.12 APR 2005 1 | MPROVEMENT OF GRAFT ACCEPTANCE THROUGH MANI glﬂ_gg ON OF
THYM C REGENERATI ON FI ELD OF THE | NVENTI ON [ 0001] The pr ese#t Ekfmﬁure is
inthe field of cell, tissue and organ grafting in 5 aninmals. Mre
particularly, the present disclosure is in the field of production of graft
tol erance, especially to allogeneic and xenogenei ¢ antigens, through
stimulation of the thymus. BACKGROUND THE | MMUNE SYSTEM 10 [0002] The
maj or function of the imune systemis to distinguish "foreign" antigens
from"self' and respond accordinglly to protect the body against infection.
In normal imune responses, the sequence of events invol ves dedicated
antigen presenting cells (APC) capturing foreign antigen and processing it
into small peptide fragnents which are then presented in clefts of major
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clefts of major histocompatibility complex (MHC) molecules on the APC surface. The MHC
15 molecules can cither be of class I expressed on all nucleated cells (recognized by cytotoxic T

cells (Tc)) or of class 1T expressed primarily by cells of the immune system (recognized by
helper T cells (Th)). Th cells recognize the MHC I/peptide complexes on APC and respond;
factors released by these cells then promote the activation of either of both Tc cells or the
antibody producing B cells which are specific for the particular antigen. The importance of

20 Thcells in virtually all immune responses is best illustrated in HIV/AIDS where their absence
through destruction by the virus causes severe immune deficiency eventually leading to death.
Inappropriate development of Th (and to a lesser extent Tc) can lead to a variety of other
diseases such as allergies, cancer and autoimmunity.
[0003] The ability to recognize antigen is encompasse'd in a plasma membrane

25  receptorin T and B lymphocytes. These receptors are generated randomly by a complex
series of rearrangements of many possible genes, such 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 of binding sirength (affinity) and respond to varying degrees. Since the antigen

30 receptor specificity arises by chance, the problem thus arises as to why the body doesn’t “self




12 APR 2005 2 destruct" through | ynphocytes reacting agai nat s@r{% anti gens.
Fortunately there are several nechanisms which prevent th 3’ 2MWixel s
fromdoing so - collectively they create a situation where the i mune
systemis tolerant to self. [0004] The nost efficient formof self
tolerance is to physically renove (kill) any 5 potentially reactive

| ynphocytes at the sites where they are produced (thynmus for T cells, bone
marrow for B cells). This is called central tolerance. An inportant,
additional nethod of tolerance is 4hrough regulatory Th cells which

I nhibit autoreactive cells either directly or nore likely through
cytokines. Gven that virtually all imune responses require initiation

and regulation by T helper cells, a najor aimof any tol erance induction
regime would be to 1Q target these cells. Sinlarl Lnce S are very
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antigen (TCR). Associated with this is a remarkable degree of cell division to expand the

number of T cells and hence increase the likelihood that every foreign antigen will be

recognized and eliminated. A strange feature of T cell recognition of antigen, however, is that

20 unlike B cells, the TCR only recognizes peptide fragments physically associated with MHC
molecules; normally this is self MEIC and this ability is selected for in the thymus. This
process is called positive selection and is an exclusive feature of cortical epithelial cells, If
the TCR fails to bind to the self MHC/peptide complexes, the T cell dies by “neglect” —it
needs some degree of signaling through the TCR for its continued maturation.

25 [0006] While the thymus is fundamental for a functional immune system, releasing
~1% ofits T cell content into the bloodstream per day, one of the apparent anomalies of
mammals is that this organ undergoes severe atrophy as a result of sex steroid production.
This can begin even in young children but is profound from the time of puberty. For normal
healthy individuals this loss of producﬁon and release of new T cells does not always have

30  clinical consequences (although immune-based disorders increase in incidence and severity

with age). When there is a major loss of T cells, e.g., in AIDS and following chemotherapy or




with age). Wien there is a major loss of T cells, e.g., in AIDS and
foll ow ng chenot herapy or 12 APR 2005 3 radi ot herapy, the |&ﬁ§

hi ghly susceptible to di sease because they are i mmune suppressed. ?%007]
Many T cells will devel op, however, which can recogni ze by chance, with
high affinity, self MHC peptide conplexes. Such T cells are thus
potentially self-reactive and 5 could cause severe autoi mmune di seases such
as nultiple sclerosis, arthritis, diabetes, thyroiditis and system c |upus
erythematosis (SLE). Fortunately, i3 the affinity of the TCRto self

VHC/ pepti de conplexes is too high in the thynus, the devel oping thynocyte
is induced to undergo a suicidal activation and dies by apoptosis, a
process call ed negative selection This is called central tolerance. Such
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t he perl her al hi's atrophy has been w dely postul ated as the
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of with the neuroendocrine system (Kendall, 1988). Of particular importance is the interplay
between the pituitary, adrenals and gonads on thymic function including both trophic (thyroid
stimulating hormone or TSH, and growth hormone or GH) and atrophic effects (leutinizing
hormone or LH, follicle stimulating hormone or FSH, and adrenocorticotropic hormone or
20 ACTH) (Kendall, 1988; Homo-Delarche, 1991). Indeed one of the characteristic features of
thymic physiology is the progressive decline in structure and function which is commensurate
with the increase in circulating sex steroid production around puberty (Hirokawa and
Makinodan, 1975; Tosi et al., 1982 and Hirokawa, ef al., 1994). The precise target of the
hormones and the mechanism by which they induce thymus atrophy is yet to be determined.
25  Since the thymus is the primary site for the production and maintenance of the peripheral T
cell pool, this atrophy has been widely postulated as the primary cause of an increased
incidence of immune-based disorders in the elderly. In particular, deficiencies of the immune
system illustrated by a decrease in T-cell dependent immune functions such as cytolytic T-cell
activity and mitogenic responses, are reflected by an increased incidence of

30  immunodeficiency, autoimmunity and tumor load in later life (Hirokawa, 1998).




30 i mmunodeficiency, autoimunity and tunor load in later life (Hirokawa,
1998). .12 APR 2005 [0009] The inpact of thynmus atrophy is ?‘@ﬁb% n the
periphery, with reduced thymic input to the T cell pool resu ol

| ess diverse T cell receptor (TCR) repertoire. Altered cytokine profi I e
(Hobbs et at., 1993; Kurashima et al., 1995), changes in CD4+ and CDB+
subsets and a bias towards nenory as opposed to naive T cells (Mckall et
at, 1995) 5 are al so observed. Furthernore, the efficiency of thynopoiesis
is inpaired with age such that thedability of the inmune systemto
regenerate normal T-cell nunbers after T-cell depletion is eventually |ost
(Mackal | et at, 1995). However, recent work by Douek et at. (1998), has
shown presumably thym c output to occur even in old age in humans.
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' the diverse stromal cells (predominantly epithelial cell subsets) which constitute the

20  microenvironment and provide the growth factors and cellular interactions necessary for the
optimal development of the T cells. The symbiotic developmental relationship between
thymocytes and the epithelial subsets that controls their differentiation and maturation (Boyd
et al., 1993), means sex-steroid inhibition could occur at the level of either cell type which
would then influence the status of the other. It is less likely that there is an inherent defect

25  within the thymocytes themselves since previous studies, utilizing radiation chimeras, have
shown that bone marrow (BM) stem cells are not affecied by age (Hirokawa, 1998; Mackall
and Gress, 1997) and have a similar degree of thymus repopulation potential as young BM
cells. Furthermore, thymocytes in older aged animals retain their ability to differentiate to at
least some degree (Mackall and Gress, 1997; George and Ritter, 1996; Hirokawa et al., 1594).

30 However, recent work by Aspinall (1997), has shown a defect within the precursor CD3'CD4




I 2 APR 2005 5 CD8- triple negative (TN) popul ation occurri n§ %téfﬁ?‘néﬂ% age
of TCRy chain gene- rearrangenent. SUMVARY OF THE | NVENTI ON 10011] The
present. di scl osure concerns methods of nodifying the responsiveness of 5
host T-cell populations to grafts froma non-identical, or m smatched,
donor. In a preferred enbodinment the atrophic thynus in an aged
(post-pubertal) patient is reactivated. The reactivated thynus thus
becanes capabl e of taking up hematopoietic precursor cells fromthe bl ood
and* €onVerting themin the thymus to both new T cells and DC. The latter DC
then induce tolerance in subsequents T cells to grafts of the sane

hi st oconpatibility as that of the 10 precursor cell donor. This vastly

i mproves al l ogenei c graft acceptance. [0012] These net hods are based on

di srupting sex steroid nediated signaling to the thynmus in the subject. In

one enbo, 'g@ﬁt t ratd | 1 i sex eroid nediated
signal i ng]l.J I l%ne%%%e é@g&%@g&?ﬁ%{g?ﬁt%ﬁgﬁn&gogl'l‘bgigl%ﬁage;ﬁ%n Is used. In

anot her remdagaiedent, surgical castration is used. Castration reverses the
State of ' - 15 pubertal state, thereby reactivating it.
(0013] !%W&E@M@Eﬁﬁﬁem sex steroid nediated signaling to the
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grafl"l fromthe ﬂ%nor. Ln 5 _one gﬂbodi.nen this occurs just before, at the
ti mel®f  PIERISORSH AgRor TS By IPPRy s og et Al AHASRIERSS: | n anot her embodi nent
this occjgos2fat t Mehesd aéthode bre®tsed b Hig@ptingGed sterail ntiaR0 sighdlingito the ef er r ed
enbodi ment the cells are CD34+precursor cells. DESCRI PTI ON, THE FI GURES
[0016] Fygaysan the Aubigeh I oncsmbodsnt, rrstripRdcipeio disgbthe prrateroidg |
post - cashERdtddibnaling) Il MYeRTeAdritRRINEnT, SR HidaPeabtihtin Susl Tl &BMkr decrease in
t hynocyte nunbers with age. Aged (2- )

embodiment, surgical castration is used. Castration reverses the state of the thymus to its pre-

15  pubertal state, thereby reactivating it.

[0013] In a particular embodiment sex steroid mediated signaling to the thymus is
blocked by the administration of agonists or antagonists of LHRY, anti-estrogen antibodies,
anti-androgen antibodies, passive (antibody) or active (antigen) anti-LHRH vaccinations, or
combinations thereof ("blockers™).

20 [0014] In a preferred embodiment, the blocker(s) is administered by a sustained
peptide-release formulation. Examples of sustained peptide-release formulations are provided
in WO 98/08533, the entire contents of which are incorporated herein by reference.

[0015] In the invention, hematopoietic or lymphoid stem and/or progenitor cells from
_the donor are transplanted into the recipient, creating tolerance to a graft from the donor. In

25  one embodiment this occurs just before, at the time of, or soon afier reactivation of the
thymus, In another embodiment this occurs at the start of or during T cell ablation. Ina
prefetred embodiment the cells are CD34” precursor cells.

DESCRIPTION OF THE FIGURES

[0016] Figure 1 A and B: Changes in thymocyte number pre- and post-castration.
30 Thymus atrophy results in a significant decrease in thymocyte numbers with age. Aged (2-
year old) mice were surgically castrated and analysed for (A) thymus weight in relation to




year old) mce were surgically castrated and anal ysed for gg t hymus wei ght
inrelation to 12 APR 2005 6 body weight and (B) total cell %?Qmﬂys at
2-4 weeks post-castration. A significant decrease in thymnus melght and
cellularity was seen with age conpared to young adult (2- nonth) mce. This
was restored by castration. At 3-weeks post-castration thym c hypertrophy
was observed and was returned to young adult |evels by 4-weeks
post-castration. Results are 5 exprggsed as nean 1SD of 4-8 nice per group.
** = p 501; *** = p -_0.001 conpared"to young adult and post-castration
mce. [0017] Figure 2 A-C. Aged (2-year old) mce were surgically castrated
and anal ysed at 2 and 4 weeks post-castration for peripheral |ynphocyte
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and CD4°CDS8" SP thymo cytes No difference was seen in the proportlons of any CD4/CD8

defined subset with age or post-castration.

20 [0019] Figure 4: Aged (2-year old) mice were castrated and injected with a pulse of
bromodeoxyuridine (BrdU) to determine levels of proliferation. Representative histogram
profiles of the proportion of BrdU" cells within the thymus with age and post-castration are
shown. No difference in the proportion of proliferating cells within the total thymus was
observed with age or post-castration.

25 [0020] Figure 5 A-D: Effects of age and casiration on proliferation of thymocyte
subsets. (A) Proportion of each subset that constitutes the total proliferating population—The
propottion of CD8+ T cells within the proliferating population is signiﬁcantly increased. (B)
However, a significant decrease in the proportion of DN (CD4-CD8-) thymocytes
proliferating was seen with age. Posi-castration, this was restored and a significant increase in ’

30  proliferation within the CD4'CD8" SP thymocytes was observed. (C) No change in the total
proportion of BrdU" cells within the TN subset was seen with age or post-castration, However
(D) the significant decrease in proliferation of the TN1 (CD44'CD25") subpopulation with age
is not returned to normal levels by 4 weeks post-castration. Resulis are expressed as meant1SD of
4-8 mice per group. *=p <0.05; *** =p <0.001 compared to young adult (2-month) inice,

e AA N




30 proliferation within the CD4' CD8+ SP t hynocytes was obs rvgﬂz&éca No
change in the total proportion of BrdUF cells within the N 80Bnas
seen with age or post-castration. However (D) the significant decrease in
proliferation of the TNl (CD44+CD257 subpopul ation with age is not
returned to normal | evels by 4 weeks post-castration. Results are expressed
as neant| SD of 4-8 mce per group. * =p :0.05; *** =p - _0.001 conpared to
young adult (2-nonth) mce. 12 APR 2005 7 [0021] Figure 6 A-C. Aged (2-year
ol d) m'ce were castrated and were injected intrathymcally with FITC to
determ ne thym c export rates. The munber of FITC+ cells in the periphery
were cal culated 24 hours later. (A A significant decrease in recent thymc
em grant (RTE) cell nunbers was observed with age. Foll ow ng castration,
these values had 5 significantly increased by 2 weeks post-cx. (B) The rate

f ' . .al ' ' tant with
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per gro 1 conpar.ed ?ﬁg‘eg;ﬁ) ng adult mce. * =

*¥ = p 5 0.01; *** = . 00
b° 50 00 1R el R abiehuad i gL EoLovPe coimo, PegrDe . & “Changes |
t hymss (sinificarly éereageBby amaeksypogiiex (BY Eher@e of ehikrationuehprtdothldhynmsi ng t r eat nent
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depl et e& '_3 Vlr?rp chgt% %%Salﬂ@ﬁngwc?% Ivg%\ﬁllgggﬁa%ﬁn{gé cé@%r ] e‘%}f ﬁi«g r
sham casVitlkagec sgnificarincarasnin His Ttiof SRpiodels” BIEwpe pesp RSB 31 de t r eat nent .
(A A siggfhdikeaanti-wdeR 6225 Rebulks bl e Sssédek neitTEP of M3 migiRessgd*+ n castrat ed
m ce cor_g_paéoeq:l. 1Q._S hg)%ﬁgost rafed 15 mice. AQ]B) oﬁ?t r at g&i mee jalso showed a
si gni fi caht '1'hcr e&dse T h*SBieeRYCer ¢ e er Par0Op ! foRRyed B EAsRd e hhos phani de
t r eakOmed0022]C) A Rigugn? A-Cabbangesdn dapseisi(h). Isphph(Blcoé Lpeth nada(©x ¢ellnas — al so
obser veqlgiﬂbér@ f@li%%ﬁ:{g%%%}géﬂi qgma&ycﬁpmm - dpbREhERRY eﬂ%%‘f‘uﬁ@ @e
expressed as .  nean - ce per group, *** = . conpared to
cast r at GBI i) mn s depleisd of Dipblioctes usta pelorhamhmidfu MieAyereiflan (B) and
1 ynph nGhsn-¢4sjrateddrcash@ict virthe sand dal hovyclophdspamitcaiehimenta(ld Acagiificatiti on on t he
same da r apl | | t ' ni mal s when
compar o art bt R S WAL sBleS n SHeeg At W 38 T e
di f fiér emaies. (B) Gastraseshmicsylse showpirp igniSigant ingieassdn Fplernrpold numbenst swedk wit h
castrat %stﬁ?’ﬂﬁ:ho&p}i%ﬁe ResRceld) ASBRAES: WlcSe Sh IyphGlbae BiRftityywisow at
2- weeks a%os -treat ﬁ-ﬁnt C ared 10 control mce sults are expressed as
meant hi 4P PseredgW ccés‘ﬁ@ﬁ"&‘&%. 1-week H’%t"%“@?'ogesg@ﬁﬁ%f’r EPEFIcBnt rol ni ce;
*** = p oEdnaIGD of er¥micests prup Gt + ol <00 comsdradab egtritedmice.
[0023] Figure 8 A-C: Changes in thymus (A), spleen (B) and lymph node (C) cell
20  numbers following irradiation and castration on the same day. Note the rapid expansion of the
thymus in castrated animals when compared to the non-castrate group at 2 weeks post-
treatment. No difference in spleen (B) or lymph node (C) cell numbers was seen with
castrated mice. Lymph node cell mumbers were still chronically low at 2-weeks post-treatment
compared to control mice. Results are expressed as mean215D of 4-8 mice per group. *=p <
25 0.05 compared to control mice; *#* =p <0.001 compared to conirol and castrated mice.
'10024) Figure 9 A-C: Changes in thymmus (A), spleen (B) and lymph node (C) cell
numbers following irradiation (625 Rads) one week after surgical castration. A significant
increase in thymus regeneration was observed with castration (A). No difference in spleen (B)
or lymph node (C) cell numbers was seen with castrated mice. Lymph node cell numbers
30 were still chronically low at 2-weeks post-treatment compared to control mice. Resulis are
expressed as mean + 15D of 4-8 mice per group, +=p =0.05; **=p <0.01 compared to

