and EP52510), L '

(descri bed wo ob/e#d889946) ) Leuprorelin (described in Plosker etrausdnrnd
| ~RlI'i anal ogues such as are described in EP181236, US4608251, US4656247,

US4642332, US4010149) US3992365 and US401Qp49. The di scl osures of 25 each
the references referred to above are incorporated herein by cross
reference. As will be understood by persons Skl lled in the art at | east
some of the neans Figr 18i Change i tatek and 245 23 ispheetl celd) nuonbérs intoastratedi | |

oSl 0) 50 ac kiRoRtastdtel fnch dRTRCARIAL fo AN, H2IH MK RiRAch

result) 3o as advantage € present invention is

that once théewpp@d Aiiatal erll aamber <Ewe weeksafter weenstitutiameeldn have

been achi evecﬁuxﬁBel?s wefat Aédreh bRl hﬁ&%h&ﬁ“&vﬁ% $3eni¥ id&lﬁl@@fi'ﬁ aftfhcbhﬁ cellbj ect s

reproductlve i)n%) returné or A%(i;\n unde tod the term
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heart, Iung afeconstitutibh @Mbﬁ&rEWl@p}oackﬁﬁyERﬁﬂmﬂEvé\l@EMaww%D
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housed under castrated and aloncesigatedomice rglsrespaget €D4Mm 21- @elhmd)etran Abe

ths of
st hot | SO HioEn. Yl WBBke BHEE Bl Rhof Tllap 41 cbRA BEE ertiilER igh! ©
(Rompun10 Bay din GRstrated mice adf quxadsaksﬁ Wheye wese naldq)oraiﬂ;lvedéﬂ@ll&m thei ne

hydr ochl or i depdk@istladdd nfiaé KE tha¥amk iRk agh, NSW 15 Australia) in
saline. Surgical castration was perforned by a scrotal incision, revealing

the testes) which were tied with suture and then renoved along with
surrounding fatty EngssmeSpErﬁﬁmﬂﬁﬁ wtmmcmﬂs(eﬁrditﬁ eloicodapd 1pinphoid dehived

BTSN Moo Arok i reﬁnsggﬁ@?”@ Sy
Cont r ol 1fi ce greupi Ueeh )abams@n thieefollooving gtaph$iere bamcbontthens)emahd
FACS. anal ysi S ELBEF %ﬁ?ﬁ‘% %fﬂeﬁ%ﬁﬂa‘%%ﬁ‘stﬂ%?és%%e%aﬁf#s% Saeool
Mles INO Indahgsllynunber rﬁ\lm@bermwemm qedt twyand fane waeeks aftest - 7o0cC
until use. FI Yoyt At iﬁb@ﬂﬁédﬁiﬁe&/‘a&ﬂ ﬂ@ﬁ@s&alté@&lm mmm@emteuon

pushed” gent | yEVRIAdGIPTBipEaer Eye and BB g ot rrﬁeéﬁggﬁﬁw He ooty ©
centrifaged (ﬁ’éﬂgnofmﬂl in bdi® casfmﬂedi amdswtdﬁﬁ‘atéd alitbe At Wesks\therSpl een
Chl ori de) -t or g Boratitich Bl affienctHe ?géugﬁ‘éﬂ%ﬁg‘%a%%?@@%&ﬁ%wed
concent r at i onHee} (@h@qnom;damfe@l h&nﬁ mrgatxc selspinwabersywergatonormal
haermocyt onet efev@Ndtwed BhdifHit weeks after reconstltutlon At two weeks there was no

significant difference between numbers in castrated and noncastrated mice.

25
Fig. 21: Changes in total and CD45.2* lymph node cell numbers.in

castrated and noncastrated mice after foetal liver reconstitution. n=3-4 for
each test group. (A) Total cell numbers - two weeks after reconstitution cell
numbers were at normal levels and there was no significant difference in cell

30 number between castrated and noncastrated mice. Four weeks after
reconstitution cell numbers in castrated mice were at normal levels. (B)
CD45.2* cell number - There was no significant difference between castrated
and noncastrated mice with respect to CD45.2" cell number in the lymph
node, two weeks after reconstitution. CD45.2 cell number remained high in

35 castrated mice at four weeks. There were no donor-derived cells in the
noncastrated mice at the same point.



