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[ 0001] The present disclosure is in the field of |nnunol@gyﬂfﬁcgﬁsrticular,
it relates to diagnosing the ability of a thynus to be reac d by
inhibition of the effects of sex steroids 5 on the thynus. BACKGROUND OF
THE | NVENTI ON [ 0002] The thynus is arguably the major organ in the imune
system because it is the primry site of production of T Iynphocytes. Its
role is to attract appropriate bone,marrow derived precursor cells from

t he bl ood, and induce their connltnént to the T cell lineage, 10 including
t he gene rearrangenents necessary for the production of the T cell receptor
for antigen (TCR). Associated with this Is a remar kabl e degree of cel
division to expand the number of T cells and hence increase the |ikelihood
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degree ‘of Signaling throu ﬁut he T its continued maturation. [0004]
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15  varying degrees of bindmg strength (affinity) and respond to varying degrees.

[0003] A strange feature of T cell recognition of antigen, however, is that, unlike B
cells, the TCR only recognizes peptide fragments physically associated with MHC molecules.
Normally this is self MHC (i.¢., non-foreign MHC) and this ability is selected for in the
thymus. This process is called positive selection and is an exclusive feature of cortical
20  epithelial cells. If the TCR fails to bind to the self MHC/peptide complexes, the T cell dies by
“neglect” — it needs some degree of signaling through the TCR for its continued maturation.
[0004] 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
25  antigen. If afier 3-4 weeks they haven’t been stimulated, they become susceptible to 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.
[0005] While the thymus is fundamental for a functional immune system, releasing

30 ~1% of its T cell content into the bloodsiream per day, one of the apparent anomalies of




12 APR 2005 2 mammal s is that this organ undergoes sever as a
result of sex steroid production. This can begin even |n2¢§5§§m@iildren
but is profound fromthe tine of puberty. For normal healthy individuals
this loss of production and release of new T cells does not always have

I nmedi ate clinical consequences. In fact although the aged thynus is
atrophic and consists of 5 less than 1% of its young counterpart, it stil
continues to release a very IOM/Ievq% of newT cells into the bl ood
stream [0006] These are insufficient, however, to maintain the optinma

| evel s of peripheral T cell subsets. But this does nmean that the thynus is
not conpletely dormant, raising the possibility that It could be the
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native cells and thus a reduced abili ty to respond to antigen. [0007]

Agi ng aeHoubsstsy| Bt this dpes apean thay dheyamus ds nef WRE%‘PWéIO{T@Wérra@tDértiﬂ@ed by 20
tho.  aticaeifly debeob gl Eghde Ry WingRARGRRE By b 20
becHus esxpart maeang itloat dtie alatseof pbtmheral g aellscwdergmaalprwﬁnlvy ob&ngaebwtﬂ' cells
bei ng expot ted fr n turn es a

7ol o SRRl A e OF e PR wi e RaBistibeiets § il ARy ng 1 s
not tham@zm.ans ifs (e Gildod eithdat Gthe ¢ 8id loff3hrotighllaledd stitmafsion. Ohitle dAhes Qmﬁi}CUf s 25
very severelltll for exanple in H V/ A DS and foll owi ng chenot her apy

radi ot HEitheAst %@pﬁontattnﬂl@ Heleyast AieaR-tneciis naveil ee lﬁ Kihaspswhigh éa\feett%ver y of
the immyp @nc%ﬁ(r?t&r‘é t iﬁ)odz'g E'tlrﬁlﬁﬁt?d’ %H’pr@lifera-tga V.3 Eﬁbs&ﬁﬂll g@giiesb EHTEH"\A% ffélor OCCUT S

relatively quick onpare post - en 1t can
t akt 1-@llyewirrid the bady of e pethegent busrﬂiesm\tmganﬂesdle[tm@u@i anTIigsr-mdmeé celhus

pever B BELGuH o 5Rs T PHAFORFuL DS AN Bof i S ERRa Rp?*, b
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and thus a reduced ability to respond to antigen.
[0007] Aging also results in a selective decline in Th cells (characterized by
20  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 from the thymus, which in turn provides a
continual replenishment of the naive T cell pool in the periphery.
[0008] Aging is not the only condition which results in T cell loss — this also occurs
25  very severely for example in HIV/AIDS and following chemotherapy or radiotherapy. Again,
in the young with an active thymus, the recovery of the immune system (through recovery of
T cell mediated immunity) occurs relatively quickly (2-3 months), compared to post-puberty,
when it can take 1-2 years because of the atrophic thymus.
[0009] There are thus several parameters which can influence the nature and extent of
30  immune responses: the level and type of antigen, the site of vaccination, the availability of

appropriate APC (antigen presenting cells), the general health of the individual and the status




appropriate APC (antigen presenting cells), the general health of the

i ndi vidual and the status 12 APR 2005 3 of the T and B cdld AFSopags of

these, T cells are the nost vul nerabl e because of the marked sex steroid

i nduced shut-down in thym c export which becones profound fromthe onset of
puberty. [0010] Any vacci nation program should therefore only be logically
undertaken when 5 the level of potential responder T cells is optimal in
terns of both the level of naive T cglls representing a broad repertoire
of specificity and the correct ratios of Thl to Th2 cells and Th to Tc
cells. The level and type of cytokines should al so be manipul ated to be
appropriate for the desired response. [0011] The ability to reactivate the
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parti cu1 def |1 encies of the immune systemillustrated by a decrease in
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I mmunodef i ci ency, aut oi nmuni t tunor load in later life (H rokawa,

- 1998) . Yo e nemiendopgingciysism @ﬁlls 1888 o SHyparticulag fimpertaser isrfthe Heerpley i phery,
Wi th 1 efdueed the pititary, adrenals and gonads on thymic function including both trophic (TSH

and GH) and atrophic effects (LH, FSH and ACTH) (Kendall, 1988; Homo-Delarche, 1991).
Indeed one of the characteristic features of thymic physiology is the progressive decline in

structure and function which is commensurate with the increase in circulating sex steroid
20 production around puberty (Hirokawa and Makinodan, 1975; Tosi et al,, 1982 and Hirokawa,
et al., 1994). The precise target of the hormones and the mechanism by which they induce
thymus atrophy is yet to be determined.
[0013] Since the thymus is the primary site for the production and maintenance of the
peripheral T cell pool, this atrophy has been widely postulated as the primary cause of an
25  increased incidence of immune-based disorders in the elderly. In particular, deficiencies of
the immune system illustrated by a decrease in T-cell dependent immune functions such as
cytolytic T-cell activity and mitogenic responses, are reflected by an increased incidence of
immunodeficiency, autoimmunity and tumor load in later life (Hirokawa, 1998).
[0014] The impact of thymus atrophy is reflected in the periphery, with reduced
30  thymic input to the T cell pool resulting in a less diverse T cell receptor (TCR) repertoire.
Altered cytokine profile (Hobbs et al,, 1993; Kurashima et a/., 1995), changes in CD4" and




30 thymc input to the T cell pool resulting in a |less dlverse T cel
receptor (TCR) repertoire. Altered cytokine profile (Hohf§ ngz 2 993;
Kurashima et at, 1995), changes in CD4+ and i 2 APR 2005 4 set s,
and a bias towards nenory as opposed to naive T cells (Mackall et at, 1995)
are al so observed. Furthernore, the efficiency of thynopoiesis is inpaired
with age such that the ability of the i mmune systemto regenerate normal
T-cell nunbers after T-cell depletiop is eventually lost (Mackall et at,
1995). 5 [0015] However, recent work by Douek et at (1998) has shown
presumably thym c output to occur even in old age in humans. Excisiona
DNA products of TCR gene- rearrangenent were used to denonstrate
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and Gress, 1997) and have a sim’ ar degree o ymus repopul ation potenti al
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microenvironment and provide the growth factors and cellular interactions necessary for the

optimal development of the T cells. The symbiotic developmental relationship between
20  thymocytes and the epithelial subsets that controls their differentiation and maturation (Boyd
et al., 1993) means sex-steroid inhibition could occur at the level of either cell type which
would then influence the status of the other. I is less likely that there is an inherent defect
within the thymocytes themselves since previous studies, rutilizing radiation chimeras, have
shown that bone marrow (BM) stem cells are not affected by age (Hirokawa, 1998; Mackall
25  and Gress, 1997) and have a similar degree of thymus repopulation potential as young BM
cells. Furthermore, thymocytes in aged animalé retain their ability to differentiate to at least
some degree (Mackall and Gress, 1997; George and Ritter, 1996; Hirokawa et al, 1994).
However, recent work by Aspinall (1997), has shown a defect within the precursor CD3°CD4"
CD8" triple negative (TN) population occurring at the stage of TCRy chain gene-

30 rearrangement.




CD8' triple negative (TN) population occurring at the stage of TCRy chain
gene- 30 rearrangenent. 12 APR 2005 5 Skewi ng of devel O%Ié] JCR repertoire
towards, or away from specific antigens. [0017] The abi ﬁ@ﬂwhance t he
upt ake into the thynus of haenatopoietic precursor cells neans that the
nature and type of dendritic cells can be manipul ated. For exanple the
precursors can be transfected with specific gene(s) which eventually becone
expressed in the 5 dendritic cells i& the thymus (and el sewhere in the
body). Such genes can include those which encode specific antigens for

whi ch an i nmune response woul d be detrinental, e.g. aut oi mune di seases,
allergies and graft antigens [0018] The genes can aI so encode anti gens
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other molecules affecting any aspect of thymopoiesis and T cell development, activation,

positive or negative selection, migration, and general status. This approach can be used to
promote or retard thymic development or T cell responsiveness. It can be used to skew the T
cell repertoire to specific antigens to create, for example, anti-viral and anti-tumor defenses.
20  This approach can also be used to modulate the nature, organization and function of the

thymic microenvironment.

Induction of tolerance

[0020] The most effective means of generating tolerance to self is through intra-
25  thymic deletion (or anergy or induction of negative regulatory cells) of the potentially self
reactive cells through negative selection, mediated most efficiently by intrathymic dendritic
cells. As a corollary, the establishment of tolerance to exogenous or nominal antigens could
be best achieved if dendritic cells expressing this antigen could be incorporated into the
thymus. This form of tolerance may also be made more effective through the advent of

30  inhibitory immunoregulatory cells. The mechanisms underlying the development of the latter,




30 inhibitory i munoregul atory cells. The mechani sns unqgrz )pjpﬁgzmse
devel opnent of the latter, J 2 APR 2005 6 however, are poorly u rstood,
but again occur in the thymus and could involve dendritic cells. [0021] In
the case of hyperreactive T cells for which the target antigen is known,
the haematopoietic stemcells can be transfected with the gene encoding
the specific antigen. 5 Wen these cells develop into dendritic cells in
the thynmus they will delete any newd cells arising which are potentially
reactive to the nom nal antigen. [0022] The enormnous clinical benefits to
be gai ned through restoration of thymc function, represent an inportant
strategy for the treatnent of inmmunodeficiencies, particularly in the
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[0025] In a preferred enbodient, inhibition is caused by adm nistering an
LHRH  alyoing seactivation effthithyms, didet popuationg caarheanpsifiesttio sllew faidolmpegedti x or
Cetror ea!]lbéen'eﬁ: ﬁ'zqn;ce%getngiﬁeéiaﬁs. Moreover, regenerating populations of T cells can be

genetically modified through gene therapy during thymic reactivation.

SUMMARY OF THE INVENTION

[0023] The present disclosure provides a diagnostic method for determining the

—

20  susceptibility of a thymus to regeneration by inhibition of sex steroid production. Ina
preferred embodiment, the method provides an early determination of this susceptibility,
preferably within a week, more preferably within 4 to 5 days, even more preferably within 2-3
days, and most preferably with 24 hours of initiation of inhibition.

[0024] In a particular embodiment sex steroid mediated signaling to the thymus is

25  blocked by the administration of agonists or antagonists of LHRH, anti-estrogen antibodies,
anti-androgen antibodies, passive (antibody) or active (antigen) anti-LHRH vaccinations, or
combinations thereof ("blockers").

[0025] In a preferred embodiment, inhibition is caused by administering an LHRH
agonist. Preferably a quick-acting antagonist such as Abarelix or Cetrorelix is administered.

30  In an alternative embodiment, inhibition is caused by administering an LHRH agonist such as

Zoladex or Leupron.




30 In an alternative enbodi nent, inhibition is caused by ag%%n'ﬁggfing an
LHRH agoni st such as Zol adex or Leupron. 1 2 APR 2005 7 | 6% /17
preferred enbodi nent, the bl ocker(s) is adm nistered by a sustained

pepti de-rel ease fornul ati on. Exanpl es of sustained peptide-rel ease

formul ations are provided in WO 98/08533, the entire contents of which are
I ncorporated herein by reference. [0027] In one enbodi nent, the diagnosis
is acconplished by nmeasuring the amount of 5 thym c induced factors in a
bl ood sanple of the patient before and after initiation of inhibition.
[0028] In yet another enbodiment, the invention is used to identify
previously wunidentified thymc factors. [0029] In another enbodi nent, the
di agnosi s is acconplished by nmeasuring thymc 10 activity. In addition to
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thedr thymidindused fagionviniaplaed sanpis of the paHsntbefors agd Fifer gt cross-1inking

can al ﬁ]ﬂiéﬂ?on‘ﬂsed to monitor thym c function but they are expected to take
several days to weeks before any changes may be detectable. DESCRI PTION OF
THE FI {30285 [ 0030yetrngthercembogdiment the:inventionys ¥sadito idepwyPyevieuslber pre- and

post-castratd op. . Thymus atrophy results in a significant decrease in
thych@mﬁ{f}ﬁ@@P’?%ﬂﬂmage. Aged (2- year old) mce were surgically

castr afeo2opnd annkyding cfobodiiét, tha Yingsosisds egeomplishedbpmeanringthymirdy wei ght
and (B) tot l.Is per .th S, .al 2-4 ek ost - gas | A significant
dedPe awwtﬂm@ﬁﬂ%n (Réheg?hm’% %S E’Bﬁ?WE’FY%’X@@%W%@S@C onpared to
young ehdhded(1Peel1iRdhtiRed By @b prdfnce itifesd Hlk of @ahllvircleasf DNAItemed/t  3- weeks

post-castration thym c hypertrophy 25 was observed and s returned to
young gdﬂepegt@@mlgogyﬂde&/&gﬁg shodiesec HRH G '8 yedrod |ﬂtﬂ9"§@é’a“8§ﬁﬁ§§ sed as

K ] : * k= Kk kk —
Voung S5y metc il o) BEtn AR o %E@ﬁo%ﬁ‘eﬁf?&?‘?‘%s e (o year
ol d) ~ miof thevlbrell revepigi o hittigen Basic dnceepsewinitolel ) apl @gmber (as measured by flo

15 cytometry staining for CD3, CD4 and CD8) and shifts in their in vitro responsiveness to
stimulation with anti-CD3 cross-linking can also be used to monitor thymic finction but they
are expected to take several days to weeks before any changes may be detectable.
DESCRIPTION OF THE FIGURES
[0030] Figure 1 A and B; Changes in thymocyte number pre- and post-castration,

20  Thymus atrophy resulis in a significant decrease in thymocyte numbers with age. Aged (2-
year old) mice were surgically castrated and analysed for (A) thymus weight in relation to
body weight and (B) total cells per thymus, at 2-4 weeks post-castration. A significant
decrease in thymus weight and cellularity was seen with age compared to young adult (2-
month) mice. This was restored by castration. At 3-weeks post-castration thymic hyperirophy

25  was observed and was returned to young adult levels by 4-weeks post-castration. Results are
expressed as mean +15D of 4-8 mice per group. ** =p <01; *¥*=p <0.001 compared to
young adult and post-castration mice. '

[0031} Figure 2 A-C: Aged (2-year old) mice were surgically castrated and analysed
at 2 and 4 weeks post-castration for peripheral lymphocyte populations. (A) Total lymphocyte

30 numbers in the spleen. Spleen numbers remain constant with age and post-castration. (B) The
ratio of B cells to T cells did not change with age or post-castration, howewer (C) a significant
decrease in the CD4":CD8" T cell ratio was seen with age, This was restored by 4-weeks post-




at 2 and 4 weeks post-castration for peripheral |ynphocyte popul ations. (A)
Total |ynphocyte 30 nunbers in the spleen. Spleen nunbers‘ﬁﬁem nst ant
wi th age and post-castration. (B) The ratio of B cells to T cells d not
change with age or post-castration, however (C) a significant decrease in
the CD4+:CD8+ T cell ratio was seen with age. This was restored by 4-weeks
post A 2 APR 2005 8 castration. Data is expressed as neant!| SD of 4-8 mice
per group.*** =P < 0.001 conpared to young adult (2-nonth) and 4-week
post-castrate mce. [0032] Figure 38 Fluorescence Activated Cell Sorter
(FACS) profiles of CD4 vs. CD8 thynocyte popul ations with age and
post-castration. Aged (2-year old) mce were castrated 5 and the thynocyte
subset s anal ysed based on the markers CD4 and CD8. Representative FACS
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proliferating was seen with age. Post-castration, this was restored and a significant increase in
proliferation within the CD4 CD8* SP thymocytes was observed. {C) No change in the total

20  proportion of BrdU" cells within the TIN subset was seen with age or post-casiration. 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-casiration. Results are expressed as
mean+1SD of 4-8 mice per group. * = p =0.05; *** =p <0.001 compared to young adult (2-
month) mice.

