
TOLERANCE TO GRAFT  PRIOR TO THYMIC REACTIVATION FIELD OF THE INVENTION 5
The present invention is in the Fields of cellular immunology and graft
transplantation More specifically, the invention is directed to enhancing
bane marow (BM) hematopoiesis and functionality, enhancing BM engraftment
following hematopoietic stem cell transplant  (MCI), and increasing the
fuctionality of new and pm-existing T cells and other cells of  the immune
system The invention also relates to the improvement of allogeneic graft 10
acceptance by a recipient. BACKGROUND  The lmmune System The major function
of the immune system is to distinguish "foreign" (Le., derived  from any
source outside the body) antigens from "self"(te., derived from within the
body)  15 and respond accordingly to protect the body against infection, In
more practical terms, the room rte response has also been descibed as
responding to danger signals. These danger  sign may be any change in the
property of a cell or tissue which alerts cells of he immune  system that
Mils cell/tissue in question is no longer "normal." Such sluts may be very
important in causing, for example, rejection of foreign agents such as
viral, bacterial, 20 parasitic and fungal infections; they may also he used
to induce anti-tumor responses.  However, such danger signals may also be
the season why some antoimmune diseases start,  due to either inappropriate
cell changes in the self cells which are then become targeted by  the
immune system (e.g., the pancreatic P islet calls in diabetes melliud)
Alternatively,  inappropriate stimulation of the immune cells themselves,
can lead to the destruction of 25 normal self cells, is addition to the
foreign cell or microorganism which induced the initial  response. In
normal immune responses, the sequence of events involves dedicated antigen
Presenting MIS (APC) capturing foreign antigen and processing it into small
peptide  fragments which are then 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 nucleated cells
(recognized by cytotoxic T cells (17C or (M)) OT dclacs; primarily by cells
of the immure system (recognized by helper T cells (Tb)). Th cells
recognise the MRC ll/peptide complexes on MC and respond. Factors released
by these  



cells then promote the activation of either, or both of TG cells or
antibody producing B cells, 5 which amapecific for the particular antigen
The importance of Th cells in virtually all  immune responses is best
illustrated in HIV/AIDS where their absence through destruction by  the
virus ceases severe immune deficiency, whicb eventually leads to death due
to  opporturistic infections. Inappropriate development of Th (and to a
lesser extent To) can also  lead to a varietyof other conditions such as
allergies, cancer, and antoimmunity. 10 The inappropriate development of
such cells may be due to an abnormal thymus in  which the structual
Organisation is markedly altered e.g., in many autoimmune diseases, the
medullary epithelial cells, which ere requited for development of mature
thymocytes, are  ectapically expressed in the cortex where immature T cells
normally reside. This could mean  that the developing immature T cells
prematurely receive late, stage maturation signals and 15 in doing so
become insensitive to the negative selection signals that would normally
delete  potentiully autoreactive cells. Indeed this type of thymic
abnormality has been foondiu NZB  more, wNCh develop Lupus-like symptoms
(Takeekaet at, (1999) Cm . ImrnuwL 90:388).  and more recently in NOD mice,
which develop type Idiabetes (Thomas-Vaslin et aL, (199/)  F.NAS. USA
94:4598; AIIanGepner et at,(1999) AWOfmneaNly 3219-260). It is not known 20
how or when these forms of thymic abnormality develop, but it could be
through the natural  aging process or from deshurtive agents such as viral
infection (changes in the thymus have  been described in AIDS patients),
stress, chemotherapy and radiation therapy (Mackall etas,  (1995) N. Fag.
J. Mad 3327143; Hedger at a, (199/) Blood 99:4053; Mackell and Gress,
(1997)I o(.Rev.160:9!).It is also possible that the defects nit present at
birth. The ability to re ognize antigen is encompassed aaplasmamemhmve
receptorm T  Ti and B lymphocytes. These receptors are tmdomly genetaredby
a complex series of  rearangements of many possible genes, suck that each
individual T or B cell has a unique  antigen receptor, This enormous
potential diversity means that for any single antigen the  body might
encounter, multiple lymphocytes will be able to recognize it with varying
degrees 30 of blasting strength (affinity) and elicit varying degrees of
responses. Since antigen receptor  specificity arises by chance, the
problem thus arises as to why the body does not self devtmct  through
lymphocytes reacting against self antigens. lsormnately there are several 2
mechanisms which prevent the T and B cells from doing so. Collectively,
these mechanisms  



create a situation when the immune system is tolerant to self. The most
efficient faun Of self tolerance is W physically remove or kill any
potentially reactive lymphocytes at the sites where they are produced These
sires include the  5 thymusforTcells end theBM fmH rehs.Tis VCalledcenhnl
tolerance. Anlmportmt, additional method of tolerance is through
regolalorym cells which inhibir au[Omactive cells  either directly or via
the pemdlreson of enokinrs, Given thatvrrnrally au immune responses
require vitiation and regulation by T helper cells, a jm aim of any
tolerance induction  regime would be to target these T helper cells.
Similarly, since Tc's are very important 10 effector cells. then production
is a major aim of ahategics for. e.g., anti-cancer and anti-viral  therapy.
hi addition. T regulatory coda (Tregs), Stuart as CD4H925+ and NKT cells,
provide  a means whereby they can suppress potentially autoreactive cells.
The noteres The thymus essentially consists of developing thymncytes
(Tlymphorytes vnthiathc  15 thymus) interspersed within the diverse stfomal
celis(predominantly epithelial cell subsets)  which constitute tire
mimoenYmonmeut and provide We growth factors (GF) and cellular
interactions necessary for the optimal development of the T cells. The
thymus is an imporanr Organ in the immune system because itis the primary
site  of production of Tlymphocyta. The role of the thymus is to attract
appropriate BM-derived  20 precursor cells from the blood, as described
below, and induce their commitment W the T cell -Imitate. including We gene
rearrangements necessary for the production of the T cell receptor  (TCR)
for antigen Each? cell has asiugle TCR type and is unique in is
specificity.  Associated with this TCR production is cell division, which
expands the number ofTcells  with that TCR type and hence Irsomessom the
likelihood that every foreign antigen will be 25 recognized and eWninated.
However,aunique feature of Tcell recogni ion of antigen is that,  unikeB
cells, the TCR only recogwus peptide f awnents physically associated with
MHC  molecules. Normally, this is selfMHC, and the ability or aT1R W
recognlse the self  MEC/peptide complex is selected for in the thymus. This
prows is called positive selection  and is an exclusive feature of cortical
epithelial cells. If the TCR fails to brad to the self 30 MHGpeptide
complexes, the T cell dies by "neglect" because the'1' cells need some
degree  of signalling through the TCR for its continued survival and
rumination. 3 Since the outcome olden TCR gene rearrangements is a condom
event, some T cells  



will develop which, by chance , can recognize self MHCJpeptide complexes
with high  affinity. Such TCells are thus potentially self-reaclive and
could beinvolvedin autoimmuue  diseases, such es multiple sclerosis W),
rheumareid aMutis (RA). diabetes, thyroiditis and 5 systemic lupus
eryhematosns (SIB), Fortunately, if the affinity of the TCR to self
IMIFICJpeptide complexes is am high, and fheT cell encounters this specific
complex in the  hymns, the developing thymocyte is induced to undergo a
suicidal an demean and dies by  apoptosis, aproe ss called negative
selection. This process is also celled central tolerance.  Such "high aff
ity forself'TceLLt diela hullmn rapondbecausew the thymus they are 10 still
immature. The most potent inducers of this negative selection in the thymus
are APC  called dendritic calls (DC). DC deliver the strongest signal to
the Tcells, which causes  deletion in the hymus. However, in the peripheral
lymphoid organs where the T cells are  more mature, he DC presenting the
same MHCJpeptide complex to the same TCR would  cause activation of thatT
cell bearing the TCR 15 Thvnms Atrophy and Ane While the thymus is
fundamental for a functional immure, system, releasing about 1%  of has T
cell cement into the bloodstmam per day. one of the apparent anomalies
ofmammals  and other animals is that this organ undergoes severe atrophy as
a result of sex steroid  pruducuon. This atrophy occursgadually over
aperiod of abeut5-7 years, with the nadir 20 level ofT cell output being
reached second 20 years of age (DCUek eta, Nature (1998)  396;690-695) and
is in contrast to the reversible atrophy induced during a stress rponse to
mtticosteroids. Structurally, the thyutic atrophy involves a progressive
loss of lymphocyte  content, a collapse of the cortical epithelial network,
an increase in exnscelfular matrix  material, and an infiltration of the
gland with fat cells (adipocyles) and lipid deposits (Flaws 2S steal,
(1999)J. Clia Invest. 103:453), Thisprocessmayeveu
begininyoungchildren(eg.,  around Eve years of age; Mackall et at, (1995)
N. Eng. J. Med. 332;143), bunt is profound  from the lime efpuberty when
sex steroid levels reach a maximum. The impact of thymus atrophy is
reflected in the periphery, with reduced thymic input  to the T cell pool,
which tesufts in a less diverse TCR repertoire (as this can only be
provided  30 by the new naive T cells). Altered cytekwe profiles (Hobbs at
at, (1993) J. lnunmm? 150:3602; Kurashima et d, (1995) Ent hmnanot 7:97),
changes in CD4* and M8* subsets,  biases towards memory as opposed to move
T sells (Maclmll at al, (1995) N. EngL J. Mod  4 



332:143), and areduced ability to response to antigenic or mitogenic
stimulation are also  Observed Since the thymus is the primary site for the
production and maintenance of the peripheral T  and pool, this ahophy has
been widely post land as being the primary curse of the increased  5
inrdence ofimmune-hazed disorders in the elderly, Infatuation. conditions,
such as general immunodeficiency, poor responsiveness to opportunistic
infections and vaccines, and an  inureasein the fiequency of autoimmune
diseases, such as multiple sclerosis, Aenmaloid  arthritis, andlupus(DOria
etaf.,(1997)Meck Age.Del'.95:131-142; Weyand dat,(1998)  Moak Age.
Dev.102:131-147; Castle, (200)) CIiInftaM3I(2): 578-585; Mumsko eta-, 10
(2002) Exp. Ceronbt. 37:427-439), increase in incidence and severity with
age. Such  deficiencies of the immune system are open Mushatai by
adecreasein T cell dependent  immune funcfions(e.g., cyilytic T cell
activity andmitogenic responses). While  homeostatic mechanisnvs maintain T
cell numbers in healthy individuals, who there is a  jorlass ofT cells,
e.g., inAms and following chemotherapy orradiotherapy, adult 15 patients am
highly suscephblem opportunistic infections because all these conditions
involve  a loss of T cells ardor other blood cells (see below). Lymphocyte
recovery is also severely  retarded Thealophic thymus is unable to
reconstitute CO 4+ Tcells than aelostduring  HIV infection (Douek Sr of
Nature (1998) 396:690695) and CD4t T cells lake three to fora  times longer
to rnum to normal levels following chemotherapy in post-pubertal patients
as 20 compared! to pre-puberal patients (4ackell a aL (1995) N. Engl. J.
Med 331143-149). As  a consequence these patients lack the cells needed an
respond to infections, and they become  severely immune suppressed (Mackau
et aL, (1995)N. Eng. J. Met 332:143; Helfer at al.  (2002) Blood 99:4053).
There is also an increase in cancers and border load in later life
(Hirakawa, (1998)' Immunity and Ageing," in Przm usLan Aim Panai(r) OF Gasm
25 TAEDI vac (M. Pathy,ed) John Wiley and Stan Ltd; Doris et al., (1997)
Muck Age. Dev. 95;  131; Castle, (2000) Carr Infect. Du. 31:578). However,
recent workby Doueket at ((1998)Natute 3967690) has shown thymic output
occurs 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 avdretrovlml
treatment in abler HlY patients). This 30 was exemplified by the presence
of T cells with T Cell Receptor Excision Circles (TRECs);  TRECS am ford 1
as part of the generation of the TCR for antigen and and only found in
newly produced T calls). Furthemore Timm and Thoman ((1999) J. InwwnoL
162:711)  



have shown that although CD4T adds are regenerated in old mice post-bone
mallow 5 transplant(BMT), they appear to show a bias towards memory cells
due W the aged  peripheral microenvironmeut coupled to poor thymic
production of nal v T cells.TREC  levels has also been analysed following
hematopoietic stem cell transplantation (Donek at al.,  (2000)
Lancet355:1875). Thymus and the Nemoendacrive Axis 5 The thymus is
influenced to a great extent by its bidirectional communication with the
neuroendocule system (Kendall, (1988) "Anatomical and physiological facsors
influencing  the thymic microeuvhoament" in THYMUS UPDATEL, VOL 1 (M.D.
Kendall, and M.A.  Ritter,eds)Hanvood Academic Publishers, p, 27), Of
particular intravenous Is the interplay  between the pituitary, adrenals,
and gonads on thymic function, including both trophic 10 (thyroid
stimulating hormone or TSH, and growth hormone or GH) and atrophic effects
(luteinizing hormone or LH, follicle stimulating hormone or ASH, and
adrenocorticotropic  hormone or ACTH) (Kendal, (1988) "Anatomical and
physiological factors influencing the  thymic micromoenvironmen4" in 7HVmus
UPDAYE1, VoL 1. (M D. Kendall, and M. A. litter,  eds.) Harwood Academic
Publishers, p.27; Homo-Delamhe etaL, (1993) Springer Sam 15 IaummoporfwL
14:221). Indeed, one of the characteristic feats of thymic physiology is
the  progressive decline in structure and function, which is commeosmare
with the increase in  cucalating sex steroid production around puberty,
which in humans generally occurs from the  age of 12-14 onwards (Hirokawa
and Makinodan, (1975) /. ImmunoL 114:1659; Tosi eraL,  (1982) Clip Erp.I
unoL 47:497; and Hirokawa, eraL, (1994) lmmual Lett 40:269). 20 The thymus
essentially consists of developing thymocytes interspersed mtlam the
diverse shomal cells (predominantly epithelial cell subsets) which
constitute the  microenvironment and provide the growth factors and
cellular interactions necessary for the  optimal development of the T
colts. The precise target of the hormones, as well as that  mechanism by
which they induce thymus atrophy and improved immune responses, has yet 25
Lobe determined. Examination of testicular feminised mutant mice, however,
indicates that  functional sex steroid receptors must be expressed on We
stromal call of the thymus for  atrophy to occur. The symbiotic
developmental relationship between thymocytes and the  epithelial subsets
that controls their differentiation and maturation (Boyd at at. (1993)
Immunol Today 14:445) means that sex-steroid inhibition could occur at the
level of either 30 cell type, which would then influence the status of the
other cell type. Bone marrow stem  



cells are reduced in number and are qualitatively different in aged
patients. HSC are able to  repopulate the thymus, although to a lesser
degree than in the young. Thus, the major factor  influencing thymic
atrophy is appears to be in4athymic. Furthermore, thymocytes in older  6
aged emmals (&g., ddrat !8 monhs)remintheir abilitytodifferentiate to
atleastsome  deghee (George sad ltitceq (1996)ImmmmL Today 17261; Rirokawa
stall. (1994)  Immunology Letters 40:269; Mackelt etd, (1998) Ear. J.
LmmmoL 28:1886). However,  recent work by Aspina]l has shown that in aged
mice them is adefect in thymocyte 5 production, which IS manifested as
ablock wirhia theprerursor hipledegarive population,  namely the CD44fCD25+
(TN2) stage. (ASpinal et at., (1997) J. hm umoi. 1583039).  Hemato Bone
Marrow and forngd,oleric Slom CeIjs The major cells of the immune system
are the B and Tlymphocytes (a major class of  10 whitebloodcells), avd he
antigen presenting cells (AFC). Allimmune cells arebasically  derived from
hematopoiedc stem coils (HSC) and their progeny, the Common Lymphoid
Progentor (CLP) and the Common Myeloid Progenitor (CMP), which are produced
in the  BM. Some of the precursor cells migrate to the hymns and are
convened into T Cells and  thymic DC. DC play a role in inducing self
-tolerance. 15 Only a small proportion (approximately 001% in young
animals) of doe HSC are released  from the BM and find their way to he
thymus via he blood supply, where they undergo  division and maturation to
form T cots, which are hen returned into the general chudation.  These new
recent thymic emigmut (RTE) sells fomta major part of the immune system,
and  are prhnaNy Th and To and are important in maintaining a constant
supply of new T sells 20 wihadiverse TCR repertoirefor he initiation of
almost all immune responses. Prior to  leaving he hymus, Th and To Cells
can eft tively distinguish foreign antigeabecmrso,as  described above, T
cells are "selected' in the thymusso that hose T sells that leave recogniz
all of the cells in the body as self and, under normal cbcumstaares. do not
respond  agoinsrhent - 25 B sells are also ultimately derived from HSC and
develop in he BM before exiting into he peripheral immune system Following
interactions with T cells, and other cells of the  immune system. B cells
develop into plasma cells that produce and release large amounts of
antibodies, which help the body destroy infective organisms and abnormal
cells. 



Other ESC produced by heBM are also utilized for hepmduction of OR other
blood ends,  30 such as NK cells, regulatory cells, common myeloid
progenirordedved cells, neutroptWS,  7 basophils and eosmophils, deaditic
sells, munocytes, macrophage, platelets and red blood  cep. Hemato ri Stem
Cell Transplantation Hematopoietic stem cell transplantation (HSCf) - also
commonly known as bone 5 morrow transplantation (BM'1))- is a uemnent used
to enhance the recovery of the immune  system ii'. e.g., certain critical
rmsermoditions. "HSCT' and "BM1"' and "ImnsPWnC' ae  used interchangeably
and are heroin de5acd as a transplant into a recipienc, containing or
enriched for MC, BM cells, stem cells, and/or any other cells which gives
rise to blood,  thymus, BM and/ or any other immune cells, including, but
not limited to. HSC, epithelial 10 cells, common lymphoid prugenilors
(CLP), common myelolymphoid progenitors (CMLP),  mul[0weage progenitors
(MLP), and/or meseochyvml stem cells io tbelled. In some  embodimentr, [he
transplant maybe aperiphemlbinod stemcell haveplant BH$CI). The  HSC maybe
be mobilized from the BM and then hazy Sed from the blood, or contained
within HM physically exhacted from the donor The MC may be either purified.
enriched, m 15 simplypartof the collected BM or blood, and are then
injm4dinto emcipient. Transplants  maybe allogencic, antologous, syngeneic,
or xenogenic, and may involve the transplanr of  any number of cells,
including "mini-tra^=plants," which involve smaller numbers of sells.  In
some embodiments, User is given prior to, coucmrenfly with, or after sex
steroid  iohibioa 20 HSC is anoWimiling exemplary type of sell, which maybe
transplanted and/or  genetically modified, as used throughout Ibis
application However, as will be readily  understoodby one skilled in the
art, in practicing the invendous provided herein, HSC may  be repla dwith
aayone(or mom) of a number of subs ti ma cell types without undue
experimentation, including, but not limited to BM cells, stem cells, and/or
any other cell 25 which gives riseto blood, thymm,BM end/ or any
otherimmune~ells, incluthvg, but not  limited W. HSC, epithelial stem
cells, CTP, CMLP, MIF, and/or me enchymal seem cells in  the HM In some
embodiments, IISC are derived from afeml liver and/or spleen. Both
chemotherapy and radiation thempycan destroy cancer cells, However, because
of the lack of specificity, these therapies also kill healthy cells,
including virtually all white  



30 bloodcetls(WHC), as well as theHSCin theBM ltis thisdesImctmuofWHCandfsC
that leads to the patient's need for HSCT. HSCr allows, for example, stem
sells and their  8 progeny cells that were damaged by, e.g., chemotherapy
or radiation treamrent to be replaced  with healthy stem cells that can
ultimately produce the blood cells that the patient needs. HSCr is the
basic treatment for a number of hematological cancers, such as  leukemias
and lymphomas (cancers of the blood and immune system cells), as well as
non- 5 malignant immune disorders such as severe combined immunodeficiency,
Panconv'a anemia, myelodysplastic syndromes, amyloidosis, aplastic anemia,
Diamond Blackfao anemia,  hemophegocylic lymphohitioeylosis, Kostmavn
syndrome, Wiskott-Aldrich syndrome,  ehromboeytopemias, and
hemoglobinopethologies, such as sickle cell disease end thalassemia
]eukemla and lymphoma, which are commonly heated by myeloablatioa or
myeledepletion 10 to rid the body of cancerous cells. are commonly followed
by HS CT to recover immune  fmcdon. The methods of the present invention
either alone or in combination (concurrenlly  m sequentially) with the
administration of HSC mobilizing agents, such as cyto6'ces (eg., G-
CSPorGM-CSF), ordmgs (e.g., cyclaphosphamide), allow faster and/orbetu
engreftmeot  and may also allow chemotherapy and radiation therapy to be
given at higher doses andlor 15 mane frequently. Modem clinical medical
procedures often employ a trmsplantarion of HSC delved  from another
donor's blood (an allogcneic User), where advantage is taken of donorT
cells  reacting against the host cancer cells (graft versus leukaemia
(GVL)) but this is  comterbalanced by other T donor T cells reacting
against the host m general (graft versus 20 host (GV H) disease) which can
be fatal. Scare the success of HSCC, and hence patient  survival, is
directly related to the number of HSC injected and the speed of engmftmmh
usung the methods of the present invention means that current riser
programs will be more  successlil and that many more patients will be able
to receive HSCT thane cmrendy  possible. 25 Mechanisms of enhancing HSC
mobilization from the BM are important in ensuring  that as many HSC as
possible are available for collection from a donor. GM-CSF and GCSF
arepresendy used for this purpose, but other agents, such as chemotherapy
and cytakwes  have also been shown to be effective. The ability to more
effectively mobilize MC has  application beyond hematological repair.
Recent studies have shown that HSC are 



30 mWtipotentinner may beutilized for repay of dam aged tissues, e.g.,
cardiac muscle, skeletal  muscle, liver, bone, connective tissue,
epithelial basso, pancreas, vascularme. 9 One limitation of coven HSCT
strategies is associated with infection, particularly  viral, fuogol, and
encapsulated bacteria, due to prolonged immunodeficiency and this remains
a significant cause of post-traosplantal morbidity and morality in adults.
The infections  associated with HSCT are generally very difficult W moron,
even with modem antimicrobial 5 reagents. Children generally recover immune
capacity wahia months after HSCr (parkman  et al, (1997) ImruawL Rev.
159:93), in contrast to the delay in lymphoid recovery in adult  recipients
which may last years and even then be a very poor reflection of the young
optimum This delay in adults is dependent on a variety of factors, but the
susceptibility to  infection is primarily due to the well-recognized
decline inT and B cell production with age 10 (Parkman et at, (1997)
Inswervo& Rev. 157:73). A second limitation of current HSCP strategies
occurs when the grafted cells reject'  the recipient of the calls. This is
known clinically as "greft versus host disease" (GVHD).  An autologeus
transplant may avoid GVHD. However, the overall anfl ancer susxssrmes  of
au W logous transplank are lower as compared to allogeneic Umisplants, In
cancer patients, 15 sutologous transplants have the disadvantage that they
do not produce a Graft Versus Tumor  (GVT) effect (which Is similar to the
GVH effect) and them is the risk that cancerous sells  may be rammed to the
patient with the transplant. Is has been discovered that sex steroid
inhibition in marine allogeneic HSCT models and castrated recipients of
oldogeneic HSCT  improves post -transplant reconstitution of cells of both
the myeloid and lymphoid lineages. 20 Data presented herein shows a
significant increase in T andB cell rwors grunion without am  exacerbation
of GVHD or loss of GVT activity (me. e.g., Example 19). A furtherlimitation
of HSCp beaeuents is the lack of donors to treat oll she potential
candidates. Although umbilical cord blood (UCB) has beenutilized W a fairly
Budtedexteat,  them are few sells from each donor and as a consequence this
has been mainly used in 25 children whey the total number ofHSC requited is
lower (ESC number required is linked to  patient body weight). Other than
UCB, donors am in limited supply and there must be an  acceptable MllC
match or the risk of GVHis high. Bless cells were required, as a result of
improved eugraf anent or a less rigorous match was required, thus reducing
the risk of  jectien or GVH potentially HSCT could be used mom widely, for
example to treat 



30 autoimmme disease, and sources such as cord blood could be utilized
be.g.,lSxlO' cells/cg  for recipient mgtaBment).. T Cells to T cells am the
major component of the immune system, and are produced in the  thymus. Tice
most importantT cells are 1h cells because these are the cells that
initiate  virtually At barroom mspooses. The absence of these Th sells
(e.g., caused by IEV infection,  chemotherapy, radiation, etc.) directly
results immumsuppression and the consequent 5 susceptibility In infectious
said tumors, and death occes quickly. An important role of a  subset ofTh
cells is to regulars immune msponres. The balance between nhanment and
suppression of T and B cell function has a major effect on e.g., whether a
vacant is  efficacious, whether a career or tumor Is attact d, or whether a
transplant is tolerated or  mlected. 10 The thymus, while being very active
in the young. progressively declines in both size  and functional
ootputwith age. This is particularly evident at the onset ofpuberty. Scare
fhymocyte export is directly related to theceln]aaty in the thymus (Scolay,
eeta, (1980)  Eire J Immwwt 10:210; Berlins eta!., (1998) J Exp, Med
187:1839), age-related thymic  atrophy results in a gradual decrease in
recent thymic emigrants (RTES) (brothers or at, 15 (2000) CGn lrmenal.
97:95; Sempowski et alt, (2002) MoLI wL 38;841-848;  Sutherland at all,
(submitted)) and a decease in the naive to memory T call mile (Ernst at
a1.,  (1990) J. IOmvawL 145:1295); Kmashima er aL, (19)5) Ina Immanol.
7:97; Utsuyama eraL,  (1992) Meck Ageing Dev. 63:57) resulting in
areshicted TCR mpermim in both CD4* lied  CD8'T cells (Mosley et aL, (1998)
CelL ImmunoL 189d 0; LeMcoult et at, (2000) J. 20 InanwwL 165:2367).
Consequently, Tcell proliferationinresponse m non-specific and
receptor-mediated (CD3IT(7R) stimulation is severely compromised with age
(Hertgh- Hoilbregta eraL, (1990) Meek Ageing Dev. 53:141-155; Marley, et
all, (1992) J. Geronto4  49:8115; IGmchmam cc all, (1992) CelL lnunanal.
139:426). With wcreasing age there is a gradual decline is the immune
fraction of humans; 25 children respond very well, younger adults
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 three major cell types involved in virtually all
response: (i) antigen  positioning cells (which capture antigen and present
it to, and thereby activate, T  



lymphocytes); (iii) T lymphocytes, and (iii) B lymphocytes. Deficiencies or
alterations in any 30 one of these three cell types may explain why the
immune response to stimulation against  antigens maybe suboptimal The
deficiency or alterations maybe at the level of the cell or  mayrefer to
quantily or functionality, Of these, themost likely defectis encompassed
within  theT cell comparment because of the dramatic decline in [hymns
function with age pdmadly  II due to the impact of sex steroids. This leads
to aloss drew or"naive" teens exported into  the bloodshvam which are
needed fm responses to new antigens. In addition to the  numericalloss
ofpotenlialreapondmgT cells, NepraexistingT cells may by suppmsscd to  some
degree by the presence of sex stemids. 5 Cancer therapy As indicated above,
chemotherapy and radiotherapy used to treat cancers are ofea  deleterious
to the patient's non-cancemas W Is, particularly the blood cells. The for
limitation to increasing frequency ad dose of such treatrmn s is the
ability of the patient to  survive the 9tamrcnt sod avoid susceptibility to
opportuoisdc infection as aresult of the 10 rempmmised immune system. Thus
it would greatly benefit We patient if the immune  recovery was more rapid
or the damage less severe. 12 SUMMARY OF THE INVENTION The present
invention relates to methods for enhancing donor graft acceptance by a
patient recipient by enhancing BM baemopoieses nod functionality, enhancing
BM  sagmftment following HSCT, and increasing the fractionality of
preexisting T cells and 5 other immune cells by dismpting sex steroid and
other hormonal signaling. immune capacity  will also be enhanced by
increased levels of nayveT alts produced through renewed thymic  function.
and also B lymphocytes and other cells of the immune 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
BM,HSC, T cells and other cells of the immune system,either  bydirect
effects orindhect effects, Thisdiscovery has beenexplolted to produce
thepmsent  invention which, in one as et provide methods of enhancing BM
haemopoie,sis and/or  functionality. 1o some embodiments baemopoiesis
and/or functionality ofpre-existingEM  is improved In another embodiment a
patient receives an HSGr. and the HSC haemopoiesis  



15 and/or evgreftment is improved is the patient In one aspect the
invention provides methods of enhancing engmftment following  HSCr In one
embodime t engmfnnent is enhanced in the BM. In another embodiment
engmflment andtor reconaetution is enhanced in the thymus. whereby thymic
recovery is  ultimately induced. In yet another embodiment engreftment mNor
reruns tiNtion is 20 enhanced in the spleen and/or other lymphoid organs,
tissues, and/or blood. In some  embodiments, the HSC are allogeneic. and in
other embodiments, don MC are an We pus.  In one embodiment the number of T
cell precursors is increased as compared to the number  that would have
been present in a patient that had HSCT without undergoing interruption of
sex steroid signaling, In other embodiments total white blood
cells,donor-derived DC, BM 25 precursors, HSC, CLF, MLP. lymphocytes,
myeloid cells, granulocytes. neutrophils,  macrophage, NK, NKT,platelets,
naive T cells, memory T cells, helperT Cells, eR torT  cells, regulatory T
cells, BBC, B cells, donor-, and/m hostderived peripheral T cells, AFC,
author donor derived peripheral B cells we increased as compared to the
number that would  have been present in a patient that had HSCT without
undergoing intermption of sex steroid 30 signaling. In yet other
embodiments, a patient is also treated with acy thine (e.g.. ILy. SCF.
IL-II, G-CSF, or GM-CSF) or hormone (e g., growth hormone, or its mediator
insulin  dependent growth factor (1G&1) or any member of the fibroblast
growth factorfamily e.g.,  FOP7 /Kemtiaocyte Growth Factor (KGF)) following
HSCT to enhance immune recovery  13 and/or engraffinent foltowmglISCT to
enhance immure recovery and/or engraf4venL In  another embodiment, the pr
sent invention either alone, orin combination (concurrently or
sequentially) with the administration ofhemapoietic agents, such as
cytoidnes (eg., GCSP  or GM-(SF), allow faster and/or better engraftmevt
and/or homing to the target tissue and/or  5 enhance recovery of immune
cells. In a second aspect of the invention, methods of enhancing he
functionality of  tonsure tells in a patient following HSCT are provided In
one embodiment. the immune  cells are T cells. In another embodiment, theT
cull proliferative responsiveness to T cell  receptor (TC() stimulation is
improved Tnanother embodiment theT cell responsiveness to f0 an antigen
(e.g., tetanus toxoid(TI) orpokeweed mitogen (PWbp) stimulation is
improved.  Tn one embodiment the T cell responsiveness is improved to a
recall antigen (ie.. an  impmval T cell memory response). In yet another
embodiment the T cell proliferative  



responsiveness inrespect of co-sNnWetory or secondary signalingis improved.
iv some  embodiments, thekinetns OfTcellresponsivenessis improved
Inotherembadiments, theT 15 col response to antigen presented by APC is
improved. In some embodiments of the  invention, immure well responsiveness
is improved within about five-, four-, three- or two  months post
transplant In certain embodiments of the invention, immune cell
responsiveness  is improved within about one month post-transplant. Io
other embodiments of the invention,  immune cell resposiveness is improved
within two weeks past-tamplant. In another 20 embodiment of the invention,
immune cell responsiveness is improved within one week past- transplant. .
In yet other embodiments of the invention, immune cell responsiveness is
improved within throe days post transplant Ta other embodiments We immune
response is  improved after 3 or more months post treatment involving at
this time input from newly  thymic delved T cells in addition to peexisting
T cells. 25 ht a third aspect, the invention provides methods of enhancing
preexisting immure  cell functionality, including. but not limited W.
immune cells in the periphery. lease  embodiment. thecets amT wells. Iv
anolherembodiment, the cells are DC m older APC. hr  yet another
embodiment, the cells are M Ccells or regulatory cells, such as CD4.CD25+T
cells and natural killer T (NICT) cells. In one embodiment of the
invention, T cell 30 proliferative responsiveness to TCL stimulation is
improved in the patient. In another  embodiment, the T cell responsiveness
to antigen (e.g., TT, PWM, or IGLU) stimulation is  improved In yet another
embodiment beT cell proliferative responsiveness to secondary, or
co-sdmWarory signaling is improved. In other embodiments, theT cell
response ro antigen  14 presented by APC is improved In one specific
embodiment, a GnRH/LHRH analog has a  durctorindirect effect
ontheresponsiveness of pmcxistivgimmune cells. In some  emhodimwts, sex
steroid analogs (agonist and antagonists thereto), such as GnRHd.HItH
analogs, sue used in the method of the invention to disrupt sex
steroid-mediated signaling, 5 immune cells orBM inother embodimenq sex
steroid analogs diiectly stimulate(ia.  directly increase the fractional
actMty of) the thymus, BM, and/or preexisting cells of the  immune system,
such as T cells. B cells, and DC. In afounh aspect the invention provides
methods of enhancing HSC eagraffinent and  mobilization in a patient min a
blood, HSC, or BM donor. In one embodiment disrupting  10 sex steroid
signalinginorases the number and/or functionality ofperiphealimmune 



progenitor cells such as HSC, CD34+ cells, Cr3, or CMP.
theembodimentprovidesa  method for enhancing HSC mobilization comprising
disrupting sex steroid signaling, either  alone min combination with
administration of an HSC mobilizing agent, for example,  cytoldnes, GM-=,
G-CSP, CSP, chemote apeutics, cyclophosphamide, Bt-3 ligand, 15 KGP/FGFy
orothermembers ofe PGPfamily or 1L-7 In one embodiment the present
invention provides methods to allow chemotherapy  and radiation theapy to
be given at higher doses and/or more frequently and/or allow faster
recovery of or less damage to the immune system after chemotherapy and
radiation therapy. In afrfdr aspeor. the invention provides for disruption
of sex steroid mediated 20 signaling to, and subsequent reactivation of,
the thymus, In one embodiment, cashationis  used to disrupt the sex steroid
mediated signaling. In a particular embodiment, chemical  casaton is used.
In another embodiment, surgical cashation (e.g., by removal of the tells
or by ovadectomy) is used. In some embodiments, complete inhibition of sex
steroid  signaling occurs. In snotherembodiment, partial disruption of sex
stereidsignaliug occurs. 25 Inoceembodwen4 castration reverses the state of
the thymus towards its pre-pubertal scale,  thereby reactivating it. In
another embodiment, castration modifies the level of other  molecules which
enhances immune cell responsiveness and/or proliferation and/or activation
state by having, e.g., adirect effect on precvstingimmme cells. In a sixth
aspect the invention provides for disruption of sex steroid mediated 30
signalingto, and subsequent reactivation of. the thymus Inoneembodiment,
cast ationis  used to disrupt the sex steroid mediated signaling. Ina
particular embodiment chemical  castation is used. In another embodiment,
surgical cessation (e.g., byremoval of the rioter  15 orby ovadectamy) is
used. I some embodiments, complete inhibition of sex steroid  signaling
occurs. In another embodiment partial dismpEon of sex steroid sigmlwgoccurt
In one embodiment, castration reverses the state of the thymus thwart ifs
pro-pubertal state,  thereby reactivating it In another embodiment
castration modifies the level of alter 5 molecules, which colones immune
ccl responsiveness and/or proWerefion and/or activation  state by having,
e.g., a direct effect on pre-existing immune cells. In certain embodiments,
sex steroid mediated signaling maybe directly or indirectly  blocked (ag..
inhibited, inactivated or made ineffectual) by the administration of
modifiers of  sex hormone production. action, binding or signaling,
including but not limited to agents 



10 Which bind a sex hormone or its receptor, agonists or antagonists of sex
bonoones, including,  but not limited to. L}mH/GdUI, anti-estrogenic and
entiandrogenic agents, SEEMS,  SARMS, anti-estrogen antibodies, antimndmgeo
ligands, anti-es trogenligands, I,HEH  ligands, passive (antibody) or
active (antigen) anti-CHEW (or other sex steroid) vaccinatinm,
orcombinations thereof ('bdockes'), to one embodiment, one armore
blockerisused- In 15 some embodiments, the one or more blockeris
administeredby asuslainedpeptide-release  formulation Example
ofsustainedpeptide-release furmWatiomare provided iv WO  9S/08533, the
entire contends of which are incoxorated herein by reference. 16 DESCRIITON
OP THE FIGURES Pigs. IA-B: Cmshafion rapidly regenerates thymus celularity.
Pigs. IA-B are graphic  repmaeutatione showing that thechavges in thymus
weight and thymocyle number pre- and  pnstcaspa[ion. Thymus a trophy
results ha significant decrea in thynW)rte numbers w1N 5 age as measured by
thymus weight (Fig. IA) or by the number of cells per thymus (Fig, /B).
For thesesmdies, aged (i.e. 2-yen old) male odd were surgicallycashnte.
Thymus weight  m relation tobody weight(Fig.IA)end thynws cetiWarity (Figs.
IB) were analyzed in aged  (1 and 2 years) and at 24 weeks postcastration
(post-cx) male mice. A si@d5rmt decrease  inthynms weight and cellularity
was seen with age compared to young adult (2-month) mice. 10 This decrease
in thymus weight and cell number was restored by castration, although the
decrease in cell number was still evident at 1 week pasfcashation (Fig.
IC). By2weeks  post-caseation, cell numbers were found to increase to
appmsimerely those levels seen in  young adults (Fig 1B). By 3 weeks post
asnapov, numbers have significantly increased  from the young adult and
these were stabilized by 4 weeks postcastation (Fig. IB). Results 15 are
expressed as mean ISD of 4-8 mice per group (Fig. 1A) or8-12 mice per group
(Pig.  1B). xx_ fl Ol; xa*=psO.001 compared to young adult (2 month) thymus
and thymus of  2-6 wks postcastrate mice. Ftigs. 21-1): Castration restores
the CD4:CD8 T cell ratio in the periphery. For these  studies, aged (2
-Year Old) mice were surgically castrated and analyzed at 2-6 weeks part 20
castration forpedpherallymphocye populations, Pigs.2A end 2B dhow the total
lymphoc3senumbers in the spleen. Spleen numbers remain consUntwithage sued
posi- castrationbecause homeostasis maintains total cell numbers within the
spleen (Pigs. 2Aand  2B). However, cell numbers in the lymph varies in aged
(Ill-24 mouths) mice were deple[M  



(Fig. 2B). This decease in lymph code celularity was restored by castration
(Pig. 2B). Fig. 25 2C shows that the ratio of B cells to T cells did not
change with age or postcastration in  either the spleen or lymph 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) lymph node and the spleen (Fig. 2H). This decrease
was  restordl to young adult (i.e., 2 month) levels by 4-6 weeks
postcastration (Fig. 2D). 30 Results are expressed as meanISD of 4-8 (Figs.
2A, 2C, and 2H) or &10 (Figs. 23, 2D, and  2F) mice per group. * =pr O.05;
*M= pc~OOI; zxz = P50,001 compared to young adult (2- month) and
post-castrate mien. 17 Fig. 3: Thymocyte subpopulations are ,trained in
molar proportions despite thymus  atrophy or regenenfon bycas"tion. For
these studies, aged (2-year old) mire were  castrated and the thymocy<e
subsets avalywd based on the markers 04 and CDS.  Representative
Fluorescence Activated Cell Sorter (FACS) profiles of Mot (X-axis) vs. CM 5
(Y-axis) forCD4-C8-DN,CD4-4CD8+DP. CD4+CDS- and CD4-CDS+ SP thymocyte
populations are shown for young adult (2 months), aged (2 years) and aged,
postcastlme  animals (2 years, 4 weeks posts), Pwewuges foreach quadmvtare
given aboveeach plot  No difference was seen in the propoNOOS of any M4/MS
defined subset with age or post- cas radon. Thus, subpopulations of
thymocytes remain constant with age and there was a 10 synchronous
expansion of thymocytes following castration. Figs 4A-B: Regeneration of
thymoeyleproliferatlon by castration. Mien were  inject {with a pulse
ofBrdU and analyzed for proliferating (BrdU+) thymocytes, For these
studies, aged (2-year old) mice were caseated and injected with a pulse of
bmmadeoxyuridmeBrdU) to determine levels of proliferation. Representative
histogram 15 profiles of thepropoNon ofHAU+cells within the thymus with age
and poslrashation are  shown (Fig. 4A). No difference was observed in the
total proportion of proliferation within  he thymus, as this proportion
remains constant with age and following catamaran (Fig. 4A  and left graph
w Fig. 4B). However, a siguScant decrease in number ofBrdU+cells was  seed
with age (Fig. 4B, right graph). By 2 weeks postcaatmtion, the number of
BrdU* rolls 20 increased to a number that similar to seen in young adults
(f e., 2 month) (Fig. 4B, right  graph). RraW are expressed as mesntlBD of
4-14 miceper g,uup. *** , 0.001 compared  to young adult (2-month) control
mice and 2- weeks postcastration voice. 



pigs. SA-H: Casuarina enhances prolferation within all ihymocyte subsets,
For these  studies, aged (2-year old) mice were casbated and injected with
apulse of 25 bromodeoxymidine BrdU) to determine levels of proliferation-
Analysis of proliferation  within the different subsets of thymocytes based
on CD4 and CD8 expression within the  thymus was performed Frg.5A shows
that the proportion of each thymocyte subset within  the BrdU+ population
did not change with age or post-castration. However, as shown in Fig.  5B,
a significant decrease in the proportion of DN (CD4-CD8-) rhymocyles
proliferating was 30 seen with age. Fig. SC shows that no change in the
total proportion of BrdU+ calls (i.e.,  proliferating cells)withinthe TN
subset was seed with age orpostcastration. However,a  significant decrease
in proliferation within the Toil (CD44+CD25-CD3-CD4-CDs-) subset  (Fig. SE)
and significant increase in proliferation within TN2 (CD44+CD25+CD3-CD4- 18
CD8-) subset (Fig. SF) was seen with age. This wasmstomdpoat-castmfloa
(Figs. SD-F).  RsW6 me expressed as mean+1SD of 4-17 mice per group,
r=p<0.05;+x=pc0.01  (sigoificant):* = p~0.001(higily significant)compared
to young adult(2-month) mice;n  = significantly diff nt from 2- weeks
post-castratemice(Figs. SE-A). 5 Figs.6L-C: Castradanincreass Teell export
from the aged thymus. Forthse  studies aged (2-year old) mice were
castrated and were injected intrathymically, with FTC to  dem~mwe thymic
expos antes. The number of PrTCx cells in the periphery was calculated  24
hours later. As shown in Fig. 6A, a significant decrease is recent thymic
enugont (RTE)  v numbers detected in the periphery over all horns period
was observe] with age 10 Fallowing cashmion, these values had significantly
increased by 2 weeks postcx. As shown  in Fig. 6B, the rate of emigration
(exporN[olal thymus cellularity) remained constant with  age but was sipB
tly rduced at 2 weeks postcashadom With age. asignificant increase  in the
ratio of CD4t to CD91 RTE was seen; Otis was nomualised by 1-week post-ex
(Fig.  6C). 15 Results are expressed smeanISD of -S nicepergroup.*=p(r).OS;
**=pm.01;***=  pSOB01 compared to young adult (2-month) mice for (Fig. 6A)
and compared to all other  groups (Figs. 615 and 6C). A= p<0.05 compared to
aged (I- and 2-year old) nonce mice and  competrdto 1-weekposlcx, agedmitt
Figs. IA-B: Castration enhances thymocyte regeneration following Tcell
depletion,  20 3-month om mice were either heated with cyclophosphamide
0ntaape;toueal hjxtion with  