~ control mice; *** =p <0.001 compared to control and castrated mice.
[0025] Figure 10: Changes in thymus, spleen and lymph node cell numbers following
treatment with cyclophosphamide, a chemotherapy agent, and surgical or chemical castration
35  performed on the same day. Note the rapid expansion of the thymus in castrated animals when




'[00241 Figure 9 A-C Changes in thymus (A), spleen (B) and |ynph node (C)
cell nunbers follow ng irradiation (625 Rads) one week afteﬂ Ab $®§
castration. A significant increase in thymus regenerati on was obse d
with castration (A). No difference in spleen (B) or |ynph node (C) cell
nunbers was seen with castrated mce. Lynph node cell nunbers 30 were still
chronigcally | ow at 2-weeks post-treatnent conpared to control m ce. Results
are expressed as nean | SD of 4- 8 £nce per group. + = p :50.05;, ** =p

5 0.01 conpared to control mce; : _0.001 conpared to control and
castrated mce. [0025] Figure 10: Changes I n thymus, spleen and | ynph node
cell nunbers following treatnent with cycl ophospham de, a chenot her apy
agent, and surgical or chem cal castration 35 perfaornmed on the same day.
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rei nstate t exp ecte resgonse ost C@] afiQ ?H &tc 028] Figure 13

A-C Casqbs@rqdokenr@gmt@tﬁ@énﬁt%%h@ﬁ e SaoWoNpi8 . (A) Aged
m ce Shaugfng ivhds ﬂh{léé?ﬁaﬂftherr@ﬂktﬁtémﬁﬁoﬁﬁc&z@bahdﬂespmibm@tdﬁsmbﬁ ularity

ot b oriBtse Fi\“égwae” 19 TPRL Cotrison Sl P peps s RIS P 1 3hilodtcR P M (e, (P
HSV- 1 i nfAg aigedimive cliowetia scguiﬁcartemmomto@éhmplhmodqmﬁ 'UIPQﬂSnf@‘fHOHCt i vat ed
CTL with 2 ﬁém@cft%tbo&gﬁé ce vva rg%lf Tﬁ@@gﬁfﬁéﬁgeﬁ%%'ﬁA@S@r&ﬁw thin 20

the | yrrp‘ﬁ a ‘signpficant decrease in
acti vat eef actmted (CD8 CD25+) cells in the LN of HSV-I mfected mice. No difference was seen in

proportions of activated CTL. with age or post-castration. (C) The decreased cellularity within
20  the lymph nodes of aged mice was reflected by a significant decrease in activated CTL
numbers. Castration of the aged mice restored the inumune response to HSV-1 with CIL

Eﬁ

numbers equivalent to young mice. Results are expressed as mean =1 SD of 8-12 mice. **=p
<0.01 compared to both young (2-menth) and non-castrated mice.
[0029] Figure 14: Popliteal lymph nodes were removed from mice immunized with

25 HSV-1 and cultured for 3 days. CTL assays were performed with non-immunized mice as
control for background levels of lysis (as determined by 31Cr-release). Results are expressed
as mean of 8 mice, in triplicate +18D. Aged mice showed a significant (p <0.01, *) reduction
in CTL activity at an E:T ratio of both 10:1 and 3:1 indicating a reduction in the percentage of

' specific CTL present within the lymph nodes. Castration of aged mice restored the CTL

30  response to young adult levels. * =p <0.01 compared to young adult and post-castrate aged mice.
[0030] - Figure 15 A and B: Analysis of CD4" T cell help and V3 TCR response to
HSV-1 infection, Popliteal lymph nodes were removed on D5 post-HSV-1 infection and
analysed ex-vivo for the expression of (a) CD25, CD8 and specific TCRVS markers and (b)
CD4/CD8 T cells. (A) The percentage of activated (CD25) CD8" T cells expressing either

35 V10 or V8.1 is shown as mean £1SD for 8 mice per group. No difference was observed



nunbers. Castration of the aged mice restored the inmune resgégse to HS
with CTL nunbers equivalent to young mce. Results are expr

11 SD of 8.12 mice. ** = p < 0.01 conpared to both young (2- nDnth) and
non-castrated mice. [0029] Figure 14: Popliteal |ynph nodes were renoved
frommce i muni zed with 25 HSV-1 and cultured for 3 days. CTL assays were
performed with non-immuni zed mce as control for background | evel's' of
lysis (as deternmined by 51Cr-rel ease). Results are expressed as.--mean of 8
m ce, i'n triplicate 11SD. Aged mice showed a significant (p 50.01, *)
reduction in CTL activity at an EEratio of both 10:1 and 3:1 indicating
a reduction in the percentage of specific CTL present within the |ynph
nodes. Castration of aged mce restored the CIL 30 response to young adult

| evels. * = p 50.01 conpared to young adult and post-castrate aged m ce.
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er treatnent group
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i gure e e e astrat.ed an
‘no%castgﬂéat“@ba%ﬁgné’gmé%%:ﬁf 43@%?@8%&&?9"%? ‘%ﬂ“‘m?% for each test
gr ould. ) césteptedmidewsGer fmm‘ek@ks mea&tmtedeéll numbets eemaid bekews banaoldebelsi @ was at

|| I d trated
nor ma (ﬁ)’@ﬁcéﬂ? c}flizlgﬁﬂs ﬁ%ﬂﬁ&&o@nx@lﬁﬁ?{&m&oﬁﬁgﬁo@% rdhppcastrated mce (*p

< 0.05) ertro was observed I'n 't castrated mce after

f our \Aeé'%'@nsnﬂélﬁ%ﬁ@'{of"é%fé’dd e%llswewrﬁé@ﬁ@méwmtqdéndmné@mtmbmopé%l s, (B)

weeks after treatment approximately 85% of cells in the castrated thymus were donor-derived.
There were no donor-derived cells in the noncastrated thymus,

20 [0033] Figure 18: FACS profiles of CD4 versus CD8 donor derived thymocyte

~ populations after lethal irradiation and fetal liver reconstitution, followed by surgical

castration. Percentages for each quadrant are given to the right of each plot, The age matched
control profile is of an eight month 6ld Ly5.1 congenic mouse thymus. Those of castrated and
norncastrated mice are gated on CD45.2" cells, showing only donor derived cells. Two weeks

45  afier reconstitution subpopulations of thymocytes do not differ between castrated and
noncastrated mice.
[0034] Figure 19 A and B: Myeloid and lymphoid dendritic cell (DC) number after
lethal irradiation, fetal liver reconstitution and castration, (n= 3-4 mice for each test group.)
Control (white) bars on the following graphs are based on the normal number of dendritic

30  cells found in untreated age matched mice. (A) Donor-derived myeloid dendritic cells—Two
weeks after reconstitution DC were present at normal levels in noncastrated mice, There were
significantly more DC in casirated mice at the same time point. (*p <0.05). At four weeks
DC number remained above control levels in castrated mice. (B) Donor-derived lymphoid
dendritic cells—Two weeks after reconstitution DC numbers in castrated mice were double




CD45. 2+ cells - CD45.2+ is a marker show ng donor derivation. Two weeks
after reconstitution donor-derived cells were present in ﬁﬁg
and noncastrated mce. Four weeks after treatnment approxi
cells in the castrated thynus were donor-derived. There were no
donor-derived cells in the noncastrated thynus. 20 [0033] Figure 18: FACS
profiles of CD4 versus CD8 donor derived thynocyte populations after

| ethal irradiatibn and fetal liver reconstitution, foll owed by surgical
castration. Percentages for each quadfant are given to the right of each

pl ot. The age matched control profile is of an eight nonth old LyS. 1
congeni ¢ nouse thynus. Those of castrated and noncastrated m ce are gated
on CM45. 2+ cells, showi ng only donor derived cells. Two weeks 25 after
reconst i tthosé efinoseaktpg thin. Foursveeks aftaytraimeheBC dombued replbihédabotzatontedtn cast r at ed
and nong fsrat ed m ce. [0034] Figure 19 A and B: Myeloid and | ynphoi d

dendritlﬁ %k) nunber after |ethal irradi atl on, fetal liver
reconst i t843%n an %‘é%%or%ﬁﬁd&l Cheyges B tofaliend EDRSH?” hone marre pellgmatiers)  Cont rol
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myel oid %%&r@? J'F%talccéﬁ PUTESRG T%WE@@F?@‘%%WHQP%‘HW%WEW Bresent at
nor mal | eveldbizidand herasts nasigdficadiferdive incellameber betgner dagatdlayd nor e DC in

castrat e%ﬂe&eﬁa &hﬁo.ﬁ%a(sgp B30 'a&m {heR %atr,g@hcm%fé% .fggﬂks

nunber renmal ne ove contr eve I'n cas nor-derlved

| ynphoi dnu@@ﬁéﬁmﬁ?@aqu@mc%é‘mm&ﬁ*@rﬂ %O@tqﬂﬁﬂl el mmbaunbers in
castrat ed‘hél’b ﬁzas m@lﬁambilﬂezéﬁe Pethreon Qekarathd artd HRRGsPdted 10106 REN o) e@ﬂom ce. Four

week rs renmai ned .above contr [ 0035]

Fi gu?l gﬂ,&s q@“%ﬁ%%}%%mm‘%ﬁm gﬁ(sdg&’sre%—ls%qf’é‘ %]rd‘ﬁ é eI | nunbers

i n cast raumhbrmmmdh@smwaﬂrmﬂmw fauf veeksf Hiczd wdré nedonoredeanat detleini on. n=3-4
m ce for Eba&tgdﬁéﬁiﬁt}%t%&%amé@% %’ ﬁtal cell nunber-Two weeks after

reconsti tution marr ow ce unbers had normalized and there was no

si gni fi c&MB8Hi f f eFigeti ArCebhaneaambeslisigad medeid sablympbeiddaived noncast r at ed
m ce. Fodendritekels EDCHR bR of Uisk @B Al AbfcaltPifeddnitd MY flafet di fference in

o5 154 CETes i - A L i oS PP LGNS P PR RS ALV HSERN Cant r at ed
and nonc asstbased enl theinoenahinrhber efPextlt andaleddriticiods. famd detrtrenteddpe matahed he bone
narrow t yo V\f?ﬁ]lisceﬁfn Err—-%%élé 'v}el’é.lt =<ﬂl@ed %d foiir Gk el i‘éggﬁfnaﬁ i ned high
in castrated our wee no donor-derived cells in
both castrated and noncastrated mice. (B) Donor denved myeloid dendrific cells—Two weeks
after reconstifution DC cell numbers were normal in both castrated and noncastrated mice. At
20 this time point there was no significant difference between numbers in castrated and
noncastrated mice. (C) Donor-derived lymphoid dendritic cells—Numbers were at normal
levels two and four weeks after reconstitution. At two weeks there was no significant
difference between numbers in castrated and noncastrated mice.
[0037] Figure 22 A and B: Change in total and donor (CD45.2") lymph node cell
25  numbers in castrated and noncastrated mice after fetal liver reconstitution. (n=3-4 mice for
each test group.) (A) Total cell number—Two weeks after reconstitution cell numbers were
decreased and there was no significant difference in cell number between castrated and
noncastrated mice. Four weeks after reconstitution cell numbers were approaching normat
levels in castrated mice, (B) CD45.2" cell number—There was no significant difference :
30 between castrated and noncastrated mice with respect to CD45.2" cell number in the spleen,
two weeks after reconstitution. CD45.2" cell mumber remained high in castrated mice at four
weeks. There were no donor-derived cells in the noncastrated mice at the same time point.
[0038] Figure 23 A-C: Splenic T cells and myeloid and Iymphoid derived dendritic
cells (DC) after fetal liver reconstitution. (n=3-4 mice for each test group.) Control (white)
35  bars on the following graphs are based on the normal number of T cells and dendritic cells




the noncastrated mce at the sane tinme point. [0036] Figure 21 A-C. Changes
in T cells and nyeloid and | ynphoid derived dendritic cells Eﬂﬁm%ﬁﬁmﬁone
marrow of castrated and noncastrated mce after fetal liver 15
reconstitution. (n=3-4 mce for each test group.) Control (white) bars on
the follow ng graphs are based on the normal nunber of T cells and
dendritic cells found in untreated age matched mce. (A) T cel
nunber - Nunbers were reduced two and four weeks after reconstitution in
bot h castrated-and noncastrated mce. (B) Donor derived nyeloid dendritic
cells-Two weeks after reconstitutidn DC cell nunbers-were normal in both
castrated and noncastrated mce. At 20 this tine point there was no
significant difference between nunbers in castrated and noncastrated nice.
(C) Donor-derived | ynphoid dendritic cells-Nunbers were at normal |evels
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[0040] Figure 25 A-C: Changes in T cells and myeloid and lymphoid derived

dendritic cells (DC) in the mesenteric lymph nodes of castrated and non-castrated mice after

20 fetal liver reconstitution, {n=3-4 mice for each test group.) Control (striped) bars are the
number of T cells and dendritic cells found in untreated age matched mice. (A) T cell
numbers were reduced two and four weeks afier reconstitution in both castrated and
noncastrated mice. (B) Donor derived myeloid dendritic cells were normal in both castrated
and noncastrated mice. At four weeks they were decreased. At two weeks there was no

25  significant difference between numbers in casirated and noncastrated mice. (C) Donor-
derived lymphoid dendritic cells—Numbers were at normal levels two and four weeks after
reconstitution. At two weeks there was no significant difference between numbers in
castrated and noncastrated mice.

[e041] Figure 26: The phenotypic composition of peripheral blood lymphocytes was

30 analyzed in human patients (all >60 years) undergoing LHRH agonist treatment for prostate
cancer. Patient samples were analyzed before treatment and 4 months after beginning LHRH




reconstitution. At two weeks there was no significant diffegf24EE§etmeen
nunbers in castrated and noncastrated mce. [001739] Figur

Changes in total and donor (CD45.2) |ynph node 10 cell nunbers in
castrated and noncastrated mce after fetal liver reconstitution. (n=3-4
for each test group.) (A) Total cell nunmbers-Two weeks after
reconstitution cell nunbers were at nornmal |evels and there was no
significant difference between castrated and noncastrated mce. Four weeks
after reconstitution cell nunbers i@ castrated mce were at nornal |evels.
(B) CD45.2+ cell nunber-There was no significant difference between
castrated and 15 noncastrated mce with respect to donor CD45. 2+ cel

nunber in the |ynph node two weeks after reconstitution. CD45.2 cel

nunber remai ned high |pn castrat ce at .f re no
donor - @89S} Egateent gb?‘h lymg, OW%EQW%WI il 8&18? ‘P?f%gts&aerrfe&g%eﬁlﬁ\té? [ 0040]
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cells- thﬁél% ’E\mlle at normal l|evels two and four weeks after

reconst I ce between
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mont hs ﬁ% hﬁﬁimPJ B% ntﬁe%oﬁi%ﬁ’staﬁ%ﬂ{e’naamtsdeutsﬁms despite th¥ot al

e ce ers per

| ynphocy of bl ood were at th(f |l ower end of control
val ues shm&tamlinmaﬁermmeralhTeﬂlunupﬂmS&lownaitﬂaF’aﬁmn@ VARSI et , 6/9 patients

showed SUba:h éﬂ 1 ses in total |ynphocyte counts (in sone cases a
doubl i PR Eté? s observed). Correlating with this was an

i ncygasp04a] t ot alfighrezd: tts.nﬁlyﬁmﬁthe propdsticns paBiceltstand nyedpid agllyMNER NEIDA+ subset |
D e TR St o A sonis

treatment demonstrated a varying degree of change within subsets. While NK, NKT and

macrophage proportions remained relatively constant following treatment, the proportion of B
cells was decreased in 4/9 patients.

20 [0044] Figure 29: Analysis of the total cell numbers of B and myeloid cells within the
peripheral blood of human patients post-treatment showed clearly increased levels of NK (5/9
patients), NKT (4/9 patients) and macrophage (3/9 patients) cell numbers post-treatment.

B cell numbers showed no distinct trend with 2/9 patients showing increased levels; 4/9
patients showing no change and 3/9 patients showing decreased levels.

25 [0045] Figure 30 A and B: The major change seen post-LHRH agonist treatment was
within the T cell population of the peripheral blood. In particular there was a selective
increase in the proportion of naive (CD45RAN CD4+ cells, with the ratio of naive
(CD45RA™) to memory (CD45RO") in the CD4" T cell subset increasing in 6/9 of the human

patients.




denpnstrating increased levels of CD4 T cells. Aless distinctive ?@
seen within the CD8+ subset with 4/9 patients show ng i ncreased |- b
al beit generally to a snaller extent than CD4+ T cells. [0042] Figure 27:
Anal ysi s of human patient bl ood before and after LHRH agonist 10 treatnent
denonstrated no substantial changes in the overall proportion of T cells,
CD4 or CD8 T cells, and a variable change in the CD4:CD8 ratio foll ow ng
treatnment. This indicates the mnimal effect of treatnent on the
homeost ati c mai ntenance of T cell sypsets despite the substantial increase
in overall T cell nunbers following treatnment. Al values were conparative
to control values. 15 [0043] Figure 28: Analysis of the proportions of B
cells and nyeloid cells (NK, NKT and nacrophages) within the peripheral

bl ood of -human patients _undergoi ng LHRH agani st treat nent, denonstrated a
var yi nd98&8)r ee oFlg@ﬁé%g‘%ec\"/ﬁaﬁWﬁwg%ﬁggP .oafgqm‘lu@n&l TIOREFARY® macr ophage
proportd r | ' i ift 9ki #0 2 eh ki@ IS, 10t
proporte:ng%?eg'f?%@é%gﬁeiﬁﬁﬁsﬂ%@c%gg%gzéliﬁﬁhﬂwatient sg.i 20 [0044]1.‘1% gure 29:
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change A48/ o phigresC O%W%%‘géginlogvgﬂ“?.aﬁf‘stgf%@%bur e 30 A and

B: The M%‘F&t 71 @20 RP2kin bﬁ?mla%hﬁéntform@m. Mthe\pesk of Mttty the T cel |
0 e 0

popul at1 on eri pheral blood. In particular there was a sel ective
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i Npeglangsin6levidkiitacitb(ATR)witthooiss ihmserirapsierte Thaazlifiedangtliethe i s a decrease
in skin inpedance in skin irradiated at energies as low as 10 nv, using
the fitiEasibiatdulcret iiHe 881 at e data. [0047] Figure 32: Perneation of a

phar macgygsppal t RERRS: BbinParisbebrmakielin toredcerch 6f fkisdfienthe udditign osul in as a

sanpl e pharfraceutical , was greatly increased through |aser irradiation.