25 [0035] Figure 6 A-C: Aged (2-year 0ld) mice were castrated and were injected
intrathymicaily with FITC to determine thymic export rates. The number of FITC" cells in the
periphery were calculated 24 hours later. (A) A significant decrease in recent thymic emigrant
(RTE) cell numbers was observed with age. Following castration, these values had
significantly increased by 2 weeks post-cx. (B) The rate of emigration (export/iotal thymus

30 cellularity) remained constant with age but was significantly reduced at 2 weeks post-cx. (C)
With age, a significant increase in the ratio of CD4" to CD8" RTE was seen and this was
normalised by 1-week post-cx. Results are expressed as mean1SD of 4-8 mice per group. ok
=p <0.01; #¥* =p <0,001 compared to young adult mice. ~=p <0.001 compared to castrated mice.

~ [0036] Figure 7 A-C: Changes in thymus (A), spleen (B) and lymph node (C) cell
35 numbers following treatment with cyclophosphamide, a chemotherapy agent. Young (3-




periphery were cal culated 24 hours later. (A) A significangf ?%
recent thymc emgrant (RTE) cell nunbers was observed vmth age. | ow ng
castration, these values had significantly increased by 2 weeks post-cx.
(B) The rate of emigration (export/total thymus 30 cellularity) remai ned
constant with age but was significantly reduced at 2 weeks post-cx. (O
Wth age, a significant increase in t@e ratio of CD4+ to CD8+ RTE was seen
and this was normalised by 1-week post cXx. Results are expressed as
meant| SD of 4-8 m ce per group. ** = p 50.01; *** = p 50.001 conpared to
young adult mce. * p 50.001 conpar ed to castrat ed mce. [0036] Figure 7
A-C Chap een (B) and Iyrrph node (C cell 35 nunbers
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[0039] Figure 10: Changes in thymus, spleen and lymph node cell numbers following
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
25  compared to the non-castrate (cyclophosphamide alone) group at 1 and 2 weeks post-
treaiment. In addition, spleen and lymph node numbers of the castrate group were well
increased compared to.the cyclophosphamide alone group, (n = 3-4 per treatment group and
time point). Chemical castration is comparable to surgical castration in regeneration of the
immune system post-cyclophosphamide treatment.
30 [0040] Figure 11 A and B: Lymph node cellularity following foot-pad immumnization
with Herpes Simplex Virus-1 (HSV-1), Note the increased cellularity in the aged post-
castration as compared to the aged non-castrated group (A). Bottom graph illustrates the
overall activated cell number as gated on CD25 vs. CD8 cells by FACS (B).
[0041] Figure 12 A-C: VB10 expression on CTL (cytotoxic T lymphocytes) in
35  activated LN (lymph nodes) following HSV-1 1 inoculation, Despite the normal V510




[ 0039] Figure 10: Changes in thynmus, spleen and | ynph nod geé% gﬁﬁgers
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surgical or chem cal castration performed on the sanme day. hbte the rapid
expansion of the thynus in castrated aninmals when 25 conpared to the
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treatnent. In addition, spleen and | ynph node nunbers of the castrate group
were well increased conpared to. the cycl ophospham de al one group. (n =
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to surgical castration in regeneration of the inmune system
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showed geske TLipeRgtt withinrthe lyBipR diodes.)Casestionof ayed mice restored the CTL

response to young adult levels. * =p <0.01 compared to young adult and post-castrate aged
20 mice.
[0044] Figure 15 A and B: Analysis of CD4" T cell help and V8 TCR response to
HSV-1 infection. Popliteal lymph nodes were removed on D5 post-H8V-1 infection and
analysed ex-vivo for the expression of (2) CD25, CD8 and specific TCRVS markers and (b)
CD4/CD8 T cells. (A) The percentage of activated (CD25%) CD8" T cells expressing either
25  VPBL0 or V8.1 is shown as mean 18D for 8 mice per group. No difference was observed
with age or post-castration. (B) A decrease in CD4/CDS ratio in the resting LN population
was seen with age. This was restored post-casiration. Results are expressed as mean+1SD of

8 mice per group. *** =p <0.001 compared to young and castrate mice.

[0045] Figure 16 A-D: Changes in thymus (A), spleen (B), lymph node (C) and bone
30  marrow (D) cell numbers following bone marrow transplantation of Ly5 congenic mice, Note

the rapid expansion of the thymus in castrated animals when compared to the non-castrate

group at all time points post-treatment. In addition, spleen and lymph node numbers of the

castrate group were well increased compared to the cyclophosphamide alone group. (n =3-4




in CTL activity at an ET ratio of both 10:1 and 3:1 indi cattgin%mrzﬁﬁgjction
i n the percentage of specific CTL present within the |ynph ‘
Castration of aged mice restored the CTL response to young adult levels. p
+ 50.01 conmpared to young adult and post-castrate aged 20 mce. [0044]
Figure 15 A and B: Analysis of CDAT cell help and VO TCR response to HSV-1
I nfection. Popliteal |ynph nodes vverfsaurem)ved on D5 post-H SV-1 infection
and anal ysed ex-vivo for the expression of (a) CD25, CD8 and specific
TCRV# markers and (b) CD4/CD8 T cells. (A The percentage of activated
(CI)25~ Me T cells expressing either 25 V#1 0 or V08. | is shown as nean: ~I
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[0048] Figure 19 A and B: Myeloid and Iymphoid dendritic cell (DC) munber after
20 lethal irradiation, fetal liver reconstitution and castration. (n=3-4 mice for each fest group.)
Control (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
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
25 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.
[0049] Figure 20 A and B: Changes in total and CD45.2" bone marrow cell numbers
in castrated and noncastrated mice after fetal liver reconstitution. n=3-4 mice for each test
30 group. (A) Total cell number—Two weeks after reconstitution bone marrow cell numbers had
normalized and there was no significant difference in cell number between castrated and
noncastrated mice. Four weeks after reconstitution there was a significant difference in cell
number between castrated and noncastrated mice (*p <0.05). (B) CD45.2" cell number.
There was no significant difference between castrated and noncastrated mice with respect to
35 CD45.2+ cell number in the bone marrow two weeks after reconstitution. CD45.2" cell




castration, Percentages for each quadrant are given to the€ggg§$%3{ ach
plot. The age matched 15 control profile is of an eight non

congeni ¢ nouse-thynus. Those ofcastrated and noncastrated nice are gated
on CD45. 2+ cells, showing only donor derived cells, Two weeks after
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and noncastrated mce. 10048] Figure 19 A and B: Myeloid and | ynphoi d
dendritic cell (DQ nunber after 20 lethal irradiation, fetal |iver
reconstitution and castration. (n--123-4 mce for each test group.) Control
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dendritic cells found in untreated age matched m ce. (A) Donor-derived
nmycloid dendritic cells-Two weeks after reconstitution DC were present at
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" nunber theawagapEaiedspiss ¥ thoamedimepalpl s i n castrated mice. (B) Donor -derived
| ynphoiighseglendr iFigge ZiehlCs Chdiges ineéedls afd rayeloid enhiymphod desive®dC nunbers in

castrated e. doubl e weeks after
“treat nﬂﬁ?ﬁlﬁ&c%\rﬁﬁé} PBWFH%%OQQS%ME&C%QE §%ﬁ§t{age9§ﬁcégf&{[3fgba§gﬁg Figure 20 A and
B: Ghangesstitioh (-4 anit fara4eh @st oo Gentreldwhiea brs A HBEILOWIRGEHRSt r at ed and
honcast aq;?é&o g ?&i\ﬁ%}.\'ﬂi}@l‘td?ll" Jeﬂéfﬁﬁ aesc&ﬁe%&11stfwnu@mmu@ate3agb mitdedf or each

test 3 - { b
o 1 O, (AN SRR R AP SRR o B W R SEOMRRAI i 11 or ence

in cel hopuaRat.died ¥eRBHERE e @) Dund: derivatapdoidtiedriic olls—fowrwagkeks af t er
reconstitution.ther a SI ni ficant fAkkebgr bet ween
cast r ata8er TEeRYst W&g@\,@f G Oﬁqung%m% @?&%ﬁfg’“r teql nunber. There
Was1ono thik g bbinsthtre ehiad ﬁ@mgmﬂ@nb@ffvnew hetrecen punehersin gasiated a8t r at ed mice with

respect_to I R hh B e aveesl af ter
reconst™® PW‘?@%@?S& Idc \ Hg%&oc%eﬁ%tﬁ%@ﬁs renmgnﬁgca{&' gh in castrated

ni ce atleveliwo wadfour warke pfter FrepastifgiongHdwe 2‘.’1’8? \”f%glqos“ he noncastrated
mce agdff&@nc%%@ﬁre@ﬂﬂiﬁxﬂéﬂ'lﬁ‘&%ﬂ'ﬁt@@ﬁﬂ]mﬁn&&hﬁt@lﬂﬁeA—C Changes in T cells and

Chot r at(885Hng” noRguERs & B L ol frf EpbTCDRr ) iR BRI T DT O s
M ce5 f Ofun@Rsin éRTitedndwondastoet miok aﬂmmrﬁetalél)relbwogstttwﬂmh@‘%lml%ﬁ%g gr aphs
Gt r oa: B B SR IRLIRA o2t Hather Ly i hed °‘Qﬁﬁ“5%$dé‘%“£‘?§‘** Teuoed tuo and
four wedkeagfl aud thereswnge mgmﬁmhdﬂqren%{l ﬁelh%heh‘?eéﬂee&ﬁéﬁt’ﬁ@ it rated nice.
(B) Dongyy flaticy Bibe il etks dRAdEdchstRutionlckis nuisersveel spproaching normal
levels in castrated mice, (B) CD45.2" cell number—There was no significant difference
20  between castrated and noncastrated mice with respect to CD45.2" cell mumber in the spleen,
two weeks after reconstitution, CD45.2" cell number remained high in castrated mice at four
weeks. There were no donor-derived cells in the noncastrated mice at the same time point.
| [0052] 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)
25  bars on the following graphs are based on the normal number of T cells and dendritic cells
found in untreated age matched mice. (A) T cell number—Numbers were reduced two and four

weeks after reconstitution in both castrated and noncastrated mice. (B) Donor derived (CD45.2%)

myeloid dendritic cells—two and four weeks afier reconstitution DC numbers were normal in

both castrated and noncastrated mice. At two weeks there was no significant difference between
30 numbers in castrated and noncastrated mice. (C) Donor-derived (CD45.2") lymphoid dendritic

cells—numbers were at normal levels two and four weeks after reconstitution. At two weeks there

was no significant difference between numbers in castrated and noncastrated miice.

[0053] Figure 24 A and B: Changes in total and donor (CD45. 2"} lymph node cell

numbets in castrated and noncastrated mice after fetal liver reconstitution. (n=3-4 for each




after reconstitution DC cell nunmbers were normal in both ?té%% nd
noncastrated mce. At 10 this tine point there was no si§ f 0

di fference between nunbers in castrated and noncastrated mce. (O

Donor -derived | ynphoid dendritic cells-Nunbers were at normal |evels two
and four weeks after reconstitution. At two weeks there was no-significant
di fference between nunbers in castrated and noncastrated m ce. (0051]
Figure 22 A and B: Change in total ggd donor (CD45.2) |ynph node cell 15
nunbers in castrated and noncastrated mce after fetal |iver
reconstitution. (n=3-4 mce for each test group.) (A) Total cell
nunber - Two weeks after reconstitution cell nunbers vvere decreased and

there was no si.goifica difference eII n castrated and
nonGast BB (8. Tordan! e ch v s eBfaprePaita O AT AURBERS! wer o

appr oactyrigl 18RI thekEW &I id sig‘i\:ﬁ%&nﬂtdﬁﬂ’ér@fée Btt68en dabttatéddhd nbndéﬂi’dtednu nber - There
was no significant difference 20 between castrated and noncastrated m ce

with r egisecFour @feelm@erznﬁcwmutwnmﬂ@ﬂmbﬁs {restegiedamise weregbnowERkisvels-t er
r econstqahmew éipﬂi?nb%r %@m ﬁﬁ?ﬂlﬂ%@n IRRvdeh) ik atd m ce at four
OI’]OI’ erive ce

ere were no s In the noncastrated mice at.the
sames t i norcgstrated mice[vi0G23pettitg dorer EB4A2 BrellSpimber ia the lymph soderiero mgeksoi d and

| ynphoi d. derived. .den cells er fe Lver reco nstitution.
(B ShetonsFair Coat s S biyeSelugings Bieh Fl st mise EEPW ERREbe. ol | owi ng
gr aphs ﬂfeeexb@:&ﬁdd&ibridbﬁvda%mhmuﬁb@ktmédﬁmeaithssmwbo@ﬁndr| tic cells found
in unt [J‘%at ed age matched m ce. nunber - Nunhers. were reduced two

and fou005fkeks Krepgsy -?éc%r@ta{lﬁeﬁfl}gﬁeusﬁn@)ﬂ’tyﬂo@e@flﬂﬂ‘ﬂ@ﬁ‘%ﬂv%ncastrat ed
m ce. cﬁ%@%&ﬂsﬁﬁ'{ )i 8t rhdstMericAdrph Héfﬁé@f&st@a‘?%ﬁhbﬁ c&%ﬂe&rﬂlé@(&ﬂ@t“d f our

weeks reco itution DC nu ers were normal iIn h castrated and
nondst fetal Bbr micomstitution (n53wereies for kanhdesharoupd Congeli (S'frlp%d)ﬂ)alﬁ iafefted ence bet ween

