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The present invention is in the Fields of cellular imunology and graft
transpl antati on More specifically, the invention is directed to enhancing
bane marow (BM hemat opoi esis and functionality, enhanci ng BM engraft nment
foll ow ng hemat opoi etic stemcell transplant (M), and increasing the
fuctionality of new and pmexisting T cells and other cells of the immune
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source outside the body) antigens fron1 self"(te., derived fromwthin the
body) 15 and respond accordingly to protect the body agai nst infection, In
nore practical terns, the roomrte response has al so been desci bed as
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Presenting M'S (APC) capturing f o BACKGROUNEeN and processing it into snal
peptide fragments which are then presented in clefts of major
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and respond accerdingly to prolect the body against infection, In more practical terrns, the
immune response kas also been described as responding to danger signals. These danper
signals may be any change in the property of a cell or lissue which alens cells of ke immune
gyslem thet this celitissue in question is no longer “nomal.” Such alerts may be very

importagt in causing, for example, rejection of foreign agents such as viral, bacterial,

20  parasitic and fungal infections; they may also be used to induce anfi-tomor responses.
However, such danger signals may also be the reason why some anfoimmune diseases stari,
due I either inappropiale cell changes in the self cells which are then become targeted by
the immune system (e.g., the pancreatic P-islet cells in diabetes mellitus) Allernatively,
inappropriate stimulation of Lhe immune cells themselves, can lead 1o the deshuction of

25 normal self cells, in addition o the foreign cell or microorganism which induced the initial

IESpOrse,

In nonmal immune responses, the sequence of events involves dedicated antigen
prosenting cells (APC) capturing foreign antigen and processing il into smal peptide
fragments which are [hen presented in clefts of major histocompatibility complex (MHC)

30  molecules on the APC surface. The MHC molecules can either be of class I expressed on all



cells then pronote the activation of either, or both of TG cells or

anti body producing B cells, 5 which amapecific for the particular antigen
The inmportance of Th cells in virtually all imrune responses i s best
illustrated in H V/ AIDS where their absence through destruction by the
virus ceases severe inmune deficiency, whicb eventually |eads to death due
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25 The ability lo recognize antigen is encompassed in a plasmsi membrane receplor In T
and B Iymphocytes. These receptors are randomly generated by a complex series of
rearrangements of many possible genes, such that each individwal T or B cell has a unique
antipern receptor, This enormous potenbial diversity means thet for any single anligen the
body might encounter, mulliple Iymphocytes will be able to recognize it with varying degrees

30  of binding sirength (affinity) and elicil varying degress of responses. Since aatigen receplor
specificity arises by chance, the problem thus arises as to why the body does not self desbucl
through lymphocytes reacting against self anligens. Fortunately there are several



create a situation when the i mune systemis tolerant to self. The nost
efficient faun O self tolerance is Wphysically renove or kill any
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i kel ihood th ry foreign antigen will be 25 recogni zed and eWi nat ed.
However , auni q%lr‘iégﬁﬂéﬁ?e of Tcell recogni ion of antigen is that, wunikeB

cells, the TCR only recogwus peptide f awnents physically associated with
MHC nol ecul edhe Nommglebsgniiallyiconsists afelefrdlbiiing Sryehocites @hliynphocytes wathidRhyV

recogil sey : ' i el.ected for.in.t hynus. This
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rum nation. 3 Since the outconme ol den TCR gene rearrangenents is a condom
event, some TIBefbysus is an important organ in the immune syslem because it is (he primary site

of production of T lymphocyies. The role of the thymius is to atiract appropriate BM-derived

20  precursor cells from (he blood, as described below, and induce their commitment to the T cell
lineage, including Lhe gene rearrangements necessary for the production of (he T eell Teceptor
(TCR) for antigen. Each T cefl has a single TCR type and is unique in ils specificity.
Asgociated with this TCR, preduction is cell division, which expands the qumber of T cells
with that TCR type and hence inereases the Iikelihood that every foreign antigen will be

25  recognized and eliminated. However, a unique featnre of T cell recognilion of antiren is that,
unlike B cells, the TCR only recognizes peptide frngments physically associated wilth MHC
molecules. Normally, this is self MHC, and the 2hility or a TCR Lo recognize the self
MEC/peptide compleX is selected for in the thymus. This process is called positive selection
and is an exclusive feature of cortical epithelial cells. If the TCR Fails to bind to the self

30  MHCfpeplide complexes, the T cell dies by “neglect™ beeause the 'I' cells needs some degree
of signalling through the TCR for its continued survival and matusation.




wi | | devel op which, by chance , can recogni ze self MHCIpepti de conpl exes
with high affinity. Such TCells are thus potentially self-reaclive and
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rheumareid aMutis (RA). diabetes, thyroiditis and 5 system c | upus
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| oss of ngpﬁh t ent col | of the cartic i.thelial network,
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gl and wi t baukedctivatidnsof (e TReR W-emy taploki pi d deposits (Flaws 2S steal,
(1999)J. dia Invest. 103:453), Thi sprocessmyeveu

begi nﬁ\youngchth £ ound Eve years of age; Mackall et at, (1995)
N. Eng. J. Is profound fromthe line efpuberty when

sex steroid Ievels reach a maxi mum The i mpact of thynus atrophy is
reflected in tWhilpeilgmesys fundanientad ureddndtopetiimniung sitsten, mlé.damg'ﬁbmﬁlll% pool ,

which tesgd Loy @nf V eert0|r asthlscno be
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20 level of T cell output being reached around 20 years of age (Douek ef m'.., Nature (1998}
396:690-695) and is in contras! to the reversible alrophy induced during a stress response lo
corticosteroids. Stucturally, (ke thymic strophy involves a progressive loss of lymphocyie
content, & collapse of fhe cortical epithelial network, an increase in extracel{ular matrix
material, and an infltration of the gland with fat cells (adipocytes) and lipid deposils (Hlaynes

25 etal,(1999) X Clin. Invest. 103: 453), This process may even begin in young children (e.g.,
around five years of age; Mackall ef af., (1995) N. Eng. J. Med, 332:143), bitt if iz profound
from the time of puberty when sex steroid levels reach a maximum.

The impact of thymus atrophy is reflected in the periphery, with reduced thymic input
lo ihe T cell pool, which results in a less diverse TCR repertoire (as lhis can only be provided
30 by the new natve T cefls). Allered cytokine profiles (Hobbs ef af., (1993) J. fmununol,
150:3602; Kurashita et af., (1995) Int. fnununol. T:97), changes in CD4" and CD&" subsets,
biases towards memory as opposed to naive T cells (Mackall et al,, (1995} N. Engl. J. Med.



332:143), and areduced ability to response to antigenic or mtogenic
stinulation are also Qbserved Since the thynus is the primary site for the
producti on and mai ntenance of the peripheral T and pool, this ahophy has
been wi dely post |land as being the primary curse of the increased 5
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humans (e.g, dods, She atmphic fiigm ds ¥ STouskiye SRV cclp thapare &t dupinget r ovl nd
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' a consequence these patients Iack the cells needed to respond to infections, and they become
severcly immune suppressed (Meckall et ., (1995) N. Eng. J. Med. 332:143; Heiiger er al,
(2002) Bload 59:4053). There is also an increase in cancers and tumor load in later life
(Hirokawa, (1998) *“Immunity end Ageing,” in PRINCIPLES AND PRACTICE OF GERVATRIC
25  MEDICINE, (M. Pathy, ed)} John Wiley and Sons Ltd, Doria ef af., {1997) Mech Age. Dev. 95;
131; Castle, (2000) Clin. Infect. Dis. 31:578).

Howcever, recent work by Douek et al,, ((1998) Nature 396:690) has shown thymic output
Gecurs even if only very slight (about 5% of the young levels), in older humans (e.g., even
sixty-five years old and above, and after anti-retroviral treatment in ofder HIV paticals). This

30 was exemplified by the presence of T cells with T Cell Receptor Excision Circles (TRECs);
TRECS are formed a5 part of the generation of the TCR for antigen and are only found in
newly produced T cells). Furthermore Timm and Thoman ((1999) J. imnmnel 162:711)
have shown that although CD4™ T cells are regenermted in old mice post-bone marraw



have shown that although CDAT adds are regenerated in old m ce post-bone
mal | ow 5 transpl ant (BMI), they appear to show a bias towards nenory cells
due Wthe aged peripheral mcroenvironmeut coupled to poor thymc
production of nal v T cells. TREC |evels has al so been anal ysed foll ow ng
hemat opoi etic stemcell transplantation (Donek at al., (2000)

Lancet 355: 1875). Thynus and the Nermpendacrive Axis 5 The thymus is
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| evel of elther 30 cell type, which would then influence the status of the
ot her2icel | ty[The tHjane eywentidly coha4 of developing thymocytes interspersed within the

diverse stromal cells {predominantly epithelial cell subsets) which constitute the

micreenvironmenl and provide the growih lactors and cellular inferactions necessary for the

optimel development of the T cells. The precise target of the hormones, &3 well as the
mechanism by which they induce thymus atrophy and improved immune responses, has yet
2%  lobedelermined. Examination of lestcular feminised mutant mice, however, indicares (hat
functional sex slerold receptors must be expressed on the stromal eclls of the thymus For
alrophy to occur. The symbiotic developmental relationship between tlhymocytes and Lhe
epithelial subsels that conlrols Lheir differentiation and maturation (Boyd ef af., (1993)
Immunol. Today 14:445) means that sex-stercid inhibition could occur at the level of either
30 cell type, which would then influence the status of the olher cell lype. Bone marrow stem
cells are reduced in number and are qualilatively different in aged pafients. HSC ere eble to
repopulale the thymmns, although to a lesser degres than in the yourg, Thus, the major factor
influencing thymic atrophy is appears to be intathymic. Furthermore, thymocytes in older



cells are reduced in nunber and are qualitatively different in aged
patients. HSC are able to repopulate the thynmus, although to a | esser
degree than in the young. Thus, the nmajor factor influencing thymc
atrophy is appears to be indathymc. Furthernore, thynocytes in older 6
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cells. division and maturation to form T cells, which are then retumed into the general circulation.
: These new recent thymic emigrant (RTE) cells form a major part of Lthe immune systemn, and
are primarily Th and Te and are imporiant in matntaining a constant supply of new T cells
20 with a diverse TCR repertoire for fie initiation of almost ]l immune responses. Prior to
leaving the thymus, Th and Te cells ean effectively distinguish foreign antipen because, as
described above, T cells are “selected” in the thymus so that those T cells Ihat [eave
recogniza ali of the cells in the body es self and, under normal circumstances, do not Tespond
ageinst them.

' 25 B cels are also vitimately derived from HSC and develap in the BM before exiting into the
peripheral immuone system. Following interactions with T cells, and other cells of the
immune system, B cells deveiop inte plasma cells that produce and release large amounts of
antibodies, which help the budy destroy infective organisms and abnogmal cells.

Other HSC produced by the BM are also ulilized for the production of all other blood cells,
30 such as NK cells, repulatory cells, common myeloid progenitor derived ceils, neutrophils,



O her ESC produced by heBM are also utilized for hepnduction of OR other

bl ood ends, 30 such as NK cells, regulatory cells, comon nyel oid

progeni rordedved cells, neutroptWs, 7 basophils and eosnophils, deaditic
sells, munocytes, macrophage, platelets and red blood cep. Hemato ri Stem
Cell Transplantation Hematopoietic stemcell transplantation (HSCf) - also
commonly known as bone 5 norrow transplantation (BM1))- is a uement used
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20 HSC is a nonlimiting exemplary type of cell, which may be transplanied and/or
genetically modified, as used throughont Lhis applicafion. However, as will be readily
understogd by one skilled in (he art, in practicing the inventions provided herzin, HSC may
be replaced with any one (or more) of a number of substitute cell types without undye
experimentation, including, but not limited to BM cells, stem cells, andfor any other cell

25  which gives rise to blood, thymus, BM endf or any other imnune cells, including, bui oot
Limited to, HSC, epithelial stem cells, CLF, CMLP, MLP, and/or mesenchymal stom cells in
the BM. In some embodiments, HSC are detived from a feta! liver andfor spleen.

Both chemolherapy and radiation therapy can destroy cancer cells, However, because
of Ihe lack of specificity, these therapies also kill healthy cells, including virtually all white
30 blood cells (WBC), as well as the H5C in the BM. 1t is this destruction of WBC and HSC
that Jeads to the patient"s need for HSCT. HSCT allows, for example, stem cclls and thelr



30 bl oodcetl s(WHC), as well as theHSCin theBMItis thisdeslnttnuof WHCandf sC
that leads to the patient's need for HSCT. HSCr allows, for exanple, stem
sells and their 8 progeny cells that were danaged by, e.g., chenotherapy
or radiation treanrent to be replaced wth healthy stemcells that can
ultimately produce the blood cells that the patient needs. HSCr is the
basic treatnment for a nunber of hematol ogi cal cancers, such as | eukem as
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Recent studies have shown that HS
counterbalanced by olher T donor T oel[s raacung against (he kost in genernl (praft versus
200 host (GVH) disease) which can be fatal. Since the success of HSCT, and hence patient
survival, is directly related to the number of HSC injected and the speed of engraftment,
uzing the melhods of the present invention means that current HSCT programs will be more
successful and that many more patients will be able to receive HSCT than is currenily
possible.

25 Mechanisms of enhancing HSC mobilizalion from the BM are important ie ensuring
that a3 many HSC as possible are available for collection from a donor. GM-CSFE and G-CSF
are presently used for this purpose, but olher agenls, such as chemotherapy and cytokines
have also been shown fo be effective. The ability to more chectively mobilize HSC has
application beyend hemaltological repair. Recent sludies have shown that HSC are

30  multipetent and may be utilized for repair of damaged tissues, 2.g., cardiac muscle, skeletal

muscle, liver, bone, connective Hssug, epithelial tissve, pancreas, vasculanire.



30 mNipotentinner may beutilized for repay of dam aged tissues, e.g.,
cardi ac nuscle, skeletal nuscle, |iver, bone, connective tissue,
epithelial basso, pancreas, vascularne. 9 One limtation of coven HSCT
strategies is associated with infection, particularly viral, fuogol, and
encapsul ated bacteria, due to prolonged i munodeficiency and this remains
a significant cause of post-traosplantal norbidity and norality in adults.
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exacerbation of GVHD or loss of GVT activity (see, e.g., Example 19).

A further limitation of HSCT treatments is the lack of donors to treai oll the potential
candidates. Although umbilical cord blood (UCB) has been ulilized to a fairly limited exient,
there are [ew cells from each donor and as 3 consequence thjls has been mainly nsed in

25  children where the tolal number of HSC required is lower (HSC number required is linked to
paticnt body weight). Other than UCBH, donors are in limited supply and there must be an
accopiable MHC match or the risk of GVH is high. If less cells were requircd, as a resull of
improved engraftment or a less rigorons mateh was required, thus reducing ihe risk of
rejection or GVH, potentially HSCT could be used more widely, for example to reat

30  auwtoimmune disease, and sources such as cord blood could be utilized (e.g.,1.5x107 cellsfkg
for recipient engraltment)..

T Cells
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30 aut oi mme di sease, and sources such as cord blood could be utilized
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in one of (Wtﬂﬂbf Sfuniind, 14501285y Enoxhioald ok, \(b29S) Fmviknusdl. 797 VU0yeahd &t ad) |
response: oSt ] cells a £ a and, present
it to, 8{9'9%} xﬂg«{lﬁl. g‘g‘%ﬁ @a gt_’: ﬁ?mmﬁhng in areét}-mﬂ& ‘?Cﬁ rbppﬁlftﬂll'ﬂ m%oﬂ?&ﬁfl

CD8' T DEHE (Mosley ef al, (1998) Cell Innunol. 139:10; LeMaoult et &, (2000) J.

20  Fummol 165:2367). Consequently, T cell proliferation in response to non-specific and
receptor-mediated (CD3/TCR) stimulation is severely compromised wilh age (Hertogh-
Huitbregts er af, (1990) Mech Ageing Dav, 53:141-155; Flurkey ef al, (1992) J, Gerontol,

47:B115; Kirschmann e¢ al, (1992) Cell. Immunol. 139:426).

Wilh increasing age there is a gradual decline in the immune function of humens;

25  children respond very well, younger adulls reasonably so, but from middle age and older, this
response can be very poor. This decline indicates the presence of deficiencies or alterations
in one of more of the threc major cell types involved in virtually all response: (i) anfigen
presenting cells (which caplure antigen and present it to, and therehy activate, T
lymphocyles); (ii) T lymphocytes, and (iii) B lymphocyies. Deficiencies or alterations in any

30 onc of these three cell types may explain why the immune responsc to stimunlalion against
antigens may be suboplimal, The deficiency or allerations may be at the level of the cel! or
may refer ta quantity or funclionality, Of these, the most likely defect 15 encompassed within
the T cell compartment because of the dramalic decline in thymus function with age primarily

11



| ynphocytes); (iii) T Ilynmphocytes, and (iii) B |ynphocytes. Deficiencies or
alterations in any 30 one of these three cell types nmay explain why the

i mmune response to stimnulation against antigens naybe suboptinal The
deficiency or alterations maybe at the level of the cell or mayrefer to
quantily or functionality, O these, thenost |ikely defectis enconpassed
within theT cell conparnent because of the dramatic decline in [hyms

function gdellh tRG@pRd BBeHxMterdills. THR 14485 i \Elobd FTasl of FndRR TSESE 64 i s | eads
to al oss drgw or nal ve teens exported into the bl godshvam which are

needed f mbe REPHCH $ATSSPORISS SURAT 1biRcaso In pdlitioURdhs cal | oss

of potenl i &gg&ﬁm t sone
degree byﬁjt[?lﬁgﬁg(rzgysge@;cceﬁﬁﬂse Stﬁ?ﬂ% th@%’amcer ?E%p‘ngks |E I cat ed above
chenot her%@d&mﬂbﬁmﬂmnwsmﬁe treat cancers are ofea deleterious
to the patient's non-cancemas Wls, particularly the blood cells. The for
limtagion to gy Eér‘iﬁe?ﬁﬂitrg frequency ad dose of such treatrmm s is the
ability of the patien 0 survive the 9tanrcnt sod avoid susceptibility to
opportuoi sdc infection as aresult of the 10 renpnm sed i mmune system Thus

it woul d great?dsyndigsted phov hﬁ&?ﬂl@ﬁpﬂ@fﬁﬂ@%ﬁ@@@%mﬁmﬂme rapi d

or the dagB@&idn®RSthS PARNEs ndifcanbMRRYNOG Mkl  ThDb
invention relates to methods for enhanC| ng donor gra t ac ta ce by a

pati ent rwnemwwmw%mwwmmw g patient enhanci ng

g?ﬂeeiﬁgmﬁtﬁgﬁﬁg Pﬁn‘j})gﬁh%ﬂg% bhﬁgfae%@#&gﬂfsnpt |¢igq€slel>l<ttugfher oid and

ot herlmormmwg}'swmﬂhe: icwpad geptly edefil &b petidpbif eheizamoed by
i ncr easeqi! ﬁ v T thr ough renewed thym c function.
and al so gﬁp‘ﬁogﬁ% es acﬁof&fﬁ&ggd#gﬁ “the i mune system produced via

activated EM functiom It has been discovered that interruption of sex
steroid and/or other ho rr nal signaling 10 enhances the fuvctivoaliry of
BMHSC, T cells and other cells of the immune systemeither bydirect
effects orindhect effects, Thisdiscovery has beenexplolted to produce
thepnsent invention which, in one as et provide nethods of enhancing BM
haenopoi e, sis and/or functionality. 1o sone enbodi nents baenopoi esis

and/ or functionality ofpre-existingEM is inproved In another enbodi nent a
patient receives-an HSG . and the HSC haenopoi esi s
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15 and/or evgreftment is inproved is the patient In one aspect the

I nvention provides nethods of enhancing engnftnment followng HSCr In one
enbodi me t engnfnnent is enhanced in the BM In anot her enbodi nent

engnfl ment andtor reconaetution is enhanced in the thynus. whereby thymc
recovery is ultimately induced. In yet another embodi ment engreftment nmNor
reruns tiNtion is 20 enhanced in the spleen and/or other |ynphoid organs,

ti ssues, and/or blood. In sog C are allogeneic. and in
ot her enbodlnents don MC are : one—enbodi ment the nunber of T
cell precursors is increased as conpared to the nunber that woul d have
been present i Theppatit aventidnatlaieath diSfiFds\ bt dnbadcingibaoogii gedeptasertyst | on of

sex steroid.signal.i n [,n _at h nbodi .ment s, t ot al ite bl.o

cel | 5. don s Mt e cnilnfind Bl ErrenPes spishsRoRmalif) et peiMy oyt e

nyel oi d celnglsftn:gﬂlerﬂu-bmgmr nelikEepig e MunBRMaRATE ge:-exiding mup&[ﬂlt el ets,
regulatory T

nai ve cells, nor ells, hel eR tor,T cel ,

cel I's, BB@th"E‘IE’E'FP% JIHB%@%NP%WWF%%JF&WL%’GUB% FiFeAige- packyc,
aut hor dORAD aft6 bk ¢RltknBeT TiyiRGEALd Bv6lS bi SaWeT b6 pRABES l&&nu&l@f&@ﬁrﬂiﬂlﬁrﬁl& he
nunber that woul d_ have beewf)resent in a atlent t hat had HSCT w t hout

under goi nduishieRaRdalsg B Igmphesyles gad other calls ol thpimmyne system.pegdugrdda

enbodi mentygyvatedi@id BidiiohS al so treated with acy thine (e.g.. ILy. SCF.
IL-11, GCSF, or GWCSF) or hornone (e g., growth hornone, or its nediator
I nsulin depen ent _gromh factor, (1&&1) or any nmenber of the fibrob] ast
growth factorf tH;F'ig peca discovergripal ingapption sl yerstarpid apgdforeierdiormprat s gnglBe| owi ng

HSCT 110 eRpRAGS thoTHRBorBF SN, HIG 1Rl 8fd ARGl dRnrh Al i) SEGT 1o
enhance i nmure recovery and/ or engraf 4venL In anot her enbodinent, the pr

sent i nvemyidk uw.h@,ﬁbqeggm;wqdéﬁpwgu@mapmt
Seq“e”“a'rﬁ%ﬁuefﬁ%ﬂmghﬁ t.g&réﬁﬁal 08¢\ RRRRE R T jesi® YidloRS

cytoidnes (e d/ or better engraftnevt

and/ or horfRtsgondity. h@sp@p slaélaampmms @ienﬁwne@ahe’d@\pmmﬂmgﬁmune
celI's. |IniamipeRAd 1ASREE! efh :ﬂl@nn 51%{‘ By p]@@lfr aIa &%&&9%@@
patient . ovided In

functionality of tonsure te OW Nng are
one e#ﬁodlﬂh@’ﬁtﬂﬂaﬂf@ﬂﬁﬂmmmmtbﬂmtenﬂ' cells. In another enbodinent, theT
cul'l proliferative responsiveness to T cell receptor (TC() stimulation is

I mproved Tnanoid\&i; P TR ﬁé@&f%h I gen
(e.g., tetanus to;oa?lgé(e‘lll) of%gﬁgggg&%mhf%gen (P:&Iﬁggtﬁl nul g%lfglri]biﬁjsig

i mpr oved. HSET. Jnene arbrilimen: cogrdtmentis lenhaneerdia s Bidn di sudqlier eapedivett. t o a
recal | antj ém%ndm%mdsmﬁsﬁls ehhiifebd iSRG Mot, SHRRBF Blymil fechdy ANOL her

enbodi nent the T cell proliferative
ulttmalely mduc:ed Io yet anolher embodiment, enprefiment and/cr reconstinbon is

20 enhanced in the epleen andfor other lymphoid organs, tissues, andfor blood. In some
embodiments, the H5C are allogeneic, and in other embodiments, the HSC are anlologous.
In one embodiment, the number of T cell precirsors is mereased as compared to the number
that wonld have been present in a patient that had HSCT without undergoing interruplion of
sex steroid signaling, In other embodiments totel white blood cells, donor-derived DC, BM

25  precursors, HSC, CLP, MLP, lymphocytes, myeloid cells, granulocytes, neutrophils,
macrophage, NK, NKT, platelets, naive T eells, memory T cells, helper T cells, effector T
cells, repulatory T eells, RBC, B cells, donor-, and/or host-derived peripheral T cells, APC,
and/or donor derived peripherzl B cells are increased as compared Lo the number that would
Lave been present in a pattent thal had HSCT without undergoing interruptios of sex steroid

30  signaling. In yet cother embodiments, e patient is also reated with 2 cylokine (e.g., IL-7, SCF,
IL-11, G-CSE, or GM-CSF) or hormone (e.g., growth hormone, or its mediator insulin
dependent growth factor (IGE-1) or any member of the fibroblast growth factor family e.g.,
FGF 7 {Kemtinocyte Growth Factor (KGEF)) following HSCT io enhance lmimme recovery
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responsi veness inrespect of co-sNnWetory or secondary signalingis inproved.
v sonme enbodi nents, thekinetns O Tcel |l responsi venessi s i nproved

| not her enbadi nents, theT 15 col response to antigen presented by APC is

i nproved. In some enbodi ments of the invention, imure well responsiveness
Is inmproved within about five-, four-, three- or two nonths post
transplant In certain enbodiments of the invention, immune cel

responsi ﬁltﬂg ’BH&EWP‘F;" g}!ﬁﬁﬂn@ . lo
ot her enﬁ%gﬁﬁen%s o?ﬂnﬁg%ﬁﬁggﬁﬁﬁgﬁ |#%une ce resp03|veness |gL|nproved
Wit hin tmnﬂeemgbmstnttthmﬁmnt invemicamdbératonzorantuelintion [@ﬁncmﬂwmﬂt i on,

| mmune cel | r I ne s ed wﬁthln ant .
In yet otﬁuﬁ% Lﬁ %ﬁtem'loﬁven Yrie 4 ﬂmﬂmﬁgch\é%%ar esp |veness i's

i nproved nniGMi-EﬂE}hﬁ]m iﬂamnﬂbsbeﬁetmﬁﬂmﬂ afdiordtoldng eribotligreidsse #i/ornmune
respogse Eﬁ roved after or nore nonths post treatnent involving at
this 9ﬂGQQPtn|c delved T cells in addition to peexisting
T cells. 25 ht a thlrd aspect, the invention provides methods of enhancing
preexi sting i ribrsecond @pectfod det ineanéibb, tryethads @ erdianging thefuneticnalityelit ed W

i mune cells in the per enbaqdi nent. thecets T.wells. lv
Lol ner orpnanhs ihefpatiol iloWine ABRF are G e dNTioig guiSeEhou I jphftas
enbodi mendells fger ﬁﬂlﬂ h aabmcd\écﬁtroet:h@taﬁﬂeﬂub@h&mﬁveedsbsﬂmﬁmbtcaE c€lD4. CD25+T

cells and natural iller, T,(NICT) cells. n t of the
Event & o eopit AT R B Pt e T apis P IStk B FaEl Sesprmanessio | o
| mpr aped dnfuntipéh @fﬁrlt@ﬂiﬂs tdxﬁt@atqt} e ukeﬁrm@ﬂlt SRAPWIDS stimelftidn ik @EpeNEd. Veness

to antigen (e.g T, PWM or |G stlrrulatlon is inmproved In yet another
embodi med® %EW@@‘FIPJGHF@F Fftéﬂatswlweﬁﬁmw%&aﬁeﬂ%%%&w,aﬂor

CO- SAMVAriagio S aNal il PrbPREDY St oL ibo BRALINTTILR dfigline! |

response ro antigen 14 present ed APC is inproved In one specific
enbodi me AESPOESIERIREY il HFRPFGH B %ﬂﬂrﬁ'datoafﬂrdmdwawﬂwsét ingrpyed; Insome

ont her s RARMALES theHin-RATS 5L %&Es%%]i:ﬁpmvéa_ 30 BBier SRANLIRNY Bhe B €X

ster0|d anal ogs (agom st an anta oni sts thereto such as GhaRHd. HI't H

anal dfs, csliéespons L poligheprrssninshYAPE bemprrvodt In@nmp@mbp@mpts of the
st er oi d- e A Sex
gﬁgﬁl ogsqﬂﬂ'. Ilﬂecﬁt cn??iv %nﬁﬁ%%{fwﬁﬁlﬁ%&d%%@- foulTROG! ?Pact :

steroid ate Irectly I ncrease the fractional
actMy ofn)mrtthmpqswmslanlecuﬁdimbqﬂﬂwm oft hanigversion siowdung jgell respemgivenssy st em

such as E? E:‘gﬁ#:-?ed ilf tm?ﬁﬂﬂm?ﬁpuét%ﬂ%ﬁ%ﬂ hhacgﬁﬁ?%hbbﬁ]&chﬂ‘é? AlifnREQV! des

nmet hods nancl ng eagra nen lzation 1 n a patl ent min a

bl ood, HIOMume cBlMradpmsivendshissmprayabwilhimdmo weblsmoptiangpladio Ismeterer oi d
S| 9”%' NURAARSES of B i HLTRE" iR e en L BGL RAA il v pPIvRE WilIERe WK st

transplant. In yet other embodiments of the invention, immune cell esponsiveness is

improved within lhree days post lransplant Tn other embodiments the immune response is
improved after 3 or more monihs post heatment tmyolving at this time input from newly
thymic desived T cells in addition to pre-existing T cells.

25 In athird aspect, lhe invention provides methods of enhancing pre-existing immune
cell functionality, inclnding, but not limited o, Imnmne cclis in the periphery. In ooe
embodiment, the cells are T calls, In another embodiment, the cells are DC or ofher AFC. In
yel another embodiment, the calls are NK cells or regulalory cells, such as CD4+CD25+ T
cells and natural killer T (NKT) cells. In one embodiment of the invention, T cell

30  proliferalive responsiveness io TCR shimulalion is improved in the patient. In another
embodiment, the T cell responsiveness to antdgen {e.g., TT, PWM, or KLK) stimufation is
improved In yet another embodiment the T cell proliferative responsiveness Lo secondary or
co-stimulatory signaling is improved. In olber embodiments, Lhe T cell response Lo antigen
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progenitor cells such as HSC, CD34+ cells, C3, or CM.

t heenbodi nent provi desa nethod for enhanci ng HSC nobilization conprising
di srupting sex steroid signaling, either alone mn conbination with

adm ni stration of an HSC nobilizing agent, for exanple, cytoldnes, GW =,
G CSP, CSP, chenote apeutics, cycl ophospham de, Bt-3 ligand, 15 KGP/ FGFy
orot hernenbers ofe PGfamly or 1L-7 In one enbodi nent the present

I nventi on_proyides t hods t | | ow G her a al | apy to
be gt ven RETMHEARTELdShRNt IR oo retrr Savenpry a S L AR RR b f
recovery direcpbr indissi elfid gehicGeshiifivenass 0P piysatitiizahhmne cdilanit varcapy and

radi ation therapy. In afrfdr, as eor,.la%e inveg}hon I’O\ﬁd f Lsruption
of sex stéwg?%m%ﬂisﬁwwﬂ# ) ARhALIAR0RISES FRRrEigh SR 3 on of,

t he t hynuggaldgs, 88 8scdPOE inkBRtls o RS MIEAHRAILS diskHpe Skt seeratid Shiddpded signaligy steroid

medi ated si'gnaling. In a particul ar enbodi nent, chem cal casaton I s used.

I n anof helmBHMAlREHRM. Juplrtunbodmamts se8stereid gnalogs dircgfitiamiae (ehe tel | s
or by ovaagsaﬂgw&reahémum@ﬁuﬂamamagrmmﬂyﬁgm.a&a%p RlRistnpbdlislor iz Of sex
steroid signaling occurs. In snotherenbodi ment, partial disSruption of sex
st er ei dsi gpamagystomcimel g8 PsellsnBeellsyidend castrati on reverses the state of
the thynmus towards its pre-pubertal scale, thereby reactivating it. In

anot her enbodi iRl ¥oute pbdrahé SRR ipfdvifes b dde¥Ednnhcins HEC rﬁ?ﬂuﬂsﬁt'aﬁé whi ch

enhances i mmune cell résponsiveness and/or proliferation and/or activation
state by Hubilifafiondn g patieghiof it blagd, HSC, erBirdeacs (i gge smpedinentdisugtige s sj xt h
aspectipgt hg.4 V& ';;Hﬂingiﬁ’éﬁﬂ&ﬁhé [miSH d:’ﬂ.tﬁ.lg&'o(ﬂ' SipheRl fhrildl at ed 30
Si gna??ngto, angtSi ubsequent rea%.lfl%t&ﬁon of . t&]é@?ﬁgnus | noneenbodi nment ,

cast at i opiogenites eellstsuchois TETH CTiHe celbox CEP crdiMP bz gmbedisegfparvidag a | na
particul ap,.8nRedi . Iigq Eﬁﬂ'nzﬁ' '!]g_)ﬂ] | 'B"Hiﬂ I ment,
sur gi cal cessa?'lgjon {ét"ﬂg yrern)vgﬁh(?;}{ftl t 3%?@%“&@“@?@%} ovag'gg??gﬂrry) S
used. | soloee ernibodinbipatia, widomipligttetion i i HEGmafliziexassnefaiesam@e.gnal | ng
occurs. | het . li ' ' ﬁ? SRR I;9m wgoccurt
I n one en%g@%}%shﬁ?d @gg’ﬁga |b§sﬁg\%ﬂ€§%§gé%§95§g?@hoos eéet' E@%ﬁ%"ﬁ‘l wart ifs
pr o- pibher KSiF/HGRAY or olhtidesmtirys ofelecFGN fimilygprilk-7l n anot her enbodi nent
castration nodifies the level of alter 5 nolecules, which col ones inmune

ST RS A sty

e.g., adirect e Istin ne In certaln di ment s,
sex st er oawt mddiien tbompy tpriwgiveg ahbighss ddies exd/bymore fraquéntyendpr ellsmolartett (ag. .
i nhi bited,_.] ' d9k EHFJ[ 1 -0 _St i

nodi fi er st%’?%?‘géiaf%rgmné@g?g&%ﬁg%%ac [ %ﬂﬁ?g I ndi oriar%lﬁig%gllt?%a, '

i ncluding but not limted to agents . )
In a fifth aspecr, ihe invenlion provides for dismption of sex steroid mediafed

20  signaling to, and subsequent reactivation of, the thymus. In ons embodiment, castration is
used to disrupt the sex steroid mediated signaling. In a peclicular embodiment, chemicel
castration is used. In another cmbodiment, surgical castration {e.g., by removal of the testes
or by ovarieclomy) is used. In some embodiments, complete inhibition of sex stereid
signaiing occurs. In another embodiment, partial disupton of sex steroid signaling ocours.

25  In one embodiment, castration reverses the state of the thymus towards its pre-pubertal state,
thereby reaciivatng it. In another embodiment, castretion modifies the level of other
molecules which enfiances immume cell responsivencss and/or proliferation and/or activaiion

state by having, e.g., e direct effect on pre-existing immune cells.

1n a sixlh aspect, the invention provides for disruplion of sex steroid mediared
30  signaling lo, and subsequent reactivaticn of, he thymus, In ons embodiment, castration is
nsed to disrupt the sex steroid mediated signaling. In a particular embodiment, chemical
castration is used. Jn another smbodiment, surgical castration (e.g., by removal of the festes
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10 Which bind a sex hornone or its receptor, agonists or antagoni sts of sex
bonoones, including, but not limted to. L}nH/ GJU, anti-estrogenic and
enti androgeni c agents, SEEMS, SARMS, anti-estrogen anti bodi es, anti mdngeo
| i gands, anti-es trogenligands, |,HEH |[|igands, passive (antibody) or
active (antigen) anti -CHEW(or ot her sex steroid) vaccinatinm

orconbi nati ons thereof ('bdockes'), to one enbodi nent, one arnore

bl ockeri su one .enbodi nent t he one or .nore ockeri

Do NECL S8R svalifei iy Tt TF Site Cilodinen o Berd iyt le”

of sust ai nagmqng ioCkamy. ahaasme:fdﬁumﬁiem patial disropicied séyvs16id s%&ﬂﬁﬁ‘iﬁ:&ml he
entire coEte nds .of. whi ch are i ncoxorated herein by reference.. 16 DESCRI | TON

OP THE FI &mspdiment, gastration myrerpes v Salppidhs yawa d$ prrphyealstatey arity .

Pigs. IA &eﬁwr@e@mﬂhgln I BGRRY b AbdcOHRen Mmﬁmw&ﬁ@mgﬁﬁﬁm n thynus
wei ght _and t hynocyl e nunber pre- and pnstcaspa ion. Thynus a trophy

resul t3 hEOEFEps. M @@émwwﬂmmﬂm ef prolifertion ayorgstivasiegur ed by
thynus weight, glghgg Ip#g%q Enﬁ% lsnseer thymus (Fig, /B).
For thesesndi es aged'ﬁ)El 2-yen o m§1q h were surgicall ycashnte.
Thymus weight _ mrel ation tobody weli | A)end thynws cetiVarity (Figs.

| B) were anal yR&EtHIR cafedimepts. shgferi ﬁﬁ@ﬂlﬁﬁmbﬂééﬂlﬂ%md@a%ﬂ}f ation
(POSt - cX) piRBke (41 ¢ Britfred] IBERUATED SISGIR ma,ga mgsﬂ] ARl Rt SR LA LR | Y
was seen with gge conpared to gm‘t;ng adul t tjr%nth mce. 10 Thi s13 ggrease
i n t hynusssidioghomearedustien, aplim sraiﬁliﬁituﬂvenblbimg: mpklirhion, W&Gftﬂlﬂ)ugh t he
decregge i SimaNa V. \Qﬁgﬁk1 Qgﬁ% F| g.
1O . %l?}ZV\/eeﬁ S{ngggt%@aseat ?Bﬁémg# dﬁg%rog&nm%@ und to | nc’r ease lgb
appnsi rrerblltymltlhmb@ ﬂJeLHRHf@ld&tﬁ, anti-estyopemiq andisdt-andedacoic bBPnls, BERBIsyeeks post
asnapov, ant| ncr eased ult and
these were stab&l i Peat %%‘k%%%@”@%%ﬁ%ﬁ%ﬁ“ﬁ‘ﬁ%“ﬁ@%*'Qﬁ@gﬁs 15 are
(eé_pr essicﬂlmﬂan ws?vleﬁhuhbdﬂ tﬁmgvggaqngm]gnmm RHF(@- oﬂukA}cxate;BdeZr.rawz nmqn)e.r t ﬁr oup
I g . { ) s , oung a ynmus
and thywéfcgwm%?@%fﬁ tjlg n%gﬂ‘ﬁgﬂa'%s Eﬂgﬂ“%@z‘g{'ﬂ%‘%ghﬂrestores
t he Cl'.'icll (ij:m'lé-ﬂﬂ:eﬂ.imﬁnﬁﬂﬁdna othmmﬁck@ﬁeidénmﬁm’miﬁj%ﬂslgﬁwﬁﬁpﬁﬂﬂ—ﬂggd (2
- Year e surgi.ca castrate zed a eks part 20
castrati ogr?r'i %F"Xrﬁ‘g’ %&‘?&%&?ﬂm‘?}ﬁﬂs %P@H@%QG%W the total
| ynphochmm&,rlﬁe briticé benaid 6favhictiSm megmaﬂmawe&ﬂwmmmns Unt wi t hage sued
posi - castrati onbecause honeostasis nmaintains total cell nunbers within the

spl een (Pigs. 2Aand 2B). However, cell nunbers in the |ynph varies in aged
(I''1-24 nmouths) mice were deple[M
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(Fig. 2B). This decease in |ynph code celularity was restored by castration
(Pig. 2B). Fig. 25 2C shows that the ratio of Bcells to T cells did not
change with age or postcastration in either the spleen or |ynph node, as
no change in this ratio was seen with age or post- castraton. However, a
significant decrease (pc0.001) in the CD4t; CD8+T cell ratio was seen with
age in both the (pooled) |ynph node and the spl een (Fig. 2H). This decrease
was restordl to young adult e (aYpl el by 4-6 weeks
postcastration (Fig. 2D). 3G-Restd arc—expressed-as neanl SD of 4-8 (Figs.
2A, 2C, and 2H) or &10 (Figs. 23, 2D, and 2F) m ce per group. * =pr O 05;
*Me pc~00 ; zx¥igs. 16B; ﬂﬁﬂmuomt&ﬁrcgmeymrﬂ@mwcﬂuléﬂ@ iyt m-Bamdgmphic
post-castr 17 .Fi macyt e sub lons are ,train

For o or oprer ki atyipe i G bR iy YRR bR it bR A o

t hese stugbasasmagad THmyisatroh mmmemgﬁﬁcanﬁeaﬂaaéﬁcth Afetyto anibbis Wty <e

Pl lor o corbe EHEPR R 0y en ”‘e Ot S A CSFY e ghrbaolGRLBE G i) 1B)s. w5

(Y- axi s) mfﬁaesm@&g@&é d)ﬁﬂétmmaaﬁ EditePTHRMEREIHE
popul ati ons iare shown for ﬁun%a ult (2 nonths aged (2 years) and aged,
post cast | frerelalipn tpchody meighs i, 1 Buuf gl lulanty were gpalwed InEsdmit ar e

gi ven aboypgaciyepls ﬁﬁnd M&Jﬁ?@ﬂ%ﬁsdﬁﬁéﬁ &n‘%ﬁfhx?]ﬁmich:ﬁio?rﬂg #léﬁé]t%ﬂﬂﬂ S

defined subset wt pos cas radon subpopul ati ons of
t hynmocyt e &0 HgEGy Wﬂléléir?@tj geflulswly bag spsn ik 2ge eqreparssto youRE @yh&n@n@mgucﬂ

expangﬂonmlﬁﬁggt&r %ﬁg.j. %fggé’\ﬂuﬂ%ﬁﬁ%ﬁf‘ﬂa%sw?&ﬂ@ &b ?WI tﬁ&%r @4 ion of

t hynoeyl epr o tratio en were I'nject pul se

of Br dU an#ecasnss jnLel] nﬂmbelpml sfifl erd@ntngl wBrltitosl-castytinndfige £0). Hiw 2 winkse

studi es gas@%n E?ﬁm pul se of
bmradeoxygi&? nmeBr d%)% [gaterm n vels 0 tgp?@%fdamlaf?%%q (laﬁ'lpsta%[glelnt ative
hi st ogr aWﬁ@EpﬂdﬁT@lﬂj Ehépmdmwehmeﬁﬂﬂhhhmmuesmagmﬁtdmﬂyﬁm w th age
and poslr I IélfAz[); 1b i ferenc ob |.n the
t ot al pro%gﬂlt ﬂ&nga%rtoﬁﬁ&ﬁ%%&!%%w TS ausnt fﬁ:\%ﬂgm I on
remai % cmsmssmmawdmﬁ#bmmmwﬂn':am$-Etzgumellkrgmud{ﬁgft gr aph
w Fig. 4B)py HQueven, @,QIW'[ decr. e in er rdUtcell s was seed
with age } Wi)§8 1 ght Brap ﬂ?gg&bdﬁ%[t@tlﬁ%t 3(”% ir

Br dU* roIE-ﬁtﬂGposte:aﬂmnhtmzo a nunber that simlar to seen in young adults
(f e., 2 nmonth) (Fig. 4B, right graph). RraWare expressed as nesntl BD of

4-14 mi ceper gg E%‘En-ﬁ*ﬁas -? &Q%Wcuk‘i‘éé‘ﬂ%ﬁ%ﬁﬁmﬁzﬁﬂoﬁm gontrol

m ce and 2- wee post Castration volc
studies, aged (2-year old) mice were mrgtca]l}r castrated and analyzed af 2-6 weeks post-

20 castration for peripberal lymphocyie populaticns, Figs. 2A and 2B show the total

lymphocyle numbers in the spleen. Spleen numbers remain conslant wilth age and post-
castration becanse homeostasis mainians total cell numbers within the spleen (Figs. 24 and
2B). However, cell numbers in the lymph nades in aged {[8-24 months} mice were depleted
(Fig. 2B). This decrease in Iymph node celinlarity was restored by casiralion (Fig. 2B). Fig.
25 20 shows that the ratio of B cells to T cells did not change with age or postcastralion in
cither the spleen or lymph node, as ne change in this ralio was seen with age or post-
casiratior. However, a signilficant decreage (p<0.001] in the CD4+CDE+ T cell mtio was
secn with age in both Lhe (pooled) 1ymph node and the spleen (Fig. 2E). This decrease was
reslored to young adult {i.e., 2 month} levels by 4-6 weeks post-casuation (Fig. 2D).

30 Resulls are expressed as mean+18D of 4-8 (Figs. 2A, 2C, and 2E) or 8-10 (Figs. 2B, 2D, and
2F) mice per group. * = p=<00.03; ** = p=<0,01; *** = p<0,00] compared to young adult (2-
month) and post-castrate mice.
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pigs. SA-H Casuarina enhances prolferation within all ihynocyte subsets,
For these studies, aged (2-year old) mce were casbated and injected with
apul se of 25 bronodeoxynmi dine BrdU) to determne |evels of proliferation-
Anal ysis of proliferation wthin the different subsets of thynocytes based
on CD4 and CD8 expression within the thynus was perfornmed Frg.5A shows
that the proportion of each thynocyte subset within the BrdU+ popul ation

did not changegiyl 4:7n386¢ t.'!t%HF:I : o L.g. 5B,

a si gnifigt?qr%q(;:iigcs: er!llse_ .%ﬁ?@%ﬁ%‘%?an 0 W@gr ﬁ%rm@l eug

prolifera Y WergaG 08 hy widrtiay cor Hieg: siBlixes hgpid24yeat oldomichaege in the

total PropRiddsihdihe Bt Anesis bierfed badlh 8 lGhALLDGrftiaati i nthe TN
ge astta

subset was seed W rpostc Ion. wever, a  sighificant decrease

i n proli f Bepreseatative Flbomascehee Suivhted CeH $o#i{BACEBproiies GDETH (Adxid s, (IHW 9. SE)

o6y unCteatiptCBEESER cBaRchsFhP o8- s b et 1 oa

(Fi gs. SDpdpulatiomsadbsHuvnesPices s asuleg mﬂ%& %ﬂj_rcﬂgs dndRgef, PRECBRALD,
r =p<0. 05; +x=pc0. 01 §S| %?ﬁl ficant):* = p~0.001(hi gi %/ signifjcant)conpared
to young ﬂﬂﬂ?’ﬁ?%?% FIYES! ROSE-GL). _B@?ﬁ%ﬁﬂpm&?é#ﬁh{fwﬂ&qﬂ? arg, SIVER GRS SAGRdles

post - cast NaUEnRE WadSeen Fth&hropartioh st Rl CH4/EH8 HERLABTNREI SR Sgel@Globe- export
fromthe aged thynus. Forthse “studies aged (2-year old) mce were

cast r at edaaF#ioRe 7815 sihrepwalions of GymprytesaEmpin caniiept wilh 4gs and) dererfas 2t hyni ¢
expos1@nt &g chrbfiths RipREhn 8f b eﬂgﬁ&@in%%ﬁg&,@eri phery was cal cul ated 24
1 0. Ific

hours latér. As shown in F A a sig ant decrease is recent thymc
enugont (RTE) _v nunbers detected in the periphery over all horns period

was observe] Viighdade Bezermmhon gl thynosyis prodiferationdaecasisatinms MigeWeiegni fi cant | y
I ncreased. b veeks post.c sho I n_Fiqg. , e rate of em gration
(expor N[ o‘l“h%teéﬁ'i} “FEPEEF@ ﬁ%“”r%%%%hgﬁﬁ@ggﬁ@%mm&@@&bﬁ?% si pB
tly rducegndiés, dge0qektarRn naasRhad emMidinad ffect=ASHENA fillseet i ncrease in the
ratio of CDAt to CD91 RTE was seen; Ois was nonuall sed by, 1-week post-ex
(Fig. e6dromedeougurime(Badll) tedsteaue lpvelsebprobifsration. Bepreabiivg Ringramp(r) . OS;
**=pmPD1; Jrd oﬂﬁ%umﬁaﬁﬂmﬁﬁuﬁm@gm ué ¢AABE Bad st Lashation@id 9- 6A)
and conpared to all aQther groups_ (Figs. 615 and 6C). A= p<0.05 conpared to
aged (1- SRanstigetd). Haditfapheesvan aeranin hedaisbemaegon ofpre 08 Fithflgedi t t

Fi .| A-B: b7 H i 1 |1
i gs &@gﬁ%{ﬁ%ﬁ)ﬁ%@ﬂ%ﬁ%@ﬂ%ﬂ%ﬂ%ﬁoﬁwﬁ% dabthdiBUAIRE, 4B €

depl eti on, mce were either heated wth cycl ophoSpham de

Ont aape; tadaert grpiin T8 48! However, a significant decrease in aumber of BedU™ cells was
seen with age (Fig. 4B, right graph). By 2 weeks post-castration, the pumber of BrdU™ cells
20  increased to a pumber that similar to seen in young adults {f.e., 2 month) (Fig. 4B, dght
graph). Results are expressed as meanc:iSE of 4-14 mice per group. *¥¥%=p<0.001 compared
ta young adult (2-month) contrel mice and 2-6 weeks post-casiration mice,

Figs. SA-H: Castration enhances proliferation within all lhymocyte subsels, For these

studies, aped (2-year old) mice were castrated and injected with a pulse of

25  bromodeoxyuridine (BrdU) to determine levels of proliferation. Analysis of proliferation
wilhin the different subsets of thymocyies based on CD4 and CD® expression within the
thymus was peiformed. Fig. SA shows (hat (he proportion of each thymoeyte subset within
lhe BrdU+ population did not change wilh age or post-castration. However, as shown in Fig.
5B, a significant decrease in the proportion of DN (CD4-CDE-) thymocyies proliferating was

30  seen wilh ape. Fig. 5C shows thal no change in the totol proportion of BrdU+ cells (ie.,
proliferating cells) within the TN subset was secn with age or post-castration. However, 2
significant decrease in proliferation within the TN1 (CD44+CD25-CD3-CD4-CD8-) subset
{Fig. 5E) and significant increase in proliferalion withtn TN2 (CIMA44+CD25-+CD3-CD4-
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200 ng&g body wei ght cycl ophospham de, twi ce over 2 days) (Fig- 7A) or
exposed to sublethal irradiation (625 parts) (Fig. IB). For both nodels
of T cell depletion studied, castnmtai (Cx) mce showed a significant
increase th the ram of thynus regeneration cornpand to their

sham castrated (ShCx) counterpar s. Analysis of total thynocyte nunbers 25
m 1 and 2-weeks post-T cell depletion (TCD) showed that castration

5 ont 11 CoRuin LGt 6988 pL NS08 PR SH b ik AL B, 1

Ts pxdvel y Resills ree axprepied acabac-18P ofdtiVSHcoberfgiup depa®bs; *d=pahll For Fig. 7A,

¥*¥* = psO. .- CQ @;pdt I tched unt r ea @_ni A S
p5%3%01 cgsn%ﬂﬂ?ceﬂié'oﬁgoﬂ]h aﬁﬁ@b@%ﬁpé’@ggﬁ g&ﬂﬁ%@@é’ F%F“Tj'ﬁ? .m‘:?‘%f%xflmrt“:d

p (ofo]=2c%:x T e Trdd R-9w&Rs foupaadad s FgsedEH). M ce castrate
1-week prior to treatnent at 1-week post-htadiation and conpared to both

groups.of casu 2-weeks po - B: Tonal

I ynpho%yt emmbg{ge% ﬁh%ﬁ?@néﬁ%’é‘?‘? ’Ig‘ﬁ%fq h"'ﬁ‘c}%‘eﬁg‘%ﬁw'gcw fosphani de
treat ment smifies, eptib@eyest cu@j I&iix: wek dmm&u @H@m@wum@cﬁi@nmyeﬂmmc to

| ynphocyt ﬁs usi n&l cl o ham de eritoneal injection wifh 200 ng/ kg
body wei gAemER WKFO%‘@ The gp s EIIT%I- epAky &n the pert ‘@"#5%1‘}!’ Bieal Iy
castr at ed2@ho&H pEEAAk &E&v&ﬂn% Bal b)eigﬁﬂ\ﬁﬁn@a&e@&ﬁ:@&nk @ergyam de

i njection. Thynus. spleen and | ynph nodes (pooled) wore |so ed and total

cel | ul ari F5/ RiBherdetsgied in e padivrceresp 24 waapmngrﬁw.ﬂb%ﬁww WBI‘ cel |

nunbeng | péilfeisptaa tmhss&%eéhﬂk?ﬁg.ﬁﬁ ) ifra sl wsRpated. ke lﬁﬂlﬂf”"
(age- matebed, untreat ed) m ce 8A) A significant decrease | n cell
number wal BE<E, \vfe'orﬂﬁwrfewwuﬂné&w pius cellulariiyd simaipsdcorstmma BNt f or bot h

treat ment o gr Oiipas Clpnth nﬁ') ?6@9& Qst CRIAREL., %ﬁ%ﬁﬁnﬁéﬂ

Si gnificaa'ﬁ:y hi gher FE& h node ce Eﬁgersmg%[?rpare % m ce ?FI g.
SB) . Bachjdafé rarue@rmﬁttecbhé RTEARAs SR hid vl ndHniiSA %Y lgﬁr&ﬁ@ost-cx PO 05;
**=pm ol conmpared to control (age- marrched. untreated), A p<o.05 conpared

to caseaP®-nice. Fi g. 9: Changes in thymus (open bars), spleen (gray bars)
and | ynph node (black 15 bars) cell nunbers following treatnment with

cycl ophosHEdulf: 8@.cxpreths BLDAR-A8N q@gfimmc g&cho@,ut gipedlosort Spamiipaks =

castratlo%cg@'forrred on the sane day t he rapi d expansi on of the
thynus i nPEadtcompared i WE%EW”E%‘%%W&F%@* popaed to all ather
(cycl 0ph0§da . 68 emaﬂc; YEQLD.08 barhp AR WK SndR§bar old) AbAE midehind
addi ti on, een and nph node nunbers of the caseate group were well

i ncr easedc'if'ﬂﬁ‘?ﬁ?rt@d Tﬁkﬁﬂ%{éyﬁ&éﬁﬁ%pham de al one group. (a = 3-0 20 per
treatnment group and tinme point) Chem cal castration is conparable m
sur gi cal cast riflpt. A-B: Castration enhances thymocyte regeneration following T cell depletion,

2)  3-month old mice were either irealed with cyclophosphamide (intraperitoneal injection with
200 mpficg body weight cyclophosphamide, twice over 2 days) (Fig- 7A) or exposed to
sublethal imradiaticn (625 Rads) (Fig. 7B). For both models of T cell depletion studied,
castrated (Cx) mice showed a signifcant increase in the rate of thymus regeneration
compared to their sham-castrated (ShCx) counterparts. Analysis of total thymoeyte numbers

25  at 1 and 2-weeks post-T cell depletion (TCD) showed lhat castration significantly increases
th¥mous regeneration rates after reatnent with either eyclophosphamide or sublethal
irradiation (I'igs. 7A and 7B, respectively). Data is presentéd as mean+15D of 4-8 mice per
group. Por Fig. TA, *** = p<0.001 compared t¢ coniro] (age-matched, untreated) mice; * =
p=0.001 compared to both groups of castraled mice, For Fig. 7B, ¥#* =p<0.00] compared o

30  conirol mice; # = p<0.001 compared to mice castrated 1-week prior Lo realment at 1-week
post-imadiation and compared to both groups of castrated mice at 2-weeks post-iradiation.
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m regeneration of the i mune system post-cycl ophospham de treat nment

Figs. 10A-C. Changes in thynmus (Pig. 10A), spleen (Fig. 10B) and | ynph node
(Fig. 1l1Qcell nunbers follow ng nediati on(625Rads) one week eOersurgi cal
castration. For these studies, young (3-nmonth old) mce were depleted

of  ynphocyl es using subl ethal (625 25 Rads)badiation. Mce were either
shamvast nf ed or caseated |-week pri or toirradiation A significant

increase to t hgpuga.RY E’f%] Q¥ij eration)
was oObeervedw th cast?gﬁg I%@: K{Eqﬁgﬁ{ﬂ%e Ifg%ng%“ aﬁ%dlregﬁgsgf t he
Thynus i r eydephpirhawmie teenimeal. ?Ws@@dﬂmmlﬂhmmmiwﬁ@f(l rradiation

| b Sl BN GBS SR it U O T R YO o

nunber s Wﬁ}ﬂﬂmwhmdn, mmedmgs\;md difftersiorgialle cetlated onsinbesaraed en st i | |

chroni gal Iow at ost -t r eat nent . coppar ed to control mce (Fig
| O0), h%é %‘ﬂ@”ﬁ'? ‘&P&‘S"%% HSW@SS**—p<O 01
conpar ed (@chdmmhsnmmﬁnd*t&ﬁl ceuﬂ@x@aval@ﬂeﬂz@heﬂ-cmmxﬁ@é hal @& at ed

' A- |- Fg. 11A | Big. 1111) end
Y rioh ool 51 MEsRer B Rreb el LA VAR RO CRAReDl SO 4o ik on e

sane day. mhhed, iRy di@SFg, ¥AY MsikrindRnddiredbdth Bl GEmWE vhs d8Rirjed of
| ynphocyt es, usjn subl et ha (625 Rads) Irradiation. Mce were either
sham cast P48 b apdps L WEP%@%%@H&W@@%WW%MP@@E aﬂfﬂéd&&ﬂce

shovety a GeaiiphitaRAihent (ASHRE hhddi HigHS: O BedE!
casl m ed nawa|erarts (FI% 11A). te the rapi glgpansulhgﬁﬁ@ F}%ﬂ

cast r at edt® HGaics C%Wbéﬁl'e@?wﬂtﬁhbﬂ mem+dShef &-1g MQ@PQEE@PV\EEKS

post - t r eap &R, + NoyHigh fBRENCE to (HnBH! ﬁgcg”gtgh Ve m - 110
cel | nunb%rs was seen V\nﬁlﬁ aasﬂtrat eé ce %yﬁjb%ﬂgnoge ed nogﬁlhern wer e
still chremt@amise. | ow at 2- weeks post-treatment conpared to 10
cuntolmce(Fig.11C). Results nme exprssed as neanl SD of 4-8 mire per groups=

L s o 5 BB 0L e g SRR o O 0

and cstrated mc ers wthin the spleen

and | ¥hph GH%}& mﬂaemf a@nsaqﬁawnﬂwehpmhﬂalhmﬂah e@:tmahqr@mm mdt her

castrate AIRAREA LS alial\RRE ;é”hﬁg, &'ﬁ'l eq J@E&F
(625Rads) evere Iy hopen?a vvagﬂéédw ent otht eﬁ%mie n 12A) and

(pool ed) thywah ﬂD.iIgﬂJS E’.’@@) compated\ie ie Ipmstlatedarqitmflmph&ni:hmlme)

| ynphocyt ’Ilbﬁf:l r eat ment
(Fig. 12A), ulﬂ% I ynp 'P l#&(% ﬁ&dé&é%ﬁﬂ%hé#ﬁ@%%%duced
conpar ed Memuup) Wel\‘easgél martﬂed#éd';-mpmed fsahee@):luphﬂ-sphamidc alone group. (o= 3-4

20 per treatment group and Hime poinl). Chemical castrarion is comparable Lo surgicsl castration

rmS|n

In regeneration of the immune system post-cyclophosphamide treatment.

Tigs. 10A-C: Changes in thymus (Fig. 10A), spleen (Fig. }0B) and lymph node (Fig.

11C) cell numbers following irrediation (625 Rads) one week after surgical castralion. For
these studies, young (3-month old) mice were depleted of Iymphocytes using sublethal {625

25  Rads) iradiation. Mice were eilher sham-casirated or castrated [-week prior to irradiation.
A gignificant increase in thymus regeneration {E.e., faster rate of thymus regeneration) was
observed with castration (Fig, 10A). Note the rapid expansion of the thymus in castrated
anynals when compared to (he non-casirate (irradiation along) group at 1 and 2 weeks post-
treatment. (n= 34 per lreatment groop and time poiot), No difierence in spleen (Fig. 10B)

30 ot lymph node (Fig. 10C) cell numbers was seen with castrated mice. Lymph node cell
numbers were Skl chronically low at 2-weeks post-freatment compared Lo contrel mice {Fig.
10C). Resulis are exprassed as meanx15D of 4-8 mice per group. * = p<0.05; ¥* = p<0.01
compared to control mice; ¥¥* = p<0.001 compared to control and castrated mice.
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mce (Fig. 12B) No differences were observed between the treatnent groups.
Each her 20 represents the neanti SD of 6-8 m ce per group. p<0.01;*"'=
pm 00l conpared to eoihol mce , Figs. 134-B: Casuationruures

responsi veness to HSV-1 inmunization, Mce were immunized in the hind
foot-hock with 4x10s pN of HSV. tb Day5 post-inf lion, the damming |yngh
nodes (popli eel) were ern d for responding cells. Fig. 13A shows the 25

VR TRe e LY. SRR BRI SRR AR [ SREE B! o
i rus- -

post - cast r1d€) edli mmbexs fplkiwich ir@dihﬂmmeﬂsmnﬁnnﬁ&&fsméﬁy g?nalh&sc&ucﬁcslSB
illustrates the ov activa cell nynmber as gat.e

cel s by RAR é“““%fﬁéi’&f?ﬁ"’@&?t %%ﬁ%ﬂjﬁ%%%%ﬂ%%ﬁh s).
Castratlowuuhhmmmmsuﬁ&@w&bfmmmﬂméeﬁm Qs lrendidBn] with C |
nunber s equi val ent to 30 youn m ce, Resins are expressed as nean-+15D

OF8- 12#i ¢ taser raty o1 H&;Tr(uz rqgsvrfioncpenparsd 1o E@Y i ce

Fi gs. 14A‘c@tmhéh"c@l:@éiﬂ£r% iom( HEo): BRRM e (if=h @i Cin Eadnpf@hOCYt €S) i n
activated IN (I ynph nodes) fol)l ow ng |1 SVK?J [ noc&l ation. lIELDespl te the nornal
VP10 21 r@ﬁM@§§mﬁ%W§awﬂmmﬂg wels gogasatiment. 4o didlernee

aconpl em f ﬁ&ﬁﬁ m =M & togram
profil es g‘??wﬁ% N(%Sﬁ t e%ga%}%‘@ g?")l el ongﬁﬁgg{)%%se |ltr‘}i%ged mce
and t he r éumhao@mﬂtﬂumbﬂwmspﬂ chregjsalis Bpod 2-weekspost-renmed: dompared A- B:

Castr gh v 0 SA_ shows
represeu ve &ﬁ%ﬁé?#@e%@eﬁd‘%ﬁb%\geﬁ% E'%JEB% %%PPE@IQ 'he 1N of
W-1 infecP8lt *Tﬁre[esﬂ.ﬂllozndipaﬂeétﬂmmhm&cs@értpqﬂqﬂiponipmmcﬁmmtmat ed CM
w sh age - watradon. As shown w Cstaton of the aged m ce restored

t hei rrrruneresponsewto RSV-1 wth CrLaunbers aprival eat to young m ce.

Results are ~ n as meanl SD of 8-12 10 once. * p<O. A conpantl to both
young (2- noot | Fig. bkitBe Towal brmpbioayteoaumbisgyitiie the Spleen fuiddimph nddek gostnmume

i ped g oo 450 RIS i Bura LA BTG [SRUEBEE
3-day$y abrkublednl Frmdiatioed2 flords), teivere dhmpliopynis erad yrddentHB\botept spleaulfip A FL4
]E o get cehhRy anthodtf Wispn1Riass @ 128 R Mk BRI M 2SS kG BodRe CONLT O

numbers were returned to control levels by 2-weeks post-trealment (Pig. 124}, while [ymph

node cellularty was still significanlly reduced compared fo control {age-maiched, unireated)

mice (Fig, 12B). No differences were observed betweea the ireatment groups. Bach bar

20 represents the meant1SD of 6-8 mice per group. *+ = p=i0.(1; **+ = p=<0.001 compared to
control mice,

Figs. 13A-B: Castration restores responsiveness to HSV-1 immunization, Mice were
immunized in Lhe hind fool-hock with 4x10° pfu of HSV. On Day 5 post-infection, ihe
dreining lymph nodes (popliteal) were anelyzed for responding cells. Fig. 13A shows the

23 Iymph node cellularity following foot-pad immunization with Herpes Simplex Virus-1 (HSV-
1). Nole the increased cellularity in the aged post-castration as compared to the aged non-
caslrated granp, Fig, 13B illustrates the overall activated cell mumber as gated on CD25 vs.
CD2 cells by FACS (f.e., the aclivaled cells are gated on CD8HCD25+ cells). Castration of
the aged mice reslored the immune response to HSV-1 with CTL numbers equivalent to

30 young mice, Results are expressed as mean+18D of 8-12 mice. *+¥=p=0.01 compared to both
young (2-month} and casimled mice

Figs. 14A-C: V010 expression (HSV-specilic) or CTL (cytotoxic T [ymphocyles) in
aclivaled LN (lymph nodes) following HSV-1 Inoculation. Despile Lhe normal Y10

a1



15 backgreundl evel s of |l ysis(as detem ned by 51Q rel ease) Aged nice showed a
significant (p~0O 01, ~~) reduction le LTL activityat rear RT ratio of both
10:1 and3:1 indicaring a reduction in W percentage of specific CTL
pr(r)ent within the |ynph nodes. Castration of aged mce restored the Cfl
response to young adult |evels since the castrated m ce denpusnand a
conpar abl e response to HSV-1 as the young adult(2-nonth) mre. Results 20

are expre I C intriplicam . SD. =pm O co r.ed ung
aul ¢ 23RS oot T P ol Bice S0 s it s RBRBUBS r vRIR O

3: 1, pm Odaplesgiofrwis obisabviad. ORepbekedthtivehigs prid/prtfiles i@t hweinS Mifie ME difiRition
expression and +TCe] s in the imune response toHSV-1. Poplitcel |ynph
nodes wer %%?%%@%@W—W%@ﬁ?mmﬁmwmi vo for rho
expr essi amsedtiogD25, (r)8 and specific TCRV O markers (Fig. 17A) and
CD4/CD8 T coils (Fig. 17B). The percentage of activated (CD25') CD8 T cells

expressi ng either ) or VO8.1 is shqwn, as nean for 8 arse per group

in Fig 17A Iﬁﬁﬂ-aggﬁéﬁ%‘% W@%Wﬂ?“ﬁ@iﬁgﬁlﬂﬂﬁq@%t@&ﬁ%.

However, ﬂud‘@ﬁd‘p@@&ﬂﬁﬂéf@%’dﬁ%eﬁbﬂdﬂﬁalﬁﬂ‘(@b? icBIt 16 thadON G AlsivoN Was seen
ecrease was restored 30 postcastration. Results

with age (Fig. 17B). This : | ]
i ce exprég%%d%%mﬁ%ﬂr%ﬂ@w%%ﬁfmmwﬂbwwﬂ% to young

and post -a@dtiod! A3 indFstEitda of B dded RS B LNAMEES Relasd@ipof the
t hynus (FI% A). spleen (Fig. 18B) aodBM (Fig. 18D). b not |ynph node
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(Figs- | Redigon flthe piBMeY 8 pRaAS (AT r&%? Pitth iHeSHAAE Sodeb. N fode
cellularity 2, 4, afr'ld 6 &eeks after B‘%\/IT Fig. 18C)." Castrate m&(tze had
aged mice restored the CTL response to young adult Ievels since the caslrated mice
demonstrated a comparable response to HS V-1 as the young adult (2-month) mice. Results
20  are expressed as mean of § mice, in triplicate +1 $D., ** = p<0.01 compared to young adnit
mice; * = significantly different to aged control mice (p=<0.05 for E:T of 3:1; p<0.01 for E:T

of 0.3:1).

Figs. 17A-B: Anelysis of VO TCR expression and CD4™ T cells in the immune
response to HSV-1. Poplitcel lymph nodes were removed 5 days post-HSV-1 infection and
25  aznalyzed ex-vivo for the expression of CIX23, CD8 and specific TCR VO markers (Fig, 17A)

and CD4/CDE T cells (Fig. 17B). The percentage of activated (CD257) CD8™ T eells
expressing either V10 or V08,1 is shown as mean +18D for § mice per group in Fig. 174.
No difference was observed with age or post-castration. However, a decrease in CD4/CD3
rafio in the resting LN population was seen with age (Fig. 17B). This decreass was restored

30 post-castration. Results are expressed as mean:15D of 8 mice per group. *#* = p<0,001
compared to young and post-casirate mice.
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15 significntiyivaeased anngeoi n(Ly5.2)cells conpeted to non-astrated
animals. Data is expressed as nean+l SD of 4-5 mice per group. *=pC0. 05;
**.yCO A. Figs. 19A-C. Castration increases BMand thymc cellulatity
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22B shows that them wee significantly nmom donorderived B220 IgM B cells in
the BM of castrated mce conpared mthe shamcastrated control s(*
p<0. 05). Hach group contains 4 to 5 animals. Open bars

Figs. 19A-C: Casuabon increases Bl end thymic cellularity following congenic

BMT. As shownin Fig. IS4, there are significanily more cells in the BM of castrated mice 2

20  and 4 weeks aller BMT. BM cellularity reached untreated control levels (1,5x107 % 1.5x10%
in the sham-castretes by 2 weeks. BM ceflularity is above coniro! levels in castraled mice 2
and 4 weeks after congenic BMT. Fig. 19b shows that thers are significantly more cells in
the thymus of castrated mice 2 end 4 weeks after BMT. Thymus cellularity in the sham-
castraled mice is below untreated conlrol levels (7.6x107 & 5.2x10°) 2 end 4 weeks after

25  congenics BMT', 4 weeks after congenic BMT and casiration thymic cellulerity is increaged
ehove control levels. Fig, 19C shows thal there is no significant difference in splenic
cellularity 2 and 4 weeks aficr BMT, Spleen cellularity has reached control Ievels (3.5x107
1.1x10%) in sham-castrated and castrated mice by 2 weeks. Bach group contains 4 to 5

animals. Open bars indicate sham-castrabion; closed bars indicale castralion.

