12 APR 2005 1 STI MULATI ON OF THYMUS FOR VACCI NATI ON DEVELOPMENT FI ELD OF
THE | NVENTI ON [0001] The present disclosure is in the field APRragggonse to
vaccines in animals. Mdre particularly, the present disclosure is in the
field of:inproving vaccine response, through 5 stinulation of the thynus.
BACKGROUND THE | MMUNE SYSTEM [ 0002] The maj or function of the inmune
systemis to distinguish "foreign" antigens from"self' and respond
accordingly to protect the body against infection. This definition 10 may
al so be stated as distinguishing "bad" nol ecul es from"good." In nornal

i mmune responses, the sequence of events involves dedicated antigen
presenting cells (APC) capturing foreign antigen and processing it into
smal | peptide fragnments which are then presented in clefts of mjor

hi st oconpat i BTIMULATION GXTHYMOS FOR YAJCERATION DevaPOpsNRce. The MHC
nol ecul es can either be of class | expressed on all nucleated cells

(recogni i .. T 15 | ynphocytes (Tc)) or of class |1 expressed
pri mar ﬁ%ﬁc@%@%ﬁ@y i mmune system (recognized by helper T _
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and processing into peptide fragnents, which are then expressed on the

sur f ac Parigelany tequesert distleanre isip the fislsdal impreving vaeging responbs Swomghbet t er able to
sti rul af; : er than trap and process additional 20 antigens. Th
cel I%]; %%@ggﬁﬁéftﬁ%% C |1/ peptide conpl exes on APC and respond. [0004]
Ther e BACKGROUNes of Th cells distinguished by the different types of

sol ubl e reg r they produce. Thi cells primarily produce |L2
and gamma | @Wgﬁﬁhﬁ The latter, if present at the tinme of initial
cont aclt[owdz nave TheGdjdrFuntibiofht inﬂlﬁﬁhes RInPIT GistirghSh BoRligPanfideal activation

of cell-mediated i munity (primari c). Th2 celll' s 25 express a different
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i ni [ i r | &Q B, ; g specific for the
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i nunor egul at or
molecules canyeither be of class I expressed on all nucleated cells (recognized by cytotoxic T

15 lymphocytes (Tc)) or of class II expressed primarily by cells of the immune system
(recognized by helper T lymphocytes (Th)).
[0003] Resting APC are programmed for antigen trapping and processing into peptide
fragments, which are then expressed on the surface MHC molecules. These more activated
APC then become better able to stimulate T cells rather than trap and process additional

20  antigens. Th cells recognize the MHC II/peptide complexes on APC and respond.
[0004] There are two types of Th cells distinguished by the different types of soluble
regulatory factors they produce. Thl cells primarily produce IL2 and gamma interferon
(TFNv). The laiter, if present at the time of initial contact of naive T cells with antigen,
promotes the preferential activation of cell-mediated immunity (primarily Tc), Th2 cells

25 express a different profile of cytokines, especially IL4, 5 and 10, which induce humoral
immunity via antibody producing B cells that are specific for the particular antigen. In some
cases this can lead to inappropriate allergic responses through IgE production.
[0005] The importance of Th cells in virtually all immune responses is best illustrated
in HIV/AIDS where their absence through destruction by the virus causes severe immune

30  deficiency, eventually leading to death. Given their central importance as immunoregulatory




12 APR 2005 2 cells, the bal ance between Thl and Th2 ceIIsaq?&Nq?;ﬂ
profound i npact on the nature of the imune response; Suc a mis can
occur through devel opnental abnormalities or inappropriate activation at
the onset of imune responses. This can lead to a variety of diseases such
as allergies, cancer and autoimmunity. 5 THE THYMJS [ 0006] The thymus is
arguably the major organ in the i Mmune system because it is the primary
site of production of T Iynphocytes., Its role is to attract appropriate
bone marrow derived precursor cell& fromthe blood, and induce their
commtnment to the T cell lineage including the gene rearrangenents
necessary for the production of the T cell receptor for 10 antigen (TCR).

Associated with this is_a remarkable degree of cell division to expand the
number 84S, hebalance bsivveen Fal angylh? seliscas baveipeofpund dnpasberdthe hetureofthey f or ei gn
ant i gefmiiyhé ', e LR | . potential
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bi ndi ng., st renai h ffinit and r.espond to varying degrees. A strange 15
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t he 5TCR onl THE'BEYYNISzes peptide fragnents physically associated with MHC
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this or gan .undertg Ei\’rs severe atrophy as a result of sex steroid production.
recognizes peptide fragments physically associated with MHC molecules; normally this is self

MHC 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

20 through the TCR for its continued maturation.
[0007] Following selection in the cortex, the developing thymocytes acquire
functional maturation and migratory capacity and exit into the blood stream as naive (not yet
having contacted antigen) T cells, They circulate between the lymph and blood in search of
antigen. If, after 3-4 We;eks, they haven’t been stimulated, they become suscepiible to

25 deletion from the peripheral T cell pool by other recent thymic emigrants. This system of
thymic export and peripheral T cell replacement provides a continual replenishment of the
quality of T cells, with homeostasis maintaining the appropriate levels.
[0008] While the thymus is fundamental for a functional immune System, releasing
about 1% ofits T cell content into the bloodstream per day, one of the apparent anomalies of

30  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




This can begin even in young children but is profound from hriTBys
puberty. For normal 112 APR 46 3 healthy individuals this I@g‘%&%

production and rel ease of new T cells does not always have clinical
consequences. In fact, although the aged thymus is atrophic and consists of
|l ess than 1% of its young counterpart (see below), it still continues to
rel ease a very low level of new T cells into the blood stream Wile these
are insufficient to maintain the optl mal | evels of 5 peripheral T cell
subsets, the thynus i s not conpletePy dormant, raising the possibility that
It could be the target of therapy. [0009] Wth progressive aging, the
decline in thymc export neans that the status of peripheral T cells

under goes progressive change, both quantitatively and qualitatively. In
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cells and, as a result, a reduced ability to respond to ant1gen Aging also resulfs in a selective
decline in Th cells (characterized by expression of CD4) relative to Tc cells (expressing
CD8), and imbalances in the ratios of Thl to Th2 cells. This does not occur in the normal
young because, as mentioned above, there is a continual supply of new T cells being exported
20 from the thymus, which in turn provides a continual replenishment of the naive T cell pool in
~ the periphery.
THYMUS ATROPHY
[0011] The thymus is influenced to a great extent by its bidirectional communication
with the neuroendocrine system (Kendall, 1988). Of particular importance is the interplay
25  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
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
30 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




30 with the increase in circulating sex steroid production 3Z%u%? puberty
(H rokawa and Maki nodan, 1975; Tosi et al., 1982 and Hi roka RdHMS
1994). The precise target of the 12 APR 2005 4 hornones and the nechani sm
by which they induce thymus atrophy is yet to be determ ned. Since the
thynus is the primary site for the production and mai ntenance of the
peripheral T cell pool, this atrophy has been wi dely postulated as the
primary cause of an i ncreased incidence of inmune-based disorders in the
elderly. In particular, deficiencie$ of the inmune 5 systemillustrated by
a decrease in T-cell dependent inmune functions such as cytolytic T-cel
activity and mtogenic responses, are reflected by an increased incidence
of inmmnodeficiency, autoinmunity and tunor load in later life (H rokawa,
1998) . Hoffidri} anfithe ineqhadism bF whithinhes istutopiud Sroplyf & geitie te deferiivd.per i phery,
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peripheral T cell pool regeneration needs to be further addressed since patients who have

undergone chemotherapy show a greatly reduced rate of regeneration of the T cell pool,

20  particularly CD4™ T cells, in post-pubertal patients compared to those who were pre-pubertal
(Mackall et al, 1995). This is further exemplified in recent work by Timm and Thoman
(1999), who have shown that although CD4™ T cells are regenerated in old mice post bone
marrow transplant (BMT), they appear to show a bias towards memory cells due to the aged
peripheral microenvironment, coupled to poor thymic production of naive T cells.

25 [0013] The thymus essentially consists of developing thymocytes interspersed within
the diverse stromal cells (predominantly epithelial cell subsets) which constitute the
microenvironment and provide the growth factors and cellular interactions necessary for the
optimal development of the T cells, The symbiotic developmental relationship between
thymocytes and the epithelial subsets that conirols their differentiation and maturation {Boyd

30 eral, 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




thynocytes and the epithelial subsets that controls their ‘@Efﬂéfg gation
and maturation (Boyd 30 et al., 1993), neans sex-steroid inhibiti 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 J 2
APR 2005 5 within the thynocytes thensel ves since previous studies,
utilizing radiation chineras, have shown that bone nmarrow (BM stemcells
are not affected by age (Hirokawa, 1998; Mackall and Gress, 1997) and have
a sinmilar degree of thynus repopul afion potential as young BM cells.
Furthernore, thynocytes in older aged aninmals retain their ability to
differentiate to at 5 | east sone degree (Mackall and G ess, 1997; Ceorge
and Ritter, 1996; Hi rokawa et al., 1994). However, recent work by Aspinall
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pot ent iaad thoessthatrprevide pagsisielvecaimation. Passive vaccination involves the administration to
a patient of antibodies from a heterologous source to react against foreign antigens in the
patient or that the patient will encounter. Such vaccination is usually very short lived, as the
native immune system of the patient is not involved, The present disclosure is in the field of
20 active vaccinations, where an antigen is administered to a patient whose immune system then
responds to the antigen by forming antibodies specific to the anﬁgen.
[0016] There are several parameters that can influence the nature and extent of
immune responses: the level and type of antigen, the site of vaccination, the availability of
appropriate APC, the general health of the individual, and the status of the T and B cell pools.
25  Oftthese, T cells are the most vulnerable because of the marked sex steroid-induced shutdown
in thymic export that becomes profound from the onset of puberty. Any vaccination program
should therefore only be logically undertaken when the level of potential responder T cells is
optimal with respect to both the existence of naive T cells representing a broad repertoire of
specificity, and the presence of normal ratios of Thi to Th2 cells and Th to Tc cells. The
30 level and type of cytokines should also be manipulated to be appropriate for the desired

response,




optimal with respect to both the existence of naive T celllézrégr?eﬁmu ng a
broad repertoire of .specificity, and the presence of normal ratios of Thi
to Th2 cells and Th to Tc cells. The 30 | evel and type of cytokines should
al so be mani pul ated to be appropriate for the desired response. J 2 AN 2005
- 0, 6 100171 The ability to reactivate the atrophic thynus through

i nhibition of amsteroid production, for exanple at the |evel of

| eutini zi ng hornone rel easi ng hornone anp signaling to the PltntW

Provi des a potent, neans of generabrig a now cohort of naive T cells wth a
di verse repertoire of TCR types. Thi& process effectively reverts the
thymus to its pre 5 pubertal state and does so by using the normal

regul atory nol-ecul es and pat hways which lead to Optinmal thynopoiesis.
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passi ve [0@18]i bodyjhe(ptesaﬁﬁisbl&ufe?dah&ﬁﬁiﬁeﬂﬁﬂé fmhﬁiﬁbﬁ:ﬁ@ﬁﬁdﬂﬁﬁﬂts%ﬁwf -

. conbi nati ons there,of &-b ockeresl1 20 [00211 I'n_a peferred enbodi neA t he

bl ocker ((ESPORSE t0,3{FAHInG ¢ &4 oyt uptitatvelyend gualitativeliEestoggdie at i on.

Exanqy eSpefibhepdl el P, pgﬁaﬁlhﬂ%%t | YA cRlisOvd in VWO
98/ 0853? {)he entire content’s ?lﬁ?ﬁ??ﬁor porngi?gg her erﬁsgy

r ef er encible toyospond tory gataydegreEto preseyteddorign 10i22] Fi gure 1 A and B: Changes
in thymyoyig) nuMdRfe Jifoas 8 s BYSttiof 7 on blocking sex steroid mediated signaling -

to the thymus. Ina preferred embodiment, chemical castration is used. In anotber

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

15  pubertal state, thereby reactivating it.

[0020) In a particular embodiment sex steroid mediated signaling to the thymus is
blocked by the administration of agonists or antagonists of LHRH, anti~estrogen antibodies,

anti-androgen antﬂmdtes, passive (antibody) or active (antlgen) ann-IHRH vaccinations, or
combinations thereof ("blockers”).

20 [0021] 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.

DESCRIPTION OF THE FIGURES

25 [0022] Figure 1 A and B: Changes in thymocyte number pre- and post-castration.
Thymus atrophy resulis in a mgmﬁcant decrease in thymocyte numbers with age. Aged (2-
year old) mice were surgically castrated and analysed for (A) thymus weight in relation to
body weight and (B) total cells per thymus, at 2-4 weeks post-castration. A siéuiﬂcant
decrease in thymus weight and cellularity was seen with age compared to young adult (2-

30 - month) mice. This was restored by castration. At 3-weeks post-castration thymic hypertrophy
was observed and was returned to young adult levels by 4-weeks post-castration. Results are




Thymus atrophy results in a significant decrease in thynocy pﬁt@$ W th
age. Aged (2- year old) mce were surgically castrated and anal yse or (A
thymus weight in relation to body weight and (B) total cells per thynus,
at 24 weeks post-castration. A significant decrease in thynus weight and
cellularity was seen with age conpared to young adult (2 30 nonth) mce.
This was restored by castration. At 3-weeks post., castration thymc
hypertr-ophy was observed and was returned to young adult |evels by 4-weeks
post-castrati on.”” Results are 12 APR.2005 7 expressed as nean 1 SD of 4-8

m ce per group. **=p !'~M *** =p : (0.001 conpared to young adult and

post -castration m'ce 11 [0023] Figure 2 A-C. Aged (2-year old) mice were
sur gi caI |y castrated and anal ysed at 2 and 4 weeks post-castration for

peri pher al Iyrrphocyte ations A),, Tot npho 5 ers in the
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the pr opmymmgyathﬂtcﬁz-mngh)m@/—mpmﬁ odMatenmde subset with age or
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BrdUF cehd fhe Vﬂyhllab éuIB@etstdmm b\ﬁéeﬁ lBn 88 Pnafteek COFATCIE, Rajre@taivee S hown. No

wns 20° SoCsen CRIRGE b Psbardbies kECPA BB sais EPE ML RS B ects
of age an@CD&G:DB’&SP thymoeytear Wb diﬂ’&feﬂctel\x_ms serh i thy popyitions ofaiys@D4/CDEA)
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popul at i[85 s si gigurs 4aveed (2-yeareldanise wereBystraied pdigiectediwith g ATRg fant ~decr ease
' " the RraRRESyR BRI RberiR 1dvelsity PRRGREASn, 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
20  observed with age or post-castration.
[0026] Figure 5 A-D: Effects of age and castration on proliferation of thymocyte
subsets. (A) Proportion of each subset that constitutes the total proliferating population—The
proportion of CD8+ T cells within the proliferating population is significantly increased. (B)
However, a significant decrease in the proportion of DN (CD4-CD8-) thymocytes
25  proliferating was seen with age. Post-castration, this was restored and a significant increase in
proliferation within the CD4CD8" 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
30  meant1SD of 4-8 mice per group. * =p <0.05; ¥** =p <0.001 compared to young adult (2-
month) mice,
[0027] Figure 6 A-C: Aged (2-year old) mice were castrated and were injected
intrathymically with FITC to determine thymic export rates. The number of FITC" cells in the
periphery were calculated 24 hours later. (A) A significant decrease in recent thymic emigrant
35  (RTE) cell numbers was observed with age. Following castration, these values had




25 proliferating was seen with age. Post-castration, this w2 &t @8s and
a significant increase in proliferation within the CD4CD8+ SP t hynocytes
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 TN (CD44+CD25) subpopul ation
Wthvyage is not returned to nornmal |evels by 4 weeks post-castration.
Results are expressed as 30 neanfdSD of 4-8 mce per group. * = p :!190.05;
*** = p =50.001 conpared to young adfit (2- nonth) mce. [0027] Figure 6
A-C. Aged (2-year old) mice were castrated and were injected
intrathymcally with FITC to determ ne thymc export rates. The number of
FITC+ cells in the peri were cal cul ated 24 hours later. (A A
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castrat egQ:ll @%%srgg%ﬂgaw 0 ﬁ?ﬂﬁg ékgﬁgﬁﬁlmﬁﬁed%gﬁ?%f%%ﬁaﬁédw% ce al so
showed a Bosgeiclophasphaniidecirestat. (() A pigaifeant inbicasa imtyeph apdelceliglerity was
post - cycl griasRhadiwig toseatd et at( Qveeﬁ% §as9&eaftd1&an&esm&c &@a&g&eésed lymph node

cellularit 0, obser ved rated m ce
post - treaﬁﬁ&ﬁﬁ‘ggﬂcﬁpﬁf@o“@xp §S%QJO gompazed {e castraigd 18i6e. 4. 8 i ce per
group.rs**[oeas}so Oomgmeﬂmeﬂihahgasmalsﬁrnﬁ(fe)dspmeﬁ@) addlymPRadE (Ccglir e 8 A-C.

