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present disclosure is in the field of production of autoi mune di seases and
5 allergies in mmuals. Mre particularly, the present disclosure is in the
field of treating and elimnating autoi nmmune di seases and aliergies

t hrough stinmulation of the thynus. BACKGROUND THE | MMUNE SYSTEM [ 0002] The
maj or function of the i mune systemis to distinguish "foreign" antigens

10 from"self' and respond accordingly to protect the body agai nst
infection. This definition nmay also be stated as distinguishing "bad"

nol ecul es from"good." In normal immune responses, the sequence of events
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clefts of major histocompatibility complex (MHC) molecules on the APC surface. The MHC

15 molecules can either be of class I expressed on all nucleated cells (recognized by cytotoxic T
lymphocytes (Tc)) or of class I expressed primarily by cells of the immune system
(recognized by helper T lymphocytes (Th)). Th cells recognize the MHC Il/peptide
complexes on APC and respond. |
[0003] There are two types of Th cells distinguished by the different types of soluble

20  regulatory factors they produce. Thi cells primarily produce IL2 and gamma interferon
{IFNK). The latter, if present at the time of initial contact of naive T cells with antigen,
promotes the preferential activation of cell-mediated immunity (primarily Tc). Th2 cells
produce Interleukin 4 (IL4), Interleukin 5 (IL5) and Interleukin 10 (IL10) which induce
humoral immunity via antibody producing B cells which are specific for the particular

25  antigen. In some cases this can lead to inappropriate allergic responses through IgE
production.
[0004) The importance of Th cells in virtually all immune responses is best illustrated
in HIV/AIDS where their absence through destruction by the virus causes severe immune
deficiency eventually leading to death. Given their central importance as immunoregulatory

30 cells, the balance between Thl and Th 2 cells can have profound impact on the nature of the




I mmune response. Such inbal ances can occur through deveIOpnﬁﬁzaﬂPﬁ‘ﬂmﬁ
abnormalities or inappropriate activation at the onset of  imune
responses. This can lead to a variety of diseases such as allergies,

cancer and autoi nmunity. [0005] The ability to recognize antigen is
enconpassed in-a-plasma nenbrane 5 receptor in T and B | ynphocytes. These
receptors are generated randomy by a conplex series of rearrangenents of
many possi bl e genes, such that each Endividual T or B cell has a unique
antigen receptor. This enornous potential diversity neans that for any
single antigen the body m ght encounter, multiple |ynphocytes will be able

to recognize it wth va,rgéi ng degrees of binding strength (affinity) and
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20 target these cells. Similarly, since Tc's are very important effector cells, their production is a
major aim of strategies for e.g. anti-cancer and anti-viral therapy.
THE THYMUS |
[0007] The thymus is arguably the major organ in the immune system because it is the
primary site of production of T lymphocytes. Its role is to attract appropriate bone marrow-
25  derived precursor cells from the blood, and induce their commitment to the T cell lineage
including the gene rearrangements necessary for the production of the T cell receptor for
antigen (TCR). Associated with this is a remarkable degree of cell division to expand the
number of T cells and hence increase the likelihood that every foreign antigen will be
recognized and eliminated. A strange feature of T cell recognition of antigen, however, is that
30  unlike B cells, the TCR only recognizes peptide fragments physically associated with MHC
molecules; normally this is self MHC and this ability is selected for in the thymus, This

process is called positive selection and is an exclusive feature of cortical epithelial cells. If




3 the TCRfails to bind to the self ML1C pepti de conpl exes, Q@%? @gé di es
by "neglect."” It needs sone degree of signaling through thg R
continued maturation. [00081 Wiile the thynmus is fundanental for a
functional imune system releasing -1%of its T cell content into the

bl oodstream per day, one of the apparent anomalies of 5 mammals is that
this organ undergoes severe atrophy as a result of sex steroid production.
This can begin even in young childred but is profound fromthe tine of
puberty. For normal healthy individuals this |oss of production and

rel ease of new T cells does not always have clinical consequences

(al t hough | ne- based di sqorders increase in incidence and severlty wth
age) . V\ﬁ’@ Ctﬂléll% tojband fo theis 61&2 ME</gentide qomplexes; the:T gell dipspyaneglectndt £ ol | owi ng
chenot hgéapyonty de%ﬂe BPQgrié‘ilﬂgfh?&ﬁgh e RORE it?%ﬁn@éﬂ%ﬂﬁﬁmry susceptible to
di sease because % are 1tmune suppressed. [0009] Many T cells wll

devel op[0098hever , therthypueis fimdements! foracfongtiondl 1mmun¢usyfsteghrelwmg nity, self
MHC/ pepLidlgy ﬁ?ﬁél?@%%ﬁapt §Hgﬁ1e-£1 gﬁé&eﬁm Fda&{:‘ﬁl% P E]E)alr tlaXon§ fled of €active and

coul d cause severe a I seases su as nuftiple et er osi s,
art h§i t mamnaisabthtethis ofigan uhqﬂrgnesi sdvers agophysy 8 re3nkt of deu piecoi@prptibvdiomt osi s ( SLE) .

For t unat.gl | f.the affini in the t CRto eIf C/ pepti de
conp! ex 38 n begin Py vouR TR UR g HH RoEy beRE of FRGRE o ppifhder oo
sui ci daheaRy indPiduaR O bsFbfPFodiitiHIRR S S of rRWRE @Ensa&es%{ MﬁtfﬂysrlﬁG@t ive
selection. This is called central tolerance. Such T cells die rather than

r es pondCitcsheasisequancen@lthonghnismune, basedgisorders inprepsermingidsncepRé seYsBY pot ent
d hig,
dondr 1t T aBoEg WheRRRA LY e ABEM PRI 4 16 ADEBEME I InIREREIN AL e 1

cel 1§; radrotitekapyt thg patients Iareshiﬂﬂwmptlhib tt digmage tepaushithepereiiphenal | ynphoi d

organs where the T cells are nore mature, the DC cause activation. [0010]
An mpo?lf gf?{' addi tional method of tolerance is through the regulatory Th

cel I's (009N can NayiThiells aill @svelap,Howevez obiich Bydhantas ydebKiie®ith Gghen t hat
virtually all jimune 25 responses require initiation and regulation by T

hel per 1% Selﬁl\%ﬁfawtlﬁ? replexsh SychdrosPotre frus potenfiathy selgreagtivéabdrent of  many
| mune  pag@dhel s%%r@eﬁtémmmeqm@eeé Qick Meh%lk aesﬁ%hﬁus diabdtkd arly, since Tc

are very m(;)ortant effector cells, their production is a major aim of
st r &% egthymiditly andeygiemic dupup euyﬁlﬁmetoaaEﬁ:L%nFoﬂumtew iftthecaffipiyy inMegdbyraisng on t he

(oL i e 0l O T SRR B, e ool
cel | s. tOmlldrgo Wewiyidalrapiivatiam dndodiésrtiyapbptesis) d piocess SaIMIneguthamednymer reactive T
cel | gk Il fg BBl A o NeSEL AESLR Lo & FE25ED { BUlgpun €).
they are still immature. The most potent inducers of this negative selection in the thymus are
20 APC called dendritic cells (DC). Being APC they deliver the strongest signal to the T cells;
in the thymus this causes deletion, in the peripheral lymphoid organs where the T cells are
more mature, the DC cause activation.
{0010] An important, additional method of tolerance is through the regulatory Th cells
which can inhibit autoreactive cells through cytokines. Given that virtually all immune
25  responses require initiatien and regulation by T helper cells, a major aim of any therapeutic
regime for treatment of many immune based disorders would be to target these cells.
Similarly, since Tc are very important effector cells, their production is a major aim of
strategies for, e.g., anti-cancer and anti-viral therapy. Depending on the nature of the Th
defect, the resulting immune response could be excessive due to hyperreactive T and B cells
30  ortoo weak due to hyporeactive T cells.
[0011] Very important clinical conditions which have hyperreactive T cells as their

basis are the self destruction diseases (autoimmunity), hypersensitivities and allergies




12 APR 2005 4 including asthma, dermatitis and psori asis. ngcﬁﬁgl gow
such di seases begin is unclear, but autoimunity can at | east ‘%E t
result frominfections, with the stinmulating foreign antigen mmcking a
self nolecule. The imune cells then destroy both the foreign pathogen but
also normal tissues. After the infectious reagent has been renoved, the
autoreactive T cells 5 continue to destroy the self tissue. Allergies and
hypersensitivities can result from 4nappropriate activation of Thl or Th2,
t he associ ated cytoki nes causi ng pat hol ogi cal responses rather than
beneficial responses. Such di seases can be treated by depleting all the T

| ynphocytes, (whi ch woul d include those causing the disease). The problem
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atrophy is reflected in the periphery, with reduces o
stimulating hormone or TSH and growth hormone or GH) and atrophic effects (leutinizing

hormone or LH, follicle stimulating hormone or FSH and adrenocorticotropic hormone or

20 ACTH) (Kendall, 1988; Homo-Delarche, 1991). Indeed one of the characteristic features of
thymic physiology is the progressive decline in structure and function which is commensurate
with the increase in circulating sex steroid production around puberty (Hirokawa and
Makinodan, 1975; Tosi et al., 1982 and Hirokawa, ef al., 1994). The precise target of the
hormones and the mechanism by which they induce thymus atrophy is yet to be determined.

25  Since the thymus is thq primary site for the production and maintenance of the peripheral T
cell pool, this atrophy has been widely postulated as the primary cause of an increased
incidence of immune-based disorders in the elderly. In particular, deficiencies of the immune
system illustrated by a decrease in T-cell dependent immune functions such as cytolytic T-cell
activity and mitogenic responses, are reflected by an increased incidence of

30  immunodeficiency, autoimmunity and tumor load in later life (Hirokawa, 1998).
[0013} The impact of thymus atrophy is reflected in the periphery, with reduced
thymic input to the T cell pool resulting in a less diverse T cell receptor (TCR) repertoire.




thymc input to the T cell pool resulting in a |less diver T,&ell receptor
(TCR) repertoire. 12 APR 2005 5 Altered cytokine profile ?f&fﬁéﬁﬂﬂﬂ&t,
1993; Kurashinma et at, 1995), changes in CD4+ and CD8+ subsets and a bias
towards nenory as opposed to naive T cells (Mackall et at, 1995) are also
observed. Furthernore, the efficiency of thynopoiesis is inpaired with age
such that the ability of the i mune systemto regenerate nornmal T-cell
nunbers after T-cell depletion is 5 ®vent ual | y lost (Mackall et at., 1995).
However, recent work by Douek et at. (1998), has shown presunably thym'c
out put to occur even in old age in humans. Excisional DNA products of TCR
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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. It is less likely that there is an inherent defect
within the thymocytes themselves since previous studies, utilizing 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 older aged animals 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 TCRK chain gene-

30 rearrangement. | |
SUMMARY OF THE INVENTION




SUMMARY COF THE | NVENTI ON 12 APR 2005 6 [0015] The present ziﬁg\]f%sure
concerns nethods for destroying a patient's T cells to re I2(}95cal

di sease, where the disease is related to the presence of an abnornmal set of
T cells. This step is followed by thym c reactivation via bl ockage of sex
steroid nediated signaling to the thynus. The degree and kinetics of
thymc regrowth can be enhanced by 5 injection of CD34+ hematopoictic stem
cells (ideally autol ogous). The pat i®nt havi ng been depleted of T cells
will no | onger have the disease and in the presence of a rapidly reformng

thynmus w Il soon produce a new cohort of T cells in the blood and | ynphoid
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t he bl ocker, I's adm nj stered by a sustained peptide-release fornulation.
Exanpl d¥40Bding ismypeprefediionppainst paihesss® fornul ations are provided 20 in WO

98/ 0853g016)he en?hslsse ofe@IOEERE 208 ol Bisfalifl B LB ﬁQ&SaE@QPKCa%ggmhby

reference. 70019 n a preferred nt hemat opol et | ynphoi d stem
andl®r tphymesenithesmbjecte 1 sneferbodiencoionastratipp iselset taldispuptiteskestyrodr e t r anspl ant ed

into the recipient to ingrease.the ed of regeneration of the thynus. In
oot herediERhEbe- f et tiR Skt et BRRErS heb i o et asditehy donor
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progenitor cells in the patient. [0020] In one preferred enbodi nent a
pat i entp”ge%iﬁ'ﬁﬁerﬁli‘ﬁrﬁgy’@?‘@@é%ﬂ-s elimnated at |east in part by clearance
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combinations thereof ("blockers").

[0018] In a preferred embodiment, the blocker(s) is administered by a sustained
peptide-release formulation. Examples of sustained peptide-release formulations are provided

20 in WO 98/08533, the entire contents of which are incorporated herein by reference,
[0019] In a preferred embodiment hematopoietic or lymphoid stem and/or progenitor
cells from a donor (preferably matched) are transplanted into the recipient to increase the
speed of regeneration of the thymus. In another embodiment these cells are transplanted from
a healthy donor, without auteimmune disease or allergies, to replace aberrant stem and/or

25  progenitor cells in the patient.
[0020] In one preferred embodiment a patient's autoimmune disease is eliminated at
least in part by clearance of the patient's T cell population. Sex steroid mediated signaling to
the thymus is disrupted. Upon regeneration of the thymus and repopulation of the peripheral
blood with new T cells, the aberrant T cells that failed to recognize self remain eliminated

30 from the T cell population.