30 Fig. 20: Castration increases the proportion of HSC followiog congenic BMT.
Representalive FACS dot plots Mlustrating c-ki (y-axis) versns sca-1 (x-axis) expression,
HSC are c-%il"sca-1", There is a stgnificant increase in the proportion of donor-derived
H5Cs following castration, 2 and 4 weeks after BMT.
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20 Tig. 24: Castration does not increase peripherel B cell proportions following congenic
BMT. There s no difference in splenic B220 expression comparing castrated and sham-
castraled mice, 2 and 4 weeks after congenic BMT.

Fig. 25: Castralion does nor increase peripheral B cell oumbers following congentcs
BMT. There is no significant difference in B cell numbers 2 and 4 weeks aftsr BMT. 2 weeks
25  afier congenic BMT B cell numbers in Lhe spleen of sham-castrated and castrated mice are
approaching unlreated controd levels (5.0 x 107 + 4.5x10%). Bech group contains 4 ta 5
animals. Open bars indicate sham-castration; closed bars indicate castration

Fig. 26: Donor-derived triple negalive, double positive and CD4 and CDSB sinple
positive thymocyte numbers are increased in castrated mice following BMT. Fig, 26A shows
30  that there were significantly more donor-derived triple negative (CD45.1°'CD3CD4CD8)
thymocyies in the castrated mice compared to the sham-castrated controls 2 and 4 weeks after
BMT (* p<0.03 **p<D.01). Fig. 26B shows there were significanfly more double positive
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after congenic BMI. Fig. 27B shows that there was no sign icant difference
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thynmus (Fig. 29B)._and spleen (Fig. 29C) organ cellula ity was assessed 30
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9y9. 1-Lin 2 Tt il ORAL %nm% b€ gamofovever, by
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castrated ce. gé%ﬁn aﬁﬁdgyrgi g‘;\cg]rlsa]ﬁ%gﬁlrsg%ﬁc%o u Eﬁ?géﬁgh%@&?ﬁg&%&d u
si ng 5t ako Bitteaed sge-matchedomintrols EUBES Lok til4xil6H D8 £ 5omi odmddfEacB cel | s
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cells (Migas@BddmE +1gM ), immature B cells (CD43CDA5E+I gvi+). DonoWOSt
origin was determned with anti-Ly9l, which

Fig. 28: Castration increases the number of donor-derived DC in the thymus 4 weeks
after congenics BMT. As shown in Fig, 28A, donor-defived DC were CD45.1°CD11c*

20 MHCIT'. Fig. 25 shows lhere were significantly more donor-derived thymic DC in the
castraled mice 4 weeks after congenic BMT (*  p<0.03). Dendsilic cell numbers are at
untreated control levels 2 weeks after congenic BMT (1.4x10°£ 2.8x10%, 4 weeks after
congenic BMT dendritc ccll nurnbers are above control levels in castrated mice. Each group
contains 4 to 5 apimels. Open bars indicale sham-castration; closed bars indicate castraor.

25 Figs. 20A-C: Castration enhances immune cell reconstitufion In sllogensic
HSCT recipients. Lethally ircadiated {1300 cGy) CBAY recipients (3 month old} received
transplants with B10.BR TCD BM (5 x 109). ﬁecipienls were eilher castrated or sham-
castraled one day before trangplant, Animals were humanely killed on days 14, 28 and 42
and BM (Fig. 294), thymus (Fig, 29B}, and spleen (Fig. 29C) organ cellularity was assessed

30 *{p<0.05). Each group contained 4 to 5 animals.

Figs. 30A~C: Castation enhances donor-derived TISC and B cells in allogencic
HSCT recipicnts. Caslrated and sham-castrated recipienls were transplanted as in described
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Si gnifica&% % n%re%isaﬁ in cell nunber in the castrated group conpared to the
shantastrate 26 Figs. 324-G Castration don not alter the function
of donordefiverT cells follow ng allogenelc HSCT. Castrated and

shantast r at ed Figsijjidcht Castetion bubneges Hnredytesnd periphiegd T cold recthstibition a5

numbets of "Hbnara B oa T o fpf Qe R B AR AN IREL el SHIPYT, 11
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cells (4 mﬁﬁnmélﬂyaﬁm&@ Hﬂmneapibmg{]ﬁgmlmua) comatsend [mn]ﬁmlcecﬂc-m th

cylometry, DC were defined as CD11chi Ta-khi_ Fig. 31A depicts numbess of TN (CD3"

20 CDACD8") thymocyles. Fig. 31B depicls numbers of DP (CD4HCDEY) thymocytes. Fig.
31C depicts numbers of CD44+ SP (CD3FCD4HCDS") thymoeytes.  Fig. 311 depicls
numbers of CD8+ SP {CD3TCD4-CD8Y) thymocyies. As shown in Fig. 331E, there are
significantly more host-derived DC in castrated recipients at both 14 and 28 days aftar
allogeneic HSCT as compared to sham-castraled control recipients. Additionally, as shown

25  inFig, 31F. there are significanily more doner-derived DC in castrated recipients 28 days
following allageneic HSCT, as compared to sham-castrated controls. Fig. 31G depicts
numbers of peripheral T cells, which were identified using anti-CD¥3, anb-CD4 and anii-CD@.
Donor/host origin was determined with anli-LyS.1, which only reacts with leukocytes of host
origie, Donor CD4 T cells were Ly2.1-CD3TCD4+CIE- and donor CDB T cells were LyY.1-

30  CD3tCD4-CD8*. Bach group contained 4 io 5 animals. Open bars indicare sham-castrated
animals, and closed bars represent castraied animals. * ( p< 0.05) and ¥* (p<0.01) represent a
significant increase in cell number in the castrated group compared to the sham-castrated

control.
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| et hai§y bmldg&dl Ainfdl) 5P BlitiulatodcdBs BRI/ honsk SBleRilEA taS(1 tﬁﬁﬂ. GadRibeq (H 2d)
cells (1 x 10a), C50BL6 TCD DM calls (5 x 106) and 71 ceIIs(flx

10s). Sur HsF & firstchoyr af inenoation ftspekingg| Tﬁwgﬂﬂ@p@m&ﬂmﬂégn%ﬁpﬁate a
TCD- BM omm&ﬁﬂd@ﬂ&p%a&megmﬁé D Rrescl 1 loB arf it G S Fig, 3

represent shanust ated rai pi nes pr esent castjfgat ed
reci pi ent@&d E@h&iﬁﬂywcﬁ%@dﬁ%méf@r@rﬂmMI@Tm epdls Mﬁ@ﬂmﬁsﬁast ration

Cast rat oq ang OB RO T S B SRy L B B o BRERRE,
1 Recthi dlirs.safter tHablempmdeheh 4(i6% werd )rated acihe dahe of allRHSICTL dhe DM ghalovad L-
performed at week 6 following allegeneic HSCT in sham-castrated and castreted mice, and
the swelling was measured by subtracting left hind footpad swell from right hind one. Open
bars indicate sham-cestrated anirpals, and closed bars represent casirated animals.

Tigs. 33A-B: Castration docs not aggrevate GVHD or decrease GVL aclivity in
25  allogencic HSCT recipients. For the experiments depicted in Fig. 33A, lethally irradiated
(1300 cGy) (B6 x C3H} F recipicats {3 months old) received transplants with B6 TCD BM
cells (5x lﬂﬁ} + splenic T cells (0.5 x IEIE}. Survivel is depicted as a Kaplan-Meier
curve. Open circles represent a TCD-BM only (0o T cells) control group (n=4). Closed
circles represent sham-castrated recipients; and open squares represent castraled recipients.
30 Each group conlained § animals. For lhe experiments depicted In Fig. 33B, lethally
irradialed, 3 mopth old BED2FLA recipicnts received P8LS (H-2d) cells {1 x 10°), CS7/BLS

6 5
TCD BM cells (5 x 10} and CS7/BLS T cells (5 x 10 ). Survival is depicted as a Kaplan-
Meier curve, Open circles indicate 2 TCD-BM only (no T cells) control group (a=4). Closed
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7 or PBS (mtrol) by intnperitoneal injection fromday 0O to day 13.

Reci pients killed on day 28 (Fig. 34B) received 10 g/day IL-7 or PBS
(control) fromday 21 to day 28. Thymc ce] Im was calculated fromtotal
cell counts. x(p-c 005) represents a significant increase in cell nunber
to the castrated group conpared to the shorn-castrated control. Control:
sham 10 caseated,, PBS injected reci pients: CC. castratd, PBS injected

reci pients; atcl I L- 7 injected recipients: and H 7& CR
castrat ed, It #VJ ele ecpﬁ%? EWW@W 'SR d an

whol e BM mmk@mﬁi{mntaﬂieﬂﬂ-g-ﬁﬂmland castration. After HPRT equilibration
tenpl ates from castrated andahantaslrated m ce was conpared for W

oabt rat ed and St SR b b 1 G s Santel efit By BF TS
castrated an S a
(Fro 345 f““g’“wﬁ&e‘p ﬁ‘%ﬁ? ”fmm/ “m”@?mﬁﬁ%”’l“’ﬁ“"mﬁ’m BM

1 g. | 0 - |
from ﬁﬁ#ﬁ)'w F@E’ 192&"6?113 Bf dgy 14 (Figy 24 spesired. ip {Bon 46 gt
irUce. fl 73 PBSdsdntdl)iby ﬁ&&uﬁ’é&ﬂﬁ@&bﬁﬂﬂ}ﬂ%b@ﬁwﬂmﬁ%@@ﬂcﬁ%&%m een
fol |l ow ng %@M 5x] dLﬁ BVMm were injected inhavenonfy into it adiated
(800 rod) < o1 Bl (o liﬁ?%?%‘?éﬂ%%ﬂ?ﬂ'& by now
cyt onet ry callulmay wasiSalduldIE] ROLRGIE! B cAuRe &5) B Rh ARsignifeantihGWRe | N

Fig. 35B, .twg weeks War castration and HS there are S|gn|f|cantly nor e

cells in @F@W%&mmwﬂwm@mﬁﬁw@@n@@@bﬁﬁma@t Caneel: gomtr ol s.
Shui | qnlyuﬁémﬁ,b meﬂteﬁ'r&l i2ds; FealdRl tﬁlﬁm%a%ﬁhﬁﬁnhﬂfkgﬁxﬁase | n

thymc cell nu Z, 6 wee nt "as® conpared to sham
cast r at ed-CRHH ?W@ﬂmmﬁ Fﬂﬂ@[[r?)m: mmatgd ﬁbfﬁlpj&ga@mc@pﬂnwl c cell

nunbers aigg ittive T-P@ﬁ%?bﬂ%ﬁfadw%ﬂuﬁ%'ﬁ e%z-:é

pOSt transp ant I1nt castr reC|p|ents gﬁ$8 represeﬁt castrated
reri pi enr Sasupiioge lddtar SIPETT e Bibration tandaied froam euumﬂmndl shanBehasEiter BEA-vRire

Castratio .F]EOIC HSCL M ce
were cast Pa ]E | g%ﬂ?% or%%ﬁ%ﬁ?‘%ﬁ?ﬁ?lg%;kh?ﬂ%hﬁg € Vef e

i nj Fctlég pmuamé8mfi$hfymhmk eﬂtﬂymtceHHM:ﬁﬂ@p!E:ﬁd&alllﬂﬁﬁ;/fﬁle& Hie 3BMmas

anal yze |t + o) vvo ost
-tra%spl a;ll?or Iﬁcmg(% v{iﬁ %&&?ﬁ%ﬁ%?ﬁ ni%)a E'éf‘l %ﬁ Eg aftlon
Were are mu@nﬁg Gmlsuumenﬁmm;ﬂwmﬁﬂhs{ﬁﬁ Si5)VEMD eri BMaeth, A shlead ed

m CeCO”pa&F'g 39I] u?ﬁg?faseat Nmatm s (Fig 36B)

Fig, 35: Castration enhances engrafiment in the BM, thymus, and spleen following

20 HSCT. Mice were casirated I day before coagenic BSCT. 5x10° LyS.1+ BM cells were
injected intravenousty into irradiated (800 rads) C57/BL6 mice. The BM, splecn and thymus
wese analyzed by flow cytometry at vericus Lime points (2-6 V{e:ks) post-transplant. As
zshown m Fig. 35B, two weeks after casiretion and HSCT, there are significently more cells in
the BM of castrated mice as compared lo sham-castrated controls. Similely, 2s skown in Fig.

25  33C, there Is a significant increase in thymic cell number 2, 4 and 6 wecks post-irmnsplant as
compared to sham castrated contrels. As shown in ¥ig, 35C, in the periphery, splenic cell
numbers are also significant(y higher than controls 4 and 6 weeks post-lransplanl. in the
castrated recipients. Gray bars represent castrated reciplents. Black bars represent sham-
caslrelzd controls,

30 Fig. 36A-B: Casfralion enhances engraftment of HSC in the BM following congenic

HSCT. Micc were castrated 1 day before congenic HSCT. 5x10° LyS.1+ BM cells weze
injected intravenously into iradiated {800 rads) C57/BL6 mice. The BM was analyzed for
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Figs. 37k-B: Cartretion enhances engraftrrent of HSC in WCBM fol | ow ng
congenic HS(7f(2.5x106 cells and 5xl0e cells). Mce were caseated 1 day
bef ore congeni cHSCT. 25x106 (I Hg. 3] A-B) or5xl0a (Fig 37C-D) Ly5.1+BM ceps
were injected intravenously into ieediated (800 cads) CS | BL6 nice.
TheBMnvas anal yzed for kin-ckit+sca-1+HSC by flow optonetry at two weeks
post - eaospl ant. Figs- 37A-D depi ct petceo[ of comms |ynphoid preseason

asi ot Ucertry PREFE L BAC D OBER SOMPBH SHb 8 POt AR (6est 4T Bach 1 oc
mce  CONDRdeRSlaftcd BIT ﬁhﬁ?ﬁmﬂ.ﬁulﬁﬂl{l@ﬁﬁﬂl@ﬁ fhercRirggipniAShiB mdcaddopidiordenhances

the into of eng}ai rrent of donorderived DCin die  Wnman follow ng
congeni c HIEEC 8 thp B! tgd gHerssomperee & shagn casitategiroplrals (Hig0B3 | s were
i njected intravenously i nto i adi ahd (800 reds) C571111d who. Thnocytes were

15 anal yzed by Bﬁs,isozmm Qlﬁﬁﬁ'ﬁt]&bn%hén\é& HeRkmeMFHSC inaRe BMBdllowinkictngeaA) -
Donor - deri ved f-i nggj as CD45.1+CDl | c+WHI C cl ass || Jr_CII?’(l;IprggDonor

deri ved C[ﬁﬁ%]l%mn%%aﬂqﬁl eells). %W@é@e’cﬂﬂfﬁeﬁﬁq%ﬁﬁF astrted
mce enra € fe ks af. ' 8B).

Fl 5. son o RESae B8 W or SRR P EPILERL SRt s Rl bRl O | 1
- 20 ':hg siplodaadidted qaw@tmm?mmwm%g?wm IJSH\'EE!rbgt
injected i ayenous EVIEnFFg‘FI rrtj.[aln:us ] m enocyt es
were anal ﬁﬂ&*a %‘i}'% %Egll‘é%g?-t—' 'ftr’pgﬁ?fﬁ g.39A-O).
Ther e ar e Iginghyid pmdwmmmmm AFeer BMT tiéhsplaphBnandadasieatish kel ni ce,

as conpared ,Wi_sham castrated controls, 2 weeks aft s. BMT (Fig.
30D). %5 & yignibeseilyincrspics srapprtion ol Apacdeni v Wa%&&ﬁ%% ?s%&atiﬁ ffphocyt es

was anal Y ZQehpated) (d¥hERRadtAkdidoal8ls (af t >60 years) undergoi ng LEHtI agoni st
hesitation for frowner cancer. Patient sanples were analyzed before

taahnent and 4 s_af er be nin i nst . trea

| ynphocyt e cel %%PS a“ﬁ'f‘gghﬁn\%g?lzrém %quﬂg&%ﬂﬁﬂada?a ﬁ]FroI
val ues bef é%}iggm cﬁa,]&z Selld il SRNGn 1+5iNf ot of
ni ne patients sho‘ﬁg suEl nt S?Q?ncre%gesw‘:}n to}t g?i :%S)hocyhite counts
(in sone ﬂ@%@]@@m@’ﬁmswwmw@&w&m%ﬁs@mdﬁhm‘i'éRIF ng wth
this S ofy tients.
Wt i 1 e okl o o B ai)aﬂmé%?#%%noﬁm&nce SRRl gt
out of niAREHIEBY 8s CUMNFTRI IJHMIOeheaveddl B/ e DaRbLRYFed €D19bF And €SS
distinctive trendwas seen wthin the COB' subset with four out of nine

pati ents SHIILNC ancyigtberdly dnmedagsd inltigdhymii of castrefed mice compared (o sham-
castrated controls 2 weeks after BMT (Fig- 3813).

Figs. 39A-D: Castralion enhances the rate of engraftment of donor-derived B cells in

20  the spleen following congenic HSCT. 51{1[!IE L¥3. 11 BM cells were injected intravenously
into irrndiated (800 rads) C57/BL6 mice. Splenocytes were analyzed by flow cytometry at
two weeks post-transplant (Fig. 39A-C). There are significantly more B220 B cells in the
spleens of castrated mice, as compared the sham-castraled controls, 2 weeks after congenics
BMT (Fig. 39D}

25 Fig. 4(: The phenotypic composilion of perpheral blood lymphocytes was analyzed
in human patients (all >50 years) undergoing L.HRH agonist treatment for prostale cancer,
Patient samples were analyzed before treatment and 4 months after begioning LHRH agonist
treatment. Total lymphocyte cell numbers per m! of blood were al the lower erd of control
values before treatmenl in all palfents. Following (reatment, Six out of nine patients showed

30 substanlal increases in total lymphocyte counls (in some ceses a doubling of total cells was
observed), Comelating with this was an increase in total T cell numbers in six out of nine
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generally to a smaller extent than Mal' T refs. 5 Fig. 41: Analysis of
human patient bl ood before and show LBR}1-agoni st treatnment denonsnted no
substantial changes in the overall proportion of T cells. CD4 or CDS T
cells, and a variable danage in the CD4:CD8 ratio follow ng Reaner[ This

i ndicates the mnimal effect of matnment on the homeostatic mai ntenance of T
call subsets despite W substantial increasein ovenB T cell nunbess

fol | ow ngi4 : g &5&9%5@& “Mal . Fig.
42: Anal :{ugﬁg?#% e'ﬁ%oénportsp%%é’\ms% cells an%ﬁ#y ol ﬁ%ﬁﬁ?%ﬁ? and
mac npbagesihe pitiehis demns irpléng iptreased] levilo ofiCHH Thastiana ess disHudivatrged goes 560 L BBB

agows t WEI rp.aﬂéum md.a varvi ng deqre { chgg& ] |m§ﬂ1bsets.

Whi | e NE, I&g&n nsﬁgs%%p ‘gaﬂé'" Bﬁo%ﬁ%%ﬁ%ﬂmr%ﬁg% re%ﬁvélg'l y const ant

f ol | owi nggenerelyand smdlloeexded fan 0068 Toflls.15 B ail s was decrvsedi u four out of
Wonl otients. IRg. 43: Analysis of the total cell nunbers of B and nyeloid

wells mthin t per.| . hlao h i ﬁ?ﬁﬁ_-- showed

cl ear I%I/M [ ncreaﬂsig'dﬂT ‘g&\'#elﬁisﬁ%tﬁmﬁ%n P?%ﬂ\?félﬁg@éﬁaﬁbr@%a [ e%@?&%&ﬁ%&our out

of nine pdumoaeisdd mnaibsadnbeHaagss if therosemll propbriwnné T cpl, FHE @ )CIBET kellsunber s

post-treatnent.. B cell n%g@gﬁ@md e, di S%tﬁﬁgwﬂ%h tv%nf:ﬁél 20 of

ni ne pati B¥ @Wﬁﬁ’&g‘?’r‘i‘ VE‘PE{? Pt e pa e‘lsgﬁets snow ng no
change andifect dfrteatg@iit onthe BbReospd inefvtenasbovi Tielldabicaaketltel By aihstantial

Fi gs. 44A-B:. Chem cal  gcasiration_ [nhumans enh al ve and menpryT wells. As
shown 1 n IR mrerT G mEshes fo oY BaCEaTIrh ALy LR 3sat SORSRAE 15 B0 ) DT

cel | sipvascemberraed following LI 3BId-A treatnment As shown is Fig 44B, both
nai ve and 25 nenory (CD62Lt DA5RA' CD4SEO7 CD8' T cel Il s nunbers wer eenhanced

follow ng the _LBBB,aqoqi st.treatnent lachbar, represent antisb of 16
pat i ent o =p. WA, & ARAGSR 3¢ PERMAP P D PARY BRRER Ul B 45A. B
Cheni cal masbilagtsywihin dpRipberai bRt hupah pRitatsaindaioiag I IFRTP gy e

nunbers. The phenotypi c.conposition of peripheral bl | ysed in
human pat F—d%ﬂ%@ﬁﬁtﬁiw degrs ghdphety avwc‘ﬁ@ﬁ%@%fl“ﬁﬁ ation with
a LBtil 1-sadsphagé propéribiaembd R tiElgabieak fdRidy i, BemepsrtiolPal | ent s
wer e analﬁ/se primto treatnent _and at 4-nonWs of treatnent. As shown an
Fi g. eelsayasidyerped i feupit RERIG BRERY: peri pheral bl ood was 30

significantly increased followi ng LABH A treatment T his was refl ected by
asignificavt Wiycimaeilpsis6rtchd cofal el nfmbeG¥ B adttbofeDsid celtd withif bigd SB) .

pegipheral blood of hurnan patienis post-treatment showed clearly increased levels cf NK
{five out of nine patients), NKT (four nut of pine patients) and macrophage {thres oul of nine
patients) cell numbers post-treatment. B eell numbers showed no distnct rend with twe out

20  of nine palienls showing increzsed levels; four oui of nine patients showing ne change and
three oul of nine patients showing decreased Ievels.

Figs. 44A-B: Chemical castration in humans enhances naive and memory T cells. As
shown in Fig, 44A, a significant increase in paive (CD62ZL*CD4SRATCD45RO) CD4™ T
cells was observed following LHRH-A treatment, As shown in Fig. 44B, bolh naive amd
25 memory (CD62L'CD45RACD4SRO™) CD8' T cells numbers were enhanced following the
LHRH aponisl trealment. Fach bar represents the mean+1SD of 16 patienls. ¥ = p<0.05; ¥* =
p=0.0] compared to pre-treaftment values.

Fig. 45A-B: Chemical caslration in humans enhances peripheral blood [ymphocyte
numbers. The phenotypic compasition of pedpheral blood was analysed in human palients
30 {all >60years of ege) undergoing chemical castration with a LHRH-A as part of their routine
treatinenl for proslate cancer. Patienls were analysed prior lo treatment and at 4-months of
{reatment. As shown in Fig. 45A, total lymphocyte number per yl peripheral blood was
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Fig. 46A-B; LHRIT-A treanteat effectively depletes scrumtestosterone, and
I ncreases thymc function and T cell export In the Fig. 46A expernent,
prostate cancer 5 palieots were treated with LBRH A for 4 nonths. Bl ood was
anal yzed by FAGS arid scrum was anal yzed by RTA both prior Wtreatnent and
following 4-nmonths of LIBtH A rearrest As shown in Pig. 83A, no |utosWme
was dcrected in patient sera at 4-nonths of LHRHA treamt The bar

repr esent slgh]f&aﬁfﬁajﬂcﬂﬁse&&m%ﬂgqmﬂ{@@&kﬁ%ﬂ. T hid wiab Roflek @d 46 B seiREdTENt

direct evidence for an increase in thymc function and T ra|I export was
found f ol ISTFARHI0L Fﬁ?%sﬁ:@“oﬂuﬂlﬁ% | TeAE §FgASBD patients. Wthin both the
(r)4t and cut T cell population, five out of ten patients showed an

i ncrease (>25%FRDANL-B:NLERALA &Eﬁﬁl&ﬂ%ﬁl@lw IR kerh M tesBRERIN 8ndTRCC | evel s
(per m of bbood) by4 nonths of LHRH A Imatnment This was also iefected in

apr opoodo (thiris TengEpn apdiBHoellaxppy. Infhe HigndtA Bﬁf@m}‘ﬂt’ FI9FatecaRagt aud Wit h
ni x i I evel s.
Only 1 pa? | eéﬁﬁﬁgv&\gﬂ Eﬂaﬁuﬁnﬁg{:{:‘ge@@ llaﬁﬁ%’% %Ilnb@%sﬁﬁei @out égea%%%gle M&AT:

Cheni cal pRabxARA b mébémm&cmmm}lewmgﬁan@t@h@fmm-@em pri or
to LHRH-A A CJ ease

I n NKcel | a but ngﬁlﬁc%eAFFm&géfsa@g%servé%mq?WA ﬁ%%%f esu t}{s arc

pr esent edtra@nenm éthtbarmp@@ntrrthet Bepoifi 15paents dualyz@l. Oln tho Iﬁ@‘ﬂ@ltxpmment
pre-treat ' A8A- B Chem. c S s .does not

i ncreasepro ermt | g?lr %SQ&%%H : m%cnﬂgﬁncg} p?ngggﬁﬁ?(;}lgggelgﬁfw%I | ul ar
prolifer aausémqa&mrdmrbdelmm lﬂgaaﬁéutﬁTWaﬂ]m toénthe (BUE add ODR1 T cell ﬁu;pmbe,nt s,

| evel s of | f-erat (.o t hin naive, at ed. .and . Subsets
for both Fgélﬁdtfﬁ?eﬁpuﬁ%%%ﬁr&dw c%?‘%’% W%@WE Ftered with
LHRH At alsalueTREC Sevklsgper nd DAbIcodyined ishifis eﬂf.fml Imaﬁ::dntﬂeﬂ:bﬂﬁh;m@ﬁl
recovery at. va LOUS ti oints ) ol | .owi HSL cogwl patients
and LHRH a?fﬂe @Wa&% '?'FﬁFJ %mﬂﬂh@ﬂ gﬁlé%fﬁ \@

simlar tmmﬁw&q&u&h&ﬂfe\ﬁ@g mveﬁugﬁmaﬁawwmgmmeoﬂ@d gttt | sREPHS
trans% é reC| '%i%ﬁé& tr Ilogene| C patients who were given
LHRH Eg?'ﬁ showed a significantly higher
nunber of NKr caI | s from D145Mpost 30 transplant (Fig. 49C data is
expressed as nEignd7:| Clsbitdtasraléh maﬁmﬂsamaﬁmpﬂm&)mbeﬁi @nabBis wa@GS anal ysi s

of NKF Cel | eco st_ltn t_various ti s da 14 28 and35)
fol | owin SREH %M%ﬁ%ﬂg%ﬁ Chasis & sisplipdaerae a1
a0ogenei cmﬂ’ﬁKeei!ss bulamdBwaEs seeﬁhsmedammmﬂw &d&lﬂauﬂt&sult& arc prescnted as
CDB+popel ﬁt 'HPCQE;@H[}'&O Isj patienls. ** = p<0.0] compared to pre-treatment values.

20 Figs. 48A-B: Chemical castration in humans does nol increase proliferation of T
cells, Figs. 48A-B depict analyses of cellular proliferation performed using Ki-67 antigen
detection, In all patienis, levels of proliferation within naive, activated and memory cell
subsets for both CD4™ (Fig. 484) and CD8* T cells {Fig. 48B), was not altered with LHRH-A
treatment,

25 Figs. 49A-C: Analysis of natyral killer (NK) ceil recovery at various time points (2-8
weeks) following HSCT in control patients and LHRH-A trealed patients. As shown in Figs.
49A-B, respectively, a similar rend was observed lor both control allogencic and aulologous
transplant recipients. In contrest, allogeneic patients who were given LHRH-A keatmment 3
weeks prior to HSCT showed a significantly higher aumber of NKT cells from Di4-5M post-

30 tansplani (Fig. 49C; data Is expressed as mean & 1 SEM of 6-20 palieats; ¥=p=0.05).

Fig. 50: FACS analysis of NKT cell reconstitulion at various lime points {day 14, 21,
28 and 35) following HSCT in control pahients. An early recovery was observed in
31



transpl ant, which indi cat edexhal hym ccoman of regeneration. Aso, CD4+NRT
cells were evident fiom | nonthpost-banspl ant Figs.51A-B: Bcell
Enovsdntion fall owi ng F[ SCT avaficus tinmepoints(2-12 5 nonths) follow ng
HSCT in control patients. As shown in Fig. 51B. B cell regeneration occurs
occurring relatively faslw | naut ol ogous transpl ant patients as conpared to
thet of all ogeuacpapenh (Fig, 51A). However, aretumto covnm val ues

(shaded) wRfeiad pefigtd ORE wab Bich!préiord RABY withWERS 058 PRSEcIioRRSY fdkt- i N both
groups. Figs. 52%- B: CD4+remmtintion fo*l oW ng_HSCFﬁgl% var i ousﬁ?i me

poi nt s( 2- EBnsplgntnihich indiqagadiegipuihpmisgentes of reEsALEEHMD bl SDANET eclls wost |

nunbers Wak&- iﬁﬁﬁirlrkh'ﬁﬂ]i: £ £ values by 6 nonths post-transplant (sec
Fi gs. 48A-B) ,u CD4+T ce nﬁﬁﬂgéirs were severely rducd, even at 12 nonths

porttransplan4 in _both sutol ogous (Fi 520) and el | ogenei c, (Fi% 52A)
reci pi ents. Fikjgs3hadi: Bpell resgestitutionit g @§t yargos tme peipisddd2t i nepoi nt s
(2-12 5 15 ppRbisiloial HRMMA chinfel p! ont.r tahs : %gmgmi Fig.
53A- B, COB+T c)el ID_ nunb_teyrrggregeng%%f%dmglﬁﬁl%“eup@a%? I1§' g?gltl runspciﬁanti n both
el | ogenei eccumgeenmied wipbiysly frstaiipawmipgous imesplast patiship a5 omparestio thes o6 hown

inPig. 53 ggﬂg + I L nl f E]Pi\ﬁ' el .} ndi cat ed
by the i nitg:ilr':II asecﬁﬁgi%@g'+#weﬁﬁ1%@éﬁégﬁige gﬁﬁadg‘??ﬁié%ﬂw cells.
20 Fi gs. @ftidaHeasFHGBnme postsixmsiint px dth f@opt.i on in van us popul ati ons of CD
4+ and CD8+T cells before (Fig. 54A) and 2B days after (Fig. 54B) HSCp in

control patie kI . : - he basis
of nerve, nenor 'g%%cﬁ\%ﬁf@ p ﬂeﬁﬁ%&&ﬁﬁ?ﬁ‘fﬁﬁlﬁﬁaﬁﬁﬁg RO and
CD27. 10rh empstheyfoliopwing PEETIiA eonticd patiatsn &¢hileB cellBBumbErscwdrt resurbing tg canfick h
further ingl e | | re ' I riy nd. 25 t hat
the pred o‘srh%nagﬁ g I%#L%}ﬁrpé' P I—%ltégmﬁ@uﬁ%ﬁﬁm %‘gﬁejf“?("b%g? gf”%gfm%gﬁ?

subset s. Teffumgd, FBAaD2 iafthegoBdtranspletyenanohbrloginy g OXRE ) fandh el lqgemstic ( 2- 12

nont hs) @;ol Ijg&p% HS&T in controf Patients and LI SRFI-A treatdpatients.
Fig, 55A Uepi REE™ anal ysis of nafve CD4+T cells (CD45RA+CDASROLD62L+) m

control (no LHRH-A treatment) padeuts, and shows asevers |oss of these
cel | s t hr oughdilgs. 6hé&- St G+ rgenerhbwrfollowisg HBCT. at 5&0euE tinweiowds @R+ T cel |

it ol B0 ARG A8R g PSR RATRE A i MR B3 RV D | | e
t han t henwnbrrsropcnesiodemite repidly poperensplaobintbedd ellpgtredndns spelogoub50) . These
resul ts i adl Gk SdsdePier! Prowéver, as shown in Fig, 53C, the CD3+ T cells are mainly of

extrathymic origin as indicated by the increase in TCRyS+ T CD8+ T cells, CDSaa T cells,

and CD28CD8* T cells.

20 Figs. 34A-B: FACS analysis of prolileralion in vadous populations of CD44- and
CD8+ T cells before (TFig. 54.A) and 28 days after (Fig. 54B) HSCT in coatrol patienls using
the marker Ki-67. Cells were analyzed on the basis of nalve, memory and activated
phenctypes using the markers CD45R O and CD27. The majority of proliferation occurmred in
CDE+ T cell subset, which further indicated that these cells were extrathymically derived and

25  1that the predominance of proliferalion occurred wilhin peripheral T cell subsels.

Ifigs, 55A-D: Naive CD44+ T cell regeneration at varions time points {2-12 months}
following HSCT in control patients and [LHRH-A (reated patients, Fig, 55A deplicts FACS
analysts of naive CD44+ T cells (CD4SRA+CD45RO-CD62L) in control {poc LHRH-A
treatment) patienis, and shows a severe loss of these cells throughou! the study. As shown in

30  Pigs. 55B-C, naivc CD4+ T cell began to regenerats in the contrel paients by 12 months
post-HSCT in antologous transplant patienls (Fig. 55C) but were still constderably lJower than
the conrro! values in allogeneis control patieats (Fig. 5B). These results indicated that the
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Thymus was unabl e to restore adequate nunbers of naiveT cells in regard
patients post- tansplant due to he age of the patients. In conlraa4 in
patients that were given LHRI J-A 3- weeks primto allogeneic HSCp showed
asignificantly higher nunmber of ns(ve 194+T cells atboth9 & 12 nont hs post
-t ansplant conpared to controls (Pig. 55D). This indicates 5 enhanced
regeneration of the thym c-dependem T cell pat hvvay W th sex steroi d

SPISet L?gs ﬂ?g’%{ %axﬁﬁg%r#eve En%%ﬁlﬁ%% %ﬁ%}e mé&%ﬂ%:ﬁ? Sl | oV\npg]g

HSCTto ¢ eﬁnaphint hette ﬂtsaganﬂhtmfhﬂ g eds tpatpﬂmthab%ﬁé yives LHRETABC

| evel s, V\/m ere onl ent S E si zed
the i nabi I p(%'fjr Euhﬂﬁ EW??&?‘S%QP 5?@%%%&#8?&@%“@@?%[{%?&
both all Ogﬂﬂﬂtﬂ&(ﬂlgﬂnl&?pn@—uﬂﬂﬂaﬁﬂﬂambﬂﬁ@m&bﬁ (Fig2B)D)p dhiseidigatesAgai N,
this e to the age of the patients as well as the |ack_of thymc

functi ‘f%lr?w an ofthey -depsndpel el iy yayighics siormsd elaietons in t he
nor bi dltyuemﬁ @Q@izle&ymeédm%ﬁt@m 620 paltbiPNLABlpsPpat i ent's under goi ng

al  ogeani c peripheral bl ood stemcell haoapl aal atiron denonstrated a
significant ingrease is_CD4+TRHC+ cells/m bl ood when treated with an 15
LHRH A prior tBE&~H8- e eYels grIon Limei POEHLE Tmonths) olyins HSGE in

transpl angoRm Fgwaﬁgmwmwpﬂkhﬁmmmﬂﬁc@eh%ﬁ%&ﬁb éegﬁ‘ts who

were given LHRH At eatnent showed significantl

CD4+TRBC ic@pang WWW%@E@M@@ inghilifp pﬁﬁp tr(:.msgu regeE)levdnpared to

e G b e

enhanced ﬂ%‘éﬁdﬂafﬂ@ﬁmﬂﬁmﬁemﬂwws wall ehthedackaif ¢hryoiid faotien dueio tﬂyamapy Dat a
is expres YRR 7A- L RH A
adni ni strgjtﬁfb(})]l en ance:gér espgnlépégdn%g%hﬁﬂéwm% mgh%ﬁf%'ﬁ a E

fol | owi ngnedonbab\ratiensingeigome)lopmeic geriplicrs blosd (sﬁn:ppa]lfﬁia@yldﬂ%ﬁu Thr ee

ocerve t Rl sipBAluF MeRallh SR ARBC s cllpn pPpE Honf Bl o

specilic bHRM@tmm aﬂag:npemmaptmdmos (@0 at BnddntiSHastaradspléhl pmpﬁl'&d tCD2B

s, | SrReHP IR, G PN b g G Th Ml e PR et "

proli ferashowed aegptﬁna:elyl:(igmsﬁﬁsimd nb&D@H&ﬂHﬂiﬁ’ﬂeﬂm blved apbmahihopgstconpar ed to

cenhnq p t exce m)nt h due o | ow
pati ent nu rirzl afr féé? “amafm&ﬁ‘i S‘t f ‘}gﬂ]ﬁ lﬁ‘iﬂ‘% 3 alsd
post-r ansqiiuarmi agmﬁmﬂy higheclavds sad nﬁuﬂisl@ﬁt-t&@@ﬂﬁ:lﬂf{ﬂgems "Ilhfs ifdi@ated I €at msnt

val u ver at all r.tine- were con5| derably | ower.
cont ract , ﬂﬁﬁﬂﬁ%ﬁ“@&*ﬂﬁmﬂms Wi é'&ﬁﬁ/é‘i’l Fi@é'%g?ﬂasal I
ti Me- poi NixgareXCEHM & 5-18 palients. ¥=p<0.01.

Fig. 57A-C: LHRH-A adminisiralion enhances responsiveness to TCR specific
stimulation following allogeneic (Fig. S7A-B) and autologons (Fig, 57CY HSCT, Three
weelks prior to HSCT, patienls were given LHRH-A  Patients who did not receive the agonist

25  were used as control patients, Anelysis of TCR specific stimulation wes performed using 5 pg
anti-CD3 and 1G pg ant-CD2B cross-linking at various time points {1-12 months) post-
transplant. As shown in Figs. 37VA-B, allogeneic LHRH-A treated patients showed enhanced
proliferative responses (assessed by “H-Thymidine incorporalion) compared to control
patents at all lime-points except 6 and % months (due to low patent numbers analyzed at this

30 tme). At6and9 months post-lransplant conirol patients had similar responsiveness to pre-
treatment valucs. However ar all other time-points, ey were considerably lower. In
contrast, LHIRRH-A treated patienis had equivalent responsiveness af all time-points except 6
months compared to pre-reatment. LHRH-A treated palients showed enhanced proliferative
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nont hs conpared to pre-treatnment. LHRH A treat d patients showed enhanced
proliferative 33 responses (assessed bysH Thym al ne i ncorpontiov) conpared
to control patients at 1, 3 and 4 nonths post-Ilcunplant This indicates a
contribution of direct penphem T cell effects, as new nd+ T cells am not
evideotuntil at least 1-2 nonths posrtansplant (Fig SIB;, Data is expressed
as nean}I SP, MO SI2 patients. *=p~0.05;**=p~0 ol). As showniv Fig. 59C. 5

m ol ogouskhBRd afehiedh qi_@ﬂ%[h' AMeS &pl%xﬁ& g%ggg& | Y ponses
(assessed b!);l/ 31(-1-Thyrri%i vel ncor porati on n?o regb%ﬂ%hﬁeg%apg’t:{igﬁts at
al | ti me- paruths pestdmpspanto This indicoRe @ xenfiihetianmf girect puriphenbficel) affects anas
observed -1 splant | ot cont LEBH treated
pat i ents.H%%gi% %aA'gﬂg‘?a%&ﬁ &%Q%R%l S ?sé? ng%ﬂnmg%@? 1%% olﬁ'séli@;;]l@asmsmto PWM
and Ty léxpessatmnhenttSHERbAS-IDpaidatsl svi-amsari-ggent). cAkEGhn il Fige 67gpeks

prior to , tients re.treated wth LBRHA Patients who did not
recei v% tﬁl}g%é%‘ﬁﬁsﬁ% Eﬂa\ﬁ@éﬁ“% Heired srhangedarelijprativesrspopees {asgissod R geni ¢
responsi vEnah§midias REFHREETRY cdtipardi 13 QKSR ALTRNR AR Hme pBIM cxRipt SGEGTILS
toxoid (TJI) at various time points (1-12 nouths) post-hanplant. Patients

trtatcl OTEfLpR- o Aresfreakment yalugsay e bhl mpbcrg-irasplonidn bethess t o

PW v ( Fi gonbPard i rAN abdied fatibhes ©B) stinulation at all tinp-pow6
st udi edconpared to control patients. Fig. 59A-B: LBRH A adutiwstrution

enhances respopsi venﬁss tQ PWM and TT androgenic stimulation follow ng

aut ol ogans HsaF'8riAsPs LERE & yslpupistrasiongehancesyespapaienessde BWMard TF v t h
LHRH f9 Pajnit6gtntc stidulatiod fORMwinEARLYRId HSCRIPReS eliB LR HRIISES, paliHid O

patients. Analysis ofmtogmc responsiveness was pedoned using PW or |IT at

various 2Wefrddas giinlHRH-2. Faienlssyhorid neimsesivethe monisewers vpstasgomraln LHRH A
rior to | ' nd TT
pri bs. ARAYRLFABE RSt VB0 orka0l R dofebfcod i0Mee

(Fig. 59 stinul ation at "the . t 1 nme- pol onpared to
cont r ol PElefaang oraid SFT) yeknul Eme mwijats (- [ 2mentds pert-sransplaat sPitients,

LHRH A t r gakedy et HR Ht_g nas rfg,(tth;] B?Hﬁ o Fﬁ@@ﬁ | . HRH A
treat nment enhances the Blite o engrgg’ﬁﬁ%%n %Eﬁg%gﬁ%gggéssgg% E’atients.
Thr eelive e3&A)mod dT Fig. SRRBimydatine ptadl tiwe-pointsetudied coinpared #HRBLUA paleys. GOA,
C and D). Patients who did nrreceivethe agonist were used as control

patients (Fi 0rigEdaln, 1intah idiGriloR O fEL ol lonOG eib AR FEaNUl OCYT @
at nd 3

(G counts_per_p'd_ of bl ood were etem ne ays 14, 28, and 35 post
t r anspl arfuiREeniGREERl4ten Mg wingmntolegeys BiS6do Bweepereksamios tHECRepasicnfs ven

povt £ r anogp ot e MG EEIEAS Fal PO lag T P e bl R B0B L ng
pattents. Analysis of mitogenic responsiveness was peformed nging PWM or 'I'T at varions
20  tme point (1-12 months) posi-iransplant. Palienis treated with LHRH-A prior to HSCT
showed an enhaaced responsiveness lo PWM (Fig. 59A) and TT (Fig. 598) stimulation ar the
majority of Gme-poinis studied compared to control patients (p=0.001 at 3 monlhs), By 12-
months post-transplani, LHRH-A treated patients had restored responsiveness.

Figs. 60A-D. LHRH-A treatment enhances the rate of engrafiment in sutclogous

23  HSCT patients. Three weeks prior to HSCT, patients were Ureated with LHRH-A (Figs. S0A,
Cand D). Patients who did not receive the agonist were used as control patisnts (Rigs. G0B).
Total whiie blood cell (WBC) counts and pranulocyte () counts per pl of blood were
determined at days 14, 28, and 33 post lansplant. As shown in Fig. 604, auiologous
patienis who were given LHRH-A treatment showed a signiffcantly higher number of WBC

30 at D14 post-transplant compared fo controls (Fig. 60B} (p<0.03), with 87% showing
granulocyte engraftinent 2500 cells/l blood} compared to 45% of controls (p=<0.035) at this
lime poiot. Autologous paticnts who were giver LHRH-A Ireatment also showed a
signiftcantly higher anmber of nentrophils at 10-12 post-transplant compared Lo controls
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granul ocyte engraftnent (>500 cob/pd bl ood) conpared to 45% of controls
(p_.0S) at this tine point. Autol ogous pati eNS who were given LIBHT-A
treatment al so showed a significantynppernunber of neal nphis

at Dl O | 2post-tranpl ant conpeted Wwutials 34 (Fig. 60C, data is express d
as nmeedlSBM of 8-20 patient. s=p<0.05). In addition. although not
significant. autologous patients had hi pper |ynphocyte counts throughout

the tine [ I n LURE- 0 “t ontral. group (Fig.
6D).  Fi ot (R et o o s E DA CRRR S r B 0SE R el ¢ ot 1 1

al | ogenei elthinghifoiTgigaiifreint, anibivpee paeattshddhigielyrphdeyiEaiunenbroig@est gar d W th
LHRH A (Aiﬂ%" 6] A )gﬁn . Patients who did not receive 5he agoni st were
used as cSAFISMAana ?%%%TAW‘#]@mWé?WIWBP@dﬁ@Q 1 (BC) counts
and granul acyre (0) counts per pl of blood were determ ned at day 14, 28,

and 35 post trHgspbbhD: AHRAWRedtfert gha@tA i 09 6N eh@aipidit @ alopatBe Wer e
gi ven #HRIF%ﬁgtr at.nme shg%gfl a si %{,i cantly hi gher nunber of V\& at D14
10 posP-t ;ﬁaﬁﬁ%m-c@ﬁfﬁaﬁ'f P&%&ﬁ-‘? Popiywers pegted Fih OB EFrescobh.
showi ng gICNasHaBY tFalies e WRERS iR 3R] AgahisOwite AL asCRRPATRAdOFHRS ¥1 85,
controls %}zpiw s tinme point In addition, allogeneic patients who were

gi ven LI | vibite flopdh el EWREY counts grd ramaaineysp (61) ornts (rsrie of ploodewe®phi | s

at D9, 12 &etdShiRasis, S %&‘ﬂ : [ . -l

expressed as rrean_l_té% qg?ﬁ&%ﬁ %g?'f%nt . %ﬁiﬁ)ona{ :];L,Feé;r?gﬁ’ si g %%@B%h%ar ents

under goi n¥1p &t Birn LERTddireptraont skowed: & siemifirmmly Anghonn wEWBE a8 D4

Si gni fih caphst- ' S : e A

ot {or 11 o BiFF GaBLRE Spiled (TRNERE B3 MIh° (100D WiGO5AE dbils Phubhidie

post - t r anggaRfEEgnt (ZRQ) celbhd)blogl) gomeared Fo HER0E petidld et iy tiphgoit. T Ioel |
roliferagidé, S Qggfa d_.. W &hy n f castration. H gh

\R/eekl-ol d %jceime%rﬁgg%ra%%t}?%%@san %na %%rugd or %‘n%‘lﬁ% %B?F%ﬁat Tlgrt'bﬁafgy o).

st i nul at ebighermadiber of isdtgpptiils weDP LB 19 poft-imydar(t Ebmpared Ry ontols dFig. d1C;sai d 7

days (Fi D,_and F [.Syr . ..Periphe cetvical, il ary,

br )altchi( al gg‘ar‘\%?ﬁz%‘g‘ﬁ%ﬁ asl'?#ﬂﬁﬁr%&e“ (%ﬁ'@;éﬂt‘%@ ’%ﬁ'&ﬁ@%]; Mi%%ﬁﬁynode

(Fi gsl5 62pxtmnd \mylsrgehy sepiphanl biobd Stend BAD SrandPihBitig embnsn@ieg £ kighitkatied

wi th varying concentrations of enti-CD3 aad, ce-sti ted. with_anti-Urns
at a cons?‘&'%ﬁs&céﬁc@mpﬁg?%ﬁnﬁ‘?“m Yy m&o'r“ﬂ&ga‘h -Aedmor (fe AlogeHERpul sed

25 with tmdsplasdtibhipr@isAeddye 10,18, IP&N1F-ANhsPlirfishIhAS gﬁ%_qgmy\_/as measured as
S.

aH T incorporation. Dianonds indicate castrated ani ma Squares indicate
shantastral d Cﬁngé_%ggdﬁ? L.Ce-  N=d, XE%OIOE con:paranetric, unpaired,
Venn- Whi t ney SHPTSRBTT § B eReLLis TRt TSR IoRe i SRR s
responsi veiis ont wedkCH cipteatich Eiphbiveakidla irii@wdire kdsawicd gnd A@BEERRE adthbr chroni c
cances, s er at.i e i th oni c
50 SUEDSLEE SR RIS 1 e S0 response 3 days (Figs. 624, C, and F) and 7
days (Figs. 62B, I}, and F) after surgery. Peripheral (cervical, axillary, brachial and inpuinal)
lymph node (Figs. 62ZA ard B), mesenleric lymph node (Figs. 62C and D), and spleen cells
{Figs. 62 and F} were stimulated with varying concentrations of enti-CD3 and co-stimulated
with anli-CID28 at a conslent conceniration of 10 pg/ml for 48 hours. Cells were then pulsed
25  wilh tritieted thymidine for 18 hours and proliferation was meosured as *H-T incorporation.
Diarnonds indicate castrated agimals. Squares indicate sham-castraled contral mice. n=4,
¥p<0.05 (pon-parametric, unpaired, Mann-Whitney slafisticnl test),

Fig. 63: LHRH-A adminisiration enhances responsiveness to TCR specific
stimuladon following treatment for chronic cancer sufferers. Patients with chronic
30 malignancics were ireated with LHRH-A. Analysis of TCR specific simulalfon was
performed vsing anfi-CI3 and anti-CDX28 cross-linking from at various time points {(day 7 —
12 monihs) following LHRH-A adminfsiration. LHRH-A [reated patients showed enhanced
proliferative responses (assessed by 3[{-Thyruidins incorporation) compared to pre-treatment
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30 malignancies were realedwi th LHRH A Analysis of TCR specific stinulation
was perfornmed using anti-CD3 and anti Cr28 crass-linking fromat various
time poiots (day 7- 12 nonths) followi ng LHRH A adm nistration. LHRH A
treated patients showed enhanced proliferative responses (assessed by

sH Thym di ei ncorporation) conpared no pre-treatnent 35 levels in a
cyclical fashion This reflected the adm ni seylon of the agonist with

mont hly  daplstin 0pytical Fmion] TakGefethid e iRThiGRBnDE the Lh‘?ﬁﬁlst'ﬂm on
peuphenl Tooth. Howevyer,'be _ enhanced response seen at” 12-nml hs
post - heet AERDE P %Fcthé%rﬁgd Wm%%eﬁvwnnﬁmnhgmé?mlﬂuwm@e

agoni st agﬁnm Q'%E&Eg ﬂnééi? %ﬁﬁﬂ Fl gur us
64A- E arepawaphs ShOWI ng that thy ctorry oes not |$'rpact the e ect of sex

steroid 2B el BB oSt adwinigvatiby waiespebddvoge himomths ot AkpaBMig.Fi g.  724),
total BMB cells (Fig ]ZB) imature B cells is the BM (Fig. 64C).

(Fio, op) oog G B sk il togmb by oy R B e SR 6 gpiacP e

sci enti fi c MhikidemBlFleon @m¢mb01ﬁemmmmah¢ Bbh@%e. RAAMaegeMthedlsi s

avai |l abl e t Eﬁg#d

applicati onghé 28% :Msl #or el gn appl E}%g‘%ﬁ%@?}ﬁ%nce?&nﬁﬁﬁudl ng
GeoBank dat abase saf ueur’@,}uthmtolﬂiﬂe:cﬂxhﬂue@lmmﬁgw?m]e her eby i ncor por at ed
by reference is its entirety to the same extent asif each was specifically
and individually indicated to be incorpora ed by reference. The present

i nvention conprises nmethods for increasing the BMfunctionality, follow ng
sex steroid ablation and/or interruption of sex steroid signalling, either
wi thout, prior to, or in conbination with. thynus regeneration.
"Increasing the function of BM and 10 "enhanci ng BMunctionality" is
herein defued as an inprovenent in but, goods ction and/or output of

i mmune cells, including pntureors, for exanple MC (and consequent increases
in blood nm.s)fromthe EM including inprovenment inheenopoiesis and/or
enbancenment of engrafinentfoll ow ngHSCT. "An inprovenent in output”
includes, but is not limted to, an inproved ability to nobilize inmune
coils, including HSC into the periphery or to a target 15 tissue, in
particul ar, imune or damaged tissue. In one enbodi nent. HSC haenopoi esi s
is inproved, in another enbodinent, 11SC output is inproved. In certain
enbodi nents, blood and/or inmmune cell nunbers are increased. hr yet

anot her enbodi nent, HSC engnt hoent is inproved follow ng HSCT, b anot her
enbodi ment HSC nobilization into the periphery or
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hom ng to Larger tissue is inproveWln yet matherenbodi nent. proliferative
ability, and/or 20 the ability to differentiate into haematopoictic or

non- haenopoitetic progeny is inproved The present invention elso conprises
met hods for increasing the function of T cells and other imune cells
followi ng sex slemd ablation and/or interruption of sex steroid

signaling. either without, prior W or in conbination with, thynus

regeneration. The terngmmmmﬁﬁ'mgh@%@ﬁ i mmune systent not
used i ntescbangezbly and aré herein ef 1 ned as : sells, B sells.
DC. and/or othgr blood cells, including, but nor limted t C progeny,
CLP, KELP, |yn§$?d@§ﬁ%%%dweﬁﬁwm%w&f&rwé%wm§ﬁt%aﬁ ge flakis o phps |
eosi Nopbi lagaildlelio thiose WiREEI & fhe 2f:€ GnblsaRA 102 phnts"RpAEMAS publREEDPhage,
nave T reels, and precursors of the aforenentioned The cells may or may

not be perPisiRARRlicatinny. adacleemres, malpding SepRankdiasasspqusaes dhatifir &2t t he
BM bl god pespl ﬁ@&mﬂwﬂwﬁ&%ﬁﬁgﬁﬁgﬁg@e@immﬁtq :ﬁgsﬁﬁggtédﬁaéﬁeﬁﬁ' or

other tissues_ "lncréased  or " unctional ity I mune cal ['s npans
t hat the ispraifirally and isdividpaliyiodigalath febetincoppasalidiey mierebequat e required i rmune
response, when conpared to the 37 i nmune response vommB-expected w hw sex

steroid abl atipg rés@nﬂﬂ?enﬁ@ﬁ@amﬁ%s Mﬂﬁ%ﬁ%@%ﬂ%ﬁ@ﬁh@%bﬁﬂmﬁwom

exanpl es, thei vwineceus area cells, DC, an o _
"| her eas edelATarg s/ ateraid ehlation padéor inierripgomofisex sigioidelznalling, igreowihodti | i ag of

target cellss:, | ?:ﬂﬁlﬁﬁia | z i kgnal i ng
ability, |p#1§rr I&{%rgﬁ om ngd%%ﬁwp{%%dwgﬁéa |Cg%5%@fél§%ed

| evel 400or “arnsing BMdtnetivoaliy disderaieddfinad s inprovemksdu heproducide stiiorul at ory
nol ecul es; LS. incr rel t ki nes. .
wher! euk; Cuarsangt. ARRAhARR: pORRFENERARRIT PR e (a0)
in the pl &ywdcelshbomitecBka srethdinpielpsovefubuatAm fieeniopoitsis fyd/¢reenancemedtwt al
kKiller (NA . ophi L s macr oph S, c.) .i.n the.blyd and

t hr oughoue s olPTandESGEn B Rttt FORBRE e BS: brrdd yoh RIS AR T s
pr ecur sor ixpiokei abilite memdslizdimmeercely el B#Q fatothb geriphgarorild s eldel f or

ashort .tine, but after. 34 wee such cells ar depl and . . .
ewhert ofsisu el o R ol T Bne ermpioepL. HSP5 bORORGIeFS i ¢ he
bone mar improvida T endilied echbiAiivye FISCR G isimpRQEdIEln dbiii6 kinbodiney® Highd hynus,
t he uptakﬁmgf . such i‘ell Is very low,. i.e., suffi jenté_ts?:;rrai tain T sell
product i o A"RPHETRNST 511 TS A8 Ige R get pprhere manh St 851 i ct ed
to HSC or iraproleddslowing HBIUT Vb anothéreihbadinRadiSC Raveizabdlieh o faiphdewvel opment

along the, T cell |ineage, .During _sex steroid inhibitign, .th
9 humﬁlg 0 target Essgeus improved. In yet ﬂnulle:larm.hucﬁmant, th?fcraﬂve a%ﬂity. and/or

20 the abifity to dilferentiate into haesmatopoietic or nen-hasmopoitetic progeny is improved.,

The present invention dlso comprises methods for increasing the function of T cells
and other immune cells following sex stercid ablalion end/or interruption of sex steroid -
signaling, eilther without, prior to, or in combinalion with, thymus regeneration, The terms
“immumne cells"” and “cells of the immune system” are used interchangeably and are hereln

25  defined as HSC, T cells, B cells, DC, andfor other blood cells, including, but not limited to
HSC progeny, CLP, MLP, lymphocytes, myeloid cells, nentrophils, granulocyles, basophils,
epsinophils, NK, NKT, platelets, red blood cclls, monocytes, macrophage, naive T cells, and
precursors of the aforementioned. The cells may or may not be peripherel, and the cells may
Dbe fottnd in any one or more of Lhe BM, blocd, spleen, [ymph nodes, thymus. mucosal

30 membranes, skin, or ofher fssues,

“lncreased” or “enhanced funciionality” of immuce cells means that the immune cells

ar: more able o provide an adequate required immune response, when compared to the
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t hymus becones very receptive to new precursor cells circulating in the

bl ood. By increasing be |evel of the blood precursor cells, the Tcells
derived fromthemw || progressively enter theT cell pool. This neans that
a gene int oducedinto the precrosns (e.g., the HSC) maybe 20 passed onto
all progeny T cells and eventually he present in nmuch of be T cell pool.
The |evel ofdom nance of West cells over those derived form endogenous

host HSC imEyuus@espbiise noARAL dxfedid kil BRS FREIPELINIVED i ofY cakd, #RSHheHRe _
exogenous §§C e gr sent invention stens from be discovery that disrupting
sex st er of% E‘T"dmu%“ qther examples. Sipimpiae pally arerke gells. Bondnd/ogH gnf t

transpl amtaétRed AREdicialiky® indhRRE Wul &b Mnidd'd) imBroved iifling of Bargd Tij St T at i on
of donor cells ie%ePH&?éye f acWit es W accept'elmcet;'y e pgatie%%i of "the donor

al | ogr af tinciessed Bfolifavative reaponsst impraved rignalingbiliing dmprovedneting  of

cel I's,5 sUgi@Sim Ao P‘%Ej =ik e, WEH | ' i1ng, a new
or m)dsel gﬂﬂii n”rrull?eﬁﬁglst em |;§Qﬁ'€?dig'at e ﬁ%nlégﬁuc{u n frg%éé&%g%g%hﬁ%légs aud/ or
responds melceesi gravestignlatry radleafpsaderresed epdosis; wsrased rtleese Af geoltindss seen

as "self,: 9'93'20% ﬁﬁ{ | ).l n ong e i 1 c_grafts.cant be
used in tlﬁigﬁrre bds o &%wg%%%%'i%cn#%ﬁﬂfﬁ‘% gg %h’g(rﬁ%%ﬁlg‘?m?’ﬁﬁd donor
cel | s or ingkerdiryelsphinpite omaity (e foaturdl killko(NE) @ity @I, Meakophils,hymi c grafts

are when mo[&%é te%'t:#lél: %hﬁég&ﬁ%ﬁh’g‘[@“%%& e tient's thymus is resistant to

regenerati on, ‘tain enbodi ments, a thymc 38
xonognmit to induce tolerance is usd(see.e.g, U S Patent NO 5, 65&564).
nmot hel®  enbodiliregsnsmnte anw ! lyopbodytest thy thyoug regfiires eansar callspthtseans pé ant ed

calls may, S i i.d_pEoO Ltar cell elqid progenitor rolls.
epr hel | aldegll‘:;em Fai %@@%ﬁ%ﬁ%ﬁ%ﬁ%@ﬁt %g%r"é%gsnts&i HtFon

al sopr ovidtekled and neve hematbjrdetic soom ckdls (NSCYmodt bk s in; giplcal ywWhb@thobmeot es

upt ake a ifferentiglion of the cells_.into cells. The transpl anted
ceps my%&rﬁ%ﬂn f:tl:'(i?)‘:'ﬁ';ll' a&%‘?’ﬁﬁﬁwn ﬁﬂﬂﬁ‘l}ﬂ?@&ﬁ%irwﬂﬁéhweg? H?@g‘? dinto a
pati ent whcsell yversloins .2 aiffidef tomansir0T cdEprdgudtion af ivvabashdaylyt he nmet hods
of thi:s invention. Th pt.i onal | . I fredstem and progenitor cells are

C akeroup BUCAE ety iRt foetedts GG o Iear PetyReRtr VHEh terE . i
cel l's, anuveiheferaell devalopaidmedbnsiid Tealltheh ity MifFing Ve sc @RI RAibLFHDE: hr at | ons
are present inlist hansplanhd cell, each of these new cells contains the
genetic 15 ﬁ%lﬁ%@ﬁ?&ﬂﬂ%@m%@wwmwwwﬁﬁmts,
the cel | sheleeel @€ e bldod PradrsbOcdl B AP RckIRHeriWibitorh Brd it frofSssivRRUInRS O

reacti vatug. | n, ot aje,éxbodi meo6, the cells_ are estrumterd w thout, prior to,
or mMmwrt %’FP‘QIW ‘W TPR IR (bt Jaras mipdnsed Inip (s prestses (e ERénmapy bene

cel | 20ar @aaeiitb 911 fREny T cells and eventually be present in much of the T cell pool. The
Ievel of dominance of thess cells over those derived from endogenous host HSC may be

increased to by increasing the number of transferred exogenous HSC.

The present invention stems from the discovery Lhat distupting sex steroid sigualing in
a paticat who requires a donor allograft iransplantation, pricr to, concurren(ly with, or after
25  administration of donor cells {e.g., HSC), facilitates the acceptance by the patient of the
denor allogreft. In some embodiments, the patient also receives a transter of cells, such as
HS5C, from the donor, As the thymus is reactivating, a new or meodified Immuns system is
crealed, one that ne longer recognizes andfor responds 1o andigens on the allograft. In olher
words, (he allograft Is seen as “self,” and not as foreign.

30 In one cmbodimeni, thymic grafts can be used in the methods of the invention to
improve engrafiment of the donor cells or Inlerance to the donor grafi. In some
embodiments, thymic grafis are when the patient is athymic, when the patient”s thymus is
registant to regeneration, or to hasten regeneration. Io certain embodiments, a thymic
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15 when di sreption of sex srem dndi at ed srgaal i ugis begun In one enbodi nent,
stemcells amtransplanted into therecipieut. 'l be semcells my be

hemat opoi etic stemcells, epithelial stemcolts, or conbinatons thereof In
anot her enbodi nent, progenitor cells are transplanted to the recipient.
The progenitor wells may be | ynphoid progenitor cells, nyeloid progenitor
calls, or conbinations thereof fe yet anther enbrdinent, the cells sure

(MB4+ or 4MREM 16 Gnddebiol EE%BS{:@%E BRf S Pafls B%'ﬁw el dpk LS are

eurol ogous, I'n otherenbdi ments the transpl ant elg cells a?'e Jonaun ogous In
t he event cmbedimssincmt dlogguohyoereft jsused.| s are used, tol erance to these
cells is <created during the pronos of thynus reactivation, During or after

theinitiation | | 1 S | i . -

rel evant (genet ?%%F%ﬁ% g&%&?‘?%%%&%@%ﬁ?@y&% ﬂ&n%g:fl?b%gsmtgf)nor

cel | s ar ectllsaepaibrkbial skeoh dels or combinationsgharent, T prestohovemiisinldsogrevidseept ed by
the thymu | he reclpi nd beco t .t he. production
of - new Tobr Y oaity TR Urk B i o LR Bhon RGBS M isre bR et <

r ecogni z e cillstibiotThells.e Thepirasplamatccllo may oasag abifbe gefeicabymodified | Tig: delid er ance
fora graft f.r. fhe donor.. Th raf t. y be calla, tissues, or orqgans of
the- donor AP G o Padd i BRprgr e rrorBtiled wobp el
"creat i ngof disdnventen, e opaoahilyinnghificd seiparEprogeniler d@Ré ire Biken up bl Rt her
simlar p rases,di nfers .tﬁé[mﬁ)l ete,. as well uiﬁﬁparti al tol erance induction
(e.g" a M8 At TR SRR et nendtHiscells Siferellstand giheperls PEdEESA i Bieeant , to
t he gi@af t ihyafs CWHea ekt G1odiBRatiide BeSiresbiidh A wWIReN, ket hbsede@on! i ng
to the nethggds of the inventjon). Tolerance induction can be tasted e.g.,

by an M S0RiaigH the genatic madification gl {hgperen siepioraganiton 58ue enbodi nent, t he
met hods ofthe invention use genetically nodified HSC, |ynphoid pngeoitar

cell's, nyel oi dopoogenibbditneas, thcelle pie! ddelinigtbred teilt: pAlcnbwhECOs yainkons S
thereof(c&lﬁ I.e;ltivel.‘}/ refer ed%}g@s GM cel | s)to prqoduce an i mmuyne system
resi st ant "tAP FEERT Sy ° preglss heyeels arepgdminiglpred wahputs PHORIPRTE nay
event ual | gonderrertyciitiMainact leyeotRBo e Thad SHRE etlbSBMetN, M ceBS ire USRI ed

medi ajed sjgnalling, as dewjbed in _nore detail bellow This dinmuptinn
rever?'gs “’bﬁ’e‘%m |Sﬂ§i%ﬂ§%@¥%ﬂ%&%?@ﬁg% In gpg embpdimppieilera el t he

reci pi ent are SaikSintdduide ifeeipibt. ARE Sl dafls iy b RediRb R4S sRlm LS, dpflBAMET ant,
the honmal status of the recipient is reversed such that the hornones of

the reci pHRRESSpRY tRRTngGPes erpehy dapnqlay embodigpny, pipesditng celliard Esplanied  sex
steroi d hetoRepida Tﬂé%r&%ﬁitd}'c@ﬁma} Eﬁﬁﬁ&ﬁ'&dﬁ&ﬂhﬁﬁ%@m&&hﬂ%ﬁ& to the
thymus is _lowered, thereby allow n%lt e thynmus to be reactivated.
¢cells, or combinatons theréof. [n yet another embodiment, the cells are CD34-+ or CD34lo
20 HSC. Insome embodiments the rensplanted cells are antologous. fn ofher embodiments the

ransplanted cells are nonautologous.

In Ihe event that nonautologous (donor) cells are used, lolerance to Lhese cells is
crealed during the process of thymus reactivation, During or after he initfation of blockage of
sex steroid mediated signaling, the relevent (genetcally modificd (GM) or non-genetically

25  roodified) donor cells are transplanted into the recipien.

The deoner cells are acecpled by the thymus as belonging to the recipient and become
part of the production of new T cells and DC by the thymus. The resulting population of T
cells recognize both Lhe recipient and donor as self, thereby creating lolerance for 2 graft from
the donor, The graft may be cells, tissues or organs of the donor, or combinations thereof.

30 As herein defined, the phrese “creating toleranee™ or “inducing tolerance™ in a patient,
and other similar phirases, refers to complete, as well as partial tolerance induction (2.2, a
palienl may become either more tolerant, or completely tolerant, to the grail, as compared to
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As descnbed above, the aged (post-pubertal) thynmus causes W bod}vs i mune
15 systemto function at |ess than peak |levels (such as that found in the
young, pre-pubered thynus). 'Post-pubertal™ is herein defined as the
period in which the thymus has reached substantial afnphy. to bureaus,
this occurs by about 20.25 years of age. but may occur earlier or later rt
a given individual "Pubertal" is herein defined as the tinme during which

the thynmugphRei st Ha®ndtbeaPRNaed Wbl 108 BRSNS idvihiliony. 2 SiRidecd-

Interim s this Dams 20 from about 10-20 years of age, but may occur earlier
m ster i nitfUeiopsn bagsied. ¢igalby an DR reoption; uyiegmictheds hnownda thegrtat  aheml 0- 10
years of age, taut may occur earlierorlaterin a given individual.