30 nunber castra ce, n ved (CD45. 2+)
Iyrrph0|lamﬁ)gﬁ%lfrffaSI %‘gﬁnflgp%ﬁe%g 3 ém%? %{h%g\%er gA fI%gﬂ!’ﬂnd four weeks
gf ter rlﬁﬁﬁbr?%twdwidd@ct‘bdw%aﬁdl\?uﬂmg@aﬁdﬁwcenstmnﬁmb(ﬁﬁ emirfitecandt di f f erence .
et ween nunbers in castrated and noncastrateq m ce 005 Figure 24 A an
B: Charffgsasirated gics (%moa‘afrﬁspvid@ﬁo @3 endyife Fe ‘ﬁB‘@Eﬁ %%Pl mﬁ%’}hﬁéﬂ?@ o,

castr at g ndRchsRORCARE" Al filr We&S 1Rl Wefe éeexteededlhvwo WaKOMid wadlbon. (n=3-4
for each 1 2 APR 2005 13 test group.) (A) Total cell nunbers-Two weeks

af t & ragnficent difference hobyden pumbEs © cpsirated and nenspsiiednice Q) BRBEOTt here was no
signifigagly @h@@ﬁ %%?cﬁmp TIS|ASES eI AR 18 ﬁtdrto?ﬂ@ 19\%&%3 taﬁ@f‘o‘ﬁ{jweéﬂs GRer FOUr veeks

after recons nunbers 1n ca were at nornal |evels.
(B) CDAfrcahstitntdrd. Adtwbeveeksthere wasmso ngmﬂcnagmhtfmmetbema‘eﬁ enebareinbet ween
castrat (%gtrzi%g and noncastrated mice.
[0055] Figure 26: The phenotypic composition of peripheral blood lymphocytes was
20  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 treatment. Total lymphocyte cell numbers per ml of blood were at the lower end of
control values before treatment in all patients. Following treatment, 6/9 patients showed
substantial increases in total lymphocyte counts (in some cases a doubling of total cells was
25 observed). Correlating with this was an increase in total T cell numbers in 6/9 patients,
Within the CD4" subset, this increase was even more pronounced with 8/9 patients
demonstrating increased levels of CD4 T cells. A less distinctive trend was seen within the
CD8" subset with 4/9 patients showing increased levels, albeit generally to a smaller extent
than CD4" T cells.
30 [0056] Figure 27: Analysis of human patient blood before and after LHRH-agonist

treatment demonstrated no substantial changes in the overall proportion of T cells, CD4 or




5 noncastrated nice with respect to donor CD45.2+ cell nunifkf APRt | ynph
node two weeks after reconstitution. CD45.2 cell nunber remai ned h in
castrated mce at four weeks. There were no donor-derived cells in the
noncastrated mce at the sanme point. [0054] Figure 25 A-C. Changes in T
cells and nyeloid and | ynphoid derived dendritic cells (DC) in the
nmesenteric | ynph nodes of castrated and non-castrated mce after 10 fetal
| iver reconstitution. (n=3-4 mce fgr each test group.) Control (striped)
bars are the nunber of T cells and dendritic cells found in untreated age
mat ched mce. (A) T cell nunbers were reduced two and four weeks after
reconstitution in both castrated and noncastrated nice (B) Donor derived

nyel oi d d tic,cell re. no ot h ast noncastr at ed
oo, AEDR gl a8 E¥arably Fnie PObEF DAChS e iRy rhdieRGenf i RAETR, T
signifi t‘ﬁéﬂﬁmﬂiaf SfRCETeRatRRhVRGHe KuHddStac IinfeAsick aiﬁdelﬁd%dsdmlﬁ&tth@t ed mce.
(© Donor- derived | ynphoid dendritic cells-Nunbers were at normal |evels

two andsubgeitiahinereasein pearall T eellgmatbicrs fellayring ingatment. A erles Weke was no

signifi ween nunbers in castrated and noncastrated m ce.
[ 0055] @gﬂraﬂ%{?ecroﬁﬁ&%@g%\otypl c conposition of peripheral blood
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LHRH agoni st t eatrre 0 Q ancer e anal yzed
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control values before treatnent ;in all patients. Foll ow ng treatge 6/ 9
(i n

pat i ent BaPRhAEYPrORYIHERSIFNAMAFI fFHEYEéh%’étaFWOFQ}Y% IrpafmE JaG PROPETGEM LB some
cases %eﬂ?%éh&gea&fdxﬁTb? | s was 25 observed). Correlating with this was

an increase I n total nunbers in 6/9 patients. Wthin the CD4+
subd®t , [00RBE i nc P@s@mﬂweﬂf thetotal pelbmubersed Brind myglogd ¢sdls methinghe

dem)nst r at sed I trend was
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nalysis o man i ent 0Q ore after
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- T cellsp atlgﬁgsﬂfwm%lgo m%@@%n%ﬁ“&@de&eas%ﬂ'ﬂ:v@lsvar' abl e change in the

Ch4:CD8 ratio f treatnment. This indicates the mninmal effect of
t r eal nel®058h t he Plrmm&&andlé Hmmwmhm sen ppsicidilRH agpris tigatgssigvase t he
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val ues
increase in the proportion of naive (CD45RA"™) CD4+ cells, with the ratio of naive

(CD45RA™) to memory (CD45R0O™) in the CD4” T cell subset increasing in 6/9 of the human

patients,

20 [0060] 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. |
[0061] Figure 32: Permeation of a pharmaceutical through skin. Permeability of the
skin, using insulin as a sample pharmaceutical, was greatly increased through laser irradiation.

25 [0062] Figure 33: Change in fluorescence of skin over time after the addition of 5-
aminolevulenic acid (ALA) and a single impulse transient to the skin. The peak of intensity
occurs at about 640 nm and is highest after 210 minutes (dashed line) post-treatment.

[0063] Figure 34: Change in fluorescence of skin over time after the addition of 5-
aminolevulenic acid (ALA) without an impulse transient. There is little change in the

30 intensity at different time points.




conparative to control values. 5 [0057] Figure 28: Anal y5|& 2)f 8
proportions of B cells and nmyeloid cells (NK, NKT and macrophagegg % thin
t he peri pheral bl ood of human patients undergoi ng LHRH agoni st treatnent
denonstrated a varying degree of change within subsets. Wile NK NKT and
macr ophage proportions remained relatively constant follow ng treatnent,
the proportion of B cells was decreased in 4/9 patients. 10 [0058] Figure
29: Analysis of the total cell nunbggs of B and nyeloid cells within the
peri pheral blood of human patients post-treatnment showed clearly increased
| evel s of NK (5/9 patients), NKT (4/9 patients) and nmacrophage (3/9
patients) cell numbers post-treat rrent B cell nunbers showed no di stinct

trend w /19 p S ~Showi n eas | evel s;. 4/ 9 ti hovm ng no
hange 1RB4E) O PRIENSS CBRBHIAE of BEHER BorEoiedt oot FagBBtABRER o D050 ang
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popul ati on of the peripheral blood. In partjcular there was a sel ective
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6/9 of the human patients. 20 [0060] Figure 31: Decrease in the inpedance
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stress.
15  provided to formulate rational clinical management of T cell based disorders.

[0067] Since the thymus is an endocrine organ, reactivation of thymic function
involves release of not only new T cells into the blood stream after 2-4 weeks, but prior to this
the thymus will also release increased levels of cytokines, even within hours of reactivation.
These will be detectable in the blood or plasma. The present disclosure utilizes these released
20  cells and molecules fo detect the degree of response of a patient's thymus to inhibition of sex

steroids. Provided here is a set of diagnostic techniques for making this determination.

Disruption Of Sex Steroid Signaling To The Thymus
[0068] As will be readily understood, sex steroid signaling to the thymus can be

25  disrupted in a range of ways well known to those of skill in the art, some of which are
described herein. For example, inhibition of sex steroid production or blocking of one or
more sex steroid receptors within the thymus will accomplish the desired disruption, as will
administration of sex steroid agonists or antagonists, or active (antigen) or passive (antibody)
anti-sex steroid vaccinations. Inhibition of sex steroid production can also be achieved by

30  administration of one or more sex steroid analogs. In some clinical cases, permanent removal

of the gonads via physical castration may be appropriate.




DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 [0065] A characteri s§ ichFga%se of
thymc function is that while it is of fundanental inportance tot

establ i shment and mai ntenance of the inmmune system and hence to the

def ense agai nst infection and di sease, it characteristically undergoes a
prof ound age- dependent decrease in function to |l ess than 5% of it maxi nal
capacity. This becones nost pronounced foll ow ng puberty, inplicating a
role for sex steroids. 10 [0066] I nhilBi tion of sex steroids results, either
directly or indirectly, in a mgjor reactivation of thym c function,
effectively reversing the atrophy. G ven the broad range of patient age,
di seases[‘)@gg treatnents, however, it is anticipated that many patients wll
respond i Y eren § piemics pgbadimaent thersex stéroid|sighialing te drahyessys di@optkd). Hence a
new di agosafdigistedibh ¥f a L di f s _responsi veness, of .the thynus to -
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i nhibiti of..sex steroids. Provi ere’1s a
t echni qUERTFRNO-AAI02G 11U Batdla. 3i572,858, USrPat. Dios 4,008,269 USPaSels. St er oi d

Si gnal i 05@63] | .readi under st ood, sex steroid
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to tHbseceribaddnEP 413209 griptotelin $duswibed inibs 4, 1&5.&1,01@5@9,@@1%1@@ ein. For
exanpl e,z g1k piykd ' roguction or bl ocking of one or nore
sex st er4(’)(?lgb?g’(}}egp?%@&\ﬁ(?ﬁilzf’%g@%@ﬁﬂ iflat. Noe &80 923 Metereliniesi r ed

di sr upt i(descritws iWEP R390)|Busbrsiin (dbdcABICH TS DYt NoCh BOLBATBT P RoO! ant agon sts,
or acti\élel %%Sé[@ﬁﬁé or_passive (antibody) an_ti’-séx §terold vacci nati ons.
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disclosures of each the references referred to above are incorporated herein by reference.
[0070] While the stimulus for thymic regeneration is fundamentally based on the
20 inhibition of the effects of sex steroids and/or the direct effects of the LHRH analogues, it
may be necessary to include additional substances which can act in concert to enhance the
thymic effect. Such compounds could include but not be limited to Interleukin 7, members of
the epithelium and fibroblast growth factor familes and keratinocyte growth factor, Itis
envisaged that these additional compounds would only be given once at the initial LHRH

25  analogue application. In addition steroid receptor based modulators, which may be targeted to
be thymic specific could be developed and used. '

Delivery Of Agents For Chemical Castration
[0071] Delivery of the compounds of this invention can be accomplished via a number
30 of methods known to persons skilled in the art. One standard procedure for administering

chemical inhibitors to inhibit sex steroid signaling to the thymus utilizes a single dose of an




castration are well known. Such anal ogs include, but are no oéé;%jr% g@ﬁ o,
Abarelix (US Pat. No. 5 6,197,337), Cetrorelix, Deslorelin ( in
U.S. Patent No. 4,218,439), Eulexin (described in FR7923545, W8 6/01 1 0
5 and PT100899), Coserelin (described in US Pat. No. 4,100,274, US Pat.
No. 4,128,638, GB9112859 and (B9112825), Leuprolide (described in US Pat.
No. 4,490,291, US Pat. No. 3,972, 859 US Pat. No. 4,008,209, US Pat. No.

4, 005, 063, DE2509783 and US Pat . 74,992, 421), Dioxal an derivatives such
as are 10 described in EP 413209, +r| pt orel in (described in US Pat. No.
4,010, 125, US Pat. No. 4,018,726, US Pat. No. 4,024,121, EP 364819 and US
Pat. No. 5, 258, 492), I\/bterel in (described in EP 23904), Buserelin

(descri in US Pat 884 Pat 4.118, 483 and US Pat. No.
4, 275, ég-ii%{agqinésﬂlgqlﬁf‘f?%gfqrolgg %i*&@mplﬁﬁﬁ‘@ﬁ ¥ T@hscribed in US
Pat . Nqn;eého%%uﬁi?:ibt bR id? G2 ﬁg&ﬁudﬁ%é’la%@}:l;eaxb&ll’rbﬂ thdpdtid@SHodpediii n US 15
Pat . . 946), Leuprorelin (described in Plosker et al.) and LHRH
anal ogsbeﬁmlhe élgeeem@lthm%@\rqr blstepds a gepog inegtion ergnpisgplaniygay be \eB ODYY US Pat .
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Inj ection or an i
wavelength is between about 1.5 and 3.0 microns. Most preferably the wavelength is about

2.94 microns. In one embodiment, the laser beam is focused with a lens to produce an
irradiation spot on the skin through the epidermis of the skin. In an additional embodiment,
20 the laser beam is focused to create an irradiatidn spot only through the stratum corneum of the
skin. |
[0074] 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
25  energy fluence is in the range of 0.03 - 9.6 Y/em®. The beam wavelength is dependent in part
on the laser material, such as EnYAG. 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.
[0075} According to this method the perforation or alteration produced by the laser

30 need not be produced with a single pulse from the laser. In a preferred embodiment a




ot her nmeans of delivery of the inhibitor that will allow slow rel ease of
the inhibitor. 5 Likew se, a nethod for increasing the half g} pf &FRfzpnhe
inhibitor within the body, such as by nodification of the chemcal, while
retaining the function required herein, may be used. [0072] Exanples of
nore useful delivery nmechani sns include, but are not |limted to, |[aser

I rradi ation of the skin, and creation of high pressure inpulse transients
(also called stress waves or inpul§g transients) on the skin, each nethod
acconpani ed or followed by placenent 10 of the conmpound(s) with or without
carrier at the sanme |locus. A preferred nethod of this placenent is in a
patch pl aced and mai ntained on the skin for the duration of the treatnent.
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est i mat diambter at therskiy in tgwange df tpprex@mitely 9iSanioronat §.61cm. Optionally, the spot
can be slit-shaped, with a width of about 0,05-0.5 mm and a length of up to 2,5 mm. The

width can be of any size, being controlled by the anatomy of the area irradiated and the

20  desired permeation rate of the fluid to be removed or the phﬁrmaceutical to be applied. The
focal length of the focusing lens can be of any length, but in one embodiment it is 30 mm.
[0078] By modifying wa\}elength, pulse length, energy fluence (which is a function of
the 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 corneum between ablation

25  (perforation) and non-ablative modification (a]teratioh). Both ablation and non-ablative
alteration of the stratum comeum result in enhanced permeation of subsequently applied
pharmaceuticals. |
[0079] 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

30  Er:YAG laser having a pulse length of about 300 ps, with a single pulse or radiant energy and

irradiating a 2 mm spot on the skin, a pulse energy above approximately 100 mJ causes partial




the stratumcorrieumwi th nultiple pul ses by taking the enefdyAPR %ggl ngl e
pul se and dividing 5 by the number of pul ses desirable. For exanple,

spot of a particular size requires 1 J of energy to produce a perforat|on
or alteration through the entire stratum coneum then one can produce
qualitatively simlar 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 inppadiation (human reaction tines are on
the order of 100 ins or so), and that the heat produced 10 during each
pul se not significantly diffuse, in a preferred enbodi ment the pul se
repetition rate fromthe |aser should be such that conplete perforation is
produced in a ess than 100, ns. Altern t| t he rlentation of
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mul tipl Bog1y Optionally, by changing the wavelength of radiant energy while holding the

other variables constant, it is possible to change between an ablative and non-ablative tissue-

20 effect. For example, using Ho:YAG (holmium: YAG; 2.127 microns) in place of the Er:YAG
(erbium: YAG; 2.94 microns) laser, would result in less absorption of energy by the tissue,
creating less of a perforation or alteration.
[0082] Picosecond and femtosecond pulses produced by lasers can also be used to
produce alteration or ablation in skin. This can be accomplished with modulated diode or

25  related microchip lasers, which deliver single pulses with temporal widths in the 1
femtosecond to 1 ms range. (See D. Stern et al., "Corneal Ablation by Nanosecond,
Picosecond, and Femtosecond Lasers at 532 and 625 nm,"” Comeal Laser Ablation, Vol. 107,
pp. 587-592 (1989), incorporated herein by reference, which discloses the use of pulse lengths
down to 1 femtosecond).