Changes i p.4 .
foll ow ng I rra%@t0 uracﬁﬂoﬁ%ﬁ& rsﬁ P%nnoglot?\ys Q’arreeglg)mp qe\?&)ans‘%%apl d
expansi onﬂﬁmuﬁlﬁéasﬁﬂtﬁ‘irmﬂ'ﬁ wh@azgmraaetdé@ithamwtsatwetw %%Wp&ﬁ pest-t 0 t he

non- cast r @baim@k. MeRlifMdrende mﬁgkﬁl (Bp&tlymﬁhrn%@é (@?5611 uh@erfivhd @Evsrge 1 n spleen (B)
or Iy rrp’h nogﬁed(m)ce i?nln h no%e c Ef{num%g:s were stﬂl c\ﬁromcally low at 2-weeks post-treatment
20 compared to control mice. Results are expressed as meant1SD of 4-8 mice per group. *=p <
0.05 compared to control mice; *** = p <0.001 compared to control and castrated mice.
[0030] Figure 3 A-C: Changes in thymuvs (A), spleen (B) and Iymph 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)
25 or lymph node (C) cell numbers was seen with castrated mice. Lymph node cell numbers
were still chronically low at 2-weeks post-treatment compared to control mice. Results are
expressed as mean + 18D 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.
[0031] Figure 10: Changes in thymus, spleen and lymph node cell numbers following
30 treatment with cyclophosphamide, a chemotherapy agent, and surgical or chemical castration

performed on the same day. Note the rapid expansion of the thymus in castrated animals when
compared to the non-castrate (cyclophosphamide alone) group at 1 and 2 wesks post-
freatment. In addition, splesn and lymph node numbers of the castrate group were well
increased compared to the cyclophosphamide alone group. (n = 3-4 per treatment group and




castrated nmice. Lynph node cell nunbers were still chronical §@ Bow
2-weeks post-treatnent 20 conpared to control mce. Results are exﬁﬂ@gsed
as neanl SD of 4-8 mce per group. * = p S 0.05 conpared to control nice;
*** = p 50.001 conpared to control and castrated mce. [0030] Figure 9
A-C. Changes in thymus (A), spleen (B) and | ynph node (C) cell nunbers
follow ng irradiation (625 Rads) one week after surgical castration. A
significant increase in thymus regeneration was observed with castration
(A). No difference in spleen (B) 25 @r |ynph node (C) cell nunbers was seen
with castrated m ce. Lynph node cell nunbers were still chronically |ow at
2-weeks post-treatnent conpared to control mce. Results are expressed as
mean 1 SD of 4-8 mice per group. + = p 50,05; ** = p 50.01 conpared to

cont r ol \gleSBint) - Ehend . | an : m ce. [0031]
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( HSV- 1) T REGFRH IR AT RS T a@e‘F‘I‘“‘Bﬂ‘%?’FF? cpmplets doss gEYPL0XpIessiona®s r at i on as
conpér edbserved. Repmspathtinohistogram patidsd agrshoypn. (N8)e thEditmibgéRdonal | ustrates t he
overal | ' d_on 25 Vs. cells by FACS (B).
[ 0033] ﬁ?%&l?rgée/ﬁ%géh&ﬁ%é ( S’é@%‘?‘%@%&@ﬁ GWC%FSROWWF%%F@%?&I ynphocytes) in
acti vat &P38N (I yFigarenldde€) Csonticouesingesigigonsiveness to HSV-drimmbaiggione t he nor nal

VR10 r ggpnong! ' %mqn ar= | ) . ete | oss of
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shown. RB#Reompare P $7mg Andpost-eastzgte mice {BhRepseseriatingFA G refilend t he
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R R
post - i nthe&mipbrnodestod aged aniprawasdefleotet by asiphificandduepastrin apivattd CIEL rate mice. (B)
Repr es efiriticksy Badiafion dtR dgbmice restored the immune response to HSV-1 with CTL
~ mumbers equivalent to young mice. Results are expressed as mean +1 SD of 8-12 mice, ** =p
20 =<0.01 compared to both young {2-month) and non-castrated mice.
[0035] Figure 14: Popliteal lymph nodes were removed from mice immunized with
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 ™' Cr-release). Results are expressed
as mean of 8 mice, in triplicate +1SD. Aged mice showed a significant (p <0.01, *) reduction
25 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
response to young adult Jevels. * =p <0.01 compared to young adult and post-castrate aged
mice,
[0036] Figure 15 A and B: Analysis of CD4" T cell help and V3 TCR response to
30 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 TCRV markers and (b)
CD4/CD8 T cells. (A) The percentage of activated (CD25") CD8* T cells expressing either
V810 or V38.1 is shown as mean +:1SD for 8 mice per group. No difference was observed
with age or post-castration. (B) A decrease in CD4/CDS8 ratio in the resting LN population




15 of activated (CD8+CD25+) cells in the LN of HSV-1 infect ed i AER 2005
difference was seen in proportions of activated CTL with age or
post-castration. (C) The decreased cellularity within the |ynph nodes of
aged mce was reflected by a significant decrease in activated CTL"-
nunbers. Castration of the aged m ce restored the i mune response to HSV-1
with CTL nunbers equivalent to young mce. Results are expressed as nean 1
SD of 8-12 mce. ** =p 20 50.01 corrpalr ed to both young (2-nonth) and
non-castrated mce. [0035] Figure 14: opllteal | ynph nodes were renoved
frommce i munized with 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 determned by 51Cr-rel ease). Results are expressed as nean of 8
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Figure 17'1‘1%[@\93&% doga?‘crll fvad dells mqge no%ca%galttéd tﬂunber in castrated and

[0039] Figure 18: FACS profiles of CD4 versus CD8 donor derived thymocyte

20 populations afier lethal irradiation and fetal liver reconstitution, followed by surgical
castration. Percentages for cach quadrant are given to the right of each plot. The age matched
control profile is of an eight month old Ly5.1 congenic mouse thymus. Those of castrated and
noncastrated mice are gated on CD45.2" cells, showing only donor derived cells. Two weeks
after reconstitution subpopulations of thymocytes do not differ between castrated and

25  noncastrated mice.
[0040] 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.)
Confrol (white) bars on the following graphs are based on the normal number of dendritic
cells found in untreated age matched mice, (A) Donor-derived myeloid dendritic cells—Two

30 weeks after reconstitution DC were present at normal levels in noncastrated mice. There were
significantly more DC in castrated 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
those of noncastrated mice. Four weeks after treatment DC numbers remained above control levels.

[@X




noncastrated nice after fetal liver reconstitution. (n = 3-41ZoAPEa2l5t est
group.) (A At two weeks, thynus cell nunber of castrated m ce was at
normal | evels and significantly higher than that of noncastrated mice (*p
< 0.05). Hypertrophy was observed in thynuses of castrated mce after four
weeks. Noncastrated cell numbers remain bel ow control ‘levels. (B) 15
CD45.2+ cells - CD45.2+ is a marker show ng donor derivation. Two weeks
after reconstitution donor-derived cells were present in both castrated
and noncastrated mce. Four weeks after treatnent approxi mately 85% of
cells in the castrated thynus were donor-derived. There were no
donor-derived cells in the noncastrated thynus. [0039] Figure 18: FACS
profil es of CD4 versus CD8 donor derived thynocyte 20 popul ations after
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cel | I1Jhmblﬁre pbmt mﬁ)vaﬁ a5 sipatiesl @tteRe BeReL] o Strbtedand®- 05) - (B)
@45 24 %gésixat d" WRE, (C) Donor-derived lymphoid dendritic cells—Numbers were at normal
20 levels two and four weeks after reconstitution. At two weeks there was no significant
difference between numbers in castrated and noncastrated mice,
[0043] Figure 22 A and B: Change in total and donor (CD45.2*) lymph node cell
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
25 decreased and there was no significant difference in cell number between castrated and
noncastrated mice. Four weeks after reconstitution cell numbers were approaching normal
levels in castrated mice. (B) CD45.2" cell number—There was no significant difference
between castrated and noncastrated mice with respect to CD45.2" cell number in the spleen,
two weeks after reconstitution, CD45.2" cell number remained high in castrated mice at four
30 weeks. There were no donor-derived cells in the noncastrated mice at the same time point.
[0044] Figure 23 A-C; Splenic T cells and myeloid and lymphoid derived dendritic
cells (DC) after fetal liver reconstitution, (n=3-4 mice for each test group.) Control (white)
bars on the following graphs are based on the normal number of T cells and dendritic cells
found in untreated age matched mice. (A) T cell number—Numbers were reduced two and four
35 weeks after reconstitution in both castrated and noncastrated mice. (B) Donor derived (CD45.2%)




Th v e was no significant difference between castrated and nqq&gﬁaéated
mce with respect to CD45.2+ cell nunber in the bone marrow 't 3&5
after reconstitution. CD45.2+ cell nunber renmained high in castrated mce
at four weeks. There were no donor-derived cells in 10 the noncastrated
mce at the same tine point. [0042] Figure 21 A-C. Changes in T cells and
nyel oi d and | nmphoi d derived dendritic cells (DC) in bone marrow of
castrated and noncastrated nice'afte& fetal liver reconstitution. (n=3-4
m ce for each test group.) Control (mﬁite) bars on the foll ow ng graphs
are based on the normal nunber of T cells and dendritic cells found in
untreated age matched 15 mce. (A T cell nunber-Nunbers were reduced two

and four f.er .reconstitution in both.c rated and nopcastrated
e O BBl R bl SRR b pR el e i PR S o ol e
r econst i tefhictsiateiand aprcasiaiehacs. Avdwe weaks el wasndrignificautstiffeceheechetiaeh

noncast r amgbkrdth 6Rtratéd and nbcdstialedRiB LT Dohd?RIES MDA PP ld defiiiic di f T erence
bet ween @%ﬂb_%{u% érpwé:astr%tmfgﬁﬁ%nd \%&éast rﬁgﬁd n ce, hﬁ)@ Donor - deri ved ’
| ynphoi ddén r_|P| ceef it } 10 RHEWTATCC T SRR POOISIIOR A P WeRKS tRHR f our
weeks S af tWey nosignifisant idiffstrenesrbetwaen tumbersedasratel endnonastratal mibagni f i cant

di ff er en¢n4s tvvee@r'g%wme | 15 [ ' [ 0043]
Figure ZSMA gn.d B: 1Chan %a?dn@t(g?g%’eg %ﬁﬁﬁﬁgﬁ?@?%ﬁiﬁ&%ﬁh&ﬁcﬁe cel |
nunber s PEMbYsiCaginated onoastraied mive eflerfitaldivaf eemstitationl (1=3vieor each

reconsti Welol =3 ' each.test group.. Total cell
nunber-T\E/elvglt %ea%[)s&gf Oefél clgﬁe%gﬁgse TN HEEkEQ%Ir r%ﬁ?f%@%’n&@ B ¥ ased and
t her e wanomml vdintliticantrasdiof stont feme @i fforencchdiwerd RRkich ahdwAcseasd r at ed and
noncggtrated m ce., Four weeks ,after reconstitution cell nunbers were

appr 6achig- RS Eeks 4llet, epenshitgti PunRets ijcastrated gyiceoygreatnemeal fevelnunber - Ther e
Was no s{BD45enen Sintepr $&E wadRt aft R @cE Borg) ARRRASH] a1 ed mce wth

respect to CD45.2+ cell number in the spleen, tw weeks after
reconst i PRRCAGAted extpesvithirespeetito donen€P453. 2 rall neban inghe iymphasdatwoawelsi ce at four

30 weeksgplh@bit . = ' 1aS: i RO [ d mce at the
sane tine poi n:{%nﬁﬁ%fgoggfﬂgg%uﬁugﬁéﬂggﬁw%& C E%&éné elgg%ﬁ]‘gge?ﬁelel oid and

| ynphoi dThese wene aio demddietived celtsah the néid@jiratefitntice 4 ¢eabme potatr r econstitution.
(n=3 ' or each t roup. ). Cont.r ol i e bars, on the foll ow ng
grap‘rllés1 g‘@SLSEd gfgu{e}.'?%b(%r@ﬁﬁgg%mg&ehﬁn %’é%‘?‘i&lﬁ'&g@é‘h&i"? c cells found
i n unt r eddnddtiegds (T)ih @@ nids@feric (Yiphmot&lof castale@ sndMerhadtStenali@ sreduced two
and four weeks after Egcons_tltutlon in both castrated and noncastrat ed

mice. (BiPAbBHErecaRtiulicn (chamss fongachniopt eryps GamielAsiriped) baweethe i c |
cel |'s- - t #amiRnel T el alVPaErith] dofd ol it datol bbAaibica B YAS TR € normal in

numbers were reduced two and four weeks affer reconstitution in both castrated and
20 noncastrated mice. (B) Donor derived myeloid dendritic cslls were normal in both castrated

and noncasirated mice. At four weeks they were decreased. At two weeks there was no

" significant difference between numbers in castrated and noncastrated nrice. (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

25 castrated and noncastrated mice,
[0047] Figure 26: The phenotypic composition of peripheral blood lymphocytes was
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
agonist treaiment. Total lymphocyte cell numbers per ml of blood were at the lower end of
30 control values before treatment in all patients. Following treatment, 6/9 patients showed

substantial increases in total lymphooyte counts (in some cases a doubling of total cells was




both castrated and noricastrated mce. At two weeks there was @2
significant difference between nunbers in castrated and nonca ré'P@d,?ﬂﬂﬁce.
(C) Donor-derived (CD45.2~ | ynphoid dendritic cells-nunbers were at normal
| evel s two and four weeks after reconstitution. At two weeks there 5 was no
significant difference between nunbers in castrated and noncastrated m ce.
[0045] Figure 24 A and B: Changes in total and donor (CD45.2") |ynph node
cell nunbers in castrated and noncagtrated mce after fetal |iver
reconstitution. (n7-3-4 for each test group.) (A) Total cell nunbers-Two
weeks after reconstitution cell nunbers were at normal |evels and there
was no significant difference between castrated and noricastrated 10 m ce.
Four vve% recons téil;ti on cell nunbers in castrated mce were at

t
nom al {°8GFEF%: 8"?%3“@15& V@ inereaee &t oirh E pell pebersdn &P gatiqntscant  di f f er ence
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nunber in the |ynph node two weeks reconstitut CD45. 2 cel l
number deEenstitiog inpigased Fevela of €4 ddells. elesaidiftioctiverenkwas sedihweitlén ther e no

Fi gur o S0 At i 2o oRid i b E RN el SR R RSB e e
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d f f et I t ut --34 f h
oot - oriBBaRH  confinR 27 Shevsics empLie Lood betise ALY w@t and
dendr i ttreatnget demnch@tbRa ﬂo@uba%hﬂ%%eéﬂ%mbﬁh?fbpﬂu}u%t fof of fAQI %ﬁf nunbers

were reduced two and four weeks after recons on In castrated and
20 nondeld T seliscandiacieriabieyhapemis theddp4: GBS ratip dolisivang thetmbmi. tThxs indicatss wer e

nor mal 4 £ m c four . we t hey were
decr easﬂéﬂ 1'Illﬂte\;\ff/gcQt &ggﬁ@ﬂ?ﬁg{r}@e@g@%ﬁa& E"a]g]g nﬁicga?ﬁ{l' cgﬁ F‘%bé“#%#é%f%g‘f ween
nunifer ssubstantialsiheredse th cvarill Tooell mambéra folldwine deatmest) Aonbies weer i ved | yi nphoi d
dendritic cell s-Nur;'ti)Ogirsaf1 were at normal levels two and four weeks after
reconst{ OYF, 10 gom Wleks there was no significant difference between

nunber 50048125 caﬁgﬁﬁas%mﬁlswme%ﬁb&ﬁhﬁstmﬁg anc{ H94did cEllsQNKeN%(’r The

phenot ypi c conp05|t|on of periphéral | ynphocytes was analyzed in

human padmegioptages) WW?WQ?TWN@MW nafinig-inggrzaing LHRTbagomisht  f or

ot he. LR o SR IP TSR YRR G AR M TR R MRS Gl

nunifer Snzpmphage p@ﬁpotﬁownbmmé réﬂuvalyeozhsmnefollewﬁg akatBRnicihe propbrtivabi®s bef ore
treat men | LS ol lowing treatnent, 619 patients showed
2hs 2t Rirba BT e |

subst ant | ynphocyt e counts (in sonme cases a doubling
of tot JUosel | s WRigurd 29 AkRIRAGE thkIotal 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.