7 [0021] In another preferred enbodiment a patient's allergig gﬁ
elimnated by the sane disruption of sex steroid nediated SI gnal i %ﬂﬂfﬁo th
thymus, followed by regeneration of the thynus and repopul ati on of the

peri pheral blood streamw th a "clean” population of T cells. 10

DESCRI PTI ON OF THE FI GURES [ 00221 Figure 1 A and B: Changes in thynocyte
nunber pre- and post-castration. Thymps atrophy results in a significant
decrease in thynocyte nunbers with age. Aged (2 year old) nmice were
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the proportion of Brdlr cells within the thymus with age a
post - castratlon are shown. No difference 10 in the proportﬂdoai &RR 2[][]5

P e S.uithin the total thynus was observed with age or post-
castratlon 0026] Fi gure 5 A-D. Effects of age and castration on )E

proliferation of thynocyte subsets. (A) Proportion of each subset that
constitutes the total proliferating popul ati on-The proporti ofi of "CD8+
cells within the proliferating population is significantly increased. (H)
However, a significant 15 decrease in the proportion of DN (CD4-CD8-)
thyrmcyt es prollferatl ng was seen wi&%h age. Post- castration, this was
restored and a significant increase in proliferation within the CD4' CDBE SP
thynmocytes was observed. (C) No change in the total proportion of Brrdlt
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**x = p BOTYO1 CdﬁW ea-Ct dged Qasdrink} mide waramestrated and were injected

infrathymically with FITC 1o determine thymic export rates. The number of FITC” ceils in the

petiphery were caloulated 24 hours later. (A) A significant decrease in recent thymic emigrant (RTE)
25 cellnumbers was observed with age, Following castration, these values had significantly increased by

2 weeks post-cx. (B) The rate of emigration (export/total thymus celtularity) 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-ox. Results are expressed as

mean1SD of 4-8 mice per group. ** =p <0.01; *** =p <0,001 compared to young adult mice, *=p
30 =0.001 compared to castrated mice, '
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[0028] Figure 7 A-C; Changes in thymus (A}, spleen (B) and 'lymph node (C) cell numbers

. following treatment with cyclophosphamide, a chemotherapy agent. Young (3-month old) mice were
' depleted of lymphocytes using cyclophosphamide. Mice were either sham-casirated or castrated on

. the same day as oyclophosphamide treetment. (A) A significant increase in thymus cell number was

35  observed in casirated mice compared to sham-castrated mice. (B) Castrated mice also showed a
significant increase in spleen cell number at 1-week post-cyclophosphamide freatment. (C) A
significant increase in Iymph node cellularity was also observed with castrated mice at 1-week post-



[0029] Figure 8 A-C__Changes in thynus (A), spleen (B) and I!/gpﬁPRoZﬂ%(C)
cell nunmbers following irradiation and castration on the sane day. Note
the rapid expansion of the thynus in 5 castrated ani nals when conpared to
the non-castrate group at 2 weeks post-treatnent. No difference -in spleen
(B) or lynph node (C) cell nunbers was seen with castrated m ce. Lynph node
cell nunbers were still chronically |low at 2-weeks post-treatnment conpared
to confrol ‘mice. Results are express@d as neant 1SD of 4-8 mce per group.
* = p -._0.05 conpared to control mce; *** =p - _0.001 conpared to
control and castrated mce. 10 [0030] Figure 9 A-C. Changes in thynus (A),
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25 [0032] Figure 11 A and B: Lymph node celiularity following foot-pad immunization with
Herpes Simplex Virus-1 (HSV-1). Note the increased celiularity 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). |
[0033] Figure 12 A-C: V810 expression on CTL (cytotoxic T lymphocytes) in activated LN

30 (lymph nodes) following HSV-1 inoculation. Despite the normal V10 responsiveness in aged mice

' overall, in some mice a complete loss of V310 expression was observed, Representative histogram
profiles are shown. Note the diminution of a clonal response in aged mice and the reinsiatement of the
expected response post-castration,

[0034] Figure 13 A-C: Casiration restores responsiveness to HSV-1 immunization. (A)

35  Aged mice showed a significant reduction in total Iymph node cellularity post-infection when
compared to both the young and post-castrate mice. (B) Representative FACS profiles of activated
(CD8"CD25") cells in the LN of HSV-1 infected mice. No difference was seen in proportions of
activated CTL with age or post-castration. (C) The decreased cellularity within the lymph nodes
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conpared to both the young and post-castrate nmice. (B) Representative FACS
profiles of activated (CD8+CD25) cells in the LN of HSV-1 J‘grﬂ ﬁ%?ﬂﬂg ce.
No difference was seen in proportions of activated CTL with age or
post-castration. (C) The decreased cellularity within the | ynph nodes 12
APR 2005 10 of aged mice was reflecteg by a significant decrease in
activated CTL nunbers. Castration of the aged mce restored the imune
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cultured for 3 days. CTL assays were performed W th non-immunized mce as
contt ol PBHPUHHEREESAMSEX) PE¢el s of |ysis (as deternined by 51Cr-rel ease).
Resulsts are expressed as nean of 8 mce, in triplicate 1 SD. Aged mce
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per group. No difference was observed with age or post-castration. (b) A
decrease_] / ratio int testing LN | ati on een W th age.
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m ce perPaplial iympt hiddep wore Odnayedgnel Bghst 18 W0 infigticiild 2thheakdxrvisodorthece. [ 0037]
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when COMMRfLemid phd POl GRSELR Was GHGYHR vitth afd dr phdt-TRrarRR! (?}& dRPaleih reat nent.
In addition, spleen anq_ I{ﬁph node nunbers of the castrate group were well
Betnd

25 i ncr e%%@%fﬁﬁbalrt%f‘d_e opyasion Rt 2R This sreregprsdpost-fasiraion. 4 per

t r eat NeMRes@fs@tbRxGBded ds Ran) GDYf B midedt drdlpet* A} 001 b@bafdd@duheant | y

i ncrgased tﬁ:g)nr%enl c (Ly5.2) cells conpared to non-castrated aninmals (data
not Showd} >“[B638] Figure 17 A and B: Changes in thymus cell number in

cast r at f#037]d nonEgiré #¢ AD:Chages Mftiyatus (A% Plech (Bplynipk 66RSC) indoddmardv = 3- 4
for e a;C h(Dt) gat nlglrbgl%%ﬁaw(it@ bo'ﬁ‘cta mgu\ll'\gw %ﬁasﬁtantog XPE}% c%géelnic rllzlljigg) ?fotecgle 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
25 increased compared to the cyclophosphamide alone group. (n = 3-4 per treatment group and time
| point). Casirated mice had significantly increased congenic (Ly5.2) cells compared to non-casirated
animals (data not shown). '
[0038] Figure 17 A and B: Changes in thymus cell number in castrated and noncastrated mice
after fetal liver reconstitution. (n = 3-4 for each test group.) (A) At two weeks, thymus cell number of
30| castrated mice was at normal levels and significantly higher than that of noncastrated mice (*p <0.05),
Hypertrophy was observed in thymuses of castrated mice after four weeks. Noncastrated cell numbers
remain below control levels. (B) CD45.2* cells - CD45.2+ is a marker showing donor derivation. Two
weeks after reconstitution donor-derived cells were present in both castrated and noncastrated mice,
Four weeks after treatment approximately 85% of cells in the castrated thymus were donor-derived.
35 There were no donor~derived cells in the noncastrated thymus.
[0039] Figure 18: FACS profiles of CD4 versus CD8 donor derived thymocyte populations
after lethal imradiation and fetal liver reconstitution, followed by surgical castration. Percentages for
each quadrant are given to the right of each plot. The age matched conirol profile is of an eight month
old Ly5.1 congeﬁic mouse thymus, Those of castrated and noncastrated mice are gated on CD45 2t




30 castrated mce was at normal |evels and significantly hi ghfé %@gn t hat
y

of “ToncastTat el e =05~ Ty per T rophy—was—observed in K%t .

castrated mce after four weeks. Noncastrated cell nunbers renmain belo
control levels. (B) CD45.2+ cells - CD45.2+ is a nmarker show ng donor”
derivation. Two weeks after reconstitution donor-derived cells were
present in.both castrated and noncastrated m ce. Four.weeks after
treatnent approximately 85% of celldlin the castrated thynmus were .
donor-derived. 35 There were no donor-derived cells in the noncastrated B
thynmus. 10039] Figure 18: FACS profiles of CD4 versus CD8 donor derived B
thynocyte popul ations after |ethal jrradiation and fetal |iver
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| ynphoi 8ogel rupber of 4\ seils apg dendritic cells found in wnfreated age matched mice. (A) T cell

25  number—Numbers were reduced two and four weeks after reconstitution in both castrated and
noncasirated mice, (B) Donor derived myeloid dendritic cells—Two weeks after reconstitution
DC cell numbers were normal in both casirated and noncastrated mice. At this time point there
was no significant difference between numbers in castrated and noncastrated mice. (C) Donor-
derived lymphoid dendritic cells—Numbers were at normal levels two and four weeks after

30  reconstitution, At two weeks there was no significant difference between numbers in castrated and
noncastrated mice. _
[0043] Figure 22 A and B: Change in total and donor (CD45.2%) lymph node cell numbers
in castrated and noncastrated mice after fetal liver reconstitution. (n=3-4 mice for each test group.)

c

(A) Total cell number—Two weeks after reconstitution cell numbers were decreased and there

35  was no significant difference in cell number between castrated and noncastrated mice. Four weeks
after reconstitution cell rumbers were approaching normal levels in castrated mice. (B) CD45.2
cell number—There was no significant difference between castrated and noncastrated mice with
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[0046] Figure 25 A-C: Changes in T cells and myeloid and lymphoid derived
dendritic cells (DC) in the mesenteric lymph nodes of castrated and non-castrated mice after

25 fetal liver reconstitution. (n=3-4 mice for each test group.) Control (striped) bars are the
number of T cells and dendritic cells found in untreated age matched mice, (A) T cell
numbers were reduced two and four weeks after reconstitution in both castrated and

,_

noncastrated mice. (B) Donor derived myeloid denditic cells were normal in both castrated
. and noncastrated mice. At four weeks they were decreased, At two weeks there was no
30 significant difference between numbers in castrated and noncastrated mice, {C) Donor-

- derived lymphoid dendritic cells—Numbers were at normal levels two and four weeks afier
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20  [0049] Figure 28: Analysis of the proportions of B cells and myeloid cells (NK, NKT
and macrophages) within the peripheral blood of human patients undergoing LHRH agonist
treatment demonstrated a varying degree of change within subsets. While NK, NKT and
macrophage proportions remained relatively constant following treatment, the proportion of B
cells was decreased in 4/9 patients.

25 [0050] Figure 29: Analysis of the total cell numbers of B and myeloid cells within the
peripheral blood of human patients post-treatment showed clearly increased levels of NK (5/9
patients), NKT (4/9 patients) and macrophage (3/9 patients) cell numbers post-treatment.

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

30 [0051]) Figure 30 A and B: The major change seen post-LHRH agonist treatment was
within the T cell population of the peripheral blood. In particular there was a selective
increase in the proportion of naive (CD4SRA™) CD4+ cells, with the ratio of naive




CD8 T cells, and a variable change in the CD4:CD8 ratio fol b ABR 23g5
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DETAILED DESCRIPTION OF THE INVENTION
[0057] The present disclosure provides methods for treating and eliminating
autoimmune diseases and allergies. This is based on the fact that both of these types of
20  diseases are caused by aberrance within a patient's T cell population. By destroying the
patient's current compliment of T cells followed by reactivating the patient's thymus using the
methods of this invention, the aberrant T cells are removed and replaced with a normal set of
T cells. The patient's thymus is reactivated by disruption of sex steroid mediated signaling to
the thymus. This disruption reverses the hormonal status of the patient. A preferred method
25  for creating disruption is through castration. During or after the castration step, hematopoietic
stem or progenitor cells may be transplanted into the patient. Methods of castration include
but are not limited to chemical castration and surgical castration. Upon reactivation of the
thymus a new set of T cells, without the aberrant group, are created.
{0058] A preferred method of reactivating the thymus is by blocking the direct and/or
30 indirect stimulatory effects of LHRH on the pituitary, which leads to a loss of the
gonadotrophins FSH and LH. These gonadotrophins normally act on the gonads to release




15 5-am nol evul enic acid (ALA) and a single inpulse transienf under various
peak stresses. The degree of perneabilization of the strat Re

depends on the peak stress. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0057]
The present disclosure provides nethods for treating and elimnating
aut oi mune di seases and allergies. This is based on the fact that both of
these types of 20 diseases are caused by aberrance within a patient's T
cel | population. By destroying the patient's current conplinment of T cells
foll owed by reactivating the patient's thynus using the nethods of this

I nvention, the aberrant T cells are renoved and replaced with a nornmal set
of T cells. The patjient's thynus is reactivated by disruptign of sex
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i nterchangeably Ferein, and refer to the recovery of an atrophied thynus
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minor histocompatibility markers of the donor and the patient are (matched) or are not

(unmatched, mismatched and non-identical) the same.

20 [0062] "Castration," as used herein, means the marked reduction or elimination of sex
steroid production and distribution in the body. This effectively returns the patient to pre-
pubertal status when the thymus is fully functioning. Surgical castration removes the patient's
gonads,

[0063] A less permanent version of castration is through the administration of a

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

[0064] As detailed below, the present disclosure shows that the sex steroid-induced

30  atrophic thymus can be dramatically restored structurally and functionally to approximately
its optimal capacity. The newly generated T cells emigrate from the thymus and restore

peripheral T cell levels and function in the periphery. A major feature of the increased thymic
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sex steroid production and distribution in the body. This effectively
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over coff§ PafirLs at f‘Wé‘nﬁ!)é‘H e °Iv§1ﬁ3htlyﬁéﬂ’§¥ vBisseseskls can be derived from a

syngeneic, allogeneic or xenogeneic donor. The levels of these CD34+ cells in the donor

20 blood can be increased by prior injection of the donor and/or the patient with G-CSF. They
can also be obtained by sorting from donor bone marrow.
[0067] The reactivated thymus will take up the precursor cells and convert them into
new T cells which will emigrate into the bldod stream and re-build a normal immune system
in the patient. If the paiient is genetically prone to disease, this may be overcome by using

25  hematopoietic stem cells (HSC) from a healthy donor. Because the HSC have a strong self-
renewal capacity, the hematopoietic chimera so formed will be stable theoretically for the life
of the patient (as for normal people).
[0068] It is expected that within 3-4 weeks of LHRH therapy the first new T cells will
be present in the blood stream but the therapy will be maintained for 3-4 months to allow

30 complete normalization of the immune system.
[0069] This therapy can be combined with other approaches to blocking or modifying

T cell activation and introduction of cytokines to modify the regenerating immune system.
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| ut ei ni zi Ptgq) hor mpne-r el easi ng Ror none ERH). Sex steroil d anal ogs and

their u@ havarolige @ade pame Lupron; Abbott/T. ), Leuprorelin (Plosker et al.), Lutrelin
' (Wyeth), Meterelin (W09118016), Nafarelin (Syntex), and Triptorelin (U.S. Patent No,