200 mg&g body weight cyclophosphamide, twice over 2 days) (Fig- 7A) or
exposed to  sublethal irradiation (625 parts) (Fig. IB). For both models
ofT cell depletion studied,  castmtai (Cx) mice showed a significant
increase th the ram of thymus regeneration  cornpamd to their
sham-castrated (ShCx) counterpar s. Analysis of total thymocyte numbers 25
m 1 and 2-weeks post-T cell depletion (TCD) showed that castration
significantly increases  thymus regeneration rates after t eatment with
either cyclophosphamxde or sublethal  irradiation (Figs. 7A and M.
Tspxdvely). Data is presented as msu1SD of FB mice per  group. For Fig. 7A,
*** = psO.OOl compared to control (age-matched, untreated) nice; A =
p:a.001 compared to both groups of castrated mice, For Fig. 7B, *** =
p5OBOl compared to 30 control mice;A=pm,001 compared to mice castrated
1-week prior to treatment at 1-week  post-htadiation and compared to both
groups of casuatted mice at 2-weeks post-hmdiatioa  19 Figs. 8A-B: Tonal
lymphocytemumbess within the spleen and lymph nodes post- cyrlophosphamide
treatment. For these studies. (3 month old) mice were depleted of
lymphocytes using cyclophosphamide (mtmperitoneal injection with 200 mg/kg
body weight  cyelophosphamide, twice over 2 days) and either surgically
castrated or shamcastrated an 5 the same day as the last cyclophosphamide
injection. Thymus. spleen and lymph nodes  (pooled) wore isolated and total
cellularity evaluated Sham-caseated mire had significantly  lower cell
numbers l the spleen at I and 4-weeks post-excellent compared to control
(age- matebed, untreated) mice (fig, 8A) A significant decrease in cell
number was observed  within the lymph nodes at 1 week post-treatmentforboth
treatment groups (Fig ell) At2 10 weeks post -treatment, Cx mice had
significantly higher lymph node cell numbers compared  to Sh(k mice (Fig.
SB). Bach bar represents the meaoISD of 7-17 mire per group. * =  PO 05;
**=pm.ol compared to control (age-marrched. untreated), A p<o.05 compared
to  caseate mice. Fig. 9: Changes in thymus (open bars), spleen (gray bars)
and lymph node (black  15 bars) cell numbers following treatment with
cyclophosphumide. a chemotherapy agent, and  surgical or chemical
castration performed on the same day. Noe; the rapid expansion of the
thymus in castrated animals when compared to the nonrutrate
(cyclophosphamlde alone)  group at 1 and 2 weeks post-trralmmt. th
addition, spleen and lymph node numbers of the  caseate group were well
increased compared to the cyclophosphamide alone group. (a = 3-0 20 per
treatment group and time point) Chemical castration is comparable m
surgical castration  



m regeneration of the immune system post-cyclophosphamide treatment
Figs.1OA-C: Changes in thymus (Pig. 10A), spleen (Fig. 10B) and lymph node
(Fig.  1IC)cell numbers following mediation(625Rads)one week e0ersurgical
castration. For  these studies, young (3-month old) mice were depleted
oflymphocyles using sublethal (625 25 Rads)badiation. Mice were either
shamMastm[ed or caseated I-week prior to irradiation  A significant
increase to thymus regeneration (ie., faster rate of thymus regeneration)
was  obeervedwith castration (Fig, 10A) Nom the rapid expansion of the
Thymus ire castrated  animals when compared to the noncast ate (irradiation
alone) group at l and 2 weeks post  treatment (n=3Aperlatmet group and
rimepow9, No difference w spleen (Frig. JOB) 30 or lymph node(Fig.lOC)cell
numbers was seen with castratedmice. Lymph node cell  numbers were still
chronically low at 2-week post-treatment compared to control mice (Fig.
lOC), ResuBa are expmssedas ureaul5D of4S ndcepergroup. *=p<0.05;**=p<0.01
compared to control mice; *** =p<O.OOI compared m control and cast ated
mice. 20 FSgs.I]A-C: Changes inllr-mus(Fg.11A), spleen (Big. 1111) end
lymph nods(Fig.  11C)cell numbers following inadiution and raahalion on the
same day. For these sudies,  young (3-month old) mice were depleted of
lymphocytes using sublethal (625 Rads)  Irradiation. Mice were either
sham-castrated or castaed on the same dayaziaatiatioa 5 Gestated mice
showed a significantly faster rate of thymus regenemtioneomparedusham-
caslmled mawarparts (Fig. 11A). Note the rapid expansion of the thymus in
castrated  animals when compared to the non-ashn[e group at 2 weeks
post-treatment. No difference  m spleen (Fig. 1IB) orlymphnode (Fig- IIC)
cell numbers was seen with aastratedmice.  Lymph node red northern were
still chronically low at 2-weeks post-treatment compared to 10
cuntolmice(Fig.IIC). Results me exprssed as meanISD of 4-8 mire per groups=
pm OS; **= pN.01 compared to cannot mice; fl* = pco.00I compared to control
and  castrated mice. Fig. 124-B: Total lymphocyte numbers within the spleen
and lymph nodes post- iuadiation treatment 3-month old mire were either
castrated or shamsasnated t-week prior  15 he sublethal Irradiation
(625Rads). Severe lymphopenia was evident in both the spleen (fig. 12A)and
(pooled) lymph Lodes (Pig. 128) at 1-week post-treatment. Splenic
lymphocyte  numbers were reamed to control levels by 2-weeks postareatment
(Fig. 12A), while lymph  node celluladty was still Significantly reduced
compared to control (age-matched, untreated)  



mice (Fig. 12B) No differences were observed between the treatment groups.
Each her 20 represents the meantiSD of 6-8 mice per group. p<0.01;*"'=
pm.00l compared to  eoihol mice ,  Figs. 134-B: Casuationruures
responsiveness to HSV-I immunization, Mice were  immunized in the hind
foot-hock with 4x10s pN of HSV. tb Day5 post-inf lion, the  damning lyngh
nodes (popli eel) were ern d for responding cells. Fig. 13A shows the 25
lymph made cellularity following foot-pad immuvvation with Hespes Simplex
Virus-I (HSV- 1). Note the increased cellularity to the aged
post-castration as compared to the aged non- castratel group. Fig 13B
illustrates the overall activated cell number as gated on CD25 vs  CD8
cells by FACS(Le., the activated cells are gatedon CD8+CD25+cells).
Castration of  the aged mice restore] the immune response to HSV-l with Cll
numbers equivalent to 30 young mice, Resins are expressed as mean-+15D
OF8-12mice. t*=p<0.Ol compared toboth  young (2-month) and cast ated mice
Figs. 14A-C: VHIO expression (HS V-speck) on CTL (c$ouxic T lymphocytes) in
activated IN (lymph nodes) following IISV-1 inoculation. Despite the normal
VP10 21 respmvveness m aged (La. 13 monllvs) mrce ovemll,inaome mice
acomplem loss of V010  expression was observed. Representative histogram
profiles are shown. Noun the diminution  of a clonal response in aged mice
and the reinstatement of We expo responsepost- castmtion, 5 Figs.15A-B:
Castration enhances activation following HSV-I infection. Fig 15A  shows
represeumdve FAGS profiles of activated ((r)8*CD25r) cells in the 1N of
MV-1  infected mice. No di fer nce was seen in pmpodions of activated CM
wish age orpost - watradon. As shown w Cstaton of the aged mice restored
theimmuneresponse to RSV-1  with CrLaumbers aprivaleat to young mice.
Results are ~ n as meanISD of 8-12  10 once. * p<O.Ol compantl to both
young (2-mootlr) and castrated mice. Fig. 16: Specificity of le immune
response to MV-1. Popliteal lymph node rails  were removed from mice
immunized with HSV-1 (removed5 days post-HSV-1 infection).  cultured for
3-days, and then examined for their ability to lyse HSV peptidepulaeA FL4
target cells. CCL assays were performed with non-immunized mice as control
for 



15 backgreundlevels oflysis(as detemined by 51Q-release) Aged nice showed a
significant  (p~O.01, ~~) reduction le LTL activityat rear RT ratio of both
10:1 and3:1 indicaring a  reduction in We percentage of specific CTL
pr(r)ent within the lymph nodes. Castration of  aged mice restored the Cfl
response to young adult levels since the castrated mice  demousnamd a
comparable response to HSV-1 as the young adult(2-month) mire. Results 20
are expressd asmean ofS mice, intriplicaml SD. =pm.OI compared to young
adult  A = significantly different to aged coahol puce (pm.05 for RP of
3:1; pm.01 for E:T  raw; of 03:1). Figs 17A-B: Analysis of VC TCR
expression and CD4+TCels in the immune  response toHSV-1. Poplitcel lymph
nodes wereremovd 5 days postMV-1 infection and  25 analyzed ex-vivo for rho
expression of CD25, (r)8 and specific TCR V O markers (Fig. 17A) and
CD4/CD8 T coils (Fig. 17B). The percentage of activated (CD25') CD8 T cells
expressing either V010 or V08.1 is shown as mean 15D for 8 arse per group
in Fig. 17A.  No difference was observed with age or postcastration.
However, a decrease in CD4/CD8  ratio in the resting LN population was seen
with age (Fig. 17B). This decrease was restored 30 postcastration. Results
ice expressed as meanISD of 8 rice per group. *fl=Pm001  compared to young
and post-castrate area, 22 Figs.18A-D: CaslmtioneWmnces regenetasionof the
thymus (Fig. 18A). spleen (Fig.  I8B) aodBM (Fig. 18D). but not lymph node
(Fig. l8C) followingBM tmtuplanuefiun  (BMT) of Ly5 congeoic mice. 3 month
old young adults, CS1IBL6Ly5.1+(0)45.1+) nice  were irradiated (at 625 Gy),
castrated, m sham-castated l day prior to bansplantarion with 5 C571BL6
Ly5.2+(0)45.2+) adultBM cells(106 cells). Mice were l:iged2 and 4 weeks
later  and the), thymus (Fig. ISA), spleen (Fig. Tall), lymph node (Fig,
18C) aadBM (Fig. 18D)  were analyzed for immune reconstitution. Don/Host
origin was determined with anti- 0)45.2 (LY5.2), which only malls with
leukocytes of donor adgia There were significantly  more donor cells in the
thymus ofcastrated mice 2 and 4 weeks after BMT compared to 10
sham-castrated mice (Fig, IBA). Note the rapid expansion of the thymus in
castrated animals  when compared to the non-cashate group at all time Plan
posF~atrnenL There were  signidcautiy more cells in these spleen and BM of
cast ated mice 2 and 4 weeks after BMT  compared to shamceshared mice
(Figs- In and ISD). Them was no significant difference  in lymph node
cellularity 2, 4, and 6 weeks after BMT (Fig. 18C). Castrated mice had 



15 significmtiyivaeased anngeoin(Ly5.2)cells competed to non-astrated
animals. Data is  expressed as mean+ISD of4-5 mice per group. *=pC0.05;
**-yCO.Ol. Figs. 19A-C: Castration increases BM and thymic cellulatity
following congenic  BMT. As shown in Fig I9A, there are significantly mom
cellsintheBM oteutrated mice2  20 and 4 weeks aferBMT. BM celluladtyreached
untreated controlleveia(I.Sx10'}1.5x106) in the shamcasha4s by 2 weeks. BM
celluladty is above control levels in Cashaled mice 2  and 4 weeks after
anngenicBMT. Fig. 196 shows that then am sigwBravtly more cells m  the
thymus of castrated mice land 4 weeks after BMT. Thymus celuladty In the
sham- casbaled mice is below untreated annual levels (7.6x10'5.2x106) 2
sort 4weeks after 25 congeries BM1', 4 weeks after congeuic BMT and
castration thymic reluladty is increased  above control levels- Fig, 19C
shows that them is no significant difference in solaria  cellularity 2 and4
weeks after BMT. Spleen cellularity has reached combat levels (8.5x107
1.1x10') inshamcsahahd and castrated mice by 2 weeks. Each group contains 4
to 5 animalss. Open bars indicate shamcmtration; closed bars indicate
castatiom 30 Fig. 20: Castration increases the proportion of HSC following
congenic BMT.  Representative FACS dot plots illustrating c-kit (y-axis)
versus sea-1(x-naiad expression.  HSC are ckitbscala There is a significant
increase in the proportion of doaordedved  HSCs following castration, 2 and
4 weeks after BMT. 23 F1gs. 21A-B: Gestation increases the proportion and
number of HSC fallowing  congenicBMr. As shown in Fig. 21A, there was a
significant increase in Om proportion of  HSCs following caseation, 2 and 4
weeks after BMT (* pcO.05), Pig. 21B sbows that the  number of HSC5 is
signifiraally increasedincustated mire campatedto shamcastmted 5 controls.
2 and 4 weeks after BMT(*p<0.05 * p<00l). Each group contains 4 toy
animals. Open bars indicate sham station; closed loam indicate castrarioa
Figs.22A-B: Them are significantly more donortivo B cell precursors andB
cells in the BM of castrated mice fallowing BMf. As shown in Pig. 22k them
were  sigmficm0yumredonoc-derived CD45.1'"H220'igMB ecllprmvrsors is theBM
of castrated  10 mrce compared to the sham-castratdcentols(' p<0.05). Fig.
22B shows that them wee significantly mom donorderived B220`IgMiB cells in
the BM of castrated mice compared  m the sham-castrated controls(*
p<0.05).Hach group contains 4 to 5 animals. Open bars  



indicate sham-castmpon; closed bars indicate castration. Flg. 23: Gestation
does not effect the donorderived thymocyte proportions Is
followingmngenicBMf.2 weeks a[Ye sham~astation and castration them isan
increasein  the proportion ofdonor-derived double negative (CD45.laCD4-CD8]
early thymocy[u,  There arevery few donorderived (CD45.14)CD4 and CDS
single positive cells at this early  time point 4 weeks after BMT.
donor-derived thymacyte profiles ofshadra sanmd and  costatd puce are
similar to the unheated control. 20 Pig. 24: Castration does not increase
peripheral H cell proportions following mngenic  BMf. There is no
difference in splenic 17220 expression comparing castrated and sham-
easbuled mice. 2 and4 woks after comedic BW. FSg. 25: Caseation does nor
increase peripheral B cell numbers following conforms  BMp. There is no
significant difference an B call numbers 2 and 4 weeks now EMT. 2 weeks  25
after congeris BMFB call numbers In the spleen of sham-castated and
castrated mice are approaching unhealed control levels (5.0 x 10'4.5x10).
Each group contains 4 to 5  mounds, Open bars indicate shamcastration;
closed bans indicate castration Mg.24: Donor-derived triplenegative, double
positive and CD4 and COS Single  positive thynocyte numbers are increased
in emanated mice following BMT. Pig. 26A shows  30 that there were
significantly more donor-derived triple negative (CD45.1`CD3 (M4CD8)
thymocyles In the castrated mice compared to the sham-casmeted controls 2
and4 weeks after  BMf (" p<0.05 *ep<0.017- Fig. 2613 shows them
werosignifrcantlymare double positive 24 (CD45.1'CD44CD8) thymoeytes in the
castratedmice compared to the shamceatrated  controls 2 and 4 weeks after
BMT (* pc0 O5 **pc0.01) As shown m Fi& 26C, them were  sigoifemtly more CD4
single positive (CD45.t'CD3'CD4'CD87 thymocytes in the  castrated mice
compared to the shamcarnated controls 2 and 4 weeks after EMI (* P<0 05 5
**pc0.01). Pig. 26D shows them were significantly mare CDS single positive
(CD45./'CD34CD4"CD84) thymocytea in the castrated mice compared to the
sham-cavneted  controls4w=.w afterBMT (*pep,05 **pc0.01).Bach group
contains 4to5 animals. Open  bats indicate shah easfm0on; closed bars
indicate castradon Fig. 27: There &e very few donor-derived, peripheral T
cells 2 and 4 weeks aftr  10 congenic BMT. As shown in Fg 27A, them was a
very snail proportion of donor-derived  (r)4' and CD84T cells in the
spleens of sham-castrated and castrated mice 2 end 4 weeks  



after congenic BMT. Fig. 27B shows that there was no sign icant difference
in donor  derived T cell nunibe n 2 and 4 weeks after BMT. 4 weeks after
congenics BMT Orem am  significantly less CD44 and r984Tcells in both
sham-castrated and castrated mice compared 15 to untreated age-matched
controls (CD44-klx107 1.4x106, CD84-60x10  l Oxl&) Each  group contains 4
to 5 animals. Open ban indicate shamcastadon; closed bars has icate
ostnlion. Fig. 28: Cashadoa increases the number of donorderived DC in the
thymus 4 weeks  after congenicsBMT. As shown in Fig. 28A. donorderived DC
were 1945.1*CDl te' 20 MCI['. Fig. 26B shows them wen significantly mom
donorderived thymic DC nthe  castrsled ww4weeks aftrcongeninBMT(* pc0.05),
Dendridc cell numbers am nt  uotreatedcantmllevels 2 weeks eftercangeaic
BMT (1,4x105}28x104).4 weeks after  mngenie BMT deadribe coil numbers are
above control levels in castrated mice. Bach group  contains 4 to 5
animals. Open bars indicate shamrastralion; closed bars indicate
castration. 25 Figs. 29A-C: Castration enhances immune cell recoastlmtiou
in allogeceic  HSCT recipients. lethallyimedialed (1300 cGy) CBABrecipienks
(3 month old) received  uansplants with BIO.BR T(r) BM (5 x 106).
Recipients were either castrated or sham - castraledone day before nnsplmt,
Animals were humanely killed on days 14.28 and 42  and BM (Fig. 29A),
thymus (Fig. 29B). and spleen (Fig. 29C) organ cellula ity was assessed  30
*(p<0.05)-Bach group coorained4toSanimals. Figs.30A.C: Castndon enhances
donor-derived I[SC andB cells inaLLOgenclc  HSCT rcaipiws. Cmtrated and
shamwtrated recipients were trnmplaNed as indsc bed  25 inFrg 29. As shown
in Fig, 30A, 14 days after User them were very few donordelived  USes
9y9.1-Lin Sca-l+c-kil+) iobeth shamcastmed and castrated mice; however, by
day  28, donor HSC numbes were 4-f old higher in the castrated group.
Additionally, asshvwin  Figs. 30B-C, there am significantly more
donorderivedB cells in the BM (Frg. 30B) and 5 spleen (Fig. 30C) of
castrated mice. Ceahnl and peripheral B roll populations were analysed  u
sing total BM or splenic cell counts and multicolor flow cylometry. B cells
gone separaW  into developmental stages based on CO45Ir, 19M and CD43
expression. Total B cells  (C045R+), pro-B cells (CD43+CO45H+Igtt). pm-B
cells (M43-CD45E +1gM-), immature  B cells (CD43CD45E+IgM+). DonoWOSt
origin was determined with anti-Ly9l, which 



10 only reacts with leukocytes of hostorigin. Each group contained4 ro5
animals. Open bars  indicate sham<nstrated animals,and closed bas represent
castrated animals. (Pc 0.05)  mpreseurs a significant increase in cell
number in he castrated group compared to the sham  cascontroL pigs. 31A-E:
Castration enhances thymocyte and peripheral T cell reconstitution as  15
weLLazthe number of host avddonor-derived DCin allogevcic User recipients.
Cestmted  and shamcastrated recipients were transplanted as described in
Fig, 29. Animals were  humeaelykilled on days 14, 28 and 42, and thymocyte
and T cell populations were analyzed  using total thymic (Fig, 31A-F) or
splenie (Fig. 31G) cell counts and multicolor flow  cytome iy, DC were
defined as rDl lch Ia-kh. Fig. 31A depicts numbers of TN (CD3" 20 CD4-CDB')
tlrymocytes. Fig. 31B depicts numbers of DP (W4+CD8+) thymocytes. Fig.  31C
depira numbers of CD4+SP (CO3+CD4+CD8') thymocytes. Fig.31D depicts
numbers of (r)B+ SP (CD3+CD4-CDS+) thymocytes. As shown in Mg. 331E, them
are  significantly more host-derived DC in caNaredrucipieuts at both 14 and
2S days after  aBogeneic HSCf as~ompared to shamcastrated control
retipievls. Additionally, as shown 25 raft 31F. there are significantly
more donor-derived DC in castrated recipients 28 days  following ailogeneic
HSCC, as wmparedto sham-casmied conmis. Fig.310 depicts  numbers of
peripheral T cells, which were idealifrcd using anti-CD3, anti-CD4 and
anti-t98.  Do ronfl st origin was determined with antiLy9.1, which only
reacts with leukocytes of hose  origin. Donor CD4 T cells were
Ly9.1-ra3+CD4+CD8- and donor 0) T cells were Ly9.I 30 CD3+CD4-CD8+. path
givup conWned 4105 animals Open bars iuthcate shamcastrated  animals, and
closedbars represent castrated animals' (p<005) and xs (p<0.01) represent a
significant increase in cell number in the castrated group compared to the
shamcastrated  wntml. 26 Figs. 324-G: Castration don not alter the function
of donordefiverT cells  following allogenelc HSCT. Castrated and
shamcastrated recipients were hansplanted us in  Figs. 29. T cell
func0onagty was assessed 42 days after transplantation. Fig. 32A shows the
number of donorderived T cells (CD3`CD4' and (r)3*(M8') six weeks after
alto-BSCT. 5 Fig. 32B shows that wabraion has no effect on the
proliferative capability of T cells after  allogeneic HSCT. Fig. 32C shows
no difference in alloreactive T-cell proliferation in an  M1.R. Splenic T
cells (4 xl05 cella/weE) from each group (n=5) were incubated with  



irradiated (20 Gy) BALD/C splenic stimulator cells (2 x105 calla/well) in
96-wall plates for 5  days and l3H3-thymidine was added duvng the final20
hours of culture. Fig.32D shows nn 10 difference in eyiolyiic acgvityof
danarderive4T cells. Fig.32E Shows intracellular IFNy  expression of
alloreactive'P ce0s.Splenic B6 T cells were harvested on day 42 from sham-
cashnted or cast ated recipients as described above and incubated with
irradiated (20 Gy)  (BALE/C- third party) spleaic stimulator cells in
24-well plates for 5 days. Cells were  hazveared, and Itstimulated with
Tan, irradiated (20 Cry) (BALD/C or B10ER internal 15 biological control)
splenic simulator cells for 16 home. Brefeldin A (10 mg/mt) was added
after the fast hour of incubation InlracelW ar IPNT expression in
donorderived CD3*CDS'  calls was measured by flow cytometric analysis.
Representative plots are shown in Fig. 32E  and graphically represented as
the percentage of donor-derived CD8" T cells that express  LFNryin Fig.
32F. Fig. 32G shows that T cell functionality was significantly enhanced 48
20 his.after challenge when mice weroraslmte at the lime of illo-IISCT. The
DTH assay was  performed at week 6 following allogeneic HSCT in shamcast
aced and castrated mice, and  Ne swelling waz measuredbysubtracting
lefthind footpad swell from righ[hivd rent Open  bats indicate
shamcastrated animals, and closed bars represent castrated animals. Figs.
33A-B: Castration does not aggravate GVHD or decrease GVL activity in  25
allogenelc HSCT redpien6-Poc the experiments depicted in Fig. 33A, lethally
imdiated  (1300 c(3y) (B6 x C3f1) Pl recipient (3 months old) received
transplants with B6TCD UM  cells (5x 106)+ spleuic T cells(0.5 x 105).
Sunivelis depicted asaRnplan-Mein  curve Open circles represent a TCD-BM
only (no T cells) control group (n=4) Closed  tittles represent
shamcastraial recipients; and open squints represent castrated recipients.
30 Each group contained 8 animals. For the experiments depicted m Fig. 33B.
lethally  irradiated, 3 mouth old B6D2PI/I recipients received P815 (H-2d)
cells (1 x l0a), C50BL6  TCD DM calls (5 x 106) and CS71BLb T cells (fix
10s). Survival isdepictedasaKaplan- Malts curve. Open circles indicate a
TCD-BM only (no T cells) control group ha4). Charm  27 circles
representshamust ated maipimes, and open squares represent castrated
recipients.  P.arh lest group contained 8-9 animals, Figs.34A-I: Castration
andf47 heaimenthaveanadditive eHCC[mthe Oymes  following allogeneie HSCL.
Castrated and sham-castrated recipients were ravaplanted 5 desedhedin Pig,
1 Recipients killedoadayl4(Pig.34A) received, in addition, 10 g/daY IL- 



7 or PBS (mntrol) by intmperitoneal injection from day 0 to day 13.
Recipients killed on day  28 (Fig. 34B) received 10 g/day IL-7 or PBS
(control) from day 21 to day 28. Thymic ce] Imi was calculated from total
cell counts. x(p-c 005) represents a significant increase  in cell number
to the castrated group compared to the shorn-castrated control. Control:
sham- 10 caseated,, PBS injected recipients: CC: castratd, PBS injected
recipients: IL-7: sham ' .cashatc1, IL-7 injected recipients: and H 7& CR:
castrated, IL-7ivjeued ecpients.  Semkpmvtimtive RT-PCR was perfom id an
whole BM 2 weeks after allo-HSCL and  castration. After HPRT equilibration
templates from castrated andahamcaslrated mice was  compared for We
expression of TGFP, and KGB (Pig. 34C). KGF" and IL74 mice were 15
castrated and 2 weeks later thymic, BM and spletdc cellulariry were
analysed. Pig. 34D-F  shows the resales from the thymus (Fq..34D), BM
(Fig.34B). spleen (Fig 34F) ofKGF-/- mice. Fig. 34O-I shows the resales
from We thymus (Fig. 340). BM (Pig. 34H). and spleen  (Fig. 34 of Li-I-
irUce. fl 35: Castration enhances engrafimentia[he EM , thymus, and spleen
following  20 113M 5xldLy5l+]BMm were  injected inhavenomfy into it adiated
(800 rod) C57/BL6 mice. The DM, spleen and thymus  were analyzed by now
cytometry at various lime points (2-6weeks)post-tmvsplant. As  shown in
Fig. 35B, two weeks War castration and HSCT, there are significantly more
cells in  the BM of castrated mice as compared to sham castrated controls.
Shuilarly, as shown in Fig. 25 35C, there is a significant increase in
thymic cell number 2, 4 and 6 weeks post-tmmplant as  compared to sham
castrated controls As shown in Fig. 35C, in arc periphery, splenic cell
numbers air else sigvi candy higher than controls 4 and 6 weeks
post-transplant in the  castrated recipients. Gray bars represent castrated
reripienrs. Blackbarsrepresentsham- caslratedcontrols. 30 Fig.36A-B:
Castration enhances engmftlnent of USC in heDMfollowing congeoic  HSCL Mice
were castrated l day before covgenic Iisa. 5xl0a Ly51+BM cells were
injected inhavenonslyim0 imdiated (800 rods) C57/BL6 mice. The BM was
analyzed for  28 kin-kit+sca-1+HSC by Raw optometry at two weeks post
-transplant (Fig. 36A) Two  weeks aferBMT transplantation and caseation
Were are significantly more donor-derived  HS CS w the BM of castrated
micecompamd to than caseatNmatmis (Fig 36B) 



Figs.37k-B: Cartretion enhances engraftment of HSC in WCBM following
congenic  HS(7f(2.5xl06 cells and 5xl0e cells). Mice were caseated 1 day
before congenicHSCT.  25x106 (lHg.3]A-B) or5xl0a (Fig 37C-D) Ly5.1+BM ceps
were injected intravenously  into ieediated (800 cads) CS'lBL6 mice.
TheBMwas analyzed for kin-ckit+sca-1+HSC by  flow optometry at two weeks
post-eaosplant. Figs- 37A-D depict petceo[ of commis  lymphoid preseason
infire Rod. Two weeks aOerBMT trensplantetion and caseation therein 10
asigniUcentlyIncreased proportion ofdonordedved HSCe in We BM ofcashired
mice  compared to shim coy ,a ed controls. Figs. 384-B: Castration enhances
the into of eng}aiment of donorderived DC in die  Wyman following
congenicHSCT (2.5xk06 cells and5xlO6 cells). 5x106 Ly5.l+BM cells  were
injected intravenously into iadiahd (800 reds) C57I11Id who. Thmocytes were
15 analyzed by flow oytometry at two weeks post -t ansplant (Frig. 38A).
Donor-derived DC  weredof-ined as CD45.1+CDllc+MHIC class ll+CDllbagDonor
derived CDllb+and  m116- DC are si caadyinc eased in the thyni of castrted
mice enraptured to sham- castr fed controls 2weeks after BMT (Fig 38B).
FIgs.39A-D: Caseation enhancesthe rate of engraftmeotofdonnrdedvedB cellsm
- 20 the spleen following congenic IiSCT Sx106 LyS. 1+ )EM cells were
injected intravenously into irradiated (8COmds) C57BL6 mice. Splenocytes
were analyzed by Row cytome[ry at  two weeks post-transplant (Fig.39A-C).
There are significantly mom 8220+B cells in the  spleens of castrated mice,
as compared Wu sham-castrated controls, 2 weeks after congenics  BMIT (Fig.
39D). 25 Fig. 407Iba phenotypic composition of pedpheml blood lymphocytes
was analyzed  in human Parisians (aft >60 years) undergoing LEHtI agonist
hesitation for frowner cancer.  Patient samples were analyzed before
taahnent and 4 months after beginning LEIREI against  trealmeaL Total
lymphocyte cell numbers per ml of blood were at the lower end of control
values before Imatment in all patients. Following treatment. six out of
nine patients showed 30 substantial increases in total lymphocyte counts
(in some cross a doubting of total cells was  observed), Correlating with
this was an incise in royal T cell numbem in six out of nine  29 patients.
Within the CD4* subset, this increase was eves mom pronounced with eight
out of  nmepatients dgmnstrating increased levels o1CD4T cells. A Less
distinctive trendwas seen  within the COB' subset with four out of nine
patients showing increased levels, albeit  



generally to a smaller extent than Mal' T refs. 5 Fig. 41: Analysis of
human patient blood before and show LBR}1-agonist treatment  demonsmted no
substantial changes in the overall proportion of T cells. CD4 or CDS T
cells,  and a variable damage in the CD4:CD8 ratio following Reamer[ This
indicates the minimal  effect of matment on the homeostatic maintenance ofT
call subsets despite We substantial  increasein ovemB T cellnumbess
followingireament. All values were comparative to 10 control Values. Fig.
42: Analysis of the pmportions of B cells and myeloid refs (NE, NET and
macmpbages) within the peripheral blood of human patients undergoing LBBB
agows t  tratmentdemonstmtd a varying degree of change within subsets.
While NE, NET and  macrophage proportions remained relatively constant
following treament, the proportion of  15 B ails was decrvsediu four out of
Wonlotients. IRg. 43: Analysis of the total cell numbers of B and myeloid
wells within the  peripheral blood of human patients post-treatment showed
clearly increased levels of NE  (five out of nine patients), NET (four out
of nine patients) and macrophage (thre out of nine  patients) cell numbers
post-treatment. B cell numbers showed no distinct trend with two out 20 of
nine patients showing increased levels; few out of nine patients showing no
change and  three out of also patients showing decreased levels.
Figs.44A-B: Chemical castration inhumans enhmas valve and memoryT wells. As
shown in Fig, 44A, asigmficant increase in naive (CD62L'CD45RAtD45BO-) CDeT
cells was observed following Ll3BId-A treatment As shown is Fig 44B, both
naive and 25 memory (CD62LtD45RA'CD4SEO7 CD8'T cells numbers wereenhanced
following the  LBBB agooist treatment Iachbar represents the meantisb of i6
patients.=p_W.05;**=  p<0.01 compared to pm-treament values. Fig. 45A.B:
Chemical castration in humans enhances peripheral blood lymphocyte
numbers. The phenotypic composition of peripheral blood was analysed in
human patients  30 (all>60years of age) undergoing chemical castration with
a LBtil1-A as part of theirmutine treatment for prostate cancer. Patients
were analysed prim to treatment and at 4-monWS of  treatment. As shown an
Fig. 45A, total lymphocyte anchor per 1d peripheral blood was  30
significantly increased following LABH-A treatment T his was reflected by
asignificavt  Ivcmasein total T cells, CD4' and CDrT cells (Hg45B). 



Fig. 46A-B; LHRIT-A treamteat effectively depletes scrum testosterone, and
increases thymic function and T cell export In the Fig. 46A experment,
prostate cancer 5 palieots were treated with LBRH-A for 4 months. Blood was
analyzed by FAGS arid scrum  was analyzed by RTA both prior W treatment and
following 4-months of LIBtH-A rearrest  As shown in Pig. 83A, no IutosWmne
was dcrected in patient sera at 4-months ofLHRH-A  treammt The bar
represents the mean of 13 patients analyzed. In the Fig 46B experiment,
direct evidence for an increase in thymic function and T rail export was
found following 10 analysis ofTRHC levels in 10 patients. Within both the
(r)4t and cut T cell population,  five out of ten patients showed an
increase (>25% above initial presentation values) in  absolute TROC levels
(per mlofbbood) by4 months of LHRH-A Imatment This was also  iefected in
apropoodonalincrease (per 1x10' calls; data not shown). This conulaud with
nix  Cut of ten patients showing as overall increase in total TBBC levels.
Only 1 patient showed a 15 decrease in total =Cs (about 30% decease). M&47:
Chemical casmtovwhumans enhances NIC numbers, Analysis was  performed prior
to LHRH-A treatment cart at 4-months of treament. A significant increase
in NKcella, but natB cells, was observed with LHRH-A Imameut Results arc
presented as  the mcantlSD of l3 patients. **=p~0.0l comparedto
pre-treatment values. 20 Figs.48A-B: Chemical cesmtoa iv humans does not
increaseproli[emotion ofV  cells. Figs 48A-B depict analyses of cellular
proliferation performed using Ki-6T antigen  detection In all patients,
levels of proliferation within naive, activated and memory cell  subsets
for both r94t (Pig. 48A) and CDSt T cells (Fig. 480). was not altered with
LHRH-A  treatment 25 Figs. 49A-C: Analysis of natural ki0er(NK) cell
recovery at various time points (2-8  weeks) following HSLTin coawlpatients
and LHRH-A treated patieatr- As shown in Pig.  49A-B, respectively, a
similar trend was observed for bogs annual allogencie and autologous
transplant recipients. In contrast, allogeneic patients who were given
LHRH-A tresment 3  weeks prior to ITSCf showed a significantly higher
number of NKr calls from D145Mpost 30 transplant (Fig. 49C data is
expressed as mean  I SBM of 6-20 patients; *=p0.05). Fig. 50: FAGS analysis
ofNKF Cell recoastitntioa at various time points(day 14, 21,  28 and35)
following HSLT in control palienta An early recoverywas observed in 31
a0ogeneicpetients, and was seen pirdomwanhy within the
CDB+popelationearlypost- 



transplant, which indicatedexhalhymiccoman of regeneration. Aso, CD4+NRT
cells were  evident fiom I monthpost-bansplant Figs.51A-B: Bcell
Emovsdmtion fallowing F[SCT avaficus timepoints(2-12  5 months) following
HSCT in control patients. As shown in Fig. 51B. B cell regeneration  occurs
occurring relatively faslw lnautologous transplant patients as compared to
thet of  allogeuacpapenh (Fig, 51A). However, aretum to covnm values
(shaded) was not evident  until at least 6 months post-transplant in both
groups. Figs. 524-B: CD4+remmtimtion following HSCF at various time
points(2-12 10 months) following user in controlpa0ents. While B Cell
numbers were returning to control  values by 6 months post-transplant (sec
Figs. 48A-B), CD4+T cell numbers were severely  rducd, even at 12 months
porttransplan4 in both sutologous (Fig, 520) and ellogeneic  (Fig 52A)
recipients. Figs53A-C: CD8+regenerationfollowing llSCL atvarious tinepoints
(2-12  15 months) fallowing HSCT in control patients. As shown in Fig.
53A-B, CD8+T cell  numbers regenerated quite rapidly post-trunsplantin both
ellogeneic and autologous  recipients, respectively. However, as shown
inPig. 53C, the CDB+T cells are mainly of  extrathymic origin as indicated
by the increase in TCRy6+T CD8+T rolls, CDBaaT cells,  and CD2WCDS4T cells.
20 Figs. 54A-B: FAGS analysis of proliferation in van us populations of CD
4+ and  CD8+T cells before (Fig. 54A) and 2B days after (Fig. 54B) HSCp in
control patients using  the marker 1467. Cells were analyzed an the basis
of nerve, memory and activated  phenotypes using the markers CD45RO and
CD27. The majority ofprolifemtion canned in  CDB+ T cell subset, which
further indicatd that these cells were extrathymically derived and 25 that
the predominance of proliferation occurred within peripheral T cell
subsets.  Figs.55A-D: NafveCD4+T ce0mgevemdon atvarious fine powtr(2-12
months)  following HSCT in controf Patients and LISRFI-A treatdpatients.
Fig, 55A depicts PACS  analysis ofnafve CD4+T cells (CD45RA+CD45ROLD62L+) m
control (no LHRH-A  treatment) padeuts, and shows asevers loss of these
cells throughout the study. As shown in 30 Pip. 550-C. nalvc CD4+ T cell
began to regenerate in the controlpmenm by l2 months  post-HSCr in
autologous transplant patients (Fig. 55C) but were still considerably lower
than  the control values in allogeneic control patients (Fig. 550). These
results indicated that dm  32 



Thymus was unable to restore adequate numbers of naiveT cells in regard
patients post- tansplant due to he age of the patients. In conlraa4 in
patients that were given LHRIJ-A 3- weeks prim to allogeneic HSCp showed
asignificantly higher number of ns(ve 194+T cells  atboth9 & 12 months post
-t ansplant compared to controls (Pig. 55D). This indicates 5 enhanced
regeneration of the thymic-dependem T cell pathway with sex steroid
ablation  therapy, Data is expressed as meanISEM of 6-20 patients, *_pm
0.5. Figs.56A-D: TTiP,C levels mvaricns time power(1-12 months)following
HSCTto  central patents and LBRH-A heated patients. Analysis of THBC
levels, which ere only seen  in recent thymic emigrants (RTE), emphasized
the inability of the thymus to restorelevels 10 following transplant in
both allogeneic (Fig. 52.4) and autologous (Fig. 52B) patients. Again,
this was due to the age of the patients as well as the lack of thymic
function due to thymic  atrophy, which has considerable implications in the
morbidity and modality of these patients.  M contrast patients undergoing
allogeanic peripheral blood stem cell haoaplaalation  demonstrated a
significant increase is CD4+TRHC+ cells/ml blood when treated with an 15
LHRH-A prior to alto generic transplantation(p<O.01 at 9 months port-
transplant compared to  mutual (nonLHRH-A treated). Allogeneic patients who
were given LHRH-A t eatment  showed a significantly hipper number of
CD4+TRBC' cells/ml blood at 9 months post  tmuplant (Frrg. 56C) compared to
controls. Autologeos LHRH-A healed patients also  showed sigoifrrveatly
higher levels atl2 months post-transplant(Fig.56D). This indicates 20
enhanced regeneration of the thymus with sex steroid ablation therapy. Data
is expressed as  meanl SUM of 5-15 patients. * p OOl. Fig. 57A-C: LBRH-A
administration enhances responsiveness to TCR specific  stimulation
following allogevac (Fig.S/A-B) and autologeus (Fig. 5/C) HSCP. Three
weeks prior to HSC?, patients were given Lflft..-A Patients who did not
receive the agonist 25 were used as control pati(r)6, Anaysis Of TCR
specific stimulation was performed osmO pg  anti-CD3 and 10 pg anti-CD2B
cross-linking m vations timepohrt (1-12 months) post- transplant. As shown
in Figs. 51A-B. shogeneic LHRB-A treated patients showed enhanced
proliferative responses (assessed by 3H-Thymidwe incorporation) compared to
cenhnq  parents at all time-points except 6 and 9 months (due to low
patient numbers analyzed at this 30 time). A[ 6 and 9 months
post-ransplantcontrol patients had similar responsiveness to pro  treatment
values. However at all other time-points, they were considerably lower. In
contract, LHRH-A treated patients had equivalent responsiveness at all
time-points except 6  



months compared to pre-treatment. LHRH-A treat d patients showed enhanced
proliferative 33 responses (assessed bysH-Thymialne incorpomtiov) compared
to control patients at 1, 3 and  4 months post-Icumplant This indicates a
contribution of direct penpheml T cell effects, as  new m4+ T cells am not
evideotuntil at least 1-2 months posrtansplant (Fig SIB; Data is  expressed
as mean}ISP,M Of Sl2 patients. *=p~0.05;**=p~0 ol). As showniv Fig. 59C. 5
mtologous LIB23I-A heated patients showed enhanced proliferative responses
(assessed by  311-Thymidiveincorporation) compared to control patients at
all time-paints excepts mouths.  Reexamine to pr -treatment values was
observed by 12 months post-transplant in both  control and LHBH-A treated
patients. F5g. SaA-B: LHRH-A administration enhances responsiveness to PWM
and Ty  10 mitogenic stimulation following allogeneic HSCT. Three weeks
prior to HSCr, patients  were treated with LBRH-A Patients who did not
receive the agonist were used as control  patients. Analysis of mitogenic
responsiveness was performed using pokeweed managed  (PWM) or tetanus
toxoid (TT) at various time points (1-12 mouths) post-hamplant. Patients
trtatcl with LHRH-A prior to HSCr showed an enhanced responsiveness to
PW)vf (Fig, 15 SSA) and Fr (Fig. 5B) stimulation at all timo-pow6
studiedcompared to control patients.  Fig. 59A-B: LBRH-A adutiwstrution
enhances responsiveness to PWM and TT  androgenic stimulation following
autologans HSa. fleets weeks poor to HSC . patients  were treated with
LHRH-A Patients who did not receive the agonist were used as control
patients. Analysis ofmitogmic responsiveness was pedomed using PWM or IT at
various 20 made point(1-12 months) posttmsplant Patients mated with LHRH-A
prior to HSCT  showed an enhmwd reponsiveness to PWM (Fig. 59A) and TT
(Fig. 59B) stimulation at the  majority of time-points studied compared to
control patients (pm.001 at 3 months). By 12- months post-transplant,
LHRH-A treated patients had restated responsiveness. Figs. 60A-D. I.HRH-A
treatment enhances the cute of engrafinent to analogous 25 HSCT patients.
Three weeks prior to HSCT, patients were treated with LHRFI-A (Figs. GOA,
C and D). Patients who did mrreceivethe agonist were used as control
patients (Figs. GOB).  Total white blood cell (WBC) occurs and granulocyte
(G) counts per pd of blood were  detemined at days 14, 28, and 35 post
transplant As shown in Fig. 60A, tautologous  patients who were given
LHRH-A treatment showed a significantly higher number of WBC 30 at Dl4
pow-transplant compared to controls (Fig. 60B) (pa).05), with 87% showing  



granulocyte engraftment (>500 cob/pd blood) compared to 45% of controls
(p_.OS) at this  time point. Autologous patieNS who were given LIBHT-A
treatment also showed a  significantynppernumber of nealmphis
atDIO-l2post-tramplant competed W wutials 34 (Fig. 60C; data is express d
as meed1SBM of 8-20 patient. s=p<0.o5). In addition.  although not
significant. autologous patients had hipper lymphocyte counts throughout
the  time-points analy d in LURE-A tented compared to control group (Fig.
6OD). Figs. 61A-D: LERllf-A Ieamient enhances the rate of eugrattment in
allogeneic  5 HSCTpatient. Three weeks priocmliSCT, Patient woes card with
LHRH-A (Aigs. 6lA,  C and D). Patients who did not receive the agonist were
used as connual patients (Fig. 61 B).  Total while blood cell (BC) counts
and granulacyre (0) counts per pl of blood were  determined at day 14, 28,
and 35 post transplant. As shown in Pig. 61A, alogeneie patients  who were
given LHRH-A treatment showed a significantly higher number of WRC at D14
10 post-transplant compared to controls (Fig. 610) (peD.05) with 64%
showing grmulocytc  eogroumeot WOO cells/id blond) compared to 44% of
controls at this time point In  addition, allogeneic patients who were
given LIIRH-A treatment showed a significantly higher number of ueutmphils
at D9,12 & 19 post-transplant compared to controls (Fig. 61C; data is
expressed as meanLSBM of &20 patient. Additionally, analysis of  15 parents
undergoing peripheral blood stem cell transplantation demonstrated a
significant  Increase in lymphocyte counts when treated with an LHRH-A
prior to allogeneic  transplmttion (pm.05 at days 10. & 17-21
post-transplant) (Frig. 61D). FlgL 62A-F. TCR specific peripheral T cell
proliferative responses are enhanced  within one week of castration. High)
week-old mice were castraed and analyzed for anti- 20 CD3/anti-(r)2E
stimulated T red proliferative response 3 days (Figs. 62A, C. and Id said 7
days (Figs. 62B, D, and F) aftersurgery. Peripheral (cervical, axilary,
brachial and inguwal)  lymph node (Pigs. 62A and B), mesenteric lymph node
(Figs. 62C and D), and spleen cells  (Pigs. 6213 and F) were stimulated
with varying concentrations of enti-CD3 aad ce-stimulated  with anti-Urns
at a constant concentration of l0 pg/ml for 4g hours- Cells were thenpulsed
25 with tntieted thymidine for 18 hours and proliferation was measured as
aH-T incorporation.  Diamonds indicate castrated animals. Squares indicate
shamcastrald centered mice- n=4,  xpc005 (con-parametric, unpaired,
Mann-Whitney smtishenl test). Pig. 63: LHRH-A admiwstrafion enhances
responsiveness to TCR specific  stimulation following treatment for chronic
cancer sufferers. Patients with chronic  