' Reci pi ent, " "1aahé 8itbodimBgl, thB aRincak 6 tiS §led tidh RECHRLESRY nioddRtd 1R¥e herein

defined as a 25 subject receiving sex steroid ablation therapy and/or

t her apy tBmpheld pregsaites sqlls myeloicdiprageanitar eells. epitiphial stemy cellstar epmbinkiinns
appr ops i afnereof R6nHM Y or? 230 an! ein
defined as the_dasourgééfg#eﬁgs#gﬁgﬁhan??%%%nﬁn%&%gﬁﬁnge%gnlefﬁ agFrﬁ{)genei C
or xenogkxpdrdculargniagen® i nst ances, the patient may provide, e.g., his ocher
own autol ogous cells for transplant into the patient at slater tinme point

Al I ogenei ¢ HSGhabs Mﬁﬂﬁ‘g‘g” mé%f éiﬁg}:tﬂ oGt e P et hose
that occur betv_veexﬁﬁnatc e nEyn%,égs 1"?t e s%gn‘gﬁgg{gmes&%\f;\%ﬁ%&?%
xenogenei ¥XEEEIGmainkd sigpalionas dessobeddn npiredataibirebove§ This fiizaptoe rypees es,
Syngenei ¢ élﬁg %lﬂfs ' | S0, . ised. . The
tents'| vaﬂtlghr ; n uu&%ﬁ(@ﬁé%uﬂ%%&% %ﬁ%&ga%ym%g‘%ﬁ'}ﬁlgg?#%a "W th ref
nce tH ESSagrdiss tarthe methedsof tikeihventidn, abe hdrmohdli@abm @bl radipiont is reversed

hi st oca ' ker f.dhe donor andihe recipien r.e (mat d) or are
ot Qwrat s Mal B EEIBe0r ADRARIPLRIED AR MBSl B 1Gr bt el

"i mpr ovi ngf skx Sterohtdneinougs'ia e ridipfedtpthé signalling ofitiaae Bomntbnapattheymtoisagaft 5
or other ,exo0 us, antigen.is herein defjned as neaning that a patient's

t ol er ancelufvggﬁhqgerﬁrfaﬁw%}ﬁmﬁhﬁ“z& €Intigen is inproved as conpared
to the tol erance which would have otherw se occurred in a patient w thout
di sruption of /selesaibed abalestheagdd (posy pubidaal) tigms chirpsthe bodggenmmat i on,

it ot Phangedfs i T8 R R 00k e R ROV B0 1 10
at r ophi edhpnugdatitgepdlergl” is treia defidedak the peAdt atwiteh thg dfyinue hrsSischbd s t
Tnct i ve Sparul P Bk O RO ey Rest RGBT whose
sex st er @adichorlaeni agieiraihdicidniig FEhbengliobertie dofi xbds ¢RtiRak during which

the thymus begins te atrophy, but may be before I is fully atrophied. In humans this occors

20  irom about 10-20 years of age, but may occur earlier or later in 2 given Individual. "Pre-

pubertal™ is berein defincd as the lime prior bo the increase in sex steroids in an individual, In

humans, this oceurs at about 0-10 years of age, but may occur earlier or later in a given

individual.

“Recipienl,” “patient” and “hos{" are used interchangeably and are herein defined as a

25 subject receiving sex steroid abladon therapy and/or therapy to Interrupt sex steroid mediated
signaling andfar, when appropriate, the subject receiving the HSC transplant. “Donor” is
heregin defined as the source of the wwansplant, which may be syngensie, allogeneic or
xenogencic. In some instances, the patient may provide, e.g., his or her own aulologous cells
for transplant into the patient at a later time point Allogeneic HSC grafts may be used, and

30 such allogencic prafis are those that cccur belween unmatched members of the same specics,
while in xenogeneic HSC grafis the donor and recipient are of different species. Syngeneic
HSC grafts, between matched animals, may also be used. The tenms “matched,”
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achieves an output of Tc el | s that is aleast 10% or ail st 20% or at
| endddsh, or at lust 60% or aleast 80% or at |east 90%f the output of a
pre-pubertal thynus (Le., a thynus in 15 a patient who has not reached
puberty). This invention may be used with any ani mal species (cluding
humans) having sex steroid driven maturation and an i nmune system such as
mammal s and narsupials. In sonme exanples, the invention is used wth |arge

manmal s,  S44gRa@iSed P UaRTNS Lk O Ug = Pt abi i L4 | g #') . rise",
or variations such as "éorrpr ;dg%tﬂmﬁ of%rr’%%%%éghvé# eg‘%% eir}'g{)ood to

i nply t he defeddpsilisrMUL cad/ot mired histeenmpatibility reders afithe dmepandahe weipisot of
ot ogor  or AP EREED oSl Mt AR SRR BD Rl SR U N oF
SEX STERO D MEDI ATED SI GNALLI NG the present invention further provides
V\rrﬁt hods 0o/f di sEhp@uh"imiarcsrmg,“§taahambﬂlgﬁﬂmr'?bﬁmm@gulsﬁg&aih:mmﬁm tcaa: pafti egt :
erei TUS. o) not be sequen reactivat ed.
Al 1 3nat yoe fbenpl b TR doa R Ptmt e A A TRESRER o 5P By 21
fracti onalor eﬂmﬁmg&nﬁu;\s mﬁmsmbﬂo&ec_i&@mpaﬁdmmbsalﬁﬂcﬁvhﬁc]p?bm@nlﬁc}/vt h
of “the caphintpetiinanmt et pedstdmitonotctne SgralBbnver (o t hor | nto
CD4' CDS+. and subsequently new nature 30 CD3r"CD4 CD8 (T hel per (Th)
| ynphocyt es) ofTh€Egts ipMGDREseheption,d XiegetTalignahd tyt@stim(er o thelthe
rej uvenat i tﬁ%nus I ncreases i upt ake of ESC, or .other stemcells m41l
pngeni t or C&I°S caaﬁ%%ﬁﬁgmé?%?ﬁw&ﬁ?%%& %W@FWW%“IBF%WP ¥am end
convelds uhephicdrdamaged (2. B Hendads, raikaiohysrht véXus hbhelid-as: Bacgenact i vity
thymis. (oS0 icRRRERIE (FD B FLiye o “fuSHI RS o Eia CopgAah Bemtmy i c
out put isqhh]mansEﬂadcﬁNﬁbﬁe@éxMﬂh%dé@iﬁ&pﬁﬁlﬂpﬁﬁﬁh&ﬂ\ﬁihﬁﬁmﬁﬁVe not

yet 5 encoyntered anligen)inthebl ood Themis al soani ncreasei nthe ability of

t heperi ph@‘%’i’é?"?s “’t%ﬂ'?‘*é“? § cellaBaigatlgpst 10%a A 4t keash 20 %, oF ot 198t 490G gxatleaski ng

with anl -mﬁuﬂ&asm%@&J@stmméhﬁ@mmtpmpmﬁm%@é, @ﬁ.ﬁhﬂeﬂi es, or
( and this

stinmulation with mtogens, such us pokeweed “nmhogen

| ncr eds ed® Pt whe pasgheached 8ekerdn occur berme thymic regeneration, such
as within 2, 3, 4, 56, 7, 14. or 21 days. 10 Additionally, in the event

that nonant ol oDz mvélion @iz e @ktdwhl eny mmb@iusqﬁciumuﬁ h@mahs} Gbh e Mg
patient, ttgljr?ﬁ{%r}}%e to these rolls is crested during the process_of thynus
o)

reactivait [ F§luGHIog AR AU PMBUAG YA, TUSH apmemmlsand axsupials I sapsi d
medi at ed atagipids) @ginvbhlDoiChRY ¥th large mammals, such as humans.

Throughont Lhis specification the word “comprise”, or yariaions such as “comprises™
20 or “comprising”, will be understood 10 irmply the inclusion of a staled element, integer or
slep, 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 MEDIATED SIGNALLING

The present invention further provides methods of dismupton of sex slerid-mediated
25  signaling in a patient, wherein the patienl’s thymus may or may not be subseguently
reactivated. Addilionally, the present invention provides methods of improving the
functional status of immune cells (e.g., T cells) of the patiept. With respect to T cells, the
thymus begins to increase the rate of proliferation af the early precursor cells (CD3°CD4
CD8" cells) and converts (hem into CD4*CD3*, and subsequently new mature
30  CD3"CD4°CDS (T kelper (Th) lymphocytes) or CD3%CD4 CDS* (cytoloxic T lymphocytes
(CTL)). The rejuvenating thymns increases its uptake of HSC, or other stem cells or
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(genetically nodified (G or non-genetically nodified) donor cells are
transplanted into the aeipien. These cells am accepted by the thynus as

bel onging to the recipient and becone 15 part O the production ofnew T
ceps and DCby the thynus. Theresntlng population of T cells recognize both
the recipient and donor as self, thereby creating tolerance for a gaff from
the donor. As used herein, "Sex steroid ablation,” "inhibition of sex
ster oi d- mpeigsiind oetlsGAglbIUE formiSiEHicF BIR! Mol Y BIRK REYA CEditpld BBmFhuoS
steroid sbgnallng" and other simlar airs are I'nertia defined as at
| east par

%1 cgllganddntrashymaie DEo Thetuoressell {otimdy mrthothimns teserblesin)mayoduct i on
and/ or se ' . al ). signalin her L.rect or
i ndirect ?gg%%}ﬁﬁﬂldg%gwg og{”ﬁg‘% tﬂgﬁe])@(@@tgéra |%&§?%§%Eﬁyqﬁéef%ﬁ¥'ﬁ S is
i nt eaupt e&Fnewed thiymic dygput sduirtaged lonaleoftabvad celle thsadbistls mbiihdase sotgeal i ng

can begdi I a of s .well known t.o, thgse skill in the
art, s%mé%%vﬁggﬁmﬁ%gf 15@%@?%%’%?%%&&%?%&??@?@?& 25
bonmme pr orllsde respondrto Emditionge. @f bperessAlinkifiy eits &iti-(IDESARE neaﬁm{ors will
acconpl i sp. . desi red qi&bgptLﬁgﬁ as vri 1ll, adm nskation of sex steroid
agodsts ahd/ of ant agbii S Vo AnARqeisseor suopaigR il slogensc suFh of pplesedy)

anti - sex miitogeai WMy @ikt ieRgsed T GMltesgohdidnbfEaABERPBhRRHARL | NY

di srupti on_of 5@1[%)( steroi%gﬁ}e%tgg{si nalling is dnough castration.

Met hods f BE-HEEPPAUFLH ¥ Shot7 dfTEENS nited to, chenical castration
30 and surgical castration. "lashation"” is herein defined as the reduction
or el i nati onAdfiiemiy,db teeisht tar AshatloicpBus @6hdrPe: R R’ Yanshisdiéd w4 on in the
body "I i%ﬁi eer 1 veﬁ@even | | yrebuns the 42 patient to apre-pubertal

ol ans whelVORIER¢ FgR Clehuc i igsg ‘gﬁll’\lﬁﬁ‘%ﬁ% e propssa PEfhEmys reaptivatign.
consumer sDuSiy @iagiel the BSHaak bPloHQEPYEEx tRAIPALISRY SighRadde biapds for

sur gi cal Ca%'tq%]ft I O |1 known to routinely Galned veterinarians and
physi ci an§eD YHB?FH{i?‘iﬁ- %%mﬁﬁwﬂiﬁm@ﬁgﬂ}ﬂaﬂw@ﬂ%mﬁéﬂ@hﬂmmmﬁe

descri bedetipichh eTHRXINE 88 ab2h@Wby BleBFmiMOR vhlohkibi: E&hércgﬁﬁéﬁ?g&dﬂ% gaseating
huma tlent% i ncl ude ahyammect onyor ovariectomny” proceddre(to e wonen)
and sUr gi 8% of teprpdicigmof nsw kerd and RE hydhe bymos.oTheasmltingepopriation of ore
clini cal s eHogidS YHRIEE foclpRIFDNR demtbr m@u@mé}é@ﬁcﬂxﬁﬁ%&%&%: gRskcl on MY

be appropriate. Chemical castration is a |ess pernaient versio
castrati JHe 99T herein defined, "chemical castration" u the adninistration
of acbem cal for aperiod of tinme, which results 10 io the reduction or

elimntion of fsaied Riréhd's@r Bebi@tabRAon, AARILIANG of %x%&b{ﬁ%éd:@fﬁﬁd% body. A
vari etyOf“sgthGterg:-ﬁlanssm are_capabl e of functioning in this manner n-Timting

pur-:m * “Inferruption of sex steroid signeling” and other similar terms are

20 herein defined as at [east partial disruption of sex steroid (and/or other hormonal) production
and/or sex steroid {and/or other hormonal) signaling, whether by direct or indirect action. In
one embodiment, sex sleroid signaling to the thymus is iniemupted. As will be readily
understood, sex steroid-medinted signaling can be disrapted in 2 range of ways well known to
those of skill in Lhe art, some of which are described herein. For example, inhibition of sex

25  homone production or blocking of one or more sex hormone receptors will accomplish the
desired distuption, as will administration of sex steraid agonists and/or entagonists, or acbve

(antigen} or passive (antibody) anti-sex steroid vaccinations.

A non-limiting method for creating disrmption of sex stervid-mediated signalling is
through castration. Methods for castration ineluds, but are nor limited to, chemical castralion
30 and surgical castration.

“Caslralion™ is herein defined as the reduclion or elimination of sex steroid
production, action and/or distribulion in the body. This effectively eventually rehurns the
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exanpl es of such chem cals are the sex steroid Wlitara and/ or anal ogs des
med bel ow. During the chem cal delivery, and for a period of tine
afterwards, the patient's hornone production maybe mated off or redu a d.
The castration maybe reversed upon term nation 15 of chem cal delivery or
by delivery of the rel evant sex. hor nrones. The terns "sex steroid anal og,
sex steroid ablating agent,"” "sex steroid inhibitor, I nhi bitor of sex

steroid Sngmtwﬂ&efpubamihﬁh%hﬂmwﬁﬂbﬁféﬂﬁﬁﬁdahﬁgﬁﬁﬁw simlar
tefnms are her ni a de as any one Or nore phar maceut i cal agent tt?rat wil |

decr ease, PHPIIP Gp¥raiton Grgieal coufatioesmoyps the patinnts gindds, diethesdts for segicalor none)

)2, A S 02 GO LT D ™

signal li n@lﬂﬁ@é@qqq#%@@@uml@ aniwalapeistilediio the drempluebelovasOthid sonbémitingadi | y

under stand..BM190RE n ctici n the inve rovi ded
or o n> " BeRAPRE Al b fa G ety bl's B GRo Ghpth dv RGP v

turns) of G@ﬁh@mﬁﬂbﬁndmmeﬂmmawmﬂmtﬂelﬁﬁb&ﬁmm&nﬂﬂﬁﬂﬂg&uéor ot her
bl ocker (s ical venation ich. 25 are described herein, ,wthout
ndue. exp idital BN, S Bhan G180 O he B8 b 7 i S ares MeromBR DB
castration, that ebla[es sex steroids or interrupts sex steroid-nediated
si gnal i ng may ﬁ@m@eﬂwunmemmmnmtmmﬁamn Asfarein dofinggh) e, one

tn(r)lg';r:];m th%%%?&g&%anm F;Igjnphbi ti n %sar%? naI | % i n E]&Lvat‘ ng the

modi f 9 nginttheredortival or 8 fminati oot sai stéhﬁﬂ-b:@mdhhﬁ zﬁh&rwnﬂ@[- ﬁisﬂbﬁuuﬂ inehg el eas e of

ondotro M_and oad nsequent]y .reducing n rn sex steroid
o oduct | oRBr A H encurmlont SFsmtls Stiugionak i Baeuse, Nuesgoi ¢

abl ﬁt i on eﬂ@@@ﬁp{:ﬂh&h&&%aﬂﬂlﬁ?ﬁ%hﬁiﬁﬂ Etﬂ]ﬂﬁﬂ_@sdﬁﬂfnﬁ'ﬂiaﬁ:ggﬂ&cﬁmdm Fmal 0gs,
such as 0 ot c derapeptide that stimulates
the 43 s ﬁ W&lﬂ%ﬁ%‘! yp ﬁiﬂ%’F‘F‘b p p ety s doAB%one (LH)
and foll Immmﬁmswﬁmmiﬁrﬁa ﬂﬂmﬁﬁéﬁ&&@@lﬁﬁoﬁ@m@n the
formggC %/prreg%af E%% ijﬁ) &B? |n|t|aIIy resul't in over stinulation of
the r §pe q oKL HRscslenntFe% DPTIROBYppr ess the pituitary
productlon of PSH and LH by desensi Nation of L1RtH Receptors. These 5
govadot r opbi nsTheaemnml syx mbid&ﬂﬂhg" O@A 3EEsoINABIaHSAE ot S ¥erSdia6id ifS bitor,”

:Amo?[]t: gtg@ﬂu}%%e_%iai u, f. mal es, t&g%?ﬁtls@r{one w_nal esLHthﬁrgre%l%ﬁse of
e s o Pk saces e
Torn ?3;:11%{‘“"&’?5 HRpIih sen s a?@ﬁsgud@éﬁ'tef@?raﬂaﬂl@ & GoRtLglsn fof
exanmiie biehEHRPordfnFE/ L. HRH herein), 2nd analogs thercof, are nun]imiu'ng exemplary

inhibitors of sex steroid signalling used throughoul ¢his applicalion. However, as will be

readily undersioed by one skilled in the art, in practicing the inventions provided herein,

GrnRE/LHRH, or enalogs hereof, may be replaced with eny one (or mors) of a nurnber of

substitute sex steroid inhibitors or analogs (or other blocker(s) or physical caslration) which

25  are described herein, without undue experimentation.

Any pharmaceutical drug, or other method of castration, that sblates sex steroids or
interrupls sex steroid-mediated signaling may be used in the methods of the invention. For
example, one nonlimiting method of, inhibiting sex steroid signaling, reactivaling the hymus
and/or enhancing the functionality of BM and immune cells is by modifying the normal

30 action of GnRH on the pituitary (£e,, the release of gonadotophing, F5H and 1.H) and
consequently reducing normal sex steroid production or relcase from the gonads, Thus, in
one case, sex steroid ablation is accomplished by administering one or more sex hormona
analogs, such as 2 GnRH analog. GnRH is 2 hypothalamic derapeptide that stimulates the
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10 GhRH antagoni st In some enbodi nents, the sex steroid nediated situation
I s darsuptedL by admnistration of a sex steroid anal og, such as an anal og
of | eutiaizi oghornone-rel easing hnmmne (LHRH). Sexateroid anal ogs and Wi r
use in therapies and chem cal castration are well knovm Sex steroid
anal ogs are commerciallyad Weir use in therapies end chem cal 15 castration
are weR known. Suchanal ogs include, but arenotlimted to, Wefoll nvm' ng

agoni sl s sa‘c:e\zibnhﬁﬂhipme@ja efl Rleistirkif ﬁﬁ{ﬂuﬁg@@[ﬂmﬂfﬁ]ﬂﬁ[ ' et at e,
node nane Su a Pé s c/dag‘ prefact Depot r) and
Supr ef art@?’?ﬂﬂggﬁsﬁ) % ifE?(ﬂB%bﬂgumzts{fag- Jﬂl%‘?leﬂy Lypran®) futiallpechst
I d teBdEinl eed]ﬁla %ﬁcﬁﬁ'fﬁ 1
aQ’zt(‘.)orglslun Ini:?ﬁulﬁg reI | npﬁéacet até Wra Ho%nﬁg&g&zéﬂﬁo &
desl or el |E“”(‘é‘ﬂj‘ %@%f’@’ﬁh@ﬂﬁﬂ?ﬁdﬁ@e@h@f@npthﬁﬁﬂﬂﬁb@me FBhestnceudcal s) ;

d I 100
gonadogr %bu@&@pmnigg%eﬂ@mﬁe&mgﬁc@ge QebdlSer Ll ﬁg Eaf RELESLL )

jug i. or at o gosére ere I hac e, trade
t ome ZoI af\}éw{ﬂﬁ)md {asl0etzroge tanalés kiearidasdenf ahigh lmgmﬁmdtlymwcﬁiﬁahent

o 4, L0 PP At R P iR B

des bed |mm1ﬂ;€§ﬁasaﬂ/e?u pm@edm&mﬂufaﬂe:mhibﬂﬁyelgnﬂﬁgdmmymd_uﬂprn(r) or
Lupt t1/fAP. L U.S. . Pat ent
Mot 00 Dol Shdia grgR sty <620 T: ar b AN A OB e e VSR G E o D

250983) GeRHmamednist( e. g. Ieuproel In acetate, trade nane Pmstap SR(r)
(e.g.. single 3.75 ng dose s.c. or Lrnj m)nt) Prosttap3(r) (e.g., single

otas, (1004) P Sy YEhbme® e s meniaed Senflog o dBRRRHZA i nUS. Patent
NG, it BSOSkt anvxryidimaog biotezmaas by i 3ghagnb vkestgease
ormul ation an - nafarein (e.
val o nand kb (e leSEE o gl e s teggicsand bl cateRpRad | n 0
U. S. Par ewéll Nownd. %34 féﬁoldaﬂé(&@ S:ZQJ&enﬂﬂli.rﬁBthM& the@pids shddhemenn (e. g.,
hi pt ﬁel n_pannal e; S ﬁ%el st “ér)d?é’l nging over d??ﬁl 44 rmﬁlt hg)
Trel g:{ar ﬁ%ﬂlaﬁc‘ﬁ% 3‘{55& @}4‘? bligpied tpethefollowaner, o spr
Depot (1) a(gﬁmi‘&nfmmmmpn H{{ aaﬁkeﬁﬁﬁqp %ﬂ&a@ﬁa@dﬁblﬁﬂgﬁﬂﬁb@A

S\Mtzerl al (% descr i bed Pat ent Nos, 010, 125, 4. 018, 726,
4,021, 121 ?PL@ eseﬂéﬂmeﬁaf%zbﬂm@fwepnﬁw &mﬁ%&ﬂ&f%maﬁéqm% but

are not gp&dumeiﬁfamﬁm&,ﬁm%&meﬁtﬁw Phidkt 46dRd ho?ad, abanDx (fade
nane Pl eaqzi\ in on days 1, 15 and 29, thea every 4 weeks

T hoy ont ¢ s o Sl SRt @ie o pavadbrelin dars ol roiyrate ROt oo |

(€. 9.20 ealekIaRlik (e.p., desorelin acatate, Deslorell®, Balance Pharmaceuticals), gonadorelin (e.g.,
gonadorelin bydrocholoride, trade name Fackrel® (100 pg i.v. or s.c.), Ayerst Laboratories);
goserelin (goserelin acelate, trade name Foladex®, Astra‘chr:ce. Aukland, NZ, also
described in U.S. Patent Nos. 4,100,274 and 4,128,638; and in GB 9112859 and GB
9112825); histrelin (e.g., histerslin acetate, Suporelin®, (s.c.,10 pgicg.day), Orho, also

25  described in BP 217659, lenprolide (leuprolide acetate, trade name Lupron® or Lupron
Depot®; Abbott/TAP, Lake Forest, IL, glso deseribed in 1.8, Patent Nos. 4,490,291
3.972,859, 4,008,209, 4,992,42], and 4,005,063; and in DE 2569783), leuprorelin {e.g.,
leuproelip acetate, trade name Prostap SR® (e.g., single 3.75 mg dose s.¢. or Lun/month),
Prostap3® {e.g., single 11.25 mg dose s.¢, every 3 months), Wyeth, USA, alsc described in

30 Plosker et al,, (1994) Drugs 48:930); lutrelin (Wyeth, USA, alse described in U.S. Patent No.
4,085 .946); Meterclin® (e.g., Avorelina {e.g., 10-15 mg slow-release formulation), also
described in EP 23904 and WO 21/18016); nafarelin {(e.g., rade name Synarel® {i.a. 200-
1800 pg/day), Syntex, also described in U1.S. Patenl No. 4,234, 571: W 53/15722; and EP
52510); and tiptorelin (e.g., riptorelin pamoate; trade names Trelstar LA® (11.25 mg over 3
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acetate. Rode nanme CedotideTM (e.g., 0,25 or3 ng &c.), 2'entads, Fmkfnt,
Germany). Additional sex steroid anal ogs include fudexw(r) (e.g.,
flutam de (e.g.. 2 capsules 2x/day, total 750 ng/day), Schmng- Pl ough
Corp., also described in FR7923545, WD 86/01105 and 30 PT 100899), and

di oxane derivatives brit, those described in 13P 413209). and other LHR i
anal ogs such as are described in FP 181236, and fin U S. Parent Nos.

4, 608, 251, mandi AT relithr LADbAR1HE 2ord-r040 sk dofe &FRreH LA Tt DhotAB. 75
Conbi neOons_of agaves I nations_of antagonist, and conbi nations of

agoni so_ arh® 3V 23oRPLD) 389 Decaperiy P DUt oA n SHitAriaft s gescribed in
anal ogof t &SRStk NeRi4smleqer £h1geesei 12¢ Uma sTakek: ﬁ}ﬁjinﬁP%%fﬂlﬁ)o’.gﬁHRﬁor a 15

nore extensive hut. ofanal ogs. see Vickery etal. 1984 LURE nrnprs
ANAL OGS; bpkareraoybimyied i, dredpieving agtaganiats of eedsHBHNEP Press

Ltd., 5f anbastie{vadAufiePRuAGak ij3d

arzete%itrat es{:aa%g i%féfler sallﬁﬁrﬁﬁﬁqaﬁqhﬁ&%ﬁ r&%]%q\ﬁ/}f%%gfa%ose I n
the nt. oOfeersadist) Ruegisiassagepti ca Sainhiides, Bjrnd teworslexiest, esoireliabl ari g
agent s el %@Mlﬁ@em‘fﬂﬂ{f%dwmiﬁ%%ﬁ. 3% Of. 3;, l.ow ;1 el egse" depot
of GnRH agoni st (e.g., one, thige, ~or ' #1’0 pRu ﬁ%ﬂlﬁ‘v)eﬂfcpﬁ’g tions) or
asubcuev edWikianalsas sferoidinalagi Behide Rulbkin® (4.gl, Gwanidd @35 cafinRisog/day,ai ni ng

i mpl ant ( ' - ol adex(r), .e. o)

i npl ant ). E%ggg %ﬁ%lsta“f}%%'%bﬁem%‘\%’zﬁp'r ﬂﬂ‘%ﬁé’@ﬁ %&E%&ﬁﬂiﬁ@ﬁggﬁ‘{}g (v.)
or ordfly, BRctind glioxand desivalpyee o) Ibbe dbanibed R4 A209DId RkIBIEs i S by
subcut aneQps 1 .NJ C‘ILsi on.of .25 .a_" @gt Q.. egnat ed i )hl ant" contai ni ng,
For - exampraiobiiflsBhagle st up 16PAL, afoy U ERANE0 4B rasbanl. e
f;cet ate 1;dﬂai@g-fﬂﬂﬂﬂﬁ,rEQM)ﬁﬂaﬁB#RﬂﬁﬂwG@Mﬁb_ ﬁﬁuﬁs [afﬁ:g:ufﬁts,sﬁmﬂiﬁkﬁims biﬁke f
orest, . n u r), injection is sufficient for four months o
sex sterf (IE')"?l %ﬁ“é%ﬁ%aﬁ“g‘%ﬂi%d&%&ﬁﬂﬁsﬁ%wﬁ&%mﬁngu% ogBaRt new n ve
T cel |'s | litnftidgvaclol 0bthe imich@aiTs dalordBWeREhdd A TS ChasH: M52 85 J,EMEJ Pitd Ng sex
stero& S'ﬂﬁlﬁ%ﬁ%@:@ﬁ sca be %g&o';g&eﬁ\éﬁhg%ﬁ% angsoArrl;é;F t hese drugs.
in particu ' , & r:Haelp G8 in the

t r ezmhent Cofrlceproe B STERk AbAT R RAYRIE YeicREJRNS:, eﬁ%ﬂ%ﬁ@%& hormone 45
sensitive,cows ig%ggéhn%ﬂ breast and prostate” cancer, endometdosis,

r epr oduct VS 9ESTAY 3laode usedria epagifieddotse sash asqestetad. cilratesandy and

in the coamedaliofheiof, whidhlate whiifRid BidsSkAIPLE") . the thynus of the
patient is ultimatel yrcactlvated by sex steroid ablation and/or

i nterception or disruption of sex styvid-nediated signalling. In sone
cases. 5 diis et[fngﬁl“ﬁ‘ F’%aé@l‘?ﬁémﬂ’b?‘ﬂﬁﬂa!m%‘!%&g“%‘fja?ww%ﬂ. Accor di ng

t o t h&) mesdboatsncofisAnhedennal injection of a "“slow-release” depot of GnRH agoaist (e.g., one,

lhiree, or four month Lupron® injections) or a subcutaneons/intradermal injection of a “a:luw-
release™ GnRH-containing implant (e.g., one or three month Zoladex®, eg., 3.6mgor 10,8
mg implant). These could alse be given intramusenlar G.m.), intravenously (1.v.) or araily,
depending on the appropriate formuletion. Anolher example is by subcutaneous injection of

25  a“depot™ or "impreguat;:d implant” containing, for example, about 30 mg of Lupron® (e.g.,
Lupron Depot® ‘(leuprolide acetate for depot suspension) TAY .Pharmacaulicals Products,
Inc., Lake Forest, IL). A 30 mg Lupron® injection is sufficient for four months of sex

sterotd ablation to zllow the thymus to rejuvenate and export new naive T cells inte the blood
strean.

30 Many of the mechanisms of inhibiting sex steroid signaling described herein are well
known and some of these drugs, in particular the GnRH angonisis, bave been used for many

years in the treatment of disorders of the reproductive organs, such as some hormone
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I nvention, the hornonal status of the recipient is revers d such that the
hor nones of the reelpienr approach pre-pubertal levels. By |owering the
| evel of sex steroid hornobnes in the recipient thesignaEwg of these
hormones to the thymus is |owered. thereby allowing the thynmus to be
reac4vered. The patient may be pubertil or post-pubertal, or the patient
bas(or 10 has bad)aduease | bat alleasl io pniatrophid the thynus

Al ternat i yakifive EAHRBA AR Blogdt anmst%%@r QRRRderyher ei n
the treatpent of the disease at |east w part atrophi d he thyrrus of 'the
pati ent SHEWIHSIL Preews prbprip sexmeldayiangy and imbhmess. dartilly;  chenot her apy,

and/ or ndiaton treatnent In other enbodi nents, the patient is nenopausal

nitres had sexiil okhpill HRTHAIRRRly aw;él&ﬁmﬂﬁ 5/ Baseaby bR dgEEEANS,

e.g., t eumtn, 15 dregs, etc. Sex ster abl at1on “orwt eaupt1ov of sex
steroi d radlpinnemdior ngha@mmxesmwmtmed $1§|alhrmnlnmmsemd/or

cells 8f HifphiflHAESMEL filnoliG s%f[h?.%ﬁﬁ% m C Jligh B tht IR ?fﬂ@e effects

may occur poor to, or concurren sSone
enbodi meninyentizaythe heminal @mmfthﬁmpmunhmmtsaémnbfth@mcmrmmsdf iegnal ing is

20 acco gmgg am. an 1B, androgen
bl ockerrrpHc @Xﬂﬂﬁﬁﬂ?ﬂ'ﬁ%ﬁh ‘r%lasde na&r{%%ngggﬂmfg%ﬁf%m@ 9 ,&g- 500
rru,nbe g. , TE{pieny mml@amﬂgmm«am to Muskthyis M@whcaﬂmhﬂhyaﬂmﬁﬂgme in |
conbi nat i an a r ret hod, o iQn ar uoi
abl ati on % E e clng%%f L@ %m%%ﬂ%ﬁ%|ﬁfwtw hlﬁ’éu*:fé Fi shd
by adif ni hasdmdhagdxsgapcrl bicdl (a6 18 pat &td hIeHbﬂlﬁigd yﬂﬁﬁTEg?.d ]tﬁﬁudirs Sgﬁ'pm‘eﬁﬁ‘“ﬂ%mm 2i7
ed onds, or weekly, a 17-
hydroxyp?%ﬁﬁ??%ﬁ@ﬁ%m E gﬁmgaﬁﬂﬁﬁm% §B§§“§t%ﬁ%®%@?ﬁﬁﬂ:%gﬁﬁé*“alone min
conbi nat i alrophietithe Wmld df thi paRRl GecPireMAYnGhR e BV ihutRsigrakioa). O her

anti -andr.ogens rrayb%{ﬂlgsed e.g. antlfungal agents of the imdaw e class,
such as I? 6‘7"56‘7”}:' mesly Ingthes gmbgsiments, the patien) ismespRagssl and

kel oconazedlashﬁds&%&a@(&rmdﬂﬂﬁﬂﬁqe@ﬁﬁaé&éasaﬁﬂjduﬁm?ﬁaﬁﬁsré , 88urRtlor i ng
Pl ough N. J 50.500 ng e.g.. 250 or 750 ngpo Q D), rregestrol acetate

(I\/bgal%(r 5,3'6“' ' 480- 840 my/ day or ni | ut am de (trade names Ammul am (r), and
Ni | avdron(r), Roussel, prance a g., really, 150-300 ng/day)).
Ant i andr ogens Suxestéiofl dhlﬂﬁeﬁ befterinptiod dFQER M F0idinAdGfed SGYaliRp Bas one or more

comonl yul,i | dto.a GhRH anal ogs. Some 46 antj androgens act
by i nhi bi ‘%’f"ﬁtéi 5‘?‘56‘8%5‘@%‘?@“& ¢ By Ry steRn PheremnsipaitBnegat i ve

f eedback iqsowct] Mhe elfectsGaERAREGELIR 8, 05 btic@RentlyaViR], ryaldrefdtivaii®d. | 0ss of

| i bi do/ potency Another class of antt - androgens useful in the present

' nvention em t]ﬂ Sodie L‘S ocin\lllgnls?gg:g sotgraQi ablafion or inhibition of sex stercid signaling is

20 accomplished by administering an anti-androgen such as an androgen blocker (e.g.,
bicalutamide, trade names Cosudex® or Casodex®, 5-500 mg, e.g., 5¢ mg po QID,
AstraZeneca, Ankland, NZ), either atone or in combination with an LHEH analog or any
other method of castration, Sex steroid ablation or interruption of sex steroid signaling may
also be accomplished by adminislering cyproterone acetate (lrade name, Andmcor®, Shering

25  AG, Gemmnany; e.g., 10-1000 mg, 100 mg bd or ids, or 300 mg IM weskly, a 17-
hydroxyprogesterone acelale, which acts as a progestin, eilher alone or in combinarion wilh
an LHRIT analog or any other method of casiralion. Other anfi-androgens may be used (e.g..
antifungal agents of Lhe imidazole class, such as [iarozole (Liazol® e.g., 150 mpfday, an

i aromalase inhibitor) and keloconazole, flutamide {trade names Buflcx® and Bulexin®,

30 Shenng Plough Corp, N.J,; 50-500 mg £.g., 230 or 750 mg pa QID}, megestrol acetate
{Megace® e g., 480-840 myg/day or nilutamide (trade names Anandion®, and Nilandron®,
Roussel, Trance e.g,, omally, 150-300 mg/day)). Antiandrogens are ofien important in
therepy, since they are commonly utifized to address flere by GnRH analogs. Some
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receptor nodul ators (SARMS) (e.g., quinoline derivatives, bicalutam de
(bade nanme 5 Cosudex(r) or Casodex(r), as above), and flutam de (bde nane
Eul exin(r), e.g.. many. 250 ng/day)). O her weOl nrown sum androgens i ncl ude
5 al pha reductase inhibitors (e.g., dutastmde,(e.g., po 05 ng/day)) which
i nhibits both 5 al pharednctase iscew.ynes and nolts in greater and nore
rapi d DHT suppression fwasteride (NSde nane Rvscar(r) 0 5-500 My, e.g. 5

ngp0 dai | v rt&?? %‘Eﬂ
producti on. %ng uE]lugas K ttﬁmg%%(fm%n ect on&fl@]{’jo er one ‘or Bvel s); In
ot her enb&SHprskires Exﬂ%@ﬁwﬂm&mﬁtﬂd@ﬂnﬂmﬁnﬁﬂlhmfdrmdsﬂmmtpr0|d
si gnal i ng tering. antics b tither alone or
i n conbi nﬁnﬁ%@m&??gﬂé%}ﬁgﬁ'ﬁ%ﬁﬁ og oﬂrprgﬁrji:?gmtvﬁwm{ﬁ%ﬁq% ?Wﬁ?ﬁ‘f“ Sone
anties bogmn{lgr godulztons €5 ABMS) 64 ¢, adieline derivelvdshicduthmide.(rade name
andf ul ¥ ad asl odex(r 104000 , a 250 ngl M pont ly) 15
sot by bi ﬁl ng @H&E sngg’b%eﬁﬁ Y E%F%pftﬁﬁ)dﬂ&mﬁ%ﬁm@%fﬂmlgﬁl ozll¥ $Wshndi ol
and Consmwhm)l @memmmdmganﬁ%mgaﬁ il skl M irhctak@mhBtens (£.)., bi ndi ng
also Ni ggﬁ- c%&f or ma |3E£} gAh gl? to_the receptor and down- regul ation of
estrogen HIRy/dzy ‘@H inkibis beth dlpha rluptase ispenpyingsand| . Coer
ey mtmﬂm&ﬂmlﬁe&m@% %&sﬁ{ﬂ%ﬁaS%a E 8E‘?)ﬁu%o raﬂgﬁggm 20

Nol vadex(g})’g; c égap (trade nane r))

AN st ot Btk SREHO R, iiH AR ainbormcor o 2e) gorseeusptb BT esodonti:

Sti Mull@t eButhad Bille Or nOér0 bR RAbELBR AH LhekPy! stil bestrol ((DES). Node name
Stil phostrol(r)) e.g., 1-3 ng/day. which shows estrogenic activity sindlsr

to, but grease t hat of estrone, and is thetefaro coosidend an
esoogen agoni ?P nﬁ?ﬁ?‘ﬁb\ﬂﬁ‘”ﬁ'@? 5e% FlereisdinLan ar ebibitsg ek seraespid simaling # nduce
f eedback acobinplish0By QtindskrAp dndd e Gich LHRH
di et hyl Stl| estrolmF phosp ﬁete 25 eggH &%%8%&%'%M5@ﬁﬁha? as

danaxol , 2D39&ST 3% 'P'%?Fémtﬁ‘i"fh"ﬁ SEHBsRgE e‘-Fﬂ!ﬂB ahi-asrogans ke s aanagtezolgtradgoninst s .
Mot her  Cl AfSidk®REh m‘a&%w&h&mﬁaﬁ&uﬂ@eﬂﬁbﬂd}ﬁ% h% 2 v %ugygn

conbi %tlon w t h ot her methods of castrati on, are

recep 46b By Piadige dpe %W@f@h‘fdﬁdﬂﬁﬁ effigity siralat to eplzadéol Badrst ou(r)
5-1000 en d
NMOXi feggu(utn%é]ge name Nonadex(r) %%B?AIM%M%%B&%&W bS;] whi ch

behaves &nERmalitngl @:tanasméhﬂce@m an@dept mlamwm@asmnmpmw dithedscul ar
system  afghifGnodhaAt RERRH &ILfﬁeva%]ﬁ:%%b ﬁ&%ﬁg O’F”“PPD _%T;[&mgamymgl and) .

Estrogen re tor dovvaregul ators ( nane,
Nol vadex (fiuaﬂwgﬁﬁe(?ﬂ@r@alﬂt}wmu@] ﬁ:lqmgheqm(mmme mvmﬂiaoag 40-250 mp/day,

Ot NETZAON-4 s el A A il KB BB ol oS, SEin SEGHafS e 9
of gonadatrophins; diethylstilbestrol (DES), trade name Stilphostrol@) e.g., 1-3 mg/day,
which shows estrogenic activity similar ta, but grealer than, that of estrone, and 15 thereforo
considered an estrogen agonist, but binds both androgen and estrogen receptocs to induce
feedback inhibition on FSH and LH production by the pituitary, diethylstilbestrol diphosphete

23 e.g., 50 1o 200 mgfday; as well as danazol, , droloxifene, and iodoxyfene, which each ect as
entagonists. Another class of anli-estrogens which may be used eilher alone or in
combination with olber metheds of castration, ars the selective estrogen receptor modulatars
(SERMS) (e.g., toremifene (trade name Fareston®, 5-1000 mg, e.z., 60 mg pe QID),
r{oxafene (irade name Evista®), and tamoxifen (trade name Nulvm.:fex@, 1-1000 myg, e.g.,20

30  mg po bd}, which behaves as an agonist at estropen receptors in bone and (he cardiovaseular
system, and as an antagonist at estrogen receptors in the mammary gland). Estrogen receptor
dowaregulators (ERDs) (e.g., lamoxifen (rade name, Nolvadex®)) may also be used in the

present invention,
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maybe used either alone or in conbination with other ne nods of castration,
I ncl ude aronnatase inhibitors and ot her adrenal gland bl acken (e.g.,

Am vogl ut et bi rtude, fornmestave. vorazule, exenestave, anastrozole (vale
nane Adm dex(r), 0.1-100 ng, e.g., | ngpo QV, 5 which | owers estradiol and
I ncreases LH and testosterone), letrozole (tradenens Peman(r), 0.2.500 nyg,
e.g.. 2.5 ng po QA D, and exenesl ene (bade nanmeAronm(r))Il-2000 ng, e.qg..

25 ny/ day); al Ofigt E6PRS; bSdPrkdihads of MR E:[eﬁglgvﬂﬂéﬁe

Al dacton%})ﬂg@% 100 l:alltgo 400 ny/ day), OWhI c%sg%ktg&t hée] androgen

cyt ochro eithersione or inepmbinstier ih ethenmethodeaficestmlion, include

ul tl OSte”Bﬁm:[a&‘é@ﬂhﬁﬁmﬁ‘ﬁ\;\ﬁ er%}a! Eg&ﬁﬁ 2 o k eqges| enhe 10
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Because of the complex and inlerwoven feedback mechanisms of the hormonal
system, administration of sex steroids may result in inhibition of sex steroid sipgnalling. For
25 example, estradiol decreases gonadotropin prodoction and seasitivity to GeRH action.
However, higher levels of estradicl result in gonadotrapin surge. Likewise, progesterone
influences frequency and amount of LH release, In men, testosterone inhibits gonedotropin
preduction. Bsirogen adminisiered to men decreases LH and testoslerone, and anti-esirogen
increases LH.

30 In oiher embodiments, prolactin s inhibited in the patient. Another means of
inhibiling sex steroid mediated signaling may be by means of direct or indirect modlation of
prolactin levels. Prolactin is a single-chain protein hormone synthesized as a prohormone.
The normal values for prolactin are males and nonpregnant femalss typically renge from
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48 aboutO to 2A ng/m, but in pregnancy the range is typically abort 10 to
3Wng/m . Overall, several hurmad different actions have been reported for
probolin. Prolactin stinulates breast devel opnment and nDk production in
femal es. Abnonual prolacdn is known to be involved in pituitary noors,
mensto al irregularities, infer lity, inpotence, and gal act onbea
(breastm |k 5 production). A considerable anount of research is in progress
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'In cerlain embodiments, an LTHRHE-R antagonist is delivered ta the padent, foilowed
by &n LYIRH-R agonist. For example, the antagonist can be administered as a single mjection
of sufficient dose to.cause castration willin 5-8 days (this is normal for, e.g., Abarelix),
Whea the sex steroids have reached this castrate level, the agonist is given. This protocol

25  abolishes or limits any spike of sex steroid production, before the decrease in sex steroid
production, that mighi be produced by the adminisiration of the agonist, In an alfernate
cmbodiment, an LHRH-R aganist that creates litele or no sex sleroid production spike is vsed,
with or withou! the prior edministralion of an LHRH-R antagonist.

Inhibition of sex sleroid sigaalling

30 Sex steroids comprise 2 larpe number of the androgen, estrogen and progestin family
of hormone molecules, Non-limiling members of the progestin femily of C21 steroids include
progeslerone, I7a-hydroxy progeslerone, 20a-hydroxy progesterone, pregranedione,
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progest erone, 17a- hydnky progesterone, 20-hydnxy progesterone,

pr egnanedi one, 49 pregoaoedi ol and pregnenol one. Non-limting nmenbers of
the androgen famly of Cl19 steroids include testosterone, androsnedi one,

dt hydr ot est erone (UHT), androstmnedi one, androstaadiol,
dehydr oepi aadr ast ente and 17a- hydroxy androstenedi one. Non-lim oag nenbers
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or by action uggg; f | ec ing anuclelc said th at
75 encodes or SJ ?‘ﬂ{lglggll I,Ié%lg? 5° B%PﬂL?thﬁ%fﬁﬁﬁ% %icthon of sex
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of bi csyntfesil [ to t he roduct ion of steroid
hor nones an edn%%}ﬂ}gﬁmhg W‘gi"ﬁ H'e“?ﬁh% Thindireston of a
key 30 ermylhedﬂsudmmusﬁ&ﬂﬂhtﬁhhhmﬁ ryiflucatd@x chadia hﬁﬂnﬁﬁﬁé%&ﬂu&f’cﬂﬁiﬁce) early
in the palfupy.n' kil peptide hormone and growth factors present in the pituitery gland and the

gonad. The latter include but not be lmited ko RSH, LH and activin made by (he pituitary
20 gland, and inhibin, sctivin and insutin-like growth factor-1 (IGF-1) made by the gonad.

The person skilled in the art will appreciate that inhibition of sex steroid signaling
may take place by making ihe aforementioned modifications at the level of the relevant
hormone, enzyme, receptor, binding moleculs and/or ligand, either by direc! action upon that
molecule or by action upon o precursor of thal melecule, incloding a nuclere acid ihat

25  encodes or regnlales It, or a molecule lhat can modify the achon of sex stercid.

Direct Methods of Inbibitize Signaling
Biosynthesis

The rate of biosynthesis is the major rate determining step in éhc prodoction of steroid
hormones aud hence the bioavailability of *free’ hormone in serum. Inhibition of a key
30  enzyme such as P450 cholesterol side chain cleavage (P450scc), early in the pathway, will
reduce pmduction of all the major sex steroids. On the other hand, inhibition of enzymes
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I nduce pnducron ofall the jor sex steroids. On the ntherhand inhibition
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however 30 meidaodis, 6] 1 AGRYS Bekublth SaRB MO 1 EHIHSR e ANEHAARLE, 25 are
met hods of influencing
predominantly produced the ovaries and festas, but there is some praduction in the adrenals,
20 as well as synthesis of derivatives in ollier Lissues, such as fat. Thus, moltiple mechanisms of
inhibiting sex steroid signaling may be required lo ensure adequale inhibition to achieve the

present invenlion.

Metabolism and Comparimentalization

Sex steroid hormones have a shorl hal(-life in blood, gencrally only seversl minules,
25  due to the rapid melabolism, particularly by the liver, and clearance by the kidney and fat.
Metabolism includes conjugation by glycosylation and sulphation, as well as reduction. Some
of these metabolites ratain biclogical activity either as prohormones, for example estrone
sulphate, or through Intdnsic bicactivity such as the reduced androgens. Any interference in
(he rate of metabalism can influence the 'free” levels of sex steroid hormanes,, however
30  methods of achieving Ihis are not currently available as are methods of influencing
biosynthesis.
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bi osynt hesis. 51 Mdther nmethod of reducing the level of 'fare' sex steroid
hat noue is by conpartnentadudi on by binding of the sex steroid hornone to
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the sex steroid hornone receptor t0 the steroid response elenent in the
pronot er §eE§IEhmeFhapisem ig apetheravetind of iddfrifinpetix steidbignaling way's.
Co-activators and co-represses exist within the nucleus of 25 ne outl et

cell that can mwmmﬂmﬂrg{%mgoi d-receptor conplex to the DNA and
e

thereby eff ttranscription. identrty of many of Wese co-activators and
co-r essorslﬁre no]xﬁg nd rTEt hods of nodifying their actions on steroid
receptors amt 85‘?“0%?':8 @g}&l \GEBHYIA SpREHGTETFP IR i een e sithey irasellfiar. & of t he
transcri Fﬁsisbﬁwﬁﬁhfﬁ'aﬁllﬂdtﬂﬂeiaﬂ%aﬁﬁﬂlﬁﬁrﬁﬁﬁﬁéj homme action am NF-1, SPI,
Cct-land TB(r), These co-regul alom arorequ' ved for the full 30 arxion of

[ha sterof ds. it gdy, R IoH B9bRe 85 b Tacil L IgSF el Ay b o'
located in the cytoplasm of the cell end are transported to the nucleus after binding with the
$ek sterold hormone where they alter the transcription of specific genes. Receptors for the
20 sex steroid hormones exist in sever={ forms. Well known in the literature are two forms of
the progesierone recaptor, PRA and PRB, and three forms of the estrogen receptor, ER«,

ERB1 and ERB2. Transcription of genes in response to the binding of the sex steroid
hormoene receptor to rhe stervid respense element in the promoler region of Lhe gene can be
modifred in a number of ways. Co-activators and co-repressors exist wilhin the nucleus of
25 the target cell that car modify binding of the steroid-receplor complex o the DNA and
thersby effect transcripiton. The identity of many of Ihese co-activators and co-repressors are
known and methods of modifying their actions on steroid receptors are the Lopic of current
research. Representative examples of the ranscription factors involved in sex steroid
homone action are NE-1, SP1, Qct-1and TFID, These co-regulators are required for the full
30 action of the sleroids, Methods of modifying the actions of these nuclear regulators may
Involve the balance between activator and repressor by the use of antagontsls or through

control of expression of the genes encoding the regulaters.
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I nvol ve the bal ance between activator and repressor by the use of
antagoni sts or through commt of expression of the genes encoding the
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to the avgm?g% Ilhﬁ'gty or acti o%nofﬂ-?ﬁ”ne %lﬁ'?f%lﬁtﬁ%éra;uﬁg%—gé&k&% éﬁ%and LH,
t hat am rmmdmm@thuwﬂ IEERMS efid EPRMSs which are

st er ai dho q % t aﬂ% I nhi bitor of FSIf 25 secretion
i's tannin, @ Eorhone prod'£§ %egﬁgpgoe;ags‘%rn response to ASH.

Adm ni st rat i on inbibin to animal s has been shown to reduce FSH | evel s
in selum doe tEﬂﬁﬂWQa@ﬂmmcmmh$WMWam Brst,3fy eRSids agdmést known

way of a2y, ' i [: s

hypot hal am c ﬁ%mﬁm&g}%@vh?’%ﬁ&u\%%%%g hepgﬁaltvlﬁ Eﬂé@]awsﬁg?\ esi s and

secr et i onthefreqesor. Ik st mﬂkgdmbmme:am%bmesissntﬁd@ﬂ dpotiststsucleduce t he
lamosifen,

Indirect Malhods of Inhibiting Sipnalin

20 Eiosynthesis

One of the indirect methods of inhibiting sex steroid signalling involves down-
regulation of the biosynthesis of the respective steroid by a modificalion to the availability or
action of the pitvitary gonadotrophing, FSH and LH, that are respansible for driving the
biosynthesis of the sex steraid hormones in the gonad. One established inhibitor of FSII

25 secrefion is inhibin, a hormone produced by the gonads in response to FSH. Administration
of inhibin to animals has been shown to reduce FSH levels in serum due io a decrease in the
pituilary secretion of FSH. One known way of accomplishing a reduction in both
gonadolrophins is via the hypothalamic hormone, GoRH/LHRH, which drives the piluitary
synthesis and secretion of FSH and LH. Agonists and antugonisis of GnRI that reduce the

30  secretion of F5H and LH, and hence gonadal sex stervid production, are now available for
clinical use, as deseribed herein.
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30 secretion of FSH and |I.H and hence gonadal sex steroid production, are
now avail able for clinical use, as described herein. 53 AnoWeci ndirect
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decr ease phac the c to res in the steroid. Additional
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functionality. BM | (nphopoi si s, and |m"rune aII functionality is

f undalfent al | y Retspidsa acdllohir Bidnkingof We 20 effects of sexsteroids
and/ ordue direct effects of the LITUI rootage. it may beusefol to include

addi ti onal S“%&?&Pﬁémﬁﬁy&m%ﬁc ?]congert %ﬁgg% or |ncrf se

(additive synergi stic

coi | eff eitrvgl-@g@aﬂimmftthmedpmwmwmimmlmemsmaan@meaayunaef be
used Sucl]ﬁg mted CO . cytokine and row h

hec are notl
factors, suc ?'nt er };@Q P:L _Ppac %Stﬁ'@ﬁﬂsfﬁé‘mf ' 6oV BIRFLNe g lovelal
600 000 Iwmmwr Emmmtﬂﬂﬁ&)mat:ﬁ&nemmmﬁm% kndwn doqmilﬁéﬁsé dayto

/ th ndeokin-15 (1),-iS; 0.1-20
gy K| L6 BT bt iR i ot P iberpaiegy tnesmesis o6 v

epi t heli aheeﬂhbthtrdspmtﬂtaﬂia stegmdwt h factor famlies, stemcell factor (SCF;
al so known as steolfactoroa a-1it hgaad; 025- 12. 5 ng/m ), granul ocyte

col ony stinul afdiR@hnfidGiRk (G CSF 1 and 15 yg/ kgtday Nor SC),

While the stimulus for the direct and indirect effects on BM functionality, BM

lymphopoiesis, and imynune cell functionaity is fundamentally based on the inhibition of the

20 effects of sex steroids endfor the direct effects of the LHRH analogs, it may be useful to
include addilional substances which can act in concert fo enhance or increase {additive,
synergistic, or complementary) the thymic, BM, and/or immune cell effects and functionality.
Additional substances may or may not be used. Such compounds include, but are not limited
to, cytolines and growih factors, such as interleukin-2 (IL.-2; 100,000 to 1,000,000 IU, e.g.,

25 600,000 IU/Kg every 8 hours by IV repeat doses), interleukin-7 (IL-7, 10ng/kgiday to
100meg/ke/day subject to therapeutic discretion), interleukin-15 (1L-15; 0.1-20 mugfkg IL-15
pei day), interlenkin 11 (IL-11; 1-1000 pe/ke) members of the epithelial and Gbroblast
growth factor families, slem cell factor (SCE; also known as steel factor or c-kit ligand; 0.25-
125 mg/ml), granulocyte colony stinmlating factor (G-CSF; 1 and 15 nefkefday IV or SC),

30  grenulocyte macrophage stimulating factor (GM-CSE; 50-1000 ppfsq meter/dey SC or IV),
insulin dependent growth factor (IGF-1), and keratinocyie growth factor (KGF; 1 pefkg o
100 mgfkg/day) (see, e g, Sempowski ez al., (2000) J. Intnunol. 164:2180; Andrew and
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30 granul ocyte macnphage stinmul ating factor (Gw CSF; 50-1000 pg/sq
nmeter/day SC or M insulin dependent growmh factor (1G--1), and keratnsyle
grow h factor (KGB; | pg/kg to 100 ny/kg/day) (see, eg, Senpowski et al,
(2000) J. InununoL 164:2180; Andrew and 54 Aspinall, (2001) J. | nmuw
16615201530; Rossi et or. (1002) Blood 100:682); cryQOrpoi eOn ( BPO
10-500uui tsg Nor SC). A non-exclusive list of other appropriate
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(or oHUr cast P&t 'ﬁﬁ%fﬂl"fgﬂt)“ LISP: Platslst derived growib dactor(BRGED MiGREALL-L Bwt, bi na i on
with the #Eigonirss, ii.a)R.90M-81, IO 'ﬁ%h i ' tion.

Si nce theg&%@ factors haveﬁ%q?;eﬁlag%%gﬁ; r p%ﬂ[ﬁ%ﬁa@nﬁ%@gg&rﬁpn t he

hour,) th irEreslbdiffarcatiation factnrtand agsinophil dif@rengeidmyfaciary of or ? days or
| ongend. Ehabighent hetagt om cytokines nmay be given in the optimal formto
preserve Weir biological activities, es presnbed by the manufacturer, eg"

or W formof_purified proteins. However, additional doses of any one or

combi nat i on of PRREBOTSf ggngsompogyid(s) maxtbe givpn phgeet the bigal TFERH
sti mul at eadaig: @H&ﬁ&ﬂd&ﬂ?&ﬂbﬁhﬁaﬂ%?ﬁgﬂt@,ﬂdﬂa&#m @"”’Bﬁ% & in
0 ol

rases, sex,stmd ablation or interruption sex ste 1ES|gna Ing is
dean concHiRHisreanst antrgonistivr any stherfanaref efx etdididismptionc Sinok ibegsawiyr owt h
factors, BEwesOERERaLQR r‘éqlklﬁ )§: h x . steroid abl ation or
interréption of sex stgrro dﬁgl?mr‘lcaqe{éf'%ﬁl?s oﬁ%ggren%ﬁ]én i'q TR T A%
admi ni3t r @i&EAeryrday dern i daghen longrrio The symitnkblorfaytiidnes mapbe givebiotat i ons

t her eof . TILTES Jout ame Y=Y A HA kd1 i ent " refers to agent uch as, SDP-1
(e.g., AMBLO00), 25 G o%?ﬁe%r%ne?%,f‘ﬁgﬁﬂ b A R DR TR £ fhs
(e.g., cy@r&proafpnafed peleingh Hotvevarrdiditoaaliobisl df ang owroredbmbineiorceithae f r om W
BM GLSF anga Gk B - kLize the production | ocyres
(primarily ueut %ﬁi F?ﬁﬂ%&éﬁﬁ%&%@%@%ecg??/“ﬁ?%h?%ﬁ@['%ﬁgﬂ“%esuI t in
i ncr easecPrémnane esllsofln @@ain cases, sex stervid ablation or interruption of sex sleroid
20 signazlling is done concurrenlly with the administration of additional cytokircs, prawth

factors, or combinations thereof. Jn olher cases, sex steroid ablation or interreption of sex

stervid signalling is done sequentially with the administration of additional cytokines, prowlh

factors, or combinalions thereol.

As used herein “mobilizing agent” refers to agents such as SDF-1 {e.g., AMD3100),
25  Growth Hormone, GM-CSF, G-CSF and chemotherapeutics (e.z., cyclophosphamide) which
enhance mobilisation of slem cells from the BM.

G-CSF and GM-CSF are known lo mobilize ihe production of granulocytes (primarily
neutrophils} and macropheges, respectively, and alse 1esult in increased production of DC
from the BM, which help provide a non-specific immune response in the paticnt to antigenic

30 challenge (Janewey et al., (2001) Immunobiology 5" ed., p. 325). Clinically, G-CSF and
GM-CSF are uscd, for example, to decrease the incidence of infection {(as manifested by

febrile neutropenia) in patients with non-myelaid malignancies receiving myelosuppressive

anfi-cancer drugs, which are typically associated with a significant incidence of severe
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i mpr o¥és BFEeYerY mwm@a@mw@mﬁmg thegecoRrypdiplatets suf f eri ng,
or likely to suffer from infections. In another nethod, the CSFs ase

adni ni stered 3fndagsce dndfor m@m reh o)) Jnﬁglaﬁﬂd%én&%f%&ym&dsmfﬁ?é

out comes aheady associated wth the use of the CSPs are also greatly
enhanced ByeRon; S FiRE9HS et tegsiites tsequenténlly or gershirerdly) wilh&-€FEandlpr  usi ng

the met hodss.ekrikeapy In in%&%b%Egﬁgﬁ%m mﬂtﬂM% ca{vmcﬂ for much

greater infection covllol for patients cel vl ng radi ati on or
25 chenot F¥plaikhecll mhick mdwag,mﬁqaﬂﬂx improveshetd ﬂswa‘;mr;ml@hng eemesitogotes Y&l y and

Promd Y patieats suffering, or likely to suffer from, infections. In another method, the CSFs arc
administered 3-4 days afier chemoiberapy or radiation therzpy. Clinical outcomes already
associaled with the vse of the CSFs are also preatly epbanced by an interruption to sex steroid
signaling. In parlicular, using the methods of Lhe instant invention together with CSF's,
allows for much greater infection control in patients receiving e.g., cancer radiation or

25 chemotbempy. Additionally, if the immune system can be effectively and promptly
“rebooted,” increased dosages and/or frequency of chemotherapy drugs or radialion therapy
may be used. This may occur with or without the introduction of allogeneic or autogentc
H3C’s which would further enhance Lhe timely retumn of immune system functionality.
Castration will also result in a lower number of HSC [hat have (o be tansplanted, which will

3¢ be useful when only a imited number of HSC can be obrained from a donor or when cord
blood stem cells are used for transplant,

For instance, the concurrent use of two separate classes of drugs (e.g., a GaRE
analog, such as Lupron®, and an androgen blocker, such as Cosudex®) may allow for the
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rebooted,” increased dosages and/ or hequancy of chenotherapy drags or
common therapy mnaybe used. This may occur with oew thout the introduction
of allogeneic or autogenie HSC s which would further enhance the
tinmelyreturn of immure systemmthcna ity. Castration will also result in
a |l ower conber of HSC that have to be transplanted, which will 30 be usefu
when only a |imted nunber of HSC can be obtained froma donor or when cord
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S

I nt ent pt feroid si i.ng_lndication he use of drugs known m cause
sex steroﬁ#ﬁﬁt%ﬁ Q?FS%FH ﬁg%%lf‘&nnpt sex steroid signaling, either alone
or ire conbination, with or without the aforenentioned growh factors 15

and cyt oki nes Imdigatimms used for the follovdng as an adjunct is enabling HSC
engMent (see, e g Exarrpl e 22); as an adjunct in the effective

managenent of e aut al o ell.t rans I ant S .(see,
renagerent of gl QUERSLE BloyndyLeHRYR 1 BN o Fhn HGTREIR sl
101419, o%gmhdg :bﬂﬂﬁ@:;nisbﬁjn mﬁimw@a vth drhﬂ&ﬁuﬂﬁﬂﬂ%relmmﬁmﬂgrcdtrﬁ eases Wil
ei t hey= resul mar e eff tive.teat nent Oupones or. W esult in the
over aﬁ tzﬁleﬂa HERES DFY BF Bt f?BH ')éﬂ E’&r‘f"f’fﬁjg—nﬂ‘? Bn gpRet iﬂe‘f‘?ﬁ”ﬂ&ﬁ%éﬁt%ﬂ%ﬂ Fas
desnbed i(m¢e, egg Bxahpla?p); @8 aidj@itt indles effddfive MASRSmENt o BlBgah&FH: on of the
varroos c t hera doses o ation, therapy) . maybe altered
such thatﬁ “ﬁ%%%‘é%@ﬂ%@%@ﬁ éF"’dégeIEF‘ dfésahw kT HengiBZ A58y ¢ er
qual ity ofwneHitL.s, saumcmmemmm O3ddne4enis. T Laoeese hgs HaRdpdrEsbat i on
of the varhou rgﬁ ?kl nes %f
1 1n more eifeclive tealment onlcomes or will resull in the overall eelment
20  protocols being more efficient. Addilionally, as described in, e.g., Examples 25 and 26, the
doses or administretion of the vatfons chemotherapy drugs (or doses of radiation therapy)
may be altered such that they now produce less side effects and/or result in beiter quality of
[ife outcomes for the patients, Moreover, the coadministration of the various cytokines and
growth factors may allow for a reduced number of HSC that need to be trensplanied. For
25  example, using the method of the invention, it may now be posgible to use human cord blood

Tor aduit H3CT, since a reduced oumber of cells is required to obtain engrafiment,

PHARMACEUYICAL COMPOSITIONS

The compounds nsed in (s inveniion may be supplied in any pharmaceutically
acceptable carrier or may be supplied without a cammicr. Formmlations of pharmaceutical
30 compositions can be prepared according to siandard methods (see, .g., Remingtan, 2000 The

science and Practice of Pharmacy, Gernaro A.R., ed., 20% edition, Williams & Wilkins P'A,
USA). Non-limiting examples of pharmaceutically acceplable carriers include
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grow h factors may allow for a reduced nunber of HSC that need to be
transpl anted. For 25 exanple, using the nethod of the invention, it nmay now
be possible to use human cord blood far adult HSCr, since a reduced nunber
of cells is required to obtain engrefinent. PHARMACEUTI CAL COVPQSI Tl ONS
The conpounds used in Gls invention may be supplied be any
pharmaceutically acceptable carrier or nay be suppl I ed without a carder.
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dis maone_si lin can_pe rea i ned by a
rout i ner SFCT %ﬂ?‘%ﬁ‘ﬁﬂ&% &3 pay éF“H’gﬁ‘s'bg’I‘ﬂéﬂ M 3%

det vmi ned.rahyuamwﬂi facuag ane diheedytdkided haldscAbed2rdn., Tt m PHYszaAl g’ S DESK
Repmt ENCE, 52ND aunoN, Medical Econom cs Conpany. 1998).

DOSE

Doses of a sex steroid analog or inhibitor used, in sccording with the invention, to

disrupl sex steroid hormone sigoaling, can be readily determined by a routnely imined

20  physician or veterinarian, and may pe also be determined by consulting medical literamre

(e.g-, THE PHYSICIAN'S DESK REFERENCE, S2ND EDITION, Medical Economics Company,
199%).

The dosage regimen involved in a method for trealing the above-described conditions

will be delermined by the attending physician considering various factors which modify the

25  action of drugs, e g., the condition, body weight, sex and diet of the patient, the severity of
any illness, ime of adminisiration and other clinical factors, Progress of Lhe treated patient

can be monitored by periodic assessment of the hematological profile, e.g., differential cell

count aod the [ike,

The dosing recited above would be adjusted to compensate for additional components
30 in the therapentic composition. These include co-adminisiration with other CSF, eytokine,
Iymphokine, interleukin, hematopojetic growlh factor; co-administralion  with
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The dosage reginen involved in a nethod for treating the above-descdbed

conditions w1l be determ ned by the attendi ng physician considering
various factors which nodify the 25 action of drugs, cg., the condition,
body wei ght sex and diet of the patient, the severity of any illness, tine

of adm nistration and other clinical factors. Progress of the treated
patient can be nonitored by periodic assessnent of the henatol ogical

profile, m&gﬁéﬁ.am 3hd/of HdialioRUa AREhd a#ibﬁahﬂ-ﬂéﬁtedﬂ[&b%&é’%idﬁﬂﬂeﬁ%ﬁ ed
above would b Justed o conpensate for additional conponents 30 I'n the
t her apeut itee #isAHBE physigian shich seTaciory which wodifvthreaction ofhdmis, it go theesondition,

cyt oki ae, {@f&ﬂ %eamg estgg;gf § gg f i .

co- admNl ahat:?/on V\Ilmtg é‘ﬂe Eﬁé%#@%bﬂ%}[ I e g%agﬁa ar iaglﬁﬂg{lu?u?%?ﬂ(?
various paihereliniedl factsds.i ssues as identified by the attendi ng physician
such as factors whi ch nodi fy the action of drugs, e.g., the condition,

g?dédvl’;]%lnlggt r at I on anét%a{)%%deg I ni ca &Pfggﬁ#@légﬁ{ (ildégsl on EP{:)IIJSOEISEI,Q time

descri bed SmdénﬂlﬁgsmmekQMIetddﬁhinamah:ageseathuﬂEBrfosepanuﬂ-ﬁrLiuiﬂc{eanal 0gs

can be ad =St er: on ose.t ha last for Jerl f linme
(e.q. 3@(%62&% gl’l a E‘mé(értl?‘;li-'J ﬁléﬂé:'sw’hthﬁgllﬁf’% m? ¢ 5?1% ’F‘?“Lﬁ the
effective stauda:dﬂﬁemntwm bBana[Eige:secsbﬂﬁdmhdiljcﬂmﬁnMﬂblae@ titdst Bkiflspim of

e et S B afe B oL SR

my/ kg 19ndabdﬂ1ammg.ﬁmmrmahmmmwraﬁn%m&%m/ kg end about 5Sngl kg.
The length of time of sex steroid in ition or LHW Wrhn R anal og

t r eat ment Val‘llfﬁ cg; £ .th ﬁﬁ%@dd ot AU and S
readily deterni nﬂlﬁfl?}l §§° ‘ﬁé’ﬁ”l?l on 4 %ﬁ’ﬂ%’ Ly

exper i nmentsihitendegarol Gigﬁ[i‘@hlﬂ;lph? laed ddmkek, 4nd és eadilyalefer@inablydyiigse skilled in
patient has been e ed to T Pet Iet| ents sur8 a che t her apy
or radi ot E%Er H’ fﬁ?‘ﬁﬁ%&é‘?ﬂ“@“‘? Er)g’tt&"a?alg sPARE R ”’r r%'Pr oaneu4
for exarrplpelmm:hdsme&lﬂﬁnsdﬂqummﬂﬁﬁieudg&e@ﬁlﬁﬁﬁﬂaﬁcﬁﬁﬂﬁhﬁﬁf rhd%b‘lﬂax&ﬁﬁugh on
det ec new}gﬁ cells Ql%g'gfg?lttgeoo Met.hods of detecting new T cells 1n the

bl 0od 13 BB TPHYFIEAsE operapalesritOnRt ) Fopsmasthson | s
by deter nﬁﬂ’geﬂg-anﬁﬁmﬁﬂbﬁﬂﬂmfgﬁm&i o deredt peRCERAI9 In 16 BB ONeHoishREILAREC S) ,

V\hlcharefocgﬂmm@ CRIS bei ng_funmed and are lost in the cell
after it Uf¥i tidged ﬂ*ﬁé@%ﬂﬁk%ﬁ% %frﬂleﬁt@awaﬂ%ﬂ%&wwwwwm
TREC | eveb$ datiniting dRUEx&anes ofof cdlf bbbt ckdibl6 bittles (TREMSTBMSh A1 6§heand

ot her net hods _are de cribed in ‘c:ietall |ﬁ WD 00230256. Dose varles with the

LHRH anal 33°h#a TGRs being formsdpetimgdost i thpecsiter it givifespHensg, TREC's are
20 only found in new (naive) T cells. TREC levels are an indicator of thymic function in

humans. These and other meikods are described in detail in WO/ 230,256.

Dose varies with the LHRH analog used. In certain embodiments, a doss is prepared
tolast as long as needed. For example, a formulation of an LHRH analog cant be made and
delivered a5 described herein for a period of two or more months, with additional doses

25  delivered every two or more months as needed.