4,010,125). LHRH analogs also include, but are not limited to, the following antagonists of
20  the LHRH-R: Abarelix (trade name Plenaxis; Praecis) and Cetrorelix (irade name; Zentaris).
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Combinations of agonists, coml‘ainations of antagonists, and combinations of agonists and
antagonists are also included, The disclosures of each the references referred to above are
incorporated herein by reference. It is currenily preferred that the analog is Deslorelin
(described in U.S. Patent No. 4,218,439). For a more extensive list, see Vickery.et al., 1984,
25 [0072] In a preferved embodiment, an LHRH receptor (LHRH-R) antagonist is delivered
to the paﬁent, followed by an LHRH-R agonist. This protocol will abolish or limit any spike
of sex steroid production, before the decrease in sex steroid production, that might be
produced by the administration of the agonist. In an alternate embodiment, an LHRH-R
agonist that creates litfle or no sex steroid production spike is used, with or without the prior
30  adminisfration of an LHRH-R antagonist.
[0073] While the stimulus for thymic reactivation. is findamentally based on the
inhibition of the effects of sex steroids and/or the direct effects of the LHRH analogs, it may




chem cal castration are well known. Such anal ogs i ncl ude, balt are not
limted to, the follow ng agonists of the LHRH receptor (L W:ZMI exin
ke EaeeOSL ) Cvstorelin 15 (Hoechst), Decapeptyl (trade nane '
Debi opharm | psen/Beaufour), DeslorelTnh (Balrance ~ Pharnaceuticals),
Gonadorelin (Ayerst), Coserelin (trade nanme Zol adex; Zeneca), Histrelin
(Ortho), Leuprolide (trade nane Lupron, Abbott"TAP), Leuprorelin (Pl oskeEF

et al.), Lutrelin (Weth), Mterelin (WD118016), Nafarelin (Syntex), a
Triptorelin; (U S Patent No. ' 4,010,125). LHRH anal ogs also include, b
are not limted to, the followi ng ahtagonists of 20 the LBRHR Abarelix
(trade nanme Pl enaxis; Praecis) and Cetrorelix (trade nane; Zentaris),
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Pat ent N . For a re,extenssve. |ist ee Vi cke ot al., 1984.
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LHRH anaPeslgesloned andaedi 2 APR 2005 18 be useful to include additional
subsygnces WeHaRMAREREEAL TORMIRETTONSe enhance the thymc effect. Such

conpounds include but are not limted to Interleukin 2 (11.2), Interleukin
7 (11, 7)19074int er | Brglepmporsdy usediis fhis inentineycan bef supiisd ipiny pldnpadeutealdy f i br obl ast

grow h f (=113 : e . ' %‘K@t ny stimulating
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PHARVACEIP B TR SHERE BEE T T REAE S BRI BRE® v ent | on can
be suppl inal atiorarepagiipaimeaeRatt bRpdratiéns, such as various versions of lactic

acid/gtycolic acid copolymers. See, for example, U.S. Patent No. 5,410,016, which uses

modified polymers of polyethylene glycol (PEG) as a biodegradeable coating.

20 [oo7s] Formulations intended to be delivered orally can be prepared as liquids,
capsules, tablets, and the like, These compositions can include, for example, excipients,
diluents, and/or coverings that protect the active ingredient(s) from decompesition. Such
formulations are well known.

[0076] In any of the formulations, other compounds that do not negatively affect the

25  activity of the LHRY analogs may be included, Examples are various growth factors and
other cytolcineé as described herein,

DOSE
. [0077] The LHRH analog can be administered in a one-time dose that will last for a
period of time, Preferably, the formulation will be effective for one fo two months, The
30  standard dose varies with type of analog used. In general, the dose is between about 0.01
pglkg and about 10 mg/kg, preferably between about 0.01 mg/kg and about 5§ mg/kg. Dose
varies with the LHRH analog or vaccine used. In a preferred embodiment, a dose is prepared

T ATV P




acceptabl e carrier or without a carrier. Exanples include phyg gjpgg'%@sl ly
conpati ble coatings, solvents and diluents. For parenteral, su ous,

i ntravenous and intranuscular admnistration, the conpositions nay be
protected such as by encapsul ation. Alternatively, 15 the conpositions may
be provided with carriers that protect the active ingredient(s), while
allowing a slow rel ease of those in red| ents. Nunerous pol yners and
copolynmers are known in the art f o9 preparing tinme-rel ease preparations,
such as various versions of lactic acid/glycolic acid copolynmers. See, for
exanple, U S Patent No. 5,410,016, which uses nodified polyners of
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or t hs ti S5 the_risk of infection decreases, or disappears.
(0078 THEILF or i o vasian o e o s BPIEBETRHEDY B cayed T

Alter n%&ﬂnﬂt@bdﬁehésﬁ@ncéﬂ@ (Hsé)aémuﬂaﬂeﬁaa@hmteﬁrc%ﬁé‘@a%@ nm%hﬁ!?ﬁgfof‘e' dral thy deter

infection by flu viruses | e enhanci ng ne”system This latter
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obtained by sorting CD34" cells from the patient’s blood and/or bone marrow. The number of
HSC can be enhanced in several ways, including (but not limited to) by administering G-CSF
(Neupogen, Amgen) to the patient prior to collecting cells, culturing the collected cells in
20 Stem Cell Growth Factor, and/or administering G-CSF to the patient after CD34" cell
supplementation, Alternatively, the CD34" cells need not be sorted from the blood or BM if
their population is enhanced by prior injection of G-CSF into the patient.
DELIVERY OF AGENTS FOR CHEMICAL CASTRATION
[0080] Delivery of the compounds of this invention can be accomplished via a number
25 of methods known to persons skilled in the art. One standard procedure for administering
chemical inhibitors to inhibit sex steroid mediated signaling to the thymus utilizes a single
dose of an LHRH agonist that is effective for three months. For this a simple one-fime i.v. or
i.m. injection would not be sufficient as the agonist would be cleared from the patient's body
well before the three months are over. Instead, a depot injection or an implant may be used,
30  or any other means of delivery of the inhibitor that will allow slow release of the inhibitor.
Likewise, a method for increasing the half life of the inhibitor within the body, such as by

modification of the chemical, while retaining the function required herein, may be used.




10 LHRH anal og fornul ation or separately, both spatially and/or in tinme. As
with the non-GM cells, nultiple doses over tinme can be adm SAH%% 0 a
patient to create protection and prevent infection with the flu vir over
the length of the flu season. [0079] The reactivation of the thynus can be
suppl emented by the addition of CD34+ hematopoietic stemcells (HSC
and/or epithelial stemcells (ESC) slightly before or at the 15 tinme the
thynmus begins to regenerate. ldeall$¥0these cells are autol ogous or

syngenei ¢ and have been obtained fromthe patient or twin prior to thynus
reactivation. The HSC can be obtained by sorting CD34+ cells fromthe
patient'aﬁ | ood and/or bone marrow. The nunber of HSC can _be enhanced in
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[ 00811 Exanples of nore useful delivery nmechani sns include, but are not
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speci f igugh h Yiolb e@&iraedin d@fml; fotaR et maPonlfPeHeaRt iRl seraliaV@RASL fimaly0 Create
smal | perforations or alterations in the skin of a patient. See U S. Pat.

No. 4, Pesetrpall the way ipfoy the sgpillacy layes opthe skigy o it gyt termipate gnigdigiesns, and U. S.
Pat . between. As used herein, "alteration" means a change in the skin structure, without the
20  creation of a hole, that increases the permeability of the skin. As with perforation, skin can be
altered to any depth.
[0084] Several faciors 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 J/cm®. The beam wavelength is dependent in part
on the laser material, such as Er:YAG. The pulse temporal width is a consequence of the
pulse width produced by, for example, a bank of capacitors, the flashlamp, and the laser rod
material. The pulse width is optimally between 1 fs (femtosecond) and 1,000 ps.
[0085] 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
perforation or alteration through the stratum comeum is produced by using multiple laser

pulses, each of which perforates or alters only a fraction of the target tissue thickness.




No. 6,056,738, all of which are incorporated herein by refgr a
preferred enbodinent, 10 the |aser beam has a wavel ength @gmzﬁﬁz and

10 microns. Mire preferably, the wavelength is between about 1.5 and 3.0

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

|rrad|at|on spot on the skin through the epiderms of the skin. In an

addi tional enbodiment, the laser béhmis focused to create an irradiation
spot only through the stratum corneumof the 15 skin. [0083] As used
herein, "ablation" and "perforation” nean a hole created in the skin. Such
a hol e SQ vary |in depth; for exanple it may only penetrate the stratum
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the iryadiation (human re n tines are on the order of 100 ms or soO
and th sai{ é)ewéeépérb;a@d{}@geﬁ &to%e removed or the pharmaceutical to be applied. The )

focal length of the focusing lens can be of any length, but in one embodiment it is 30 mm.

20 [0088] By modifying wavelength, 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 étratum cormneum between ablation
(perforation) and non-ablative modification (alteration). Both ablation and non-ablative
alteration of the stratum corneum result in enhanced permeation of subsequently applied

25  pharmaceuticals.

[0089] For example, by reducing the pulse energy while holding other variables
constant, it is possible to change between ablative and non-ablative tissue-effect. Using an
Er:YAG laser having a pulse length of about 300 s, 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

30 or complete ablation, while any pulse energy below approximatety 100 mJ causes partial

ablation or non-ablative alteration to the stratum comeum. Optionally, by using multiple




during each pulse not significantly diffuse, in a preferred 2niRRIiZgERt the
pul se repetition rate fromthe |aser should be such that conplete
perforation is produced in a tine of less than 100 10 nms. Alternatively,
the orientation of the target tissue and the | aser can be mechanically
fixed so that changes in the target |ocation do not occur during the

| onger irradiation tine. [00871 To penetrate the skin in a manner that

i nduces little or no blood flow, sk#h can be perforated or altered through
the outer surface, such as the stratum corneurn |ayer, but not as deep as
the capillary layer. The | aser beamis focussed precisely on the skin,
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delivery is reduced by a factor approxi nately equa PO e Aurber of
pulld e s exanipi 48 ErA AG lasertbyatsenpating the baborchynap dbbabisg Gilters such anpliadse hol di ng

o et S o> SHPEDb by e R R ke RIS 0L
resul t other vazibblesgnstie, ieis@ogible wqhinge Getivaeinoabligive bitenchaubRLioé fiRes-- _
the. r 2l FBSEBERLS BEHR A GLBTTAE AR BBRBEPr) & Passighe ArYAG os6ope.
obj ect (evistum{ CAG; 2.93 ¥ l28d] Roulld RFUINNMER absorption of energy by the tissue,
20  creating less of a perforation or alteration.
[0092] 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
related microchip lasers, which deliver single pulses with temporal widths in the 1
femtosecond to 1 ms range. (See D. Stern ef al., "Comeal Ablation by Nanosecond,
25  Picosecond, and Femtosecond Lasers at 532 and 625 nm," Corneal Laser Ablation, Vol 107,
pp. 587-592 (1989), incorporated herein by reference, which discloses the use of pulse lengths
down to 1 femtosecond),
[0093] 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
30 are incorporated herein by reference. High pressure impulse transients, €.g., stress waves
(e.8., laser stress waves (LSW) when generated by a laser), with specific rise times and peak

stresses (or pressures), can safely and efficiently effect the transport of compounds, such as




Inc., Melville, NY). In such a case, it is possible to focus the beam down
to spots on the order of the limt of resolution of the m 20&%@35V\/rnch
i s perhaps on the order of about 0.5 10 mcrons. In fact, if the beam
profile is Gaussian, the size of the affected irradi ated area can be |ess
t han the nmeasured beam size and can exceed the imaging resolution of the

m croscope. To non-ablatively alter tissue in this case, it would be
suitable to use a 3.2 J/cn? energy 2% uence, which for a half-mcron spot
size would require a pul se energy of about 5 nJ. This |ow a pul se energy
Is readily available fromdi ode |asers, and can al so be obtained from for
15 exanpl e, the Er: YAG | aser by attenuati nq the beam by an absorbi ng
filter, %&eﬂh%rewﬂh@éqlosumtma&{@Fﬁseﬁ%m\hyl}a tigsues swrhion teshiguRavel engt h of
radi anteoRRGh Sd WhddsA nAwidRe THSe mOhH® cal B8 ﬁs%@kc?@eli@%ﬁ@?&pds bfals possible
to change between an abl ative and non-abl ative tissue- ect. For exanpl e,
usi ng Modenamge(dislaes nggardiess@f their Defchmige.r reslition, ippalsetrafsients@sdin heG  (er bi um
YAG 2. e laser . would result in |ess absorption of energy by the
ti ssue,p?%%e‘zehgpggnvé”f%%%d Gy perforation or alteration. [00921 Pi cosecond
and 5f erf0@BBcond Rridr sesxppsudeitoctdmpylse iaRsies, amaspithdlabtidae Mg ck.g.ohe pr oduce

alteration or ablati. Il n skin, Thiis can be acconplished w,th dul at ed
di ode SFANPSPREWR, *ﬁil@ﬁﬁmeﬁn‘ra&?é? forgign eomppupd: s Pesvenst ffptioneldhsy ¢

t enpor abmpbuitl ifto bllstul@erfying tREGABRAGPRYer! BxpodiRe Jf@lf&%ithe(li%ﬁ@yé?to fkem et al,
"Corneal Ablation by Nanosecond, 25 Picosecond, and Ferntosecond Lasers at

532 andnpgs tragsientoeiahles fheicampoundlie diffusnihroygh the gpithelialdayer. SBe-rag 2f ( 1989) |
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i mpidl s eompamditebd deliveredkin to create perneability, See U S. Pat. No.
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her ei ﬁ@@ﬁl ef ergﬁl‘?é"f‘“ePIFB)W’Q%?@&]HP‘@WSW%@IQ?IELE?S%@?“@P@,Efs % ress waves
(€.9., shratG@icombinfsbtheaniasaldoldodindybiestvaarha fatorPicRdingpB the W Lh specific
rise tines andﬂ&eak stresses (or pressures), can safely and efficiently
ef f ect T9RbolismpkBorutanspushgwirisae, pashreaifferencarirtypyshearsgionedemdf t he

Pr es entio fhe SEAAR Wb fourh, U Wedial BfcaPlo (RPUTaNR Lithod, §5WBRas iUCN aS the
stratum corneum and nucosal” menbranes. ese Nethods can be used to

del iSv eranatomisalsited andyfhysicalwontbtioneofdles sbin. din e, theghasici] esrsditidn af teei skinnet char ge.
In addition, i | se transients used,.n th resent . net hods .avoi d tissue
i nj ury.de%enfl%)?fblﬁﬂlﬁra POrot 8% B’ﬁ&?ee“}%éusé?m ﬁ?ﬁﬁg‘@lgp yBUIPE LRSS W o i ¢ hel i al

t i ssue okgayiesolventgor, sutfidantsiffeat tHepioeicaiedaditibrSof thk&din, | mpermeabl e to a

forei ound; this prevents diffusion of the
d TO&%TD 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
20 - surface area of the epithelial layer which is made permeable.
[0097] The properties and characteristics of impulse transients are controlled by the
energy source used to create them. See WO 98/23325, which is incorporated herein by
reference. However, their characteristics are modified by the linear and non-linear properties
of the coupling medium through which they propagate. The linear attenuation caused by the
25 coupling medium attenuates predominantly the high frequency components of the impulse |
transients. This causes the bandwidth to decrease with a corresponding increase in the rise
time of the impulse transient. The non-linear properties of the coupling medium, on the other
hand, cause the rise time to decrease. The decrease of the rise time is the result of the
dependence of the sound and particle velocity on stress (pressure), As the stress increases, the
30  sound and the particle velocity increase as well. This causes the leading edge of the impulse

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




conpound into cells underlying the epithelial |ayer. Exposdig APRt
epithelial layer to the inpulse transients enables the conpound to diffuse
through the epithelial layer. The rate of diffusion, in general, is
dictated by the nature of the inpulse transients and the size of the 10
conpound to be delivered. [0095] The rate of penetration through specific
epithelial tissue |layers, such as the stratum coneum of the skin, also
depends on several other factors ingfuding pH, the netabolismof the

cut aneous substrate tissue, pressure differences between the region
external to the stratumconmeum and the region internal to the stratum
corneum as well as the 15 anatomi cal site and physical condition of the
SKkin. - CheBgieR artdﬁeewgéwafiet@awzﬁ MoAngphe m&e%aéit#fa‘@ﬁ%éﬂagn%wswa| th, age,
Sex, I afRpneSKdfist 8@ to BROmBss@Atal. For exanple, prior contacts with
organi c_solvents or surfactants affect_ the physical condition of the skin.