30 [0083] Another delivery method uses high pressure impulse transients on skin to
create permeability. See U.S. Pat. No. 5,614,502, and U.S. Pat. No. 5,658,892, both of which




pul ses, the threshold pul se energy required to enhance p ﬁgﬁ%ﬁb of body
fluids or for pharnmaceutical delivery is reduced by a fa EX|nater
equal to the nunber of pulses. 5 [0080] Alternatively, by reducing the spot
size while holding other variables constant, it is also possible to change
bet ween abl ative and non-abl ative tissue-effect. For exanple, halving the
spot area will result in halving the energy required to produce the sane
effect. Irradiation down to 0.5 mghons can be obtained, for exanple, by
coupling the radiant output of the laser into the objective lens of a

m croscope objective. (e g., as available from N kon, 10 Inc., Mlville,
NY). In such a case, I's possible to focus the bean1domn to spots on the
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are i ncor por at erern erenc pressure | nmpu transients,
e.g., storlesdratim/@sneum, and the reglon internal to the stratum comeum, as well as the

anatomical site and physical condition of the skin. In turn, the physical condition of the skin
depends on health, age, sex, race, skin care, and history. For example, prior contacts with
20  organic solvents or surfactants affect the physical condition of the skin.
[0086] The amount of compound delivered through the epithelial tissue layer will also
depend on the length of time the epithelial layer remains permeable, and the size of the
surface area of the epithelial layer which is made permeable. The properties and
characteristics of impulse transients are controlled by the energy source used to create them.
25  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 time of the impulse transient.
30  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




(e.g., laser stress waves (LSW when generated by a Iaserf?ghﬁpﬁ‘amgcific
rise times and peak stresses (or pressures), can safely and efficiently
effect the transport of conpounds, such as those of the present

di scl osure, through | ayers of epithelial tissues, such as the stratum5
comeum and nucosal nenbranes. These net hods can be used to deliver
conpounds of a w de range of sizes regardless of their net charge. In
addition, inmpulse transients used injthe present nethods avoid tissue
injury. [0084] Prior to exposure to an inpulse transient, an epithelial
tissue layer, e.g., the stratumconmeum is likely inperneable to a foreign
conpound; this prevents diffusion of the 10 conpound into cells underlying
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2005 21ns, and thus interact with the eplthehal tissue for only a short period of time.
[0091] Following interaction with the impulse transient, the epithelial tissue is not
permanently damaged, but remains permeable for up to about three minutes.

20 [0092) In addition, the new methods involve the application of only a few discrete
high amplitude pulses to the patient. The number of impulse transients administered to the
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 énough to prevent permanent

25  damage to the epithelial tissue.

[0093] 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). - |




particle velocity on stress (pressure). As the stress incregs t he sound
and the particle velocity increase as well. This causes f g ﬁ%%_ ﬂ@ edge
of the inpulse transient to becone steeper. The relative strengths of the
| i near attenuation, non-linear coefficient, and the peak stress determ ne
how | ong the wave has to travel for the increase in steepness of rise tine
to 5 becone substantial. [0087] 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 |layer. Cenerally the rise tinme is at
| east 1 ns, and is nore preferably about 10 ns. 10 [0088] The peak stress
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APR 2005 22 [ | mpul se transi ents can be enerat ed by various energy
soutTeslO0¥RE p hy §'h@ alpsorbing target material acts as an optically triggered transducer.

Following absorption of light, the target material undergoes rapid thermal expansion, or is
ablated, to launch an impulse transient. Typically, metal and polymer films have high
absorption coefficients in the visible and ultraviolet spectral regions.
[0098] Many types of materials can be used as the target material in conjunction with
20  alaser beam, provided they fully absofb light at the wavelength of the laser used. The target
material can be composed of a metal such as aluminum or copper,; a plastic, such as
polystyrene, e.g., black polystyrene; a ceramic; or a highly concentrated 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 bé thicker than the optical penetration depth so
25  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
thickness will be 1/32 to 1/16 inch. For plastic target materials, thé thickness will be 1/16 to
1/8 inch.
[0099] Impulse transients can be also enhanced using confined ablation. In confined
30  ablation, a laser beam transparent material, such as a quartz optical window, is placed in close

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




phenonenon responsi bl e for | aunching the inpul se transient i4se 4 ral,
chosen fromthree different nechanisns: (1) thernoelastic J&%éﬁﬁg% (2)
optical breakdown; or (3) ablation. [0095] For exanple, the inpul se
transients can be initiated by applying a high energy 5 | aser source to
ablate a target material, and the inpulse transient is then coupled to an
epithelial tissue or cell layer by a coupling medium The coupling nedi um
can be, for exanple, a liquid or asgel, as long as it is non-linear. Thus,
water, oil such as castor oil, an isotonic nedium such as phosphate
buffered saline (PBS), or a gel such as a coll agenous gel, can be used as
the coupling nmedium 10 [0096] In addition, the coupling medi um can i ncl ude
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[0102] Impulse transients can also be generated by extracorporeal lithotripters {(one

example is described in Coleman et al., Ultrasound Med. Biol., 15:213-227, 1989). These
impulse transients have rise times of 30 to 450 ns, which is longer than laser-generated

20  impulse transients. To form an impulse transient of the appropriate rise time for the new
methods using an extracorporeal lithotripter, the itnpulse transient is propagated in a non-
linear coupling medium (e.g., water) for a distance determined by equation (1), above. For
example, when using a lithotripter creating an impulse transient having a rise time of 100 ns
and a peak pressure of 500 barr, the distance that the impulse transient should travel through

25  the coupling medium before contacting an epithelial cell layer is approximately 5 mm.
[0103] An additional advantage of this approach for shaping impulse transients
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

30 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.




material by using the transparent material, |ncreases t he C?%P
coefficient by an order of magnitude (Fabro et al. . ﬂﬁ§§ﬂms

68: 775, 1990). The transparent naterial can be quartz glass

transparent plastic. [0100] Since voids between the target naterlal and the
confining transparent material 5 allow the plasm to expand, -and thus
decrease the nonentuminparted to the target, the transparent material is
preferably bonded to the target mategial using an initially liquid

adhesi ve, such as carbon-contai ning epoxies, to prevent such voids. [0101]
The | aser beam can be generated by standard optical nodul ati on techni ques
known in the art, such as by enploying Qsw tched or node-|ocked | asers
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times and peak stress, the wavelength of the optical source can be easily tailored to generate

the appropriate absorption in a particular target material.

20 {0107] Alternatively, an energetic material can produce an impulse transient in
response to a detonating impulse. The detonator can detonate the energetic material by
causing an electrical discharge or spark.

[0108] Hydrostatic pressure can be used in conjunction with impulse transients to
enhance the transport of a compound through the epithelial tissue layer. Since the effects

25  induced by the impulse transients last for several minutes, the transport rate of a drug
diffusing passively through the epithelial cell layer along ifs concentration gradient can be
increased by applying hydrostatic pressure on the surface of the epithelial tissue layer, e.g.,
the stratum corneum of the skin, following application of the impulse transient.
Diagnostic Indicators Of Thymic Function

30 A KnownMarkers |




24 [0104] The type of lithotripter used is not critical. EP;QQAP%QQ
el ectrohydraulic, electromagnetic, or piezoelectric lithotripte H& be
used. [0105] The inpulse transients can al so be generated using
transducers, such as piezoelectric transducers. Preferably, the transducer
Is in direct contact wwth the coupling 5 nedium and undergoes rapid

di spl acenent follow ng application of an optical, thermal, or electric
field to generate the inpul se transignt. For exanple, dielectric breakdown
can be wused, and is typically inducéd by a high-voltage spark or

pi ezoel ectric transducer (simlar to those used in certain extracorporeal
lithotripters, Coleman et al., Utrasound Med. Biol., 15:213-227, 1989).
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apoptosis and decline in thymopoiesis within the CD44'CD25" (TN2) and CD44'CD25"

(TN3) subsets, corresponding to the location of TCR B-chain rearrangement, in aged mice
(Andrew & Aspinall, 2001).
[0111] Immune recovery in mice after T cell-depleted bone marrow transplantation
20  has been documented to be enhanced following administration of IL-7, suggesting the
production of IL-7 may be one of the mechanisms regulating de novo production of T cells
after bone marrow transplantation (Bolotin et al., 1996). Analysis of IL-7 serum levels in
patients before and after bone marrow fransplantation by ELISA revealed an inverse
relationship to absolute lymphocyte count (Bolotin et al,, 1999). Studies measuring IL-7
25 levels in HIV-infected pediatric and adult patients also indicate a strong inverse correlation
between IL-7 and absolute CD4 counts and lesser but significant correlations with CD3 and
CD8 counts (Fry ef al., 2001).
[0112] The mechanism underlying the increase in circulating IL-7 are unclear but it
has been suggested that decreased T cell numbers result in diminished IL-7 receptor
30  availability leading to increased levels of free IL-7 with no change in IL-7 production, That

is, binding to lymphocytes that express IL-7 receptors (Bolotin ef al., 1999) homeostatically




25 [0109] Certain markers are associated with the actlvajgp%p taﬁge t hynus.
By followng the concentration of any one, or any conbinatio t hese
mar kers, one can nonitor the level of activation of the thynmus. Changes in
t he Ievels of these marker nol ecul es pre-and post- activation of thymc
function can be exam ned using bioinformatics. For exanple, tw 5

di mensi onal gel el ectrophoresis of plasma (i.e., blood depleted of al

cells by centrifugation) is perforrpd on patients' sanples pre- and
post-inhibition of sex steroids. The differentially expressed "dots" on
the gels are recorded and anal yzed by conputer. 1. Interleukin-7 (11-7)
[0110] The najor Iynphopoietic and thynnpoietic cytokine produced by thymc
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dendnst r at edﬁdrmalrlé*ﬂdew both the increase in apoptosis and decline in
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block sex steroid mediated signaling to the thymus. Rise in the concentration of IL-7 within
2-3 days, preferably within 24 hours, more preferably within 2-3 hours, of administration of
the agent(s) signifies that the thymus is responding to blockage of the sex steroid activity.
20 Concentration of IL-7 is periodically monitored to determine the level of activation of the

thymus over time.

2. Facteur Thymique Serique (FTS)

[0115] It is now largely established that the immune and neuroendocrine systems
25  cross-talk by using similar ligands and receptors. The thymic-hypothalamus/pituitary axis
constitutes a bi-directional circuit where the ascending feedback loop is effected by thymic
factors of epithelial origin. Aside from modulating the release of peptidic hormones and
neuropeptides, thymic hormones act mainly to promote the phenotypic maturation of

progenitor cells from the bone marrow and to modulate mature T cell function (Ritter and




12 APR 2005 26 regul ates circulating IL-7 levels. An al terﬂﬁ im ani sm
Is the direct upregulation of IL-7 in response to | ynphopoenia t ugh the
interaction of T cells and IL-7-producing cells via a soluble nediator or
t hrough direct contact within the |ynphoid mcroenvironnent (Fry et al.,
2001). 5 Normal IL-7 levels [0113] In children aged 6-nonths to 5.5 years,
the normal nean concentration of IL-7 is 10.7 3.9 pg/m. In adults aged
22.2 to 53.5 years the nean is apprg;iably | ower, at 3.1 2.5 pg/m. It
has t hus been suggested that IL-7 | évels may be determ ned by age since
IL-7 levels are highest in infants | ess than one year of age and |lower in
children and adults (Bolotin 10 et al., 1999). This would support previous
studi es_whi ch denpnstrated an age-dependent  decline in t@&ﬁ/ag)qoi, eiic

capaci t§rispp 1ORBndlenes thgpicdnamenshmayhe HEROTERtIR @ AT ehiPe® Ol nni ng i n
adol escanfifiodsYREiR frorf Ifthnodefideics WilelRBdbcfihe dbeases 1995) . Moreover studies
of bone narrow'sttoma fromaged m ce have shown decreased secretion of
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Concentration o L-7 is periodically nonitored to determne the |evel of
acti vat[0dt7lof t hBTS titepninshiddren grieadly itcredawith increpsipgrngribosrioque 19 FTS)
[0115] It is now /] argel l.i shed that. the i ne,.arRd_neur crine
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atrophy is most evident following the rise in serum sex steroid levels following puberty

15 (Fabris et al., 1997). Moreover FTS secretion by thymic epithelial cells is enhanced by
growth hormone (Mocchegiani ef al., 1990),
[0118] Zinc has been shown to be important in cellular immunity (Prasad ef al., 1988),
which is not surprising since FTS is biologically activated upon binding one molecule of zinc
(Zn-FTS) (Bach, 1983). As zinc turnover is usually reduced with age (Panerai and Sacerdote,
20 . 1997), it has been postulated that the low FTS levels in old age can be related to a zinc
deficiency (Mocchegiani and Fabris, 1995). Indeed it was found zinc treatment in elderly
patients restores thymic secretory activity (Morcchegiani et al.,, 1990). However, in vitro
studies on addition of zinc ions to plasma from adolescent patients did not restore the
biological activity of FTS, indicating that the decreased FTS levels in adolescence is more
25  likely related to the decline of thymic activity than zinc deficiency (Consolini et al., 2000).
[0119] In an embodiment of the present disclosure, the concentration of FIS in a
patient's blood or serum is monitored before and after administration of the agent(s) that block
sex steroid mediated signaling to the thymus. Rise in the concentration of FTS within 2-3
days, preferably within 24 hours, more preferably within 2-3 hours, of administration of the
30  agent(s) signifies that the thymus is responding to blockage of the sex stercid activity,




Crispe, 1992). Hence thym c hornones nmay be inportant in a%ar e spectrum
of pathol ogical conditions ranging fromimunodeficiencies 2oAPR 2005

neur oendocri ne di seases. [0116] FTS or thynulin is a nonapeptide hornone
secreted exclusively by the thym c subcapsular and nedullary cells (Ritter
and Crispe, 1992). Essential for both early and late 5 stages of T cell
differentiation as well as T cell function, FTS al so induces expression of
several T cell markers, and pronot es28T cell functions such as all ogeneic
cytotoxicity, suppressor functions™and IL-2 production (Ritter and Crispe,
1992). [0117] FTS titers in children gradually increase with increasing age
from2.69 1.10 at a few days of age to 4.77 0.44 at a few years of age,
then gradual ly decrease to 0.66 10 0.26 at .36 ar f age t | d age
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of theIogl%ggn%gmls%?j u}t?isatgpg%%@%dgg%;&gre%lﬁdl@ne Plg(?éecg t(gicg{r.\égﬂn?i%gtﬁto the thynus.

Ri s&5 i nactingion®f theripynatsiower toe. FTS within 2-3 days, preferably within 24

hour s, re reif a é/l\\,/lvi hrisn 2-3 hours, of adm nistration of the 30
agent(s?‘vsi gﬁﬁﬂ—?’-@%—%—g&%thyws is responding to bl ockage of the sex
st er oi d[ga@R] vi t y In dddRicARRERGAGWR Brarkers for thymic activation, several additional

markers have been identified and used, based on the methods of the present disclosure.