[ 0048] fHaginodevalgnic aid f4ybA) andfalsingled spals wansieniaaes Ve Pﬁfﬁwe%wsc ®t he

addi ti on
e

g?e]:ce o?bermeabilization of the stratum corneum depends on the peak stress.

15 DETAILED DESCRIPTION OF THE INVENTION
[0051] The present disclosure provides methods for inducing tolerance in a recipient
to .a mismatched graft of organs, tissue and/or cells. By reactivating the recipient’s thymus
using the methods of this invention, the previously “foreign” matter becomes recognized as
“self by the patient’s immune system. The recipient’s thymus may be'reactivaied by

20  disruption of sex steroid mediated signaling to the thymus. This disruption reverses the
hormonal status of the recipient. A preferred method for creating disruption is through
castration. Methods for castration include, but are not limited to, chernical castration and
surgical castration. During or after the castration step, hematopoietic stem or progenitor cells,
or epithelial stem cells, from the donor are transplanted into the xecipient. These cells are

25  accepted by the thymus as belonging to the recipient and become part of the production of
new T cells and DC by the thymus. The resulting population of T cells recognize both the
recipient and donor as self, thereby creating tolerance for a graft from the donor.
[0052] A preferred method of reactivating the thymus is by blocking the direct and/or
indirect stimulatory effects of LHRH on the pituitary, which leads to a loss of the

30  gonadotrophins FSH and LH. These gonadotrophins normally act on the gonads fo release

sex hormones, in particular estrogens in females and testosterone in males; the release is




am nol evul enic acid (ALA) and a single inpulse transient to the skin. The
peak of intensity occurs at about 640 nm and is hi ghest af,ﬁ@@r A@QOQ Nnut es
(dashed line) post-treatnment. [0049] Figure 34: Change in fluorescefice of
skin over tinme after the addition of 5- 10 am nol evul enic acid (ALA)

Wi thout an inpulse transient. There is little change in the intensity at
different tinme points. [0050] Figure 35: Conparison of change in
fluorescence of skin after the addition of 5-am nolevulenic acid (ALA) and
a single inpulse transient under vajj ous peak stresses. The degree of
permeabilization of the stratum corneum depends on the peak stress. 15
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0051] The present disclosure

provi des nethods for inducing tolerance in a recipient to a m snatched
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spec eslett(a.tchecd anunu' als, areut{lrg m(s)zt preferred. The terms “matched,” unmatched,” “mismatched,”

and “non-identical” with reference to grafis are used to indicate that the MHC and/or minor
histocompatibility markers of the donor and the recipient are (matched) or are not
(unmatched, mismatched and non-identical) the same.

20 [0056] “Castration,” as used herein, means the marked reduction or elimination of sex
steroid production and distribution in the body. This effectively returns the patient to pre-
pubertal status when the thymus is fully functioning, Surgical castration removes the
patient’s gonads. |
[0057] A less permanent version of castration is through the administration of a

25  chemical for a period of time, referred to herein as “chemical castration.” A variety of
chemicals are capable of functioning in this manner. During the chemical delivery, and for a
period of time afterwards, the patient’s hormone production is turned off, Preferably the
castration is reversed upon termination of chemical delivery. |

DISRUPTION OF SEX STEROID MEDIATED SIGNALING TO THE THYMUS
30 [0058] As will be readily understood, sex steroid mediated signaling to the thymus can

be disrupted in a range of ways well known to those of skill in the art, some of which are




havi ng sex steroid driven maturation and an i nmune system- @GbﬂPﬁsz mmal s
and marsupials, preferably large manmal s, and nost preferably hunma

[ 0054] The terns "regeneration,"” "reactivation" and "reconstitution". and
their derivatives are used interchangeably herein, and refer to the
recovery of an atrophied thynmus 10 to its active state. [0055] .
"Regcipient,” "patient" and "host" are used interchangeably here to indicate
the subject that is receiving the tyansplant. "Donor" refers to the source
of the transplant, which my be syngﬁneic, al | ogenei ¢ or xenogenei c.

Al'l ogeneic grafts are preferred. Allogeneic grafts are those that occur
bet ween unmat ched nenbers of the sanme species, while in 15 xenogeneic
grafts the donor and recipient are of different species. %%QQeneic grafts,

bet ween deswibedbareinnForgrample irhibifien ofset stespid pendpetign orhacking Pt ched,

"unmat c Mo & e . | 1o dd iGiRloBNGESIN 0 grafts
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pr odust i ehietdichydidiristiatibi shont or théte séxaebyoid diblops.clnfsomt chiniéa) cases, ur ns t he

patient to pre- pubertal stg\tus when the . th s is fully functioning.
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vays wel (Hosee Décapdpty® fade harsdiDdbiophiind; fgerdBéanfont) Beshirelist (Balnr e . 12 APR

2005 15 descri bed herei n. For exanple,..inhjbiti f sex steroi.d production
or bl ockPhigmesentisals), Gonadegrlia (Aysests Cosea! (‘Fﬁé’léé‘ﬁ%%a‘gﬁxi PRI s wi ||

acconpl i (ﬂhhgj] ¢ ei}RSlide Paddingit! Ph:OR AbBSH/TAD), Lodrdrei @ldskérieod.), Tupslex st er oi d
agoni sts” and/ or "antagoni sts, or active (antigen) or passive__(antibody)
ant i 15 ex(Véyath)oMdteretin CWORL 1 50he), Nafanglin(Synisw), gxd f@tﬂe(%o?-gatﬁmé‘ahct i on can
al s0 be 4 416.125). LHRH analogs also include, but are not limited to, the following antagonists of

the LHRH-R: Abarelix (irade name Plenaxis; Praecis) and Cetrorelix (trade name; Zentaris).

Combinations of agonists, conibinations of anfagonists, and combinations of agonists and

antagonists are also included. The disclosures of each the references referred to above are

20  incorporated herein by reference, It is currently preferred that the analog is Deslorelin
(described in U.S. Patent No. 4,218,439). For a more extensive list, see Vickery et al., 1984,
[C060] In a preferred embodiment, an LHRH-R antagonist is delivered to the patient,
followed by an LHRH-R agonist. This protocol abolishes or limits any spike of sex steroid
production, before the decrease in sex steroid production, that might be produced by the

25  administration of the agonist. In an alternate embodiment, an LHRH-R agonist that creates
little or no sex steroid production spike is used, with or without the prior administration of an
LHRH-R antagonist.
[0061] While the stimulus for thynic reactivation is fundamentally based on the
inhibition of the effects of sex steroids and/or the direct effects of the LHRH analogs, it may

30  be useful to include additional substances which can act in concert to enhance the thymic
effect. Such compounds include but are not limited to Interleukin 2 (IL.2), Interleukin 7 (IL7),




5 achieved by adm ni stration of one or nore sex steroid anahfgs. kn sone
clinical cases, permanent renoval of the gonads via physica cég r&ifon
may be appropriate. [0059] In a preferred enbodi nent, the sex steroid

medi ated signaling to the thynus is disrupted by admnistration of a sex
steroid anal og, "or preferably an anal og of |uteinizing hornone-releasing
hor mone (LHRH). Sex steroid anal ogs !nd their use in therapies and 10
chemi cal castration are well known. Such anal ogs include, but are not
limted to, the follow ng agonists of the LHRH receptor (LHRHR): Eulexin
Buserelin (Hoechst), Cystorelin (Hoechst), Decapeptyl (trade nane

Debi opharm | psenBeaufour), Deslorelin (Balance Pharnmaceuticals),

(Ort oy e Gy RS e el o BT ORE e FEREAEL sl 1 e

et al.)  Cdidacied, granddy{e\tpoihtimdléing felor (GCIN) add Bodmpoytdabwihdhdgtar ( Synt ex) ,.

and Tri lin (U. S, t ent . 44,010 5). .LHRH anal ogs .al so incl ude,
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Pat ent MN§devplopabanddsed. For a nore extensive list, see Vickery et al., 1984.
[0060] In a Fﬁgﬁﬁ%?[(?im ngm IT HRH R ant agoni st is delivered to the
patient, followed by agmL)’H H- R%g%jr}\ilds__t. This protocol abolishes or limts
any Hbi H80@A] sex B compaimdynsertinthis iorgntibe tanrbe sefpliediaene phoemacautically st er oi d
product i -0 ght u : 1- 0 i..on of the agonist.
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sex st ercoitthgp solvkntstand dilwepisk Eoriparentem] subnirtaicons, intiaténous and hrdraprsanlar

adm nistration.of .an LHRH R antagonist. .[0061] Wil.e t st.i qul us for
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Formulations intended to be delivered orally can be prepared as liquids,

20 capsules, 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 are well known.,

[0064] In any of the formulations, other compounds that do not negatively affect the
activity of the LHRH analogs may be included. Examples are various growth factors and

25  other cytokines as described herein.

- DOSE
{0065] The LHRH analog can be administered in a one-time dose that will last for a
period of time. Preferably, the formulation will be effective for one to two months. The
standard dose varies with type of analog used. In general, the dose is between about 0.01
30 ug/kg and about 10 mg/kg, preferably between about 0.01 mg/kg and about 5 mg/kg. Dose
_ varies with the LHRH analog or vaccine used. Ina preferred émbodixﬁent, adoseisprepared

to last as long as a periodic epidemic lasts. For example “flu season” occurs usuélly dﬁfing




S times at the initial LHRH anal og application. However, addift gﬁ&ies

of any one or conbination of these substances nmay be given at any

further stinmulate the thynmus. In addition, steroid receptor based

nodul at ors, which may be targeted to be thynic specific, may be devel oped

and used. PHARMACEUTI CAL COVPOSI TI ONS 10 [0062] The conpounds used in this

I nvention can be supplied in any pharmaceutically acceptable carrier or

wi thout a carrier. Exanples include physiologically conpatible coatings,

sol vents and diluents. For parenteriz subcut aneous, intravenous and

I ntramuscul ar admnistration, the npositions nmay be protected such as by

encapsul ation. Alternatively, the conpositions may be provided with

carriers that protect the active ingredient(s), while 15 allowi ng a sl ow

rel ease of those ingredients. Nunerous pol yners and ol ymers are known
e defiigred,
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(PEGQ abe ﬁﬁnmgflﬁﬁgrfﬁm:hﬂoe, witheddiditignal [10€6 @3livered myerptviosenarpmaRbedtd o pe
dellvere orally can epared as liquids, 20 capsules, tablets, and the
i ke. H%Eﬁqntqe% %‘prf?sraﬂl’ﬁaffde for exanple, excipients, diluents,

and/ 5” %'][' ngs T@l@?&nnﬁfa%@%b%%d@%tdm@cémgﬁrﬁﬁuﬁﬁyétsm Ailtematielypposi t i on.
Such™ f ations are well known. 1[30064 of t he fornul ati ons, other

corrpounthe formmtaticocandte m%@ﬂltﬂlﬁlesdﬂ%l dgter ‘Pﬁ-’éﬂo i yipuges il FROOEIBE) anal ogs
may be i,nc¢l uded. Exa egdDd ot her

cyt oki n&e R XY Etrembrei%l ﬂ@eg:f%nﬁw&ﬂ?8‘8%%6&?%“%{3%&&%2? og .can_be

admi ni st ﬁféretlmo Gre@e eosistans: tdcﬂsmmm(sembdmw)t dbe GMoeellg capeeradpenigiered | e
Preferabl thefo n.wll ths. The
st andar &V F'%gu&f &?Weo S‘T‘p %& ﬁg%gﬂ}%]djoggﬁtéélgl gI\G")'ﬁ]?aqalgose is
bet wg QP@M cdlls Qﬁmﬁﬂe %é&g 0% dRlaube diGhifékgto Aparibrt iatate pretevtimn about

0.01 rrgf1 g and about rrg1§ Dose var| es t he LHRH anal og or vacci ne
used. Imnépqathmfﬂcewﬁfﬁb $ OVr 16 @r@éﬁ%@*&nto | ast as long as a

APR 2005 17 PRV oF AUFTR %W% T Eﬁ‘éhsaﬁifﬁ'g' a0 be nade
and del ifpggHd as Ddﬁrﬂtyrdflﬂmcbohxpomdm of this prvettenatcan bpapcpmplishedyyia énWéWod of two
or mere orfr?nrghgas lfnto%%ttclj B Sons Sklﬁed in the art. One standard procedure for administering
15  chemical inhibitors to inhibit sex steroid mediated signaling to the thymus utilizes a single
dose of an LHRH agonist that is effective for three months. For this a simple one-time i.v. or
{.m. injection would not be sufficient as the agonist would be cleared from the patient’s body
well before the three months are over. Instead, a depot injection or an implant may be used,
or any other means of delivery of the inhibitor that will allow slow release of the inhibitor.
20 Likewise, 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 herein, may be used.
[0068] Examples of more useful delivery mechanisms include, but are not limited to,
laser irradiation of the skin, and creation of high pressure impulse transients (also called stress
waves or impulse transients) on the skin, each method accompanied or followed by placement
95  of the compound(s) with or without carrier at the same locus. A preferred method of this
placement is in a patch placed and maintained on the skin for the duration of the treatment,
[0069] One means of delivery utilizes a laser beam, specifically focused, and lasing at
an appropriate wavelength, to create small perforations or alterations in the skin of a patient.
See U.S. Pat. No. 4,775,361, U.S. Pat. No. 5,643,252, U.S. Pat. No. 5,839,446, and U.S. Pat.
30 No. 6,056,738, all of which are incorporated herein by reference. Ina preferred embodiment,

the laser beam has a wavelength between 0.2 and 10 microns. More preferably, the




begi nning of the flu season, with additional doses delivered jﬁfr tmo or
nore nonths until the risk of infection decreases or disappe

The formul ati on can be nade to enhance the i mmune system AIternatlve y,
the formul ati on can be prepared to specifically deter infection by flu
viruses while enhancing the i mune system This latter fornulation would

I ncl ude GM cells that have been engineered to create resistance to flu
viruses (see below). The GMcells can be adnm nistered wth the LHRH anal og
formul ati on or separately, both spaigally and/or in tine. As with the 10
non-GM cells, nmultiple doses over time can be adm nistered to a patient to
create protection and prevent infection with the flu virus over the length
of the flu season. DELrVERY OF AGENTS FOR CHEM CAL CASTRATI ON 10067]
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the patient's body well before the ree nont are over. instead, a depot
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prefera
pulse width produced by, for example, a bank of capacitors, the flashlamp, and the laser rod

material, The pulse width is optimally between 1 f5 (femtosecond) and 1,000 ps.
[0072] - According to this method the perforation or alteration produced by the laser
20 need not be produced with a single pulse from the laser. In a preferred embodiment a
perforation or alteration through the stratum corneum is produced by using multiple laser
pulses, each of which perforates or alters only a fraction of the target tissue thickness.
[0073] To this end, one can roughly estimate the energy required to perforate or alter
the stratum corneum with multiple pulses by taking the energy in a single pulse and dividing
25 by the number of puises desirable. For example, if a spot of a particular size requires 1 J of
energy to produce a perforation or alteration through the entire stratum corneum, then one can
produce qualitatively similar perforation or alteration usfng ten pulses, each having 1/10th the
energy. Because it is desirable that the patient not move the target tissue during the
irradiation (human reaction times are on the order of 100 ms or s0), and that the heat produced
30  during each pulse not significantly diffuse, in a preferred embodiment the pulse repet_ition rate

from the laser should be such that complete perforation is produced in a time of less than 100




2.94 mcrons. In one enbodinent, the |aser beamis focusq@;x%@% § | ens to
produce an irradiation spot on the skin through the epid & "ollBhe skin
In an additional enmbodinent, the |aser beamis focused to create an
irradiati on spot only through the stratum coneum of the 5 skin. [0070] As
used herein, "ablation" and "perforation” nean a hole created in the skin.
Such a hole can vary in depth; for exanple it nmay only penetrate the
stratum corneum it may penetrate all the way into the capillary |ayer of
the skin, or it may termnate anywhgge in between. As used herein
"alteration" neans a change in the skin structure, without the 10 creation
of a hole, that increases the perneability of the skin. As with
perforation, skin can be altered to any depth. [0071] Several factors nmay

be considered in defining the |aser hea i nel udi n A ener
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such that conpl ete perforation is produced in a time of less than 100 1 2
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[0076] For example, by reducing the pulse energy while holding other variables

constant, it is possible to change between ablative and non-ablative tissue-effect. Using an
Er-YAG laser having a pulse length of about 300 ps, with a single pulse or radiant energy and
20  irradiating a 2 mm spot on the skin, a pulse energy above approximately 100 mJ causes partial
or complete ablation, while any pulse energy below approximately 100 mJ causes partial
ablation or non-ablative alteration fo the stratum corneum. Optionally, by using multiple
pulses, the threshold pulse energy required to enhance permeation of body fluids or for
pharmaceutical delivery is reduced by a factor approximately equal to the nurtber of pulses.
25 [0077] Alternatively, by reducing the spot size while holding other variables constant,
it is also possible to change between ablative and non-ablative tissue-effect. For example,
halving the spot area will result in halving the energy required to produce the same effect.
Trradiation down to 0.5 microns can be obtained, for example, by coupling the radiant output
of the laser into the objective lens of a microscope objective. (e.g., as available from Nikon,
30  Inc., Melville, NY). In such a case, it is possible to focus the beam down to spots on the order

of the limit of resolution of the microscope, which is perhaps on the order of about 0.5




ms. Alternatively, the orientation of the target tissue aﬁ%ZtAERLa% r can
be mechanically fixed so that changes in the target |ocation do n occur
during the longer irradiation tine. [0074] To penetrate the skin in a
manner that induces little or no blood flow, skin can be perforated or
altered through the outer surface, such as the stratum comeum | ayer, but

not 5 as deep as the capillary layer. The | aser beamis focussed precisely
on the skin, creating a beamdi aneter at the skin in the range of
approximately 0.5 mcrons - 5.0 cm Eptionally, the spot can be
slit-shaped, with a width of about &.05-0.5 mm and a |l ength of up to 2.5
mm The wdth can be of any size, being controlled by the anatony of the
area irradiated and the desired perneation rate of the fluid to be renoved

or the pharmaceutical to be applied, The 10 foc | engt.h, of the .focusing
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down to 1 femtosecond).
[0080] Another delivery method uses high pressure impulse transients on skin to
20  create permeability. See U.S. Pat. No. 5,614,502, and U.S. Pat. No. 5,658,892, both of which
are incorporated herein by reference. High pressure impulse transients, e.g., stress waves
(e.g., laser stress waves (LSW) when generated by a laser), with specific rise times and peak
stresses (or pressures), can safely and efficiently effect the transport of compounds, such as
those of the present disclosure, through layers of epithelial tissues, such as the strafum
95  gorneum and mucosal membranes. These methods can be used to deliver compounds of a
wide range of sizes regardless of their net charge. In addition, impulse transients used in the
present methods avoid tissue injury.
[0081] Prior to exposure to an impulse transient, an epithelial tissue layer, e.g., the
stratum corneurn, is likely impermeable to a foreign compound; this prevents diffusion of the
30  compound into cells underlying the epithelial layer. Exposure of the epithelial layer fo the
impulse transients enables the compound to diffuse through the epithelial layer. The rate of




