12 APR 2005 TREATMENT OF T CELL DI SORDERS FI ELD OF THE | NVENTI ON The
present invention relates to a nethod for treating a T cel | H2sAPRQI§5 in
a subject involving disrupting sex steroid signalling to the thynmus and

i ntroducing into the subject bone marrow or haenopoietic stemcells (HSC).
BACKGROUND OF THE | NVENTI ON The thynus is influenced to a great extent by
Its bidirectional 1o communication with the neuroendocrine system
(Kendal |, 1988). O particular inportance is the interplay between the
pituitary, adrenals and gonads on thym c function including both trophic
(TSH and GH and atr ophiTREATMENT(QF.T €BHLIMSGEDHRS Kendal |, 1988;
Hono- Del arche, 1991). |Indeed one of the characteristic features of thymc
physiology is the 15 progressive decline in structure and function which is

comensur at prppn BF TRE NG in circulating sex steroid production
around puberty (H rokavva arﬁ'gﬁ%gkl nodazi, 1975; Tosi et al., 1982 and
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the elderly. In particular, deficiencies of the immune systemillustrated
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atrophlc effects (LH, FSH and ACTH) (Kendall, 1988; Homo-Delarche, 1991).
Indeed one of the characteristic features of thymic physiology is the

15 progressive decline in structure and function which is commensurate with
the increase in circulating sex steroid production around puberty (Hirokawa
and Makinodan, 19 75 ; Tosi et al,, 1982 and Hirckawa, ef al., 1994). The
precise target of the hormones and the mechanism by which they induce
thymus atrophy is yet fo be determined. Since the thymus-is the primary site

20 for the production and maintenance of the peripheral T bell pool, this
atrophy has been widely postulated as the primary cause of an increased
incidence of immune-based disorders in the elderly. In particular,
deficiencies of the immune system illustrated by a decrease in T-cell
dependent immune functions such as cytolytic T-cell activity and mitogenic

25 responses, are reflected by an increased incidence of immunodeficiency,
autoimumunity and tumour load in later life [Iﬁrokawﬁ, 1908).

The impact of thymus atrophy is reflected in the periphery, with
reduced thymic input to the T cell pool resulting in a less diverse T cell
receptor (TCR) repertoire. Altered cytokine profile (Hobbs et al., 1993;

30 Kurashima ef 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




6~ 2 APR 2005 z observed. Furthernore, the efficiency of thﬁ]r?%%i esi.s is
inpaired with age such that the ability of the i nmune syst e Re%%erate
normal T-cell nunbers after T-cell depletion, is eventually |ost (Mackall
et al., 1995). However, recent work by Douek et al. (1998), has shown
presumably thymc 5 output to occur even in old age in humans. F, xci si onal
DNA products of TCR gene-rearrangenent re used to denonstrate
circulating, de novo produced naive T cells after H 'V infection in ol der
patients. The rate of this output and subsequent peripheral T cell pool
r egener at i orPHfEBERE. tIubRerpezen the effitiersyeef thynmpaiedis tnirapaiie] Witheage
under gone ¢ t oW reatly reduced 1o rate of regeneration of
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further exeg&l ified in recent work by 0 have

shown that diewevafhrabat wiorkdiyt Boaeleet @lgqne9sy, bds isho@hd%ﬁbﬁ&aﬁ Prﬁ%{[@ t hey ,
appear 4o sgﬁ%a Pi as _towards mory cells due to the 15 aged ?Z?l pher al
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20 int eractiogs necessayr r the opti mal gevel opnent of thes§l‘)c ési.ﬂThe

f
synbi otic d&VEf PErifbera T 64 mopl megenemticthpesstsytodss Amtherhaddesistdiel i al
subset s t hak; ' ' entiation,.and maturati on (Boyd et ol.,
1993), neanrglds% E{st%ggri%?‘gfq %%%%ﬁ%ﬁgogﬁﬁﬁw&i‘iﬁﬂpgts el B YQ?f%u'é‘i’d her cel |
type wiii ch watelof ropererhtibhedrthe T &l poall 5&&@&&%12@ -ceh%,hihﬁgdﬁ%.ss likely
yno ense

that there is ,an 25 inherent defect Within the t cytes ves since
previous. sPUBPEE! PaienisHioneparaditathore who vesragrelmbert (Mackdiabt @M st em

have a i m naroacarEe” §RpRY e LR iR seet orlon 1maang demam col | s
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and . Ri tt er Mmigegest BMlokhap appeat to, shbed biad-oweards mdeeentelld e Ryipspi nal | -
(1997)y5 has ag&f) iﬂ@ripﬁerﬁTIm%?gtglv?l’ronment, coupled to poor thymic production of
naive T cells.
The thymus essentially consists of developing thymocytes interspersed
within the diverse stromal cells (predominantly epithelial cell subsets) which
constitute the microenvironment and provide the growth factors and cellular
20 interactions necessary for the optimal development of the T cells. The
symbiotic developmental relationship between thymocytes and the epithelial
subsets that controls their differentiation and maturation (Boyd et al., 1993),
means 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 ef al., 1994). However, recent work by Aspinall (1997), has shown




a defect within the precursor CD3"CD4-CGD8- triple negati veﬁ(z'[ﬁgpppm ation
occurring at the stage of TCR R chain gene-rearrangenent Int b i cul ar

case forAIDS, -the primary defect in the i mune systemis the destruction
of CD4+ cells and to a | esser extent the cells of the 5 nmyleoid |ineages of
macr ophages and dendritic cells (DC). Wthout these the-imtuie systemis
paral ysed and the patient is exfrenely sq}scepti ble to opportunistic
infection with death a common consequence. The present treatnent for AlDS
is based on a_nmultitude of anti-viral drugs to kill or deplete the HV
virus. Such 9&ﬂ@feﬁbmﬁhlartbemenﬁmmC@&hﬁﬁbtﬂegaﬁ%t('mN‘jago iYaddon 0ads
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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 HSG must be

20 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 HSG (or at least prothymocytes

25 which already have a preferential development along the T cell lineage). In
the case of the thymus undergoing rejuvenation due a 16ss 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 PIecursors. By increasing the

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



5 be easily increased to very high levels by sinply increihn ﬁ?ﬁ Swnber
of transferred exogenous HSC, SUMMARY OF THE I NVENTION T p& @

i nventors have denonstrated that thym c atrophy (aged 1o induced or as a
consequence of conditions such as chenotherapy or radiotherapy) can be
profoundly reversed by inhibition of sex steroid production, with
virtually conplete restoration of thym c4structure and function. The
present inventors have also found that the basis for this thynus

regener at i ORyphSrel i J i tial.wexpansi on of precursor_cells 15
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The abi | i ty eVenBwdly bapraseypiin vidusilyyehef teall plinpsblf The l6vel 8R0genous  HSC

by di srupti Ld signalli to the thynus, neans that gene 20
therapy in ta%gﬁﬁéﬁéérﬁg PG LE SrﬂYPB%g‘?SPi@TWIfWWRMQﬂDHS hmﬂﬂgamﬂnrryel oid.
cel I's whi chbdeusilepnéRabdittd PHAUSLLA] r stemcell therapy has net
with little or noﬁsuccgss to dgt eégggiégégﬁtsﬁ@pﬁﬁ%ﬁﬁaﬁlggg%‘?Hﬁﬂ:l%eéﬁ’\é

i ncapabl e  &RuskgRIadyexggemany H3Cany HSC, with T cell production |ess than

1% of normal Ilevels. 25 Accordingly, in a first aspect the present -
i nvention provides a method of treating a T-cell disorder in a subject,

the met hod somINATYOR T RGVRY steroid signalling to the thynus in
t he subject and transplanting mt%%e subj ect bone marrow or HSC. In a

preferred embodi Henpredeat Tnvettorohsns M}Oﬁ%’é@ﬁ%ﬁ?&é@%ﬁ%@ﬁ@g% oup

consi sting of,viral infections, such as human i muno

i nf ecti®on, . Hdacedqr Frvf PrEaaenge of perdidions sughyasditeaasthemipyadr reduces T
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achi eved by Wictiger The paerensinvantors hatri alss fowd dmtahe dasiexos ek oi d
anal 0gue(’s) thymuys regeneration is in part due to the initial expansion of precursor cells

15 which are derived both intrathymically and via the blood stream. This
finding suggests that is possible to seed the thymus with exogenous
haemopoietic stem cells (HSC) which have been injected into the subject.

The ability to seed the thymus with genetically modified or exogenous
HSC 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 steroid 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




Preferred sex steroid anal ogues include conpounds sel ect e;zr ?ﬁﬁ gr oup
consisting of: eul exin, dioxalan derivatives, and |uteini QﬁFR

hor noner el easi ng hornone anal ogues. Currently, it is preferred that the sex
steroid analogue is an anal ogue of | uteinizing hornone-rel easi ng hornone.
More 1o preferably, the |uteinizing hornone-rel easi ng hornone anal ogue is
selected fromthe group consisting of: triptorelin, neterelin, buserelin,
histrelin, nafarelin, lutrelin, Ieuproﬁelln goserelin, |leuprolide and

desl orelin. an f ed._enho t i
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Exanpl es ofAIDS @ruish@sBmﬁtheeﬁtald@adﬁéméébmhwmﬁlltmm prOVI ded in WO
98/ 08533, the entire contents _ of whjch are incorporat edggere
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In yet another preferred embodiment, the sex steroid analogue(s) is

administered by a sustained peptide-release formulation. Examples of

15 sustained peptide-release formulations are provided in WO 98/08533, the
entire contents of which are incorporated herein by reference.

In a preferred embodiment, the method comprises transplanting
enriched HSC into the subject. The HSC may be autologous or heterologous,
although it is preferred that the HSC are autologous.

20 In cases where the subject is infected with HIV, it is preferred that the
HSC are genetically modified such that they and their progeny, in particular T
cells, macrophages and dendritic cells, are resistant to infection and / or
destruction with the HIV virus. The genetic modification may involve
introduction into HSC one or more nucleic acid molecules which prevent viral

25 replication, assembly and/or infection. The nucleic acid molecule may be a
gene which enclodes an antiviral protein, an antisense construct, a 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

30 cell leukaemias, the modification may include the introduction of nucleic acid




6 It wll be appreciated by those skilled in the art that the present

met hod maybe useful in treating any T cell cell disorder a@/{z gg h@ a
defined genetic basis. The preferred nethod invol ves redttq Ri 5thynic
function through inhibition of sex steroids to increase the uptake of

bl ood- borne 5 haenopoietic stemcells (HSC). In general, after the onset of
puberty, the thynus undergoes severe atrophy under the influence of sex

st eroi ds, mﬁth its cellular product|0n5?educed to Il ess than la/o of the
pre- pubertal

The sent in based on the flndlng t hat
the i nhi bi t5°88 %Ftsarﬁae%“@w lflorr%lksest@srfg?%g d griabiar te e 1S,

i nhi bi tion 1aR%KHALAS ébﬁﬂ#?zl&ﬁgﬁp@ggtlon of loits functlon |ncluding
i ncreased upt ake of | ood-derived HSC. The origin of the HSC can be

directly frominjection or fromthe bone marrow followi ng prior
injection.. It is envisaged that blood cells derived fromnodified HSC
w Il pass the genetic nodification onto their progeny cells, including HSC
derived fromself-renewal, and that the devel opnent of these HSC al ong the
15 T cell and dendritic cell lineages in the thynus is greatly enhanced if
not fully facilitated by reactiving thymc function through inhibition of
sex steroids. The nethod of the present invention is particularly for
treatment of AIDS, where the treatnent preferably involves reduction of
viral load, 20 reactivation of thym c function through inhibition of sex
steroids and transfer into the patients of HSG (autol ogous or froma
second party donor) which have been genetically nodifed such that al
progeny (especially T cells, DC) are resistant to further HN infection.
This means that not only wll 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 H1V wi ||
be able to renmove any remnant viral infected cells. In principle a simlar
strategy could be applied to gene therapy in HSC for any T cell defect or
any viral infection which targets T cells. 12 APR 2005 BRI EF DESCRI PTI ON
OF THE ACCOVPANYI | VG FI GURES Figure 1: Aged (2-year .old) mce were
surgically castrated and anal ysed for (a).thynmus weight in relation to
body weight and (b) total cells per thynus at 2-4 weeks post-castration. A
significant decrease in thynmus weight and 5 cellularity was seen with age
conpared to young adult (2-nonth) mce. This v~~as restored by castration.
At 3-weeks post-castration-thym c hypertrophy was observed and was
returned to young adult |evels by 4-weeks post




. castration. Results are expressed as neanl SD of 4-8 m ce_per group. ** _
p50. 01; *** = p<_0.001 conpared to young adult and post-céﬁErAﬁﬁQ@&n’ ce. 10
Figure 2: Aged (2-year old mce were surgically castrated and anal ysed at 2
and 4 weeks post-castration for peripheral |ynphocyte popul ations. (a)
Total |ynphocyte nunbers in the spleen, No change in total spleen cell
nunbers was observed with age or post-castration, due to peripheral
honeostasis. (b) 15 The ratio of Bcells 1o T cells did not change with-age
or post-castration, however (cj A significant decrease in the CD4+: CD8+ T
cell ratio was sdémwillite #pprgeiatathby thas skilled o ekl byt thapERksresent

post - castratj @H"fﬂta IS e%BLessed,as meanlsSD of 4-8 mce per group. *** =
p50. 001 conp’%‘g may hepserilin reptingsay s celhgell digedepudich hes a definailce.
20 Figure 3: / \ ted and the thynocyte
subsets . angaei?? S%dﬁa%éés/ gg{eol%l % rgéﬁngﬁﬂg@&é ?@%é%ﬁ%&@ﬁﬂgﬁg%@q%@ FRCS
profiles ofthopaglChehibitionbbtex steeoidh ewindeasd iy GHRKNS bidHit

CD4+CD8- anq_&cm- CB8+ SP t hy Cétges. No di fference was seen In tte ’25
pr opor t? ons RAETEPROIENE StamB Cgls i(HSE) s I general tafterdbeamspbef pulzty, ahé on.

of *'br omodedyar ariaihedrVord Bl e Brftefctplid i dnmit s
the 3o Thyms. wt th age and poct s ojost MRaRnIPOr I PrebyHo ey 21"\ e
8 proporti orPTBFeHrIBNPREPR{S ggsgdemm s$hevfinding thee theiahibitiynos prauctionesty ed
g T T SRR R
det er mime | duehsictlonp il 8AiricP8hseANRItYBE 8 Blood-derived HSC. The origin of
the HSC can be directly from injection or from the bohe marrow following
prior injection. Itis envisaged that blood cells derived from modified HSG
will pass the genetic modification onto their progeny cells, including HSC
derived from self-renewal, and that the development of these HSC along the
15 T cell and dendritic cell lineages in the thymus is greatly enhanced if not
fully facilitated by reactiving thymic function through inhibition of sex
steroids.
The method of the present invention is particularly for treatment of
AIDS, where the treatment preferably involveé reduction of viral load,
20 reactivation of thymic function through inhibition of sex steroids and
transfer into the patients of HSGC (autologous or from a second party donor)
which have been genetically modifed such that all progeny (especially T
cells, DC) are resistant to further HIV infection, This means that not only
will the patient be depleted of HIV virus and no longer susceptible to general
25 infections because the T cells have returned to normal levels, but the new T
cells being resistant to HIV will be able to remove any remnant viral iﬁfected
cells. In principle a similar strategy could be applied to gene therapy in HSC
for any T cell defect or any viral infection which targets T cells.




proliferation within the different subsets of thynocytes e and
CD8 expression within the thynmus was perforned. (a) The p?@?d&f?%ﬁ each

t hynocyte subset within the BrdW+ popul ation did not change with age or
post-castration. (b) However, a significant decrease in the proportion of
1o DN (CD4-CD8-) .- thynocytes proliferating was seen with age.
Post-castration, this was restored and a7si gnificant increase in
proliferation within the CD4CD8+ SP t hynbcytes was observed. (c) No change
in the total proportion of BrdU+ cells within the TN subset was seen with
age or post FrRESGRIPTISRE OF THE) ACCONMPANYING FIGURESe in proliferation
within the 1 15 ( +CD25-§é angd significant_increase in proliferation
within TN }Né@h% (28 Sl mige vz sutgisally-erstraterd andanalysed fored

postcastrati .YB@@J{NE K - 1 CE per._groyp. * _
p50. 05; *** @ntpt)l<0 oL %cl)ﬁ‘rrplgrr e Bltb gﬁégﬂjn agf@? h?&-(%%qwcﬂsﬁgrﬁcﬁs re 5:.
Aged (2- yeaR-biwtpksipost-smstmiions tA aigrdfieast deneaderihabiyaths ﬂléziflgm By cal Iy

with FITCto ﬂe ermne thym c export rates. The nunber of TC+ cells in
the peri phef§ %&’ngé’%%ﬁﬂe&t‘gﬁh?&eW@mﬁafﬁdt’@wu{la)idnﬁs[ﬂgnbnﬂr)anicedéﬂﬁease in .

recent thym ' cel 1y .nu s observed wi.th age. Follow ng
casfration, thsglgke%%r&ggﬁ%‘g%}mgﬁgﬁtw g"%ﬁ%‘% Doy FF@FE%@BB yHBe ggpgég-ﬂéhYpost-cx.
(b) The rat evesfolmeigidadndwat espentd toalng AYTHIe6ak by A%del) pherai ned
constant with age but was significantly réduced at 2 weeks szt-cx. (c)

Wth age, aC8FigHion cRAsulinaiccaqaessedtasemeant aShfof@8 mice [EDRroRIE*as seen
and this wa Bl S8 -week post-cx. Results are expressed as neanl SD
of 4-8 m cei]pégfr?ég?loup. dggé"gaagfﬁ?ﬁf’?f?a’m’yognﬁQaﬁht?élffiE%?ﬁﬁ'ﬁgahPB mi§ey oung

adult o ce. ~ = p<0.001 conpared to castrated mce. ~~ 2 APR 2005 s Figure
6: Young (3-nonth old) mce were depleted of |ynphocytes using
cycl ophosph#iguse 2:Mged (Aeyear eld)micestvam sargicadlyechsoritahstd ahelysedat he sanme

day as cycl gphospham de treat ent. (a), signifjcant increase in _thynus
cel | nunber a&gé ‘%B@S‘r%"qaﬁ Egg’clrf‘a‘"t é@”ﬁﬁ%@h %aﬁahﬁa%em@m@mm {aistotal ed
mce. (b ' | : j g0t I ease . n | een cel |
number ol L mnpooRe AR (BRI N Alee 1R oyl BB Porbls
i ncrease i nwapmblservedewithlagalcarmidsy custsatioms aluebingiarshamh ! Romeasthsiat ¢8) M ce
at 1-\%3ek past -t .e%g%ent R ulhs are expressed as neanl SD of 4-8 m ce per
group. Uxx* i%ﬁifé.o ‘E‘?;lfpté’reiﬁe %db‘ilé‘f)? ﬁﬁ%%ge withragesr mmsfererationjoung
(3-nmonth ol ! : L S bl.et hal (&5 Rads)
irradiati on%Wgﬁmggﬂ?&asﬁﬁg%agééﬁﬁggg%jd%?'d(gés{]%‘a‘t"% ratb%wtaﬁé‘(g%ne day
as irradi at with ageasThistwes rdsteredionedvarksipgpi-tastanidny ]Daﬁatigrez&v;ﬁes%@& @sof.