30 malignancies were realedwith LHRH-A. Analysis ofTCR specific stimulation
was performed using anti-CD3 and antiCr28 crass-linking from at various
time poiots (day 7- 12 months) following LHRH-A administration. LHRH-A
treated patients showed enhanced  proliferative responses (assessed by
sH-Thymidieincorporation) compared no pre-treatment  35 levels in a
cyclical fashion This reflected the adminiseylon of the agonist with
monthly  depotinjections. These aunlts indicate a d'uect influence on
peuphenl Tooth. However,'be  enhanced response seen at 12-mmlhs
post-heetmeot reflect changes in thymiederiwdT  cells as well, since
agonist administration was ceased from 4-months f r all padeats. 5 Flgurus
64A-E are graphs showing that thymectomy does not impact the effect of sex
steroid  inhibition/BMT an common lymphoid pwgenimm in the BM (Fig. 724),
total BM B cells  (Fig ]2B), immature B cells is the BM (Fig. 64C).
tulalcell ambers in the spleen (Fig.  72D) OT OR DOW It colts in the spleen
(Fig, 72E). 36 DHCAIEED DESCEIPCION OF THE id/ymmON The patent and
scientific literature referred to herein establishes knowledge that is
available to thosewithskillin the art. The issued U.S. patents,
applications, published  foreign applications, and references, including
GeoBank database safueurss, that are cited 5 herein are hereby incorporated
by reference is its entirety to the same extent asif each was  specifically
and individually indicated to be incorpora ed by reference. The present
invention comprises methods for increasing the BM functionality,  following
sex steroid ablation and/or interruption of sex steroid signalling, either
without,  prior to, or in combination with. thymus regeneration.
"Increasing the function of BM" and 10 "enhancing BMfunctionality" is
herein defued as an improvement in but, goods ction and/or  output of
immune cells, including pmcureors, for example MC (and consequent increases
in  blood mLs)from the EM, including improvement inheemopoiesis and/or
enbancement of  engrafinentfollowingHSCT. "An improvement in output"
includes, but is not limited to, an  improved ability to mobilize immune
coils, including HSC into the periphery or to a target 15 tissue, in
particular, immune or damaged tissue. In one embodiment. HSC haemopoiesis
is  improved, in another embodiment, IISC output is improved. In certain
embodiments, blood  and/or immune cell numbers are increased. hr yet
another embodiment, HSC engmthoent is  improved following HSCT, b another
embodiment HSC mobilization into the periphery or  



homing to Larger tissue is improveW In yet matherembodiment. proliferative
ability, and/or 20 the ability to differentiate into haematopoictic or
non-haemopoitetic progeny is improved  The present invention elso comprises
methods for increasing the function of T cells  and other immune cells
following sex slemid ablation and/or interruption of sex steroid
signaling. either without, prior W. or in combination with, thymus
regeneration. The terns  'immune ceps" and "cells of the immune system" not
used intescbangezbly and are herein 25 defined as HS C, T sells, B sells.
DC. and/or other blood cells, including, but nor limited to  HSC progeny,
CLP, KELP, lymphocytes, myeloid sells, nemophits, gmnuiccyks, bas ophps,
eosinopbils, NIL, =. platelets. red blood cells, mouocytes, macrophage,
nave T reels, and  precursors of the aforementioned The cells may or may
not be peripheral, and the cells may  be found in any one or more of the
BM, blood, spleen, lymph nodes. thymus. mucosal 30 membranes, skin, or
other tissues "Increased' or "enhance functionality' of immune calls moans
that the immune cells  are more able to provide an adequate required immune
response, when compared to the 37 immune response vommB-expected wi hw[sex
steroid ablation. In one case, the imwroe  cells areT cells. b oWU
examples, theivwuneceus area cells, DC, and/or HSC.
"Ihereasedfunctionality"includes,but is not limited to, improved kiliag of
target cells;  inc ased lymphocyte proliferzve response; improved signaling
ability, improved homing 5 ability, improved AFC activation, increased
levels or activity of receptors, cell adhesion  molecules. orco-stimulatory
molecules; decreased apoptosis; increased release otcytokines.
wterleukitvs, and other growth factors; increased levels of antibody (Ab)
in the plasma; and  increased levels ofinnafe immunity (e.g., natural
killer (NA) cells, DC, nentrophils,  macrophages, etc.) in the blvd and
throughout We body. 10 To generate new T lymphocytes, the thymus requires
precursor cells; these can be  derived from within be organ itself for
ashort time, but after 34 weeks, such cells are  depleted and
newhematopoietic sleet cells (HS C) must be taken in, typ'vally from the
bone  marrow via be blood However, even in anormal functional young thymus,
the uptake of  such cells is very low, i.e., sufficient to maintain T sell
production athomwstalically 15 regulated levels and effectively restricted
to HSC or at least pmthymocyhs which already  have a pref ntfal development
along the T cell lineage. During sex steroid inhibition, the  



thymus becomes very receptive to new precursor cells circulating in the
blood. By increasing  be level of the blood precursor cells, the Tcells
derived from them will progressively enter  theT cell pool. This means that
a gene int oducedinto the precrosms (e.g., the HSC) maybe 20 passed onto
all progeny T cells and eventually he present in much of be T cell pool.
The  level ofdominance of West cells over those derived form endogenous
host HSC may he  increased to by increasing be number of trsnsfemd
exogenous HSC The present invention stems from be discovery that disrupting
sex steroid sigualing in  a patient who requires a donor ailogmft
transplantation, prior to, concurrently with, or after  25 administration
of donor cells (e.g,HSC), facWmtes We acceptanceby We patient of the donor
allograft. In some embodiments, We patient also receives a transfer of
cells, such as  HSC, from the donor. As the thymus is reactivating, a new
or modeled immune system is  created, one but no longer recognizes aud/or
responds to antigens on the allograft In other  words, the Argent Is seen
as "self," and not as foreign. 30 In one embodiment, thymic grafts cant be
used in the me hods of the invention to  improve engraRment of the donor
cells or tolerance to the donor graft. In some  embodiments, thymic grafts
are when the patient is athymic, when the patient's thymus is  resistant to
regeneration, or to hastenregeneration. W certain embodiments, a thymic 38
xonogmit to induce tolerance is usd(see.e.g, U.S. Patent NO.5,65&564).
mother  embodiments, an ullogenic thyndc graft is usd. The transplanted
calls may be HSC, lymphoid progenitor cells, myeloid progenitor  rolls.
eprhelial stem rails or combinations thereof The present invention
alsoprovides a  5 new method for delivery of these cells which promotes
uptake andlordifferentialion of the cells into T cells. The transplanted
ceps may or may not be genetically modified The cells  are injected into a
patient whose thymus is in the process of being reactivated by the methods
of this invention. The optionally modifredstem and progenitor cells are
taken up bythe  thymus and converted into T cells, dendritic coils, NK
cells, and other cells produced in the 10 thymus. When genetic modihrations
are present inlist hansplanhd cell, each of these new  cells contains the
genetic mdificadan of the parent stem/progeontor ceR In some embdiments,
the cells are administered to the patient when the fictions  begins to
reactivate. In othaembodimeo6, the cells are estrum terd without, prior to,
or  mnwrtenlly with thymus regeneration. In yet other embodiments, the
cells are administered 



15 when disreption ofsex sremidmdiated srgaaliugis begun In one embodiment,
stem cells  am transplanted into therecipieut. 'lbe sem cells may be
hematopoietic stem cells, epithelial  stem colts, or combinatons thereof In
another embodiment, progenitor cells are transplanted  to the recipient.
The progenitor wells may be lymphoid progenitor cells, myeloid progenitor
calls, or combinations thereof fe yet anther embrdiment, the cells sure
(M34+ or 4M341o 20 HSC, b some embodiments the transplanted ceLLS are
eurologous, in otherembdiments the  transplanted cells are uonaumlogous In
the event that nonantologous (donor) cells are used, tolerance to these
cells is  created during the promos of thymus reactivation, During or after
theinitiation ofblockage of  sex steroid mediatd signaling, the
relevant(genetically mdifid(Gk1) or non-genetically 25 modified) donor
cells are transplanted into the recipient. The donor cells are accepted by
the thymus as belonging to the recipient and become  part of the production
of new Tcells and DCby the thymus. The resWdng population ofT  cells
recognize bath the recipient and donor as self, thereby creating tolerance
fora graft from  the donor. The graft may be calla, tissues or organs of
the donor, or combinations thereof. 30 As heroin defined, the phrase
"creating tolerance" or "inducing tolerance" in a patient,  and other
similar phrases, infers to complete, as well as partial tolerance induction
(e.g" a  patient may become either more tolerant, or completely toleant, to
the graft, as compared to  39 spencer that has not been Treat i acconling
to the methods of the invention). Tolerance  induction can be tasted e.g.,
by an MLR reaction, using methods known in the art. Inoue embodiment, the
methods ofthe invention use genetically modified HSC,  lymphoid pmgeoitar
cells, myeloid progenitor cells, epithelial stem cells orcombwations 5
thereof(collectively referredto as GM cells)to produce an immune system
resistant to attack  by particular antigens, The recipient's thymus may
eventually be reactivated by the methods of disrupting  sex steroid
mediated signalling, as dewribed in more detail bellow. This dimuptinn
reverses  the hormonal stems of the rocipiem In certain embodiments, the
recipient is post-pubertal. 10 According to the methods of the insouciant,
the hommnal status of the recipient is reversed  such that the hormones of
the recipient approach pre-pubertal levels. By lowering the level  of sex
steroid hormones in the recipient, the signalling of these hormones to the
thymus is  lowered, thereby allowing the thymus to be reactivated. 



As descnbed above, the aged (post-pubertal) thymus causes We bod}vs immune
15 system to function at less than peak levels (such as that found in the
young, pre-pubered  thymus). 'Post-pubertal" is herein defined as the
period in which the thymus has reached  substantial afmphy. 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 time during which
the thymus begins to atrophy, but may be before his fully atrophied.
Interim, s this Dams 20 from about10-20 years of age, but may occur earlier
mister in a given individual.  Pre- in  humans, antis occurs at ahem! 0-10
years of age, taut may occur earlierorlaterin a given  individual.
'Recipient," 'patient" and 'host'are used interchangeably and are herein
defined as a  25 subject receiving sex steroid ablation therapy and/or
therapy to interrupt sex steroid mediated  signaling antler, when
appropriate, the subject receiving the HSC transplant. "Donor"is  herein
defined as the source of the transplant, which may be syngeneie, allogeneic
or  xenogeneic. In some instances, the patient may provide, e.g., his ocher
own autologous cells  for transplant into the patient at slater time point
Allogeneic HSC grabs maybeused, and 30 such ndogeneic grafts; are those
that occur between unmatched members of the same species,  while in
xenogeneic HSC grafts the donor and recipient are of different species,
Syngeneic  }{SC grabs, between matched animals, may also be used. The
tents'lvatchrd;' 40 "unma[ched," "mimatched," said "non-identical" with ref
nce to ESC guns are herein  defined as the MHC and%or minor
histocampa['M'wmarkers of the donor andthe recipient  are (matched) or are
not (wmatched, mismatched said son-identical) the same. The Terms
"improving," "enhancing,' or "ivemasing' tolerance in apatient to agaft  5
or other exogenous antigen is herein defined as meaning that a patient's
tolerance to the graft  or other exogenous antigen is improved as compared
to the tolerance which would have  otherwise occurred in a patient without
disruption of sex aneroid signalling. The terms thymus 'regeneration,"
`reactivation" and "reconstitu0on' and their  derivatives are used
intetehangeably herein, and are herein defined as the recovery of in  10
atrophied or damaged(e.g., by chemicals, radiation, gaff versus host
diseas;infection, genetic predisposition) thymus to its active state.
"Active state" is herein defined as meaning  a thymus in a patient whose
sex steroid hormone mediated signaling has been disrupted.  



achieves an output of T c e l l s that is aleast 10%, or ail st 20%, or at
lendddsh, or at lust  60%, or aleast 80%. or at least 90%of the output of a
pre-pubertal thymus (Le., a thymus in  15 a patient who has not reached
puberty). This invention may be used with any animal species (cluding
humans) having sex  steroid driven maturation and an immune system, such as
mammals and marsupials. In some  examples, the invention is used with large
mammals, such as hummns Through out Nis specification the word "comprise",
or variations such as "compriseti'  20 or"compdswg", will be understood to
imply the inclusion of a stated element, integer or  step, or getup of
elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps. DISRIUFrION OF
SEX STEROID MEDIATED SIGNALLING the present invention further provides
methods of disruption of sex steroid-mediated  25 signaling in a patient.
wherein %a patient's thymus may or may not be subsequently  reactivated.
Additionally, the present invention provides methods of improving the
fractional status of immune cells (e g., T cells) of the patient With
respect toT cells, the  thymus begins to wewise the rate of proliferation
of the early precursor cells (CD3'CD4'  CDB cells) and converts them into
CD4'CDS+. and subsequently new mature 30 CD3r"CD4 CD8 (T helper (Th)
lymphocytes) or CD3"'CD4CD8' (cytotoxic T lymphocytes  (erL)). The
rejuvenating thymus increases its uptake of ESC, or other stem cells m 41
pmgenitorcells capable offorndng into Tcells, from the blood stream end
converts them into  new T cells and inhathymic DC. The increased activity
in the thymus resembles in many  ways that found in a natural younger
thymus (e.g., a prepubertal patient). The result of this  renewed thymic
output is increased levels of nave T Bells (those T cells which have not
yet 5 encountered anligen)intheblood Them is alsoanincreaseinthe ability of
theperipheralT  cells to r spond to stimulation, e.g., by cross-linking
with anl-CD2S Abs, or by TCR  stimulation with, ag, anti-CD3 antibodies, or
stimulation with mitogens, such us pokeweed  mhogen (PWM) and this
Increased T cell responsiveness can occur berme thymic  regeneration, such
as within 2, 3, 4, 5 6, 7, 14. or 21 days. I0 Additionally, in the event
that nonantologous (donor) cells are transplanted into a  recipient
patient, tolerance to these rolls is crested during the process of thymus
reactivaitom  During or after the initiation of blockage of sex steroid
mediated signaling. the relevant  



(genetically modified (GM) or non-genetically modified) donor cells are
transplanted into the  aeipien. These cells am accepted by the thymus as
belonging to the recipient and become 15 part Of the production ofnew T
ceps and DCby the thymus. Theresntlng population ofT  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
steroid-mediated signaling,"  sex steroid disruption"Snterruption of sex
steroid signaling" and other similar airs are  20 Inertia defined as at
least partial disruption of sex steroid (and/or other homional) production
and/or sex steroid (and/or other hormonal) signaling, whether by direct or
indirect acdom In  one embodiment sex steroid signaling to the thymus is
inteaupted. As wi l be readily  understood, sex sacoid-mediaed signaling
can be disrupted in a range of ways well known to  those of skill in the
art, some of which are described herein. Pm example, inhibition of sex 25
bommne production or blocking of one or more sex hormone receptors will
accomplish the  desired disruption, as vri1l adminskation of sex steroid
agodsts and/or antagonists, or active  (antigen) or passive (antibody)
anti-sex steroid vaccinations, A non -limiting method forcteating
disruption of sex steroid-radiated signalling is  dnough castration.
Methods for castration include, but are our limited to, chemical castration
30 and surgical castration. "lashation" is herein defined as the reduction
or elimination of sex steroid  production, action andor distribution in the
body 'l'ids effectively evenmellyrebuns the  42 patient to apre-pubertal
slams when can thymus is mom fully Nnctiouing mmrim~aiately  Our to
consumers. Surgical castration removes the patien's gonads. Methods for
surgical  castration are well known to routinely Gained veterinarians and
physicians. One non-limiting  method for castrating amale animal is
described in the examples below. Other non-limiting 5 methods for caseating
humanpatients include ahyamaectomyor ovariectomy procedure(to  whale women)
and surgical castration to remove the testes (to castrate mm). In some
clinical cases, permanent removal of the gonads via physical castration may
be appropriate. Chemical castration is a less permanent version of
castration. As herein defined,  "chemical castration" u the administration
of acbemical for aperiod of time, which results  10 io the reduction or
elimimtion of sexsteroid production, aton mNOr distribution io the body. A
varietyof chemicals are capable of functioning in this manner Non-limiting



examples of such chemicals are the sex steroid WUbitara and/or analogs des
med below.  During the chemical delivery, and for a period of time
afterwards, the patient's hormone  production maybe mated off or redu a d.
The castration maybe reversed upon termination  15 of chemical delivery or
by delivery of the relevant sex hormones. The terms "sex steroid analog,
"'sex steroid ablating agent," "sex steroid inhibitor,"  inhibitor of sex
steroid signalling,"'}nodifier of sex steroid signalling,"and other similar
tefms are hernia defined as any one or more pharmaceutical agent that will
decrease, disrupt,  prevent, or abolish sex steroid (and/or other hormone)
mediated signllling GnRH (also 20 called LHRH or GnRH/LHRH herein), and
analogs thereof, are nonlmidng exemplary  inhibitors of sex steroid
signalling used throughout this application. However, as will be  readily
understand by one skilled in the at, in practicing the inventions provided
herein,  GnRHILHRH, or malogs theie d, may be replaced with my em (or
turns) of a number of  snbadmte sex steroid inhbitms or analogs (or other
blocker(s) or physical venation) which  25 are described herein, without
undue experimentation. Any pharmaceutical drug, or other method of
castration, that ebla[es sex steroids or  interrupts sex steroid-mediated
signaling may be used in the methods of the invention. For  example, one
nontirnitingmethod of, inhibiting sex steroid signaling. inactivating the
thymus  and/or enhancing the functionality of BM and immime calls is by
modifying the normal 30 action of GnRH on the pituitary (Le" the release of
gomdotrophins. M and 1,11) road  consequently reducing normal sex steroid
production or relwe from the gonads, Thus, in  onecase, sex steroid
ablation is accomplished by administering one or more sex hormone  analogs,
such as a OnIm analog OnRH is a hypothalamic derapeptide that stimulates
the  43 se-ration of the pituitary gonedoiropins. lwthrisbng hormone (LH)
and follicleetimulating  hormone (FSH). Thus, GnRH agoodes (e.g., in the
form of Synmel(r) or Lupton(r)) initially  result in over stimulation of
the receptor and trough feedback mechanisms wiR suppress the  pituitary
production ofPSH and LH by desensiNation of L1RtH Receptors. These 5
govadotropbins normally act onthe gonads m release sex steroids,
inpartictesuogeos iu  f males and testosterone w males; the release of
which is significantlyreducdby We  absence of PSH and LH. The direct
consequences of this are a drop in the plasma levels of  sex steroids, mad
as a result, progressive release of the inhibitory signals on the thymus. A
morn rapid drop in circulating sex steroid levels can be achieved for
example by the use of a  



10 GnRH antagonist In some embodiments, the sex steroid mediated situation
is darsuptedL by  administration of a sex steroid analog, such as an analog
of leutiaizioghormone-releasing  hmmnne (LHRH). Sexateroid analogs and Weir
use in therapies and chemical castration are  well knovm, Sex steroid
analogs are commerciallyad Weir use in therapies end chemical 15 castration
are weR known. Suchanalogs include, but arenotlimited to, Wefollnwing
agonisls of We LHRH receptor(LHRH-R); buserelin (e.g., buserelin acetate,
node names  Supsefac(r) (e g., 0.5-OL mg s.c/day), Suprefact Depot(r) and
Suprefart(r) Nasal Spray (e.g., 2  pg per nos ti, every 8 hrs.), Hoechst
also desuibed is U.S. Patent Nos. 4,003,884,  4.118.483, and 4,275,001);
Cystorelln(r) (e.g., gonadorelin diacetate Wtrahydmte, Hoechst); 20
deslorelia (e.g., desoreln acetate, Deslorell(r), Balance Phammceudcals);
gonadomlin (e.g.,  gonadomlia hydrocholoride, trade ounces Factrel(r) (100
jug i.v. or s.cj, Ayemt Laboratories);  goserelin (gnseretin acetate, trade
tome Zoladex(r), As0az aeca, Ackland NZ also des bed in U.S.Patent
Nos.4,100,274 and 4,128,638; and fit GB 9112859 and GE  9112825); hishelin
(e.g., histemlin acetate, Supprelin(r), (s.c,l0 pgikgday). Ortho, also  25
des bed in ER 217659); leuprolideQeuprolide acetate, trade name Luprn(r) or
Lupton Depot(r); Abbott/fAP, Lake Pored, IL, also descdbed in U.S. Patent
Nos. 4,490,291  3.972,859. 4,008,209, 4,992,421, und4,005,063; and in DE
250983); Ieuprareln (e.g.,  leuproelin acetate, trade name Pmstap SR(r)
(e.g.. single 3.75 mg dose s.c. or Lrnjmont),  Prosttap3(r) (e.g., single
1L25 mg dose s c. every 3 months), Wyeth, USA, also described in 30 Pleaker
etas, (1994) Drugs 48:930), luueln(Wyet, USA, also described in U.S. Patent
No.  4,089,946); Metemin(r) (e.g. Avorepon bug.. 10-15 mg slow-release
formulation), also  described in EP 23904 and WO 91/18016); nafarein (e.g.,
vale name Synarel(r) (in. 2000- I8001rg/day), Syntex, also described in
U.S. Parent No. 4.234,571; W093(15722; and EP  52510); and diptorepn (e.g.,
hiptoreln pamoale; trade names Trelstar LA(r) (1 L25 mg over 3  44 months),
Trelstar LA Debioclip(r) (pre-fined, single dose delivery), LA Trelsbr
Depot(r) (3 75  mg over one moat'), and Decapeptyl(r), Debiophaun 8A,
Switzerland, also described in  U.S. PatentNos, 4,010,125,4.018,726,
4,021,121. and 5,258,492; endinEP 364819). LRRH  analogs also include, but
are not limitd to, the following antagonists of the LHRJI-2 5 abam0x (fade
name Pleaaxisru (e.g.. 100 mg in on days 1, 15 and 29, thea every 4 weeks
thereafter), Praeeis Pharmaceuticals. Inc., Cambridge, MA) and cetrostlx
(e.g., eetrmelx  



acetate. Rode name CedotideTM (e.g., 0,25 or3 mg &c.), 2'entads, Fmnkfmt,
Germany).  Additional sex steroid analogs include fudexw(r) (e.g.,
flutamide (e.g.. 2 capsules 2x/day,  total 750 mg/day), Schmwg-Plough
Corp., also described in FR7923545, WO 86/01105 and 30 PT 100899), and
dioxane derivatives brit, those described in 13P 413209). and other LHRli
analogs such as are described in FP 181236, and fin U.S. Parent Nos.
4,608,251, 4,656.217.  4.642.332,4.010,149, 3,992,365, and4,010,149.
Combine0ons of agaves, combinations of  antagonist, and combinations of
agonise and antagonists are also Included One non- limiting
analogoftheivvcvtionisdeslorelin(describedin Patent No. 4,218,439). Fora 15
more extensive but. ofanalogs. see Vickery eta!. (1984) LURE nrmprs
ANALOGS;  CONrnkCFTWB&T mrrTcMPLTCATIONS(Vickery etal., eds.) MTP Press
Ltd.,  fancaster, PA Fech aoarog may also be usd nmodiRdform. suchaa
arzete%citrates and  other salts thereof. which are well known to those in
the mt. One non-lensing example of adminiss adon of a sex steroid ablarig
agent is a  20 sobw[aneous/i trademal injection of a 'slow -release" depot
of GnRH agonist (e.g., one,  three, or four month Lupron(r) injections) or
asubcueveohhslinthadermel injection of a "slow- release" GnRH-containing
implant (e.g., one or three month zoladex(r), e.g., 3.6 mg or 10,8  mg
implant). These could also be given intramuscular C m), intravenously (v.)
or orally,  depending on the appropriate fomaulatoa Another example is by
subcutaneous injection of 25 a "depot Or "impregnated implant" containing,
for example, about 30 mg ofLupron(r) (a g,  Lupmn Depot(r)'(leuprolide
acetate for depot suspension) TAP Pharmaceuticals products,  Inc., Lake
Forest, IL). A 30 nag Lupmn(r) injection is sufficient for four months of
sex  steroid ablation to avow the thymus to rejuvenate and export new n ve
T cells into the blood  stream. 30 Many of the mechanisms of iNhibiting sex
steroid signaling described heroin are well  known andsome of these drugs.
in particularthe GnRH angonists, have been used formaoy  yea's in the
trezmhent of disorders of the reproductive organs, such as some hormone 45
sensitive cows including. breast and prostate cancer, endometdosis,
reproductive disorder,  hirsuilism, prrcomsis puberty, sexual deviancy and
in the control of fertility. In certain exampl(r), the thymus of the
patient is ultimatelyrcactlvated by sex steroid  ablation and/or
interception or disruption of sex stuvid-mediated signalling. In some
cases.  5 diismption reverses the hormonal status of the patient. According
to the methods of the 



invention, the hormonal status of the recipient is revers d such that the
hormones of the  reelpienr approach pre-pubertal levels. By lowering the
level of sex steroid hormones in the  recipient thesignaEwg of these
hormones to the thymus is lowered. thereby allowing the  thymus to be
reac4vered. The patient may be pubertil or post-pubertal, or the patient
bas(or 10 has bad)aduease lbat alleasl io pm[atrophid the thymus.
Alternatively, thepatienthas(or  has bad) a treatment of a disease, wherein
the treatment of the disease at least w part  atrophid the thymus of the
patient Such treatment may be and-viral, immunosuppresawn,  chemotherapy,
and/or mdiaton treatment In other embodiments, the patient is menopausal
nitres had sex smmid (or other hormonal levels) decreasedby unothermeans,
e.g., t euma,  15 dregs, etc. Sex steroid ablation orwteauptiov of sex
steroid radiated signalinghas one ormore  direct effect on the NM and/or
cells of the immune system, wherein functionality is  improved The effects
may occur poor to, or concurrently with. thymic reactivation In some
embodiments, sex steroid ablation or inhibition of sex steroid signaling is
20 accomplished by administering an anti-androgen such as an androgen
blocker (e.g.,  bicalutamide, trade names Comdex(r) Or Casodex(r), 5-500
mg, e.g., 50 mg po QID,  Astrezeneca, Auklan4 NZ), either atone or in
combination with an LHRH analog or any  othermethod ofcastmtion Sex aruoid
ablation or interuptiom of sex steroid signaling may  also be accomplishd
by administering eyproterone acetate (trade name, Androcor(r), Sharing 25
AG , Germany, e.g ,10-1(100 mg ,100 mg bed onds, or 300 mg IM weekly, a 17-
hydroxyprogesterone acetate, which acts as a progestin. either alone m in
combination with  an LIIIHI analog or any other method of castration. Other
anti -androgens maybe used (e.g..  antifungal agents of the imidawle class,
such as liaroxole (Liaaol(r) ag.,150 mg/day, an  ammatase inhibitor) and
kcloconazole, flutamide (trade names Eufex(r) and Emlexin(r), 30 Shoring
Plough Corp,N.J.; 50.500 mg e.g.. 250 or 750 mgpo QID), megestrol acetate
(Mega<e(r) e.g., 480-840 mg/day ornilutamide (trade names Ammulam (r), and
Nilavdron(r),  Roussel, prance a g., really, 150-300 mg/day)).
Antiandrogens are fin important in  therapy, since they are
commonlyulilixed to address flareby GnRH analogs. Some 46 antiandrogens act
by inhibiting androgenreceptor haosloratian, which interrupts negative
feedback resulting in increased testosterone levels and minimal loss of
libido/potency  Another class of antt-androgens useful in the present
invention em the selective androgen  



receptor modulators (SARMS) (e.g., quinoline derivatives, bicalutamide
(bade name 5 Cosudex(r) or Casodex(r), as above), and flutamide (bde name
Eulexin(r), e.g.. many. 250  mg/day)). Other we0lmown sum-androgens include
5 alpha reductase inhibitors (e.g.,  dutastmide,(e.g., po 05 mg/day)) which
inhibits both 5 alpharednctase iscew.ymes and  molts in greater and more
rapid DHT suppression; fwasteride (NSde name Rvscar(r); 0.5-500  Mg, e.g. 5
mgp0 daily), which inhibits 5alpha reductase 2 and consequent DHT
production. 10 but has little or no effect on testosterone orlH levels); In
other embodiments, sex steroid ablation or inhibition of sex steroid
signaling is  accomplished by administering antics bugems tither alone or
in combination with an IHRH  analog or any othermethodofrastmtion, Some
antiesbogens(e.g., aonstrai le(trade name  Arimidex(r)),
andfulveshant(tradename Faslodex(r), 104000 mg, ag., 250 mglM mont ly) 15
sot by binding the estrogen reeeptor(ER) vi Wgh eff itysimilar toeshndiol
and  consequently inhibiting estrogen from binding. Faslodex(r) binding
also Niggers  conformational change to the receptor and down-regulation of
estrogen receptors, without  significant change in FSH or lH levels. Ober
non-limiting examples of antiestrogens are t aramem en (Made name
Nolvadex(P); Clomiphene (trade name Clomid(r)) e.g., 50-250 rng/day,  20
anon-steroidal ER ligand with mixed agonst/anmgovut properties, which
stimulates release  of gonadotrophins; diethylstilbestrol ((DES). Node name
Stilphostrol(r)) e.g., 1-3 mg/day.  which shows estrogenic activity sindlsr
to, but grease than, that of estrone, and is thetefaro  coosidend an
esoogen agonist, butbwds both androgen and estrogen receptors to induce
feedback inhibition on M H and M production by the pituitary,
diethylstilbestrol diphosphete 25 eg., 50 to 200 mg/day; as well as
danaxol, , tholoxifene, and iodoxyfene, which each eat as  antagonists.
Mother class of antiNugeos which may be used either alone or in
combination with other methods of castration, are the selective Mogen
receptor modulators  (SERMS) (e.g, toremifene (tra(Ie name Famstou(r),
5-1000 mg, e.g..60 mgpo QID),  mloxitene (bade name Evista(r)), and
mmoxifen (trade name Nolvadex(r), 1-1000 mg, e.g., 20 30 mg po bd), which
behaves as an agonist as estrogen receptors m Was and the cardiovascular
system, and as an antagonist at estrogen receptors in the mammary gland).
Estrogen receptor  dowaregulators (EROS) (e.g., lamoxifen ([rode name,
Nolvadex(r))) may also be used in the  present invention. 47
othernon-limiting examples of methods of inhibiting sex stemidsie a 'ng
which  



maybe used either alone or in combination with other me nods of castration,
include  aronnatase inhibitors and other adrenal gland blacken (e.g.,
Amivoglutetbirtude, formestave.  vorazule, exemestave, anastrozole (vale
name Admidex(r), 0.1-100 mg, e.g., l mgpo QM), 5 which lowers estradiol and
increases LH and testosterone), letrozole (tradenems Pemam(r),  0.2.500 mg,
e.g.. 2.5 mg po QID), and exemeslene (bade nameArommm(r))I-2000 mg, e.g..
25 my/day); aldosterone antagonism (e.g.. spimnolactone (trade name.
Aldactone(r)) e.g., 100  to 400 mg/day), which blacks the androgen
cytochrome P-450 receptor,) and eplemnone, a  selective
ultlostemne-receptor mm6onist) mtipmgestogena (e.g., medroxypregeslemne 10
aatate, e.g. 5 mg/day, which inhibits testosterone syntheses and LH
synthesis); and  progestws and anti-progestins such as the selective
progesterone response modulators  (SPRM) (e.g., megestrol acetate rg., 160
rag/day,mifepristone (RU 496, Mifeprex(r), e.g.  200 mg(day); and other
compounds With esvogedantieswgenic activity, (e.g..  phytoestrogens,
flavones, isaflavones and coumestan derivatives, ignans, and industrial 15
compounds with phenolic deg (e.g., DDYI)). Also,antiGnRH vaccines (see,
e.g., Hsu etaL,  (2000) CmmerRes.. 60:3101; Talwar. (1999) I unoL Rev.
171:173-92), or any other  pharmaceutical which mimics the effects produced
by the aforementioned dings, may also be  used. fn eddition,steroid
receptor based modulators, which may be targeted b be thymic
and/orEMspecific. may also bedeveloped and used. Many of those mechanisms
of 20 inhibitingsex steroid signaling are well known. Eachdrugs may also be
usedin modifid  form, such as amtates, cibates and other salts thereof,
which are well known to Nose w the  art Because of the complex and
interwoven feedback mechanisms of me forum"  system, admiwshation of sox
steroids may result in inhibition of sex steroid signalling. For  25
example, esvadiol decreases gonadolropw production and sensitivity N GuRH
action However, higher levels of eshadiol result in gonadotropw surge.
Likewise, progesterone  influences frequency and amount of LH release. In
men, tesmstemne inhibits gonadohopin  production. Estrogen admwstered to
men decreases LH and testosterone, and mm-es rogen  increases LH. 30 haoter
mudess wnts,prolzetinisinWbited no thepatenc Another means of  inhibiting
sex steroid mediated signaling may be by means of direct or indirect
modulation of  prolactialevels. Prolactin is a singlechain protein hormone
synthesized as aprohonaone  The normal values for prolactiu am males and
nonpregnant females typically range from 



48 about0 to 2A ng/ml, but in pregnancy the range is typically abort 10 to
3W ng/ml. Overall,  several hurmad different actions have been reported for
probolin. Prolactin stimulates breast  development and m0k production in
females. Abnonual prolacdn is known to be involved in  pituitary moors,
mensto al irregularities, infer lity, impotence, and galactonbea
(breastmilk 5 production). A considerable amount of research is in progress
to delineate the role of  prolactninummal and pathologic immune responses
It appears that prolaclia hasa  modulatory role in several aspects of
immune function, ye t there is evidence to Suggest that
hyperyrolacdnemiais immunosoppressive (Mamm41991 Neuroimmunomodulnnmr Jui-
Aug;4(4):171-80). Administration of prolacsm in phmmacologral doses is
associated with a 10 decreased survival and an inhibition
ofcelluluherronefmc[ions toseptic more. (Oberbeck  R, 2003/Surg Res.Aug;
113(2)7248-56). Then are also stogie number ofdmgs which  impair
dopaminergic inhibition of prolactin and give rise to hypetprolectinemia.
Amtidopeminengic agents include halopeiidol, fluphenaane, sulpidde,
melosloposerrithe rest  gasM1V inlestinalprNtiuetics (e.g.., bromopride,
clebapride, dompeddone, andlevosulphide ) 15 which have been exploited
clinically for the management of motor disorders of the upper
gastrointestinal tract. Immin A and B peptides made to the gonads in
response to gonadotropins, down  regulates the pitoitany and suppress PSH.
Activiu normally up regulates GaRB receptors and  stimulate PSH synthesis,
however over produtho may shut down sex steroid production. 20 Thus, these
hormones may also be the target ofinhibition of sex steroid-mediated
signalling.  to certain embodiments, an LHRH-R antagonist is delivered or
the patient, followed  by an LHRH-R agonist. For example, the antagonist
can be administered as asingle injection  ofsuffitientdose tocause
castration ivnhin 5-8 days (this is normal for, e.g., Abarelix).  When the
sex steroids have reached this castrate level, the sgowst is given This
protocol Ti abolishes or limits any spike of sex steroid production, Before
the decrease in sex steroid  production, that mightbe produced by he
administration of the agonist in an alternate  embodimml, an L11111-R
aganist Out creates little crime sex steroid production spike is used,
with orwithcut the prior administration of an LHRH-R antagonist. Inhibition
of sex steroid sin yl' g 30 Sex steroids comprise a large number of the
androgen estrogen and progestin family  of hormone molecules, Non-limiting
members of the progestin family of 021 steroids include  



progesterone,17a-hydmxy progesterone, 20-hydmxy progesterone,
pregnanedione, 49 pregoaoediol and pregnenolone. Non-limiting members of
the androgen family of C19  steroids include testosterone, androsmedione,
dthydrotesterone (UHT), androstmedione,  androstaadiol,
dehydroepiaadrastemce and 17a-hydroxy androstemedione. Non-limioag  members
of the estrogen family of CI] steroids include estron , esbudiol-17a, and
estmdiol- 5 17P. Signalling by sex steroids is the net result of mmplex
outcom s, of the components of  the pathway Matinrdudes biosynthesis,
sesachon. steel  aelion. Pads of this pathway are not fully understood;
nevedheless, there are numerous  existing and potential mechanisms for
achieving inhibition of sex steroid signalling. In one 10 embodiment of the
present invention, inhibition of sex steroid signalling is achieved by
modifying the bloavailable sex steroid hormone levels at the cellular
level, the so called Ate'  levels, by altering biosynthesis or metabolism,
the binding to sex steroid receptors on or in  target cells, andor
intracellular sigoalliug of sex steroids. Itis possible to influence the
signalling pathways either directly or indirectly. The  15 direct methods
include methods of influencing sex steroidbiosynthesis and metabolism,
6wding to the respective receplm and lutracellularmodifiwtion of the
signal, The indirect  methods include those methods known to influence sex
steroid hormone production and  action such as the peptide hormone and
growth f ectom present in the pituitary gland and the  gonad Thelaaer
luclude bmmottae]imJedto RSH,IA and activin madeby Ne pinutnry 20 gland,
and mhibin, acfivin and insulin-like growth factor-1 (IGP-1) made by the
gonad.  The person skilled in the rot will appreciate that inhibition of
sex steroid signaling  may take place by making the aforementioned
modifiications at the level of the relevant  humane, emyme, receptor,
binding molecule and/or ligand, either by direct action upon that  molecule
or by action upon aprmurmr of that molecule, including anuclelc said th at
75 encodes or regulates it, or a molecule that can modify the action of sex
steroid.  Direct Methods of Inhibiting Sig >to hiosvnthesis  The the
ofbicsynthesis is the jor ram determining step to the production of steroid
hormones and hence the bioavailability of hormone in semm. Inhibition of a
key 30 enzyme such as P450 cholesterol side chain cleavage (P45(sce), early
in the pathway, will  



induce pmducron ofall the jor sex steroids. On the mtherhand inhibition
ofevzymes  50 later in the pathway, spch as P450 ammaa (P4S0arom) Nat
converts andogens to  estrogens, or Scc reductuse that converts
testosterone to DHT, will only effect the production  ofaaogens or DEIT,
respectively. Another important facet of sex steroid homione  biosynthesis
is the family of oxidoreductaseeaxymes that catalyze the intereeovemion of
5 inactive to bionctive steroids, for example, androstenedione to
testosterone or estrone to  estrediol-179by 17-hydroxysteroid debydmgenase
(17-HSD). Thew enzymes are tissue and  tell specific and generally catalyze
either the reduction or oxidation reaction e.g.. 1713 HSD  type 3 is found
exclusively in the Ieydig cells of the testes, whereas 1713 HSD type 1 is
found  no the ovary. They therefore offer the possibility of specifically
reducing production of the 10 activefonns of androgens or es ogens. There
are many known itibitors of the enzymes in the steroid biosynthesis pathway
that am either already in clinical use or are under development Some
examples of these  together with their treatment modalities are listed
above. It is important that the action of  these enzyme inhibitors does not
unduly influence production of older steroids such as 15 glucocordcoids and
minemlocomcoids from the adrenal gUud that are essential for metabolic
stability. When using such inhibitors, it may be necessary to provide the
patient with  replacement glucorerticoids and sometimes mineratocoNwids.
Sex steroid biosynthesis occurs th vmiW sites andu0nvng multiple pathways.
predominantly produced the ovaries and testa, but there is some production
in the adrenals,  ?A as well as synthesis of derivatives in other tissues,
such as but Thus, multiple mechanisms of Inhibiting sex steroid signaling
may be required to ensue adequate inhibition to achieve the  present
invention. Metabolism and Compartmentalization Sex steroid hmmones have a
short half-life in blood, generally only several minutes,  25 due to the
rapid metabolism, 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 retain biological activity
either as prohormones, for example esrtune  sulphate. or through hdunsic
bioactivity such as the reduced androgens. Any interference in  the rate
ofinetabonsm can influence the fee' levels of sex steroid hormones.,
however 30 methods of achieving this am not currently available as are
methods of influencing  



biosynthesis. 51 Mother method of reducing the level of 'fare' sex steroid
hatmoue is by  compartmenta4udion by binding of the sex steroid hormone to
proteins present in the serum  such as sex hormone binding globulin,
rnNCOaRroid-binding globulim, albumin and  testosterodeshadiol binding
globulin binding to sex steroid ligends, such as carver 5 molecules may
make sex steroids unavailable for receptor binding. fuarared bidding may
result from increased levels of Counters, such as SB]3G or introduction of
other ligands which  bind the sex steroids, such as soluble receptors.
Alhnoatively decreased levels of carrier  molecules may make sex steroids
more susceptible to degradation. Active or passive immwivtend against a
particular sex steroid hormone 3s a form of  10 rvmparthrenlafization.
There are examples in the boomers, of t is approach successfully
inaeasingovulation r~tesinaninmis aft immunization against estrogen or
androgen. Sex  steroids are secreted from cells in smetory, vvesicles.
Embitters or modification of the  sectelory mechanism is another method of
inhibiting sex steroid signaling ReCoDUnsi andl IIW~ _ 15 The sex steroids
act on cells via specific receptors that Cori be either intncellulm, or.
as shows more recently, on the target cell membrane The
intracellulazrveptot are members of the nuclear receptor superfanWy They
are  looted in the cytoplasm of the cell end are transported to the Hatless
after binding with the  sex steroid hormone where they alt the tnicdption
of specific genes. Receptors for the 20 sex steroid hormones exist in
several forms. Well known in the liter tore am two forms of  the
progesterone receptor. PRA and PRB, and dew forms of the estrogen receptor.
ERq  ER 1 and ERp2. Transcription of genes in response to the binding of
the sex steroid  hormone receptor to the steroid response element in the
promoter region of the gene can be  modifiedi anumber of ways.
Co-activators and co-represses exist within the nucleus of 25 me outlet
cell that can modify binding of the stoid-receptor complex to the DNA and
thereby eff ttranscription. The identity ofmany of Wese co-activators and
co-repressors are  known and methods of modifying their actions on steroid
receptors am the topic of current  msesroh. Representative examples of the
transcription forms involved in sex steroid  hommne action am NF-1, SPI,
Oct-land TB(r), These co-regulalom arorequ'ved for the full 30 arxion of
[ha steroids. Methods ofmodifying the actions of these nuclearregulators
may  



involve the balance between activator and repressor by the use of
antagonists or through  commit of expression of the genes encoding the
regulators. 52 Spectc maptors far shogens and progesterone have been
identified on the  membranes of cells whose slmctares am different from the
intrscdlolarPR. Unlike the  classical steroid receptors that act on has
genome, these memos; deliver a rapid, noa- genomicacdoovia
intmceliularpatbwaysthat are not yet fully understood. Bstmgcos 5
inlemcting with membrane receptors may activate the sphingoaine pathway
fiat is related to  cell proliferation There one methods available or in
development to alter the action of steroids via their  cytoplasmic
receptors. In this case, andandmgens, antiestrngens, and antipmgestins that
interact with the specific steroid receptors, are well known in the
BteraNre and an, in clinical 10 use, as described above. Their action may
be to compete for, or block the receptor, to modify  receptor levels,
sensitivity, conformation, associations or signaling. The drugs come in a
variety of fomrs, steroidal and non-s toroidal, compeudve and
noncompetitive. Of particular  interest are the selective receptor
modulators, SARMS, SBRMS and SPRM, which are  targeted topartiudar tissues
and are exemplified above. 15 Down -regulation of receptors can be achieved
in two ways; fast, by excess agonist  (steroid tigand), and second, by
inhibiting transcription of the respective gene that encodes  the receptor.
no first method can be achieved through the use of selective agonists such
as  tamaxifen. Indirect Methods of Intabiturz 5 alias  20 Biosvnthesis One
of the indirect methods of inhibiting sex steroids gu .nginvolvesdown
regulation of the biosynthesis of she respective steroid by a modification
to the availability or  action of the pituitary gonadotrophins, FSH and LH,
that am responsible for driving the  biosynthesis of the sex
steraidhormonee in the gonad One establishedinhibitor ofFSlf 25 secretion
is tannin, a hormone produced by the goeads in response to ASH.
Administration  of inbibin to animals has been shown to reduce FSH levels
in serum doe to a decrease in the  pituitary secretion of FSH. One known
way of aawmpIshing a reduction in both  gonadotmphins is via the
hypothalamic hormone, Gr RH/LHRH, which drives the pituitary  synthesis and
secretion of FSH and LIL Agonists and antagonists of OnRlf that reduce the 