15 brom de/ acri di ne orange and vi ewed under a fluorescence marggfomaa

(Axi oskop; Carl Zeiss, Ooerkochen) Germany). For 3-col our

i mmunof | uorvee eesss7 t hym)cyt es were routinely |abelled with ardi/Aved329
TCR-FTTC or anti-78 TCR-FITC, anti-CD4-PE and anti-CD8-APC 5 (all obtained
from Pharm ngen, San Diego, CA) followed ks fl ow cytonetry anal ysis. Spl een
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i munof | uor egtg nce Egciz |%ﬁgé$§%§%&%@%§§ﬁ&§ga\%§ %ﬁggﬁg‘%é?&%?d miGe.

nmonocl oAl antibodies: MIS6, 10, 12, 15, 16, 20, 24, 32, 33, 35 and 44

(Godfrey et al., 1990; Table 1) produced in this |aboratory and the

ol yual ont sDREATRDIRksCrpP ot Flk RN T er o) o8 © Bound
mA. b was reveal ed Flid phfabéCnonlifyiggithd Tobelk lpo@lmﬂamb@tmdl@uﬁﬂréi%wt?o altering
Lavora o <)M gor il oA 4T HEb B B e
br onodedfty ur i eXpressien of chamdterisiio m;olueuhess tExiemeplesidf theset ¢tﬁn'actenst1c
s oienrbuieddhl mmdaborida oI P cnsy et gy
5, CD28, CD44, CD62L and CD69.
The phrase "increasing the number of T-cells" refers to an absolute
increase in the number of T cells in a sﬁbject in the thymus and/orin- - --

25 circulation and/or in the spleen and/or in the bone marrow and/or in
peripheral tissues such as lymph nodes, gastrointestinal, urogenital and
respiratory tracts. This phrase also refers to a relative increase in T cells, for
instance when compared to B cells.

A "subject having a depressed or abnormal T-cell population or

30 function" includes an individual suffering from cancer, especially one who
has undergone chemotherapy or radiation therapy, or has been subjected to a
bone marrow transplant, or breast and prostate cancer patients, or any cancer
or proliferative disorder resulting in T cell abnormalities or reduced
functional capacity of cell-mediated immunity. This phrase also includes an

35 individual infected with the human immunodeficiency virus, especially one
who has AIDS. Furthermore, this phrase includes any post-pubertal




performed as previously described (Penit et al., 1996) . Bri efIy sections
were fixed in 7096 Ethanol for 30 rains. Sem -dried sections |_| rﬁﬂ[}ﬁ)at ed
in 4M HC , ksed by washing in Borate Buffer (Sigm), t wo
washes in P%HBB?{C?#\AI&S detected using anti-BrdU FTTC (Becto#éill()%ﬁogy

Di cki nson). For three-col our inmmunofluoresggnce, sections were |abelled for
a specific MIS mAb together with anti-cytokeratin. BrdU detection was then
performed as descri bed above. Sections were anal ysed using a Leica
fluorescent arddividaal, aa@pécmly wid aged pesoaneko hwkgreeteasedihuﬂu@@ Ani mal s

h
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I

cytometry. M g‘?’ ‘as |ive-gated FITC+ cells
expressity either CDAd)uvﬂiﬂ rheanooné oamartlsubsmnces thatedmnaasitloubl et s) .
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graft from the donor of the stem cells.