No

t hynus regener ati]ﬁ%c npared to sham castrat ed counterparts (a).
di ff erence FIf&5 0? )8 Wics PELEroNPde” ("cF rel00h soptparedds young adittth

castrated ”'.[“ﬁﬁlo&t}i dn@g{%eﬁ?éjs%_ggg@%ero re still chronical'ly |ow at

2weeks post-treatnent conpar 0 CO M ce. Results are expressed as
mean' 28D of 4-8 mce per group. * = p<_0.05 conpared to confrol mce;

Figure 3: Aged (2-year old) mice were castrated and the thymocyte subsets:

analysed based on the markers CD4 and CD8. Representative FACS profiles

of CD4/CD8 dot plots are shown for CD4-CD8-DN, CD4+CD8+DP,

CD4+CD8- and CD4-CD8+ SP thymocytes. No difference was seen in the
25 proportions of any CD4/CD8 defined subset with age or post-castration.

Figure 4.1: Aged (2-year old) mice were castrated and injected with a puls'e.of
bromodeoxyuridine (BrdU) to determine levels of proliferation.
Representative histogram profiles of the proportion of BrdU+ cells within the

30 thymus with age and post-castration are shown. No difference in the




20 *** = p50. 001 conpared to control and castrated mice. ji%gwpﬁ g}g Young
(3-month. old) mce were depleted of |ynphocytes using subletha ?GZS
Rads) irradiation. Mce were either shamcastrated or castrated 1-week
prior to irradiation. A significant increase in thynus regeneration 25 was
observed with casfration (a). No difference in spleen (b) or |ynph node
(c) cell nunbers was seen with casfrated _m ce. Lynph node cell nunbers
were still chronically | ow at 2-weeks pogt-treat ment conpared to control
mce. Results are expressed as nean-!-1SD of 4-8 nmice per group. * _
p<_0.05; ** propertiproaf prodifarading aelsomfthid tie eral thying Wwas 6b&@ted @ared to
30 control and castrated mce. 4~ 2 APR 2005 10 Figure 9: Changes in

t hymus, spl &8 05,1,’84‘9 HJ4e cell nunbers fol | ow ng freatnent with i
cycl ophospham de, achenot herapy agent, and surgical or chem cal castration
perfornmed on the sanme day. Note the rapid expansion of the. thynmus in

casfrated afigutest.2hAged (2penedid)anideaviiecasastdddml ﬁ;jé,@ﬁéﬂ'ﬁﬂﬁf&?ﬁﬂﬁérbf’e .
en

al one) group at and 2 weeks post-freatnment. In -addi'tion, sp and

| ynph' ribde riRBOAEORYuRdmecdrdb) te dgtesopinedavelaef prolifarations ddadysipaf ed t o
Lhe eyl ophasaliesids, A% BMBell apfed dthumbS R BBk Sh e 30,

point). Chem cal castration s conpar

regener at i ofCI2f expressiomunithsy SicethRees whe p%i’ﬂb&'ﬂl@ﬁpﬁﬁ’f‘?ﬁé g'?oéc;rﬁ%hqﬁnt :
d anal ysed

Figure 10: Aged mice (2-years) were castrated an or response to
Her pes Si npleggh thymscyte {ubsenyithinitbe Betivepopukition didartichas etitloagd n

T e S P RO (R
 Con-aws:) oe(Omns ko Sl Seu ot gt ol LR

seen in proportions of activate L wth”age or p

decreased célisovasd res{oraf taiwidna sigaifiganttinaedes iwbrolffed: o witas thebpact ed by
a signific ngg,rtglase in activated L. nunbers. Castration of the aged
mce 20 restOred ot HAYIALES was phsewvedo(aitp chengeringde total eaopertionrefirber s

equi val ent B@dMQU(EEQImrE&-‘ s nmeanl SD of 8-12 mi ce.
**=p50. 01 conpared to ot%%o?r%%@eﬁovﬁé%eggﬁ@%égg? PétPSan'ﬁ?S .tmlai‘ gure 11:
Popl i teal | Yigpteven(dsa signéficanniegedsedmproliterativt ARG tMetTN1

15 (CD44+-CD25-) and significant increase in proliferation within TNZ

(CD44+CD25+) subsets was seen with age. This was restored post-
castration. Results are expressed as mean+1SD of 4-8 mice per group. * =

p=0.05; *** = p=<0.001 compared to young adult {2-month) mice.

20 Figure 5: Aged {2-year old) mice were castrated and were injected
intrathymically with FITC to determine thymic export rates. The number of
FITC+ cells in the periphery were calculated 24 hours later. {a) A significant |
decrease in recent thymic emigrant (RTE) cell numbers was observed with
age. Following castration, these values had significantly increased by 2

25 weeks post-cx. (b) The rate of emigration (export/total thymus cellularity)
remained constant with age but was significantly reduced at 2 weeks post-cx.
(c) With age, a significant increase in the ratio of CD4+ to CD8+ RTE was
seen and this was normalised by 1-week post-cx, Results are expressed as
mean+1SD of 4-8 mice per group. ** = p=<0.01; *** = p=<0,001 compared fo

30 young adult mice. ™ = p<0.001 compared to castrated mice.




25 HSV-1 and cultured for 3-days. CTL assays were perforned with

noni nmuni sed nice as control for background | evels of |ysi d Eaﬁpﬁi@wm‘ ned
by 51Cr-release. Results are expressed as nmean of 8 mice, in triplicate +
1SD. Aged mce showed a significant reduction in CIL activity at an ET
ratio of both 10;1 and 3:1 indicating a reduction in the percentage of
specific CTL 3o present within the |ynph piodes. Castration of aged mce
restored the CTL ~~ 2 APR 2Q05 11 response to young adult levels. * =
p<_0.01 conmpared to_young adult and post-castrate aged mce. Figure 1Z:

Anal ysi s of Iigure § ¥aung kdmponrthld] mitemwvare sophated nd [yiByhdcyies néiagt i on.
Popliteal | nmoved on,,D5 post-HSV-1 infectio and anal ysed
evai Vo foryﬁgéﬁ%ﬁgﬁgg' églcgéyer&@g}eré%ng%s %@iOFFESh’aF@%V rker syand
b) CD4/ CD8 i Yo T + T [
(b) shngeld as egmoishes ﬁGMn@gh%gﬂgﬁfg%f%as% cells

expressing either V(310 or V(38.1 is shown a mCe per
group. No dithysr | numbepsesalsenadimgestmted asice tomazsd & dlemn- (b) A

decreasg i n CD4/ ratiQ.i h esting LN popul ation was seen wth age.
Thi s vva% res‘iacﬂ;r@gé%]@é‘f@'c téﬂéﬁﬁﬂg“ﬁ[ nRE. W%Cﬁﬁﬁ%&%ﬁ'@%ﬁcmmm SD of 8
m ce per gr en &6l nuRthd?- & 1“%%{@ jratc.pice. 15
Figure 13: V??310 expPessi on gin ?ﬁﬁgséélﬁegﬁwoﬁg%eﬁé ﬁg] -1

i nocul at i on.sigeiphneindreaseaimniztnpli 860 ceHpkrityweneslso obsaged wiilce overal |,
i'n some mce atrﬁfegl ete | oss V(310 expression was observed.

f
Repr esent at i538 SRt %‘l"fﬁq?clﬂﬁg Areategsin Remakte arenexpipssedwsi on of a
clonal res } acgge,g i e :Lei_nst nt_of t expect £d
response poEEZ E%gPr at g\r]ﬁg‘ic:gﬁageg%goﬁﬁ : Ch%ﬁ’gégisgﬁc?ﬁ?ﬁfﬁc{%sﬁsg@fﬁfl ynph

node am@l bonmwiocwarrow cell nunbers foll ow ng bone marrow transpl antati on of

Lys congenic mce. Note the rapid expansion of the thynus in castrated
ani mal s when conpared to 25 the non-castrate group at all tine points

post -treat 1o I .and | h, node,.nunmbgers of the castrate
Post 122 Mk A 96004 ol 280 Skt IS DR S WL costr e
= 3-4 per trseblathal (6250 A REtabiaiRn. R@Ec@tﬁere%ﬁierr%ﬁlﬁﬁr@édﬁﬁtmgr castrated
significantly increased congenic (Ly5.2) cells conpared to non- castrat ed
ani mal s ( datoi Wetsagkoday as irradiation. "Castrated mice showed a significantly faster
15 rate of thymus regeneration compared to sham-castrated counterparts {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+15D of 4-8 nice per group. * = p=<0.05 compared to control mice;

20 ¥¥* = p=0.001 compared to control and castrated mice.

Figure 8: Young (3-month old) mice were depleted of lymphocytes using
sublethal (625 Rads) irradiation. Mice were either sham-castrated or castrated
1-week prior to irradiation. A significant increase in thymus regeneration

25 was observed with castration (a). No difference in spleen (b} or lymph node
(c) cell munbers 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.



30 c~ 2 APR 2005 sz Figure 15: Changes in #hynus cell nunber in castrated

and non-castrated mce after fetal liver reconstitution. ( ARR 2088 each

test group.) (a) At two weeks, thynmus cell nunber of castrated m ce was at

normal | evels and significantly higher than that of non-castrated mce (*p<
0.05). Hypertrophy 5 was observed in thynuses of castrated mce after four

weeks. Non-castrated cell nunbers remai ngpel o~n* control |evels. (b)

CD45. 2+ cells - CD45.2+ is a marker show ng donor derivation. Two weeks

after reconzl;.i t ut ép& donorderived ce|lls were present in both castrated and
non- cast r at eloHTE & CREREeS Mk tymys, éPleenanddymepla ppde celaetlyer8 foHowige! | s

I n the cast rigé VOMEB -denri ve Ther e re no dongr-derived

cells in the n%ﬁl-écﬂ;st ratﬁ@%ﬁﬁ@%ﬁ%%@e{@%}m ﬂﬂe\ggl "\IEQS“Eﬁl Tversus

CD8 donor dettiensigal hystratjdrepedpthed batEe séin@rddyetiisle ﬂl@rl‘aﬁ’fgaé{p%ﬂgfdﬁdoff et al
er cent ag

|iver reconstitytion, followed by 15 surgical cCastration. es for
each quadr arGeaREIISBCashatethanimgls vdfenszorhpaedtto thib@moagestatehed conhol

profilegis ' - olgd Ly5.1 congenic nouse thynus. Those of
casfral?sed ag ﬁgﬁﬁgg@?ra edﬁﬁflgﬂg%’i'@%a"tae‘ﬂggﬁv‘@ﬁ?%&“@é ent. shiowi ng onl y

donor deri veddtidbh Ssplda® anga f ' i |_at i ons,, of
t hynocytes do not di%fer bety\/\glg%%ﬁ%é@?gg%%f&tgrﬁgﬁ%%&%§§§rﬁ?rgd’v I ce.

Figure ~7: Njeleaperd spmpayes otk cmidphdsphandtk ald¥e) groupbgn aftepet et hal
irradiation,, liver reconstituti and castration. (n= 3-4 mce for
each test grho(%gl%%hag ‘i’%f““@&dﬂl‘f Q?Hﬁitrgﬂﬁwl@ﬂ@ﬂﬁBﬁbéwlﬁgo@pamﬁedHe based on
the 25 nor maurgioalbeistefhtioteielst (i . ' ntreat ed age matched

m ce. {a) Donogrl-deri ved nyel glgd %Fgﬁgbic?itfég%%&r%tt%@@gafter

reconstl t ut icyalopBosphamyide treatment, nor nal | evel s in non-castrated mce.
There was significantly nore DC in castrated mce at the sane tinme point.
(*p<0.05). At four weeks DC nunber renai ned above control |evels in

g ?ffe: a’; ggogisﬁ%gli%rgg% r@é‘%&ﬁn@@(ﬂ%dﬂf&e@’ ég?s%(%itgd glelcrl] %Bia yisgd (fgll J!essi)c-)rl\‘ll\ge ’\c/ove eks

Herpes Simplex Virus-1. (a) Aged mice showed a significant reduction in
total lymph node cellularity post-infection when compared to both the young

15 and post-castrate mice. (b) Representative FACS profiles of activated
(CD8+CD25+) cells in the LN of HSV-1 infedted mice. No difference was
seen in proportions of activated GTL with age or post-castration. (c) The
decreased cellularity within the lymph nodes of aged mice was reflected bya
significant decrease in activated CTL numbers. Castration of the aged mice

20 restored the immune response to HSV-1 with act'tvated-céll 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 contro] for background levels of lysis (as determined by
51Cr-release. Results are expressed as mean of 8 Inice, in triplicate + 1SD.
Aged mice showed a significant reduction in CTL activity at an E;T ratio of
both 10:1 and 8:1 indicating a reduction in the percentage of specific CTL
80 present within the lymph nodes. Castration of aged mice restored the CTL




12 APR 2005 13 nunbers in castrated m ce were doubl e those, of non-castrated
m ce. Four weeks after treatnment DC nunbers remai ned abgv. %E@{@ | evel s.
Figure 18: Changes in total and CD45.2+ bone marrow cell nunbers in 5
castrated and non-castrated mce after fetal liver reconstitution. n=3-4
mce for each test group. (a), Total cell nunber-Two weeks after
reconstitution bone marrow cell nunbersgshad normalised and there was no
significant difference in cell nunber between castrated and non-castrated
m ce. Four weeks after reconstitution there was a significant difference
in cel |l nunffsPoase kxyoresaduliieealed ™ an@5bal caspaaed tb poers ¢duktands) . (B)
CD45. 2+ cel I was no significant difference between castrated
and noncasf %itg%gﬁ]ﬁgeea%?f "')}(ee‘spect to CD45, 2+ cell nunber in the bone
marrow two weeks afte? reconstitution: CD45.2+ cell nunber remai ned high
in castrated mce at four weeks. There were no donor-derived cells in the
non- cast r at Bigura 42nselysis of€D4anT cellneelpaindt VB AIGRiraspbise Ghbisges in T

cells and | gl d apd . oi d, derj ved dendriti.c cells (DO in bone
mar r owgof gﬁﬁ?‘%ﬂ%dﬁ SBQY%%Bth@BEWWEW?@PWQﬁ @PSt‘H%Ve% infection |

nstituty = el | Mhi t b 20
o the 1ol | aadandlysedd-viv for B SREaIGR b B Qifas), bR secilll (O a °

dendritic cECRYpPimarhers andif)r@ae/@DeTeelie! ¢heThepementale f detivated

nunber Nurrbe@jz%re diuiecg@tv\o and four weeks after reconstitution in both
castrated a Sl GRSt Arcells pxpaessing eithpioVBHEpT VES. hisetheiven de mant i c
cells-Two wg : I.L Ut OR. nupbers .wer,e normal jn both 25
castrated aﬁgggoi%?tgzg%éi}?@%lhtléﬁ% lf?!f?fegg% !Wr?% 9 S?Wtedt‘??étﬁé“gﬁ/é’§ H?SL

si gni 10 cant castiiatibar frjck deetewse in CIMEDS fafioGathe 2bash ANN RYNIISASH hised
m ce. (c) Donorderived |l ynphoid dendritic cells-Nunbers were at nornal

|l evel s two %54 A8Re Y Arasaestosed posi-castiagion. Results ave ekprassed aswas no

i gni fi cant.. di nb i t r at ed - cast [ at ed
s1gni 1 cant oy STPACEE niEh WRF BrdTPPES 2 BB &hfetido Yotk nd 2t @
castrate mice.

15 Figure 13: VB10 expression on GTL in activated LN following HSV-1
inoculation. Despite the normal V10 responsiveness in aged mice overall,
in some mice a complete loss of VP10 expression was observed.,
Representative histogram profiles are shown. Note the diminution of a clonal

response in aged mice and the reinstatement of the expected response post-

20 castration.

Figure 14: Changes in thymus, spleen, lymph node and bone marrow cell
- numbers following bone marrow transplantation of Ly5 céngenic mice. Note

the rapid expansion of the thymus in castrated animals when compared to

25 the non-castrate group at all time points post-treatment. In addition, spleen
and lymph 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).