30 secretion ofFSH and I.H. and hence gonadal sex steroid production, are
now available for  clinical use, as described herein. 53 AnoWecindirect
method ofreducing 15ebiosynthesis of sex steroid h0(r)oves u to  modify the
action ofPSH and LH at the level of the gonad This can bo achieved by
coding  antibodies directed against FSH and LH, ormoleadrs designed to
compete with FSH and LH  for their respective receptors on gonadal calls
that produce the sex steroid hom,oaes. 5 Another mehod of modifying the
action of FSH and LH on gonadal cells is by using a co- regulator of
gonadotrophin action. For example, asivin can reduce the capacity of the
theca  cells of the ovary and the Leythg cells of the testis to produce
androgen in response to LH. Modification may take place at We level of
hormone pi cursors such as inhibition of  cleavage of a signal peptide. for
example the signal peptide of GoRH. 10 Receptons and Inbacell 5 Mantling
Indust methods of altering the signalling action of the sex steroid
hurricanes include  down-regulati on of the receptor pathways leading to
too genomie or non-genomic actions of  the steroids. An example of this is
the capacity of progesterone to down regulate tha level of  BR in target
dssus. Future methods include treatment with molecules known to influence
l5 the co-regulators of the receptors in the coil nucleus leading to a
decrease in the capacity of  the cell to respond in the steroid. Additional
Factors While the sWnulus for the direct and indirect effects onBM
functionality. BM  I(mphopoisis, and immune all functionality is
fundamentally based on the inhibition of We  20 effects of sexsteroids
and/ordue direct effects of the LITUI rootage. it may beusefol to include
additional substances which can act in concert to enhance or increase
(additive,  synergistic, or complementary) the thymic, BM, and/or immune
coil effects and functionality.  Additional substances may ormay not be
used Suchcompounds include, hectare notlimited  CO. cytokine and growth
factors, such as interleukin-2 (L-2; 100.000 to 1,000.000 N, eg., 25
600,000 N/Kge eryShours byNrepeatdoss), interleukw-0(II`]; Ionf/kg/dayto
lWmeg&g/day subject to thempeyfie discretion), iumdeokin-15 (I),-iS; 0.1-20
mug/kg IL-15  perday), interleukin 11(I -lI; 1-1000 g1kg) members of We
epithelial andfibrnblast  growth factor families, stem cell factor (SCF;
also known as steolfactoroa a-lit hgaad; 025- 12.5 mg/ml), granulocyte
colony stimulating factor (G-CSF; 1 and 15 yg/kgtday Nor SC), 



30 granulocyte macmphage stimulating factor (GM-CSF; 50-1000 pg/sq
meter/day SC or M.  insulin dependent growth factor (IGF-1), and keratmsyle
growth factor (KGB; I pg/kg to  100 mg/kg/day) (see, eg, Sempowski et al,
(2000) J. InununoL 164:2180; Andrew and  54 Aspinall, (2001) J. Immuwt
16615201530; Rossi et or. (1002) Blood 100:682);  cryOmpoie0n (BPO;
10-5o0uuitsg Nor SC). A non-exclusive list of other appropriate
hematopoietian, CSFS, cytokines, lymphohines, hemampoletic growth factors
and  iuterleukins for simultaneous or serW co-admiwahatian with the present
invention includes, 5 Meg-CSF(Megakaryocylecolony Stimulating Factor, mom
recently referred to as c-rapt  ilgand), MIF (Macrophage Inhibitory
Factor). LIF (Leukemia Inhibitory Factor), TNF  (11mor Necrosis Factor).
IOP, platelet derived growth factor (POOP), M-CSF, IL1, ILA,  HAS, B16, ",
IL-9, BA0.M 12, IL-13, LIP, flt3/flk2, human growthhonnene. Bcell  growth
factor, B-cell differentiation factor and eosinophil differentiation
factor, or 10 combinations thereof. One or more of these additional
compound(s) maybe given once at the initial LHRH  analog
(oroHUrcastratioumethed) Lpplicatiea Hach hee~entmaybe given iu wnibina ion
with the agonist, antagonist or any other form of sex steroid dismption.
Since the growth  factors have a relatively rapid half-at, (e.g., in the
hour,) they may need to be given each day 15 (e 9, every day for? days or
longer). The growth factom/cytokines may be given in the  optimal form to
preserve Weir biological activities, es presmbed by the manufacturer, eg"
or  We form of purified proteins. However, additional doses of any one or
combination of these  substances maybe given at any time to further
stimulate the functionality of We BM and  other immure ceps. In wtain
rases, sex stmid ablation or interruption of sex steroid 20 signalling is
dean concuteuny with the administration of additional cytokincs, growth
factors, or combinations thereof. In other cases, sex steroid ablation or
interruption of sex  steroid signalling is done sequentially with the
administration of additional cyto s, growth  factors, or combinations
thereof. As used herein "mobiilzing agent" refers to agents such as SDP-1
(e.g., AMO3100),  25 Growth Hormone, GM-CSF, G-CSP and cheumWempeutics
(e.g., cyclophosphantide) which  enhance mobilisation of stem cells from We
BM. GLSF and GM-CSP are known to mobilize the production ofganulocyres
(primarily  ueutmphils) and macrophages, respectively, and also result in
increased production of DC  



from We BM, which help provide a non-specific immune response in We patient
to antigenic 10 challenge(Imeway ord., (2001)rmmumbiolow 5ied, p.325).
Clinically. G-CSF and  GM-CSF are used, for example, to decrease the
incidence oflnfection (as manifested by  ebde neuhopenia) in paGmts with
von-myeloid malignancies receiving myelosuppressive  anticancer drugs,
which are typically associated with a significant incidence of severe 55
neuwpenia and fever. Additionally, both of these drags aao approved
ctiniWly to prevent  infections in patients receiving HSCT. Both G-CSF and
GM-CSF are currently used in  pefimts undergoing peripheral bloodprogenitor
wLL roll tionortherapy. Colony  stimulating factors (CSPS), which stimulate
the differentiation and/or proliferation of BM 5 stem cells, have generated
much interestbecause of thehlhempeudcpotmdalforresbdng  depressed levels
ofbemalopoietic stem ceLL-0edved cells. CSFS in both human and murine
systems have been identified and distinguished according to their
activities. For example,  gnnWOcyte-CSP (GCSF) and macrophage-CSF (M-CSF)
stmuale the in on fonmahon of  neu t p hf gimudocyle and macrophage
colonies, respectively while GM-CSF end 10 interleukin-3(Q,3) have broader
activities and stimulate the formation of both macmphege,  neulrophilic and
eosinophilic granulocyte Colonies. IL-3 also stimulates the formation of
mast, megakaryocyte and puce and mired erythroid Whores (when
eryfluopoietin is added).  GM-(SF accelerates recovery ofneutmphts and
maintains functional capacity, yet has little  demoasemble effect on
platelet recovery. In contrast, IL-3 promotes a slower iacmase 15 recovery
in aeutophis and monocytes while accelerating the recovery of flinches,  s,
Thus, GG F and/or GM-CSP are used in some eadorsementa of the methods of
the invention. Sex steroid ablation together (sequentially or concurrently)
with GGSF and/or  GM-CSP therapy results in an increase in the output from
the BM of boa lymphoid and  myeloid call, which in turn significantly
improves both the short and long been outcomes for 20 patients suffering,
or likely to suffer from, infections. In another method, the CSFs ase
administered 34 days after chemolberapyorradiation therapy. Clinical
outcomes aheady  associated with the use of the CSPs are also greatly
enhanced by an iofenmption to sex steroid  signaling In particular, using
the methods of the instant invention together with CSF's,  allows for much
greater infection covllol for patients receiving e.g., cancer radiation or
25 chemotherapy. Additionally, if the immune system can he effectively and
promptly  



rebooted," increased dosages and/or hequancy of chemotherapy drags or
common therapy  maybe used. This may occur with oewithout the introduction
of allogeneic or autogenie  HSC's which would further enhance the
timelyreturn of immure system mnthcna ity.  Castration will also result in
a lower comber of HSC that have to be transplanted, which will 30 be useful
when only a limited number of HSC can be obtained from a donor or when cord
blood stem cells are used for transplant For instance, he concurrent use of
two separate classes of dru gs (e.g., a GuRII  analog, such as Lapron(r),
and an androgen blacker, such as (3osudex(r)) may allow for the  56 same
immune system regenentien but may requi a arrduced dosage of the G-CSF or
GM- CSP. Similedy, the concuaeut use of Huse two separate classes of drugs
may avow for a  greater, or more prolonged rejuvenation of immune system
cells. whileuWizing the same  dosage of G-CSF or GM-CSF. Additionally, the
concurrent use of two separate classes of 5 drugs may allows for the same
rejuvenation of immunesystem cells, while utilizmga  reduced dosage (i.e.,
a reduction compared to the "normally' used dosages used for the  treatment
of prostate cmcem endomeMosis, or breast cancer) of the dntg, or
combination of  drugs, used t0 ablate or interrupt sex steroid signaling. I
ether, the concment use of these  two separate classes of drugs allows fora
greater, or prolonged rejuvenation of immune 10 syslemcells, while utilizwg
areduced dosage of the drug, or combination of drugs, use to  ablate or
intemtpt sex s teroid signaling Indications  The use of drugs known m cause
sex steroid ablation or which intennpt sex steroid  signaling, either alone
or ire combination, with or without the aforementioned growth factors 15
and cytokines may be used for the follovdng as an adjunct is enabling HSC
engMment  (see, e.g., Example 22); as an adjunct in the effective
management of aliogeneie or  autalogous organ or cell transplants (see,
eg., Examples 21 and 22, and co-pending, ce- ownedU.S. Serial Nos.
101419,039 and 101749,119). The use of these drugs in fiese diseases  will
either result in mare effective teatment 0umomes or will result in the
overall treatment 20 protocols being more efficient Additionally, as
desmbed in, e.g., Examples 25 and 2G, the  doses or adminismtion of the
varroos chemotherapy drugs (or doses of radiation therapy)  maybe altered
such that they now produce less side effects and/or result be better
quality of  life outcomes for the patients, Moreover, the coadndnishation
of the various cytokines and  



growth factors may allow for a reduced number of HSC that need to be
transplanted. For 25 example, using the method of the invention, it may now
be possible to use human cord blood  far adult HSCr, since a reduced number
of cells is required to obtain engrefinent.  PHARMACEUTICAL COMPOSITIONS
The compounds used in Oils invention may be supplied be any
pharmaceutically  acceptable carrier or may be supplied without a carder.
Formulations of pharmaceutical 30 compositions can be prepared according to
standard methods (see, eg., Reminmn 2000 The  Science and Practice of
Pharmacy, Gennam A.R., ed., 20a edition, Williams & Wilkins PA.  USA).
Non-limiting examples of phamtaceutically acceptable carries include 57
physiologically compatible comings, solvents and ddueots. Porparenteral.
suboutaveous,  intravenous, and intramuscular administration, the
compositwoa mayheprotected such as by  encapsulation. Alternatively, the
compositions maybeprovided with camas thatprotect the  active
ingredient(s), while allowing a stow release of Now ingredients. Numerous
polymers 5 and copolymers are frown in the an for preparing time-release
pmparstioas, su ch as various  versions oflactic acid/glywlic acid
copolymers. Sea, for example, U.S. Patent No.  5,410,010, whichuses
modifiedpolymers of polyethylene glycol (PEG) as a biodegradable  concurs.
Formulations intended to be delivered orally can be prepared as liquids,
capsules.  10 tablets, and the like, These compositions can include, for
example, excipients, diluents.  and/or coverings that Protect the active
ingredient(s) from decomposition. Such formulations  am well known (see,
e.g., Reni naton 2000). In any ofthefomWations of the invention, other
compounds that do not negatively  affect the activity of Ne LERfl analogs
be, compounds that do notbleck the ability of an  15 L""" analog to diwpt
sex seroid hormone signalling)'nay be included Examples are  various growth
factors and other eytokinea as described herein. DOSE  Doses of a sex
steroid analog or inhibitor used, in succeeding with the invention, to
dismpt sex steroid homaone signaling, can be readily detemtined by a
routinely trained 20 physician or veterinarian, and may be also be
detvmined by consulting medical literature  (e.g., Ttm PHYszaAlq'S DESK
RepmtENCE, 52ND aumoN, Medical Economics Company.  1998). 



The dosage regimen involved in a method for treating the above-descdbed
conditions  will be determined by the attending physician considering
various factors which modify the  25 action of drugs, cg., the condition,
body weight sex and diet of the patient, the severity of any illness, time
of administration and other clinical factors. Progress of the treated
patient  can be monitored by periodic assessment of the hematological
profile, e.g., differential cell  count and the like, The dosing recited
above would be adjusted to compensate for additional components  30 in the
therapeutic composition. These include w-admiwatmrion with other ESE,
cytokiae,  lymphokjoe, interLeukin, hematopoletic growth factor.
co-admNlahation with  58 chemotkedpeo[ie drugs and/or radiation; lard
various palumt-related issues as identified by  the attending physician
such as factors which modify the action of drugs, e.g., the condition,
body weight, sex and diet of doe patient, the severity of any illness, time
of administration and  other clinical factors. 5 In addition to dosing
described above, for example, LHRI1 analogs and other sex  steroid analogs
can be administered in a one-time dose that will last for a period of lime
(e.g.,  3 to 6 material. In certain cases, the formulation will be
effective for one to two mouths. The  standard dose varies with type of
analog used, but is readily detemtwable by those skilled in  the art
withoutundueexperimentation, In general, the dose is between about0.01
mg/kg and  10 about 10mg/kg. orbetween about0.01 mg/kg end about 5mglkg.
The length of time of sex steroid inhibition or LHI W(rhn Rl analog
treatment varies  with the degree of thymic atrophy and damage, and is
readily determinably by those skilled in  the m without undue
experimentstion. For example, the older the patieu4 or the more the
patient has been exposed to T Pet depleting reagents sur8 as chemotherapy
or radiotherapy, 15 thelonger if is likely that they will require troameu4
for example witlr GnRH. Fourmonths  is generally considered long enough on
detect new T cells on the blood Methods of detecting  new T cells in the
blood are known to the art. For induce, one method of T cell detection is
by determining the existence of T cell receptor excision circles (TREC's),
which are forced  when the TCR is being fumed and are lost in the cell
after it divides. Hence, TREC's are 20 only found in new (nvve) T cells.
TREC levels are an indicator of thyrnia function in  humans. These and
other methods are described in detail in WO/00230256. Dose varies with the
LHRH analog med. In remain embodiments, a dose is prepared  



to last as long as needed. For example, a formulation of on LHRH motion can
be made and  delivered as described herein for a peried of two or more
months, with additional doses 25 delivered every two or more months as
needed The formulation can be made to enhance bra immune system
Alternatively, GM cells  can be administered with the LHRH analog
formulation or separately, both spatially and/or in  time. As with the
non-GM calls, multiple doses over time can be administered to a patient s
needed to create tolerance to a given exogenous antigen. 30 As will be
understood by persons skilled in the art, at least some of the means for
dismpling sex steroid signalling will only be effective as long as the
appropriate compound is  adminirteted As arnW4anadvantage of certain
embodiments of tlwpresentinventimsi  59 that once the desired immunological
affects of the present invention have been achieved, (2.3  months) the
treatment can be stopped and thee subjects reproductive system will whom to
normeL DELIVERY OF AGENTS FOR CHEMICAL CASTRATION 5 Administration of sex
steroid ablating agents may be by any method which delivers  the agent into
the body. Thus, the sex steroid ablating agent maybe be administered, in
accordance with the invention, by any route including, without 4mitation,
intravenous,  subdermal, subcutaneous, intramuscular, topical, end and
routes of administration In addition to the methods described above,
delivery of the compounds for use in the  10 niothods of this invention may
be accomplished via a number of methods known to persons  skilled inthe art
One standardp dare for administering chemical inhibitors to ivWbit sex
steroid mediated signalling utilizes asiogle dose of an LHR}{ agonist that
is effective for  tree month. For this a simple one-time L.. or im.
injection would not be sufficient as the  agonist would be cleared from the
paten's body well before the three months are over, 15 Instead, a depot
injection or m implant maybe used, or any other means of delivery of the
inhabiter that will allow slow release of the inhibitor. Likowis% a method
for increasing the  half-life of the inhibitor within the body, such as by
modification of the chemical, while  retaining the function required
handle, may be used Useful delivery mechanisms include, but matter limited
to, laser inadation of the  20 skin This embodiment is described in more
detail in co-owned. co-pending U.S. Serial No.  10/418,727 and also in U.S.
Patent Nos. 4,715,361, 5.643.252, 5,839,446, 6.056,738,  



6,315,772, and6,251,099. Amtherusefuldeliverymechmismivcludes theaeatioo
ofhigh  pressure impulse mammals (alto called stress waves or impulse
transients) on the skin. This  embodiment is described in more detail
incoowned, co-pending U.S. Serial No. 10/418.727 25 and also U.S.
PatentNos. 5,614,502 and 5,658.822. Each methodmay beaccompanied or
followed by placement of the compound(s)with or withoutcamer at the same
locus. One  method of this placement is in a parch placed and maintained on
the skin for the duration of  the treatment TANIG  30 In one case, the
administration of agents (or other methods of castration) that ablate  sex
steroids or interrupt to sex steroid signaling occurs prior to a, e.g.,
achemothmapy or 60 radiation regimen that is likely to cause some EM marrow
cell ablation and/or damage to  chcWVing immune cells. CELLS  Injection
ofhematopoietic progenitor cells, e.g., broadly defined as CD34' 5
hematopoietic cells (ideally autologous) can enhance the degree and
kinetics of thymic  regrowth and/or increases in immune cell and EM
functionality and cogmfnent without.  prior to or concurtently with thymic
regeneration HSC racy also be further definedas Thy-I  low and CD38-;
CD34iCD38-; Thy -I low cells also lack markers of other cell lineages (tin
-Ye) are the more primitive HSC being longer lasting or having
longer-termrepopulatlvg 10 capacity. The methods of the various inventions
described herein can be supplemented by the  addition of, e.g., CD34t HSC
aid[/orepitelial stem cells. In one instance, these cells are  autologous
or syngeneic and have been obtained from the patient or two prior to thymus
reactivation The HSC can be obtained by sorting (r)34' or CD34o cells from
the patient's 15 blood and/orDM The number of MC cache enhanredin several
ways, including (butnot  limited to) by administering G-CSF ((eupogen,
Amgen) to the patientprim to coltecdng  cells, cultuting the Collected
cells in SCGF, and/or administering G-CSF to the patient after  CD34" cell
supplementation. Alternatively, the M34" cells need not be sorted from the
blood Or JIM if their population is enhanced by prior injection of G-CSFam
the pullout 20 HSC may be used for generic modffrcatioa These may be
derived been EM,  peripheral blood, or umbilical cord, or any other source
of MC, and maybe tither  



autologous or nonautologous. Also useful are lymphoid and myeloid
progenitor sells.  maenchymal stem cells also found at the bone marrow and
epithelial stem cells, also either  autologous ornoneutologoua. The stew
sells may also includeumbilical Cord blood They 25 may also include stem
cells which have lie potential to form into may different cell types  e.g.
embryonic stem cells and adult stem MIS now found in may tissues, a g, EM,
pancreas.  brain, and the olfactory system th the even( that nonautologous
(donor) cells are used, olemnce to these cells is treated  during or after
thymus reactivation. During or after No initiation of blockage of sex
steroid  30 mediated signaling the relevant (generically modified (GM) or
non-genetically modified) donor cells are transplanted into the recipient.
These cells, ideally stem or progenitor cells,  ere incorpomlel into and
accepted by the thymus wherein they create tolerance to the donor  61 by
eliminating any newly produced T cells which by chance could be reactive
against them  They em then 'belonging to the recipient" and may become part
of the production of newT  cells and DC by the thymus. The resulting
population of T cells recognize both the recipient  and donor as self,
thereby creating tolerance for a graft from the donor (see co-owned, co 5
pending O.S. Serial No. 10/419.039 and PCT/18 0l/02740). In summer
embodiment the administration of stem or precursor donor cells
(genetically modified or not genetically modified) comprises cells from
more than one  individual, so that the recipient develops tolerance to a
range ofMHC types, enabling the  recipient to be considered a suitable
candidate for a cell, tissue or organs transplant more 10 easily or
quickly, since they am an MHC match to a wider range of donors. The present
invention also provides methods for incorporation of foreign DC into a
patient's thymus. This maybe accomplished by the administration of donor
cells to a  recipient to create tolerance wthe recipient The donor cells
may be HSC epidrelil stem  cells, adult or embryonic stem cells, or
bemabpoietic progenitor cells. no donor cells may IS be(r)34*ILSC, lymphoid
progenitor cells, or myeloid progenitor ceps, to some races, the  donor
cells are CD34i- or CD343o HSC. The donor HSC may develop into DC in the
incipient. The donor cells may be administered Co the recipient and migate
through the  pe'ipbeml blood system to thenactivating thymus either duecfly
or via the EM: To entrance  thymic incorporation for redeemer induction,
the stem cells may also be injected 20 inharbymidly in combination with
activation of thymic regrowth though use of sex steroid  



inhibitors, e.g.. LIR GrdH analogues. Even non-MC are likely to be induced
to form into  DC within the thymic micmenvimnm"" and its content of
appropriate growth factors for  such cells. The upbkcinto the thymus of
thehemnbpoie rc precursorcells is substantially 25 increased in the
inhibition or absence of sex steroids. These cells become integrated into
the  thymus and produce DC, NK, NKp, and T cells in the same manner as do
the recipient's  cells. The result is a chimera of T cells, DC and the
other cells. The incorporation of donor  DC in the recipient's thymus meets
that T cells produced by this thymus wilt be selected  such that they are
tolerant to donor cells. Such trounces allows for a further transplant from
30 the donor (or closely matched to the donor) of a grill, such as donor
cells, tisson and  organs, with a reduced need for immonusuppreessive drags
since the nausplanted material will  be recognized by the recipient's
immune system as self. 62 OPTIONAL GENETIC MODHdCATION OF STEM OR
PROGHNrI'OR CE11S  The pre wvt disclosure also comprises methods for
optionally altering the immure system of an individual and methods of gene
therapy using genetically modified  hematopoietic stem cells, lymphoid
progenitor cells, myeloid progenitor cells, epithelial stem  5 cells, or
combinations tlhereof(GM cells). Pievrous attempts by others to deliver
such cells have been unsuccessful, resulting in negligible levels of the
modified cells. The present  disclosure provides anew method for delivery
of these cells which promotes uptake and  differentiation of the cells into
the desvedT cells. The modified cells are injected intoa  patient. The
modified stem and progenitor cells am taken up by the thymus and converted
10 into T cells, dendritic sells, and other cells produced to the thymus.
Each of these new cells  contains the genetic modification of we parent
atem/progenitor cell. During or after the castration step, hematapoietic
stem or progenitor sells, or  epithelial stem cells, person the donor may
be transplanted into the recipient patient. These  cells are accepted by we
thymus as belonging to the recipient and become part of the 15 production
ofnewT sells sad DC by the thymus. Within three to fourweeks of the start
of  blockage of sex steroid mediated signaling (approximately two to twee
weeks after the  initiation of LHRH treatment), the first now T cells are
preset in the blood smear. Bull  development of the T call pool may take
twee to four months. The insulting population ofT  cells recognize both the
recipient (and donor, in the case of nonaurologous transplants) as 



20 self. Tolem ace for a graft from the donor may also be created to the
recipienL An appropriate gene orpolynudeotide(i.e., the nucleic
aadse)uencedefinwga  specific protein) that will create tolerance of the
patient to adonor graft is engineered into the  stem and/or progenitor
cells, By broadening the specific gene into the HSC, the cell
differentiates into. e.g., an APC and expresses thepronan as apeptide
expmasedin the 25 context of MHC class I or IL The person may be given a
sex steroid analog to activate their thymns, and/or to  improve their bone
marrow function, which includes the increased ability to take up and
produce IISC. In one case. henmmpoietic cells are supplied to the patient
before or  caucunantly with thymic reanivation, which increases the immune
capabilities of the 30 patient's body. In one embodiment a patient receives
a HSCT during or after castration. The  person may be injected with their
own HSC, or may be rejected with HSC from an  appropriatedonor, which has,
e.g., treatment with G-CSF for3 days (2 injections, 63 subcutaneously per
day) followed by collection of )3SC from the blood on days 4 and I The  HSC
may be anuwleted or transduced with a gene (e.g., encoding the protein,
peptide, or  antigen from the, neat) to produce to the required protein or
antigen. Following injection  into the patient, the HSC eater the bone and
bone marrow from the blood and then some exit 5 back to the blood to be
eventually converted into T cells, DC, APC t roughout the body. The
antigen is expressed in the context ofMHC class I and/or MHC Class II
molecules on the  surface of these APC. Methods for isolating and
transducing stems cells and progenitor cells are well known  to those
skilled in the art Examples of these types of processes are desc Ted, for
example, in  10 PCIPUblicarion Nos. W095108105, W096/33202, W0 96/332S1,
U.S. Patent Nos, 5,559.703, 5,061,620. 5,681.559 and 5.199.942  Antisense
Polwacleotid The term "antuenae" is herein defined as apolynucleofde
sequence which is  complementary m apolynuclentide of the present
invention. The polynudeotide maybe 15 DNA orRNA Antiuose molecules may be
produced by any method including syNhesis by  ligating the gene(s) of
interest in areverse orientation to avhffipmmomr which permits the
synthesis of a complementary strand- Once introduced into a cell, this
transcribed strand  combines with natural sequences produced by the cell to
form duplexes. These duplexes then  



block either the fuTer transcription oc trenslatioa In this manner, mutant
phenotypes may  20 be geowated. Catalvde Nucleic Adds The term 'catalytic
nucleic acid" is herein defined as a DNA molecule or DNA  containing
molecule (also known in the aR as a "deoxynibozyme" or'DNAZyme'")Oran  RNA
or RNA-containing molecule (also known as a "Tozyme") which specifically 25
recognizes adistinct substrate and catalyzes the chemical methgcation of
fths substrate-The  nucleic acid bases in the catalytic nucleic acid can
bebases A, C, G. T and U. as well as  derivatives thereof. Derivatives of
these bases am well known in the art Typically, the catalytic nucleic acid
contains an autisense sequence for specific  recognition of a target
nucleic acid, and a nucleic acid cleaving enzymatic activity. The  30
catalytic strand cleaves a specific site in a target nucleic acid. The
types of ribozymes that are particularly useful in this invention arc the
hammerhead ribozyme (Haseloff and Gerlach  64 (1988) Nature 334:585),
Penman of a1, (1992) Gene 113:157) and thehairpinribozyme  (Shippy et at,
(1999) Mot. Btotec)noL 12:117). dsItNA  Double slearned RNA (dsRNA) is
paiticularlyuseful for specifically inhibiting the  5 production of a
penticularprotein. AlNwgh votwishing to belhuited by theory, one group has
pmvided amodelfor themechanismby wlil hdsRNA rmbe used breduce protein
production (Dougherty and Park, (1995), Cun. Opin Cell Bud. 7:399). This
model has  more tecenty been modified and expanded (Waterhouse et at,
(1998) Proc. NarL Acad. Nei.  USA 95:13959). This technology relies on the
presence of daRNA molecules that warrant a 10 sequence that is essentially
identical to the mRNA of the gene of inlaest. in this ease an  mRNA woading
apolypeptide mwrdingtothe first aspect of sire invention. Conveniently,
the daRNA ran be produced in a single open reading frame in a meombwant
vector or hos t  cell, when the sense and antiseuse sequences are flanked
by an unrelated sequence which  enables the sense and anti-sense sequences
to hybridize to form the dsRNA molecule with the  15 umclatei sequence
forming a loop structure. 'Ilie design andproduction of suitable daRNA
molecules for the present invention are well within the capacity of a
person skilled lathe ad,  particularly considering Dougherty and Parks,
(1995). Can. Opbi. Cell BIOL 7;399;  



Waterhouse etaL, (1998) Proc. Natl. Acad ScL USA 95:13959; and PCT
Publication Nos.  WO 99/32619. WO 99/53050. WO 99/49029, and WO 01/34815.
20 Genes Useful genes and gene fmgmedls(polynueleotldes) for this wvenhon
include those  that code for resistance to apatticular exogenous antigen,
such as donor antigens or even  allergens. In one tun-limiting example of
the invention, where the donor is related to the  recipient but expresses
an additional MHC molecule or a molecule expressed by the Y 25 cluomasoma
(e.g . where the recipient is female and the donor is aide), the genes
encoding  that molecule could be tmosf lcd and expressed in either due
donor's llSC before  recdnstimtidn of Use, recipient with the donor's HSC,
or could tans[ red and expressed in  the mcipieid's own HSC (e.g, collected
from the recipient prior to orconeurrent with sex  steroid ablation). 30
These genes or gene fragments are used in a suably expressible form. These
genes or  gene fragments maybe used in a stably expressible form The term"
stably expressible"is  herein defined to mean that the product (RNA and/or
protein) of the gene or gene fragment  65 ("f1nctionalfaagmmf') is capable
of being expressed on at least a seenpermanent hunts In a  host WE afters
der of the gene orgenefragment tothaicell, as well as in that cars  progeny
after division savor differevtlction. This requires that the gene or gene
fragment,  whether or not contained in a vector, has appropriate signaling
sequences for transcription of 5 the DNA to RNA. Additionally, when a
protein curled for by the gene or gene Improver Is  the active molecule
that affects the patient's condition, the DNA will also code for ma station
signals. Inmosr cases the genes ox gene fmgmenls are contained in vectors.
nose of ordinary  skill in the art are aware of expression vectors that may
be used to express the desired RNA  10 orprolein. Hxpmssionv fors aze
vectors that are capable ofdimeting [conscription of DNA sequences
contained therein and translation of the resulting RNA. Expression vectors
are  capable of replication in the cells In be genetically modified, and
indudeplasmids,  bactwlophage, viruse , and mwichromosomes, Altematively
the gene or gene fragment may  become an integral pad oldie cell's
chromosomal DNA. Recombinant vectors and 15 methodology are in genera]
well-knows Bxpmssion vectors useful for expressing the proteins of the
present disclosure may  



comprise an origin of replication. Suitably conshucu4 expression vectors
comprise an origin  ofreplication for autonomous replication in the cells,
or am capable of integrating into the  host cell chromosomes. Such vectors
may also contain selective markers, a limited number 20 of useful
resniction enzyme sites, a high copy number, and sarong promoters.
Promoters am  DNA sequences that direct RNA polynrerase to bind to DNA and
initiate RNA synthesis;  strong promoters cause such initiation at high
frequency In one embodiment, the DNA vector construct comprises a promoter,
enhancer, and a  polyadenylation signal. The promoter may be selected from
the group consisting ofHIV, 25 such as the long Terminal Resteat(LTR),
Simian Virus q0 (SVttf. Epstein Barr vitas,  eytomegalovhus ((7MV), Rous
sarcoma vitas (RSV), Moloney J us, mouse mammary manor  virus (MINTt),
human actin, human myosin, human hemoglobin, human muscle creatma.  human
metaloNimein. In one embodiment, an inducible promoter is used so that the
amount  and timing of expression of he inserted gene or polynuelmride can
be controlled 30 The enhancer may be selected from the group including, but
not limited to, human  actin, human myosin, homan hemoglobin, human muscle
crearine and viral enhancers such as  66 those from CMV, RSV and EBY. The
promoter and enhancer may be fiom the same or  different gene. The
polyadenylation signal maybe selected f om the group consisting of.. LM
polyadenylation signal and SV40 polyadenylation signal, patticularly the
SV40 minor  5 polyadenylation Sigurd among omen'. The expression vectors of
We present disclosure may be operably linked to DNA  coding for an RNA or
protein to be used in this invention, Le., We vectors are capable of
denting both replication of We attached DNA molecule and expression of the
RNA or  protein encoded by the DNA molecule. Thus, for proteins, the
expression vector must have 10 an appropuelis otmscription stag signal
upstream of the attached DNA molecule, maintaining  the ccrmect reading
frame to pewit expression of the DNA molecule under the control of the
control sequences and production of the desired protein encoded by the DNA
molecule.  Expression vectors may include, but am nor limited to, cloning
voted. modified cloning  vectors and specifically desigoMplasmids
orviruses. An inducible promoter may be used so 15 m&[he amount and timing
of expression of mcinamea gene orpolynucleoLido canbe  controlled. 



One having ordiaty skill in the art can produces DNA constructs which are
functional  in cells. In order to test expression, genetic constructs can
be tested for expression levels in  vitro using tissue coltnre of cells of
We same type of those to be genetically modified 20 Methods of Ckcaedc
Modification Standard recombinant methods can be used to introduce genetic
modifications into the  ce0sbeing used for gene theapy. Por example,
renoviml vector treosduction of cultured  HSCis one successful method known
in the art (Behrent and Jurecic (199'7) "Methods far  Efficient
Rehovims-Mediaad Gene Transfer to Mouse Ifematopoietic Sher a M,-, in Gene
25 Theron Protocols (PD. Robbins, ed.), Umana Press, pp.223-210; Bahoson et
d., (199])  'Method for Retrovws-Mediarm Gone Transfer to CD34`-End had
Cells," in Gene Therapy  Protocols (P.D. Robbins, ed.), HumanaPress,
pp.249-263). Additional vectors include, but  ammot limited te, mole that
are adeuovhus derived or lentivirus dedvrd, and Moloney  murine leukemia
vbii -0 rlved Vectors. 30 Also useful for genetic modification of HSC am
the following methods particle- medtate gene transfer such as with We gene
gun (Yang end Zegelhoffer, (1994)'7he  67 Particle Bombardment System for
Mammalian Gene Tmvsfer,' In Particle Bombadment  Tecbvoloev Gene Tmnsf
(Yang,N,S. and Christw, P., ed,), Oxford Uuiwmity Press,  New York, pp.
117-141), Bpasonumediated gene transfer (Nebel at at, (1992) Hun Gene
Thor, 3:649), coprecipiletion of genetically modified vectors with calcium
phosphate 5 ((Iorham and Van Dar M, (19]3) WroL 52:456), eleetropomtion
(Potter et 2L, (1984) Prow.  NaLL Arad. Sn. USA 81:]161), and miem'mjeednu
(Capecchi, (1980) Cell 22:499). as well as  any other method that can
stably transfer a gene or ohgonucleetidc, which may be in a vector,  into
the HSC and other cells to be genetically modified such that the gene will
be expressed  at least pmt Of the time. 10 GeueTheranv The present
disclosure also provides methods for gene therapy through reactivation of
a patient's thymus. Thisis accomplished by theadroiuistraoon of GM rolls to
arecipient and  through disruption of sex steroid mediated signaling. By
the methods described herein, the  sex steroid-induced atrophic thymus is
ulrimafelyrestored structurally and functionally to 15 opproximately its
optimal pro-a-pubertal capacity in all currently definable terms. This
includes the number, type and proportion of adT call subsets. ALw included
are the complex  



stromal cells and their more dimensional architecture which constitute the
thymic  .mcmenvrronmem relu'ued for producing T cells. The newly generated
T cells emigrate  from the thymus and restore peripheral Tcell bevels and
function, 20 The ultimate reactivation of the thymus can be supplemented by
the addition of  CD3Chematopoietic stem cells (HSC) and/or epithelial stem
cells slightly before or at the  time the thymus begins to regenerate.
Thew, cells may be autologous or syngeneic and have  ben obtained GOm the
patient or twinprior eo thymus reactivation. The HSC can be  obtaihed by
sorting CD344 cells from the patient's blood and/or bone marrow. The number
of 25 ESC can be enhanced in several ways, including (but notlimhed to) by
administering G-CSF  (Neupogen, Amgen) to the patient prior to collecting
culls, culturing the collected coils in  Stem Call Growth Factor, and/or
administering G-CSF to the patient after CD34' cell  supplementation. Alta
natively, the CD34i cells need not be soiled Boor the blood or BM if  their
population is enhanced by prior injection ofGGSP intothe patient 30 In one
embodiment, hematopoietic cells are supplied to the patient before or
concurrent with thymic reactivation, which increases the immune
capabilities of the patients  body. The hematopoietic cells may or may not
be genetically modified. 68 the geneticallymodified cells maybe HSC,
epithelial stem cells, embryonic oradul[  stem cells, or myrdoid orlymphoid
progenitor cells. In one embodiment, Ne genetically  modified cells am
CD34f or cD34lo HSC, lymphoid progenitor cells, or myeloid progenitor
cells. hianother embod'uncmt, We geneticaly mod'diedcells are(r)34*HSC. The
5 genetically modif d cells are administeredto the patient and migrate
through the peripheral  blood sysiemto the thymus. The uptake into the
thymus of these hematopoietic precursor  coils is substantially increased
in the absence afsex steroids. These cells became integrated  into the
thymus andproduce deudritic cells and T cells carrying the genetic
modification  from the altered ans. The results are a population of T cells
with the desired genetic change 10 that cirvvlate m the peripheral blood of
the recipiem, and the accompanying increase in the  population of cells,
tissues and organs caused by the reactivating patients thymus. Within 3A
weeks of the sort of blockage of sex steroid mediated signalling
(approximately 2-3 weeks after the initiation ofl.HRRH treatment), the Prat
new T cells are  presentiin Neblaod stream Fulldevelapment of theT
eellpool, however,may lake 3A (or  15 more) months. 