18 (ii) (err),(err)TCR (err)(err)TCR, CD4 and CD8 expressiog To determ ne
i f the decrease in thynocyte nunbers seen with age was the r &JIJULO 2003e

depl etion olySapskés ¢ cel | popul ations, thynocytes were 5 | abglp|afdoigbsad
defining markers 1 n order to anal yse the separate subpopul ations. In

addition) this allowed analysis of the kingfics of thymus repopul ation
post-castration. The proportion of the main thynocyte subpopul ati ons was
conpared Wi th those of the normal young thynus (Figure 3) and found to
remain uni formw tAs agﬁbe!ﬂaaaﬂ ﬁndh"rstobdrkbﬁste'imcsmlgﬁam | nthefthiyimsngn es

by th f | ed h [
Che proporti ol abop 8%%&%9% F R arTe bl e n g 5 0
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proportions ib 6}98f£ f&xhegx%ﬁﬁﬁ*&ﬁhﬁ da'hcﬁéeéé&e%d“fbrte?au’?ef d
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si gnifi cant I yusﬁéﬁéégé) eterelin (deseribedrigER 338%‘9 Bruspeslin 6% edhyRocyt es
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in ]the 2- rr;)ﬂt tdeﬁcﬁheﬂﬁmlﬂSb&ngm,ekalmmhmﬁdemmer(El'mhemtta]s)hmh)HRWen
sin e L
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post -castrati o Figure 4
reference. -

As will be understood by persons skilled in the art at least some of the
means for disrupting sex steroid signalling to the thymus will only be
effective as long as the appropriate compound is administered. As a result,

30 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.

As will be understood, the term "organ" is used in its broadest sense

35 and includes skin, kidney, liver, heart, lung etc.
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Figure 4.2B illustrates the extent of proliferation within eg(cﬂ; mﬁiﬁqa in
young, old and castrated mce. There is a significant (p_<O0. )J i

proliferatiwagdbieeédn the DN subset (3590 at 2 nonths to 4% bycgaXReeshe
Proliferation of CD8+ T cells was also significantly (p_<<0.001) decreased,
15 reflecting the findings by immunohistolpgy (data not shown) where no
division is evident in the nedulla of the aged thynus. The decrease in DN
proliferation is not returned to normal young | evels by 4 weeks

post cast rat i EXANBBESr, proliferation within the CD8+ T cell subset is

signi ficant| ygkRNIPER Rmﬁm Efﬂh‘ Im T?ﬂ?ﬂﬁ O‘i"?ﬁ;
returning 20 l'—[‘:O nor ]1) eveFﬂ:t weeks post-cas a'?ﬁon
decrease in pMﬂﬂ&l_%P_Eé.Mﬁ&ﬂﬂ_sn t he DN subset was. anal ysed further usi ng

the markers CD44 and CD25. The DN subpopul ation, in addition to the
thyrmcyte preg (sors, contains a(3TCR+CD4' CD8' thynocytes) which are
thought regul at ed bot h-co-receptors at 25 the transition to SP
cell Sbl(Godf rey & ACBAYCAH ﬁ&?ﬁ?mﬁﬂgﬁﬂbﬁmﬁméﬂéﬁﬂﬁa@duﬁenﬁebh&ﬁl A@nfﬁs .
possible to tr C rrpartrren ese showe
no differ encgg?ﬁx%fé?‘?gﬁ t# F’éY?ﬂ And pere ‘B&Q‘Et?éa@@ rcwe.r@w castration
(Fi gure 4. 2C)conbikionsy ed fodmt4e@ veaelks dp 2hanontis ebagecssd age CD44 and
CD25, shovvedcgld(ﬁb% ﬁ)@p% ,4195%&001) decrease in 30 proliferation of the

TNl subset ( % in the normal young to around 696 at 18
months P age (Figure 4. 2D) which was restored by 4 weeks pest-castration.
The decrease (ChasfrAfioprol i feration of the TNl subset, was conpensated for by

a significant (p50,001),increase i i feration of the TN2 sybpopul ation
(CD44+CD25+) whi ¢ $TWETS Bn%ﬁfﬂ% Se\?ilo b pEperdoppal ’él}e@%eg 3t of
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m croenvi ron chan nvir ge were
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MIS ser ilgs, dAunlstmllhhhe shBde \MSMthlaaboets;trﬂtmmaWaaperfon;aedﬂm aitscmteﬂbmcﬁsiﬁhe
antigens reco t gyﬁﬂ
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on both st rorrﬁ’llﬂbé‘lllffguaﬁélﬂg fathbEgswss. (i) Epithelial cell antigens.