20 B cell numbers showed no distinet trend with 2/9 patients showing increased levels; 4/9
patients showing no change and 3/9 patients showing decreased levels.
[0051] 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 (CD4SRA*) CD4+ cells, with the ratio of naive

25 (CD45RA™) to memory (CD45R0O™) in the CD4 T cell subset increasing in 6/9 of the human
patients.
{0052] Figure 31: Decrease in the impedance of skin using various laser pulse
energies. There is a decrease in skin impedance in skin irradiated at energies as low as 10 mJ,
using the fitted curve to interpolate data.

30 [0053] Figure 32: Permeation of a pharmaceutical through skin. Permeability of the

skin, using insulin as a sample pharmaceutical, was greatly increased through laser irradiation.



observed). Correlating with this was an increase in total T, ehéﬁnunbers in
6/9 patients. Wthin the CD4" subset, this increase was eJ%g 005
pronounced with 8/9 patients denonstrating increased levels of CD4 T
cells. Aless distinctive trend was seen within the CD8+ subset with 4/9
patients showi ng increased |evels, albeit generally to a snaller extent 5
than CD4+ T cells. [0048] Figure 27: Analysis of human patient bl ood before
and after LHRH agoni st treatnent denonstrated no substantial changes in
the overal |l proportion of T cells, ‘44 or CD8 T cells, and a variabl e
change in the CD4:CD8 ratio followng treatnent. This indicates the

m nimal effect of treatnent on the honmeostatic maintenance of T cel

subsets despite the 10 substantial increase in overall T cell nunbers
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atient NKT ent s Cro 3/ 9 pa ts). cell nunbers
R [T I L i S R e N

pati entssalﬁh&%ﬂ@ud RS @RAGInd @Mﬁ%l@mﬁﬂs%haﬁ?én&ﬁﬂ%ﬁaﬁh@%e%s se§h e and 3/9

patients showi ng decreaséd | evel s 0051] Figure 30 e maj or
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of fohe hefF ﬁflf- WE}'N{ here was a selective increase in
the propor ion o nalve cells, with the ratio of naive 25
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t hr oug§oBRted aqﬁémq?é!éﬁhqrqf@ry Ye hTWél baggdispecifigdiyrig-» mgbleutm respong teemypl e
5 ogf’ém%% bk £ @lde vifiety 8 eﬁﬁéélﬁé }\QQ Fsie Sld[hé ﬁpégeﬂ%s Lﬂﬁﬁ Vjeﬁtlo%%' 1%'%&-: 86101 12 AP
of naive T cells becomes available to respond to antigen administered in a vaccine.
[0058] In a preferred embodiment, blocking sex steroid mediated signaling to the
thymus creates this pool of naive T cells by reactivating the atrophied thymus. This distuption
reverses the hormonal status of the recipient. A preferred method for creating disruption is
20  through castration. Methods for castration include but are not limited to chemical castration
and surgical castration,
[0059] A preferred method of reactivating the thymus is by blocking the stimulatory
effects of LHRH on the pituitary, which leads to a loss of the gonadotrophins FSH and LH.
These gonadotrophins normally act on the gonads to release sex hormones, in particular
25  estrogens in females and testosterone in males; thé release ié blocked by the loss of FSH and
LH. The direct consequences of this are an immediate drop in the plasma levels of sex
steroids, and as a result, progressive release of the inhibitory signals on the thymus. The
degree and kinetics of thymic regrowth can be enhanced by injection of CD34" hematopoietic
cells (ideally autologous or syngeneic). | '




14 [0054] Figure 33: Change in fluorescence of skin over ti ge a'# er the
addition of 5- am nol evulenic acid (ALA) and a single inpul ezt 'a?@ﬂ%t to
the skin. The peak of intensity occurs at about 640 run and is highest
after 210 m nutes (dashed line) post-treatnment. [0055] Figure 34: Change
in fluorescence of skin over tine after the addition of 5 5 am nol evul enic
acid (ALA) without an inpulse transient. There is little change in the
intensity at different tine points. [0056] Figure 35: Conparison of change
in fluorescence of skin after the atldition of 5-am nol evul enic acid (ALA)
and a single inpulse transient under various peak stresses. The degree of
perneabi |l i zati on of the stratum coneum depends on the peak stress. 10
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0057] The present disclosure

concer [806ft hodsTlininvention may bgused sithary ardmplopedesi(ncladingimas) . This is

acconplyi shed b ntitativel nd, qualitatively restoring the peripheral T
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15 castration is reversed upon termination of chemical delivery.
[0064] This invention is useful in a number of conditions. For example, over a long
period of time an immune system will essentially run out of naive cells, As the number of
these cells dwindles, the response fo antigen presented as a vaccine also falls, as there are
insufficient numbers of naive cells available to create the response. Reactivating the thymus

20 creates a new, large pool of natve T cells capable of responding appropriately to the vaccine.
[0065] Additionally, a patient who has a disease or condiiion, such as cancer, that has
induced a prolonged immune response may have antigen-specific “clonal burnout.” While the
patient’s naive T cells inifially responded appropriately to the foreign antigens on the tumor,
thereby producing a variety of clones of cells that continue to make antibodies specific to the

25  foreign antigens, after a long period of time these clones will lose their production capacity.
In a patient with an atrophic thymus, the pool of naive T cells available to continue the
immune response is very likely to be vastly reduced and almost non-existent, and the immune
reaction essentially dies out, or functions af a level that is incapable of ridding the patient of
the tumor. Reactivating the thymus can prevent or relieve clonal burnout by creating a large

30  pool of naive T cells capable of responding to the foreign tumor antigens.



[0060] This invention may be used with any ani mal species (iﬁ@lﬁpﬁqgw
humans) havi ng sex steroid driven maturati on and an i nmune system gch as
manmal s and narsupials, preferably large nanmal s, and nost preferably
humans. [0061] The terns "regeneration,”™ "reactivation" and
"reconstitution” and their 5 derivatives are used interchangeably herein,
and refer to the recovery of an atrophied thynus to its active state.
[0062] "Castration," as used herein, neans the marked reduction or
elinination of sex steroid production and distribution in the body. This
effectively returns the patient to pge- pubertal status when the thynus is
fully functioning. Surgical castration renoves the 10 patient's gonads.

[ 0063] A | ess permanent version of castration is through the adm nistration
of a chemcal for a period of tinme, referred to herein as "chem cal

gastration." ' gﬁ@ml@ [ ﬁ@ fﬂ%oh'w'y ginthis
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I nventi oﬁp@@pﬁ%ﬁggfﬁ%ﬂo a aXsu%Q?"og? ?octicl)%a F}E)s:i%l" ﬂg E‘eﬁ%’rsog‘ﬁ 3%‘5]?@‘ :x%ver a long
pehri od oflestribedheasin.i Fomexuenpley mhiditlomof dex stssidprddadtioy of blockingtof afe orai ve cells. As
vacci o preaey R ecerlors it s im UL TR HEe ST R A e ol ls
avai | abl ginlifisiatieaéfRet foid Q5RRBDE antdRBAELE, ioY BiiveAnflidE) dr Peie (adfboayeat es a new,
| arge pool, of najve T cells capable of responding appropriately to the

vacci ne. MtrsgoEepid Kagginetios o Iopiprtion ofsex stemid pidcton sanplsgibg aci¥edy conditi on,

such as ghimigfatiod dfdhe Hiafore &eﬂ%ﬁﬂm@l\c}\ﬁs_’. O QEREnibATVUBE pirRIRANSRovIRY have
antigen-specific "clonal burnout." ile the pati en?' s naive T cells

i ni tial | 9 thegopyis se@hysing} wpfration BRYbeagPIOPE or ei gn anti gens on the tunor,

t her ghy cin | g > : : 'eﬂHﬁn make

ant i ggdi @gg?;eci ?Iln%p%legé%e&tee%g@glpﬁg%gsﬁx gﬁ?llﬁgiggéfeagﬁagggg ong LI|§gsri od of tine
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non- exi sélemical caseltiérhede welihkimen. Swhahdleps irelide bhtazd doy lishtaelto,ahd , or functions
at a lev that is ipca e of, riddi e.patient of t upor .
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antigens, 12 APR 08{? 16 . . L.

Pharmaceuticals), Gonadorelin (Ayerst), Goserelin (irade name Zoladex; Zeneca), Histrelin

(Ortho), Leuprolide (trade name Lupron; Abbott/TAP), Leuprorelin (Plosker et al.), Lutrelin

{Wyeth), Meterelin (WO9118016), Nafarelin (Syntex), and Triptorelin (U.S. Patent No.

4,010,125). LHRH analogs also include, but are not limited to, the following antagonists of

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

Combinations of agonists, combinations of antagonists, and combinations of agonists and

antagonists are also included, The disclosures of each the references teferred to above are
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,
25 [0068] Ina pfeferred 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
administration of the agonist. In an aliernate embodiment, an LHRH-R agonist that creates
little or no sex steroid production spike is used, with or without the prior administration of an
30 LHRH-R antagonist,




Dl SRUPTI ON OF SEX STERO D MEDI ATED SI GNALI NG TO THE THYMUS ?60@@F awi | |
be readily understood, sex steroid nediated signaling to the thynus can be
di srupted in a range of ways well known to those of skill in the art, some
of which are described herein. For exanple, inhibition of sex ster0|d
production or blocking of one or 5 nore sex steroid receptors within the
thynus wil | acconpllsh the desired disruption, as will admnistration of
sex steroid agoni'sts or antagonists, 19" active (antigen) or passive

(anti body) anti-sex steroid vaCC|nat|ons I nhibition of sex steroid
production can al so be achieved by adm nistration of one or nore sex
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oxbod meO70R L | Pie pri e R Gig i e SRS 9% PRBRECCTIERY | oved by
an LHRH Recapiahlé &drrier bR nithMt A LAGE, E%Ehﬁblbﬁhﬁﬁde%yhbl itdlyoMpaplde of sex
steroid production, before the decrease in séx er0i d production, that

m ght!3be c‘iﬁﬂéﬁﬁu sabvenisyand diduentsd Fprfiazentezal, |S®wu@neotuhén®q@mu% gnd iptriscwddrt er nat e
enbodi megj...a t I o] roid ,
production s p| t{eoﬁﬁgé Jﬁ)@@ﬁfﬁoﬁ% ﬂﬁ or tp\f\n&§ = sﬁait }ﬁg &tﬁir‘é*‘g?“%aﬂn %ﬁ%ﬁhg%lson of an
30 LHRH Rezpmpaesiivns may B@prébedlwith carriers that protect the active ingredient(s), while

allowing a slow release of those ingredients. Numerous polymers and copolymers are known

in the art for preparing time-release preparations, such as various versions of lactic
20 aéid/glycolic acid copolymers. See, for example, U.S, Patent No. 5,410,016, which uses
modified polymers of polyethylene glycol (PEG) as a biodegradeable coating,
[0071] Formulations intended to be delivered orally can be prepared as liquids,
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
25  formulations are well known.
[0072] 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
other cytokines as described herein,
DOSE
30 [0073] The LHRH analog can be administered in a one-time dose that will last fora
period of time, Preferably, the formulation will be effective for one to two months. The



[0069] While the stinulus for thym c reactivation is fundigzptally based on
the inhibition of the effects of sex steroids and/or the ects of
the LHRH anal ogs, it nay be useful to include additional substances whi ch
can act in concert to enhance the thymc effect. Such conpounds include
but are not limted to Interleukin 2 (1L2), Interleukin 7 (1L7), 5
Interleukin 15 (1L15), nenbers of the epithelial and fibroblast growh
factor famles, Stem Cell Factor, granul ocyte colony stinmulating factor
(GCSF) and keratinocyte growh factler (KGF). It is envisaged that these
addi ti onal conpound(s) would only be given one-three tines at the initial
LHRH anal og application. However, additional doses of any one or

conbi nati on of these substances may be given at any tine to further

st i mul atasdarddost wmmmnypeb@amt@iutsédoﬂn getiept, aheciokeis dptiveén ddagexhinodul at or's,

whi ch may be, targeted to be th eC|f|c pe dev I ed and used.
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DELIVERY OF AGENTS FOR CHEMICAL CASTRATION

[0075] Delivery of the compounds of this invention can be accomplished via a number

of methods known to persons skilled in the art. One standard procedure for administering
chemical inhibitors to inhibit sex steroid mediated signaling to the thymus uiilizes a single

20 dose of an LHRH agonist that is effective for three months. For this a simple one-time i.v. or
i.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,
Likewise, a method for increasing the half life of the inhibitor within the body, such as by

25  modification of the chemical, while retaining the function required herein, may be used.
[0076] 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
of the compound(s) with or without carrier at the same locus. A preferred method of this

30 placement is in a patch placed and maintained on the skin for the duration of the treatment,




112 APR 2005 18 standard dose varies with type of anal og uﬂe@,APszg eral,
the dose is between about 0.01 jig/kg and about 10 ng/ kg, prefera @£

bet ween about 0.01 ng/ kg and about 5 ng/kg. Dose varies with the LHRH
anal og or vaccine used. In a preferred enbodi nent, a dose is prepared to

|l ast as long as a periodic epidemc |asts. For exanple, "flu season"” occurs
usual ly during 5 the winter nonths. A formulation of an LHRH anal og can be
made and delivered as described herein to protect a patient for a period
of two or nore nonths starting at tHe beginning of the flu season, with
addi ti onal doses delivered every two or nore nonths until the risk of