[0096] [6898)arpunTheyisedimepmasrdtudre pad/dratipnof thsugpulsszansient aFeshosdn 1o i ssue | ayer
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I mpul se transients a controlled by the energy source used to create
t hem %%eﬁﬁéﬁb%?g&%ich is incorporated herein by reference. However,
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to decrease wth a correspon g increase in the rise time of the inpulse
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hand, the.rise ti d . the rise time is th
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I NCreas S WwWwe 1S, causes (,ne | eadl Ng .e 0 | se . transi en 0
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non- | i RAbwing nidaetica AR @é}@ﬁ%h&:ﬁh&ﬂ&he HirelalGssheR ko fehBaRnd@iet er m ne how

t
| ong the wave has to travel for the increase in steepness of rise tine to
becore dsmagadabutirgnaing progeAbleriarup tp gbout fhyes migdighi t ude, and duration of the

! SSOAARTS! <Dl RGeS0 B S RNLASTIINS Bt T, 1ock
t he epiantplihida pulsésss tie patigier TheGanbend{limptlbsetransisnts bdmimistesedatb theqmtient1 ns, and
's rmrise t}}B{cglflf fe?sl%ll% %?%gre%gefgrgbly less than 50, and most preferably less than 10,
‘When multiple optical pulses are used to generate the impulse transient, the time duration
20 between sequential pulses is 10 to 120 seconds, which is long enough to prevent permanent
damage to the epithelial tissue.
[0101] 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 ef al., Ultrasound
25 Med. Biol,, 21:961 (1995).
[0102] Impulse transients can be generated by various energy sources. The physical
phenomenon responsible for launching the impulse transient is, in general, chosen from three
different mechanisms: (1) thermoelastic generation; (2) optical breakdown; or (3) ablation.
[0103] For example, the impulse transients can be initiated by applying a high energy
30  laser source to ablate a target material, and the impulse transient is then coupled to an
epithelial tissue or cell layer by a coupling medium. The coupling medium can be, for

example, a liquid or a gel, as long as it is non-linear. Thus, water, oil such as castor oil, an




[ 0099] The peak stress or pressure of the inpul se tran5|ent garles for
different epithelial tissue or cell layers. For exanple,

conpounds through the stratum corneum the peak stress or pressure of the
i mpul se transient should be set to at |east 400 bar; 10 nore preferably at

| east 1,000 bar, but no nore than about 2,000 bar. For epitheli'al nucosal

| ayers, the peak pressure should be_set to between 300 bar and 800 bar, and
is preferably between 300 bar and 800 bar. The | mpul se transients
preferably have durations on the order of a fewtens of ns, and thus
interact with the epithelial tissue for only a short period of tine.

Fol | ow.ng i.nt er.acti th th nsi en ee thelial tissue is
ot porieiinr o s e Byt el e PRY RSB i aGhlaegraunitle ¢ hr oo

m nut emb@d@@hsthgc&@ﬁhémemumt hese net hods involve the application of only
a few di icrete hi gh . .anplitude pul ses to the patient. The nunber of inpul se
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rreasurﬁaﬁi ng gg%/w nyl i dene fluoride (PVDF), transducer nethod as

descr i n Doulhfcabairbing targgt matedial sty as smontisaly tHggsred transduger (1995). [ 0102)
| mpul sqwous@m@laﬁset»pﬁoﬁaﬁh , tHERRIARL AL Yind eégdem@dqn@rﬁﬂye@%&ﬁms The physi cal

phenonenon résponsi b or | aunchi ng the se transrent in general,

choden ablatsh totuaeh Hdmmlbe transient Chypivallyymetal al)d ndinenmﬂ’éMahawechl@ener ation: (2)
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transien can e I ni plyrng-a ¥ energy 30 | aser source to
abl at e [6186]r get Mam)euypalofrrmmﬁatshm bermed &ahd tagpetmataitialiis cdnfumotieowitt ed to an
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wat er, ritdriabeheibe 36mBcRed 6f a Mktal su@pas%llﬂx?ﬁlrﬁgpg‘opéé‘ h §ﬁ§&nk&hﬁﬁd' um such as
phosphate buffered saline (PBS), or a gel such as a collagenous gel, can

be ldsedolstyins colick ﬁglymnmce{ammn]ahlghlaamc@mcﬁﬁed dméolgmrpmhqg medi um can
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that no light strikes the surface of the skin. The target material must also be sufficiently thick

to provide mechanical support. When the target material is made of a metal, the typical

20 thickness will be 1/32 to 1/16 inch. For plastic target materials, the thickness will be 1/16 to
1/8 inch.
[0107] Impulse transients can also be enhanced using confined ablation. In confined
ablation, a laser beam transparent material, such as a quartz optical window, is placed in close
contact with the target material. Confinement of the plaéma, created by ablating the target

25  material by using the transparent material, increases the coupling coefficient by an order of
magnitude (Fabro et al., J. Appl. Phys., 68:775, 1990). The transparent material can be
quartz, glass, or transparent plastic.
[0108] Since voids between the target material and the confining transparent material
allow the plasma to expand, and thus decrease the momentum imparted to the target, the

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

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




can be, e.g., ionic detergents or nonionic detergents and tﬁQsAp@g@mﬁclude
e.g., sodiumlauryl sulfate, cetyl trinmethyl amoni um brom de auryl
di ret hyl am ne oxi de. [0105] The absorbing target material acts as an
optically triggered transducer. Follow ng absorption of light, the target
mat eri al undergoes rapid thermal expansion, or is 10 ablated, to |aunch an
I mpul se transient. Typically, netal and polyner filns have hi gh absorption
coefficients in the visible and ul t 2avi ol et spectral regions. [0106] Many
types of materials can be used as the target material in conjunction with

a |laser beam provided they fully absorb light at the wavel ength of the

| aser used. The target nmaterial can be cqonposed of a netal such as
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di ode, hol m um (and %t her rare-earth materials), and netal -vapor
the coupling medium before contacting an epithelial cell layer is approximately 5 mm.

[0111] An additional advantage of this approach for shaping impulse transients

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

25 [0112] The type of lithotripter used is not critical, Either an electrohydraulic,
electromagnetic, or piezoelectric lithotripter can be used.
[0113] The impulse transients can also be generated using transducers, such as
piezoelectric transducers. Preferably, the transducer is in direct contact with the coupling
medium, and undergoes rapid displacement following application of an optical, thermal, or

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

those used in certain extracorporeal lithotripters, Coleman et a!., Ultrasound Med, Biol,,




| asers. The pul se widths of these |ight sources are adjusta?gﬁﬂ nd can
vary from several tens of picoseconds (ps) to several hund P ‘ZME

m croseconds. For use in the present disclosure, the optical pulse width
can vary from 100 ps to about 200 ns and is preferably between about 500
ps and 40 ns. 10 [0110] Inpul se transients can al so be generated by
extracorporeal lithotripters (one exanple is described in Coleman et at,
U trasound Med. Biol., 15:213-227, 3b589). These inpulse transients have
rise times of 30 to 450 ns, which is longer than | aser-generated inpulse
transients. To forman inpulse transient of the appropriate rise tinme for
t he ne od S| an extracqrporeal lithotripter, the inpulse |
transi ivﬁ'@%%prl@%?ﬁda FasePT2 PifgRelauirq fransdicers B HAnSQYCoTURIeiRAcE BPY | wat er)

for a dimhabe ARG aBHIRACLHVL R GléthicATeldkd caRPRYRid ElaceRE&ATRIG. When using
a lithotripter creating an inpulse transient having a rise tine of 100 ns
and a pawlingmedistkr e of 500 ban, the distance that the inpulse transient
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increased by applying hydrostatic pressure on the surface of the epithelial tissue layer, e.g.,

20  the stratum corneum of the skin, following application of the impulse transient.
SKEWING OF DEVELOPING TCR REPERTOIRE TOWARDS, OR AWAY FROM,
SPECIFIC ANTIGENS
[0117] The ability to enhance the uptake into the thymus of hematopoietic stem cells
means that the nature and type of dendritic cells can be manipulated. For example the stem
25 cells could be transfected with specific gene(s) which eventuaily become expressed in the
dendritic cells in the thymus (and elsewhere in the body). Such genes could include those
which encode specific antigens for which an immune response would be detrimental, as in
autoimmune diseases, allergies and non-autologous grafts. The genes could also encode
antigens (also as peptides) for which an immune response is desired, e.g. tumor antigens and
30 microorganisms. In the latier case the level and affinity of the peptide would be manipulated
to be low enough not to induce negative selection but high enough to promote positive

selection. See copending patent application U.S.S.N. 09/ , incorporated herein by




5 Fiber optic delivery systens are particularly maneuveraglf d can be
used to irradiate target materials | ocated adjacent to epi 2805t i ssue

| ayers to generate inpulse transients in hard-to reach places. These types
of delivery systens, when optically coupled to | asers, are preferred as
they can be integrated into catheters and related flexi ble devices, and
used to irradiate nost organs in the human body. In addition, to |aunch an
i mpul se transient having the desire@3rise 10 tines and peak stress, the
wavel ength of the optical source can be easily tailored to generate the
appropriate absorption in a particular target material. [0115]
Alternatively, an energetic material can produce an inpulse transient in

r espondéferescd Wehaisahowythptnesitiveseleriien eradrsioliiesrulignle clidypasathe cartieal ener get i ¢
mat eri gl,: iun ' e, | . di : M, [01161
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enhancéMtiRépeptidaigpudst of a conpound through the epithelial tissue |ayer.
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I ncl ud e | ch engode specific antigens for which . I mmune response
woul o HOVEE 1 e R 235e 2ot Ny titsse & selis Bryftintng

non- aUt'tﬁ%nﬂE%Eti&H(%f hrfergy R endREMBOr Gikakide fék@@toﬂ%ﬂﬁ%fﬂé%teﬁ@dl@ séigl so as
peptides) for which_an i mune response is desired, e.g. tunor_ antigens and
30 ni crigéstyaealls fsoughpegatiwe slectien, recdiptedimpast efagientlyhydntgthymic dgndgfic t he pept i de
poul d_ BRSO PLALLH the Dl oF REHE ALl A kA0 USRA BPBRE LRy ect | on but
hi gh enough to prondte positive selection. See copendi ng patent

appli catendmticigells EpissifBthis. anfigencopld bairedrphmtediimto he thignusPRhi2 685 028 r ef er ence.
We have_shown QS |tiple cell types: the

cortic atPIseraélfﬁ ?’%Pgﬁqtou %?&Swog%gﬁeltcﬁgé tb%@gl? &'lre] gh‘g?ﬁféf\é&gﬁﬁ%t i on nol ecul es and
third pamiunoeghihtrytdells. Md@hdeRaiisnthantierfaipdte development of the latter, however,

are poorly understood, but also occur in the thymus and could involve dendritic cells.

[0120] In the case of hyperreactive T cells for which the target antigen is known,

20 hematopoietic stem cells (HSC) and/or epithelial stem cells (preferably autologous) can be
transfected with the gene encoding the specific antigen for which tolerance is desired. When
these cells develop into dendritic cells in the thymus they delete any new T cells arising which
are potentially reactive to the nominal antigen.

[0121} While not required, the additional HSC can speed the return of the patient's

25  immune system to a fully active state. Further, if the diseased patient's HSC or T cell
progenitors are abnormal, replacement by the added HSC will remove or vastly deplete the
abnormal cells.

[0122] The enormous clinical benefits to be gained through restoration of thymic
function represent an important strategy for the treatment of immunodeficiencies, particularly

30  in the elderly, HIV patients and following chemotherapy. Furthermore patients who have

functionally abnormal T cells can now be treated to remove all T cells, thereby stopping the




[0118] The precursors can also be genetically nodified at 1(21 %\éﬁb of
solubl e 5 regul atory nol ecul es such as chenoki nes, cytoki hes a 51er

nol ecul es affecting any aspect of thynopoiesis and T cell devel opnent,
activation, positive or negative selection, mgration, and general status.
Thi s approach can be used to pronote or retard thym c devel opnent or T

cell responsiveness. It can be used to skewthe T cell repertoire to
specific antigens such as anti-vi r&? and anti-tunor defenses. This
approach can al so be used to nodul ate the nature, 10 organization and
function of the thymic mcroenvironment. [0119] The nost effective nmeans of

generating tolerance to self jis through jntra-, thym.c del etion (or anergy
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react i Vghigifibh 8f el seis pro@asd AT S AMAD STUBEESt ed most efficiently by
intrathymc dendritic cells. As a corollary, the establishnment of

tol erance t Blateials agdMeghwds coul d be best achieved if 15 dendritic cells
expressing Hhis,antigen could be incorporated into the thynus. This form of
tol erance nmay al so be made nore effective through the advent of inhibitory
i mrméino@#28)at or yCBAITAH aifth@5 7R analesnise waebtaitied domGentreMAatimpihrent  of t he

latter,e h | d. but al in the th d
coul o SOR S asty PrieBRE et ROASHRRPE cofiniBnd Eordfion ARSI Ve T cel | '
for whiftdm 4-Beveklay 9@t nnthis 9Lakeiafd KRAMdicateddbheha@Ri 90 eti ¢ stem cel I's (HSO)

and/or epitheligl stemcells (preferably autol ogous) can be transfected
with the gef@®He®di ng the specific antigen for which tolerance is desired.