30




14 Figure 20: Change in total and donor (CD45.2+) spleen cell nunbers in
castrated and non-castrated mice after fetal liver reconst} 2%?%@@!}5 n=3-4
mce for each test group.) (a) Total cell nunber-Tw weeks after
reconstitution cell nunbers were decreased and there was no significant
difference in cell 5 nunber between castrated and non-castrated m ce. Four
weeks after reconstitution cell nunbersigwere approaching normal levels in
casfrated mce. (b) CD45,2+ cell nunber-There was no significant

di fference trated, and non-casijrated mce with respect to

CD45. 2+ cel |ﬁ§é1%éﬁ§é§r§1?a§lﬁeﬁén ,Ceﬂvwﬂﬁé%kgl easteated apdmon-eastiated  CD45. 2+
cel | nunber rligerérRiford lives fed Gt Gl Tk veeks, Thete. vere
no donor-deri ve(iji cells 1| n thg&ﬁgﬁ%‘g@t ﬁgé%%fr]fogtgaéﬁlﬂéﬂgr%% (Pfﬁi%%i nt: _
Figure 22: %mekai thymueereld nambencfloabtiatddnicswhokeneanhVRdeRen@r i tic cells

DG after fetal liyer.rneconstitution. (n=3-4 mce for each test group.) 15

(Con% rol (vmrg{gél)laﬁ‘?%%txléﬁlﬁpelr an ‘Ftcﬂﬁ'ﬂfgl"(@ﬁlsé{ﬂﬁdaﬂj@eﬂépécﬂ.ﬂﬁ).tﬂppmh?a}ﬁiyp) )

nunber 5 of : It f.ound i treat ed e matched m ce.

(a) T cel | ﬁ%ﬁeﬁﬁ‘nu%erg V\]iléérelg%rf (ebgh%gtgdt%cea?ﬂerfuﬁw Wgﬁs%‘éﬁsﬁﬂe

reconst i t ut celh mmmbershutiuin hﬁldx@b@ﬁtr@h!év@ﬁ@'&ﬁﬁ]ﬁﬁ.?ﬁi 69136-%94§?+q%r50r
after

derived {CD45. ﬁ%}@l%e] oi(g0 dendritic cells-twd and four weeks
reconsti t ut Y RErqerpmtion: o iwedkstafterastomttitdtiandonor-
non- castrat gg0i g6 her e o significant djifference
bet ween numbers (ifnegg\gﬂ{%g&)é%’%gﬁn?ﬁ?ﬁ? Eﬁiﬁa@@dﬁ%@aﬁfﬁ?éwﬁ@r Fouri ved
(CD45. 21) | wephoaftor @edimbhCagitokbmatalP s s WL Fin tHAURL LYl wo and
four weeks after, reconstitution. At iwo weeks there was no sign ¥ cant
di ff ence WerhdeRondpHEed. Thermweranedoaod-depived Tellashthb edniis@aatdd gur
22: Changesyj Dot ot al and donor (CD45.2+) |ynph node cell nunbers in
casfrated and Noh-casfrated mce after fetal |iver reconstitution. (n=3-4
for each test group.) (a) Total cell nunbers-Two weeks after reconstitution
30 cell nunpbers were at normal |evels and there was no significant
di fference Fizarod8nFAsst prafdds ah@DdorersasCDat dshoT divedotymmeks af ter
reconstitut]j 12 ARPR 2005, .
bgﬂulatlons aﬁer %eiﬁ)lal irradiation and fetal liver reconstitution, followed by
15 surgical castration. Percentages for each quadrant are given to the right of
| each plot. The age matched control profile is of an eight-month old Ly5.1
congenic mouse thymus. Those of castrated and non-castrated mice are
gated on CD45:2+ cells, showing only donor derived cells. Two weeks after

reconstitution subpopulations of thymocytes do not differ between castrated
20 . and non-casirated mice.

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

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




15 cell nunbers in castrated mce were at nornal |evels. cel |
nunber - There was no significant difference between castrat ?dzﬁﬁ%
noncastrated nmce with respect to donor CD45.2+ cell nunber in the |ynph
node two weeks after reconstitution. CD45.2 cell nunber remained high in 5
castrated mce at four weeks. There were no donor-derived cells in the
noncasfrated mce at the same point. Figyge 23: Changes in T cells and

nyel oid and | ynphoid derived dendritic cells (DC) in the nesenteric |ynph
nodes of castra ed and non astrated mce lo after fetal Iliver

reconstit ut |Pﬂ’tm EF-H gasifated myice avprR doadbt Qma;pf)n@ormsmtedmm tByubars are

t he nunbers ﬂ?ﬂg I I n_untr.ea age mat ched
mce. (a) T %Fg n’i)@‘ras V\erﬁgﬂgeéﬁﬁ ey ?%%ijglg% 9%‘@%%&3?‘? T
reconstitution in both castrated and non-castrated m ce. (bj Donor derived

Ynyel oid dendritic cells were normal in both castrated and non-castrated 15
mce. At foukighEeds: 911@98%8?%’@1@(&%@9&5 22 bowe merew dellenembers ino

f t bet rrb t ed d trated
CeS Dord s AT DA roRl it FRES Beer Rl récaé‘é‘té o e Mgl &
two and fourfopeaks taa‘ttg%ufis CRPTHAICHT RRmbAE— 4o IR {atgia{'e% offfrdifh

significant difference between nunbers in casfrate non-cas a Yed ni ce.
20 DETAI LED lpEsomapmvose bRkt s MeENTo o idod farmd the@@&va'ﬁhﬁ) giphidzant nodi fyi ng
s to alteri 25 the nature and/or

he T-cell I
J;ate i o gfe T @?F 1@‘#1?2’3%%9 BF“%P&&I%%H%%%%FFW Iﬁﬁgwcﬁtﬁt ed snign. Fpur
characteri Stﬂvéel@éi’%&‘&le%nsﬁﬁe E’ﬁgﬂt R ﬁ%ﬁg%%%gﬁgn%@%ﬁéfe%m &@I ecul es CD25

i nclude, but are not limt receptor

CD28, T4, lEdeRenaastaBESand hen@asﬁ&&d'mﬁlﬂerﬁ%ﬁm%} h@]@m2+qjglfl' -cells"
refers to an ab qu,h,le_zl 30 mcreas? in the nunber of T cells in a subject in
the thynus af S1§ V&g pasigtigant dit qrﬁn@mbe@mms@a@cband monthe bone

mar row and/ QfastBted mice with respect to CD45.2+ cell number in the bone marrow two

weeks after reconstitution; CD45.2+ cell number remained high in castrated
mice at four weeks, There were no donor-derived cells in the non-castrated

15 mice at the same time point.

Figufe 19: Changes in T cells and myeloid and lymphoid derived dendritic
- cells:(DC) in bone marrow of castrated and non-castrated mice after fetal
liver reconstitution. (n=3-4 mice for each test group.) Gontrols (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-.castrate'd 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.
30




12 APR 2005 16 peripheral tissues such as |ynph nodes, gastrointestinal,
urogenital and respiratory tracts. This phrase also refersjGoARRraEngtive
increase in T cells, for instance when conpared to B cells. A "subject
havi ng a depressed or abnornmal T-cell population or 5 function"” includes an
i ndi vidual infected with the human i mmunodeficiency virus, especially one
who has AIDS, or any other virus or infeggion which attacks T cells or any
T cell disease for which a defective gene has been identified.

Furthernore,  t his_phrase ipcludes any post-pubertal individual, 10
especial ly aﬁ‘%‘é&%@ﬁ%’é&? htotabandidenendms . o) splecasmiheimbagss and

 ophy. Thr et oo A AR g RAET Bl e reaMtitaBon. 65 gk mics ons
el uston of 515 et ot o 2 ront e hiiabeb R TYREREL Al SbRi st o o

i ntegers or %E’i]e‘b%l}ﬂbﬁﬁﬁwﬁfﬁ de¢reasadband tlure ofasany sighlitartEifeRince iRGEOET Of .
S5 gna 1 ng. 20eBer o G Guotale ST ncaialeomion, Bl wesksgafienl | ng Lo t he
Sterord produeton of bl oebenereer ol o BTG i e ©

thynus. | nHpise: i(BhCoM5skk cstlanunbeprOtiend ivap nedgligicafhiERencd OF exanpl e,
ation of a sex steroid anal ogue(s), and other well

by castratiygn, admnistr. f

known 25 tec%ﬁ?vﬁmg?‘&r%egc?ﬁéi ReR-RRezdted amise wish respact to BB+ cblit he gonads
via physi causbstinad yate. _In.a prefecred emphodi nent, the
sex steroid si gnall ?@Egﬂ%@ﬁ@c’t 5@%@@%”&?‘%‘?{]}3@9 nbﬁéﬁiﬁﬁi&f‘&? Tof a
sex stleroi demameasigh jpr edserabd yige aPRAIrQBeEksO TTHeHb St HoWbnor-derived

hor none-r el eaﬁl glg hormone. It is currently preferred tha & anal o&ue S
desl orel i n CHH8 &F Hhpgonsgsirated micenf thetsamn tinpysAag) . . 12 APR 2005

Figure 21: Splenic T cells and myeloid and lymphoid derived dendritic cells
(DC) after fetal liver reconstitution. (n=3-4 mice for each test group.)

15 Gontrol {white) bars 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

t2o - both castrated and non-castrated mice. . (b) Donor derived (CD45.2+) myeloid
dendritic cells—two and four weeks after reconstitution DG numbers were

20 normal in both castrated and non-castrated mice. At two weeks there was no
significant difference between numbers in castrated and non-castrated mice.
(c) Donor-derived (CD45.2+) 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-

25 castrated mice,

Figure 22: Changes in total and donor (CD45.2+) lymph node cell numbers

in castrated and non-castrated mice after fetal Liver reconstitution. (n=3-4

for each test group.) (a) Total cell numbers—Two weeks after reconstitution
30 cell numbers were at normal levels and there was no significant difference

between castrated and non-castrated mice. Four weeks after reconstitution




17 Sex Steroi d Anal ogues Sex steroid anal ogues and their u<a:éhé)5@£ples
and "chem cal castration"” are well known. Exanples of suc

i nclude Eulexin (described in FR 7923545, WO 86/01105 and PT 100899)

di oxal an derivatives 5 such as are described in EP 41320g, and LHRH

anal ogues such as are described in EP 181236, US 4608251, US 4656247, US
4642332, US 4010149, US 3992368 and US #)10149. Specific exanples of LHRH
analogues include, but are not limted to, Triptorelin (described in US
4010125, US 401872 US 4024121, EP 364818 and US 5258492), Meterelin
(descri bed i“HEBIR 9’@4}195{533%@@3 werg desemaldgvels. (8 @DAa3284cellUS 4118483

and US 4275 J be 7659 Naf arel in (descri bed
in US 42345%&%@9@1%’?7@% ng%ggs"%@"%‘igﬁgém%ﬂzﬁ (%é?% RORUS
4089946) , Leapirated| nfee(wWabokspasdt th Monbt TIKE. 2 £lceHl li.n. tdescri bed
in US 4100274, US 4128638 8112859 and G%*Eé:f?z%‘?g?é,iﬁangﬁlgﬁl b1 de
(descri bed nededwpigesisaftersegonsiistion CNES 2antPognbbiSctR9566 3is1DE, 2509783
ach the references referred to above

and US 4992 e dIS sur es. of

are incor po%ﬁ%ﬁ%{gﬁﬁ%‘:e bfg' £ wseks. Iherewere nadopor-depzed fally in oy
persons ski kchsithted hit® @M'thedhnde (Sa&ﬁh sone of the neans for disrupting sex
steroid signalling to the thynu F only be effective as long as the

appropriate corrpound is adm ni stered. As a' result, an advantage zo of
certain enb [ [

t he, pres invention is that once the desired
i munol ogi ¢ g":fFf ct@%efh‘g p‘f"igémd myplaidiond lymphaid deriaehidendutic( 2- 3

th th duct t
Wbt ur e nE EOOFDS R heRn BRABRIIF A0S G SRR End BBR SRP M afiGideS)
f HSC) 10et hodBef fatal hwﬂe!anenngstaﬂlmaur MBI fteSoe BBCIE fst Br RIcR@R) t or

cells woulflgﬁv\ﬁ known to those skilled in the art. anpl es of these
types of Wetekbarsare the axmbgarg of ﬂ"d?elbﬁxﬁod@ndmfnc \ﬁﬂ@fiﬁﬂﬁhﬂﬁumhﬁated

gig?ggg aﬁ% %%i éﬂ?@ gtéj ZEI? t:cgl? %ﬁ%ﬁ%rﬁ%gg/ S two ond %ér?)vzvge after

reconstltu’aon in both castrated and non-castrated mice. {b) Donor derived

| myeloid dendritic cells were normal in both castrated and non-castrated

15 mice. At four weeks they were decreased. At two weeks 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.
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 CDB9.
The phrase "increasing the number of T-cells" vefers to an absolute
30 increase in the number of T cells in a subject in the thymus andfor in

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




Anti sense Pol ynucl eotides The term "anti sense", as used hegej refers to
pol ynucl eoti de sequences which are conplenentary to a poﬁgﬁtgpgoﬁmﬁe of
the present invention. Antisense nol ecul es maybe produced by any nethod,
including 5 synthesis by ligating the gene(s) of interest in a reverse
orientation to a viral pronoter wuch permts the synthesis of a

conpl enentary strand. Once introduced into a cell, this transcribed strand
conbines with natural . sequences produced by the cell to form dupl exes.
These dupl exes.t.hen block either the further transcription or translation.
In this mannRFiPharabHesues sushasdyyinis nodss, lpasgeirestied, ufcgealtil dsd Nucl ei c

Aci ds The t g ?ﬁﬁt . el eic acid refers to a DNA nol ecul e or
DNAcont ai ni ng% ec ?Gedcgseil ??W@iﬁﬁe ﬁﬂsotqq 15 tp aﬁiiaél"edéﬁk%ﬂlﬁﬂb@ﬂ'ytrdl's, for 15
"DNAzynme") dnstancBWher ciasaDiaBH:Ng, Mol ecul e (al so known as a
“ribozyme") which specifically recognizes a distinct substrate and

catal yzes the chdm tijeeiduiving atdepmesskdidriabnoual Taded pdpielafifldi ¢ acid
bases i@ thq: can be bases A C, T and U, as well

| ¥tic.nuclei¢ acid, )
as derivat i v‘e”slgﬁ%%eﬁc&‘@e%ﬁw Vi igtecierb vathy tebumen imshimadefieichoy t he
art. 20 Typidfld, ¥spd lv 4 i | d.cont.ains a ntisense
sequence for ssggill) fcihgngg}:lggwnfll ‘li) ?35%;[’;’%&8{ %&&ﬁ%wgﬁ gr E&P%}O%H‘allﬁh nucl ei ¢
aci d cl eavi igtackhZyerdls er amyt T\dellydisdde iﬁ%ﬂii}éh!acde%é@%j%%ﬁ?ﬁélseﬁe& specific
at " are

sitein a teia%gt .%&ucleic acid. The types of ribozynes
particularly téfll "in this invention are the hamerhead ribozyne

(Hasel of f and Cer i al ., 1992) and, the, hairpin
ri bozy{rqli ( Shi ppy aﬁm‘??gﬁe%gﬁ%é@%?s Bﬁ%ﬁﬁﬁ@éﬁ%ﬁ%ﬂéf Rﬁ'&‘?’tﬂ ﬁFtéfHﬁJE@éfﬂbl for
speci f1kal | gspedially anragetheerpow el handed@basb gyl i n, ALt hough
not w shing, to be |i 'tegmb t heory, 3% D%%gherty grfggggdrﬁ?&seqj(#ﬁgg have

provi ded a noCRERSEbLINGIfeNcRehd P&7h d)a comdaruetsRNAposiRplisertidatiyhacr educe
protein proq%b'h?p. Thi s nodel has

Throughout this specification the word "comprise", or variations such
as "comprises" or "comprising", will be understood to imply the inclusion of a
15 stated element, integer or step, or group of elements, integers or steps, but

not the exclusion of any other element, integer or Step, or group of elements,

integers or steps.

Disruption of Sex Steroid Signalling

20 As will be readily understood, sex steroid signalling to the thymus can
be disrupted in a range of ways, for example, inhibition of sex steroid
production or blocking a sex steroid receptor(s) within the thymus.
Inhibition of sex steroid production can be achieved, for example, by
castration, 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 di‘srupted by administréﬁon of a sex
steroid analogue, preferably an analogue of luteinizing hormone-releasing

hormone. It is currently preferred that the analogue is deslorelin (described
30 inU.S. Patent No. 4218439), |




n/ 2 APR 2005 19 recently been nodified and expanded by va§qggﬁq€2ﬂﬁi al .
(1998). This technology relies on the presence of dsRNA nbl I at
contain a sequence that is essentially identical to the nRNA of the gene
of interest, in this case an nmRNA encodi ng a pol ypeptide according to the
first aspect of the 5 invention. Convenjently, the dsRNA can be produced in
a single open reading frane in a reconbi nant vector or host cell, where

t he sense and anti sense sequences are flanked by an unrel ated sequence

whi ch enablSex Stémid senkeruend anti - sense sequences to hybridize to formthe

dsRNA nmol ecule wth the unrel ate equence formn Jpop.structure. The
design and 10 - Sgx Bmeﬁ%ﬁ?%u%@?ﬁéﬁglﬁgmt??ﬁp@é lcﬁ%‘{')“‘ia&e pr esent
i nvention. dastriiBbh” atd Wéll RnbRA. @.&Eﬁﬁiléé’o%cﬁ aﬂﬁIo?gﬁ@s sdlhd€eHuleRid he art,
particularly considering Dougherty and Parks (1995), Waterhouse et al.