I nfection decreases or disappears. [0074] The formul ati on can be nade to
enhance the i mune system Alternatively, 10 the formulation can be

prepar 007 spechid et yf ddHv@y uiiliees laked Beddy, shdcificklly foomad, whd 1aﬁn€£thanCi ng

the i nmmune system This latter formulation would include GMcells that have
been éﬁ@?ﬁ@é&%ﬁdwatvsiees@é? ere?teéﬁnglf %"%&anp%s qrjaffergtiqng dnide skinel apafigil) . The Qv

cel I's GrEULE pAORD M isS6Ed).s W Nd. @%4%%ﬁm§ﬂﬂt%o.fﬁswhﬁ§h@ﬂ.§ patSeparately,

both spatial [y and/or in time. "As ' non- GM ce mul' tiple doses
over t iNee 6026/ Ifealheffwhivhsare ingorpoisted heraimibymeferencec feaprsfoped erobadineent, 15 and

prevent, | ' ' f LU Virus er _theylength he flu season.
DELﬁVE 1&%@%%@6@%@8@8&&@4@ 08%? ﬁ‘%&’ébﬁ of the compounds
of thi swdvilgﬁlhg(bma'ﬂaﬁoet Bf el inddad 8. Most preferabil eic v]gaarélem%h Babsutknown to
person ille n the art. e standar rqQcedure for m ni st ering
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nonths. For this a sinple one-tine i.v. or Lin. injection wuld not be
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befigre jfje three months are over. Instead, a depot injection or an inplant
may be used, or any other neans of delivery of the inhibitor that will
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half life of the inhihitor. wthin.the body, such as by 25 nodification of
the'ché{’ﬁc%?;\}‘?bm‘la@“?gf’g&rf%ﬁ‘apﬁg“_f‘ﬂ‘ﬁ’c“t“fyo%n? P SHPTYR PEPSY. #elAYbe used.
[ 0076] é@i@lﬂﬂ&ﬂ&h@%ﬂﬁh&h&@ filety 164RF bMBE Mcid[BER BRY TMinafeGhirfiRee UL are not
limted to, laser irradiation of the skin, and creation of Egli pressure

i npul sdetreamsepied herains'glieralions anegasrachange imijie skin ptryctipe vbowtithsi ent s) on t he
skipg, agch : : ' EE%% . Of g% npound( s)
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pl acenetitred o any depthhat ch pl aced and mai ntained on the skin for the duration
of the [béﬁﬁt ment Several factors may be considered in defining the laser beam, including

wavelength, energy fluence, pulse temporal width and irradiation spot-size. In a preferred

embodiment, the energy fluence is in the range of 0.03-100,000 J/cm®. More preferably, the
20  energy fluence is in the range of 0.03 - 9.6 J/em®. The beam wavelength is dependent in part
on the laser material, such as Br:YAG. The pulse temporal width is a consequence of the
pulse width produced by, for example, a bank of capacitors, the flashlamp, and the laser rod
material. The pulse width is optimally between 1 fs (femtosecond) and 1,000 ps.
[c080] According to this method the perforation or alteration produced by the laser
25  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.
[0081] 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
30 by the number of pulses 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




12 APR 2005 19 [0077] One neans of delivery utilizes a |asep 2%%)
specifically focused, and |lasing at an appropriate wavel engt™h,”t 2085 at e
smal|l 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. No. 6,056,738, all of which are incorporated herein by reference. In
a preferred enbodinent, 5 the |aser beam has a wavel ength between 0.2 and
10 microns. Mire preferably, the wavelength is between about 1.5 and 3.0

m crons. Most preferably the wavel eMyth is about 2.94 microns. In one
enbodi nent, the | aser beamis focused with a |l ens to produce an

i rradi ation spot on the skin through the epiderm s of the skin. In an

addi tional enbodinment, the |aser beamis focused to create an irradiation
spot omkoducdpaliptivaihemdltr i fumtiaosréteratiaf usingden pilkes kich hatitd 7/3dthAe used
herein, "ablation" .and," erfoLati.on" rreaner%g hol e created_in the skin. Such
a hol eee%fﬁy'v]g?cﬁusieﬁ“ﬂgﬁr le figh thepatisayingt move the taggst s pgfe the stratum
Cor neuiradidtioA WimaReER ibrfirResabd onlthCordof100 s bike), 5APIhkd RS Meal AYGlcc®l the

skin, or it nmay term nate anywhere in between. As used herein,

" al t er duripgwachpulpesnad sighifieapdly diffusd in speferrsd elndimest thepulsomspetitioerals cr eat i on
of h | Lty of. the skin. | t

per for gi‘to?aﬂotrlll,E Eg%{i%&ggﬁéﬁlgﬁﬂ%ﬁ%gﬁg%ﬁgﬁghw gf)q[d ce [Hbﬁ)%f 0%@%3&5’1 I%P actors may
be consisdettechativelyl¢lid orientgtidnuf theamget thamnnd the tdserdanbe meechumtA19gixBd ener gy

fl uence l.se tenporal width and irradi,atiop spot-size. In a preferred
ebodi ARHE RS &;FEQFY‘\’A&%WBQ"PB"RCF‘“& 5y 6 MESGRTEIBER §B6; 000 3/ crz. Mor e
pref er §0082] t he PdpeoritOthe Elit! BNCBaringr thid iidiBesTMNIR n8bld8d 8w: skh GnJ/ cn2. The
beam wavel éngth is dependent in part on the laser material, such as

Er : YAGPe Perdorpiad sralicesdytigpugh thy enies syrface, sudiasden straiam cotnepmdayen bt wi dt h
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(f ent odemwdiinetnet the ixOinshe e 80ipphedmately B hiorchii 50 ot Metoralie, ther f or ati on

or alteration produced. by t.h se need not be prodyced wifh a single
pul se FP@&?‘E ﬁeeﬁllt'glga@‘?g “flﬁ a&“ﬁ‘ﬁ@k %ﬂ}lﬁ%oéﬁﬁm le’é\g?h ?Jﬁ%pf%g;t%n t

al t er atwih chh1bOofWRy EiBE bsihg SontBNHMY RS iatotyRIt B AEA Gdd¥atdiSinAthe Ul ti pl e | aser
pul ses,. each of which perforates or alters only a fraction of the target

tissue desiied ppiansgtion piseS e fivis to he wmeer ordhrphemprceusioio be apliecrelthe t he ener gy
i g T aRE DL A Rl 1o b of 8 1SR Th R R BRI DL OF pul ses
desi r aiP@83]For elnmpilifing Wavalesgibipulst lamgthaeretgy fluamce $whieh isadfumictiosofl J of
'_che laser energy output (in Joules) and size of the beam at the focal point (cm?)), and
irradiation spot size, it is possible to vary the effect on the stratum comeum between ablation
(perforation) and non-ablative modification (alteration). Both ablation and non-ablative
20  alteration of the stratum corneum result in enhanced permeation of subsequently applied
pharmaceuticals,
[0084] 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
25  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 to the stratum comeum. 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 number of pulses.
30 [0085] 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,




energy to produce a perforation or alteration through the eqtzi r‘%a'sgéu%t um
corneum then one can J1 2 APR 2005 20 produce qualitatively ™ sih
perforation or alteration using ten pul ses, each having 1/10th the energy.
Because it is desirable that the patient not nove the target tissue during
the irradiation (human reaction tinmes are on the order of 100 nms or so),
and that the heat produced during each pulse not significantly diffuse, in
a preferred enbodi ment the pulse repetition rate 5 fromthe | aser should be
such that conplete perforation is pZbduced in a tinme of less than 100 ns.
Alternatively, the orientation of the target tissue and the |aser can be
mechanically fixed so that changes in the target | ocation do not occur
during the longer irradiation tine. [0082] To penetrate the skin in a

manner Habadg thé'shyc@sa Will bl iR haliag B @ﬁ@%)f teQiked S prodid the shife BBt or at ed or
altered through the outer surface, such as the stratum corneum | ayer, but
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or the minsERECHE bedn PRARIPGIRSan, Heeizd of the efiéctddengtifieddred dag bé OCUSI Ng
| ens can be of any Ig gth, but in one enbodinent it is 30 nm [0083] By

modi f i % Wi a resgieRd besm size and ma stoeed theripgeing tearletionofHiedHePEoBe-f unct i on” of
the | aspy ndalfBlafvelPhikd Hhsub ﬁﬂh%%%eﬁ?%o?&'ge stlitéBle &{)TSE h§ Jbgam, %)F he focal point

(cm), and irradiation spot size, it is possible to vary the effect on the
st r at urilusaeenwhigh b bheldmiedon spat sine woyldreuire pulse)energyl of wbautoifaThise

dificati at i ol he abl.at i d - abl at.i. 0_al i f
el Gt Bt B R il Bk Bked AL ORARS Br SRR § appi 1 ed
phar macexample ahsEr: ¥ AGadser bpitteguainp the beddy by @cibesrbarg filer, Richaeglaner gy while

hol di n er variables constant, it _is, possible to change between
~abl ati \%’Bgﬁd non-B‘B?néﬁYa\béf changing dhegyavelength pigp @téﬁengWhﬂﬁd@?ql%tg? havi ng a

pul se | @R idblcs 8811, A90nchsiblthd {hafecHoRttkfaibifRe Bd SRUARYe FRALOY and 25
irradiating a 2 nmspot on the skin, a pulse energy above approxi mately 100
ml caus@cipdipt ¢xampleppsitmiig ¥ G haltium: YohG; 2007 reiceans) ippleeseof dndirgKAGel ow
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- pul se enedtigy lesssfaiperforation @rdtamatien. per neat i on of body fluids or for

phar macgypycal dglivery isereduced by a factar approximiely, equal to the

produce alteration or ablation in skin. This can be accomplished with modulated diode or
related microchip lasers, which deliver single. pulses with temporal widths in the 1

20  femtosecond to 1 msrange. (See D. Stern et al., "Corneal Ablation by Nanosecond,
Picosecond, and Femtosecond Lasers at 532 and 625 nm," Corneal Laser Ablation, Vol, 107,
pp. 587-592 (1989), incorporated herein by reference, which discloses the use of pulse lengths
down to 1 femtosecond).
[0088] Another delivery method uses high pressure impulse transients on skin to

25  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 stratum

30 corneum and mucosal membranes, These methods can be used to deliver compounds of a



30 [0085] Alternatively, by reducing the spot size while f‘gbgdiﬂ‘iﬁ!% ZiFer

vari ables constant, it is also possible to change between abl ative and
non-abl ative tissue-effect. For exanple, 12 APR 2005 21 hal ving the spot
area will result in halving the energy required to produce the sane effect.
Irradiation dowmn to 0.5 mcrons can be obtained, for exanple, by coupling
the radiant output of the laser into the objective I ens of a m croscope
objective. (e.g., as available fromN kon, 1Inc., Melville, NY). In such a
case, it is possible to focus the bZam down to spots on the order 5 of the
limt of resolution of the m croscope, which is perhaps on the order of
about 0.5 mcrons. In fact, if the beamprofile is Gaussian, the size of
the affected irradiated area can be |ess than the measured beam si ze and
can exogidelrahfeollsiragiesddles 90 thetr neith@e.t hedaiied, asedReransidifs wednald at i vel y
alter tissue in this case,, it would be suitable to use a 3.2 J/cnR energy
f | uenc @resgplinegthodpavoid YssWr DY r on spot size woul d require a pul se energy of
about Thi s I MY id ol M HRYRI om di ode
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at t enuatraign qomsubgia likdyinapermadablisrita frgeifi cangpopnds thitpraentyldiffsion of 0©86]

Opt izong| ¥ _.ch I g, t he wavel.ength of radi apt eper. whi |.e hol di ng t he
ot hér chlrn%g%r}%elgto egﬁglpg%{y}ngﬁl?e §PL ﬂ{?@g?’% XROSUE ﬁgﬁﬁgplﬁlgt‘%@ﬁr tgrtlheabl ative and
non- ablimpiivetrinsita enabR the Compdvdd 1CHER tBroughShdepitiieliaY BGer( MBE FtgBR YAG 2. 127
m crons‘%@iln pl ace af, the Er: YAG 15 (erbjum YAG 2.94 mcrons) |aser, would
resul t SqDs B B5Re)y i ictstpd by tasaiugg ofghe impalse fransigats and the §ige pigh¢ ess of a

per f or &bh@Buriio 8¢ ddka@bd on. [0087] Picosecond and fentosecond pul ses
pr oduced %a/ lasers can al so be used to produce alteration or ablation in
skin. TAPS0Jcan bBhexsis ofpincizdtiod Uwbudh spesifid epitealialtisoutdaysrs, sucklasthed ni crochi p

| asgr s, \A‘Q!C | VeI S ul.ses wth.te ral .w.dt in the 1 20
fe %osesctzron @ggﬁllnr?éﬁlF glﬁggago((%gg%ldbpngy%o&et%&rsm%vﬁrlﬂ%éﬁ,%l ation by
Nanos eangtsholistiRiof ihe etaedys sabrafeaBhRsHeBnd diftsRts batwebs theadptbrdferiam " Cor neal
Laser Ablation, Vol. 105,&8%@@1 587-592 (1989), incorporated herein by

r ef er erfe &1© SEATRFOReWR, 38 i&?é‘ fo thy yrrgm Rl (i wdlas theo 1 .
f ent os emewBRlical i ABEIhySRA RSt FHEI FieaIh, 'Iii—‘f.ﬂp %e%sgszcagé%ﬁitgﬁa t@?ﬁﬁéﬁn i mpul se

transients on skin to 25 create perneability. _ \o, 5,614, 502,
and U. Slepegs on heslth 326 56x, 882, skizoete, afd higtorghForgxample pdepesntcteaither ei n by

o1 2 RSP B SRR, % 55 e (5,8
times g§a@9tjeak Fhe mumeionfcanpgqind ﬂslhrefeﬂ)hro@nhé@itbdliﬁi o3k lefdringll alnd | y ef f ect
the tr adélsngn%rotn tl?ef ler?g%lngfc%llfl?edtﬁé epsl gl?al ﬁzsyer remains permeable, and the size of the
surface area of the epithelial layer which is made permeable.
[0092] The properties and characteristics of impulse transients are controlled by the
20 energy source used to create them, See WO 98/23325, which is incorporated herein by
reference. However, their characteristics are modified by the linear and non-linear properties
of the coupling medium through which they propagate. The linear attenuation caused by the
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
25  time of the impulse transient. The non-linear properties of the coupling medium, on the other
hand, cause the rise time to 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 stesper. The relative strengths of the linear atienuation, non-linear
30  coefficient, and the peak stress determine how long the wave has to travel for the increase in

steepness of rise time to become substantial,




t hose of the present disclosure, through |ayers of epithelial_ﬂisaﬁgs, such
as the stratum 30 corneum and nucosal nenbranes. These nethods ga eZffged
to deliver conpounds of a a 2 APR 2005 22 wi de range of sizes regardl ess of
their net charge. In addition, inpulse transients used in the present

met hods avoid tissue injury. [0089] Prior to exposure to an inpul se
transient, an epithelial tissue |ayer, e.g., the stratumcorneum is
likely inpernmeable to a foreign conpound; this prevents diffusion of the 5
conmpound into cells underlying the “@pithelial |ayer. Exposure of the
epithelial layer to the inpulse transients enables the conpound to diffuse
through the epithelial l|ayer. The rate of diffusion, in general, iIs
dictated by the nature of the inpulse transients and the size of the
compoub@83) be dBieirisetimg, mig0inge]andduration ef taef inpelse rammiehioae thosatgh speci fic
epi t hel j ti ssue |layers, such,as the .10 strat corneum of the skin, also
dopena' B b BETLE: noR s Fndichaurr b e ThBETaRrsh of t ne

cut aneditpesdabilicpdfehd dpithelial tissliedlgren Gordrdllyelicane Bfeliedt MRS dsh@adiegi on

external to_ th tratum corneum and the region internal to the stratum
corneuﬁ%ﬂ%ﬂm@ﬁ¢3wigﬂﬂﬁé& anatomi cal site and physical condition of the
Ski. [oodayrn. (1R pRilSe&t pRoOA driuRfimBlisd RfsiRifS Yaricd FRQRARnPN heal L, age,
sex, race, skin care, and history. For exanple, prior contacts with 15

or gani epidhslisldissus o eclblayers dionenagplef foghsporteophywids tifough fidistitan of t he ski n.

[ 0091] u ou ljivered thr t.he i.thelj tissue |ayer
b 1 oS TR e SRR 16 R ot R B P iS40 b e
per mealdoze prafechbiyet leait26000 bart hig no gisrd th@eabatier000fbat, he epithelial |ayer which
is mad nmeabl.e. [.00 The, properties and characteristics of inpulse
transi Z@are p@ﬁ?‘g[’lgﬁe{glé%'%?ﬁqlﬁ@rggﬁpé eRTEYE %%%?We@‘r%)é?te them See
VO 198/ 33328 S00WdrCidiiSprRESTRFRES S0 RE Bidk0BYar, T ef er ence. However, their

no d by the I'itnear and non-linear properties of

characteristics are difie
t he cgtﬁngﬂﬁlg medihgrimprlsicrgbicathpreferablydipvpdupingaoethe Wd@rt I d)ﬁa{fﬁ\aﬁerlll_api ePuati on
caused by : : ua I ntly the hig requency
corrponerftasnzl (EJL?S Fﬁég&? rrk’let:;Jl%seerEE gffe?ﬁg?r}g%‘%%&sqn&ﬁ%@ﬂ?’g%sgeos? e bandwi dth to

decr eag@09M]t h a Fdivwighaaditivg wihcliciapalst Radsar, theepithidBalttissie infot t he i mpul se
transient. The non-| |€ear propert eg{gof t he éggapl |,n% medi um on the other
“hand, @gFaEetieampaged, byt ganaing pameealls £ vP 1 ePoyBFE BUBIS the rise time is the

resyl t [gd9gihe dRREBAST) AR oW ciRISAVAT: ﬁx@‘ﬂpﬂf&ﬁtﬁdn‘b‘fﬁnl?%'f&@&i&éfct@n stress
(pressure). As the stress increases, the 'sound and the particle velocity

i ncr eadighgsmplipde pulyasite the peticat This sumbes of inapubsd grensidnts ddminisigyed toghe
patient is typically less than 100, more preferably less than 50, and most preferably less than
10. When multiple optical pulses are used to generate the impulse transient, the time duration
between sequential pulses is 10 to 120 seconds, which is long enough to prevent permanent

20  damage to the epithelial tissue. |

[0099] Properties of impulse transients can be measured using methods standard in the
art. For example, peak stress or pressure, and rise time can be measured using a
polyvinylidene fluoride (PVDF) transducer method as described in Doukas et al,, Ultrasound
Med. Biol., 21:961 (1995).

