12 APR 2005 1 DI SEASE PREVENTI ON BY REACTI VATI ON OF THE T zqgggéﬁhg OF THE
I NVENTI ON [ 0001] The present disclosure is in the field of

prevention. I'n-particular this inventionis in the field of stinmulating a
patient's inmmune systemthrough reactivation of the 5 thynus, and
optionally using gene therapy of hematopoietic stemcells (HSC),
hemat opoi etic progenitor cells, epithelial stemcells or bone marrow.
BACKGROUND OF THE | NVENTI ON  THE | MMUNE SYSTEM [ 0002] The maj or function of
the 'inmune systen1is to distinguish "foreign" antigens 10 from"self' and
respond accor ¢raghypt FON ERERBAYTTORATON OF NS THYMUEN nor mal i mune
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cells (APQ caqt uring foreign antigen and processing it into small peptide
fragrrEHEIsD\@ﬁ’E'IEdNéfEMHQI‘ﬂ)r esented in clefts of major histoconpatibility

| ith
b o TRGC) CThFBtEh ditioslie iShns Hel O sei Mol PLERMBRaAAS O 10T
15 ce hrh\&nﬁaiois)m die fidid of sthsulbfingexpatient ethupnbesysteny thgughatadivetion ¢fdhé mune

1 S peoshie, Suseel) wRRBRe AP e A Petstio bt S EREa el £ ¢

then @E@éﬁit@r&eﬂ@ eﬁﬁhéliﬁ%‘deﬁ{be‘ﬂﬁ ofbéiaharédw.bot h Tc cells or the ant i body
producing B cel whi ch are sEem fic for the particular antigen. The

i mpor BQUNT-? QETHE QM 1y all inmune responses is best
i 11 ustrat ey %k 3 e their absence 20 through destruction by the
virus causes severe I mune deficiency eventual Ieadln to death.
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| factors released by these cells then promote the activation of either of both Tc cells or the
antibody producing B cells which are specific for the particular antigen. The importance of
Th cells in virtnally all immune responses is best illustrated in HIV/ATIDS where their absence
20  through destruction by the virus causes severe immune deficiency eventually leading to death.
Inappropriate de§elopment of Th (and to a lesser extent Tc) can lead to a variety of other
diseases such as allergies, cancer and autoimmunity.
[0003] The ability to recognize antigen is encompassed in a plasma membrane
receptor in T and B lymphocytes. These receptors are generated randomly by a complex
25  series of rearrangements of many possible genes, such that each individual T or B cell has a
unique antjgen receptor. This enormous potential diversity means that for any single anfigen
the body might encounter, multiple lymphocytes will be able to recognize it with varying
degrees of binding strength (affinity) and respond to varying degrees. Since the antigen
receptor specificity arises by chance, the problem thus arises as to why the body doesn’t “self
30  destruct” through lymphocytes reacting against self antigens. Fortunately there are several
mechanisms which prevent the T and B cells from doing so - collectively they create a

situation where the immune system is tolerant to self.




mechani snms whi ch prevent the T and B cells fromdoing so - @3@ KERt ] 5' y
they create a situation where the i mune systemis tolerant to se$ . 2 APR
2005 2 [0004] The nost efficient formof self tolerance is to physically
remove (kill) any potentially reactive |ynphocytes at the sites where they
are produced (thynmus for T cells, bpne marrow for B cells). This is called
central tolerance. An inportant, additional nethod of tolerance is through
regul atory Th cells which inhibit autoreactive cells either directly or 5
nore likely through cytokines. Gven that virtually all inmune responses
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process is called positive selection and is an exclusive feature of cortical epithelial cells, If
20  the TCR fails to bind to the self MHC/peptide complexes, the T cell dies by “neglect” — it
needs some degree of signaling through the TCR for its continued maturation.
[00086] While the thymus is fondamental for a functional immune system, releasing

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

mammals is that this organ undergoes severe atrophy as a result of sex steroid production.