The fermulatfon can be made to enhance (he immune system.  Alternatively, GM cells
can be administered with the LHRH analog formulation or separzlely, both spatially andfor in
time. As with the non-GM cells, rmultiple doses over Lime can be administered to a patient s
needed fo create tolerance to & given exogenons antigen.

30 As will be understood by persons skilied in the art, at [east some of the means for
disrupting sex steroid signailing will only be effective as long as the appropriate compound is
administered. As a resull, an advanlage of ceriain embodiments of the present invention is
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to last as long as needed. For exanple, a formulation of on LHRH notion can
be made and delivered as described herein for a peried of two or nore
nonths, with additional doses 25 delivered every two or nore nonths as
needed The formul ati on can be nmade to enhance bra i nmune system
Alternatively, GMcells can be adm nistered with the LHRH anal og
formul ati on or separately, both spatially and/or in time. As with the

non- GM calHasonceletdefited is@aMalogicel affel0f b Broléht AeEh b S Bebnlzohidvddaid-$nt s
needed to cr&ggg?tolerance to %ﬁglven exogenous antigen. 30 As wi |l be

under st oo&°B \ept@entiean bosfopredapbthes pubjosts repreductiyy pisicat willfeluRbtans f or

di snpl i ngpe@ersteroid signalling will only be effective as long as the
appropriate conpound is admnirteted As arnWlanadvant age of certain

enbodi nents of sentlnvent|n5| 59 that once the desired i nmmunol ogi cal
affects of thedy ki OF AfGENT] LAEEMEAL CAJTRAIJON 2 3 nonths) the
treatnent can be stopped and thee subjects reproductive systemw |l whomto

nor mels DEL| VERXd:GhnisAGEM &F se0ReEMI AL 2 ARTIRATHON & &M wihikeldIBsof  sex
nts may be by any nethod which delivers the agent into

teroid ahl ating age
the blody R'?ﬁagsﬂt Begedy. sT%tSoﬂﬂaS%nﬂtetlﬂﬁglﬂ'awﬂmmy by admipistared ir ed, in
accor dancgopidaficetsia ﬂl@ﬁﬁ’@ﬁﬂdﬁnb]{r Ry B inlcRithcfy, hﬂﬁ&&t(ﬁrﬂ&mw;ﬁ%ﬁg\% o t at ' on,

i ntravenous, subder mal subcu aneous, | ntramuscul ar end a
routes of SUbdFHTH svcatEneaus, intamuscules fenies, eRpdombratse of etbwwubtm above,
delivery of the conpounds for use in the 10 niothods of this invention may

be acconpl i shead addifioRtoHEBRMAAE d&@ﬁﬁ&EQ&%Wc&%fﬂﬂ&%mcﬁlﬁﬂds@ﬁ Bt he art
One standardp . dare for adm nisteri chentcal Inhibitors to ivWit sex
@@éﬁ

st er of i sttt s Gprantian asiie 4o bt iyt aungerr el oretieds g to@gBmisst t hat
i's ef fect iN@dfiQthe abt’ €She¥RARLA Mf&aﬂnats a%]llgﬁ.gtmro%m gt-.a?x
st wou e cleare omthe

- injection would not be sufficient as the
paten's b¥erpidpsd ﬂ%%ﬁﬂﬁﬂhﬁ%@ﬂ#@ﬁ%@mﬂ%ﬁﬁhQf%I Iﬁﬁeﬁﬂmﬂﬂhﬁmyﬂﬁmﬂwﬂﬁﬂdepot

i nj ecti ongpd ﬂﬂﬁﬂfbﬂpﬂ?%ﬁleﬁg— Q. #1 %ﬁ] ?ﬁgﬁfon@ n&fhcgtﬂiijn\éﬁtr ﬂ?J t he

i nhabi ter that ow sTow rel ease o =) |nh| ow s% a net hod
for incre@smsgweuidbe plaired ficfosthe patichids i?qdmﬂmiltbeforwllshllmc tieelthbagpyesuch as by

nand 5 mmbe‘ﬂ&é%ﬁ“ﬁﬁﬁt‘b ok ey bR Ty bl bR OB,

to, |aser aﬁahﬂdnﬂeﬂﬂwh@uﬂzamﬁmﬁﬂmmmhmuﬂnﬁdmmmmnanmﬁmd@mnnmbﬂd@nhanDre

pat ont NoST e U B s ARRSIANBe ok sifis Bblipephl g cdefudlSutes0 11 B S

retgining lhe function reguired hercin, may be tmei

Useful delivery mechanisms include, but are not limited to, laser irradiation of ihe

20 skin This embodiment is described in more delail in co-owned, co-pending U.S. Serial No.
10/418,727 and also in U.S, Patent Nos. 4,775,361, 5,643,252, 5,839,446, 6,056,738,
6,313,772, and 6,251,099. Another usefn! delivery mechanism includes the creation of high
pressure impulse transients {also called sivess waves or impulse lransients) on the skin. This
embodiment is described in more detail in co-owned, co-pending U.S. Serial No. 10/418,727

25  and also U.S. Patent Nos. 5,614,502 and 5,658,622, Bach method may be accompanjed or
followed by placement of the compound{s) with or without carrier at Lhe same locus. One
method of this placemenl is in a patch placed and maintained on the skin for the duration of
the reatmeat.

ITMING

30 In one case, the administration of agents (or ather methods of castration) thar ablate
s$ex. steroids or interrupt to sex steroid signaling occurs prior to a, e.g., 2 chemotherapy or
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6, 315, 772, and6, 251, 099. Antherusefuldel|verynechn1sn1vcludes t heaeati oo
of high pressure inpulse mammals (alto called stress waves or inpul se
transients) on the skin. This enbodinment is described in nore detai

i ncoowned, co-pending U.S. Serial No. 10/418.727 25 and also U S

Pat ent Nos. 5, 614,502 and 5, 658. 822. Each net hodmay beacconpani ed or

foll owed by placenent of the conpound(s)mﬁth or withoutcaner at the sane

| ocus. Ongadi r}ggm ' rﬂ g@; t ai ned on
t he skin forﬁ?ﬁe du?%%h%ﬁlégg t{he tTeatme M I%&Qﬁﬂ%ﬁ;ﬁﬁéne ca el!a t he

adni ni st r SEFYaingimayenedis( or ot her net hods of castration) that ablate sex
steroids or interrupt to sex steroid signaling occurs prior to a, e.g.
achenot hmapy oppgpPsradi ation reginmen that is likely to cause sonme EM TRr F oW
cell ablation and/or damage to chcWing i mune cells. CELLS Injection

of hemat opoi eti¢ progenitor cells, e.g., broadly defined as CD34" 5

hemat opoi et i ¢ EUpiisa ﬁ%ﬂw%wm@mggﬂaw bﬂtmﬂﬁdéﬁﬂﬁﬁ@ﬂ ﬂwﬂee and

%3?%5%&3%5&;@% e %ﬁéﬂ@m@?ﬁa g (i
| onger-te WW%E %tﬂDé&pa‘bﬁlyuwm alwe vk disariodrs otheharaell ses@ant i ons
ai dL or epr t e B RS RN Snatlinbot or R oV et Brdristils) ogous

or syh@enedmcignd have been obt ai ned fromthe patient or two prior to thymnus
reactivation The HSC can be obtai ned by sorting (r) 34 or CD340 cells from

the patient's -i:ﬁe,%g_.,g MC cac .n .sever al
ways, including ( not | m ted';E %f" %J%W%P g '%glﬁ' (%ﬂen
Angen) toaﬂdﬁéﬂlmftﬂarﬁiﬂﬁ rﬂ-if@amﬁbn@dﬂﬂglsmlcﬂm Imuﬁctinktam:g thbe oDt deect ed
cells in 3G e E to.th atient af CD34" cel |

suppl enent at | gn %J’%@r nﬂi{ﬁl vEI t" b %bﬁﬁl%flgﬁtpg ﬁ?gb‘“ﬁgfnlffémi%{hﬁ'ﬁ'ﬂsf romthe
bl ood Or Tenivation, HﬂlerH&ibgmHmtubmmadﬂ}}ram:aQMbyr (0347 cellpfrosi thopetiht' £ CSFam
the pyd e e .df frcatio
deri ved been %\%ﬁ%&gﬁm%@%%q%%é g@?‘”ﬁbﬂﬂ* APV rvﬁﬁ&gﬁﬁyg@ﬁ@?t sour ce
of MC, anbmiteyiopby adriieistering G-CSF (Neupogen, Amgen) to the palient.prior to colfecting

cells, culturing Lhe collected cells in SCGF, and/or administering G-CSF to (he patieat after

CD34" cell supplementation, Alternarively, the CD34™ cells need not be sorted from (he

bload ar BM if their populetion is enhanced by prior injection of G-CSF inlo the patient

20 HSC may be used for genetic modificalion. These may be derived from BM,
peripheral blood, or vmbilical cord, or any other source of HSC, and may be sither
autologous or nonautclogous. Alse useful arc lymphoid and myeloid progenilor cells,
mesenchymal stem cells also found in the bone marrow and epithelial stemn cells, also either
autologous or nenautologous. The stem cells may also include unibilical cord blood. They

25 may also include stem cells which have (he potential to form into many different cell types
&.g. embryonic stem cells and adunlt stem cells now found in ay tissues, e.g., BM, pancreas,
brain, and the olfactory system.

In the evenl that nonautologous (donor) cells are used, tolerance to these cells is created

doring or after thymus reactivation. During or afier [he initiation of blockage of sex steroid
30 medjated signaling, the relevant (penetically modified (GM) or non-genetically modified)

donor cells ere transplanted into lhe recipienl. These cells, ideally stem or progenitor cells,

are incorporated mto and accepted by he hiymus wherein (hey create lolerance lo the donor
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aut ol ogous or nonaut ol ogous. Al so useful are |ynphoid and nyel oi d
progenitor sells. nmaenchymal stemcells also found at the bone marrow and
epithelial stemcells, also either autol ogous ornoneutol ogoua. The stew
sells may al so includeunbilical Cord blood They 25 may al so include stem
cells which have lie potential to forminto may different cell types e.g.
enbryonic stemcells and adult stem M S now found in may tissues, a g, EM

pancr eas. by &limfinftingAn¢ nbWE I@M@&t'p%&yﬁ&méﬂn&% ‘{E%achb@%g&ﬂﬂ Akt 0l ogous

(donor) cﬁ&%s are used, oI emmce to these cCells Is treated rong or after

t hyrrusdr o Jhayi arthem rpelangingrig theregipient}’ anbmpvbacom ipant obibe Dmﬁakfggle:fmzw§‘ex

ﬁéﬁraénet%ﬁ‘ﬁbﬁoﬁ‘“ﬁé WO, Tt et HoRan SACARL Bk R e xSt ot
These cel M8l doparas|se), lstrey arraripg oeraice dor xphil frpm the dobon (ee poowvetd, bet 0 and
o1 ot | gD N 0B b bk PR ] Shance coul o be 1 eact ve

agai nst them They emthen 'belonging to the recipient” and may becone part
of the producti@nothtr embpdimeptiht sdministBibyf steheortpwomrsr ddive celbs ul ti ng

popul at i of3.ds a&% t reci |en and donor as self,
t her eby gllrgeatlﬂé'!rll-l ﬁ%ﬁ?@g%ﬂﬁﬂg%&% ﬁ)’ﬁg?’m(’?‘%@t%&%ed co 5
pendi ng Gndividgal s-:aﬂhaﬂ‘lba reﬂ;iplaﬂll@avﬂmﬁs a:l&ila:ESiH ﬂﬁn@d of QALY pes| EhaBEREEE
enbodlne t|o st.e cursor donor cells

(genet i ca ﬂﬁtorg | e]]dsl r?ost qﬁbg?lﬁ“fj’ég]ﬁ %E/”E‘i‘f' FSRST TS meRwlent morss £ om
nor e Itmamﬁaljeorqm&lwmdcfaha}r&eah MHC thehnee nideefingdv@meps t ol erance to a
range of MHC types, enabling the recipient to be consi dered a SUI tabl e

candi date for The ﬁﬁéséﬂtlﬁw?&“e r or ans Ifér | ant npre %g‘
é{lwrf%ﬂ@“cﬂf

qui ckly, since ¢ ey am an ‘é pr esent

i nvent i omﬂatl:t;(s Ihjtmml b mmﬁuﬂmﬁﬂkhﬁmhpm&mﬁnﬂdaﬁ&lc@ﬂs RGinto a
patient’

- Th| he ,acca the adm njistration of donor
cells to reC| STeak a?%”%“&étl Shae :[E'Eg Q%H'éﬂsr[%%ﬁi Rk "FFFBE]HB%‘P cells
gay be HS@laepdldtmiﬂuibrmMmTr?eéﬂs%rmduwpoﬁﬁT é:&@ﬂala%m;tmau&gﬁl Bshhy

emalRoi gf,i e to S onor ce may * ynphoi
progeﬁl t or Cﬁj g%%noh gl aepitrse s o Puelopkprogegitarsels., fi‘é@gmfﬁ%m?ﬂonor
cells ar @am&hmmﬁ@@@mﬂsﬁmeIMmH@@ ViA@Y SInBPDLRA heDC 1 0 the

I nci pi ent cPF)I gr cgﬂls be.adm ni stered the recipient and mgate
t hr ough t“?fép“ﬁ el M@% b srcinisph pedygisrHy Feughi her  duecf |y
or via tliuenﬁlﬂ-ul‘litm&@j«ytm&ﬂhe dgﬂigﬂfupefﬂﬁz}ﬂﬁébﬂ QF viaRREBRE "Td dflikk! ON.

the stemcel.ls ma%a belnjecte |nharbémdy|n conbination with

acti vat i GHTYF pce AFG AN s o callsymast dbsadiedujected
20  intrathymically in cumbmauon wilh activation of thymic regrowih throuph use of s=x steroid

inhibitors, e.g., LHRE/GoRH analogues. Bven non-HSC are likely to be induced to form into

DL within the thymic microenvironment and ifs content of appropriate growth factors for
such celis.

The uptake into the thymus of the hemalopeietic precursor cells is substantially

25>  increased in the inhibition or absence of sex steroids. These cells become integrated into the
(hymus ond produce DC, NI, NKT, end T cells in (he same manner as do the recipient’s
cells. The result is a chimers of T cells, DC' and the other cells. The incorporation of donor
DCin the recipien!’s thymus means that T cells produced by this thymus will be selected
such that they are tolerant to donor cells. Such tolerance allows for a furiker fransplant frem

30 the donor {or closely matched to the donor) of a craft, such as donor cells, tissues and
organs, with a reduced need for immonusuppressive drugs sinee the transplanted material will
be recognized by Ihe recipient’s immime system as self.
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inhibitors, e.g.. LIR G dH anal ogues. Even non-MC are likely to be induced
to forminto DCwthin the thymc mcnenvimm'" and its content of
appropriate growh factors for such cells. The upbkcinto the thynus of

t hehemrmbpoi e rc precursorcells is substantially 25 increased in the

I nhibition or absence of sex steroids. These cells becone integrated into
the thynus and produce DC, NK, NKp, and T cells in the sane manner as do
the recipient' @Ptﬁﬁhh§GE M @ AN B cedh s BCeaRd: t he

ot her cells. - DOT & ' oT S > S neets

that T cells produced by this thyrrus wilt be select ed such that they are
tolerant to dmﬂéﬂcmmﬂpmmﬂ@mndv@rﬁmmaﬂfdmhgr&ﬁml ant from

30 the dog'g{em(&r %ﬂﬁ%ﬂm@ﬁ&&%ﬁw ‘gﬁﬂﬁﬁ@& n:lodjﬁ uch as donor

cells, on and organs nusuppreeSS|ve dr ags
since t hehnmltamieatntsem oetls, dymaliioidypdo fenitoecalls coygpioid §d:|gb1ylbctr laelly; eitholidntes

e e L i e e

oEt i onal | lgmahmrumgxhdsﬁummmg1ﬁmgglgtrt]m@teﬁaufﬂhdmaﬂm¢abcmﬁmtdaadshof dgene

therapy u |cg%1“1geenet|ca %er e en%tlg oi “ﬁjéstemce S {Dgllpm

progenito ﬂgﬁ'fifﬂ"“ ¢4 RIPIgieg Hplalse

comnbi nat |mﬁmﬁw%wmﬂdme) desE@Y OIS mtnﬁramcacbﬂs 46 iéciediodel | ver

such cells hav been .unsuccessful, resul tlélgq in niﬁ%l gible levels of the
ndwdy,

Todi 1 od RAGERST hermadificd siemand progenivs Gels a5t Gymat arsteopgeticdel i very
of thgse lﬁmsemmeahnﬁwmgtﬁauueﬁ@éﬂe pfdcadtth ifeahRiid ab0Br Bbselnd® B | S i nto

t he desvedT ceI I's. The nodified cel s are injected intoa patient. The
modi fi ed CPEfAsdrEgpiRyeadifisrionof (he parent Himipragpnitsy celhe t hynus and convert ed
10 into T cells, dendritic sells, and other cells produced to the thynus.

Each of these m&wg@@hﬁ& m@@ﬂﬁ&ﬁdﬂ%b?hﬁmﬁﬁﬂﬁidnﬁsﬁﬁdﬂrfpfd‘gﬁﬁlhﬁm of® parent
at eni proge During or after thé castration st ep, hemat apoietic

ni tor cell
st em or b‘b@%ﬁl e celly, [irom e dongs may b transplanisdhine hegecipisraptionth dbessnor  may

be transpleAfniedcdepica biylie heGh s %@hn?ﬁh@‘t@ﬂkrﬂ ﬁnd@&bh& ﬂﬂ%f&@celot ed by we
thymus. as bel gnging to the recipient and becone part of Phe 15 production

of new? sdirPdictiggiofsewhl celjpamd Rﬂﬁjslhﬂmﬂmﬁnwithiﬁé@ﬂ%@fﬂwmk%ﬁ%ﬁlﬂﬂl@é start
of bl ockagsa oﬁ@%atﬁfﬂﬁbﬂalﬁ@ggﬁ’ﬁﬁg(@% 'ﬁ@k@ﬁfl’cﬂﬁ@ to twee
HRH t r'éat ment

weeks after, t i nitiation of he |rst now T cells are

preset i ritiRGeRRIISIRE wmsairuendy iy frstiegre T splime Pmﬂtﬂmﬂ}ﬂ ¥logd streggp fulkray t ake
twee to fRUslofRG: BBme il HasHhE ?LP&% o EBETTh&J%hhﬁngf %ﬂ:ﬂ%ﬁbﬁ gepoth the

recipient (and donor, in the cdse of nonaurologous trans
cells recognize both the recipient (and dopor, in the case of nonautologous Lranaplam‘s)

20 self. Tolernce for a gralt from the donor may alse be created in the recipient

An appropriate gene or polynucleotide (f.e., Lhe nucleic acid sequence defining a
specific pmtein) that will create tolerance of the patient to a donor graft is engineered inlo the
stem and/or progenitor cells, Dy introducing the specific gene into the HSC, the cell
differentiates inlo, e.g,, an APC and expresses the proteir as a peptide expressed in the

25  contextof MHC class I or IL

The person may be piven e sex steroid analog to aclivate their thymus, andfor to
improve their bone marrow function, which includes the increased ability to Lake up and
produce IISC. In onc case, hemarmopoietic cells are supplied to Lhe patient before or
coocuncntly with thymic reactivation, which increases the immune capabilities of Lhe

3¢ patient’s body. In one embodiment, a palient recelves a HSCT during or after castralion. The
person may be Injected with their own HSC, or may be injected with HSC from an
appropriate dener, which has, e.g., treatment with G-CSF for 3 days {2 injections,
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20 self. Tolem ace for a graft fromthe donor may al so be created to the
reci pi enL An appropriate gene orpol ynudeotide(i.e., the nucleic

aadse) uencedefinwga specific protein) that will create tol erance of the
patient to adonor graft is engineered into the stem and/or progenitor
cells, By broadening the specific gene into the HSC, the cel
differentiates into. e.g., an APC and expresses thepronan as apeptide

expmasedi Qe ﬁpﬂ& Th rson Jmy, b .yen a
sex ster oirhgﬁanal 00 “to g@%@?ﬂ%ﬁ&ﬁﬁé%bkﬁm%?% “Pﬁﬁ%*/”éﬁﬁ bone
mar r ow f urlé¥¢ ey beumimsfected of varedudddeviinrgea gof), alRbdihg Jhetplotbialgptifs, and

produce || Sfanal . h jetic. cells are suppljed to,the patient
before or Hﬁ(&%\“&%ﬁ%@?lﬂg&%q? ﬁ'ﬁ%@h?@ﬂ P, or apfiges- FREevEAg BuectRR | nmune
capabi | i t iiet tof paibre, (BOLSatenep thehobo sl hond nARGWERENR e FRitd Ad Bthis6nk efifCei Ves
a HSCT dur] fter_castration. The, person_may be injected with their
own Hise Pintefhe oadih e ey romseied nshT 451l BopABGrhEUEERSH B bodh Bie has,
e.g., treanlipnts wipidsediO8ie choeR SAEC(Rst NRINRE S sly per
day) foll :)ﬂ\.l)ﬁd b)é colﬁ%fétion of )3SC fromthe bl ood’con Hays 4%%% The HSC
may be anfWEE&E g nsduced with a gene (e.g., encoding the protein,
peptide, or antigen fromthe, neat) to produce to the required protein or

anti gen. Fol | obetipds i belatiog end éridich ikl @I and Si8pddir Sk difiabage and

bone mar r guy fro tﬁge E‘l ood_and then some exit 5 bac

event ual | y e stieddp e 4 Fxuplesor thyese tymeeok preessess st destsdeBdgyexampls, in
anti gd0 i PUDHUHESHOA Nof WOSS G ss ||
nol ecul esﬁggg'%ﬁé 0(s§urface of ﬂ?ﬁgﬁgﬁggg%ﬁ%%ﬁ%?dfag%@fg atl ng%sﬁd

t r ansduci L6PQ S418d.55 apdail?9%4%el | s are wel | known to those

skilled in the art Exanples of these types of processes are desc Ted, for
exanpl e, in 1AnRehEUlynodesaiRs Nos. W95108105, W96/ 33202, W) 96/ 332S1,
U S. Patent Nos, 5,559.703, 5,061,620. 5,681.559 and 5.199.942 Antisense

Pol wacl eotid The term iant u,enEe". I,ﬁ% herei n defined as apol ynucl eof de
sequence which 15 tompferedt & M?Mﬁ@ﬂ@%&ﬁﬁ?%@%@nt
invgntigncﬂﬂmﬂmﬁrymgwﬂtf&mgwmh& ] h:ﬁéﬂ}#ﬁ, &ﬁ&by@ﬁﬁ‘clhésiﬂd@ﬁﬂ &)@ rr?y be
produ an t hod incl udi syNhesi s i gating the gene(s) o
i nt ergjgp ?’#Aa? SEHWW‘EIP?[@%W 4?*—‘_5%%%?%#1@_ ipdvding by
synt hesi sligring tiequepd(EnoF Mooyt i b kvl ofBifidnb EQﬂ-ﬂg;ﬁgmb@E Qhﬁg‘i}ﬁﬂ:ﬂim il S

S e

transcri bed . strapd cqonbines with natural sequenc roduc y the cell to
for m dup| SPEgsis ?ﬂ%%'aé“ HATE §range Dnce introduced inta a cell, this transeribed strand

cambines with netural sequences produced by the cell Lo form dupleses. These duplexes then

block cither the further transcription or translation, In this manner, mutan! phenotypes may
20  be generated.

Catalytic Nugleic Acids

The term “catalytic nuclelc acid” is herein defined a5 a DINA molecnle or DNA
conlaining molecule (also known in the art as a “decxyribozyme” or "DNAzyme"} or an
RNA or RNA-conlaining molecule (also known as a “ribozyme™) which specifically
25 recognizes a distinct substrate and calalyzes the chemical modification of this substrate. The
nucleic acid bases in the catalytic nucleic acid can be bases A, C, G, T and 1, as wefl as

derivatives thereof. Derivatives of these bases are well known in the art.

Typically, the catalytic nucleic acid conrains an antisense sequence for specific
recognifion of a target nucleic acid, and a nucleic acid cleaving enzynatic aciivily. The
30 catalytic strand cleaves a specific site in a target nueleic acid, The Llypes of ribozymes Lhat
are particutacly useful in this invention are the hammerhead rihozyme (Haseloff and Gerlach
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bl ock either the fuTer transcription oc trenslatioa In this manner, mnutant
phenotypes may 20 be geowat ed. Catal vde Nucleic Adds The term'catal ytic
nucleic acid" is herein defined as a DNA nol ecul e or DNA contai ni ng

nol ecul e (al so known in the aR as a "deoxyni bozynme"” or' DNAZyne' ") Oran RNA
or RNA-containing nol ecule (al so known as a "Tozynme") which specifically 25
recogni zes adi stinct substrate and catal yzes the chem cal nethgcation of

fths subs ' ' | AL lc. nucl ei cid can
bebases ARy Nt 1AL bl BETRSA et AT PP Ves ™0t
t hese bas &3hippy atel.] (18990 WoLi BiodeblmobI 21Ty pi cal | y, the catalytic nucleic acid
contai ns an autisense sequence for specific recognition of a target

nucl ei ¢ aci d, & nucleic acid cleaving enzymatic activity. The 30
catalytic stra eaves a specific site in a target nucleic acid. The
types of ribozg}grres that are particularly useful in this invention arc the
hamrer head ri b sleiada R Af(dsR T4 Ge phtickl arlBukeful 88 8)echizlly mhBRdng586) |

Penmans of : 157) and thehai r.pingi ho Shi et at,
(1560)° NoP ot ka8 gl Hidsofiind: RiHHER bF L S0 rart Rl <

pai ti cul ah#synraefitd a fodel Sqyaind deahabibm biy whhiidhi dsRNgk dah e ufedps eduet prorimf a
penti cul I i h tw shi o hel hui ted. hy. ry, roup has
i ded aRRaRr R PeHRER Pk, STORRP Ot ORant i Bl o) i e et o 1

pr gd:mth i omofdDeckpiie begn radﬂ:ﬂﬁb M,ﬂgﬁ?ﬂagmataaﬁﬂusﬂ@&m (51:95}3} Pﬁuﬂﬂaﬂ A299)8ci. Thi s
nodel has I€ ent. en nodjfied and expande t er house et at,
(1998) Pr Q@@#Eﬁc%‘%ﬁ?ﬂ? g} JEhesgn: Lhapreeppes %nmg@ﬁég\ﬁﬁﬁlﬁﬂat%?%sa on the
presele squerRiiie FrkeoilIRSddiNll VB RA T AR SantamsRsd Dahisiciegasential |y
I denti cal P&&%&;‘ﬂgﬁm of the gene of inlaest. in this ease an nRNA woadi ng
apol ypept 8 2 &pHacHYde apcopdingioilhefirskispect phifie mvewipn. Eonvenigndy: | v,

the daRNAhe@BRNA ok BEpoaekeiilin A5 5B 9bdh RRABRY fRAGnGeldnitiBint fector B ASR VAN

vector or hos t: cell, when the sense and antiseuse sequences are flanked
by an unr@aflarcdaisassead Frisense semenres amiiraketinva wraletseauensn sdiche quences

to hybri dér&Blek thefsoris@lahd iR seflneSUb Ryt dids th Afim O dRTEA %%%%&%Rﬁi

form'ﬂ,:lg a loop structure. '"Ilie"design andproduction of suitable da
e

mol ecli esUiElAter felupncedaming minon eirering, Bhswisignand nrodustion of syiiblerdgRYA g
person skinblegfled BE ARhkd i L der s ifed; ks,
Do oe) S bleaglod A leeelgmé %ﬁ%‘?‘%@ ;afchxmﬁﬂnﬁé SipELiRthrRYURRE Mk AR RE,
particularly considering Dougherty and Parks, (1995), Curr. Opin. Cell Biol. 7:399;
Waterhouse et al, (1998) Proc. Natl. Acad. Sci. USA 95:13959; and PCT Publication Nos.

WO 59/3261%, WO 99/53050, WO 99/49029, and WO 01/34815.

20 Genes

Useful penes and gene fragmenls (polynucleotides) for this invention include those
that code for resislance to a particular cxogenous antigen, such as donor antigens or even
allergens. In one non-limiting example of the invention, where [he donor is related to Lhe
recipient but cxpresses an additional MHC molecule or e molecule expressed by the Y

25  chromosome (eg., where the recipient is female and the doner is male), the genes encoding
that molccule could be transfecied and expressed in either the donoc’s IISC before
reconslitution of the recipient with the donor’s HSC, or could transfected and expressed in
the recipient’s own HSC (e.g., collected from the recipient prior to or concurent with sex
steroid ablation).

30 These genes or pene fragments are used in a stably expressible form. These genes or
gene fragments may be used in a stably expressible form. The term “stably expressible” is
herein defined lo mean that the product (RNA and/or protein) of the gene ot pene fragmenl
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Wat er house etal, (1998) Proc. Natl. Acad ScL USA 95:13959; and PCT

Publication Nos. WD 99/32619. WD 99/53050. WD 99/ 49029, and WO 01/ 34815.
20 Genes Useful genes and gene frngnedl s(pol ynuel eotl des) for this wenhon
i nclude those that code for resistance to apatticul ar exogenous anti gen,
such as donor antigens or even allergens. In one tun-limting exanple of
the invention, where the donor is related to the recipient but expresses

an addi t i ¢haktdddChapharyiScpibl o RiMthR s &Y Wn%ﬂ&@a@ébntﬂb%n%ﬁﬁbﬁisqﬂﬁasom
(e.og . erﬁ e reC| FI ent is female and the donor is aid I%'ﬂ t he genes

encodi ng & of Gigsenas eprrostEnIatitothy celksp wsl atiinitht i Rer due

donor' ﬁ!%[}gﬁ{ﬁh tﬂ%ﬁﬁ@ 's HSC,
or couI d I:I'Eansi %th{jﬁ;ﬁf gﬁ%}?ﬁesse | n%E Jﬁﬁﬁm{ pI el %mk{]&%g?‘? tol |l ect ed
from t he WesdhgsiosRet %P‘iﬂwd A ¥ctonbes apraepink mgnagegaeqsmuecscfodlrm:apumv)f 30
These ge g,e‘ﬂq PR ssible form These
genes %rqﬁggﬁe‘i ragment s na%]g'é usedsﬁg%ﬂa ag?r ¥ pc*"r% Ee H?W‘ﬁﬁe ternt
stably exp¢ exbepicdéculs thitaffeitnhd phiientd mmmameﬂjm mlh&is:pd:ctﬂdlimtm(nah@mand/ or
protein) @of fhe gene or gene fragnent 65 ("flnctionalfaagmf') is capable
of being e pressed on at |east a seenpermanent hunts In a host WE afters
der of the gene orgenefragment tothaicell, as well as in that cars progeny

after divi SI oﬂﬂmmﬂseﬁﬂﬁ wmngauﬂﬁagmﬁmmmqmnﬂsdanvwm Thezc géoddimary gene
fragment g

tained in,.a vector a .at gnal i ng
sequenceshf[or transcrl | o BN VRRosiRt pay Eﬁ&*ﬂi '&‘Dﬁ%gh'ﬁ%rﬂ?md\?ﬁ{iﬁ
H}o% ellﬂpf cwpredeinf Eﬁpr?;mdﬂmtgenmzﬁtmgemm drmﬁp@blemfﬂﬁccuhglmeg tib];& JrNes U![ et
at a ] ition so code for ma station
si gnal s. rmsr ¢ %%&"b‘@%&?"‘?}iu W%ﬁ%ﬁr g"%ﬂ%‘f‘?@@[ﬁ Hevect ors.
nose of eapibleefreplidatibd inithe tolle webict getdtizaByaiodifefl, A4 pichss pRBmBCt Or s that may

be used ex Less the de i r.ed RNA 10 %Q r ol e|n Hxpnssi ony fors aze
vectors t 51p He gruerugeasinpememe may

cont ai nedhﬂtdmmmtegﬁ:alpﬁr[aﬂﬁbeﬂj mh@ﬁogohﬁmmlndc@ﬂhﬁmv REA$SI On vectors
are pab repljcation |n the cells In be genetically nodified, and
i nduc} pl ﬂ?ﬁ(gg ﬁ%c'ﬁﬁf"%ﬁ kngWpyse , and mwi chronpsones, Altematively
t he gene or gene fragnent nay beconme an integral pad oldie cell's
chr omosomnal DlEiﬁme@mmdntdmmmEﬁtaf{ﬁr&ssmgdhelﬁmfmisfwdﬁb@ﬁyntﬂisembmaGﬁn?er a]

\Ll)\ﬂals é E?Og&é’gf‘g Te0-0 D o E thocgaml_J %euguyllaly ]::l:?nrs I:rﬁé i gfpsrtl-.sgi%u E.PQG%UD:E) -r:s:?é]perlxsgsﬁu Gng;lt.uh ©
of replication fur aulenomons replication ir the cells, ar are capable of integraling into the
host cell chromosomes. Such vectors may also contain selective markers, a limited number
20 of useful restriction enzyme siles, a high copy number, and sirong promoters. Promoters are
DNA sequences (hat direct RNA polymerase to bind to DNA and initiate RNA syathesis;

strong promoters canse such initialion at high ﬁeﬁuency-

In one embodiment, the DNA vector construct comprises a promoter, enhancer, and a
polyadenylation signal. The promoter may be selected from the group consisling of HIV,

25  such as the Long Terminal Repeal (LTR), Simian Virns 40 (SV40), Epslein Barr virus,
cytomegalovirns (CMY), Rous sarcoma vims (RSV), Moloney virds, meuse mammary timor
virus (MMTV), human actin, human myosin, human hempglobin, luman owscls creatine,
human metalothionein. In one cmhodiment, an inducible promoter s used so Urat the amount

and timing of expression of (he inserted gene or polynucleotide can be controlled.

30 The enhancer may be selected From the group including, but not limited to, human
actin, human myosin, human hemoglobin, human musele creatine and viral enhancers such as
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conprise an origin of replication. Suitably conshucu4 expression vectors
conprise an origin ofreplication for autononous replication in the cells,
or am capable of integrating into the host cell chronpbsonmes. Such vectors
may al so contain selective markers, a limted nunber 20 of usefu
resniction enzynme sites, a high copy nunber, and sarong pronoters.
Pronbters am DNA sequences that direct RNA polynrerase to bind to DNA and

initiate %Eﬁﬂlt@ﬂﬁi ' ERRY Sl SnGalsE L such i tiation at high
frequency In one e oglsr\?eﬁi tﬁeﬂ%ect or%g%%%ﬁm%%ﬁﬂﬂegr pronot er ,

enhancer , dffaferd gepsol yadenyl ation signal. The pronmpter may be sel ected from
the group consisting of HV, 25 such as the long Term nal Resteat(LTR),

Siman Virus g ' LB ror¥ L QMEgAl OVhUS QL( , Rous
sarcoma vitas (RS@?@%F%%%{/S%%&]U@#D%%E rra&r?ﬁ% 5?“%53&' ZIIIi%/)I\I'I't),
human act ipalyadansiabomyigsiinnd BUAGpolermditaisignal) paeionlais he § Va0 @@hera.  human
et al ol Mgl : odi ne an i nducible pronoter is used so that the
am)untI§ gﬁ’g&“ n?lﬁgglg?l%ﬁwgﬁ% ‘of he inserted gene or polynuel nride can
be controlled 30 The enhancer may be selected fromthe group including, but

not |imted toThhenpmssionoedtors ohtheprsany discinsurh ang be bpsralsdy thkad, lo DNAN nuscl e

crearine L Vi ncers ,such as .66 thaose from CW, RSV and EBY. The
oot o o84 RRONBGGIR & b el in i HIEn, iy dyeetis Borene st

pol yadeny idititog bathgeglicatiaytidhsatneadaNA maoRdhenge SR URIRNG off . . LM

pol yadenyb&%ggn@% a;ﬂ?‘g\M%{: ol yadenyl ati.on s?%tﬁsasl . patticuluarl y the
SV40 ni no BstRn e fpe @ﬁr'ﬁﬁgn‘%’ﬁgf%‘ﬂ?ﬂwsé%%%%ﬁt%hors of
Ve pr déentn epmairesiisoription §ta@ BihApstrdain ekt 10k DNA LIRS, faintiinifRA OF
protein t&[%%'fl%%ed inthis invention, Le ., & vectors are capable of
denting botR Feading; W%W%DWWMEWWE%I%W%f t he
RNA or  praitel seqeavesedt fiidichion 6 deir&Cptofin ditHSad HyQhe PNRL SbRSule.t he

expressi op_vector nust have 10 an appropuelis_otmscription stag signal
upst r eam ELFPW%W'&%%F IpRdudsvBnicas: hat Limiierd b, slaminggrectorre medifiad slening adi ng

frane to peidct afdypedEssl B eeknddiRasPA JFolfs.! e
contr % sequences and géjgduction of the desj %gﬁ%ﬁﬁ%@lﬁmg%g%ggeg{?ﬂsﬁe DNA

nol ecaf e. PR Sad iEreesfsxpmssionof (hedesertsd gengrar polymndlentide gant b, ~ ¢l oni ng
vot ed. nodjdoBed.cl oni ng vectors and specifically desi goMl asm ds
orviruses. An inducible pronoter may be used so 15 m& he anpunt and tim ng

of expression 8f nci nar%a ene .orpol ynucl eoLi do canbe caontrolled.
ne having ordipary skill in the art can produce DNA constructs which are functional

in cells. In order to test expression, genetic constucts can be tested for expression levels in
vitro using tissue culture of cells of the same (ype of those to be genetically modified.

20 Melbods of Generic Modification

Standard recombinanl methods can be used to introduce genelic modifications into the
cells belng used for gene therapy, For example, miroviral vector transduction of cultured
HSC is one snccessiul methed known in the art (Belmont and Jurecic {1997) "Methods for
Efficient Retrovirus-Mediated Gene Transfer to Monse Hematopoietic Stem Cells,” in Gene

25  Therapy Protocols (P.D. Robbius, ed.), Humana Press, Pp.223-240; Bahnson et &l., (1997)

“Melhod for Retrovirus-Mediated Gene Transter to CD34"-Bariched Cells,” in Gene Therapy
Protgcols (P.D. Robbins, ed.), Humana Press, pp.249-263). Additional vectors include, but
are oot limiled to, those that are adenovirus derived or lentivims dedved, and Moloney

muring leukemia virus-derived vectors,

30 Also useful for genelic modification of FISC are the following methods: pariicle-
medialed gene transfer such as with the gene pun (Yang and Ziegelhoffer, (1594) “The
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One having ordiaty skill in the art can produces DNA constructs which are
functional 1in cells. In order to test expression, genetic constructs can
be tested for expression levels in vitro using tissue coltnre of cells of
W sanme type of those to be genetically nodified 20 Met hods of Ckcaedc
Modi fication Standard reconbi nant net hods can be used to introduce genetic
nodi fications into the ceOsbeing used for gene theapy. Por exanple,

[ Che ar P ECHE e REEUIES i o Mt T o P T PR P BB 0

ZREh%u s - M@d@-&mﬁﬂsﬁn@mm&mwa&fﬁsﬁm%gﬁm? lhn CGene
eron 0l.S I NS Unan I ess anoson et
d. (199]5‘1P o H B byt '}Dﬁﬂﬂgf mﬁ@?ﬂ%\ Reliea (0903 Gene had

Cell's, " i BhdEeh64 @ipaRipilesrodiae il B allyRnbi GEDRRIAIS witk BaldiumHBBRARY eSS,
pp. 249; 26 Adgqqttonal vectors include, but amot limted te, nole that
are a uo@‘fﬂgmﬂi SR ER SRR Yirels mwwgﬁw et hu K1988) Peagkeni a

vbii -0 rNuRdhadeRrrisa S07 P Qud'sfidtheddn (@ERREAC t am
the foll ow ng, net hods part [ cf medt ajte Ile(ne t?ﬁénl‘:sl er su 422‘1”'\%’0%@% gene
gun ( Yang2®rRiiZ&ghaddhat é?ﬂstﬁfalsgayﬁfﬂm@ﬂnw qhach{ﬂnedramﬁu&rmnﬁmmsywem for

Manmal i anm@mgH H:E}a@éﬂg lggqg g

(Yang, N, S. and %@Eﬁm?ﬂ{ﬁé%&u@@lg httggtgﬁée)geg&%{lew ork,

117- 141) , atigaskapt pfdlal tined gene transfer (Nebel at at, (1992) Hun Gene
Thor, 3:649), coprecipiletion of genetically nodified vectors with cal ci um
phospn;ate 5 ((theylray d Van Dar M (19]3) WoL 52:456), el eetropontion
(Potter et 2L, row. NaLL Arad. Sn. USA 81:]1161), and m enl nj eednu
(Capecchi, (1980) Cell 22:499 as_well as _any other nmethod that can
stably transf erePrsEMissiosyg alsapeqvidss methodsder g gprerthgrapethroyel regetivagn of j nt o

the HSC amphmﬁﬂ&ﬁyftﬁﬁl I'Thid i@ a&%m?ﬁﬂﬁ&h?ﬁiéaﬂm[ﬂﬁﬁﬂuﬁ@f ENE I Hﬁér&%ﬁnﬂ&[ﬂe wi I

be expreslgl%gl at | east pm he tinmne GeueTheranv The

di scl osur'Breysl dispipgon absex serndmedinisd sigarlmst Be'rtbqawﬂmﬂamgm h@?iﬂvﬁ'@i on of

a pati entscisiefﬂdﬂ&fducéﬁﬁu% &cmﬂmmmg%aa@sem tf’iﬁ&ﬁ @/' rolls to
| ate

ar eCInﬁslt ent and through disrdption of s ter0| si gn I I'ng. By
t he hPerodiadtely e eptanlaire pubeial Cﬂﬂmﬂ-}'smeumrcbnﬂmdmlﬂdmpm thynus is

ul ri maf el yEiRdd:AhdEthrter, W lpthi?naﬂ’q ‘i‘td:ﬁguﬂ:lsle %%F ﬁ#ﬂgﬁer%ﬁﬂ} Xl its

opti mal pro-a- pubertal” capaC| In all current
i ncl udes YuEaheallsapd mw@mw@pbmlmmwmmmummmm ALw i ncl uded

are the GRIRYeE¥ironment required for producing T cells. The newly generated T cells emigrato
from the thymns and restore peripheral T eell levels and Funchion,

20 The ultimate reactivation of the thymus can be supplemented by the addition of
CD34" hematopoietic stem cells (HSC) and/or epithelial stem cells slighily before or at the
time the lhymus begins to regenerate. These cells may be autologous or syngenelc and have
been chiained from the patient or Iwin prior to thymus reaclivalion. The HSC can be
obtaibed by sorting CD34" cells from Lhe palient’s blood and/or bone marrow. The number of

25  HSC can be enhanced in several ways, including (but not limited to) by administering G-CSE
(Neupogen, Amgen} Lo the palicat prior to collecting celis, culturing the collecied cells in
Stem Cell Growth Factor, and/or administering G-CSE Lo the patient afler CD34"* cell
supplemenlation. Alternatively, the CD34" cells need not be soried from the biood or BM if
their population is enhanced by prior injection of G-CSF into the patient.

30 In one embodiment, hematopoietic cells are supplied (o the patient before or
concurrent wilh thymic reactivation, which increases the immune capabilities of the patient's

body. The hematopoietic cells may or may not be genetically modified.
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stromal cells and their nore dinensional architecture which constitute the
thymc .ncnenvrronnmemrel u ued for producing T cells. The newy generated
T cells emigrate fromthe thynus and restore peripheral Tcell bevels and
function, 20 The ultinmate reactivation of the thymus can be suppl enented by
the addition of CD3Chematopoietic stemcells (HSC) and/or epithelial stem
cells slightly before or at the tine the thynus begins to regenerate

Thew, cells neynbgaknlegats (€ FbIARY SN RN RAY AR BN t he

%ﬂﬂﬁﬂﬁ:’m
patient or twinprior eo thymus reactivation. The HSC can be” obtai hed by
sorting Cesteells|or swyelpigmr dynapheit preganitsr sl odn ﬂﬁmvéthﬁbgqnewﬂlrhe nurber

of 25 ESChehi, Jdnd BE 0) by
adm ni stering Wﬁ%@ﬁMiiﬁbhwﬁMdﬁ%ﬂ%ﬁ ent lBrl c}w%ﬁﬁertctl ng
cul s, culwli:ﬂ:|Imgnctlllweﬂmb¢d.1mc|nteﬂicgmdﬂsaﬂyrmmﬂﬁﬂmeﬂhﬁdef@ﬂﬁmf):él&tor, and/ or
adm’nl ter CSF, e el.] ntation. Alta
ot very epottypd el I B A et b sl P OGRS E AR ol
popul at i obloiod sgmdfmmﬁdthlymumr'[’l&rupmhcaﬂb tenheh{E@hdnhatdwepdgdaicippstrs30 | N one
enbodi ment t opoietic ce]ls are supplied t e patient before or
concurr enfm%i %@t}ﬁu T‘i 19 2 ARenCRAT R Sw&eﬁ@gﬁﬁg gm[eg

capabi | i t imts mfmms ap@piodindeSien@itycells ARl ﬁmtmgﬂmcgeﬁﬂclxﬁmﬁmu@ﬁ nmay not

be geneti di f| d 68 the geneticallynodified ce ybe HSC,
epi t hel | a?m 'é erecyRogutafion ofiToeplls ap ‘%fﬁ“%ﬁ?%ﬁynphm d

prOQemmtomaeaHummrm:.mﬁ R Hlb ¥ T ihe (lEpigANRld tEdbdc¥mpiBid in6dakeh [R8 am
CD34f or cD34l o HSC, Iyrrph0| d progeni to? ggl l's, or mpel méd pr ogeni tor

cel I's. hi Brt#on ofllscfisgies apd oxgansfapesdiby Wﬁlﬂ‘&lgd&é‘é‘!q%hﬂ?”é(r)SNHSC The

5 genetically nodif d cells are adnministeredto the patient and migrate

t hrough the peﬂﬁmhﬂ4hml&|c@ﬁﬁmmmwséMﬁUﬂmﬁi@emgﬁhﬁgl nto the

thymus of .these h topoi eti c precursor _coils is substantlally I ncr eased

in the ab&¥R RISk g Meppiieion of [HRH treatment) the Hrshhew T cEll 665 ¢ he
thynus angpsad umeﬂea&iméahﬁ FaflldeSelgiifent of6i8E TSl po ALY dVEvES) Bhag SRBBLL(or

nodification, fromthe altered ans.” The results areapopulatlono T cells
with the FOERRIMSenet i ¢ change 10 that cirvvlate mthe peripheral blood of
the reci piem and the acconpanying increase in the population of cells,

ti ssues and ormICTIONBOH T HRMNCEact i vating patients thynmus. Wthin 3A
weeks of the sort of blockage of sex steroid nedi ated signalling

(2por x|t e, vyt SR G Ulbbabt S bbby (o
eel | pool , inventine mﬁmﬂ:ﬁkﬁoﬁﬁca(mﬁs cibherimtvegd mﬁlfﬁfﬂ‘i&reale tolerance of non-
identical {{.¢., allogenic or xenogenic) grafts. The establishment of lolerance to exogenous.
20  anbgens, particularly non-self donor antigens in clinice] graft situations, car be best achieved
if dendntic cells of donor origin are incorporaled into the recipient’s ymus, This form of
tolerance may also be made more effective through the use of ighibitory immunoregulalory
cells (e g., CD25+CD4+ T cells, NKT cells, ¥8T cells), The mechanisms underlying the
developinent of the later, however, arc poorly wunderstood, but again could involve dendsitic
25 cells.

Given that 2 major mechanism underlying the prevenlion of T cells reacting against
self antigens 3= due to the negalive selection (by clonal deletion) of such cells by thymic
dendriric cells, the ability to create a Lhymns which has dendritic cells from a porential organ
or tissue donor has major importance in the prevention of graft rejection. This is because the

30 T cells which conld potentally reject the graft will have encountered the donor dendritic cells
in the thymus and be deleted before they have Lhe opportunily lo coter the blood stream. The
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| NDUCTI ON OF TOLERANCE The T ran popul ation of an individual can be shared
t hrough the nmethods of Nis invention. |npaidnWaz, nodifications can be

i nduced that will create tolerance of non- identical (i.e., allogeric

or xenogent) grafts. The establishnment of automates to exogenous 20
antigens, particularly non-self donor antigens in channel graft situations,
chnbe best achieved if deudntic cells of donor origin are incorporeled
into the o] 'S This, f | ergpce may .al so b made nore
of f oct 1 vetiohe BsEiFborkeli NS sivd B ol B i el Bl Sy g P gffRC°
CD25+CD6 +rife tod] defls IMpEIve& s. yST cells). The nmecha i sns underlying the
devel opment of the latter, however, em poorly understood, but again could

ol e, 9o e Rk 5L B R R T R Y n *

negat i ve Eﬂfblﬁd&plﬁmhn,(im tlods@ssalt il e TRt HSD Jraplas i@y, Gl 09 cendyg bd?ljm'e@%m getad nrlc

cells tocraeathrmsvx/mc asdeadltlccells
potent?al E‘éﬂrﬁ%ﬂb i ot RGeS, SRS FLoR g en At B° PRIRYRG P eFoBle on of
grate cabpalGyiradibliés(or SOPRAUSICWADYIAminidatibs oHcaI-& QUG GOk ERidyal | Y

rej ect she aft wi | | have encountered the donordendtitic cells in the
t hynmus an@esal- Je suneembraingends, i £l drplotion: (FETH 7adfnrarather snefindey! immane)| ood

stream Tbéﬂd':ﬁﬁh@ﬂ %&@Eﬁ@,‘éfgs%aﬁﬁ el M&e%é{%sﬁﬁl%a&@ﬂ%*&ﬁinﬁﬁeﬂr' i c ceps

are the sone, as those which give use to T cells thensel ves. me

embodi menbesuligient tfr Hiblibinleamt-5e dragr's aaftoln famd eryndinaais, tttc.dgmr&lsc
nyel ogepl &t iRk uatited BY3 btc%ateé RS &hyﬁﬁéh@aﬁﬁmﬁﬁﬁgﬁﬁx 10 rellalkg

body wsightper 5 transplant). 1n sone e nor
nyel oabl ati on peed, be achleved for exanple, 2-3 Cry |ad|agon (or 300 cads)

fol | oned by adthe Q%fﬁ%?\gﬁcd“jétﬁe‘@%@ﬁﬂwd@ﬂmvhl g% . 1o sone

enbodi Mengafigraftmef} sARBMRLIIRBA {olifhs qﬁ%h{ﬂm arf! |
depl etiorrtl&ﬁl s use!('j (see,” e.g. fOEx%Br?gIIe 2) . %be%t m e as
10%hi mer the fnstjonabespstityaf dhesmeipient @mmwmmvmmt @dahctﬂ&@whg& aft. In

sonme enbog gpgggphgi qd (e.g.
1. 5x10 cggglﬁﬂhﬁ?soénﬁeem pI Eﬁ?élgr?&%l nent§ he a ﬁﬁﬁ ugm e HSC to f| rst
col onkke wm%lﬁmm&ﬁmmmwﬁwmhhmg egagtss-ﬁuchencﬁiﬂlﬂsesdﬂ-geﬁl y

| i nked t &Ew n the
fractlonngggbaC|ty o?r gé?%ﬂg%H%Lgﬁﬁl ayﬁgﬁyggg?%gﬁggéﬁﬂjnen and t he
HSC ni chetnd mwﬂﬂﬂﬁ@hm@hﬂmpteﬂqdmgtm themenibibergiven higiphea dosee and/od n

combi nat i Qi L OGHY rent ly or 15 sequentially) with the adm nislratioa of
ESC nnb|I|2|ng age such as cyM dnes (eg. O-

In other embodiments, patients begin to receive Lupron up to 45 dzys before myelo-
2¢  ablative chemotherapy and continue on (he Lupron concurrently with the BMT such that ¢the
tolal length of exposure to Lhe drag is around 9 months (equivalent Lo 3 injections as cach
Lupron injection delivers drug over a 3 month period). At verious intervals over the course of
shudy, blood samples are collected for analysis of F cell oumbers (particularly of new thymic
emigrants) and functions (specifically, respanse to T cell stimuli in vitro). This embodiment
25 is also generally applicable to HSCT for other purposes described herein.

In cther embodiments, the transplanted HSC may follow lymphoablation, In some
embodiments, T celiz and/or B cells may be selectively ablated, to remove cells, as needed
{e.g., those cells involved in auloimmunity or allergy). The selection can involve deletion of
cells thal are activated, or of a cell type involved in the autcimmune or allergic response. The
30 calls may be selected based upon cell surface markers, such as CD4, CD8, B220, thyi, TCR ,
CD3, CD5, CD7, CD25, CD26, CD23, CD30, CD>38, CD49b, CD&9, CD70, CD71, CD95,
CD96, antibody specificity or Ig chain, or upregulated cytokine receptors ¢.g., IL2-R B chain,
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CSPorr3M CSN), or drugs;(e.g., cyclophospham de), allow faster and/or
better engrafinent and nmay al so anewchenot henpy and radi ation therapy to
be given at higher doses and/er nore frequently. In other onbodinenls,
patents begin to receive Lupron up to 45 days before nyel o- 20 abl ative
chenot herapy and continue on the Luproo concurrently with the BMp such that
the to Wlength of exposure to the dreg is anmend 9 nonths (equivalent to 3
i njection each Lupron injection deljvers ding over a n period).
At vedous fﬁ?ﬁr%%cﬂ&w&wméh ox deglegpn 1s %w,ﬂfmtﬂﬂap@a%ug@ﬂgﬁe | ecto
for anal ysi f gher tﬂiéﬂLﬂuﬁ EHthaEdéEb' ' ts) and
functi onsﬁblgg%cﬁf;gglgﬁng,aﬂ?espo%%%@?fg cel ?"h)sé?'?i#ﬁ{&l I N~ Vi rr)gI.Ld ‘ﬁi’ﬂairgﬁrogﬂbodi ment
25 is al seligeppsttian seobgpdationtsind moge spe¢ifiTallyoheraapheresip loupophesesifeansr | bed

her ei n. Igﬂghﬂﬂ%ﬂgﬂbodi ments, the transplanted HSC may foll ow

| ynphoabl atron. I'n sone enbodiments, T ceps and/or B cells may be
selectively ablated, to renove cells, as needed (e.g., those cells

i nvol vied i n ariBisemepinbydinents| HHEDis periamed sdatheutmysipablation, mpslogeple@et i on of
calls thaiﬁ“@ ks . t - i he aut oi mmune or
allergic re g%%g%hgﬁﬁgggﬁgg%g%sﬁg%@% %I%]gﬁ%%%% {g%éldﬁ%ba%gﬁ cell surfsea
mar ker s, suc%sm(%w?%%%%@ﬁ&%TCR, _ CDfuf'hgggE)ngW CD25, CD26,
CD23, CD30, 8the , 1e , Anven{oobi rige

ant i bodyspeci f i ej I ' o] . at : ' . 9.,
1L2-R B cﬂal n,ﬁd@%%?fga%b%ﬁ’ Enom%%%%?ggg%ﬁﬁg%%?%ﬁé use of
ant i | ynpheysipeporigk aiseduisene, @zhtbioprineg (HKG6. Tofunsie) mdior mglhatrtaéd (ssergg.ceps ar e
wel | o] d tic.and fluorescen cell s oK.

nenh a\t/?'gﬁ?}ﬂ%ﬁyﬂ h‘g'ﬁ?@pe i 11 cart ,Eﬁ%ﬂﬁ’a’%ﬁ]@rné@sup Er,aL'slmenulg P Ogihgg F]%stj;mand

| ymphophetbesice o 6HETT 0 e oeermbliditaed tSimnminsarppiessimeis perfonactd w tdnduriciion

nmyel oabl at i.on, el odepl et i o .1 ynmpho ion, .T re bl e[ i on, and/ or

ot her seﬁ%{g?&\')géq ﬁ%@ﬁ&ﬁ?ﬁ%ﬁ“ﬂ?‘g?@kﬁikﬁ% F"H’F? P$% t he net hods of
| hei nventinomfnosifdesgion Beperfonmadio drEpiassoirgydddlagat, anihoallakorg T, cell

adm ni shat | of ,an | NOSURPr essi ent ,_,cycl oepm ne r edui sone,
oupvopr i r%’l‘ﬁ%&%a%‘?’“ﬁ %"%"&/"gﬂ?ﬂ? H@ﬁ@%&)dﬂiég%.m demgetion WE%‘.‘“ ent No.
5, 876157 0&mbadiame tivainoPpRBIGOS PerdirRRe iDfunfunbes Wit | pridihe, absence of
HSCT. | n- one enmjodi pent, 1nTr no ression . 1s performed in co junction
WCh (e EORORAY PO G SER eI g FATeRF e | oS R mbod r nS
B MTDS Up picR8SYelhninie R Alandlddifidnher Rpreace of nyel oabl ati on,

| ynpboabl alinr, T cell ablation and/or other selective inmune cell

ablation, delgfpn, ;0L ARl &L hMatod, Mot RS tymphosblatioa,
mmmungsoppression, T cell ablation, andfor olher selective immune cell ablation, are
20  nonlimiting exemplary types of immune cell ablation, which are used throughout this
application. The general term “immune cell depletion” is defined hereir % encompassing

each of these melhods, { e, myeloablalion, myelodepletion, Iymphoablalion, T cell ablation,
andfor other selective imnmae cell ablation (e.g., B cell or NK cell depletion). As will he
readily understood by one skilled in (he act, in practicing lhe inventions provided herein, any

25  one of these “depletion” melhods may be replaced with any one (or more) of the other
“depletion” methods.

In one embodiment, NE cells are depleted. NK antibodies useful for depleting the
NEK populations are known in the art, Forexample, one source of anti-NK anfibody is anti-
human thymoeyte palyclonal anli-serum. 11.5. Patent No, £,296,846 describes NK and T cell
30 deplelion methods, as well as noo-myeloablative therapy and formaiton of a chimeric
lymphobematopoietic population, all of which may be used in the methods of the invention.
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15 enbodi nent, i mmosoppression is performedivw junction with (eg., prior
to, <concurrently with, or after) nyel onbl ahon, |ynphoabletion, T cel

abl ation, and/or other selective immune cell ablation. deletion, or

depl etion. As descri bed above. nyel oabl ati on, nyel odepl eti on

| ynphoabl el i on, i mmosuppressim T cell ablation, and/or other selective
I mmune cel | ablation are 2B nonpniting exenpl ary types of immune cel

abl ation, whigfsah, ﬁ&ﬁ!m%’g%qﬁ%ﬁg ter

i mmune cep depl et | o I'S def'ned herel nlﬂges ﬁ%(%érpﬁ]g@%?%g %g’c‘%eﬁm’? ese
mafjI /hods tESCT ﬂbw:hmghataml mmdmﬁmtg?mpdbmg@m?rﬂmb{linmuﬁﬁﬂm# ?_t i o)n, N
and/or o Ve | n ! atiagn B cell or ce epl etion).
will be Qrg%ndq%l !ﬂmtréjf%ﬂﬁf%gaﬁ@dg'?ﬁ%ﬂggu?% the art, in practicing the

i nventi ons prOV|ded herein. any 25 one of these "depletion nethods nay be
npl aced with elnynm e(nbodimenethe pfestdt énvehdvarfurited el ks B)fl'neﬂlhelpFredlEIﬂgOdi ment ,

NK Ce NKantbdle us f.oor depl et,i.
popul gjtsi it;r]%mgr e S %r‘\'“? BIEIEBP ﬂg‘é‘ghqu 3&’6&? ﬁman

tT hyn‘lo?:yt etnﬂmdacgzld' g(@glalh}r maﬁmmslaﬁ@mﬂnfﬁmulaahem Iadel,eifecﬁ’ﬂbl @(ﬁ‘i@ﬁdﬁlﬁ@ﬁﬂoh@ﬁ) NK and
ce epl et i, on t hod n el oabl atjvc therap n
formatlonl:’rB’f’lB%s HW”F‘% Eﬂiﬂ@#ﬁ P’éﬁ%‘%%‘f@ﬁh W%Fh“%(?ﬂh may
be used idF hdvetimes Maﬁmetmcmpmm ccuuﬁlaf!l BraBOfIR., ﬁ@?@ﬂiﬂ%‘lﬁ&:m

t hemret hods of the invevdnn CUN a mw&gig ﬂ'.r HEﬁ)or to

ebsor bi nGAEAPSUHPOh BEHUS Mlegnsa (64 BEF% { Qré’éﬂpi@étﬁﬁoﬁ@nnperhxsi ng

an  oyogareniBdd8eents, i BRolkihd BradfiniikA8 8y proRBledbleRfled MR- @R be defvanot her
enbodi ment the resent invention fuller includes a T roII preducing 5
t r eanent , fre g deBox Speqics 08 Eipgn léﬂﬁ@ﬂwm%ﬁp@iﬁsimewtm?gtmmtaﬂégﬂ 8%d.ne whi ch

direct!y fich ﬂé&&iﬁa@ﬁﬁiﬂaﬁc‘%ﬁ&g nl%sfnetxﬁéﬂéikﬁm R bR 136y The ByrBidd mh@f he

| evel of act|V|ty of a secon cyto ine) pronotes toler rice to a graft
(en, | L1delpmdngke Guamens papy)be appromimetiy omiel toasrdsiless fdan, dhvepering fequiredict i vi ty

ont aggn; Soy el ARG IR ot Pat D uthoif el fod ofthGpuedh i B BN 701 7
In s o P@D@mdq}’rﬁfm@gﬂla?;l duanacthisds wdnﬂ%ﬂ énshthmﬁhmnmbmﬂlmemsah@e The
Shect oo (MRtioR G Hfidxiffitych Ry (6 ARG RRSILAES, R o0  Beich BELRIE"
encod' i ngsoeiequind foriatrd 'Dcef:lbwumhﬂahmpsm; Ip ﬂhﬂe ohjactbm ofﬂmetuhgh:eaﬂer first

PﬁLBé;?gg’ﬁg‘ﬁ}ﬁlﬁM@% [R%g?%oqﬁ CI pi e(r)gtrI specﬁes to initiate

j ection cidodmstensd iﬂgbmpaﬁw of gmtndoef mgeﬂtﬁmsttwhmﬂ mbestidnylatéheartcbgem@i n
humagt hi syl Wil e TI8HS I e Brec e e TR0t kS te o Hednisone (17,21
dibydroxypregma-1,4-diene-3,11,20-trions). The helpreducing treatment may be begun
before or ebout the rime the graft is introduced. The short coume of help-reducing treatment
may be pre-operative or post-operative. In some embodiments, the donor and recipient are
clags I malched.

25 Moreover, he ability to enhance the uptake inio (he thymus of hematopoietic stem
cells means that the nature and type of dendritic cells can be manipulated. For example, the
stem cells could be transfecled with specific gene(s) which cventually become expressed in
the dendritic cells in the thymus (and elsewherc in the body). In one non-limiting example of
the invention, where Lhe donor is related to the recipient but expresses an addiliona! MHC

30  molecule or a molecuie expressed by the Y chromosome (e.g., where the recipient is femals
and the donor 1s male), the genes encoding that mplecule could be fransfected and expressed
in either the danor’s HSC before reconstimtion of the recipient with the donor’s HSC, or
conld transfected and expressed fu the recipient's own H3C (e.g., collected from Lhe recipient
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duration is approximtely equal to or is less than two-, three-, four-,
five-, or ten times Bur period requred for mature T cells of the recipient
toinitiate rejection of an antigen after first beingslinulal edby the
antigen. The short course of hel p-reduci ngtreanent nmaybe adm nistered in

t he presence or absence of a treanment which may stinulate the rel ease of a
20 eyt oki nebymatureT cells in the

i Tyl oy BEEa0H (PR CHG: SxDER] AP o Meyiels pLaeaeioalt otV PP &bt mmy
be. begun, e emaeMIC Gllaute S gt emgiahd i G L e shoj 1 cou se
gnbodi ﬁen?gi{flﬁgﬁ (ﬁ%ngﬁésﬁ%ﬁeﬁg QOQE-B afgéh H‘ﬁ@’t%‘ﬁ@ﬁ”% Feover, the

abi ity tgcpRrheAsRIdpifoWRAGRER kI, endéte_»dhmwmen@memmqr eills s tem  cel | s
means t hat tenature andty Egre of dendritic cells rnbe mani puI ated. . For

exanpl®, diitionakpolpeds i gh heinrted atenpaoquesEng saok 2aleale) \whi ch
event ual | v RECOITE Lk IR &%kéﬂﬂ”ﬂrﬁdﬂ@ﬁé Wifgidcand

el sewhere |ﬂ£ét he btg%lﬁngﬁégﬂon% n‘t('?{r]\ll I ?i'r:nmB e§<a l e of the [qubrfventlon

wher e t heitdindesd, peslwelaaleet@utcenm\'elveemltpnle pities] epithshumRIPYif®nal  AVC

fgmm;;: Zﬁ?{hg emsﬂﬁeE r&%&% ﬁéﬁg‘gnor ngEPQ) eﬁggﬁiearsmgn F(?lﬂg hat the

nol ecul e coul d be burnsfected and expressed in either the donor's HSC

bef ore reconsHEERBCS O BMANIRHSE ent with the donors HS C. or coul d
tmsfected and expressed in the recipient’'s own HSC (e.g. collected fromWe
reci pient 72 P gds eﬁt%ﬁmﬁ:ﬁﬂfr@ﬂﬂé&ﬂi&ﬂl&s&@%m&ﬁ | tHe Alab@d SFBM iRt hods of
genetical ly nodifying cells % | nsert F_ C (IILA or SLA) genes am
know in tPiieRt inchiding incetaging production ot &ifiChesd enbpnging hagmopaiesiss Fh8%3 6, 306, 651

and6. 558. HBls @%mhiaﬁnﬂé%& apMeAHARS, ﬁﬁ%argqle dn%fmaemacmdm@&mu nto

dendritic ceps, and so educate the new yf or me | s That the 5 additional
mol ecul e phchemelherapy qr ediptherapy, whetbir givea dor capen ovios a%mhfemse &%41'303!13

ol ecul & oSHRIARREN i HELHOBRE, BEAkickl A S Ioskb] dreirBHRARARe bimby sSue a5

self and r t toreject positive sel ecam can invol ve

mul tiple bﬁ)ﬁﬂmagy'bels&blﬂlddeﬂndewu@fa#ﬂ eéplqoﬂetﬂam&ﬁmmm@ Adgeinisiraiiaorgfa

Id: ;;(r)\{jgnl %&E&% WE@@?—@%%WW es%ﬁcﬂ%e%%;ﬁe% Eg%gt Irnceiltehods

for incredwimegherdpy tbatrcnl aids i fro@ivefyriran thealainegs dooi by Iﬂwcnhneﬂibﬁ@ﬂ&’smﬁg

© producti e EEEE J&?ﬁ@@ ¥ﬁ§§ fuI Wa
. nunber o?ﬂ Jﬁ:ﬂ?%td%gﬁssﬂ or gl o‘ﬁigﬁg#ﬁltahe |F?|c t sﬂéﬁgl

chenot her dgiyexyrof mem?dweasmee hepulygion e HECrend atherblood cdlisso ﬁwbiqmﬂr

PrOoPOsf.  SARe BSerbdShe offects of chemotherapy will be decreased.

The improvement in BM funclion may be applicable to, for example, patients with
blood discrders. As used herein, “blood disorders” is meant any disorder or ntalady that
involves (he cells of the blood system in a patienl, either directly or indirectly, including, but
not limited to, disoniers associated with hematopoiesis, e.g., levkemia. Thus, for exemple,

25  the methods of the present invention are useful to replace Lhe cancerous blood system cells
with new cells from B donor (matched or unmatched) in an allogenic HSCT, o following
autologous HSCT with the patieat’s own cells.

Increased HSC production by the BM causes consequeniial increase in red blood
cells, which are, in tum, vseful [or management of RBC production. This can be easily
30  determioed by looking for, e.g., increased hemalocrit.

In soms examples, the increased HSC are CD34* HSC, Mobilized HSCs (e.g., vsing
G-CSF) can assis! in the “repair™ or rejuvenation of tissues, such as with heart tissue and lung
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negative inpact on the patients BM Dependi ng on the dose of chenot herapy,
the BM may 15 bedanugedor abl at dandpnduct i onof bl oodcelLLS naybei npeded.