25 Jo1o0] Impulse transients can be generated by various energy sources. The physical
phenomenon responsible for launching the impulse transient is, in general, chosen from three
different mechanisms: (1) thermoelastic generation; (2) optical breakdown; or (3) ablation,
[0101] For example, the impulse fransients can be initiated by applying a high energy
laser source to ablate a target material, and the impulse transient is then coupled to an

30 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




transient to becone steeper. The relative strengths of the ‘.ﬂiZnW
attenuation, non-linear 30 coefficient, and the peak stress detern?twg how
|l ong the wave has to travel for the increase in steepness of rise tinme to
beconme substantial. i 2 AP,R 2005 23 [0093] The rise tine, magnitude, and
duration of the inpulse transient are chosen to create a non-destructive
(i.e., non-shock wave) inpulse transient that tenporarily increases the
perneability of the epithelial tissue |ayer. Generally the rise tinme is at
least 1 ns, and is nore preferabl y*hbout 10 ns. 5 [0094] The peak stress
or pressure of the inpulse transients varies for different epithelial
tissue or cell layers. For exanple, to transport conpounds through the
stratum corneum the peak stress or pressure of the inpulse transient
shoul d ibometedion atchlae phdspledObuitered saline (BB @fagebdukly aed collegeabuskeD00 bar, but
no nore tBan gbotlét 2,000 bar. [0095] For epithelial mucosal |ayers, the
peak pré8SurE B FYPHRE D€YYy bet ween 300 10 bar and 800 bar, and is

pr ef er ol gzjbet werndSA6h, B coafithg6RRiWRAan 1{ARS§ kurfldfini HRhBRcds ansi ent s
preferably have durations on the order of a fewtens of ns, and thus

i nt er adfanggorthe.g- ey mplonging tha periqded time frowhiohnthy stzeteth opmeyseremainsof tinme. [ 0097]
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only a f discr.et hi gh .ampl i t.ude | ses to the patjent. The nunber of
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mul tiple optical pulses are used to generate the i1npulse transient, the
time ddicdeving abssettine ehlight dhectgetmaterial yadsrgoss rapid thermalexpagion@sis whi ch is

| ong) engue {9%uREE t A1IRe ' 1al tissue.

[ 0099] Prop’ert?es %ﬁ%ﬁ%ﬁf@?@?aﬁgﬁgl}#s ca%dg)glﬁr{%égg%‘?geﬁgbﬁﬂgkﬁg nmet hods

st andaraysarpticnivectficients infbe vielbrmpd elirayielakspsdimbegions. pressure, and rise tine

can be ured ing a ol vvi nyl.idene fl uoride (PVDF) transducer nethod
e qesdBTER" 7 M3t e o Bitels i 188 e ey i . conhGigh Wioos) . o
[0100] o lageribeaen, provided ey ﬁllltyabsohﬁligfﬁt&ﬁ@w@dleﬁgth%ﬁmb Qi VREHE ITHY 5@ ces. The
physi cal = phengnenon responsi ble tor | aunching the inpulse transient is, in

gener alMAETRbEBPe LPBASHH Plimetal Surhoasatiminiue AA0PRATS: Plpstiy, Wefessmoel ast i c
gengy atdoBRiyrdne)e. £ Pldck BhlyRyRAK AXAmicbr £ 1HInIFRIREARR dye solution. The

target material must have dimensions larger than the cross-sectional area of the applied laser

energy. In addition, the target material must be thicker than the optical penetration depth so
that no light strikes the surface of the skin, The target material must also be sufficiently thick
to provide mechanical support. When the target material is made of a metal, the typical

20  thickness will be 1/32 to 1/16 inch. For plastic target materials, the thickness will be 1/16 to
1/8 inch.
[0105] Impulse transients can also be enhanced using confined ablation. In confined
ablation, a laser beam iransparent 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

25  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
quartz, glass, or fransparent plastic.
[0106] 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

30  transparent material is preferably bonded to the target material using an initially liquid

adhesive, such as carbon-containing epoxies, to prevent such voids.




[0101] For exanple, the inpulse transients can be initiate?zﬁy ﬁp | ying a
high energy |aser source to ablate a target material, and®t AR e
transient is then coupled to an 30 epithelial tissue or cell |layer by a
coupling medium The coupling nmediumcan be, for exanple, a liquid or a
gel, as long as it is non-linear. Thus, water, oil such as castor oil, an
12 APR 2005 24 isotonic nedium such as phosphate buffered saline (PBS),

a gel such as a coll agenous gel, can be used as the coupling medi um
[0102] In addition, the coupllng medi um can include a surfactant that
enhances transport, e.g., by prolonging the period of tinme in which the
stratum corneumrenains 5 perneable to the conpound foll ow ng the
generation of an inpulse transient. The surfactant can be, e.g., ionic
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and a peak pressure of 500 barr, the distance that the impulse transient should travel through

the coupling medium before contacting an epithelial cell layer is approximately S mm.
[0109] An additional advantage of this approach for shaping impulse transients

20  generated by lithotripters is that the tensile component of the wave will be broadened and
attenuated as a result of propagating through the non-linear coupling medium. This
propagation distance should be adjusted to produce an impulse transient having a tensile
component that has a pressure of only about 5 to 10% of the peak pressure of the compressive
component of the wave. Thus, the shaped impulse transient will not damage tissue.

25 [0110] The type of lithotripter used is not critical, Either an electrohydraulic,
electromagnetic, or piezoelectric lithotripter can be used.
[o111] The impulse transients can also be generated using transducers, such as
piezoelectric transducers. Preferably, the transducer is in direct contact with the coupling
medium, and undergoes rapid displacement following application of an optical, thermal, or

30 electric field to generate the impulse transient, For example, dielectric breakdown can be
used, and is typically induced by a high-voltage spark or piezoclectric transducer (similar to




quartz, glass, or transparent plastic. [0106] Since voids bgtzmg

target material and the confining transparent material allow the plasma to
expand, and thus decrease the nonentuminparted to the target, the 30
transparent material is preferably bonded to the target material using an
initially liquid adhesive, such as carbon-contai ning epoxies,..to prevent
such voids. 12 APR 2005 25 [0107] The | aser beam can be generated by
standard optical nodul ation techniques known in the art, such as by

enpl oyi ng Q@ sw tched or node-l ocked?d asers using, for exanple, electro- or
acoust o-optic devices, Standard commercially available |asers that can
operate in a pulsed node in the infrared, visible, and/or infrared
spectrum i ncl ude Nd: YAG Nd: YLF, C02, 5 excinmer, dye, Ti:sapphire, diode,

hol m unhdsanebd 9 EthinreRtr@ofRbdal litHREiSters b SdmarPdd 81, MREkAbonGEY, Bidigsers. The
pul se w dths of these |ight sources are adjustable, and can vary from
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| mpul seocwplirpsicdiutrs can al so be generated by extracorporeal lithotripters

le is described in Col t al. .. Ut Med, Biol .,
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transients 20 generated by lithotripters is that the tensile conponent of
t he wa¥ BPToprigie absomtige Hetpagtirylar isrgebmaisidd as a result of propagating

{ hrougijod 4 nON- Adieafels 4iRhbrtlc TRAkiANan B ce miﬁgaﬂ@@mﬁn hstance should
be adjusted to produce an inpulse transient having a tensile conponent
t hat haespenspiesdiomatiog ingulsy. Bkolstonatot en Homasé the legergatia maparigsyur e of t he

congr escgﬁsyneg[an%%%gge@ tc,[]%%ﬁ%he ve. Thus, the shaped inpul se transient wll

not "damage 1 ssue. : ]Sp ‘e type of lithotripter used is not critical.
Ei t her [edM4]l ect riideostaiclpresure can be used in conjunction with impulse transients to

enhance the transport of a compound through the epithelial tissue layer. Since the effects

induced by the impulse transients last for several minutes, the transport rate of a drug
diffusing passively through the epithelial cell layer along its conceniration gradient can be

20  increased by applying hydrostatic pressure on the surface of the epithelial tissue layer, e.g.,
the straium corneum of the skin, following application of the impulse transient.

IMPROVEMENT OF VACCINE RESPONSE

[0115] By the methods described herein, the sex steroid-induced atrophic thymus is
dramatically restored structurally and functionally to approximately its optimal pre-pubertal

25  capacity in all currently definable terms. This includes the number, type and proportion of all
T cell subsets. Also included are the complex stromal cells and their three dimensional
architecture which constitute the thymic microenvironment required for producing T cells.
The newly generated T cells emigrate from the thymus and restore peripheral T cell levels and
function.

30 [0116] The reactivation of the thymus can be supplemented by the addition of CD34"
hematopotetic stem cells (HSC) and/or epithelial stem cells slightly before or at the time the




el ectromagnetic, or piezoelectric lithotripter can be usegz @8@1%M5The
i npul se transients can al so be generated using transducer S/ h=as

pi ezoel ectric transducers. Preferably, the transducer is in direct contact
with the coupling nedium and undergoes rapid displacenment follow ng
application of an optical, thermal, or 30 electric field to generate the

i npul se transient. For exanple, dielectric breakdown can be wused, and is
typically induced by a high-voltage spark or piezoel ectric transducer
(simlar to 12 APR 2005 26 those us®d in certain extracorporeal
lithotripters, Coleman et at., Utrasound Med. Biol., 15:213-227, 1989).
In the case of a piezoelectric transducer, the transducer undergoes rapid
expansion followi ng application of an electrical field to cause a rapid
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pr e- pulfet1&jl This procedure can be combined with any other form of immune system

stimulation, including adjuvant, accessory molecules, and cytokine therapies. For example,
useful cytokines include but are not limited to interleukin 2 (IL2) as a general immune growth
factor, IL4 to skew the response to Th2 (humoral immunity), and interferon 1 to skew the
20  response to Thi (cell mediated, inflammatory responses). Accessory molecules include but
- are not limited to inhibitors of CTLA4, which enhance the general immune response by
facilitating the CD28/B7.1,B7.2 stimulation pathway, which is normally inhibited by
CTLA4.SMALL ANIMAL STUDIES
Materials and Methods
25 Animals
[0119] CBA/CAH and C57B16/J male mice were obtained from Central Animal
Services, Monash University and were housed under conventional conditions. Ages ranged
from 4-6 weeks to 26 months of age and are indicated where relevant.
Castration
30 [0120] Animals were anesthetized by intraperitoneal injection of 0.3 ml of 0.3 mg
xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and 1.5 mg ketamine




25 capacity in all currently definable terns. This includes 1QeApgga@5,
type and proportion of all T cell subsets. Al so included are the ex
stromal cells and their three dinensional architecture which constitute
the thym c mcroenvironnment required for producing T cells. The newy
generated T cells emgrate fromthe thynus and restore peripheral T cel

| evel s and function. 30 [0116] The reactivation of the thynus can be

suppl emented by the addition of CD3r henatopoietic stemcells (HSC) and/or
epithelial stemcells slightly befdt% or at the tine the 12 APR 2005 27
thymus begins to regenerate. ldeally these cells are autol ogous or
syngenei ¢ and have been obtained fromthe patient or twin prior to thynus
reactivation. The HSC can be obtained by sorting CD34 cells fromthe
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15 I@een Heéuceld and wi || have undergone any necessary post-thymc
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i mrune syst Blow GftordthiaddabiBis | ncl udi ng adj uvant, accessory nol ecul es, and

cyt oki erapi es. For exanple, .useful cytokines include but are not
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STUDI EShloride) for 10 min at 4°C, washed and resuspended in PBS/FCS/Az. Cell concentration and

viability were determined in duplicate using a hemocytometer and ethidium bromide/acridine

orange and viewed under a fluorescence microscope (Axioskop; Carl Zeiss, Oberkochen,
(Germany).

20 [0123] For 3-color immunofluorescence thymocytes were routinely labeled with anti-
afTCR-FITC or anti-y§ TCR-FITC, anti-CD4-PE and anti-CD8-APC (all obtained from
Pharmingen, San Diego, CA) followed by flow cytometry analysis. Spleen and lymph node
suspensions were labeled with either e TCR-FITC/CD4-PE/CD8-APC or B220-B (Sigma)
with CD4-PE and CD8-APC. B220-B was revealed with strepiavidin-Tri-color conjugate

25 purcl‘iased from Caltag Laboratories, Inc., Burlingame, CA.

[0124] For BrdU detection, cells were surfaée 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 500p1 DNase (100 Kunitz units, Boehringer Mannheim, W. Germany) for 30

30 mins at 37°C in order to denature the DNA. Finally, cells were incubated with anti-BrdU-

FITC (Becton-Dickinson).




Materials and Methods 25 Animals [0119] CBA/ CAH and 057816/‘61 ngéﬁ m'ge
were obtained fromCentral Animal Services, Mnash Universi 2 208
housed under conventional conditions. Ages ranged from 4-6 weeks to 26
nont hs of age and are indicated where relevant. Castration 30 [0120]

Ani mal s were anesthetized by intraperitoneal injection of 0.3 m of 0.3 ng
xyl azi ne (Ronpun; Bayer Australia Ltd., Botany NSW Australia) and 1.5 ny
ket am ne 12 APR 2005 28 hydrochl ori de (Ket al ar; Parke-Davis, Caringbah,

NSW Australia) in saline. Surgical2® castration was perfor rred by a scrotal
incision, revealing the testes, which were tied with suture and then
renmoved along with surrounding fatty tissue. Bronbdeoxyuridi ne (BrdU)
incorporation 5 [0121] Mce received two intraperitoneal injections of BrduU

(Si grrz[ﬂ?lﬂﬂ]i cal RB@chol‘Bt Immh@@lh&escb@bﬂiyh@@ytﬁgﬁ&ﬁ%‘dbﬂlé&fdﬂﬁmmmn 1001 of g'?s)
at a nteryal . Qontrol mce. received vehicle al one injections. One
hour @,ﬁ #%a”gé\\é?n]dc? ‘5’&%“@@%@%1%1‘59@’%’%%@0 ®ither a cell
- Tek
5U5pen%§dﬁv@@éﬁ§ hﬁaegﬁﬁa@élysgﬁa“@emﬁm% @fdcﬁ@@gqﬂ%@§ y ssue Te

(O.C.T. conpound sna rozen In rogen, and

st or ed and GDA¢-B-(Plromingen) folleyesd bE‘ISmT@ymeBt-QOI(mr alihy €149 af m‘m@}ShM ce were
kil l.ed t | and | h d
wer & r SRTERH AR BNER, B85, BT U B A hof e BRF R i 1 o0

PBS/ 1%ab&8/ 0. 02% Azi de, centri fuged (6509, 5 m n, 4C), and resuspended in
ei t her BS/ FCS/ Az. Spl een cel | ubat d ell lysis buffer
(8.9g/ I f’eﬁi) mﬁ“ﬁ’iﬁ “@Fﬁ VERg)ong, }@%ﬁwzﬁ k‘ﬂ%?é‘&e\%a@ﬁd resuspended in
PBS/ FCH{rfighoc e weré SREEACHRN F%‘O"eaﬂﬂl 90MighPichbtdr rd@ﬂés%n&iﬁﬁtﬁ{ivl M H8Hzdgn duplicate
usi ng a henocytoneter and ethidium brom de/acridine orange and vi ewed

under a‘S#lgGQHG@é@?ﬂé’aiﬁ(BM@tB}@@nﬁml oskop; Carl Zeiss, Oberkochen,

Feny) . ﬂ%ﬂ‘l (fg?{r 3-col or i mmunofl uorescence thym)cyt es were
routl nely |a W anti- a(3TCR-FITC or anti-y& TCR-FJTC, anti-CD4-PE
and ant[0127]8- APG«‘r()mlnlthymiutsaéamenh (BpapwerPbatrusing getyostdaheich)egd, CA) fol [ oned by

1 ow oy QIELLY, AIFhRods ciBheen 2nd | ymoh node

one,
[0128] For two-color immunofluorescence, sections were double-labeled with a panel
of monoclonal antibedies: MTS6, 10, 12, 15, 16, 20, 24, 32, 33, 35 and 44 (Godfrey et al.,

15 1990; Table 1) produced in this laboratory and the co-expression of epithelial cell
determinants was assessed with a polyvalent rabbit anti-cytokeratin Ab (Dako, Carpinteria,
CA). Bound mAb was revealed with FITC-conjugated sheep anti-rat Ig (Silenus
Laboratories) and anti-cytokeratin was revealed with TRITC-conjugated goat anti-rabbit Ig
(Silenus Laboratories).