20 mcrons. In fact, if the beamprofile is Gaussian, the@igz f e
affected irradiated area can be less than the neasured bggglgfgémﬁgd can
exceed the inmaging resolution of the mcroscope. To non-ablatively alter
tissue in this case, it would be suitable to use a 3.2 J/cnR energy
fluence, which for a half-mcron spot size would require a pul se energy of
about 5 nJ. This 5 |ow a pulse energy is readily avail able from di ode

| asers, and can al so be obtained from for exanple, the Er: YAG | aser by
attenuating the beam by an absorbing filter, such as glass. [0078]
Optional ly, by changing the wavel ength of radi ant energy while holding the
ot her variables constant, it is possible to change between an abl ative and
non-abl ative tissue- effect. For exanple, using Ho YAG (holniun1 YAG 2.127

m crons) in place of the Er:YAG 10 (er bl YAG, | aser, would
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coupling medium attenuates predominantly the high frequency components of the impulse

transients. This causes the bandwidth to decrease with a corresponding increase in the rise

time of the impulse transient. The non-linear properties of the coupling medium, on the other
20  hand, cause the rise time o decrease. The decrease of the rise time is the result of the

dependence of the sound and particle velocity on stress (pressure). As the stress increases, the

sound and the particle velocity increase as well. This causes the leading edge of the impulse

transient to become steeper. The relative strengths of the linear atienuation, non-linear

coefficient, and the peak stress determine how long the wave has to travel for the increase in
95  steepness of rise time to become substantial.

[0085] The rise time, magnitude, and duration of the impulse transient are chosen to

create a non-destructive (i.e., non-shock wave) impulse transient that temporarily increases

the permeability of the epithelial tissue layer. Generally the rise time is at least 1 ns, and is

mote preferably about 10 ns.
30 [0086] The peak stress or pressute of the impulse transients varies for different

epithelial tissue or cell layers. For example, to transport compounds through the siratum




0 2 APR 2005 21 diffusion, in general, is dictated by the @2%%%%@
I mpul se transients and the size of the conpound to be deliveér 82]
The rate of penetration through specific epithelial tissue |ayers, such as
the stratum corneum of the skin, also depends on several other factors

i ncluding pH, the 5 netabolismof the cutaneous substrate tissue, pressure
di fferences between the region external to the stratum corneum and the
region internal to the stratumcorneum as well as the anatom cal site and
physical condition of the skin. In 2urn, the physical condition of the skin
depends on health, age, sex, race, skin care, and history. For exanple,
prior contacts with organic solvents or surfactants affect the physical
condition of the skin. 10 [0083] The anpunt of conpound delivered through
the ep'cbﬁ‘é‘ﬁﬂl%e BedaR 3485 bAMEIsuiok *he‘i’thﬁﬂse ﬂﬁﬁé&ﬂgho%w Bef&@t tb ﬁﬂgésm&)fba%' me the

epi theli al ayer remal ns perneabl e,” and the size of surface area of

tEe eplmqrepne&trabhaa}éeaswrﬂ%rbam bﬂtmdmrﬁ)ﬁlﬂndmbt%mqmw emlti@h@irnaﬂg@sah es and
t;
oeqt bl By IR SRS L GG SiBal B SO0 b Warkddfop ol Y, Sod L o

refer ememreeirmmhae and GGOEblaf ’ﬁ:l&amﬁmeetfan&bmtsﬁre&mlmdw durstﬂmbynthlaerdcr near and

non- I|n e of the ¢ I|n diu throu h whi,c hey propagate.
The 3 | MEaewaten gﬁ#{x’a a0} o sl i BLRsTHGT obyR fl%(ﬂ
pr edompaap u&télﬁcti&hg\hthftﬁ@i%ﬁﬂ%a&féﬁp%%Q{t}%h&fusﬁda@s AoTPeHRBently " @nsi ent s.

Thi s causes n?he bandwi dth t6 decreasé with a correspondi ng increase in the
ri se tdamgﬁﬂfbmmmﬂs@bbrfmtenbommmwed i near properties of the

coupl i d| um r crease. The
decrea goof the aﬁd1%?ﬁr1£e%£'§1e@ﬁ<g lP (Ljﬁtpg%#ﬁ%ﬁléﬁlgggﬁ {fyndé%wté?mg%e sound and
par ti clamptalde pltas t@fhe@hﬂi@a SI‘}(emumbsnufedlpuidbsrahhmtsadnﬁmstenedwthapaaﬁnt the sound
and,  t he art e vel n Thi s a es t e | eadi ng edge of
t hel§ np¥ Bf]IF *P eﬁggﬁﬁbgyg‘ﬁ%@ﬁg e 7803, BIelr LS 00t hs of t he

| i near Wh&ﬁﬂh!ﬁf)l'e gpncapﬁnsels LiAGRd toga%iété b MSe%léﬂﬂQh@ﬁﬁé(dlﬁit{oﬁss det ermine
how | ong the wave has to travel he increase in 25 steepness of rise

time tdeheesomeuenitsbpuses isall to | Hb®sIndT vehich is long erawgh teepyencat pegmangd dur at i on
of the t re chosen to create a non-destructive (i.

non- ShodggB%a@eh} ‘{Pﬁgﬁ s?‘?an& ent that tenporarily increases the

per rreal{()oss]y of Plknperﬁa; dftvepulsd trankisssiean @ yeensurddanp alchods fiendaidim thei ne i s at

Ieast nore preferably abqut 1 0086] The peak stress
r Py o et Tr B svfmtpi»ﬁ'ep?%ﬁ?sg BT PIPSEHES; hrise e F@gbefl%ﬁaswﬁ

polyvinylidene fluoride (PVDF) transducer method as described in Doukas et al., Uluasound
Med. Biol., 21:961 (1995).
[0089] Impulse transients can be generated by various energy sources. The physical

phenomenon responsible for launching the impulse transient is, in general, chosen from three
20  different mechanisms: (1) thermoelastic generation; (2) optical breakdown; or (3) ablation.
[0090] For example, the impulse transients can be initiated by applying a high energy
Jaser source to ablate a target material, and the impulse transient is then coupled to an
epithelial tissue or cell layer by a coupling medium. The coupling medium can be, for
example, a liquid or a gel, as long as it is non-linear. Thus, water, oil such as castor oil, an
25  isotonic medivm such as phosphate buffered saline (PBS), or a gel such as a collagenous gel,
can be used as the coupling medium.
[0091] In addition, the coupling medium can include a surfactant that enhances
transport, .g., by prolonging the period of time in which the stratum corneum remains
permeable to the compound following the generation of an impulse transient. The surfactant
30 canbe, e.g., ionic detergents or nontonic detergents and thus can include, e.g., sodium lauryl

sulfate, cetyl trimethyl ammonium bromide, and lavryl dimethyl amine oxide.




epithelial tissue or cell layers. For exanple, to transport conpounds
through the stratum 12 APR 2005 22 corneum the peak streé Rb@ﬁﬁﬁure of
the i nmpul se transient should be set to at |east 400 bar; nore preferably
at least 1,000 bar, but no nore than about 2,000 bar. For epithelial

mucosal |ayers, the peak pressure should be set to between 300 bar and 800
bar, and is preferably between 300 bar and 600 bar. The inpul se transients
‘preferably have durations on the order 5 of a few tens of ns, and thus
interact with the epithelial tissue ior only a short period of tine.
Following interaction with the inpu@ e transient, the epithelial tissue is
not permanently damaged, but remains perneable for up to about three

m nutes. [0087] In addition, these nethods involve the application of only
a few discrete high anplltude pul ses to the ?atlent nunber of i npul se
transi efd082hdni niThe shserbingdargétangtesial astsas an optical XWS%%Q‘F%PS Wees than 100, nore

prefera Ies than d f Wen nultiple
opti cal P?J‘ﬁﬂ %31 E‘&g’g@ [énpf%ﬁ%@ﬁ&ﬁp@éré et ran5| gﬁiﬁlon he tinme
durati OEblatEt?ttd\ﬂ&[bh%ﬁﬂﬂﬁﬂﬁelh&hme Tgscally, daltand fdPmerdion tiaye highi ch is | ong

enough to prevent permanent damage to the epithelial tissue. [0088]
Pr oper t Reserpgen pogbiniants 1 fhervasille pnd wogeé Hglﬁ?%?i“ Susi ng met hods standard in

the For { rﬁﬁé’ilfalsséah%@ﬁse@%s ’916 haterialril corijwetién with can be
neasureg%tyjs’ng al\ﬁp e?g |1 dene fluorid V% transdu er, net hod as

descr i badhsenbeﬁinmra\sd@tthadﬂﬂly amsonbélgbwawwwden@@ﬁ e lasey uss61 (HOBEFL [ 0089]

| mpul se transients can r r.ses. The physi cal
phenoneﬂ@g?ngfe Eﬁgqlﬁoéequ%ra ggn | ngﬁ%ﬁﬁl\{ﬁ{&%ﬁ%g%ﬁ%%%?%tagl s, in general,
chosen fLEREiehd, @@., bRtk ﬂ(blj(s‘tﬁéﬁ‘lh cefﬁnio;anmashngﬂy o{ohyentrh@d dmoh@m cﬂ@ener ation;
(2) optical br éakdown; % 0090}‘|t1 r ex g lidiigel MPUl se
transi eﬁﬂgﬁt@'&wﬂ@]én‘ﬂ%h%‘ieé‘%ﬂls §s é)f“h © FORY YR BREY o source to

abl glpe a %Eﬁ{r 9atad ¥R rtﬁeac%rget%@eﬂahﬁuét'ﬁ@%cﬁ@r thirehe bkl peﬁetfaﬁ&mdepﬂmol ed to an
epi t'helia i'ssue o a coupling medi um Thgﬁ ﬂg 9#2 medi um
can be, thabno hgltamkbﬂhe alrfapmt?/ Skm %éﬂrgetaﬁtqlé‘iﬁusé%lsq be ar. Thus,
wat er, Qil s tor oi hosphate

buf f er ed® BTEQM al}ggg}?ls ugRort, Vbheln t%%ei! rﬁﬁér%ﬁ'isqﬁle[ﬁ@gf é‘fﬁbﬁyﬁﬁtﬁﬁcap

as a col l'agenous ., can be used as

the COUHlnbﬂﬁsmlbéMSz[tQ@%lnchnFaQﬂhsm farpet mhterlaimﬂplﬁudglemlllbmlﬂérﬁol ncl ude a
surfactant that enhances transport, e.g., by prolonging the period of tine
i n whi chi/§ #eb.st r at um cor neum r enai ns pernmeabl e to the conpound foll ow ng

the gengpgsaron of mafhide Makdictes dah 8RS b&eHhanctd Gsisg dohAnddablation. In confined
ablation, a laser beam transparent material, such as a quartz optical window, is placed in close

contact with the target material. Confinement of the plasma, created by ablating the target

material by using the transparent material, increases the coupling coefficient by an order of
magnitude (Fabro et al., J. Appl. Phys., 68:775, 1990). The transparent material can be

20  quartz, glass, or transparent plastic.

[0095] Since voids between the target material and the confining transparent material
allow the plasma to expand, and thus decrease the momentum imparted to the target, the
transparent material is preferably bonded to the target material using an initially liquid
adhesive, such as carbon-containing epoxies, to prevent such voids.

25 [0096] The laser beam can be generated by standard optical modulation techniques
known in the art, such as by employing Q-switched or mode-locked lasers using, for example,
eleciro- or acousto-optic devices. Standard commercially available lasers that can operate ina
pulsed mode in the infrazred, visible, and/or infrared spectrum include Nd:YAG, Nd:YLF, CO,
excimer, dye, Ti:sapphire, diode, holmium (and other rare-earth materials), and metal-vapor

30 lasers. The pulse widths of these light sources are adjustable., and can vary from several tens

of picoseconds (ps) to several hundred microseconds. For use in the present disclosure, the




30 can be, e.g., ionic detergents or nonionic detergents and thus can
include, e.g., sodiumlauryl sulfate, cetyl trinethyl amongj 2”%%4? 'ge,
and lauryl dinmethyl am ne oxide. 12 APR 2005 23 [0092] The absSo %@ﬂ ar get
material acts as an optically triggered transducer. Follow ng absorption
of light, the target material undergoes rapid thermal expansion, or is

abl ated, to launch an inpul se transient. Typically, nmetal and polynmer filns
have high absorption coefficients in the visible and ultraviol et spectral
regions. 5 [0093] Many types of matgrials can be used as the target
material in conjunction with a |laser beam provided they fully absorb
light at the wavel ength of the |aser used. The target material can be
conposed of a netal such as al um num or copper; a plastic, such as

pol yst . I ene.: 1 .G ' entrated
Gy S0l RS fhis o PES 8 MR Y G 200 RELAT frorlbiveli labouERRESTH
cross- peaiid4nal area of the applied |aser 10 energy. In addition, the

t ar get rial nusi be thjcker than the optical pe ration depth so that
o 11 gROOTAY | ke dMPse SRsIeltscabY) HeEuRFR ARSIt LRATBIFHP st al so be

suffic ie@ﬂ%ﬁi&’ isfdlaécﬁ}sed ﬁlﬁzoﬂhrnﬁﬁ!eﬂﬁ., UREQAMH 34, Eiép,r’l;}r:% 3-29Memshhantar get materi al

Is made of a netal, the typical thickness w e 1/32 to 1/16 inch. For

pl adt i dmpulpefeansipns bavieaise timesyef 30 e £30msswhigh is fonger thandeser-generpted i nch. 15

0094] . : ' . ' ' ablation. In
Cont i ndlPRs FskIE R o SRRt HnBAE Al MidiheRE R fBY 201 000,
opt :c C almethodsl ﬁs;mg ar::ﬁexﬁlhmmeaﬂ lithotripe t}tljaimpttgllamﬁgnﬁiehﬁish propaghied ged nomat er i ial b
Confi1 nenent of, t he snma, create at | the targe eria
sl g TREA CrURlah Beain e BB 4 Hies SeeRa by SRGLPRG IURTE e ent by an
order Qkam ,%Heh‘tl_ﬁlﬁ%ﬁﬁﬁ@frigiée?%re&ing,an{’mptﬂ%mansi&@li§ving Hcfif of 10989 - The

transparent nmaterial can 0 quartz, glass, or transParent pl astic.

[ 0095] asil apeakpniseise bbI0Rben. thidisrrgedhnt thedmpylsedransiend shawdd tsayak thiongy

transpage At erd I ecrease the
nmoment %ﬁ%ﬁ%@@t@%‘h@bb?@g c? %&%@? a{P %ﬁ@%%gklgﬁg%e%?m%%ﬁfgws preferably

‘ bonged [0098]he t aAgedditimizbadvadtage of thi @prohmfbﬂmh%iygim;uplﬂedtanshﬂseﬁi v?a, sucB as
- car bon-cont ai pi ng epoxi,es, . to, prevent such.voids. . 25 [ 0096], The | aser beam
can b senurPeifPein b b B LSPbortal M PULH IRIBEE Blown © n  he
art, Sygbmafedaya KRt Sproiheling Whibsdhart ﬁn_—lﬁ%&%ﬁgﬂﬁﬁﬁ%ﬂuﬁﬁ.@h& using, for
exanpl e, electro- or "acousto-optic devices. Standard comercially

avaldl almrepagativadistanpeshouldrbe ediusted fe praduce anjupelacitansige having wtensilel r ar ed,
VI ST B! GoonfBBtnPihal AL & BfcESlre® Ry aBB0: 52 1 048 B N pedRBreshile ot the cciflfessive

component of the wave. Thus, the shaped impulse transient will not damage tissue.
[0029] The type of lithotripter used is not critical. Either an electrohydraulic,

electromagnetic, or piezoelectric lithotripter can be used.

20 [0100] The impulse transients can also be generated using fransducers, such as
piezoeleciric transducers. Preferably, the transducer is in direct contact with the coupling
mediun, and undergoes rapid displacement following application of an optical, thermal, or
electric field to generate the impulse transient. For example, dielectric breakdown can be
used, and is typically induced by a high«voltage spark or piezoelectric transducer (similar to

25  those used in certain extracorporeal lithotripters, Coleman et al., Uliragsound Med. Biol,,
15:213-227, 1989). In the case of a piezoelectric transducer, the fransducer undergoes rapid
expansion following application of an electrical field to cause a rapid displacement in the
coupling medium.