When  thesq cel IﬁnﬂﬁYﬁ&megh&izg@Wfﬂ&%ﬁt&E{ﬂ:ix?ie&tfbntobﬁstrﬁlm% hfey delete

any new T cells arising ] are” potentla ‘reactive to the nom nal
ant i0gerxylazing QRgmpwim; Bayen dustrabig Ltdy, dibtany INS VEdhlistraltm) ahd HS@edketantpeed t he return

of the Lant: ; i r : uj | ive state. Further, if the
di seasgg%a@%%eﬁgégég%@@%?ﬁﬂ%%&@rﬁ’t%}%aigaﬁi{l Sgﬁﬂ%r gl,cajr epl acenment by
t he addesirabiSCwud performedthyen sorotal vidion, cbedliag ehettéstes, wiiclowerltied oliths. [ 0122] The
enornous,_clinical benefjts to be i ned through restoration of thymc
functi (§Hmfeea(5‘aé}£e§ﬁ?m ‘f?ﬁial?ﬂéf”f ﬁ‘ﬂ“@?‘?‘&ggﬂvhﬁﬂ}& the treatnment of

i mmunodef i CB%iﬂédé@xyuﬂéﬁxELErﬁUﬁanrpo:%@oﬂ n the elderly, HV patients and

foll ow ng chenot herapy. Furthernore patients who have functionally abnornal
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pr oduc treceive®iitlitle AlbhdijecBIsDDRShdvrtafien thd ecanidnjdtionpdigmuses 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
20 at-70°C until use.
Flow Cytometric analysis _
[0126] Mice were killed by CO, asphyxiation and thymus, spleen and mesenteric
lymph nodes were removed. Organs were pushed gently through a 200um sieve in cold
PBS/1% FCS/0.02% Azide, centrifuged (650g, 5 min, 4°C), and resuspended in either
25  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
viability were determined in duplicate using a hemocytometer and ethidium bromide/acridine
orange and viewed under a fluorescence microscope (Axioskop; Carl Zeiss, Oberkochen,
Germany).
30 [0127] For 3-color immunofluorescence thymocytes were routinely labeled with anti-
af TCR-FITC or anti~yd TCR-FITC, anti-CD4-PE and anti-CD8-APC (all obtained from

Pharmingen, San Diego, CA) followed by flow cytometry analysis, Spleen and lymph node




Animals 5 [0123] CBA/ CAH and C57B16/J nmal e mi ce were obt ai @@A‘ﬂ{)%entral
Ani mal Services, Mnash University and were housed under conv al
conditions. Ages ranged from4-6 weeks to 26 nonths of age and are

i ndi cated where relevant. Castration [0124] Animals were anesthetized by
intraperitoneal injection of 0.3 mM of 0.3 ng 10 xylazine (Ronpun; Bayer
Australia Ltd., Botany NSW Australia) and 1.5 ng ketam ne hydrochl ori de
(Ket al ar; Parke-Davis, Caringbah, N&dV Austral i a) in saline. Surgical
castration was perforned by a scrotal incision, revealing the testes, which
were tied with suture and then renoved along with surrounding fatty
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15 above.
[0130] 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).
Immunohistology
20 [0131] Frozen thymus sections (4pm) were cut using a cryostat (Leica) and
immediately fixed in 100% acetone.
[0132] 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.,
199G; Table 1) produced in this laboratory and the co-expression of epithelial cell
25  determinants was assessed with a polyvalent rabbit anti-cytokeratin Ab (Dako, Carpinteria,
CA). Bound mAb was revealed with FITC-conjugated sheep anti-rat Ig (Silenus
Laboratories) and anti-cytokeratin was revealed with TRITC-conjugated goat anti-rabbit Ig
(Silenus Laboratories).
[0133] For BrdU detection, sections were stained with either anti-cytokeratin followed
30 by anti-rabbit-TRITC or a specific mAb, which was then revealed with anti-rat Ig-Cy3
(Amersham). BrdU detection was then performed as previously described (Penit et al., 1996).

Briefly, sections were fixed in 70% Ethanol for 30 mins. Semi-dried sections were incubated




purchased from Caltag Laboratories, Inc., Burlinganme, CA L‘ggZﬁgRF@bBr du
detection, cells were surface |abeled with CD4- PE and CD8- Al B oved
by fixation and perneabilization as previously described (Carayon and Bord,
1989). Briefly, stained cells were fixed ON at 4C in 1% PFA/ 0. 01%

Tween- 20. Washed cells were incubated in 500pl DNase (100 Kunitz units,
Boehri nger Mannheim W Germany) for, 30 mns at 37Cin order to denature
the DNA. Finally, cells were i ncubatéd with anti-BrdU- FITC

(Becton-Di cki nson). 10 [0129] For 4-col or I munofl uorescence thynocytes
were | abeled for CD3, CD4, CD3, B220 and Mac-1, coll ectively detected by

anti-rat -(yS5 rgham.. U K, and._t cells gatedfor
anal ysi’éﬂb[%ﬂ@ %é"AgEeldiﬂy n%f“a‘%‘ﬁ%ﬁ P@?‘Q%ﬁ?%%wﬁéwﬁvwé Tand CD44-B
( Phar mmerﬁrdtwakaweaed)tsn@tdhamrwwr@(Q’dctonthﬁugoni Caltag, CA) as previously
descri ﬁﬁm‘ﬁ'Godfrey and Zl otni k, 1993). BrdU detection was then perfornmed as
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were cut. using a cryostat (Leica) and imrediately fixed in 100% acet one.
[0132] FEPE %\R/gs col or i mmunof | uorescence, sections were doubl e-l abeled with
a panel of Miprgel amdiés anti bodi es: MIS6, 10, 12, 15, 16, 20, 24, 32, 33, 35

and 44 frey al 199 Tabl e 1) roduced n thi aboratory and the
co- expr[é on of ﬁ%‘ﬁ?aﬁ%‘é?rf’ apes EtFZFSEIS‘“HéP eﬁ]dWF%h% éﬁ@é@%‘ﬂgw th a
pol yval§hbink ab&hgunaﬁgiyer AUERHGE T, | Bbthy NIWKRust:GH) rahm (sﬁ,g%etmn%) Bound mAb

was reveal ed ]gu gat ed shéep anti -r at I'enus Laboratories)

andl0anthydieghlenider (XietataryReskerlaaves Cadngheh, Smmn@wjlmwn@d goat anti-rabbit Ig
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speci f idescribléd eivdwhete (Sedlay bedi., ﬂmeabﬁﬂlsm ctlh 1908).i Briefly, thymfis MBes er%rer S harr) :

7006) . CRERPLRTSRLIohe P iegied o enB e e S S R TES GPRS): Ser - o i ed
sect i OMheWRfd WhSAIORE bihd s&gﬁﬁ&taﬁ@&l&% hi&uée!\&dﬂ%nnaﬁﬁﬁtﬂ alilyzed by washi ng

in Borate Buffer (Sigma), followed by two washes in
15  recovered from anaesthesia. Mice were killed by CO; asphyxiation approximately 24h after

injection and lymphoid organs were removed for analysis.
[0138] After cell counts, samples were stained with anti-CD4-PE and anti-CD8-APC,
then analyzed by flow cytometry. Migrant cells were identified as live-gated FITC" cells
expressing either CD4 or CD8 (to omit autofluorescing cells and doublets). The percentages
20  of FITC' CD4 and CDS8 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).
[0139] 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
25  for experiments performed at least in triplicate. Experimental values significantly differing
from control values are indicated as follows: *p< 0.05, **p< 0.01 and ***p< 0.001.
Results
The effect of age on thymocyte populations.
(1) Thymic weight and thymocyte number
30 [0140] With increasing age there is a highly significant (p<0.0001) decrease in both
thymic weight (Figure 1A) and total thymocyte number (Figure 1B). Relative thymic weight



PBS. BrdU was. detected using anti-BrdU FI TC (Bect on-Di cki nggn)qPR[ZﬂBM] For
t hree-col or i munof | uorescence, sections were | abeled for a specific MS
mAb together with anti-cytokeratin. BrdU detection was then perforned as
descri bed above. 5 [0135] Sections were anal yzed using a Leica fluorescent
and Ni kon confocal mcroscopes. Mgration studies [0136] Animals were
anest hetized by intraperitoneal injection of 0.3ml of 0.3ng xylazine
(Ronpun; Bayer Australia Ltd., Bot a?l?y NSW Australia) and 1.5ng ketam ne
10 hydrochl oride (Ketal ar; Parke-Davis, Caringbah, NSW Australia) in
saline. [0137] Details of the FI TC | abeling of thynocytes technique are
simlar t
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adullb't 0.001) with age from 2:1 at 2 months of age, to a ratio of 1:1 at 2 years of age (Flgure 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
B:T cells in both spleen and lymph nodes was not altered following castration (Figure 2A and
B). The decreased CD4:CD8 ratio in the periphery with age was still evident at 2 weeks post-
20 castration but was completely reversed by 4 weeks post-castration (Figure 2C).
(ii) afTCR, vy8TCR, CD4 and CD8 expression
[0142] To determine if the decrease in thymocyte numbers seen with age was the
result of the depletion of specific cell populations, thymocytes were labeled with defining
markers in order to analyze the separate subpopulations, In addition, this allowed analysis of
25  the kinetics of thymus repopulation post-castration. The proportion of the main thymocyte
subpopulations was compared with those of the normal young thymus (Figure 3) and found to
remain uniform with age. In addition, further subdivision of thymocytes by the expression of
o TCR and y8TCR revealed no change in the proportions of these populations with age (data
not shown). At 2 and 4 weeks post-castration, thymocyte subpopulations remained in the
30  same proportions and, since thymocyte numbers increase by up to 100-fold post-castration,
this indicates a synchronous expansion of all thymocyte subsets rather than a developmental

progression of expansion.




18-24 nmont hs of age (adi pose deposition limts accurate ca?al@g’tgﬂnﬁ. The
decrease in thymc weight can be attributed to a decrease’i )

t hynocyte nunbers: the 1-2 nonth thynmus contains -6.7 x 107 thynocytes,
decreasing to -4.5 x 106 cells by 24 nonths. By renoving 5 the effects of
sex steroids on the thynus by castration, regeneration occurs and by 4
weeks post-castration, the thynus is eqU|vaIent to that of the young adult
in both weight and ceIIuIarlty (Fléhre 1A and 1B). Interestingly, there is
a significant (p<_ 0.001) increase in thynocyte nunbers at 2 weeks
post-castration (-1.2 x 108), which is restored to normal young |evels by
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proliferating, again indicating a synchronous expansion of cells (Figure 4). Immunohistology
20 revealed the localization of thymocyte proliferation and the extent of dividing cells to
resemble the sitmation in the 2-month-old thymus by 2 weeks post-castration (data not
shown). When analyzing the proportion of each subpopulation which represent the
proliferating population, there was a significant (p<0.001) increase in the percentage of CD8
T cells which are within the proliferating population (1% at 2 months and 2 years of age,
25  increasing to ~6% at 2 weeks post-castration) (Figure 5A).
[0146] Figure 5B illustrates the extent of proliferation within each subset in young,
old and castrated mice. There is a significant (p< 0.001) decay in proliferation within the DN
subset (35% at 2 months to 4% by 2 years). Proliferation of CD8+ T cells was also
significantly (p< 0.001) decreased, reflecting the findings by immunohistology (data not
30  shown) where no division is evident in the medulla of the aged thymus. The decrease in DN

proliferation is not returned to normal young levels by 4 weeks post-castration. However,




[0143] The decrease in cell nunbers seen in the thynus of Q?Ed ﬁginals t hus
appears to be the result of a balanced reduction in all ce 5 nfii§ pes,
with no significant changes in T cell popul ations being detected. Thynus
regeneration occurs in a synchronous fashion, replenishing all T cel
subpopul ations sinmultaneously rather than sequentially. 5 Proliferation of
t hynocytes [0144] As shown in Flgure 4, 15-20% of thynocytes are
proliferating at 4-6 weeks of age. 34he majority (-80% of these are DP
with the TN subset making up the second | argest popul ation at -6% (Figure
SA). Accordingly, npost division is seen in the subcapsule and cortex by

i mmunohi st ol ogy (data not sho wr%s@ Sonme division is.seen in_the nedullary
r egi on§rqt§er9\ﬁlqrwwﬁme&%ﬁ+y%wél splsgiia Fignigcantly (Bp B PO L) dasrespedapb2 splss (99 of  CD4

T cel | $oandaaadh M 1% &hdril Syéh:‘{g l‘é{réwat(rt':\b&ldé ﬁ;s?@su'at[ogl‘lﬂ Al t hOUgh cel |

unbers are significantly decr ea he aged proliferation of
t hy noc[0&47]r enni He: dﬁomsteamproh&mtlpealsthmgha BNmbmS%sanalyzeﬁé’wl@r psthgure 4),

W th t, en iferati.n .at esel IlngtheZm)nth
t hymus Fﬁfn%g?r %E%? a“‘fé”?mo‘ﬁﬁh §'fb8f’%ul§/“°?'e@ea§$3 toﬁ.ﬁetga ron at 1 year of
agels_t ]9 preelises] cohtadis as'ieen+cn4i0m uﬁmgywsjwhich a:ehﬁmghgm) ha@et 2 years, )

proli atio inly seen in the, out C ex. an o t he
vascul éj{o qataahot &P~ ?fﬁﬁ)att N’a"f‘%@é“kgﬁ ﬁﬂg‘t( eg\fgqyr%@ f; §Pﬁh%g

thymoc ﬁn%ﬁﬁ@s@%aﬂﬁk géns I't ﬁrﬁﬂ'ﬁdséiblb W&ﬁ%@thehﬂ@'i‘ﬁ doﬁlpbmn&#ﬂ@ﬂg?cm the
proportlon of thynocyte are proliferating, again indicating a

synchr &Rﬁﬁsﬁnéﬂﬁa?]@'ioﬁ’ﬁd 913 dkf@TeFl%e ip Mheiprelifaption aies withiage o folgiz®) r eveal ed t he
Iocall r g cells to
resenbl g&t{aﬁ& Q;fl%u Eg%’@;%?’cfwﬁev%e aysﬁ %gﬁ\fpgﬂgﬁﬁ&g ef%gsglggv\eekgh%gg? ycast ration
(dalt0a rshvwedsdsigificanipe 00N dbgradsam prdsid‘eqanmpcfrthe TN1 efbset{CR44T @D3spul ation
Wmch r nt . the rollferatl ere s a.significant

(o odT SRR Rt B Py ot a8 18 i S ve B SR8 i t i ¢ he
prolif eesidredBy m@ads@bstcbascfa&m%me décramp ihthe pRvll fofatdhQ IF the AN18GBset, FRs | NCr easi ng
to -6% at 2 weeks post-castrati on% (Figure 5A). [0146] Fi gure 5B

i |l ust ﬂ&ﬂ*@%"@%@@kféﬁ@@%@ﬁ@?@ %F%?FWWW‘M the It | n young, ol d
and cashp Fz@ﬂtléﬂ @%4#@%%&:&&1&&' %h&"flﬁi 19&@@2)2

proliferation w subset 35%a nont h by 2 years).
Pr olSi fe:aatatlmn(F@gurﬁB)f T cells was al so si gni f| cantly (p< 0 001) decreased,

reflecting mrunohl stolo (data not 30 shown) where no
division is tfécé:ﬂ f'qgg ﬂ}ét dumlcro%"fm?wg%éged t hymus. The decrease in DN

prolifqotd8jon i sThwdhatigek itf the thyinfr miefosBYironfidhigvitleape vierdoxahingt @k s
post-c airsngnrug(t)tllu%rr]escelggg\ﬁs1r?£ an e%(tzenégels pa%gloo?‘ 1\/:[)’Abs from the MTS series, double-labeled
with a polyclonal anti-cytokeratin Ab.