Anti-keratin staining (pan- epithel ium) of 2 year old nouse thynus, so

reveal ed a | ogs of ,general rchitecture with a severe epithelial
cel | di sor ganPTaH é}{t}“é‘d%?@u@dfm&wwqﬂﬂ cortico-medul l ary junction.

Flﬁrt hgr zegal %/SI S uMmg rédstﬁvﬁ@\bﬁm MESpéﬁtdmﬂiuhﬂeaﬂxomdf M{Sﬁgm&t@z@mcal
showed a dis i or si,ze W a es
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d d th i t- t
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struct urgs i ncohipoagrl] MilgsUNQ) #idiatid), dnhy fredencidid@id Mitfopdal hadystora ans
(data not shovvg Adi ose 20 deposition, severe decrease in thymc size and

the decline in %’rﬁ of the cortico-nmedullary junction are shown.
conclusively with the anti -cytokerati n staining (data not shown). As shown

in Figure 2.1 %BS’? ning to regenerate by 2 weeks
post - castratlti)?rltt'i S 1S evl is|nn the size of the thymc | obes (a)) the

increase in corti chicepreneditlembysCOewrephydatipnomnd tzhévnms (s@)le@mgn he
| ocal i sajg on @heseRtarit HnpAPhSAE erd @eveﬁ"%@ﬂ't\r@f

Stained by M8 ?gﬁ‘gmvie?eﬁc%ﬁeﬁé@%/ﬂ%?@r@ri%@ge egntitig @ii °fg,e'ap' QLI ur
post - cast r at i @fiC), dmek esuspanded in eitherPBS/IES/Azd Sxﬂééﬂteﬁﬁdwéiieineubatd&m
cortico-medul | g %eilLi%fsi l?tﬁféxd(%t.@g/ﬂf’rte SHAYMum chloride) for 10 min at 4°C, washed
and resuspended in PBS/FCS/Az. Cell concentration and viability were
35 determined in duplicate using a haemocytometer and ethidium




30 The markers MIS 20 and 24 are presuned to detect prinordial epithelial
cells (Godfrey, et al., 1990) and further illustrate the degede ajijlo2083
the aged thynus. These are present in abundance at E14, detect |sol ated
medul lary epYQP¥F6ST cel| clusters at 4- 6 weeks but are agaPRTIAVOPAERRd in
intensity in the aged thynmus (data not shown). Follow ng castration, all 35
these antigens are expressed at a | evel eqyf valent to that of the young

adul t 21 thynmus (data not shown) W|th MIS 20 and MIS 24 reverting to
di screte subp I

junction. (il ?ﬁéﬁﬁ ?@glr’lagésésg@ilng# érxg ?wae ens ﬂgﬁfegé&?%e"ﬁg@lqgg{)ﬁ?er is

t hought to be(AE bQHQIZ@ﬁS,tGhbel&OChng@m‘lmW)of T cell precursors to the

th dth f
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\Y iﬁﬁ& mﬂﬁ’gc

al, 1990) In (alm@bam@dtﬂaamarm dif, SWIPDRSED, m)lﬁllamatﬂwﬂbacéﬁe&%ﬁy and

10 reflects th d f d )

per i vascul ar S9AS.(RBlee re@@mﬁpoﬁwifséﬁwesm st o lithes
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col l agen, |am | re
throughout théﬂli'@@n('({,;rﬁli{i y%g‘;dsr}gg&{iﬁd ﬁtﬁg%ﬁéhﬁgﬁlﬁ%"gﬁg%l%%g pP gg%%%&&
becomes nore qne@rémmBux lingaime,t@A. aged t hynmus. Expressi on
of MIS ifpis Incremqlsrawaaeéuaﬁ INGRER ARRCORBEIA With UN4-PEhoPEle-