[0101] In addition, impulse transients can be generated with the aid of fiber optics.
.30  Fiber optic delivery systems are particularly maneuverable and can be used to irradiate target

materials located adjacent to epithelial tissue layers to generate impulse transients in hard-to




exci mer, dye, Ti:sapphire, diode, holmum (and other rare, %gﬁ& mat eri al s),
and netal -vapor 30 |asers. The pul se widths of these Ilgh 2805ar e

adj ust abl e, and can vary from several tens of picoseconds (ps) to several
hundred m croseconds. For use in the present disclosure, the 12 APR 2005 24
optical pulse width can vary from 100 ps to about 200 ns and is preferably
bet ween about 500 ps and 40 us. [0097] Inpul se transients can al so be
generated by extracorporeal lithotripters (one exanple is described in

Col eman et al., Utrasound Med. Biops, 15:213-227, 1989). These 5 inmpul se
transients have rise tinmes of 30 to 450 ns, which is |onger than

| aser-generated inpulse transients. To forman i npul se transient of the
appropriate rise time for the new nethods using an extracor poreal

l'ithotr, t Bﬁ? ar coupling

medi um %a@ﬁ gfa"es ﬂfés‘é @%go@glg\%whg@% V&&lg?géﬁ) %tuggd E@Sa t7 onpfe% ﬁabove For

exanpl esthepean hesntag-amd liritd Cetlietarpdmelirelated exiblg dewices. mndl hsed té h’ﬁdﬂteemist havi ng a
arr, the, d stance t hat

rise tine of s.1 d.a.pea ssure of 5Q0

the .nﬁzﬁ@%mttﬁ R et aedabs H@ﬁmgﬁpaaw qﬂﬂ%ﬁ%ﬁ%@ﬁ kel B9 bef or o
cont actinits adpeAR kit |t1'1@dvav‘él%héth bfe bpﬁcal RBRE B vERbAlyMaifrdlth Fex{epa@é?B] An
addi ti onal vant age of proach for shaping i rrpul se transients

genér att@cﬂpﬁvpﬁﬁt?hbﬁpmﬁp@&aspw ahmgeﬂﬁléteﬂ@nm | e conponent of the wave will

be br Oﬁﬁ‘ﬁiﬁd andy ugh .the
non- | i riear “coupli n@&@%ﬁ%@gﬁ%@&%k&%@%ﬁpﬁgﬂ{s&aﬁ%@ % ig‘ul d be adj ust ed
to prodespmsammmﬂaﬂeghmmlssj €t debomaion canaletoans tHeenergeaitmuteiat b hat has a

pressure of onh% abo. t to 10% of the peak pressure of the conpressive
conpon &A™ afﬁthgr SPfe shaped inpul se transient will not damage

ti ssue.[o{6¥]99] Tmﬁirbyaﬁlﬁéssdxe&ﬁ%mbmlﬁeomqoﬁﬁlﬂ@m& ubskitahsiehts o Ei t her an

electroh draulic, electromagnetic, or plezoelectrlc lithotripter can be

useld.  zohquoe the ranspert P%Qﬂ@@“’é‘*%ﬁbﬂ@@@@@hﬂleﬂsw layer. §inge haedertusi ng
tr ande‘ oS b fﬂg{bﬁs t@{lﬁ&? Ls‘?%rrsé\férél Eﬁgﬁguﬁgﬁﬁnsggﬁﬁieeﬁ the transducer

is in di ect con e coupling nedi nd un s rapid
di spl acdaﬁﬁmsmg phssivevthrogglathp kpithaliil oell nferatong s nmbntratlblegrament caibe el ectric

field to rate se transient.. For exa I ectric breakdown
can be IEOSGH DYaIE IR R Q0 e quisiest e SROFLRL U SRR E-or
pi ez oeliRSiuinen édi@ﬂﬁﬁbﬁl@ésk{ré fdl‘Ibbvﬁ]F abflicdfort ﬁl@esiualﬁzeﬁter tain

ext racorporeal | i thotr| ers ehan et al. | t rasound Med. Biol.
15:1913- 227, INIJSGTION QF IEB«F(%\ECE)f a piezoel ectric transducer, the

SRR i

this invention, In particular, modifications can be induced that will create tolerance of non-

identical grafts. The establishment of tolerance to exogenous antigens, particularly non-self
donors in clinical graft situations, can be best achieved if dendritic cells of donor origin are
20 incorporated into the thymus. This form of tolerance may also be made more effective
through the use of inhibitory immunoregulatory cells. The mechanisms underlying the
development of the latter, however, are poorly understood, but again could involve dendritic
cells.
[0105] Given that a major mechanism underlying the prevention of T cells reacting
25  against self antigens is due to the negative selection (by clonal deletion) of such cells by
thymic dendritic cells, the ability to create a thymus which has dendritic cells from a potential
organ or tissue donor has major importance in the prevention of graft rejection, This is
because the T cells which could potentially reject the graft will have encountered the donor
dendritic cells in the thymus and be deleted before they have the opportunity to enter the
30 blood stream. The blood precursor cells which give rise to the dendritic cells are the same as

those which give rise to T cells themselves.



coupling medium [0101] In addition, inpulse transients Ca’f‘ ng gener at ed
with the aid of fiber optics. 30 Fiber optic delivery sys 2 P

particul arly maneuverabl e and can be used to irradiate target materials

| ocated adjacent to epithelial tissue |layers to generate inpulse transients
in hard-to '12 APR 2005 25 reach places. These types of delivery systens,
when optically coupled to lasers, are preferred as they can be integrated
into catheters and related flexible devices, and used to irradi ate nost
organs in the human body. In additizf, to | aunch an inpul se transient
having the desired rise tinmes and peak stress, the wavel ength of the
optical source can be easily tailored to generate 5 the appropriate
absorption in a particular target material. [0102] Alternatively, an

ener gef teri [ to a

det onat[?ﬁ%ej?rrpulrggee Iﬁ%m%dgggﬁg %?ld(%%{r% i‘?é“rﬁ\%m E%eﬁgt;oéeg &(%ﬁ&rrgtfc erial by
causi ngelgint| aalatlent’(salhynmss Thia tspecamplishwarbly the adﬁ‘ﬁlﬂﬁtrahiyldoﬁlbnameﬂs fprressure can

of  cOMBEE CHRGIUREERE BpicPRERT e (PR ey ap heafpE e el St

i nduc eC{HEE),Ebﬁlehﬁmwnﬁ@liﬁ foR RéthsHotetic prolperdiE c@l@vafe&lrabmst thel i@k cdlls@ret r ansport
rate of _a E di ffusing Pasm vel y through, the epithelial cell |ayer along

its corgé?ﬁt bnheid drogreitos selspye myelpid @Q%HOWII%MWPW&YWWBN atic
pr essurgnQiefid\ge @Wﬁ‘rﬁg@? OThé&bﬁoﬁQll% Q@E&rﬁ:&usﬁe&éﬁ%‘ﬁa T n%étft afd fligrate L N€ stratum
corneum of the skin e |

| ow n Ication of t se transient. 15
| NDUCTltmughfthmt_rMoqmw tq"ﬂ:eth’ﬁnmal Thepupielek inté the thyinuaof thedi vi dual can be

altere Qugh the ne articul a

ot 1+ CoPRORSER A GetF kol o Bansb, Bere R BLb el pERE Biisnhese; gt can
gr af t s.cefldicant Migdgradininnthathyhe £ drdaed Rnd@itR@emind Tanllé @elissampar ti cul arly
non-self donaors in cli nlcgﬁll raft_situations be best achieved if
denidl i 1pannetas|dg therreipigus ﬁé'%ﬁl’eél*]ém?@h}n?%%?fﬁ%?%[ﬁ t qippplgtedmBiet hynus. This

for m of o1 158 oY e%kp?&n BRd ﬁeg&oﬂﬁa@ n@f h&sésb ¥fihe g&gﬁjﬁlmoftée use of

i nhi bi tor I nmunor egu atory ce ani sns u yi ng
devel opiseuss anst orgdrs thah ae avcogiizadeoy dhe recipientisdmmniupe systterastselbd, but agai n coul d

i nvol v M bl [0105] G ven that a nmjor mechani sm underlying
the pr MWW@#&&S reacting 25 against self antigens is due to the
negati ve selhggériabyandbietieldonal del etion) of such cells by thymc dendritic

cel]s, the zibi_lity to create a thymus which has dendritic cells froma
potenti al als

[0107] CBA/CAH and C57BI6/) male mice were obtained from Central Animal

Services, Monash University and were housed under conventional conditions. Ages ranged

from 4-6 weeks to 26 months of age and are indicated where relevant.
Castration

20 [0108] Animals were anesthetized by infraperitoneal injection of 0.3 mi 0£ 0.3 mg
xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and 1.5 mg ketamine
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Ausiralia) in saline. Surgical
castration was performed by a scrotal incision, revealing the testes, which were tied with
suture and then removed along with surrounding fatty tissue.

25 Bromodeoxyuridine (BrdU) incorporation
[0109] Mice received two intraperitoneal injections of BrdU (Sigma Chemical Co., St.
Louis, MO) (100 mg/kg body weight in 100pl of PBS) at 2 4 hour interval. Control mice
received vehicle alone injections. One hour after the second injection, thymuses were
dissected and either a cell suspension made for FACS analysis, or immediately embedded in

30  Tissue Tek (O.C.T. compound, Miles INC, Indiana), snap frozen in liquid nitrogen, and stored
at—70°C until use.




organ or tissue donor has major inportance in the pr eventi@ngcﬁp%l?ﬁgg
rejection. This is because the T cells which could potentially reject the
graft will have encountered the donor dendritic cells in the thynus and be
del eted before they have the opportunity to enter the 30 bl ood stream The
bl ood precursor cells which give rise to the dendritic cells are the sane
as those which give rise to T cells thenselves. 12 APR 2005 26 [0106] The
present disclosure provides nmethods for incorporation of foreign dendritic
cells into a patient's thynus. This27s acconplished by the adm nistration
of donor cells to a recipient to create tolerance in the recipient. The
donor cells may be hematopoietic stemcells (HSC), epithelial stemcells,
or henmat opoi etic progenitor cells. Preferably the donor cells are 5 CD34+

HSC, | ynphoipgWpr-Reabiit Mhalkgl | S, or nyel oid progenitor cells. Mst
prefer abldolt he §(?Itonor1 ceallfss are CD34+ HSC. The donor cells are adm nistered

to the [PWIpi ent Minsavens itled by COrasphypfatiomendshynpheplesh atyl mesdntejst em to the

t hymus. e intg.t thymus of . th henmat ietic.pregursor cells is
subet arrha ) A8 silbRa; Ofeh N Budia bilfy R R DGR RRERE" el | < becoms
i nt egr B % FCS/X 0286 Anidensentaifaded(co0h, 6 enitl POl add resughlial iasithed cells in the
sane 1%@1&1@ aﬁpdo tﬁe recipient's cells, The resylt is a chinera of T

, cell s REAFCR/AEC Bplagneellywete dnobpind;ip Frargil bisis buderds “wHier pmmpBI@nt, and t he
acconpamag) R AR 4C) walRd RRPLRDdA% MPRRAISPAz, CdISPHRRIARH afd 9aNs that

are recogni Zed by the recipient’'s inmune systemas sel f. SVALL ANl MAL
STUDI E&Ylazwm{ #eteaietsrmingd aiuhlbats using aAnmogsitand@ pod¢thidba @amidefactidd®7B16/ J mal e

' i.ned, f | _ Ani mal I Vi Uni it d
wero nongeh A HEFLRE ke SR Pims ERoRsBCHLABBIONHE. 5 weeko to
26 nontGgmety)age and are indicated where relevant. Castration 20 [0108]
Ani mal thetized by jnt it | injecti 0.3 m, of 0.3
QR e e MR AR AR A R S
ket ami RETCRYATEU? Lxﬁti-lyai?cklfﬁ@ﬁﬁ:cﬂﬂaﬂ;ﬁ&%d%ﬂlcgas-m (diedRihed ey Australia)

in saline. Surgical "castration was performed by a scrotal 1ncision,

r eveal i Higrmpingen; SantIdisgo, W) dtllovwed by flowdytwinety anslysiar Epleenchnd hewphmedeved al ong
WHEh SULERHASRE Bl P SHe: opTCrBRRERISREMETARE of BIAA (Sifisgr Poration
with CD4-PE and CD8-APC. B220-B was revealed with streptavidin-Tri-color conjugate
15  purchased from Caltag Laboratories, Inc., Burlingame, CA.
[0112] For BrdU detection, cells were surface labeled with CD4-PE and CD8-APC,
followed by fixation and permeabilization as previously described (Carayon and Bord, 1989).
Briefly, stained cells were fixed O/N at 4°C in 1% PFA/0.01% Tween-20. Washed cells were
incubated in 500ul DNase (100 Kunitz units, Boehringer Mannheim, W. Germany) for 3¢
20  mins at 37°C in order to denature the DNA. Finally, cells were incubated with anti-BrdU-
FITC (Becton-Dickinson).
[0113] For 4-color Immunofluorescence thymocytes were labeled for CD3, CD4,
CD8, B220 and Mac-1, collectively detected by anti-rat Ig-Cy5 (Amersham, U.K.), and the
negative cells (TN} gated for analysis. They were further stained for CD25-PE (Pharmingen)
25  and CD44-B (Pharmingen) followed by Streptavidin-Tri-colour (Caliag, CA) as previously
described (Godfrey and Zlotnik, 1993). BrdU detection was then performed as described
above.
[0114] Samples were analyzed on a FacsCalibur (Becton-Dickinson). Viable
lymphocytes were gated according to 0° and 90° light scatter profiles and data was analyzed

30  using Cell quest software (Becton-Dickinson).
Immunohistology |




[0109] Mce received two intraperitoneal injections of Br g (g%}gmghem' cal
Co., St. Louis, M) (100 ng/kg body weight in 10041 of PB 2 hour
interval. Control mice received vehicle alone injections. One hour after
the second injection, thynmuses were dissected and either a cell suspension
made for FACS analysis, or imedi ately enbedded in 30 Tissue Tek (O C T.
conpound, Mles INC Indiana), snap frozen in liquid nitrogen, and stored
at -70C until use. 112 APR 2005 27 Flow Cytonetric analysis [0110] M ce
were killed by CO2 asphyxi ati on and2g hynus, spleen and nesenteric |ynph
nodes were renoved. Organs were pushed gently through a 200m sieve in cold
PBS/ 1% FCS/ 0. 02% Azi de, centrifuged (650g, 5 mn, 4C), and resuspended in
either 5 PBS/FCS/Az. Spleen cells were incubated in red cell lysis buffer
(8.99/1 anmog, I d resuspended in
PBS/ F ﬁAz] Cel | cﬁﬁ%@%&%# Qﬁglﬂv\gﬁegﬁw ﬂ{ga%%m%ﬁ% @rariﬁ&ned in duplicate
usi ng ammdntehtibWéare}OO&n@ctenhl di um brom de/ acrl di ne orange and vi ewed

under or es Crosco AXi 0S | er.koche

oo e P o SR o S RRRRB S R iop SRk S SRS G RESSHET

routi n&ifmdnadl@iaﬁﬁlﬂ\bb&l& Mud6; 10242, TR 20,84032, 331136 aﬂ(ﬁ44TgBdEé§F&iaz anti - Ch4- PE
and antj - all obtali ned from  Pharmi ngen, _San CA) foll owed by

f1ow cy1t989 %ﬂe;l) HWSF‘;‘FQF% sdghoeaingy angtthe W“ﬁﬁiﬁ%o ons wer e | abel ed
Wi th eideRehinaidwiisidsdd’ d:P %ﬁﬁ% rAlbit aﬂﬁ-cﬁég&aﬁA ,) arphheb{le, CD4- PE and

CD8- APC. B220-B was reveal e streptavidin-Tri-color conjudate 15
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in 4M HCI, neutralized by washing in Borate Buffer (Sigma), followed by two washes in "
15 PBS. BrdU was detected using anti-BrdU-FITC (Becton-Dickinson).

[0118] For three-color immunofluorescence, sections were labeled for a specific MTS

mAb together with anti-cytokeratin, BrdU detection was then performed as described above.
[0118] Sections were analyzed using a Leica fluorescent and Nikon confocal
MICrOSCOpEs.

20 Migration studies
[0120] Animals were anesthetized by intraperitoneal injection of 0.3ml of 0.3mg
xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and 1.5mg ketamine
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Australia) in saline.
[0121] Details of the FITC labeling of thymocytes technique are similar to those

25  described elsewhere (Scollay e al., 1980; Berzins et al., 1998). Briefly, thymic lobes were
exposed and each lobe was injected with approximately 10pm of 350 pg/ml FITC (in PBS).
The wound was closed with a surgical staple, and the mouse was warmed until fully
recovered from anaesthesia. Mice were killed by CO; asphyxiation approximately 24h after
injection and lymphoid organs were removed for analysis.