Admn strationofa dose of a sex sreoid anal og (such as an LIBU anal og)
accounting on this invention after chenotherapy Ireal neu[ ads in recovery
fromthe damage done by the chenotherapy to the BM and blood cells. M
earnively, admnistration of the LImE analog in the weeks your to

delivery hegpt ' .LON. and ood
col 5 5o Hane BENAGHAR ot AEl §8 Pl Br B iRl OSBRSSl b
decr easedhisei nmn@i/mxmntﬂrb na Bkil$ amhd Maymeumb&?.c&hﬂkdrchabéhewhmat fr ex arrpl e,
patients od di sprders. As us sor der meant
any di sor%ié/fr’lhor a‘ﬂnbﬂfﬁ W\?BY%@ ‘]ﬁg %Fg{’ﬁ’églfﬁd%wﬁmgﬁ i%n
patient, Kii¢Higm ldive eed HECH mp’adﬂa@ﬁgea hahﬂnaiuyﬂér&nhﬁugmq& uhdld¥r whekhby the

e.g., leukem a. Thor, forexernple,

di sorgjene{{sgz}om arai W t hhenat o | esi s,

25 th SCRTRE MEQCYSS O ¥aspuly h@ﬁﬁ%ﬂ%@%@’&ﬂw@q’w&wtﬂw@ﬁncerous
bl ood SySHEmLGBbdo&lelﬂulﬁ pRvtiaEp L elld, %&mﬁ%&%ﬁmﬁ%@& getched) in
an aIIog@?cc 11 SCF. or foIIovmng mt ol ogous HSC? wth the patient's own
cells mangpkeleiel musss feniosyien yh‘{ﬂﬁﬂlm}»é‘gﬂ%ém@qu@rmﬁ% epithgkidase in
red bl oodgz=zG€ 0 :ﬂﬂ'ﬁﬁt«: of RBeproducti on.
This can beeagéqy gmgg%@rérlﬁnln%& ogtlfl ng : e g , _innrasdhemancat. |n

sone exanpl es,, . the increased HSC am CD3C HSC. I\/bb| | ZNHS M( ., using
GLSF) can assi Si¢ pethpdseesoribed herein agp usoful & sapais Samnge Iy B ﬂr@z@wswlwm

hear tigt i st @epdiemestd blobd &ﬁ%?ﬁﬁ%"lﬁ%ﬁﬁ?ﬂﬁﬁm ﬂv\%ttﬂfeﬁ by vagd ious ther

gener ammon- hemat opoi edc tissue l e au has een carried out
in vino, &8srfiafgershemplbegpy drugh.i PiiatiomRbetspy Doy dingases losnERYL clabuiemeBIUT a
smal | uurdgggef.cadi onyocytes are donor derived. Simlarly, the Beaunont

Hospital , - chi gan have used HSC to repair damaged heart nuscle, although
it is unclear whether the 5 BSC becone nmyocyl es or vascul ature. M
expedneur s haV8 S81Re Shaprilisanseisses iushis kigh desschemolbempinie Weat amolibeduci ng

e-cons, QIHQT cadrk alﬂ.ﬁﬁuﬁhpuﬂﬁﬁ% 2 UEicdRARIC TRE mRRACHE M iRk (g[felg{(gyscle

(nyoyt es) Ever (he at acym;l) bone, connective tissue, ep |the | Ssue
hog. 1of |4kegerdigiely afer ahlationeswuriie, snﬁ@w@wg BM el dhasease rhs:ewméucnwn@f

met hods @g@%@g@igﬁa cHEE %Eﬁ%ﬁﬁr:@ﬂﬁﬁ
assist in 10 the rep acgir%r{euﬁt oftse[,;%so ﬂ may have been 1 n| uéed or
desboyed pinisiilivaof fheshemotherapy, @gﬂﬂll}i'@&m@g Duhelmwaﬂm:i@nr thewhemothedpnt i on

therapy) 9tical RERAIRS pen bodP! a/dos Ve LRIRE LBNR aced:ink ¥ Bk methods described

herein is administered to the patienl. This can be in conjunction with the administration of

20 autologons or heterologous BM or hematopoietic slem or progenitor cells, as well as other
factors such as colony stimulating Factors (CSFs) and slem cell Factor (SCF).

Alternalively, a patient may have suboptimal {or “tired) BM function and may not be

producing sufficient or normal numbers of HSC Iand biher blood cells. This can be caused by

a variety of condilions, including normal ageing, prolonged infeclion, post-chemotherapy,

25  posi-radiation therapy, chronic disease staies including cencer, genetic aboomnalities, and
immunosuppression induced in transplantalion. Further, rediation, such as whole-body
radiation, can have a major impact on the BM productivity. These conditions can also be
either pre-treated to minimize the negative effeets (such as for chemplherapy andfor mdiation

therapy, or treated after occnrence to reverse (he effects,
30 EFFECTS ONT CFELYS

Sex steroids in males and females can be inhibited lemporarily by taking distuptors of
sex sterotd mediated sipnaling (e.g., GnRH agonisis). It has been shown that loss of steroids

74



In some chenot herapy regi nens, such as high dose chenotherapy to treat any
of the blood cancers, ablation of she BMis a fleshed effect The nethods
of the invention may be 15 used inmediately afar ablation oceumto
stinulate the BM and i ncrease the production of HSC and t hew progeny bl ood
cells, so as to decrease the patient's recovery tine. Follow ng

adm ni stration of the chenotherapy, usually allow ng one or nom days for

t he cheno ta.clear framt.he eg“' el 'j t hEN anal og
accor di ng%%&taah%crtrle Do%cf'gﬁ%?é&s"é&?ﬂﬁhﬁumﬁer el n .@%HF@P@%@ 0 the patient.
Thi s can Bathemnmare, gvam biéforthave inbw Thellsithve hid & ahianos ladbav2 thethiymb denpre-or
het er ol ogous. BM or, hemmopoi etic stem or .0geni.t.or cal.s, as wen as ot her
factors s%ﬁmggﬂ%h?ﬁﬁ?“?ﬁiwgfl?‘ﬁ&?éﬁ“ 0'?‘(?%?55 %%EH?‘I%W fact or
(SCF) . Al gfesctiod imBibné respoRdd IMERtindiBYed OsRmSVORES is BRidedt Oithiri dayslpf B&dss r ncdon

and may and be producing_sufficient or normal nunbers of MZ an briFEer
bl ood tel PiSeX figfotds (565, 68 Extraple 2y This mayhedegavss Lhegsass 19 @H@}tﬂwr?gﬁﬁ'a g

nor mal agﬁx@&rcnﬂglmgﬁgyh@i)&ﬁasie@ﬁmePmcm%r%aﬁé@@yvadﬁﬁaﬂ@ﬁcw@w @ki on

t herapy, chronic disease states including cancer, generic abnornalities,

and i muitsEiyppreerdraniivated byews.whichragmallle torgostimplaterhe T rells in pop¥ashPdn, such
as whol e- e ' Eih{ﬂ' i RENOSF o o Ructivity.
These con ?Ei)honfg&%gn al'so g@"’%‘%ﬁ%@ﬁm Heeftdé %ﬁﬁnﬁngﬁ?%’gﬁ?ﬁﬁunegative

ef fects (BokitomferiGRRE WenGnRE,ispl, maydrevide anjadsditenn! stmdaiigp jor g T gelliad aver
20 ) ; |

and { o Sobdnk BRI APub IR Bl IR Slebod banebibler ERIC gt oSbgea £ 0 ol s

steroi d npikémisecingleneinen sianlgnecGrk Hilagbwﬂmmr.ofJ for tragipbeamacchgwd t hat

055 of S{L oL rort 1.6RY RSBl LAAFLL VAL ABnGh ddUINP Gl GRaRRd. enhanced

producti oh of naive ernore, even enewTtells
have had msminsssdel tithdut theesidotedfetth yhinsger Idse opsa-stapodils tA mipsdquesiiboesta much

nore sensitive tq stinulatiagn, ich recaps in amuck nore effective immne
response.""{eﬁ%ﬂ?rﬂ%‘?%“% 0 ‘é\a]’ﬂ%}\%gg&l s evident within days of the |oss

5 of sex steroids(see,e.qg., Exanple 23). This may be because there are no
w i bi lory ef f dlersteodid iddbitest ¢upo i H apalogsems beefl ¢ebersedf forthepfr odnct i on of

"bel pet' " ad] " f : ' ' Lyat | h :
ani oh am S5 uBHlRdh oo ACRER el B8 A Ao Bhuck AL Wfdie | VIS
st i mul us. csAdfed chanabeapporysucgehl, butafsotitvahé: defume agyisit e ppdramistic inféctions.

ncepturs 401 the RH_jtself. .. rovi de an addi d atoa for
ther cer | s e s uentised fSiesu OBt B R BREGES RBL R 02, ¢
sor api d, GniRpiGme desiged te preaentze. £ infybinot peedneemt si nul t aneously with the
delivery of, for exanple, a vaccine. A |,

29 The methods of the invention nlilize inhibitdon of sex steroid signaling, Sex sleroids
suppress the function of the thrymus, BM, and also T and B Iympheeytes throughoul ihe body,
which are concentrated in he major lyinphoid areas of the body including, but nol limiled to,
the blood, lymph nodes, mucosal tissue (e.g., respiratory, gastreintestinal, genilal). Ii bas
surprisingly been discovered Lhat ablation of sex steroids andfor inlermuption of sex steraid-

25  rmediated signaling may be used not only to regenerate the thymus (and thus the number and
‘quality’ of T cells), but also to improve the functicnality of pre-cxisting and newly produce

T cells (and other cells of lhe immune sysiem) either without, pricr o, or concurrenty with,

thymus regencration.

A poor immune response can have immediale and clinically important conseguences,
30  Itcanmean an increased susceptibility to common infections {e.g., influenza), increased

susceptibility 1o ¢cancers and (umors, and/or poor responsiveness o vaccinations.
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one nonth fornulation is useful which has the bervollcm effects of
stinmulating i mune responses butw thout the sideeffects of |onger |oss of
sex steroids. A subsequent "booster' injection of the antigen can al so be
admhdstered. IS Sex steroid inhibitors(eg., GaRRH anal ogs) are useful to
boost all forms of immnothenpy in cancer patient particularly for the
renmoval of cancer ceIIs with have escaped chenotherapy or surgery but

also for the d t IS e s.may al so
be used pr ophy‘ieélc TS t “H%E‘gwﬁ?%ﬁredreg%%%i ]65]\'}% Fﬁg?%%]ﬁg rogr am
desi gned bam aposidentmmelige thenfpeic obiast mrarﬁmﬂmeﬁfclﬁihﬂﬁwpmmﬂglemﬁal} he
invention utilize hi bi t.i nof Rex ster signal i ng,, Sex steraqids

suppr ess FRE R, %[ﬁ »1p Ed’f'ﬁyﬁh%"ﬁgﬂﬁg Ha’ﬁg’ bﬂlqﬂﬂg?ﬂﬁﬂslgw{l?}{g '3?‘@%

t hr oughouyird befedtiofy, .g. Wqﬁﬁecﬁﬁ:ﬁnﬁfé%ﬁﬁi&ﬁéﬁ%ﬂdﬁbrﬁé@mbmﬂe&%b%ﬂ: areas of
t he bodyinclud' in but not limted to. the bl ood lY nodes, nucosal
tissue (@WWES%"%@%%WEW? ABtoinmaRiy ﬂ%&& allgrgiesra5si ngl v
been di scouesschord\ds ﬁQb@ﬂe&ﬂ@fﬁéﬁc %ra&hPHiSh ggir#(y%chﬂflﬁ% ﬁ].'ic%ﬂu fis Sex

steroid 25 medi at ed signali may be used n to regenerate the thynus
(and t husdssprabed dndesl Brg-ovpeand go-paiog B8l m;lmanymswlg@ /418,747,

I mpwv et hefaunek daonads fgyosaf %fﬂﬁ%sﬁﬁ‘@ dadiﬁ@!&‘l Risgduce T cells (aad other

cells of the imune syste er wtholt priof to. or concurrently wth.
t hynus regeneration. A poor imune response_can have inmedi ate and

clinically i rrﬂéwtwmeeﬁ%@a&em%egﬂahea (4.5-cegingYeBRHAFaRIE petiegshjmay also be
suscefy | bgibd oh hALERHBRiLR ! ’gﬁtﬂ:ﬂ&a(eeef 'aPJ adé]s éﬁ)&nmhg HeGARRnality of

susceptibility to cancers and tunors [ puor responsi veness m
vacci nat |E;ﬁwsmlmphwdr(@als@uﬂmhmd)m&mhmmhamgmuqf@m wérojsigi ve T

cells in &gas%g [ ic effect
on a nunb%r 0 ﬁl?lpnl ca Aﬂ%ﬁ%“gthgm gﬁﬁ%@iﬂmﬁ%ﬂgﬁﬁg‘% ﬁ@gﬁ%ﬁg&g di seases,
i ncl udi ngsynergistieatty, oo coinplegneniarityoreainye to emimoittirspeney Iicpasdasiof nbwARL, Vi r al
infectio f D d foevere
nout o 5 PRt Aol 3 b e P oot Rt O Rk Sl B or ¥

t avsplnt aﬁmm.gTaHlfe Egpels, and 4PCre Istmalsmr:rrmag\lhﬂng}cmmi penbizt agﬁﬁanc'acy of
vacci natig h of these apphcations is desbrd in detail in
co-owned an co- pen I'n S. Application Ser. Nos. 10/418,747, 10/419, 039.
10/ 418, 953, 1wWA18, 727, 10/419, 866, and 1Wi19, 068. The inhibition of sex
seened si gnal iThgs.@ésngtors Q8 senglerBRBBHRE larcusad eqs)dimlpthémdhb@ of 1l gi ven on

mul tipl e ;nGea%Q luég@g‘ aLf ik Ng.
funetiomity %# E‘%ﬂrrrlé%ocs?tr ng %g&dﬁ%’an‘amﬁu - =?‘1'10| %Fﬁq‘“&ﬂ%% time,
t he i nducihcienadily sﬁbhemmmmmdsﬂls even belore these drugs havehe.cﬂ able {o cavse

20  sigoificant thymic regrowth,

EFFECTS ON DC

The present invenlion also provides melhods for increasing DC functionality andfor
DC number. Following sex steroid ablation (e.g., following delivery of an LHRH analog)
DC are increased in (he Hrymus, anod in the periphery, which may also assist the T cell
25  stimunlation,
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I ncreases the production and fnctdonelity of T cells. B cells and APC, which
addi 6vely, synergistically. or conplenentarily continue to enhance the
response. |ncreases of new APC, as weO as T coils, B cells, and other

i mmune cells, together with increased sensitivity of pre 15 exuOngTcegs, B
cells, and APC to stinulations may then be used Wenhance apatienrs

tol erance to a donor graft. Thus, disnptors of sex steroid signhaling are
used according to the nmethods of the_  instant invention, to cause a
clinically positive effect by initi5¥$ﬁgi§§-increased actival oa or
fvndtionality of these immune cells even before those drugs have been able
to cause 20 si D hiledink Fhylespioere opdtifcBRRBSIESIGNKOERE Hoie®atbn, andent i on
al so provi des thods for increasing DC functionality and/or DC numnber.
Fol | owi ng™&&R! @verapsiushesdimigng the igyentpnio|thsis ¢ogtegkl i very of an LBRB anal og)
DC are increased in the thynmus, and in the periphery, which my al so assi st
the T cell 25 stinulation. 76 AX4VgnROveETlseL f ol | ow ng Exanpl es provi de
speci fic exanpl es of nethods of W 1nvention and are not to be command as
limitifg the i nvent RE¥ERSAL OF 4 GENSINDUEERNBI¥ MIGARRY

, I H REGHIER o
AGED- | NDUCED TRYNRC ATROPHY Materials and Met hods Animals. CBA/ CAH and
C57BI 62 nmal e meendeaed Methaigned from Central  Animal Services, Muash

Uni versity and were housed under conventional conditions. CS/1316/3 Ly51'

were obtained {romthe Ani rvjces Mdoash. Uni.ver si W 10

Vel teraud Bi | AR G CARL PRI e 00 RE RRPRURERE CRThi 1 a) and

Ve QAC. é&ﬂﬂc{\ﬁ&:ﬁﬁﬂﬂlﬁjd Qif UaiveRiky ﬁd?ﬂwﬁiﬁﬂnﬁb&ﬂlﬁﬁiﬁrﬂﬁﬁd&h nmmf tﬁiﬁﬂiﬁgﬁml

condi tion r.gpge rom 44 weeks to 26 nt.hs and. ar

o cat cdcaAaRE R e origiieh ot BE R o S s uRBS R sed by

IS Tl | L By R e T AT ) o e e oGl or |
ustralia_Ltd. ot any ustralia) an .5.ng etanive ochl ori de
( Kennedy: (F{B&Ek‘g%\? iAS ARG RORESH e cppvgntiopal ?%@@Pﬂf-%&ﬂs "@fﬁ%i cal

cast rat i OfoiWaISG HesKs e I sholits BF &ueraal Bk ihdlGinsd Wiy 4@l | Ng V& testes, whi ch

were Well wth suture and Wen renoved along with surrounding fatty tissue.

The wound was §|lr%lscg.fj castration. Animals wers anesthelized by intraperitoneal injection of 0,3 ml
of 0.3 mg xylazine (Rompun®;, Bayer Australia Lid., Bofany NSW, Australia) and 1.5 mg
15  ketamine hydrochloride (Ketalar®; Parke-Davis, Caringbah, NSW, Australia) in salice.
Surgical cestration was performed by a serotal incision, revealing the testes, which were bied

with sufure and then remoyed along with surronnding fatty tissue. The wound was closed
using surgical staples. Sham-castration followed the above procedure without removal of the
tesres and wes wsed as conlrals for all studies.

20 Eromodeoxyuridine (BrdlU) incorporation. Mice received two intraperitoneal
injections of BrdlJ (Sigma Chemical Co., 5t, Lonis, MO) at a dose of 100 mg/kg body weight
in 100 pi of PBS, 4-hours apart {i.2., at 4 hour intervals). Contrel mice received vehicle
alone injections. One hour after he second injection, thymuses were dissected and either a
cell suspension made for FACS analysis, or immediately embedded in Tissve Tek {Q.C.T,

25 compound, Miles Inc., Indiana), snap frozen in liquid nitrogen, and stored at =70°C unlil use.

Elow Cytometric analysis. Mice were Killed by CO; asphyxiation and thymus,
spleen, and mesenteric lymph nodes were removed. Organs were pushed gently through a
200 pm sieve in cold PBS/1% FCS/(0.02% Azide, centrifuged (650 g, 5 min, 4°C), and
resuspended in either PRS/FCS/Az. Splesn cells were incubated in red cell lysis buffer (8.9
30  gliter ammonium chioride) for 10 min at 4°C, washed and resuspended in PBS/EFCS/Az. Cell
concentration and vigbility were determined in duplicate using 2 hemocytometer and
T



usi ng surgical staples. Shamcast'atiou followed the above procedure

w t hout renmoval of the Wre and was used as conlrNS for all studies. 20
Br ormdeoayeri dive (BrdU) |Incorporation. Mce received two inlnPrm mesl
injections of Brdlf (Sigma Chemical Co., St. Louis, M) at a dose of 100
ngt kgbody wei ght m 100 pl of PBS, 4- hours apart(i.e" at4 hovrintervals).
Control mrereceived vehicle alone wec | iens One hour after W second

i njection,.t. ) e di ssected Aj’f defor
PALS ana%@@wﬁ%ﬁ%ﬁﬁﬁaéﬁﬁgﬁﬁguﬁé rssue lek % %EIT hrpound,
M | es i nCesllAriks aDieerkocheq ietmamy).t h qui d nitrogen, and snored af - YOCunW use.
Fl ow Cytonetrie analysis. Mce were killed by CO2 asphyziation and thynus,

Chr ougha 200 5P -EREt IR aEcpRse Uk ReS BT Reeos RaNEH Bl 650 o

S mn, 4tenePE and SHUSDE- M%ﬂ%ﬁ@j&ﬂﬁhﬂ&:ﬁﬁﬁﬂm ﬁiﬁgem}smllbﬁWe
|ncubated in red ceI|Iy5|s uffer 30 Wtter a Qel chI ride) for 10

mss &t Alow quieiey Makysise MWPW%@%@@PAZWﬁ Fation and
viability eﬂ@‘eir@ﬁ&ﬂpﬁ%ﬁjs Mé%hﬂﬁ@h%iﬁ%ﬂaﬁ‘%@ dmﬁnmxﬁmpa@mmmnm

ef hi di um rom del acridi ue e and viewed under a fluorescence, m croscope
( AXi 0skopvas reygaled m§mm%m coqmﬁmwyyas%?m% bfboratories, [nc.,

i mmunof | ceIIs were |labeled with antia~TCR-PfI1C, anti- CD4PE and
ant i - CDB- a |- tai ned from Piano ngen. San Diego, CA) followed by 5

flow cytonetr anal sis. Spleen and | ynph node sus en5| ons el ed
with either aﬁ@ﬁmwmﬁwm@bﬂ f“i‘fi,%g@%?and
CDS- ARC. &%%%d%gﬁéﬁﬁn W&hmﬁﬁbn%ﬁagﬂ)\ﬁbﬁ'd&cﬁﬁa@@ g@ﬁ@h&rgaﬂeg@abpased

from Caltag Laboratories dU det ecti on of
tens, cell EmafehsIA7i228e Bridl) sained eclls were-ford gramigbis alPE 1o 1%0 f ol | owed

Pt YRR B 010 2B UGS, SpSERADAN LOmYomMass L |

in 1% pdHdfHnoie] whdkRiehs, RIS@]/T@: 0T WS Poordssse ﬁe@ﬂ@ﬂl@% Eimz2lpubat d i n
500 01 Macen g EEQ 7C in order m
denature wﬁklkncgﬁ%%g F'ﬁaﬁh &W {hgwinncu ate ) and?%ﬂguwc

( Ba, Nta- Dmhmmm)wﬁﬂmaﬁmwmmrm@mpbwmture, vvashed and resuspended
for FAGS analysis. For Belli analysis of TN subsets, cells were

colrectively gt BimoMbiAR dr i sifile %ﬁuﬁﬁﬁﬁ@iﬁﬁmwmﬁtmwn for

CD44-biotin an prior tection
APC, followed by deteciion for CDM -biotin and CD25-PE prior to BrdU delection. All

anbbodies were obtained from Pharmingen (San Diago, CA).

For 4-coler Immunofluorescence, thymocytes were labeled for CD3, CD4, CD8,
20 B220 and Mac-1, collectively detected by anti-rat Ig-CyS {Amersham, U.K.), and (he
negative cells (TN) gated for apalysis. They were further stained for CD23-T'E (Pharmingen,
San Diego, CA) and CD44-H (Pharmingen, San Diego, CA) followed by Streptavidin-Tri-
color (Callag, CA} as previously described (Godfrey and Zloinik, (1993) Inununol. Today
14:547). BrdU delection was then pecformed as described above.

25 Samples were analyzed on a BACSCalibur™ (Beclon-Dickinson). Viable
lymphocytes were gated according to 0° and $0° light scatler profiles and data was anelyzed
using CellQuest™ software (Becton-Dickinson).

Immunchistology. Prozen thymus sections (4 pm) were cut using a cryostar
{Leica) and immediately fixed in 100% acetone.
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anti bodi es were obtai ned from Pharm ngen (San Di ego, CA). For dealer

| mmunof | uorescence, thynocytes were | abeled for CD3, CD4, CDg, 20 B220 and
Mac 1. collectively detected by anti-rat |g-Cy5(Amersham U. K). and the
negative cells (7th) gated for analysis. They were further stated for M5
PE (Phomm dert, San Diego. CA) and CD44-B (Pham ngen. San D ego. CA)

fol | oned by StreptavidwTri- color (Caltag, CA) as previously described

(Godfrey and Zigl 14: 5 de ect n.was then
per forned as descrl be%ﬂm%&ggﬁuﬁwg&gﬂ@%%gﬂg 65I i bwTo

( Bect on- quaudsgﬂ)auuwdwbildTSE,y]mmmﬁ;ﬁzmegzgaaedmm(amyrgmm and 90

| i ght scat I’Ofl| u5|n Ccl | Quesfn" software
(Bect on- Di iiEgy":?lson I%m@ng?ﬁq% H%\@Vﬁ%%ﬁf’ EF?‘BFE"‘S(‘W”&FO Were cut
usi ng acr wmm@umm&a ENSEESTEIN LY Npcfljrv)ﬁ%[iaﬂhﬁ&% e\b ([T,

t wo- col.or i, mruaof | nqQrescenpce, sections were doubl e-labelcdwith a neI of
nonocl gnaldW[F’%é}g %@Emf@ a5 rgvaled with FINGcamjugnted sheppang- rataigé f¥ ey at
A, (1990 )Labsrumrieg Wictdh€h, AQxiralRPhdd chli-RHoRHHGEH ad Rvddl Swiie® the

co- expressi on of eplthel i al cep deteam nants was assessed Wt apo yvol eat
rabbit antP¥AEEbY ﬁﬁﬁs%“%%@ﬁmfﬁﬂiﬁlﬂmtw@&)@) Bound nAb was reveal ed

wi th MCconjugated sheep anti-rat Ig (Silenus Laboratories, Victoria,

Austral i a) andrarBUQicohaIBimess /Rl @%Mdﬁ%@%dﬂ%&@ﬂm&?at

anti - r abbi_t Si | enus, Labonf o ries, Victoria, Australia Em |

et ect | on FIowEa ABrEabbi TR 6108 aweacicquab. Tduehrasihie namledam ﬂﬂ@ylﬁfdgem In
INIO![ lhO\slﬁﬁ gﬁ%&mﬁ&% Aﬁgﬁsgﬁgﬁr% ébmﬁ%%fnﬁmgen\)ﬁ@kg du dgt ectl ﬁv\(/avglse?hen
per f or medd %“g?de(ﬁ“&h@lﬂ& ﬂ@@@rﬁrﬁédﬁ{fm# i AVSA B 1995) BRefl; sechlansd wokeat  Sci
USA 86: 556i£dd e YA | 30m ns.
Send-dri ed l{stlg](]:l:'lt?ﬂlbons vve;rigﬁjﬁc atg)%{lgn%kﬁég%s %rgngléttﬁgmgggd{%sbl ug

| nBOTt BUHBstigrshby, was Wﬁmw fahloPBEby &fd@hﬂhﬂ&mﬂm drddavaasi ng
anti-Br duam‘ﬁgﬁgo%P%ﬁ ‘]\jﬁEF eecol or inmmunof | uarescence,
sections werel abel“edf oraspeci f I'C toget herwi th anticytokentin

BrdUd(fI achoa wes then perforned as des=bed above. Sections were anal yzed
usi ngld Lei ca Eydhreeeda mmenofiipssroawmnicstens warckbeediveg specifigyiSanits t udi es

(La, Anal ysgbibeORit] SRENioERRNC BRAD QLEMH0R web Bibn b o AN TRESeribed above.
Sections were analyzed using a Leica fluorescent and Nikon confocal microscopes.

Mlgration sindies {f.¢., Analysis of recent thymic emigrants (RTE)). Animals °
were anesthetized by Intraperitoneal injection of 0.3 ml of 0.3 mg xylazine (Rompun®; Bayer
20 Anstrelia Lid., Botany NSW, Australia) and 1.5 mg kelamine hydrochloride (Fet=lar®,;
Parke-Davis, Caringbah, NSW, Anstralia) in saline.

Delals of the FITC labeling of thymocyres technique are similar to those described
clsewhere (Scollay ef al, (1980) Proc. Nail Acad. Sci, USA 86:5547; Berzins ef al., (1998) J.
Exp, Med 187:183%). Briefly, thymic lobes were exposed and each lobe was injected with
23  approximately 10 pm of 350 pg/ml FITC (in PBS). The wound was closed wilh a surgfeal
staple, and the mouse was warmed until fully recovered from anesihesia. Mice were killed
by CO: asphyxiation approximately 24 hours after injection and Iymphotd organs were

removed for analysis,

Alfter cell counts, samples were siained with anti-CD4-PE and antt-CD3-APC, then
30  analyzed by flow cytometry., Migrant cells were identificd as live-gated FITC" cells
expressing either CIM or CD8 (to omit autofluorescing cells and doublets). The percentages
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wer e enest heti zedbyi ntraperi[oaeal injection of 6.3 m o0eo3 ng xyl azl ne
(Rompun(r); Bayer 20 Australia Itd., Botany NSWAustralia) and il

ngket am nehydnthl ori de(Ketal at(r); Parire-Davis, Carngbab, NSW Australi a)
in saline. Deans of the FEC | abeling of thynocyres technique are simlar to
t hose described elsewhere (Scollay etelL, (1980) Proc NaiL Anal Sc4 USA
86:5547; Berzins et at, (1998) J. Exp. Mt 189:1839) Briefly, thym'c | obes

T o pEE AR R 0 e B e BB, 350,

nmouse wasnudzs aetkpleah.irbspbetely. rEtanting of d4ily expotaicds eais peltroed aedecibaded by
co2 asphy Il ation approxl et el r fter injection and | ynphoi d organs
wer e @ ﬁ%ﬂﬁ%ﬁgﬁ{‘éﬁ {%{:ﬁé unts, sanples were stained with
anti-D4 PE and anti-CDg- APC, than 30 analyzed by flow cytonetry. M grant
cells were i delita bnatyredasihg the ugpdind shlédEt ese bt Sonpepieaieal MgneWhiwey U4 or

|vg (t t aut of uo CI ug gﬁl | s %gg .dq ‘E)EIP%% The elégl{int a%é'@{“?g o]Ic FITC
rc%ét or

Iyrrph noéq&nﬁaﬂggﬂf@ﬂﬁdaﬂe&ﬁmiﬁﬁéﬁm %@ﬂhﬁm&mueé mgﬂﬁlmﬂ dEReinp fRAELS Was
performed as ge cribed, by Deltas et TO)I Esp I\/Ed 18] : 1839) Dat a
anal yzed &&HRyY %@W@Hassfﬁﬂ?%@iﬂnﬁ P‘:B ﬁé@parﬁﬂ%@@r cal Mean

-Whitney Il- 5 test was used to determne the atatisdeal sigptl-caace
bet ween contr dhesadid test neans for experinents perfornmed at feast in
triplicate. Bxpednental values significantly differing from cannot val ues

are indicated.as fol]gws: *p<0,05. **p<Q, 01 and *p< 0.001. Results L The
ef f ect ofﬁage @hﬂ%ﬁ@é&%’“@%‘ﬂ%w@!ﬂ (i) Thymic weight and thymacyte
anber Wth inere scong age Were is ahighly significant (p~.W1) decrease in

bol d thymi ¢ wei ght({}Fbhyods waiptt sroltibymedpiemmmpee nunber (Frgs. 1B) in m ce.
Rel ative thymc vvei ght (ng thynos/gbody) w the young adul t has anen val ue

i mits accur at S carappey OG5 nal Bt O MRV fLATPAPuERAR, ' O

attri but evreigbl (Higd dArwuidetal hymocye nurhyanidys. dBhimbise. sRaItah'e: tllmlqmgm (le..

A
boutas xtiphybiEbEes SR tallinida Bor's Bednl IS JSRESTROBER 0
gm t hynus1$94 vasifis e@hga,(acﬁpomdypcmtmaﬂ;mws acdocse mlatmgbrtﬁmaieadmnnﬂiw:mor ks
poa[ r ﬁt r QQL%R'{: C-Yi%hé Q&-ﬂg‘ﬂ%edl S V%'l:?l%ﬂ!l ﬂ'l}'%n%j}‘tﬂ gfmbers the 1-2 month (Le., vounpg

adull) thymus centains about 6.7 x 107 thymocytes, decreasing to about 4.5 x [0° cells by 24

months, By emoving the effects of sex stercids on lhe thymus by castation, thymoecyte cell
numbers are regenerated and by 4 weeks post-castralion, the thymus 1s equivalent 1o that of
ihe young adult in bolh weight {Fig. 14) and cellutarity (Fig. 1B). Infersstingly, lhere was a

20  significant (p<0.001) increase in thymocyle numbers at 2 weeks post-casiration (1.2 x 10%),
which is restored (o normal young levels by 4 weeks post-castration

The decrease in T cell nnmbers produced by Lhe thymus is not reflected in the

peripbery, wilh splesn cell nmumbers remaining constant with age (Fig. 2A and 28).
Homeostahic mechanisms in the periphery were evidenl since the B cell to T cell ralio in

25  spleen and lymph nodes was not affected with age and the subsequent decrease In T cell
numbers reaching the periphery (Fig. 2C). However, the ratio of CD4™ to CDS™ T eall
significantly decreased (p< 0,001 wilh age from 271 at 2 months of age, toaratioof 1:1 et 2
years of age (Figs. 2D). Following castration 2nd (he subsequent rise in T cell numbers
reaching the periphery, no change in peripheral T cell numbers was observed: spleaic T cell

30  numbers and the ratio of B:T cells in both splecno and lymph nodes was not altered following
caslralion (Figs. 2A-C). The reduced CD4:CD8 ratio in the periphery with age was still
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t he young adult in both weight (Fig. 1A and celWarity (Fig. |B).
Interestingly, themwas a 20 sign5can[(pc0.001)i ncreasein Wnoryle

nunber sat 2weeks postroazYSpon(1l.2x10), which is restored to nornal young

| evel s by4 weeks post-castration The decrease in T cell nnmhem produced by
the thynus is not reflected in W periphery, with spleen cell nunbers
remai ni ng constant with age (Fig 2A and 2B). honeostatic nechanisns in the

peri phery ' t since.the B cell .tg T oWl en and
Smh notrehEe S asElaRiioh B Vo mpidily FuS St pl el IbeCRBRGECD TC
nunbers r@gchibag the periphery (Pig. 2C). However, W ratio of CD9* to nB"
1' cell siguifrcntlydecnaaed (p<0001) with age fium2:1 at 2 nonths of
age, to a ratio of .1:102 ear,s of e(Elgs. .2D) . Foll ow ng castration and
the subsequent ri sgg)i #F“&éﬁ“%&%‘&ﬁ S%Fggﬂ@ﬁiaﬂ‘ggqshﬁa%pe Bhery, no change in
peripheral T coil nunbers was observed: splenic T cell 30 nunbers and the
rati o of B: T d&ldetmhinelifobddespasen Ugmibdytempinbacdes widsagsorasdht esdtofflid | owi ng
cashutd on{ Fj gs. .2A- QL. Theredu d : nio eperi pher.y w_th age wasaW
50" ovdenPIsf o RERE A o B R ko ok DGy BalOe0 eeke
post - eas tarddrit® analzE the:. se@itite Sibpdpulfticne Cin wdRiobnbip ulledrddnglyalstaf (tedeénaind
post-cast .ation. To determine if t decrease.i.n cytenunbers seen with
age was t%@%ﬁﬁﬁ“?%“@%ﬁe%ﬁﬁ%@ﬂ&#% ':'B'&ﬁul ations,

t hynocyt eabyeiRiibabedsedmparbdwir todé SBhE L oiHgAna (2-0imdeihs] yRNa(BIZ 3) hlie
sepmar e subpopul at.iong- n addition, this allowed analysis of H\ ki netics
of t hynus fP. CFPB P BRIy ¥l .TH}?‘WUWWHSH Wiuaﬁféﬂ‘flﬁ’éﬁlﬁ? nmocyt e
subpgpul akpRESoVEUPTOMVRRA Wb thanzh 85 B plopbRR oY FURGe PepUIbtidnd 4vil3k.hS)

t hynus (Ij%gz. 3). and found on ocandu uniformw th ego. I n addition, further
subdi vi si‘h? B 4 ¥RekTPSs-extrpien: fempoyte sphnepdatts sTeainedin e f@8Bed no change
in the PrARNHidNRA8d, Alncd MGSScRORUNRIH RSl Eﬂp@g@m-fdﬁi%&t-@.&ﬂraﬁnmks

post cashati oo, tbynocyte”subpopul ations refrained in the sane proportions
and. si ndBIEHHATTehEonIYHpHneBsipn ol Aldbwaecyin sulipets Blhetiban & feveiapanentdhst r at i on,
this inqigatSRndrsyaaisPnous expansion of all thynocyte subsets muter than
it devel opmental ptognmssi on of expansion. 15 The dccreasei a call
nunber.sseen in_the bayous ofaged(2 year old) awmal sthus _appears to be the

resull of a bdbaAewaers? Bagt prghers feegin thedymisol aead (2 gear offanimys &us i £ i cant
char ges iappdarfi8lve GRABIMIE 2 BMEnR8 iréthcAG AGHIRELN pRMBHDd, QSRR Her@fia8ECUr'S i N

asynchronous fashion. replenishing all T cell subpopul ations

si mul t ané@@gﬁ@q%w@ppﬂws@g@g@ﬁcﬁgﬁ Yhymas regeneration ocours in a synchronous
fashion, repleniching all T cell subpopulations simuliangously rather than sequentially.

1I. Proliferation of thymocyles

20 As shown in Figs. 4A-4B, 15-20% of thymocytes were proliferating at 2-4 months of
age.. The mojority (about 30%) of these are double positive (DP) ie, CD44, CD8+) with Lhe
kriple negative (TN) (.e., CD3ICD4CDE’) subset making up the second largest population at
about 6% (Figs, 5A). These TN cells are the most immature cells in the thymus and
encompass the infrathymic precursor cells. Accardingly, most division is seen in the

25  subcapsule and certex by immunohistology. Some division is seen in the medullary regions
alignirg with FACS analysis wihich revealed a propartion of single pesitive (i.e.,
CD4+CDE- or CD4-CDE+) cells (9% of CD4+ T cells and 25% of CDE&+ T cells) in Lhe
young {2 monihs) thymus, dividing (Fig. 5B}.

Although cell numbers were significantly decreased in (he aged mouse (hymus (2
30  years old}, the tolal proportion of proliferating (hymocytes remained constant (Figs. 4B and
5C), but here was a decrease in Lhe proportion of dividing cells in the CD4-CD8- and
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H Prollierntlon of thynoeytes 20 As shown in Figs. 4A4B, 15-200% of
thynmoeytes were pnmlirualitg at 2-4 nonths of age. The jotity (about 80%
of these am double positive (DP) Le , CD4+, (r)8+) with the triple
negative (TN) (i.e., CD3CD4CD8) subset making up the second | argest

popul ation at about 6% (Ergs. SA). These TN cells are the nost imuature
cells in the thymus and enconpass Wi ntrabaym c precursor cells.

Accor di ng&aqf ; 'M@ﬂfé@@&%&ﬁ%ﬁ%ﬁ@gmﬁ%@m%@x by

I mmunohi st ol agy Sone division 1 sseenin edgning with
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CD4+CD8- or -nB+). cells (9% of CD4+T .cells a 25% of .. + T . |ls) in the
young (2 mn%eﬁ EI)SE?'%’}%G ,°“Bé % (%Zji IP?’]"%‘?‘)' %e?mmﬁﬁ%e&r&hprﬁgpqﬁﬁg ﬁfl)ﬁglrﬁﬁslh'&er e

si gni fi cagenliy Heemke asma dud sitndige themessdatin wili Seditl8Qivistaris tel d) , the

t ot al prcglg:gr]ii on ofproliferating thynocytes remai ned constant (Figs. 4B and
50, But HS®was a decrease in the proportion of dividing rods in the
CDACD8-and 81 transnutation of CD4-CD8+Tcells was al so significantly
(p<_0.001) decdreadesk dndatakpist-cEhordy thede il A allidaii ohaepse ke bagbitien of

di stributi of dividjng | 1's _at r, of e to reflect that. seen in the
young adﬁﬁﬂﬁ%m@f@ﬁcﬁé%%+ a(g?mﬂ?ttﬁl? ORGSRy seen
in the oWvetodes he¥lodn proliTEGEEE thd}e MBSGIH dle\TiRrdvvidn stefeypdnidinkzl € di vi si on
in the 5 nedulla As may as_one week postcaslretioa there was %%ﬂqa%%d

t

i ncr ease PIAPOTLRGalflegisasedn pigLifsrating (o4 L8y cpllsposirsastention (dalg pot shy
CD4- GPR+ vakksSpdedadirnedh, AlReWE thyitasié Mihits GlBAhNy mRMass HiRswidt® bl ack in

proliferation of these cells with age. There was a correspondin

propor t | GhaEe gty oxerall prepestion of Ibyme¢Yiey (o recpmolifoaiing, ﬁsa@tle%%%iagﬁon (dam’
not  showRynehRineds kot cRBSIIce Aft 148, bADSCRITBRNGI bR FRE¥ M N@RT Nee

significantly inoreas; themwas no change in the overall proportion of

t hynocyt deratizasion gbthampeyie probifemtion gud hgsicientf dbadinseslls to Byereble Sitous
expansi Orﬂiuﬂvfﬁuﬁﬁﬂh}%?ﬁrﬁ)&ﬂ?-nld‘[ﬁﬁ?lﬁ i"ﬂ&kg%st nphi stol ogy reveal ed the
tiron of t mfer t

| ocal i za ynocyt ep tion a e extent of dividing cells to
resenble the situation in the 2-nonthold thynus by 2 weeks pastcastration.

15 THé DN aubpeplirbsubprpulapion, dmedditicn yoithe thimeodi preifres. sputigs S6FER cont ai ns
0C0TCR  t GP4ALBDE! BYRBSYEsCRhich e (bR hCrohBR N n-ERulaN Bor @Wledep@H atiRd bot h

co-receptors at ne” transition to SP cells (Oodhey and Zl otnik, (1993)

| nt uunol \ErEkRptoSE sy {GodBpy end flamils (1993hgumeh fade W47 By 8380€Ppossi bl e
to anal y g Bantd 4, INSQIREEE BRL1LECHRIARYN ddhipaRftidut (CD3CD4CD8} and
their subpopulations expressing D44 and CD25. Figs. SE-H illustrate (he extent of
20 proliferation within each subset of TN cells in young, old and castrated mice. This showed a
significant (p<0.001) decrease in proliferation of the TNI subsel (CD44'CD25” CD3CD4
CDY), from 2bout 10%% in the normal young to around 2% at 18 months of age (Fig. 5B)
which was restored by 1 week post-castration.

II. Thymocyle emigrallon

25 Approximately 1% of T cells migrate from the thymus daily in the young mouse
{(Scollay et aL, {1980) Proc. Nail. Acad Sci, USA 86:5547). Migration in castraled mice was
found. to eccur at a proportional rate equivalent io the normal young mouse at 14 months and
even 2 vears of age, although significantly {p< 0.0001) reduced in number {Figs. 6A and 6B).
There was an Increase in the CD4:CD8 ratio of the recent thymic emigrants from about 3:1 at

30 2 months to about 7:1 at 26 months (Fig. 6C). By 1 week post-castration, this ratic had
normalized (Fig. 6C). By 2- weeks post-castration, cell number migrating Lo the periphery
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t hem sobpapul ati ons expressing CD44 and CD25. legs. 5B-Hillustrate the
extent of 20 proOf ation within each subset of TN cells in young, old and
castrated mce. This showeda sigrtitiitnrt (p<0.0d) danazeinproliferation
of the TNl subset (CD44' CD25' CD3(D4' CD8), from about 10%6in the normnal
young to around 2% at 18 nonths of or (Frig. SE) wdth was restored by |
week postcastration. M Thynocyte em gration 25 Approximately 1% of T cells

mgrate fro he t%lyrrus dajly, i.n the young nouse Scol | at at, (1980)

Bt o6 Nt kg ey Mo ikl i ool B s gt eueseite 0% Retirdle T ound
to occur akpasiohePmkiiyenalFengsequi val ent to the normal young nouse at 14
nont hs and even 2 years of age, although significantly (p< 0.0001) reduced

in number (Figs., 6A.and 6B). There was an increase in the CD4:CD8 ratio of
t he secant thyfﬁgé‘iﬁﬁ%rants fromabout 3:1 at 30 2 nonths to about 7:1 at
26 nonths (Fig. 6C). By 1 week postcast ation, this ratio had nornmalized

(Fig. 6(2). ByItBas wegkisowdQEkagabihiabd, Qhougk bdvertyitesphi¥] @aisfainadist o t he
peri phery 822&@ supstavrial[yins d with_the overall rgte of mgrerjon
Foduced t Eut5TEA FRRRFIBLTIUA 42c Pt Tl RFRlierFcsy dilieenfipomsad pRepsteiming
Di scussi oarletdls £t (BO9Ag HAG: A8RE. 1aNKAk thth o TR4eEbn BeV@IRddmAL I ophi c,

maintains its 5 tunctional capacity with age. with T cell proliferation,

di f f er ent PEEFY ROBRIEX IAtgRcoPHbeLyrRs the nepEp-ondocps Emaune Gxesy Be apPiededuad y oung

adul t  NMDU$Q sex DAY DYt R Gl dsPRpifcanBaid REIBRb R TreG O N R it kEex
I ntenti ons between 't henavo-endocri no- hrmune axes, the atrophy induced by

sex st er oFHewrdduenusseeeasakiqnpasheasidion. sj gni fi cant and prol onged effects
illusl ated by the extent of thynus regeneration postcaso-alion 10 Thynus

wei ghtigi s si gniti 'ﬁeﬁ%t[&%%‘ﬁﬁﬂnﬂ‘}&ﬁu@ﬁ%iﬁ%g@m“@?ﬂ%ﬁdﬂﬂ | ptirbifdvfOl@na and
Maki nadan 1975)) 1 of 114:1659,” Aspinall, %997 . in_[,, 1583037) and
correl at e §1%61 1 ifrmemolg Bk 1638 eAsndnall ] B}’M%WW&JSWH@T%H%S i nduced
by the ¢ | %%Hﬁcﬂﬂ | | Rk MBS trophy due
w t he act ?%Ei‘l%%%m%%n east er%gf %’ﬁpg?%%:errl end'gheiéﬁ%g?[[ed#o@\%l of@ sex
steroi d i AisFREeehniuewhigl may wsalk im Hriperdhymeysato p hemeltpss el i o
cel l ul ari byiP¥iaSiz 1%%1&% = ks
post-castrati oﬁ%gﬁﬁgs%ge t ggﬂ{é’ S %ﬁ%“ﬁﬁg%ﬁ?%ﬁ%&? ﬁ@ggszéw%ﬁ bot h
t hyndd3 si sastraedhyrews incopasiagdn celilarhaks 2ha0 fdkd fromfthenpre-cosmisghmaies (BYThy nus
resumabl - aCk | ' L-NQ: el ves
PreSUMAD! Yot QeabhiftioR ihb O3 fm Wowst S Rfhrf inch SR bE Ryt Gich BRASE! Ves
cell number, surpassing that of the young adull thymus presumably due to the actions of sex

Sleroids already exerting themselves in the 2 month ¢ld mouze.

The data cenfinms previous findings that emphasise the continned ability of
20 Lhymocytes to differentiate and maintain constant subset proportions with age {Aspinall,
(1897 J. Immenol. 156:3037). Jn addition, thymocyie differentiation has been shown to
acour simultaneously post-castration indicative of a synchronous expanston in thymocyte
subsets. Since thymocyte numbers are decreased significanily with age, proliferalion of
ihymocyles was analysed to delermine if this was a contributing factor in Lhymns atrophy,

25 Praliferation of (hymocytes was not affected by age-induced thymic awophy or by
removal of sex-steroid influences posi-castration with about 145 of all thymocytes
proliferating. However, the localisation of this division differed with age: the 2 month mouse
thymus shows abundant division throughout ke subeapsular and cortical areas {IIN and DP T
cells) with some division also occurring in the medulle. Doe to Lymic epithelial

30  disorganisation wilh age, localisation of profiferation was difficult to distinguish but appeared
to be less uniform in patiern than the young and relegated to the ouler corlex. By 2 weeks
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The data confirns previous findings that enphasi se W continued ability of
20 thynmonyns[o differentiate and nmaintain wntnt subsetpcopntions with age
(Aspwal I, (1997) /. /rmmel. 155:3037). In addition, thynmocyte

di ferenti ztion has been shown to oaur sinultaneously post-castration

I ndi cati ve of a synchronous expansion in thynecyte sub.Ns. Sines thya
ncyl e nunbers are decreased significantly, with age, proliferation of

| hymoc 4es,ia5.a38 ) | ' contrihuting_factor in
t hynus at E%Bphy. g@’ér o| |4@ a |o'§1S o&?éﬁ%ﬁ%&@éﬂﬁﬁgﬁ@gﬁﬁ%ﬁm
age- i nducté mRdyld withsinolahdistabutinn to tePasadth diymaex- st eroi d i nf | uences
post-castration with about 14% of all thynocytes proliferating.

However, t hel o ' this..division differed w : nont h
mouse t hymus hsaaetofibe Sk bdinti e toBftatn sttt By St 6 T
cortical enbai, ¢hfonalieréPwiEh agairifellovdig dasEaitn, dotesepiallsBQf prdifevhiig i n t he
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mont h t hyIst4 " hes PhpaRiye RhRh wab SorRfbkdttd Bk b 9n RRRMLAL URAMES(EdsAer M ned by
Cat and C@ nal ysi s, _was not altered with age or foll oudngca_suatlon
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TN and CD8" celﬁ(s Wi tﬁﬁﬁﬁfg%i?ﬁ?ﬁ Sg%g ygﬁgtﬂwﬁgﬁﬁg’%ﬁﬁg su Ig{gt:}?on t he
basi s of R9F&al lgglsder L wehs podtesteppsiodicaljeaidls mnmaddipts fesprast ofdbisr ease in
proliferatd ; einRibktion((FRAAL LR ' ted for
by an i n?’dgglgg&ihr?t t he 'Ibhl\?zm( M44-§t%§)§)c E@%%ﬁ?%ﬂ%ﬁ@ﬁ%%&ﬁ%@s

wit hi n t ROst-sgsainnathe prrportion o €D5T HeclistintpsrdyrolGrtmgivaan(x(887) J. | nuwnol
158: 3037); L : : iferati t | evel
by5 o SiRE b oLkl ST, DUORS St L AL L0l e

Popul Bt i dteripkeralifecellpieinbi ti on of sexw eroid action. Additionally, atboth
2weeks and4 weeks pnstcastration,the proportion of CD8 T cells that were

pro' fe, At was TH#h ok s ' I ndl J:Ng a
role in the rees, %%ﬁs ﬁ%gﬂﬁﬂ%?ﬂ%“ﬁtn%%@&g%%%%%rﬁ%ﬂq .lysﬁd]nél]c%%ﬁﬁeh
m gr at i orfBRaRstIEGWithpredewsdagabyScoBaysdi ol (1BYH Fren Wadf Adadyfiofes wi t h

age. CONT gslskpivid nbwed § WnoHdfi SfcoRMSROLtA (Efefboyc ik AB) i G- Nat!. Acod

periphery. The differcnee in these results may be due to the difficullies in intrathymiec FITC
20 labelling of 2 year old thymuses or the effects of adiposs deposition on FITC uplake.
However, the absclute numbers of T cells migrating was decreased significanlly as found by
Scollay resulling in a significent reduction in ratio of RTEs to the peripheral T cell pool. This
will result in changes in the periphery predominantly affecting the T call reperioire (Mackall
et al, (1995) N. Eng. J. Med. 332:143). Previous papers {e.g., Mackall et al, (1995) N. Eng.
25 J. Med 332:143) have shown a skewing of the T cell repertoire to a memory rather than
naive T cell phenotype with age. The diminished T czll Tepertoire however, may not cupn; if
the individual encounters new pathogens, possibly accounling for the rise in
immunodefciency in the aged. Obviousty, there is a need to re-esiablish the T cell pool in
hnmwnocompromised individuals. Castration allows the thymus to repopulale the periphery
30  through significantly increasing the production of natve T cells.

In the periphery, T cell numbers remained at a congtant level as evidenced in the B:T
cell ratios of spleen and Iymph nodes, presumably due bo peripheral homeostasis (Mackall er
al, (1993} N. Eng. J. Med. 332:143; Berzins et al., (1998) L. Exp, Med. 187:1839). However,

g4



86; 5547) who shown[ a to-fold reduction in the rate of thynocyte mgration
to the periphery. The difference in these results maybe due to the
difficulties in intrathymc FITC 20 |abelling o[2 year old thynuses or the
effects of adi pose deposition on nme uptake. However, the absol ute nunbers
of T cells mgrating was decreased significantly as found by Scellay
resulting in asiguifieent reduction in ratio of RTEs b the peripheral T cel

pool . Thu | i ch es in the peri dom nantly affecting
t heT cell dﬁm 'nl] éfc%ieﬂﬂt tmt;R':P @Q‘éﬁj %ﬁgﬂtﬁlm% E A3 Previous
papers ( egmwm@shgmﬁcmtabma(s&m NDRERs 2 Z1 idibd vades it Yo Nawethszown a
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if the umsm@tﬂa@muﬁmﬁtﬂ&wsﬁamaﬁaﬂfmmmwlm;a@emwmg for the
rise in |rmmodef|0|ency in the aged. Obviously, thére is need to

reest aBl i SFIRRR, thimaiip badheen mmmﬂﬁﬁﬂgﬁéilﬂiwﬂtn!ﬂwﬂsﬂ@m ation

al | ows t hpddSteinQo & g{%ﬂg&ﬁ ohhe periphery 30 through significantly
I ncreasi ng the product naive T cells. In the periphery, T cell

nunbers renmi ned at a constant | evel as evidenced in the B:T cell ratios
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the 2 month mouse. The proliferation of matnre T cells is thonght Lo be a final step before

migrafion (Suda and Zlotik, (1991) 7. Broremol. 146:3068), such Lhat a significant decrease

in CD8" proliferation would indicale a decrease jn their migrational polential, This

hypathesis is supporied by the finding Lhat the ratio of CD4:CD8 T cells in RTEs inereased
25  with age, indicative of a decrease in CDS T cells migrating. Allematively, if the (hymic

epithelinm is providing the key factor for the CT)8 T cell maintenance, whelher a
lymphostromal molecule or cytokine influcace, this factor may be disturbed with increased
sex-steroid production. By removing the inflvence of sex-stervids, the CDB T cell populalion
can again proliferate optimally,

30 The defect in proliferafion of the TN1 subset which was observed indicates that loss of
coriical epithelivm affects thymocyte development at the crucial slage of TCR genc
rearrangement whereby the cortical epithelinm provides faclors such as IL-7 and SCE
necessary for thymopoiesis (Godfrey and Ziotnik, (1993) Damunol, Today 14:547; Aspinall,
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stemsill entry fromthe BMis also not affected with age (Ifuokawa,

(1998), "Immunity and Ageing"in Pkm AN Pew O Gearw Mo (M Pat hy, ed.) Johu
Wley and Soas Ui; Meokull and Guns, (199?) Innnrol. Rev. 150:91).
Secondly. the CDgt TCells were significantly dimnished in their
proliferative capacity want age and, follow ng 20 roustabout,
asignificantly increased proportion of CDS T cells proliferated as conpared

to the 2¢1menih mBss: 15803 ?@ rpt-o. ﬁirﬁi“"ﬁ %, ﬁiti-ﬁ yght to be a
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such t hat Tl Subiectimagedeive (Wile©eRp (119R) Brraf.i lovmsnok 221037 Ziodtik
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i ndi cati vé3biii®)decrease in (D8 T cells migmeog. Alnmatively, if the thymic
epitheliumis providing the key factor for the 0)8 T cell mainrmance,

whetheg a |y .t oki ne_i nf.l uence,. this factor may be
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at develop in

mai ntains its fuactioaal capaci tai{l‘ however,” the thy | es

the and nBERRS Topreeshgtating the peapheral {cel gapkand gwe inte-asiablishing imusiiyimel i al

cel |'s as E@fkhobipprtiSed) RifhhnMOEIh rﬂ}%ﬁﬁmﬁﬁﬁnﬁﬁ?&lﬁ&iiﬂ@%@u‘aﬁ structural
integrity of thl!ielgI t hyroi cm croea\*)“l mmt Thus the proliferation, dSferntiapon
and prati on of these cells wll _not be under optinmal regulation and may
result’in the increased rel ease of EFAMELE%active odysfwetinal T cells in
t he periphery. The defects withinboth tre TN and particularly. CDS

popul at i ons, REAERS*UDE CAEMGTHERRATSS GR RAMATONINDUTED weeaicT cel |
pool with age. Restoration of thynmus_function by castration we provi de an

essential means for regenerating t heral T cell pool and thus in
m establishing i munity in
Materials and Methods

Materials and melhods were as described in Example 1. In addition, the following
20 metirods were used.

EM reconstitution. Recipient mice (3-4 month-old C57BLE/T) were subjected to
5.5Gy imradiation twice over a 3-hour interval. One hour following the second isradiation
dose, mice were injected intravenousty with 5x10° donor BM ceils. BM cells were obtained
by passing RPMI-1640 media through the tibias and femurs of donor (Z-month old CODgEDIc

25  CS7BLGfY Ly5.1") mice, and then harvesting the celis collected in the media

Icradiation. 3-4 menth old mice were subjected to 625Rads of whole body [0
irradiation.

T cell Depletion Using Cyclophosphamide. Old mice (e.g., 2 years old} were
injected with cyclophosphamide (200 mg/ig body wt over two days) and castraled.
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2 REVERSAL OF CHEMOTHERAPY- OR RADI ATI ON- | NDUCED THYM C  ATROPHY Materials
and Methods Materials and nmethods were as described in Exanple 1. In
addition, the followng 20 nmethods wereused BMreconstitution. Recipient

m ce (3-0 nonthold C57EL6/J) were subjected to 5.5Gy inadlation evrice
over a 3-haw interval One ham foll ow ng the second undi ati on dose, mce
wem nj ected i ngrayenously with 5x106 donor EMcells. EM Cells were obtained
bypassi ng RPM = medi a though the tibias and femurs of donor (2-nonth

ol d coogeoic 25 C57BLW LyS.rt) mce, and then harvesting the cells
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625Rads of | e-body |}, iuadietion T cell Depletion Us
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cycl ophos prheiiitide néi2 82 IF4KYcRRSYA itx) G shb Y Shcal thefafd ih Btk oB6

Resul tg trati on ndrncedregeneration foll ow ngsevem cell depletion
(T(r))? FHAYHOE Fearadaiian WW%@ Jhgis pragt-sasiiad (A Ehcquaivarass KEER g a0di ng

cycl ophos phpnie wekk sesebsitRaht caktadlinkbd wuéglgﬂg?ﬁégla@% r#&smaaw& (Cx)

once showed a significant increase in the rat S regeneration
conpar e t 8 Ay sagn Eigschrdd-{ BhOxgonmstsmmenpesaswatédinjmals showedis=78e. By |

week post S ' konifl hym tion
bven " att o5 SEDNEA DEABGR ks BafGily il oB ] b Rbhed MR, ATAGRALA

mmal s, shbfedsedEP8 cellsdomliciesiDhniynTiiDI bestyinstatesd by (reaiiilatbyceslinvi di ng cel | s)
and s sewg# ﬁ;@ﬁ§ ! rtion, OF n ).g_cells .

(radi ?)lﬂ?rem sta tgl, | gﬂqlgﬁ%é%pg?ﬂ uaspﬁ?qgﬁ%aﬁﬁﬁg' f rﬂeb‘ﬁcme%mﬁsw
Wnocyt e #lEmabt svewk bdst-beattocalt &g 2omedhs |Ls: minaatirgedahinhdasionad delddled | ncrease
I n thymus week Gheat weeks. e non-cashal ed

ani nal>/s sﬁgﬁmﬁﬁﬁgéﬁﬁﬂ?&e‘%ﬂfﬁﬁ ”&WT@W@W@%@%% of both DN
and DPI t hpoperfitesof mjcmm:ymg ml-e oot pq:neqﬁij.rmaﬁ teothe ;:mﬁgmel 2 Wit esntl agm‘s'. néed, .

equi val en ou ul t. contro nmus. | ndeed, _ at weeks, the
vast o1 f ot Tnd BN HEREte s Sl e R G PSS S cod i ce
t15 vv?l;ﬂ n?wmm%yw4mk§%me®mE@ﬁwﬁbﬂﬂ&ﬂﬁéﬁént@ﬁuwn

reat nent groups).

Thymus cellnlarity was significan(ly reduced in ShCx mice {-week posl-
cyclophosphamide freatment compared to both conlrol {unireated, aged-matched; p=<0.001)
and Cx mice (p<0.05) (Fig. 7A). No dilference in thymus regeneration rales was abserved at
this time-point belween mice castrated 1-wesk earlier or on the same day as trealment, with

20 both groups displaying at least & doubling in lhe nnmbers of cells compared to ShCx mice
(Figs. 7A and 8A). Similarly, at 2-weeks post-cyclophosphamide treatment, both gronps of
Cx mice had significantly (5-6 fold) greater thymocyie numbers {p=0.00!) than the ShCx
mice (Fig. 7A). In conlrol mice there was a gradval recovery of thymocyts number over 4
weeks tut this was markedly enhanced by caslration, even within one week {data not showi).

25  Similarly spleen and lymph node numbers were increased in the castrate mice afler one week

{dala not shown).

The effect of the timing of castration on thymic recovery was examined by castration
one week prior to either irradiation (Fig. 10) or on the same day as irradiation (Fig. 11).
When performed one week prior, castration had a more rapid impacet on thymic recovery (Fig,
30 10A compared to Fig 11 A). By two weeks the same day castration had “canght op” with the
lhymic regeneration in mice castrated one week prior to reatment. In both cases lhere were
0o major effects on spleen or iymph nodes (Ifigs. LGB and 10C, and Fips. 118 and 11C)
respectivety.
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Thynmus cellulmty was significancy, reduced in ShCk m ce |-weak post-

cycl oPhospham de treatnent conpared to both control (weeated, aged-matched;
p O01) and IXmce (p (c).05 (Fig 7A). No difference in thynus
regeneration rates was observed at this tinme -pout/ between mce castrated
1-week earlier or on the sane day as treatnent, with 20 both groups

di splaying at leas a doubling in the nunbers of cells conpared to ShCX nice

bot b o oupe. of Folex il BeeAler v, BRI Pa Sy CrafcgPRAEaRDS ffcy (0
mmt er s (ndahmﬁﬂlmﬂlh}ﬂhnh'edﬁhﬁghjﬁcaﬁﬂr&ﬂcﬁdﬂlﬂ j%ceﬁﬂm‘ft?@&h o&Bnisier € was

a gradual reco nocyt e nunber over weeks but this was narkedly
enhanced qﬁa@j‘t)% 'é\ﬁé‘ﬁ ‘(‘F'CF& kariggio teplswal @<D8LS nil arl y

spl een anmgy}rﬂ;hﬁagd@g@%@w A’H}@dﬁ Mﬁttﬁaﬁktﬁﬁu&{ter one

week data_not sho e effect of thetlnnl castration on thymc
recove?y RbEyBuEGHl B valishatia gioops ufmam@mmsmiamma giemifieant i r r adi at i on

(Fig. 10) Han@eh ﬁgﬁd d one
week pri o? agastrgtﬁl on %ﬁmaﬁ@rdagra [ gghéc)?ﬂ ﬁ@}%s%&%@@fg 30
| OA corrpaﬂ@ﬁﬁ 78, ¥Ag epd 1 1AG) ﬂaﬁmmmlmmammawsmmmaﬁmmm

caught up; t erati d one week prior
Lo reat nEusber b L, ol AR bR SPGB dSHl | Yoo
nodes (Filpgult.l OB and 1OC, and Figs. IIBand | 1Q respectively. 87

Fol  ow ng irtaduhon treatnent, both ShCx and nice castrated on the sane day

Compated 1t 3”%&%%@3‘%@%@%%%@%“ s bl SRR o o
lhvveekhprlﬂdlcatl‘@ of raped epatisi¢pwithib)the (hirngs, thé&)lgzﬁbﬂmemmhqmmdmmht rnent,

w th ot EIRPEHeTRR A Jelth A ohile s LRI EE HBRevief oS BB e e
et g e it )
thy?rus regenera[ff g’mmggggﬁmg’ %E@Hwa%ﬁea d’e‘PP nyl e performed at

| east 1-week prior to imune system insult 10 Interestl ngly, thynus size
appeakx to oveﬁ'ﬂélhmﬂj'clhahdsamuﬁmmahhcﬂthéymmgm& (abbuytPBmonths), total

dor ved  DRpRERhuEHRRNAAE a bRET o St iRt G BRR E PP R Ryt et
t o mi gr atdffetenidoonconte] mite thmngtmut the tipercopise nﬁnal:.r‘Eixe{ﬁm astehowed}t hough
proporti %&wWe} @h&x gﬁ&hsh%%eg OQ}J 2t Focrease matohal splenccyte numbers at 1- and 4~
weeks post-lreatment (p<i0.05) (Fig. 8A). Within the lymph nodes, a sipnificant decrease in
20  cellularity was observed at 1-week posi-treatment for both sham-castrated and castrated mice
(p=<(.01) (Fig. 8B), possibly reflecting lhe influence of stress steroids, By 2-weeks post-
treafment, lymph node cellularity of castrated mice was comparable to control mice however
sham-castrated mice did not restore their Iymph rode cell numbers until 4-weeks post-
treatment, with a significent (p<0.05) redoction in cellularity compared to both control and
25  Cx mice at 2-weeks posl-treatment (Fig. 8B). These resnlts indicate that castretion mey
enhance the rate of recovery of totsl lymphocyte numbers following cyclophosphemide
trentment.

Sublethal irradiation (625 Rads) induced a profound lymphopenia such that at 1-week
post-treatment, both Lreatment groups (Cx and ShCx), showed a significant reduction in the
30 cellvlanity of boli spleen and lymph nodes (p=<0.001) compared Lo contro] mice (Figs, 124,
and 12B}. By 2 weeks post-rradiation, splesn cell numbers were similar to controf values for
both castrated and sham-casivated mice (Fig. 12A), whilst lymph node cell numbers were still
significaniy lower Lhan control values (p=0.001 for sharn—castraled mice; p<0.01 for

b
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nunbers of thymacytes an buil ding before being released into the periphery.
15 Fal | ow ng cycl ophospham de treatnent of young m ce (about 2-3 nonths),
total |ynphocyte nunbers within the spleen of Cx mtt, although reduvq
were not significantly different fromcontrol mce throughout the
dnecorirse of analysis (data not shown). However, ShCx m ce showed a
significant decrease in tool splenocyte nunbers at 1- and 4- weeks

Goor onse. PR3t B (17 1PB) i debmesh pifrenee s R B0 etn e Seba PG Do

shancastr agek. and castrated mre (pcool)(Flg Bid), possibly reflecting the
I nfl uence of stress steroids, By 2- weekapost - treat ment, |ynmph node
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Subl et hal 1rradiation (625 RedS) inducéd a profound Iynphopenla such t hat
at 1- week edpvant pi hamipegrpansing and alse shemerveryrob spjeen and 1imph mitex Tbe showed a
si gni fi capipefh @y ERerkie: nph nodes
(p31. (OI)EEIOW%(%?% to %@ntrolngngggrg{%iyliggﬁﬁlé A and%&@éBygﬁaeq’géﬁé

past-ir r adfmger toﬁﬂcrﬂaﬁtelbwr elssulating worsisroiddeesls Howayeruwhomnal Gasiration is gl ashot h

castr gy rﬁ&g Fﬁgﬁf a& sild%é)d LS eadi¥ Jpade cell nunbers
wer e stll si gni |canf§ ower t ghg%on rotuggkue%?l

f orshaneeastrat ed m ca; p<0.01 for 88 casbated mce) (Fag. 12B), No
si gni ficant diBEasiete was observed between the Cx and Shit wunion. Fig. 9
Wast ages W use of chem cal saturation conpared In surgical castration in

enhancenment ofThegfbdct SRAKARLA bh AR MBI IERAT cdSREMctDA f7af h¥BRighied in
DaWelio(an 5 LHRH A), was_injetd for four weeks, and showed aconpanbl e nm

of regenefrRRANLf IRpERisRE S Sregilisalie Berele Apaimied BestiegioEal common.

The enhanisiailchesd SodiRhor RN R08teR B Wb G aARRLPIANd al SO the
recovery of spleen and Iyrrph node. kinetics of chem cal castretion are

sl owel> t heyplophpsghraide teataent Jhesn forns oflmmupedrplegompd ke inhiby Iy syshepscr ease
theta cirghd BLLRE 188Xt & 1§Iy%ﬂdfn§\ééh§ T TR thesD £211:GRL &dyon is still

as 10 effectiveat surgical castration and can be considerd to have an
equi val e ninpgtae epriical ghenaeates.dnt all subsels are effected (Fredrickson and Basch, (1994)
Dev. Comp. Invnunol, 18:251). In normal heallhy aged animals, the quahtahve and

quantitalive deviabons in peripheral T cells seldom lead to patholegical stales. However,

20  major problems arize following severe depletion of T cells because of the reduced eapacity of
the thymus for T cell regeneration. Such insults eccur in HIV/ADS, and partienlady
following chemothesapy and radiotherapy in cancer treatment (Mackall ef al., (1995) N. Eng.
J. Med. 332:143).