post-castratig onls reres ative of the ati nlnthe
2 nmonth thynu (aa&); djéﬁi%ﬂ onzgad p Weagﬁéﬁﬁpnaﬁ Pb"éﬂguﬁﬂ(ﬁi’qsp fr essi on
|(n theI no; mal (Gaty® dﬁlydrm}ddm ltBih fﬁné@l\bel‘yﬂ'ﬁre@e Hx?daﬂmﬁtﬂﬁgc D@E%i ve
granul ar) on I, |u rey. er
stai ni ng of tmgﬁi}f’ﬁ %h v deHQ%i?é @km%ﬁfﬁ@ e in
MHCI | expr essiKamite umeBDehnnge“r MahaheJmJW | Gethany)coe 39adind aP3 Wickis

post - casir at i C | uced
bnd appeit o s ChRphto-tdnt R nPBNA L PR BNl SFSRIRETHAPA FuBARLBRAR OO
em gration 30 EAppr Bachen-Bigkingenf T cells migrat e fromthe thynus daily in
the young nouse (S@%lr|4ad/olﬁhrﬁhmutgo?ﬁmmsé%cte% th saJvéx%nlaW@ﬁea%l"@iji‘g at

a proportional qui val e nor use, at 14 m)nt s and
even 2 years Isgg(gD? ¢ap an )I"féﬁth%?F%‘f ﬁl‘%lt‘%%gﬁgg' reduced
in nunber. Th¢Aenswhaf) Um:c)r aadehe meghtiveodl1 PN g&ﬂed mf ahhl?,fsliﬁC'Q'hb tvifes@i C
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m grating to tthHopedi Iph St plead d i Tsi-colbiia (Cal tag) € Aasseprewi dusly ldesoxbedl |
rate of M gr alCOR BB A0 geNSIANt MU oA RXABh fefiormRVERSAL OF

CHEMOTHERAPY-
described above.

Samples were analysed on a FacsCalibur (Becton-Dickinson). Viable
25 lymphocytes were gated according to 0° and 90° light scatter profiles and data
was analysed using Cell quest software (Becton-Dickinson).

Immunohistology
Frozen thymus sections (4um) were cut using a cryostat (Leica) and
30 immediately fixed in 100% acetone.
For two-colour immunofluorescence, sections were double-labelled
with a panel of monoclonal antibodies: MTSS, 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
35 rabbit anti-cytokeratin Ab (Dako, Carpinteria, CA). Bound mAb was revealed
with FITC-conjugated sheep anti-rat Ig (Silenus Laboratories) and anti-



THYM C ATROPHY. Castrated mce (either one-week prior to treatnen %r fn
the sane day as treatnent), showed substantial increases in tﬁgﬂ?'uﬁ.". 00
regeneratio |l owi ng irradiation or cycl ophospham de t In
t he thynus, ri;?/rrag2 a?ed m ce show severe di sruption of thymc g?@%%‘?%?e)
concurrent with depletion of rapidly dividiqgg cells. Cortical collapse,

rem ni scent of the aged/hydrocortisone treated thynus) reveals loss of DN
and DP thynocytes. There is a downregul ati on of a(3-TCR expression on CD4+

and CD8+ SP t s wa@iﬂxﬁé@l&fvﬁ{h TRIPCSonjeg el goa thﬂnlﬁb%@ngsueaas
cycl ophospha tre animal s show a | ess severe disruption of thymc
archi tecture, faster regeneration rate of DN and DP thynocytes.
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to nmigrate through opswensianalpedousingickgira flureesentand Nikeny