(1998), Wo(desaileddn RRO79293638%0,86/010%5 asdPT 108809Naiotdlan gesvatigesant i - HN
Constructs Th ki) | ed i t ble to d '

antie iy B ES ol eaeEbetidn B bon b iRt abafoanss SRR kAR, o
anti-H'V  dntEBS1286¢ U008, B8U656R97YU8 %648y $2,aT8 gady14gar8 devel oped

and are described, for exanple; in US 5,6 811, 275, US 5, 741, 706,
94/ 26877, /8992365389d45 9919 (Spesifiuexamples of ERRE amleg@eswsﬁqﬂqs Bt o
AGED- | NDUCH] W RO ' j 517eBA/ CAH and
C57B16/ J ma?gBr?\ch V\elg’ e’ OE% 5?‘%@%’6@?%&%?@ ﬁgr%aﬁwms@%% é’spgﬁ/bnas h

Uni ver si ty gomiieerEP p648 explamnd S 5az8aoeit Meterklin (desdiribied ms EPARgEO4)anged from

4-6 weeks to 26 .nopt hs .pf.a and e | i cat ed- rel evani.. sfration

S0 AT s Tseee GleaeviBes SEGsEPg ek, L4 ABHE RS b ado B st of

0.3ny Xyl aZidescriBRAMAUEP 2BRER)), NufEldh (@esktiBed iBOSBENSYV WSS f18he2) and
and EP 52510), Lutrelin (described in US 4089946), Leuprorelin (described in

Plosker et al.), Goserelin (described in US 4100274, US 4128638, GB 9112859
and GB 9112825), and Leuprolide (described in US 4490291, US 3972859, US

15 4008209, US 4005063, DE 2509783 and US 4992421). The disclosures of each
the references referred to above are incorporated herein by cross 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, an advantage

20 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 US

30 5,199,942.




12 APR 2005 ao 1.5ng ketam ne hydrochloride (Ketal ar; Par ke DaV| S,
Caringbah, NSW Australia) in saline. Surgical castrati on p@@% med by
a scrotal incision, revealing the testes, which were tied with s e and
then renoved along wth surrounding fatty tissue. 5 Bronobdeoa7nzridi ne
(BrdU) incorporation Mce received two infraperitoneal injections of BrduU.
(Sigma Chemical Co., St. Louis, M) (10?@9/ kg body weight in 1001 of PBS)
at a 4 hour interval. Control mce received vehicle alone injections. One
hour after the second injection, thynuses were dissected and either a cell
suspensi on mef?ﬁl Og_dg_ ysis, or i medi atel y enbedded in Tissue Tek

(O CT. conpound, ql an ,,snap frozen in liquid nitrogen, and
stored at -70C urkdq {eﬁgb u% SEHES ﬁ?l@ll&ﬁéf%féfﬁ%PMmdmtﬁiekl lled by

eroved. 1 ot e e BTl gen{’?‘?ﬁ‘%ﬂﬁ&ﬂﬁﬁf BE5fokfia o Ba plereitepg 196

FCS/ 0. 02% Adhsenticentuitisegee n{dbOBles may Ihe proétfuced 3P RIEIRG] sﬁglddqngl t her
PBS/ F Az. Spl.een ﬁ}efljs Weéglncubate in red cell IyS|s bu
(8.9g/ 19 freS i5,0Y Ugeting dbs seBe(s) of interest im@revershorentatibor esarsipended i n

PBS/ FCS/ Az. %RF ty were 20 determ
duplicate usi n}gdog haem)cij) tonet er %gglﬁloé IBPW’CWSJEWQ (géc‘%)range and

vi ened undeintoficed dswencel] ffhﬁﬁéﬁﬁﬁﬂ)ed(s‘ﬁ‘er%&&ﬁbm%@ itk Hafifrm] G0 kochen,
Ger many). For 3-col our i munof]| uorescence thynocytes wereé routinely

| abel | ed wisPARERERS PFadycqeRry i celldo faxmdu;ﬂia}mR'MieEéid@Mytes@én Bocind

anti - CDS- AP ned. f.t om Phar n Diego, GA) followed by
fl ow cyt oma? ]r‘tf}%gﬁié%‘gt@g} @%p%céw%q ﬁ‘ﬂﬁgaeig dReNBeE MEpat | abel | ed
wi th eit her phehdfgesmdibeRénER15P0- APC or B220-B (Signa) with CD4- PE and

GDBAPC. 8220-B was reveal ed with sfreptavidin-Tri-color conjugate purchased.
fromCaltag Laboratories, Inc., Burlingane, CA ’

Catalyvtic Nucleic Acids

The term catalytic nucleic acid refers to a DNA molecule or DNA-
containing molecule (also known in the art as a "deoxyribozyme" or

15 "DNAzyme"} or an RNA or RNA-containing molecule (also known as a
"ribozyme") which specifically recognizes a distinct substrate and catalyzes
the chemical modification of this substrate. The nucleic acid bases in the
catalytic nucleic acid can be bases A, C, G, T and U, as well as derivatives
thereof. Derivatives of these bases are well known in thé art.

20 . Typically, the catalytic nucleic acid contains an antisense séquence
for specific recognition of a target nucleic acid, and .;:1 nucleic acid cleaving
enzymatic activity. The catalytic strand cleaves a specific site in a target
nucleic acid. The types of ribozymes that are particularly useful in this
invention are the hammerhead ribozyme (Haseloff and Gerlach 1988,

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




12 APR 2005 21 For BrdU detection, cells were surface IabJIZeQPRNiZﬂﬂﬁ CD4- PE
and CDBAPG followed by fixation and perneabilisation as previously
described (Carayon and Bord, 1989). Briefly, stained cells were fixed QN
at 4Cin 1% PFA/0.01% Tween-20. Washed cells were incubated in 5001 DNase
(100 5 Kunitz units, Boehringer Mannheim W Germany) for 30 wins at 37C in
order to denature the DNA. Finally, cells were incubated with anti-BrdUFPTC
(Bect on- Di cki nson). For 4-col our |xxunud8fl uorescence thynocytes were

| abel l ed for CD3, CD4, CD8, B220 and Mac-1, collectively detected by
anti-rat | gr¥htl¥®heARbSITRR ' (HM);.0ated for
anal ysi s. Thei/ mgre further asj%daié(n%%n@gﬁﬁcg%- g% %E\%P’ﬁtgg%@) Tl;%a CD44-B

( Phar mi ngentechneldgywetieb pnSthe qpesenicdiof-dBRINA nideculeEahataghntaif)a as

previously describ Codfrey. and Zlofnik, 1993). BrdU detection was then
per f or med a%equﬁgg‘éiﬂ% 838 .lﬂgﬂ’g&?ﬁj &&@ﬁ&%&f%@ﬂe%%uﬁa@@am bur
(Bect on- Di cfyy; VAR i d 90
gt Scat t oh oo MREAConeotiRy @ DR Pk Rg iR HrihebBelof i, o
(Bect 0f- Di ckivestin). GomvenitnilysheldeBWA Eanbeprodicetisacinglospedn) were cut

using a cryostat (Leica) and 20 imrediately fixed in 100% acetone. For
t wo- col our 3§ RSy W’ Beromnbigant verisT @k hesignlb vehergibe iserse aid Ant- panel

of nonocl o j ies:  MLSE 16 0 4. 32 3, 35 and 44
(Godfr ey e?% Qsa%ggg]gé&?{%rﬁ IS d#&oﬁ%é&#%@t%ﬁﬁ%@%@?%ﬁa thee

co- expr essi semsofandpidibebnd seRkhcsetEhybidnt o W6:Sn 366 ASARA WMdidhde

pol yval ent 25 ri_ggbl t anti-cytokeratin Ab (Dako, Carpinteria, CA). Bound

xnAb was r eVEH i8g unielated sequenss) fiogaingia doep ptruntires dthel desiBi krdius

Labor ggori e ntd erati.n was reveal with TRTTC-conju ed goat

anti - ?gbbi tﬁ %061%? gf)geérﬂfgﬁ{agiebgfa%&mgiﬁc}l q;sﬁ»r Eﬂ%ﬁﬁ%@&?’%ﬁ% Sdgglict i on

sections weyethid dhd eapadit | {136t | i N

byanti -rabbit- TRTPC %II? é %%%F?lﬁ? n%m%lbl?éum}ﬁ %é %ﬁﬁ%dﬁliﬂ?ﬂ; EQﬁ‘ﬁﬂermg
Dougherty and Parks (1995), Waterhouse et al. (1998), WO 99/32619, WO

© 99/53050, WO 99/49029, and WO 01/34815.

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
antisense 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 56394/94 and ‘US 5,144,019.

. EXAMPLE 1 - REVERSAL OF AGED-INDUCED THYMIC ATROPHY
Materials and Methods
Animals
25 CBA/CAH and C57BI6/J 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.
Castration

30 Animals were anaesthetised by intraperitoneal injection of 0.3ml of
0.3mg xylazine {(Rompun; Bayer Australia Ltd., Botany NSW, Australia) and




12 APR 2005 zz then revealed with anti-rat 1g-Cy3 (Arrersh%tr‘%. BrdU
detection was then perforned as previously described (Peni eQP%IZ@[]ﬁ 1996) .
Briefly, sections were fixed in 70% Et hanol for 30 rains. Sem -dried
sections were incubated in 4M1iCd, neutralised by washing in Borate Buffer
(Sigma), followed by two 5 washes in PBS. BrdU vas detected using
anti-BrdU FI TC (Bect onDi cki nson). For thgee-col our imunofl uorescence,
sections were |labelled for a specific MI'S mAb together with .
anti-cytokeratin. BrdU detection was then perfornmed as descri bed above. 10
~ Sections yivEng letahjsehydsichipridd @letalah] PAKEIIAAS, @Mngﬂdgl?fuswr'f ocal

m croscopes., M gration studies Anjnmals were anaesthetised by

i ntraperi torfé‘éﬁugf\lﬁ’ja dBSRHRE o SEgigal castratiopnyasx perfeimed bRarsoratal Bagision,

Australia L ustral i ang, 15, 1. 5i ket ami ne _hydrochl ori de
(l1<etal ar; g‘r’?(aéﬁ @f.%teg%é\{‘.’“@g‘%‘;ﬂ%f@%\? Wg]%tsl“&w‘rle  hegtemaved5leng | s of

the FITC -1 aﬁehhhﬁ@uﬁﬁiﬁglfﬁf?ﬁﬁgm,techni que are simlar to those described .
el sewhere (Scollay et al., 1980; Berzins et ql., 1998). Briefly, thymc

| obes Vier e SrpEedacaruidiae BrdPeneemporafiact ed with approxi mately 20 10m of
350 m FITC (i{.PBS). .The wound was, cl osed with a surgical staple, and
t he ?n()use was &/AM%@%I%%EWC?MPE?%PB%WQWW&HWU Iﬁ-?’lﬁl,nﬂl\ﬁ:hgﬂnmle
killed b Liat ' .af IR} ion and | hoi d
r gans vor 6 e S MO (BB Ty el if ot bPERE) PR adiit’ LTh e

with anti- ChatepelarZbremlimase ﬁBBiv&BG;ehﬁél@ml@ﬂ@i%é@ﬁb@{ OheWoty P Y -
Mgrant cells were .identified as |ive-gated FITC~ cells expressing either

CD4 or CD8 FRPIhmechirDithyBrses wage dissestednandioithera spll shbpempéor enideges of
FI TC+ amgl. . [OV] the, tot ] t percentage
for | ylgp?ﬁ n?)%elggﬁgﬁgh pfs é%ﬁ@@%@%@‘%@e%&%%hﬁw%%ﬂh’g‘&ﬁg export rates
was per f or medmpeuaes dMildeINOYInd@a ! shdPf8kerdin Ligh#PBltrogen, and stored at

-70°C unti] use.

Flow Cytometric analysis
Mice were killed by CO, asphyxiation and thymus, spleen and
15 mesenteric lymph nodes were removed. Organs were pushed gently through
a 200um sieve in cold PBS/1% FCS/0.02% Azide, centrifuged (650g, 5 min,
4°C), and resuspended in either PBS/FCS/Az. Spleen cells were incubated in
- red cell lysis buffer (8.9g/litre ammonium chloride) for 10 min at 4°C, washed |
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 wers routinely labelled
- with anti-o§ TCR-FITC or anti-y 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 nods suspensions were labelled with either
oS TCR-FITC/CD4-PE/CD8-APC or B220-B (Sigma) with GD4-PE and CD8-
APC. B220-B was revealed with streptavidin-Tri-color conjugate purchased
from Caltag Laboratories, Inc., Burlingame, CA.




.~ 2z ~~~ zoos 23 Data was anal ysed using the unpaired stuﬁ@r?S Rzm or
nonpar anetrical Mann-\Witney test was used to determne t tﬁf

significance between control and test results for experinents perfornmed at
|l east in triplicate. Experinental values significantly differing from
control 5 values are indicated as follows: *p50.05, **p<0.01 and
***n<0.001. Results The effect of age qﬁhthynncyte popul ations. (i)
Thym ¢ wei ght and thynocyte nunber 10 W i ncreasing age there is a highly
significant (p<_0.0001) decrease in both thym c weight (Figure 1A) and

total thynocyt e_MBiU@Et@mm té&lls weRe satfave ldbejlet ovitk iGIM-PE agdtdysus/ 9
body) in th 1% ad a%}?s a ne val ue, of 3.34 which decreases to O G5
at 18-24 m)m gﬁ g %@EH@P@IP ahpﬁmaﬁ@rawuslart@seub@dn ation).
The decreas C t t i n_total
t hynocyt e namn%gybﬂ)éﬂid%%‘%qrar%gt?\ml%ws con yg‘ggre %e% @ﬁﬁﬁFﬁﬁW ]'nf’cyt es,
decr easi ng PBA/0:01% Fwhes-2ue! Wasket 2dils wRRb heculfXed BIBYHADNAS nge‘“s of

sex steroi ds on the thynmus by castration, regeneration occurs
weeks Post - Eugitzanish Bashsings Maglnlslmi}’vv&}mmanyﬂ fort 3taming atm?qmung adul t .

0 Dot v Bl BUEGLH AL BAE AN Bl el e ThaTaLY, "o

post - CaStraF['ﬁD(Bedtoﬁ]jmm@OH which is restored to normal young IeveI s by
4 weeks post castration (Fi gure 1B). The decrease in T cell nunbers

produced by the Fonduslaw Innnunmﬁﬁd)mbadce thyth@cyttes mebelahelled for Spi3gen cel |
nunbers re m;r ﬁstant th 2 a %%ure 2A) . Honeostatic nechani sns
in the perlng % acs]i FOeet Ee]B’ P‘Ftefl@ﬂﬂ%@wﬂigéﬁﬁ) in spleen

and | ygph  npglea iy e seinT
cel | )r?unbers reac%tl%rl\’ggth perip gﬂ“ﬁlﬁg@r(gﬂg&%v%ﬁ] ']e*ﬂg)‘éw%g

C?4J2r to EﬁBﬁHﬁl@Bﬂtmt&dl mgg%afiﬂ [Bh?wr%@ﬁfd%dmm-ﬁmamﬁ efpe frgrcn:) 2 1

a nont hs 0 a ratio o a ears o re

ol | owt ng oJlorset Bk StrapteReinTroolanr (Golse, CA) as provionsly dbscribed

{Godfrey and Zlotnik, 1993). BrdU detection was then performed as

described above,

15 Samples were analysed on a FacsCalibur (Becton-Dickinson). Viahle
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 {4ium) were cut using a cryostat (Leica) and

20 immediately fixed in 100% acetone. N

For two-colour immunofluorescence, sections were double-labelled
with a panel of monoclonal antibodies: MTS8, 10, 12, 15, 16, 20, 24, 32, 33,
35 and 44 (Godfrey ef 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
Laboratiories).

For bromodeoxyuridine detection sections were stained with either
30 anti-cytokeratin followed by anti-rabbit-TRITC or a specific mAb, which was




24 subsequent rise in T cell nunbers reaching the periphery 2q%ﬁg§w%§ I n
peripheral T cell nunbers was observed: splenic T cell nunber b

ratio of B: T cells in both spleen and | ynph nodes was not altered
following casfration (Figure 2A and B). The decreased CD4:CD8 ratio in the
periphery 5 with age was still evident at 2 weeks post-castration but was
conpletely reversed by 4 weeks post-casggation (Figure 2C). (ii) aJ3l'CR
y3TGR, CD4 and CD8 expression To determine if the decrease in thynocyte
nunbers seen,Wth age was 10 the result of the depletion of specific cel
populationsj&@ﬁﬁﬁﬁﬁg?@§Wﬂkﬂ%ﬂﬂﬂbbkcvé&AwwﬂﬁhwmliBﬂﬂ@dﬂhﬁkhnswﬁmﬂmﬂﬁer to

the ki net i S ERotroP PR Rl abaftler, dBveh, bitedrysechane mnbor the

mai Nt hynocybed suipeRthatoldas 30ahiH0 Rahidy - - f young
t hymus 15 (Fi(gfre 3) .and foind Pﬁfﬁ}%orrai n uﬁ{l or%?nc%\n gge%ﬁcgﬁaagldﬁ%,

further subdiehingngialised byyrashing in Beratedhefqr(Stmna) fellowédhERwand ySTCR

reveal nQ_change 44u t oportions.of . these pqpulations wth age (data
not shg'gvm) . %aslﬁﬁﬁ qa'ﬁé‘%d ﬁﬁi@%é %%tﬁéé@fﬂ&@m%‘ﬁ?dﬁm@@t@hbpopuI ations
renai ned in pBibRinsdéaj® Proportions and; since thynocyte nunbers increase by

up to 100-fold 20 post-castration, this indicates a synchronous expansion

of all thynocyt eFostibseielmatinenunbénosesdened, eRARM Plvels RIHAsd 118 Of
expansi on. The igle rease in cel.l nunbers seen in the thynus of agegl ani mal s
t hus ~ appea’BS¢%iC @BP@%WB&W@&M@@U&M&&' ¢tectibh vl then

phenot ypes, ﬂé@‘ﬂo'i'meﬂ%ssd&@iﬁ&?ﬁﬂﬁvghanges in T cell popul ations being

detected. Thynus 25 regenération Occurs in a synchronous fashion,

repl eridshi ng al | Sactiehd were swdlpsntihaingnEBeish MtldéRaatahy N&Bﬂ%ﬁ#&%@
sequenti al | é’n’gPrOl | feration of thynocytes As shown in Figure 4.1, - 20% of
t hynocyt es IO 6PF%erating at 4-6 30 weeks of age. The nmjority (---80%

of these ar Mﬁa%ﬁ%ﬁf&@ TN subset.