In both sublethally irradiated and cyclophosphamide reated mice, castration markedly
25  enhanced lhymic regeneration. Castration was catried out on the same day 25 and seven deys
prior to immuncdepletion In order Lo appraise Lhe effect of Lhe predominantly certicosteroid
induced, stress response to surgica! castration on thymic regeneration. Although increases in
Ikymus cellularity and architechurs wers seen as early a5 one week after imimunodepletion,
the major differences were observed oo weeks after casiraion. This was Lhe case whether

30  castation was performed on the same day or one week priur to immunodcpletion

Immunohistology demenstrated thal in all inslances, two weeks after castration the
thymic architecture appeared phenotypically normal, while that of noncasirated mice was
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The inpact of castration on thymc structure adT cell production was

I nvestigated in aninmal nodels of imunedepletion. Specifically, Exanple 2
exanm ned the effect of castration on the recovery of the i mune system
after sublethal irradiation and 15 cydephnsphami de treatnent. These forns
of i mmodepl edon act to inhibit DNA synthesis and therefore target rapidly
dividing cells. In the thynus these cells are predoninantly | mraone

T T
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prior to i nodepl etion in order to appraise the effect of rice
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upr edd avmacrophatdendypraahegt duglbarsetiin the ﬂi}dﬂml fedby MIS 16. Fl ow cytonetry
anal ysis data illushated a significant i ncrease in the another of cells in

all thynocyto ted mc a 0|.n4 there was a
synchr onous #\%gﬁéuﬁnﬁgﬁ,ﬁu@g@mﬁ $ Eﬁ-‘?‘%ﬂnﬁﬂ Brgg?yg fol |l ow ng
and castmmheameakﬁdiat evegy tmnu@alralaiulnuﬂecemtsilfemvwmm trsalm&ﬂ' Almedevel opnment

S aprogrg&&!d}/ % ect ed t han. ehCe uI d he an, initial
i ncrease 1 n precursor crﬁiiiﬂnﬂ(con d" E’quswmg db

dramatically and approximately 5 days laler the firslL phase of thymic regeneration begun.
20  The first wave of reconstitution (days 5-14) was brought about by the proliferation of

radioresistant thymocytes {predominantly double negatives) which gave mise to all hymocyle
subsets (Penit and Ezine, (1989) Proc. Natl. Acad, Sci, USA 86:5547). The second decrease,
ohserved belween days 16 and 22 was due Lo the Limited proliferative ability of the
radioresistant cells coupled with a decreased production of thymic precursors by the BM

25  (also effected by iradialion). The second regenerative phess was due te the replenishment of
the thymus with BM derived precursors (Huiskamp ef af, {1983) Radiat, Res, 95:370),

In adult mice the development fram a HSC to a mature T cell takes approXimately 28
days (Shortman et al., (1990) Senr fnununol. 2:3). Therefore, it is not surprising thet litile
chanpe was scen In peripheral T cells up lo four weeks after meatment. The periphery would

30 be supporied by some thymic export, but the majority of the T cells found in the periphery up
to four weeks after treatment would be expecicd Lo be proliferaling ¢yclophosphamide or
irradiation resislant clones expanding in the absence of depleted cells. Several long lerm
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within the Ct)V CDe- gale) and G |s may haveoccurred before the first line
point Moreover, since precursors represent a very snall proportion of

total thymacytes, a shift in then nunber may not have been detectable. The
effects of castration on other cells,including macrophages and

granul ocytes were al so anal ysed i ngeverul ehemwas tilde elterationin 15

macr ophage and ganul ocyte nunbers within the thymus. In both irradiation

gcgrgyf\ll\g b <s an%l?dlgﬁgiase |nm ode Ietl.on tﬁél ﬁlf'e nug%%rs peaked m

innediateﬂ%mmﬂmmnnuﬁmmT@RnyMﬂmBﬁmwmﬁhhﬂhﬁﬁﬁnmﬂmunﬁpwelght and cel lul anty

decreased dramatically and approximrely 5 days | ater the final t phase of

thym c regeoerati on began - 20 The#gmi reconsl huti on (days 5-14)

was brought about by the prolifera di orvsi staut thynocytes

(predoninantl double negatlves) whi ch gave the to all thynocyte subsets
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I rradiation). X iqls ndnerartve phase was due to the repl eni shnent of
t he thynus went BM der| vedpreeusors (Hui skanp of aL, (1983) Radi al Res
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REGENERATL M & =211 LTS 1N TI ON
oF DEI' | CTENT %@%ﬁﬁw’ Epiiih apehicr Fng e ppBieit i) al's
and met howgewemevedSorkestysibedi n Exanples 1 md2. In addi ion, the follomﬁng
met hods were used.

13 Virus was obtained from Assoc. Prof. Frank Carbone (Melbourne University). Virus
stocks were grown and titrafed on VERO cell monolayers in MEM supplemented with 5%
FC3 (Gibco-BRL, Australiz).

Analysis of the draining (poplitezl) lymph nodes was performed on D5 post-infection.
For H5V-] studies, poplileal lymph nede cells were stained for anli-CD25-PE, anti-CD8-

20  APC and anli-VP10-biolin. Por delection of DC, an FeR block was used prior Lo staining for
CD45.1-FITC, I-A"-PE and CD11e-biotin, All biotinylated antibodies were delected with
streptavidin-PerCP. For detection of HSC, BM cells were galed on Lin™ cells by collectively
staining with anti-CD3, CD4, CDS, Gr-1, B220 and Mac-1 (all conjugated to FITC). HSC
were detecled by staining with CIMN17-APC and Sca-1-PE, For TN thymocyte analysis, cells

25  were gated on the Lin” population and detected by staining with CD44-biotin, CD25-PE and
c-lit-APC.

Cytotoxicity assay of Iymph node cells. Lymph oode eclls were incubated for three
days at 37°C, 6.5% CQs. Specificity was determined nsing a non-transfected cell line (EL4)
pulsed with gBasa sos peptide (zBp) and ELA cells alone as a control. A starting effector:larget

30 ratio of 30:1 was used. The plates were incubated at 37°C, 6.5% CO;, for four hours and then
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MV-1 imurdvtion. Aged IS nonths) mce were surgically castrated. 6 weeks
10 aRer castrafiou (followrg thynus reactivation). Follow ng anesthetic,
m ce wereivjectedin the hind leg (fmhock) with 4xl Ca plaque fo(r)ing
units (pfu) of HSV-1(ECS strain) id sterile PBS using a 20-gauge needl e.
Infected mce were herself in isolated rages and humanely killed on D5
post denom nates at which tine the popliteal (damm ng) |ynph nedes were

renoved f Vi&dnS . Vi.r us s _obnj rom Assoc.. Prof. Frank Carbone
( Mel bour n%uﬁ?fﬁ erﬁgsp flﬁ??/f”l”ﬂ"g“ %W@%@%@W&%ﬁﬁé%ﬁh “'E?ﬂ RO cel |
nmonol ayer ardsfenEidts glag femmietioitdbas R¥inemUfnidt PEOPRRRsd Aibsd fitd-is@inmaAnal ysi s

of the drainjng (poplteal) |Iynph nodes was perfornmed on D5 post-ineasm
For W-1 ‘Wflfes, popi |l l eal |ynph node cells were stained for red-CD25-PE.
and- CDS 20 APC and anti VplO-bivlia Ibr detection of DC. an FcR bl ack was
used ptior to Rdsawi ng for CD45.1-FITC. |-A-PE and CDI lc-biotin, Al
birtinylated anti bodies were defected with streptavidin-PerCP. For

det ectj on of C, .BM.ce] | re galod on Lid" cells by collectively

hi i vy i th o et b R deie e T Rymiaieaheriot Gty SARR e 1 0
FITC) . HSfastrationeasl eitatied He Bymieavd pagss)hdrhes Gl At (ARY) SeMudizdtfon we@r TN
thynocyte analysis, cells 25 were gated on the Lin popul ation and detected
by St avi A SERAHORs BF iy Fbepespaetea 10 Mool SfLofexTestrensesy of

| ynph nodeutdiol ifave 4 yfabbaRElGafd GRlnkitari V8 Snprocaalpe kit kst Rsvindays at 37aC.
6.5% CO2. Specificity was determ ned using a non-vaasfected cell line (ElA)
pul sed with 9 and EL4 cells alone.as a cannot. A

sendi ng effectl"@'}yg%%ger‘ o t@%&?@%@@%%%@iﬁ%%re

| Ncubl eG4 4 D5 deliinrh@iization I I Hadii®o,ARE oAl wadrentRBE Mid Acgede@sQ "for 5
m nut es, Supenmamt (J,OOLII was harvested fromeach wel]l and_t "ens[ernd
into gl ad® é&&’ﬁ'ﬂ’é’f}ﬁh&t 1H g, HEsPainsHrouhst the prparanst Chisyraeignalo- ganma

counter. (B@ﬂl&ﬂﬂﬁtg?hﬁ@dﬂ@&;%ﬁﬂ taﬁﬁxhﬁdf&%hgﬁgéﬁ 1597pRaUGRAAR401 thynus

segener at | onwhet castration can enhanc e i nmune maponse, herpes

simplex virus (HSV) i ni zafi.on was. examned as it allows the study of
di sease progrA?ﬁ%ﬁ%"ﬂ@ﬁ“@ﬁ%@%ﬁﬁﬂé@hwm%ﬁ@% Ifdve a

qual i t at i nag, yndd). AUESYESL 28 dME) post-TRheaGioh SBPOREIYERRE DAt MoNHEEWIYM Ce
N S g ok nbl celiniotity Han the aged nibe [t nof o). “ALogh ab Himerencs o
the proportion of activaled (CD8*CD25") cells was seen with age or post-castration (Fig. 15),
aclivated cell numbers within the lymph nodes were significanily increased with castralion
when compared Lo the aged controls (data not shown). Further, activaled cell mmmbers
correlated with that found for the young adult (data not shown), indicating that CTLs wers
20  being activated to a greater extent in Lthe castrated mice, but the young adult may have an
enlarged 1ymph node due to B cell activaiien. This was confirmed with a CTL assay
detecling the proportion of specific lysis ocourring with age and post-castration (Fig. 16).
Aged mice showed a significanfly reduced target cell lysis at effector:target mtios of 10:1 and
3:1 compared to young adull (2-montk) mice (Fig. 16). Castralion restored the ability of
25, mice to generate specific CTL respenses post-HSV infection (Fig. 16).

In addition, while overall expression of V310 by the activated cells rematned constant
with age (data not shown), a subgroup of aged (18-month} mice showed a diminution of Lhis
clonal response (Figs. 14A-C). By six weeks post-casiration, the lotal pumber of infiltrating
lymph node cells and the number of activaled CD25°CN8Y cells had increased to young adult

30 levels (dafa not shown). More importaatly however, castration significantly enhanced the
CTL responsiveness to H.S'V-Infected target cells, which was greatly reduced in (he aged mice
{Fig. 16) and restored the CH4:CD8 ratio in the lymph nodes (Fig. 17B). Indeed, a decrease
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10 mal yzMUDS post-i nmunzation, In additiogthe footpad was renoved and
honogeni sed to determne the virus titer at particular tinme-points

t hroughout the experinent The regional (popliteal) |ynph node response to
HS V-1 Infection (Pip. 13-17) was A significant decrease in |ynph node
ccltladty was observed with age (Figs 13A, 13B, and 14). At D5 (Le. 5
days) post imrunization, the cashated m ce have a significantly 15 |arger
| ynph rode | auty .1 han. t he aged mce (data, not sho i t nughm

di ffermcel”zhéﬁ‘flé?Jlr‘%];go%ttél 1“?3'8’%1'3 T’Mf‘g‘fm@%b@géﬂ th age or
post - cas dadulioamd (chitgted bhike (FigC1 TB)UMGANGRIaling B@EBnesl Fdiintrdale rydRHomodes
wer e si gnlgggaptl increased with castration when Conpared to_the aged
controls P srherm e dppyes Grgnghpmt life g prdphiostet awrima) iFBWReISPEBHY@LHt ed Wi t h
that found for the young adult (data not shown), indicating that CTls were

20 being arhvated to a greater comjganmigs gastrated mce, but the young
adult may have no enlarged |ynph node due to B call act avanerm Thi s was
3 C ] s

soutrngd with a (X ! L ORO of snecif Si s
occurr?ng with ag BRI ENHA A3 i&j—@ged a

signi fi calEMATEOROH] ; ESOR CEBLS INTC T TAYIIES SAICRGNSaRES 10: 1
and 3:1 conpargd young a 16). astrat onnst or ed
W ability of =28 o VAR 1A iy O Uidun b SuTNTD BIL )N JEEEOID CELLS \ )/

infection (Fig. 16). In addition, m{;mhg_qwfm expression of VIil0 by the
activated calls remained constant = w age (data not shown), a subgroup of
aged (18- nont m,cea%guo d.a dimnution of this clanal response (Figs
14A-C). By si @%&&'ﬁ EEI00F TG detcried: BiEamnlhser. 18 Adfign ﬁﬁfalclv\?vgs | ynph
node o®l | eclgfighes Rerdwpder of activated CD25sCD8* tells had increased to

young adult 30 levels (data notshown). More inportantly however, castration
significantly responsi veness to -infected target cells,

nhanced the (XL
whi ch was greaﬁ??@%mﬂﬁﬁst%ﬂ {hptomicroghimera fgimation plays (g1
CD4: CD8 remid th éngad Rendp}aip Beddpdfs. (BE Gale/ Bho ba&e SthwnotodRe @2REGgra Zolsin ( VAT

cells bal]ad draini l, h_podes was seen w th age conpared tagbot hyoung
adul t andwf"%ﬂﬁ@ zft araﬂ%.neé?"rﬁ &hﬂ'{‘aﬁaw L‘E"rﬁ:@“ﬁsl'ﬁf&%i'%"ﬁ?? AY LyFRc chtpega fagmadion o

i ncr eas edarrdddiitid @1 pusihdr 8] Juslidd. om t he t hynus throughoutlife, in orderto
get maxi mal i nmune rnpom veness. EXAMPLE4 5 I NHI BI TI ON OF SEX STEROnS

ENHANGES UPTAKE OF NEW HHHATOPQ ETI C PRECURSOR CELLS | NTO ni x THYMJS MUCH
EnaBLES  cHi VvER BRI Lﬁﬁ‘énggﬂ H&T“&Aﬁb%@%?&%ﬁo%mgm&ﬁ“& %D DO)

reconstinibion was performed as deseribed in Example 2

For the syngeneic cxperiments, three month old mice (n=4} were used per treatment
group. All controls were age matched and untreated. )

Resalis

20 " The rotal Llhymus cell pumbers of castrated and noncastrated reconstimted mice wé,re
compared 1o untreated age matched controls and are summarized in Fig. 1BA. Tn mice
casirated 1 day pror to reconstitution, there was a significant increase (p<0.01) in ibe rale of
thymus regeneration compared to sham-castrated (ShCx) control mice. Thymus cellularity in
the sham-casirated mice was below unlreated control levels (7.6x10° £ 5.2x lﬂ'sj 2 and 4

25  wecks alier congenic BMT, while thymus ccilularity of castrated mice had increased above
conirol levels at 4-weeks post-BMT (Fig. 18A). At 6 wecks, cell numbers remained below
control levels. However, Lhose of casirated mice were three fold higher than lhe noncasrrared
mice (p<0.05) (Fig, 184).
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Material s and net hods were as described in Exanples 1-3. In addition, the
followng 10 techniques were used: Aevious experinents have shown that

m aochi mem formati on plays an inportant role in organ transpl ant
acceptance. DC have al so been shown to play an integral role in tolerance
to graft and4gens. Therefore, the effects of castration on thym c chinera
formation and dendritic cell nunber was studied 15 In order to assess the

role of stem e in.th sre erati.an i ntl

per forned as dc@s%"’r %Egﬁ?ﬁl E@E%ﬁ@%ﬂ&&%ﬁﬁ %ﬁ@we‘%r ee
nont h ol dafesr BT (Fi¢ )IEMerdaﬂ@fmﬁch@ﬁﬁﬁmted cOhRH PovelRl(1 SONF £ql X108 e age
mat ched and unheated Results 20 - The total hymms col —ounbem of cashrel ed

and nonc albh Ay CHsERISHRY 7 Mgtk whereas BA cellulasiyseas disrqasedahpyegoaFoblgeling: ched
controls M&&qmaéﬁ&'w&aﬁsa@m}&ﬁ AJE‘HM'F&?;% @ﬁgﬁﬂe §telic orto

reconst Itution, them was significant "I ncrease In lherate o
t hynmusd cd@ﬂ@héﬂ&wf@bﬁmﬁ'ﬁ@#@dﬂsﬁﬁmmw r@bwnpmlmhwtbe Thynus

I Tul mt
(7 ox10r  asizied R SABEAGRITER G, B9 S S SRS nBLS g e
eel I ul ar |wﬁoﬂﬂva$tmwmm&aﬁwﬂymgn¢hmﬁmmmwmoﬂe tethvmembent
4- k At 6 db
co\rllvte(raolS I eve@%ver H§Q§5 F;g’flgﬁj&'r’rg gg&};&@ %F%Wdeﬂeﬁl]gﬂer t han
t he nonr ammnm?lcnﬂjhaﬁaglé pl\ﬁﬂﬁj:lr:](lﬁkg)ﬁ) ﬁ&ﬁashaﬂﬁck ﬁhﬂfé&d&%ﬁBw( Fa&ls&ug? Skt 1I‘3:v|cant ly
mom ¢ t nvhat ei m re4 weeks afer i .
r eBel uﬁ('ﬁﬁaﬂeﬂ‘a# g@tﬂeﬂcﬁfemwﬂgwﬂ ee%sﬁélwc&w&féal}mg stil Jtiign
sham oastigass &B@M@m (E\ghﬂrga& BiY| @istkdibd ﬁﬁ&kh%&iiﬂwﬁ%ﬁ%@@%ﬂe control

| evel s"in canmeedn ce at both and 4 weeks afar con UI o 18D) .

Mesent er | RUTIEFR Bsssige poiates | C-gm fhind fovepke Bodiueqorsiialipnd coppragad
irradiati &Eﬁ:ﬁ&ﬂﬁc&‘{ﬁlﬂﬁﬁﬂ] alihdu@h no uﬁre%wm ) Eﬁ[@én%éu ﬂ&ﬂb&%&%ﬁ Eﬁhﬁéﬂ m ce;

however, by the 4 time point cell nunbers had reached control |evels.
There m@ﬁd“@%@ﬂ%@ﬁ%ﬂﬁ}i@l@m"ﬁ# @ﬁ%ﬂ%ﬁﬂ@r@ﬂebﬁﬁ)n | ynph node cell nunber
bet ween castrated and noncashmM situations, groups (Fag. |SC). Spleen

cel | wsadry reaﬂhﬁdﬂ niidi dafiad @Il ﬁ%"ﬁi’uﬁl@ ['c@;‘»f@h@ﬂﬁﬁ;gtﬁé@wﬁs 4 sipaikifant increase
i nt hesharer(iclqi gt es and castrates by 2 weeks, 10 but drgé)Eed off in the sham

group ov s segepraatiog compard tyehagl-espiaat heoprol misge| s of
spl een cefls 14K, %ymaéuulﬂﬂﬁum SRSl EARGANES: SAVLRA, (deheds&ol yPhocyt e

levels (7.6x107 + 5,2x10%) 2 and 4 weeks after congenic BMT, while thymus cellularily of
castrated mice had increased above control levels ot 4-wesks post-BMT (Fig. 18A).

20  Castraled mice had significantly increased congenic {Ly5 2) cells compared t¢ non-castrated
animals.

Tn noncastrated mice, there was a profound decrease in thymocyle oumber over the 4
week time period, with litde or no evidencs of regencration (data not shown). In the castrated
group, however, by two weeks there was already extensive thymopoiesis which by four

25  wecks bad returned to control Jevels, being 10 Fold higher than in noncastrated mice, Flow
cytometric analysis of the thymuses with respect to CD45.2 {donor-derived antigen)
demonstrated that no donor derived cells were detectable in Lhe noncastrated group at 4
weeks, but emarably, virtually all the thymogytes in Lhe castrated mice were donor-derdved
at this tfrme point {dala not shown). Given this extensive enhancement of thymopoiesis from

30  denor-dedved hemopoietic precursors, it was smportant to determine whether T cell
diflerentiation had proceeded nomally. CI24, CD8 and TCR defined subsets were analyzed
by flow cytomelry. There were no proportional differences in thymocytes subset proportions

2 wicks after reconstition {data not shown). This observation was not possible at 4 weeks,
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nunbers at these tine points (i.e., 4 and 6 weeks post-reconstlntl on)
conpared to non- castratedm ce (p<0.05) although no difference in total

spl een cell nunber between castrated and nonrnstreted treatnent groups was
seen al2-weeks (Fig. 186) , 15 Thus in mce castrated | day prior to
reconatindon, themwas a significant increase (13<0.01) an the lute of
thymus regeneration conpared to shanctastrated (ShCs) control mce (Fig.

| BA). Thynmes reputedly ipn the shamrotlrated. m.ce s hel ow d

cont tol  GeEkper e penestuedmies yers nof maouiBRel %%%@"@gi %vrif%igrgt t hynus
rel lul ar i tefe pofid Sie @RSty fdhobishs ilGheaAsEAichgyar aanial.ol | evel s mi- weeks
port-BMI (Fig, 1SA). 20 Castrated mce had significantly increased congeuio

(Ly5 2) cells _conpared tq noncastrated i mal s. raled mre, them
was a prof ouné“ﬂ&i‘f"ggs"@q?ﬁxﬂcﬁ?%@ﬂ @“%rﬁﬁnﬂwu#@gmafv%peri od,
with 1ittda@rfdd diehaNicaenee 1%%&&&8%@] Bét coghnaiMIDwRice Werk bhjedst r at ed

group, however, by two weeks re was al ready extensive thynopoi esis which
by T o0 28 ATEABSITRI s G et pgGH 105 L15c B8 celi AGCY B AARCHEA an
noncast r %&ﬂsm&anm\ymmm;am ?%&Ehﬁ%?&ﬁmﬂwmﬁﬁsmﬂoﬂ respect to

CD45. 2 (donor-derived antigen enonstrated that no donor derjved cells
vere de \lgenoxHiost arigin Wes detsmminss wéhl 2gti-64Sdt antibodye whish oplytreactsgth ap) v,
virtuall yle%gl: LIS doll es in W castrated mce were donordedved at this
time point aFa not sho G ven this extensive enhancenent of Wnopoi esu
from 30 donor-denved henppolettc prrcursos. it was inportant to determnne
whet her T coi [Thegsplniremnfhizparelsl s @f prrsooens greghoen @ Tigs- 1838. cps8 and TCR
defined subsets were analyzed by flow cytonetry. There were.n .
pr opotlt | JAGIres 79 ard Shehoy Minemgssdp fienaies aed PGSR o floncr deriveR AT C in
reconst i nfb G ( slebAuts NanmYs, Tik SnblRar HalbRY YSaMint RAA Sduphatsataskr weeks,
94 because the aoncashated m ce were not reconstituted with donor-derived
cel | s. Howeoyery frge BMRi s tine point the thynocyte proportions in castrated
m ce appear normal. In a parallel set of experinents, 3 nonth old, young
adu is. C5//Bﬁ%ﬁ&ﬁ@sﬂ@ﬁfs@n1&@&9@ﬁﬁﬁnafd§ﬂammnrpwcedaﬂsadaga@mmmﬁm. For
t he

congeni ¢ BM, mce _were subjected S

\BOORADS OB CAFEMRATISE diRmass FouTs/&t andgigrabopcastition fafm 0o alir ARy mReERS | at er

and tfe ENod s a0d i £ 29AAUY7RRs SRt cdssAgRET econst | nt i om
Donor /| f?gtjp origin was det gr@%ﬂ?\%{ with anti -%%45. 1 anhl oody, which only

reacts with lF?gulig %tsehgwso I:asggé]u?:riug easi nﬁumhem of donor dedved TN, DP, CD4 and
CD8 cells in the thymus. However Fipure 23 shows casiration does not alfer (he doaor
thymocyte propertions of CD4 and CD8 cells. In the periphery, there are very few CD4 or
CD8 cells and at the time points considered, there was no increase in these cells with

20  castrabon,

Importan(ly, Figere 28 shows and increased number of donor DC in the thymus by 4
weeks post castrafion,

Discussion
Example 4 shows the influence of castration on syngeneic and congenic BM
25  (ransplantalion. Slarel et af., {1992) Lancet 33971579 reported that microchimeras evident in
[ymphoid and nonlymphoid tissue were a good prognostic indicator for allograft
transplantation, That is it was postulated (hat they were necessary for the induction of
Lolerance Lo the graft (Starzl ef al, (1992) Lancat 339:1579). Donor-derived DC were present
in these chimeras and were thought to play an integral role in the avoidance of graft rejection
30 (Thomson and L, (1999) fmnumol, Today 20:20). DC are knowa to be key players in the
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The results fromthis pangel set of experinenv are shown in Pigs. 19-28. 10
Figures 20 and 21 show an increose in the nunber and proportion of donor
derived HSC in the BM of eashated aninmals. This indicates inproved
engraf |l ment and suggests faster rtroveryfrom BMP. Figure 22 shows an

I ncrease in donor derived B cell precursors and B cells in the BM of
castrated m ce. However, Figure 24 and 25 show castration does not alter

t he nunber 5.Rroportion.of B cell.s i - r iefle Weeks
post casﬁ%%ﬁ%ﬁ&ﬁugﬁpg'%“sqﬁm”? @‘ffa Illdg%lelhﬂ%rggsﬁég ﬁur%gi%g% 01?51 onor
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TMMUNE CELL DEPLETION

In order to prevent intcrference with Lhe gralt by the existing T cells in [he potential

graft recipient patient, the patient underwent 1" cell depletion (ablation). One standard

20  procedure for this step is as follows. The human patient received anU-T cell antibodies in the
form of a daily injection of 15 mg/kg of Atgam (xeno anti-T cell globulin, Pharmacia
Upjohn) for a perod of 10 days in combiration with an, inhibitor of T cel] activation,
cyclosporin A, 3 mg/kg, as a continuous infusion for 3-4 weeks followed by daily lablets at 9
mg/kg as needed. This reatment did not affect early T cell developmient in the parfent’s

25 thymus, as [he amount of antibody necessary to have such an affect cannot be delivered due
to the size and configuration of the human thymas. The lreatment was maintained for
approximalely 4-6 weeks to allow the loss of sex steroids followed by the reconstitution of
the thymus.

The prevenlion of T cell reactivity may also be combined with inhibitors of second
30 level signals such as interleukins, accessory molecules (e.g., antibodies blocking, e.g., CDX28),
signal iransduction molecules or cell adhesion molecules to enhance the T cell ablation
and/for other immune cell depletion. The thymic reconstimution phasc would be linked Lo
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10 renavstintlon the noncashated m ce did not appear to be reconstituted
with donor delved cells, suggesting that coinsure nmay in fact increase the
probabi | ityof chinera fomati on. G ven that castration not only increases
thym c regeneration after lethal irradiations and fetal |iver
reconstitution and that it also increases the nunber of donorderived
dendritie nods in the thynus. along-side stemcep transplantation this

e e s e
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time as the organ or tiSsue I n quesftion et , pre-no |Iized
from t he #fgsortaliged g ygdefi¢iendyrwhictomeans fat thejpeticnt fatighingusteptible to days) or

col | ect edmﬂ;,%#%g he ESM@]‘ he donor. The enhanced | evel s of
circulating ﬂ%& pronot e uptake by the thynmus (aNvated by the absence
of sex steroids and/or the 5 elevated |l evels of ChRH). These donor El se
woul dldevel op into intratynmic DC aEXAMUEEGS del etion of any newy fornmed T

cells which by chance woul d be "donor-reactive'. This would atnblish

central tolerance to the MW@mﬂngﬁmﬂwthemy prevent or |im
Ely ntnumany injection Dby the host. The developnent of a new repettobm

of T cells wou l'[%a patient was given sex steroid ablation therapy in the form of delivery of an
LHRH agonist. This was given in the form of either Leucrin {depol injection; 22.3 mg) or
Zoladex® (implant; 10.5 mg), either one as a single dose effective for 3 months. This was
20 effeclive in reducing sex steroid levels sufficiently to reactivate the thymus, I some cases it
is also necessary to deliver a suppresser of adrenal gland production of sex steroids,
Cosndex® (3 mgfday or 50 mg/day) may alsa be given as one teblel per day for the duration
of the sex steroid ablation therapy. Alternatively, the paticot is given a GnRH antagonisl,

e.g,Cetrorelix or Abarelix as a subcutaneous injeclion

25 BReduction of sex steroids io the blood to minimal values takes abouot 1-3 weeks post
surgical casiration, and about 3-4 weeks following chemical castration. In seme cascs if is
necessary to extend the kreatment o 2 second 3 month igjecionfimplant The thymic
expansion may be increased by simullaneous enhancement of blood HSC either as an
allogencic donor (in the case of grafis of forciga tissue) or antologous HSC (by injectling the

30  host with G-CSF to moebilize these HAC from the BM 1o the (hymus.
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al so overcone the i munodefici ency caused by the T cell-depletion regine.
10 The depletion of peripheral T cells mnimzes the risk of graft jseens
because it depletes non-specifically ali T cells including those
potentially reactive against a foreign donor. Sinultaneously, however,
because of the lack of T colts the procedure induces a stem of generalized
I mmunodefi ci ency which nmeans that the patient is highly susceptible to
huntress particularly veal infectigg, },.MEANPLE 6 SEX STERO D ABLATI ON
THERAPY The patient was giver sex LAAMEL, abl ati on therapy in the form of
delivery of an LURE agonisL This was given in the farmof tither |eucda
(depot injection; 22.5 nALTERNAGIEEDELIVERYMERHONO0. 8 ny), either are as
a single dose effective for 3 nonths'. This was 20 effective in reducing

sex steroid |leyelhs sufficjent r Y I es it

i s al so neces a&%ﬂ%&*d%??&gﬁ%hgﬂ%%¥é§§§&h3€ aﬂrgﬁ%E&%F§§%“pro§p§??§ﬁ§of sex
st er oi ds.altefagwoi@anhiods dab begisedy ImoneSkenplecthy patieny's akigoniyebeiradinged ne

t abl et. per day,for th ation_ .of t ex,steroid abl ati

At er rat et ghen e an B ALh e R ot lfs B it B8 f ool Bl IR A
Abar ehx aff u: Sitwaidodeaaus | nj ection 25 Reduction of sex steroids in debl ood
to mnimal val ues takes shun t1-3 weeks post surgical rastranon, and about

oxt ond The | r SARANERTOCRARIR® ¥ Forine i P PRER RRE B i RRfRRRY 1O

expansi om, 3 e i ncrease) by sinultaneous enhancenent of bl ood HSC either
as an allogende donor (mthe case of Wafts of foreign tissue) or

P omt b ot hot PRy b Wity el GeBu Rl Bt T8 el oce of
t hehoaz_é];m ?M%&gﬁﬁs;;ﬁpl?u?lgﬁgﬁc ?ﬂiﬁumj sﬂ?ﬂﬁ mﬁnﬁtmgl asPasig flekible wishere [ pgt ibve
& 5| oAb PR et RS et Byl B et Bl bR 8 Y
reduce t hg: dreaaaldiThe sief ik Gh codred Bith BirgarRRGRNvICh aseladbpaysioeneshest

alterationis drehibrd' mU. S.. Patep[ Nos _.6,251,.100. 6,419.642 a 4,775, 361.
I'n anot hettoBYGIHR tB{Ck'délQ'§'é'F9hqd§°lb‘{)£%5W§ 1557 Q025 PR Yofol sa{s}%nqlfwaves. A

dose of generating up to 2 joules per pulse) is used to generate a single impulse transient, which bits
15  the tarpel material. The black polystyrene target completely absorbs the laset radiation so

that the skin is exposed only to the impulse iransfent, and not laser radiation, The procedure

can be repeated daily, or as often as required, to maintain the circulating bleod levels of the

agonist,
EXAMUPLE 8

20 ADMINISTRATION OF DONOR CELLS

Where praciical, the level of hemalopoletic stem cells (HSC) in the donor blood is

enhanced by injecting into the donor pranulocyte-colony stimulating factor (G-CSF) at 10
ng/kg for 2-5 days prior lo cell collection (.., one or two injections of 10 pg/kg per day for

each of 2-5 days), The donor may also be injected with LHRH agonist and/or a cytokine,

25  such as G-CSF or GM-CSF, prior to (e.g., 7-14 days before) collection to enhance the level or
quality of stem cells in the blood. CD34" donor cells are purified from the donor blood or

BM, such as by using a flow cytometer or immunomagnetic beading, Antibodies thal
specifically bind lo Luman CD34 are commercially avaiable (from, e.g. Research
Diugnostics Inc., Flanders, NI, Miltenyi-Biotec, Germany), Donor-derived HSC are

30  identified by flow cylomeiry as being CD34*. These CD34+ HSC may also be expanded by
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10 LHRH agonu[i spl aced an Ce skin inasuitable container, each as aplastic
fl exi ble washer (about 1 hick in dianmeter and abwf 1/t6 inch thick), a[
the site whomthepressure wave is m becmatrd The siteis [hen covered with
target mat edal such as a bl ack pol ystyrene sheet about | mt hick.

AQ switched solid state ruby |laser(20 as pul se duration, capable of
genefatiugup to 2joul es perpulse) is used m generate asiugle inpulse

t msi en4d I ' . ' Hqﬁ f
bl ackpol y%ﬁ%t@%f’%&%ﬁgﬁt %ﬁ]%gésg? g@"[u!) ﬁé‘ﬂ} ses rf%cé?r%ts l|1E'(I)jlnaﬁss(t)ﬂmt %{mﬁﬁe ash
i s exposetf(dil ynd bIR he piesgu | difertatmion datd spevilic nal t¥pas e rAtrepgreaimaely Thé

procedace an_ b at ed L1y, or as often as required, to i ntai.n the
O bt i oSt BRR g fRivety, 6 BF: Sasset oL "B A5 Py oF
DOI\IORh ) CELtegeﬁﬂmd )_Eth@pﬂmﬁi ieaij%ctéfbwib itehe |dofdr HISIyRIp mailh ﬁiatirmcﬁi afmbmtm,ax(msql in
t he dopor 0 ~enhanced py injectjng jnto the donor granul ocyte-col ony
sti mul tihfgf%ct%%ﬁ{‘@ sogpe wctﬁadmﬁ ¥ Bieipens qyaist ’p'i'ﬁ"BP‘%f{El Otyelﬁ? dotor

col I ecti ofsCe. I thiPA&IMY sdheulé B @6t peRMBIObeckled dK thepPéiticdBYalblR) of efgifrlof 2-5
days). The donor may also be hjected with LHRH agoni st _and/or_ a cytokine,
25 such a@ﬂ@l@sﬂﬁﬁwew&%ﬂz@gw tma 28 (e (aRBle f(3pE) badbePsE¥Ei on to
whence t hg, digyLhcchhid adtedt by a?%rnﬁitﬁ:ﬂ%l??lﬂ Redkd 1th180 RisROHh EPdmigl atdweel | S

1
are purified fromthe donor blfood or "BM such as by using a flow cytoneter

or i munotshe dieldapasat efgloper DG dercéenlarkydn thethpang. Qape(the Hpadayoengmied CD34

are c (AE IsLabl L R j,nl;ai a oggfé'@ e

Fl anditzaﬁr"smlfll ;]ﬁﬁdﬁrgtﬁgi@%ﬁ)oatﬁ%@ "@Er?’[tcgny thaﬁﬁig%gcgreﬁll ves'dgEiS aresgd(%ﬁd

i dent i f i eperigpnendeneaiiSiiatersplfagneldnmg CD34' . There CD34+ HSC may al so be
expanded by 98 in vitro cultismusing feeder cells (e.g., fibroblasts).

wt h fact A5 f o
gro ac orsf@%&uggggo?masw@ & takes Bplle dRAROSE Bnd ooReRY@Bh

diffeuntiation into Ic cell types. At approxinmately 34 woks post
LHRH agoninsa daper-1ype d\cells and DC,while doptastiug e regiviqn e BSCriatotrp@pieslmtaT begi ns

to regen | {50 A | -g&-"%qgﬂ ESfrogtimal ly at a
dose of a}g)egg%ﬁazﬁ)ﬁiz%fggaﬂg%qﬁ%ﬁg%gfc%%mmh%{/@a*so e |I;13]nect eﬁ?nto t he

r eci plent inmpunpsegulatory aellsxihe doiarandhost BE dbniee anyHg® T ér WKicsllg thaiang schedul e
i's not po %Hﬁ ) L nature of clinical condition, the
HSC coul dl§ e élg?:n%ﬁ?@t%fﬁeﬁp Dgtbp'?rﬁg&gitac]rlr'g& I'me as the Gali][L It maybe
necessary to give a second dose of HSC aigroxi mately 2 3 weeks later to
assist in the thymc regromth and oprment of donor DC
(particularly in W thynus). Once the HSC have eugnfed 10 (i.e.,

i ncorporated into) and/ or nrELREPEANT AT BMrERAtYYUS, the effects should
be

In one embodiment of the invention, while the recipient is still underpoing continuous
20 T cell depletion and/or other immuze cell depletion and/or immunosappressive therapy, an
organ, ssue, or group of cells at hes been af least partly depleted of donor T cells is
transplanied from the donor to the recipiea! patient. The recipient lhymus has been activated
by GonRH teatmenl end Infilimated by excgenous HSC.

Within aboul 3-4 weeks of LITRH therapy the first new T.cells will be present in Lhe
25  blood sireamn of the recipient. However, in order to allow production of a stable chimera of
hosl and donor hematopoicetic cells, immunosuppressive therapy may be maintained for about
3-4 months. The new T cells will be purged of potentially denor reactive and host reactive
cells, due to the presenrce of both donor and hast DC In the reactivating thymus. Having been
positively selected by the host thymic epithelivm, the T cells will retain Lhe ability fo respond
30  to normal infections by recognizing peptides preseated by host APC in the peripheral blood
of (he recipient, The incorporation of donor dendrilic cells inbo the recipient’s Iymphoid
organs establishes an immune syslem sityation virtually identical to that of the hosl alone,

99



per manent since HSC are self-rnmewting The reactivating orreactivatedt hynus
takes up W& donor HSCand converts dead into donor-type T cells and DC,
whil e converting the recipient's HSC into recipient-type T calls and DC
By inducing deletion by sell death, or by inducing tolerance through 15

i mmuuosegul atory cells, the donor and host DC tolerizo any new T or MC
cells that are potentially reactive with donor or recipient cells.

wni e« nBUPLAN e eRaRrPordc el iat T BERE Aot o el BT

and/ or otpitehanismEaepreshl. Tdep helyiabn ietHche devalopmepimf esgulatey Mhedtp whichn

organ, tissuye, or oup of cells. that has been rtl et ed of
Gonor T cBicon & off il eomtrers diAg WeokIon oS Tohe: OO Biie TP ERRE rhe
reci pient thymus has been activated by GiRH treantent end infiltrated by
exogenous |1 SC. Wthin about 3-4 weeks of LURK therapy the first new T
cells will be present in the 25 blood stream of the recipient However, in
order .to all ow production of a stw@a of host and donor
hemat 3poi etic cells, immunosuppre py maybe nmi ntai ned for about
3-4nonths. The newTl cells will be purged ofpotentially donor reactive and
host reactive cells, due t TR PRGN onor ndhosr DC in
t hereactivatiag thynus. Having been positively selected by the host thymc
epi thelium { fend ofh b Hohbod BhRlHaddbfe BPlkishlintafod S5RABHH, dstudter Mol

i de ed by ho

i nfections by recogni zi ng pept S present st APCin the peri pheral
bl ood oforgahs thegirnglineas yscd ireExampdesoiot Gisinoywlifgd. dowedreblytion amdiprotees| | s | nto

the recipient's Qi i i Eé’lﬂilﬂtﬁ ation

vi dual | yi"ag'ﬁf]? %EA#%E%E?%%P&%&?%? %Z%s'{%gaa%%%g&%é o§ Her %’ﬁgnt e tolernre of
donon0celahdfor eisaimmune cat dpplrtiohamentamed foxlebowiitd daysewhilatexsieroidechani sns
are present .These, }so | ude_t devel opnen .. T SUS
which s Wﬁ@%ﬁ%ﬁwm%ﬂ%s G 1{‘,[?7‘?%%%%%5 c aanylETA, 5, 10,
TCF- bet a perfdniidpfian ik drptididns kd reddibaleNATHrdindRRAECEEE Mier stattho€ tevent of .
ashodcncati pe avail able for hensplantation of donor rolls, tissue or
organs, CREHREIFETEY used in Exanples 1-10 is nodified T call ablation

and/or other imrure cell depletion and sex steroid ablation are began at
the sane ti neln dn sved mobd sibitened litneatablt,dhe otdigpesiafnkla@gorcad/ theBCet i on i s

el m’lgl n?r%n;p?arnt %%%&E‘te& :9: [Eea aRde tvu\f?é llﬁ s )a(\ra%E, %r-:%h%blal.ion andfor olher immune cell

depletion is maintained 3-12 monihs, for example, for 3-4 months.

EXAMPLE 17

TERMINATION OF IMMUNOSUFPRESSION

When the thymic chimera is establizshed and the new gohort of matore T cells have

20  begun exiting the thymus, blood is taken from the patient and the T cells examined ir vitro
for their lack of responsivensss io donor cells in a standard mixed Iymphocyte reaction (see,
¢.g., Current Protocols In Immunolopy, John E. Coligan et al, (eds), Wiley and Sons, New
Yark, NY (1994), and yearfy updales including 2002). If there is no response, the
immunosuppressive herapy is gradually reduced to allow defense against infection. IF there

25  is no sign of rejection, as indicafed in part by the presence of activated T cells in the blood,
lhe immunosuppressive therapy is eventually siopped completely. Because the HSC have 2
strong self-renewal capacily, the hemalopoietic chimera so formed will be stable theoretically
for the }ife of the patient (that is a hornal, non-lolerized and non-grafied person).
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oblation is nmaintained for around 3 nonths. In one enbodi nent, ESC
transplantation is perforned when the hymms starts Wreactivate. at around
1412 days after scamof the conbined treatnment. In an even nore shortened
face cable, the two types of ablation and the RSC 15 transplant are started
at the same tinme In this event, T cull ablation and/or other inmune cel

depl etionis maintained 9-12 nonths, for essacatle. for 34 sonatas. EXAMPLE
12 TERM NATI ON OF | MMUNOSUPP1U S§§§gﬁﬁggﬂéghe thymc chinera is

est abl i shed and the new cohort of |1's have 20 begun exiting the
thynus, blood_is taken fromthe patient and the T cells examned is vitro
for then |lac ! T TOREACETIVAIE THETHYAUS BN HIMANS

| ynphocyte reaction (see, e.g., Cmwer Protocols L.Imunol oev, Sobv E
Cal i gen erol" pRegils W MeNogPRd Sons, New York, NY (1994), and yearly

updat es including 2002). Y themu no response, the rnmmuaosuppnssive
therapy is graﬂ%%é%ﬁ reduced to all ow defense against infection, E there 25

as no sign of Hew ﬂ{% QWQ%?@B‘SF?’PWCUBM%%M%E@F activatei T
cell's §n {mfentnO@ese mdiitRls WEPAARCS P PARAE WIS Lbd B4A R4 arkd vtk @AGhdierSiyaaPed
conpl etely. Because the ESC bane a strong self-renewal capacity. the
henmWoi ePPEEKAREF-a so formed will be stble theoretically for the life of
the patient (that is a normal, non-lolerized and non-gnfled person). too

EXM W.E 13 USEr{tfentdisiRiRen h§1&v'mw&at§éﬁo&lﬁm thdikMobiate
Materi al s aq%gwbthods: In9§$%er]to show that a human thy#ﬁg can be

react i vat WG affigen By Agerco werpichases forppelpinis. oWl subiseis arepenplstrecd s et ed on
patients ghddARAGRERRAL Hhaild Db REARADGEAM ockle (AT Bh3H Bn GRAAAY -

Patients Sutren patients wth Stage 1-11l prostate canCer (assessed by

t hei r 1r o@ieatiens of GiaRFqzeniahi-6 gugoppein aceletsr(@plagaz®) cc R semlenmsplidenal ysis. Al
subj ect s g hEuanay BShi6Y-6 Abapl %ﬂ%%tum%%mtm%@%ﬂsﬁﬁm' ned

andr ogen bl ockade (CAB) base I'nj ections of ourst 3 6
Ny goser eRACY @B DeReesaIZol adex(r)) or 75 an leuprolide (LUpron(r)) heatnent
per nmonth for 4- nonths prior to Realized] radiation therapy for prostate

cancer as NesPAYS ﬁﬁ%‘m%@bﬁhﬁm&rﬂﬁaml VPN B Rl RRA 18K Pk hoté 2D 01)
was added to 200 01 whol e
blood and incubated in the dark at room temperature (RT) for 30min. RBC, were lysed and
15  remaining cells washed and resuspended in 1%PFA for FACS analysis. Samples were stained
with antibedies 1o CD19-FITC, CD4-FITC, CD8-APC, CD27-FITC, CD45RA-PE, CD45R0O-

CyChrome, CD62L-FITC and CD56-PE (all from Pharmingen, San Diego, CA).

Stofistica]l analysis. Bach patient acted as an internal control by comparing pre- and
post-ireatment resulls and were analyzed using paired student t-tests or Wilcoxon signed rank
20  fests.

Resulls:

Prostate cancer patients were evaluated before and 4 montbs afier sex sleroid ablation
lherapy. The results are summarized in Figs. [9-23. Collectively the dota demonstrate
qualitative and quantitative improvement of the status of T cells in many patients.

25 L The Effect of LHRH Therapy on Total Nuembers of Lymphocytes and T cells
Sulisets Thereof:

The phenotypic composilion of peripheral blood Iymphocylss was analyzed in
palients (all >60 years) nndergoing LHRH agonist treaiment for prostale cancer (Fig. 40).
Patient samples were analyzed befor: lreatment and 4 monihs afier beginning LHR agonist
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bl ood and incubated in the dark at roomtenperature (RT) for 30mwn. R 3C,
were lysed and 15 renmaining cell swashed andr esuspeodedi nl %4°FAf or FACS

anal ysis. Sanples were stained with antibodies to CD 9-FI TC, CD4l af TC,

CD8- APC, CDT!-F fC. CD45RA- PE, CD45RO- CyUrone, CD62L-FI TC and CD56-PE (all
from Phanni ngen. San Diego. CA). Stnfistinl analysis. Pesch patient acted
as mntand control by conpnringpm and post-heahnentresul 6 and were

anal yzed qustiae | T 14k eyt olit Afileds it miVof ERY@ Wefdi 00 U6wWend SPcdngB! S.
Results: Pwstete cancer, patients wean eval uated before and 4 nonths after

sex st er Grlesbafore tpmentia pll potiemie resins are summarized an Figs. 19-23.
Collectively the data denonstrate qualitative and quanti tative

i nprovenent ofolidifng wbdrhb, £k odt d’r‘%idcﬁ:ahéhﬂ%ﬂ%e@aﬂjsﬁﬁﬁﬂ incAf3sds id RalEf f ect  of
LRRR Therapy on Total Nunbers of g ocyt es_and T eels Subsets Thereof:

The phendityphoeyie sostin sosm @pespedanblins ol Ol sByvrsohseed Eomalaingariityzed in
pat i eatsm&@mmmggﬁ ot 6 el A A ik 35:&@:@4 MR RhinfQ! cpaost at e

cancer (Fig tirent sanples were anal yzed before treatnment and 4
nmont hs afekset, ﬂwginpmmgvahﬁm tagr@mr@mum@gl witheetight put of ginglpatispigiesopsERiing) |

nbers pe ndl QI w (el $ re
treat rren In-a Il‘a’ppa ients. c@g %ovm ng ee"ﬁg&ﬁ?@g%g&%ut of M%% Sp%?{’tgrns
showed st iawnt auhbf nincpatiasEz shomgmcwasadllweﬁ@hﬂ}ﬁgmmﬂwms stnallersxfrmt cases a
doublingw%t_rléol?iﬁ IIs was gbserved). Correlating with 5 Lila was

e

ani vireaz nunbers in six oueof inepatienta. Wtl dut heCD4
subset, this |ncrease was even nom pronounced with eight out of nine

pat i é@t s ldenoXe Effectr(3f LHRH Fharapy I0n/EhesPropodipn O T £ells Subsatst ess
distinctive rend was seen within the 0118' subset wth four out of nine

patients Show Iﬂg@ﬁ%@ o SR G htefXb eNt
than CDeT cul ﬁﬂ&y%%&f;ﬁﬁéﬁ Jm?f ect %&)LI I 1t HT raﬁﬂmnelgroporstlton OPT Cells
Subset s: Sl;‘tﬁaﬂyshcbﬂnzﬁs incth¢ everalbproportipe BT eclisndD4T erdzDE Bipells agbmvarableeat r nent

((JI:E\r/rvogft s an atj \%%{rnlfgﬁﬁmgﬁﬁéal'ﬁﬁg@#o Xﬁe%ﬁ%&r ratio %’#I 0\?\/: ln;

treat nenllﬂ{ﬁf@ct ufn)e-atm’ﬁhl an the Homensésic pivitenzher o Tvetl sumlﬂeleaﬂﬁ:ém of

h
e e R U S e e

val ues weopmparative to control values.
OI.  The Bfect OF LCHRY Therapy On The Proporiion OF B Cells And Myeloid Cells:

ﬁIlE;l]FEiS of the proporiicns of B cells and myeloid cells (NK, NKT and macrophages)
wilhin the peripheral bloogd of patients vndergoing LHRH agonist treatment demonstraled a
20  varying degree of change within subsets (Fig. 42). While NK, NKT and macrophage
proportions remained relatively constant following treatment, the proportion of B cells was
decreased in four out of nine,

IV. The Eifect Of LHRH Aponlst Therapy On The Total Number OF B Cells And
Myelold Cells:

25 Analysis of the total cell numbers of B and myeloid cells within the peripheral blood
post-trealment showed clearly increased Ievels of NE. (five ont of nine patients), NKT (four
out of nioe patieals) and macrophage (lhree oul of nine patients) cell numbers posl-trealment
{Fig. 43). B cell numbers showed no distinct trend with two out of nine paticnis showing
inereased levels; four out of nine patienls showing no change and Lhree out of nine patients

30 showing decreased [evels.
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conparative to coahol values. M The Effect O LIIRff Therapy On The
Proportion O B Cells And Myeloid Cells: Analysis of the proportions ofB
cells and nyeloid cells (NK, NKT and rmacrophages) wthin the peripheral

bl ood of patients undergoing LFEU agonist treatnment denonstrated a 20
varytag degree of charge within subsets (Pig 42). Wile NK NKT and

macr ophage proportions unrelated relatively constant foll ow ng treatnent,
the propowl i onrid Bifes 'OfY. RE THRAGHIE THe Lovd O NAH Calsqitive ToNjedlagy Ef f ect
O LEER Agonl st Therapy On The Tol'd Nunber OB Cefis And Meloid Cells: 25
Anal ysis of tHeelSptal cell nunbers of B and nmyeloid cells within the

peri pheral blood post-treatnent showed clearly increased | evels of NK

(five out of nrtRenfEdh@Rdes boen Mist-LHIOW oor@ reHneRi W&e RAthiahE $he@nd

macr ophage (three_out of nice"patients) roil nunmbers post-treatnment (F&
43). B cubjriiaippesthe peripherl bleodi lomeriiselar theredvaniatshleetiys logeasein thene pati ent s

show ; y - R Eent Sl Qp nge and
tree B%t %@%@ﬁ%@%a%ﬁeﬁ%ERég%%%%g @ctﬁb:gg géf e\FZﬁ S. W\‘}%‘Fﬁ@?a fect
O LHRH TE&E4589 D lmEDHET etll Obsdtlincesadia}; irssiReltfinine pioentbiateypot domoy: The
j or changes seen post-LH tH agonist treatnent wean within the T cell

popul ati ogrof ¢hRnREdd Pheral bl ood Inpanticular them was asel ective
tcreaseia the 5 proportion of naive (CD45RAa) CD44 teas, with the rtio of
nai ve (CD45RA7 _to,. nmenory CD45RO ) in the CD4' Tcdl | subset increasing in
six out of ni maupice.hetquglided tal WEgnist tpprmeahed agepiseal s adiugEn pe
concl udedgviigtan laGhisd inndlantibfith FR8kerfliondi 5. %g&e&&%epgrg ol havwg

an atrophied th)ﬂnus.can I nduce re%eneratlon_ of the thynus. A
i mpr ot nelies beenphpwg inde slagn elblopdiT Limephoryietin thise pras@# TansarpaiRswlo | n t hese

prost at e RRREE: | Qs’r}'&& . v gi#ﬁq:h& = oG A0 A t her apy.
It is |ikel y%‘a‘rt se'llljccl cgl shar egla%fii\l/g om %ﬁﬁ%ﬁé%?eas no %Pﬁer source
of mai nstihpans TRERE:S GBGca KD redimsieim (TCREFCIEa blady) T chdls had tred .

Gast xmtestinal, foam.T cells e .predonj nant | 0 COS. qut s chai n.
EXAMPLE 1%5“1"2’“?1!\;&%&%5‘6 e ErARae FrREcHONRIY TCRYe & s Gerensit

EXAMPLE i4

15 INDUCTION OF TOLERANCE IN HUMANS

A male bumen paticnt requiring a skin or organ transplani is administered 2 standard
combined androgen blockade (CAB) based on GaRH agonist (Luctin, 3.6mg) treatment, as
described above in Example 10, for (¢ months. While the androgen-blocking treatment is
ongoing, the patient is given an intravenous injeclion of CT34+ cells collecied from the

20 peripheral blood of an allogeneic donor. To collect the CD34+ cells, peripheral blood of the
donor (£e., the person who will be donaling hisfher nréan or skin to the recipienr) is collected,
and CD34+ cells isolated from the peripheral blood according to stendard methods, Oone non-
limiting method is to incubate the peripheral blood with an antibody that specifically binds to
human (D34 (¢.g., 2 murine mmoncclonal anti-human CD344 antbody cemmercially

25  available from Abcam Ltd., Cambridge, UK}, secondarily stein the cclls with a detectably
labeled anli-morine antibody (e.g., a [TTC-labeled goal anli-mouse antibody), and isolate the
FITC-labeled CD34+ cells throngh fluorescenl aclivated cell sorting (FACS). Becanse of the
low number of CD34+ cells foand in circulating peripheral blood, multiple collection and cell
sorting may be required from the donor. The CD344+ may be cryopreserved until used to

30 reconstitute the recipient palient. In one example, at least 5x10° HSC per kg body weight are
administered to the recipient patient. L
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A mal e human patient nguhing askin or organ transplant is admre tered a
standard conbi ned aMhgen bl ockade (CAB) based on GaRE annal i st (Luton,
3.6ny) treatnent, as - described above in Exanple 10. for 0-6 nonths. Wile
t he androgen-bl ocking treatnment is ongoing, the patient is given an

i ntravenous injection of CD34+ cells collected fromthe 20 peripheral bl ood
of an all ogeucie donor. To collect W CD34+ cells, peripheral blood of W

donor (Le., theREdsient pilsht wﬁe,ﬁ&ﬁmmﬁcﬂﬂéﬁaﬁ&@m&m@ﬁm to the
recipient) is.collated. and CT)34+rells i1solated tronthe peripheral bl ood

accor dhr Wﬂﬁ%ﬁiﬁﬁd@ﬂm lvod- Whenistdhrdpnprnellharg delscied incubat e Ve

peri pher q|!% wran CD34
(e.g.. amuri nDnocI na anthﬂ%hgﬁg%%@%%ﬂ?n y 2%%ﬁ@%c?% Py 25
avai | abl eﬁcﬁﬁpéﬂﬂb%ﬂbamclm@t lGegrintérdggretlif)e,, sspten taged iy ﬂmre‘ziniﬂwtf@almg with a

del ectabl ne anti.bag | I TC I

ant - rouseinie B IR kTRt Py E RuRaE S i oy BegipmePRe S Ry,

f | uor escem3hotallvat ed cell setting (FAGS). Because of the | ow nunber of
(r)34+ cells found in circulating peripheral blood, mltiple collection and

cell sorting may be required frop&%&&%&i The t934+ any be cryopnserved
nt.

unWused to 30 rewntltle the reci hone exanpl e, azl east Sx105

HSCper kg bodyvve| ght am admi ni stered to W reci p| ent patl ent. 103 The
recipient S ACTRERIES kS K HE T A S 8K AE E (bl ood
and denddlic cells in his/her peupb Iood When such donor cell's are
detected, W transplantation of W tissue (i.e., skin and/or organ)

is made. The donor tissue is accepted by W recipient to a greater degree

(re. 16survi vedHemmiehad maldrad dempile mige argmsed e aps@s tfaengpticapdifigntionall not had
hi s thy Eﬁ-]%!: not beenwit donor 0034+ cells. EXAMPLE I5
GRAFL A%PTAN %%ﬁg%ﬁ% GENETI CALLY MODI FI ED HSC CELLS 10 MIC

match d rode and fermale mce are used to assess if genetic nodification of
HSC can f aci | iTiostoethigy aged Cepnipyeanpldifomale Ratiy'e] (Hadid anigq ase cithoy sureicallyy f enal e
Bal bnef @Ekh%@gd(@]gc%y%\%éﬂgﬁ‘ﬁﬁfégMﬂlﬁ@’tﬂ&ﬁﬁﬁﬁrﬁ )e Clre cHUALERIG NG the

evades accordi ng to snmadardnet hods are chem cn narrovved For
chem‘ cal Cé%tﬁ#éd rcwmeal&ﬁéﬁuqneeu@dar@ummdanmpgusw wmmwgﬁﬂggypm on 15
I( ﬁj e S @Hﬁff IzofRiB R bl SN G162 RIALINEL OB mafldif FRd YElnydR Syt ©

a GnRH antagonist {e.g., Cetrorelix or Abarelix). Coafirmation of loss of sex sleroids is
performed by slandard radioimmunoassay of plasma samples following manufacturer’s
instmictions, and may be monitored throughont the procedure. Castrate levels (<0.5 ng
estrogen /ml) should nomally be achieved by 3-4 weeks post injection.

20 Bone mamow cells from female Balb/e) are ansfected, under condifions for
expression, with 2 gene encoding lhe H-Y protein, which expressed on the cells of male, but
not female, Balb/cy mice. In other words, the H-Y profein-encoding gene (or cDNA) is
inserted mle an expression vector (e.g., 2 plasmid or a viral vector, such as a retroviral
vector), and then iransfected into female Balb/el bone mamow cells {see, e.g., Bonyhadi et

2y al,(1997) J. Virel 71:4707). Expression of Lhe H-Y aniipen on the bransfected cells is
deiermined by standard methods (e.g., Westem blotting, Northern blotting, cell surface
staining).

The transfected bons marrow cells are (hen adminisiered to the myeloablaled or
immunosuressed, castrated (chemically or surgically) female mice to reconslitute their

30 hymus, as described ahove. Concurrently, or a week to 2 month following reconstitution, a
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a GOER ant agoni st(e.g" Ceunml mor Abarelia). Confirmation ofl oss of sex
steroids is perfornmed by standard ndi oi nmanoasaay of pl asma sanpl es
foll owi ng manufacnuer's interactions, and nay be noniored throughout W
procedure. Castrate levels (<0.5 ng estrogen /m ) should nonrallybe
achieved by 3- 4 weeks post injection 20 Bone marrow cells fromfenale
Bal b/ G are nnsfeenq under conditions for expression, with a gene encoding

the HY pag, hek ﬁ@gﬁgzg @F! l@@ﬁ@ﬁgﬂ e,
Bal b/cJ mce. In other wo E# %ﬁb?el ﬁdnkencg I ng geneu‘%ﬂorc S

I nserted mP¥Y. an expressi on vector (e g., a plasmd or avual vector, such as
a retoviral vector), and then bansfeet ed into femal e Bal b/ ei bone marrow

cells (see, egm, %ﬁp Vi ral Ll_iakgx si on of
W H Y antigen gn t e%%@&?%@t@ %ﬁg |%1Ithee eﬁr%lb%‘;ej—dﬁ% anda §rret hods
(e.g., mwﬁ@fmﬂmﬂmmwmmm tha &1- anhtbinsaucdichnggansuamﬁwﬁg). The tr

nsf ected Is one th adm ni ste bIa d or
oy oo roto s SR MORE ol ATy AR BB B ltplyhe Moply Eh R B
reconst i tmtenstibied vAMh MM@mtaﬁ-ed@ﬂnrglgbm:abfam fMBammﬂmuumlmneek

t oanbaW f ol | ow reconstitution,a 104 skin graft fromanel e Bal WJ

nousei st r'ﬂﬁlg%‘f ed auto be rraonshntaa, castrated female nouse. The
results will show that the skin gam hoar the nmalt Bal b/ U nouse | akes better
on a castrat edjﬂcemdrempnuﬁemnbdmwﬂimmm Bully wideptsttheegrilt ropnhe mateBatideng gene
uansf eseed Ie Bal b on W t han on.a castrated

femal e nondg%ﬂ t"hl%@ Wﬁ&é@?ﬁfﬁe@fﬁ@w{éﬁ “rf%lfj?f’ chemiral (4n ;s %@B‘%{ﬁdl ng gene
| r ansitect alidwirgyiek eylduk s draphy sebld GertiliR i Pyvesioteds. Once the reci pi ent

femal e Bal b/ U nouse fully accepts the farmfromthe nale Hal b/ef nouse, if
she is chem cally castrated, the adrwiisuelion of the chem cal can be

st opped, 10 alowi ng her thynus to atrophy and her fertility to be restored
EXAMPLE 16 REGENERATI ON OF THE PERI PHERAL | MMUNE CELL POOL FOLLOW NG
HEMATOPO E. ' f| C STEM CELL TRANSPLABHANIBIE 16N HUMANS 15 |. Al |l oeenei ¢ and
Aut ol oeous HSCT TUi s exanple rebates to clinical teals undertaken with HSIf

pati ents. HRGRAFASSTIOR OIFTHY SRRIMANEN, RIMURE ERELPOOE FaDMbfviRed bone
manow functron |'n_W
HEMATOPOIETIC STEM CELL TRANSPFLANTATION IN AIUMANS

15 1L Allogeneic and Autologous HSCT

This example relales to clinical tials uadertaken with HSCT patients. To assess the
clinical potential For restoring thymus and bone marrow function in hun:rlans. prostate cancer -
pafients (>60 years) who routinely underge sex-sleraid ablation therapy based on LHRH-
égﬂﬂist (chernica] cesiration) areatment heve been analyzed Palienis were examined at ihe

2) time of presentation and after 4-months-of treatment by which time senm testosierone
concentration was at caslrate levels for ell patients.

Materials and Methods:

Patients. Eighty-two Patients were all due to urdergo high-dose therapy (FIDT) with

PESCT for maligpant disease or bone marrow failure {n = 22 [or allogeneic control patients, n

25 = 20 for allo LHRIT-A treated patieats, n = 20 for autologous controls and n = 20 for
gutologous LHRH-A Lreated palients). Test palients were given 3.6 mg (effective for 4 weeks)
Zoladex {(JLHRH-A) 3-weeks prior to autologous or allogeneic stem cell tremsplaniation and

lhen monthly injectiens for 4-months, All patients were analyze.t-i pre-treatment, weekly for 5-
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patients (>60 years) who routinely undergo sex-steroid ablation therapy
based on LHRH agowst (chem cal castration) treatnent have been anal) e&
Patients were exam ned at the 20 tine of presentation and after 0.nanths of
treatment by which tine sone testostenae concentration was at caseate

| evel s for all patients. Materials and Methods: Patients. Eighty-two
Patients were all due to undergo hi ghdose therapy (HUT) with PBSCT for

mal i gnant W%@WPIMH@WIBW igalhiyrup t@dﬂZﬁoﬂths Eshitogrnsiat weosiitalotd

Dt of ogoulURaRe ArEROd Bt 18 Sl el T e AR AN e 60t Ve )

Test patients were given 3.6 ny (effectlve for 4 weeks). Zol adex (MR
3-weeks prior Ea‘bc%mydﬁs%pledﬂ'drwiﬂjumlé}ha(@bfopﬁmrmphc&hjrtmbltm‘n (2hd

t hen nont atie wer e anal ed

pre- treat!ill ywds'ﬁﬁ\/\%nl:%? Uﬁlg%%[vﬁgk[g%#g aéﬁ?&f% f A ®ont hi y
uphto ?.2 fﬂﬂmmthBEEWhled.ysealmnﬂm I gelibiahtd dnd Fde0ficdda Iﬁ\:lfﬂ’m ﬁ?r[%m\ham[e for
Et hi ca rc Human FACS Anal ysis_o ol e
bori oer s Rartled WEE ARt i 8 o MhTRS T ChM M ol CiRa T 4 A2l o
200 El WhHITE, GDOSRIAFE) GDJIGRbﬁtﬁQI:erﬂe s 20 ARIT CPdn d' CI958-PE B dth PhardidgEh, f or

5 30mni n. %ngf ?Aljysed and remai ning cells washed and resuspended 1 n 1%FA

for SACS Sanpl es were staided with antibodies to 1919-FFTC,
CH4-=C. CD8- APC CD2l - 1TIC, CD45RA-PE, CDA5RO- gCbme, CD62L-FIfC and

MV66- PB (al | frﬁﬂﬂh&bﬁsnﬁmﬁcmﬁaﬁbﬂmﬁeﬁﬁgcdﬂ&‘ﬁs?anﬁmlvymmfalf@mﬁamﬁm on of

proli We urface stajned with 10 CD27-1TrC
CoasRd o ORI P GRRGARE (elmotiest Sancdigeo. G | ovi ng

red cel | mwmgrs@mﬁ Bis,) m%ma&mma%ﬁﬁmm RT, BlihelafliRScglal k¢ 10 500 W
of 1X F negl}q Jzi n sol ut i on (Becton -Di ckinson, USA; I X sol ution

was made 86»@0 HomEisskgy wgm%pﬂ%gﬂlelzowwm@f@ml@ﬁi 5
min, ROD,stdeE) mV\R.f[BHzﬂJ)nCWﬂ'LS&j smhﬂ& %ztrﬂem@ﬂt %uﬂff%r &7k 860,20 a“t TW g Fr7C

(or the appro rlate |sotype controls)_ 15 for rya at” RT,.T ar k

Sarrpl es Rerdiher antir i 16, e%ﬁ:n&b@?ﬁ’d@tﬁ?rm‘y@ﬂﬂn #Wﬂpwmmﬂebhr ation
of PBMC Rur Edhﬁd at RTPHOGY U%. RERIeR mRRAHES whled Tan gf‘rlf.J f@]ﬂw ﬁ@s@?gﬁ@? ays

and TREC anal ysis, by ficon-hypaque separation an OW ng ren
gati on, t3REYSB um | ayer was rempved and stored at -20C prior to analysis of
sex steroid levels. Cells

Preparation of PBMC. Purifted lymphocyles were pmpartﬁ for T-cell stimulalion
assays and TREC analysis, by ficoll-hypaque separatior and Following cenfrifugation, the
plasma layer wes removed and siored at -20°C prior to analysis of sex steroid levels. Cells

20 notused for T lymphocyte stimulation asseys were resuspended in freezing media and stored
™ liquid nilrogen prior bo TREC analysis._

T Lymphocyte Stimulation Assay. For mitogen stimuletion, purified lymphocytes

wera plated ent in 96-well ronnd-bottom plates at a concentration of 1 x 10° cellsfwell in 100

pl of RPMI-FCS. Cells were incubated at 37°C, 5% C0» with PHA in doses from 1-10

25 ug/ml. Por TCR-specific stimulation, cells were incubated for 48 hours on plaies previonsly

coaled with purified apti-CD3 (1-1C pg/ml) and anti-CD28 (10 up/ml). Following pleque

formation (48-72 hours), 1 pCi of *H-thymidine was added to each well and plates incubated

Tor 2 further 16-24 hours. Plates were harvested onto filter mats and incorperation of *H-
Thymidine was delermined using liquid scintillation on a B-counter (Packard-Coulter, USA),

30 TREC Analysis:
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20 not used for T |ynphocyte stinmulation assays were resuspended in
freezing nedia and stored in liquid nitrogen prior to TREC analysis - T
Lynphocyt e SBnuati on Assay. For mtogen stimulation, punned |ynphocytes
were plated out in 96-wel round-bottom plates at a concentration of 1 x 105
eellsrwell in 100 pl of RPM-FCS. Cells were incubated at 37'tC, 5% CO2
with PHA in doses from 1-10 25 pgltnl For TCRwpecific stinulation, cells

ver e incubat ed telt Safingo FrezenRapplad €6 RAENy Miedl mnE RS Mﬂmp&ﬁ?—
anfi-CD3 ( Qu_&g%]?@ ti-M8, (10 pp/iM). Follown | aque ormati on
(48-72 houtd 2 3ot e eiiaoadda Hraes s o) sl e 5%

i ncubat ed fdrmnhfmﬂﬂﬂl@ﬁmla@%ﬂyow Hﬁ?&ﬁcﬂﬁ(eﬁf&%ﬁﬁﬁﬁ&%ﬂ ont %a,gﬂeldtagcrl mat s

and i ncor pomt | od. of m di ne vvas erm ned usin
scintil | at TPPEH: %g‘gdﬂrﬂﬁ% Wﬁfféﬁ%s@ngmgm anggAys* ceHQmﬁﬁREﬁnAmfmttsd 106

Cel | Swtlﬂgahﬂm&ﬂ%%ﬂ&l@ ﬁggl dly thawed and stained with
anti -Cb4-FITC and anti - “aria on ice, washed (2 ml FAGS

buffer) and fi t.h. 3 frmallaln PBS(with agitation). Sanples were
i ncubat ed f or ﬁ%ﬁ%ﬂéﬂ“@o%ﬁﬁ gore sppethand eesspended is Besdede KO0 MigatidnAGS

buf fer forbufer (I chierand p io Sar t

MbFl o(r) L\%’d %“ ter (C\étomedon In@i %@%&01 §?mmﬁs%emsm%@fi@d??faﬁé%“§hd
resuspend ¢ i&""@@ @J%t@lsf{;lodmg@mdwpnﬁuhdser (2x 105 eella20 pl of a
0.8 ng/LL solution).. Sanples were incubated An 1 hour at 56C followed by

lomia at 95-C mm-mrmeﬂh LR i 10 ul ar
BeacorﬁI Rea1 tinme PCRfor ana Fﬁgclﬂs of %%@E % gn{eeﬁr?R ﬂé‘%@?l@%fm
per f orned 48 %&ﬁ%%r‘%ﬂﬂ yed( @Ehizsagibed peviougly YERIng kr ol o{1999)NE drcp.