20 [0149] 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
and thymocytes.

(i) Epithelial cell antigens.
[0150] Anti-keratin staining (pan-epithelium) of 2 year old mouse thymus, revealed a

25  loss of general thymus architecture with a severe epithelial cell disorganization and absence of
a distinct cortico-medullary junction. Further analysis using the MAbs, MTS 10 (medulla)
and MTS44 (cortex), showed a distinct reduction in cortex size with age, with a less
substantial decrease in medullary epithelium (data not éhown). Epithelial cell free regions, or
keratin negative areas (KINA’s, van Ewijk et al., 1980; Godfrey ef al., 1990; Bruijntjes et al.,

30  1993).) were more apparent and increased in size in the aged thymus, as evident with anti-
cytokeratin labeling. There is also the appearanée of thymic epithelial “cyst-like” structures
in the aged thymus particularly noticeable in medullary regions (data not shown), Adipose




proliferation within the CD8+ T cell subset is significantly m . 001)
increased at 2 weeks post-castration and is returning to no‘,r Pé(ﬂﬂﬂ@

| evel s at 4 weeks post-castration. [0147] The decrease in proliferation

wi thin the DN subset was anal yzed further using the markers CD44 and CD25.
The DN subpopul ation, in addition to the thynocyte 5 precursors, contains
a( 3TCR+CD4- CD8- thynocytes, which are thought to have downregul ated both
co-receptors at the transition to S cells (Godfrey & Zlotnik, 1993). By
gating on these mature cells, it was possible to analyze the true TN
conpartment (CD3-CD4- CD8') and these showed no difference in their

proliferation rates with age .or, followng .castrati Fi.gure, 5C). However,
anal _ys@dgp%#wf!ﬁewgﬁﬁfﬁbeaﬁﬂ p:t gmé&ﬂd&%ﬁeﬁﬁnmemof%éqm%m%d a
si gni f '(i%i%g&n 40 SOV hc1 696 PRAR the AniERbkdr R matdiBRy @atatnBEshbh). StHes et

(CD44+ ). from20%in the normal” young to around 6% at 18 nont hs of age
( Fi gur énysms isbaginingderegenesaiobied wosks gosisastegtiono skhicig svident imthe sighef decrease in
the prolJ t . TN : by a significant
(pe_"0 Nt IARE Eindr8Re i Rrecal BRIl @) GRIRGVAES B shbihe Y 1 B coes)
whi éh Meklizatien of medutlanyepithetiing Thewethdiabyephstimekis dptested BpMTE40=ad aton ( Fi gure

5D). The effect of e,on the thym c m.crqenvi ment. .[.014 he changes
"1t he JotigkR B 57 ST PRSKHE R AR NP L Lpeabtres rouebout e

| MuUNOfebiia), GHLEREks Post-08btrafiore 1eR1S b ¥iStime R ulRfand/ Poitex 00 Bistdng@bldTS seri es,
doubl e-1 abeled wth a polyclonal anti-cytokeratin Ab. 20 [0149] The

ant i geferticeasdwiancineipnddatapot ggye)can be subdi vi ded into three groups:
thym c tf1hel i = ' ' : resent
y I!@‘gﬁtf] ai‘hl SE&% ms@;ﬁ& b@ﬁreg?e%?x% gl?tteﬁt Ing)?&gle Pﬁ’eh’éi&ﬁ? P

on bot omal ce nocyt e antigens. [0150]
Antli0- k éGadfray, gtadi Hi%A)andfanthee flustnaté the dygeoérationyf dhre agedithynws eThebgaras, reveal ed

a 25 1oss.of ,general ymus. ar,chitecture wit.h.a vere ithelial cell
i sor oRteaust aedREe g S Bosge e Gisrr ey BB AR ek oo
Furt herara?d}ain)iﬁdréasetﬁih gersite il sged Miimul Qdat it shdwa). Boltbwiligebétrdtionydllex)
showed a disfinct reduction in cortex size with age V\{lth | ess

subst arkesepntigeRs ERSPTesidFha I eleAv Vet it et of thepargadlit {3 nqtn; t hel i al

cel | frsR8)SAIKMPS 20%nd M?S%ir&eﬁﬁl@@é Jlik’&eté&nﬁ;?éck@é%'egﬂwl{@rﬁ Idewed 4t €t al .,
1980; Godfrey et al., 1990; Bruijntjes et at, 30 1993).) were nore apparent

and3i ndhecastisg-medulary gunction. he aged thynus, as evident with anti- cytokeratin
[abel o, There 1 kol dpcapisaghce of (e cpLinellel Toysclie
(dat a r@t1523hown) TheAdeqiethpmibafidiRisiifght 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.
20 [0153] The MAb MTS 15 is specific for the endothelium of thymic blood vessels,
demonstrating a granular, diffuse staining pattern (Godfrey, er @/, 1990). In the aged thymus,
MTS 15 expression is greatly increased, and reflects the increased frequency and size of blood
vessels and perivascular spaces (data not shown).
[0154] The thymic extracellular matrix, containing important structural and cellular
25 adhesion molecules such as collagen, laminin and fibrinogen, is detected by the mAb MTS
16. Scattered throughout the normal young thymus, the nature of MTS 16 expression
becomes more widespread and interconnected in the aged thymus. Expression of MTS 16 is
increased further at 2 weeks post-castration while 4 weeks post-castration, this expression is
representative of the situation in the 2 month thymus (data not shown).
30 (1ii) Shared antigens
[0155] MHC I expression in the normal youhg thymus, defected by the MAb MTS 6,
is strongly positive (granular) on the cortical epithelium (Godfrey ef al., 1990) with weaker




35 deposition, severe decrease in thymic size and the decl ifn2 Apfi]igﬂ%egri ty
of the cortico-nedullary junction are shown conclusively witht
anti-cytokeratin staining (data not shown). The thynus is beginning to
regenerate by 2 weeks post-castration. This is evident in the size of the
thym c | obes, the increase in cortical epitheliumas reveal ed by MIS 44,
and the 5 localization of nedullary epithelium The nedullary epitheliumis
detected by MIS 10 and at 2 weeks, 3¢ here are still subpockets of

epi thelium stained by MIS 10 scattered throughout the cortex. By 4 weeks
post-castration, there is a distinct medulla and cortex and di scernible
cortico-nmedul | ary unction_ (data not shown [01511 The mar kers MI'S 20 and
24 are S %duaweeﬁhebnmnﬁh@w%d thyius 15eawsa destspsedn MHLC HGodfrey, et al .

1990) eisH)r é:»'r gﬁtﬁﬁ E%ﬁﬁn%ﬁh?é%%? QWeg&n@ 51 u%ﬂeﬁ WP, These are

present Roabundan |so ate ary ep TthelTal cell

cl ust erpssta:tastzhh&l wepksionls agaarredwmeham appearsssassal to thei2mpantisolt yhymust he aged

t hymus é% t shovvn) Fol l owi ng castration, all these antigens are
expresé \/el equivalent to that of the young adult thynus (data not
shown) wthrhﬁﬁ)c&&eﬁngaﬁﬂfﬁ 24 reverting to discrete subpockets of

epi t hel | | ocated at, 15 the cortjcq-nmedul | junctian i
Vascul a[b‘v%som ateRIoximptelyelye of T eells ayiereisdragt %Sgh Ay ‘Bzg?'ch"E%g is thought to

be respansé (@ebnd %E ak, h980 ”‘ngf‘oﬁﬁdrﬁ #fon Was E@chhxn@r ?&Ho?&%naﬁ fard he thynus and

the em gration maur T cel lkaomtheth nmus peri phery. 20
[ 0153] eqmalmmsomﬂl V@Jnsmlsﬁatd4mnﬂlsh@@ndéms ptﬂgeﬂlgm)’i)n ¢ bl ood

vessel s a fu n (Godfrey, et
al, 19¢ OU%EED g‘é’éﬁggﬁmﬁa %c%n@{g@e@xp eéss?%)%l llrﬁgre%?i y i ncreased, and
r ef}JOectcsDct GBS a0 lof draetefiv thymie Raygrandfrah 28: 1ai 2 hloathd to V25 std6snantid.

i spaces not., shqown The th tracel L ul ar

dat
DT & B Reek R 5rcel A P atiedh e stiahary s bt aRHRIEREh i ecul es

such asm&pché&e@amraﬂeemﬁgrm@rten&hﬁgbm&ﬁm1L185%et ected by the mAb MIS 16.
Scattered throughout the normal young thynus, the nature of MIS 16

expresﬁWb@%orres more wi despread and interconnected in the aged thynus.

EXPr esgOPEMOf Mifclnbifing ERERABIAEBENRE oAlnpfesWPRKBOBOTFASt T al T on whi e

4 weeks post-castration pressron Is epresentative of the
si tifat iiovention, tinkar@ notda bicanbiywad sis [idding tltaanvwhmf\tm)thelﬁﬂm(ant iBor Shar ed anti gens

53] ke SHBE SR b g B B ol B o
et at, n&IMd signblingve @kedthymus. However, the scope of the invention is not so limited, as
described above.
EXAMPLE 1
20 T CELL DEPLETION
[0158] 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
25  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
patient's thymus, as the amount of antibody necessary to have such an affect cannot be
delivered due to the size and configuration of the human thymus, The treatment was
maintained for approximately 4-6 weeks to allow the loss of sex steroids followed by the
30 reconstitution of the thymus. The prevention of T cell reactivity may also be combined with
inhibitors of second level signals such as interleukins or cell adhesion molecules to enhance

the T cell ablation.




12 APR 2005 36 staining of the medullary epithelium The aged] thﬁgszggg
a decrease in MHC Il expression with expression substantially incre d at
2 weeks post-castration. By 4 weeks post-castration, expression is again
reduced and appears sinmlar to the 2 nonth old thyrrus (data not shown). 5
Thyrmcyte em gration [0156] Approxinately 1%of T cells mgrate fromthe
thymus.dailly in the young nouse (chlyl ay et al., 1980). W found mgration
was occurring at a proportional rate~"equivalent to the nornal young nouse
at 14 nonths and even 2 years of age (Figure 5) although significantly
(p<_ 0.0001) reduced in nunber. There was an increase in the 10 CD4: CD8
rati o of rece 1 at 26
nont hs. [{ﬁbﬂ Egcagélgs.%ﬁ casf?aasigﬁlr 1g{n§tﬂ§tcgofﬁm torﬁc;,&ucgto rﬂ;a%yrtllg&f%gﬁlﬂéiﬂperl phery
has subsQeHﬁWhJah bause ﬂlcldsa@e,dhe whdltpdphiation ef Bibdlls indhating thahatheldgicnh r emai ni g

t ant 1 foll I d
cpoci 11 B isisPlel, T TR ogpemifl | BBl Bk AR ot (0 e

constr uesmmkaﬂeowsiy, hmgexxehebwaumneq&kto@ thbm i meés%tate dHQkngApwENi ence t hese
exanp] es. desc(iqﬁlbe deI ry of an LHRH agoni st to bl ock sex steroqid

nedi at ed™ETGhH WBCXW @e%wﬁ@he%@shly spgyentiblegp anfegtion,particylgdiit i on i s
not so |yifal E9eh B8l redfsnsésiviaR doRien flﬁ?&ﬁq{: kﬁhéab%&czo%gogﬁ%g%glm [ 0158]

In order, to renove the abnormal T ce patient nt T cell

depl eti d#lP-One standard procedure for this step is as follows: The human
pati ent {)@gﬁ? ]{%i anti-T cell antibodies in the formof a daily injection
of 15ngy/ kg o tgam (xeno anti-T cell globulin, Pharnmacia Upjohn) for a
peri od SEXSTEROE ABLAGHON THHERAP YN t h an inhibitor of T cell 25 activation,

cycl a cont n nf on f.or followed b
d)a/.i I f@lﬂﬁb@t s a%ﬁ%svﬁg gﬁ'@’éﬁeé‘tf F}I%,latl ot maé}%fn}%f&eg‘fs%%fiaﬂearl y T T
cel | deVicHREDapoiist. Thik Ia.es gibéd in@tfosin Bﬂ’bYtHb&%eu&& ﬁﬁi&ﬂ)t AHRHO; 29f5m§¥‘61‘ body

to hav such an affect cannot be ivered due to the size and

conf iszﬁ%clﬁd%(%ﬂp aph d 0.8 e, Prih e Aee 83 2 stugle @qseaff%ﬁ@ fopd snonthsi Rhiameed f or
appr oxi rgfe@iive ﬂre@u&ﬁ@ﬁ sﬁefbn@ eb&%\ifﬁ&ﬂﬂﬂ??éreg%uvﬁé)fhe%ﬁﬁ%e# sdnf Aa wgd by the

30 reconstitution of evention of reac FVity may
al so be igalgbnasesianyito ﬂthplrﬂﬂubpmﬁsmsof(aﬂreméghndipiodmeﬂon sf gratemidsaioh as

I nt ef4 e%ds{f@ex%mg/ﬁéy) a?gneetgble rTf?a Efgr S urg.tl%neo?ﬁle 36¢ steroid ablation therapy.

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

[0161] 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 i is necessary to
extend the treatment to a second 3 month injection/implant.

20 EXAMPLE3
ALTERNATIVE DELIVERY METHOD
[0162] 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 itradiated by a laser such as an Er:YAG laser, to ablate or alter the skin so as to reduce the -

25  impeding effect of the stratum corneum. |
[0163] 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 ’
Er'YAG orystal as an active medium, a power supply, and a means of focusing the laser
beam. The wavelength of the laser beam was 2,94 microns. Single pulses were used.