Animals were anaesthetised by intraperitoneal injection of 0.3ml of
0.3mg xylazine {(Rompun; Bayer Australia Ltd., Botany NSW, Australia) and

15 1.5mg ketamine hydrochloride (Ketalar; Parke-Davis, Garihgbah, NSWw, -
Australia) in saline.

Details of the FITG labelling of thymocytes technique are similar to
those described elsewhere (Scollay et al., 1980; Berzins ef al., 1998). Briefly,
thymic lobes were exposed and each lobe was injected with approximately

20 .. 10pm of 350 pg/m! FITC (in PBS). The wound was closed w1th a surgical
staple, and the mouse was warmed until fully recovered frdm'anaESthesia.
Mice were killed by CO, asphyxiation approximately 24h after injection and
lymphoid organs were removed for analysis.

After cell cbunts, samples were stained with anti-CD4-PE and anti-

25 CD8-APC, then analysed by flow cytomstry. Migrant cells were identifiéd as
live-gated FITC" cells expressing either CD4 or CD8 {to omit autofluorescing
cells and doublets). The percentages of FITG* 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 et al. (1998).




d12 APR 2005 25 nmaking up the second | argest popul ation at k?@%@ugmsre
4.2A). Accordingly, nost division is seen in the subcapsule and ex by
i mmunohi stol ogy (data not shown). Sone division is seen in the nedullary
regions with FRCS analysis revealing a proportion of SP cells (9% of CD4 T
cells and 25%of 5 CD8 T cells) dividing (Figure 4.2B). Al though cell
nunbers are significantly decreased in the aged thynus, proliferation of
t hynocytes remains constant, decreasing to 12-15% at 2 years (Figure 4.1),
with the phenotype of the proliferating popul ation resenbling the 2 nonth
t hynus (Figure 4.5)32;“9?"3!5 Agising ghe nopaaed dtudentd tassoon at 10 1 year of
h
d

ool i ferati annpeeR Rt Ml MR S es et Sl Bakitinionhe

proliferation’i
vascul at ur e sigiafiaaned bovn contb] dhd BRKSodPBUoF ARbEALARL pdttdrifUih)
thynocyte nunbers significantly increase, there is no c an%e I'n the
proportion deastintdplicets. tExperimenial ohlvesrsignifigantlg differing froai togral 15
synchr onous eaﬁ)ansi qQn.of cel I? iFi gure 4.1). | mmunohistol ogy reveal ed the

| ocal i shti orfeBfes ¥y iBdiraied apfellows ins9-0fh d *pre-0dyansht “*@<0i04% di ng cells to .
resenble the situation in the 2-nonth-old thynus by 2 weeks post-castration
(data not shown). Wen anal ysing the proportion of each subpopul ati on

whi ch repre®amsultshe proliferating population, there was a significant 20
(p<0.001) ingreage in the percentage of CD8 T cells which are within the
proliferati E;f%iﬂté’fﬁgﬁﬁellmﬂmﬁ?hhﬂwj years of age, increasing to

--~% at 2 - ' Figurg 4.2A). Figure 4.2B illustrates the
ext e(;lt of mgﬁ?@ggh%@w&ﬁpﬁ%%%egﬂﬁgf in young, old and castrated
m ce. dhere i s awithMhdie6s i ' i hin
t he DN subset (35% at Zﬂegmgi% h&g@fﬂg@%’@ﬁﬂ% % gjeglrg&%g&lgﬁglg?fo ie)rﬁgﬁ%ér%g%%g%:)& T
cel I s was alboth Shymid weight Figure 100)00t) todelcihyaseyte nuefdee¢Fignge tBE i ndi ngs

PRTHERE T e R T ATV N T
M R Ca s L e A

proliferation w thin the CD8+
deposition limits accurate calculation). The decrease in thymic weight can

15 be attributed to a decrease in total thymocyte numbers: the 1-2 month
thymus contains ~6.7 x 107 thymocytes, decreasing to ~4.5 x 10°cells by 24
months. By removing the effects of sex steroids on the thymus by castration,
regeneration occurs and by 4 weeks post-castration, the thymus is equivalent
to that of the young adult in both weight and cellﬁlarity (Figure 1A and 1B).

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




26 significantly (p<0.001) increased at 2 weeks post-castrdt) qipﬁa?@g S
returning to normal young |evels at 4 weeks post castration he Ccrease

in proliferation within the DN subset was anal ysed further using the

mar kers CD44 and CD25. The DN subpopulation, in 5 addition to the thynocyte
precursors, contains a(3TCK+CD4" CD8" thynocytes, which are thought to have
downr egul ated both co-receptors at the trgnsition to SP cells (Godfrey &
Zl ot ni k, 1993). By gating on these rrature cells, it was possible to

anal yse the true TN conpartnment (CD3' GD4" CD8") and t hese showed no

di fference i fRR3gENPTpFse in Eroell @nmbarsemaﬂhmg d@epmplfmy,l mmhmg’kﬁmast ration

(Figure 4. 2(?} gp si. s of he ) pul eSSI n CD44 and
CD25, showe gm?’iycan QBSW@i gagé ?L) Tﬁ@ﬂ erghe TN1
subset ( CD44gfBgSalls Mm%@%éﬂﬂaﬁmyﬁph%de\égy%gn@lw@gg&@(g%o at 18

nont hs of age gﬁrlgure42D whi ch was restore tration.
The decr easecasiratiga @imfzékand&) &hddm:r@&thdsﬂbaﬂDBMﬁ)itﬁﬂﬁ%ﬁ@ﬁﬂﬁyed for.

by a signifi ] cre se in proliferation of the

subpopul at i sfit@éﬁ% %ﬁ%& Ize‘ﬁ’ﬁ‘i’ siwapgrtian bpbumg complptelpy 2

weeks post - gasbfsai @@egy é of age on the thymc

m croenvirannent. 20 The ch aeg@]aqq?&l%%e%élm croenvi ronnent whh age were

exam ned by i mm nofl uorescence using an extensive panel of mAbs fromthe
seri esc(b‘g L@J@ 3‘?&' led with a polyclonal anti-cytokeratin Ab. The

ant i gens recHgit B9 ¢ Res B4 b6 DSaxpbessinbdi vi ded into three groups:

thym c epithelia | ar - assogj at ed ns and those 25

present on both l'sI:troterg = ,"eel ﬁ%ﬁgﬁgchﬁﬁ’&ﬂ‘ ‘E%E?Weﬁeiealméblagema gens.

Ant1 - ki at | rthatraiult DQtlﬁd)déplﬁﬁbhhﬂ'ép'éﬁifmotf:el?géﬂgﬂfatﬁﬁg BRS AR

reveal ed a Es of general thymus archite
cell di sorg[a ellag wath @ﬁm@tgsteaﬂ@rainardbmlanaﬂ sedhmsepame@lul lary junction.

Furt her 30 n S v1TS dul | and MIS44 (cortex
showed a %Ql%bxf’hﬁiﬂﬁls %o ra%lgAb this owe ysis of )e kinetics of thy(mus )

I-

repopulatmn post-castration. The proportion of the main thymocyte
subpopulations was compared with those of the normal young thymus

15 {Figure 3) and found to remain uniform with age.' In addition, further
.subdivision of thymocytes by the expression of afTCR and y8TCR revealed
no change in the proportions of these populations with age (data not shown).

" At2'and 4 weeks post-castration, thymocyte subpopulations remained in the

same proportions and, since thymocyte numbers increase by up to 100-fold

20 post-castration, this indicates a synchronous expansion of all thymocyte
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 result 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 (~809%) of these are DP with the TN subset




12 APR 2005 27 distinct reduction in cortex size with age | a |less
substantial decrease in nedullary epithelium (data not sﬁw @ﬂ& hel i al
cell free regions, or Kkeratin negative areas (KNA's, van Ewijk et al.,
1980; Godfrey et al., 1990; Bruijntjes et al., 1993).) were nore apparent
and increased in size in the aged 5 thynus, as evident with
anti-cytokeratin labelling. There is alsgQ the appearance of thynic
epithelial "cyst-like" structures in the™aged thynmus particularly
noticeable in medullary regions (data not shown). Adipose deposition,
severe decr aealdng npttirgrdecond tmrgastipddation ki ReB% [FighteariA)y Alockdiagly,
cortico-nedul | i{d‘évf yunciion agre shown conclusively wth the-anti -cyggrkerati n

10 st ai ni ng ™Y SR $ieRRn the subrgpae pad wegtiendiynigimunobisélogn{dathy 2

Kk t = ' hS.s s ' N th ' f the, 1¢ | ob
(2 the""] nEFEhigh). SonkWhidion Y b i bbb Teled el Wik AL b) “and the
| ocal i sati oanalybismesteiting ¥ ropéiRin SNSP eslls fdve Jreshy Weﬂs%%ﬁtﬂ% ippm is

detected by MIS 10 and at 2 weeks, there are still subpockets o
epi t helS um §8 heatls) dividiogiFigae£2BY er ed t hroughout the cortex. By 4

weeks post-castr gf, there is a distipct ulla apd corte nd

di scerni bl e cor t%%Bﬁ%%ﬁgﬁﬁvnﬁﬁﬁ?ﬁrﬁﬁﬁmﬁmﬁﬁaﬁ@ﬁ? ERAdnymus; o

presuned t opesiifesttidi b Ehedyiep! ' S ; 1 and

further ill Bs_t rate the d%ne%tgfﬁlgﬁidggﬂnﬁgﬁgb%ﬁ%ﬁg? ?g'ﬂﬁgééee@ zi@%@

present in HBEREahdd withihe plusoegie obilegiretiferafing peguldtiuryreepinbieli al cel |

clusters at ,4- but are again.ipcreased ip intensity in the aged

t hynus (dat Qlen%?ﬂﬁg\%m%ﬁﬂﬁ%w% 20k%s Eﬁ“&fﬁ&ﬁ?sﬁrqu emealad the dijdaionaate

expresged at vaak | t: t.,thynus (data
yeat6V&de AR ts%?in ilahe &%uh@%d%@!{f AduRagdl, a 3%%{9](

not shoyvn) wth 20 and Mr reverting®to Screté ets of

epi t hel i um pediersdicn isteidyseen dn tke outarcprieneid afro@ditk ithe

Vascul ar - associ zilt ed-z(\qtilti ens, The bl ood-thynus barrier is thought to be
responsi bl e V3SHI4HE %%gﬂtébpm]offmz werks pestcagstetiont elthewgh hynus and t he
em gration t . | d: S 16 t o-the .periph . The mAb MIS
15 i s speci fﬂjlfyéﬁ?t rét déﬁké% gt%@?%gﬁpgg E‘flﬁg%&gﬁ%ﬁ%&gd“o %183%&93%,

denonst r at i pyppergoamilthymoditdsubet §1tea;bﬂa;ilim@rag@[gt @gdin(ig@g;ﬁﬁﬁg,a et al, 1990).
In th%saged t hymus, MIS 15 expression is grea 'iy [ d

_ . I ncreased, an
synchronous expansion of cells (Figure 4.1). Immunohistology revealed the

localisation of thymocyte proliferation and the extent of dividing cells to
resemble the situation in the 2-month-old thymus by 2 weeks post-castration
(data not shown). -When analysing the proportion of each subpopulation |
which represent the proliferating population, there was a significant

20 {p<0.001) increase in the percentage of CD8 T cells which are within the
proliferating population (1% at 2 months and 2 years of age, increasing to
~6% at 2 weeks post-castration) (Figure 4.24).

Figure 4.2B illustrates the extent of proliferation within each subset in

young, old and castrated mice. There is a significant (p<0.001) decay in

25 proliferation within the DN subset (35% at 2 months to 4% by 2 years).
Proliferation of CD8" T cells was also significantly (p<0.001) decreased,
reflecting the findings by immunohiétology {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




12 APR 2005 2s reflects the increased frequency and size of Rl ood vessels
and perivascul ar spaces (data not shown). The thym c extracu 14 @JPQrZﬂﬁtri X,
containing inportant structural and cellular adhesion nol ecul es such as
collagen, lam nin and fibrinogen, is 5 detected by the mAb MIS 16.
Scattered throughout the normal young thynus, the nature of MIS 16

expr essi on becones nore w despread and k@terconnected I n the aged thynus.
Expression of MIS 16 is increased further at 2 weeks post-castration while
4 weeks post-castration, this expression is representative of the

situation i reigHécanhy{pr0.0AYhincréasatiatioteekisopastaasiration and i§ﬁ'@iﬁi§ﬂiﬂ%’"‘_t i gens
VHG | | expret%sﬂoc%pji n _the norlma youriq% t hynmus, detected by the mAb S 6,
is strongly posi %3%&56‘%% 5# 4 ¥pekEpashrasteationpi t hel i um (Godfrey et
al.; 1990) with veakss iR : . el b ar. ythelium The aged 15
t hymus shows a decreascéééi%%%lg g%%pgsm 0 %%t]%NE; pekwpgAnelysed ant i al I y
i ncreased atfurthpeskingoidetmarsirs EUM@H&D‘%SM@Q&SDN%W@%%H@I’{ QR

i e 2 nonth old thynus

expressjon is;,again reduced and appears simlar tot
(dat a not Q@J\B‘%} to g esite needupsarsi oontajms R TGRM €Da APs ahymdegtdss

Ve found eni rctian U BiHatel driieguliled fofly Pomegmiamcrishaitwtsision Lo 1 he
S0)) 2l L hough Si aniT1 ean Ty, (peorgony 25y REHEE o st Mt O st Gelic

5b)) al t hough sj (I;ni ficantly (p<0.00071) oA
post - cast r atHOSFibInicayse tentrue ARY eampartmARECDECDCTIS Y aH {Rsse0. 01)

CRRPhce of BRI uP e e foSBasin Sikramrtohoving v Oh e
(719, 50 et (e 0y rORpie BI04 O ok BSp 80 B B,
ast this ti 44 ameCERS; sadwed mhigefivast G<0.001Pd6&ehss I Broliferation of

the TN1 subset (CD44*CD25%), from 209 in the normal young to around 6%

at 18 months of age (Figure 4.2D) which was restored by 4 weeks post-

castration. The decrease in the proliferation of the TN1 subset, was

15 compensaied for by a significant (p<0.001) increase in proliferation of the
TN2 subpopulation (CD44*CD25*) which returned to normal young levels by
2 weeks post-castration (Figure 4.2D).

The effect of age on the thymic microenvironment.

20 The changes in the thymic microenvironment with age were examined
by immunofluorescence using an extensive panel of mAbs from the MTS
series, double-labelled with a polyclonal anti-cytokeratin Ab.

The antigens recognised by these mAbs can be subdivided into three
groups: thymic epithelial subsets, vascular-associated antigens and those

25 present on both stromal cells and thymocytes.

(i) Epithelial cell antigens.

Anti-keratin staining {pan-epithelium) of 2 year old mouse thymus,
revealed a loss of general thymus architecture with a severe epithelial cell
disorganisation and absence of a distinct cortico-medullary junction. Further

30 - analysis using the mAbs, MTS 10 (meduila) and MTS44 (cortex), showed a




12 APR 2005 2s CD4:CD8 ratio of the RTE from-3:1 at 2 rmnt{ 3 --7:1 at
26 months (Fig. 5c). By 1 week post-castration, this rati Eaﬁ Ra20h! i sed
(Fig. 5c). 5 EXAVPLE 2 - REVERSAL OF CHEMOTHERAPY- OR RADI ATl ON- | NDUCED
THYM C ATROPHY. Castrated m ce (either one-week prior to treatnent, or on
the sane day as treatment), showed substantial increases in thynus
regeneration rate follow ng eradiation gr cycl ophospham de treatnent. 1o
In the thymus, irradiated mce show severe disruption of thymc
architecture concurrent with depletion of rapidly dividing cells. Cortical

col | apse, r ehstingtradu C@Pmlﬁécﬁmmmﬂt@geslwﬂha IBsaanlmlamwrdwrealsemal S

I f DN t Th f 3-TCR
egps)fesgl on ﬁg&%f%ﬁg@&@s@ W ﬂ%‘%@é’"ﬁ gegﬁ%b?%gphg cells.
In 15 conparkeein mkipation AesRTRNAYS; \tre[I?E’inﬁﬂ( @trHJmEi'Q%oSQB ESE, FRNS ©

di sruption of thymc architecture, and show a 'faster regeneration’rate of
DN and DP tBiW},@S@éal B993). Meete most appazemiant inashred ﬂﬂsmdﬂtﬁé@

SI gni ficant C on, even, at t arly stage ures 7 and
I n %orrpat}‘yéﬂﬁ ngeigégﬂlgfl&p}g ﬂgﬁﬁw&l 'E}éﬁ%ﬁ@rléasﬁ eof DN and

Ef’ L hymcyt ??’I‘S%S%%L (gt opameid ?Yg@?%sfgﬁﬁ%ﬂkf%%%“‘?@ e Hypths

i |l ustrated pa}tlc‘ahﬂy n«b’acmtdem meddilarp eygions (dataaict s‘I‘Yo’ﬁnhl]C@ﬁ:hp@deEd ani mal s

showi ng at |gast,a 4-fold éncrease in thynus size even at 1 week

post -t r eat Pos’éiplz SREEYEC ectr?@er%@nhdfﬁ%lﬁrséﬁ%@!l@ﬁh@rdﬁ@%ﬂshﬁ&ﬂ@mﬁl’thB| ve

thynocyte n t and. A419) e

yrooyte nargaksklodtliyBRES: 3K Ao LRGP L B3 tng
adul t t@nt r cliaibhygr(data imdeddwnit Thewhoksus ish@ ghdding 4o rbRRse i wesks

regul ation rates between castrated and non- castrat ed m ce was ximal (by 4

weeks t hynoBPSECARMEPR. dhisiseaiident iartheptizoet the tyaticdnbeg@uths) . 12 APR
2005 increase in cortical epithelium as revealed by MTS 44 (b) and the localisation

of medullary epithelium (c}. The medullary epithelium is detected by MTS

10 and at 2 weeks, there are still subpockets of epithelium stained by MTS 10
15 scattered throughout the cortex. By 4 weeks post-castration, there is a

distinct medulla and cortex and discernible cortico-medullary junction.