[0123] Procedures for obtaining these markers can mimic those for following the
20  already identified markers. For example, 2D gel electrophoresis can be used and the intensity
of the various spots monitored over time. The spots will usually correspond to individual
proteins, althongh occasionally there may be overlap or concurrence of spots from two or
more different proteins. The identity of the molecules is revealed by solid phase amino acid
sequencing. A new molecule(s) so identified as being altered in expression (increase or
25  decrease) as a result of thymic activation will form the basis of a new diagnostic test for
thymic responsiveness to loss of sex steroids,
T Cell Analysis
[0124] Monitoring of T cell production is another method that may be used to
determine activation of the thymus. Techniques such as flow cytometric analysis of whole
30  peripheral blood, detection of proliferating cells by monitoring the marker Ki67, and TREC

analysis are among the methods known to those of skill in the field for such monitoring, In an




Concentration of FTS is periodically nonitored to determ rﬁgﬁgﬁﬁl of
activation of the thynus over tine. 3. Thynosin And Thynopoi eti $ 120] In
contrast to FTS which begins to decline after 20 years of age in humans, 5
t hynosi n-al pha 1 and thynopietin serumlevels seemto decline as early as
10 years of age (reviewed in Bodey et at, 1997). Castration appears to

i ncrease thynosin-al pha 1 and thynosin-beta 4 serumlevels as found in
male rats (Wndmill and Lee, 1999).,40121] In an enbodi nent of the

i nvention, the concentration of thynopoictin, thynosin-alpha 1,

t hynosi n-beta 4, or conbinations thereof are neasured before and after 10
adni nistration of the agent(s) that block sex steroid nediated signaling to

the thymys.. Ri in the concentrati of any of..t hese. cqmpounds or

et Sty S inbeof JRBas bR aellh Rl phiBRT GRS O oy abl y
Wit hi n d&tebminedbeforefand alifer AiG infstrbliof He deBR(sROAIBIOEK)sch bgRid hefated hat t he
thymus i s respondi ng to bl ockage of the sex steroid activity. Concentration

of ~any sgnalingfe e thghyso Riwdn Bie nuwhe; of ary ¢fribese J cgldy ereambinetiaps ¥atinsr ed t o

determ : j j : 4 vy a‘a}fﬁn{i b New y

| dent i f?%&l’g’ %gerfirg%ﬂzMf@fﬁf@?ﬁ%ﬁﬁ#@%@%@ﬁ? :{<novm§frrar esrutsahgﬁ?ft?%ym C

act i5vatageri(s) signiBestthatadlatcthyiunia kespondinigdoe bloticege oftbe sexistheoid aétivé. and used,

based th t hods t resent . di.scl.osure. [0123] Pro . for

obt o nicRgeeal (1Y o betelCodlt FPEMbLER PR Bir (PRI S SERHUFE L,

i dent i ftheBvelf ktivationfodtheakanl over t2he. SMA LE AACIMAPBTUBIES can be used and the
intensity of the various spots nonitored over tine. The spots will usually
correspond W“?"’ﬁgﬁa&‘ﬁlmwsprot eins, although occasionally there may be

overlap or o@ungssrence of spots fromtwo or nore different proteins. The

identity of the nolecules is reveal ed by solid phase am no acid

seqlfend®hdf] A neGBANTAE and CEYBIEY matkanice Meredbteined diopCatiebdmmal n expr essi on
(incre .Of j i: i ] formthe
basi s oo SRR, aREufte hEREA bodl oMo R GG Rebliod 0" (O3
st er oi dsom 3-6Gedeks 18128 nymiils of Bdcdll afdindi¢aved wigreodfelevamtel | production i s anot her
nmet hod that\gm be used to determ ne activation of the thynus. Techni ques
such as flao aﬁ‘éﬁ"Bﬁetri c analysis of whole 30 peripheral blood, detection

L o a1
I n 1xylazing Fompms Bayer Australia Ltd., Botany NSW, Australia) and 1.5 mg ketamine g-
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Australia) in saline. Surgical
castration was performed by a scrotal incision, revealing the testes, which were tied with
suture and then removed along with surrounding fatty tissue.
Bromodeoxyuridine (BrdU) incorporation
20 [0127] Mice received two intraperitoneal injections of BrdU (Sigma Chemical Co., St.
Louis, MO) (100 mg/kg body weight in 100ul of PBS) at a 4 hour interval. Control mice
received vehicle alone injections. One hour after the second injection, thymuses were
dissected and either a cell suspension made for FACS analysis, or immediately embedded in
Tissue Tek (O.C.T. compound, Miles INC, Indiana), snap frozen in liquid nitrogen, and stored
25  at-70°C until use.
Flow Cytometric analysis
[0128] Mice were killed by CO; asphyxiation and thymus, spleen and mesenteric
lymph nodes were removed. Organs were pushed gently through a 200pm sieve in cold
PBS/1% FCS/0.02% Azide, centrifuged (650g, 5 min, 4°C), and resuspended in either
30 PBS/FCS/Az. Spleen cells were incubated in red cell lysis buffer (8.9g/liter ammonium
chloride) for 10 min at 4°C, washed and resuspended in PBS/FCS/Az. Cell concentration and




29 enbodi nent of the invention, nunbers of T cells, as mehﬁghﬁ?gig
proliferating T cells, are determ ned before and after adninistré@ﬁon of
the agent(s) that block sex steroid nmediated signaling to the thynus. R se
in the nunber of any of these T cells or conbinations within 2- 3 days,
preferably within 24 hours, nore preferably within 2-3 hours of

adm nistration of the 5 agent(s) signifies that the thynus is responding to
bl ockage of the sex steroid activit Concentration of any of these T
cells or conbinations is periodicall'y nonitored to determne the |evel of
activation of the thynus over tine. SMALL ANl MAL STUDI ES Material s and

Met hods Animals 10 [0125] CBA/ CAH and C57B16/J nal e m ce were obtai ned

from Cent.r. Ani rvic Monash Universit n re housed under
conventY‘?}Hgtly ‘gﬁﬁ"tr{nb‘}? n 3&3 ?%ﬁ%‘ewgﬂ{“ﬁteﬁ%&guﬁﬁ?r%ﬂ%ﬂl% of age
and ar eorhﬁ‘gélaﬁébi@de&\ﬂﬁe?a febeitame m&@ﬁ:bﬁ@(tﬁlx%’kko Qﬂaﬂ(ﬂelsé@%ﬁdoﬁhéﬁer €

anesthetized by intraperitoneal injection of O. 0.3 ng 15 xylazine
( Rompun©emBag®r ~ Australia Ltd., Botany NSW Austral i a) and 1.5 ng ketam ne

hyclr ocoaserie, (KL atir RARKBNRAK S (RERARATe MM MSLEbigln 2l [ ne.

Surgi cal castration was per I ncl s revealing t
t est®s, ofHURRI TWareintiiyé TCRI-FIRC, MEGID@PEradd arieGDB ARG/ @t oblamad)fromt h

VIR MR H i PieER {0, FIGHEES Hott e bt sren ar b RirBbnefh ool o
St. Losusﬁensxw)wéré&@elawtﬂ emeluﬁmghwcmm@mfme&ﬁmm Eﬁ(S‘PgnkAgour S ter

i nterval Contr mce received vehicle alone injections

the secHilC Pﬁ]-P@anfi&PS AROnHIEEB nes evedlpdwith stegtayidin-Eriwpler coRiugatel  suspensi on
made f ogy, M@i&?dﬁdﬁab@{mhm' @;]ﬁln?'émggr@gded in Tissue Tek (O.C T.

corrpound MTes |INC "Indiana), sna ozen in liquid nitrogen, and stored
fﬂdﬁﬁh ntil ngBrdUIletnml@pdmem aurfawdalyeé@dgm[fmlzﬁ-]PEm@ EDREARC ki | | ed by

o 0Bty 8 I T SR ATEEES  o
FCS/ 0. OBn%ﬂﬁ)rz staifed otle wietef fiige @/ 6643@ in 5%rBPWO 4% Twaa20.cWushed velsdverer ei t her
(5. og/ | PERReg G ANt O KBl i Beg e Meniieim Jis HERRAneror Shuspended i n
PBS/ FCShig at $72C in 6:ABCE AbRaALE B8 DN Finally, cells were incubated with anti-BrdU-
15  FITC (Becton-Dickinson).
[0131] For 4-color Immunofluorescence thymocytes were labeled for CD3, CD4,
CD8, B220 and Mac-1, collectively detected by anti-rat Ig-Cy5 (Amersham, U.K.), and the
negative cells (TN) gated for analysis. They were further stained for CD25-PE (Pharmingen)
and CD44-B (Pharmingen) followed by Streptavidin-Tri-colour (Caltag, CA) as previously
20  described (Godfrey and Zlotnik, 1993). BrdU detection was then performed as described
above.
[0132] Samples were analyzed on a FacsCalibur (Becton-Dickinson). Viable
lymphocytes were gated according to 0° and 90° light scatter profiles and data was analyzed
using Cell quest software (Becton-Dickinson).
25 Immunohistology
[0133] Frozen thymus sections (4pm) were cut using a cryostat (Leica) and
immediately fixed in 100% acetone.
[0134] For two-color immunofluorescence, sections were double-labeled with a panel
of monoclonal antibodies: MTS6, 10, 12, 15, 16, 20, 24, 32, 33, 35 and 44 (Godfrey et al.,
30  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,




2 APR 2005 30 viability were determned in duplicate usi ng?g Eb‘gogﬁ onet er
and et hidi um brom de/ acri di ne orange and vi ewed under or

m croscope (Axi oskop; Carl Zeiss, (berkochen, Germany). [0129] For 3-col or
I mmunof | uorescence thynocytes were routinely labeled with anti- 5
a(3TCR-FITC or anti-y6 TCR-FITC, anti-CD4-PE and anti-CD8-APC (all obtained
from Pharm ngen, San Diego, CA) followed by flow cytonetry anal ysis.

Spl een and | ynph node suspensions \ggre | abel ed with either

a(3TCR- FI TC/ CD4- PE/ CD8- APC or B220-B (Sigma) w th CD4-PE and CD3- APC.
B220-B was revealed with streptavidin-Tri-color conjugate purchased from
Caltag Laboratories, Inc., Burlingame, CA. 10 [0130] For BrdU detection,

N f | abel ed -I?E | | oned by fixati
O B g 20 e e b b sl S PPy e Y fa on
Briefl yLab'éia@dﬂea%& htl- Syt¥¥Rk Rinfia% %ireé%d“wﬁlﬁ Tﬂﬁ*a-&br%%@dféﬁ/gb& -a0il-Yabbivege n- 20.

Washed cells were incubated in S00li1l DNase (1 Kunitz units, Boehringer
Mannhei (¥ilenns Lekaromgs). for 30 mins at 37C in order to denature the DNA

ronallvia186],' S MRLBADGHMABES it A daifld il b RRELAN TG NSON)

[01311 4- col nnuno udrescence thynocytes were
CD8,5 BZMFrdeim'H{ITC or @lspepifid mAb,ywhidt wasttixoh rbyeaked Mlﬂ]raatl-ratgg-CyS ( Arrer s ham

U K, nd ive cel ted for T further
stai ne S elst o Fan B peo i cnam oy BRI R A 1508 by

Strept anméhynselsﬁm%k@ﬁbfedﬁm‘%%an@% FEmigs. eYdndliel setfloslosae idaﬁﬁteﬁGOdf rey

and Zl ot ni k 1993) BrdU detection was then perforned as descri bed above.

[0132] BAMHHED nowralizedhy washing émBerate Butfen(Sigmn), folpveaddiy-tmp @558 Bh) . Vi abl e
Iymhocﬁg%w\gaég@%gt?%gﬁgﬁ MUtﬂTeé%“?@ %‘Be scatter profiles and

data was anal yz guest soft ‘on- Di cKki nsoniﬂ_@ZS
| mﬁf(hohiogﬁﬁ] ogy Emp-cﬁpnmmwymwemc&ecm wettripbelwsk for aspecifis

cryosta ei n di..at I din 00% cet or
t wo- coI lf?ﬁ?ﬂ“ﬁ%‘f’ﬁh %%nég}%;agn E&é{ ﬁfje(g??gon At 310131?6 onn?&)%eqcs%l%g@fﬁ? g panel of
monocl ofgdB7hnt i beltiess wid ahalyzeQ usidga Ldiba fludbescetd an®Mikod 2onfoc 35 and 44

(Godfrey,et al., 30 1990; Table 1) produced in this |aboratory and the
co- exprBEEPEPSf epithelial cell

Migration studies
15 {0138] Animals were anesthetized by intraperitoneal injection of 0.3m] of 0.3mg

xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and 1.5mg ketamine
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Australia) in saline.
[0139] Details of the FITC labeling of thymocytes technique are similar to those
described elsewhere (Scollay et al., 1980; Berzins et al., 1998). Briefly, thymic lobes were
20 exposed and each lobe was injected with approximately 10um of 350 pg/m! FITC (in PBS).
The wound was closed with a surgical staple, and the mouse was warmed until fully
recovered from anaesthesia. Mice were killed by CO; asphyxiation approximately 24h after
injection and lymphoid organs were removed for anaiysis..
[0140] Afier cell counts, samples were stained with anti-CD4-PE and anti-CD8-APC,
25  then analyzed by flow cytometry. Migrant cells were identified as live-gated FITC™ celis
expressing cither CD4 or CD8 (to omit autofluorescing cells and doublets). The percentages
of FITC* CD4 and CD8 cells were added to provide the total migrant percentage for lymph
nodes and spleen, respectively. Calculation of daily export rates was performed as described
by Berzins et al. (1998). |
30 [0141] Data analyzed using the unpaired student 't' test or nonparametrical Mann-

Whitney test was used to determine the statistical significance between control and test results




determ nants was assessed with a polyvalent rabbit anti-cyt@kerna n Ab
(Dako, Carpinteria, t12 A 31 2005 CA). Bound mAb was reveal'“z(‘f’e%@%‘é@%

FI' TC-conj ugat ed sheep anti-rat Ig (Silenus Laboratories) and
anti-cytokeratin was revealed with TR1ITC- conj ugated goat anti-rabbit Ig
(Silenus Laboratories). [0135] For BrdU detection, sections were stained
with either anti-cytokeratin followed 5 by anti-rabbit-TRITC or a specific
mAb, which was then revealed with anbi-rat 1g-Cy3 (Amersham. BrdU
detection was then perforned as previously described (Penit et al., 1996).
Briefly, sections were fixed in 70% Ethanol for 30 mns. Sem -dried
sections were incubated in 4MHC, neutralized by washing in Borate Buffer

(Sigma), followed by t shes.in PBS. .Br s det.ect ed i.n

St - B PO R oge B RS plcate CERSH BT RS RELGCRGY ginne

| NUNUNOf by O5:RRE AINER areSRGiEAQNS MIRIWR; +IR0S% a+d00,0 PariPeepL 0.00IMIS  mAb t oget her
with anti-cytokeratin. BrdU detection was then perfornmed as descri bed

above. [O01RepulSections were anal yzed using a Leica fluorescent and Nikon

confocal  M-GLOFGPBESe ol cgﬁg%@h&g’%s 15 [0138] Aninmals were
y one ')

anest heti ze I ntraperi ection of 0.3nl of 0.3ng xylazine
(Rorfoun; Bayer A(i}Thzhicavdighd and Bemeacyye MBWer Austral ia) and 1. 5ng ket am ne

hyd ' .al.ar: Parke-Davi s, . ' , tral.ia), i li ne.
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Briefly, thymc | obes re 20 exposed and each | ohe was injected with
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surgi cajg. . : diabyl ief rom
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15  thymocyte numbers at 2 weeks post-castration (~1.2 x 10%), which is restored to normal young
levels by 4 weeks post-castration (Figure 1B).
[0143] The decrease in T cell numbers produced by the thymus is not reflected in the
periphery, with spleen cell numbers remaining constant with age (Figure 2A). Homeostatic
mechanisms in the periphery were evident since the B cell to T cell ratio in spleen and lymph
20  nodes was not affected with age and the subsequent decrease in T cell numbers reaching the
periphery (Figure 2B). However, the ratio of CD4" to CD8" T cell significantly decreased (p<
0.001) with age from 2:1 at 2 months of age, to a ratio of 1:1 at 2 years of age (Figure 2C).
Following castration and the subsequent rise in T cell numbers reaching the periphery, no
change in peripheral T cell numbers was observed: splenic T cell numbers and the ratio of
25  B:T cells in both spleen and lymph nodes was not altered following castration (Figure 2A and
B). The decreased CD4:CDS8 ratio in the periphery with age was still evident at 2 weeks post-
castration but was completely reversed by 4 weeks post-castration (Figure 2C).
(ii) apTCR, y6TCR, CD4 and CD8 expression
[0144] To determine if the decrease in thymocyte numbers seen with age was the
30  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




by Berzins et al. (1998). 30 [0141] Data anal yzed using théﬂﬂnﬂﬁﬁgaﬁ5
student 't' test or nonparanetrical Mann- Whitney test was used t

determ ne the statistical significance between control and test results 12
APR 2005 32 for experinents perforned at least in triplicate. Experinental
val ues significantly differing fromcontrol values are indicated as
follows: *p<_ 0.05, **p<_ 0.01 and ***p<_ 0.001. Results The effect of age
on thynocyte populations. 5 (i) Thymkc weight and thynocyte nunber [0142]
Wth increasing age there is a highly significant (p50.0001) decrease in
both thymc weight (Figure 1A) and total thynocyte nunber (Figure 1B)