30 [0164] The opetating parameters were as follows: The energy per pulse was 40, 80 or
120 mJ, with the size of the beam at the focal point being 2 mm, ereating an energy fluence of



the T cell ablation. 12 APR Jg 37 [0159] Because in nmany Cof oS Eg é@_not
possible to reduce only the antigen-specific T cells which aﬁ B

di sease, the whole population of T cells, including the pathol ogical ones,
is depleted. This depletion of peripheral T cells markedly retards the

di sease. Sinultaneously, however, because of the lack of T cells, it

I nduces a state of generalized 5 i munodeficiency which neans the patients
are highly susceptible to infection38particularly viral. Even B cell
responses will not function normally in the absence of appropriate T cell
hel p. EXAMPLE 2 SEX STERO D ABLATI ON THERAPY 10 [0160] The patient was
given sex steroid ablation therapy in the formof delivery of an LHRH
agoni st1-277Ri58 on&82 Yrme nThepulsp tenmerakivitth wag H0rus) @eating an erpsdofluenss ect i on;

22. 5n0) R0 048! P63 107 P 0P M/em@0- 8 M), either one as a single dose
effectir\a/leofo'r ’3 nont hg. ih?@m{}vés effective in reducing sex steroid |evels

suf fi cif@h6Sly t o Bemequentiy, en wheunt hf/IRH aponiy drappliakte thei skin and sprkslo necessary
to deliyver.a.s resset. 0 enal gl and praqducti on.of sex.,steroids, such
ns 15 S mBRHRET SRS e LR B e BRI Rl SR of “The oex
st erpi dembingbn 08 sitd\&idaation ADpaGAlly,Bha0¢lugdveiitatid slace@loverae gogistdnds nakes
up around 10-15%.0of a human' s steroids. [0161] Reduction of sex steroids

in t he BIGHRIKEB in Rlepsgvey ke dreadiatigp pittapout  1- 3 weeks: concordant with this

was t heorE@Ct | Vabhithally a b&ien STUEUS em 18@95@;_;1&%&9%& bealrSanigR@RSary to
extend the treatnent to a second 3 nonth injection/inplant. 20 EXAMPLE 3
AL TERNATRItEle Sitds|of/airatiduer pitiatjonl 8his pravidsk aéasteoflow o€ LERBmagpshist(tbrough t i nes one
nont h) . ' dr 0] ' f. t Qh alternative
met hodsti:lgg(?llli glgc{ttl}é %L@%a@h?h g&%ﬁ%ﬁ??@ﬁgc%&eip@eﬁdlﬁkgﬁgﬁ% a@%‘?ftfmbe i rradi at ed
by B | aasintesancéiofthe agonist witdfcteaatient's §ystembioathe requishe petodiofitmski n so as to

reduce 25 | pqpedi ef fect qf  the tum corneu 0163] A. Laser
nol | B At eBac  ohreoshis Water rdoge pHIUA pEeRS eg‘av@ssmgwforned usi ng

a sol i dyfthé Eontaiek, 586k asEIplXAG 6306 WalRPGh St RebhQh dlaWetef ARl abb@SpIEAL OF
mnors, an Er: YAG crystal as an active nedium a power supply, and a nmeans

of focusshnifiickhet thesiterwheprdhapressies wae & tehgeteated. Thecsite isdthen dowerad Witk 2. 94
T o S5 A ol R B0 NN RL o v
15  ruby laser (20 ns pulse duration, capable of generating up to 2 joules per pulse) is used fo
" generate the laser beam, which hits the target material and generates a single impulse
transient. The black polystyrene target completely absorbs the laser radiation so that the skin
is exposed only to the impulse transient, and not to laser radiation. No pain is produced from
this procedure. The procedure can be repeated daily, or as ofien as required, o maintain the
20  circulating blood levels of the agonist.
EXAMPLE 4
OPTIONAL ADMINISTRATION QOF HSC
[0168] In a preferred embodiment hematopoietic stem cells (HSC) are given to the
patient. These are preferably autologous, but HSC from a mismatched donor can also be
25 used. Where practical, the level of HSC in the patient's or donor's blood is enhanced by
injecting the patient or donor with granulocyte-colony stimulating factor (G-CSF) at 10 Tg/kg
for 2-5 days prior to cell collection. CD34" cells are purified from the patient's or a donor's
blood or bone marrow, preferably using a flow cytometer or immunomagnetic beading. HSC
are identified by flow cytometry as being CD34". Optionally these HSC are expanded ex
30  vivo with Stem Cell Factor. At approximately 1-3 weeks post LHRH agonist delivery, just
before or at the time the thymus begins to regenerate, the patient is injected with the HSC,




120 mJ, with the size of the beam at the focal point being iﬂ creating
an energy fluence of 4 J2 APR 2005 38 1.27, 2.55 or 3.82 J/ Bﬂ&ﬁul se
tenporal width was 300 its, creating an energy fluence rate of 0.42, 0.85
or 1.27 x 104 WcnR. [0165] Subsequently, an anount of LHRH agoni st is
applied to the skin and spread over the irradiation site. The LHRH agoni st
may be in the formof an ointment sg that it 5 remains on the site of
irradiation. Optionally, an occlusi ¥ patch is placed over the agonist in
order to keep it in place over the irradiation site. [0166] Optionally a
beamsplitter is enployed to split the Iaser beam and create nultiple

sites of ablation or alteratiq afas er flow of LHRH
agoni stoPHEAL{ R dosapf akwtﬁ%%%wlhgc %W%éﬁ? mbiésww&ctesmg. tes can be

predet Qﬁggeaggmttgagksltglvgxf,g{smil,gf{ﬁeﬂgtenance of the agonist within the
patient's systemfor the requisite period of tinme. [0167] B. Pressure

vave: A0Hfe of Therepctijeed ymbstakssam s mnﬁpchHS§wn¢1 conyess they inte pgve

cont ai E I e di aret er and
ot 3t ol ntad) Ahed R i D Wk B, 1 7L

cr edt edolerldzaang Ttoells maﬁdnepmtmmy edbtive tvith ﬂt@agem bymdacihgﬂelefwurbyasll a bl ack

pol ysty heet .abo th| ck switched solid state 15 ruby | aser
(20 ns ‘%?fﬂ’soé%?jd}dﬁf”?’%w%r%g?? d’f’n’b‘ﬁ?@%‘f‘??{é’e@p to 2 joules per pulse) is
used t qoqEoiner at Sinkde h@ﬁ?rcelwﬁiurgﬂﬂ'&Bot@hﬁaﬂr%é’l?mﬁ@tf@@hd Rt Radtive and
generates a single inpulse transient. The b

ack polystyrene tar
conpl etcellsy haytingdags pesiavelyzsslepted byithg hpss thysuc Fmﬁ'?h%éh%’l@ir%ablq 9 r@smasg ed only to
the i ! “"9 t roduced from
this prynamel SRR roAR-AEhall pRARGIII AR AT n MEpiBldl Boll o0
r eqifi r gdtient endntmnnt GDB144t HSC d@ﬁalctpl into dkradritin geltsl anidubseqeintly ofto thh patzgtini st .
EXAMPLE. 4 OPT] L _ADM NI ST TI O\I OF HSC 0168 enbodi nent
et o ST S Pa AT 00 FReiyh o i systond VRiany MafticBif Wil °are
pr ef er galisht aloh€) gt Woth thetppidpiiaté Eaechion¥intda! Thethofindl dhmeadtegllaigrybe 25
used. Where practical, the level of HSCin the patient's or donor's bl ood
is enh%@@’%ﬁ%ﬁwlﬂjbé@f‘?s% the patient or donor with granul ocyte-col ony
sti mul ghtogpfpgtor (G CSF) at 10 Tg/kg for 2-5 days prlor to cell

col l ection. CD34+ cells areﬁ&gjrlfled fromthe patient's or a donor's bl ood
or Bonel HRMBGWIOpt OF BYIBINOSPERES$I®ONow cyt oneter or i mmunonagnetic

beadi ngoyHYC - ar @ ARt ohe thilitea ™ Qb AE BRI ¥ 9 oHBHPnRRAT cafPt 1 001 1Y

t hese re expande
have begun exiting the thymus, blood is taken from the patient and the status of T cells (and

-
el

indeed all blood cells) is examined. In particular the T cells are examined for whether they

are Thl or Th2, and naive or memory. In addition the fypes of cytokines they produce (Thl
20  versus Th2) are examined. Immunosuppressive therapy is gradually reduced to allow defense

against infection. In the event that mismatched HSC have been administered,

immunosuppressive therapy is stopped completely when there is no sign of rejection as

indicated in part by the presence of activated T cells in the blood. Because the HSC have a

strong self-renewal capacity, the hematopoietic chimera so formed will be stable, theoretically
25  for the life of the patient (as for normal, non-tolerized people).

EXAMPLE 6

USE OF LHRH AGONIST TO REACTIVATE THE THYMUS IN HUMANS

[0172) In order to show that a human thymus can be reactivated by the methods of this

invention, these methods were used on patients who had been treated with chemotherapy for
30 prostate cancer. Prostate cancer patients were evaluated before and 4 months after sex steroid

ablation therapy. The results are summarized in Figs 23 —27. Collectively the data




30 vivo with Stem Cell Factor. At approxi mately 1-3 weeks Iﬁ)? hHR_H agoni st
delivery, just before or at the tine the thynus begins to¥ 4 Ermg, t he
patient is injected with the HSC, 12 APR 2005 39 optinally at a dose of
about 2-4 x 106 cells/kg. Optionally G CSF may al so be injected into the
reci pient to assist in expansion of the HSC. [0169] The reactivated thynus
takes up the purified HSC and converts theminto new T cells. In the event

that unmat ched donor HSC are used, ffe donor dendritic cells will 5
tolerize any T cells that are potentially reactive with the patient by
i nduci ng deletion by cell death, or by inducing tol erance through

i munor equl atory gel | s. [017_01, Si nce the C‘rilew T cel|s are purged of

pot ent jdgmopstrate quakitative;ang guagiptik EProveaisHt of dhe stags|of I sl infpleen positi vel y
sel ect ggyibys. t he host thymc epithelium they are able to respond to nornal
i nfections by recogni zin eptide presented by host APC in the periphery.
Bot h 1d0p&di ent iﬁhmbf&gtmf?l-f%igmmpis@l tota) owrabers oftlpmphogptes endcl eadls| s, and

subseq%ﬁggets){hér&tfo the patient's |ynphoid system organs, and establish an
i mmune systemvirtually identical to that of the patient alone, albeit

wi t 15 t H8124Jpr opr T ghenatypie cdmpaeiti onafieriphdraidlovd iymphoc yres imar anglybaitior y

mechani sps w |1 _pbe present.. LES. 15 TE NATI ON OF | UPPRESSI ON
01711 FAREs it ol ok &5 Epaing LHRE aeaist Hepareobe Thesenftbomor ¢ of mat ur e
T cel | Patiba¥anpledwéte axdlyzed Befbld@rebtiAling 40haaf after amgTHRH hddpispat i ent and
the status of cells (and indeed all blood cells) is exanmned. In

par t i cufeaimenhelotal dunphocyie eclnumbersagr mbef bigedivree atirdgwergnd of pantrel  Th2, and
naive Q%dgﬂ&&% trebtﬂwﬂﬂﬂafl b@ﬁnﬁf‘%ﬁ&(xﬂﬁ%ﬁ&h&%t%ﬁgiﬁ%ﬁm EWed@gl%ga}dﬁﬁ (Thl 20
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EXAMPL 1S gl.‘%mg ngﬁ] M.g,) EWYVANS [0172] In
or der ?gﬁghowoﬁlt a ﬁuman lsts%?/e-r{%s? ca %\eé'%gggéc;{élﬁt\?gﬁgd yhﬁ;e met hods of this
i nventi on, (The&&eetd}NoRI Bharapy (yeBhedivoputioncOf E ColtecSubsats:been treated with

cherot r\lﬁli ?ﬂy for Analysis of patient blood before and after LHRH agonist treatment
demonstrated no substantial changes in the overall proportion of T cells, CD4" or CD8" T
cells and a variable change in the CD4":CD8" ratio following treatment (Fig 24). This
indicates that there was little effect of treatment on the homeostatic maintenance of T cell
20  subsets despite the substantial increase in overall T cell numbers following treatment. All

values were comparative to control values,

[0176] The Effect Of LHRH Therapy On The Proportion Of B Cells And Myeloid
Cells:
[0177] Analysis of the proportions of B cells and myeloid cells (NK, NKT and

25  macrophages) within the peripheral blood of patients undergoing LHRH agonist treatment
+ demonstrated a varying degree of change within subsets (Fig 25). While NK, NKT and
macrophage proportions remained relatively constant following treatment, the proportion of B
cells was decreased in 4/9 patients.
[0178] The Effect Of LHRH Agonist Therapy On The Total Number Of B Cells And
30 Myeloid Cells:




30 prostate cancer. Prostate cancer patients were eval uated before and 4
nonths after sex steroid ablation therapy. The results are Q”E??.éﬁg in
Figs 23 - 27. Collectively the data PI 2 APR 2005 40 denpnstr at

gqualitative and quantitative inprovenent of the status of T cells in many
patients. [0173] The effect of LHRH therapy on total nunbers of |ynphocytes
and T cells subsets thereof: 5 [0174] The phenotypi c conposition of

peri pheral blood | ynphocytes was andlyzed in patients (all >60 years)
under goi ng LHRH agoni st treatnent for prostate cancer (Fig 23). Patient
sanpl es were analyzed before treatnment and 4 nonths after beginning LHRH

agoni st eat nent nphocyte cell nunbers of bI ood were at
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cells. gl%géhe Ef ?%ﬁff@ Bfﬁkgﬂf]&f@%&ﬁghgﬁm#@?é&%&ﬁéeﬁﬁ@tﬁe Tl 1's Subsets:
[0175] MieméySlels:0f patient blood before and after LHRH agonist treatnent

denonstrated no substantial changes in the overall proportion of T cells,
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val ues M ont rol val u 7 e Effect & LHRH
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the proportiCeadlugdén B cell's and nyeloid cells (NK NKT and 25 macrophages)
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patients who have received sex-steroid ablation therapy. While it is very difficult to precisely

determine whether such cells are only derived from the thymus, this would be very much the

logical conclusion as no other source of mainstream (CD8 I8 chain) T cells has been

described. Gastrointestinal tract T cells are predominantly TCR KA or CD8 II chain.