NOL4) ahd gadsenees o o T GO o (AR AS A LS REATRE D) © e

cycl e of cigﬁ‘g! e ﬁnﬂnfigye%n 5@%Tcmgmmamcmummym Igycl es

of anpl i fN@:8].i and or .30s
nor rraIane f orI c(gilﬂ:l t(:'%ﬁ]:qnfnglirm\y?"?“@ent %ang“m‘% Pflﬁﬂ“%@&’ﬁ?ﬁ%ﬂ’égrcﬁﬁﬁﬂuow
PM assay waPlficasgn (34" &Jﬁﬂtﬂq 5 6aie ﬂJEQS s, (aoﬂhmtp mmc&'g Wit lzE et @iins  no

pseudagengguivabdmd e lnpABNYS et| nal ysi s perforrred usi ng
Lastat | | %gfl:;ware- Fo’rn proxfhﬁﬁ cun a‘%ﬁ?@ E’H‘%ﬂr‘? dyain the GERSwas

per f or ned%%%ﬁ‘iﬁﬁﬁ%tmgmlmmmmbgm&t acted as an internal control by
conparing pre-andpost-treatnment results and 20 were analyzed nsittg pahad

Student t-testStaGhtiiol AaQkeR. ShiRed %ﬁ@pmﬁm&d using Lastal I software. For
prostate cancer HSCT studies, & Maon-Whilney U-test was performed, For humao studies,
each patient acted as an intermal control by comparing pre- and post-treabrnent resolls and

20 were analyzed using paired studenl t-tests or wilcoxon sipgned rank tests.

Reanlts:

Fig. 4% depicls analysis of natural killer (NK) cell recovery at various lime points (2-8
weelks) following HSCT in control patients. As shown in Figs. 49A-B, respectively, a simidar
trend was ebserved for both control allogeneic and gulologous transplant recipients. In

25  conirast, allogeneic patfents who were given LHRH-A treatment 3 weeks prior to HSCT
showed a significanily higher number of NKT (VO24+VO11+) cells from D14-5M post-
lransplant (Fig. 49C; data is expressed as mean + 1 SEM of 620 patients; *=p=<0.05). NKT
cells were analyzed based on their V0247V 11* phenotype.

Fig. 50 depicis FACS analysis of NKT cell reconstitution at varicus fime points (day
30 14, 21,28 and 35) following HSCT in conirol patienls, An early recovery was observed in
allogeneic patients, and was seen predominandy within the CD8+ population early post-
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Results: pig. 49 depicts analysis of natural killer (NK) cell recovery at
various tinme points (29 weeks) followng HS(7T in canal patients. As shown
N Figs. 49A-B, respectively, a simlar trend was observed for both control
al | ogonei ¢ and contingent transplant recipients. In 25 coatnst, allogenerc
patients who were given LFR2H A treatnment 3 weeks prior to HSCT showed a
signdreant |y hi ghernanber of NKT (VD2A+VOIl | +) ceas fronDl 4- SM post

t ranspl antOERRAL Wgch indicated estrabymiie samd of Sepfiaiion. S P-2NEE! doBHSre
4=p, 0. 05) _avMNK{ re analyzed based on their V 024'VO | |+ phenotype.
Fig. 50 depi cttsﬁﬁ&%aﬂrﬁ\%mfglﬁgnsg C colt reconstitution at various time
points (day 30 14, 21,28 and35) follow ng HSCC a control patients,

Anear | yr ecover YEak defiiete BweHireronsin tivg dolbiviin HECERE Sariodd Brmd@sinkqe12

pr edonmummt W E i D .8+popul at.i on earl.ypqst_ 109 'mspmmt whi ch

i ndi cat ed ‘%%%%”%‘?’h‘%ﬁ%‘gi é‘bg]&g“fﬂ@%‘ r ?hS\F;(.F')l \Fige S 1R K eellvemenemftips, wer e
evi denf f oovnrrelainel fses tin bmalbgRlsaRhspHat pn@aPbGh 6Bl of AIS U
fol |l owi ng LA, .vgﬂgom&ri me points (2-12 nonths) follow ng in
control pafrani: Bl Hngreyen F’&&mﬁl@,ﬂ“ﬂ‘@ﬁmﬁ@@éﬁﬁi we$ oot evideg ool & least

rel ativel ¥ bauitsqiost-trangplafdi9 Bo@Srdupanspl ard patents as conpared to that of
al ogeneic patients (Fig. 51A). However, a return Wcentral val ues (shaded)

was not evide bl at least @ nonths post-transplant in both groups.
Fig. 52 depi c?%g EPchrtghgtWPB‘H“‘?%]”PB’WE@S%@%PUWW(}% poi nt s

(212  nontieshs) illowing HESE ol ol GRAHR, PRARNE Sei Wik ﬁ%{:&@;&gg@ ﬁ%ﬁ’er e

val ues by 6 nonths posttransp

t ' t |, 10
4o B0 CONEEY bR AL enspL (s er b4 TheHDR D celbmembent Wit serortiIc

post - hansedacet, éwen Boldmanmt fahf) in GIT) ﬁfa gEg'l Ei g, 52A)

recipi ent&, %53_ gdepi cts %ﬁﬁ?sggeﬂg} ati %n&ggﬁgg%ﬁﬂg ﬂfé[t ®VaFious time
poi nts (2¥1% FFERS™ S ol | owi ng fSSCT in control patients. As shown in Fig.
53A-B, CDB"T Cell .15 nunbers regenerated 9Quiterapidl Yport-ltansplern[in

hoed al | ogcoeiHigaidiepistsalDEUYFont QB bPIBBIhg HASPSR "é(ﬁ'ﬁéu%é'&eﬁ?gﬁig as shown
in Fig. 589]1&;)%“ Cm"h%l@s are mvnl yaf “exhathynmic origin as 1'ndicated by
the increase | q‘t‘fﬁ?%‘ repnprgl Ralieat-pas shovay ind'iz. S3AE.CRME-TORE T coil s.
Pi g 515 depintiess EinGratsdajusts ity Brseiiad RIak fboti bk jons of CD44
and 20 (r i8." T nBS V\h?mﬁﬁgigiA) and_ 28 éljays gﬁ%‘:&@ggiﬂ@% HSCT at
neutral p Pﬁﬁ?%‘ﬁ" y- However, as shown In Fig. 53C, he CD8" T cells are mainly of

extrathymic origin es indicated by the incrense in TCRyS* T CD&* T cells, €D8aa T cells,

and CD28CDS™ T cedls.

Fig. 54 depicts FACS aualysis of proliferation in various populations of CD4* and
20 CDB* T cells before (Fig. 54A) and 28 days after (Fig. 54B) HSCT In control patienis using
the marker Ki-67. Cells were analyzed on the basis of nafve, memory and activated
phenotypes using the markers CD45RO and CD27. The majority of proliferation occurred in
CD8" T cell subset, which further indicated tha these cells were extrathymically desived and
that the predominance of proliferalion ocourred within peripheral T cell subsets.

25 Fig. 55 depiets naive CD4+ T cell regeneralion al varions time points (2-12 months)
follewing HSCT in control patients and LHRH-A treated patients, Fig. 55A depicts FACS
anelysis of natve CD4* T cells (CD4SRA+CDASRO-CD62LY, and shows a severs loss of
these cells throughout the study. As shown in Figs. 55B-C, niive CD4' T cell begen to
egenenate by 12 months post-HSCT in autologous ransplant patients (Fig. 55C) but wera

30 stll considerably lower than the control values in allogeneic patients (Fig- 55B). Theszs
Tesults indicated that the thymus was unable (o resiore adequate numbers of naive T cells

post-lransplant due to the age of the patients. In contrast, ju patienis that were given LHRI-
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the marker 146'1. Cells were analyzed on the basis of salve, nenory and
activated phenotypes using the markets CD45RO and (r)27. The majority of
proliferation oaurredin CDS T call subset, which hutw indicated that these
cells were extrathymcally derived and that the predom nance of
proliferation occurted within peripheral T cell subsets. 25 Hg. 55 depicts
aalve CD4-- T cell regeneration at various tinme points (212 nonths)

f o0owng Hw-wem(;mmrtmiﬂugﬁeic&mfsrmeﬂamgmﬁcaﬁ mg&a@w@&ﬂ&mcﬂ@w%/%
depi cts FA of naive CD4"T cell +mi5R0- CD62L"), and
ahows o & BPBekE IF ripg ges @@p;wma@qwmham Erimenits Fi gs.

258, nayes@Riislut eblpba0s tollfe! (RASORRISA b (TBSSES, AR mERS |

auol agous sp] ant pat ients (Fig rably | ower
than the & ICRFRFRESD P?Fha@dg%@wn@aﬂéﬁlsaﬂmaygwﬂssy stefpid sblatipresul t s

I ndi cagedmﬁt},_the thymus was unable to restore adequate nunbers of nave T
calls post-tiansplant due to the age of the patients. In contrast in
patients that wcun given LHRIf- 108 A 3-weeSS prior to allogenei c HSCf
showat a si gni f F@atht l%%m%m%@ irvets @t vasopstine gk Ti-12 gicnthshfollowing HSCT 12

nont hs  pagéntfulpaisn R oY) O t
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mont hs- pod 2P RR s ous L ECA pigeted patioats glso AheweduerGeamly Uy - A
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of 5-48 patients, *=p=<0.01.

LHRH-A adminjslration significan(ly increases NK but not B cell numbers in the
peripheral blood. Overall, no significant change In B cell aumbers was observed with
LHRH-A treatmenl (Fig. 47). However, a significant increase in NK cell numbers was
observed wilk Lreatment {(p<0.01) (Fig. 47). Therefore, removal of sex steroid results in

25 sigpificantly inereased numbers of T cells and NK cells, '

A significant increase in the total lymphocyte, T cell (predominantly CD4") and NK
cells was observed (Figs. 45 and 47) consistent with previous studies of palients treated with
LITRH-agonists (Garzetti et al., {1996} Obstet. Gyrecol. 88: 234-40; Oliver ef af., (1995)
Urel, Int., 54:226-229; Umesaki ¢f al., (1999) Gynecol. Obstet. Fnyest. 48:66-8). More

30 detailed analysis of the T cell compartment revealed a sipnificant increase in the numbers of
naive CD4" T cefls and both naive and memory CD8* T cells fallowing LHRH-A teatment
(Fig. 44).
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20 patients. *=p41.01. LHRH A adm nislntion significantly increases NK but
not B coR nunbers in the peupheral blood Overall, no signifcantchange inB
cell ounberswas observed with LHRH A treatnent (Pig. 47). However, a
significant increase in NK cell nunbers was observedw th treatnment(pcOAl)
(Fig. 47). Therefore renoval of sex steroid resultsin Ti significantly

I ncreased nunber; of T cells and NK czlls, A significant increase in the

total | ynphocyTedetdmineif thé prcedeninnalie TycalbDd)s bdgNeriphed! sxpaasioopser ved
Figs. 45 an 47) cansi. t wWi.th previous stu' [ pal nts t ted with
(LlQ(f:] 11- ag%eﬁn qId ﬁg?tﬁﬁgﬁ’gmuﬁl%@ %ﬁ?ﬁ; %M@@'%g‘{ﬁver et
al, (1995)r4dd a%etﬁrﬁsultﬁﬂlh?rﬁﬁc RaSivakibe Salysif callular prdifeliodyGasodiifdns], et

| nvest. 4&66-¢) NE@% 0 detail ed analysis of the T cell conparhnent

reveal ed REShYITHY FRES fovels mas zerformed flazmuhopmer sl oﬁ‘zmﬂaﬂl f’él%ég?%éﬂ‘@ﬂ)and

bot h rmi VRo ahghegFRIME mvsmPmﬂf&eﬁdnswmunqu&ohﬁﬂfba&ﬁt%&mﬂ%m&éﬁm44)
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treat ment $laf dire | nduce pr |fe atlon T cells d _has the

| evel s of f es gyrort v(lldeﬁugt {% mcrfaf"rﬁ’éﬂ ﬁggeag@fr\%ﬁﬁf%ﬂ?vﬁa{éwcgn in the
peri phler ylolliFRing addess oI RBIcoelo it 10 ﬂi?em@&ﬂg lbllSBlj.tW]LhJﬁfhutlhﬁthe p'lnaf ald @3gfansi on
at earli nts. However this wouy r only account

fori ncreiﬁi@ﬂlﬂa\gﬁ)% E%F’I‘ S]?‘E'(?élagmcfﬁ&e@?g Hg‘h’&l’#or an i ncrease
evela | mTo patrent s ‘““E*’m’“’i e o o~ cel |
eve | ent s | ur ho e . an ce

popul St | OFPEPERR TG s tsoEiee ot ARRCPoRITOARFraERe (56 TEME £ol A0 emolFes ni 1t al
pr esent atwitfisix QU ten gatiehs oty ARRerdIaN@ESe (Bl 'nkﬂaflaMSO@eby tiéntont hs

of LHRH A_15 at ment Thj S Iso reflected. in_a proportional increase
(per x| 10%e # dereateya ol TR Eie o 2900 erstine. Sico SR Pt g wilhovi g an

overal | WaKGSAZhih e@hﬂﬁﬁfﬁ)feﬂ;@) MedQY0Yr25-788), Whlkh coRROWAS (RrlSafiedse | N
t ot al TRBCsaétabout 30% decrease) Since TRECs are diluted out w?ﬁg mtosis

(Zhang et®™E#!°{2YBY) gell dsyglopeet ot fapwinmerpan (Hazgpfesm etk (A0bLE Mo
i n[ r Sohy WERTH%31-40), the absnlute TREC Jevels would represent very much an underestimate of T

cell export. The marked increase in total TREC' eells in the periphery following treatment
with the agonist is thus fully consistent with regeneration of the thymus~dzpendent T cell
pathway (Douek ef al,, (1998) Nasire 396:690-695 (1998); Douek ef al, (2001) J. Inznatol
- 167:6603-8; Hochberg ef al, (2001) Biood 98:11 16-21). Together, these data demonsirate the
25  ability of sex steraid inhibition to improve thymic oulpul in adult humans and provides a
basis for resloring naive T cell numbers following severe T-cell deplelion in many clinical

conditions.
LRAMPLE 17

SEX STEROID ABLATION ENHANCES IMMUNE RECONSTITUTION
30 FOLLOWING HEMATQPOIETIC STEM CELL TRANSPLANTATION IN MICE

This experiment was doae to lest the hypothesis that sex steroid inhibition in
recipients of an aliogencic HSCT can improve Lheir post-transplant immune reconstitution.
Thus, Lhese experments aimed o establish whether sex sternid ablafion influenced
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as part of normal T cell devel opnent or follow ng export (Hazenberg or ad.
(2)01) J Mat 20 Med 79:63140). the absolute TREE | evel s woul d represent
very much an underestimate of T cell export. The marked increase in total
TREC* not in the periphery following treatment wth the agonist is thus
fully consistent with regeneration of she thynusdependent Tall partway
(Douek at ail, (1998) Nat ure 396: 690- 695 (1998); Douek at ad, (2001) J.

hor monal . pepddidp WE@&W nBnoR Toget her,
t hese data dermns are the %?%olt]ﬁsex S ermgb%h |t|’o |rrprove
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Thus, thesfer Emmﬂﬁm&aamﬂede%lﬂfﬂ aiataaﬁéa wahaiRein asﬁghtﬁdaﬁhﬁhéasélﬂ ation
i nfl uenceuclic‘ 11"$e t opo ﬂc [ecover foI | owi ng clingeneic HSCT. Fourteen

days afer E"“E]éﬁqu thipgendc HoFd- Byyy impusgaubynditg r eased

i1l the mwggtaﬁdmeﬁg@ma&rﬁﬁnghe@a SR bBerat oSt FaMRined €l evated at
day 28 at é%_hg{]héll me splenic celllUlarity was al'so increased in the

castrat e °§ K§RHEsrated abibp sppetine suPYERhindwgonds an allogericld ssiingl y af t er
5 HSG |
Qo a%ﬁﬁwﬁd@tﬁcaﬁt\aﬁm&wﬁ g&@%@tﬁ&%@%@; %eseh@gﬁ% e al so

significantly increased after castratim I ncr eases
t ransl at egsFdedens SBW“FFS@aWﬂHilPFCFeﬁ[wnﬂW. Ha‘t&covldewumqbémupﬂﬂmﬁmiheand B seas

of erall T; . the risk
of exace?%g%%ggf%é%%eﬂhévn@%ﬁgm g? vngdr1 %‘Jug'gﬂh {lmg}”%g%ls%ﬁﬂ . M 1:2

were castall recipfratsad 7 mtasntammmnofﬂt-% trmmnauitlau@en&miurset ting.

compar i e rengy LR ol ity Buec B GRRE loHang HRETTRRD RhuB S ie) "ne

not dildi vmhﬁﬂt&hﬁblhemhugehlaﬁmmﬂﬂolddeﬁndnaﬁhdmwpotmemomjry shown that

| ynphoi d g eci.pie af heat mealL
The combi nat og ?éf%fﬂf‘gt reaﬂinenltﬂg %g{[i: q‘%‘ﬁ'ﬁ'@éﬁ% have an
additive effect in the thérrus foll ovm ng HS CT. "These resul ts i ndi cat e t hat
15 castration d ng ablation of sex steroids enhance
bemat opoi etic recovery follow ng allogeneic HSCr Wthout tinemasiug GVHD
and mai ntai ni M@agMls.  Antimurine CDIS/CD32 FoR block (2.4G2) end all following.
Muorochrome-labeled antibodies ngainst murine antigens were obtained from Pharmingen
20 (San Diego, CA): Ly-9.I{30C7), CD3(145-2Ci1), CD4 (RMA4-5), CDAP.2(53-5.8), T-cell
teceptor-p (TCR-B; H57-597), CD4SR/B220 (RA3-5B2), CD43 (57, IgM-FITC (R6-60.2),
CD1Ib (M1£70), Ly-6G(Gr-1} (RB6-8C3), c-kit (2B8), Sce-1 {D7}, CD11c (HL3) LA (11-
3.2}, isotypic confrols: rat IeG2a-k (R35-99), rat IgG2a] (B39-4), rat Ig(G2Zb-(AS5-1), rat
IgGG1-k (R3-34), hamster IpG-groupl-k (A19-3), hamster YgG-group 24 (Had/8), and 2.4G2
25  and Fer (FeR blocking). Streptavidin-FITC, PercP -phycoerythrin (PE) also were obtained
from Pharmingen (San Diego, CA). Recombinant human IL-7 was provided by Dr Michel
Morre (Cytheris, Vanves, France).

To confinm that the human recombinant JL-7 could slimylate murine cells, ihymidine
incorporation proliferation assays were performed with an I1.-7—dependent muring pre-B cell

30  line 2E8 and found that he human IE-7 used in (he smdies had a poliferative effect on
murine celis that was equal to murine IL-7. Tissue culture medium consisted of RPMI 1640
supplemented with 10% heat inactivated fetal calf serum, 100 VU/ml. penicillin, 100 mg/mL.
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Material s and Met hods: Reagents. Antinurine CDI & D32 FoR bl ock (2.402) and
all follow ng Buorochrone-|abel ed eatibodi es agai nst mari ne anti gens were
obt ai ned from Pharm ngen 20 (San Diego. CA) Ly-9.1(30Cl), C03(145-2Cl1),
CE s4 (Rw4-5). CD8P.2(53-5.8). T-mll receptor-fl (TCR-P: H57-597),

CD45R/ 8220 (RA3-6B2). CD43 (S7). IgMIRTC (866(12). CDIh (MLAO),
Ly-6 & --1) (RB6-8C5). skit (2B8), Sca-1 (1)7). CDlc (HL3) I1-AU (11-
5.2). i sottygpiemim tahd 2 suM 1 ofluhfifad FadwdREDFPRM 2-fidtcap@Ran! tdr BROadiire Jrat

I gozb-(AQQ-%é% r g3 -k (R3-34), hanmster g0 gnmupl-k (A19-3). hanster

| gC- gr oup %ﬂﬁ%“&%ﬂﬁ?@ ZHYad For (PLR bl ocki ng). Skept avi dw FI CC,
Perc? -phyccerytlvin (FE) al so were obtained from Phannlugen (San D ego,
CA) - Reconbi naMiiceurdHSCT: MARST LIS %@%@b},%%_@ﬂfﬁ@ﬁ@ﬂﬁ@& i,
Vanves, Fﬁigﬁi%mdﬁﬁﬁil rmihat the human reconbinant IL-7 could stinulate
mari ne cel'ts, 7 THHEG#y GBAGHEL o) BrlbicdHe o Thd <apd B¢ miee f or ned
with af lééredfpemdeiin FEMGsdN 1Ohdme i %HSI-S g“ﬂg t he
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usedine&gﬁ;' éMﬁ t wer e bet d. 12 went _of e KG4- and
| L7-/- were useg e m%%%gg%%ny,wn@ﬁg%f% Eﬁ“ﬁﬁ%&gg@”{ﬁge
acg ]E)r oveg dgls fﬁeﬁmmawsi_?ﬁhﬂghmﬂbﬁhhfb? pOGHEADE 6er a@YINa Bl b‘fﬂlﬂlilh gélﬁnlwc]@ni el

e an .. The cell s, were renpye S i een fenui
and or  er EnCAT I i ld Shpedieh ol SR Sithen RRF G Bk eafitwiorny - 1 -
for I30 mmi&mgtasplmmlaﬁ?\hdg@yamﬂbh@ia%&swggmjgm%gﬁwgitt e
conp adane J.abar ri,es : nada) for | _hour a :
Sprerlﬁgﬁ%ségﬁ%%E@%ﬂi‘?ﬁ@%ﬁﬁfﬂﬁz “ﬁSﬁPﬁ'ﬁﬂcﬁﬂthn p\éer ad
nyl on woahfusioh §ixR5 toalvesdumE)yinth ITnd i Yedint DP4 chloride an
all lysi buflf - CadsﬂPgIS 106.BM cel |l s w tlh or P\;vi t hpuf'tﬁ?gglljﬂeiiﬁ%T calls and
| eukeni aﬁ?ﬁﬁ’ i, g r@&éﬁd“é‘éﬁ mheelved [P0R e Uy lotpldary inadiation S €8 feured) nedi um
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housed in sterilized microisolalor cages and received normal chow and antoclaved
20  hyperchlorinated drinking water (p 3.0).

Surgieal Castration. Mice were anaesthelized and a small scrotal incision wos made
to reveal the testes. These were sutured and removed along with surounding Fatty tissue, The
wound was closed using surgical staples. Sham-casiration required the same surgical
procedure, excepl for the semoval of the Ilesies. CastraHon was performed one day prior to

25 BM transplant for both immune reconstittion and GYHD studies.

Administratlon of TL-7. IL-7 were either given from days 0 to 13 or 21 to 27
intraperitoneally at 10 pg/day for immune reconstitution studies, PBS was injected into

control mice al the same Gme points.

Flow cyfometric analysis. BM cells, splenocyies or thymocytes were washed in
30  FACS bufTer (phosphale buffered saline (PBS)2% bovine serum albumin (BSA)D.1% azide)
and 1-3 x 10° cells were incubated for 30 minutes af 4°C with CD16/CD32 FcR block. Celis
were then incubated for 30 minutes at 4°C with primary andbodies and washed bwice with
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infusion (0.25 nL total volunme) into lethally irradiated recipients on day
0. Prior to trmaplantation on day O, iecipieutr received 1300 cOy total
body irradiation ('"Cs source) as split done with 3 hours between doses
(to reduce gasvnintestinal toxicity). Mce were housed he sreri4r

dm croi aWat or cages and recei ved normal chow and aat ocl aved 20

hyper chodnared drinking water (pl13.0). Surginml Castration. Mce were
anaest hetmes baﬁm“meﬁsmbmﬁ? rcellfvert RiiBatedwith eorjiifie:d Sueptaeidindbr4 he t estes.

These wer red and renpved dark w th surrou S Th wooed
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surgical o4 pﬁeguﬁiﬂ:urﬁkﬁﬁm:ﬁéﬁémﬁ (f@%ct&ﬁﬂii&ﬁﬂsoﬁ’mahl]@sel €A} Rith Camdniaair«on was
performed one day prior 25 BMTfansplant for both i mMmune ne nstintion and

GVHD st udf¥&2readmi ni sl rat an of HA. IL] were either given fromdays 0 to 13
or 21 to 27 inlydperinnally at 10 pg/day for inmune reconstitution

studi es, PBS vewlitdphéii ﬁ&#nﬁglcn@%W@k 1A &qsﬂtan}mﬂi@nm&dfﬁps peyEhth Fl ow
cytanetric anal yS| S. BM ce . sp enocyt es or es were washed in 30
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with Cell estTM SO 5. Ptoliferatl on nxvaye. Splenocytes (4 x 105

cel I s/ wel ¥%F ﬁr\?‘“‘\%‘ﬁ@@"ﬁ‘}or 5 days with Inudlaled (2000 c(3y) BALE/C -
spl enacyV as stinmulator (2x 105 cell Onell) in 96 wit plates and

spl enucyt hs ( BICriekaselshak\WFhded! colly weretiballédvivithl 100 ki 5UCHAt £ £16- 2¢11) "and

uCb28 (3 fin a ataon) for 4 days wer e

pul sed du?"i]%{&i%ﬁg‘ﬂwﬂ?ﬁﬁa%l “H‘EB%‘I'F?&% t%%‘ﬂﬁ{* 41P”"E~‘§“!L'ffﬂ‘*¥r¥'§ﬁ‘}‘foﬁfﬂ%€5nd DNA
wais harveﬁﬁﬂ@&nsmﬂtﬂaﬁwelﬁﬁef fucdﬁls.@.@{(&ﬁ&@muﬁt)rl ;(dg@t!ﬁﬂa}llsgleh@:tjwsl&tlimmleiwﬁfsw }Nlere
cal Cu te 0.0 St ce S e over nul at e ce S
e pm 18 P BATT Qepuestes (DR ratio§ e At ViR BRA L AiOM RSB 10y
t2x106t c akipknietibOin aaid&l)vﬁzigmia&&%ﬁl@f&l}lihtf%timu_lsbaﬁ?llﬁﬁalwfl&hfﬁuﬁh@b@hﬂ ed
argets X C a/ we In ottone et es r

Cangrl dggﬁﬁﬁ)ﬂgép‘g% cubieguentlyy 1k gORFMeeLt wes reme fobin Gach el ind

counted in a gamma counter (Packard, Meriden, CT) to delermine experimental release,

Sponlanecus release was obtained from wells receiving lacget cells and medinm only, and
20 total release was oblained from wells receiving 595 Triton X-100. Percent cytotoxicity was
calculated by the following fomnula: percent toxicity = 100 X [(cxperimental releass —

spontancons release)/(lotal release — sponlaneous release)].

Detection of alloveactive Twcell clones with intraccllular IFN-y staining Brieily,
cells were incubated for 12 te 15 hours (for secondary allogeneic siimulation with T cell—

25  depleted [TCD), iodiated stinlator cells) with Brefeldin A (10 :ng/mL.), harvested, washed,
stained wilh primary (surface) flucrochrome (FITC, PerCP, and APC)-conjugaled antibodies,
fixed, and permeabilized wilh the Cytofix/Cytoperm kil (Pharmingen), and subsequentty
stained with afENy - PE. FACS analysis was conducted by galing for the designated

populations. Flow cytometer and software were used as mentioned below.

30 Delayed Type Hypersensitivity Assay. Sham-castraled and castrated mice were
sensitized day 42 after allo-BMT by tail vein injeclion with 200 pl of 0.01% sheep red blood
cells (Colorado Serum, Drenver, CO) in PBS. Sensitized animals were challenged at day 46 [n
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15 iradi etd BALB/ C splenacyles(l:2 ratio) for 5 days were added at various
offeror-lp- tnget roars in a final volunme of 200 nL to4 to 6 wells

andi ncubal dfor4 to 6 hour: at 37-C and 5% Cq. Subsequently, 35 m,
supematent was renoved firmeach well and counted in a gamma count
(Packard Meriden, Cf) to determ ne experinental release Spontaneous

rel ease was obtained fromwells receiving tartar cells and nedi umonly, and
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20  spleen, and the presence of clinical symptoms of GVHD as assessed by the clinical GVHD

scoring syslem at the ime of death.

Semi-Quantilative RT-PCR. Toleal cellular RNA from whole BM was reverse-transeribed
using Superscript I reverse tanseriptase (Life Technalogies, Roclkoville, USA). cDNA was
PClR-amplified for 35 cycles (94°C for 30 sces; 56°C for 30 secs; 72°C for 60 secs) with PCR

25  Master Mix (Promega, Madison, USA . HPRT: 5'CACAggACTAgAACACCT gC 3" and 5°
gCTgeTeAAAApe ACCTCT 3' TGFf): 5’CTACTgCTTCARCTC CACApE 3" and 5°
TpCACTTpCAgpAgCgCAC 3’ and KGR: 5'gCCTTeTCACg ACCTgTTTC 3" and 5°
ApTTCACACTCpTArCCgTTTe 3°.

Enzymic digestion of IL7-/- Thymit. ILY-/- mice cantain a large proporiion of
30 CD43- thymic smomal cells and each thymus was subjected to cnzymic digestion in 0.125%
(w/v) collapenascfdispase (Roche Applied Sciences, Indianapolis, USA} wilh 0.1% {w/v)
DNase, releasing most of the stromal and haemalopoielic celis from the thymi allowing for
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P515 (H 2d) cells intravenously on day O of allogeneic user (5 x 106T cel
depleted (TCD) 15 BMcells and 5 x 10" T cells of CS7BL6 origin). Survival
was nonitored daily and the cause of death after HSCT was determ ned by
necropsy as previously described- Briefly, death fromleukem a was
characteri ~ by hepatospl enonegaly and the presence of nestocytoma cells in
i ver and spl een on m croscopi ¢ exam nation, whereas death from GVBD was
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haenal opoilet i cCogitationfinamrndied mmmmﬁnu@wmm chibilarilitbllowingidiopérnic

| cul at BUI t CD45 d denti f t 5-
or mal - conier- kTt FRE S eeabteie g pavP alosren b e T he
Mant ell@ mxuujmmanmm ey totalitsdy Sesdlidion fcﬂmm u@b x0af 8 10pk Pdh B Bﬂxs
statisti C?JH ar“l%lr%/m S waay&grforrred {]ﬁ 5 non&grerretrl c, unpa| Led
Mar r o- Wi %uﬁplh‘égyﬁlﬁéﬂ " DbAR L 4 5305 acal | y
signifi Camfsrﬁmﬁjﬁm&ﬂeﬁfﬁh& %mgs}em%@&% &%ﬁ&mﬁ §89 9Pl §hC1 07

celldarity fol l'ow ng aI | ogenel ni ce re castrated one day
prior N abebyenti’s 24800° mmmvuw)ues&:ﬂysubé}mrseﬂmtﬂﬁ@(mgxa%{mt dheseody

ror - adast et Rl palichall 99T asRlG on T R TR 1 5
106) &F r #8%meah mice, 1mq&aa.ad:m‘bﬂiyﬁ@ssﬁma§ﬁsaa¢ icé¢s aoRic’ebex{#h.5 X
10633. 0x §]9|em.: cellularity in the castrated mice was also significantly elevated above sham-castrated

spleen cell numbers at day 28 (253 x 1054284 & 10% vs. 126 x 105 + 13.9 x10%) (Fg, 29C ).

The castrated mice had begun Lo approach pre-transplant cellularities by day 28. By 42 days

after FISCT there was no longer a significant difference belween castrated and sham-castrated

20 mice with respect to thymic and splenic cellularity, Since the sham-recipienls were young
mice they had active posl-transplant lymphopoiesis but the time required to generate normal
cellularity in (he primary and secondary lymphoid tissues was markedly delayed compared lo
castrated recipients.

L There are signlficantly more donor-derived HSCs in the BM of castraled mlce 28
23  days alter HSCT. Several studies have shown that sex sleroids inhibit (he proliferation
and/for differentialion ol early hematopoietic precursors (Tlurmond er al., (2000) Endocrinal.
141:2309-2318; Medina et al., (20001) Nt humunol 2:718;, Koure et al, (2001) Blood
97:2708). Therefore, Whe impact of castration on (he HSC numbers in the allogensic
lransplant seiting has been investigaled. The number of donor-detived HSC was very low In
30 both sham-castrated and castrated mice 14 days after allogencic HSCT (2.98x10°+1,25x10°
and 2.66x10"£8.8x10" respectively) {Fip. 30A). However, by day +28 there are significantly
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and 25 x 10622. 6x106, respectively), as early as 14 days after HSCr (Fgs.
29A-B). These nunbers mrsnul significantly elevated N caslydted mre 28
days after HS C (BM 22 x 15 10634.0 x 106 as 14 x10612.2x106; thynus: 72x
30615 9 x 106vs. 45x1061291106). Spledc cellularity in the castrated mce
was al so significantly el evated above shaacastrared spleen cell nunbers at
day 28 (253 x 106284 x lds vs. 1211 x 10613.9 x106) (Fig. 29C. The
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signiffsi capéBpr.nore pmB ceI s in the BM of castrated m ce (5. 5x10a1. 7x1 O
conpared to the shantastro[d controls (2.08xl O 5.0x10) (Fig, 30B), At 28
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in BMB cells.an or,s banal azed to_a nificant increase in
the. numb@Pgioh hidoh P BEEt DB R B eV SFEE I GDES e Postvsiay s
af t er HSEDP§ sdRAMDE), single positive CD4 (SP CD4) CH3*CD4*CDE and single posiive CD3
20 (SP CDB) CD3'CD4 CD8" (Figs. 31A-D). As early as 14 days after allogencic HSCT there
are significanily more TN, DP, SP CD4 and SP CD8 thymocytes in castrated mice compared
lo sham casirated controls. 28 days alter HSCT, DP and CD4 SP cell numbers remain
significanily elevated in the castrated group, By day 42, a1l thymocyte subsels are equivalent
in sham-casiraled and cestrated mice. Both host and donor-derived DC are ficughl io play an
25  intcgral role in the avoldadce of graft rejection (Morell et of, (2001} Semir frmunol.
13:323-335). Fourteen days after allogeneic HSCT, there are significantly more host-derived
CD11c* DC in the thymii of castrated mice. Both host and donor-derived DC: in the thymus
were significantly increased in castrated mice 28 days after allogeneic HSCT (Figs. 315-F).
The ncrease in thymocyte aumbers in castraled mice w=nslated lo a significant increase in
30  the number of donor-derived malure CD4" and CD8" T cells in the spleens of casiraled mice
compared [0 the sham-castrated controls at day 28 (Fig. 31G).
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64. 9x| Of i 164xI OS ef ex: 1/2.(x106210. Ox106) (Fig. SOC). These results are
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and cast r afedght Wikeither 3ril ARy BALBROS sfftichdip 9910 BRXnMERKS @Iélség_m%lah@- HSCT
spl enocyces _were cultured with 10 inmedia[M BALE/ C s%eno&glt es (3itl party)
for 5 dayBrelidip|fop dgrenmniga JENGY PeedBeioneFie. 33E; showatF nreducijoms by jdoperty of
cel la i n gty TBE™eIISi¢ 93411 ififoiisy BARBC FJ;.HE:@ E‘Elui;@ & HRE BALl aL
("Cr rel easeﬁﬂassgﬁgto deter rﬁqua?e%e cyt ot oxi isty 0 ﬂsp eﬁocyt es [r:g)Fn sham
20 Bl secunzary stimulation {control). This is represented graphically in Fig. 32F. There is
no significant difference in the proportion IFN-y producing donor-derived CD8 when

comparing sham-castrated and castraled mice.

In order 1o assess immune funciion in vive a DTH assay was used whereby, 42 days

afier castration and allo-BMT mice were sensilised with sRBCs. On day 46 days they were

25  challenged and 24 and 48 hr later footpad swelling was delermined. The DTH response is

significantly enhanced 48 hrs after challenge when mice are castrated at the time of allo-
HSCT compared to sham-castrated controls (Fig. 32G).

These functional assays demonstrate that the T cells in castrated recipients are
comparable on a per cell basis with T cells rom sham-castrated recipienls and are capable to
30  respond lo novel anligens with intact proliferation, cytotoxicity end cytokine produclion.
However, the significantly more rapid T cell reconstitalion in castrated recipienls iranslates In
an enhanced DTM response even at 6 weeks after transplant.
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carnated and castrated m ce. Splenocyles were tested for their ability to
kill alCr | oaded A20 (BALB/C B cell |ynphoma tunour cell line) cells at
dill t effector. target nation (Fig. 15 320) . There was no significant
di fference between shamcastrated and castrated mce with respect to
cytotoxicity. The other half of the cells cultured for 5 days were r
timmlaed overnight with either 3rd party (BALB/ C) or syngeneic (BIO.BR)
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unchanged foll ow ng castration (six out of one mce) when conpered to
shantastrated consols (five out of eight mn). This suggests that

radi ati on does not dimnish GVT response followi ng HSCT (Fig. 33B). 15 VH.
IL-7 and Castration have aimadditive el& t follow ng allogeneic 11SCT. B
has pmriously been shown that 11,7 |lreatmant can increase the nunber of T
and B cells in otherwi se untreated animals and can al so enhance | ynphoi d
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(Fig. 34C).

20 TX. Changes that occur following castration were seen in KGF mice bot not ILT™
mice. In order to further study the possible mechanisms behind the enrhanced immune
reconstitution following eastration KGF and IL.7* mice (4-6 months old) were castated and
2 weeks later thymus, spleen and BM were analysed (TGRB, ™ mice die prepubertaily, Shull
et al. (1992) Nature 359:693). Thymic cellularity is significantly increased when comparing

25  sham-castrated and castrated KGF™ mice. Althongh no differences were seen in the total
ccllularity of the BM and spleen at this early ime poiat, changes were seen in the B cell
compartment of the BM, as seen previously in wildtype mice (Ellis et al. (2001) Int.
Imrmuanol. 13:553; data not shown), Due to the fact that a Iarge proportion of cells in the thymi
of IL7" mice are CD45" stromael cells, enzymic digestion was used to obtain a single cell

30 suspension when using these mice. By doing this many more cell are relzased into suspension
which accounts for the slightly larger (hymic cellularity seen in this experiment compared io
previous lilermtore (von Freeden-Teflry ef el (1995) J. Exp. Med. 181:1519). No dilferences
wert seen in Lhe thymi (Fig. 34G), spleen (Fig. 34H) or BM (Fig. I} of IL7" mice when
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reconstitution follow ng castration KG4 and M' -mce (4-6 nonths ol d)
were caseated and 2 weeks |ater thynus, spleen and BM were anal ysed

(1" GFp1l4 mce die prepubectally, Shall et of (1992) Nature 359:693).

Thym c cepuladty is significartlylne d when conparing 25 sbantastrated and
cashated KG- m ce, Although no differences were seen in the said
celularity of the BMand Than at this early tinme pointr changes was seen in

the B cal tmmmmmahﬁmﬁemm@uﬂnﬂmg Juiebt@h Yagortince (Ellis

et al (20 %13 553; data hot shown Due to_ the fact that

ahuge proﬁi?%f%higfm & Wlﬁ@@ﬁwnsh&hﬂmﬂﬂ quing Fstesfomandallem| cel | s,

enzym c dyggegti on was used to obtain a single cell 30 suspension when using

these mce. By doing this many nore cell are released into suspension

whi ch accounu For he slightly larger thymc celulatity seen in this expe

i neat corrpareoﬁ’(iwgﬂ—evi ous litersnre (van Fr edea-Teffiy at al.(1995) J.

Erp. Med. 181:1519). No differences were seen in the thym (Fig 34Q),
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m ce and Theseflvd rrga st an
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al | 0-  HSGcipkng Ol SinfeBiion ﬁaB@EdréHs%ntﬁ n%fas &R Ak q0elRe! Go R ifARRIsBOEe a
prolonged period of immune deficiency, which is associated with [ife-

neat eni ngfeFesiEteyndhe preed phismauradefcienss f@uu‘ﬂ'% H5CEc+38) knerealehban ioae ect i on
k f
ri sk i nanese snd 3&eat8ss 8 shidl® defnoflnaRda ?/‘_re?[f-:H ’I’Eﬁt&%c'g% g in older

rerovstimion. The period of 1 mMmuoodeBUenc e greater

t han Hhe-1$EEpa W@M@mﬁ@mﬁdf&(@iﬁﬁ@ﬁaﬁ%ﬂﬁ@) desimersd. i n

ctak. (20005 B et 98- Bag) Ty alfptls A% bl s AP Bt ey itnl B} 07 X

suggest s Qﬁﬂamfodlwpﬂm Mabmg@rtamlqn&si sh;lbsmq@lelmughtec'll‘hmaquﬁtfr of @e$ttHSCT

product i Qps/iBYnsE: &Q@l#&ﬁ%\iﬁmﬂgﬂktq@%ar S. -FE%%F'%I% @g?.@f A(@l\fﬁ\ EBo7F

i nfections are assocCi a th a orek at
at ., (199Flgmlﬂlﬁﬂemhnmfur54haMMeT1h@mﬁm;éT @Ilemmbermafs@:cum folipwipperal T

cal | nses folJ cas may d he iLnci dence
of thfe'fe |n|1n£ aﬁs ieaait%g \érﬂ%‘%ﬁéﬁf%d'ﬂ%‘ﬁg tl?/e‘@’ﬁf] o'}"' Jfailgﬂrsvﬂ) nt
patlents.ofm:tgplzgnpupstshave focused then resear ch on hemat opoi eti'c
reconstitution foll ow ng }ISCT and the nost prom sing resWs have cone

Al i e

HSCT, and the piost promising resnlis have come with the use of hoematopoietic growth

fectors and cytokines. G-CSF, for example, is H.Sﬂd to mobilise donor slem cells (Dreger ef

20 al, (1993) Blood 81:1404). Noach et al, showed (hat pre-treatment with SCF and ¥[-11 or
SCF and Flt-3 {igand resulted in enhanced donor cell engrafiment ((2002} Bload 100:312),
EGF appears to enhance engraftment and reconstitution in both syﬁgeuaic and allogensic
seltings as well as ameliormting GVHD (Panoskaltsis-Mortari ef @i, (2000) Blood 96:4350,
Knjanovski, et al, (1999) Blood 94:825). IL-7 enhances immune reconsiitulion following

25 syogeneic HSCT (Polotin er al, (I996) Blood 88:1887) and can ephance immune
reconstimtion and meintain GVT aclivity withovt exacerbation of GVHD after allogenic
HSCT (Alpdogan et ai., {2001) Blood 98;2256).

Several studies bave shown that sex sterotd gblation, be it by surgical or chemical

casiration, of male mice increascs both BM and gplenic B cell numbers (Ellis ef al.,(2001)

30 Int Eumunol 13:553; Erben et af, (2001) Hormo Metad. Res, (2001% 33:491; Wilson er &l.,
(1995) Bilpod 85:1535; Masuzawa et al, (1994) L. Clinn Invest. 94:1090). The Increase in
peripheral B cell oumber is predominantly due to an increase in B220°CD24"™ receat BM
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20 at, (1993) Blood 81:1404). Noaeh at at. showed that pmtreatnent with
SCF and ILI | or SCF and Fit-3 ligand resulted in enhanced donor and
engraPonent ((2002) Bl ood 100:312). KG- appears to enhance engtaftnent and
reconstitution in both syngeneic and aBOgeneic settings as well as
aneliorating GvHD (Panosknltsia-Mnari at at, (2000) Bl ood 96: 4350;
Krijanovski, et at, (1999) Blood 94:825). |IL-7 enhances i nmune

reconst it gnigeshtd EEOW 819 (ZR15 1R IGAELGE TSI B@L&Eiﬁaﬁtha%dcﬁar%&%?%#\??ty

88:1887) and can etdunce 1 mune reconstitution and mal ntain

wi t hout ~ exadressnaietlumcn the@vbdurtiaf AfFGR ygmime! cHSGHithMbel RiMywhihlin. furg 2001)

Bl ood 98; 2 y |,.studie ve sho hat ., teroid ablation, be it
by surgi cgfp%ggr“egheﬁqjc’:g ve u@ﬂjg‘?tr 'télag'h?”vgfr‘ %ﬂb ﬂ#%@?‘ni‘\j%@g@& %ﬁﬁ%\“ﬁnd

spl eni ¢ BoLBGF-Prikiies Festchlel Esceﬂtmﬁﬂmsbﬁgglﬁhzdﬂedt@ierﬁleﬁmﬂﬁﬂ has la¥ken Br beu
et at, _(2001) Horns. Metab. Res. (2001) 33:491; WIlson et at, (1995) Bl ood

85: 1538 fawarregglate soraoal YL-7 pradpefianapd subsequendy pibitthepiol ©fi n

peri pherag Bic ' ' [, Ve [V : [ ' :
B220t 0CD24at @‘3&‘%‘?%@%3’25?8‘?9%@% bl 159'1?@00?%%%?82%&’& le
13: 553) . €rmaation fey theheffertsd efrp sastatianéagdrogen abkation,ogethts mlangec dolopeing

produci | op ??y s Wi .%’.i n BM which in tom suppfesses

B cell devéc%%%%gn%ﬁ : S%%@%vé@[ P(%ﬁnl 8: - 1 nwﬁldgf'jfa‘lugw,g Bl

neutral i zdgvelvpme) expBiniRg e iuirtased B eslbnasterBinakd BMsandppleasdiaastiayed mice

di hydcgl e terrne. . TGP-P has al so been 5 shown In down-regul ate sl nrnal
16 e A e

M 7 produ n-a S fibit the proliferation of B cell
progenitors (Tang at of, (1997) J. ImunoL. 159:117). Therefore one
possi bl e expl Hragtrobferdiion of ewitbeddiic sodm eelktis alsh eetalmidageNGERPl abdlmd,ei n

this ins . fallown | I ogenei,.c_ HSCr. suppresses. the production of
TOP-D, || ik e EFERAY U PBINCIo EPBBHERIoRs % pORHIHGYE 6 RkwisRd B
cel | numbgids differkEaiM INEISE! eeRxRS (@B6H 2t ediinESe 1139 £ P aFgandRotde

shantastrated consols. The proliferation of hematopoielic 'stemcells is
al so r eguflApto, o T@F:@.Sl%éﬁqﬁﬁaﬂs%iﬂ# e wned & tgtant type 1T

physi 9 00febdHiar$ @ P @b qf %ﬁb& Lkl bi p, i t}

differentia i%rﬁ of HSCs |ﬁ£\sﬂut o 61(%?]@19&(%!]% Eﬁago{t%’lg%b%é%yﬁp .
Fur t her noHe:755d123.ndb s hredre peRitits Bapihalingrepsed nifigs of HYCstseer 23 degsi Sver
expressi o .| r ecept enhapces [ Vi

prolifer aéthlﬂg%nﬂgtfﬁ?ﬁgs%d %%’Frﬁ'é&"(’ﬁéfnﬁeacﬁmg%a%%%ﬁfn gl.ﬁ Pp?dﬁﬁ;{ﬂﬂ_ﬂ\fwggg%z) . B
| S desol atbmmabedisbl e t hat the i ncreased aumher of HSCS seen 28 days after
al | ogenei ¢ HSCr and castration may be due do a decrease in the production

of TGF-P by BMgp estrogen and androgen can effect the differentation and proliferation of HSCs
20 (Thurmond et al, Endocrinef, (2000) 141:2309-18; Medina ef al, (2001} Nat lmmunol.
2:718-24; Kouro et al., (2001) Blood 97:2708-15). Bstrogen direcdly inhibits the proliferation

and differentiation of HSC,'as well as some lymphoid precursor subsets (Medina er al, (2001)

Nat, Immunol. 2:718; Kouro et al. (2001) Blood 97:2708). HSC's express functional esiropen

receptors (ERs) and estrogen adminisiration decreases the number of Line-kil"Sca-1" HSCs

2% (Thurmond ef af, (2000) Endocrinel 141:2309; Kouro et al., Bleod (2001) 97:2708). The

study conducted by Thurmond ef gl sugpests that the mansiton belween c-kdit*Sca-1*

precursors and the more mature subsefs {c-kit™Sca-1" and c-kit Sca-1" is blocked when ERa is
present in the hematopoicetic cells of the BM (Endacrinal. (2000} 141:2309). ERs are also
present on BM stromal cells (Girasale et af, (1992) J. Clin. invest. 89:883; Smithson et al,
30 (1995) J Fmmenwpl. 1553409} suggesting that estrogen may also have an effect on the
praduction of growth factors by the sttoma, wiich in luro atfects HSC proliferation and/or
differentiation. Although most evidence suggests an indirect effect of androgens on HSCs via
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stromal cells. Both estrogen and androgen can effect the differentiation
and proliferation of HS(S 20 (Thurnond at of, EndocrinolL, (2000)

141: 2309- 10; Medina at alL, (2001) Nat f L 2:718-24; Keno et alL, (2001)
St ood 9:2700-15). Estrogen drectly idtibits he prolifeation

anddi fferentiatioa of HSC, mwell as sone |ynphoid prceursor subsets
(Medi na eral, (2001) Na Invented. 2:710; Kanto et al. (2001) Bl ood

97:2708) . the BB sawidaCei® pratdsde of Fadctifsdl 2R@@8en fcﬁ%ﬁﬁ& %&b{g@ﬁ RElkdggen
admm sOnt |, o ecreases the nunber of Linc-1df' Sca-it 25 (Thurnond at
of, (2(00%f*Bhdpsspot excludsadiiectglart at at, Blond (2001) 97:2708). The study
conducted by Thurnond et at, suggests that the ransnon between c-ki PSca-1'

precursors anlstter R HRvaRoWn that #RSEBE Hrebémckiof § BiRidonaPidrdrek tdeeptefod thbk S
bl ocked when ERn_is resent in the hematopoietic cells of the BM

( Endocr i wWi¥RF(RRipelvm dukerg)he burgogites htslp essopiad don agsmelaral SuiBeminvoliions
(G raszl earﬂtﬁétsubscﬁﬂ&?%é%cﬁe&drﬂvialsW%&ai&%&%ﬁn% g{'}’e ?fé)r?‘ﬁe pgtgzrﬁﬂ?g 95) /.

I mwum . 155: 3409) suggesting that estrogen nay ect on the
product i of29k278kowt h factors by the stroma, which in had affects HSC

proliferation and/or differentiation. Al though nostevidence suggests an

ndli rect ef  ecA1uRgR Ik AR ARotR RS by int IS M RBencHignRERSENCE ©f

functional androgen receptors on |ynphoi d” conponents e BM es Cot

excl ude aTFewRitheres ise tsevgrelopotentiah catthdatess h Fhamich Be-7| levdls dedlimepwitk aagee of a
function A g o r @Rt .t ' pjst | u t .
I hyndocytadtlaﬂhés tha't&i%sl’essent?‘gofﬂg&?ngé%rg%‘%%d&t yﬁ?{?:dzrn@xvgl {J;Fil%g%\oi' gﬂgjnsd t he
subs etfuie iPrtgaryefvels EO0Bny inimumnl. BL&IBDi B raokias bokesOhserwietheathis 52O 1) a
Endocr mal gec L ijﬁ%ﬂéﬁmﬂzt&%ﬁmﬁt@%ﬁ% ﬁ%‘-’}' e &%&g@%%{éﬁaﬁ L of H?émx?ﬁn .

I nvol uti on and/or regeneration renaln NKNown eém are severa post SRt i al

{:/and! dat exslls EhpreideceRhg cfeiinesH . MOGZ@WE -Ge c(l@\mman:ahs; y 5.:&*&1‘53&13;3—:(:[2@ 0) -
acci ne 18: i rew at a ] .0 ; : n o
< (oo e in APREEHeBlosR g LARER wbmopsiEis Wit i@l P el que 1o
a decr ea6:1524) [Séem ol Sactdr (SEF) andt MACSB rmkNdeexpédrdsian iscalsteddscamsal ionthe he
abi | i exi st in ells to,pr t e e..However, |L-2
I nanefnﬁ%/ gio%spghchsew%%g&r&? geetﬁe@@#ﬁ% rﬁﬁrﬁ%?r?eggg@1 ﬁkvt\ﬁh?mh@ t osis
?nd enh?rmmlalr.ﬁg/' f lgmﬁoﬁéﬁlasm(uﬁii@ gt @Cacior &SEﬁ@&F)&EY%&FHO#EBﬂ@BMEMO&m Col |

act or a M CSF expression is also decreased in the_ 15 nouse
hy s wiFeREE TOAR DB RoL COpOSY Lk PR A BH 7ol ogropeaton
i v el Ul amd diffgpentidtiog of éhyehic epidAlial delld YOetatanan o ACI002) RS Iefidal 18@131 he
devel opmeqt QLN & Y Sy L e5iihed mRNA steady-state Jevels in ageing humans and shown 2

20  significant increase it Leukemia Inhibitory Factor (LIF), Oncastatin M, TL-6 and SCF mRNA
(. ImnumoL (2000) 164: 2180).

The above studies suggest that the response to castaton is tmltifacrorial The
experiments with castration of IL7-/- mice suggest that increased preduction of TL-7 is an
important compmenl of the ceslration effect. However, an additive effect on thymic

25  celiularty was observed when recipienls were treated with both high dose 07 and
castration, which would suggest thal castration provides more thymopoietic effecls than
mereased 11.-7 levels alone.

DC are the key mediators of negative seiection in (he thymus (Jenkinson ef o, (1935)
Transplantat. 39:331; Matzinger er af, (1989) Nasure 338:74-60) and in a Lransient sctting

30  bave been implicated in inducing gralt acceptance by presenting alloantigens in the thymus
after transplantation, removing doner-specific T cells. Tomita ef al. have demonstrated that
donor-derived cclls in the thymii of MEC class I mis-matched recipienls mediate deietion of
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decreased, as is Foxul (whn) a transcription factor present to and invol ved
in the prons tion and differentiation of thymc epithelial cells (Otman
of d., (2002) bar. fnammoL 14;813). Senpowski at a(., have nonitored nmRNA
steady-state levels in ageing humans and shown a 20 significant increase in
Leukem a Inhibitory Factor (LIF), Oncostadn M IL-6 and SCP nRNA (/.1 L
(2000) 1(u4 2180). The above studi es suggest that the response to
castratio L sthited § frt t [ fhatd afso! -
ce cuggelyS FFitvh oB Pl o o (RORFY Pl LS IORT A, Shdtld ke

t he cast r ahdvon thilf domustdevieade T)C am]eautdl frtragereiiflg c traffic ttmyttimchl% ﬂ:lembxul adty
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ef fect s t lanstigenj domoe asligol dohibe vatlise pkmides uﬁﬁamegrim@cckmmmaatﬁns eDfL,
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30 have be:mtu} mai U gr@tplon: | 1NO0C IOMwQE 3 2] 210005 TRGSphYLRbe SENE2NE2T).
al | oantlgﬁﬂ he th rrus after hUnspl antati eq, renovi ng d%gor specific T

cells (N %@%Wr%ﬁﬁ“@ﬁétﬂcr@é%mﬁ@ﬂ%d’f Bl and; 4pnpfre
thyme of NveAlRSs the HySmeedl LIS ET e ES, %eﬁﬁh@i&ﬂﬂmﬁﬁeﬂﬂﬁ&sdonor
reactive rolls (Tomta et at 1 I mnal 153:1089-1098 They have
also shot® @ﬁ%ﬂqﬂwﬁﬂg@'@w%&wmp@@m@m nﬁ%vé-ﬁé‘ﬁ%‘?fy iRfORIUARioNh o
host By Mysh EfRI6 PR %g,\_‘vgmgs of bot h
host ggl | s plljll sed vri t%&%lc%‘%?aﬂgﬁstg%g onglr%htggﬁl% onoirl&glg)%l e

pepti des increases graft acceptance (Garrovillo et at 5 (1999)

Transpl ant at i oRCEAEEERO: AL et of, (2000) Ira pl antrNan 69: 221; Garrovilo et
aL, (2001) An J Transplant. 17129; O uwole at of, (1993) Transplantation

56: 1523- 158¢ ¢rumend i6Bch 8 i@dhles thaf e x SR sFlak 8 PproFinghidl gokiGRO Lt biiCr ease.
t he nunber of host and donor- derived DC in_the é‘-ﬁ s _foll ow ng aI | ogenei ¢

HSCI . That™une ceeansubion fofoninedryelnrb BRAMMIS CTnERHR.Rrd Bmd T PERISHd/ or

prolifer ahie@farddly dihBhded Dfhis dlavides dndgdpbAidt Phuifols B thdfeGRRitE ¥Hibioty® W th
hemat gm etic stemrolls and solid organ transpl antation, |[ncreases graft

acceptanceneripent WWEWP@B?%W%MH%%G?%@WEWIWW%Q sex
st eroi ds ma@vmcmfaeam%aaﬁﬁuacy@uﬁfcm afbend th%ﬁaﬁ?ih’igétingﬁibﬁﬁ} f opovwg
nyel oabl ati on and_HSCT , and B and Tpngeni an” mar kedl y enhanced

This provHSES Jleioomone !alrﬂﬂ i71 the Fars hee imperangs ingduding aodispesigigy of 15
engr ef t "epfieraRd 1P AfgeadidBERE. hShdihe CreaDtDAN «ASRRARI QR BVT @S is not

henat opoi eti c system
diminished in castrated recipienis. These results demonstrale that transieni sex steroid
20  =blation (using, e.g., LHRH analogs) are uschul as a prophylactic tierapy to enhance immupe

reconstitation.

EXAMPLE 18

SEX STEROID ADBLATION ENHANCES TCR-SPECIFIC STIMULAYION
FOLLOWING HEMATOPOIETIC STEM CELL TRANSPLANTATION

23 In order to assess the functional naturs of regeneraled T cells, patienls were analyzed
for responsiveness to TCR speciiic stimulation.

Materals and Methods:

FPatients. Test patien!s were given Zoladex (LHRH-A) 3-wecks prior to stem cell
transplantation and then monthly injections for 4-months, All patients were analysed pre-
30  (rcalment, weeldy for S-weeks afler transplantation and mon(hly up to 12 months, Ethics
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such as vacci nation agai nst tunor or mcrobial antigens or gene therapy
targeting donor HSC,, The inaease in DCin the thynmus have inportance iu

i nduci ng and sustaining tolerance to allogene' mgrafts. In addition, GvHD
I s not exacerbated and GVT activity is not d-winished in castrate

reci pients. These results denonsrate that haosienl sex steroid 20 nbl ati oa
(using. e.g., LBRH analogs) ere useful as a prophylactic therapy to enhance

A SPECH: R v s R e B P R U R el o

25 I n or ddumber Q@¥3s t he funcfonal nature of regeneratedT cells, patients
wer e anal yzed for responsiveness to TCR speci fic stinmulation. Materials

and Nethods: PRdpGRidon Fede2bhANyNBlRyal WER Bld RITIALkMTRA) S-weeks

prior to stemc tran antation a y 1ajectioos tor
4- mont hs, Wwﬂmmﬂ@ﬁ!@ﬂdmwmqﬂméab@@ treatnent, weekly for 5-weeks
after transpl ant at|on and nmonthly up to 12 m)nt hs. Eth| cs 123 approval was

obt ai ngd from Flis Eﬂiﬁ%t Eﬂ:nap BniiygBNs4d fial
Nunber 01/006). Prep ar atlon 0 &’E%%E:EFPUH yrrp ocyt es west ués;ed
forT-cell P@fﬂ@ﬁﬂaﬁm@mhﬁﬁaaﬁmm@msmw@adm@mmm above,

;5)e-rrf I(;?/x?%ﬁusi ng an% Waﬁ%f%éﬁ?@ggé D%gl% o%mﬁuigy [%on e
e i e
anti - (1) sPOMEP ARt o Sle® AR A By Bl R Yt RS el 1 on
(48- 720 hoamdylated inptiatedffd4 fitfaril6i2dcowss Phutd efbré bareaedd ookl fillet Graana@dpl at es

and 1 ncolBaPaRrBhol T-ARREA T e WER R Ry of et T

sci nti | | a(faclmrdiToalidr) BEAUNt er  (Pack' aW.oul fer, USA)- 1. LHRH-A
adm ni stratl on enhancs responsivenaa to TCR speci ficstimul et | on follow ng

15 prol i 1B ot e ARk P B8R eogFoapeteriy (i TER READS BRSO cpar o

t o cont r ofollpefngettogesdic stbrn nﬁﬂ\aﬂmlﬁﬁmﬁm‘c dHRB-2 ﬂﬁht&l mmhtb shdiu:d eharcedy
pati e au&lpﬂgh%’ a3l Xsese&ssesse& E}rﬁﬂ -thymidine incorporarion) compared to conlrol
patients al all time-poinls except € and 2 months due to low palient numbers analyzr:d at this
time; (Figs. 57A-B). In allogeneic transplanl patients treated with a LI-IRH—A,-a sigmiAcant
increase In responsiveness o ani-CD3/CD28 stimuolalion was observed at 4 and 5-months
post-transplant compared (o control patients. While control patients showed an enhanced
20 response at both 6 and 9 months post-transplant, LHRH-A treated palients showed a greater
responstveness al 12-months post-transplant At 6 and 9 months post-transplant control
pabients had similar responsiveness to pre-trestment values. However at all other ime-points,
they were considerably lower. In contrast, LHRH-A trealed palients had equivelent
reSponsiveness at all ime-points except & months compared to pre-treatment, LERI-A
25  Ireated patienls showed enhanced proliferative responses (assessed by *H-Thymidine
incerporation) compared to control patients at [, 3 and 4 months post-transplent. This
indicates a conlribution of direct peripheral T cell effects, as new CDA4* T cells ere not
evident until at least 1-2 months post-transplant (Fig. 57A-B).

1L LHIRH-A administration enhances respeosiveness o TCR specific stimulation

30  follewing auiologous stem cell transplantation. A similar response as (hat seen in allograft
recipients was also observed with aulograft recipients (Fig, 57C). Those patents weated with
a LIIRH-A demonstrating an enhanced proliferative respense to TCR stimulalion at bolh 4
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time; (Figs. 5/AB) In allogeneie transplant patient seared with a LFR2H A,
a significant iw. rease in responsiveness to anti-D3f CD2S stinul ati on was
observed at 4 and 5-nonths post-transplant conpared to control patient-
Wil e control patients showed an enhanced 20 r goose at both 6 and 9 nonths
post-transplant, LBRH A treated patient showed a greater responsiveness at
12-nont hs posttrensplanL At 6 and 9 nont hs past-transplant control

patients MQM%HJM%QM@RES‘QE%@%@&E@&W% géldtﬁast er at all

ot her tinme-points they wer e consi ower. In c RN- A
heated paf$sBpRseH@ssesed by eﬂ-&jmdmemgmﬁmgpan@d & @ntpmupm attallémce pt 6

mont hs co [S%?hélp nERIIERL RELA % 04 showe
enhanced g?%‘n at E{/eﬂ]%e%%onsesb% lls@‘-rsesse %ﬂl@gﬁfﬁg d rre ‘?ﬁ:org% |on))
conpar ed ﬂ‘éﬂf@@nhmlhcﬂaml@dtmdmﬁaxmmdpdhmt hs posLt anspl enL This

I ndicates a contribution of direct peapheral T cell effect, as new ( 4 T

cel = 8 et LR aiblchnth okl RS PRCR BERAhT 9 72

st| mul at i éilovdae fregtineni feg chumnid ogoossodfessrecel | transpl antation. A sinmilar
response as that seen in al lognft recipients was al so observed with

autograft recipl RSkl &L&]Ft @?ﬁmﬂ%ﬂ& qg;g If A
denonstrating an enﬁ{ancab%mro Iferative r sponseh%t %’%‘Qﬁhﬁ% on at both

4 124 anﬂﬂt@ﬂmﬁlﬂﬁsmpwthﬂdmupbm smﬁmm&mmammquﬂu €ids< B Havi8Ienhanced

bt ont o StV EPRARREniARAEIaET. B, ol AXRRN TR oo SRR Rl oot

val uetd vvasmpb:sleqmmm:;mnﬁgmnhgisbmms(ﬂacutdeamthMghbﬁhmmius:ol and

o Tokspeltrois PRI Masbing by PO o F A TR C QOB

suf f er er salld@endieat atalégohs dbmesil ﬁ-adm@nﬂairmjﬁgl yelah Weteginaied Qﬁmv.\/a@dymﬁcs
humunasuppr ess ne gcunent ed_serjous infection
associ at egppvm tag %%%Qﬁﬁgﬁg%m%éﬁ%ﬁ]W@é Fgmags el (e g. |
CS' nyel OMdrﬂmhﬁ;nWhteﬁmdveEﬁ%ﬂ&HEH%ﬁﬂfoﬂhwi&dﬁﬂmBﬂ%ﬂd ff fpgLenous
ga obu anmagl obul iuem e); or previous treatnment with
fl uda abi ﬁ %W%oﬂd%{’g?ﬁ i 2- CdA within 4 years; or prior allogeneic
or aut ol ogous stem cell transplant within 2 years were cuniledin the study:
Et hi cs appnvul -Ivieshabiitiai ne &éomeent EipredndrpeelCedtimit ik tifatibhqrifoRasiear ch ov

Humans (Trial nuni berol/o006) Patents were given L14El-A as foll ows and
results are prdsented up to Beladsk ajerkdistend snalkIRBme; faraeaidrtosd)i at oa

d+28: femeles-Zoladez 3,6myg adminisiered
d+50: females-Zoladex 3.6my administered
20 d+84: females and males-Zoladex 3.6mpe administerad

Analysis of TCR specific slimulation was performed using anti-CD3 and ant-CD28
cross-linking from D7 post-administration. LHRH-A treated patients showed enhanced
proliferative responses {assessed by *H-Thymidine incorperation) comparsd Lo pre-ireatment
levels in a “cyclical fashion (Fig- 63). Thal is, on the day of injection, an increase in T cell

25  proliferation was observed and this appeared to decrease slightly prior to Ihe subsequent
injection. This nlso indicates (he probability of a direct influcnce of LHRH-A on existing
peripheral T cells. This reflected the administration of the agonist with monthly depot
injections. These results indicate an influence directly on peripheral T cells. However, Lhe
enhanced response seen al 12-months post-treatment reflect changes in thymic-derived T

30 cells as well, since agonist adminisiration was ceased from 4-months for all patients,

Conclusion
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d -1 (or before): consent signed andpre-treal neutinvestigations perforned
do: Znl adec adm ni stered (nal es10.0ny, females 3.6ny) d+28:

f emal es- Zol adex 3. 6ng edm nunrrd d+56: fenal es-Zol adex 3. 6ng adni ni stered
20 d+84: femal es and mal es- Zol adex 3. 6ng adm ni stered Analysis of TCR
specific stinulation was performed using anti-M and surd CD28
crass-dinldng form D7 post -adudnistrahon. U -A treated patents showed

enhanced prol gfngé &t in¥Rad=8 %Pﬂ Ehg%/l’ oa)
conpared to retreatrren?g §£?/els In v l(Ec I cal” fnblovg%ess BL IS
on the days BP3 peiiansplanlation, uunwcbvaswdpmﬁﬂn&}etdpr@@uptﬂMT ﬁté]samu@mewas
observed e sI 0 th bsequent

i njecti on%h%?%ﬁwgﬁ ﬁtﬂ?t Efch Iq“‘?é%%epﬁ%urﬂheqwﬂ Lignce of
L11RH A oﬁﬂ@‘i@ﬂé‘!}iﬂﬂg—gﬂmﬁb’ﬂeﬂms Enlgehﬂmadﬁf&ﬂhﬁﬂﬁequﬁﬂphdm&n&&momlsdeﬂat i on

?Lfltzgngg(a%lrec y on g‘ﬁ“‘é Euﬁ%&%ﬁmﬁ@v& seresult ?@g%qi'é“gonse

seen at 1Iq¢ﬂmdmrad)ﬁeintum‘gﬂeuitfdtﬁ§rd:mt changes in thym c- dedved T 30 cells
as well, scare egom st admast ation waz ceased form 1-nonths for all

patents, Conclusion 125 Since mi r.esponsi veness to
1CR-specificatinmal eti mwas observe as D35post-tmsPl ant ati on,
this is due predom nantly to preexisting T cells. since newy dedvedT

cells only | uﬁwﬂwwmwwmmence of

new y- deri ve%#im %ﬂhﬂ hi S
ti me-point, s

Te M inction is
due to an mprovemant in the pre-exisiting T cells and not T cells derived
from the regerfarmrded ta dryess the fEpcinml Batbe: SEEc0ARRI\GEI pATEINy ENINANEES

M TOGENI Cfé}gsgé,&ﬁ %c TOPO ETI C STEM CELL TRANSPLANTATI ON 10
In order to a ses-gll't %ovasﬁ%nﬁﬁ% of regenerdNATcel I's, patents were
anal yzed for respon5| veness to mtogenic stinulation. Me ials and Methods.
Patients. PatieRegahamiMpgeds.enrolled in Cinical Trial protocol No. 01/006
as above. Primto stem cell transplant, Patients were given LHRH A

(3-veeks pri orDatieRe! ipafcss Wb i5kisd enrbBod 1R CIERSPTE plddSoBNBMa M0 RLSowsed as

cont rol plglt, i ents,
ricr lo stem cell transplant, patients were given LHRH-A (3-weeks prior), Patients who did

15  nolreceive the agonist were used as contml patients,

Preparation of PBMC, Purified lymphocytes were used for T-cell stimulation
assays and TREC analysis and were prepared as ghave.

Mitogen Stimulatlon Assay. Analysis of milogenic Tesponsiveness :was performed
using pokeweed mitegen (PWM) and telanns loxoid (TT) frem [-12 monfhs post-transplant,
20 For mitogen stimulation, PBMC were plated out in 96-well round-bottom plates ak a
concentration of 1 x 10°/well in 100 yl of RPMI-FCS. Cells were incubated at 37°C, 5% COy,
with TT (2LFAU/ml) or PWM (10 ug/mb) . Following plague formation (48-72 hours), 1 uCi
of *H-thymidine was added to each well and plates incubated for a further 16-24 hours.
Plates were harvested onto filter mals and incorporation of *H-thymidine was determined
25  using liquid seintillation on a f-counter (Packard-Coulter, USA).