INDUCTION OF TOLERANCE The T ran population of an individual can be shared
through the methods of Nis  invention. InpaidnWaz, modifications can be
induced that will create tolerance of non- identical (i.e., allogeric
orxenogemc) grafts. The establishment 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 recipient's thymus. This form of  tolerance may also be made more
effective through the use of inhibitory immunoregulalory  cells (a g.,
CD25+CD6+ T cells, NICT Wis. yST cells). The mecha isms underlying the
development of the latter, however, em poorly understood, but again could
involve dendsitic  25 calls. Given thata major mechanism underlying the
prevention of T cells creed ng against  self antigens is due to the
negative selection (by clonal deletion) of such cattle by thymic  deadnrlc
cells, the ability to create a thymus which has deadritic cells from a
potential argon  or tissue donor has owner importance in she prevention of
grate cabochon. 'This is because the 30 T calls which could potentially
reject she graft will have encountered the donordendtitic cells  in the
thymus and he deleted before they have the oppodmwty to enter the blood
stream. The  69 blood precursor cells which give dse to the dendritic ceps
are the some, as those which give  use to T cells themselves. In some
embodiments, the transplanted HSC may follow full myeloablation or
myelodepletion, and thus result in afhIIHSC hansplaat (eg" 5x10 rella/kg
body wsightper  5 transplant). In some embodiments, only minor
myeloablation need be achieved, for example, 2-3 Cry iadiagon (or300 cads)
followed by admioistm[ionof a,cut34 xlOs ceHslhg body  weigh[. 1o some
embodiments, T celldepletion (T(r)), and/or anothermethodofimmme  cell
depletion, is used (see, e.g., Example 2). I[maybe Wet m little as
10%chimerismmay  be sufficient to establish tolerance to a donors graft. In
some embodiments, the donor HSC 10 are from umbilical cord blood (e.g.,
1.5x10' cepslkg for recipient engmfinent).  The ability of the HSC to first
colonise the BM and convert to blood cells  (engrsfinent) is directly
linked to the absolute number and quality of the HSC injected, end  the
fractional capacity of the recipient bone marrow microenvironrnent and the
HSC niches  .The methods of the present invention either alone or in
combination (concurrently or 15 sequentially) with the adminislratioa of
ESC mobilizing agents, such as cyMldnes (eg. 0- 



CSPorr3M-CSN), or drugs;(e.g., cyclophosphamide), allow faster and/or
better engrafinent  and may also anewchemothempy and radiation therapy to
be given at higher doses and/er  more frequently. In other ombodimenls,
patents begin to receive Lupron up to 45 days before myelo- 20 ablative
chemotherapy and continue on the Luproo concurrently with the BMp such that
the  to W length of exposure to the dreg is amend 9 months (equivalent to 3
injections as each  Lupron injection delivers ding over a 3 month period).
Atvedous intervals over the course of  study, blood samples are collecto
for analysis of T cell numbers (particularly of new thymic  emigrants) and
functions (spectrcally, response to T cell stimuli in vim). This embodiment
25 is also generally applicable to HS(TT for other purposes described
herein. In other embodiments, the transplanted HSC may follow
lymphoablation. In some  embodiments, T ceps and/or B cells may be
selectively ablated, to remove cells, as needed  (e.g., those cells
involved in amoimmunity or allergy). The selection can involve deletion of
calls that am activated, or of a cell type involved in the autoimmune or
allergic response. The 30 coots may be selected based upon cell surfsea
markers, such as (r)4, CD8, B220, thy!, TCR,  CD3, CD5, CD7, CD25, CD26,
CD23, CD30, CD38. CD49b, CD69, CD70, CD71, 1D95,  CD96,
antibodyspecifiieity orlg chain, orupregulated cytokine receptors e.g.,
1L2-R B chain,  70 TGF{1. One well known method for depletion is the use of
antilymphocyte globulin. Other  methods of selecting and sorting ceps are
well known andnclude magnetic and fluorescent  cell separation.
nenhRUgation, and mom specifically, hemapberesis, leukophexesis, and
lymphopheresis 5 Insome embodiments, riser is performed without
myeloablation, myelodepletion,  lymphodepletion, T rep able[ion,and/or
other selective immune cep ablation. In other embodim(r)rs, the methods of
IheinventionfiuWcomprise  immunoanppressing the patient by e.g.,
adminishation of an immonosuppressing agent (eg,,  cycloepmine, preduisone,
oupvoprinq FK506, Imamam and/ormethohexate) (see. e 8., 10 U.S. Patent No.
5,876.708). InanembodimwSimmunosuppressionis performed in the  absence of
HSCT. In one embodiment, imr mosuppression is performed in co junction
with (e.g.. priorto, concnrtentiy with, Grafter) BSLT.Inanother embodimrnS
msmmosuppression is pecformed in the absence of myeloablation,
lympboablalimr, T cell  ablation and/or other selective immune cell
ablation, deletion, or depletion. la yet another 



15 embodiment, immmosoppression is performedivw junction with (eg., prior
to,  concurrently with, or after) myelonblahon, lymphoabletion, T cell
ablation, and/or other  selective immune cell ablation. deletion, or
depletion. As described above. myeloablation, myelodepletion
lymphoablelion, i mmosuppressim, T cell ablation, and/or other selective
immune cell ablation, are  2B nonpmiting exemplary types of immune cell
ablation, which are used throughout this  application. The general ter '
immune cep depletion" is defned herein as encompassing  each of these
methods, Le., myeloablatim,myelodepledon, lymphoablation. T UL ablation,
and/or other selective immune cell ablation B cell orNK cell depletion). As
will be  readily understood by one skilled in the art, in practicing the
inventions provided herein. any 25 one of these "depletion' methods may be
mplaced with any one (or more) of the other  "depletion" In one embodiment,
NK Ceps are depleted. NK antibodies useful for depleting the  NK
populations are known in the art, For example, one source of human
thymocyte polyclonal anti-semen U.S. Patent No, 6,296,846 describes NK and
T cell 30 depletion methods, as well as non-myeloablativc therapy and
formation of a chimeric  lymphobematopoietic population, all of which may
be used in the methods of the invention.  71 In some embodiments,
themethods of the invevdnn CUNia mmpneG e.g., poor to  lISCT,
ebsorbingnafuj antibodies from the blood of the recipieatby hemoperhxsing
an  organ (e.g.., the liver or kidney) obtained from the donor. he another
embodiment the present invention fuller includes a T roll helppreducing  5
treament, such as increasing the level of the activity of a cytokine which
directly or  indirectly (e.g., by the stimulation or fish bition of he
level of activity of a second cytokine)  promotes toler rice to a graft
(en, IL10, HA, or TGF.beta.), or which decreased the level  of We activity
of acytokine which promotes rejection of a graft (Le., a cytokine whichis
antagonistic ro orinWrokts rolemnre (eg., IEN beta, IL-I, IL-2, orlL-12)).
In some 10 embodiments, acyeokine is administeredtopromote tolerance. The
eytokine may be derived  from the donor species orfrom the recipient
species (sew, e.g., U.S. PatentNo. 5.624,823,  which describes DNA
encod'ingporcinemwleukia-IO for such use). The duration of the
help-reducing heumentmay be approximealy equalto, oris less than,
theperiodrequhed  for mature Trolls of the recipient species to initiate
jection of an antigen after fast being 15 stimulated by We antigen(in
humansthisuvsually&l2 days). B. otherembod Hens, lie  



duration is approximately equal to or is less than two-, three-, four-,
five-, or ten times Bur  period requred for mature T cells of the recipient
to initiate rejection of an antigen after first  beingslimulaledby the
antigen. The short course of help-reducingtreament maybe  administered in
the presence or absence of a treament which may stimulate the release of a
20 eytokinebymatureT cells in the
recipient,e.g.,inWeabsenceofprednisone(I"/,21-
dihydroxypsegoa-l,4-diene-3,11,2o-triune. The help-reducing treatment may
be begun  before or about the time the graf[is introduced. The short course
of help-reducing treatment  maybe preoperative or post-operative. In some
embodiments, the donor and recipient are  class I matched 25 Moreover, the
ability to enhance the uptake into the thymus ofhemampoietic stem  cells
means that tenature andtype of dendritic cells rmbe manipulated. For
example, the  stem cells could be tmvsfected with specific gene(s) which
eventually become expressed in  the dendritic cells in the thymus (and
elsewhere in the body). la one non-limiting example of  the invention,
where the donor is related to the recipient but expresses an additional AMC
30 molecule or a molecule expressed by the Y chromosome (e.g., where the
recipient is female  and the donor is male), the genes encoding that
molecule could be burnsfected and expressed  in either the donor's HSC
before reconshtution of the recipient with the donors HS C. or  could
tmnsfected and expressed in the recipient's own HSC (e.g. collected from We
recipient  72 prior tour concenen[with sex steroid ablation). Methods of
genetically modifying cells to,  e.g., insert FB[C (lILA or SLA) genes am
know in the art (see, e.g., U.S. PateotNos  5,614,187, 6,030,833,6,306,651
and6.558.663), Some of the HSC, whether door or  recipient, develop into
dendritic ceps, and so educate the newlyformedT cells That the 5 additional
molecule is "self". T cells thus educated, when encountering such a
molecule  expressed by the donor graft tissue, will recognize the tissue as
self and rat attempt to reject  it Indeed, positive selecam can involve
multiple colt types: the cortical epithelium provides  the specific
difforenlatien molecules and thud party cells provide the MHCIpeptide
ligands.  BFFBCLS ON BM AND HSC 10 The present invention provides methods
for increasing the function of BM in a  patient, including increasing
production of HSC and endearing hacmopoiesis. These  methods arc useful w a
number of applications. For example, one of the difficult side effects  of
chemotherapy or radiotherapy, whether given for cancer or for another
propose, can be its  



negative impact on the patients BM Depending on the dose of chemotherapy,
the BM may 15 bedamugedorablatdandpmductionofbloodceLLS maybeimpeded.
Admwistrationofa  dose of a sex sreoid analog (such as an LIBUI analog)
accounting on this invention after  chemotherapy Irealneu[ ads in recovery
from the damage done by the chemotherapy to the  BM and blood cells. M
earmlively, administration of the LIm E analog in the weeks your to
delivery of chemotherapy increases the population of HSC and other blood
cells so man some  20 of the deleterious effects of chemotherapy will be
decreased The improvement in BM fmctien may be applicable to, for example,
patients with  blood disorders. As used herein ,'blood disorders" is meant
any disorder ormalady that  involves the cells of the blood system in a
patient, either directly or indirecly, includm&but  not limited b,
disorders associarai withhematopoiesis, e.g., leukemia. Thor, forexernple,
25 the methods of the present invention are useful to mplace the cancerous
blood system cells  with new cells from a donor (matched or unmatched) in
an allogenic 1ISCF. or following  mtologous HSC? with the patient's own
cells. Increased HSC production by the BM causes consequential increase in
red blood  cels, which are,in am, useful for management of RBeproduction.
This can beeasily  30 determined by looking for. e.g., inmrasdhemamcat. ]n
some examples, the increased HSC am CD3C HSC. MobilzNHSCS (e.g., using
GLSF) can assist in the ''repair" or juvenarion of tissues, such as with
heart tissue and lung  73 tissue Bschavethepotential to
generamnon-hematopoiedc tissue. While aumhof the work  has been carried out
in vino, a snrdy at the Mayo Clinic, Rochester has shownthat after BMT a
small uumberofcadiomyocytes are donor derived. Similarly, the Beaumont
Hospital, - Michigan have used HSC to repair damaged heart muscle, although
it is unclear whether the 5 BSC become myocyles or vasculature. May
expedmeurs have also shown the potential of  HSC to become insuna producing
e-cons, Other work has shown HSC are capable of  becoming skeletal muscle
(myoytes),Ever (hepatacyms), bone, connective tissue, epithelial  tissue
hog. of lung gut and skin), vaswUnue, neurons. audislet ^ cells, The
methods described herein are useful to repair damage to the BM and/or
assist in  10 the replacement of blood cells and. may have been injured or
desboyed by various therapies  (eg., cancer chemotherapy drugs, radiation
therapy) or diseases (e.g., BIV, chronic renal  failure). 



In some chemotherapy regimens, such as high dose chemotherapy to treat any
of the  blood cancers, ablation of she BM is a fleshed effect The methods
of the invention may be  15 used immediately afar ablation oceum to
stimulate the BM and increase the production of HSC and thew progeny blood
cells, so as to decrease the patient's recovery time. Following
administration of the chemotherapy, usually allowing one or mom days for
the chemotherapy  to clear from the patient's body, a dose of thEN analog
according to the methods described  herein is administered to the patient.
This can be in co junction with the adruwisuation of 20 autologonv or
heterologous BM or hemmopoietic stem or progenitor cals, as wen as other
factors such as colony stimulating factors (CSFs) and stem cell factor
(SCF). Alternatively, a patient may have suboptimal (or "tl d) BM firncdon
and may and be  producing sufficient or normal numbers of MC and briber
blood cells. This can be caused by  a variety of conditions, including
normal agein& prolonged infection, post-chemotherapy. 25 post-radiation
therapy, chronic disease states including cancer, generic abnormalities,
and  immunosuppression induced in transplantation Further, radiation, such
as whole-body  radiation, can have a major impart on the BM pductivity.
These conditions can also be  eitherpm-Heatedto mmimire the negative
effects (such as for chemotherapy and/or radiation  therapy, or tread aver
occurrence to reverse the effects 30 EFFECTS ONTCBLIS Sex steroids in males
and females can be inhibited temporarily by taking disruptors of  sex
steroid mediated signaling (e.g, GnkH agonists). It has been shown that
loss of steroids  74 causes a reactivation of thymus function and enhanced
production of naive T cells.  Furthermore, even before those new T tells
have had a chance to leave the thymus, the pre- existing T reps are much
more sensitive to stimulation, which recaps in amuck more  effective immune
response. this increased responsiveness is evident within days of the loss
5 of sex steroids(see,e.g., Example 23). This may be because there are no
wtibitory effects of  sex steroids. This maybe beeauseof Iheprodnction of
"belpet' or "adjuvant" facmrsby the  reactivating or reactivated Ihymns.
which am able to costimulate the Tcells in ce ~unetion  with the foreign
stimulus. Also, since many cells of the immune system have surface
mcepturs for GnRE, the GnRH, itself, may provide an addidond stimulatoa for
theT cells, 10 Sineetheeffectof(helossofsexsteroids onperipheraiTCells is
sorapid,GnRHCanbe  given as a single treatment simultaneously with the
delivery of, for example, a vaccine. A  



one month formulation is useful which has the bervollcmi effects of
stimulating immune  responses butwithout the sideeffects of longer loss of
sex steroids. A subsequent "booster'  injection of the antigen can also be
admhdstered. IS Sex steroid inhibitors(eg., GaRRH analogs) are useful to
boost all forms of  immonothempy in cancer patient particularly for the
removal of cancer cells with have  escaped chemotherapy or surgery, but
also for the defense again toppmtmtisdo infections.  These analogs may also
be used prophylacticly to improve immune response to vaccination  program;
designed to prevent, e.g, infections or cancer. 20 The methods of the
invention utilize inhibition of Rex steroid signaling, Sex steroids
suppress the function of the thymus, BM, and also T and B lymphocytes
throughout the body,  which are cooceuhated in the major lymphoid areas of
the bodyinclud'ing, but not limited to.  the blood lymph nodes, mucosal
tissue (e.g., respiratory, gashowtestinel, genital). Itbas  surprisingly
been discovered that ablation of sex steroids and%or interruption of sex
steroid 25 mediated signaling may be used not only to regenerate the thymus
(and thus the number and  quality' of T cells), but also to
impwvethefunctionality ofpre-existing and newly produce  T cells (aad other
cells of the immune system) either without prior to. or concurrently with.
thymus regeneration. A poor immune response can have immediate and
clinically important consequences.  30 IIcan mean m increas d
susceptibility to common infections (e.g, influenza). increased
susceptibility to cancers and tumors, andlorpuor responsiveness m
vaccinations. 75 An increase in the number and/or proportion of naive T
cells in the totalT cell pool  has a positive immediate therepevtic effect
on a number of clinical (or potemially, clinical)  Conditions and diseases,
including, but not limited W. cancer, immunodeficiency (particularly  viral
infections, e.g., Acquired Immune Deficiency Syndrome (AIDS) and Severe
Acute 5 Respiratory Syndrome (SARS), or Influences), ontoimmuuity,
tavsplmtalion. allergies, as  well as improving the general efficacy of
vaccination programs. Each of these apphcations is  desbrd in detail in
co-owned and co-pending US. Application Ser. Nos. 10/418,747,  10/419,039.
10/418,953, 1W418,727, 10/419,866, and 1W419,068. The inhibition of sex
seemed signaling (e.g., using LBRB/CmRII analogs) may also be  10 given on
multiple occasions, no immediate effects are due to enhancing the
funetiomlity of  pmcxisting lymphoid (and sou -lymphoid) cells. With time,
the induction of sex steroids  



increases the production and fmcdonelity of T cells. B cells and APC, which
addi6vely,  synergistically. or complementarily continue to enhance the
response. Increases of new APC,  as we0 as T coils, B cells, and other
immune cells, together with increased sensitivity of pre 15 exu0ngTcegs,B
cells, and APC to stimulations may then be used Wenhance apatienrs
tolerance to a donor graft. Thus, dismptors of sex steroid signaling are
used according to the methods of the  instant invention, to cause a
clinically positive effect by initiating as increased activaloa or
fvndtionality of these immune cells even before those drugs have been able
to cause 2O significant thymic regrowh  BBRBCTS ONDC The present invention
also provides methods for increasing DC functionality and/or  DC number.
Following sex steroid ablation (e.g., following delivery of an LBRB analog)
DC are increased in the thymus, and in the periphery, which may also assist
the T cell 25 stimulation. 76 AX4MPiPC  The following Examples provide
specific examples of methods of We invention, and are not to be command as
limiting the invention to Weir content  EXAMPLE1  5 REVERSAL OF
AGED-INDUCED TRYNRC ATROPHY  Materials and Methods Animals. CBA/CAH and
C57BI62 male mire were obtained from Central  Animal Services, Mouash
University and were housed under conventional conditions.  CS/1316/3 Ly51'
were obtained from the Central Animal Services Mooash University, We 10
Walteraud Bliss Hall hutiNte for Medical Research(Parkville, Vicomria) and
We AAC.  (Peed. Wenem Australia) and wen housed mder conventional
conditions. Ages ranged  from 44 weeks to 26 months of age and are
indicated where relevant Surgical r skutian. Animals were anesthetized by
intmperitoaeal injection & 0.3 ml  of 0.3 mg xylazlne (Rompun(r); Bayer
Australia Ltd., Botany NSW, Australia) and 1.5 mg 15 ketamive hydrochloride
(Kennedy; Parke-Davis, Caringbaly NSW, Australia) in saline.  Surgical
castration was performed by a scrotal incision. revealing We testes, which
were Well  with suture and Wen removed along with surrounding fatty tissue.
The wound was closed  



using surgical staples. Sham cast'atiou followed the above procedure
without removal of the  Were and was used as conlrNS for all studies. 20
Bromndeoayeridive (BrdU) Incorporation. Mice received two inlnPrmimnesl
injections ofBrdlf (Sigma Chemical Co., St. Louis, MO) at a dose of 100
mgtkgbody weight  m 100 pl ofPBS,4-hours apart(i.e" at4 hovrintervals).
Controlmirereceived vehicle  alone wjec liens. One hour after We second
injection, thymuses were dissected and either a  cell suspension made for
PALS analysis, or immediately embedded in Tissue Tek (O.C.T, 25 compound,
Miles inc, Indiana), snap fmmn th^quid nitrogen, and snored a[-70CunW use.
Flow Cytometrie analysis. Mice were killed by CO2 asphyziation and thymus,
Spicer. andmesentesic lymph nodes were removed Organs were pushed gently
througha  200 in sieve in cold PBS/1% FCS/0.02% Azide, centrifuged (650 g.
5 min, 4t. and  resuspe ded in either PBS/FCS/Az. Spleen sells were
incubated in red celilysis buffer (8.9 30 Witter ammonium chloride) for 10
miss at 4C. washed and resuspended in PBS/FCS/AZ. Cell  concentration and
viability were determined in duplicate using a hemocytometer and 77
efhidium bromidelacridiue mmge and viewed under a fluorescence microscope
(Axioskop;  Carl Zeiss, Oberkochen, (Jermany). For 3-color
immunofluorexence, cells were labeled with antia~TCR-PfIC, anti- CD4PE and
anti-CDB-APC (all obtained from Piano ngen. San Diego, CA) followed by  5
flow cytometry analysis. Spleen and lymph node suspensions were labeled
with either a~TCR-P1TGf99-PE/CD8-APC or 8220-B (Sigma) with CD4-PE and
CDS-APC. B220-B  was revealed with strcpdvidin-Ta-colorconjugatepmchased
from Caltag Laboratories, Inc.,  Burlingame, CA-  For BrdU detection of
tens, cells were surface labeled with CD4-PE and CD8-APC.  10 followed
byflxation and permeabilization as previously described (Cmayon and BON,
(1989)  J. I Meth 147225). Briefly, stained cells were feed overnight at 4C
in 1%  paraformaldehyde (PFA)/0.01% Tween-20. Washed cells were incubatd in
500 01 Macon  (100 Bunitz units. Roche. USA) for 30 wins at 37C in order m
denature the DNA. Finally.  cells were incubated with and-BrdU-MC
(Ba,Mn-Diclonsou) for 30mw at room 15 temperature, washed and resuspended
for FAGS analysis. For Belli analysis of TN subsets, cells were
collectively gated out on fill-cells in  APC, followed by detection for
CD44-biotin and CD2Y--PB prior to BNU detection. ALL  



antibodies were obtained from Pharmingen (San Diego, CA). For dealer
lmmunofluorescence, thymocytes were labeled for CD3, CD4, CDg,  20 B220 and
Mac 1. collectively detected by anti-rat lg-Cy5(Amersham, U. K). and the
negative cells (7th) gated for analysis. They were further stated for M25
PE (Phommidert,  San Diego. CA) and CD44-B (Phamingen. San Diego. CA)
followed by Streptavidw-Tri- color (Caltag, CA) as previously described
(Godfrey and Zlolnk (1993) InumuwL Today  14:547). BrdU detection was then
performed as described above. 25 Samples were analyzed on a FACSCalibwTo
(Becton-Dickinson). Viable  lymphocytes were gated according to 0 and 90
light scatter profiles and data was analyzed  using CcllQuesfn" software
(Becton-Dickinson). Lmmusohistology. Brozenthymus sections (4 am) were cut
using acryosut  (l.eica) and immediately fixed in 100% acetone. 78 For
two-color immuaoflnorescence, sections were double-labelcdwith a panel of
monoclonal antibodies:MTS6,10,12,15.16.20, M. 32,33, 35 and 44 (Godfrey at
A,  (1990) Inununa/. 70:66; Table 1) produced in this laboratory and the
co-expression of  epithelial cep deteaminants was assessed with apolyvoleat
rabbit anticytokerarin Ab (Dako, 5 Carpinteria, CA). Bound nAb was revealed
with MCconjugated sheep anti-rat Ig (Silenus  Laboratories, Victoria,
Australia) and anti-cytokemdn was revealed with TRTTCmnjugated  goat
anti-rabbit IS (Silenus Labom[ories, Victoria, Australia). For Emil
detection of sections, sections were stained with either anti-cytokemtln
followed by anft-rabbit-TRJrC or a specific nwb, which was then revealed
with sun an lg- 10 C/3 (Amersham, Uppsala, Sweden). BrdU detection was then
performed as previously described (Pent eta!., (1996) Proc. NaiL Acat Sci,
USA 86:5547). Briefly, sections were  fixed in 70% Ethanol for 30mins.
Send-dried sections were incubated in 4M ECl,  neuttUzed by wasbiug
lnBOmtBUHer(Sigua), followeby two washes in PBS. BrdU was  detected using
anti-BrdU-HTC(Beetoa-Diclansoa). 15 Farthreecolor immunofluarescence,
sections werelabeledforaspecific MTS ruAb  togetherwith anticytokemtin
BrdUdelachoa wes then performed as des=bed above.  Sections were analyzed
using a Leica Buorescent and Nikon confocal microscopes.  MigtnBOn studies
(La, Analysis oe recent manic emigrants (leT )). Animals 



were enesthetizedbyintraperi[oaeal injection of 6.3 ml oeo3 mg xylazlne
(Rompun(r); Bayer  20 Australia ltd., Botany NSW,Australia) and ii
mgketaminehydmchloride(Ketalat(r);  Parire-Davis, Carngbab, NSW, Australia)
in saline. Deans of the FEC labeling of thymocyres technique are similar to
those described  elsewhere (Scollay eteL, (1980) Proc NaiL Anal Sc4 USA
86:5547; Berzins et at, (1998) J.  Exp. Met 189:1839) Briefly, thymic lobes
were exposed and eachlobe was injected with 25 approximately 10 'm of 350
xgln l FPfC (in PBS). The wound was closed with a surgical  staple, and the
mouse was warmed until fully recovered from anesthesia Mice were klled  by
CO2 asphy iation approximately 24 hems after injection and lymphoid organs
were  removed for analysis, After ced counts, samples were stained with
anti-D4-PE and anti-CDg-APC, than  30 analyzed by flow cytometry. Migrant
cells were identified as live gated FrfC" cells  expressing either CU4 or
Mg (to omit autofuomsciug cells and doublets). The percentages 79 oIFITC'
CD4 and CDS calls were added to provide the lotalmig,avtperrevtage for
lymph  nodes and spleen, Tespecve(y. Calculation of daily expect rates was
performed as described  by Deltas et A. ((1998) J. Esp. Med 18]:1839). Data
analyzed using the unpaired snulevt't' lest or novparametrical Mean
-Whitney ll- 5 test was used to determine the atatisdeal sigptl-caace
between control and test means for  experiments performed at feast in
triplicate. Bxpedmental values significantly differing from  cannot values
are indicated as follows: *p<0,05. **p<0.01 and *p< 0.001. Results  L The
effect of age on thymocyte populations. 10 (i) Thymic weight and thymacyte
amber With inere scong age Were is ahighly significant (p~.W01) decrease in
bold thymic  weight(Fg IA) and total thymocyte number(Frgs. 1B) in mice.
Relative thymic weight  (mg thymos/gbody) w the young adulthas amen value
of 3.39 which decreases to 066 at  1S-24 months ofage(adipose deposition
limits accurate calculatio). The decrease in thymic 15 weight and be
attributed to a de cease in total thymoeyte numbers: the 1-2 month (le..
young  adult) thymus scants about 6.7 x 167 thymocytes. decreasing to
about45 x l0 cells by 24  months, Byrmoving We effects of sex steroids ov
gm thymus by castredon, Nymacyte cell  nmbus ace regenerated andby4 works
poa[restra0oq We thymus is equivalentto that of  



the young adult in both weight (Fig. IA) and celWlarity (Fig. IB).
Interestingly, them was a 20 sign5can[(pc0.o01)increasein Wymoryle
numbersat2weeks postroazYSpon(1.2x10),  which is restored to normal young
levels by4 weeks post-castration The decrease in T cell nnmhem produced by
the thymus is not reflected in We  periphery, with spleen cell numbers
remaining constant with age (Fig 2A and 2B).  homeostatic mechanisms in the
periphery were evident since the B cell to T cell ratio in 25 spleen and
lymph nodes was not affected with age and the subsequent decrease is T cell
numbers rcachiag the periphery (Pig. 2C). However, We ratio of CD9* to m8"
1' cell  siguifrcmtlydecmaaed (p<0001) with age fium 2:1 at 2 months of
age, to a ratio of 1:102  years of age(Figs. 2D). Following castration and
the subsequent rise in T cell numbers  reaching the periphery, no change in
peripheral T coil numbers was observed: splenic T cell 30 numbers and the
ratio of B:T cells he both spleen and lymph nodes was not altered following
cashution(Figs. 2A-C). Theredu dCD4:CD8 m4ow theperiphery with age wasaWl
80 evident at2weeks lwrtv'ashation but was complelelyreversed by 4 weeks
post-eastration  (Fig. 2D) (ii) Thymocyte subpopulations with age and
post-cast ation. To determine if the decrease in Wymocytenumbers seen with
age was the result of the  5 depletion of specific cell populations,
thymocytes were labeled with defining drunken a  order to analyze the
sepmare subpopulations- n addition, this allowed analysis of the kinetics
ofthymus repopulationpost-castration. The proportion ofthemain thymocyte
subpopulations was compared with those of the young adult (24 months)
thymus (Fig. 3) and  found on ocandu uniform with ego. In addition, further
subdivision of thynm ytes by the 10 expression ofaITCR revealed no change
in the proportions of these populations with age.  At 2 and 4 weeks
postcashatioo, tbymocyte subpopulations remained in the same  proportions
and. since thymocyre numbers businesses by up to 100-fold post-castration,
this  indicates a synchronous expansion of all thymocyte subsets muter than
it developmental  ptogmssion ofexpansion. 15 The dccreaseia call
numbersseen in the bayous ofaged(2 year old) awmalsthus  appears to be the
result of a balanced reduction in all yell phenotypes, with no significant
charges in'T cell populations being detectei Thymus regenera on occurs in
asynchronous  fashion. replenishing all T cell subpopulations
simultaneously rather than sequentially. 



H. Prollierntlon of thymoeytes 20 As shown in Figs. 4A4B,15-200% of
thymoeytes were pmlirualitg at 2-4 months 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 largest
population at  about 6% (Ergs. SA). These TN cells are the most immature
cells in the thymus and  encompass Weintrabaymic precursor cells.
Accordingly, must division is seen in the 25 subrapsnle and cortex by
immunohistolagy Some division isseenin the medulleryregions  edgning with
FAGS analysis which revealed a proportion of single positive (t.e.,
CD4+CD8-or CD4-m8+) cells (9% of CD4+T cells and 25% of CDS+T cells) in the
young (2 months) thymus, dividing (Fig. SB). Aithough nod numbers were
significantly decreased in the aged mouse thymus (2  30 years old), the
total proportion ofproliferating thymocytes remained constant (Figs. 4B and
5C), but dens was a decrease in the proportion of dividing rods in the
CD4CD8-and 81 transmutation of CD4-CD8+Tcells was also significantly
(p<_0.001) decreased (datanot  shown), Lnmunohiatologyrevealedthe
distribution of dividing cells atl year of age to  reflect that seen in the
young adult (2-4 months); however, at 2 years, prulifecvion is mainly  seen
in the outer cortex and sumoundmg the vasculature with very little division
in the 5 medulla As may as one week postcaslretioa there was a madred
increase in the proportion of  proliferating CD4-CD8- calls and the
CD4-CDR+ alts (dad not shown). Castreriou clearly  overcomes the black in
proliferation of these cells with age. There was a corresponding
proportional decrease in proliferating CD4+CDB- cells postcas0ation (dam
not shown). At 2 10 weeks past-castration, although thymocym nominee
significantly inoreas; them was no  change in the overall proportion of
thymocytes that were proliferating, again happening a  synchronous
expansion of cells (Pigs. 4A, 4B, and 5C). lmmunohistology revealed the
localization of thymocytepmtiferation and the extent of dividing cells to
resemble the  situation in the 2-monthold thymus by 2 weeks postcastration.
15 The DN aubpopulation, in addition to the thymoeyte precursors, contains
0OTCR  tcD4cD8- thymacyles, which arc thought to have down-regulated both
co-receptors at me  transition to SP cells (Oodhey and Zlotnik, (1993)
lmruunol, Today 14:547). By gating on  these mature calls, it was possible
to analyze the true TN compartment (CD3(AD4(r)8) and  



them sobpapulations expressing CD44 and CD25. legs. 5B-H illustrate the
extent of 20 pro0f ation within each subset of TN cells in young, old and
castrated mice. This showeda  sigrtitiitmrt (p<0.OOl) damazeinproliferation
of the TNl subset (CD44'CD25' CD3(D4'  CD8), from about 10%% in the normal
young to around 2% at 18 months of or (Frig. SE)  width was restored by l
week postcastration. M. Thymocyte emigration 25 Approximately 1% ofT cells
migrate from the thymus daily in the young mouse  (Scollay at at, (1980)
Proc. Nat! Acad Sty, USA 86:5547). Migration in castrated mice was  found
to occur at a proportional one equivalent to the normal young mouse at 14
months 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
the secant thymic emigrants from about 3:1 at 30 2 months to about 7:l at
26 months (Fig. 6C). By 1 week postcast ation, this ratio had  normalized
(Fig. 6(2). By 2- weeks post-castration, cell number migrating to the
periphery  82 had substavriallyins d with the overall rate ofmigrerion
reduced to 0.4% reflecting the  expansion of the thymus (Fig 6B).
Discussion  It has been shown Had aged thymus, although severely atrophic,
maintains its 5 functional capacity with age. with T cell proliferation,
differentiation and migration oreurtivg  at levels equivalent Co the young
adult mouse. Although thymic function is regulated by  several complex
intentions between thenavo-endocrino-mrmune axes, the atrophy induced  by
sex steroid production exerts the most significant and prolonged effects
illusl ated by the  extent of thymus regeneration postcaso-alion 10 Thymus
weight is significantly reduced with age as shown previously (firokawa and
Makinadan, (1975)) I of 114:1659, Aspinall, (1997) J. in l,, 1583037) and
correlates with asigoificaat decrease is thymoc}Mmwlwrs- The shoes induced
by the  castration technique, which may result in further hymus atrophy due
w the actions of  conneasteroid , is overridden by the removal of sex
steroid influences with the 2-week 15 castrate thymus increasing io
cellularity by 20-30 fold from the pre-caseate thymus. By 3  weeks
post-castration, the aged thymus shows a significant increase in both
thyndc size and  cell number, surpassing that of The young adult Thymus
presumably due to the actions of sex  steroid al ready exerting themselves
in the2month old mouse. 



The data confirms previous findings that emphasise We continued ability of
20 thymonyms[o differentiate and maintain wmtnt subsetpcopmtions with age
(Aspwall,  (1997) /. /mmwel. 155:3037). In addition, thymocyte
diferentiztion has been shown to  oaur simultaneously post-castration
indicative of a synchronous expansion in thymecyte  sub.Ns. Sines thya
mcyle numbers are decreased significantly, with age, proliferation of
lhymoc 4es was analysed to determine if this was a contributing factor in
thymus atrophy. 25 Proliferation of thymocyms was not affected by
age-induced Thymic atrophy or by  removal of sex-steroid influences
post-castration with about 14% of all thymocytes  proliferating.
However,thelocalsatioa of this division differed with age: the 2 month
mouse  thymus shows abundant division throughout the subcapsular and
cortical areas (IN and DP T  cells) with some division also occuming in the
medulla Due to thymic epithelial 30 disorganisation with ago. Iwalisahon of
proliferation was difficult to distinguish but appeared  to be less
unifonnin pattern than the young and relegated to the outer cortex. By 2
weeks 83 post astratioq dividing thymoeytes were detected throughout the
cortex and were evideotin  the medulla with similar distribution to the 2
month thymus. The phenotype of the prolifrmting population as desermined by
Cat and CD8  analysis, was not altered with age or folloudngcasuation
However, analysis of proliferation  5 within thymocyte
subpopulations,revealed asigwficant decrease in proliferation of both the
TN and CD8` cells with age. Further analysis within t e TN subset on the
basis of the  markers CD44 and CD)S, revealed a significant decrease in
proliferation of the nil  (CD44tD25) Population which was compensated for
by an increase in the TN2 (M44- C025) population. These abnormalities
within the INpopulation, reflect the fmdmgs by 10 Aspinal((1997) J. InuwnoL
158:3037). Srn ritingly,[IreTN subset was proliferating at  normal levels
by2 weeks postcashadon indicative of the immediate response of this
Population to the inhibition of sexwleroid action. Additionally, atboth
2weeks and4 weeks  pmstcastration,the proportion of CD8`T cells that were
pro'fe,At was markedly in d from me contrOlthymus, possibly indicating a
role in the rees tablishment of the  15 pedphemaT Wl pool. Tmymoeyle
migration was shown to occur at a conshmt proportion of thymocytes with
age conflicting with previous data byscollay etaL, ((1980)Proc. Nat!. Acod
Sc4 USA  



86;5547) who shown[ a to-fold reduction in the rate of thymocyte migration
to the  periphery. The difference in these results maybe due to the
difficulties in intrathymic FITC 20 labelling o[2 year old thymuses or the
effects of adipose deposition on me uptake.  However, the absolute numbers
of T cells migrating was decreased significantly as found by  Scellay
resulting in asiguifieent reduction in ratio ofRTEs b the peripheral T cell
pool. Thu  will result in changes in the periphery predominantly affecting
theT cell repertoire (Mackal  et A, (1995)N Eng. J. Ma 332:143). Previous
papers (eg., Mackall etaL, (1995) N. Eng. 25 J. Med 332:143) have shown a
skewing of the T will repertoire to a memory rather than  move T cell
phenotype with age. The diminished T cell repertoire however, may not cope
if  the individual encounters new pathogens, possibly accounting for the
rise in  immmiodeficiency in the aged. Obviously, there is a need to
reestablish the T cell pool in  ummumommpmmised individuals. Castration
allows the thymus to repopulate the periphery 30 through significantly
increasing the production of naive T cells. In the periphery, T cell
numbers remained at a constant level as evidenced in the B:T  cell ratios
of spleen and lymph nodes, presumably due to peripheral homeostasis
(Mackall of  al., (1995) M Eng J. Med 332143; Begins et aL, (1998) 1 Ep,
Mad 1879839). However,  84 dismption of cellular composition in the
periphery was evident with the aged thymus  showing a sigoificantdeease
in(D4:CO8 ratios fivm2:1 in theyoung adult to 1:1 fir the 2  year mouse,
possibly indicative of the more susceptible nature of CD44 T cells to age
or an  mcmas io production of CDB'Tcells fivm exfmthymic sources.
By2weekspost 5 rastretion, this ratio has been normalised, again reflecting
theimmediafe response of pm  immune system to surgical castration. The
above findings have shown firstly that the aged thymus is capable of
Demeaning  in a nature equivalent to the prepubertal thymus. In this
respect, T cell numbers are  significantly decreased but the ability of
thymaeytes to diff ntiate is not disturbed. Their 10 overall ability to
proliferate and eventually migrate to the periphery is again not influenced
by  the age-associated atrophy of the thymus. However, two important
findings were mated  Firstly. them appears to be an adverse affect on the
TN cells in their chili an proliferate,  carmiatiogwith findings by
Aspinall ((1997)J.I w,ot. 156:3037). This defeat couldbe  attributed to an
inherent defect in the thymocytes themselves. Yet the data shown her, and
15 previous wodchas shown thymocyle cliff utiation, although diminished,
still uterus and  



stem sill entry from the BM is also not affected with age (Ifuokawa,
(1998), "Immunity and  Ageing"in Pkm AN Pew O Gearw Mo (M Pathy, ed.) Johu
Wiley  and Soas Uri; Meokull and Guns,(199?) Innmrol. Rev. 150:91).
Secondly. the CDgt TCells  were significantly diminished in their
proliferative capacity want age and, following 20 roustabout,
asignificantly increased proportion of CDS T cells proliferated as compared
to  the 2 month mouse. The proliferation ofmahueT cells is thought to be a
final step before  migration (Suds and Zlomik, (1991) J. LrnmmoL 140;3068),
such that a significant decrease  in COB proliferation world indicate
adecreme in their migational potential. This  hypothesis is supported by
the finding that the ratio of CD4:C9 T rods to RTBS increased 25 with no,
indicative of a decrease in (D8 T cells migmeog. Alnmatively, if the thymic
epithelium is providing the key factor for the 0)8 T cell mainrmance,
whether a  lymphostromaf molecule or cytokine influence, this factor may be
disturbed vrith increased  sexsteroid production. By removing theinfluence
of sexstemids, the COST Cell population  can again proliferate optimally.
30 The defect in proliferation of the TNl subset which was observed
indicates the toss of  cortical epithelium affects thymocyte development at
the crucial stage ofTCR gene  rearrangement whereby the cortical epithelium
provides factors such as IL -7 and SCF  necessary for thymopoiesis (Godf ey
and Zlohdk, (1993) J'mwrol Today 14:547; Aspinall. 85 (199])1. I,nmsmol.
1583037). Indeed, IL-Tt-and lLTR'-mice show similar thymic  morphology to
that seen in aged mice (Wiles et a1, (1992) Eur. 1.. Imrnwtot 22:1037;
Zdothiik  sad Moore, (1995) Con. Opiu ImnwnoL 7:206); von Frseden-Jeffry.
(1995) J. &p. Met  181:1519). 5 In conclusion, the aged thymus sum
maintains its fuactioaal capacity, however, the  thymmyles that develop in
the and mouse are not under the stringent control by thymic  epithelial
cells as seen in the nomil young mouse due to the lack of structural
integrity of the  thyroicmicroeavimmnt Thus the proliferation, dSfermtiapon
and migration of these cells  will not be under optimal regulation and may
result in the increased release of 10 autoheactive odysfwetimal T cells in
the periphery. The defects withinboth tre TN  and particularly. CDS
populations, may result in the changes seen within the peripheral T  cell
pool with age. Restoration of thymus function by castration well provide an
essential  means for regenerating the peripheralT cell pool and thus in
m-establishing immunity in  



immmmuppn:ssed, immuuodeficient, orimmunmumpmmised individuals. 15 ERAMPLE
2 REVERSAL OF CHEMOTHERAPY- OR RADIATION-INDUCED THYMIC  ATROPHY  Materials
and Methods Materials and methods were as described in Example 1. In
addition, the following  20 methods wereused BM reconstitution. Recipient
mice (3-0 monthold C57EL6/J) were subjected to  5.5Gy inadlation evrice
over a 3-haw interval One ham following the second umdiation  dose, mice
weminjected intravenously with 5x106 donor EM cells. EM Cells were obtained
bypassing RPMf-1690 media though the tibias and femurs of donor (2-month
old coogeoic 25 C57BLWJ LyS.rt) mice, and then harvesting the cells
collected in the media  Irradiation. 34month old mice were subjected to
625Rads of whole body I}  iuadietion. T cell Depletion Using
Cyclophosphamide. Old mice (e.g., 2 years old) were  injected with
cyclophosphamide (200 mg/kg body wt over two days) and castrated. 86
Results  Gatration mdrmcedregeneration followingsevemi cell depletion
(T(r)). Fm both models of T CCU depletion studied (chemotherapy using
cyclophosphamide or sublethal  hrxdiutron using 625Rads), castrated (Cx)
once showed a significant increase in the rate of  5 thymus regeneration
compare to heir sham-caseated (shCx) counterparts (Figs. 7A and 7B). By I
week post-treatment resealed nice showed significant thymic regeneration
even  att is earlystage(Jigs.'land 9-11), In comparison.non-casmated
mimals, showedsevere  loss of DN and DP thymocytes (rapidly-dividing cells)
and subsequent increase in proportion  Of CD4 and (r)g cells
(radio-resistant), This is best illuatmled by the differences in 10
Wymocyte numbers with castrated animals showing at least a 4-fold increase
in thymus sae  even at 1 week poSGheatumnt By 2 weeks. the non-cashaled
animals showed relative  thymocyte normality with regeneration ofboth DN
and DP thymocytes. However,  proportions of thymocytes are not yet
equivalent to the young adult control thymus. Indeed,  at 2 weeks, the
vastdifference in regulation rates between castrated and non-cast aced mice
15 was maximal (by 4 weeks [hymncyte numbers were equivalent between
treatment groups).  