30 [0122] After cell counts, samples were stained with anti-CD4-PE and anti-CD8-APC,
then analyzed by flow cytometry. Migrant cells were identified as live-gated FITC” cells




25 and CD44-B (Pharm ngen) followed by Streptavidin-Tri -d%ll our (Caltag, CA)
as previously described (Godfrey and Zl otnik, 1993). Qﬁg@n was
then perfornmed as described above. [0114] Sarrpl es were analyzed on a
FacsCal i bur (Becton-Di ckinson). Viable |ynphocytes were gated according to
0 and 90 light scatter profiles and data was anal yzed 30 using Cell quest
sof tware (Becton-Di ckinson). | mrunohistology 12 APR 2005 28 [0115] Frozen

t hymus sections (4m were cut using a cryostat (Leica) and imrediately
fixed in 100% acetone. [01161 For t2®-col or imunofl uorescence, sections
wer e doubl e-1abeled with a panel of nonoclonal antibodies: MIS6, 10, 12,
15, 16, 20, 24, 32, 33, 35 and 44 (Codfrey et al., 5 1990; Table 1)
produced in this [aboratory and the co-expression of epithel ial cell
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as descr| bedReallisve. [0119] Sections were anal yzed using a Leica fluorescent
and, Ni kon cqnf ogca m cr scopes ration studies [0120] Animals were
ane hetizegﬂﬁflﬁ?cﬁf’#aﬁﬁé?fl 8&Fp?1?’rﬁ?a§‘8{“'gon of 0.3ml of 0.3ngy xyl azine
(Ronpun; Bayer Agy ﬁhic@vd*élﬂandtﬁﬁh e@ér Australia) and 1.5ng ketam ne

hydr ochl ori de (Ket al ar; Parke-Davi s, Carl ngbah V\é Austral i a) I n saline.
[0124] With increasing age there is a highly significant (p<0.0001) decrease in both

thymic weight (Figure 1A) and total thymocyte number (Figure 1B). Relative thymic weight
(mg thymus/g body) in the young adult has a mean value of 3.34 which decreases to 0.66 at

15  18-24 months of age (adipose deposition limits accurate calculation). The decrease in thymic
weight can be attributed to a decrease in total thymocyte numbers; the 1-2 month thymus
contains ~6,7 x 107 thymocytes, decreasing to ~4.5 x 10° cells by 24 months. By removing
the effects of sex steroids on the thymus by castration, regeneration occurs and by 4 weeks
post-castration, the thymus is equivalent to that of the young adult in both weight and

20 cellularity (Figure 1A and 1B). Interestingly, there is a significant (p< 0.001) increase in
thymocyte numbers at 2 weeks post-castration (~1.2 x 10%), which is restored to normal young
levels by 4 weeks post-castration (Figure 1B).
[0125] The decrease in T cell numbers produced by the thymus is not reflected in the
periphery, with spleen cell numbers remaining constant with age (Figure 2A). Homeostatic

25  mechanisms in the periphery were evident since the B cell to T cell ratio in spleen and lymph
nodes was not affected with age and the subsequent decrease in T cell numbers reaching the
periphery (Figure 2B). However, the ratio of CD4" to CD8" T cell significantly decreased (p<
0.001) with age from 2:1 at 2 months of age, to a ratio of 1:1 at 2 years of age (Figure 2C).
Following castration and the subsequent rise in T cell numbers reaching the periphery, no

30  ¢hange in peripheral T cell numbers was observed: splenic T cell numbers and the ratio of

B:T cells in both spleen and lymph nodes was not altered following castration (Figure 2A and




[0121] Details of the FITC | abeling of thynocytes techni qu?zaég §2 H%I ar to
those 25 described el sewhere (Scollay et al., 1980; Berzins™e %I .ﬂ, 1998) .
Briefly, thym c | obes were exposed and each |obe was injected with
approximately 10m of 350 pg/m FITC (in PBS). The wound was closed with a
surgical staple, and the nouse was warnmed until fully recovered from
anaesthesia. Mce were killed by CO2 asphyxiation approxi mately 24h after

i njection and | ynphoi d organs were renoved for analysis. 30 [0122] After
cell counts, sanples were stained wsg h anti-CD4-PE and anti-CD3- APC, then
anal yzed by flow cytonmetry. Mgrant cells were identified as |ive-gated
FITC+ cells @2 APR 2005 29 expressing either CD4 or CD8 (to omt

aut of  uoresci ng cells and doubl ets). The percentages of FITC+ CD4 and CD8
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(F %ur e[O% E‘)] The decrease in cell numbers seen in the thymus of aged animals thus appears
to be the result of a balanced reduction in all cell phenotypes, with no significant changes in T
cell populations being detected. Thymus regeneration occurs in a synchronous fashion,
replenishing all T cell subpopulations simultaneously rather than sequentially,

Proliferation of thymocytes
20  [0128] As shown in Figure 4, 15-20% of thymocytes are proliferating at 4-6 weeks of
age. The majority (~80%) of these are DP with the TN subset making up the second largest
population at ~6% (Figure 5A). Accordingly, most division is seen in the subcapsule and
cortex by immunohistology (data not shown). Some division is seen in the medullary regions
with FACS analysis revealing a proportion of SP cells (9% of CD4 T cells and 25% of CD8 T
25  cells) dividing (Figure 5B).
[0129] - Although cell numbers are significantly decreased in the aged thymus,
proliferation of thymocytes remains constant, decreasing to 12-15% at 2 years (Figure 4), with
the phenotype of the proliferating population resembling the 2 month thymus (Figure 5A).
Immunochistology revealed the division at 1 year of age to reflect that scen in the young adult;
30  however, at 2 years, proliferation is mainly seen in the outer cortex and surrounding the
vasculature (data not shown). At 2 weeks post-casiration, although thymocyte numbers




(0125] The decrease in T cell nunbers produced by the thynus is not
reflected in the periphery, wth spleen cell nunbers ren@ﬁim thant
with age (Figure 2A). Honeostatic 25 nmechanisns in the periphery were
evident since the Bcell to T cell ratio in spleen and | ynph nodes was not
affected with age and the subsequent decrease in T cell nunbers reaching
the periphery (Figure 2B). However, the ratio of CD4+ to CD8+ T cell
significantly decreased (p<_ 0.001) with age from2:1 at 2 nonths of age,
to aratio of 1:1 at 2 years of age3(Figure 2C). Follow ng castration and
t he subsequent rise in T cell nunbers reaching the periphery, no 30 change
in peripheral T cell nunbers was observed: splenic T cell nunbers and the
ratio of B: T cells in both spleen and | ynph nodes was not altered
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| ar gest post-castration and is returning to normal young levels at 4 weeks post-castration.

[0131] The decrease in proliferation within the DN subset was analyzed further using
the markers CD44 and CD25. The DN subpopulation, in addition to the thymocyte
precursors, contains af TCR+CD4-CD8- thymocytes, which are thought to have

20  downregulated both co-receptors at the transition to SP cells (Godfrey & Zlotnik, 1993). By
gating on these mature cells, it was possible to analyze the true TN compartment (CD3'CD4
CDg) and these showed no difference in their proliferation rates with age or following
castration (Figure 5C). However, analysis of the subpopulations expressing CD44 and CD?25,
showed a significant (p<0.001) decrease in proliferation of the TN1 subset (CD44"CD257),

25  from 20% in the normal young to around 6% at 18 months of age (Figure 5D) which was
restored by 4 weeks post-castration. The decrease in the proliferation of the TN1 subset, was
compensated for by a significant (p< 0.001) increase in proliferation of the TN2
subpopulation (CD44"CD25") which returned 1o normal young levels by 2 weeks post-
castration (Figure 5D).

30 The effect of age on the thymic microenvironment,




popul ation at -6% (Figure 5A). Accordingly, nost division |s%2n§£ in the
subcapsul e and cortex by imunohi stol ogy (data not shown) %l@ﬁﬂ@i on
is seen in the medullary regions wth FACS anal ysis revealing a proportion
of SP cells (9% of CD4 T cells and 25% of CD8 T 25 cells) dividing (Figure
5B). (0129] Al though cell nunbers are significantly decreased in the aged
thymus, proliferation of thynocytes remains constant, decreasing to 12-15%
at 2 years (Figure 4), with the phenotype of the proliferating popul ation
resenbling the 2 nonth thymus (Figus® 5A). | mmunohistol ogy reveal ed the
division at 1 year of age to reflect that seen in the young adult; 30
“however, at 2 years, proliferationis mainly seen in the outer cortex and
surroundi ng the vascul ature (data not shown). At 2 weeks post-castration,
al t hou ynocy: [ e e, there is
no chagg?aé?]n thei%r&%gﬁgﬁégﬁﬁ?h@%g’%@%aﬁ%ﬁi agé‘%ﬂe\éx l é ting, again

i ndi catlmn’gmaﬂwyaﬂmehm@mm@xpamm wnelof Madis fom(tke MTISEBexzie)s, ddubiﬂlaimludst ol ogy
reveal ed .t he I? alla.nfi on of . thynocyte proliferation and the extent of

di vi di AgHaRolxeigg R8P ARe i tuation in the 2-month-old thymus by 2
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each suppopul atjon which represent the proliferating pqpulatjon, there was
a si gn@W&ﬁlelﬂxeb@@u@etwaﬁw@r@ﬁg@amalttwénsrﬁ@d thern Brereniom bofhgstromalesils s whi ch
are W thig, proliferating population (1% at 2 nonths and 2 years of age,
increasing’to ~6% at 2 weeks post-castration) (Figure 5A). [0130] Figure 5B
illustrates the (e)cEmﬂlelmﬁelhmhgwﬁseratl on within each subset in young, 10 old
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post-castratio However, 15 pr eratiron wt T cell subset is
si gni f isubstantigl depBase mmcjullmmpéhdmm (data Rotsbeks). Epﬂisahalc:aﬁtfneaxegmns,and is
returning.to normal y gl evel 4. weeks pDOSt -.C t i,.0 31] The
decr easkggﬂtlﬁne 0 ‘f?%?sm St Wﬂk é" ggﬁs(g%jsf% 6\%3@&& ﬁesf%? ‘her usi ng
t he markes)) wdrdthordgpdetid and fﬁ&eadamnmﬁeﬁ@ﬂaulagddl tﬁﬁnus; m; eﬁméhtt»hﬂfhnho t he

t hynocyte precursors ontai ns a(3TCR+CD4- CD8 %{t es, which are

t hotfy htcﬁqke%wb@mgd hﬁg sqlfokeappepsange eﬁhyré@émthfhsl ‘qyst{ike SMERSFt i on to SP
cell's (Pl hfimad Pifidtarty A8eabiBth medullary regions (data not shown). Adipose

deposition, severe decrease in thymic size and the decline in integrity of the cortico-medullary

junction are shown conclusively with the anti-cytokeratin staining (data not shown). The
thymus is beginning to regenerate by 2 weeks post-castration. This is evident in the size of

20  the thymic lobes, the increase in cortical epithelium as revealed by MTS 44, and the
localization of medullary epithelium. The medullary epithelium is detected by MTS 10 and at
2 weeks, there are still subpockets of epithelium stained by MTS 10 scattered throughout the
cortex. By 4 weeks post-castration, there is a distinct medulla and cortex and discernible |
cortico-medullary junction (data not shown),

25 [0135) The markers MTS 20 and 24 are presumed to detect primordial epithelial cells
(Godfrey, et al., 1990) and further illusirate the degeneration of the aged thymus. These are
present in abundance at E14, detect isolated medullary epithelial cell clusters at 4-6 weeks but
are again increased in intensity in the aged thymus (data not shown). Following castration, all
these antigens are expressed at a level equivalent to that of the young adult thymus (data not

30  shown) with MTS 20 and MTS 24 reverting to discrete subpockets of epithelium located at
the cortico-medullary junction,




gating on these mature cells, it was possible to anal yze t;pg %%%TN
conmpartment (CD3' CD4- CDB) and t hese showed no difference 1 n il
proliferation rates with age or following castration (Figure 5C).

" However, analysis of the subpopul ati ons expressi ng CD44 and CD25, showed
a significant (p<0.001) decrease in proliferation of the TNl subset
(CD44+CD25), 25 from 20%in the normal young to around 6% at 18 nont hs of
age (Figure 5D) which was restored by 4 weeks post-castration. The
decrease in the proliferation of thg TNl subset, was conpensated for by a
significant (p5 0.001) increase in proliferation of the TN2 subpopul ation
(CD44+CD25) which returned to normal young | evels by 2 weeks post-
castration (Figure 5D). 30 The effect of age on the thymc

m croenvi ronnent(ﬁ?,mg\{aﬁmﬁglgs%gig@d%aé%gsl%] The changes in the thymc

m cr oenvi r onnent e were ex ed by imunofl uorescence using an
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hbs o A0 Bree st o herb oot imbregmtssuinns T RIRE s SERERIERE s ser o
vascul q;renggespm ated antigens and those present on both stromal cells and
thym)cyt es.. (i) Epithelial cell antigens. [0134] Anti-keratin staining
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1990; Bruijntjes et at. 199 3] ). were_npre apparent_and creased |n si ze
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al so the %@ﬁ%ﬂd@ﬂﬁﬁg&ﬁ‘iﬁ:@){ %{ﬁ%\l@lﬂw&ﬁ d of NIK§ 16 rg&éé%ﬁ"es in the

aged thynus partic y noti cea ary regio (data not shown).
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regenerxeisresehwtn?em@é@mmtmqa&tm@ﬁhmymuﬁ(ﬂu@nbﬁhmpent in the size of 20
the thymc | obes, the increase in cortical epitheliumas reveal ed by MIS
44,1%nd t he (i) Shared antigens

[0139] MHC II expression in the normal young thymus, detected by the MAb MTS 6,
is strongly positive (granular) on the cortical epithelium (Godfrey et al., 1990) with weaker

et

staining of the medullary epithelium. The aged thymus shows a decrease in MHC 11
expression with expression substantially increased at 2 weeks post-castration. By 4 weeks

20  post-castration, expression is again reduced and appears similar to the 2 month old thymus
(data not shown).

Thymocyte emigration

[0140] Approximately 1% of T cells migrate from the thymus daily in the.young
mouse (Scollay ef al., 1980). We found migration was occurring at a proportional rate

25  equivalent to the normal young mouse at 14 months and even 2 years of age (Figure 5)
although significantly (p< 0.0001) reduced in number, There was an increase in the
CD4:CD8 ratio of the recent thymic emigrants from ~3:1 at 2 months to ~7:1 at 26 months.
By 1 week post-castration, cell number migrating to the periphery has substantially increased
with the overall rate of migration remaining constant at 1-1.5%.

30 EXAMPLES |




| ocal i zation of nmedullary epithelium The nedullary epithel ect ed
by MIS 10 and at 2 weeks, there are still subpockets of epgﬂapﬁu% ai ned

by MIS 10 scattered throughout the <cortex. By 4 weeks post-castration,
there is a distinct nmedulla and cortex and discernible cortico-nmedullary
junction (data not shown). 25 [0135] The markers MIS 20 and 24 are presuned
to detect prinordial epithelial cells (CGodfrey, et at., 1990) and further
illustrate the degeneration of the aged thynmus. These are present in
abundance at E14, detect isolated nedullary epithelial cell clusters at 4-6
weeks but are again increased in intensity in the aged thynus (data not
shown). Follow ng castration, all these antigens are expressed at a | evel
equi valent to that of the young adult thymus (data not 30 shown) with MIS

20 and 24 r r %,gd m | ocat ed at
t he co W@ af%]g&?u%ctl 2%%§§B§l§§% ; ({c/lgscu ar-associ at ed
ant i genmenﬁ@ﬂ&ﬁl]ara'ﬁmt@b@@dsttdegiaulsninagﬂlemwentmnttb]dmghomem be responsible for

t he m%t 0 of T cell precursors to the thynus and the emnigration of
mat ur e fromthe thynus to the periphery. 5 [0137] The MAb MIS 15

i s spect €EcL DEPLETIOMNNdOt hel i um of thym c bl ood vessels, denpnstrating a
gr anul ar di ffuse staining {)attern (Godf rey, et al 1990 t he aged

t hytus,[014fls 15 Iaepdesiogeten Eﬁ%&‘tﬂ%ﬁ%@?ﬁﬂ‘e exisling btd lé&'get he increased
freque%ﬁoﬁg%ﬂrﬁﬁpﬁeﬁ h&@%eﬁaﬁaﬁ%}l& Treeﬁa H! Bhe SRAGRS (data not

shown) m ¢ extracel ar matri ont al ni ng I nportant
st ruct lm@dedla‘aﬂ)rdsm step iams follows diiediuoan pﬂiemdmee@dameﬁ cels amgibbdiejothe | ami ni n

and fi ete d by .t.he red thro out the
mor AL ity e tioh TSRz At reno i 8 el BBl PR S LoHE o

Wi des prisedipeind of 10 &4y Bivdedimaton Wit Senkwbies ofm)éélllﬁouvat@ﬁpé}elﬁspm f MIS 16 is
I ncreased further at 2 weeks post-castration while gﬁé post -castrati on,

thi X ex3sredes poaroptnuong pHksicarprt-+ weeks follored by dﬂb{tta%ﬁs #Pmek€ 8 nonth t hynus
(data %Edeﬁhqﬂﬁheatﬁéntgﬁd h&taﬁgﬁl H’Fﬁe ?Q@Tngg@ﬁ%a MiEnt'slh rﬁ?ﬁ.@ra@%ﬁé on in the

nor mal 'young t hynus, detect 'S stro posi tive
( gr anulaamopnionf attitedy oedesseryi to hqmetsh@i anmﬂbo{t Gt @delsmred due tq_ﬂ@ (Sl)ze wd h weaker

stainin f the dul | a el | The a decrease in
Ve 1 " Ralriet ofFS hht byt DR s B e B B 60 L o
post - cagdekdol allow (HBYlogk ofBRMEeroids followed by the reconstn:uuon of the thymus, The

15  prevention of T cell reactivity may also be combined with inhibitors of second level signals

such as interleukins or cell adhesion molecules to enhance the T cell ablation.
[0143] This depletion of peripheral T cells minimizes the risk of graft rejection
because it depletes non-specifically all T cells including those potentially reactive against a
foreign donor. Simultaneously, however, because of the lack of T cells the procedure induces
20  astate of generalized immunodeficiency which means that the patient is highly susceptible to
infection, particulatly viral infection. Even B cell responses will not function normally in the
absence of appropriate T cell help.
EXAMPLE 2
SEX STEROID ABLATION THERAPY
25 [0144] The patient was given sex steroid ablation therapy in the form of delivery of an
LHRH agonist. This was given in the form of either Leucrin (depot injection; 22.5mg) or -
Zoladex (implant; 10.8 mg), either one as a single dose effective for 3 months. This was
effective in reducing sex steroid levels sufficiently to reactivate the thymus. In some cases it
is also necessary to deliver a suppresser of adrenal gland production of sex steroids, such as
30  Cosudex (5mg/day) as one tablet per day for the duration of the sex steroid ablation therapy.

Adrenal gland production of sex steroids makes up around 10-15% of a human’s steroids.