20 J0129] For BrdU detection, sections were stained with either anti-cytokeratin followed
by anti-rabbit-TRITC or a specific mAb, which was then revealed with anti-rat Ig-Cy3
(Amersham). BrdU detection was then performed as previously described (Penit et al., 1996).
Briefly, sections were fixed in 70% Ethanol for 30 mins, Semi-dried sections were incubated
in 4M HCl, neutralized by washing in Borate Buffer (Sigma), followed by two washes in

25  PBS, BrdU was detected using anti-BrdU-FITC (Becton-Dickinson).

[0130] For three-color immunofluorescence, sections were labeled for a specific MTS
mAb together with anti-cytokeratin, BrdU detection was then performed as described above.
[0131] Sections were analyzed using a Leica fluorescent and Nikon confocal
microscopes. N

30 Migration studies




suspensi ons were |abeled with either a(3TCR FI TC/ CD4- PE/ COg AFKPR (2 20- B
(Sigma) wth CD4-PE and CD8- APC. B220-B was revealed with
streptavidin-Tri-color conjugate 25 purchased from Caltag Laboratori es,
Inc., Burlinganme, CA. [0124] For BrdU detection, cells were surface | abeled
wi th CD4- PE and CD8-APC, followed by fixation and perneabilization as
previously described (Carayon and Bord, 1989). Briefly, stained cells were
fixed ONat 4C in 1% PFA/ 0. 01% Tween-20. Washed cells were incubated in
S00pl DNase (100 Kunitz units, Boeh8®nger Mannheim W Germany) for 30 30
mns at 37C in order to denature the DNA. Finally, cells were incubated
with anti-BrdU- FITC (Becton-Di ckinson). 12 APR 2005 29 [0125] For 4-col or

| mmunof | uor escence thynocytes were | abeled for CD3, CD4, CDS, B220 and
Mac- 1, [0dB2kcti Vﬂhﬁtha(éair@@ﬁlﬁﬁth&ite@ﬂﬁ intrap%htohaﬂ fayetion WD JHI0T0.3gK. ), and the

negatlve cells (TN)_gated for_anal ey were further stal ned for

Co85. e P RISt sl s FOR Kol oy Ly g gamine
Strept wcfﬂos'{&é %g% agé"m&%ﬁsa@m@ﬁ’]}hm“p%%’%@ﬁ%}éﬁ cdescribed (Godfrey and

Zl ot ni k,” 1993 tectl oh as descri bed above.
[0126] [8433) es V\Ec‘rellmfalheﬁﬁﬁ labelizg cﬁah;mﬁaﬁamwhn(@emtecmnmm@mon) Vi abl e
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cryost (Lei ai . medi ately fixed in 100% acet one. [0128] For
t wo- col g¢ W WB?‘FQFG#@%‘%BG%‘@‘CE‘]S%@% ghisheepwse dgnpraedapil Bl wi th a panel  of

nonocl and 44
(Gat r aaeeRiioROh Shen Mibe ek it by, abfhniaion ropdifmelydan ofer S0, 02

co- expr@@sm@mnéimoﬂmanawemamovedﬁlrena&ysrsants was assessed with a

pol yva abbi Bound mAb
vvas%r ev@q? %‘ﬁ@ht?gcg%& ’[@ sﬁ%é‘é)e é’ﬂﬁ’lm&z‘?‘ﬂl @ eréjz}ng qﬁ){% bor at ori es)
?gdl antther:;_aﬁab'kb artatilow mnau@vg%lgii dellst\h&é&’i{jﬂﬁﬂ’%ﬁd@ﬁlliv&@tﬁﬂmoﬁﬁﬂant i -rabbit | g

i | enus Lahor at o r etection, sections were staine
Wit h ei TRESSIHTNS @ﬁ%‘é’&ﬁ% ("‘£1°‘PBF‘WB SclBg'c‘?ﬂﬁtaW? & fsts).. The Prreepiages specific
MAb,  WhifGiTa¥esD ARICIHE YRR R Atiddto BRibvide iittothiGnibYadt percentage for Iymph

nodes and spleen, respectively. Calculation of daily export rates was performed as described
15 by Berzins et al. (1998).
[0135] Data analyzed using the unpaired student 't' test or nonparametrical Marin-

Whitney test was used to determine the statistical significance between control and test results
for experiments performed at least in triplicate. Experimentél values significantly differing
from control values are indicated as follows: *p< 0.05, **p< 0.01 and **¥p< 0.001.
20 . Results
The effect of age on thymocyte populations.
(i) Thymic weight and thymocyte number
[0136] 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
25 - (mg thymus/g body) in the young adult has a mean value.of 3.34 which decreases to 0.66 at
18-24 months of age (adipose deposition limits accurate calculation). The decrease in thymic
weight can be atiributed to a decrease in total thymocyte numbers: the 1-2 month thymus
contains ~6.7 x 10 thymocytes, decreasing to ~4.5 x 108 cells by 24 months. By removing
the effects of sex steroids on the thymus by castration, regeneration occurs and by 4 weeks
30  post-castration, the thymus is equivalent to that of the young aduli in both weight and
cellularity (Figure 1A and 1B). Interestingly, there is a significant (p< 0.001) increase in




(Amrersham . BrdU detection was then performed as previously SEd
(Penit et al., 1996). Briefly, sections were fixed in 70% 5%{1%%%%% 30

mns. Sem -dried sections were incubated in 4M HC, neutralized by washing
in Borate Buffer (Sigma), followed by two washes in 25 PBS. BrdU was
detected using anti-BrdU FI TC (Becton-Di ckinson). [0130] For three-col or

I mmunof | uorescence, sections were |abeled for a specific MIS ni Ab together
with anti-cytokeratin. BrdU detection was then perforned as descri bed
above. 10131] Sections were anal yz#d using a Leica fluorescent and N kon
confocal mcroscopes. 30 Mgration studies 12 APR 2005 30 [0132] Aninmals
were anesthetized by intraperitoneal injection of 0.3ml of 0.3ng xylazine
(Ronpun; Bayer Australia Ltd., Botany NSW Australia) and 1.5ng ketam ne

hydr oc ihyadegte nfitibéra bied weeRapdspedsnation, (~Cakil 0 battich iNRYtorofus horadal yng N sal i ne.
[ 0133] Degg)l |ls of the FITC | gbel i ng of thynocytes technique are simlar to
t hose 3VGBYYA e @SEWMPB(]%@EBIIB y et al., 1980; Berzins et al., 1998).
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r espec tholleyipg cesipiion ang thersubsequgat tisp in X et punmbsrsaeaching thseefighenmdo as descri bed
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t hynocyt e popul ati ons.
(ii) apTCR, y3TCR, CD4 and CD8 expression ‘
15 [0138] To determine if the decrease in thymocyte numbers seen with age was the
result of the depletion of specific cell populations, thymocytes were labeled with defining
markers in order to analyze the separate subpopulations. In addition, this allowed analysis of
the kinetics of thymus repopulation post-castration. The proportion of the main thymocyte
subpopulations was compared with those of the normal young thymus (Figure 3) and found to
20 remain uniform with age. In addition, further subdivision of thymocytes by the expression of
offTCR and y8TCR revealed no change in the proportions of these populations with age (data
not shown). At2 and 4 weeks post-castration, thymocyte subpopulations remained in the
same proportions and, since thymocyte numbers increase by up to 100-fold post-castration,
this indicates a synchronous expansion of all thymocyte subsets rather than a developmental
25  progression of expansion.
[0139] 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.
30 Proliferation of thymocytes |




(i) Thym c weight and thynocyte nunber [0136] Wth increasin ritg there is
a highly significant (p50.0001) decrease in both thymic vveig ﬁﬁm&ﬂﬁ& 1A)
and total thynocyte nunmber (Figure IB). Relative thymc weight 25 (ng
thynus/ g body) in the young adult has a nean val ue of 3.34 which decreases
to 0.66 at 18-24 nonths of age (adi pose deposition lints accurate

cal cul ation). The decrease in thymc weight can be attributed to a
decrease in total thynocyte nunbers;,the 1-2 nonth thynus contains -6.7 X
107 thynocytes, decreasing to -4.5 3% 106 cell's by 24 nonths. By renoving
the effects of sex steroids on the thymus by castration, regeneration
occurs and by 4 weeks 30 post-castration, the thynus is equivalent to that
of the young adult in both weight and cellularity (Figure IA and 1B).
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periphery with age was_still evident at 2 weeks post- castration but was
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shown). When analyzing the proportion of each subpopulation which represent the

proliferating population, there was a significant (p<0.001) increase in the percentage of CD8
T cells which are within the proliferating population (1% at 2 months and 2 years of age,

20  increasing to ~6% at 2 weeks post-castration) (Figure SA).
[0142] Figure 5B illustrates the extent of proliferation within each subset in young,
old and castrated mice, There is a significant (p< 0.001) decay in proliferation within the DN
subset (35% at 2 months to 4% by 2 years). Proliferation of CD8+ T cells was also
significantly (p< 0.001) decreased, reflecting the findings by immunchistology (data not

25  shown) where no division is evident in the medulla of the aged thymus. The decrease in DN
proliferation is not returned to normal young levels by 4 weeks post-castration. However,
proliferation within the CD8+ T cell subset is significantly (p< 0.001) increased at 2 weeks
post-castration and is returning to normal young levels at 4 weeks post-castration,
[0143] The decrease in proliferation within the DN subset was analyzed further using

30  the markers CD44 and CD25. The DN subpopulation, in addition to the thymocyte
precursors, contains ¢ TCR+CD4-CD8- thymocytes, which are thought to have




a(3TCR and 75TCR reveal ed no change in the proportions of the E ﬁédﬁmélons
with age (data not shown). At 2 and 4 weeks post-castrationfk hg

subpopul ations remained in the sane proportions and, since thynocyte
nunbers increase by up to 100-fold post-castration, this indicates a
synchronous expansion of all thynocyte subsets rather than a devel opnent al
25 progression of expansion. [0139] The decrease in cell nunbers seen in
the thynmus of aged animals thus appears to be the result of a bal anced
reduction in all cell phenotypes, w8t h no significant changes in T cel
popul ati ons bei ng detected. Thynus regeneration occurs in a synchronous
fashion, replenishing all T cell subpopul ations sinmultaneously rather than
sequentially. 30 Proliferation of thymocytes 12 APR 2005 32 [0140] As shown
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(Fi gur h cell nber s i ecreased in
thegagg’ﬁ%%&%é’%ca#r(gét} @@Sg F%?ﬁe lgfpnﬁﬁ %om&eq\@r‘?g%% H‘#%?rﬂ decr easi ng
to 12- MM%m&emrmaKﬁugg:foar&mmathsmbms@ﬁh%eghg@espjwmb@ww oliferating
popul ati on gfnblln the 2 month t hynus gure 5Af) 10 | nummohi st ol ogy
reveal é'@t?fﬁé H WF@?H&“&?“@%&’E‘G@F“%@%@ I?r%lffP’@B?n‘? b TNbawset¥ahe young
adul t; coﬁ@%ﬁ@&for%}a%gﬁﬁﬁ@zﬁﬁ(p@ lﬂjl n‘éfe%e'u?@ohﬁraﬁ@ﬁ@ c$REN i n the outer

cortex and surroundi vascul ature ta not shown At 2 weeks

post - c&ybpoprlation (Cél‘lﬂ%gﬁ?éltb whighnstyned tonuoralyounslevpld i Lweks postncr ease, there

|s 0 C roportion of thynocytes that are proliferating, again
%cat(‘{a%%gigng}yﬁ%%%)ﬁous expansion of cells (Figure 4). | mmunohistol ogy 15

reveal ed t h@ht effat ofzgt bwthe diyntibyiestieonatend. i f erati on and the extent of

di vi di l1s t esenpl he, situation in the 2-nonth-old thynus by 2
weeks Bﬂg%ﬁcastr’g}ﬁ%ﬁ“g(aﬂ‘&ttge‘hﬁlﬁm%‘ﬁmmmm 8% Yo' %eined B opor t i on of

each suhpRRBIR) Mt hn R RAGIERREI 7 [ t here was
a significant ﬁ|50’<00001) I ncrease |%0?ﬁ%Abgg?tdetﬁn§gA§§ sgﬂesg%)‘gyieq&ﬂgga | s which

are wi tWwitlhe prigclomelantifegiokeretigApopul ation (1 % at 2 nonths and 2 years of
ag€ys thollﬂg_lr easi e atnﬁgeng %’o@ém&d%%@e 191%%& canbe ts{lbdtldl&)e%) t()F' geuérgup%A)
thymic epithelial subsets, vascular-associated antigens and those present on both stromal cells
and thymocytes.
(i) Epithelial cell antigens,
[0146] Anti-keratin staining (pan-epithelium) of 2 year old mouse thymus, revealed a
20 loss of general thymus architecture with a severe epithelial cell disorganization and absence of
a distinct cortico-medullary junction. Further analysis using the MAbs, MTS 10 (medulla)
and MTS44 (cortex), showed a distinct reduction in cortex size with age, with a less
substantial decrease in medullary epithelium (data not shown). Epithelial cell free regions, or
keratin negative areas (KNA’s, van Ewijk et al., 1980; Godftey et al., 1990; Bruijntjes ef al.,
25  1993).) were more apparent and increased in size in the aged thymus, as evident with anti-
cytokeratin labeling, There is also the appearance of thymic epithelial “cyst-like” structures
in the aged thymus particularly noticeable in 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
30  thymus is beginning to regenerate by 2 weeks post-castration. This is evident in the size of

the thymic lobes, the increase in cortical epithelium as revealed by MTS 44, and the




[0142] Figure 5B illustrates the extent of proliferation vﬁ%iAPRa' subset
in young, old and castrated mce, There is a significant (p:5 0.%@% decay
in proliferation within the DN subset (35%at 2 nonths to 4% by 2 years).
Proliferation of CD8+ T cells was also significantly (K 0.001) decreased,
reflecting the findings by ininunohistology (data not 25 shown) where no
division is evident in the nedulla of the aged thynus. The decrease in DN
proliferation is not returned to normal young | evels by 4 weeks
post-castration. However, prolifer¥ion within the CD8+ T cell subset is
significantly (p:5 0.001) increased at 2 weeks post-castration and is
returning to normal young |l evels at 4 weeks post-castration. [0143] The
decrease in proliferation within the DN subset was anal yzed further using
30 t he lomlikatios ofiRddsllarydpifioRtm. Themellatyepitipliluatii gufectet by MIE 10 @ at 0 t he
thyrmc?te kgrecursor , . CO taitns, apTCR+CD4- CD8- t hynocytes, which are
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f r om t lile dofitBosesdubary julotidul e- | abel ed with a pol yclonal anti-cytokeratin Ab.
15 [0145] The ant. gens,recogni zed, by these MAbs can be subdivided into
three groups: t aécuéaﬁiafsﬂg‘f‘tfa‘i?mﬁ sets, vascul ar-associ ated antigens and
those [JoBa8int onTHidbdshyru¥Bhieis ifougMnévd RYREWE & thd immiSRidd it al cel |
antigens, [0146] Anti-keratin staining (pan-epithelium of 2 year old nouse
t hymus ,cel,l BEpeE Pt toghe thymus and the emigration of mature T cells from the thymus to the