95  This can begin even in young children but is profound from the time of puberty. For normal
healthy individuals this loss of production and release of new T cells does not always have
clinical consequences (although immune-based disorders increase in incidence and severity
with age). When there is a major loss of T cells, as in ATDS and following chemotherapy or
radiotherapy, the patients are highly susceptible to disease because they are immune

30  suppressed. '

[0007] Many T cells will develop, however, which can recognize by chance, with high
affinity, self MHC/peptide complexes, Such T cells are thus potentially self-reactive and




radi ot herapy, the patients are highly susceptible to diseaéf ﬁgause t hey
are i mune 30 suppressed. [0007] Many T cells will devel op® % &f5 whi ch
can recogni ze by chance, with high affinity, self MIC/ peptide conpl exes.
Such T cells are thus potentially self-reactive and 42 APR 2005 3 could
cause severe autoi nmune di seases such as nultiple sclerosis, arthritis,

di abetes, thyroiditis and system c |upus erythematosis (SLE). Fortunately,
if the affinity of the TCRto self MHC/ peptide conplexes is too high in
the thynus, the devel oping thynocyte is induced to undergo a suicidal
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with the increase in circulating sex steroid production around puberty (Hirokawa and
Makinodan, 1975; Tosi ef al., 1982 and Hirokawa, ef al., 1994). The precise target of the
20 hormones and the mechanism by which they induce thymus atrophy is yet to be determined.

Since the thymus is the primary site for the production and maintenance of the peripheral T
cell pool, this atrophy has been widely postulated as the primary cause of an increased
incidence of immune-based disorders in the elderly. In particular, deficiencies of the immune
system illustrated by a decrease in T-cell dependent immune functions such as cytolytic T-cell
75  activity and mitogenic responses, are reflected by an increased incidence of
immunodeficiency, autoimmunity and tumor load in later life (Hirokawa, 1998).
[0009] 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.
Altered cytokine profile (Hobbs et al., 1993; Kurashima et al., 1995), changes in CDA4" and
30 CDS8' subsets and a bias towards memory as opposed to naive T cells (Mackall e al., 1995)
are also observed. Furthermore, the efficiency of thymopoiesis is impaired with age such that

the ability of the immune system to regenerate normal T-cell numbers after T-cell depletion is




[ 0009] The inpact of thynmus atrophy is reflected in the perg‘gogeéé%[? W th
reduced thymc input to the T cell pool resulting in a les 2805 cel |
receptor (TCR) repertoire. Altered cytokine profile (Hobbs et at, 1993;
Kurashima et at, 1995), changes in CD4+ and 30 CD8+ subsets and a bias
towards nenory as opposed to naive T4cells (Mackall et at, 1995) are also
observed. Furthernore, the efficiency of thynopoiesis is inpaired wth age
such that the ability of the i mune systemto regenerate normal T-cell
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20  shown that bone marrow (BM) stem cells are not affected by age (Hirokawa, 1998; Mackall
and Gress, 1997) and have a similar degree of thymus repopulation potential as young BM
cells. Furthermore, thymocytes in older aged animals retain their ability to differentiate to at
least some degree (Mackall and Gress, 1997; George and Ritter, 1996; Hirokawa ef al., 1994).
However, recent work by Aspinall (1997), has shown a defect within the precursor CD3-CD4-

25  CD8- iriple negative (TN) population occurring at the stage of TCRy chain gene-

rearrangement.

SUMMARY OF THE INVENTION

[0011] The present disclosure teaches methods for preventing illness in a patient by

causing the patient's thymus to reactivate and the functional status fo the peripheral T cells to
30  beimproved, becoming better able to defend against infection or immune system challenge.