The markers MTS 20 and 24 are presumed fo detect primordial
epithelial cells (Godfrey, ef al., 1990} and further illustrate the degeneration
of the aged thymus. .These. are present in abundance at E14, detect isolated

20. medullary epithelial cell clusters at 4- 6 weeks but are again increased in
intensity in the aged thymus (data not shown). Following castration, all
these antigens are expressed at a level equivalent to that of the young adult
thymus (data not shown) with MTS 20 and MTS 24 reverting to discrete
subpockets of epithelium located at the cortico-medullary junction,

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, ef al,
1990). In the aged thymus, MTS 15 expression is greatly increased, and



ao Interestingly, thynus size appears to' overshoot' the baﬂm§ of the
control thynus. Indicative of rapid expansion within the t I H0Bh t ne
m gration of these newy derived thynocytes not yet occurring (it takes
--3-4 weeks for thynocytes to mgrate through and out into the periphery).
5 Therefore, although proportions w thin each subpopul ati on are equal,
numbers of thynocytes are building beforgsbeing released into the
periphery. Figure 9 illustrates the use of chem cal castration conpared to
surgical casfration i,n enhancenent of T cell regeneration. The kinetics of
chemical c&SYPEEithe inreaned frequeney apf aivesofrigbod vesddiatnd perivhemlinke

about 3 week Q 9 crease their circulating .sex steroid |evels.
However, che%a%%ﬁo(dggggrgg#on f‘s still effective itt regenerating the thynus

il lustrated i MThiel yasc?: =t ; : LON N
FRH BI T O O Sl e, i e e
PERI PHERAL Fellgfaradhasion welectesieneh as nellageai, henisasdidfibfRogarn ignhance
the i He inpl ex Vi HSV) | i sat | i ned
ne it 3 T owdBRRE5 By, i TREMDSTIR, “Sreinred shignehent flos mommelTingy L of oxi )
T cells. Ca&hﬁ@h@ﬂﬂ?&nﬁu?@ohﬁrﬁ ?2 Ldde gt ggé@%nﬁ?ggﬁ@hk%ﬁa}%%g}lénl npr oved

responsi veness to the virus re 1 mruni d the

popl i teal (dntgrennmpcted ymphe a@hﬂmﬁysmﬁss%mmrlﬁ?éa@% I n
addi tion, the repoved and honogeni sed to determ ne the virus

oot pad i
tifre at pa t&ﬁ’l‘ %‘?2 t"‘f%ﬁ&oﬁ?ga%@#%ﬂf@éﬁe 4 weekx pestrershtationstlss D5 |
t-i [ pYal ) ] Signifi tly | | h
Pode colul opiSSion BeeRASCABR 68 AR 5. Jintndh clvmes (tamatonce

i n thelOpr opehowoh of activated (CD8+CD25+) cells was seen with age or
post-castrai.i..(j)% a‘%i vated cell nunbers within the |ynph nodes are

si gni fi cant Y IIFE‘F GBHESHY h castration when conpared to the aged controls
30 (Figure 10c). tIﬂ%E re?@‘)i‘%vat d cell,nunbers correlate with that found
for the young adult ‘1 ndh carrAditAsPoEnal yarees saymysdetecteddy the mAk eat er
extent in MIPBRI2@mgly positive (granular) on the cortical epithelium (Godfrey et

al.,; 1990) with weaker staining of the medullary epithelium. The aged

15 thymus shows & decrease in MHCII expression with expression substantially
increased at 2 weeks post-castration. By 4 weeks post-castration, expression

is again reduced and appears similar to the 2 month old thymus (data not
shown).

20 Thymocyte emigration N ,
Approximately 1% of T' cells emigrate from the th}lrmus 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 Signiﬂcanﬂy (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

a0 thymocyte nubmers ast this time. Interestingly, there was an increase in the




31 the castrated mce, but the young adult may have an enl %r@ﬁpﬁ Hﬁ] node
due to B cell activation. This was confirned with a CTL assay detectiing the
proportion of specific lysis occuring with age and post-castration (Fig.
11). Aged mice showed a significantly reduced target cell lysis at
effector:target 5 ratios of 10:1 and 3:1 conpared to young adult (2-nonth)
mce (Fig. 11). Castration restored the b||ity of mce to generate
specific CTL responses post-HSV inf ectl%n (Fig. 11). There is a 40% bi as
post-i mmuni sation for V(il0 usage for the CILs in response to HSV. Wen
aged and caSii4tB8 miicmfibe R Ehfrbused: 1at2mimﬂhs‘t/(:3~7 latesphestbsQRig. i t Was
found that S edom nant (Fi However, in_a sanple of aged

m ce, no sugﬁ bﬁgg ek psiarasbatio gﬂﬁ@aﬁgﬁadﬂﬂfm@é‘ﬁ 8. BC). decr ease in
CD4+ T cells in the draining Iyrrph nodes was seen W|th age conpared to
both young adult and castrated mce (Fig. 12b). This illustrates the vital
need for increased production of T cells fromthe thynus throughout 15
life, i n orde [ naxi rral I mune respon5| veness. EXAIVPLE 4 -1 NHI Bl TI ON
OF SEXSSTERSREM ERSALFOFRCHEM O THERE ATHATIOND

THE THYMUS Wi CHI MERI C M XTURES C]: HOST AND DONOR LYIVPHCD) 20
CELLS fT, B 7 NDRFFTFE-"CELLSI Pr evi ous experi nents have shown. t hat

i crochi nera for@a&tmed%ﬁ:&é?{ena@r bﬁ@%éemﬁndx%%éd%nﬁh@% 4 SSRRSHa
acceptance. Dendritic cells have also been shown to play an int egray role
i n toleranc8s X§agpant, dmwgéﬁsbsfﬂn’aabﬁmrases i éhphfie cegenehatt@statat i on on

thymc chi rnat i and de t| ce 25 nunmber was studi ed. For the
syngenei ¢ gg(%lgor"{n%@rﬁ doah?%P’égyﬂBH @F%m’rd ezttt sed per treat ment
group.1oAl | cont r:@ﬁﬂ/&@%@@%ﬁ&h@é&h@@@hwsfggf &hsnfﬁmfneﬁg%lroup Al

experinments, 3-4 eight“nonth old mce were us per t
control s wedtshitpstume; checiuzent withr depiletion 20 rapidly dividing cells. Cortical

collapse, reminiscent of the aged/hydrocortisone treated thymus, reveals loss

of DN and DP thymocytes. There is a downregulation of of-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 castratéd 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).




12 APR 2005 32 Thym c changes follow ng | ethal irradiationgg; %EIVEF
reconstitution and castration of syngeneic m ce The total*t

nunbers of castrated and noncastrated reconstituted mce were conpared to
untreated age matched controls and are 5 sunmarised in Figure 14. At both
2- and 4-weeks post-treatnent total |ynphocyte nunbers were significantly

I ncreased in castrated conpared to nonc §trated m ce (p50.05). At 6 weeks,
cell nunber remai ned below control |eve however, those of castrated
mce was three fold higher than the noncastrated mce (p50.05) (Figure

14A). 10 Spl eni e Iohamg@nglyothyomingize hrs 10'8¢bBhbOIMN thSYNLH @'o@ ﬂ?@et al _
liver recons it tthon an&naggéral on. Total cell nunbers in't e spleen were
greatly decr & e%ffrﬂﬁtd @Xli'm@mmﬂnarﬂterthymuslmuhtuh@n in
bot h castrat 15 ai n trat ed ce. shonired

i ncreased | ynp Igggt gﬁt % ers yd%pﬁi%%ﬂf 3%8? HP%YE B%ﬁ‘gﬁnﬂgltﬁﬁhesc%t&* at ed
M ce (p80. Obyecd mahgmmﬁaltﬁfﬁg@m&m&%pgﬁ&lmﬁ%ﬁ%e%ypil@y@ger bet ween

castrat ed an,% noncastrated treatnent gr rn~as sewn
(Fi gur e®4B) . hergioges %‘ﬁglbprqpmhonadﬂthmm%bwui@om&tain arereaghiadt i on,

syngenei c f reconsti tut, ration Mesenteric | rrph node |
cel I nunber gﬁ&vxl/gr e{.Sdeécr (ﬁ iﬂﬁpg gle?miea}?"dﬁg selpasedimdo ﬂlﬁ:pwspgem| on,
in both castratedigme glgngsgﬁté@gﬁ,dugg ?Fch W\lzgﬁrat@n EQ& %’fl ek tlne p0| nt

cell nunmbers had reached conrl ol Wwas no.
si gni fi cant GAsPREPAriBEnbancymeht nﬁ'c'l‘ecetlbﬂelgenurﬁtﬁ:rn Dieé Y@ﬁﬁdhcﬁ%ﬁ:héfrﬂé’ala”d
noncastrat ed_t ure 14C). Thym c changes follow ng | et hal

irradi ati on,cafg{érgﬁtg}qealq't? Fg?‘ﬁijgl@&%g 2R S1EgiCHn thaldgsmica fodwn abbut drvgmkisc nice

10 longer to decrease their circulating sex steroid levels. However, chemical

castration is still effective in regenerating the thymus as illustrated in Figure
9.

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 bave 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




30 In noncastrated mce, there was a profound decrease in t.ghg%te nunber
over the 4 week tine period, with [ittle or no evidence of 25 33
regeneration (Figure 15A). In the castrated group, however, by two weeks
there was al ready extensive thynopoi esis which by four weeks had returned
to control levels, being 10 fold higher than in noncastrated m ce. Flow
cytoneteric analysis of the thymi with respect to CD45.2 (donor-derived 5
antigen) dermpnstrated that no donor derited cells were detectable in the
noncastrated group at 4 weeks, but remarkably, virtually all the thynocytes

i n the casf the eastrited nleechaorey hdeN ! 'ﬂﬁagé&i lhgyEe 15B).
G ven this extensive enhan(;errentycgg%: hymﬁye%ﬂé?égm nomlrfhggé
haenopoi et i dugrtadtedbaetivatiomaThiswwes canfirmed deitk arGTie asdagtdetsctingdld 10
differentiat] r ocesd normal ly. , CDB, and TCR defined subsets
were anal ys%’ég @%r%goﬁsgggﬁ%e&sﬁ OW%B V@%ﬂﬁ’cﬁ[ﬁi BpRiraasBaten igs dlknces in
t hynocyt es g9hider MR dd &\ﬁﬂh; traf% i ' l.gure 16).
Thi s observgtgiéon was notédpegg%nbgﬁle at ﬁéHV\]%ec%Es gggﬁsﬁﬂ% hggﬁ%ﬁjgg.g?rlgg%ed mce
were nét recaties of Uk:édndid:h conmred¢o iyoadg adulis(2-tone ehicedFid. iy, ti me

poi nt the 15 thynocyt roportions in castrated mce appear normal. Two
weeks after aﬁaﬁﬁ&l %‘?5@% gﬁ#@ﬁﬁ 0t PHRe thaeReTAky @@F@]Eﬂ‘l@éﬁmlﬁeﬂor e
donor - der i vedst vel Qs tlpDEsLt 45 cel I's (defined as CD45. 2+ Macl+ CDL1C+) in
casfrated 'c% thanﬁg%ncasﬁlg'tieﬁ'm ce, the difference was 4-fold (p<0.05),

Four weeks af t exThe@at weamostHigs Puﬁbi@.ﬁmhimrfog%f 1665a Y ?&%g 3PLs in

dendritic.cells remai ned above the confrol in castrated mce (Figure 17A).
Z weeks af t &sprase & H3WelWhecagest and casmatet enivenber ahlybeddor desit vigd

| ynphaqid dendritic _cells fdefjped. as CD45. 2+Macl- CD11C+) in_the thynus of
cas ha?lgd i 8@’(’3&?%{)@%@5 éqlf]ﬁd Qﬁ’gﬁﬁlsi WahBrrdgmingpt (Figi 1:%,3.)- ﬂQWBWé‘eﬁsaaf ter
treat ment thanRlER e mAN Y Y ' 1.t lhs 25 remai ned
above the conf ?ol ir;qjecastr<'§1'?lré3 m c%%?a{’égél%%%&?g‘#ﬁniﬁb?ﬁm it
stai ni ng f ofle@BaseCin EPMHNE delilm ifiathtideatrit iymphdhdelas v dedanpithdgei ved
marker) localised dendritic cel | z to the corticonedull aryjunctton and
nmedul | ary af&R&2 P&Qﬁﬁllliy g t gndlgashrateshatica (g o2bdn dhimdlusiraten.
Usi ng col ocgld s@atyi .t | vatd of .4+ hgse cely s S
confirmned ( ggét?@o@&%&%@%ﬁ%%@s@d&p@ﬁggllggﬂ:ﬁl6]\3\‘7 ﬁynags %l\gﬁout

15 life, in order to get maximal immune responsiveness.

EXAMPLE 4 - INHIBITION OF SEX STEROIDS ENHANCES UPTAKE OF
NEW HAEMOPQIETIC PRECURSOR GELLS 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 il} 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
conirols were age matched and untreated.

30




34 c3rtonetry data suggesting that 4 weeks after reconstitﬂm?i §§R 2005
approximately 85%of cells in the thynus are donor derived. Changes in the
bone marrow following lethal irradiation, foetal liver 5 reconstitution
and castration Cell nunbers in the bone marrow of castrated and
noncasfrated reconstituted mce were conpared to those of untreated age
mat ched controls and are summarised in Figure 18A. Bone narrow cell
nunbers were nornal  two and four weeks &Fter reconstitution in castrated
m ce. Those of 10 noncasfrated m ce were normal at two weeks but

dramat i cal | yThipwicehaspestfolloadng dehist inRafaii, foblal 1Reg Secﬁsﬁgm Sa Bgﬁe
point the noncasfrated mce did, not reconstitute wth donor-derived cells.
Fl ow cyt onet™®® W%WSEBFIQIHE%OW marrow With respect to CD45.2

d -derived ' bl i d_t.hat derived [ 15
et oot able | n i na ool EFRAN (il Rimnsds pERasalod and nascrsteiedor ¢
reconstit ut |remndmw&m1p@‘vf@§boﬁiﬂ(aré@%o gﬁ\iﬂggﬁwﬁi}g\?\jﬁ%g%}sm 1.8 Jer e

donor- derived at this time point (Figur
reconstd t ut FYMAEsed i Figlue MedAThol 2- amdrbarsel@fposbaichtaast foalled and

noncasfrat eqd_umm re markedly | ower than those seen 20 in the control
m ce (p<O. ogympﬁﬁ c%% e{%grie\ée et ‘FﬂéltngB%F@dilmsﬂ‘ﬂwl ¢cgupared toont r ol
| evel s in cagincas@ghed ' 1 . r i.ned bel ow,Donor.-deri ved,
nyel oi d and | ynphoi d dxgﬁcc?g 'Ijt%bglélﬁﬁhv\%?éeksf g%&‘“&‘i‘%e%m&‘ﬂ%ﬁ Pelowl s i n the

bone mar r owCehingb keseds, laveevanthasasifroabBatel ©EcZwad tee |f§lcﬁgitgﬁ?r than
Four eks, after_ treatnent nunbers decreased urther in

reconstitut iﬂgn. _ vg _
castrat ed mce ShGasHRige BicedpsQ,/0%) @Fégue id)e seen in the noncasfrated
group {grigure 19B). 30

Splenic changes following lethal irradiation, syngeneic foetal liver
reconstitntion 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, castrated 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-Z-weeks (Figure 14B)..-

20 Mesenteric lymph nodes following lethal ixradiation, syngeneic foetal liver
reconstitution and castration '

- Mesenteric lymph node cell nwmbers 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
casfration of congenic mice
30 In noncastrated mice, there was a profound decrease in thymacyte

number over the 4 week time period, with little or no evidence of




~ 2z ~_~~ zoos 35 Splenic changes follow ng |l ethal irradiation, foetal |iver
reconstitution and castration Spleen cell nunbers of castﬁé&&@%&ﬁﬁ5
noncasfrated reconstituted mce 'were conpared to untreated age matched
controls and the results are 5 summarised in Figure 20A. Two weeks after
treatnment; spleen cell nunbers of both castrated and nencasfrated m ce
were approximately 50% that of the <confrol. By four weeks, nunbers in
castrated m ce were approaching normal f&vels, however, those of
noncasfrated m ce renmai ned decreased. Analysis of CD45.2 (donor-derived)

o ot 114 98 GGkt L

difference in the nunber of donor

noncasf r at edharecwas aliredk extinsive thymeoysiiedintitaoh by four HroeRBhad NorEReP"
derived cells were g%%eictahabl e ir} e ilpl eens_of noncasfrated note at 4
weeks, howdd&PIULl S J1%ing fd %1:5“@«8 e¢ Hharsin ponepstrated micedlloivce wer e
donor deri : er _reconst Lon there s a
mar ked decre seméiérliﬁl'\ﬁ%:%?ﬂsfr?(g %fﬁﬁﬁb‘g{th%gﬁéﬁcﬁg? g‘{gjé%k‘fﬂﬂﬁ%’r"é ed mce
(p<o. 03 (Fiagdigen) déwpnsFradiek soaidmnr dedried! cellis YRdre r@%&’c%lieté'iilttki@”

donor - deri ved eloid and |ynphaid dendritic cells (Figures and B
respect i vel YWPBRESEREE BRAUR AL 436egkse but sarsirkably, virtuaky alt the th_mhocgm!;r at ed
I

mce. At 4 : ryived dendritic, cel.ls-were detectable in the
spl eens of ﬁﬁgggﬁﬁgg%ﬁ%&%n%o%" V‘%de?&;’tbwe‘am&d{m%@gaunfﬂnl@st rated
m ce. The efGieet shiafextendiod ehhiaei@bhoss th adid 8L i on and
castration %g mesent eric | ynph node nunb rs.ﬁé%éligﬁ&phhaﬁggga%%ﬁﬁ nunbers of
castrated armdcHEROHIG Brasyrsarecidves impadaninbaieteveniacophpidieed ded] t hose of

untesiipd SSGERLEAR AN R0 AL SUBIE (380 DR 2P, T veeks
castrated Mmoo o nac et W eae g, Mok bbb MondteBIIEIE | 1 ce
decr eased s ﬁ@}mﬁpﬁ@msubsqﬂ@lgpoﬁim weeks after reconstitution (Figure 16). This
: observation was not possible at 4 weeks, because the noncastrated mice were
not reconstituted with donor derived cells. However, at this time point the
15 thymocyte proportions in castrated mice appear normal. |
Two weeks after foetal liver reconstitution there were significantly
more donor-derived, myeloid dendritic cells (defined as CD45.2+ Mac1+
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
20 . dendritic.cells remained above the control in castrated mice (Figure 17A).
2 weeks after foetal liver reconstitution the number of donor derived
lymphoid dendritic cells (defined as CD45.2 +Mac1-CD11C+) in the thymus
of castrated mice was double that found in noncastrated mice. Four weeks
after treatinent the number of donor-derived lymphoid dendritic cells
25 remained above the control in castrated mice (Figure 17B).
Immunofluorescent staining for CD11C, epithelium (antikeratin) and
CD45.2 (donor-derived marker) localised dendritic cells to the
corticomedullary junction and medullary areas of thymii 4 weeks after
reconstitution and castration. Using colocalisation software donor-derivation