proporti gns W idrds€ssds. subpopul ation are equal, 35 nunbers of thyrmcyt es
are building before being released into the peri phery. WO 001 62657 23 18
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20 Interestingly, there is a significant (p<0.001) increase in thymocyte numbers
at 2 weeks post-castration (~1.2 x 10°), which is restored to normal young
levels by 4 weeks post-castration (Figure 1B).
The decrease in T cell numbers produced by the thymus is not
reflected in the periphery, with spleen cell numbers remaining constant 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
subsequent rise in T cell numbers reaching the periphery, no change in '
peripheral T cell numbers was observed: splenic T cell numbers and the ratio
of B:T cells in both spleen and lymph nodes was not altered following
castration (Figure 2A and B). The decreased CD4:CD8 ratio in the periphery
35 with age was still evident at 2 weeks post-castration but was completely
reversed by 4 weeks post-castration (Figure 2C).
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30 Although cell numbers are significantly decreased in the aged thymus,
proliferation of thymocytes remains constant, decreasing to 12-15% at 2 years
(Figure 4.1), with the phenotype of the proliferating population resembling
the 2 month thymus (Figure 4.2A). Immunohistology revealed the division at
1 year of age to reflect that seen in the young adult, however, at 2 years,

35 proliferation is mainly seen in the outer cortex and surrounding the
vasculature (data not shown). At 2 weeks post-castration, although
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Two weeks after foetal liver reconstitution there were significantly
more donor-derived, myeloid dendritic cells (defined as CD45.2+ Mac1+
25 CD11C+) in castrated mice than noncastrated mice, the difference was 4-fold
(p<0.05). Four weeks after treatment the number of donor-derived myeloid
dendritic cells remained above the control in castrated mice (Figure 16A).
2 weeks after foetal liver reconstitution the number of donor derived
lymphoid dendritic cells (defined as CD45.2+Mac1-CD11C+) in the thymus
30 of castrated mice was double that found in noncastrated mice. Four weeks
after treatment the number of donor-derived lymphoid dendritic cells
remained above the control in castrated mice (Figure 16B).
Immunofluorescent staining for CD11C, epithelium (antikeratin) and
CD45.2 (donor-derived marker) localised dendritic cells to the
35 corticomedullary junction and medullary areas of thymii 4 weeks after
reconstitution and castration. Using colocalisation software donor-derivation
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Two weeks after reconstitution the donor-derived T cell numbers of
20 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 18A). )
Donor-derived, myeloid and lymphoid dendritic cells were found at
25 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 18B).

30 Splenic changes following lethal irradiation, foetal liver reconstitution and
castration
Spleen cell numbers of castrated and noncastrated reconstituted mice
were compared to untreated age matched controls and the results are
summarised in Figure 19A. Two weeks after treatment, spleen cell numbers
35 of both castrated and noncastrated mice were approximately 50% that of the
control. By four weeks, numbers in castrated mice were approaching normal
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mice were compared to those of untreated age matched controls and are
20 summarised in Figure 21A. 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
levels but those of noncastrated mice decreased significantly (Figure 21B).
Flow cytometry analysis with respect to CD45.2 suggested that there was no
25 significant difference in the number of donor-derived cells, in castrated and
noncastrated ‘mice, 2 weeks after reconstitution (Figure 213); No donor
derived cells were detectable in noncastrated mice 4 weeks after
reconstitution. However, virtually all lymph node cells in the castrated mice
were donor-derived at the same time point.
30 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-
derived T cells in the lymph nodes of noncastrated mice (Figure 22).
Two weeks after foetal liver reconstitution donor-derived, myeloid and
35 lymphoid dendritic cells were found at control levels in noncastrated and
castrated mice (Figures 22 A & B respectively). Four weeks after treatment
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transplanted w,th, 0008 RIS Bferridden by the removal of sex steroid
influences with the 2-week castrate thymus increasing in cellularity by 20-30
20 fold from the pre-castrate thymus. By 3 weeks post-castration, the aged
thymus shows a significant increase in both thymic size and cell number,
surpassing that of the young adult thymus presumably due to the actions of
sex steroids already exerting themselves in the 2 month old mouse.
Our data confirms previous findings that emphasise the continued
25 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
of a synchronous expansion in thymocyte subsets. Since thymocyte numbers
are decreased significantly with age, proliferation of thymocytes was
30 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 ~14% of
all thymocytes proliferating. However, the localisation of this division
differed with age: the 2 month mouse thymus shows abundant division
35 throughout the subcapsular and cortical areas (TN and DP T cells) with some
division also occurring in the medulla. Due to thymic epithelial
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population, reflect the findings by Aspinall (1997). Surprisingly, the TN
15 subset was proliferating at normal levels by 2 weeks post-castration
indicative of the immediate response of this population to the inhibition of
sex-steroid action. Additionally, at both 2 weeks and 4 weeks post-castration,
the proportion of CD8™ T cells that were proliferating was markedly
increased from the control thymus, possibly indicating a role in the re-
20 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)
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
25 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 resultingina
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
30 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
cope if the individual encounters new pathogens, possibly accounting for the
rise in immunodeficiency in the aged. Obviously, there is a need to re-
35 establish the T cell pool in immunocompromised individuals. Castration
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The increase in cortical epithelium appears to be due to stretching of the
thymic architecture rather than proliferation of this subtype since no
proliferation of the epithelium was noted with BrdU staining by
15 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 to selection events). However, the
aged thymus shows severe epithelial cell disruption distinguished by a lack