Rel ative thymc weight (ng thynmus/g body) in the young adult has a nean

| h d to 0.66 at_ 18-2 hs_of d
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can be sabpdpu ﬁub@dwdseoﬁpﬂapwﬁmﬁsd &tﬁamhaxtﬁm@ﬁyrh@s mgm&esr)&nd fdued - 2 nonth

t hynmus contalns -6.7 107 thynocytes, decreasing to -4.5 x 106 cells by
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trat Wi | the th
P A R L e i b
(Fi dur enokt fhosm)l A€ and Mmkepmst-n@hymm ﬁmmcytsstﬂnpm@ﬂoﬂs mmame@ pBh®. 001)
15 .t h umb 2 K t 1.2 108
whi ch | SEGATE P8 HREAR o e oy P A B PR o
(Fi gur ehikBidicaldd h4PdchidhcusRpaRRARE hINthimoefi subkdidamer paws deeibphintne t hynus
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was not aff'ected wth age and the subsequent decrease in T cell nunbers
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change in peripheral T cell nunbers was observed: splenic T cell nunbers
and the rati6°§?rat2‘§‘ Bymash¥§ i n both spleen and | ynph nodes was not
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ratio in the peripher age was still evident at 2 weeks post-
cast atdgen Themanaty (c thﬂeqs‘;/arﬁ EPovidethe w sybsgbmplng s the sepond Bigesin (Fi gure

20) . population at ~6% (Figure 5A). Accordingly, most division is seen in the subcapsule and

cortex by immunohistology (data not shown). Some division is seen in the medullary regions

with FACS analysis revealing a proportion of SP cells (9% of CD4 T cells and 25% of CD8 T

cells) dividing (Figure 5B), ‘

20 [0147] Although cell numbers are significantly decreased in the aged thymus,
proliferation of thymocytes remains constant, decreasing to 12-15% at 2 years (Figure 4), with
the phenotype of the proliferating population resembling the 2 month thymus (Figure 5A).
Immunohistology revealed the division at 1 year of age to reflect that seen in the young adult;
however, at 2 years, proliferation is mainly seen in the outer cortex and surrounding the

25  wvasculature (data not shown). At 2 weeks post-castration, although thymocyte numbers
significantly increase, there is no change in the proportion of thymocytes that are
proliferating, again indicating a synchronous expansion of cells (Figure 4). Immunohistology
revealed the localization of thymocyte proliferation and the extent of dividing cells to
resemble the situation in the 2-month-old thymus by 2 weeks post-castration {(data not

30 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




(1i1) a(3TCR, 73TCR, CD4 and CD8 expression [0144] To determ if the
decrease in thynocyte nunbers seen with age was the 30 resudt &‘PRtEWS
depl etion of specific cell populations, thynocytes were | abeled with
defining nmarkers in order to analyze the separate subpopul ations. In
addition, this allowed analysis of 12 APR 2005 33 the kinetics of thynus
repopul ati on post-castration. The proportion of the main thynocyte
subpopul ati ons was conpared with thoge of the normal young thymus (Figure
3) and found to remain uniformw th ‘age. In addition, further subdivision
of thynocytes by the expression of a(3TCR and ySTCR reveal ed no change in
the proportions of these populations with age (data 5 not shown). At 2 and
4 weeks_post-castratjon, thynocyte suhpopul ations recrlrgi ned %'n the sane
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with the TN subset naking up the second |argest = popul ation at -6% (Figure
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W th  thenpRRRCHPLaGiCDIIe ThE DN dubpobiilation, Roaiditvhit® helt®methlel ng the 2 nonth

thymus (Figure 5A). | mmunohi st ol ogy revealed the division at 1 year of age

to ref | BeturiEn corfeinTRATC R D4ebifrghyrbenytes, whighise Beughito bavgear s,
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proport ng) grfld tthQs% rggé:\é/etdef‘l% dTi ez(’i!;[:ncg1 i their proliferation rates with age or following

castration (Figure 5C). However, analy.sis of the subpopulations expressing CD44 and CD?25,

showed a significant {(p<0.001) decrease in proliferation of the TN1 subset (CD44"CD25"),

from 20% in the normal young to around 6% at 18 months of age (Figure 5D} which was

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

The effect of age on the thymic microenvironment.

25 [0150] The changes in the thymic microenvironment with age were examined by
immunofluorescence using an extensive panel of MAbs from the MTS series, double-labeled
with a polyclonal anti-cytokeratin Ab.

[0151] The antigens recognized by these MAbs can be subdivided into three groups:
thymic epithelial subsets, vascular-associated antigens and those present on both stromal cells

30 and thymocytes.




proliferating, again indicating a synchronous expansion of ?gl [g%fg(@ﬂgure
4) . | mmunohi stol ogy reveal ed the localization of thynocyté’ prboti'f tion
and the extent of dividing cells to resenble the situation in the

2-nont h-ol d thynmus by 2 weeks post-castration (data not 30 shown). When
anal yzi ng the proportion of each subpopul ati on which represent the
proliferating popul ation, there was a significant (p<0.001) increase in the
percentage of CD8 A 2 APR 2005 34 T rc(’lells which are within the
proliferating population (1% at 2 rT3 ths and 2 years of age, increasing to
-6% at 2 weeks post-castration) (Figure 5A). [0148] Figure 5B illustrates
the extent of proliferation within each subset in young, old and castrated
m ce. There is a significant (p<_0.001) decay in proliferation within the
DN 5 subset (3508 Bpitheliphopkl AEISERS- 406 by 2 years). Proliferation of CD8+ T
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(Figure 5D) which was 20 restored by 4 weeks post-castration. The decrease
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cortex. By 4 weeks post-castration, there is a distinct medulla and cortex and discernible
cortico-medullary junction {data not shown).
[0153]) The markers MTS 20 and 24 are presumed to detect primordial epithelial cells
20 (Godfrey, et al., 1990) and further illustrate the degeneration of the aged thymus. These are
present in abundance at E14, detect isolated medullary epithelial cell clusters at 4-6 weeks but
are again increased in intensity in the aged thymus (data not shown). Following castration, all
these antigens are expressed at a level equivalent to that of the young adult thymus (data not
shown) with MTS 20 and MTS 24 reverting to discrete subpockets of epithelium located at
25  the cortico-medullary junction.

(ii) Vascular-associated antigens,

[0154] The blood-thymus barrier is thought to be responsible for the immigration of T
cell precursors to the thymus and the emigration of mature T cells from the thymus to the
periphery.

30 [0155] The MAb MTS 135 is specific for the endothelium of thymic blood vessels,

demonstrating a granular, diffuse staining pattern (Godftrey, ef al, 1990). In the aged thymus,




i mrunof | uorescence using an extensive panel of MAbs fron1tﬁ§ﬁwgﬁgs i.es,
doubl e-l abeled wth a polyclonal anti-cytokeratin Ab. [0151 i gens
recogni zed by these MAbs can be subdivided into three groups: thynmc
epithelial subsets, vascul ar-associ ated anti gens and those present on both
stromal cells 30 and thynocytes. 1 2 APR 2095 35 (i) Epithelial cel
antigens. [0152] Anti-keratin staining (pan-epitheliun) of 2 year old nouse
thymus, revealed a 1oss of general3§hynus architecture with a severe
epithelial cell disorganization and absence of a distinct
cortico-nedul lary junction. Further analysis using the MAbs, MIS 10
(medulla) 5 and MI's44 (cortex), showed a distinct reduction in cortex size

wth age, with a | ess substantjal decrease in dul lary epithelium (data
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is detected by M. 2 weeks, there are still subpockets of
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1990) adifnihip bt 1R6 melitillavpépimbiaunt, MEhed@aPMGMas HoWs @Hedréige RQEHCIINYNUS. These are
present in abundance at El14, detect isolated nmedullary epithelial cell
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epi thelium Iﬁcate at. 25 the cortico-nedullary junction.
ymocyle emigration

[0158] Approximately 1% of T cells migrate from the thymus daily in the young
mouse (Scollay ef al., 1980). We found migration was occurring at a proportional rate
equivalent to the normal young mouse at 14 months and even 2 years of age (Figure 5)

20  although significantly (p< 0.0001) reduced in number. There was an increase in the
CD4:CD8 ratio of the recent thymic emigrants from ~3:1 at 2 months fo ~7:1 at 26 months.
By 1 week post-castration, cell number migrating to the periphery has substantially increased
with the overall rate of migration remaining constant at 1-1.5%.
EXAMPLES

25 EXAMPLE 1: T Cell Depletion
[0159] In order to remove the abnormal T cells, the patient underwent T cell
depletion, One standard procedure for this step is as follows: The human patient received
anti-T cell antibodies in the form of a daily injection of 15mg/kg of Atgam (xeno anti-T cell
globulin, Pharmacia Upjohn) for a period of 10 days in combination with an inhibitor of T cell

30  activation, cyclosporin A, 3mg/kg, as a continuous infusion for 3-4 weeks followed by daily

tablets at 9mg/kg as needed. This treatment did not affect early T cell development in the




(i1) Vascul ar-associ ated antigens. [0154] The bl ood-t hymnus baﬁ'ZiM?R i@ 5
t hought to be responsible for the immgration of T cell precursors g t he
-thymus-and-the em gration of mature T TElIls fromthe thynus to the
peri phery. 30 [0155] The MAb MIS 15 is specific for the endothelium of
thym c bl ood vessels, denonstrating a granular, diffuse staining pattern
(Godfrey, et al, 1990). In the aged thynus, 112 APR 2005 36 MIS 15
expression is greatly increased, and reflects the increased frequency and
size of blood vessels and perivasg@al ar spaces (data not shown). [0156] The
thym c extracellular matrix, containing inportant structural and cellular
adhesi on nol ecul es such as collagen, lamnin and fibrinogen, is detected by
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EXAMPLE 2: Sex Steroid Ablation Therapy
15 [0161] The patient was given sex steroid ablation therapy in the form of delivery of an
LHRH agonist. This was given in the form of either Leucrin (depot injection; 22.5mg) or

Zoladex (implant; 10.8 ing), either one as a single dose effective for 3 months. This was

effective in reducing sex steroid levels sufficiently to reactivate the thymus, In some cases it
is also necessary to deliver a suppresser of adrenal gland production of sex steroids, such as

20  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.
[0162] 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 fo a second 3 month injection/implant,

25 EXAMPLE 3: Alternative Delivery Method
[0163} 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 laser such as an Br:-YAG laser, to ablate or alter the skin so as to reduce the
impeding effect of the stratum cornevm.

30 [0164] A. Laser Ablation or Alteration: An infrared laser radiation pulse was

formed using a solid state, pulsed, Er:YAG laser consisting of two flat resonator mirrors, an




25 EXAMPLE 1: T Cell Depletion [0159] In order to renove QE& pgor | T
cells, the patient underwent T cell depletion. One standa 3 cfore for
this step is as follows: The human patient received anti-T cell antibodies
in the formof a daily injection of 15ng/ kg of Atgam (xeno anti-T cel

gl obul in, Pharmacia Upjohn) for a period of 10 days in conbination with an
I nhibitor of T cell 30 activation, cyclosporin A 3ng/kg, as a continuous

i nfusion for 3-4 weeks followed by q?ily tablets at 9ng/ kg as needed. This
treatnment did not affect early T cell devel opnent in the 12 APR 2005 37
patient's thymus, as the anmount of anti body necessary to have such an
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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 polystyrene sheet about 1 mm thick. A Q-switched solid state
ruby laser (20 ns pulse duration, capable of generating up to 2 joules per pulse) is used to
20  generate the laser beam, which hits the target material and generates a single impuise
transient. The black polystyrene target completely absorbs the laser radiation so that the skin
is exposed only to the impulse transient, and not to 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.
25 EXAMPLE 4: Sample Collection
[0169] Selected patients were bled immediately prior to receiving the LHRH analogue
to inhibit sex steroid production, and at short time intervals (typically during the first 24-72
hours) afier the application of the LHRH analogue. Blood was centrifuged (750gav) to
~ sediment cells and the plasma collected. The plasma samples were compared by subjecting
30 them to analysis of concentration of particular thymic marker molecules.
EXAMPLE 5: Flow Cytometry Analysis Of Whole Peripheral Blood




extend the treatnment to a second 3 nonth injection/inplant. 25 EXAMPLE 3:
Alternative Delivery Method [0163] In place of the 3 nonth 'é ﬁﬁﬁt?ﬂﬁgs one
nont h) depot or inplant admnistration of the LHRH agonist, alternative
met hods can be used. In one exanple the patient's skin may be i rradi ated

- by a laser such as an Er: YAG | aser, to ablate or alter the skin so as to
reduce the inpeding effect of the stratumcorneum 30 [0164] A. Laser

Abl ation or Alteration: An infrared ser radiation pulse was formed using
a solid state, pulsed, Er:YAG | aser Cconsisting of two flat resonator
mrrors, an 12 APR 2005 38 Er: YAG crystal as an active nedium a power
supply, and a neans of focusing the Iaser beam The wavel ength of the
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split tgxmsugm lg:reate rrultiple sites of ablation or alteration.
This provides a faster flow of, LHRH aﬂonl st through the skin into the
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sttcPed solid state ruby |laser (20 ns pul se duration, capable of

gener at Q'H p to 2 joules per pulse) is used to 20 generate the |aser beam
whi ch highesddiedeRaiet material and generates a single inpulse transient.