20 post-castration, expression is again reduced and appearggiﬁg? to the
2 month old thymus (data not shown). Thynocyte em gration | 05
Approximately 1 %of T cells mgrate fromthe thynmus daily in the young
nouse (Scollay et al., 1980). W found mgration was occurring at a
proportional rate 25 equivalent to the normal young nouse at 14 nonths and
even 2-years of age (Figure 5) although significantly (p< 0.0001) reduced
in nunber. Thereée was an increase in the CD4:CD8 ratio of the recent thymc
emgrants from-3:1 at 2 nonths to 3.1 at 26 nonths. By 1 week
post-castration, cell .nunber mgrating to the periphery has substantially
increased with the overall rate of mgration renaining constant at 1-1.5%
30 EXAMPLES J2 APR 2005 34 [0141] The fol |l owi ng Exanpl es provide specific
exanpl ed0MS]ret hdduesiontofiesx sterridsrin thgrblood frmiired H@Jﬁesttwlﬂa?@%tdr%‘ﬁ’? 8d as

Limting B&?%h%%ﬂs%sh@r@aﬁ a'ﬁ £ OPhEbmus. TG0 dasch itls %%lést LETI ON 5

[0142] In 0 prevent e graft e existing T,
cell s [ mxteh@thepeﬂ:tmaﬂtlt@hsayomif&momhmcﬁmtﬂnxmhmt ent, the patient underwent T
cel | WE}? One standard procedure for this step is as follows. The
human p dceived anti-T cell antibodies in the formof a dail y

I njeati mﬁgﬂ@mﬂ&mmﬁ%&mﬂ@gno anti-T cell globulin, Phar maci a Upj ohn)
for a period of 10 days in contglnat fon with an |nh|b|tor . T cell
acti vat i[8#6lcyc o@ﬁ’&‘ﬁ? pif the 3 month 4y /3l<‘§n338§°1§°’é®rﬂel’?ﬁ%l}gp F‘HP fatiogy 3-4

weeks T Qi ltlﬁ‘éﬂ;-rﬂ}l-bé(glg ng Eﬁfeﬁm&tcaﬁﬂyﬁéﬂ ﬁ%ne@ﬁﬁiiﬁ%ih dtieft' s skidahdyent did

not affect evel opnent in the patient' ynmus, as_the anount

of anti w@dyadmﬁﬁwdaspr sugh heandErs{AG laser, tapblatstor @1éenth@ﬁ1ﬂaéoaseqomﬂé?eefée due to the
si ze anq Q&Rﬁlfl r &r@%ﬂaﬂ&fm@mﬂu”ﬁ“ t hymus. The treatnent was maintai ned
et @

for approxi 0 allow the loss of sex steroids followed by
t he 10ecdN347]t ut i oﬂ of Iiakee Ablionisr. Alfdnaior:SAp risfraret ilaser mﬁdmiﬁone}bulser wactivity

I b b w th inhibi f d I
"t or | oURH BRE DR HebisR TOVA G oRu Bh R M8 O dEOR AL | on.

[0143] TipwAGeRstl bbn @éuveeﬁddmag rBpowkr &plys aﬂa Airhdaae Sf fdvesing e laser gr af t
rejection because it &ﬁet es non- si)em ically all_ T cells _including those

pot ent i diepg. Thaweveleagth@athe dascrbean Hiap s Ghmissensy Sméie pulsesHEoIety, however,
because gigghe | afie Plrafind Sldnfordrd FeROBAMS: Ghé BRESARr pulse was 40, 80 or

15 120 mJ, with the size of the beam at the focal point being 2 mm, creating an energy fluence of
.1.27, 2.55 or 3.82 J/em?, The pulse temporal width was 300 ps, creating an energy fluence
rate of .42, 0.85 or 1.27 x 10* W/em’.

[0149] Subsequently, an amount of LHRH agonist is applied to the skin and spread
over the irradiation site, The LHRH agonist may be in the form of an ointment so that it

20 remains on the site of irradiation. Optionally, an occlusive patch is placed over the agonist in
order to keep it in place over the irradiation site.

[0150] Optionally a beam splitter is employed to split the laser beam and create
multiple sites of ablation or alteration. This provides a faster flow of LHRH agonist through
the skin into the blood stream. The number of sites can be predetermined to allow for

25  maintenance of the agonist within the patient’s system for the requisite approximately 30
days. ’
[0151] B. Pressure Wave: A dose of LHRH agonist is placed on the skinin a
suitable container, such as a plastic flexible washer (about 1 inch in diameter and about 1/16
inch thick), at the site where the pressure wave is to be created. The site is then covered with

30 target material such as a black polystyrene sheet about 1 mm thick. A (Q-switched solid state
ruby laser (20 ns pulse duration, capable of generating up to 2 joules per pulse) is used to




20 a state of generalized i nmunodeficiency which neans t?@t g%% atient is
hi ghly susceptible to infection, particularly viral inf 12 : 6n B cel
responses will not function normally in the absence of appropriate T cel
hel p. EXAMPLE 2 SEX STERO D ABLATI ON THERAPY 25 [0144] The patient was

gi ven sex steroid ablation therapy in the formof delivery of an LHRH
agonist. This was given in the formof either Leucrin (depot injection;
22.5mg) or Zol adex (inplant; 10.8 ng), either one as a single dose
effective for 3 nonths. This was effective in reducing sex steroid |evels
sufficiently to reactivate the thynus. In sone cases it 1is also necessary
to deliver a suppresser of adrenal gland production of sex steroids, such
as 30 Cosudex (5ng/day) as one tablet per day for the duration of the sex

steroid ablation therapy. Adrenal gl and production. of .sex steroids nakes
up ar ogenerdo itkdsseriean), Wl hl'f%ﬂl%"&%m&t@ﬂ d BeSEF 6§m§|§n?5q§f§] Reduction of

sex steroids i h M)l o s6s theRker aldtutibn do tRatviedké
concor&?ﬂ‘?m@ ?ﬁeﬁlﬁ‘ﬁ‘ﬁmg’;‘%ﬂ” ég%]?ﬁ\%tggtf&on of thert hynus. .1 n. some cases it
i S neces safoved duly O Xicinpuishieatsicata aurenet lase radidioeolg pan irpdpced from

i njection/inplant, EXAVMPLE 3 5 ALT ; FeRinkdde] | n place
of the BiSPEIGERITE. oFheProqerye gy rﬁ@ﬁ%&%@é%@l&%ﬁl rrp\{gl]rgii’-qadm na%ms.t r!at i onp of
t he }H%ﬁcﬁg-éﬁ%ﬁmgd@bél@éﬂméég‘éﬁisﬂm hods can be used. In one exanple the

|

patient”s skih may be irradiated by a |laser such as an Er: YAG | aser, to
abl at e BXKAMMN&4 t he skin so as to reduce the inpeding effect of the

trat - g ef fect of |
slra “T@W@@éﬁﬁﬂg@%ﬁ%ﬁﬁ%@mwmmw ion: An infrare

| aser using a solid state,. . §‘|F ed, Er:YAG | aser
consi st [0152pf t WiWlidr@practiesiothaiayel oﬁhﬁmﬁﬂmletweﬂﬁe?ls(ﬁtéf;?rﬂg PP%s an active
medi um _a power suppl.y, ,and a_.neans S r g aI8F) The

wavel enblloﬁg ﬁfe“k‘%eqo@s‘éec%ﬂf) hed °§9r§£nn“1jog§%%glraﬂ\élgtﬁgjfliﬁ%ﬁc?elg@ vvert)a used.
[014}§] Imp%grf&tgmsay@@ﬁ@%bﬁr&)umroa. a@n3fioddnomeils Fh pwiliedrfipm her  pul se was
40, 80 or 20 mJ;” Wwth the size of the beamat the foc Ib%a'glrét being 2
nm  cr edbhonload oelmee gyrbivypefsebbfusing aflpw cytomstes or HITGURO ¢ pul se

L7, bR 100 An et ot oty et 05 o
to the siddpadd &P¥ieadith Stem Cell Factor. At approximately 1-3 weeks post L agonist
delivery, just before or at the time the thymus begins to regenerate, the patient is inj ected with
15  the donor HSC, optimaily at a dose of about 2-4 X 10° cells/kg. Optionally G-CSF may also
be injected into the recipient to assist in expansion of the HSC.
[0153] The reactivated thymus takes up the purified HSC and converts them into
donor-type T cells and dendritic cells, while converting the recipient’s HSC into recipient-
type T cells and dendritic cells. By inducing deletion by cell death, or by inducing tolerance
20  through immunoregulatory cells, the donor dendritic celis will tolerize any T cells that are
potentially reactive with recipient.
EXAMPLE 5
TRANSPLANTATION OF GRAFT
[01564] While the recipient is still undergoing continuous T cell depletion
25  immunosuppressive therapy, an organ, tigsue, or group of cells that has been at least partly
depleted of donor T cells is transplanted from the donor to the recipient patient.
[0155] | Within about 3-4 weeks of LHRH therapy the first new T cells will be present
in the blood stream of the recipient. However, in order to allow production of a stable
chimera of host and donor hematopoietic cells, immunosuppressive therapy is preferably
30  maintained for about 3-4 months. The new T cells will be purged of potentially donor

reactive and host reactive cells, due to the presence of both donor and host DC in the




over the irradiation site. The LHRH agoni st may be in th%@orﬁ%mgn
ointnment so that it 20 remains on the site of irradiation £ ly, an

occlusive patch is placed over the agonist in order to keep it in place
over the irradiation site. [0150] Optionally a beamsplitter is enployed to
split the |laser beamand create nultiple sites of ablation or alteration.
This provides a faster flow of LHRH agonist through the skin into the

bl ood stream The nunber of sites can be predetermned to allow for 25

mai nt enance of the agonist within t patient's systemfor the requisite
approximately 30 days. [0151] B. Pressure Wave: A dose of LHRH agonist is
pl aced on the skin in a suitable container, such as a plastic flexible
washer (about 1 inch in dianmeter and about 1/16 inch thick) at the site

where the pressure wave is to he h e.is red with 30
t ar get reastivating thyswe. hHaﬁn&b%PQE%“‘ﬁiﬂ @E@&B}ﬁ[ll SHSZE{ cb%:’ut!lél r’rm ick. A

Q switch %ﬁhﬁ%@ﬁﬁ) Beogdizingipeptitles pragateie of
generatlﬁég:;‘mléijlorle t@é tc“é n!i ul se) |g uge tog?jf{Z APR 28@51‘36 generate

t he | asgrhobeall 1r1vﬂm pﬁmphcrtlsbl@dd@f ﬂ‘@ﬁg@lemamm@mc&@mnggﬁ%oé i ngl e
l ; I i ! bs th
: gg gr > ?cggﬁ {ﬁaqn %reegwelnh §iﬁm}ph g"g%.ﬁs é’s?ai;ﬁé’h%?& uﬁi@ Fysfeﬁfg?ﬂuﬁclo% vinagor bs the

expose to the inpul se transient,

and g10t;gbaRero BAfsfakd 1Rt albie, mmnhanshqouomhncmfdbmmnsc fisye pdoEdbr e, The
procedure can be repeated dall pr as oftetn as required, to naintain the
5cir cmmwr@ﬂmun@%ﬂ%ofﬁfﬂeﬁ?@“&{j@ﬁ%?m EXAMPLE 4 ADM NI STRATI ON OF
DONOR 1@ {CREATE TOLERANCE [ 0152] Where practical, the |level of

hemat opdietic stemcells (HSC) in the donor blood is enhanced by injecting
i nto t haALWBRNATGVBRROGOXCEScol ony stinul ating factor (G CSF) 10 at

10. sg/ k@fﬁﬁ) mZ'E o d@%%}gﬁ% f%s&laﬁen%g ltllne%%liaglgtfér%n %ﬁﬁn QiQibﬂér ®Rd,ls are

purifie bone marrow, ef erab yusmgaflow
cyt gfret ¥su@br drBamy) ﬁﬁéﬁﬁﬂﬁfelagudééacﬂﬂmpleswlsmodﬁﬁﬂ vEdellL@@hanénd ®&ntified by

flow cytonetry as being CD34+. t| on h ed ex vivo
with St émogiea atipm gt be W&H}Sﬁ" allyaé/“él ‘EE’ %&g‘ggm st

del 1 Ver Yaysl Hifile BEHALR MariBh 1st1ﬁﬁnt£1h6@fo¥ muﬁdrwmmﬁaﬁnmsplantemer ate, the
patlent sl Injecte

15 the donor HSC, optinma %L@/@é Fg of. about 2-4
x 106 cetefaittgperfonnedwhdn the @w:st@fﬁyo magtyateb%g agoqp PR F eci pi ent
to assi e on of the HSC. [0153] The reactivated thynus takes up
the purf chaxblqg%gg\azla Ir@bnverts theminto

15 [0157] Tn an even more shortened time table, the two types of ablation and the graft
transplant may be started at the same time. In this event T cell ablation is preferably
maintained 3-12 months, and more preferably 3-4 months.

EXAMPLE 7

TERMINATION OF IMMUNOSUPPRESSION
20 [0158] When the thymic chimera is established and the new cohort of mature T cells

have begun exiting the thymus, blood is taken from the patient and the T cells examined in
' yitro for their lack of responsivencss to donor cells in a standard mixed lymphocyte reaction.
If there is no response, the immunosuppressive therapy is gradually reduced to allow defense
against infection. If there is no sign of rejection, as indicated in part by the presence of
25 activated T cells in the blood, the immunosuppressive therapy is eventually stopped
completely. Because the HSC have a strong self-renewal capacity, the hematopoietic chimera

so formed will be stable theoretically for the life of the patient (as for normal, non-tolerized

and non-grafted people).




donor-type T cells and dendritic cells, while converting thﬁhr$ iﬂhgnt's
HSC into recipient- type T cells and dendritic cells. By i &Rg | etion
by cell death, or by inducing tolerance 20 through i munoregul atory cells,
t he donor dendritic cells will tolerize any T cells that are potentially
reactive with recipient. EXAVMPLE 5 TRANSPLANTATI ON OF GRAFT [0154] Wile
the recipient is still undergoing continuous T cell depletion 25

I mmunosuppr essi ve therapy, an organ, tissue, or group of cells that has
been at least partly depleted of dggor T cells is transplanted fromthe
donor to the recipient patient. [0155] Wthin about 3-4 weeks of LHRH
therapy the first new T cells will be present in the blood streamof the
reci pient. However, in order to allow production of a stable chinmera of
host and donor hemat opoietic cells, inmmunosuppressive therapy is preferably
30 mai nEXAMRLE ®r about 3-4 nonths. The new T cells will be purged of

potenti ' ' SeNiHUMANMS to the presence of
bot h doﬁléh%m&d@%ﬁlnﬁﬁgﬂ%‘g@ %E%T%S%H%Ur eactjvating t@%ﬁ Havi ng
been pogisoyel y debriet ochdwy thtehimpsithiiipeiebespictivided Qe mRBOF LMY | 5 wi ||
retain the ability to respond to nornal Jnfectlol e & pepti des
pr esent dyention, fhgsemeiods FRICUSE ORAPEHRY (fh%lbgig)ﬂ? e%%at“ﬁﬂeﬂ c?é%ﬁa%%éﬁhrt@me

| ncog po@ﬁ}s{a afer. OO Qhte BHIEH Hatibrfs were blatuatadtbefotdwmnd Hemingtisafier ssx bigioshoi d

organs establishes an i nmune system situafti i.rtuall | dentical to that
of the Iab]stioredhcrﬁra’,-Tb@t@élﬂtstﬂfﬁaiﬂmﬁl}@ﬁz?ddllg?géaéé‘%g‘f &@!ﬁ% EII%%IF?@? ti ssue and

organs. , Hence. nariml LIuuReLE EMelTBEMaRLGHBE Boctis if @&eNnt . EXAMPLE 6
ALTERNA?FW@%W&Q, %Je["% B u“ld'"rll%'t{ Eogve?lt of a shortened tinme available for

transpl patigits, on of donor cells, 10 tissue or organs, the tineline as used
be bequiVH0l ne sOiEReThRELRE iAo e bl A oM TRIED BE O T
ey MIRERICH o1, S0 ) s L e o7 o 2 o, Gt
oact| VDSt ar Dunmpenapic SRR iER DR g DSBS A Eht ront . 15
[ DLSE) Bl HSE) TS P S o dwpep st o o 20
abl at i orpgtisntRaraples wirt yinalyzed before treatment and 4 months after beginning L agonist
treatment. Total lymphocyte cell numbers per mi of blood were at the Jjower end of control
15  values before treatment in all patients. Following treatment, 6/9 patients showed substantial
increases in fotal lymphocyte counts (in some cases a doubling of total cells was observed).
Correlating with this was an increase in total T cell numbers in 6/9 patients. Within the CD4"
subset, this increase was even more pronounced with 8/9 patients demonstrating increased
levels of CD4" T cells. A less distinctive trend was seen within the CD8" subset with 4/9
20  patients showing increased levels albeit generally to a smaller extent than CD4" T cells.
[0162] The Effect OFf LHRH Therapy On The Proportion Of T Cells Subsets:
[0163] Analysis of patient blood before and after LHRH agonist treatment
demonstrated no substantial changes in the overall proportion of T cells, CD4" or CDS™ T
~ cells and a variable change in the CD4":CD8" ratio following treatment (Fig 24). This
25 indicates that there was little effect of treatment on the homeostatic maintenance of T cell
subsets despite the substantial increase in overall T cell numbers following treatment. All

values were comparative to conrol values.