As used herein, "prevention” and "preventing” refer to complete as well as partial protection

of the patient from disease caused by an infectious agent. Optional gene therapy utilizing




25 CD8- triple negative (TN) popul ation occurring at the stag?gog %,}ﬂ
chai n gene- rearrangenent. SUVMARY OF THE | NVENTI ON [ 0011] The prg At
di scl osure teaches nethods for preventing illness in a patient by causing
the patient's thynus to reactivate and the functional status fo the
peripheral T cells to 30 be inprovesl, becom ng better able to defend

agai nst infection or i mune system challenge. As used herein, "prevention"
and "preventing" refer to conplete as well as partial protection of the
patient from di sease caused by an infectious agent. Optional gene therapy
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T°Ce for ter thymc reactivation. For exanple, the
HSC alfinctionally, directly or indirectly.
[0016] In another aspect, the present disclosure provides methods for preventing

infection by an infectious agent. GM cells that have been genetically modified to resist or
prevent infection, activity, replication, and the like, and combinations thereof, of the
20  infectious agent are injected into a patient concurrently with thymic reactivation.
[0017] In a preferred embodiment, HSC are genetically modified to create resistance
to HIV in the T cells formed during and after thymic reactivation. For example, the HSC are
modified to include a gene whose product will interfere with HIV infection, fanction and/or
replication in the T cell. This confers a degree of resistance to the virus, thereby preventing
25  disease caused by the virus.
[0018] In another aspect the present disclosure provides for the reactivation of the
thymus by disrupting sex steroid mediated signaling. In one embodiment castration is used to
disrupt the sex steroid mediated signaling. In a preferred embodiment chemical castration is
used. In another embodiment surgical castration is used. Castration reverses the state of the
30 thymus to its pre-pubertal state, thereby reactivating it.
[0019] In a particular embodiment sex steroid mediated signaling to the thymus is
blocked by the administration of agonists or antagonists of LHRH, anti-estrogen antibodies,
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resi stance to the virus, thereby preventing 25 disease caused by the
virus. [0018] In another aspect the present disclosure provides for the
reactivation of the thynus by disrupting sex steroid nediated signal,ng.
I n one enbodi nent castration is used to disrupt the sex steroid nedi ated
S|gnallng In a preferred enbodi ment chem cal castration is used. In

anot her” efbodi nent surgical castratiop is used. Castfration reverses the
state of the 30 thynus to its pre-pubertal state, thereby reactivating it.
[0019] In. a particular enbodi nent sex steroid nediated signaling to the
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[0023] Figure 2 A-C: Aged (2-year old) mice were surgically castraied and analysed at 2
20  and 4 weeks post-castration for peripheral lymphoeyte populations. (A) Total lymphocyte
numbers in the spleen. Spleen numbers remain constant with age and post-casiration. (B) The
ratio of B celis to T cells did not change with age or post-castration, however (C) a significant
decrease in the CD4":CD8" T cell ratio was seen with age, This was restored by 4-weeks post-
castration. Data is expressed as meant1SD of 4-8 mice per group. *¥* =p <0.001 compared to
25  youngadult (2-month) and 4-week post-castrate mice.
[0024] Figure 3: Fluorescence Activated Cell Sorter (FACS) profiles of CD4 vs. CD8
thymocyte populations with age and post-casiration. Aged (2-year old) mice were castrated and
the thymocyte subsets analysed based on the markers CD4 and CD8. Representative FACS
profiles of CD4/CD8 dot plots are shown for CD4CDSDN, CD4'CD8 DP, CD4"CD§" and
30 CD4'CDS' SP thymocytes. No difference was seen in the proportions of any CD4/CD8 defined
subset with age or post-castration.
’ [0025] Figure 4: Aged (2-year old) mice were castrated and injected with a pulse of
bromodeoxyuridine (BrdU) to determine levels of proliferation. Representative histogram
profiles of the proportion of BrdU" cells within the thymus with age and post-castration are
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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-
25  castrated or castrated on the same day as cyclophosphamide treatment. (A) A significant
increase in thymus cell number was observed in castrated mice compared to sham-castrated
mice, {B) Castrated mice also showed a significant increase in spleen cell number at 1-week
post-cyclophosphamide treatment. (C) A significant increase in lymph node cellularity was also
observed with castrated mice at 1-week post-treatment. Resulfs are expressed as meant1SD of
30  4-8 mice per group, ***=p <0.001 compared to castrated mice.
[0029] Figure 8 A-C: Changes in thymus (A), spleen (B) and lymph node (C) cell
numbers following irradiation and castration on the same day. Note the rapid expansion of the
thymus in castrated animals when compared to the non-castrate group at 2 weeks post-treatment.
No difference in spleen (B) or lymph node (C) cell numbers was seen with castrated mice,
35  Lymph node cell numbers were still chronically low at 2-weeks post-treatment compared to