30 Myeloid Cells: 12 APR 20 41 [0179] Analysis of the totﬁéngﬁglgl nunbers of
B and nyeloid cells within the peripheral blood post-tr

clearly increased levels of NK (5/9 patients), NKT (4/9 patients) and

macr ophage (3/9 patients) cell nunbers post-treatnent (Fig 26). B cell
nunbers showed no distinct trend wwth 2/9 patients show ng increased

| evel s; 4/9 patients show ng no change 5 and 3/9 patients show ng decreased
| evel s. [0180] The Effect O LHRH TH rapy On The Level O Naive Cells

Rel ative To Menory Cells: [0181] The maj or changes seen post-LHRH agoni st
treatment were within the T cell population of the peripheral blood. In.

parti Wé@ems a selective increase in the 10 proportion of naive
(CD45 I's, with the ratio of naive (CD45RA+) to nenory (CD45RO)
in the SpimilTRSEII7, 9Pl§§-@§soé1£t6d ﬁ?riic%o Ky 641 R@lsk Bul td ddeficigntly- Concl usion
[0182] Thus i't can be concluded that LHRH agoni st treatnent of an ani nmal

such asaffectingraarrngerent of tha TR dypng @Hatiﬂwpm%ceélaimlmé“l dwaiedlat i on of the
thymus. (.4ggperal 15 inprovenent has been shown in the status of blood T
| ynphocytes In these prostate cancer patients who have received

sex-steroid abl ation therapy Wiile it is very difficult to precisely
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-pyeloid progenitor cells. 4. The use of claim3 wherein the ietic
‘stemcells are CD34+ henatopoietic stemcells. 20 5. Therﬁg%@tg@gi m 3 or

claim4 wherein the cells are froma syngeneic, allogeneic or xenogeneic
donor. 6. The use of claim3 or claim4 wherein the cells are autol ogous.

25 7. The use according to any one of clains 3 to 5 wherein the conpound
assists in the patient becom ng a henaﬁ3p0|et|c chinmera. 8. The use
according to any one of clains 3 to 6 wherein the conpound enhances 30

upt ake of t ks into the thynmus of the patient. 9. The use according to
any one of clains 3 to 7 wherein the conpound enhances - the devel opnent of
a chineric thynus. 35 10. The use of claim9 wherein the chineric thymus is
chimeric f T I r 2 APR .200 he us of
claim9 or OrcI ai %%%051\;\% coﬂlﬁ&ﬁ] |§r1§¢u 4 S% te§018e a@?% F‘%‘ ge'sls

abnor nal T REeparatiqnp t%@e%‘a@merﬁtto t@atlazquase cmﬁed &y cbnainmg Tt cells amy petientof

cl ai ms 95t owHekeintis i%nilh}s@lfé&h RHioE Wil BEY i pRds§ey, | nhi bi tory

i mrunor egul atory ce 13. The use according t ny of clains 3 to 12
wherein the cells are nnblllsed or expanded in vivo using
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nunber 15 chamiotiesapyragen, syelophdspRaride atreadiatiénx cylddsposh | 4/ ded. inhibitokher use
accor di ng tRcdHMe §§9£159Ax%1€%lﬁﬁ&11]a%n¥‘ﬂ%re' ﬁ/ltrg@ﬁab ormal T cells show a

hyperreactive or sensitive response 0 17. The use
according to any one of clains 1 to 16 wherein the disease is an

aut oi mmune i sedse we @& tRUEY1 or claim 2 wherein the patient has been, or will be,
administered with cells selected from the group consisting of: dendritic cells,
hematopoietic stem cells, hematopoietic progenitor cells, Iymphoid stem cells,

15 lymphoid progenitor cells, epithelial stem cells, genetically modified stem cells and/or
myeloid progenitor cells.

4, The use of claim 3 wherein the hematopoietic stem cells are CD34+
hematopoietic stem cells.

20
5. The use of claim 3 or claim 4 wherein the cells are from a syngeneic, allogeneic

or xenogeneic donor.

6, The use of claim 3 or claim 4 wherein the cells are autologous.
25

7. The use according to any one of claims 3 to 5 wherein the compound assists in
the patient becoming a hematopoietic chimera.

8. The use according to any one of claims 3 to 6 wherein the compound enhances
30 uptake of the cells into the thymus of the patient.

9. The use according to any one of claims 3 to 7 wherein the compound enhances
the development of a chimeric thymus.

35 10. The use of claim 9 wherein the chimeric thymus is chimeric for T cells or
dendritic cells.




1,8. The use according to any one of clains 1 to 17 wherein, the disease is
asthma, dermatitis, psoriasis, Miltiple sclerosis, art hri’-i sAPﬁiZﬂg@t es,
thyroiditis, or systemc lupus 25 erythematosis. 19. The use according to
any one of clainms 1 to 18 wherein the patient is post- pubertal. 30 20. The
use according to any one of clains 1 to 19 wherein disruption of sex
steroid nediated signalling includes bl8cking of one or nore sex.steroid
receptors. 21. The use according to any one of clains 1 to 20 wherein

di sruption of the sex steroid nmediated signalling includes the inhibition
of sex steroid production in the 35 patient. 12 APR 2005 49 22. The use

accor di ng tbl.anylhense of clain@® w8 clhirh d 024hetdif Hed dhifibige u€ dees ot &g’ the

concentrati % .steroi.d in the patient. 23. The use according to any
one of cl ai ér)rdéo %lgf%gfév]\‘}sﬁere&ahe?the nedi canent results 5 in chem cal

castration of the patient. 24. The use according to any one of clainms 1 to

19 wher €isn {he coEPRYNcdE; l.ect s [ | Sti.nq_.of X
steroi d antagoni st s, _seg'( .Stﬂgﬁ&.ﬂ%&aﬁ%ﬂéé@@ﬁsﬁ&@ﬁg,té@}egeﬁﬁ%ﬂéené#%%g? ﬂ%tﬁﬁ‘lls- sex
st eroi d vacEnfkeées mhibiteyyydmpawersgslatoarpgellst or s, LHRH anal ogs, 10 LHRH R
agoni sts, LHRH R antagoni sts, anti-LHRH vacci nes, anti-estrogen

ant i bodi es, ;.antisandrogen anti bodi es, and conbi nations thereof. 25. The use
accor di ng () i U AiprsriDe o R SIS Rotoi & where g celly e mabisestier

consi st i ng @pandidse vbbiusing @ratubscstd-tuloearmedming factes! orel i n, Gonadorel i n,
Goserelijg, 15 Histrelin, Leuprolide, Leuprorelin, Lutrelin, Meterelin,
Nafarelin, Triptorelin, Abarelix, Cetrorelix, Eulexin, Leucrin, Zoladex,
and conbi nat4 onsthetse eedording to Thye ons ef aleinay 3litm ¢2 twhesaiy theneells farcéxgianded t 0

19 wherein éxh@vdﬁ?sﬂl#@%ﬂfCelPPﬁH? 4 ses an LHRH R agoni st and an LHRHR
antagoni st. 20 27. "The use of claim 26 wherein the antagonist is released

before the agonist. 28. The use according to any one of clains 1 to 27
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use acc%dla i}lgte?eryis ggoeutafto%gdtqlsx %Ostcgllszlﬁg.mer ein the Qorrpound disrupts

16.  The use according to any one of claims 1 to 15 wherein the abnormal T cells
show a hyperreactive or hypersensitive response to antigen.

20 17.  The use according to any one of claims 1 to 16 wherein the disease is an
autoimmune disease or allergy. |

18.  The use according to any one of claims 1 to 17 wherein the disease is asthma,
dermatitis,‘psoriasis, Multiple sclerosis, arthritis, diabetes, thyroiditis, or systemic lupus
25 erythematosis,

19.  The use according to any one of clainis 1 to 18 wherein the patient is post-
pubertal.

30 20.  The use according to any one of claims 1 to 19 wherein disruption of sex steroid
mediated signalling includes blocking of one or more sex steroid receptors.

21.  The use according to any one of claims 1 to 20 wherein disruption of the sex
steroid mediated signalling includes the inhibition of sex steroid production in the
35 patient.



sex steroid nediated signalling to the thynmus. 30. The use ?’rdi ng to any
one of clainms 1 to 29 wherein the nedi canment further 30 03%% ER'-JEUHSOr t he
patient will be administered with a conposition conprising, one or nore
pharmaceuticals selected fromthe group consisting of. immne system

stimul ants, adjuvants, accessory nol ecul s, cytokine therapies, cytokines,
gromh factors, thynus enhancing corrpOLf’ ds, suppressor of adrenal gl and
production of sex steroids, inmunosuppressants, Cosudex, and conbi nations

thereof. 35742 ARR - f claim 30 whepein the

phar maceutical i's s‘gs%%g%%gmg:t 8%;{?%%8%?%13%“3 Lgong ?&GWB’ .mﬁidtﬁ"tag}e‘%meﬁs 2,

| nt er | euki nthe copegniplien,ef asexsteroidrim thepatientt he epithelial growth factor
famly, nenbers of the fibroblast growh factor famly, Stem Cell Factor,

granul ocyt e é:ol Qﬁi/? sti nmul gli ng factor, keratinocyte growh factor, and
conbi nat i on&> 5 tEdIsEAFcords teary ueobelans] ta 20 Wheksinihg nedicament results

i Mmunosudpr imsshamical sasteti@cofile pawsnrt he group consisting of: inhibitors of
T cell activation, anti-T cell antibodies, xeno anti-T cell gl obulins,
cyclosporin A, a chenotherapy agent, cycl ophospham de, irradiation, 10
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i 4 el ’s are

use accordi ng. t8‘ a%.ongrof claimse 3 To 34 wherein the ¢

geneti cal | yan%EB 1 dnHiaegragsn - 3 combinptiong thegesf.ubl e regul atory

nol ecul e. 36. The use according to claim35 wherein the antigen is
expressed T cgl.l ndristic,gells. 25 37. The, use agcording to claim
35 or clai %536_ yﬁgr%? %éqtoﬁ(g_g%gq ?lalé%zgéyhﬁWénﬁch\ﬂmpE’W‘fﬁﬁe eﬁﬁ’i"g%@?“} theBEoMDe i s
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of the ant i@en i.nd c?s .negat |
etrorelix, Eulexin, L2ucrin, Zoladex, and combinations thereof,

26.  The use according to any one.of claims 1 to 19 wherein the medicament
comprises an LHRH-R agonist and an LHRH-R antagonist.
20

27.  The use of claim 26 wherein the antagonist is released before the agonist.

28.  The use according to any one of claims 1 to 27 wherein the medicament
comprises a slow release formulation.
25

29.  The use according to any one of claims 1 to 28 wherein the compound disrupts
sex steroid mediated signalling to the thymus.

30.  The use according to any one of claims 1 to 29 wherein the medicament further
30 comprises, or the patient will be administered with a composition comprising, one or
more pharmaceuticals selected from the group consisting of: immune system
stimulants, adjuvants, accessory molecules, cytokine therapies, cytokines, growth
factors, thymus enhancing compounds, suppressor of adrenal gland production of sex

steroids, immunosuppressants, Cosudex, and combinations thereof.
35 |



30 deletion or anergy of T cells target ed to the antigen. i% m§e
according to claim38 wherein the antigen is one to which ﬁ‘

response is desired and | ow dose expression of the antigen in the patient's
thynmus induces positive thym c selection, but not negative selection. 35
12 APR 2005 51 40. The use of claim 36 or claim39 wherein the antigen is a
tunour antigen or mcro-organi smanti geSrQ. 41. The use of claim 35 wherein
the regulatory nolecule is a chenokine, cytoki ne, 5 or nolecule affecting
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progenit & theebfs, |ynphoid stemcells, |ynphoid progenitor cells,
epithelial stemcells, genetically modi fied stem cells and/ or rryel oi d
progenitor cells. . 15 44. The kit of claim42 or claim43 wherein the
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one of clains b42 to g} erein e conpound’i s
consi sting GYuCIRODs S99l cysterelin, Decapeptyl, Deslorelin, Gonadorelin,
Goserelin, Hlstrelln Leuprol i de, Leuprorelin Lutrelin, I\/Eterelin 25

Naf ar el i n, | t A a trorel , Eul.exin, Leucrin, ZoI adex,
and  co nbl na i gr;lgl A f gl?bm LS whcfemo?he seconcf fével nhibitor is an interleukin or a cell
adhesion molecule or a combination thereof,

15

34.  The use according to any one of claims 1 to 33 wherein the patient’s bone
marrow has been or will be depleted.

35.  The use according to any one of claims 3 to 34 wherein the cells are genetically
20 modified to express an antigen or soluble regulatory molecule.

36.  The use according to claim 35 wherein the antigen is expressed on T cells or
dendritic cells.

25 37.  The use according to claim 35 or claim 36 wherein the antigen is one to which
an immune response is detrimental or desired.

38.  The use according to claim 37 wherein the antigen is one to which an immune
response is detrimental and expression of the antigen induces negative selection,
30  deletion or anergy of T cells targeted to the antigen.

39.  The use according to claim 38 wherein the antigen is one to which an immune
response is desired and low dose expression of the anfigen in the patient’s thymus

induces positive thymic selection, but not negative selection.
35
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40.  The use of claim 36 or claim 39 wherein the antlgen 18 'a tumour antigen or
mlcro-orgamsm antigen,

4l.  The use of claim 35 wherein the regulatory moiecule is a chemokine, cytokine,
or molecule affecting thymopoiesis, T cell development, activation, selection,
migration, responsiveness, anti-viral or anti-tumour defences.

42. A kit when used for treating an autoimmune disease or allergy in a patient, the
kit comprising a compound that disrupts sex steroid mediated signalling.

43.  The kit of claim 42 wherein the kit further comprises a cell selected from the
group consisting of: dendritic cells, hematopoietic stem cells, hematopoieﬁc progenitor
cells, lymphoid stem cells, lymphoid progenitor cells, epithelial stem cells, genetically
modified stem cells and/or myeloid progenitor cells.

44,  The kit of claim 42 or claim 43 wherein the compound ‘is selected from the
group consisting of: sex steroid antagonists, sex steroid agonists, sex steroid analogs,
anti-sex steroid vaccines, sex steroid receptor modulators, LHRH analogs, LHRH-R
agonists, LHRH-R antagonists, anti-LHRH vaccines, anti-estrogen antibodies, anti-
androgen antibodies, and combinations thereof.

45.  The kit according to any one of claims 42 to 44 wherein the compound is
selected from the group consisting of: Busereiin, Cysterelin, Decapeptyl, Deslorelin,
Gonadorelin, Goserelin, Histrelin, Leuprolide, Leuprorelin, Lutrelin, Meterelin,
Nafarelin, Triptorelin, Abarelix, Cetrorelix, Eulexin, Leucrin, Zoladex, and
combinations thereof,