20 of distinction of the cortico-medullary junction with the medullary
epithelium incorporating into the cortical epithelium. By 2 weeks post-
castration, the medullary epithelium, as detected by MTS 10 staining is re-
organised to some extent, however, subpockets are still present within the
cortical epithelium. By 4 weeks post-castration, the cortical and medullary

25 epithelium is completely reorganised with a distinct cortico-medullary
junction similar to the young adult thymus.

Subtle changes were also observed following castrahon, most evident
in the decreased expression of MHC class II and blood-thymus barrier
antigens when compared to the pre-castrate thymus. MHCII (detected by

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

35 increased following castration, the antigen binding sites are again blocked by
the accumulation of thymocytes thus decreasing detection by
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controlled. The primordial eplthehal antlgens detected by MTS 20 and MTS
24 are increased in expression in the aged thymus but revert to subpockets of

10 _ 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.

The above findings indicate a defect in the thymic epithelium

15 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
epithelium requires cortical T cells for its proper development and

20 maintenance. Thus, if this population is diminished, the medullary
thymocytes may not receive adeqﬁate 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
determine the proliferative capacity of these cells.

25 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
and Zlotnik, 1990; Aspinall, 1997). Indeed, IL-7" and IL-7R" mice show

30 similar thymic morphology to that seen in aged mice (Wiles et al., 1992;
Zlotnik and Moore, 1995; von Freeden-Jeffry, 1895). Further work is
necessary to determine the changes in IL-7 and IL-7R with age.

In conclusion, the aged thymus still maintains its functional capacity,
however, the thymocytes that develop in the aged mouse are not under the

35 stringent control by thymic epithelial cells as seen in the normal young
mouse due to the lack of structural integrity of the thymic
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yzJ{c{{{48H4 lourrefitly%#eérstudy. 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
was investigated in animal models of immunodepletion. Specifically,

15 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
cortical thymocytes, however all subsets are effected (Fredrickson and Basch

20 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
HIV/AIDS, and particularly following chemotherapy and radiotherapy in

25 cancer treatment (Mackall et al. 1995). . : . - -

In both sublethally irradiated and cyclophosphamide treated mice,
castration markedly enhanced thymic regeneration. Castration was carried
out on the same day as and seven days prior to immunodepletion in order to
appraise the effect of the predominantly corticosteroid induced, stress

30 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.

35 Immunohistology demonstrated that in all instances, two weeks after
castration the thymic architecture appeared phenotypically normal, while
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mice. Medullary markers supported this finding. Interestingly, one of the
5 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
with the immunofluorescence. At each time point, there was a synchronous

10 increase in all CD4, CD8 and of-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
CD47CD8" gate) and this may have occurred before the first time point.

15 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
granulocyte numbers within the thymus.