[0164] The Effect Of LHRH Therapy On The Proportion Of B Cells And Myeloid
Cells:
30 [0165] Analysis of the proportions of B cells and myeloid cells (NK, NKT and

macrophages) within the peripheral blood of patients undergoing LHRH agonist treatment




mai nt ai ned 3-12 nonths, and nore preferably 3-4 nonths. EXA%E%ﬁgé
TERM NATI ON OF | MMUNOSUPPRESSI ON 20 [ 0158] Wen the thymc aZ08
established and the new cohort of nmature T cells have begun exiting the
thynus, blood is taken fromthe patient and the T cells examned in vitro
for their lack of responsiveness to donor cells in a standard m xed

| ynphocyte reaction. |If there is no response, the immunosuppressive
therapy is gradually reduced to all ow defense against infection. If there
is no sign of rejection, as indicatggd in part by the presence of 25
activated T cells in the blood, the i nmunosuppressive therapy is eventually
stopped conpletely. Because the HSC have a strong sel f-renewal capacity,

t he hemat opoietic chinera so formed will be stable theoretically for the

life of the patient (as for_nornal, .non-tolerj 1 afted peopl e).
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t he net nvent 1 on, tHese nmethods were used on patients who had
been tr@ilt eds ddctehsed edvOtphtéanispy for 5 prostate cancer. Prostate cancer

atient e e e Le, an f 5‘?% { | ation
!tohelrapyfm regﬁggﬁﬁﬁzm%gﬁséﬁ%%%T%%% ; &Iz?lﬁ%g?%v%ﬁ thia dat a
delr'r})ysjtrate qual i tatimelaﬁqugg?ngriht at}}/e irrp][ O\Kegent hof t he stat usI of -rlr-b
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of | yrpldBy] o5 aaciysi of s ot gl ppsersof By Bploid s e sl ” ), 0
CoaPos! PlodlpuELLAANRY Jlf holetsBAIAEN LERKNE paftaly 2T (46 patistislent s (al |

>60 yea nder go agoni st treatnent for prostate cancer,(Fig 23).
Pat i ent ashrmrahayeBs mtieits) celliniafery nost traatmenb g 2N d BLHBHEYRS P&} " begi nni ng

LHRH agoni st treat. . Jotal |. I : hagde bl ood were
at the P@)@J@?méﬁ‘c’)"‘dg‘?‘gbe%%??tbeln fg"‘végﬁ‘g%&%gfe gglg; %/%@%%@vﬁﬁg%ﬂ Eﬂ(pi)gati ents.
Fol Ilﬁvvi ek 3/0 palABRhowiBs Becheabdddiels. showed substantial increases in total
| ynphocyte counts (in sone cases_.a douybl] of .t l..C erved).
oo A0S 1 h T B Of AR Crterepe U TROLEYe! Py Sl ReBRv 2800
pati ent éflem\g hin the @4 subset, this increase was even nore pronounced
with 8/ 9 patients denmonstrating increased b the T cell

[0169] The major changes seen post-LHRH agonist treatment were within the T ce

population of the peripheral blood. In particular there was a selective increase in the
15  proportion of naive (CD45RA™) CD4" cells, with the ratio of naive (CD45RA™) to memory
(CD45RO" in the CD4" T cell subset increasing in 6/9 patients (Fig 27).

Conclusion
[0170} Thus it can be concluded that LHRH agonist treatment of an animal such as a

human having an atrophied thymus can induce regeneration of the thymus. A general

20  improvement has been shown in the status of blood T lymphocytes in these prostate cancer
patients who have received sex-steroid ablation therapy. While it is very difficult to precisely
determine whether such cells are only derived from the thymus, this would be very much the
logical conclusion as no other source of mainstream (CD8 ap chain) T cells has been

described. Gastrointestinal tract T cells are predominantly TCR 5 or CDS8 aa chain.



| evel s of CD4+ T cells. Aless distinctive trend was seen V\ét .0 the CD8+
subset with 4/9 20 patients show ng increased |evels al bei‘ﬁt r25§5y to a
smal l er extent than CD4+ T cells. [0162] The Effect O LHRH Therapy On The
Proportion O T Cells Subsets: [0163] Analysis of patient blood before and
after LHRH agoni st treatnent denonstrated no substantial changes in the
overall proportion of T cells, CD4+ or CD8+ T cells and a vari abl e change
in the CD4+:.CD8+ ratio following treatnent (Fig 24). This 25 indicates that
there was little effect of treatnmenggon the homeostatic nai ntenance of T
cell subsets despite the substantial increase in overall T cell nunbers
followng treatnment. Al values were conparative to control values. [0164]
The Effect OF LHRH Therapy On The Proportion O B Cells And Myeloid Cells:
30 [01@@1;‘,3@%] is of the proportions of B cells and nyeloid cells (NK, NKT
and nmacrop ag@e% wi thin the peripheral blood of patients undergoing LHRH
agoni stAspimeltRptfio7,1 2A gkPRs @05 tBEnid etruphy i the eduse iv dueytd ndefidiegesee of change

within sets (Fig 2 j NK,. NKT an crophage proporfions renained
el ot | R Fbheb ARt Sttt L B GRBRARG  BPPE col | s was
decr easgd:3037.4/ 9 patients. [0166] The Effect O LHRH Agoni st Therapy On The
Total Nunber O B Cells And 5 Myeloid Cells: [0167] Analysis of the total

cell_n ers B loid cells within the perjpheral L ood
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showi ngé8ncreased | evels; 4/9 patients showi ng no change 10 and 3/9
patients showi ng decreased | evels. [0168] The Effect O LHRH Therapy On The
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CLAI M5 1. CLAIMP: 5 conpound that disrupts sex steroid nediated signalling
in the preparation of at |east one nedi canent for enhancing the

devel opnent of Chié_ﬂserifc 5 thg s in a patient to_inprove tolerance in the
patient to a mi smat chedigh SpP i ghat digplpér sexpesout rpedigedysignalling fnthepeen,
or will be,pregpimtiinsofateldastiond melidamenh&ir dniRAENE thel ddvelopiat 6£h RBingdid r om

t he grou I.St i endriti.c,cells, .hematoppieti.c st cells
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cell's, epidanet,ivaiereinghe patidng hagbpey, ioc atillybeyradiniristeted tveith catls| thataingprave

el oid pr IO, ) e . S qlNQ:,.L.0 a eLn.t he
Compound. erpRRincd scleltell Fronk dng erdi ot W ALk s Sh et ol 'S
The use of Ell&ihemptepoigticprageniton eelds, dympkoid istane e¢lls, {yppheid progenitoresalls,  or

15 T cel | s opithelendfehi éetis C@¥inkGeally mddifed t8mIEBLLH Gndoid PogRfRoents) ai M5 1
to 3 wherein the chinmeric thynus inproves tol erance through inducing the

del etion of donor reactive T cells in the patient. 20 5. The use accordi ng
to any one of clai mThi use adcondiap ed clditel oherhi the cobdpyind chiti@lueegptilahédi t ory

i mmunor egu'ﬁ%@éﬂéiﬁfﬁ'tﬁé%h s}?%e%%ﬁe@tccor ding to any one of clains 1 to 5
t X

wherein the henmatopol et stemcells are CD34+ henatopoi etic stem
cells. 7. The use according to any one of clains 1 to 6 wherein the cells

are derived 3. The use of claim 1 or claim 2 wherein the chimeric thymus is chimeric for
15 T cells or dendritic cells. ' '

4.  The use according to any one of claims 1 to 3 wherein the chimeric
thymus improves tolerance through inducing the deletion of donor reactive T cells in
the patient. |

20

5. The use according to any one of claims 1 to 4 wherein the chimeric

thymus induces inhibitory immunoregulatory cells. ‘

6.  The use according to any one of claims 1 to 5 wherein the hematopoietic
25 stem cells are CD34+ hematopoietic stem cells.

7. The use according to any one of claims 1 to 6 wherein the cells are derived
from the donor. - |

30 8. The use according to any of claims 1 to 7 wherein the cells are mobilised
or expanded in vivo using granulocyte-colony stimulating factor prior to administration.

9.  The use according to any one of claims 1 to 8 _whefein'the cells will be

expanded ex vivo using a Stem Cell Factor prior to administration.
35




fremthe donor. 30 8. The use according to any of claims 1 ﬁzW?ﬁén t he
cells are nobilised or expanded in vivo using granul ocyte- i

< stiml ating factor prior to admnistration. 9. The use according to any one
of clainms 1 to 8 wherein the cells will be expanded ex vivo using a Stem
Cell Factor prior to admnistration. 35 12 APR 2005 46 10. The use
according to any of clains 1 to 9 wherei4g the cells nunber adm nistered
are about 2 to about 4 x 106 cells/kg. 11. The use according to any one of
claims 1 to 10 wherein the graft is an 5 organ, tissue and/or cells. 12.
The use accor di i§. t Tharmyseomeonting: kaiang of ¢lainkl] whe? eilerdihdhecell nimmbér om a

congenei c, ﬁ"l“ﬁgﬁ%lﬁe\%ﬁ."&%e%ﬁﬂ"‘cx Q:%{ls/ké‘o 13.. The use accordl ng to any
0

one of clains 1 ereint cell have been,. or will be,
depl eted or imunosuppressed. 14. pubertal 15 The use accor di ng to any

one of claims 110 lI%e\Pd%@ra@bd}dﬁlﬁeto%Bﬂ St of QaiRRST td 30 WigeiHI8e %fﬁpfsddﬂ?g to
any one f clains 14 erein thé cells are admnistered I-3 weeks

after u%?lbﬁlsﬁﬂff T8¢ oi d medi ated signal ling has begun. 16. The use
accordl ng to any one of cl ai ms 1 to 15 wherein disruption of sex .

~ steroid nedlate Si L1Ln des bl o f, _Qne_or r ter0|d
eceptors 17, Tho dngust BEkoRfife WSS oo it 1 tp I Sueil Bt P
di sruption @mgmaec aﬂegenstcaroﬂenlogmdilcaibm signalling includes the inhibition

of sex steroid production in the patient. 25 18. The use according to any

one of clains 1 to 15 wherein the nedicanent |owers the concentration of a
sex ster'@id in tlRe phes BHtaccemlingripeanysencaeidlpimsny ta &2 ayhereindhepatintis s 1 to

18 wherein ddnelaﬂeseeﬁlaammb@@eﬂe&al&ﬁnﬁnﬂnmgﬁie@s%h castration of the
patient. -

14, The use according to any one of claims 1 to 13 wherein the- patient is post-
pubertal. | |
15
15. The use according to any one of claims 1 to 14 wherein the cells are
administered 1-3 weeks after disruption of sex steroid mediated signalling has begun.

16. The use according to any one of claims I to 15 wherein disruption of sex
20 steroid mediated signalling includes blocking of one or more sex steroid receptors.

17. The use according to any one of claims 1 to 15 whefeiri disruption of the
sex steroid mediated signalling includes the inhibition of sex steroid production in the
patient, :

25 ‘

18. The use according to any one of claims 1 to 15 wherein the medicament

lowers the concentration of a sex steroid in the patient. |

19. The use according to any one of claims 1 to 18 wherein the medicament
30 results in chemical castration of the patient. '

20. The use according to any one of claims 1 to 15 _whefein the compound is
selected from the group consisting of: sex steroid antagonists, sex steroid agonists, sex
steroid analogs, anti-sex steroid vaccines, sex steroid receptor modulators, LHRH

35 analogs, LHRH-R agonists, LHRH-R antagonists, anti-LHRH vaccines, anti-estrogen
antibodies, anti-androgen antibodies, and combinations thereoif.




20" The use according to any one of claims 1 to 15 wherein the conmpound is
. sélect'ed fromthe group consisting of. sex steroid antagoni §t% APRe20st er oi d
agoni sts, sex steroid analogs, anti-sex steroid vaccines, sex steroid
receptor nodul ators, LHRH 35 anal ogs, LHRH R agoni sts, LHRH R antagoni sts,
- anti-LHRH vacci nes, anti-estrogen antibodies, anti-androgen antibodi es,
‘and conbi nations thereof. -1 .2 APR 2005 47 21. The use according to claim 16
wherein the conpound is selected fromthe group consisting of Buserelin,
Cysterelin, Decapeptyl, Deslorelin, Gonadorelin, GCoserelin, Histrelin,
Leuprolide, Leuprorelin, Lutrelin, Meterelin, Nafarelin, 5 Triptorelin,
Abar el i x, Cetrordl i xTheAisatecrrdiag t¢ elaimilé, wiknéin tlordunnatund issdldvesde®ém tB2. The

use accordi 0 -one. of i 0 erein,the nmedic nt .

conpri ses .a%gllf R‘!:—@I%%gﬁg% n?fgthAr?géﬂaﬁ; %ﬁ%}f%"aﬁtégad’& B’é’t ;E)%i]g?eg@ a%dﬁ?gnof

clai m 22 whEpgsrelin, hdigelng odicyprofide.r elawsardlimef buteelinh e Mageralist . N&farelifihe use

accordi ng tPri @an 2 | BdiBali . L G . $rupts sex
& t PrigiorelANRbaklif) GdtiRelik, F&tﬁglglgfgféﬁgﬁ,zég{a%?.ﬁgﬁﬂl};ﬁuﬂgme%o? P

steroid nediated signalling to the t Sse according to any
one of clainms 1 to 24 wherein the nedicanent further conprises, or the

pﬁti ent will be mmmiesjseraeebminghoany@ﬁs@?icldi@m%m@ﬁvﬁéreﬂ,the%b%idafneﬁpre
phar maceut i . fromithe gr sisting of: inmune system |
sti nul ant s,‘ﬁgﬁéjﬁjlf\%/é;%‘lfghﬁg%%easggw 1“33@?@2‘9%%@% ne therapies, cytokines,
growth factors, thynus enhancing conpounds, suppressor.of adrenal gland
producti@n of sex 2§ i -WH?:Q t.s. 1C0s nd ..
conbi nati ons t hereof. e%&B?ﬂgﬁbg% o) gf%?%@%&@#elggl%s?cﬁgc B]F‘?atﬁ?rﬁ%oéﬁstti cal is

sel ected fromthe group consisting of. Interleukin 2, Interleukin 7,
I nterleukin 15, 2aemmesusefactfgingRot 36! o2l of 8 D +f 36tk Liam - rs of
the fibr OblncﬁSt gr owtth f.(gctgl{g fa?n’ I gfﬁ?St en? Oe?IFﬂFact or ‘Q%eéé‘g%‘lﬁ)éf”@@@
col ony sti nUPAPPAE* pigtud mediptad sfgnallmgite the tByRSf act or, and conbi nat i ons
t hereof 27. The use of claim 25 wherein the i munosuppressant is sel ected
fromthgqg group ~gonskst ] fa inhibitors.of . T cell, activatjon, anti-T cell
ant i bodi és, xenc%%an?!h?%"!sggc%é lflgé?g%loflﬁg,fc _ ?géﬁ&éi‘ﬁﬁ‘iﬂ?mithﬁwdf%@%‘f
second | evelrBergieammisan dr dherbiticat wolide adisnistofed @Bh a Hoesposition contpebing, t 0
cl ai m 27 We%r%bf&p%ﬁ@%ﬁl:ﬁy%leét@@'fpzlnﬁ e krduf bonsisting of: immune system
stimulants, adjuvants, accessory molecules, cytokine ‘therapies, cytokines, growth
factors, thymus enhancing compounds, suppressor-of adrenal gland production of sex
20 steroids, immunosuppressants, Cosudex, and combinations thereof.

26. The use of claim 25 wherein the pharmaceutical is selected from the group
consisting of: Interleukin 2, Interleukin 7, Interleukin 15, members of the epithelial
growth factor family, members of the fibroblast growth factor family, Stem Cell Factor,

25 granulocyte colony stimulating factor, keratinocyte growth factor, and combinations
thereof. '

27. The use of claim 25 wherein the immunosuppressanf is selected from the
group consisting of: inhibitors of T cell activation, anti-T cell antibodies, xeno anti-T

30 cell globulins, cyclosporin A, inhibitor of second. level signals and combinations
thereof. : , '

28. The use according to claim 27 wherein the seéond,level inhibitor -is an

interleukin or a cell adhesion molecule or a combination thereof.
35



interleukin or a cell adhesion nolecule or a conbination thereof. 35 12 APR
2005 48 29. A kit when used for enhancing the devel opnent %2 RP@MH C
thymus in a patient to inprove tolerance in the patient t M ched
graft froma donor, the kit conprising a conpound that. disrupts sex
steroid nediated signalling. 5 30. The l&lt of claim 29 wherein the kit
further conprises a cell selected from the group consisting of. dendritic
cells, hemat opoi eti c stem-cells, hematopoietic progenitor cells, |ynphoid

stem cel | s, [ L t.hel i al t mcel ls, enetically
nodi fi ed stem cé s an %ﬁr% uEQ f&%nibiﬂ bngnetg?g?veé%ql ﬁ@c%f“ ﬁ]@"ﬂ

cl ai m 30 whiatisphtot inress ﬂOlqr@lCﬁn@mhetmedbm mig@tclEdezradt ﬁoacedonbrngletlm any
one of cl ai @mpRidda %MH%&dish%t&%%%ﬁ atéféﬁxgéglﬁ%fromthe group

consisting of. sex steroid antagonists, sex sterol sts, sex steroid
anal ogs, anti-sex steroid vaccines, sex steroid receptor nodul ators, LHRH

15 anal ods, LHRBOR: ARk 6 BalaitHBHwRerit ﬂﬁq{it folther éliﬁﬁﬂns'eé"%eﬂ@él@ét@&ﬁom

?Etelr -egfs'_t rOg9ga gr%ﬂltn I c:t%)%(sjfs&ng o%ntcfend%%gcr % S, ﬁmtallt(?lg)metﬁzs stem ceﬁé) I na%ll)metlc
progenitor cells, lymphoid stem cells, lymphoid progenitor cells, epithelial stem cells,
genetically modified stem cells and/or myeloid ‘pro geniter cells.

10 31. The kit of claim 30 wherein the cell is from the donor.

32. Thekit accordmg to any one of claims 29 to 31 wherem the compound is
selected from the group consisting of: sex steroid antagonists, sex steroid agonists, sex’
steroid analogs, anti-sex steroid vaccines, sex steroid receptor modulators, LHRH

15 analogs, LHRH-R agonists, LHRH-R antagonists, antl-LHRH Vaccmes, anti-estrogen
antibodies, antl-androgen antibodies, and combinations thereof