I ncreased by 2 weeks post-ox. (B) The rate of em gration (expontétotal
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reduced at 2 weeks post-cx. (C) Wth age, a significant increase in the
ratio of CD4+ to CD8+ RTE was seen and this was nornmalised by 1 20 week
post-cx. Results are expressed as neanil SD of 4-8 mice per group. ** =p
50.01; ** * p 50.001 conpared to young adult mce. » = p 50.001 corrpared
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number as gated on CD25 vs, CD8 cells by FACS (B).
[0033] Figure 12 A-C: V10 expression on CTL (cytotoxic T lymphocytes) in activated
LN (lymph nodes) following HSV-1 inoculation. Despite the normal VB10 responsiveness in
aged mice overall, in some mice a complete loss of V510 expression was observed.
25  Representative histogram profiles are shown. Note the diminution of a clonal response in aged
mice and the reinstatement of the expected respense post-castration.
[0034] Figure 13 A-C: Castration restores responsiveness to HSV-1 immunization. (A)
Aged mice showed a significant reduction in total lymph node cellularity post-infection when
compared to both the young and post-castrate mice, (B) Representative FACS profiles of
30  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 of aged mice was reflected by a significant decrease in activated CTL numbers,
. Castration of the aged mice restored the immune response to HSV-1 with CTL numbers
equivalent to young mice. Results are expressed as mean +1 SD of 8-12 mice. ** =p =0.01
35 compared to both young (2-month) and non-castrated mice,




perfornmed on the sane day. Note the rapid expansi on of theﬁ@ﬁ@ﬁsz'ﬁg
castrated animals when conpared to the non-castrate (cycl ophospham de

al one) group at | and 2 weeks post-treatnent. In addition, spleen and

| ynph node nunbers of the castrate group were wel |l increased conpared 15 to
t he cycl ophospham de al one group. (n = 3-4 per treatnent group and tine
point)-. Chemcal castration is corrpargabl e to surgical castration in
regeneratjon of the imune system post™ cycl ophosphani de treatment. [0032]
Figure I1 A and B: Lynph node cellularity follow ng foot-pad i munization
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aged treatment group and time point). Castrated mice had significantly increased congenic (Ly5.2)
cells compared to non-castrated animals (data not shown).
[0038] Figure 17 A and B: Changes in thymus cell number in castrated and noncastrated
25  mice after fetal liver reconstitution. (n=3-4 for each test group.) (A) Af two weeks, thymus
cell number of 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
30  cells were present in both castrated and noncastrated mice. Four weeks after treatment
approximately 85% of cells in the castrated thymus were donor-derived, 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 irradiation and fetal liver reconstitution, followed by surgical castration.
35  Percentages for each quadrant are given to the right of each plot. The age matched control
profile is of an eight month old Ly5.1 congenic mouse thymus, Those of casirated and




mce. [0036] Figure 15 A and B: Analysis of CD4+ T cell he and V$ TCR
response to HSV-1 10 infection. Popliteal |ynph nodes mer