Thymus cellulmity was significancy, reduced in ShCk mice I-weak post-
cycloPhosphamide treatment compared to both control (weeated, aged-matched;
p O.01)  and IX mice (p (c).05) (Fig 7A). No difference in thymus
regeneration rates was observed at  this time -pout/ between mice castrated
1-week earlier or on the same day as treatment, with 20 both groups
displaying at leas a doubling in the numbers of cells compared to ShCX nice
(Figs. 7A and SA). Similarly, at 2-weeks post-c clophosphamide treatment,
both groups of  IX nice had significantly (5-6 fold) greater thymacyte
mmnters (p4).001) Than he Sh(Ix  mice (Fig. 7A). In control mice Caere was
a gradual recovery of thymocyte number over4  weeks but this was markedly
enhanced by castration, even within one weak (data not shown). 25 Similarly
spleen and lymph node numbers were increased in the castrate mice after one
week  (data not shown). The effect of the tinning 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 impact on thymic recovery (Fig. 30
IOA compared to Fig l l A). By two weeks the same day castration had'
caught up" with the  thymic regeneration in mice castrated one week prior
to treatment. In both cases there were  no major effects on spleen or lymph
nodes (Figs. lOB and IOC, and Figs. IIB and I IQ  respectively. 87
Following irtaduhon treatment, both ShCx and nice castrated on the same day
as  treatneut (SDCA) showed a scant recitation in thymus eellulmity,
compared to Control  mice (pa).001) (Figs. TB and F1A) and mice castrated
1-week prior to treatment (pm-01)  (Fig. 7B). At2weeks past-tieatrnent,
thecashntionregimepIayd no pan in theresmretion 5 of thymus call numbers
with botlr groups of castrated mice displaying a significant  enhancement
of thymus celluladty post-inadatnn (Pict) compared to SfCx mire (ps0.001)
(rigs. M. WOA, and IIA). Therefore, castration significantly enhances
thymus regeneration  past-seven Tcell depletion, and it can le performed at
least 1-week prior to immune system  insult 10 Interestingly, thymus size
appears to overshoot' the baseline of the control thymus.
hndicativeofrepid expansion within the thymus, the rmgadon of these newly
derived  thymocytes does not yet fit takes about 3-0 weeks for thymocytee
to migrate through and out  into the p(r)phery). Therefore, although
proportions within each subpopuldon are equal,  



numbers of thymacytes an building before being released into the periphery.
15 Fallowing cyclophosphamide treatment of young mice (about 2-3 months),
total  lymphocyte numbers within the spleen of Cx mitt, although reduvq
were not significantly  different from control mice throughout the
dmecorirse of analysis (data not shown).  However, ShCx mice showed a
significant decrease in tool splenocyte numbers at l- and 4- weeks
post-Imatment (p<o.05) (Fig. BA). Witter the lymph nodes, a significant
decrease in 20 cellularity was observed at l-week post-treat ant for both
shamcastraed and castrated mire  (pcool)(Fig,Bid), possibly reflecting the
influence of stress steroids, By 2-weekapost- treatment, lymph node
cellularity of castrated mice was comparable to central mice however
shamrastrated mice did not restore their lymph node cell numbers until
4weekspost trea went, with a significant (pCO.05) redaction in cellularity
compare] to bath control and  25 Cx mice at 2-weeks post-treatment (Pig.
8B). These results indicate that castration may  enhance the rate of
recovery of to ml lymphocyte numbers following cyclophosphem[de  treatment
Sublethal irradiation (625 Reds) induced a profound lymphopenia such that
at 1-week  post-treatment, both treatment groups (Cx and ShCx), showed a
significant reduction in the  30 celivlarity of both pleen and lymph nodes
(p31.(0I) compared to control mice (Pigs. 12A and 12B). By2 weeks
past-irradiation, pleen cell numbers were sinWar w conwivalues for  both
castrated and sham-castratd mice (Fig. 12A), whilst lymph node cell numbers
were still  significantly lower than control values(pm.OOl
forshaneeastrated mica; p<0.01 for 88 casbated mice) (Fag. 12B), No
significant difference was observed between the Cx and Shit  union. Fig. 9
Wastages We use of chemical saturation compared In surgical castration in
enhancement ofT cell regeneration The chemical usedm this example,
DaWrelio(an 5 LHRH-A), was injetd for four weeks, and showed acompamble mm
of regenerationpost- cyclophosphamideeeaeuentcompared to surgical common.
The enhancing effects were  equivalent on thymic expansion and also the
recovery of spleen and lymph node. The  kinetics of chemical castretion are
slower than surgical, that is, mice take about 3 weeks  longer to decrease
theta circulating sex steroid levels. However, chemical castration is still
as 10 effectiveat surgical castration and can be considerd to have an
equivalent effect.  Discussion 



The impact of castration on thymic structure adT cell production was
investigated in  animal models of immunedepletion. Specifically, Example 2
examined the effect of  castration on the recovery of the immune system
after sublethal irradiation and 15 cydephmsphamide treatment. These forms
of immmodepledon act to inhibit DNA synthesis  and therefore target rapidly
dividing cells. In the thymus these cells are predominantly  immaone
cortical thymoeytes, but all subsets are effected (Fredrickson and Basch,
(1994)  Deu. Camp. Zmm umL 18251). N normal healthy am] animals, the
qualitative and  quantitativedeviations in peapheralTcells seldom lead
topathological sties. However. 20 major problems arise following severe
depletion of T cells because of the reduced capacity of  the thymus for T
cell regeneration Such insults occur in HIV/AIDS, and particularly
following chemotherapy and radiotherapy in cancer treatment (Mackal or ad.,
(1995) N. Eng.  J. Met 332:143). In both sublethally irradiated and
cyclophosphamide treated mice, castration markedly  25 enhanced thymic
regeneration- Caseation was carried out en the same day as and seven days
prior to immunodepletion in order to appraise the effect of rice
predeminmlly corticosteroid  induced, stress responseto surgical castation
on thymic regeneration. Although increasesm  thymus cellulanty and
architecture were seem as early as one week after inmunodepletion.  ,the
jord fferences were observed two weeks after rasti-ution. TWS wet thecase
wherher 30 cazbatimn was performed on the same day or one week prior to
hmmnnodepldoa  lmnumhistology demonstrated that in all instances, two weeks
after castration the  thymic architecture appeared phenotypically normal,
while that ofnoncastrared mice was  89 disorganised pun epithelial mockers
demonstrated thatimmunodepletion caused a collapse  m cortical epithelium
and a general disruption of thymic amhilecthre in the thymuof  noucashuted
mice. Medullary markers supported this finding. Interestingly, one of the
first  features of castratiominduced thymicregeneration was anarked
upregolavon in the 5 exnacellularmatrix, ldenlfedby MTS 16. Flow cytometry
analysis data illushated a significant increase in the another of cells in
all thymocyto subsets in castrated mice, At each time poin4 there was a
synchronous  increase in all CD4, CDS and all-TCR-defined subsets following
and  castration. Toil is monusualbut eonsisewtresult sinceT ah development
is aprogressive 10 proves it was expected than there would be an initial
increase in precursor cells (contained  



within the Ct)V CDe- gale) and Oils may haveoccurred before the first lime
point  Moreover, since precursors represent a very small proportion of
total thymacytes, a shift in  then number may not have been detectable. The
effects of castration on other cells,including  macrophages and
granulocytes were also analysed ingeverulehemwas tilde elterationin 15
macrophage and ganulocyte numbers within the thymus. In both irradiation
and cyclophosphamide models of inm uaodepletion thymocyte  numbers peaked m
every two weeks and decreased four weeks after treatment Almost
immediately after irradiation or chemotherapy, thymus weight and cellulanty
decreased  dramatically and approximarely 5 days later the final t phase of
thymic regeoeration began - 20 The lust wave of reconslhution (days 5-14)
was brought about by the proliferation of n diorvsistaut thymocytes
(predominantly double negatives) which gave the to all thymocyte  subsets
(Penh and ESine, (1989) Prot Nand Arad Sc4 USA 86:5547). The second
amasses.  observed between days 16 and 22 was due to the limited
proliferative ability of the  mdiorsistmit cells coupled with a decrement
production of thymic precursors by the BM 25 (also effected by
irradiation). The second mgenerartve phase was due to the replenishment of
the thymus went BM derivedpreeusors (Huiskamp of aL, (1983) Radial Res.
95:370). In adult mire the development from a HSC to a mature T cell takes
approximarely 28  days (Shornnan etaL, (1990) SCnr fmmunol. 2:3). Therefom,
it is not surprising that little  change was seen in pedpbeml T cells up to
lam weeks after ambient. The periphery would 30 be supported by some thymic
export,betthe majority of he T cells found in the periphery up  to four
weeks after t atment would be expected to be proliferating cyelophosphamide
or  irradiation resistant clones expanding in the absence of depleted
cells. Several long term 90 Charges in the peripherywould be
expectedpos[<ashtdoo including, most importantly, a  diversification of the
TCRrepertoiredue to an inereasein thymic export EXAMPLE3  THYMIC
REGENERATION FOLLOWING IN E111MON OF SEX STEROIDS 5 RESULTS IN RESTORATION
OF DEI'ICIDNT PEmpuEBAL T CELL FUNCFION  Materials and Methods Materials
and methods were as descdbedin Examples 1 md2. In addi ion, the  following
methods were used. 



MV-1 immurdvtion. Aged IS months) mice were surgically castrated. 6 weeks
10 aRer castrafiou (followurg thymus reactivation). Following anesthetic,
mice wereivjectedin  the hind leg (fmthock) with 4xlOa plaque fo(r)ing
units (pfu) ofHSV-1(EOS strain) id  sterile PBS using a 20-gauge needle.
Infected mice were herself in isolated rages and  humanely killed on D5
post denominates at which time the popliteal (damming) lymph nedes  were
removed for analysis. 15 Virus was obmined from Assoc. Prof. Frank Carbone
(Melbourne Urdversity). Virus  stocks were grown and dtrated on VERO cell
monolayera in MEM supplemeWed with 5%  FCS (Oibco-ERL, Australia). Analysis
of the draining (poplteal) lymph nodes was performed on D5 post-imeasm.
For MV-I studies, popilleal lymph node cells were stained for red-CD25-PE.
and-CDS 20 APC and antiVp10-bivlia Ibr detection of DC. an FcR black was
used ptior to slaving for  CD45.1-FITC. I-A-PE and CDI lc-biotin, All
birtinylated antibodies were defected with  streptavidin-PerCP. For
detection of HSC, BM cells were galod on Lid" cells by collectively
shining with anti-m3, CO4, COS, OrvL B220 and Mao-l (all co jugared to
FITC). HSC  were detected by staving with CD117-APC and Sea-1-PE, For TN
thymocyte analysis, cells 25 were gated on the Lin population and detected
by staving with CD44-biotin, M25PS and  c-kit-APC. Cytotoxicity assay of
lymph node cells. Lymph orate Cells were incubated for three  days at 37aC.
6.5% CO2. Specificity was determined using a non-vaasfected cell line (EIA)
pulsed with 913wssos peptide (gBp) and EL4 cells alone as a cannot. A
sending effecter: larger 30 ratio of30:1 was used The plates were
incubatedat37C,6.5% COa for four hours and than  91 centvfirged 650 "for 5
minutes, Supemamnt (IOOIll) was harvested from each well and t ens[ermd
into glass fermelvation tubes for measurement by a Packard Cobra auto-gamma
counter. Results  5 To determine thefunctional consequences of thymus
segenerationwhether  castration can enhance the immune maponse, herpes
simplex virus (HSV) immunization was  examined as it allows the study of
disease progression and role of it Cashated nice were  found io have a
qualitatively and quantitatively improved responsiveness to Wevims. Mice
were ienmunizedin the footpad and the popliteal (draining) lymph node 



10 malyzMUDS post-immunzation, In additiogthe footpad was removed and
homogenised  to determine the virus titer at particular time-points
throughout the experiment The regional  (popliteal) lymph node response to
HS V-1 Infection (Pip. 13-17) was A significant decrease in lymph node
ccltladty was observed with age (Figs 13A,  13B, and 14). At D5 (Le. 5
days) post immunization, the cashated mice have a significantly  15 larger
lymph rode cellulauty than the aged mice (data not shown). Altmughm
diffemnceIn thepropoitiunof activated (CD8+CD25) tells was seen with age or
post-casdalion (Fig. 15).  activated cell numbers within the lymph nodes
were significantly increased with castration  when Compared to the aged
controls (data not shown). Further, activated cell numbers  correlated with
that found for the young adult (data not shown), indicating that CTls were
20 being arhvated to a greater combat ithe castrated mice, but the young
adult may have no  enlarged lymph node due to B call actavanerm This was
soutrmed with a (XL assay  detecting the propooa of specific lysis
occurring with age and pastcastredon (Ffg. 16).  Aged mice showed a
significantly reduced target cell lysis ai effector:target ratios of 10:1
and  3:1 compared to young adult (2-month) mice (Fig. 16). Castratonmstored
We ability of 25. abase to generate specific (XL responses post-MV
infection (Fig. 16). In addition, while overall expression of VIi10 by the
activated calls remained constant  with age (data not shown), a subgroup of
aged (18-month) mice showed a diminution of this  clonal response (Figs
14A-C). By six weeks posrcastmtiou, the total number of infiltrating  lymph
node cells and the number of activated CD25sCD8* tells had increased to
young adult 30 levels (data notshown). More importantly however, castration
significantly enhanced the  (XL responsiveness to MV-infected target cells,
which was greatly reduced m the aged mice  (Fig. 16) and restored the
CD4:CD8 ratio in the lymph nodes (Fig 17B) faceed, a decrease  92 in (M4+T
cells ballad draining lymph nodes was seen with age compared tobothyoung
adult and cash-eted mice(Pig.'UB). thus illustrating the vital need for
increased production  ofT cells from the thymus throughoutlife, in orderto
getmaximal immune rnpomiveness.  EXAMPLE4 5 INHIBITION OF SEX STEROmS
ENHANCES UPTAKE OF NEW  HHHATOPOIETIC PRECURSOR CELLS INTO nix THYMUS MUCH
ENABLES  CHIMERIC MIXTURES OF HOST AND DONOR LYMPHOID CELLS (T. B. AND DC) 



Materials and methods were as described in Examples 1-3. In addition, the
following  10 techniques were used: Aevious experiments have shown that
miaochimem formation plays an important  role in organ transplant
acceptance. DC have also been shown to play an integral role in  tolerance
to graft an4gens. Therefore, the effects of castration on thymic chimera
formation  and dendritic cell number was studied 15 In order to assess the
role of stem cell uptake in thymus regeneration. DM  reconstimtlan was
performed as described in Example 2 For the syngeneic experiments, three
month old mice (rv/) were used per treatment  group. Al controls were age
matched and unheated Results  20 - The total hymns col oumbem of cashreled
and noncashafed reconstituted mire were  compared to antraled age matched
controls and are summarized in l g.IRA. In mice  castrated 1 duypdorto
reconstitution, them was a significant increase (pm Ol) in Iherate o
thymus cogeneration compared to shamcastrated (ShCx) control mice. Thymus
cellulmity in  the sham-cashmedmice was below untreated control levels
(7.6x10'  52x 106) 2 and4 25 weeks after congenic BMT, while thymus
eellularity of castrated mice had increased above  control levels at
4-weeks post-BMT (Fig. ISA). At 6 weeks, cell numbers remained below
control levels. However, those of castrated mice were threefold higher than
the nonrasnared  trace (pN.05) (Fig, 18A). 93 There were also significantly
mom cols (pS05) in theBM of mvhateimire4 weeks  aferBMT(Fig. I8D). BM
reBeladty reached retreated cormullevels (1.5x10'I.5x10a)in  the
sham-oastnes by2 weeks, whereas BM o 11uladty was increased above control
levels in  cameedmice at both 2 and 4 weeks afar conguic BMT (Fig. 18D).
Mesenteric lymph 5 node cell numbers were decreased 2-weeks after
irradiation and reconstitution, in both  castrated and noncaslrateA mice;
however, by the 4 week time point cell numbers had reached  control levels.
There was no statistically significant difference in lymph node cell number
between castrated and noncashmM situations, groups (Fag. lSC). Spleen
celluladry reached  untreated control levels (L5x10't l.5xl0)
intheshamcashates and castrates by 2 weeks, 10 but dropped off in the sham
group over 4-6 weeks, whereas the castrated mice stall had high  levels of
spleen cells (Fig. 1813). Again, enstraed mice showed increased lymphocyte



numbers at these time points (i.e., 4 and 6 weeks post-reconstlmtlon)
compared to non- castratedmice (p<0.05) although no difference in total
spleen cell number between castrated  and nonrnstreted treatment groups was
seen a12-weeks (Fig. 186) ,  15 Thus in mice castrated I day prior to
reconatimdon, them was a significant increase  (13<0.01) an the lute of
thymus regeneration compared to shamcastrated (ShCis) control mice  (Fig.
IBA). Thymes reputedly in the sham-rotlrated mice was below morseled
control  levels (7.6x10'52x10 2 and4 weeks after congeoicBMT, while thymus
rellularity of  castrated mice had increased above control levels m4-weeks
port-BMT (Fig, ISA). 20 Castrated mice had significantly increased congeuio
(Ly5 2) cells compared to noncastrated  animals. W nonrestraled mire, them
was a profound decrease in thymocyte number over the 4  week timeperiod,
with little or no evidence of regeneration (datamt shown). b the castrated
group, however, by two weeks Were was already extensive thymopoiesis which
by four 25 weeks had returned tocontrol levels,being 10 foldhighertan w
noncastrated mice Now  cytometric analysis of the thymuses with respect to
CD45.2 (donor-derived antigen)  demonstrated that no donor derived cells
were de Wearable in the noncasnoed group at 4  weeks, but remar ably,
virtually all the thymocytes in We castrated mice were donordedved  at this
time point(data not shown) Given this extensive enhancement of Wymopoiesu
from 30 donor-denved hemopolettc prrcursos. it was important to determine
whether T coil  differentiation had proceeded unusually. CD4, CD8 and TCR
defined subsets were analyzed  by flow cytometry. There were no
proportional differenre3 in thymacyles subset gregarious  2weeksafter
reconstimfion (data m[shown). This observation was not possible at 4 weeks,
94 because the aoncashated mice were not reconstituted with donor-derived
cells. However, at  this time point the thymocyte proportions in castrated
mice appear normal. In a parallel set of experiments, 3 month old, young
adu is. C5//BLG mice were  cashared or shamrastrated I day priorto BMT. For
congenic BMT, the mice were subjected  S
WB00RADSTBIandWinjectedwit5x106Ly5.1'BMcells. MicewemIlled2and4 weeks later
and the EM. thymus and spleen were analyzed for immunereconstlmtiom
Donor/Ifost origin was determinal with anti-CD45.1 anhloody, which only
reacts with  leukocytes of donor origin. 



The results from this pamgel set of experimenv are shown in Pigs. 19-28. 10
Figures 20 and 21 show an increose in the number and proportion of donor
derived HSC in  the BM of eashated animals. This indicates improved
engraflment and suggests faster  rtroveryfrom BMP. Figure 22 shows an
increase in donor derived B cell precursors and B cells in the BM  of
castrated mice. However, Figure 24 and 25 show castration does not alter
the number or  15 proportion of B cells in the periphery at 2 and 4 weeks
post castration Figure 26 shows castration increased numbers of donor
derived TN. DP, CD4 and  CD8 cells in the thymus. However Figure 23 shows
castration does nor alter the donor  thymocyte proportions of CD4 and CDg
cellr to 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
castration. Importantly, Figure 28 shows and increased number of donor DC
in the thymus by 4  weeks post catamaran Discussion  Example 4 shows the
iMuence of castration on syngeveic and congenic BM 25 transplantation.
Starxl Uhl.,(1992) Lancet339;15/9 reportedthatmicrochimeras evidentin
lymphoid and nonlymphoid issue were a goad prognostic indicator for
allograft  transplantatuon, That is it was postulated slat trey were
necessary for the induction of  tolerance b the graft (Stealer aL. (1992)
lancet 339:! 579). Dome-derived DC were present  in these chimeras and were
thought to play an integral role in the avoidance of gait rejection 30
(Thomson and LU,(1999)Inmtanol.. Today 20:20). DC areknown tobe key playea
in the  95 negative selection processes of thymus and if donorderivedDC
were presevt in therecipient  thymus, graft reactiveT ceps nay be deleted
In order to determine ifcashation wouldenable increased chimera formation,
a study  was performed using sygeneic facial liver transplantation. The
msulm showed an enhanced  5 regeneration of [hymn of castrated mice. These
trends were again seen when the experiments were repeated using mngenic
(Ly5) mice. Due to the presence of congenic markers, it was  possible to
assess the chimeric status of themice. Asearly as two works efterfceml AVer
terminal urine there were donor-derived denddtic cells delectable in the
rymus, the mother  m casatedmice being four-foldbigher than Natinnoacasated
mice. Pour weeks after 



10 renavstimtlon the noncashated mice did not appear to be reconstituted
with donor delved  cells, suggesting that coinsure may in fact increase the
probabilityofchimera fomation.  Given that castration not only increases
thymic regeneration after lethal irradiations and fetal  liver
reconstitution and that it also increases the number of donorderived
dendritie nods in  the thymus. along-side stem cep transplantation this
approach momen es the probability of  15 graft acceptance. EXAMPLES  IMMUNE
CELL DEPLETION founder to prevent iNCderencewith the graft by the existingT
noes to the potential  graft recipient patien4 the patient underwmtTcell
depletion (ablation). One standard 20 procedure for this step is as
follows. The humanpatientreceived anti-T cell antibodies write  form of a
daily injection of 15 mg/kg ofAtgam (xeno ann-T cell globulin, Phmmada
Upjohn) for a period of 10 days in combination with an inhibitor of T cell
activation,  cyclosporin A, 3 mg/kg. as a continuous infusion for 34 weeks
followed by daily Tablets at 9  mg/kg as needed This treatment did not
affect eariyT cell development in the patient's 25 thymus, as the amount of
natibody necessary to have such an affect cannot be delivered due  to the
size and configuration of the human thymus. The heatrpient was maintained
far  approximately 4b weeks to allow the loss of sex steroids followed by
Ihereconstitution of  the mymus. The prevention ofToell reactivity may also
be combined with inhibitors of second 30 level signals such as inmdenkins,
accessory molecules (e.g., antibodies blocking, e.g., CD28).  signal
Imosduction molecules or cep adhesion molecule to enhance the T cep
ablation  and/or other immune cell depletion. The thymic reconstitution
phase would be poked to 96 injection of donor RSC (obtained al the same
time as the organ or tissue in question either  from blood, pre-mobilized
from the blood with G-(MP (2 intrede teal iajeotians/day for 3  days) or
collected duxdy from the BM of the donor. The enhanced levels of
circulating HSC  would promote uptake by the thymus (aNvated by the absence
of sex steroids and/or the 5 elevated levels of CmRH). These donor Else
would develop into intratymic DC and cause  deletion of any newly formed T
cells which by chance would be "donor-reactive'. This  would atnblish
central tolerance to the donor cells and tissues and themby prevent or lima
Ely  mtnum any injection by the host. The development of a new repettobm
ofT cells would  



also overcome the immunodeficiency caused by the T cell-depletion regime.
10 The depletion of peripheral T cells minimizes the risk of graft jseems
because it  depletes non-specifically ali T cells including those
potentially reactive against a foreign  donor. Simultaneously, however,
because of the lack of T colts the procedure induces a stem  of generalized
immunodeficiency which means that the patient is highly susceptible to
huntress particularly veal infection, is EXAMPLE 6 SEX STEROID ABLATION
THERAPY The patient was giver sex steroid ablation therapy in the form of
delivery of an  LURE agonisL This was given in the farm of tither leucda
(depot injection; 22.5 mg) or  Zoladex(r) (implant; 10.8 mg), either are as
a single dose effective for 3 months'. This was 20 effective in reducing
sex steroid levels sufficiently to reactivate the thymus, he some cases it
is also necessary to delivera suppresser of adrenal gland production of sex
steroids.  Cosudex(r) (5 mg/day or 50 mg/day) may also be even as one
tablet per day for the duration  of the sex steroid ablation therapy.
Alternatively, the patient is given a GpRH antagonist. e g.,Cetrorelix or
Abarehx as a subcutaneous injection 25 Reduction of sex steroids in deblood
to minimal values takes shun t1-3 weeks post  surgical rastranon, and about
34 weeks following chemical castration. In some rases u ls  necessary to
extend the Ireahmcnr to asannd 3 month injeetion/implant The thymic
expansion may be increase) by simultaneous enhancement of blood HSC either
as an  allogende donor (m the case of Wafts of foreign tissue) or
autologous HSC (by injecting the 30 hostwith GCSE to mobi ize these HSC
fromtbeBMtothe thymus.  97 EXAMPLE  ALTERNATIVE DELIVERY METHOD In place of
the 3 month depot or implant administration of We LRRH agonisL  alternative
methods can be used. In one example the patient's skin may be .rmdiatrd by
a  5 later such as on r YAG laser, to ablate or OUT the skin so as to
reduce the impeding effect  of the stmmncomenm Lases ablation or
alterationis drehibrd'm U.S. Paten[Nos 6,251,100. 6,419,642 and  4,775,361.
In another example, delivery is by means oflaser geaemtedpressum waves. A
dose of  



10 LHRH agonu[isplaced an Oe skin inasuitable container, each as aplastic
flexible washer  (about 1 hick in diameter and abw[ 1/t6 inch thick), a[
the site whom thepressure wave is m  becmatrd The siteis [hen covered with
targetmatedal such as a black polystyrene sheet  about l mmt hick.
AQ-switched solid state ruby laser(20 as pulse duration, capable of
genefatiugup to 2joules perpulse) is used m generate asiugle impulse
tmnsien4 which hits 15 the targetmaterial. The
blackpolys9mmetergo[wmpletely absorbs the lases radiation so  that the ash
is exposed only to the impulse transient, and not laser radiation The
procedace  can be repeated daily, or as often as required, to maintain the
simulating blood levels of the  agonist. EXMdPLES  20 ADMINISTRATION OF
DONOR CELLS Where practical, We level of hemahopoietic stem cells (HSC) in
the donor blood is  enhanced by injecting into the donor granulocyte-colony
stimulating factor (GL$F) at 10  pg/kg for 2-5 days prior to cell
collection (e.g., one or two injections of 10 fJkg per day for  each of 2-5
days). The donor may also be hjected with LHRH agonist and/or a cytokine,
25 such as G-CSF or GM-CSF. prior ro (e.g., 7-14 days before) collection to
whence 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 that  specifically bind to human CD34
are con morejo ty available (from, e.g., Research  Diagnostics Inc.,
Flanders, NI; Mi tenyi-Biotec, Gemtany), Donor-derived HSC are 30
identified by now cytomelry as being CD34'. There CD34+ HSC may also be
expanded by  98 in vitro cultism using feeder cells (e.g., fibroblasts).
growth factors such as stem cell factor  (SCE], and LIP to prevent
diffeuntiation into specific cell types. At approximately 34  woks post
LHRH agonist delivery (i.e., just before or at the time the thymus begins
to  regene ate) the patient is injected with the donor HSC, optimally at a
dose of about 24 x 106 5 cellvkg. G-CSF may also be injected into the
recipient to assist in expansion of the donor  HSC If this timing schedule
is not possible because of the critical nature of clinical  condition, the
HSC could be administered at the same time as the Gnli][L It maybe
necessary  to give a second dose of HSC approximately 2 3 weeks later to
assist in the thymic regrowth  and the development of donor DC
(particularly in We thymus). Once the HSC have eugmfed 10 (i.e.,
incorporated into) and/or migrated to the BM and thymus, the effects should
be  



permanent since HSC are self-rmewting The reactivating orreactivatedthymus
takes up We donor HSCand converts dead  into donor-type T cells and DC,
while converting the recipient's HSC into recipient-type T  calls and DC.
By inducing deletion by sell death, or by inducing tolerance through 15
immuuosegulatory cells, the donor and host DC tolerizo any new T or MC
cells that are  potentially reactive with donor or recipient cells.
EAAIiWLE9  TRANSPLANTATION OF GRAFT In one embedment of the invention,
while the recipient is still undergoing continuous  20 T cell depletion
and/or other immune cell depletion and/or immunomppressive lhempy, an
organ, tissue, or group of cells that has been at least partly depleted of
donor T cells is  tlaosplmmd from the donor to the recipient parent The
recipient thymus has been activated  by GnRH treamtent end infiltrated by
exogenous IISC. Within 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 allow production of a stable chimera of  host and donor
hematopoietic cells, immunosuppressive therapy maybe maintained for about
3-4months. The newT cells will be purged ofpotentially donor reactive and
host reactive  cells, due to the presence ofboth donor mdhosr DC in
thereactivatiag thymus. Having been  positively selected by the host thymic
epithelium, the T cells will retain the ability to respond 30 to normal
infections by recognizing peptides presented by host APC in the peripheral
blood  of the recipient, The incorporation of donor deadrltic cells Into
the recipient's lymphoid  organs establishes an immune system situation
viduallyidentical to that of the host alone.  99 other thsnthe tolermre of
donor cells, dssue and organs hence, normal immunoregulatory  mechanisms
are present These may also include the development of regulatory T sus
which  switch on or offimmune responses using cytokines such as LTA, 5,10,
TCF-beta, TV-alpha  5 EXAMPLE II ALTERNATIVE PROTOCOLS In the event of
ashodcncatine available for hensplantation of donor rolls, tissue or
organs, the dmelme as used in Examples 1-10 is modified T call ablation
and/or other  immure cell depletion and sex steroid ablation are began at
the same time. T red ablation 10 and/or other immune cell depletion is
maintained for about 10 days. while sex steroid  



oblation is maintained for around 3 months. In one embodiment, ESC
transplantation is  performed when the hymns starts W reactivate. at around
1412 days after scam of the  combined treatment. In an even more shortened
face cable, the two types of ablation and the RSC 15 transplant are started
at the same time In this event, T cull ablation and/or other immune cell
depletionis maintained 9-12 months, for essacatle. for 34 sonatas. EXAMPLE
12  TERMINATION OF IMMUNOSUPP1U SSION When the thymic chimera is
established and the new cohort of matureT cells have  20 begun exiting the
thymus, blood is taken from the patient and the T cells examined is vitro
for then lack of responsiveness to donor cells in a standard mixed
lymphocyte reaction (see,  e.g., Cmrer Protocols L.Immunoloev, Sobv E.
Caligen erol" (eda), Wiley end Sons, New  York, NY (1994), and yearly
updates including 2002). Y them u no response, the  rmmuaosuppmssive
therapy is gradually reduced to allow defense against infection. E there 25
as no sign of rejection, as indicated in part by the presence of activateiT
cells in the blood,  the immunosuppressive therapy is evenally stepped
completely. Because the ESC bane a  strong self-renewal capacity. the
henmWpoietic chimera so formed will be stble theoretically  for the life of
the patient (that is a normal, non-lolerized and non-gmfled person). too
EXM,WLE 13 USE OF LH RR AGONIST TO REACIWATE THE TRYMUS IN ]1UMANS
Materials and Methods: In order to show that a human thymus can be
reactivated by the methods of This 5 invention, these methods were used on
patients who had been heared with chemotherapy for  prostate cancer.
Patients Sutren patients with Stage 1-I1I prostate cancer (assessed by
their prostate  specific antigen (PSA) score) were chosen for analysis. All
subjects wean males aged between  60 and 77 who underwent standard combined
androgen blockade (CAB) based on monthly 10 Injections of GnRR agouist 3 6
mg goserehn acetate (Zoladex(r)) or 75 an leuprolide  (LUpron(r)) heatment
per month for 4- months prior to Realized] radiation therapy for prostate
cancer as nessary. FAGS analysis. The appropriate antibody cocktail (2D 01)
was added to 200 01 whole  



blood and incubated in the dark at room temperature (RT) for 30mw. Rl3C,
were lysed and  15 remaining cellswashed andresuspeodedinl%PFAforFACS
analysis. Samples were stained with antibodies to CDl9-FITC, CD4lafTC,
CD8-APC, CDT!-F fC. CD45RA-PE, CD45RO- CyUrome, CD62L-FITC and CD56-PE (all
from Phanningen. San Diego. CA). Stnfistiml analysis. Pesch patient acted
as mintamd control by compnringpm- and  post-heahnentresul6 and were
analyzed usmgpaiied student t-tests or Wilcoxon sigoedrank  20 tests.
Results:  Pwstete cancer patients wean evaluated before and 4 months after
sex steroid ablation  therapy. The resins are summarized an Figs. 19-23.
Collectively the data demonstrate  qualitative and quanti tative
improvement of the s tlths of T cells in many patients. 25 L The Effect of
LRRR Therapy on Total Numbers of Lymphocytes and T eels  Subsets Thereof:
The phenotypic composition of peripheral blood lymphocytes was analyzed in
patients (ah >60 years) undergoing LHRH agonist treatment for prostate
cancer (Fig. 40),  Patient samples were analyzed before treatment and 4
months after beginning LHRH agonist 101 tmabnenL Total lymphocyte cell
nbers per ml of blood were at the lower end of control  values before
treatment in all patients. Following heelewnt six out of nice patterns
showed substantial increases in Lola!  lymphocyte counts (in some cases a
doubling of tom! sells was observed). Correlating with  5 Lila was
anivmeazeN rotalTcell numbers in six oueof inepatienta. WitldutheCD4
subset, this increase was even mom pronounced with eight out of nine
patients demonstrating  increased levels of C04i T cells. A less
distinctive rend was seen within the 0118' subset  with four out of nine
patients Showing increased levels albeit generally to a smaller extent
than CDeT culls. 10 H. The Effect Of LIIItHTherapy OnmeProportion OPT Cells
Subsets: Analysis of patient blood before and after LBRII agonist teatrnent
demonstrated no  substantial changes in the overall proportion of T cells,
CEW or C984T cells and a variable  change in the CD4hCD8' ratio following
treatment (Pig. 41). This indicates that there was  Bole effect of
treatment on the homers We maintenance of T cell subsets despite the 15
subsmntia! increase to overall T cell numbers following treatment. AB
values were  



comparative to coahol values. M. The Effect Of LIIRff Therapy On The
Proportion Of B Cells And Myeloid Cells:  Analysis of the proportions ofB
cells and myeloid cells (NK, NKT and macrophages)  within the peripheral
blood of patients undergoing LFEUi agonist treatment demonstrated a 20
varytag degree of charge within subsets (Pig 42). While NK, NKT and
macrophage  proportions unrelated relatively constant following treatment,
the proportion ofB sells was  decreased in four out alone: .  W. The Effect
Of LEER AgonlstTherapy On The Told Number OfB Cefis And  Myeloid Cells: 25
Analysis of the total cell numbers of B and myeloid cells within the
peripheral blood  post-treatment showed clearly increased levels of NK
(five out of nine patients), NKT (four  out of nine patients) and
macrophage (three out of nice patients) roil numbers post-treatment  (F&
43). B cut[ carobs; showed on distinct trend with two out of nine patients
showing  Increased levels; four out of nine patients slowing no change and
tree out of nine patients  30 showing decreased levels. 102 V. The Effect
Of LHRH Therapy On-The Level Of Nave Cells Relative To Memory  Cells: The
jor changes seen post-LHItH agonist treatment wean within the T cell
population of the peripheral blood Inpamticular them was aselective
tcreaseia the 5 proportion of naive (CD45RAa) CD44 teas, with the rtio of
naive (CD45RA7 to memory  (CD45RO') in the CD4'Tcdll subset increasing in
six out of nine patiens (data not shown).  W. Conclusion Thus it can be
concluded that LHRH sitarist treatment of an animal such as a human  havwg
an atrophied thymus can induce regeneration of the thymus. A general
improvemeat  10 has been shown in the status of bloodT lymphocytes in these
prostate cancer patients who have reviceived sex-steroid ablation therapy.
It is likely that such cells are derived from 0c  thymus as no other source
of mainstream (T(Ra64CDS uQ chain) T cells has been  described.
Gastxmntestinal foam T cells are predominantly TCR yo or COS cuts chain.
EXAMPLE 14 1s HVDOCTION OF TOLERANCE IN HOMANS 



A male human patient mquhing askin or organ transplant is admire tered a
standard  combined aMmgen blockade (CAB) based on GaRE annalist (Luton,
3.6mg) treatment, as - described above in Example 10. for 0-6 months. While
the androgen-blocking treatment is  ongoing, the patient is given an
intravenous injection of CD34+ cells collected from the 20 peripheral blood
of an allogeucie donor. To collect We CD34+ cells, peripheral blood of We
donor (Le., the person who will be donating insulter Orion or skin to the
recipient) is collated.  and CT)34+rells isolated fromthe peripheral blood
accordhrgtostendmd methods, One non- limiting ineihod is to incubate We
peripheral blood with an antibody that specifically binds to  human CD34
(e.g.. amurine monoclonal anti-human CD34+ antibody commercially 25
available from Abeam Ltd. Cambridge UK), secondarily steam We cells with a
delectably  labeled anti-marine antibody (e.g., a IITC-labeled goat
anti-mouse antibody), and isolate We  MC labeled CD34+ cells through
fluorescent activated cell setting (FAGS). Because of the  low number of
(r)34+ cells found in circulating peripheral blood, multiple collection and
cell  sorting may be required from the donor. The t934+ any be cryopmserved
unW used to 30 rewmtltle the recipient patient. hone example, azleast Sx105
HSCper kg bodyweightam  administered to We recipient patient. 103 The
recipient patent will be monitored to detect the presence of donor blood
and  denddlic cells in his/her peupberal blood When such donor cells are
detected, We  transplantation of We donor tissue (i.e., skin and/or organ)
is made. The donor tissue is  accepted by We recipient to a greater degree
(re., survives longer in thercapicat) Wan in a 5 recipient who had not had
his thymus reactivated and had not beenwit donor  0034+ cells. EXAMPLE I5
GRAFL ACCEPTANCE FACILITATED BY GENETICALLY MODIFIED HSC  CELLS  10 MIIC
match d rode and female mice are used to assess if genetic modification of
HSC can facilitate graft ameplan. To do this, aged (Le" 2 year old) female
Balbncf (H-2d) mice are either surgically  castrated (e.g.. byrmoving the
evades according to smadardmethods), or are chemicnlly  narrowed, For
chemical csahadon, mice areiujected subcutaneously with10 mg/kg1.apron 15
(a GaRH agonist) asaImonth slnwredeaseformWatioa. Altemativelymice are
injected with  



a GOER antagonist(e.g" Ceunmlm or Abarelia). Confirmation ofloss ofsex
steroids is  performed by standard mdioimmanoasaay ofplasma samples
following manufacnuer's  interactions, and may be moniored throughout We
procedure. Castrate levels (<0.5 ng  estrogen /ml) should nomrallybe
achieved by 3- 4 weeks post injection 20 Bone marrow cells from female
Balb/G are nmsfeemq under conditions for  expression, with a gene encoding
the H-Y pro beta. which expressed on the cells of male, but  not female,
Balb/cJ mice. In other woNS, We H-Y protein-encoding gene (orcDNA) is
inserted into an expression vector (e.g., a plasmid or avualvector, such as
a retoviral  vector), and then bansfeeted into female Balb/ei bone marrow
cells (see, eg, Bonyhadi et 25 a[, (1997) L ViraI. 71-4707). Expression of
We H-Y antigen on the transfected cells is  determined by standard methods
(e.g., Western blotting, Northern blotting, cell surface  staining). The tr
nsfected bone marrow cells one then administered to We myeloablaled or
rmmuvosmessed, castrated (chemically or surgically) female mice to
reconstitute Weir 30 thymus. as described above. Ceocurmmdy, oraweek
toamoaW following reconstitution,a  104 skin graft fromamele BalWU
mouseistransp]anted auto be rraonshmtaa, castrated female  mouse. The
results will show that the skin gam hoar the malt Balb/U mouse lakes better
on a castrated female mouse reconstitrrted with the H-Y pmteincncoding gene
uansfeseed 5 female Balb/U mouse bone marow rolls than on a castrated
female mouse who has not been  recomtimtedt h the H-Y proteincocoding gene
Iransfected female Hnlb/U mousebone  marrow cells. Once the recipient
female Balb/U mouse fully accepts the farm from the male Halb/ef  mouse, if
she is chemically castrated, the adrwuisuelion of the chemical can be
stopped, 10 alowing her thymus to atrophy and her fertility to be restored
EXAMPLE 16 REGENERATION OF THE PERIPHERAL IMMUNE CELL POOL FOLLOWING
HEMATOPOIE.'fIC STEM CELL TRANSPLANTATION IN HUMANS 15 I. Alloeeneic and
Autoloeous HSCT TUis example rebates to clinical teals undertaken with HSIf
patients. To assess the  clinical potential for restoring thymus and bone
manow function in humans, prostate cancer  



patients (>60 years) who routinely undergo sex-steroid ablation therapy
based on LHRH  agowst (chemical castration) treatment have been anal) e&
Patients were examined at the 20 time of presentation and after 0.manths of
treatment by which time some testostemae  concentration was at caseate
levels for all patients. Materials and Methods: Patients. Eighty-two
Patients were all due to undergo highdose therapy (HUT) with  PBSCT for
malignant disease or bone marrow failure (u=22 for allogeneic control
patients, n  25 = 20 for silo LHIUI-A treated patients, n = 20 for
autologous controls and n = 20 for autologous LHRH-A treated patients).
Test patients were given 3.6 mg (effective for 4 weeks).  Zoladex (MMA)
3-weeks prior to autologous or allogeneic stem cell transplantation and
then monthly injections for 4-months. ALL patients were analyzed
pre-treatment, weekly for 5- 105 weeks after tmosplantatoa and then monthly
up to 12 months. Ethics approval was obtained  from The Alfred Commidee for
Ethical Research on Humans (Trial Number 01/006) FACS Analysis of Whole
Peripheral Blood The appropriate antibody cocktail (20  01) was added to
200 El whole blood and incubated in the dark at room temperature (RT) for
5 30min. RBC were lysed and remaining cells washed and resuspended in 1%PFA
for SACS analysis. Samples were staided with antibodies to 1919-FFTC,
CD4-=C. CD8-APC CD2I- 1TIC, CD45RA-PE, CD45RO- gCbmme, CD62L-FIfC and
M56-PB (all from Phanoingen,  Saaulego CA). K167 Analysis. For detection of
proliferating cells, samples were surface stained with  10 CD27-ITrC
CD45RO-CyChmme, and Lam- or CDS-APC (Pharmingen, San Diego. CA).  Following
red cell lysis, samples were incubated for 20 min, RT, in the dark in 500 W
of 1X  FAGS penneabilizing solution (Becton -Dickinson, USA; IX solution
was made from lOX  stock in ROH2O). Washed samples (2 ref FAGS buffer, 5
min, ROD, RT) were  incubated with either anti-Iti67-FE or anti-M67 -FrTC
(or the appropriate isotype controls) 15 for 30 (r)a at RT, in the dark
Samples were Wen washed and resuspended in 1% PFA for  analysis Preparation
of PBMC Purified lymphocytes were prepared for T-cell stmulariou  assays
and TREC analysis, by ficon-hypaque separation and following rentrif
gation, the  Plum layer was removed and stored at -20C prior to analysis of
sex steroid levels. Cells 



20 not used for T lymphocyte stimulation assays were resuspended in
freezing media and stored  in liquid nitrogen prior to TREC analysis - T
Lymphocyte SBmuation Assay. For mitogen stimulation, punned lymphocytes
were plated out in 96-wel round-bottom plates at a concentration of 1 x 105
eellsrwell in !00  pl of RPMI-FCS. Cells were incubated at 37'tC, 5% CO2
with PHA in doses from 1-10 25 pgltnl For TCRwpecific stimulation, cells
were incubated for 48 hours on plates previously  coated with purified
anfi-CD3 (1-10 py/ml) and anti-M28 (10 pp/ml). Following plaque  formation
(48-72 hours). I pG of 3H-Wymid ne was added to each well and planes
incubated  fora further i6-24 hours. Plates were harvested onto filter mats
and incorpomtiod of 3H- 'lhymidine was determined using liquid
scintillation on a 0-counter (PackardLOWter'. USA),  30 TREC Analysis' 106
Cell Sorting. Frozen samples were rapidly thawed and stained with
anti-CD4-FITC  and anti-CD&APC for 30 aria on ice, washed (2 ml FAGS
buffer) and fixed with 3'k  fmmalia in PBS(with agitation). Samples were
incubated for a farther 30 aria., washed and  resuspended to 500 Id FAGS
buffer for sorting CDC and CDC read pe,ade ions were Sorted  5 on a
MoFlo(r) red sorter (Cytomedon Inc). DNA Isolation Ceps were soared and
resuspended in Protewase K (PK) digestion  buffer (2x 105 eella20 pl of a
0.8 mg/LL solution).. Samples were incubated An 1 hour at  56C followed by
lomia at 95-C to inactivate the proteinase. Real-'rime PCR using Molecular
Beacons, Read-time PCRfor analysis of TRBC  10 content in soared cells was
performed as described previously (Zhang at at, (1999) J. Lep.  Med
190:725). The primers were sense. 5'-QGATGGAAAACACAGTGTGACATGG-3'  (SBQ ID
NO:4) and aadsense, 5'-Cl'(:TCAACAAAGGT(3ATGCCACATCC-3' (SEQ ID  NO:5). One
cycle of denaturation (95C for l0adn) was perfumed,, followed by 45 cycles
of  amplification (94C for 30 a, 60C for 30 s, and 7DC for 30s). To
normalize for cell 15 equivalents in the input DNA, a separate real-LU015
PM assay was used he quantify the CURS  coding sequence, which contains no
pseudogenes. SFadsdcal Analysis. Sretiadcal analysis was performed using
LastatII Software- For  prostate cuntHSCPammes, sedan-Whitneyfl fart was
performed Forhumav studies,  each patient acted as an internal control by
comparing pre-andpost-treatment results and  20 were analyzed nsittg pahad
Student t-testr or wilcoxon signedmNC tests. 