15  periphery.
[0149] The MAb MTS 151is specific for the endothelium of thymic blood vessels,
demonstrating a granular, diffuse staining pattern (Godfrey, ef af, 1990). In the aged thymus,

MTS 15 expression is greatly increased, and reflects the increased frequency and size of blood
vessels and perivascular spaces (data not shown).
20 [0150] The thymic extracellular matrix, containing important structural and cellular
adhesion molecules such as collagen, laminin and fibrinogen, is detected by the mAb MTS
16. Scattered throughout the normal young thymus, the nature of MTS 16 expression
becomes more widespread and interconnected in the aged thymus. Expression of MTS 16 is
increased further at 2 weeks post-castration while 4 weeks post-castration, this expression is
25  representative of the situation in the 2 month thymus (data not shown).
(iii) Shared antigens
[0151] MHC H expression in the normal young thymus, detected by the MAb MTS 6,
is strongly positive (granular) on the cortical epithelium (Godfrey ef al., 1990) with weaker
staining of the medullary epithelium. The aged thymus shows a decrease in MHC II

30  expression with expression substantially increased at 2 weeks post-castration. By 4 weeks




20 | oss of general thymus architecture with a severe epitrﬂlz &IPRC@QE
di sorgani zati on and absence of a distinct cortico-nmedullary junction.
Further anal ysis using the MAbs, MIS 10 (medulla) and MIS44 (cortex),
showed a distinct reduction in cortex size with age, with a | ess
substantial decrease in nedullary epithelium (data not shown). Epithelial
cell free regions, or Kkeratin negative areas (KNA's, van Ewi jk et al.,
1980; Godfrey et al., 1990; Bruijntjes et al., 25 1993).) were nore
apparent and. increased in size in the aged thynus, as evident with anti-
cytokeratin |l abeling. There is al soszthe appearance of thym c epithelial
"cyst-like" structures in the aged thynus particularly noticeable in
medul | ary regions (data not shown). Adi pose deposition, severe decrease in
thymc size and the decline in integrity of the cortico-nedullary junction
are sho QREHS - : l At ] e a not shown).
The 30 mgﬁws |ﬁ§g§%ﬂmﬁé%ﬁﬁ%%§?&g&g¥ég&§§&§%ﬁ% sﬁ%ﬂ(yé@géﬂgg? % ation. This
i s evi de(detanet shdve)si ze of the thynmic | obes, the increase in cortical
epi thelium as %[gvcsf%le d b vnI\/rI'S 44, and the 2 APR 2005 34 | ocalization of
medul | ary epi%l TP um ehe medul | ary epitheliumis detected by MIS 10 and at
2 weeks, [0852r e ar&ppsdaxithitely 1%BpOT kellssnigrhte dpint threthyrum daftwinniedyoyg MTS 10
scattgred th hout ortex..By. 4 weeks .post-castration, there is a
di sti ctm?i‘gﬁlfﬁgglgayﬁﬁ‘d" ié(}ﬁ%?'e‘&e g%‘ﬂ‘i({ﬁ‘}%%‘g? hifia eI PPEDB‘-’W@’H’EWI?%W junction
(data nOéquﬁrhl&Wﬂdtheﬁoﬂn@l%ﬁﬂgﬁblﬁemﬂmhmsMﬁ%v&@ﬂ&do??‘ge@igurl?sﬁsumd to detect
an

prinmordial epithelial cells Godfrey, et _al., 1990 urther illustrate
t he dege"i@? _isﬁﬂl%ﬁ?‘%fﬂbé%@gﬁré%@?%és@%@%@é@éﬁ?ﬂnﬁhﬁ abundance at
E14, det@§4:CD§%ﬁ%bﬁﬁlpf&%ﬁﬂﬁyﬁi%ﬁ@hﬂt?@dﬁ%:lg%'r%%xﬁ{ﬁu‘fglu?gﬁzﬁtmoﬁmﬁ weeks but

are again increased in inténsity in the ag ata not shown).

Fol | owi gy bueskirasticasiration, pell nwberanigmatingde s peripbery s whetantaliytinesedsady el
equi yg fmﬁgo&mtmteafﬁgﬁ%@%&mg%Ifstaamit\f%%(data not 10 shown) with MrS

20 and NI'TS 24 revertin Iscréte subpockets of epitheliumlocated at
the cor tEXAMRBBYI | ary junction. (ii) Vascul ar-associ ated antigens. [0148]
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SEX STEROID ABLATION THERAPY

[0154] 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

20 Zoladex (implant; 10.8 mg), either one as a single dose effective for 3 months. This was
effective in reducing sex steroid levels éufﬁciently to reactivate the thymus. In some cases it
is also necessary to deliver a suppresser of adrenal gland production of sex steroids, such as
Cosudex (Smg/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.

25 [0155) Reduction of sex steroids in the blood to minimal values took about 1-3 weeks;
concordant with this was the reactivation of the thymus. In some cases it is necessary to
extend the treatment to a second 3 month injection/implant.

EXAMPLE 2
ALTERNATIVE DELIVERY METHOD

30 [0156) In place of the 3 month (or 3 times one month) depot or implant administration of the
LHRH agonist, alternative methods can be used. In one example the patient’s skin may be irradiated by a




vessel s and perivascul ar spaces (data not shown), 20 [0150] T?z tE m c
extracellular matrix, containing inportant structural and cel Ié 2005
adhesi on nol ecul es such as collagen, lamnin and fibrinogen, is detected by
the mAb MIS 16. Scattered throughout the normal young thynus, the nature
of MIS 16 expression becones nore w despread and interconnected in the
aged thynus. Expression of MIS 16 is increased further at 2 weeks
post-castration while 4 weeks post-g stration, this expression is 25
representative of the situation in e 2 nonth thynus (data not shown).
(ii1i1) Shared antigens [0151] MHC Il expression in the normal young thynus,
detected by the MAb MIS 6, is strongly positive (granular) on the cortical

epithelium (Godfrey et al., 1990) with weaker staining of the medullary
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15 t hy i3991Howe vabsequenilysanpseoust of LTERH pepaist is epplied tothe sldwandispieedd. EXAVPLEI
S TSR AR, VA R A RSlED =11
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.
15 [0160] 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
maintenance of the agonist within the patient’s system for the requisite approximately 30
days.
20 [0161] B. Pressure Wave: A dose of LHRH agonist is placed on the skinina
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
target material such as a black polystyr.ene 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
25  generate the laser beam, which hits the térget materia,lland generates a single impulse
transient. The black polystyrene target completely absorbs the laser radiation so that the skin
is exposed only to the impulse transient, and not laser radiation. No pain is produced from
this procedure. The procedure can be repeated daily, or as often as required, to maintain the

circulating blood levels of the agonist.




LHRH agoni st. This was given in the formof either Leucrin
I njection; 22.5ng) or 20 Zol adex (inplant; 10.8 ngy), eit her@gﬁd% zﬂﬂ%l ngl e

dose effective for 3 nonths. This was effective in reducing sex steroid

| evel s sufficiently to reactivate the thynus. In sone cases it is also
necessary to deliver a suppresser of adrenal gland production of sex
steroids, such as Cosudex (5ng/day) as one tablet per day for the duration
of the sex steroid ablation therapy Adrenal gl and production of sex
steroi ds makes up around 10-15% of ¥ human's steroids. 25 [ 0155] Reduction
of sex steroids in the blood to m nimal val ues took about 1-3 weeks;
concordant with this was the reactivation of the thynus. In sone cases it
IS necessary to extend the treatnent to a second 3 nonth

i nj ect iﬁiﬁﬁMﬁbﬁ nt. EXAMPLE2 ALTERNATIVE DELI VERY METHOD 30 [0156] In place

of the Rk, AB5mR - qu(?t h) depot or inplant adm nistration of
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agoni st® “skin into the bl ood stream The nunber of sites can be

pr edet g0né3]led t oWakd the/HSQrare from a mismatched donor, T cell ablation and
. immunosuppressive therapy may be applied to the recipient to prevent rejection of the foreign
HSC. In an example of such therapy, anti-T cell antibodies in the form of a daily injection of
15mg/kg of Atgam (xeno anti-T cell globulin, Pharmacia Upjohn) are administered for a
period of 10 days in combination with an inhibitor of T cell activation, cyclosporin A,

20  3mg/kg, as a continuous infusion for 3-4 weeks followed by daily tablets at 9mg/kg as
needed. The 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.
This treatment is begun before or at the same time as the beginning of sex. steroid ablation,
[0164] The reactivated thymus takes up the purified HSC and converts them into new

25 Tecells. Inthe event that unmaiched donor HSC are used, the donor dendritic cells will
tolerize any T cells that are potentially reactive with the patient by inducing deletion by cell
death, or by inducing tolerance through immunoregulatory cells, |
[0165] Since the new T cells are purged of potentially self reactive and host reactive
cells, having been positively selected by the host thymic epithelium, they are able to respond

30  to normal infections by recoénizing peptide presented by host APC in the periphery. Both
patient and denor CD34" HSC develop into dendritic cells, and subsequently into the patient’s




mai nt enance of the agonist within the patient's systemfor t{'ﬁ Eﬁlu Lte
approxi mately 30 days. 20 [0161] B. Pressure \Wave: A dose LAI 2@ Bni st
is placed on the skin in 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
target material such as a bl ack pol ystyrene sheet about 1 mmthick. A

Q switched solid state ruby |aser §820 ns pul se duration, capable of
generating up to 2 joules per pulse)”is used to 25 generate the |aser beam
which hits the target material and generates a single inpulse transient.
The bl ack polystyrene target conpletely absorbs the laser radiation so that
t he ski n i s exposed onl% to the inpulse transient, and not |aser
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15 [0168] Immunosuppressive therapy, if used due to ademStratlon of mismatched

HSC, is gradually reduced to allow defense against infection, and is stopped completely when
there is no sign of rejection, as indicated in part by the presence of activated T cells in the
blood. Because the HSC have a strong self-renewal capacity, the hematopoietic chimera
formed will be stable, theoretically for the life of the patient, as in the situation where no

20 mismatched HSC are used. |
EXAMPLE 5
USE OF LHRH AGONIST TO REACTIVATE THE THYMUS IN HUMANS
[0169] In order to show that a human thymus can be reactivated by the methods of this
invention, these methods were used on patients who had been treated with chemotherapy for

25  prostate cancer. Prostate cancer patients were evaluated before and 4 months after sex steroid
ablation therapy. The results are summarized in Figs 23 —27. Collectively the data
demonstrate qualitative and quantitative improvement of the status of T cells in many
patients, and the effect of LHRH therapy on total numbers of lymphocytes and T cells subsets
thereof.

30 [0170] The phenotypie composition of peripheral blood lymphocytes was analyzed in
patients (all >60 years) undergoing LHRH agonist treatment for prostate cancer (Fig 23).




period of 10 days in conbination with an inhibitor of T cgl%\mié ation,
cyclosporin A 20 3ng/ kg, as a continuous infusion for 3- 2 | ovved
by daily tablets at 9ng/ kg as needed. The prevention of T cell reactivity
may al so be conbined with inhibitors of second |evel signals such as
interl eukins or cell adhesion nolecules to enhance the T cell ablation.
This treatnent is begun before or at the same time as the beginning of sex
steroid ablation. [0164] The reactivated thynus takes up the purified HSC
and converts theminto new 25 T cel$%. In the event that unmatched donor
HSC are used, the donor dendritic cells will tolerize any T cells that are
potentially reactive with the patient by inducing deletion by cell death,
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‘The Effect Of LHRH Therapy On The Proporiion Of B Cells And Myeloid Cells:
[0172] Analysis of the proportions of B cells and myeloid cells (NK, NKT and
macrophages) within the peripheral blood of patients undergoing LHRH agonist treatment
demonstrated a varying degree of change within subsets (Fig 25). While NK, NKT and
20 macrophage proportions remained relatively constant following treatment, the proportion of B

cells was decreased in 4/9 patients.

[0173] The Effect Of LHRH Agonist Therapy On The Total Number Of B Cells And
Myeloid Cells:
[0174] Analysis of the total cell numbers of B and myeloid cells within the peripheral

25  blood post-treatment showed clearly increased levels of NK (5/9 patients), NKT (4/9 patients)
and macrophage (3/9 patients) cell numbers post-treatment (Fig 26). B cell numbers showed
no distinct trend with 2/9 patients showmg increased levels; 4/9 patients showmg no change

and 3/9 patients showing decreased levels.
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[0172] Analysis of the proportions of B cells and nyel oid CR?I %gg!\msNKT
and nmacrophages) within the peripheral blood of patients unde i LHRH

agoni st treatnment denonstrated a varying degree of change within subsets
(Fig 25). While NK, NKT and 20 nacrophage proportions remained relatively
constant following treatnent, the proportion of B cells was decreased in
-4/ 9 patients. [0173] The Effect O LHRH Agoni st Therapy On The Total Nunber
O B Cells And MWeloid Cells: [0174] Analysis of the total cell nunbers of
B and nmyeloid cells within the peri‘ﬂher al 25 bl ood post-treatnent showed
clearly increased levels of NK (5/9 patients), NKT (4/9 patients) and

macr ophage (3/9 patients) cell nunbers post-treatnment (Fig 26). B cell
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1. Use of a conpound that disrupts sex steroid nediated signalling in the

preparation of at |east one nedi canent for inproving a pati-? tA?RI Wne
response to a 5 vaccine. 2. The use of claim1l wherein the fatient s

thymus is at |least partially deactivated. 10 3. The use of claim2 wherein
the at |least partial deactivation is due to a disease, or a treatnent of a
di sease. 4. The use of claim3 wherein t di sease i s cancer. 15 5. The.use
of claim3 wherein the treatnment is chenotherapy. 6. The use according to
any one of ghﬁh@g | to 5 wherein the patient is suffering antigen specific
clonal burn ¥ to disease. 20 7. The use of claim1 wherein the pati ent
has undergone, or will undergo, a treatnent selected fromthe group

consi sting of. che her apy, radi atj on..t herapy, .and bone .nmarrQw .
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t he pati ent preparstisn of 26lepsilvae nedicagientTioe impwvingcopatients tromang respansoto gl ai ns

1to 8 m@erg'%iﬁehe i mune response is inproved by increasing the anount or -
0

specificlity anti bodies forned that are specific to a vaccine antigen.
30 10. The use according to any one of clains 1 to 8 wherein the i mune

response is inprovedThY uge Gfadlhilkd at LWhereiMHOYRARIPE thimds G€lat Jeasd bartibllg use
of claim10 wherein the T-cells are selected fromthe group 35 consisting

of . T-cells9#hvalste cog+, a CD4+, a CDB+, a a(3T-Cel | Receptor+, a
yST-Cel | Receptor+, a CD44+, a CD45RA+, a CD45RO+, a CD25+, a CD45.2+, a

CD25-, 2,CD44 0 2 AP y ) . . C
T antfee | F, % Thﬁ?‘?gge?ﬁg,z‘a%n%jé’??regn %r%g?tvg%t%n}éa}mdr% Ngrifh 1Pl ¥
conbi nat i ondisaasceerta tragpmentyd aylissaseecor ding to any one of claims 1 to 8
wherein the inmmune 5 response is inproved by naive T cells having a

reater response . to vaccin ntigen. 13. The use according to any one of
g| aims 1 t0p8 V\/n%'r ei 'Hﬁqﬂng%ﬁ%égwﬂerein the disease ?s cancer. g y

15 5. The use of claim 3 wherein the treatment is chemotherapy.