The bl ack po éstyrene target conpletely absorbs the |aser radiation so that
t he 18ki n 1 SCRAPED4RARIBASRO/CIEol G-Il se transient, and not to |aser

radi ation., NeppR!Bphsr RcPA4REfCHS HEs
3. ySTCR/aBTCR/CD28/CD4 or CDS
4. CD69/CD25/CD152/CD3
5. CD11b/CD11¢/CDS6/CD3
20 6. CDI9/CD117/CD34/CD3
7
8

. CD3/CD4/CD8/HLA-DR
. For Ki67:
a) CD4 or CD8/CD45RO/CD27 followed by Ki67-PE or IgG1-PE
b) oBTCR/CD8a/CD8b followed by Ki67-FITC or IgG1-PE
25
EXAMPLE 7: Detection Of Intracellular Cytokines
[0173] 200ul of whole blood was stimulated with soluble purified anti-CD3 (Spg/ml)
and anti-CD28 (10pg/ml) for 6 hours at 37°C, 5%CO,.  Brefeldin A (final
concentration10ug/ml) was added during the final 4 hours to limit cytokine secretion from the -
30  activated cells, Following stimulation, samples were incubated for 15min, RT with 20p] of
20mM EDTA in PBS. Samples were then surface stained with anti-CD4-FITC and anti-CD8-




this procedure. The procedure can be repeated daily, or aS?QfAQR 2085
required, to maintain the <circulating blood |evels of the agonist. 25
EXAVMPLE 4: Sanple Collection [0169] Selected patients were bled i medi ately
prior to receiving the LHRH anal ogue to inhibit sex steroid production,
and at short tine intervals (typically during the first 24-72 hours) after
the application of the LHRH anal ogue. Bl ood was centrifuged (750gav) to
sedi ment cells and the plasna coll ecfed. The plasna sanpl es were conpared
by subjecting 30 themto analysis of concentration of particular thymc
mar ker nol ecul es. EXAMPLE 5: Flow Cytonetry Analysis O Wol e Peripheral
Bl ood 12 APR 2005 39 [0170] 2011 of the appropriate anti body cocktail was
added tg 2001 whol e bl ood and g ated in the dark, ﬁ; %% 0. For
r emoval Cy¢hrame Follawipg Wﬁ(%dlpg?ﬁ‘i‘%‘ toRy cellp ek ¥RH0YY \W‘i‘ ALEH-4EEAd was ¢ hen
added téhtreﬂ??@ W@r thé’%f S¥BR ihelBRHRA BRI, ceﬁgrwbr@ usdd'B aGahtol Sanpl es
at 6 85

were centr supernatant renoved and cells washed twice 5 in
FACS bufwwlva@mal ly, cel s were resuspended in 1%FA for FACS anal ysis.

EXAMPL 7 i For det ection of proliferating cells, |ysed
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For
10 removed and diluted with RPMI-Heparin. Tubes were centrifuged at 25°C for 15min at

(600gmas), followed by a second wash at 400gmex for 10min. Supernatant was removed and
cell counts performed in duplicate using a haemocytometer, Cells not used for stimulation
assays were resuspended in freezing media and stored at —70°C overnight, before transferring
to Liquid Nitrogen prior to TREC analysis. Plasma collected following ficoll purification was
i5 | stored at —20°C prior to analysis of sex steroid levels, |
EXAMPLE 9: T Lymphocyte Stimulation Assay
[0175] For mitogen stimulation, PBMC were plated out in 96-well round-boitom
plates at a concentration of 1 x 10°%well in 100ul of RPMI-FCS. Cells were incubated at
37°C, 5% CO;, with PHA in doses from 1-10ug/ml. For TCR-specific stimulation, cells were
20  incubated for 48 hours on plates previously coated with purified anti-CD3 (1-10pg/m1) and
anti-CD28 (10pg/ml). Following plaque formation (48-72 hours), 1uCi of *H-Thymidine
was added to each well and plates incubated for a further 16-24 hours. Plates were harvested
onto filter mats and incorporation of *H-Thymidine was determined using liquid scintillation
on a —counter (Packard-coulter, USA).
25 EXAMPLE 10: TREC Analysis
[0176] Detection of TRECs is perfomed by purifying new helper T cells (Th; e.g.,
CD4+, CD45RA+ CD27+) and cytotoxic T cells (Tc; e.g., CD8+, CD45RA+ CD27+) by flow
cytometry and then TREC analysis using specific DNA probes and RT-PCR.
A. Cell Sorting
30 [0177] Frozen samples were rapidly thawed, washed in FACS buffer containinglmM
EDTA and 1% Human Serum and centrifuged (600gmax, Smin., 4°C). Celis were incubated



a) CD4 or CD8/ CD45RCO CD27 foll owed by Ki 67-PE or 1gG -PE

a(3TCR/ CD8a/ CD8b fol |l owed by Ki 67-FI TC or 1gQd -PE 25 EXAWDEEAPR k ect I on
O Intracellular Cytokines [01731 200l of whole blood was stimnmulated with
soluble purified anti-CD3 (5g/m) and anti-CD28 (1OQg/m) for 6 hours at
37C, 5%02. Brefeldin A (final concentrationlOg/m) was added during the
final 4hours to limt -cytokinesecretion fronthe 30 activated cells.

Fol | owi ng stimul ation, sanples were jjncubated for 15mn, RT with 201 of
20mM EDTA i n PBS. Sarrpl es were then surface stained with anti-CD4-FI TC and
anti-CD8 12 APR 2005 40 CyChrone. Followi ng lysis and perneabilisation,
cells were stained with anti-IL-4- PE and anti-TFNy- APC or the appropriate

ot o ORI EC ot AP ermte e DR S oo T, BT Ret e isocy  os

ver e usgdinkQfrop waselahdlﬁsﬁ Eﬂﬂizﬁt bWA%ﬁﬁMﬁl amssT R%pwaarrefa irkubaldd RPal  Of
peri pherial bl ood was luted 1:1 arin. Diluted blood was

car ef ul ﬁrythxtr&@muwwhed alfdr mwﬁ»mﬂWaqSQQuléiA%S b éorcsprt@glFarrdmulﬁrlwr | . Tubes
wer e  SEakr bhgest %Ds(*féﬁ%n cfisxf Oéng’%ﬂﬁ*épﬁﬁ%‘g F59+d FAGSIERNt foigf ugat i on,

t he asfima Ia er enoved and Stored a ysrs of sex
steri)l dCDéVm@CDZrﬁékhuffy coat layer was 10 renoved and diluted with

RPM - Hepar| m% centrifuged at 25C for 15mn at (600gnax),

f ol | owed by f*at 4008,,,8. for 10m n. Supernatant was renoved

and ce[ol17spunt S (RS fvarrdaekddndieben) | ig@t BCRSgrE@ QSMQﬁpﬁwbﬁErE&eﬁmfu@ﬁl | s not
used for stinulation assags were resuspended in freezi g@ medi a 1aqr}d st or ed

at - 7od85%r2ﬁ%mc) andapsyprendad n Bratsinasp ks (PRodigesian Bulf§rd#o e reaiBp a5 TREC
anal ysi g9 p p feﬂméeok Wik dﬂ&péo'm%ﬁgaroh%ﬂmastpaa@tored at
0 ana

-20C pri or sex sterord |evel Lynphocyt e
St i bl amaeorsmbayve{eom%}zted:@r lrioungjch (élfolmeabydﬁmm%w&@rleaqbw@t@ém out in
96- wel | e und-

pl ates at, 3 ¢ en%t of 1 x 105/ well in 100l of
e - Fo Ry 3 el Bt AT EREBCRT L\ el i doses 11 om
1-10g/ m . Faf. TCReaOFifefACR wingMobladulaBeaso@b| s were 20 incubated for 48
ant 1 - coRTBR0g] riiyee g deron B At ibr ({6 BHE IS ETaage
3H Thy"iRERE were 5°-AAAGAGGGCAGCCCTCTCCAAGGCAAA-3’ (SEQ ID NO:1) and 5'-
15 AGGCTGATCTTGTCTGACATTTGCTCCG-3’ (SEQ ID NO:2). Primers for coding-joint
TRECs were 5’-CCTGTTTGTTAGGGCACATTAGAATCTCTCACTG-3’ (SEQ ID NO:3)
and 5’-CTAATAATAAGATCCTCAAGGGTCGAGACTGTC-3’ (SEQ ID NO:4). DNA
was extracted from the cells using Proteinase K digestipn. PCR conditions were: 95°C for 5
min, followed by 90°C, 60°C and 72°C, each for 30s, for 30 or 35 cycles as indicated. Each
20 PCR reaction contained 1U platinum 7ag polymerase, 1.8mM MgCl,, 0.2mM dNTPs,
12.5uM each primer and 1.7 nmol (5pCi) *2P-labelled dCTP in 50ul platinum Tag buffer.
EXAMPLE 11: Radioimmunoassay
[0180] Detection of sex steroid levels in patient sera (frozen following Ficoll-Paque
centrifugation) was performed using a 'ZI-Testosterone radicimmunoassay (RIA). Prior to
25  the assay, all reagents, samples and controls were brought to room temperature. Control tubes
had either buffer alone - non-specific binding (NSB) tube or Ong/ml testosterone standard
(Bg). Buffer alone, standards (O-iOng/ml testosterone) or test samples were added to each
tube, followed by sex binding globulin inhibitor (SBGI) to limit non-specific binding of the
radio-labelled testosterone. The '**I-testosterone was added to each tube followed by an anti-
30 testosterone antibody (except for the NSB tubes). Tubes were then incubated at 37°C for 2
hours. Following this, a secondary antibody was added to all tubes which were incubated for




was added to each well and plates incubated for a further 16,%4 %
Pl ates were harvested onto filter mats and i ncorporation of I-é m%l ne
was determ ned using liquid scintillation on a 0-counter (Packard-coulter,
USA). 25 EXAMPLE 10: TREC Anal ysis [0176] Detection of TRECs is perfoned by
purifyi:ng new helper T cells (Th; e.g., CD4+, CD45RA+ CD27+) and cytotoxic
Tcells (Tc; e.g., CDS+, CD45RA+ CD27+) by flow cytonetry and then TREC
anal ysi s using specific DNA probes RT-PCR. A Cell Sorting 30 [0177]
Frozen sanples were rapidly thawed, Washed in FACS buffer containinglmv
EDTA and 1% Hurman Serum and centrifuged (6008",8x, 5mn., 4C). Cells were

i ncubated 12 APR 2005 41 with anti-CD4-FI TC, anti-CD3-APC and

anti - CD45RA- PE for 30min., RT, .was eg and fi Xeﬂd]’rg é)yH}nBe q;folp\é\n se addition
of |I'm wfurdy 69rmus fpllovingmertexingy [ykes urre ceniEifhiged dHWemed 07 2 BAEr 30min.
washed ﬁ@gmﬁ SIVEE dinli nthé%%\éciﬁﬁ@c@ﬂftédeﬁnf@ﬁ’a&@f& I038ta Eﬂé%z QRAkEat i ons
wer e obtai ned: CD3+CD4+CDASRA+;" CD3+CD4+CDASRA-;  CD3+CD4- SRA+ and 5
CD3+CDATrpiERAPM BsulNATd avstaged and § garkigtd @evel eonstercted siging dee rmwedory into
PCR grade 0. ani endorfs,ncentrifuged (8mn, 2500,..) and resuspended in
Pr ot ei n%%%enkg?%&;ﬁgg?%%g‘ﬁ@@“guffer (2x 10 5 cells/ 20 of a 0.8ng/ nL
solusion). Proteinase K (PK) Baaplads® to the PCR digestion buffer just
prior to 10 use. Sanpl e.r? re_incubated for 1 hour at 56C foll owed by 10m n
at 95C to inactivate t éB)%r'ot ei nase. Lysed sanples were stored at -70C
prior to RT-PCR C. Real Tine-R§R NsBng Mol ecul ar Beacons [0179] This
technique is described in Zhang et al., 1999. Priners for signal joint
TRECs were 5' - AAAGAGGGCAGCCCTCTCCAAGGCAAA-3" (SEQ ID NO'1) and 5'- 15
AGCCTGATCTTGT T1 : . Primers for coding-joint
TREGs were 5 - QR TT O PACH BT ACATHACTG, &' (SEQ | D N0t ) and

5' - CTAATAATAAGARECT CAAGHEECOM@A G GHEceBle biSi@ tii® NO. 4) . DNA was extracted
fromthe cells ysing_Proteinase K digestion. PCR.c itions were: 95C for 5
mn, followed 9OC','a%@e:fﬁﬁl§?Eg/g’égt@ﬂ&af‘g&t§d°§ﬁlqg§w§0 or 35 cycles as

i ndi cated. Each 20 PCR reaction contained | U platinum Taq pol ynerase, 1.8nM
Myd 2, 0. 2nM dNTPs,

The level of testosterone in each test sample was determined from the standard curve. The
plasma was subjected to protein analysis based on 2D gel electrophoresis followed by

15 computer based bioinformatics to determine the presence of indicators of thymic function.




12. 5M each prinmer and 1.7 nnol (51iC) 32P-1abelled dCTP in 501 platinum
Tag buffer. EXAMPLE 11: Radi oi munoassay [0180] Det ect DA APRS@E%Steroi d
| evel s in patient sera (frozen follow ng Ficoll-Paque centrifugation) was
performed using a 125l -Test osterone radi oi nmunoassay (RIA). Prior to 25
the assay, all reagents, sanples and controls were brought to room
tenperature. Control tubes had either buffer alone - non-specific binding
(NSB) tube or Ong/m testosterone stgndard (B). Buffer al one, standards
(0-10nglm testosterone) or test sanples were added to each tube, followed
by sex binding globulin inhibitor (SBG) to |limt non-specific binding of
the radio-labelled testosterone. The 125|-testosterone was added to each
t ube fo&%@g an anti 30 testosterone anti body (except for the NSB

t ubes). ?e then i ncubated at 37C for 2 hours. Following this, a
secondary anti body was added to all tubes which were incubated for 12 APR

2005 42 5 a _further 60 mns fqllow ng vortexing. Tubes were centrifuged
( 1000gn¥jPinadl Rq B9 %?‘as@ﬂﬁﬁﬂﬁ‘é'f“écrﬂ”@@h’é‘\}@fna‘ﬁg i D eci pi tate counted on

a Packapgifaty ﬁfe@ﬁﬁ%%ﬁmﬁ%bﬁﬂ&rﬁbftheTCRRiuHﬁ@fn?raﬁl J e deSel¥insitaver aged and a
standard curve constructéd using the formula for percent” bound

Test bst vmomel IBB:B7. Sanple - NSB %8B/ Bo = Bo - NSB Sanpl e = average cpm of
particular test sanple 10 NSB = average cpm of non-specific binding tube Bo
= average cpmof Ong/m standard (total binding tube) The | evel of

t est ost Beming, S.1, BaglhRile and kbiliop) J&F. ARs 1998t Therrobed the thpmuhadse@ndar d cur ve.

The plasma was subj.ected to protein analysis based on I
el ect ro%ﬁ@fce‘mg?"fsdpllﬂl?\%ﬂn W“i%ofg%erﬁﬁiﬂlttBF“%%’?L:M%‘?&W?PH&%‘@?@% det ermi ne
t he presgnmgoof indicators of thymic function. 1 2 APR 2005 43 REFERENCES
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CLAIMS: 1. A method of identifying one or nore thymc factougsg ﬁ&?@gm or
nore indicators of thymc function, the nmethod conprising detecting a
difference in the concentration 5 of a marker in a bl ood sanpl e which has
been taken froma patient after disruption of sex steroid nediated
signalling as conpared to the concentration of the marker in a sanple

whi ch was taken prior to said disruptiond7 wherein the detected
difference(s) identifies a newthymc factor or a new indicator of thymc
function. 1@¢2amfée nethod of claim 1l wherein the bl ood sanples are treated
to separate out plasma and an analysis is perfornmed on the plasma. 3. The
met hod of claim1 or claim?2 wherein the analysis of the sanples includes
two di nensi dnal demetiodef idspHbrirngons, ormgorg thynie fapterhont oo or maraingdicalees ei n

i dentificati . N hym 6 fact.or ar new i.ndicator.is determ ned
using ol pfnate SHEABE S Beef sofbliftpe etcORtE o 0iieE} e RoREHFHE,
change i B8 t hyeainearkatih ydldodsaspRiwisich hilcharRtdked fidh £ paiunt sfidrgligepteetsmg a
difference in the concentration of a marker in a blood sanple_ which has
been taken PFpFwihmediald signalingds spmprredio Ge carsentpiaqropidhemarier e
signal l'ing ant £QN | |l e
whi ch was t'aS eﬁ&g@?gﬁ eItg%)1t'a‘Rfs> apﬁorgggglgp% {@?&nggrgliﬁr}&%e @egtgé gi:f%éﬁmg‘i%??er ence
identifies adwaiifiagenew thymwyinifacteradriaurts indicatet af thgmi2funbtionThe et hod
according to any one of clainms | to 5 wherein the marker is a protein. 7.
A diagnostic nethod to determine a patient's susceptibility to thymec
activatiign, 2 30t REEOPSE GAFPT vhkRth B BRIA sRGplel SredfBiAlo Qfpatile biddi cat or
present in a blood sanple obtained fromthe patient after the patient had
recei ved a mpiasineamdan andysls srepormedon teglasind. medi at ed si gnal | i ng, wherein
the indicator is selected fromthe group consisting 112 APR 2085 48 of.
interleukin 7, interleukin 4, Interferon ganma, FTS, thynosin, thymulin,
thyrmopoi etin, a tihygmRaReesf daifyt Okdlmien 2 ¥hBRU BRARAIVES of A8 FathPRs iRMfles Of
indicator is diagnostic of the ability of patient’s thynmus to undergo
acti vat i on, teAdimersicnehgel gkectrophoresis.