post-HSV-1 infection and anal ysed ex- vivo for the expreSS|on of

CD8 and specific TCRVQ markers and (b) CD4/CD8 T cells. (A The percentage
of activated (CD25") CD8+ T cells expressing either V910 or VR8.1 is shown
as nean 1 SD for 8 mce per group. No difference was observed with age or
post- castration. (B) A decrease in CD4/CD8 ratio in the resting LN
‘popul ati on<was seen with age. 15 Thiqomes restored post-castration. Results
are expressed_ as nmeanlSD of 8 mice per group, *** = p =0.001 conpared to
young and castrate m ce. [0037] Flgure 16 A-D. Changes in thynus (A),
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t hynus. . Pawbe bgtf:veep@gtham il nonchstzad nf GO%p £0.05). (B) CD45.2" cell number. There
was no significant difference between castrated and noncastrated mice with respect to CD45.2+
20 cell number in the bone marrow two weeks after reconstitution. CD45.2" cell number remained
high in castrated mice at four weeks. There were no donor-derived cells in the noncastrated mice
at the same time point.
[0042] Figure 21 A-C: Changes in T cells and myeloid and lymphoid derived dendritic
cells (DC) in bone marrow of castrated and noncastrated mice after fetal liver reconstitution.
25 (n=3-4 mice for each test group.) Control (white) bars on the following graphs are based on the
normal number of T cells and dendritic cells found in unfreated age matched mice. (A) T cell
number—Numbers were reduced two and four weeks after reconstitution in both castrated and
noncastrated mice. (B) Donor derived myeloid dendritic cells—Two weeks after reconstitution
DC cell numbers were normal in both castrated and noncastrated mice. At this time point there
30 was no significant difference between numbers in castrated and noncastrated mice, (C) Donor-
derived lymphoid dendritic cells—Numbers were at normal levels two and four weeks after
reconstitution, At two weeks there was no significant difference between numbers in castrated

’ , and noncastrated mice.
[0043] Figure 22 A and B: Change in total and donor (CD45.2") lymph node cell
35 numbers in castrated and noncastrated mice after fetal liver reconstitution. (n=3-4 mice for each
test group.) (A) Total cell number-—Two weeks after reconstitution cell numbers were decreased
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Myel oid and | ynphoid dendritic cell (DC) number after lethal 5
irradiation, fetal liver reconstitution and castration. (n= 3-4 mce for
each test group.) Control (white) barz1 on the follow ng graphs are based
on the nor.mal npunber of dendritic cellS found in untreated age natched
mce. (A) Donor-derived nyeloid dendritic cells-Two weeks after
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respect to donor CD45.2" cell number in the lymph node two weeks after reconstitution, CD45.2

cell number remained high in castrated nrice at four weeks. There were no donor-derived cells in
25  the noncastrated mice at the same point,

[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 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 unireated age matched mice. (A) T cell numbers were reduced two

30 and four weeks after reconstitution in both castrated and noncastrated mice. (B) Donor derived )
myeloid dendritic cells were normal in both castrated and noncastrated mice. At four weeks they
were decreased. At two weeks there was no significant difference between numbers in castrated
and noncastrated mice. (C) Donor-derived lymphoid dendritic cells—Numbers were at ormal




and noncastrated mce. [0043] Figure 22 A and B: Change ins&tftﬁi %nd donor
(CD45.2) lynmph node cell 35 nunbers in castrated and noncast e% M e
after fetal liver reconstitution. (n=3-4 mce for each test group.) (A
Total cell nunber-Two weeks after reconstitution cell nunbers were
decreased -12 APR 2005 11 and there was no significant difference in cell
nunber between castrated and noncastrated m ce, Four weeks after
reconstitution cell nunbers were approaching normal |levels in castrated

m ce. * (B)” CD45. 2+ cell nunber-Thereipas no significant difference between
castrated and. noncastrated mce with respect to CD45. 2+ cell nunber in the
spl een, two weeks after 5 reconstitution. CD45.2+ cell nunber remai ned high
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reconstitution. remal ne n castrated nice at four
weeks. Tenbstentiskinereasoinguerall T dell dupbers dadlowingitieatme®. Aloalueavsastomparetiveni ce at
t he sanet‘ﬁ%tﬂhv {1%046] Figure 25 A-C. Changes in T cells and nyeloid and
| ynphoi d erlveﬁ endritic
[0049] Figure 28: Analysis of the proportions of B cells and myeloid cells (NK, NKT and