6.  The use according to any one of claims 1 to 5 wherein the patient is
suffering antigen specific clonal burnout due to disease.

20 7. The use of claim 1 wherein the patient has undergone, or will undergo, a
treatment selected from the group consisting of: chemotherapy, radiation therapy, and
bone marrow transplantation.

8.  The use according to any one of claims 1 to 7 wherein the patient is post-
25  pubertal.

9. The use according to any one of claims 1 to 8 wherein the immune
response is improved by increasing the amount or specificity of antibodies formed that
are specific to a vaccine antigen.

30

10. The use according to any one of claims 1 to 8 wherein the immune

response is improved by a quantitative improvement in T cells.

11. The use of claim 10 wherein the T-cells are selected from the group
35  consisting of: T-cells that are CD3", a CD4", a CD8", a apT-Cell Receptor™, a y6T-Cell
Receptor’, a CD44", a CD45RA”, a CD4SROY, a CD25", a CD45.2", a CD25", a CD44’,




response is inproved by an increased clonal T cell pool. 10 14. The use
according to any one of clains 1 to 8 wherein the i mune r@@oﬁ@@g’g%

i nproved by an increased nunber of T cells responding to vaccination. 15.
The use according to any one of clains 1 to 8 wherein the immune response
is inproved by an increased nunber of activated T cells are produced in 15
response to the vaccine. 16. The use of gjaim 15 wherein the activated T
cells are CD8+ CD25+. 17. The use according to any one of clains 1 to 8

wherein the i ne Or on i S npr by increase ctivity. 18.
The use accérd?hy?F ar‘?yaégeaif&&sgﬁ’%‘@ﬁ&gll%% %@gﬁﬁ’?ﬂgfﬁhﬂ%ﬁé%pésﬁonse
i s 1 nproved nbiver @semorncell hed pedmbinitien therebpheral T cell levels to a | evel
corresponding to that found in a pre-pubertal subject. 25 19. The use

according to any one of clains 1 to 8 wherein the inmune response is
i nproved by rest i nghe hee peeording' t rmpone afedpiorsst o8 avheesie|the immune

correspopdi REspbAsetif ﬁﬁ%lfo%l?gy h&tvaTRERs RHRSS 4 SleattRisfisise 13Pacéfhe atfigenuse

according to any one of clainms 1 to 19 wheréin the vaccine conpfrises HSV.
21. The use according to any one of clainms 1 to 19 wherein the vaccine

conprises a tunols. aThé gRA.acderdihg WPEZRAS AScldidis The 81Seheddis ahéiin@ming any
one of clai ne (1) to1 i’Zl Wneciﬁi n the vgcqirgjz vm'lll fe adm ni stered after an
i ncrease i n HECYE FIRRIOVEY Pyanyrteas FTena 11 ellpgok  om  administration of the
medi cament. 5 23. The use according to any one of clains 1 to 22 wherein

the Vacgb“.e Wil .14.beTﬁé“Hsgia%E&Hﬁag £ %?V‘%ﬁgsofaéléiﬁ{s ?itﬁry%ﬂe?&n%e %ﬁ?gn Leroi d
nmedi at ed signalling, has egun, Z4. e use according to any one of clains
1 to 22 whed@PANSeHS improrrhBY o increasel nyenbed af Ricsleicsrpnding tawawnaiioner

di sruption of sex steroid nmediated signalling has begun.

15. The use according to any one of claims 1 to 8 wherein the immune
response is improved by an increased number of activated T cells are produced in
15  response to the vaccine.

16. The use of claim 15 wherein the activated T cells are CD8+ CD25+.

17.  The use according to any one of claims 1 to 8 wherein the immune
20  response is improved by increased CTL activity,

18. The use according to any one of claims 1 to 8 wherein the immune
response is improved by restoring the patient’s peripheral T cell levels to a level
corresponding to that found in a pre-pubertal subject,

25

19. The use according to any one of claims 1 to 8 wherein the immune
response is improved by restoring the patient’s immune response to a level
corresponding to that found in a pre-pubertal subject.

30 20. The use according to any one of claims 1 to 19 wherein the vaccine
comprises HSV.

21, The use according to any one of claims 1 to 19 wherein the vaccine
comprises a tumour antigen.
35




25. The use according to any one of clains 1 to 24 wherein wgﬁﬁbof
sex steroid nediated signalling includes bl ocking of one or

steroid receptors. 15 26. The use according to any one of clains 1 to 24
wherein disruption of the sex steroid nediated signalling includes the
inhibition of sex steroid production in the patient. 20 27. The use
according to any one of clains 1 to 24 rein the nedi canent |owers the
concentration of a sex steroid in the patient. 28. The use according to any

one of clains 1 27 . wherein medi came i.n chem cal
castration of th(%g‘pat—]i‘hlgn‘“fse a’z‘%oré'@g ¢RBY 988 Ogelé i tﬁ Jvhgrgn Va&FmEIWa‘ilrrs 1
to 24 whereibe bimidsepdusittri an ineteast énl fiaroa T imllgrmuﬁeieaeﬁlfebmltigg ofroms ex
steroid ant goni sts, sex steroid analogs, anti-sex
steroid vacglgﬁ{;lg%a?@%%g?%ef%?& gérgeclgpt or nodul ators, LHRH anal ogs, LHRH R
agoni sts, LHRH R antagoni sts, anti-LHRH vacci nes, anti-estrogen 30

anti bodi gs, anti Zgndrﬂﬂ%e%@édrﬁﬂg'tg%ny%ﬁgoP@HHhQ‘FttbQQ%ﬁePé?ﬁ%kfvac%ﬂe wille use
of claim 29 vvhec&gln is selected fromthe roup consl sting of.

Buserel in, &fs? @}Sfﬂ?ﬁef ée‘g gw er PisEyRiiog| ?msexeéﬁega%r@dlﬁe cpeliog) has

Hi strelin, Ibegmiolide, Leuprorelin, Lutrelin, Meterelin, Nafarelin,
Triptorelin, Abarelix, 35 Cet rorel i X, Eul e'xi n, Leucrin, Zol adex, and
conbi nations thereof. i 2 APR 2005 49 31. The use according to any one of
claims 1 to 24 wdér eiThetuse anemtiingrre any on@nﬁniakaslamZEHﬂtdﬁFmal@ovxa'CSMeamiﬂ an
LHRH R t ag@n)

rel easegnbe?%r%&%lﬁg%%dogr%tﬁgs %’gtelcﬁiﬁlr@&%é %f::\/g%{ gfeﬁ)da t}geog%[%@%‘f %‘gcﬁal n 1
to 32 whereib§8¥he nedicament is suitable for oral, parenteral

subcut aneous, topical, intravenous or int rarruscul ar adm' ni st rati on, or a
conbi nati on therggf. 0 34. Thge use accorc}l to an e of clai ms%ql to 33
wherei n the medi Camente PSS acEOMing, Io UYeLTFlatms ‘é’ wgicAisation of sex

35. The use swraidmokidivged sigaaiingineludés b:lbdtlﬂgoﬂortemr?fﬂomﬁ@at stemvid Recpredi Cament

is 15

26. The use according to any one of claims 1 to 24 wherein disruption of the
sex steroid mediated signalling includes the inhibition of sex steroid production in the
patient.

20 27. The use according to any one of claims 1 to 24 wherein the medicament
lowers the concentration of a sex steroid in the patient.

28. The use according to any one of claims 1 to 27 wherein the medicament
results in chemical castration of the patient.
25
29. The use according to any one of claims 1 to 24 wherein the compound is
sclected from the group consisting of: sex steroid antagonists, sex steroid agonists, sex
steroid analogs, anti-sex steroid vaccines, sex steroid receptor modulators, LHRH
analogs, LHRH-R agonists, LHRH-R antagonists, anti-LHRH vaccines, anti-estrogen
30  antibodies, anti-androgen antibodies, and combinations thereof.

30. The use of claim 29 wherein the compound is selected from the group
consisting of: Buserelin, Cysterelin, Decapeptyl, Deslorelin, Gonadorelin, Goserelin,
Histrelin, Leuprolide, Leuprorelin, Lutrelin, Meterelin, Nafarelin, Triptorelin, Abarelix,

35  Cetrorelix, Eulexin, Leucrin, Zoladex, and combinations thereof.




effective for a period of tinme equivalent in duration to aé‘a%i %ﬂc
epidem c. 15 36. The use according to any one of clains 1 ta # 2805i n t he

conmpound disrupts sex steroid nmediated signalling to the thynus. 37. The
use according to any one of clainms 1 to 36 wherein the medi canent 20
further conprises, or the patient will be adm nistered with a conposition
conprising, one or nore pharnaceuticals | ected fromthe group consisting
of . inmmune system stimulants, adjuvants,” accessory nol ecul es, cytokine

t herapi es, cytokjpnes, growmh factors, thyms enhancin con&ound,,

suppr essor of ad? enalhghsenercpiding o anyrensrofsdaimssk oy &t gdierein the mediCament

I mrunosuppr esmphics an CHERIRagoafl a6 DAL ARH-Rstdpbgiceof . 25 38. The use of
claim 37 whereln the pharnaceutical is selected fromthe group consisting
of: Interleukin 2, Interleukin 7, Interleukin 15, Interleukin 4, Interferon
gamm, nenbers o032.t hEhepctdielaiml3 1gwbeakin theentegorfising telgaseredbere sheodgontse
fibroblagt growh factor famly, Stem Cell Factor, granulocyte col ony
stinulating factor, 30 keratinocyte growmh factor, and conbi nations

t hereof . 39. The3liseTls vwsl agrordBE tarany eneof ¢laimsck tosTowherais the giedicpgentys

i nhi bi tor okyitfeldAr okdl, ARRrROED &cdifneolBe t1é45i€al Ofintehv@héis3 br iRAR LSt ulde
i mmunosuppressant is sel ected fromthe group consisting of. anti-T cell
anti bodi es, *SBHUSTEANOR- OF aoMbigatioRirsT?RL, cycl osporin, inhibitor of second

| evel signals and conbinations thereof. 5 41. The use according to any one
of clai 1 to 49,wherein the .nmedicanent -furth rise or. th tient
W 1T be i ni st ekedtly P 0SEae ARy SR ebHBLEIn S WBRERGRe affisagpf

sel ect ed fr eslavheclepsoapa toeskeknseryepatidne mat opoi eti ¢ stem cel | s,
genetically nodified cells, epithelial stemcells, CD34+ cells and

conbi nati ons thereof. 10 42. The use of claim4l wherein the cells are

aut ol ogous, syngéhei &he usg aceprding te apy onepbglaimey kio Iewhangin the medicamyent ig t o

any one of @ffé&ti%f&\;jéperﬂﬁldfﬂlﬁﬁ@écﬁiﬁdﬂﬁ‘nﬁ@&hﬁmtap&wﬂwmeﬁﬁﬁpriSeS, or the
pati ent é¥v| Il be adm nistered with a conposition conprising, 15 one or nore
I

genetic y nodified cells having resistance to an infectious agent.
' 36. The use according to any one of claims 1 to 35 wherein the compound

disrupts sex steroid mediated signalling to the thymus.

37. The use according to any one of claims 1 to 36 wherein the medicament
20  further comprises, or the patient will be administered with a composition comprising,
one or more pharmaceuticals selected from the group consisting of: immune system
stimulants, adjuvants, accessory molecules, cytokine therapies, cytokines, growth
factors, thymus enhancing compounds, suppressor of adrenal gland production of sex
steroids, immunosuppressants, Cosudex, and combinations thereof.
25
38. The use of claim 37 wherein the pharmaceutical is selected from the group
consisting of: Interleukin 2, Interleukin 7, Interleukin 15, Interleukin 4, Interferon
gamma, members of the epithelial growth factor family, members of the fibroblast
growth factor family, Stem Cell Factor, granulocyte colony stimulating factor,
30  keratinocyte growth factor, and combinations thereof,

39. The use of claim 37 wherein the accessory molecule is an inhibitor of
CTLA4. '




44. The use according to any one of clainms 37 to 43 wherei ni? gggm sition
wll be delivered to the patient between about one to about® fh

after the nmedicanment. 20 45. The use according to any one of clains 37 to
43 wherein the conposition wll be delivered to the patient when the
thynus begins to be reactivated. 46. A kit when used for inproving a
patient's inmmune response to a vaccine £p conprising a conpound that

di srupts sex steroi d medi ated signalling. 47. The kit of claim46 wherein

t he conmpound is ed fr th Qu consistin sex er@id
ant agoni st s, sex %Tgﬂ"fﬂg{ 57 %@8&&%{ rlmuré?ﬁ‘éﬁpdasgantéﬁls?legﬁi?mg} Beoi d
vacci nes, s@roupt etmmsting elfepntme peibl ahtiboolies, xkiiRiAnGIA kel glolulR) Gchgporirst s,
30 LHRH: R aliagaflitssoond el GBI, ¥ALGINSSai et T 0gEN ant i bodi es,

es, nat 1 ons

ant i -androgen ant | bo I hereof. 48. The kit of claim
46 or claim47 further includi ng a conpound selected fromthe group

consistipg of. iAMUNELSYSS Qdébﬁiiﬁ Qfﬁ/t&le @Mlh’i&&ﬁsﬁ%@%ﬁ?&x@'ﬁ% BedifRh&gul es,
cyt oki ne th?"“%%:.']es gémk' ]gr ovvtB tors, é‘% s enhancgi ng 12 APR 2005
51 conpound npEists opfheppERLIIbe A BHieRGd t118na Gpmpesitiay eprppiing,

i MuNosuppr ess amtmorecwhcmmcteﬂnﬂomouhblgjaﬁp @aﬁsﬁm@r @tbfhenﬂ&}poﬂéﬁe skdrh cefis,cl ai m
48 wherein I dfrom onsj.st.in

"ot er | euki n Epe P B beRS B AERTIERITA Ry nf ERRp B AT dreote

Interleukin 4, Interferon ganma, a granul ocyte colony stinmulating factor, a

ker at i n@gyt e gr @Z\ﬁ hThacier of nehers Whe%e}i‘lf @01 ¢! LRl a%%{@‘g ce?ﬁ’?gllil:e Ctor,

famly, nmenbers of the fibroblast grow actor tamly,
and a conbi AAPEHRICHSEBYEENCiEn 50. The kit according to any one of clains 46
to 49 wherein the kit further corrprl ses a vaccine. 51. The kit of claimb50

uhereln the VacChie SATRLI 3Ebxdnd WM oROAE 08 1% 37iThEn e mElicGhah™ °

wherein the vacci n
further comprises, or the patient will be administered with a composition comprising,

15 one or more genetically modified cells having resistance to an infectious agent.

44, The use according to any one of claims 37 to 43 wherein the composition
will be delivered to the patient between about one te about three weeks after the
medicament,

20

45. The use according to any one of claims 37 to 43 wherein the composition

will be delivered to the patient when the thymus begins to be reactivated.

46. A kit when used for improving a patient’s immune response to a vaccine
25  comprising a compound that disrupts sex steroid mediated signalling.

47. The kit of claim 46 wherein 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 analogs, LHRH-R agonists,

30 LHRH-R antagonists, anti-LHRH vaccines, anti-estrogen antibodies, anti-androgen
antibodies, and combinations thereof,

48. The kit of claim 46 or claim 47 further including a compound selected
from the group consisting of: immune system stimulants, adjuvants, accessory
35 molecules, cytokine therapies, cytokines, growth factors, thymus enhancing
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compounds, suppressor of adrenal gland production of sex steroids,
immunosuppressants, Cosudex, and combinations thereof.

49. The kit of claim 48 wherein the compound is selected from the group
consisting of; an interleukin 7, a stem cell factor, an interleukin 2, an interleukin 15,
Interleukin 4, Interferon gamma, a granulocyte colony stimulating factor, a keratinocyte
growth factor, members of the epithelial growth factor family, members of the
fibroblast growth factor family, Stem Cell Factor, and a combination thereof.

50. The kit according to any one of claims 46 to 49 wherein the kit further
comprises a vaccine,

51.  The kit of claim 50 wherein the vaccine comprises a tumour antigen.

52, The kit of claim 50 wherein the vaccine comprises a HSV antigen.