Results:  pig. 49 depicts analysis of natural killer (NK) cell recovery at
various time points (2g  weeks) following HS(7T in canal patients. As shown
N Figs. 49A-B, respectively, a similar  trend was observed for both control
allogoneic and contingent transplant recipients. In 25 coatmst, allogenerc
patients who were given LFR2H-A treatment 3 weeks prior to HSCT  showed a
signdreantly highernamber ofNKT (VD2A+V0ll+) ceas fromDl4-SM post
transplant (Fig. 49C; data is expressed as mean+l $FMofb-20patients;
4=p,0.05)_ NKT  cells were analyzed based on their V 024'VO l l+ phenotype.
Fig. 50 depicts FACS analysis ofNlC colt reconstitution at various time
points (day  30 14,21,28 and35) following HSCCia control patients,
Anearlyrecovery was observedin  allogeneic patients, and was seen
predomumntly within the 0)8+population earlypost 109 'mspmnt which
indicated extrathymic routes of regeneration. Also. CIkt+MST cells were
evident from 1 month post-transplant Hg. 51 depicts B cell remnstitudon
following HSa at various rime points (2-12  months) followingl35Cl' in
control patienk_ As shhwa is Pig. 51B, B an regeneration  5 occurs
relatively faster in au ologous t ansplard patents as compared to that of
alogeneic patients (Fig. 51A). However, a return W central values (shaded)
was not evident until at least  6 months post-transplant in both groups.
Fig. 52 depicts CD4* reconstitution following HSCf at various time points
(212  months) following HSCT in confolpatents. While B Cell numbers were
returning to control  10 values by 6 months posttransplant (sce Figs.
48A-B), CD4" T cell numbers were severely reduced, even at 12 months
post-hansplant in both amologous (Fig. Sm) and ahogenein  (Fig. 52A)
recipients. Frg.53 depicts CD8' regeneration following HSCT at various time
points (2-12  months) following fSSCT in control patients. As shown in Fig.
53A-B, CDB"T Cell  15 numbers regenerated 9uiterapidlYport-ltansplern[in
hoed allogcoeic and autologous recipients, respectively. However, as shown
in Fig. 53C, the CD8"T cells are mvnlyaf  exhathymlc origin as indicated by
the increase in TCRT6" TCDB"T cells, CDSnT cells,  and CD28-CDS' T coils.
Pig 54 depicts PALS analysis ofProliferston in various populations of CD44
and  20 (r)8" T mBS Whom (Fig. 54A) and 28 days after (Fig. 54B) HSCT at
neutral patients using  



the marker l46'I. Cells were analyzed on the basis of salve, memory 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 extrathymically derived and  that the predominance of
proliferation occurted within peripheral T cell subsets. 25 Hg. 55 depicts
aalve CD4-- T cell regeneration at various time points (212 months)
fo0owmg HSCr in control patients and L....".-A treated patents, Hg. 55A
depicts FACS  analysis of naive CD4"T cells (CD45RA+m45R0-CD62L"), and
shows a severe loss of  these cells throughout the study. As shown in Figs.
55B-C, nave CD4"T cell began W  regeno-ue by 12 months port-Bate in
auolagous honsplant patients (Fig 55C) but were 30 still considerably lower
than the control values in a0ogeneic patients (Fig 55B). These  results
indicated that the thymus was unable to restore adequate numbers of nave T
calls  post-transplant due to the age of the patients. In contrast in
patients that wcun given LHRIf- 108 A 3-weeSS prior to allogeneic HSCf
showata significantly hadvornumber ofneiveCD4*T  cells at both 9 & 12
months past-hmspunt compved to controls (pel).05 both 9 & 12 months
post-hansp1ant compared to control (non-LHRH-A heated) (Pig, 55D). This
indicates eaten ed regeuemron of the thymic-dependent T cell pathway with
sex steroid ablation  therapy. Pig. 56 depicts TREC levels at various time
points (1-12 months) following HSCTia  control patients. Analysis of TREC
levels, which are only seen to recent thymic emigrants  (RTE). emphasized
the inability of the myna to restate levels following transplant in both
allogeneic (Fig. 52A) and autologous (Fig. 52B) patients. Again, this was
due to the age of 10 the patients, as well as the lack of thymic Nnclwn due
to thymic atrophy, which has  cansidereblc ivrpE(r)tansin the motbidityand
mortdityof thesepatienu. In contrast,  patients undergoing allogeneic
peripheral blood stem cell transplantation demonstrated a  significant
increase in CD4+TREC+ celliml blood when heated with an LHRH-A prior to
allogeneic nansplanladon (pm.01 at9 months post-transplm[ compared to
control (non 15 LHRH-A healed) ABogennic patients who were given LHRH-A
treatment showsa sig ifmtly higher number of CD44TRECt celhs/ml blood at 9
months post-transplant(Fig  56C) compact to controls. Autologous LHIU{-A
treated patients also showed significantly  higher levels at 12 months
post-hmsplant (Hg. 560). This indicates enhanced regeneration  of the
thymus with sex steroid ablation therapy. Data is expressed as sound I SEM
of 5-I8  



20 patients. *=p41.01. LHRH-A adminislmtion significantly increases NK but
not B coR numbers in the  peupheral blood Overall, no signifcantchange inB
cell oumberswas observed with  LHRH-A treatment (Pig. 47). However, a
significant increase in NK cell numbers was  observedwith treatment(pc0A1)
(Fig. 47). Therefore removal of sex steroid resultsin  Ti significantly
increased number; of T cells and NK czlls, A significant increase in the
total lymphocyte. T cell (predominantly CD4) and NK  cells was observed
(Figs. 45 and47) consistent with previous studies of pal Lents treated with
L1Qt11-agonists (Oaaetli ems, (1996) Gbster. Gynecol.88:234-40; Oliver et
aL, (1995) U m4 Its, 54:226-229; Umesaki et al.. (1999) Gyneco4 Obstet
Invest. 4&66-e). Mote 30 detailed analysis of the T cell comparhnent
revealed a significant increase in the numbers of  nave CDC T cells and
both naive and memory CD8' T cells following LHRH-A treatment  (Fg. 44).
109 TO deLLimine if the increase in Halved cells was through peripheral
expansion has  sanforexamplewith1L7 administration (Snares etaL,199S J
Imrmmol.161:5909-5917)  or as a direct result of thymic reacfvatiou,
analysis of cellular proliferation (Ki-67 antigen),  together with TRBC
levels was performed (Hazenberg etaL, (2001) J. MoL Mad 79:63140). 5 No
change in the level of proliferation was seen with agonist treatment in
naive, activated or  memory populations of both CD4` (Fig. 48A) and CD8`T
cells (Fig. 48B) (remaining at a  low 24%). This indicates that the
treatment does not directyinduce proliferation ofT cells.  and has the
levels ofTREes would not be influenced by excessive proliferation in the
periphery. This does not into out the possibility, of peripheral expansion
at earlier time 10 points. However this would presumably only account
forincreased aetivated/memory sill  levels. Direct evidence for an increase
in thymic function and T cell export was found  following analysis ofTREC
levels in 10 patients (Pig. 46B). Wilbur both the CD4' and CD84  T cell
population, five out of ten patients showed an increase (>25% above initial
presentation vdues) in absolute TRBC levels (per ml of blood) by 4 months
of LHRH-A 15 treatment This was also reflected in a proportional increase
(per 1xlis cells). This correlated  with six out of ten patients showing an
overall wcxase in tot TRBC levels. Only I patient  showed a decrease in
total TRBCs (about 30% decrease). Since TRECs are diluted out with  mitosis
(Zhang et a4, (1999) J. Exp. Med. 190:725-732), which could occur
in[rslhymiralty  



as part of normal T cell development or following export (Hazenberg or ad.
(2)01) J Mat 20 Med 79:63140). the absolute TREE levels would represent
very much an underestimate of T  cell export. The marked increase in total
TREC* not in the periphery following treatment  with the agonist is thus
fully consistent with regeneration of she thymusdependent Tall  partway
(Douek at a1, (1998) Nature 396:690-695 (1998); Douek at ad, (2001) J.
hormonal.  167:6663 b; Hochberg at aL, (2001) Blood 96:1116-21). Together,
these data demons are the 25 ability of sex steroid inhibition to improve
thymic output in adult humans and providesa  basis for restoring nave T all
numbers following severe T-cell depletion in many clinical  conditions
EXAMPLE 17 SEA STEROID ABLATION ENHANCES IMMUNE RECONSTITUTION 30 FOLLOWING
HEMATOPOIETIC STEM CELL TRANSPLANTATION IN MICE.  This experiment was done
to test the hypothesis that sex steroid inhibition m  recipients of an
allogeneic HBLT can improve their post-transplant inratura econstiNtion.
Thus, these experimen6 aimed to establish whether sex steroid ablation
influenced 110 bematopo edc recovery following clingeneic HSCT. Fourteen
days aferTISLT, BM and  thymic cell numbers were significantly increased
ill the castrated micacompamd to sham  controls. These remained elevated at
day 28 at which time splenic cellularity was also  increased in the
castrates. In the thymus, T cell precursors and DC were significantly after
5 HSCI and castration. BM precursors and developing B cells were also
significantly increased  after FISCC and castratim. These central increases
translated to a significant increase in chat orderivdperipheml T and B seas
of erallogeneic 1113 (]T. Every immune-eNrancing  strategy carries the risk
of exacerbating the development of graft-versus-host disease  (GVBD). Mice
were castrated at the same time as GVHD induction is an allogeneic setting.
10 Them was no significant difference in GVHD incidence or severity when
comparing  castrated and shamcastratedm ce. Furthermore, GVT activity was
notdimivshedin the  obscure ofsex steroid R has been previously shown that
lymphoid recovery is ettancedin  aIo-HSCf recipients after I1,7 heatmeaL
The combination of 11,7 treatment and castration  appeared on, have an
additive effect in the thymus following HS CT. "These results indicate that
15 castration and the resulting ablation of sex steroids enhance
bematopoietic recovery  following allogeneic HSCr Without tinemasiug GVHD
and maintaining GVT.  



Materials and Methods: Reagents. Antimurine CDI&CD32 FoR block (2.402) and
all following  Buorochrome-labeled eatibodies against marine antigens were
obtained from Pharmingen  20 (San Diego. CA) Ly-9.1(30C1), C03(145-2CII),
CE s4 (RM4-5). CD8P.2(53-5.8). T-m11 receptor-fl (TCR-P: H57-597),
CD45R/8220 (RA3-6B2). CD43 (S7). IgM-IRTC (866(12).  CDllh (M1A0),
Ly-6G(Gr--1) (RB6-8C5). skit (2B8), Sca-I (1)7). CDllc (HL3) I-AU (11-
5.2). isotypic controls: rot IgG2a-k (R35-95), rat rg02a-1 (B39-4), rat
IgO2b-(A95-1). rat  IgGI-k (R3-34), hamster IgO-gmupl-k (A19-3). hamster
IgC-group 21 (Ha"), and 2.402 25 and For (PLR blocking). Skeptavidw-FICC,
Perc? -phyccerytlvin (FE) also were obtained  from Phannlugen (San Diego,
CA)- Recombinant human IL-7 was provided by Dr Michel  mom (Cythecis,
Vanves, France). To confirm that the human recombinant IL-7 could stimulate
marine cells, thymidine  incorporation proliferation assays were performed
with an 147-dependent mmm c pro-13 cell  30 line 2HS and found that the
human 11,7 used in the studies had a proliferative effect an murmc cells
that was equal m marine IL-L Tissue culture mdium consisted of RPMI 1640
supplemented with 10% heat macdveted fetal calf semnr IW Wool, penicillin,
100 mg/mL  111 shepmmycia. and 2mML-gluramme (as well as 50 mM
2-meraptoethmol for the culture of  32D2210 calls and proliferation
assays). Mice and HSCT. Male C57BL6I (B6, H-2b), CBFeB(3FN([B63 C3H]Fl;
H-2b/k).  B10-BR B6D2F3/I (H-2b/d), CBA/J (H-2k), Balb/c (H2-d), IL7-/-and
KGF4 mine  5 were obtained from the Jackson Laboratory Bar Harbor, MB) and
used in experiments when they were between 8 and 12 went of age KGF4- and
IL7-/- were used between 4 and 7  months of age. BSCT protocols were
approved by the Memorial Sloan-Kettering Cancer  CwNrInstitutional Animal
Cafe and Use Committee. The BM cells were removed  asepticellybeen femui
and offers. DonorBM was depleted ofTceba by Incubation with 10 anti-Thy-1.2
for 30 minutes at 4-C followed by occubation with low-TOK-M rabbit
complement (Cedadane laboratories, Hamby, ON, Canada) for I hour at 37C.
Spheric T  cells (for GVND analysis) were obtained by purification over a
nylon wool column followed  by red cell removal with ammonium chloride and
all lysis buffo- Cads (5x106 BM cells with  or without splenieT calls and
leukemia cells) were msrspended be Deliverer, modified 15 essential medium
(Life Technologies, Grand Island, NY) and transplant by and vein  



infusion (0.25 mL total volume) into lethally irradiated recipients on day
0. Prior to  trmaplantation on day 0, iecipieutr received 1300 cOy total
body irradiation ('"Cs source)  as split done with 3 hours between doses
(to reduce gasvnintestinal toxicity). Mice were  housed he sreri4r
dmicroiaWator cages and received normal chow and aatoclaved 20
hyperchodnared drinking water (p113.0). Surgiml Castration. Mice were
anaesthetized anon a small scrotal incision woe made  to reveal the testes.
These were sutured and removed dark with surrounding may tissue. The  wooed
was closed using surgical staples. Sham-castration required the same
surgical  procedure, except for the removal of the testa. Castration was
performed one day prior N  25 BMtfansplant for both immune me nstintion and
GVHD studies. Adminislratan of HA. IL] were either given from days 0 to 13
or 21 to 27  inlydperinnally at 10 pg/day for immune reconstitution
studies, PBS was injected into  control mice at the same time pomfs. Flow
cytametric analysis. BM cells, splenocytes or thymaytes were washed in 30
FAGS buffer (phosphate buffered saline (PBS)/2% bovine serum albumin
(BSA)O. 1% azide)  and 1-3 x 106 cells were racubaled for 30 minutes at 4-C
with CDI6/CD32FcR block. Cells  were then incubated for 30 minutes at 4"C
with primary antibodies and washed twice with  112 FACS buffer. Wham
necessary, cells were incubated with conjugated Sneptavidin for a  further
30 minutes at 4C. The stained ails worniesuapevded in FAGS buffer and
analyzed  on a FACSCahbm'a flow cytometer (Becton Dicldnson. San lose, CA)
with CellQuestTM  sohwve. 5 Ptoliferatlon nxvaye. Splenocytes (4 x 105
cells/well) were incubated for 5 days with  Inudlaled (2000 c(3y) BALE/C
splenacyV as stimulator (2x 105 cellOwell) in 96 writ  plates and
splenucyths (4 x 105 cells/well) were stimulated with aCD3 (145-2c11) and
uCD28 (3151) (25 mg/mL as afinal caacentraton) for 4 days, Culmms were
pulsed during  the final 18 hours with 1 mCpwall [311]-thymidine and DNA
was harvested on a Harvester 10 96 (Packard). Stimulation indices (SI) were
calculated as the ratio of stimulated cells (epm)  over unstlmulatel cells
(cpm). 5ICr release assays Target cells were labelled with 100 ma 51Cr at
2x106  caTh/mL for 2 hours at39C and 5% CO2. Afler3 washes, labelled
targets were plated at  25xlO3cl1a/wel in U-bottomed pletes(Natar,
Cambridge, MA), Splenocytes cultured with 



15 iradietd BALB/C splenacyles(l:2 ratio) for 5 days were added at various
offeror-lp- tmget roars in a final volume of 200 mL to4 to 6 wells
andincubal dfor4 to 6 hour: at  37-C and 5% Cq. Subsequently, 35 ml,
supematent was removed firm each well and  counted in a gamma count
(Packard Meriden, Cf) to determine experimental release  Spontaneous
release was obtained from wells receiving tartar cells and medium only, and
20 total release was obtained from wells receiving 5% Triton X-100. Per ant
cynaroo city was  calculated by the following formula percent toxicity -
100X ((experimental release- sprnfenwnsrelease)/(total release- spomaneous
release)]. Detection of alloreacfive T-cell Bones with intracellular
WN-ystaiuiug Briefly,  cells were incubated for 12 to 15 hours (for
secondary allogeneic stimulation with T cell 25 depletd[TCD].inadiared
stimulator ceps) with Brefeldiu A (10 mp/mL), harvested washed,  stained
with primary (surface) fluomchrome (MC, PerCP, and APC)ce juggled
antibodies,  fixed, and permeabilized with the CytofflCytoperm bit
(Phanningen). and subsequently  stained with a1FNy- PE. FACS analysis was
conducted by gating for the designated  populations. Flow cytometer and
software were used as mentioned Mow 30 Delayed Type RypereusitivftyAssay.
Sbarn-casaatedandceshated micewere  sensitized day 42 after allo-BMT by
tail vein injection with 200 pl of 0.01% sheep redblood  cells (Colorado
Semen, Denver, CO) in PDS. Sensitized animals worn challenged at day 46 in
113 therighthind footpad with50 pl of20%u sheep RBC suspension while the
left hind footpad  received the same volume of 50 ii of PBS solution as a
control. lA and 4g l rlaterfootpad  swelling was measured with a
dill-thickness gauge (Mtutoyo, Kenagawa, Japan). The  magnitude of the
response was doleemined by subtracting measummen6 of PBS-injected left  5
footpads from the experimental right ones, Assessment of GVIID. The seventy
of (P/RD was assessed with a clinical GVHD  scoring system as first
described by Cooke or aL((1996) Blood 88:3230-9). Briefly, ear- tagged
animals in coded cages were individually scored every week for 5 clinical
parameters  (weight loss, poste, activity, for, and skin) on a scale from 0
to 2. A cloaked GVHD index 10 was generated by summation of the 5 criteria
scants (0-10). S rvivai was monitored daily.  Animals with scores of 5 or
more wale considered moribund and were humanely killed  Assemment of GVT -
P8I5 (H-2d) mastocywua bubution mad assessment of maslocyismic death versus
death from GVID). B6D2P1/J recipients received 1 x 103  



P515 (H-2d) cells intravenously on day 0 of allogeneic user (5 x 106T cell
depleted (TCD)  15 BM cells and 5 x 10' T cells of CS7BL6 origin). Survival
was monitored daily and the cause of death after HSCT was determined by
necropsy as previously described- Briefly,  death from leukemia was
characteri~ by hepatosplenomegaly and the presence of  mestocytoma cells in
liver and spleen on microscopic examination, whereas death from  GVBD was
defied as the absence of hepalspleuomegaly and leukemic cells in liver and
20 spleen, and the presence of clinical symptoms of GVIDJ as assessed by
the clinical GVHD  scaring system at the free of death. Seed-QuantitaGV a
RT-PM. Total cellular RNA from whale BM was revenso-LLanacdbed  using
Superscript H reverse eansctptase(Life Technologies, Rockvie, USA). cDNA
was  PM-ampWred for 35 cycles (94-C for 30 soes; 56-C for 30 seas; 7TC for
60 sea) vrith PCR 25 Master Mix (Promega, Madison, USA - HPRT:
5'CACAggACPAgAACACCP gC 3' and 5  gCfggTgAAAAggACCICT 3' TGFDj:
5'CfACTgC1TCAgcrC CACAg 3' and5'  TgCACTTgCAggAgCgCAC 3' and KGF:
S'gCCTTgTCACg ACCfgTTTC 3' and 5'  AgTTCACACfCgrAgCCgppmg 3'. Enzymic
digestion of H9-F ThynfL IL]-/ -mice o main a Large proportion of 30 CD45-
thymic suomal cells and eachthymus was subjected to enzymic digestion in
0.125%  (w/v) collagevase/dispase (Roche Applied Sciences, Iadiaoapolis,
USA) with 0.1% (w/v)  Masse, releasing most of the stromal and
haemalopoietic cells from the thymi allowing for  114 the nccurate
calculation of thymic ceBUlarity. Anti-CD45 was used to identify (Mgt5-
normal  coils. Statistics. AB values are expressed as meantSHM. The
Mantel-Cox logrank test  was used for survival data and all other
statistical analysis was performed with the  5 nonparemetric, unpaired
Marro-Whitney U test A P valve of less than .05 was considered  swtisacally
significant colts:  L Castration increases EM, thymic and splenic
celldarity following allogeneic  HSCT. Male CBA nice were castrated one day
prior N altogeneic HSCT. Mire were 10 subjected to 1300 coy total body
irradiaaonfallowea by 5 x I06 B10.BR TCDBMceIIs.  There were significantly
morn adds; in the BM (16 x 10521.4 x 106) aad thymus (55.4 x 1061  1.8 x
106) of rasamed mice, compared to the sham uasaatted controls (9.5 x
10633.0x 106  



and 25 x 10622.6x106,respectively), as early as 14 days after HSCr (Fgs.
29A-B). These  numbers mmsnul significantly elevated N caslydted mire 28
days after HS Cr (BM: 22 x 15 10634.0 x 106 as 14 x10612.2x106; thymus:72x
30615 9 x 106vs. 45x1061291106).  Spledc cellularity in the castrated mice
was also significantly elevated above shaacastrared  spleen cell numbers at
day 28 (253 x 106284 x Ids vs. 1211 x 10613.9 x106) (Fig. 29C).  The
castrated Orion had begun to approach pre-tausplant relldarities by day 28.
By 4Z days  after HSCr there was no longer a significant difference between
castrated and ahamcazhated 20 mice with respect to thymic and splenic
celdarity Since the shamaccipients were young  mica they had serve
past-trausplmt lyniphopoiesis but the time required to generate normal
cellularity in the primary and secondary lymphoid tissues was markedly
delayed compared to  castrated recipients. IL There are sigdliamtty more
donor-derived HSCs in the BM of castrated role 28  25 days after HSCT.
Several studies have shown that sex steroids inhibit the prolfemtion
and/or differentiation of early hematopoietic precursors (Thurmond er at,
(2)00) EMocriwl.  141:2309-2318; Medina at al., (2001) Na InmtwwL 2918;
ISomo et aL, (2001) Blood  9]2908). Therefore, the impact of castration on
the HSC numbers in the allogeneic  transplant setting has been
investigated. The number of donor-derived HSC was very low is 30 both
chaincastrated and castrated mice 14 days after allogeneic HSC'
(Z9SxJ0231.25x10a  and 2.66xlot28.gxlOt respectively) (Pig. 30A) However,
by day+28 Nate are significantly  115 more Ly9.1' tin Sca-1 c-lar donordss
ived HSCS in the casnattd mice (4Sx10'LIxIO3).  c0mparod to the
ahem-casLLa[ed controls (1.lx10x24.lxl0a) (Fig. 30A). M. Castration prior
to alogeneic BSCr enhances donor-derived B cell recovery. In  the analysis
of B cell recovery three stages in B cell development was distinguished:
Pro-B  5 cells (CD45R1CD43hgM), pm-B cells (CD45R'CD43TgM) and immature B
cells (CD45RtCD43TgW). Founcea days after allogeneic HSCf, there wore
significantly more  pm-B cells in the BM of castrated mice (5.5x10a1.7xlO)
compared to the shamcastro[d  controls (2.08xl O 5.0x10) (Fig, 30B), At 28
days there were also significantly more pm-B  cells (sham-ex: 3.ix0333x10'
c.E cat: 6.6xlO66.6xl0') and immanae B cells (sham-ox: 10 1.3xlOSi26xl0' c
ca: 3.(B1Oi3.4x10') in the BM of castrated mice (Fig. 30B). The  increase
in BM B cells and their precursors banalazed to a significant increase in
the number  of immature B cell in the spleens of castrated mice, 28 days
after HSCr (sham-ox:  



64.9xl0fi164xlOS ef ex: 1/2.Ox106210.Ox106) (Fig. SOC). These results are
in agreement  withprevious aWdies that suggest that caseation enhances B
cell production and expos5om  15 theBM. W. T cell nconstitation following
allogeneic 3TSCT is enhanced by castration.  Thymocyles and pedphe nl cells
were divided into developmental stages on the basis of  expression of CD3,
CD4 and CDS: T iple Negatives (3N) (CD3lD4CD8), double positve  (DP)
(CD51CD8), single positive CD4 (SP 0)4) m31CD41CD9 and single positive CDS
20 (SP CD8) CD3'CD4CDS1(Figs. 31A-D). As early as 14 days after allogeneic
HSCr there  are significantly more TN, DP, SP CD4 and SP CDS thymocytes in
castrated mice compared  to sham castrated controls. 28 days after HST, DP
and (M4 SP cell numbers remain  significantly elevated in the cast ated
group. By day 42, all thymocyto subsets are equivalent  in ahem-castrated
and cash tedmica. Bah host and donorderivd DC arc thought to play an 25
integral role in the avoidance of graft rejection (Morelli at aL, (2001)
Semi, f L  13:323-335) fourteen days after allogeneia IISCC, there are
significantly more hostderived  CD1ICb DC in the thyme of crib tM mice.
Both host and donordedved DC in the thymus  were significantly increased in
castrated mice 28 days of er allogeneic HSa (Figs. JIB-F).  The increase in
thymocyte numbers in castrated nice translated to a significant increase in
30 the number of donor-derived mature(DC and CD8l T cells in the spleens of
castrated mice  compared co the sham-castrated controls at day 28 (Fig.31G)
116 V. On a per all basis, mere is no signiernnt difference betweenT ce0s
from sham- caskated end castrated mlce. la order to determine the
functional potential ofperipherel T  cells in castrated mice alder
a11o-HSCf, a series of in vitro assay were pedmroed. the  number of
donorderived T cells in castrated and sham-castrated controls 6 weeks after
ello 5 HSCr are represented in Fig.32A. The proliferative capacity of the
splenie T cells was testa)  in 2 ways: aQD3/aC028 erase-lidtlvg (Frg. 32B)
and in a 3'tl party MLR lasing irradiated  BALE/C splenocyles as
stimalatms) (Fig. 32C). Them is no significant difference in the
proliferative capacity of peripheral T cells when comparing shamcastr tad
and castrated  mice in tither of these settings. Six weeks after allo-HSCT
splenocyces were cultured with 10 imedia[M BALE/C splenocytes (3itl party)
for 5 days. Following 5 days of a0ogeneio  stimulation the vast jority of
cella in culture were (984 T cells. Half Elmer cells were used  in a CIL
('Cr release) assay to determine the cytotoxicity of splenocytes from sbam-



carnated and castrated mice. Splenocyles were tested for their ability to
kill a1Cr loaded A20  (BALB/C B cell lymphoma tumour cell line) cells at
dill t effector._target nation (Fig. 15 320) . There was no significant
difference between sham-castrated and castrated mice with  respect to
cytotoxicity. The other half of the cells cultured for 5 days were r
timnlaed  overnight with either 3rd party (BALB/C) or syngeneic (BI0.BR)
irradiated spl(r)ocytes and  Brefeldin A to determine IFN-y production.
Pig. 32B shows H+Ny production by donor- derived CD8' splenic T cells
following BALE/C primary stimulation and either BAIB/C or 20 B10.BR
secondary stimulation (control). This is represented graphically in Fig.
3217. There is  no significant difference in the proportion 0'N-y producing
donordesived CD84 when  comparing shamcastrated and castrated mice. In
order to assess immune function in Vivo a 0TH assay was used whereby, 42
days  eflu carnation and 00-EMT mice were sensitised with sRBCS. On day 46
days they were  25 challenged and 24 and 48 hr later footpad swatting was
determined. The DTH response is significantly enhanced 48 his after
challenge when mice are castrated at the time of a0o- HSC7 compared to
shamcas aced centrals (Pig. 32G). Huse functional assays demonstrate that
the T cells in castrated recipients are  comparable on a per cell basis
with T cells from shamcastrated recipients and are capable to  30 respond
to novel antigens with intact proliferation. cytctoxicity and cytokine
production. However, the significantly more rapid T cell reconstitution in
castrated recipients translates is  an enhanced DTM response even at 6
weeks after transplant. 117 VL Castration prior to nllogcneie-HSCT does not
exacerbate GVI3D and maintains  GVT activity. Bolin GVHD and GVT are
mediated, primarily, by aloreactive donordesived  T cells, which are
transferred with the allogaf. Any treatment Mad to enhance immune
recoastitutien has the polenaal to exacerbate GVHI) or, conversely,
decrease GVT activity. 5 To establish that as ration does not have a
stimulalmy effect on alloneactive T cells of donor  odgm, GVHD was induced
by the addition of allogeneic donor T cells in the elogml Them  was no
significant difference in morbidity or morality due to GVHD when comparing
castrated and shamcashmd mice (Fig. 33A). To assess the effects of
castration on GVT  activity the mastoc)loma cell line F815 (H-2d) was
injected into B6D2FDJ recipients at the 10 time of transplant Animals that
died dining the experiment were autopsied and the cause of  mortality
(tumor vs. GVHD) was determined Mortality due to mastocytoma remained  



unchanged following castration (six out of one mice) when compered to
shamcastrated  consols (five out of eight min). This suggests that
radiation does not diminish GVT  response following HSCT (Fig. 33B). 15 VH.
IL-7 and Castration have aim additive e1& t following allogeneic I1SCT. B
has  pm'riously been shown that 11,7 lreatmant can increase the number of T
and B cells in  otherwise untreated animals and can also enhance lymphoid
racoveuy following  cyclaphosphamide treatment, ivadiation. syngeneic and
allogeneic HSCr (Alpdogan et at.,  (2001) Bluoet 98:2256; Bolotin at of.
(1996) Bland 88:1887; Faltynek et of, (1992) J. 20 I L 149:1276; Morrissey
of at, (1991) J. I o4 146:1547). IL7 is known to  increaseT cell numbers
through increased thymic activity as well as peripheral expansion..  Il8 It
was, therefore, decided to combine IL-I administration with cesuution in
recipients  of alogeneic BSCI. 14 days after treatment there are
significanty more ra0s in the thymiof  castrated mice and Nose given the
combined treatment (castration and iL-7 administration).  At his early time
point there is no difference seen between the PBS holed, shamraseated 5
controls and the ILJ heated, sham-castrated mice new is also no sigodlean
difference  seen between the castrated group and hose receiving he combined
treatment suggesting that  it is only theeffecrs of castration acting 14
days after allo-HSCT, IL7 treament and  castration (Fig. 34A). At a labor
time point, 28 days after allo-MCP, the cellularity of the  thymi in both
the custodian alone group and the I7 share group is significantly higher
that  10 the control grog, The combination aft4T trcarmm[nnd castratoo
hadmedditrveeftect on  thymic cellularity when analyzed 26 days after
allogeneic HSCT (Pigs. 340). VI I. SemlQuautitatIve RT-PCR for IL-I, TGF-01
and KGF reveals an increase in  KGF and a decrease in TGF-p following
alto-MCP and castration. RT-PCR analysis of  whalebone marrow cells
revealed uvdeteeble levels of IL-v eamcript in both sham 15 msated and
castrated mice aslateas 6weeks rafter allo-HSCr. When template fromcontrol,
mmmslilnnted mice was used IL-7 was detected (datanotshown). TGF~r and KGB
are  known to be key medietms ofhemazopoiais. Using RPRT equibrated
template there appears  to be a decrease in TGFD1and an increase in KGF 2
weeks after station and allo-BMC  (Pig. MC). 20 IR. Changes that occur
following castration were seen in KGF'- mice but not M74 mice. In order to
Arnhem s may the possible mechanisms behind the enhanced immune 



reconstitution following castration KGF4 and M]' -mice (4-6 months old)
were caseated and  2 weeks later thymus, spleen and BM were analysed
(I'GFp14 mice die prepubectally, Shall  et of (1992) Nature 359:693).
Thymic cepuladty is significartlylne d when comparing 25 sbamcastrated and
cashated KGF mice, Although no differences were seen in the said
celularity of the BM and Than at this early time pointr changes was seen in
the B call  compmtnent of the BM, as seenpreviously in wildtype mice (Ellis
et al (2001) his  ImmmwL 13:553; data not shown). Due to the fact that
ahuge propmtian of cells in he thymi  of ILT' mice are CD4Y stromnl cells,
enzymic digestion was used to obtain a single cell 30 suspension when using
these mice. By doing this many more cell are released into suspension
which accounu For he slightly larger thymic celulatity seen in this expe
imeat compared to  previous litersmre (van Fr edea-Teffiy at al.(1995) J.
Erp. Med. 181:1519). No differences  were seen in the thymi (Fig 34G),
spleen (Fig. 3411) or BM (Fig. MI) of ILIAnice when  119 comparing ashatxl
mice and sham-rastmtedcortols. Thesefivd'mgauggest an important  role for
IL-? in the enhanced immune recovstimtio seen fallowing castration and
allo- HSCr. Discussion:  5 Recipients of an allogeneic HSCr experience a
prolonged period of immune  deficiency, which is associated with life-
neatening infections. With inoreasing age of the  recipient, this infection
risk inanases, as does the time it also for full immunological
rerovstim4on. The period of immuoodeBUency following HSCF can be greater
than one- year. and resent long-term studies demonstrated a decrease in
TRBC+CD4+ T cells in older 10 HSCI'patievts compered to Web donors(Storek
etak. (200!)Blood 98:3505); Lewin or at,  (2002) Blood 100:2235). This
suggests that thymic damage and the subsequent decline in T  cell
production may be mom prolonged than oars thought The majority of pMA-EBo7F
infections are associated with a lack of CD4+ peripheral T coils (Storek at
at., (1997)Am, J.  Hernmot 54:131). Therefore, the increase in peripheral T
call manses that occurs following 15 castration may de crease the incidence
of these infections leading to enhanced overall survival  of transplant
patients. Many groups have focused then research on hematopoietic
reconstitution following  }ISCT, and the most promising resWts have come
with the use of haematopoietic growth  factors and cytokwes. G-CSF, for
example, is used to mobilise donor stem cells (Droner et 



20 at, (1993) Blood 81:1404). Noaeh at at. showed that pm-treatment with
SCF and ILl l or  SCF and Fit-3 ligand resulted in enhanced donor and
engraPonent ((2002) Blood 100:312).  KGF appears to enhance engtaftment and
reconstitution in both syngeneic and aBOgeneic  settings as well as
ameliorating GVHD (Panosknltsia-Monari at at, (2000) Blood 96:4350;
Krijanovski, et at, (1999) Blood 94:825). IL-7 enhances immune
reconstitution following 25 syogeaeic HSCT (Bolotin et aL, (1996) Blood
88:1887) and can etdunce immune  reconstitution and maintain GVT activity
without exacerbation of GVHI) after allogenic  HSCT (Mpdogav etal., (2001)
Blood 98;2256), Several studies have shown that sex steroid ablation, be it
by surgical or chemical  castration, of mule mice increases both BM and
splenic B cell numbers (Ellis at al.,(2001)  30 lot Biannual. 13553; Brbeu
et at, (2001) Horns. Metab. Res. (2001) 33:491; Wilson et at, (1995) Blood
85:1535; Masuzawa et al, (1994) J. Gin Invest 94:1090). The increase in
peripheral B cull number is predominantly due to an increase in
B220t0CD24at recent BM  120 evigr ts (PIEs at a" (2001) Inc bemused
13:553). Olsen at aL, have demosvsuered that  androgens enhance the
producilon of TGILP by shomal cells within the BM which in tom  suppresses
B cell development (J. Con Invest (2001) 108:697). In addition,
neutralization  Of TGF-P in vitro reverses B cell suppression by
dihydrelestosterrne. TGP-P has also been  5 shown In down-regulate slmrnal
M-7 production and subsequently inhibit the proliferation of B cell
progenitors (Tang at of, (1997) J. ImnumoL. 159:117). Therefore one
possible  explanation for he effects of castratiodandrogen ablation, in
this insmnce. following  allogeneic HSCr. suppresses the production of
TOP-D, in tend enhancing B cell  development, explaining the increased B
cell numbers in &a BM and spleen of castrated mice  10 compared to the
shamcastrated consols. The proliferation of hematopoielic stem cells is
also regulated by TGF-P. Bound at  a1., have demonstrated that
physiological concentrations of TGF- r inhibit the proliferation  and
differentiation of HSCs in vitro ((200() J. Ceti. Sol. 113:383-90).
Furthermore,  dismption of TGP-P signaling in HSCs (via the transient
expression of a mutant type II 15 receptor) enhances survival and
proliferation of these cells (Fan at a1, (2002) J. I umul.  168:755-62). B
IS desolate possible that the increased aumher of HSCS seen 28 days after
allogeneic HSCr and castration may be due do a decrease in the production
of TGF-P by BM  



stromal cells. Both estrogen and androgen can effect the differentiation
and proliferation of HS(S  20 (Thurmond at of, EndocrinoL, (2000)
141:2309-10; Medina at aL, (2001) Nat f L  2:718-24; Kemo et aL, (2001)
Stood 9:2700-15). Estrogen drectly idtibits he prolifeation
anddifferentiatioa of HSC; m well as some lymphoid prceursor subsets
(Medina eraL,(2001)  Na Invented. 2:710; Kanto et al. (2001) Blood
97:2708). HSCS express functional estrogen  receptors (ERs) and estrogen
admwis0ntlon decreases the number of Linc-ldf'Sca-it HSCs 25 (Thurmond at
of, (2(00) EMacriwL 141:2309; Komo at at, Blond (2001) 97:2708). The  study
conducted by Thurmond et at, suggests that the ransnon between c-kiPSca-1'
precursors and the more mature subsets (c-kirsca-1- and c-kit Sca-l-is
blocked when ERn is  present in the hematopoietic cells of the BM
(Endocriwt (2000) 141:2309). ERs are also  present on BM stromal cells
(Girasale at at., (1992) J Clin. Invest 89883; Smithson et at, 30 (1995) /.
Imwuml. 155:3409) suggesting that estrogen may also have an effect on the
production of growth factors by the stroma, which in had affects HSC
proliferation and/or  differentiation. Although mostevidence suggests an
indirect effect of androgens on HSCs via  121 the BM shoma, the presence of
functional androgen receptors on lymphoid components of  the BM d oes Cot
exclude a direct effect Olson et at have shown that it is the presence of a
functional androgen receptor on the  thymic epithelium but not the
Ihyndocytes that is essential for agerelated thymic involution  5 and the
subsequent Cogeneration via sex steroid ablation Olsen at at, (2001)
Endocrmal  142:1278). Although the molecular mechanisms for thymic
involution and/or regeneration remain  Unknown them are several potential
candidates. Thymic R!7 levels decline with age  (Aspinal. at aL, (20)0)
Vaccine 18:1629; Andrew at aL, (2002) EQ. Geronwl 37;455; 10 Unman of
af.,(2002) Int. I t. 14:813) B remains unclear as to whether this is due to
a  decrease in the numb& of cells that produce 147 or a decrease in the
ability of the existing  cells to produce the eymldne. However, IL-?
Imament of old mice can reverse age-related  increases in thymic apoptosis
and enhance thymopoiesis (Andrew ci 4, (2001) Y. l L  1661524). Stem Coll
factor (SCF) and M-CSF mRNA expression is also decreased in the 15 mouse
thymus with age (Andrew et aL, (2002) Exp. GermaoL 37:455). At the
ivmrelUlar  signaling level, H2A atransedption factor essential for the
development ofDN thymocytes is  



decreased, as is Foxul(whn) a transcription factor present to and involved
in the proms tion  and differentiation of thymic epithelial cells (Ortman
of d., (2002) bar. fnammoL 14;813).  Sempowski at a(., have monitored mRNA
steady-state levels in ageing humans and shown a 20 significant increase in
Leukemia Inhibitory Factor (LIF), Oncostadn M, IL-6 and SCP mRNA  (/.I L
(2000) 1(u4 2180). The above studies suggest that the response to
castration is rultifacrorint The  expertmeNS with castration of 11.7-/-
mice suggest that increased production of IL7 is m  important component of
the castration effect. However, an additive effect on thymic 25 celluladty
was observed when recipients were treated with bath high dose IG7 and
rasmtloq which would suggest that castration provides mote thymopoietic
effects than  increased IG71evels alone. DC are the key mediators of
negative selection in the thymus (Lenkmson at at, (1985)  ba Dtartat
39:331; Matzingec at aL, (1989) Nature 338;7460) and in a transient setting
30 have been implicated in inducing graft acceptance by presenting
alloantigens in the thymus after hUnsplantatieq removing donor-specific T
cells. Tomita et at have demonstrated that  donor-derived cells in the
thyme of MHC class I mis-marched recipients mediate deletion of  122 donor
reactive rolls (Tomita et at, (1994) 1 Immwal 153:1089-1098). They have
also  shown that thymusdeaive4 DC injected intravenously traffic to the
host thymus  FmWemmre, it has been shown that inhuthymic injecfoa ofboth
host cells pulsed vrith alto- antigen, donor cells, or donor soluble
peptides increases graft acceptance (Garrovillo et at, 5 (1999)
Transplantation 6&1829; AL et of, (2000) Ira plantrNan 69:221; Garrovilo et
aL,  (2001) An J Transplant. 17129; Oluwole at of, (1993) Transplantation
56:1523-1527).  These studies show that castration significantly increase
the number of host and donor- derived DC in the thymus following allogeneic
HSCI. That is, sex steroid ablation enhances  the differentiation and/or
proliferation of thymic DC. Thus, rostration, used in conjunction 10 with
hematopoietic stem rolls and solid organ transplantation, increases graft
acceptance.  Couclmion The current study has roseate] that blocking sex
steroids has a profound positive effect on  immure reconstitution fopowwg
myeloablation and HSCT. HSCs, and B and Tpmgenitms  an markedly enhanced
This provides an important platform for increasing the efficiency of 15
engreftment and post -tmnsplm[strategies that depend on an intact
hematopoietic system,  