30 of these cells was confirmed (data not shown). This was supported by flow




12 APR 2005 36 Flow cytonetry analysis with respect to CD45.2 suggested
that there was no significant difference in the nunber off g aﬁji ved
cells, in castrated and noncastrated mce, 2 weeks after reconsl'2 tion
(Figure 22B). No donor " derived cells were detectable in noncastrated mca
4 weeks after 5 reconstitution. However, virtually all |ynph node cells in
the castrated mce were donor-derived at the sane tine point. Two and four
weeks after reconstitution donor-derived® cell numbers in both castrated
and noncasfrated mce were |ower than control levels. At 4 weeks the

nunbers rene¢ylemeindata suggestingthatidoresliachftdiaeBoNATaLHAE, é{;&#&h@atg ived T
cells in the o Two weeéks after

h,_nodes, of, noncasfrated m ce (Figure 23)
f oet al |iver8$%r§3ﬁ§ﬂﬁﬂﬁt B hyEws ereidenorderivgd| oi d and | ynphoi d dendritic
cells were found at control levels in noncasfrated and. castrated m ce
(Figures 23 A & B respectively). Four weeks after treatment the nunber of

donor - der i veldhangsisdncthe drarel marove foliow Blg PRAIN A i HEA L1, NOWEVer -
SC

| ynmphoid dendritic cell nunber remai ned unchanged. Genera ssi on of
t he Exafrul estOfRnfiEptL casfgatiemed t hynus, al t hough severely af rophic,

20 maintains it i . ity with ,with T .cell liferation,

Gt 1 or onti ati on ol iR uE BR mAnialy 8F Guariod and nansabiraiod: he - young
dul t .refbidtit } ' [ | |

adul t nouse.re ugdl irdiyeford ebaif-28d tS tHRSWYrahRba¥a ﬁgée’ ﬁ%??‘b%ﬁé@ﬁ@ace q

interactions between the neuro-endocrine-inmmine axes,
by sex ster Gl Hpsumempbaedie Figme s AroBons ngidwealtn@ibeR weaNussaf f ect s
he ext.ent, of thymus regeneration post-castration both of

25 il lustrat :

I yn;)ho:Jd, an e%%q #:loel.}rivg elf?eqﬁtersrﬁﬁgéﬁtémﬁPWﬁifsﬂsﬁéF@@M% ‘Those 6f cant | y
reduceth w t maage. hayws j ' ki podan, 1975,
Aspiunal I WI 1993? gt%%tegor rel ?%gés/h@mﬂltﬁéily% t‘@. g%%%ﬁ@g&h%%ng’echﬁeqw&&cyt e
numbers. Thdoyx wesks (e0d5d. fthchmh3at tais firas ipBIh i the HEnEH Sratdh 1B ETBY

result in f her thynmus roph ue to the actions of corticosterolids, is
overri dden ftttl%ceoqs g&a‘(‘“a%‘f ‘?‘g%&”‘gqrb‘fe@i eplls. L
Flow cytometeric analysis of the bone marrow with respect to CD45.2

(donor-derived antigen) established that no donor derived cells were

15 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 thc;'tse seen

20 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
contro] levels in castrated mice (Figure 19A). ‘ )

Donor-derived, myeloid and lymphoid dendritic cells were found at
contro] levels in the bone marrow of noncastrated and castrated mice 2

25 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).

30




12 APR 2005~ 37 influences with the 2-week castrate thynus4i ' I n
cellularity by 20-30 fold fromthe pre-castrate thynus. B} %Qﬁggg@m?
post-castration, the aged thynmus shows a significant increase in both
thym c size and cell nunber, surpassing that of the young adult thynus
presumably due to the actions of 5 sex steroids already exerting thensel ves
in the 2 nonth old nouse. Qur data confirnms previous findings that
enphasi se the continued ability of thyﬁ@cytes to differentiate and

mai ntai n constant subset proportions with age (Aspinall, 1997). In

addi ti on, wéphenie changes folluigethdliikfATiaabaHoeRl] IhirYetdhstithfdhtaRECUS! Y
post-castration jndicative 10 of a synchronous expansion i n thynocyte
subset s. Siﬁ@gmﬂwyﬁocyte nunbers are decreased significantly with age,

roliferation ofafil S . analysed to determine if this was a
(F:)ontri but i ng fac?'%)}re b%@?ﬁé‘%ﬁgg@tﬁoﬁ@a}/ﬁﬁé PEpGRy G‘EFGCEQW'- Eléﬁlsqﬁas not
af fected byvagechagusad!td tiffbateddeaRRICIRN HATRNA Ol b e Of

0 .

i nfluences post-castration with -- al [ thynocyte
prol i f &r at i fammpieeden Fighee 208aTwawesks aftet hieatrdent, splrandicll eaetew t h

age: the 2 Mous h s _sho~n~§ apundant division_ throughout the
subcapsul arggﬁéﬁb%a;ﬁag%cﬁ ﬂﬁ&uélgémewf& duise weranpxipaigls st that of Bieon al so
occurring i gohfsl. ' \Wies! | ' |- isation with
age. 1 ocal | SoRREL MEPo O o T b Th PR Tl e Bt A IR e Eaaly
appear ed t oleyeld, osvaverf thiose biinpatistrated heite rhanddeanssed. CAREFERDM O the
out er corte{ﬁgﬁgy éweegls ﬁyoat-castration, dividing thynocytes were
detected t hrolfgtottenorelestedbiloshayinamainedaiadiamonstraied thetibera was o

sim | gp di SEiphBstan@Nife : ' — The _nhenotvpe of the -

prol i ? erati %léhgé%d&qa'a}lﬁgﬁédé}g légg%%%@%&%%ﬁegﬁ%g Eﬂ‘t"giaél,d was not
al tered w thongestated nticent ngekaattentdcdhstiHINGY BligurePOB) SNS d@hor
proliferati 8n chi hj%ﬁ thyr’rgc%te subpopul ati ons, reveal ed a significant

decr ease i nApF¥Yd Feliaiiesh defeckiln i be TR egne of Dencewrdtsd wiich ahgeweeldyr t her
anal ysis w thi . heybasis of the,markers 4 and CD25,
reveal ed a %%EY%I{%}%.EISFe??géa%@QF% C%PSII?F@? gﬁtﬁ%egfmjtcﬁé”eml 09T ( CD44+CD25" )
popul ati on aduiedd.was conpensated for by an increase in the TN2

(CD44- CD25+) popul ation, These abnormalities within the TN 12 APR 2005
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 'n'o’donor

20 derived dendritic cells were detectable in the spleens of,-nonc:astrated mice

and numbers remained decreased in castrated mice.

The effecis 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).




38 popul ation, reflect the findings by Aspinall (1997). Sugg ﬁ;{ggb t he
TN subset was proliferating at nornal |levels by 2 weeks p - I on
i ndicative of the i medi ate response of this population to the inhibition
of sex-steroid action. Additionally, at both 2 weeks and 4 weeks
post-castration, 5 the proportion of CD8+ T cells that were proliferating
was markedly increased fromthe control 2t hynmus, possibly indicating a role
in the reestablishnent of the peripheral cell pool. Thynocyte mgration
was shown tqQ_occur at a constant proportion of thynocytes with age
confl i cti ng ElPviEySe@etty anadysia with Swplebtto €D4512 $idkesied that ihege waewed a
ten-fold reqQucl:}: | he rate.,of thynocyte mgration to the periphery. The
di f f erence % )ﬁgglét &5@35?1?%9 %@&@%ﬁ% eyéﬁama erivedicels dn cpstraipd madhynuc
FI TC | abel | inygcoétraied 0 of f difpose _deposition
on FI TC upt ake. Howevg?{cef Eglv%ét}aéo| ut geﬁéj%gséf(%%%ggﬁgi Nﬁéfoﬁﬂff ng was
decr eased sidghived calls werasleftentabletiy: Hanjasaytddeaiits i Reedks afted5 Significant. .
reducti_on in rat'ﬁ? ﬁf RE&}S to the pﬁé{inpheral T cell pool. This will result
in chafges FRCEETIEPRpFGWeRcwisHalbh alllymplenode gelihin thecsistratedemécd oi re
(Mackal | et'v@éredoia%?-liiariv‘é&%‘éitﬂé‘Ea@%%{arér@ﬁ% kal | et al, 1995) have shown a
0 a

skewing of the T cell repertoire y rather than naive T cell

phenotype with afeo dutkfalirmivesishetrre6hdti @Rl dSHIrelARNEVE Lell TR IRE 20
cope if the,i _IP)dI vi dual g_ncount ers new pat hogens, possibly accounting for
i i

the rise i PrGRHEHPdRadaonasstratedaméch weby lawed thantdoate] isvels.naed t o

reestablish LN noconmpr.om sed, i ndi,vidual s.. Castration

al | ows. t he %éﬁﬁsu?l(?g%g%h?%et it f rp?at‘?ﬁcﬁ@@ﬁl @P%Wﬂ%%dppor-

i ncreasi ng tbaived ety mflyﬁqiwaolaesc&t Aéncerakdl HfiEe F@gﬁﬁ;ﬁy T cell
as T3

nunbers renpj ned at a const ant | eve evi denced I n cell ratios
of spl een aRd¥ yapks atietoetyrliwmrmabtystitutiont domerdarhedain agidasi s .

(Mackal | of Q : rzifis.et al ., .1998). ver, disruption of

cel lul ar co%@P?ﬁ%%dﬁlaﬁﬂEeg%Web'ﬁg?@“@\égc%’éﬁreﬁ\éﬁvmﬂpﬂqqéﬂ%@dMyrrus
showi ng a Sbgutidtb@ aice (PLHRAS 83 | BBl O 1. in the young
adult to 1:1 in the 2e$e§ mgsf&%"'ﬁi{f’g??{’?ﬁ}&i ?gﬁ\%geg?aﬁﬁ%ﬁeﬁ@%&

suscept i bl ethfapwmbeppf donerdesivbd rtyelagedenditic icolis édbbelow tHeoshigolon of  ~

Z APR.2005 +.T cells frogm.extrathymc sources. By 2 weeks
post - 3§st ragl&g }’e’t"ﬁY?Pi'ﬁF?éeﬂ Eﬂﬁé@h NYPRET reseginedgaiaiianged.ect i ng t he
| mredi ate response of the inmune systemto surgical castration.

-General Discussion of the Examples

We have shown that aged thymus, although severely atrophic,

.20 - maintains its functional capacity with ége, with T cell-proiiferaﬁoﬁ,
differeﬁﬁaﬁon and migration occurring at levels equivaleﬁt to 'tixe young
adult mouse. Although thymic function is regulated by several éohiplex
interactions between the neuro-endocrine-immune axes, ﬁe 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
Iymphoid and epithelial cell subsets.
Thymus weight is significantly reduced with age as shown previously
(Hirokawa and Makinodan, 1975, Aspinall, 1997) and correlates with a
signifiqant 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




The above findings have shown firstly that the aged thynus J,s caFfRabl e 5 of
functioning in a nature equivalent to the pre-pubertal thynids? ARR RB05%
respect, T cell nunbers are significantly decreased but the ability of
thynocytes to differentiate is not disturbed. Their overall ability to
proliferate and eventually migrate to the periphery is again not influenced
by the age-associ ated atrophy of the thygyus. However, two inportant
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
Aspi nal | ( 190ftyencesiwithdhe & week bastiate dhymiusinebasimgain delldaentbyzfaot in

t he thym)cytf and previ ous work has shown

hensel ves. Yel our datag, )
t hymocyt e di @ﬁeﬁ%ﬁ%tﬁ%ﬁ%gﬁ{% i ﬁi’ﬁ”i waeks pasticestraientie agadst em cel |
entry from ‘th‘gmié BMy S 1 : ' CHi 1998; Mackal |
and Gress, 19 7)..STWSSS% %g?ﬁ%dgtﬁgéﬁélfﬁgg'%%&%fs ro%ﬁ'ﬂaa's&?ctggﬁ ®f or sex
steroi d act isurpassihgcibiat efjthenydungsdalt thymie gbaimeblyodud { @eRictionE TP
subset of T ceu@?.. S\%iroeggl Y, theg\%)ﬁ% T cell's were significantly di m nished
in their pr8fXpigraids yEepryngthemegjuesinithe 2 manthld casnseat i on, a .
significantly-200,Rq: : ] Oof:. CD8+ T cells. prpliferated as
conpared to the gu?ngﬁﬁégn%lgé%%‘éb%$gﬁﬂ%gsaﬁ%ﬁm@haﬁ’e?gJﬁ%C‘?ﬂ BREQ i s
thought to bbildyfafthynsicestieidiffersnitinabhdinsBusia @ndiAliQibld 1992), such
that a significant decrease in CD8+ proliferation would indicate a decrease

in their ni GFERTEREF YWidh age (AspingH; 499%)p dorkdifonswedmyershednby our findi ng
that th i ; T.cells in 25 RTES i d-with . indicati
of & decr eatsnBeyEaliteRth ot tasdtn st EDpRETy dER ot RS
epi t hedoi um b apyAThdbintes aﬁ%nfiﬁ%?hﬁcyte &&Ese%?ssﬂ;m%%’yﬁmyg& SRRBEEs

I S*TacC

whet her a | ynphostronal. nol'ecul e or Cytokine 1nfluence, or ‘nmay be
di st urbed wRtthdeaterseskdaniicanslyewithciger prhliferaifon &thyenmwitagwabe i nfl uence

f - st i h T l, . | ation, 30 1 liferat
ot i Ly Shilsed 5 geR rlnE T i O eardriniiins thetca dh AhPnee Réophn us of
thym c epitheli albrogpﬁéﬂagoar&th% WaAShHE gff[e%giqyg%%ﬂ@u%%ttgﬁr&?(f)pear s to

“col lapse' with age due to | atk of thynocytes av 0 exp he
net wor k of appphgior by refivahof sexdseneid infhivange post-ddyationapith hel 49410f |
i he i ngr eased_pnetwork of_ cortical epithelium detected

ESSL&é@ZZT aﬂh' %?’EY{BMEP Tafige; Havgewery thelocalisafiarel/this divisiopers. At 2

weeks post - gFEERLHIPN ook tusl?i&"l ccoymodat e
proliferating tlhym)lcytags'\#ﬁ%dzla%%{?%g at yn"g@ﬁ‘ﬁ@ %%‘\S/)neclgiF | 9% occui Ti ng
at a rate hiliyhughttiathetduboapsulaehhdmozttalcopes (W And TR T IsE 456 bdme
cortical epitheliumappears to be due to sfretching of the thymc

ar chi t ect ur SASPREISG B8 Instoe Jnednllar Dueite thypiy ppithpliele no 10

ot | vor SagaEs GERlrififad: BABRaiBh ! ctbhREr GBI B o age
i nfl uéAces distingtishehyt appeaed tdibe ﬂ@@aﬁﬁfmmﬁs%&&rﬁ tHe fhd ﬁﬁtg@ﬂ@t ing in

this area {>95% Oéltt hynocytes are | ost at the stage due el ection

t
events). | Gaate %@qguég@@r&ewyrﬁ}szm rsst-oadration, kdvidang cel |
di sruption gdj.stl I ck of distinction of the corti co-medullary
junction.wi th %éé&grée u ?gl%ecgepcli ﬁﬁ&uﬁ ﬂ#ﬁ:&% J&)‘?ﬁ%‘f“?ﬁ‘@"‘? ﬁf’ﬁioet"%én #tical
epi t hel i um mBdulaweiel simdat dasfibatiofno thBe MeaAM Hafugpi t hel i um as

detected by MIS _10 staining is reargani sed to some extent, however,
subpockets” are sth¢ pheneisparofihe prolifeneting 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




20 cortical epithelium By 4 weeks post-castration, the cortgfﬁiifnd
medul l ary epitheliumis conpletely reorganised with a distiﬂ P 2005
cortico-nedullary junction simlar to the young adult thyrmus. Subtle
changes were al so observed follow ng castration, nost evident in the
decreased expression of MHC class Il and bl ood-thynus barrier 25 antigens
when conpared to the pre-castrate thynmus.,,MHA | (detected by MIS6) is

i ncreased in expression in the aged thymus possibly relating to a decrease
in control Qéqg e devel opi ng thynocytes due to their dimnished nunbers.