I LHRH-A administration enhances responsiveness Lo milogenic stimulation
following allogeneic stem cell transplantation.

Analysis of milogen responsiveness showed Lhet allogeneic patients undergoing
LHRH-A treatment had an Increased responsivencss to PWM at all {ime-points post-
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Preparauan of PBMC. Purified | ynphocytes were used for TCel stinulation
assays and TREC anal ysis and were prepared as above. Mtogen

St unul at | onAssay. Anal ysis of mtogenic responsiveness was perfornmed
usi ngpokeweed m togcn (PWW) and tetanus toxoid (TI) fromt-12nonfhs
post-transplant 20 For mtogen stimulation, PBMC were plated out in
96-wel | round-bottom plates at a conceatntimoftx]0' /wellin 100 pl of

RPM - PCS. ' 3¢ 9 with TT (2 ), or 1'"WM (10
ug/ ). Follow ﬁgg% aqu%%&%a@%%ﬂéhmowg F“%Whgﬁﬁgﬂ'M% was
added to etepncoldiansplandatioh ah@sed ancubaicedirckmnsiaédeddts PRV fabisos at alfiad-es
wer e harv opto filter mats and i~norpontioof' H-drym di ne was det em ned
25 using ﬁﬁqﬂﬁﬁds @ﬁ%ﬂﬁﬁ%%ﬁ@“ﬁ@tounter (Packard- Coul ter, USA). 1.
LHRH A adudwstr ef on enhances responsiveness to nritogenic stinulation

fol | owi ng al | o§emir cessliewere eviledt Dalftvang atalyoR of ABRInySioSID{Figi J88Y I HRH-

respongi v d, that allogenei c patients undergoing LHRH A treanrent
ad ani ek SSE BN ol QU Sasg R lmerho e ShEEpRYA e SongoLPatoR6 ¢ 1o

pl ant comeareptaiti@ novtsipokis{Bkdant30) , Thatis, patients treated with LIRE-A
priorto stemcell transplantation showed an enhanced responsiveness to PW

stinulati at l,i . I nts studied conpared to_control patients.
S ae BB LREE A B RS it TSRO eSS (g PHeEMLBimElaton i g
Comh: LERFG“ ; nm?hgmqemfs except a 12%&#?5 ogﬁéﬂ%(an.léjﬁipgit%?%gwa
conpar e contro J X - , U

P F- A ot P Sl dftio flioed o0 Fulperibrronutsren o PROSEORBLSR e at | on

f ol | o#® agaujomitpeftiite-péinEsneiet R RS patRO@M 601 ALY B,

LHRH- Apr i S%mt;% f,?%em I]c]ell transplantation showed an enhanced responsi veness
to PWM st ¥ ormge fﬁ%‘tﬁnﬁﬂfa&@%,u@?ﬁﬂmmmnpared to
control paispeiaivendsBo pib-reiLment BRI Whild o Gel paBSHy wer@ﬁﬁﬁ@én%m}ﬁ ) reduced.

port-transplantati on, LURE-A heal ed patient's had restore responsi veness
to p~peat neot vels.while central patients were still considerably redu A
Al so, simlar D%ﬁﬁ?ﬁﬁ@ﬁﬂ“&%éﬁ@ﬁﬁl WPERL patiesly alsp shoyeadisant s
al so showareas:d réspoiseas Tl wies pives EHRELA pHoe R thhaent badthAr=R2a %0 t reat nent
Patiefgs L%g%zg with 15 LHRI-A prior to stemcell transplev[edon showed an
enhance r siPERRO St nsplaiatag sheyshrncpnhaneed wsgoasiveyessio TT me- poi nt s
studi ed caimpabtiRe at the Rt ﬂt?hfﬂﬂ&-bﬁiﬂﬁs%b.{di:ddgmm%%@tué)ﬂmlé;%ﬁgmmg._ 59B). B

|

post-Crrspbal_nmtih‘Q LHRH A treated patients had restored responsiveness to
pre- 2-mon st-Eansplantation, -A treated patients had restored responsiveness to pre-

treatment levels while control patients were still considerably ceduced.

Since an increased responsiveness to mitogenic stimuloton was observed as early as
20 D35 post-transplantetion, this is due predominantly (o pre-existing T cells since newly-
derived T cells are only fust beginning to exil the thymus al this stage. The influence of
newly-derived thymic-generated T cells is observed only after this time-point.

EXAMPLE 20

SEX STEROID ABLATION ENHANCES RATE OF ENGRAFTMENT IN

25 HEMATOPOIETTIC STEEM CELL TRANSPLANT PATIENTS
Materials and Methods:

Malerials and methods used for these experiments are described above, Additional

maferials and methods ars as follows:
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treatnment |evels while control patients were still considerably reduced.
Since an increased responsiveness to mngenic stinulotion was observed as
early as 20 D35 posYtnvsplantrton, this is due predomnantly to
pre-existing T cells since newly- derived Tcells are onlyjust beginning to
exit the thynus at this stage The influence of new y-derived

thym o-generafed T cells is observed only after this time-point EXAMPLE 20

SEX STERO D ABhAdg e@ic@HNNﬂ‘Eg%uBﬁﬂiﬁn Wﬂﬁﬁh&wﬁ %ﬂ C STEM
CELL TRANSP 3*\% PATI ENTS Materi al sg;(nd Mul i ods Materials and 'nmet hods used

for dose réRs okl gragulesiie arnearaphil mMmtoﬁmmgHmFerTm“@kmm hods
are as f old WYET, phadnd WL URAEI &i Wtﬁo R&&%’hto?mﬁ;&%{hfﬁhmﬁ&v!e H' -

near ed)’ Were anal yzed for tota tota granul ocyt e orreurrop

ounbera f B Wwﬁﬂmﬁeﬁm@@lmdmﬂ{ﬁ‘&mc&@ﬂtﬁ gremuigyteGlend heat ed with
LI MB-A Palig on| wer e ed as
control pati enpﬁﬁ %&ﬁf&nﬁfﬂgu I oocj‘y%:’l:frﬁl E?l ﬁwtgguﬂérrag?\l%ﬂ Q‘ts'%m’{' and 5
Peut r OIOhI gﬂ;ggm?emrlupﬂ wos adal:.t;atleﬂﬁm esmmmérgmmn mm} tm:ﬂaedt&;usmp@m

ranspl an Ry I H e} % @% ‘F ere ei 'i‘l nga
Cel | - Dyn torrafgaeﬁchee"{ SH “Pﬁﬁ'g% ift s done
I nddUDl I Céblved ceflgj l;rmghnb M;EEJ[ mﬁhgrdmm“% eoﬁummsaﬂol umng&al nstplr;md?ﬁﬂ}dnsoﬂ ynphocyt es
and grunu % unber 0 ?"e#r% ant. Analysis of engrarnsent was
pedbred f1 B@%P‘TS%’ W?Q L Anmal ogoas Stem Cel |
Transpl ant patients undergoi ng LEHt R—A treat ment prior to transplant

enhanlde rate dReseligraftnent Total white blood cell (WHC) nounts and
granul ocyte (G counts per Id of blood were determ néd at days 14, 28, and

35 post {rans Elids ut ol o tients who were
gi ven LHM -A I@Lt rgat metglgi ﬁoweﬂipa ef"ts(!ﬁ’ﬁf "%ﬁgﬁﬁﬁom C ea
D14 post -lprtmtgplaahenlmnpmtenf lmgraﬂ:lumt drm@.mtgalmﬂseammm’o@ﬁ)s, a.nw th 87%
show ng | eI 1 0 m 45% of
control s ps %&}gt fd rfféﬁpm iﬁ@%ﬁ%"gg"%aﬁ @ 8 Stwer e gi ven
LHRH A hdwnsplamit ﬁalshmindhgdﬁtm-ﬁ ek dlegonk pytichtsofier wart gives TERIRAY opl | s at
D10- Bl anrcorrP e ntrols (.E dat ai a expressed as
reant’sBENTARITD Y  gieodicr s HgE pihes s Wl DI poniuh B
si gni f i cawnlrolaFig, GQBJJ So-ALS), eniths8 AR ehowing grenulocyte engrafiment (=500 cells/l

blood) compared 1o 45% of controls (p=0.05}) at this time poinl. Autologous patients who

were given LHRH-A treatment also showed a significantly higher mumber of nentrophils et

DD10-12 post-transplant compared to controls (Fig, 60C; data is expressed as roeant[SEM of

23 B-20 patlenls. *=p=0.05). In addition, although not significant, autologous patieats kad

higher lymphocyte counts throughout the Hme-points anatyzed in LHRH-A treated compared

to control group {Fig. 60D). This indicates that LHRH-A therapy significantly increeses

lymphocyte [evels following stem cell transplantation.

II.  Allogeneic Stem Cell Transplant patients undergoing LHRH-A treatmenl prior
25 to transplant enhance rate of engraftment. As shown in Figs. 61A, C and I, allogapeic
patients who were given LHRH-A treatment showed a signiffcantly higher number of WBC
at D14 post-transplant compared to controls (Figs. 61A) (p<0,05) wilh 64% showing
granulocyle engraftment (2500 cells/ul blood) compared bo 44% of conirols at this time point
In addition, allogeneic paticots who were given LIIRH-A treatment showed a significanlly
30 higher number of neutrophils at D9, 12 and 19 post-transplantation compared to controls
(Fig. 61C; dala is expresscd as mean+1SEM of 8-20 patients, *= p=<0,05). Additionally,
analysis of patients undergoing peripheral blood stem eell transplantation demonstrated a
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r hi gher Iyrrphocyte counts throughout the tinme-points analyzed in LffitHA
treated conpared to control group (Pig, 60D). This indicates that LHRH A
therapy significantly increases |ynphocyte |levels follow ng than cell
transplantation. H Al logenelc Stein Cell Transplant patients undergoing
LHNH- A treatnment prior 25 to transplant enhance rate of engraftnent. As
shown in Figs. 61A C and D al t ogeoei c patents who were given LBB2H A

treat ment ss;@mt%qtac%m :?5@114{] g@@{a %EQ%R% ok i
-transpl antconpared to con Eﬁtg ng (pétb Wt %/ghg\?\?% ee
gr anul ocytfEnfgd#Pn(pE0 %ﬂ(ﬂﬂﬁélﬂumllﬂ bllltbb%l?l pestpansphiataton)Figf 68nt rol s at
this time point in additior, allogeneic patients who were given LHRH-A

treat nent showggpéeh %ﬁ% f ﬁj;&%qg Do, 12
and 19 post t raospl E%Dg%&%%n%gﬁﬂgg% co OPB%‘Z%SIQ#E " at expr essed
as neanl SHVB&and epouipgyte emobers ﬂiﬂﬂ%&ayansplduwtasobmﬂm;l with FRIY<) geapibat i ent s

i gni  Poanpig Rt AREpHRTERS oo df BRF SR P ERPARRRRER RS Bl o1

to al | ogerier e oraghpatiznt médbuiity i nBitipania ¢e3O nkOrophileml Blodd} ipdisdtivetof
t ranspl ant; 1D) Iln both the all | ¢, and.auf ol ogous
transpl ant %m&wg Ié{agaﬁt £ 8 21 é"&’é’&ﬂftﬁgmﬁ“‘y}% %E@f"@ number s

at D14 parlkmnmlamnam@bﬁ&rmeﬂmﬂm Ik dtEBpaAichis U BihétdionoolfRed dieidids
conpared W.cuntol s(Ei and 61 This_enhancedm e of engnfinentis
coubar 't SPRPRE R el h%‘%’:lﬁ’rbqrtt?/ B g AP 4 (Bglease of

neul rdphl InswrMcdms@s)ﬁI)esMﬂﬁhmmﬂgﬁﬂcﬁfgmeHﬁ%ﬁ“ st infection rates. As such, an
early renmvery of WBC and grnul ocyl e nunbers denonstrates a better survival
rate for LERH A treated patients. I Bl ti of sex steroids enhances
engnftmen[ and reconstitutionprior m c regeneration or the
rel ease of 10 new Tcells as areaW of |lull thym c regeneration. EXAMPLE 21
SEX STERO SEXSTAMON ARCRIIORS EE&EEBRCERFEWWEIESMW ONE
WEEK These studi es were conduct n if sex steroid ablation was
capabl e of 15 enhancingprolife as early as 3 to 7 days
follow ng castration prophet. Materials and Met hods: Ei ght week-old m ce
wer e cast rat ed Thess strdidsywerd chnductedtio Gegimiveiif GD2 8exid phlktiinevas Fapbledpf
pr obb RV RO a (Ergs. 62E.
D, ang5 stait‘Jnj sur%g%q eri %%Er%gﬁiﬁééﬁ%ﬁtﬁg%‘?ﬂﬂgtﬁ % a and
I ngui naI) | ymph node (Figs. 62A

Matefals and nd.s:

Eight week-01d mice were casirated and analyzed for anti-CD3/anti-CD28 stimvlated

T cell proliferative response 3 days (Figs. 62A, C, and E) and 7 days (Figs. 628, D, and F)
after surgery. Peripheral (cervical, axillary, brachizl and inguinal) [ymph node (Figs. 62A

20  aod B), mesenteric lymph node (Figs. 62C and D), and spleen cells (Figs. 628 and F) were
stimniated with varying concentrations of anti-CD3 and co-stimulated with anti-CD28 at a
constant concentration of 10 pg/ml for 48 hours. Cells were then pulsed with tritialed
thymidine for I8 hours and proliferetion was measured as *H-T incorporalion. Contrel mice
were sham-castrated, n=4, *p<0.05 {noa-parametric, unpaired, Mann-Whilney slatistical lesL).

25 Besults:

Sex sterold ablaled mice show enhanced CD28/CD3-stimulated T cell proliferation at
3 days (Figs. 62A,C, and B) and 7 days (Figs. 62 B,D, cud ) postcastration. T eells isolated
from the peripheral LN showed a significant increase in proliferative responses at 3 days {10
lg/ml anti CT)-3) and 7 days (2.5 pg/m! and 1.25 pg/ml anti-CD3) post-casiration.
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20 and B), nmeuntric |ynph node (Figs. 62C and D), and spleen cells (Figs.
62R and F) were stinmulated with varying concenhatlons of anti-CD3 and
co-stimMlsd with nLL-CD2g at a constant concentration of 10 pg/m for48
hour. Cells were then pulsed with triialed thym dine for 18 hours and
proliferation was neasured as 311-T ineo[poralloa Control mce were

sham castrated, nom *pN. 06 (ran-paranetric. unpahed, I\/ann WWney
statistical le | FatedIon £d
CD28/ CD3- st i rruJlﬁig‘%ﬂémélﬂ@§ -ftga 6%%1 I fer aﬁeﬁ%&%@m@i@)ﬁéu?&e and H) and 7
days (Fi gSRlessFips[§2Fmd Fﬁalg@shuwcdstsmﬂcmpmmeﬁn @ﬂr@mmdatﬁﬂr om t he

peri phera ‘“’“?‘l‘]ﬁﬂm roliferative responses at 3
days (10 lPpg ant C%f@) mﬁﬂﬂf%ggaﬁf%gnd 125 pg/m anti - CD3)

post- islration. 129 Addltlonally T cells isolated finmthe nesenteric

| ynph nodes (Fﬁggﬂﬂm@-%dmywt&w&mmaewu(mwg%w%ﬁﬁg@m@mmwbmmd

asi gni §ce oach 1. astrered
m ce a% 3 ylgﬁ%glg&%eéa@?&g on. ear ‘ysetgs 5@%@?‘%@% 248 g’ﬁggn (poor to
new T cel tmssiigking. Thepeflemrinditae ﬂ:hlw&msl):mld dblMiondias dirabeffartsronabe i n

(r:(razggnis: xﬁmﬁﬁg&aﬁﬁesecﬂ%bghﬁr%dﬁ &@Gﬁtﬁ}ﬁr}g%andﬁl&%’agdi gﬁzﬁas di rect

effects on the functionality of the peripheral Tcell pool. prior to
Wi cr eact i vat TeodetdFounethe exienief tine: efftotanf ITHRIHA m:pmpﬁtrﬂdf ecllsfin ks A on

peri pher | dps S s are ted trol
patientT P@ Jardééﬁ% d'gaéétﬁ'gv ar?gﬁs‘fl'dédgg‘? lﬁ?ubﬂ%g tﬁ “&"ér e
anal y¥ed Mﬁwmwmwmt Rarging Bihe ﬂaﬁnaampm)anﬂmfmmmeemt aff

prolifer aaI sanpl es. Thi s aJIo t he
determaérgﬁ% iﬁaﬁput B’E‘rﬁ?ﬂ@ﬁ%{’ “’Hﬁ% %ﬁ gsl s by
causi ng tﬂhtﬁer&hﬂLHﬂH]-@ﬂ;tsdﬁeﬁMg&-nﬂMﬁngd'densbil&uﬁﬁglﬂﬂ:rmﬂ.&hu@ééxhvﬁﬁ 22 15
SEX STEHOLD ABLAT| ON ENHANCES HAEMOPO FSLS FOLLOW NG CONGENI CHSCT L
Castrat i of  EHRANCEE ™R B ffrent in Bre BM thynus, and spleen fol | owi ng
HSCL M ce were castrated 1 day before magenic HSCT. 5 x 106Ly5. 1+BM cel | s
were injected imvenously into | NEEAMEBEERAO tads) CS7BL6 mice. The BM
spl o and thymus 20 were anal yzed byflow cytonetry at various time points

(2-6 yeeks) posks ’ Féﬁﬁomﬁv\eeks

after castrat 0

CUN GENIC HSCT

I Castration enhances engrafiment in the BV, thymaus, and spleen Following
HSCT. Mice were cestrated 1 day before congenic HSCT. 5 & 10° Ly3.11 BM cells were
injected intravenously into irradialed (800 rads) C57/BLG mice. The BM, spleen and thymus

20 were analyzed by flow cyiomelry at various time points {2-6 weeks) post-trensplant (Fig. 35).
As shown in Fig, 35B, two weeks after castration end HSCT, [here are significanly more
cells in the BM of castrated mice as compared to sham-casirated controls, Similarly, as
shown in Fig. 35C, there is a significant increase in thymic cell number 2, 4 and 6 weeks
post-fransplant as compared 1o sham castrated controls. As shows in Fig. 35C, in the

25  periphery, splenic cell numbers are also significantly higher than controls 4 and 6 weeks post-
transplant in Lhe castrated recipients,

IL. Castration enbances engrafiment of HSC ixr the BM following congenlc HSCT.

Mice were castrated 1 day before congentc HSC', 5x 10° Ly5.1% BM cells were injected
mtravenously into irradiated (300 rads) C57/BL6 mice. The BM was analyzed for lin-c-
30  kit+sca-1+ HSC by flow cytomeiry al two weeks post-transplant (Fig, 36). Two weeks after
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calla in I heHM of earneted m ce as conpared m sham-. strat edcondol s,
Simlarly, as shown inFig 35C, there in a sigvifiant increase in | hynlc
cell nunmber2, 4 and 6weeks port-transplant as conpared to sham castrated
controls. As shownnFrg. 35C. in the 25 periphery, splenic well nunbers are
al so significantly higher than controls 4 and 6 weeks post- tansplant in W
castrated recipients. H Castration enhances engraftnent of MC in the BM

fol | owi ng BN B8RpGNEEG mdd%muweﬁﬁéﬁgﬁ]ﬁkﬁmjﬂ ADRT QL Bv GGt greHSCl

Sr 106 Ly5.1+BMcells were injected i1ntFaveeously into irradiated (800

reds) C57EM offagisatedrpice Brmpered borrhhm zediratedrconireles. 30 kit +sca- | + HSCby flow
cymmeby at two weeks post-transplant (Fig. 36). Two weeks after 130 BMI

transpl antiat i opadpgi | H%P@&ﬁﬂ SSEP 1AL R ‘EE'%{::M' d HSCS
in the BM of castra@ﬁhﬁ%gc npar eEI to st@m ca@@%@ggcoﬁ r ol s.(\fli)d
Castr at i oz8aiahails). Mige aBrnabtradd HES beford BenpBit FECTOWLHRI0 CoysgerBeL HSCT

(25x 1Qcels). Mre re castrated.l dnypbefore ravgevic, | 1S

25x )06 fys ﬁgﬁe gjﬁ%’%ﬁ?@ﬂbg‘éﬂ%ﬁ%ﬁbﬁﬁg %@éﬁ ?B‘Fgg@gl (800
roas JinlglEt+E0a- VR E1S A dREY de: = L T1how
cytonetry %1%(##:%\/\3 ks, post-transpl ant {y%g 3%A— B) .S_E%Fi . 37A depicts
p;arcent oi T &}g' FHa PRE R ob pRmmen mm@mﬁﬁ number
of comon dkpiepte indmBEETehBRIoR ]«H!ﬁﬁm%a@\ﬁ

transpl ant a%{i on é_llnd castrati orllj":%rle_ s a si_gnﬂiA?iﬁcént I‘{/ﬁi ncr eaéﬂehé[Tpr opntiou
of donor - fa¥spira@tion pndgastsalion Lherris Bigpificently inenvased propedsiop af defior-denitedn

castr ahedpyeeQtd @k BM a%igaﬁ&{ P@%{ §ﬁggr tk% RSC in the BM
fol | owi ng congeni c M¥/ch 5 X %&%}eﬁﬁl S .'% X (?ght y %i%'cells were inj ected
intravenously ipto irradiated (800 rads)C57113LG nmice. The EM was anal yzd

for |ine- kYt +sréasfratippentiances epgrafpnewolHI in eqneeRig ] nt
(Fig. 37C 6F| O =ToY ercent .of conmon | hid 15 P, rsomin
Ve BM Pi g@g}‘b‘%%ﬁi 3 RIOGER F Bape W3t e g "ﬁ'%“r%‘ﬁgﬂ’@%'ﬁéfﬁt%{ BM Two
weeks of edBNIEHBlahwitenThé Bbhwasnthabaed fod tinichSnecd b HSSibgmidwasitomenyal eased
proportiop. of norderjved. kE ' BM of easnat ed m._re conpared. W sham
castr at ed&'uc%?\er Sst'%%vpyaﬁgélg% #6@ ﬁﬁ%%@égpw Hemtocgf’m@ﬁ’@%ﬁ/\/ of
donor #2r i pechcRE: intht BRL tHiy BT depidts the haifbaror Wﬂl}@gﬁ&@ﬁtﬂﬁﬁhﬁiﬂ el +BM
cells wer M_ 'ect%i travenously into, irradi ated_ (8Q0 rods),6 C51BL6 m ce.
Thyrocyt oBM by ﬂf}@f FnaRiEsron ed Faptrtion e i RUOGHEY incrssssd avt |
Donor der i pegortibeofvkiner-Gefvied €153 3n GRBM biédalrar-€ mldeofilp@e8 tdtham castrated

controls.

Y. Castration enhanges {le rnie of engrul‘tmeul’: of donor-derived DC in the ¢hymus
20  following congenle HSCT. 5x 1o’ Lys.1t .BM cells were injected inlravenously into

rrediated (800 1ads) C57/BL6 mice. Thymocytes were analyzed by flow cylomelry at two

weels post-transplant, Donor-derived DX were defined as CD45.1T7CD11ctMHC class I

CD11b " " Donor-derived CD11b+ and CD11b~ DC are significantly increased in the thymii
of caslrated mice corapared to sham-castrated controls 2 weeks afler BMT (Fg. 38).

25 VL Castration enhances the rate of engrafiinent of donor-derived B cells in the

. . & . . . .
spleen following congenic HSCT. 5x [0 Ly5.1+ BM cells wers injecied intravenously inte
Irradialed (800 rads) C57/BL6 mice. Splenocytes were analyzed by flow cytometiry at two

weeks post-transplant. There are significantly more B220% B cells in the spleens of castraied
mice, a5 compared the sham-casiraled controls, 2 weeks afier congenics BMT (Fig. 39).

30 EXAMPLE 23
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CD11b+ g Donorderived CDllb+and CD | b-DC are 5|gn|50antly|nereased in the
thyme of castrated m ce conpared to shantastrated controls 2 weeks afar-
AT (Cg. 38). 25 VI. Castration enhances the rate of engraftnent of
donor-derived B cells in the spleen follow ng congenic LISCT. 5 x
cOLy5. 1 +BMcel Is were i jetted intravenously into i1imed aced (800 ntls)
CSTBL6m ce- Spl enocyos were anal yzed by flow cytonetry at two weeks

post - transmmnlﬁmmmm ORIz LY PRPEEPRS SrR (G I TEsTos HEROAIEEENS Of

castntd cé, as conpare ongetrs
BM (Fig.39) 30 EXAIVPLE 23 131 LHRH A TREATMENT EEPECTI YELY DEPLETES SERUM
TESTOSTERONE XAYEE dMsthgdsbt hods Det ection of sex steroidlevels in

patient seta was pardoned using a 1l -Testosterone radi oi nmunoassay (RIA).

Prior to the apgationdttexsRaEe Mviis i fliRhERrANES (RADA@ ZingR STt QbdRbne 5 10
roomtenperature. Control tubes had either buffer alone- nonspecific

bi ndi ng (Né%}mﬁﬂww)nfu@é@t%mmlé@gwawlw CPRiFgle e happteht

st andag ds{sQudf té]gﬁcggu][{e t ube,
foll owed by sex binding grﬁ%%ﬁl In i %{{h [ tor“?&%gl %ﬁ-sﬁ i iﬁﬂﬂﬁ%gﬂ}h spegcl?fl o
bi ndi ng oft @ egimh¢ptesiprgpestanlanddBpb Auffeoalons, mem&hﬂa@'mbmmMnm added

Lubge) . THES PRSPl MR st ERloUER9 A5 3155 ours%@%ﬁ{’ P Bare, 2

secondar ylimitmpivephyificdindiniefdhe mdiodkbeldd thasstobice [TheT Bleviositrexe sranaitied

i ncubat e S t ubes ent f 15 rai ns,
svpenmet mdwrcgér?o@hé%@%%g? Pigupéﬂgct?sptﬁt%?%“ R E% %gg‘%ﬁj%%r %But o- bet e
count B} . were fhandedubateq ah 3786 fdrt2honsst Folywingdes| aa&dmas.tgfanﬁld:aﬂyﬁhraslaﬂﬁ‘/aﬂ to

gﬁ(gvnégr uctﬁﬁap%%%the‘_@ryl a foléb%*% ortFJ) dIB[;Pgs erone &Eﬁ%

s ernge ojfdQf.onfonis e, hpﬁrnhlamdbﬁgvm& tﬂzﬁprﬁﬁpﬁﬁyﬁhﬁ@& uﬁmmﬁmmﬁ

st andard |, blindi The | veI of testosferone jn each test sanple
was det er%ﬁyggﬁaf?“&rtﬁr ﬁgpl}é/%fgglr dtsa %"ﬂﬁd— regdeRsisckeddon | n

prostate m&@mrmﬁmﬁﬁlﬁmﬂmﬂmﬁmmﬁm&mm.l evel s of 25

serani cstostemme. In order to determ ne the efficacy of LBRH A heauoent,

Seruns %B/Bg = Sample-NSB
Be—NSB

Sample = average cpm of particular test sample
NSB = average cpm of non-specific binding tube

20 By = averape cpm of O ng/ml standard (total binding tube)

The level of testoslerone in each test sample was delermined from the standard curve.
Results:

LHRH-A administration 1o prosiate cancer patients resulis in casiraie levels of
25  sernm iestoslerone. In order lo delermine the efficacy of LHRH-A ireatmnent, serum
testoslerone levels were analyzed for all patients before ireatmenl and at 4 months of
trealment with LEHRH-A. Analysis was perfonmed using a radioimounoassay (RIA) with
15T Testosterone. The concentralion of serum testosterone was within e range of 1-3 ng/ml
lestosterone {mean = 2.3 ng/ml) prior to hormonal treatment (Fig, 46A). At 4-months of
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testosterone |l evels were anal yzed for of patients before treatnment and at 4
nmerge; of treatnment with LHRH A Anal ysis was perfornmed using

ar adi oi munoassay (MA) with r'sl-Testosterone. The concentration of senen
testosterone was within the range of 1-3 ng/m testosterone (nmean= 2.3
ng/m prior to hornonal treatnent (Fig, 46A). At 4-nonths of 132 treatnent,
patients had essentially no detectable senen tesnrtetone indicating

ot aff ectthe g arpthe PR o8 e A G CeroerfE BRI (0000

Fol | owi ng alrogaftmivd soxf steroidaeleesst Wit h LHRH- A, no changes in the 5 proportion
of any |ynphocyte subset was observed corrpared to pre-heanenr val ues. These
val ues are all |

C o : |
anal yzed by FA 66? a%}?fg%at 1ons m& Qﬂ%ﬁ%ﬁ%‘ﬁﬁgﬂnﬁl ?(J%&%%;&%swmﬂle
myel oi dde wnittlrtlm‘ﬂlﬂmﬂ erﬂmegges')uthmm&atmehmiﬂklhﬁﬁéH%nnmwhapmﬁmm& of any

cell sybs served,follo RA edm' ni fml Fur her re t he
proportio s 0 etl'ﬂ "Wﬁﬁ?& g\'ﬂ%g@fg ﬁﬁmﬂﬂ *his 10
age gr oup v@Eegare MOwithidamehalatngh am%bleﬁmmmic,mw% 29 THYM C

REACTNATI QN FOLLOW NG, TRANSI ENT ,ABLATI ON OF  SEX STERO DS wi ERELI N
ACETATE (%L ﬂﬁﬁﬁ“r"ﬂiﬁﬁﬁe‘”uﬁeﬁﬁ@i% d@é"%ﬂ!ﬁﬁ% STEM
CELL 15 meﬁﬂap@ﬁmlunaﬂy ACY ob e o umﬁhbﬁmgmmmmwn i's

admi ni st e{Fﬁ% rior to anol ogous. or _allogenc peripheral blood stem cell

transpl an oppligergpo obitlt rrEEhoRybefwere withinnaraalaeegs 1qrdlit i on as

nmeasunad bga;grﬂui¥m1 5. ®4BFIBNSet PAL, 11608, SXelaf, Ip@3f ol | owed for six nonths
post-tmasplam Twenty (10 all ograPS ‘and 1 0 aut ognfts) petlevts wilibe

catered onto the 20 study. This exwtlgat es the effeer of
i nhibiting sex steroid production | of LFRCE, using agonists
thereof to desensitize the pituitary and hence prevent release of LH and

FSH. I n nmmthi mmmAmmmmmg TENTABIATTON OFSSBRd
estrogen whi l t,hyn We groups
exam nedin th @-\\ﬁg iaio ' G t her apy
MDT) and PBS(7P. mmermmwmmmmnﬂtmﬁmwsmm hetic

decap _gt i de anal ogue of LHRH. e v é 'y, goserelin acetate wll
rel ea LH fromthe pituitary g fol |l owi ng chronic

adm ni stration, gosereha acetate is apotent inhibitor of gonadotropln
In this example, goserelin acetate {Zoladex®) is administered prior to auiologous or

allogeneic peripheral blocd stem cell anspiantation (PBSCT). The primary endpoint is
thymic re-activation s measured by fz vitre assays, Patients will be followed for six months
post-transplant Twenty (10 allografts and 10 autografts) patients wili be enbeced into the

20  study. This example investigates the effect of inhibiting sex steroid production at the level of
LHRH, using agonisls thereof Lo desensitize the pituitary end hence prevent release of LH
and FSH. In turn this causes a block in the gonadal production of androgens and estrogen

which removes the inhibitory effects on thymic funchion. The groups examined in thig trial
are palienis undergoing high-dose chemoradiotherapy (HI¥T) apd PBSCT,

25 Goserelin acelale (Zoladex®) is o potent synthelic decapeptide analogue of LHRH.
When given acuiely, goserelin acetate will release LH From Lhe pitoitary gland. However,
following chrontc administration, goserelin acelate is 2 potent inhibitor of gonadotrophin
produchon resulling in gonadal suppression and, consequenily, sex organ regression. In
anirnals and humans, following an inilial stimulation of pituitary, LH secretion and a transient

30 elevation in semm Lestosterone, chironic administration results in tnhibition of gonadotrophin
secretion. The result is a sustained suppression of pituitary LH occuring within

approximately three weeks of initiation of therapy and areduction in serum testosternne
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production resulting in gonadal suppression and, consequently, sex organ
regression. In summers; and humans, following an initial stinmulation of
pituitary, LH secretion and a transient 30 elevation in serum| estostnove,
chronic admm stolion results ininhibition ofgouadotrophiu secretion The
result is a sustained suppression of pituitary LH occurring within

approxi mately thine weeks of initiation of therapy and a reduction in serum

t est ost er @&RlsiB thale ieh Sanfr ASIRAy b du SPAELLYRAEFTRL MerS T8 SRR issaieAld (Men
casaeted nmen. This suppréssionis area naintained as |ong as therapy is

conanuoi P¥aRed asdprg setherapy ispenfigned. aged 18 yrs. or ol der that are due to
undergo hi gh-dose therapy (1 wth PBSCf for malignant di sease or BM

failure. The 1@ai@nAlhrd fRledhEemald, S8rd, OP 6L thiBRe @lel th Bndeidif M Hdsel S

di sfwsed jn acyhindtical red of Dbiodegradabl e and )

bi oconpahBeEE] Fsh PP plfor sakmapkiagsecs BN feibsre (Tie 4.8 mgimplasbk s

f ol | owisNg forptdtidh L heehi Bﬁ%"}s 'Y ! t -a@@qﬂmr
di sper sed ?n a cyl g%g%g?}éﬂgjégo Ihjng':JﬂEbllg-o gr&gélggi:% an %&@J&%a | bl eﬂ'luﬁi

pol ygl act b¥pcampitible palyglastiad aebis rélenseleoinfnupusly oxer Payerks fallowingi ng
subcunoeoygyd Bh&fk iRk ' i al | | {-el ose,
f0 designed appli Is:z'i@%'rmg\jhtﬁhé%@%@%ﬁ%@ﬁ%ﬁﬁ%&%ﬁ?ﬂﬁﬂ 0 se@ﬁgfgroi ds

i n the bl Gidegradablevinddiocamipakiie pelyglocinand sueleaded wortkmonslCors 28demat | y, 21
days pri of . lL.nfusion (day..0). ents are .injected wth the sex

ot oni Babl SIS R BalthlsMRe iR pmpR S Pefh Stk SR I Pkt

For mullg, 1@eBenedgpr)wser afilkd 40k gangi medles. dose (effective for 3 nonths) are
adm nistered on day 21 with a 15 fuNrm aj ecaon of 3.6ng on day 63(effretive

151 ke P 8 SR Al P S
steroid | @mesﬂau@ltlwzlqiae'ﬂﬁﬁyr mPBGa‘dnl’uvianléiayEQ gahm;mmﬁ:}gm?mﬂ: 1mf::btti-e.tagf:::m)nt hs

PBS . . S, O me r
com i sttt R R bR BB ) oy
up thfi in ed. LESUrSOL te %g onv ﬂt emi t? n vsd‘%g n’&ftfc}a?gs and
Pt g7 A PURECRREGGINCRE rlitin B2 feoRiedhe 8 i it Sl e HEGIRREN G Poac
i nf usi on, fa?d dagder ddnfiaisetd PRI 5] Aldldayd ) 38364 68. Tiss shblily b €ffective in

reconstitutiaoan Wthin.,3-4 weeks after PBSCP are first,_newl cells are
pr esent iﬁedyﬂﬁgseﬁls%ﬂdzwfgﬂ%ﬁ“%%%?'ﬁw jps {peedigled t PARNS PSE 3 nont hs

post - PBSCFBEGTp Thosyic higdxainple, iy Beithdabs ofadeh@iknOire b @inigiaii) entharioeds

T ¥ BBk bRk SIS brined Rl by Blse B am S0 PV THOW

20 PBPCs are infused on def}r 0. The reactivated thymus tekes up the infused precursor
cells and converl them into new T lymphocyles and epithelial thymic cells. Maximum sex
steroid “ablation’ is at the time of PBSC infusion, and hence infased PBSC is able fo assist in
thymic recopstintion. Within 34 weeks afier PRBSCT the brst new T cells are present in the
bloed stream but the therapy will be maintained for 3 months post-PBSCT ta allow complete

25  pormalization of the immune system.

Thymic function is defermined by assessment of T cell subets by flow cytomelry, T
cell responses in vitro, and production of TRECS,

Prior to the start of the smdy, routine pre-HDT investigetions are performed, and
baseline FBE, electrolytes, LFTs docnmenled. Other pre-ireatment analyses include serum [f-
30 HCG (women), thymus CT, bore density studies, prelein electrophoresis and
immunceleciropheresis, hormone siudies: TF1's, FSH, LH, eslrogen, progesterone,

134



cell responses in Wre, and production of TRBe, Prior to the start of the
study, routine pre-HDT investigations are perforned, and baseline FBB,

el ectrolytes, LFFs domnra d Ot her pre-treatnent anal yses include senmen 30
HCG (wonen), thymus Cf, bone de city studies, protein electrophoresis and
i mmanoel ect ophoresi s, hornone studies: Tn's, FSH LH, estrogen,
progesterone. 134 testosterone. Addnoualir, va ious baselineT cell essays

ate perf orgesiidegid! ; varkigk | fdd f i ned as
follllows: (a) Ebnmw C to Kaive 5?%&@&%@“@%% P$

(r) 45R0- PaEpedipam 59 ml pg bl agDednfel @ falled&RO- Per CP, .CD4/ CD&APC, 1(1-67- PE
CD62L, CDA5RO PntP, 00103, c9MCDS-APC T cell subsets CDlne, CD8-Apc.

v(i TCR- PE.@WTW 10 M25-PE, 0D69-CyChrone, (90.Pfrl, CD8-APC
CD291} Chrane, a “PE, 004- P11C, CD8- APC B sRS/ nyeloid cells CD19-PfrC,
CD3- PezcP, CD56- PE, C034-APC CDI|b-CyChrome, M |cPE 004-Flit MB MC 15
Cyi okl aes BA- PEalv¢Emempery Bralle= CD8 Other markers M |a, CD95. Bl A-DR,
CD2, CD5 All patients serve as inlemal controls because Nay are exam nedpa

and post ARG €DisR LY, CTRSREARES CHlL ¥ @9NWpy! S i ncl ude isotype
controls with FITC PP/ APC and bl ocking of FCcR prior to staining. (b) T

cell f' noti d cytes _examned for their ability to respond to CO3
cross -li %%'WE%E@%@W%W% Naive T cells will be
i sol ated and probed for the presence of T cell receptor excision circles

whi ch er e GIMRLECDATR @PesTH, CI05108 2EDAIgpREAtC of the | CR genes as descri bed
above.

T cell subsets
CD4-FITC, CD3-APC, efATCR-PE, y¥8TCR-B/S-PerCP
10 CD25-PE, CD69-CyChrome, CD4-FITC, CDS-APC

CD28-CyChrome, 0 TCR-PE, CD4-FITC,CD8-APC!

B cells / myeloid cells
CDI9-FITC, CD3-PerCP, CD56-PE, CD34-APC
CD1Ib-CyChrome, CIM 1c-PE, CDA-FITC, CD3-FITC
15 Cylokines
IL-1-PE, JENg-APC, CD4-FITC, CD8
Other markers
CDlia, CD95, HLA-DR, CD2, CD5

All patienis serve as infernal controls because they are examined pre- and post-
20 lreatment. Staining speciffcity controls include isotype controls with FITC/PEFAPC and
blocking of FcR prior to staining.

(b) T eell function

Blaod lymphocyies examined for their ability to respond fo CD3 cross-linking ¢ vifro.
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Their presence is avery strong indication of export fromthe thynmus (haws
the only source 5 of mainsleam T cell production). Because cell division is
associated with thym c devel opnment post-rearrangenent of the TCR gears, T
| evel s may be not uuderesdmate of thyme migrants (about 10% of act ual

| evel s). Al publications nentioned in the above specification are herein

i ncorporated by reference. Various nodifications and variations of the
descri bed (et hUBECamalysiyst em of the 10 invention will be apparent to those
skilled in the art w thout departing fromhe scope and spirit of the

wenlion. Ath enti unhas bege cribed w.conwelion with
speci fi'c pref e%&f%ﬁ%ﬂ%ﬁ W%J%éﬁw RoH cthECeRIpRexFiBPRNt | on
as cl ai mdﬂﬁhﬁ%ﬁ@h&oﬂﬂ%ﬁrﬂﬂﬂ&%&eﬁéﬁﬁhfﬂmﬁﬁ&@@%ﬂ%taﬁﬂﬁ ndeed,

various nodjfjcations of the descrjibed nodes for carrying out the

i nventi on ERESPRSE B srbitong iedigatien gk eApeg dropihe Brygyusi(eadge the onlyserres
EXAVPLE 25 50, CASTRATL ek S U e

EXAMPLE 25 20 CASTRATI O\Fm %DUCEgEk%I% &ﬂﬁv@% kfh‘és The

fol | owi ng rﬁﬂw%@tﬁwwwmmmwm@emoﬁ{mmh sBanddeatimale, VE) .
and are hoyg m&p@ ons: CS/BU6I (black; H2b); DBA/IJ
(dilute brown I—I{ii'%' Al le ?%Jalcut eg‘tﬂtﬂc))vm H 2d); and Bal b/c( (al bi no;

H 2d). Ages | ance from 0.6 weeks to 26 nonths of age and are indicated

wher e rel evant All pEblisatiensauntioaedin she here specifieatiopiamrhercia incogporatad by
BM | i | d
o ot Tekefh, ViSioBfR6dinERbn, BRGSO ERRIBN Gl STUEER ) I

than 9 nonths of %&v because t IS ISt
begunl¥®o ninveatisn %Wmﬁ@MWMM@mmwgmmﬂsmmd over

a3- hour ing w n reci pi ent
m ce arc |lﬁjhg§ﬂt %%@%@gvgg%h% Et %@nﬁ%%’aﬁor %@Iﬁnﬁ&éﬁ%ﬁN 1J.
DBA/ 2J, or %@E@wﬂﬂm@lmm&eﬂﬂba mmmmmammgwlmﬁao medi a

Lo " e AN B0 Bt B R aobBl s iR

Asdescr i beaf@bdmnbmmf@mmememmmmmmmmmﬁam@ as Ne
5 recppsti one rion . tg recon |on here is an
si gni gcan%’ﬁdﬁﬁ%gastéej?ﬁd&t%m%% Egi“afu]i& ed to

sham castat | (Sh(b) controlmce. In addition, as corrpared to the
sham castrated mce, castrated mce are found,to have i nenssed thymnus

EXAMPLE 25

20 CASTRATION INDUCES TOLERANCE TO ALLOGENEIC GRAFT

The following mice are purchased from (he Jackson Laboretory (Bar Harhor, ME),
and aze lioused under convertional conditions: CS7BL/6T (black; H-2b); DBASLI (dilule
brown; H-2q); DBA/2T {dilute brown; H-2d); and Balb/c) {(albino; H-2d). Ages range from
4-6 weeks to 26 months of age and are indicated where relevant.

25 CS57BL/6J mice are used as recipients for donor BM reconstitnlion, As described
above, the recipient mice (C57BLA/T older than 9 moaths of age, because this is the age at
which the thymus has begun to markediy atrophy) are subjectled to 5.5Gy irradiation twice
over a 3-hour interval. One hoor following Lhie second irradiation dose, the recipient mice are

injected intravenously with 5x 10° donor BM cells from DRA/LT , DBART, ar BalbfeT mice,
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cellnlarity, have noo cells in their BM and have enhanced generation of B
cell precursors andB calls intheirBM ol fow agBMI. Sincethe MHC(te., the

H 2l ocusi nm ce) of the 10 recipient mce is differentfromthat of the
donorm ce, detecting ani ncreased nunbs of donor-droved blood cells in
castrated rnice as conpared to shanctastrated mce is straightforward-
There is also the normal | evel and distribution of host and donor-dedved DC

in \ie chi mmﬁmmmmﬂm&meﬂswgmaﬁﬁﬁ%amm of donor
(rolvenacegj nduclioa) to fhe host and donor. 15 Four to six weak after
ruanst i nt GRS g4 i BBART. on Badb/e)) mhice) apdthembaryesting thegrilscollgeled dns ar e

t aken fropgAgegionor mce and placed onto the recipient mce, according to
standard nmethods (see, e.g. liail44 in Cu Protocols In hn I , John B. Wgan
at nent at, (ads). WIley and Sons, New York, NY 1994, and yearl|ly updates

i ncl udi ng 20028 desepibd dhave, indeeipient wica seslialsd gishariatihp pamyntime as 1he

anest hei zegha8inki wBel9ni (Y8 - | i th
Bal b/ c] BM a%giufmeogo%e “3%3 rep?ré%rée}%%é@éﬂ%en?t%%%% !;%Hg%*n er %ﬁ'gﬁ% rona
Bal b/ J, Beaaeblymhvregererliod compralon shasdaatraied (SHX) epntidl gces ds ddition, as

di sl i nguupgd ' | ack hair: of the recipjient C5lBl/6J nmanse The
heal h of thepérf&??n%%@gﬁl{%ﬁ on%‘rcg's':l?ﬁmam&m%mgg%ngctﬂgfl‘%m%gﬂhﬁuaery. The

THiTs asse y
resul t s wetllatmbardmtreddin Beitdild,) amkiane txtaneylgandratibnasiBocel precursors

A L L D T L S A A

donor 1% ecowigisnt atfeeds QFEBNH1HAm Mzt 6£thad Ondr $nicd) detstibil =a ietkas&Dumbeeefuse t he

shanm~nmhat gd use e t. have adequat e upt gke of donor, HSC.into the host

hymus. o0 PR AR08 £E G My & g S R4 B 1o o

recihpiBelnbitrﬁ@ﬂfarmﬂlM focka Eﬂéreﬂza]so%?ﬂrﬂﬁﬂl M@u&@afm@mgmﬁmd kit ah@_ﬁfhdiﬁ[éﬁ_f et htut ed

wi t a An._exper nt is also perfimtd to determine if a recipient
SHmSt dvas whis

mouse | r alisPf BTESVERIE Ragrtxe fdwclpn delemgre dypdeniieithmiast but
ot her wi seanli ddnerent, skin gralL Briefly, male CS7B116J nmice (H 2b) are
either castrated or sham astrated. The next day. 137 drem ce are

tecongt i wredw iLhBal b/ cJBM (H 2d) as .descri bed, aboye. Four fter
reconzftﬁ il uti Vn#“?&%%ﬁ'f‘%@bﬂ?‘?@"{?ﬁ“&?‘? “ﬁctﬁ%{“ﬁ’afﬁquﬁéﬂ@r%&%‘@ﬁ%&&m s)
&e pklaczze?dﬁlafmmgﬂmn e meé g;’ﬁur ﬁﬁd@h@hﬁm Eito m'Eh@:&ﬁé:ﬂtmi&]lcs lafco@ihg ios from
aDBAl 21(di,l ut e, br o H noyse,  Thesecon n graft j roma

Bal b/ c| moUE% %Ftﬁ\é\*ﬁ,js oS- Upld 4 @@%ﬁ%@@%ﬁ% Yohn %B%'Fgaﬁiﬁf:e,
Bal b/ cl  néd, dedsyrwilBaki Sbid) Nall Yok, 197 1964 and KiaAy apldis: inslediag sndzy.

di stinguishebh: from one another and fromthe recipient nouse As descri bed
above, + HRRERY, Kol s S eriopi aban Bresiie e FRn eI = RT/ohnt o t ho

20 mouse reconstituted with Balb/c] BM) are removed and replaced with the dermis and
epidermis from a Balb/cJ. Because the hair of the denor skin is while, it is easily
distinguished from ihe native black hair of the recipient CS7BLS6Y monse. The health of the
transplanted donor skin is asseszed daily after surgery.

The results will show Lhat donor Balbfe] skin transplanted onto a donorreconstituted
25  C57BLS6] mouse who has been castrated “takes™ (i.e., is accepted) better than the donor skin
transplanted onto a donor-reconstituted C57BL/6T mouse who is shem-costrated, e.g.,
because Lhe sham-castraled mouse dees not have adequale uptake of donor HSC inta the host
Lhyrnus te produce DC. A donor skin graft is found nof [o lake on a recipient, sham-castrated,
(C2TBL{6J mouse who has not been reconstiluied with Balb/cl BM.

30 An experimenl is also performed to determine if a recipient mouse transplanted with
donor BM can induce ivlerance of & MHC matched, but otherwise different, skin grafi
Briefly, male C57BL/6J mice (H-2b) are eilher castrated or sham-castated, The next day,
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Bal b/ oi - BMr ecous[i wt edcasvar d recipient nouse better than

aBal b/ cl - B ecouawut ed shantashazed reci pi ent nobuse or a recipient nouse
who has been sham casvared and has 10 nat beenreconstiwed with dovorBM In
additlan, IDe skin graft fiomhe DBA/ 2l nouse is found to "take" onto the
Bal bt cl - BMm onbwt edcashat edseci pi ent nousebetter than a B al b/ ei - BM
reconstituted slumcas hated recipient nouse or a recipient nouse who has

been shaReGasd 4B h@PndRt=33H ?M ' ] AL BMer 15
EXAMPLE 26 CASTRATI ON EFFECT %%B%? AN?%%EK’F%S@F I\/II:E'?ZE%%I ZRD M CE now
prel i m nafefoesippRErskingnie (brridndiogthe deaws endtpidennis) eaplaced omthef f ect s
were 20 YIRS ' ' WalelN TQgﬂF

Wazdi sruptﬂ:{a@ﬁd’ngpgsex st erol %@F%‘ﬁ@ﬁ%ﬂ‘ﬁﬁ%“ﬁ%@f&@ﬁﬁﬂﬁ%'ﬁ} erfects on

t he i munéh&sesordnkinegreft is fromm Belbod Intmse falbind E-BY Bechubhithresat colorsaspect i ve
of theespr £ I ner at S terials and t hods.. M ce were
castra edégﬁ@gﬁ%ﬁg%?lﬁﬁﬁ%ﬁu@%&éﬁ%ﬁfﬁﬁﬁo Sﬁﬂﬁﬂgﬁiaﬁeﬁaﬁ@ arL 25 Mce
wer e di vi disGinguishablé fremfoak bevhaignd frompke recipientaed. (Le., naive, ' Lnheeted" ),
sham castrated ("shamox"), and castrated (cx"), and each of those free

groups was the h mzed, ("t x") or hynect oi xed ("slrre") far a
toed of six groguﬂpgés%a %{53%3? éﬁé@ﬁgl%?&?%ﬂ?lséﬁ@?%ﬂé@&%@"ﬂﬁ% é/aé‘gdmgg weeks
nnd4 weekBalhilBdfrargnstipeddmblaid weipRacndvE beli(s dnnrrHatvdsERbeyektimEd8 Ruvlts
| . Thymeetony_ does.nat.inppact the el.ect of sex steroid inhibifi on the
B As shotiere et gimienf BaSis.ar p St g R0 o LA B ase | n
t he ﬁlmuﬂim;bcmm&msﬁmmmmlmmﬁ dmamwuf %ﬂﬁ&ﬁh@@flﬁﬂuﬁﬂ@ﬂhﬁﬂ&n@@ﬁﬁ?r abl e
to the ShIx L GO, 0 |p Fig, fifB, at 4 weeks post-BN-. Tx/Cx

i ce. hav oo faribet ot Bale Bl o limiseicimies regira avoy BB o 1 o
conpar abl Balbel-Bive redhbie shiue@astHiR deipiGat 6 or HREiplACmSEW I Fia§ Bedtl SO

have increased nunpers ofB. cells in the BMas conpared to the 10-either
t he Sharm%ﬂwmaﬁmf%ﬁ%%@ B Prersrpnstifuted with donor BM,

15

EXAMPLE 26

CASTRATION EFFECT ON BM AND SPLEEN IN THYMECTOMIZED
MICE

These preliminary experimeuts were performed to determine if castration effects were
20 apparent in thymectomized patients (mice). The results indicated that disruption of sex
steroid signaling has direcl or indirect effects on the immune system (e.g., immunpe cells in
the BM and thymus), icespective of the presence of a regencrated thymus.

Materials and Methods

Mice were castrated and thymectomized using routine methods known in the arl
25  Mice were divided info the following groups: untreated (i.e., nafve, “untreated”), sham
castrated (“'sham-cx'), and castreted (“cx™), and each of those three proups was then
thymectomized {“tx") or sham thymectoized (“shix") for a total of six groups analysed. Each
of the six groups was analysed as 2 weeks and 4 weeks following myeloablation and BMT
(soe methods abave).
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As shown in Fig. 64C, at4 weeks post-BMI, Tx/CX m ce al so have an increase
inthe total nunber of inmmffime B coils in the BMwhich is conparable to
the ShTr/Cx mice. The Tx/Cc nore and the SbL tCx m ce al so have increased
nunbers of manmon B cells in the BM as conpared to the either the
Shantx/ | k or ShantCxl shTkcontm s. 15 Thus, the results in Has. 64A-C support
the conclusion that the effect of ma organ on increasing the nunber and
functionality ofegggd | s in the BM including increasing engn(tneat. does
not require a reactivated thynus. and is intend due to direct chests on the
BM and other cells of the imune system U. Thynmectoray does not i npact
the effect of sex stiwarestammioss npimpact tgeffecint Sni sternid inbtbitomwm the Fi g.
64D, at 4 greks post-BMI. Tx/Cx m ce al so appear to have an increase in
tire total nunber of coils in the spleen, which is conparable to the ShTr/r
mce. The Ti/Cx mce _and the ShTx/Cx m ce al so have increased total
nunbers of spl-ehvRhowadn Figsodh.anp meds post-BME, TOxevice had a8linongasy indhor

ShanCx/ssh TucdiRE bf BYcommo BRI Brdefulohdlcr P waith i HBRKBIRG B dilo W O

m ce al so appear to have eg'total er o S in the
spl een, WhPEHR i s conparable to the ShTx/CX mce. The Tx/Cx mice and the
ShTx/ Ck m ce al so have increased nunbers of B cells in the spleen, as

conpared to hi eafihbRgtin g@g{l&éﬂgs I /ﬁgf " us,
the results irFigs. I\/[}gﬁsupﬁor_t t e?gﬁ(ﬁlﬁg?gﬁei at%%]#%%@&éﬁég?%gti on
on i ncr edBmRgF ¢hidcollain the Rivigwhinkisicomahiably tobeiShy6s mict. | The Bx/Chenispl een,

i ncl udi ng &HW@ES&% i a0, eqhi:t reactivat hymm
and s jnstead duo to |n%%hteaﬁlgcts%ﬁﬁﬁgaﬁf%%dn&eﬁ%%%mmﬁﬂi%

i munely staitier i ShasBi/ s gt SlomeCxi8hix oneealsi n t he above apecd"irasion are
herein incorporated by reference. Various nodifications and variations of

the descri bed nRtpedsifRd EF&%{Q&:E Ry ' f1dl g-Bg@ 0
those stilled in St he at %%ut epa??ﬁ#ﬁ’%&% em\g(lzsl'g&‘eip%n s{l)gl%?{i{htﬂof t he
i nvent i on,tola} Ruseies Al impeatimFeeells inthe BYL, vdeh id esmparidieitoite SOPwA@c tateen hi:t h
speafic 1m€ﬁ%r&ﬁﬁm@ﬁlﬁﬂ ' nder st.ood 1 hat the Jnvention
as cl ai med should not be undu y#?%@ﬁ&%g‘gﬂ%}ﬁ%ﬁ%l |(t:umé§b°8 |”r:rled%ﬁ S.

| ndeed, vaHlossompaed ta the et ref Shaln€x faswrShbefx/Shifd esatfol: carryi ng out t he
i nvention which are apparent to those skilled in biology or related fields

are ingsended t qnie oW kB id Bs $8RRE sfffpolt M6 doRbLQY A L &EdXPof castredion on
increasing the number and fanctionality of cells in the BM, including increasing engraftment,
does not require a reactivated (hymus, and is instead due to direct effects on the BM and other’
cells of the immune system,

I0. Thymectomy docs nol impact the effect of sex. steroid inhibifion on the
20 spleen.

As shown in Fig. 64D, at 4 wesks post-BMT, Tx/Cx mice also appear o have an
increase in the total number of cells in the spleen, which is comparable to the ShTx/Cx mice.
The Tx/Cx mice and the ShTx/Cx mice also have increased total numbers of splenocytes, as
compared 1o the eiiher the ShamCx/Tx or ShamCx/ShTx conlrols.

23 As shown in Fig. 645, at 4 weeks posi-BMT, Tx/Cx micc also appear to have an
increase in the total number of B cells in he spleen, which is comparable (o the ShT%/Cx
mice. The Tx/Cx mice and the ShTx/Cx mice also have increased numbers of B cells in the
spleen, as compared to the either (he ShamCr/Tx or ShamCx/ShTx controls.
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Those skilled in the art will recognize, or be able to asnrtain, using no
nore than 15 routine experinentation, nunerous equivalents to the specific
enbodi ments described specifically herein. Such equival ents are intended
robe enconpassed in the scope of the rollow ngclslns. 140 CLAIMS [|. Use
of a compound that disrupts sex steroid nediated signaling for the

manuf acture of a nedi canent for inproving tolerance in a patient to a graft

fromo msmat qﬁ@g}ﬂq&g&mﬁ%@g& ﬁlg%gﬁdm{s%lm Ghog! @i M

1, wherein tolerance is ind east one of. anC| ng one marrow
hacrmp0| emﬂﬂsmlﬁmmlmbgrmﬂrfenmnulmhmunﬂ@:nﬂﬁmtbcsp@han@udl%MMpnent of

donor cel L-é:a}m[ﬁ H?s Fj{)tq\évq nd Ifﬁ%g in functl lduE){o éﬁam patient's.

pre-existing I nmmu HRENIEE oF alm erern elmmne cells
are T cel HEBMmibmcmﬁaﬁmangﬂ}@m&ny one of clains 10 3, wherein the
patical's imune cells have been, or will be, depleted. 5. The use
accordigng to any oneofclaims | to 4, wherein the patient will be

adm niStered with cells fromthe donor selected fromthe group consisting
of stem cells, progenitor cells, and conbinations thereof 6, The use of
claim 5, wher eAH puhldcasipesrmersione uﬁk@eﬁemﬁeﬂmmmhmgmmnm sting of.

h Q f
7 e v ot O mbaBoh Bid Aria RO T e e PR RPN RRSLAOR apl® oG
The use oinvchlmnmnﬂbewpuraitmmhmmlmgmmﬂiamﬂmﬂiohsiegmgﬁbmhemﬁammthe

el | ] oi d I'ls,
ana Conbi ST o 8efasion! MRSk A GG Han s fien gty et T REE 1 o5,
vvlher eili 1t bEquﬂ-ﬂleﬁi’hbdmﬁmmﬁﬁ t-.huummarxﬂadsmﬂﬂm mlaemuﬁmfaetswﬁemgmm e O ge oI ]
cl al nb to elnte | een W e, a nj s r W
C aubet anbE I b Rere cBOlipeas biieth NP BeE Rt e o,
at |l-east mmﬂmmmm&m&humnﬁkhmpbmh@iﬂu@@m ih BRSdpy Q@R e:lated

i nterl eukj at .| east. _ope F, at least one growmh factor, and a
conbi nat i ﬁﬁldf aﬂsed upe %ﬂﬂl{: scope of lhe [ollo claims.

Thase skilled in the art will recognize, or be able to ascertain, using no more than
15 routine experimenlation, numerous equivalents to the specific embodiments described
specifically herein. Such equivalents are intended to be encompassed in the scape of the
Tollowing claims.
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| 1. The use of claim 10, wherein the cytokioe is selected fromthe group
consisting of Interleukin 1 (IL-1), Intedeukin 2 (I1L-2), (nterleolan 3
(IL-3), Inlerleukin 4 (1L-4), Intedeukin 5 (IL-5), Intedeukin 6 (1L- ,

I ntedeukin 7 (IL-7), Imerleukin a (IDS), Interlcukin 9 (1L-9), Interleukin
10 (IDO, Intedeukin | | (1D1 1), Intedeukin 12 (IL- 12), Intedeukin 13
(IDL3), laterleukin 15 (IL-15), Interferon gmmn (IFNy), and conbi nations
thereof. 12. The use of claim 10, whelgilpMMEhe growh factor is sel ected
fromthe group consisting of, nenbers of the epithelial growh factor

fam |y, nepbers of l‘:the fibrobl a_st rowh factor famly, stemcell factor,
granul ocyt & cos%?ﬁp & GAmRoRpd Myt fig sex ster@dmedialed signaliogyferther ot h f act or
(1 CGF), graamt @H@fmﬁ@gﬁ% fordmprgring tolerrige in apatienttae ol f@vaCSF) |

i nsul i n- I | YEsmptehisd wloperwithout tyn@r-redclivatigr.ont h  hor none, a thyroi d hor none,
M CSF, Meg-CSF, M@ LIF, TNF, PDGF, human growth hornone, B cell growh
factor, B Zell| Tiefdsenénlimtl| whefeROblfance dsindRAIty at Habf @l dnBhdop)y f act or,
and conbi riatrieansrdw BAEOGpoidsds, chiic B SRArfhvP fnk QordilYy, @Rar@ingCl @18 | tO

12, where érdpeafaRbdtofi6RBIdRESs inb 209 e hmg.ﬁ- modi fied. 14.
The use aomfegirsggﬂicgisﬁﬁgi,ﬁ&g 19&1&' aims | to 13, n%ﬁg]?%‘lﬁn é]ﬂéjéet i ent has,’ or
wll be, provided with an aP ognft transplantation of a grafthaviug the

same histpco iLhi LEty. as that. the m snptched donor to the patient 15.
Use of a c%rrpg@ﬁ%'{gh%&érgﬁuﬁg EE@I?“’E?@PB?W%@P@@“-Q gnaling for the
manuf act urg of ,@ﬁrredi cangnt for increasi ngI; t he nunber of, and/or enhancing
the nobillzati USF ACGOEHBH & EY et elaime il te 3, wheelglhe patwoHoimmare:  The use
of clai m 18 fisyhsen, aruillhsndeplelsd been, or will be, adninistered with an
HSC nobi l'i zi ng agent selected fiomthe group consisting of. cytokines,

G\t CSF, . G- CSF Thegr: acionding heargpemhd¢laimy t ko wlsabiarthepatichi #1Bkd | gand,

KGF/ FGF7, adfninisteredemitie pallsdforh tte: debor fdeiidd/ romnile gﬂeuﬁcuﬁﬂsﬁngmﬂeﬁﬁ according
to any oneeli, pedgeniter tellspantbeonieiRing iHehfcompound [ owers “the level of a
sex steroid hornone. 18. The use according to any one of clainms Ito 17,
wherein t1ge COMAOUSEIof SlainsS! ISk chd Qb Bfls G- QuRotEd B8l Aty - LHRH

agoni sts, chifbliie ' et b - i |.heSy . antl - andr agens,

anti - est r qRgasH SE%E/B%%%%@&@&R}&E %Eﬂ%?a?&cﬁ s, B coibinaliohs

7. The use of claim 6, wherein the hemalopoietic stem cells arc CD34*.

8. _ ‘_Th-: use of claim 5, wherein the progenitor cells are selected from the group
fhﬂnsm;‘mg of; lymphoid progenitor cells, myeloid progenilor cells, and combinations
ereof.

Q. The use according to any ons of claims 1 o 8, wherein the patient is posl-
pubertal.

10, The use according lo any one of claims 1 to 9, wherein the patient has been, or
will be, administered with a subsiance selected from the group consisling oft at least
one cylokine, at least ane hematopoietin, at least one lymphokine, at least one
interleukin, at least one CSF, at least one growth factor, and a combination thereof,

11.  The use of claim 10, whercin the cytokine is selected from Ihe group consisting
of: Tnterleukin 1 (IL-1), Interlenkin 2 (IL-2), Inferleukin 3 (IL-3), Inlerleukin 4 {IL4),
Interleukin 5 (IL-5), Interleukin 6 (IL-6), Inlerfeukin 7 (IL-7), Interleukin 8 {IL-8),
Interlenkin 9 (IL-9), Interleukin 10 (IL-10), Interleukin 11 (IL-11), Interleukin 12 (IL-
12), Interleukin 13 (IL-[3), Interleukin 15 (IL-15), Interferon gamma {IFN-y}, and
combinalions thereof.

12. The use of claim 10, wherein the growth factor is selected from the group
consisting of; members of the epilhelial prowl(h factor family, members of (he
fibroblast growth factor family, stem cell Factor, pranulocyte colony stimulating factor
(G-CSF), keratinocyte growth factor (KGF}, granulocyte-macrophage colony
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macranme i nhibitors, adrenal gland Mdckers, al dosterone antagonists,

anti progest ogens, progestins, antiprogestins, dioxalan derivatives, and
conbi nati ons thereof. 19. The use of claim 18, wherein the LHRH agonist is
selected fromthe group msting of gosemii |euprolide, |upm,

triplorelin, neterelin, buserelin, histrelin, nathrelin, lutrelvh,

| euprorelif; | 3 rel k:n4adeca I rel in, and
acet at es, %ﬁ%@%ﬁsﬁvﬁﬁ h’grb%s EE&%@P t8§§%§ﬁ r%ﬂm?‘r“e\of 20. The
use of claim g Wher “'E'iﬁ%“cL &miEs MIFs LU (T80, EDGR. dwmaRe gr oup
consistingﬁf@&%ﬁ? 6 B ccl grqvihdpoior, Bolldiffeentission fagters eosmaphdt her sal t s
t her eof , atHYerealAPhERc|onfdiembinstiondtherepfie use of clai m 18, wherein the
anti-androgen is selected fromthe group consisting of. Cosudex ,
bi cal ut ani ke, clifrwkecemdingdearyt ae dfatdmsiap 1R ewhaetisze@lle frond theit ani de,
nmegest r ol mEataithed ddndomt genetieally inndifiednde, eul exi n, and conbi nati ons
thereof. 22. The use of claim 18, wherein the anti-estrogen is sel ected
fromthe grdup THeARS asdordlitlg & ad GRISFUEMNS 1 t§ Y5 WERAET (hd | fsMor wi
1 om phencoe, csidu ot kPR il S PRk i spt%a.?b'?”ﬁ?gaZ\O'%
rol oxi fe - X ng, “ard conbi'nati ons ereof.
142 23. TESlase g?mgﬁ%%?ﬁ%erel rﬂllql e'?ﬂélg’Fgﬂn%Ppa‘%d bl acker is sel ected
fromthe OUR.CONSI Stin i nogl utethintide, fornestane, vom al e,
exene tar eﬁ‘ %%3&” fpo '@Ppgﬁ_@ﬁé'&f"dﬂém %‘Rﬁ%ﬁ%‘ﬂﬁ&iﬁ_‘bﬁs t her eof .
24. The uddamtiaclurgiola medicament far ingreasing the npmber ofgandfgranbravingibe donor gr af t
is  sel ectBePHEIRMAL, 1 e e5lisgn eferufedonars) of the donor, tissue(s)
of the donor, organ(s) of be donor, and conbinations thereof. 143

1 The use of claim 15, wherein the donor has been, or will be, administered with

en HSC mobilizing agent sclecled from Ihe group consisting of: cytokines, GM-CSF,

G-CSF, CSF, chemolherapeutics, cyclophosphamide, fit-3 ligand, KGF/FGF?, other

members of the FGF family, and [1.-7.

17.  The usc according to any one of claims | to 16, wherein the compound lowers
the level of a sex steroid hormone.

18.  The usc according to any one of claims 1 to 17, wherein the compound is

selecled from the proup consisting of: LHRH agonists, LHRH antagonjsts, anli-

LHRH vaccines, anti-androgens, anti-estrogens, SERMSs, SARMSs, SPRMs, ERDs,

aromalase inhibitors, adrenal gland blockers, aldosterone antagonists,

ﬁhpn:}geslogem, progesting, antiprogestins, dioxalan derivaiives, and combinations
ereof. .

19.  The use of claim 18, wherein the LHRH agonist is selected from the group
consisting of: gaserelin, [euprolide, lupron, triplorelin, melerelin, buserelin, histrelin,
nafarelin, lutrclin, leuprorelin, deslorelin, cystorelin, decapeptyl, gonadorelin, and
acelates, citrales and other salts thereof, and combinations thereof.

20. _ :Ths usc of claim 18, wherein the LHRH antagonist is selecled from the group
consisting of; abarelix, cetrorelix, acctates, citrates, and other salts thereof, and
combinations thereof.

21 _ The use of claim 18, wherein the anti-androgen is selected from the group
consisling of: Cosudex®, bicalutamide, cyprolerong acelate, liarozole, ketoconazole,
flutarnide, megesirol acctate, dutasieride, finasteride, eulexin, and combinations
thereof.

22.  The use of claim 18, wherein the anli-esirogen is selected from the ErToup
consisting of: anastrozole, fulvestrunt, tamoxifen, clomiphene, dielhylstilbestrol,
diclhylstilbestrol diphosphate, danazol, droloxifene, iodoxyfene, toremilene,
raloxofene, and combinations thereof,
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23, Theuse ofclaim 18, wherein the adrenal gland blocker is selected from the
group consisting of: aminoglutethimide, formestane, vorazole, exemestane,
anastrozole, letrozole, excmestane, and combinations thereof,

24.  The use according to any one of claims | to 23, wherein the donor graft is

selecled from Lhe group consisting of: ¢&ll(s) of the donor, tissne(s) of the donor,
organ(s) of he donor, and combinations thereof,
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