20 In both irradiation and cyclophosphamide models of immunodepletion -
thymocyte numbers peaked at every two weeks and decreased four weeks
after treatment. Almost immediately after irradiation or chemotherapy,
thymus weight and cellularity decreased dramatically and approximately 5
days later the first phase of thymic regeneration begun. The first wave of -

25 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
of the radioresistant cells coupled with a decreased production of thymic

30 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
to a mature T cell takes approximately 28 days (Shortman et al. 1990).

35 Therefore, it 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
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10 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
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

15 were thought to play an integral role in the avoidance of graft rejection
(Thomson and Lu 1999). Dendritic cells are known to be key players in the
negative selection processes of thymus and if donor-derived dendritic cells
were present in the recipient thymus, graft reactive T cells may be deleted.

In order to determine if castration would enable increased chimera’

20 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
markers, it was possible to assess the chimeric status of the mice. As early as

25 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
cells, suggesting that castration may in fact increase the probability of

30 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
graft acceptance.

35
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autoimmune disease and a hypersensitivity disease.
2. The use of claim 1, wherein the subject is a human.

10 3. Use of a compound that disrupts sex steroid signalling to the thymus for the manufacture
of a medicament for modifying T cell population makeup or increasing the number of T cells in a

human subject in the treatment or prevention of cancer.

4. The use of claim 3, wherein the subject has undergone chemotherapy and/or radiation

15  therapy and/or bone marrow transplantation.

5. Use of a compound that disrupts sex steroid signalling to the thymus for the manufacture
of a medicament for modifying T cell population makeup or increasing the number of T cells in a

subject in the treatment or prevention of a human immunodeficiency virus infection.

20
6. The use of claim 5, wherein the subject with the human immunodeficiency virus
infection has AIDS.
7. Use of a compound that disrupts sex steroid signalling to the thymus for the manufacture

25  of a medicament for modifying T cell population makeup or increasing the number of T cells in a
subject in the treatment or prevention of a condition caused by an infectious agent, wherein the

infectious agent is not the human immunodeficiency virus.

8. Use of a compound that disrupts sex steroid signalling to the thymus for the manufacture
30 of a medicament for the treatment or prevention of an autoimmune disease in a subject, wherein

the subject’s resident T cell population has been ablated.
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administration of the medicament.

12.  The use of claim 11, wherein the subject is also transplanted with bone marrow from the

donor.

15 13.  Use of a compound that disrupts sex steroid signalling to the thymus for the manufacture
of a medicament for enhancing an immune response to an antigen in a subject, wherein the
subject is administered with the antigen, and wherein the antigen does not result in an immune

response which disrupts sex steroid signalling to the thymus.

20 14.  The use of claim 13, wherein the antigen is derived from an infectious agent or a tumour

cell.
15. The use of claim 14, wherein the subject has cancer.
25 16.  The use of claim 14, wherein the subject has an infection.

17.  The use according to any one of claims 13 to 16, wherein the antigen is mixed with an

adjuvant before administration.

30 18.  The use according to any one of claims 5 to 17, wherein the subject is a human.
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19.  The use according to any one of claims 1 to 18, wherein the compound is selected from
the group consisting of: eulexin, goserelin, leuprolide, dioxalan derivatives, and luteinizing

hormone-releasing hormone analogues.

20.  The use according to claim 19, wherein the dioxalan derivative is selected from the group

consisting of: triptorelin, meterelin, buserelin, histrelin, nafarelin, lutrelin, and leuprorelin.

21. The use of claim 19, wherein the compound is an analogue of luteinizing hormone-

releasing hormone.

22,  The use of claim 21, wherein the luteinizing hormone-releasing hormone analogue is

deslorelin.

23.  The use according to any one of claims 1 to 22, wherein the compound is administered by

a sustained peptide-release formulation.

24, A composition for enhancing an immune response to an antigen in a subject, the
composition comprising an adjuvant, the antigen, and an analogue of luteinizing hormone-
releasing hormone, wherein the antigen does not result in an immune response in the subject

which disrupts sex steroid signalling to the thymus.