Al ternativel Hatigry raflesithe Hiedings hyoAkpirialbf199as k BagpiRing e thdryRoCy!t es,

i1 lustrated | .post.- 1 rradi atjon ynmus (Randl'e and Boyd, 30 1992)
which is dep ebt% g%%ﬁﬁﬁ%ﬁhpﬁmw&ﬁvék 21yeale\nost-castbation ar e _
i ncreased f ainldowdHig ¢ riabih@f; | Hi_ndi .Sijes are.again bl ocked

by G 0 k 41 the qccﬁ%l%%]ihggm}# F%ﬁ?ﬁ%%gf@%lgt@%ﬂ%&‘i éﬁg}erfjﬁl&lé‘g’@&(? n by

i munof | uor ex¥estewid BstionntAdiitiondHyeatlioth 4 hechs aad 4t Hysrs,hal; &jstﬁétio :
(rwvi TSIg, 1Etgand 16j..are ai,n increased in the aged thynu ang ar 8o Fevert
to the’ expr 8£r830+t?'f31’t ﬂg%%c%@fwmobfﬂaﬁngwasanmm}tack of

maski ng- 5 bynkiaseg oxkm ty.of the antigens due to

T onho SRR it (B0 Robl1B] By Bty g Ratbeatiat

thymc atrophy may explaint ively, the

devel opi ng %W@Mem@@%}tﬁgenw_sary control mechani sns over
the expression antigens thus when these are depl eted, expression

t hese
isdncl\)/lt]_ < (1:8nf rol | &&Wﬁm@mwaephpm i_cabcc?]mdtgea;msﬁmit@b eirttsh MTS 20
an XPressj,on In t age t mus ut revert to
subpockets o ggﬁ%ﬁm tdc{f%’@c %W@})I’Fﬁé’éﬁw gﬁgﬁgﬁ’mﬁﬁ@ﬂﬁhetﬂ[lgﬁol
post - cHbt r atwlomshdwed a tedHodd e6d iRt drAGKH rafd gﬁg&h&%&&ﬁi@aﬁgﬁ %(hhgﬁ | al
use” Renoving t1

precursor subtype to _differentiate in the age %I ock
pl aced by ¢ ReTibery, idifferennssia thase treudts map bai ductoethiel Bl Gef XRT €SS

cortical epi |8l | S, 15 e aboye findings indicate a defect in

the thynic é%??%@“%@%@’&@%og ? yPREajshihvanasesardhe effegts eiadipust opi ng

t hynocyt es depbsitid® o BTES 3tk fQE - Lo ver, the '

synbiotic nat_Er e of ?he tﬁ?m c, e%?%yﬁg?f’&%égﬁggﬁﬁgﬁo%eégEﬁ%eeifsi t

difficult t&USEHERg wian deseeasrd signifiedribays @(ﬁuMbyr&@ﬂhyqegﬂﬁhgqnsdex steroid
i cal Il

influ es. . The.nedul l.ary, 2Q epi,theliumrequires corticCal T ¢C s for its
pr operel%geve %ﬁ%ﬁ?&aﬁﬂm Pﬁf‘éﬁgﬂ@g.l{mﬁd@,ﬂlﬁfpﬁfiﬁlsﬂrpb'ﬁabﬂtpm This will

di m ni shed, rddi@t YRdNd A t recei.ve. adequat e signals for
devel opment? Thi s par iS§ﬂ|t§‘re?t{yé9@§‘t§§PzP@°éﬁ%%’ea&%f%%B%&%%ﬁﬁ tion. | RF~~'
mce show arepfatricatiddckaliobal of99GRBPrdvioak papels (W&l 4187 g havie

I nteresting

shSwn a skewing of the T cell reperioire o 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 ef al., 1995; Berzins et al., 1998).
Bowever, digruption of cellular composition in the periphery was evident
with the aged thymus showing a significant decrease in CD4:CD8 ratios from
30 2:1in the young adulf 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




25 determne the proliferative capacity of these cells. The defect in
proliferation of the TNl subset which was observed indicates} Qhﬁé@%l@ of
cortical epitheliumaffects thynocyte devel opnent at the crucial st g of
TCR gene rearrangenent whereby the cortical epithelium provides factors
such as IL-7 and SCF necessary for thynopoiesis (Godfrey 30 and Zl ot ni Kk,
1990; Aspinall, 1997). Indeed, IL-7~ and %I ,-/R~" mce show simlar thymc
nor phol ogy to that seen in aged mce (Wi3 s et al., 1992; 42 Zl oinik and
Moore, 1995; von Freeden-Jeffi~, 1995). Further work is necessary to

det er mi ne t KD&hTrapdls fromlextathymid kewiBesn By 2@eckd postQasirasbothid Aricged
thymus still mrapl ntains i.ts functiopal capacity, however, the thynocytes
that devel oft8SPeeHA TSR 28R T8 ﬂ@#ngjﬁmmﬂwdmesespmenf theohmmaineby

thym c epit ReLicgh t& .n the normal young nouse due to the | ack
of structura? {lent egrﬂlul C%f%agﬁgﬂ?iﬁ'ym'c m croenvi ronnment. Thus the

proliferation, dThkebentifaidings hade Bhewatietly that e&%@u@i& l:a;ggmebe
under (ﬁtl mal, regul atigon and may result in the increased rel ease

aut or eact i vOf fHRCHORIPS D foRa iy EqTivedentdoithe gire-pubepial thyhens, . InTfds def ect s
ithin both : lcularly... opul at j pns L.result in the

\(,:Mhanlgés seeﬁg%%tcﬁ:\?}%g ﬂgﬂ%é%%lééégféﬁfﬂﬁ%?iy ﬁB %at“/ﬁ‘i ﬁ‘lﬁ@@%ﬁ%@ﬂi ti ljn, we

have descr i hgimonythettaidiffoiditiots i£bedRMubRA! di0BvA By GooP! L hel ial

cel | devel opnent and reorgani sation. The mechani sns uno]ler yrng thymc
atrophy ut i [Arelifgaterandop eeituelpmoigrateridithg pasiphysy snatatheolmfieneedihyt hymi c

epi thel i al ets in.th S _regeneration pqost-castration are currently
under st udy%%%‘%?’gﬁ%ﬁcﬁ%tﬁ&g&qw&fgﬁﬁghﬁm’ﬁn Howewen tweisporapt fisdingsde” an
essentiml NMR@RE doRéd.r I eah ' )]c] I hus

I n-re-establishin Ciinﬁuﬁﬁfl?yﬂ%e%@?@Eﬁg?ﬁ?gp@gé@#r%%lﬁ{#t&ﬁgﬁ?ﬁ%ﬁﬁcgi]]s&ﬂact of
casfration dheiraphity totprotiferate, @odrelatired twithr fiddizigs by Ahinal (19p/8stigated in
ani mal nodel s of i od tﬁj et[ggn. Speci fically, Exanple 2 exam ned the

of feot of cACIEACOBIN B SR Hted o BRynBeTank Aofantimdhe jlamaneydes o subl et hal

i rradi ationigad o] ..d rﬁ@{ e .for of i nodepl eti on
act to inhibit ﬁeéy%ﬁég?gmgngn? ere@?é”?rg}g%ﬁbro&ﬂ”@W%‘?%i ng cells.

In the thynmdiffedensiationl hthangh gimdeishednitily oboum aukes iR éé@lréﬂtﬁygfrom the
t hynoc tes,ggﬁwever all subsets are effected (Fredrickson and Basch 1994).
| h

I'n nor i plsgqutt affested with ffaltirelawe 1998; Yleakell ratliGressici®9a).i ons i n
o1 obl o ar 155 PaPHaReRcHR KRR SaBlIRuRY sie Rl e RS P T eguced
capaci ty of coiseddentlysalimrmbl eegulatiod SThAl p1@Burse¥ sibidit &e1RccuUr in 30
H V/ AI DS, and particul arl Y fol | ow ng chenother apy. a}nd radi ot herapy in
cancer ‘t r eaPhgeRAyMEaGPS” & cells wegesignificantly diminished in their -
proliferative capacity with age and, following castration, a significantly
20 . increased proportion of CD8* T cells proliferated as comparéd to the 2 month
mouse. The proliferation of mature T cells is thought to be a final step before
migration_ (Suda and Zlotnik, 19¢2), such that a significaﬁt decrease in ‘C.']Z}B+
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 cytokiﬁe
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.




~ 2 APR 2005 43 lu both sublethally irradi ated and cyclophoﬁd&dﬁﬁygggjeated
m ce, castration markedly enhanced thym c regeneration. Castration S
carried out on the sane day as and seven days prior to inmunodepletion in
order to appraise the effect of the predom nantly corticosteroid induced,
stress 5 response to surgical castration on thym c regeneration. Although
increases in Thynmus cellularity and archijgcture were seen as early as one
week after iinnmunodepletion, the nmajor differences were observed two weeks
after castration...ghis was the case whether castration was performed on the

sane day or one WeBR CoriedapRsarsiou Retiapie: Mithage dus tnlaskoHfithymicoyies
denonsfr at ed gt hddbik | s aftgr casfratiqnp the thymc
architectur eag%%%bal%gg%%)@giﬁgﬁgg?%g‘?ﬁ/ﬁ %«;ﬁﬁeﬁwl |+ Rgst @?ﬂﬂ}%&%ﬁ&g&@u
mce was di sthyait egidhelPam pystidastrhfbn W @eSnoRABA hERIGE Rtical

I mmunodepl etiop, C useg a collapse in cortical epitheliumand a general

di sruption oFP’cth‘frﬁ’r'@ ¢lertaddex g’f‘és i, ilhwtrating thesignifinenistisetrethyiBodiiee.
Medul | agy ma u L5 finpdi.ng. t erestingl one of the first
Foatur o8 of - Baniere. BRY HERL iRt E, KNk ShR SRl hand arpees 1o

upr egul at i onaceorhhedaxd pasieelat iy tél'gﬁiﬁééj‘tes ILt%ﬁEéﬁﬁé ﬁﬂt%&%ﬁg G Plotiv

cytomefry anal ysis.data illustrat a sign canti1ncre n the nunber of
cel I's in al | 9e¥SiABEIANE i gbwning at xeute higlest thbnehe epithelnaneimgoPwidi h t he
i munof | uor G%E@ﬁ& aal .eacthcéirre;@gi.nt, .there yas a synchronous increase
inall CX4, ARG A% M ERFUGR FPHDS I aRpears §p paWusdoistirieiingsifabe on and
castration. hBid d&chit ls q Ince T cell

devel opnent iﬂ]?a progrggﬁgﬂ&eggﬁw@%ﬁ%%g@ééu? * Y& B%woul d be an
i ni ti al0i ncr pradderatiqn et thesepitirdivm wWaonbwidnetth Bl statrdigg BF CD4" CDB- gat e)
and this may, have ﬁfcurred before the first tine point. I\%reover, 'since
precursors roBFeeAIoaeIRECesmml | proportion of total tliynocytes, a shift

other cel [or 1 nel i BT ARER SR SRt df s oot ety sea. in
general t herbkelgsiud ta the labseermirhber biTT wells ABROAGRIAHE FOHIE BRHA CCOH9E of
numbers w t hﬁl@fﬁohc%téshgl%'st at the DP stage due to selection events). However, the
15 aged thymus shows severe epithelial cell disruption distinguishea by a lack
of distinction of the cortico-medullary junction with the medullary
epithelitmn 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
20 - - cortical epi_theliﬁm. By 4 weeks post-castration, the cortical and medullary
epithelium is completely reorganised with a diétinct 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. MHGI (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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I mmunodepl eti on thynocyte nunbers peaked at every two weeks: gd e cdifased
four weeks after treatnment. Alnost imediately after irradiation or

chenot herapy, thynmus weight and cellularity decreased dramatically and
approximately 5 5 days later the first phase of thym c regeneration begun.
The first wave of reconstitution {days 5344) was brought about by the
proliferation of radioresistant thyznocytes (predom nantly double

negati ves) i ch a\‘/ﬁ rise to all thynocyte subsets (Penh and Ezi ne 1989).
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necessary for Eﬂg& i nduction of tolerance tothe graft (Starzl 1992) .
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cel | s ‘maybe ngegsspBpstimulus 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 ohserved
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;




S In order to determne if castration would enable increased c%inegg :
formati on, a study was perforned using syngeneic foetal |iver & 2 APR 2805
transpl antation. The results showed an enhanced regeneration of thym i of
casfrated m ce. These trends were again seen when the experinents were
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' ~ 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 thess 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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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 ﬁormal, while
that of noncastrated mice was disorganised. Pan epithelial markers
demonstrated that immunodepletion caused a cdﬂapse 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 ﬂlﬁstrated 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 CD47CD8" 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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radioresistant thymocytes (predominantly double négatives) which gave rise
to all thymocyte subsets (Penit and Ezine 1989). The second decrease,
abserved 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 ef al. 1983).
It is important to note that in adult mice the development from a HSC
15 * 1o amature T cell takes approximately 28 days (Shortman et al. 1990).
| 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
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 Iymphoid 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 ef

al. 1992}, Donor-derived dendritic cells were present in these chimeras and
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Zgyrru castiated mice. Tﬂese 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 onlj 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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7. The use of any one of clains 2, or 4 to 6, wherein the @ﬁ?lg %rﬁE
genetically 30 nodified such that the cells and their proge P Bi st ant
to infection and/or destruction by the HV virus. 8. The use of any one of
claims 2, or 4 to 7, wherein the genetic nodification introduces at |east
one nucleic acid nol ecul e which prevents viral replication, assenbly 35
and/or infection. 12 APR 2005 s2 9. The e of any one of clains 2, or 4
to 8, wherein the genetic nodification d%ﬁprises introducing into the
cells one or nore nucleic acid nol ecul es selected from the group
consisting of a nucleic acid nolecule which encodes a protein, an antisense

5 construct, [1hQz a ds d a catalytic nucleic acid nolecule. 10.
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Claims:

1. Use of a compound that disrupts sex steroid signalling for the manufacture of a
medicament for the treatment or prevention of a T cell disorder in a subject, wherein
the subject is administered with the compound and bone marrow cells, and wherein the
T cell disorder is not an autoimmune disease, host versus graft disease, or cancer where
the subject has undergone a bone marrow transplantation.

2, The use of claim 1, wherein the bone marrow cells are genetically modified
prior to administration into the subject.

K} Use of a compound that disrupts sex steroid signalling for the manufacture of a
medicament for the treatment or prevention of a T cell disorder in a subject, wherein
the subject is administered with the compound and haemopoietic stem cells (HSC), and
wherein the T cell disorder is not host versus graft disease.

4. The use of claim 3, wherein the HSC are genetically modified prior to
administration into the subject.

5. Use of a compound that disrupts sex steroid signalling for the manufacture of a
medicament for the treatment or prevention of a T cell disorder in a subject, wherein
the subject is administered with the compound and with bone marrow or haemopoietic
stem cells (HSC), and wherein the bone marrow cells or HSC have been genetically
modified prior to administration.

6. The use of claim 2, claim 4 or claim 5, wherein the genetic modification is
capable of being passed to progeny cells thereof.

7. The use of any one of claims 2, or 4 to 6, wherein the cells are genetically
modified such that the cells and their progeny are resistant to infection and/or
destruction by the HIV virus,

8. The use of any one of claims 2, or 4 to 7, wherein the genetic modification
introduces at least one nucleic acid molecule which prevents viral replication, assembly
and/or infection.
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0. The use of any one of claims 2, or 4 to 8, wherein the genetic modification
comprises introducing into the cells one or more nucleic acid molecules selected from
the group consisting of a nucleic acid molecule which encodes a protein, an antisense
construct, a ribozyme, a dsSRNA and a catalytic nucleic acid molecule.

10.  The use of any one of claims 1 to 9, wherein the bone marrow cells or HSC are
introduced into the subject by injection following administration of the compound.

11.  The use of any one of claims 1 to 10, wherein the T cell disorder is selected
from the group consisting of a viral infection, a T cell proliferative disease, and any

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

12.  The use of claim 11, wherein the viral infection is a human immunodeficiency
virus infection.

13.  The use of claim 12, wherein the viral load of the subject is reduced before
administration of the compound.

14, The use of claim 12 or claim 13, wherein the subject has AIDS.

15.  The use of claim 11, wherein the T cell disorder is leukemia.

16.  The use of claim 11, wherein the T cell disorder has a defined genetic basis.
17.  The use of any one of claims 1 to 16, wherein the subject is post-pubertal.

18.  The use of any one of claims 1 to 17, wherein sex steroid signalling to the
thymus is disrupted.

19.  The use of any one of claims 1 to 18, wherein the compound is selected from the
group consisting of: eulexin, dioxalan derivatives, and luteinizing hormone-releasing
hormone analogues,
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20. The use of claim 19, wherein the luteinizing hormone-releasing hormone
analogue is selected from the group consisting of: triptorelin, meterelin, buserelin,
histrelin, nafarelin, lutrelin, leuprorelin, goserelin, leuprolide and deslorelin.

21.  The use of any one of claims 1 to 20, wherein the compound is administered by
a sustained peptide-release formulation.

22.  The use of any one of claims 3 to 21, wherein the HSC are enriched.

23.  The use of any one of claims 3 to 22, wherein the HSC are heterologous.
24.  The use of any one of claims 3 to 22, wherein the HSC are autologous.

25.  The use of any one of claims 3 to 22, wherein the HSC are non-autologous.
26.  The use of any one of claims 1 to 25, wherein the subject is a human.

27.  The use of any one of claims 1 to 26, wherein the compound is manufactured for
the treatment of the T cell disorder.

28. A kit when used for treating or preventing a T cell disorder in a subject, the kit
comprising a compound that disrupts sex steroid signalling and bone marrow cells.

29.  The kit of claim 28, wherein the bone marrow cells are genetically modified.
30. A kit when used for treating or preventing a T cell disorder in a subject, the kit
comprising a compound that disrupts sex steroid signalling and haemopoietic stem cells

(HSC).

31.  The kit of claim 30, wherein the HSC are genetically modified prior,