such as vaccination against tumor or microbial antigens or gene therapy
targeting donor  HSC,, The inaease in DC in the thymus have importance iu
inducing and sustaining  tolerance to allogene'm grafts. In addition, GVHD
is not exacerbated and GVT activity is not  d-winished in castrate
recipients. These results demonsrate that haosienl sex steroid 20 nblatioa
(using. e.g., LBRH analogs) ere useful as a prophylactic therapy to enhance
immune  reconstitution. EXAMPLE IS SEX STEROID ABLATION ENHANCES
TM-SPECH+IC STIMULATION  FOLLOWING BEMATOPOIETIC STEM CELL TRANSPLANTATION
25 In order to assess the funcfonal nature of regeneratedT cells, patients
were analyzed  for responsiveness to TCR specific stimulation. Materials
and Methods: Patients. Test patients were given Ziladrx (LIMIT-A) 3-weeks
prior to stem cell  transplantation and then monthly iajectioos for
4-months, AB patients were analysed pie- 30 treatment, weekly for 5-weeks
after transplantation and monthly up to 12 months. Ethics  123 approval was
obtained from The Alford Committee f Ethical Research on Humans(lfial
Number 01/006). Preparation of PBMC Purified lymphocytes west used
forT-cell stimulation  assays and TREC analysis ad were prepared as above,
5 T Lymphocyte Stimulation Assay. Analysis of TCR specific stimulation was
performer) using anti-CD3 and anti-CD29 cross-linking from 1-12 months
past-transplant,  unless otherwise indicated For TCR-specific stimulation,
cells were incubated for 4S hours  onplares pmvionsly coated with purified
anti-(r)3 (1-10 py/ml) and anR-CD2S PO pp/ml).  Following plaque formation
(48-72 hours). I p(5 of1H-Thymidine was added to each well 10 and plates
incubated for a fuller 16-24 hours. Plates were harvested onto filter mars
and  incorporation of 3H-thymidiae was determined using liquid
scintillation on a fl-counter  (Pack'aWLoulfer, USA). _ 1. LHRH-A
administratlon enhancs responsivenaa to TCR specificstimuletion  following
allogeneic stem cell trarraplmladon. LHRH-A heated patients showed enhanced
15 proliferative responses (assessed by 3H-thymidine incorpoatoa) compared
to control patients at all Cwe-point except 6 and 9 months due to low
patient aunihers analyzed at this  



time; (Figs. 5/AB) In allogeneie transplant patient seared with a LFR2H-A,
a significant  iw.rease in responsiveness to anti-D3fCD2S stimulation was
observed at 4 and 5-months  post-transplant compared to control patient-
While control patients showed an enhanced 20 r goose at both 6 and 9 months
post-transplant,LBRH-A treated patient showed a greater  responsiveness at
12-months posttrensplanL At 6 and 9 months past-transplant control
patients had similar responsiveness to pre-treatment values. Hawser at all
other time-points,  they were considerably lower. In contrast, LE RN-A
heated patient had equivalent  responsiveness at all time-point except 6
months compared to Pre-treatment LEIRH-A 25 treated patients showed
enhanced proliferative responses (assessed by3H-Thymid'me  mcorpomtion))
compared to connol patients at 1, 3 and 4 months posLtansplenL This
indicates a contribution of direct peapheral T cell effect, as new ( 4' T
cells are not  evident until at least 1-2 months post-transplant (Fig. 57A
D). IL f.HRH-A administration enhances responsiveness to TCR specific
stimulation  30 fallowing autologoos stem cell transplantation. A similar
response as that seen in al logmft  recipients was also observed with
autograft recipients (Fig, 57C). Those patients seated with  a LIRtlf-A
demonstrating an enhanced proliferative response to TCR stimulation at both
4  124 and 9 mouths post-k,msplant LFRtH-A treated patiemts showed enhanced
pmRFemdve  responses (assessed bY'H-thyrmdheimmtpomdon) compared to carnal
patients at all two- points except5 months. Restoration topre-healmeot
values was observed by 12 months post- transplanr in both control and
LHRH-A treated patients, 5 TH. LHHH-Aadminis4atioa enhances responsiveness
to TCkspcalla atimulaflon  following incoherent for chronic cnucer
sufferers. Patients with chronic haematologid malignancies who were
humunasuppressed  patients as determined by documented serious infection
associated with CD4 < 0.4 x 109/1;  or lymphoprolifemtive disorder (e.g.,
CS" myeloma, lymphoma) and receiving regular 10 prophylactic intravenous
gammaglobupu(docnmentedhypogammaglobuliuemie); or  previous treatment with
fludarabine, denxycerfomyein and 2-CdA within 4 years; or prior  allogeneic
or autologous stem cell transplant within 2 years were cumlledin the study:
Ethics  appmvul was obtaine from The AlfredC imen for Ethical Research ov
Humans (Trial  nuniberol/oo6)_ Patents were given L14E1-A as follows and
results are presented up to 6- 15 weeks post-LHRH-A adrtairdstiatoa 



d -1 (or before): consent signed andpre-trealmeutinvestigations performed
do: Znladec administered (males10.0mg, females 3.6mg)  d+28:
females-Zoladex 3.6mg edminumrrd d+56: females-Zoladex 3.6mg administered
20 d+84: females and males-Zoladex 3.6mg administered Analysis of TCR
specific stimulation was performed using anti-M3 and surd CD28
crass-dinldng form D7 post -adudnistrahon. U -A treated patents showed
enhanced  proliferative responses (assessed by aH-Thymidine inwrlemtioa)
compared to pretreatment  levels in v "cyclical" fmbion (Hg- 63). That is,
on the day of injection, an increase in T cell 25 proliferation was
observed and this appeared to decrease slightly prior to the subsequent
injection. This also indicates the probabilityof a direct influence of
L11RH-A on existing  peripheral T cells. This reflected the administration
of the agonist with rmnthly depot  injections- Theseresult indicate an
influence directly on peripheral T cells. However, the  enhanced response
seen at 12-months posbtreatneut reflect changes in thymic-dedved T 30 cells
as well, scare egomist admwst ation waz ceased form 1-months for all
patents,  Conclusion 125 Since m increasedresponsiveness to
1CR-specificatimaletim was observedas early  as D35post-tmnsPlantation,
this is due predominantly to preexisting T cells. since newly  dedvedT
cells only just begin to exit the thymus at this stage. The influence of
newly- derived thymio-genermed T cells is only observed after this
time-point, so it can be concluded 5 that the increased T cell function is
due to an improvement in the pre-exisiting T cells and not  T cells derived
from the regenemtrd thymus. EXAMPLE 19 SEX b114R0W ABLATION ENHANCES
MITOGENIC STIMULATION  FOLLOWING HEMATOPOIETIC STEM CELL TRANSPLANTATION 10
In order to assess the fwcnoval mtrrm of regenerdNATcells, patents were
analyzed  for responsiveness to mitogenic stimulation. Me ials and Methods.
Patients. Patients west hose enrolled in Clinical Trial protocol No. 01/006
as above.  Prim to stem cell transplant, Patients were given LHRH-A
(3-weeks prior). Patients who did  15 not receive the agonist were used as
control patients, 



Preparauan of PBMC. Purified lymphocytes were used for TCel stimulation
assays and TREC analysis and were prepared as above. Mitogen
StunulatlonAssay. Analysis of mitogenic responsiveness was performed
usingpokeweed mltogcn (PWM) and tetanus toxoid (TI) from t-12monfhs
post-transplant  20 For mitogen stimulation, PBMC were plated out in
96-well round-bottom plates at a conceatntim oftx]0'/wellin 100 pl of
RPMI-PCS. Cells wereincubated at37'( 5%COa  with TT (2LFAU/ml) or t'WM (I0
ug/ml). Following plaque formation (4&92 hours).I FCi  0011-thymidie was
added to each well and plates incubated for afuMer 16-24 hours.  Plates
were harvested onto filter mats and i~morpomtioof'H-drymidine was detemined
25 using liquid scintillation on a n-counter (Packard-Coulter, USA). 1.
LHRH-A adudwstrefon enhances responsiveness to nritogenic stimulation
following allogeneic stem cell kmaplantation. Analysis of mitogen
responsiveness showed that allogeneic patients undergoing  LHRH-A treamrent
had an increased responsiveness to PWM at all time-points post- 126 tre
plant compared to controls(Big. SBA), Thatis, patients treated with LIRE-A
priorto  stem cell transplantation showed an enhanced responsiveness to PWM
stimulation at aft lima  points studied compared to control patients.
Similar results were evident fallowing analysis W response to TT (Fig.
58B). LRRH- 5 A treated patients had eohancedr posees at ail lime-powrs
compared to control patients  except at 12 months pose-kanplanlation, U.
LHIH3-A adminivlvatlon enhances responsiveness to mitageole stimulation
followiagautolagous stem cell hmsplantation. Pa0evts treated with
LHRH-Aprior to  stem cell transplantation showed an enhanced responsiveness
to PWM stimulation at the 10 mjority, of time-points sNdiedcompared to
control patients (Bs,Wl at 3 months) (Fig.  59A). By 12-months
port-transplantation, LURE-A healed patients had restored  responsiveness
to p~peatmeot levels while central patients were still considerably redu A.
Also, similar to allogmft patients above (Fig. 581B, autogrart patients
also showed as  increased response m TT when given L}mH-A paor to treatment
Patients Ireasd with 15 LHRI-A prior to stem cell transplev[edon showed an
enhance rsponsiveness to TT .  stimulation at the majority of time-points
studied compared to control patients (Fig. 59B). By  12-months
post-Cmsplanmtinq LHRH-A treated patients had restored responsiveness to
pre- 



treatment levels while control patients were still considerably reduced.
Since an increased responsiveness to mimgenic stimulotion was observed as
early as  20 D35 posYtmvsplantrton, this is due predominantly to
pre-existing T cells since newly- derived Tcells are onlyjust beginning to
exit the thymus at this stage The influence of  newly-derived
thymio-generafed T cells is observed only after this time-point EXAMPLE 20
SEX STEROID ABLATION ENHANCES RATE OF ENGRAFTMENP IN  25 HEMATOPOIETIC STEM
CELL TRANSPLANT PATIENTS  Materials and Muliods Materials and methods used
for dose experimen6 are descabed above. Additional  materials and methods
are as follows: 127 Allogeoeic and autologous patents (control or LEBHI-A
neared) were analyzed for  total WHC and total granulocyte orneurrophil
oumbera followingllSCf. Thenweeks prim  to lisCT, patients were heated with
LIMB-A. Paftents who did not receive We agonist were  used as
controlpatients_ Total white blood cell (BC) counts, granulocyte (G) and 5
neutrophil counts per pl of blood were managenen op to 35 days post
transplant Asample of  whole peripherelblood was analyredeither usinga
Cell-Dyn 1200 automated cell counter  (Abbott) orhemocytometer counts done
in duplicate. This allows cardamom of total white  blood cells lymphocytes
and grunulocyte numbers following transplant. Analysis of  engrarmsent was
pedbmed fiom D14-D35 post-transplant. 10 Result L Ammalogoas Stem Cell
Transplant patients undergoing LEHtR-A treatment prior  to transplant
enhance rate of engraftment Total white blood cell (WHC) mounts and
granulocyte (G) counts per Id of blood were determined at days 14, 28, and
35 post  transplant As shown in Figs. 60A-D autologoos patients who were
given LHmI-A 15 treatment showed a significantly higher number of WBC ea
D14 post-transplant compared to  controls (Figs. 6011) (pT.05), with 87%
showing gmnulacyfe engmOment (500cel1s/pl  blood) compared m 45% of
controls (ps0 05) at this time poinL Autologous patients who  were given
LHRH-A heat lent also showed a signifcantly higher number ofnemroplls at
D10-12pmst-havsPlanrcomPared m controls (Fig. COG; dataia expressed as
meantl88M of 20 8-20 patents. =pm.05). he addition, although not
significant. autologous patients had  



higher lymphocyte counts throughout the time-points analyzed in LffitH-A
treated compared  to control group (Pig, 60D). This indicates that LHRH-A
therapy significantly increases  lymphocyte levels following than cell
transplantation. H. Allogenelc Stein Cell Transplant patients undergoing
LHNH-A treatment prior  25 to transplant enhance rate of engraftment. As
shown in Figs. 6IA, C and D, altogeoeic  patents who were given LBB2H-A
treatment showed a aauddra tly higher number of WBC  atDl4 post
-transplantcompared to controls (Figs. 61A) (pdp05)with64%showing
granulocyte wagamp not X500 celLWpl blood) compared to 4% of controls at
this time point  in additior, allogeneic patients who were given LHRH-A
treatment showed a significantly 30 higher number of neunopbils at D9, 12
and 19 post-traosplanmtion compared to controls  (Fig. 61C; "at expressed
as meanISHM of 8-20 patients. "=P:9005). Additionally,  analysis ofpatients
undergoingpedpheralblood stem cell transplantation demonstrated a  128
significant increase in lymphocyte counts when treated with an LBRH-A prior
to allogeneic  regardantafion (p<_005 at days 10, and 17-21 post -t
transplantation) (Fig. 61D). In both the allogeneic and autologous
transplant models, a significant increase in  WBC and granulocyte numbers
at D14 part-transplant was observed with LHRB-A trusted  5 patients
compared W cuntols(Figs. 60 and 61). This enhancedmte of engmftmentis
crucial for the overall patient morbidity with ncu[ropenia(9O0
neulrophils/ml blood) indicative of  theorist infection rates. As such, an
early remvery of WBC and grmulocyle numbers  demonstrates a better survival
rate for LERH-A treated patients. Inhibition of sex steroids  enhances
engnftmen[ and reconstitutionprior m full thymic regeneration or the
release of  10 new Tcells as areaWt of lull thymic regeneration. EXAMPLE 21
SEX STEROID ABLATION INCREASES T CELL PROLIFERATIVE RESPONSES  WITHIN ONE
WEEK These studies were conducted to dete m ne if sex steroid ablation was
capable of  15 enhancingproliferative responses as early as 3 to 7 days
following castration prophet.  Materials and Methods: Eight week-old mice
were castrated and analyzed for ant-CD3/anti-CD28 stimulated  T credit
probberative response 3 days (Figs. 620,, C, and E) and 7 days (Ergs. 62E.
D, and F)  state surgery. Peripheral (cervical, axillary, brachia and
inguinal) lymph node (Figs. 62A 



20 and B), meuntric lymph node (Figs. 62C and D), and spleen cells (Figs.
62R and F) were  stimulated with varying concenhatlons of anti-CD3 and
co-stimWalsd with mLL-CD2g at a  constant concentration of 10 pg/ml for48
hour. Cells were then pulsed with triialed  thymidine for 18 hours and
proliferation was measured as 3I1-T ineo[poralloa Control mice  were
sham-castrated, nom, *pN.06 (ran-parametric. unpahed, Mann-W Wtney
statistical lest).  25 Results: Sex steroid ablated mice show enhanced
CD28/CD3-stimulated T cell proliferation at  3 days (Figs. 61 and H) and 7
days (Figs. 62 B,D, end n post- astratiou- T cells isolated  from the
peripheral IN showed a significant incrrate ha proliferative responses at 3
days (10  pg/ml ant CD-3) and? days (25 pit/ml and 125 pg/ml anti-CD3)
post- islration. 129 Additionally. T cells isolated finm the mesenteric
lymph nodes (Figs. 62C oddly) and  spleen (Figs. 62E and F) also showed
asignifcedt increase inand-CD3-stimulated  propfmatiod over shamcastrered
mice at 3 days post eastradon. As early as 3-7 days post caseation (poor to
new T cells migrating from the thymus),  5 Were is an increase in
responsiveness of T cells to stimulation with and-CD3 and CD28
cross-linking. These data indicate that sex steroid ablation has direct
effects on the  functionality of the peripheral Tcell pool. prior to
Wymicreactivatioa To determine the extent of direct effects ofLHEFI-A on
peripheralT cells in human  patients. studies are conducted Control
patientT cells are incubated with venous doses of  10 LIHtH-A and are
analyzed at varying time-points (D3, D7 andD14) for the level of
proliferation compared to control (media alone) samples. This allows the
determwetion of  whether the LHHH-A acts dusty on the existing T cells by
causing their activation, as was  observed in the mouse model EXAMPLE 22 15
SEX STEHOLD ABLATION ENHANCES HAEMOPOIFSLS FOLLOWING  CONGENICHSCT  L
Castration enhances engralhnent in Bre BM, thymus, and spleen following
HSCL Mice were castrated 1 day before magenic HSCT. 5 x 106Ly5.1+BM cells
were  injected imnvenously into inadialed(B00 tads) CS7BL6 mice. The BM,
splmo and thymus 20 were analyzed byflow cytometry at various time points
(2-6 weeks) post-transplant (Fig. 35).  As shown in Hg, 35B, two weeks
after castration and HSCf, them are sigoiticarlBy more  



calla in IheHM ofearneted mice as compared m sham~.stratedcondols,
Similarly, as  shown inFig 35C, there in a sigvifiant increase in lhymlc
cell number2, 4 and 6weeks  port-transplant as compared to sham castrated
controls. As shownmFrg. 35C. in the 25 periphery, splenic well numbers are
also significantly higher than controls 4 and 6 weeks post- tansplant in We
castrated recipients. H. Castration enhances engraftment of MC in the BM
following congenlc HSCT.  Mice were castrated rosy before redgenic HSCI',
Sr 106 Ly5.1+BMcells were injected  intraveeously into irradiated (800
reds) C57BL6 mice. The BM was analyzed for lino 30 kit+sca-I+ HSCby flow
cymmeby at two weeks post-transplant (Fig. 36). Two weeks after  130 BMT
transplantation and castration WerearesigniArantlymore donor-derived HSCS
in the  BM of castrated mice compared to sham castrated controls. Id
Castration enhances engraBment of HSC In the BM following congenic HSCT
(25x 10cels). Mire were castrated 1 dnybefore ravgevic I1SCT.
25xlO6Ly5.1+BM  5 cells were injected intravenously into irradiated (800
rods) C571BL mice. The BM was analyzed for line-kit+sca-1+ HSC by flow
cytometry at two weeks post-transplant (Fig.  37A-B). Fig. 37A depicts
percent of common lymphoid preemsms in the BM Rg. 3'B  depicts the number
of common lymphoid precursors in the BM. Two weeks after BMT
transplantation and castration Were is a significantly increased propmtiou
of donor-derived  10 HSCs in the BM of cas ham mice compared to than
castrated controls. W. CastrsttaveMaoresengraftment of RSC in the BM
following congenic MM  (5 x 10 cells). 5 x do LyS.I+BM cells were inj ected
intravenously into irradiated (800  rads)C57113LG mice. The EM was analyzd
for line-kit+sra-l+ HSC by flow cytomeny at  two weeks post-transplant
(Fig. 37C-D). Fig, 37C depicts percent of common lymphoid 15 Preeursom in
We BM Pig. 3ID depicts We number of common lymphoid precumam a We  BM Two
weeks of erBMT transplmlafion and castmdonthere ls e signdranty incleased
proportion of donorderived HSCS in WeBM ofeasnated mire compared W sham
castrated  controls. V. Castration enhances We rate of engraftment of
donorderived DC in the thymus  20 following congenle RSCT. Sx!OLyS.I+BM
cells were injected intravenously into  irradiated (800 rods) C5IBL6 mice.
Thymocytes were analyzed by flow cytometry at two  weeks post-trmsplavt.
Donorderived Ile were defined as CD45.l+CDl le+MHC class H+  



CD11b+ g Donorderived CD11b+and CDllb-DC are signi5cantlyinereased in the
thyme  of castrated mice compared to shamcastrated controls 2 weeks afar-
AT (Cg. 38). 25 VI. Castration enhances the rate of engraftment of
donor-derived B cells in the  spleen following congenic LISCT. 5 x
c0Ly5.l+BMcells were i jetted intravenously into  imed aced (800 mtls)
CSTBL6mice- Splenocyos were analyzed by flow cytometry at two  weeks
post-transplant There are significantly more B220+B cells in We spleens of
castmtd  ce, as compared the shamcastrated controls, 2 weeks after congetrs
BMr (Fig.39) 30 EXAMPLE 23  131 LHRH-A TREATMENT EEPECTIYELY DEPLETES SERUM
TESTOSTERONE  Materials and Methods Detection of sex steroidlevels in
patient seta was pardoned using a 1I-Testosterone  radioimmumoassay (RIA).
Prior to the assay. all reagents, samples and controls were brought  5 to
room temperature. Control tubes had either buffer alone- nonspecific
binding (NSB) tube or0ng/ml testosterone standard(Ho), Huffer alone,
standards(0-10 ngtml testostemne) or  test samples were added N each tube,
followed by sex binding globulin inhibitor (SBGI) to  limit non-specific
binding of tee mdio-labeled testosterone. The '111-testosterone was added
to earl tube Followed by m anti-tes[wterone antibody (exceptfor tee NSH
tubes). Tbes 10 were them incubated at 37C for 2 hours. Following tams, a
secondary antibody was added to  ell tubes which were vortexed and
incubated for a further 60 mis. 'tubes wean centrifuged  QOW~ for 15 rains,
svpemetmt removed and the precipitate mounted on a Peckmd Cobra  auto-bete
counter. triplicate cpm results were averaged and a standard curve
constructed  using the formula for percent bound testosterone (B/H0): 15
%H/Bo = Samdle-NSH  Bo-NSB  Sample =average cpm of pardmlatrst sample  NSB
s ernge cpm of non-specific binding tube 20 Be =average cpmof0ng/ml
standard (Wool blinding WW) The level of testosterone in each test sample
was determined from the standard curve.  Results; LHRH-A admhuatradon In
prostate cancer patients results in castrate levels of  25
seramlcstostemne. In order to determine the efficacy of LBRH-A heauoent,
serum  



testosterone levels were analyzed for of patients before treatment and at 4
merge; of  treatment with LHRH-A Analysis was performed using
aradioimmunoassay (MA) with  r'sI-Testosterone. The concentration of semen
testosterone was within the range of 1-3 ng/ml  testosterone (mean= 2.3
ng/m) prior to hormonal treatment (Fig, 46A). At 4-months of 132 treatment,
patients had essentially no detectable semen tesmrtetone indicating
successful  abrogation of sex steroid release. LI RH-A admWStration does
not affect the percent of lymphocyte subsets within  the peripheral blood.
Following 4-months of treatment with LHRH-A, no changes in the 5 proportion
of any lymphocyte subset was observed compared to pre-heamenr values. These
values are all within normal ranges. Peripheral blood lymphocytes were
analyzed by FACS  for proportions and cell numbers of T, B. and
myeloidderived (N'S and mamopheges) cells.  No change in proportion of any
cell subset was observed following LEER-A edminiafmtion.  Furthermore, the
proportions of all lymphocyte subsets were within normal rmges for this  10
age group (Fig. MC); Hamel at al., 1992; Xu at of, 1993). EXAMPLE 20 THYMIC
REACTNATION FOLLOWING TRANSIENT ABLATION OF SEX  STEROIDS will GOSERELIN
ACETATE (ZOLABEX(r)) INPATINNTB  UNDERGOING ADTOLOGOOS OR ALLOGENEIC STEM
CELL 15 TRANSPLANTATION  Inthis example. goserelin acetate (ZUladex(r)) is
administered prior to amologous or  allogenc peripheral blood stem cell
transplantation (PBSCT). The primary endpoint is  thymic re-activation as
measured by in vitro assays. Patients will be followed for six months
post-tmasplam. Twenty (10 allograPS and l0 autogmfts) petlevts wilibe
catered onto the 20 study. This example investigates the effeer of
inhibiting sex steroid production at the level of  LFRtE, using agonists
thereof to desensitize the pituitary and hence prevent release of LH  and
FSH. In mm this comes ablack inthe gonadal production of androgens and
estrogen  which removes the inhibitory efecs on thymic function The groups
examinedin this trial  are patients undergoing highdose chemoradiotherapy
MDT) and PBS(7P. 25 Goserean acetate(Zaladex(r)) u upotent synthetic
decapeptide analogue of LHRH.  When given acutely, goserelin acetate will
release LH from the pituitary gland. However.  following chronic
administration, gosereha acetate is apotent inhibitor of gonadotropln  



production resulting in gonadal suppression and, consequently, sex organ
regression. In  summers; and humans, following an initial stimulation of
pituitary, LH secretion and a transient 30 elevation in serum lestostmove,
chronic admwistolion results ininhibition ofgouadotrophiu  secretion The
result is a sustained suppression of pituitary LH occurring within
approximately thine weeks of initiation of therapy and a reduction in serum
testosterone 133 levels m males to a range normally seeninstugcally
casaeted men. This suppressionis area  maintained as long as therapy is
conanuoi Paliens; are male or female, aged 18 yrs. or older that are due to
undergo high-dose  therapy (1 with PBSCf for malignant disease or BM
failure. The 10.8 mg implant 5 formulation(for men)ofthe ZnNdex(r) is
disfwrsed in acyhindtical red of biodegradable and
biocompahblepolyglactias and is released continuously over 12 weeks
following  subcutaneous injection. The 3.6 mg implant (for women) is
dispersed m a cylnddcal red of a  biodegradable and biocompatible
polyglactin and is released continuously over 22 days  following
subcumoeous injection. The implants are commercially supplied m apurpose,
f0 designed applicator with 14-16 gauge needles. Relurtion of sex steroids
in the blood to minimal values may take several weeks.  Consequently, 21
days prior to PBSC infusion (day 0), parents are injected with the sex
stemidablation theapy in thefonnofLHRH agonist Zoladex(r)(implant).
Formula,10.8  mg goserelin as a single dose (effective for 3 months) are
administered on day 21 with a 15 fuNrmlajecaon of 3.6mg on day 63(effretive
for 28 days), For females 3.6mg(effeetive  for2g days) are administered on
day-21 auddays T, 35 and 63. This should be effective in  feducwg sex
steroid levels sufficiently m reactivate the thymus (predicted 4 months
post  PBSCT). Thus, in this example, only 4G months of treatment are
adminislm t. Other dose  may be deemed acceptable as determined readily by
those in the art 20 PBPCS are infused on dsy 0. no reactivated thymus takes
up the infused precursor  teas and convert them into new Tlymphocytes and
epithelial thymic cods. Maximum sex  stemfd'ablatio is at the time of PBSC
infusion, and hence infused PBSC is able to assist is  thymic
reconstitution Within 3-4 weeks after PBSCP are first newT cells are
present in the  blood stream but the therapy will be maintvnel for 3 months
post-PBSCf to allow complete  25 neutralization of the immune system.
Thymic function is detemdned by assessment of T cell sub6ts by flow
cytomelry. T  



cell responses in Wire, and production of TRBe, Prior to the start of the
study, routine pre-HDT investigations are performed, and  baseline FBB,
electrolytes, LFFs domnnra d Other pre-treatment analyses include semen 30
HCG (women), thymus Cf, bone de city studies, protein electrophoresis and
immanoelectophoresis, hormone studies: Tn's, FSH. LH, estrogen,
progesterone.  134 testosterone. Addmoualir, va ious baselineT cell essays
ate performed Leulmcrta are  poriF d fivm 50 mT of blood and examined as
follllows: (a) Ebmw C to Naive vs. memory T cells 5 CD27-MC, CD45RA-P$
(r)45R0-PereP,CD4- or M8 MC  CD27-FffC, 1945RO-PerCP, CD4/CD&APC, 1(1-67-PE
CD62L, CD45RO-PmcP, 00103, c9MCDS-APC T cell subsets CD1me, CD8-Apc.
v(iTCR-PE. ybTCR-B/S-PerCP  10 M25-PE, 0D69-CyChrome, (90.Pfrl, CD8-APC
CD291}Chrame, aOTCR-PE, 004-P11C,CD8-APC  B sRS/ myeloid cells CD19-PfrC,
CD3-PezcP, CD56-PE, C034-APC  CDIIb-CyChrome, MI IcPE 004-Flit M8 MC  15
Cyioklaes BA-PE, JFNg-APC, CIW-=, CD8  Other markers MI la, CD95. BIA-DR,
CD2, CD5 All patients serve as inlemal controls because Nay are examinedpa
and post  20 hesNreni. Staining specificity controls include isotype
controls with FITC/PP/APC and  blocking of FcR prior to staining. (b) T
cellf'notion Blood lymphocytes examined for their ability to respond to C03
cross -linking in viero.  135 (C) TREe analysis Naive T cells will be
isolated and probed for the presence of T cell receptor excision  circles
which ere fomiei as aresultofreaemngement of the ICR genes as described
above.  



Their presence is avery strong indication of export from the thymus (haws
the only source 5 of mainsleam T cell production). Because cell division is
associated with thymic  development post-rearrangement of the TCR gears, T
levels may be not  uuderesdmate of thyme migrants (about 10% of actual
levels). All publications mentioned in the above specification are herein
incorporated by  reference. Various modifications and variations of the
described methods and system of the  10 invention will be apparent to those
skilled in the art without departing from he scope and spirit of the
wvenlion. Although the iaventiunhas been described w conwelion with
specific preferred embodiments, it should beuvderslnod that the invention
as claimed- ahmddnotbe unduly limited to such specific embodiments. Indeed,
various modifications  of the described modes for carrying out the
invention which are apparent N those skilled in 15 biology or related
fields are intended In be within the scope of the following claims.
EXAMPLE 25 20 CASTRATION INDUCES TOLERANCE TO ALLOGENEIC GRACE The
following nice are purchased from the laclaon laboratory (Bar Harbor, ME).
and are housed under conventional conditions: CS/BU6I (black; H-2b); DBA/IJ
(dilute  brown; H-2q); DBA/2i (dilute brown; H-2d); and Balb/c( (albino;
H-2d). Ages lance from  0.6 weeks to 26 months of age and are indicated
where relevant. 25 CS7BU6Jmice are used as recipients for donor
BMreconslitnlioo, As described  above, the recipient mice (CSIBL6JJ older
than 9 months of age, because this is the age at  which the thymus has
begun to mahediy atrophy) are subjected to 5.5Gy irradiation twice  over
a3-hour interval. Ono how following the second imdiapon dose. the recipient
mice arc  injected intravenously with 5xlo donor BM cells from DBA/1J.
DBA/2J, or Balb/cJ mice.  136 BM cells areobtawNbypassingRpMl-1640 media
through the Waists aadfemurs ofdonor  (2-month old DBAJIJ, D13A/2f,
arBWb/oJ) mice, and rhea 6mveaYUg fire cells collected in  time media
Asdescribed above, in recipient mice castrated either atthe same time as Ne
5 reconstitution or up to one week prior to reconstitution, there is an
significant iacrr:ase in the  rate of thymus regeneration compared to
sham-castat l (Sh(b) controlmice. In addition, as  compared to the
sham-castrated mice, castrated mice are found to have inemssed thymus  



cellnlarity, have moo cells in their BM, and have enhanced generation ofB
cell precursors  andB calls intheirBMfolfowiagBMT. Sincethe MHC(te., the
H-2locusinmice) of the 10 recipient mice is differentfrom that of the
donormice, detecting anincreased numbs of  donor-droved blood cells in
castrated rnice as compared to shamcastrated mice is  straightforward-
There is also the normal level and distribution of host and donor-dedved DC
in We chimeric thymus which are exerting negative selection
(rolvenaceinduclioa) to the host  and donor. 15 Four to six weak after
ruanstimtion of the recipient mice with donor BM cells, skin  grafts are
taken from We donor mice and placed onto the recipient mice, according to
standard methods (see, e.g. liai144 in Cu Protocols In hn I , John B. Wigan
at nent at, (ads). Wiley and Sons, New York, NY 1994, and yearly updates
including 2002). Briefly, the dermis and epidermis of an
anestheizedrceipientmouse (e.g., a CS/BV6I  2B mouse reconstituted with
Balb/c]BM) are removed and replaced with the duards soul  epidermis froma
Balb/J, Because the ha'u of the donor skin is while, ills easily
dislinguuhed from the native black hair of the recipient C5lBI/6J manse The
healh of the  transplanted donor skin is assessed daily after surgery. The
results will show that donorBalb/cJ skin transplanted onto a
donor-reconstituted  25 CS/BU6J mouse who has been castrated'Yokes"(i,e.,
is accepted) better than the donor skin  transplanted onto a
donor-reconstituted CS7Bf161 mouse who is sham<ustrated, eg"  because the
sham~mhated mouse does not have adequate uptake of donor HSC into the host
thymus to produce DC. A donor skin graft u found not to take on a
recipient, sham-castrated,  CS7BlJ6J mouse who has not boon reconstituted
with BaIWc BM 30 An experiment is also perfmmtd to determine if a recipient
mouse Iransplanted with  donorBMcaninduce tolerance of a MNC matched but
otherwise different, skin graIL  Briefly, male CS7B116J mice (H-2b) are
either castrated or sham- astrated. The next day.  137 dremice are
teconstiwredwiihBalb/cJBM (H-2d) as described above. Fourweeks after
reconstilutivn, two skin grafts (i,s,. including thedermu and epidermis)
&eplaced Onto the  recipient C5'/BUdl mire. The Brat skin geftis from
aDBAl21(dilute brown; H-2d) mouse,  Thesecond skin graft is from a
Balb/clmouse(albino; H-2d). Because the coat colors of 5 CS'lBU6l mice,
Balb/cl mire, and DBAltlm^^all diner. the skin gaffs are easily
distinguishebh; from one another and from the recipient mouse As described
above, the skin graft tram the Belb/cl mouse is found to "take" onto the  



Balb/oi-BMrecous[iwtedcasvar d recipient mouse better than
aBalb/cl-BMrecouawuted  shamcashazed recipient mouse or a recipient mouse
who has been sham casvared and has 10 natbeenreconstiw[ed with dovorBM. In
additlan, IDe skin graft fiomthe DBA/2lmouse is  found to "take" onto the
Balbtcl-BMmiombwtedcashatedsecipient mousebetter than a B alb/ei-BM
reconstituted slum-cas hated recipient mouse or a recipient mouse who has
been  sham-castrated and has notbeen reconstituted with donor BM, 15
EXAMPLE 26 CASTRATION EFFECT ON BM AND SPLEEN IN THYMECFOMIZRD  MICE now
prelim nary experiments were perfomied to determine if castration effects
were  20 apparentfehymeUOmvedpatien[s(mice. The resWfs indicated
Wazdisruption of sex  steroid sigusling has direct or indirect effects on
the immune system (e.g., immune cells in  the BM and thymus), irrespective
of the presence of a regenerated thymus Materials and Methods Mice were
castrated and thyrnectomixedusing sunrise methods known in the arL  25 Mice
were divided into the following groups: untreated (Le., naive,'Lnheeted" ),
sham  castrated ("sham-ox"), and castrated (cx"), and each of those free
groups was then  thymectomized ("tx") or sham thymectoixed ("slrre") far a
toed ofsix groups analysed. Each  of fe six groups was analysed as 2 weeks
nnd4 weeks following myeloablation and BMT  (sec methods above). 138 Ruvlts
I. Thymeetomy does not impact the elect of sex steroid inhibition on the
BM As shown in Fig.64A,at 4 weeks post-BMT, Tx/Cx mice had an increase in
the 5 number of BM common lymphoid progenitors (CLI9), which is comparable
to the ShTx/Cx  mico. As shown in Fig, fifB, at 4 weeks post-BMF. Tx/Cx
mice have an increase to the total  number of B Cells in the BM which is
comparable to die ShTx/Cc mice. The Tr/Ca mice  and the ShTCX mice also
have increased numbers ofB cells in the BM as compared to the  10 either
the Shamcx/lk or ShamCx/ShTx controls. 



As shown in Fig. 64C, at4 weeks post-BMT, Tx/CX mice also have an increase
in the  total number of immffime B coils in the BM which is comparable to
the ShTr/Cx mice. The  Tx/Cc more and the SbL tCx mice also have increased
numbers of mammon B cells in the  BM, as compared to the either the
Shamcx/lk or ShamCxlshTkcontmis. 15 Thus, the results in Has. 64A-C support
the conclusion that the effect of ma organ on  increasing the number and
functionality of cells in the BM, including increasing engm(tmeat.  does
not require a reactivated thymus. and is intend due to direct chests on the
BM and other  cells of the immune system, U. Thymectoray does not impact
the effect of sex steroid inhibition on the  ?B Spicer, As shown in Fig.
64D, at 4 weeks post-BMT. Tx/Cx mice also appear to have an  increase in
tire total number of coils in the spleen, which is comparable to the ShTr/r
mice.  The Ti/Cx mice and the ShTx/Cx mice also have increased total
numbers of splenocytes, as  compared to the either the Sham(Srtx or
ShamCx/ShTx controls. 25 As shown in Fig. 64B, at 4 weeks post-BMT, TW/Cx
mice also appear to have an  increase in the total number of B cells in the
spleen, which is comparable to the ShTx/CX  mice. The Tx/Cx mice and the
ShTx/Ck mice also have increased numbers of B cells in the  spleen, as
compared to hie either the ShanClr/Ix or Sha nc /Shfx controls. 139 Thus,
the results irFigs. MD-B support theconclusion ~M1at Weeffect ofcastration
on  increasing the number and lmetionality of immune cells in the spleen,
including enhanced  reconstitution, does not requite a reactivated thymm,
and s instead duo to dinner effects on  the BM and other cells of the
immunesystm 5 All publications mentioned in the above apecd"irasion are
herein incorporated by  reference. Various modifications and variations of
the described methods and system of the  invention will be apparent to
those stilled in the at without departing from the scope and  spirit of the
invention, Although the invention has been described in connection with
speafic 10 preferred mbodiments, it should be understood that the invention
as claimed should not be  unduly limited to such specific embodiments.
Indeed, various modifications of the described  modes for carrying out the
invention which are apparent to those skilled in biology or related  fields
are intended to he within the scope of the following claims. 



Those skilled in the art will recognize, or be able to asmrtain, using no
more than  15 routine experimentation, munerous equivalents to the specific
embodiments described  specifically herein. Such equivalents are intended
robe encompassed in the scope of the  rollowingclslms. 140 CLAIMS  I. Use
of a compound that disrupts sex steroid mediated signaling for the
manufacture of a medicament for improving tolerance in a patient to a graft
from o  mismatched donor without thymus reactivation. 2. The use Of claim
1, wherein tolerance is induced by at least one of. enhancing  bone marrow
hacmopoieses, enhancing bone marrow functionality, enhancing  entrapment of
donor cells in bone marrow, and increasing functionality of the  patient's
pre-existing immune cells. 3, The use of claim 2, wherein the immune cells
are T cells. 4. The use according to any one of claims 10 3, wherein the
patical's immune  cells have been, or will be, depleted. 5. The use
according to any oneofclaims I to 4, wherein the patient will be
administered with cells from the donor selected from the group consisting
of stem  cells, progenitor cells, and combinations thereof 6, The use of
claim 5, wherein the stem cells are selected from the group  consisting of.
hematopoietic stem rolls, epithelial stem 0011% and combinations  thereof
7, The use of claim 6, wherein the hematopoietic stem cells arc CD34`. S.
The use of claim 5, wherein the progenitor cells are selected from the
group  consisting of, lymphoid Progenitor cells, myeloid progenitor cells,
and combinations  thereof 9. The use according to any one of claims t to 8,
wherein the patient is post- pubertal. 10. The use according to any one of
claims 1 to 9, wherein the patient has been, or  will be, administered with
a substance selected from the group consisting of. at least  one cymkine,
at least one hematopoietin, at least one lymphokine, at least one
interleukin, at least one CSF, at least one growth factor, and a
combination thereof.  



I1. The use of claim 10, wherein the cytokioe is selected from the group
consisting  of Interleukin 1 (IL-1), Intedeukin 2 (IL-2), (nterleolan 3
(IL-3), Inlerleukin 4 (1L-4),  Intedeukin 5 (IL-5), Intedeukin 6 (1L- ,
Intedeukin 7 (IL-7), Imerleukin a (IDS),  Interlcukin 9 (IL-9), Interleukin
10 (IDIO), Intedeukin I I (1D1 1), Intedeukin 12 (IL- 12), Intedeukin 13
(ID13), Iaterleukin 15 (IL-I5), Interferon gmmnn (IFN-y), and  combinations
thereof. 12. The use of claim 10, wherein the growth factor is selected
from the group  consisting of, members of the epithelial growth factor
family, members of the  fibroblast growth factor family, stem cell factor,
granulocyte colony stimulating factor  (G-CSF), keratinocyte growth factor
(ICGF), granulocyte-macrophage colony 141 stimulating factor (GM-CSF),
insulin-like growth factor-I (IGP-1), a growth  hormone, a thyroid hormone,
M-CSF, Meg-CSF, M@, LIF, TNF, PDGF, human  growth hormone, B cell growth
factor, B cell differentiation factor, eosinophil  differentiation factor,
and combinations thereof. 13. The use according to any one of claims I to
12, where the cells tom the  mismatched donor are genetically modified. 14.
The use according to any one of claims I to 13, wherein the patient has, or
will  be, provided with an allogmft transplantation of a grafthaviug the
same  histocompalibility as that of the mismatched donor to the patient 15.
Use of a compound than disrupts sex steroid mediated signaling for the
manufacture of a medicament for increasing the number of, and/or enhancing
the  mobilization of, hemopoietic stem cells in a graft donor. 16. The use
of claim 15, wherein the donor has been, or will be, administered with  an
HSC mobilizing agent selected fiom the group consisting of. cytokines,
GM-CSF,  G-CSF, CSF, chemotherapenhev, cyclophosphamide, fit-3 ligand,
KGF/FGF7, after  members of the FGF family, and IL-7. 17. The use according
to any one of claims I to 16, wherein the compound lowers  the level of a
sex steroid hormone. 18. The use according to any one of claims Ito 17,
wherein the compound is  selected from the group consisting of. LHRH
agonists, LHRH antagonists, anli- LFiRH vaccines, anti-androgens,
anti-estrogens, SERMs, SARMs, SPRMs, ERDs,  



macrame inhibitors, adrenal gland Mockers, aldosterone antagonists,
antiprogestogens, progestins, antiprogestins, dioxalan derivatives, and
combinations  thereof. 19. The use of claim 18, wherein the LHRH agonist is
selected from the group  misting of gosemlii leuprolide, lupmn,
triplorelin, meterelin, buserelin, histrelin,  nathrelin, lutrelvh,
leuprorelin, deslorelin, cystorelin, decapeptyl, gonadorelin, and
acetates, curates and other sags thereof, and combinations thereof 20. The
use of claim I8, wherein the LHRH antagonist is selected from the group
consisting of: abarelix, cetrorelix, acetates, citrates, and other salts
thereof, and  combinations thereof. 21. The use of claim 18, wherein the
anti-androgen is selected from the group  consisting of. Cosudex ,
bicalutamide, cyprolerone acetate, harozole, keroconszole,  flutamide,
megestrol acetate, dutasleride, finastende, eulexin, and combinations
thereof. 22. The use of claim 18, wherein the anti-estrogen is selected
from the group  consisting of anastrozole, fulveshmr, tamoxifen,
clomiphene, diethylstilbestrol,  diethylstilbestrol diphosphate, danazol,
droloxifene, iodoxyfene, toremifene,  mloxofene, and combinations thereof.
142 23. The use of claim 18, wherein the adrenal gland blacker is selected
from the  group consisting of aminoglutethintide, formestane, vom ale,
exeme tare,  anastrowle, letrowle, exemestane, and combinations thereof.
24. The use according to any one of claims l to 23, wherein the donor graft
is  selected from We group consisting of. cell(s) of the donor, tissue(s)
ofthe donor,  organ(s) of be donor, and combinations thereof. 143 