15

4, The method of claim 3 wherein identification of the new thymic factor or new

indicator is determined using solid phase amino acid sequencing.

5. A method of identifying a change in thymic activation status, the method

20 comprising detecting a difference in the concentration of a marker in a blood sample
which has been taken from a patient after disruption of sex steroid mediated signalling
as compared to the concentration of the marker in a sample which was taken prior to
said disruption, wherein the detected difference identifies a change in thymic activation
status,

25
6. ‘The method according to any one of claims 1 to 5 wherein the marker is a

protein.

7. A diagnostic method to determine a patient’s susceptibility to thymic activation,
30  the method comprising measuring the amount of an indicator present in a blood sample
obtained from the patient after the patient had received a medicament to disrupt sex

steroid mediated signalling, wherein the indicator is selected from the group consisting



thynosin is not al thynosin or J34 thynosin. 5 8. The neﬁl‘&)tﬁ% 2805 m 7
further conprising nmeasuring the anmount of the indicator present in an
addi ti onal bl ood sanpl e which was obtained fromthe patient at a different
time, wherein the level of indicator in the two sanples is conpared and a
difference is diagnostic of the ability of the patient's thynus to undergo
activation. 10 9. A diagnostic nmethod tog dentify a poor responder to

thym c activation conprising neasuring the anount of an indicator present

in a blood sdnpledeaiihd| medeukinoi@efabh gitimal FES, thivogatthantlilad recei ved a
medi cament to disrupt sex steroid pnediated signalling, wherein the

i ndi cat or i $MERINOEGTIga thygAPolEc m&wecw@mqpﬁae,@nd tllesglevﬂpémdmquﬁs 7,

i nterl eukin f YT R %ﬁlﬂ gl gon, poi etin,
a t hynopoi etd?dcgnléé)}%cgﬁitﬁée?&%@neur o%g’ﬁtq?{ e, tg%i‘ﬁ‘gf}%ggftﬁn‘%y‘g]f ’tﬁlgnqhg} OIEHI’%DI’IE and
a thynopoi ethyandsii ¥eneal dndndsieod By@lymotini ndi cator is di agnostic of the
ability of patient's thynmus to undergo activation. 20 10. The nethod of
claim9 Purther conprising measuring the amount of the indicator present

i n an additigonal k| i 1) : t tent at  a
itreront i, waeinaof R L At Ebp R AP BE. T

conpar ed andndicatercpreseal Birmeadidiionihblgood tantple vhichewvdsndlihédt fyorothe fatiepadti ent ' s
thymus to und o activatiaon., 25 11. A method accordipg.to an ne of
claim 1 and GGRIEI GRS tlfeﬁs‘f%|068@_1°a§0mﬂ@ e Belsh 1%%%&%%90 4 r oduce
serum or pl afirenckds dibifosE o B AARPGHIRGatioy Ay RRCAdElgBlfvalioho 11
wherein the bl ood sanple was taken"w thin about”™ one week "of disruption of

sex stedBid signalling. 30 2 APR 2005 49 13. The nethod according to any
one of cl ai 13 11 wherein t aken wi ghi n about 4 to

1tp he.bl.aod sanpl e S
5" days of drer upt SRERPUEHEERA S ey S R PornadldS AR Rttt AcCor di ng <o
any one of GbaipfiBing nicdsdring¥he bRbiintldTan MdaforSRERhEIn Sb1¥EEsdndiietbiinkdi n
about 2 to 3 days of disruption of sex steroid signalling. 15. The nethod
accor di ng t draamy pafirnt efterce patiend hadyregaivethe meticamprel tdiseptsengP@id was t aken
wi thin ab Outm&ﬁat@c? Héﬁalﬁlflg,%lﬁgé‘m Eﬂeqﬂdi8£t0§ R%eRLEH ?I'Og’l the %Pcﬁipl éoﬂgsting of:
15  interleukin 7, interleukin 4, Interferon gamma, a cytokine, FTS, thymulin,
thymopoietin, a thymopoietic cytokine, a neuropeptide, a thymosin, a thymic hormone
and a thymopoietic hormone, and the level of indicator is diagnostic of the ability of

patient’s thymus to undergo activation.

20 10.  The method of claim 9 further comprising measuring the amount of the
indicator present in an additional blood sample which was obtained from the patient at
a different time, wherein the level of indicator in the two samples is compared and a

equivalence is diagnostic of the inability of the patient’s thymus to undergo activation.

25 11. A method according to any one of claims 1 and 4 to 10 wherein the blood

sample has been treated to produce serum or plasma.

12.  The method according to any one of claims 1 to 11 wherein the blood sample
was taken within about one week of disruption of sex steroid signalling.
30




10 16. A diagnostic nethod to determne a patient's thymc @ﬁiﬁ(@i ﬁgrstate
conprising determning the level of TREC DNA in a sanple conpri si r?g

cells which have been obtained fromthe patient follow ng adm nistration
of a nmedicanent to disrupt sex steroid nediated signalling. 15 17. The

met hod of claim 16 wherein PCRis used to determ ne the |evel of TREC DNA
inthe T cells. 18. The method of claim4% wherein the PCR is performnmed
using at |east one primer conprising a nucleotide sequence selected from
t he group cddsi stlhagnatfiodSEQridingN®ang pne @clSRER 1l O INGviRreiBHE@ Blood\N@ngland SEQ

ID NGO 4. 19. The net.hod accqrdi to. any one of clai.ns 16..to 18 the nethod
forther” o GkeRavitigs ar dins derch Elp i o oA E am) o

conprising additional T <cells which have been obtained fromthe patient at
a different tinme, wherein the level of 25 TRECs in the two T cell sanples
i s conpar ed.1420. Thaenatkadwsdordingde anygne of elaiynsonte Idfwhdrein tlee Hloedsanplanher ei n

the patient | ost -..pubertal . .30 21...The.nmethod accordi o any one of
cl'ai e 15 o0 WhRB Y B e p 2t P BT e RS F R gnal 1 g

i ncl udes bl ocking of one or nore sex steroid receptors. 12 APR 2005 50 22.
The net hod according to any one of clains 1 to 21 wherein disruption of sex

ste(rj oi d nmedildt edThé giwahdd agoidid todas @ﬂwoﬂhﬂhmty’ i&@ﬂlﬁheﬁﬁﬂﬂﬁdl&lﬁ)@ﬂ dar?plel
production i tient. 23. e et hod accordin o any one of clains
D Co-52 wherikinafile i 3# nbis of delfiiol o6 SPRH P g over s t he
concentration of a sex steroid in the patient. 24. The method according to
any one ;gf ai ; mgel ' ti o ol ' fo¥
signal ling ?Igsulr?&s_dllal &gﬁgm Caldqggg%@{n:é%nﬁ aglg “ﬁ@gﬁ‘i ?cgfﬁ?{l&ll%a_{zyégh%#g f?r’et hod
accor di ng t deryingppthsileal af AREC DA/pin asemelerormaisivgdt edletkich barpbieses a
conmpound selopefi®d froMMheNSati@ho EloSRRS a8 brdon X niddRdaticlt AN tdRgani ks,
sex steroid ani sts, sex eroi d anal ogs, anti-sex steroid vaccines,

f modtied v

steroid recéftd 8:-LHRH anal ogs, LHRH R agonists, LHRHR
ant agoni sts, anti-LHRH 15 vaccines, anti-estrogen antibodi es, anti-androgen

antibodiigs, 13nd ¢l DALY 9P Saf{1€6 §Herein PCR is used to determine the level of TREC
DNA in the T cells.

18.  The method of claim 17 wherein the PCR is performed using at least one primer
comprising a nucleotide sequence selected from the group consisting of SEQ ID NO:1,
20 SEQIDNO:2, SEQ ID NO:3 and SEQ ID NO:4,

19.  The method according o any one of claims 16 to 18 the method further
comprising determining the level of TREC DNA in a sample comprising additional T
cells which have been obtained from the patient at a different time, wherein the level of

25  TRECs in the two T cell samples is compared.

20.  The method according to any one of claims 1 to 19 wherein the patient is post-

pubertal.

30  21. The method according to any one of claims 1 to 20 wherein disruption of sex
steroid mediated signalling includes blocking of one or more sex steroid receptors.




26. The nethod according to claim23 wherein the nedi canent § rises a
conpound sel ected fromthe group consisting of. Buserelin, i ﬁlZ%ﬁ
Decapeptyl, Deslorelin, Gonadorelin, Goserelin, H strelin, Leuprolide,
Leuprorelin, Lutrelin, 20 Meterelin, Nafarelin, Triptorelin, AbareliXx,
Cetrorelix, Eulexin, Leucrin, Zoladex, and conbinations thereof. 27. The
met hod according to any one of clains 7 5(® 24 wherein the nedi canent
conprises an LHRH R agoni st and an LHRH R antagoni st. 25 28. The net hod

according t@zanym@%e@ﬁoc%&bf@n td &ﬁ&l&@ﬁélﬁn{b I '?&Zir%e‘fé}ﬂ%ﬁktru t@’qﬁé&es a

sl ow rel ease_ faor nul according to any one o alns 7
to 28 wher eiSHIPigm 8aﬁﬁ9éﬁﬁmgsmcwﬁwh% éﬁlﬂaﬂ%@é@eﬁcﬂql‘wét prgfugtiont i dex
steroi d nedipatiad. Si gnal ling to the thymus. 30. A kit when used for
determning a patient's susceptibility to thym c activation conprising a
conmpound that disrupts sex steroid nmediated signalling. 35 31. The kit of
cl ai m 305whéBei nThéeatiwthagndling tes alyeoned Elnimm t he 29 rvhepein aisistidnngf serf :

antisox st Sra g RP At SR B AR En AFCTEM B AROAT. . L

anal ogs,  LHRH R agoni sts, LHRH- R antagonists, anti- LHRH vacci nes,
ant i - est r oged. antmbegiiRs a@aidmgﬂ&ﬂargg@& anbiBadt 503 ARskis ARLAR ONEx

t her eof . ejn the compound | s selected from
the group céf?‘z:‘?lgt"i‘q%atedoﬁf’gn%%ﬁﬁé‘ﬁrsdn CE?)EFE#%‘W tonglthe patiedt  Desl orel in,
Gonador éDin, Coserelin, H strelin, Leuprolide, Leuprorelin, Lutrelin,
Meterelin far Abar el i.x tro eX|n Le crln
Zol adex, ang% conb%éﬁa ?t%%dsg%cﬁ 1%%]10 a0 935 Offﬁémﬁlt a%‘g&h(ﬂe?fb %o 5%318

clai ns 30 t GoBPrifesra b@npwldmelestedg“rméh@grouprcensmmgmfnem steid exthgehidts, om
the group C%&?'s&ﬁélﬂgag%ﬁrstsa sE:?%%%ﬂi érﬂ&ytg Cé‘ﬁh W%J&l@%&&mé&' @fég&l@ 18&ptor

i ndi cat or of functi on;
i munosuppr tOrSs éﬁ{%t‘iﬂlﬂpg@elﬁ BB @6@9!15‘[5 LHRH R antagOHIStS anti-LIRH

15 vaccines, anti-estrogen antibodies, anti-androgen antibodies, and combinations thereof.

26. The method according to claim 23 wherein the medicament comprises a
compound selected from the group consisting of: Buserelin, Cysterelin, Decapeptyl,
Deslorelin, Gonadorelin, Goserelin, Histrelin, Leuprolide, Leuprorelin, Luirelin,

20 Meterelin, Nafarelin, Triptorelin, Abarelix, Cetrorelix, Eulexin, Leucrin, Zoladex, and
combinations thercof.

27.  The method according to any one of claims 7 to 24 wherein the medicament
comprises an LIHHRH-R agonist and an LHRH-R antagonist.

25
28. The method according to any one of claims 7 to 24 wherein the medicament
comprises a slow release formulation.

29.  The method according to any one of claims 7 to 28 wherein the medicament
30 comprises a compound that disrupts sex steroid mediated signalling to the thymus.

30. A kit when used for determining a patient’s susceptibility to thymic activation
comprising a compound that disrupts sex steroid mediated signalling.

35 31.  The kit of claim 30 wherein the compound is selected from the group consisting
of: sex steroid antagonists, sex steroid agonists, sex steroid analogs, anti-sex steroid




a suppressor of adrenal gland function; and an oligonucleotide primer to
detect TRECs; and conbinations thereof. 20 34. The kit of g{ 33 wherein
the indicator is a thymc factor identified by the nethod of ﬁ#&’@ﬁﬁ of
claims | to 4. 35. The kit of claim 33 wherein the indicator is selected
fromthe group consisting 25 of. interleukin 7, interleukin 4, Interferon
gamma, FTS, thynulin, thynopoietin, a neiiropeptide, a thynosin, a thymc
hormone, a thynopoietic cytokine and a thynopoietic hornone, mherein t he

thymosin is poh,al S&M&r‘}é&:}td}rmgéﬁa{ow TaSRA: arélﬁlgaeﬂggﬁ%iém%on?%%

wher ei n at Ieast one prine rises’'a nucleoti ct ed
fromthe gr8ol¥gemHSs; @t’q-thRJﬁ VSE@QSDaN@eSt!LOgeSEQﬁbQﬁlm azltl aPEY LD am@h()%?d SEQ
| D NO 4. and combinations thereof.

5 32.  Thekit of claim 30 wherein the compound is selected from the group consisting
of: Buserelin, Cysterelin, Decapeptyl, Deslorelin, Gonadorelin, Goserelin, Histrelin,
Leuprolide, Leuprorelin, Lutrelin, Meterelin, Nafarelin, Triptorelin, Abarelix,
Cetrorelix, Eulexin, Leucrin, Zoladex, and combinations thereof.

10 33. The kit according to any one of claims 30 to 32 further comprising one or more
components selected from the group consisting of:
a reagent that can specifically bind to an indicator of thymic function;
a cytokine;
a growth factor;
15 an immunosuppressant;
an anti-T cell antibody;
a suppressor of adrenal gland function; and
an oligonucleotide primer to detect TRECs; and
combinations thereof.
20
34,  The kit of claim 33 wherein the indicator is a thymic factor identified by the

method of any one of claims 1 to 4,

35.  The kit of claim 33 wherein the indicator is selected from the group consisting
25  of: interleukin 7, interleukin 4, Interferon gamma, FTS, thymulin, thymopoietin, a
neuropeptide, a thymosin, a thymic hormone, a thymopoietic cytokine and a

thymopoietic hormone, wherein the thymosin is not a1 thymosin or $4 thymosin.

36.  The kit of claim 33 wherein at least one primer comprises a nucleotide sequence
30 selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 and
SEQ ID NO:4.