20  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.
[0050] Figure 29: Analysis of the total cell numbers of B and myeloid cells within the
25 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,
[0051] Figure 30 A and B: The major change seen post-LHRH agonist treatment was

v 30  within the T cell population of the peripheral blood. In particular there was a selective increase
in the proportion of naive (CD45RA™) CD4+ cells, with the ratio of naive (CD45RA™ to
mermory (CD45R0") in the CD4" T cell subset increasing in 6/9 of the human patients,
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cells (DQin the nesenteric |ynph nodes of castrated and non-gftg‘rg;gt éh m ce
after fetal liver reconstitution. (n7-3-4 mice for each test gtol ? d]

Control (striped) bars are the nunber of T cells and dendritic cells found
in untreated age matched mce. (A T cell nunbers were reduced two 30 and
four weeks after reconstitution in both castrated and noncastratcd m ce.

(B) Donor derived nyeloid dendritic cglls were normal in both castrated
and noricastrated mce. At four weeks they were decreased. At two weeks
there was no significant difference between nunbers in castrated and
noncastrated mce. (C) Donor-derived |ynphoid dendritic cells-Nunbers were
at normal 1 2 APR 2005 12 levels two and four weeks after reconstitution.
At two weeks there was no significant difference between nunbers in

castrat eq0e%g] noncEgire 81:90kcrEhR8n thk RbAincE bEskirfusRB varliR IRBSRRE ¥RirSes,

conpositign qQf peripheral blood | ynphocytes was  "anal yzed 'in hunman patients
(all >60 ﬂ%*)gﬁﬁwa 18, ki fnpedpace gk impdialedal engsgies Edow py Waphpang e cancer .
Pati erst SaEPLESe ekepaaaldmed before treatment and 4 nonths after beginning

LHRH agogh@atreat ment, Tot al ,Iyqr}phocyte cel | nunbers per ml of blood were
at the | lend diieurg 33iPemreation ofaphpmpesutical theonghaldin. Permeability of theskins

Fol | oW ngsing @@ , | : ; ' ' in total
| ynphocyt e unl??gtaisﬁﬁélgﬁgﬁ%g%gﬁé‘%é%%g%ﬁyn%&%géﬁog@ lgké#%a%%g? observed).
Corr el at i[ﬁ%&&i t h tiguee ik ShargeiimEnaressence of skisayer timaafier theadditonsofisn 6/ 9

pat | ent s anfoldyufenid il Nt DAt oSHRRShpulc b €286, VAR SUES IRy P OnoUnced

with 8/ 9 patients denonstrating ncr ease evels o A | ess

di st ilfct jogams at byt O ardis Righest after B mUDBes Wathedlins)podi-treatingntpat i ent s
howi ng i d g ' .10 A . than CD4+ T
show ng '[[%’%H%as ed gigess CraldiGl ﬁu(ﬂ%gﬁﬁbil skin oggﬁ%%e%ﬁ% a éfft%eflf%tf 52 han

cells. 048] Figure 27: Arf’al ysis o uman p Jerore and after
LHRH- agodminolevelerip peid (AL Alowithout andmpulseteansienss There isdittleothanpgdss the inténkiey dver al |
proporti Qs i, CD4 or CD8 15 T cells, and a variable change in the
CD4: CD8 rate?%ltﬂ;ggﬁéc_)d\}\ﬁgng treatment. This indicates the mniml effect of

t r eat nenf0@i6]t he Higneo3t: Loinparsan of deasgede fludresterce bf skin dfieeths adiiidgmidf 6- t he
substgnt i ' | verall T.cell nunbers.followng treatpent. All
val u_elg V\/ea?]in okgﬁn%rg(?gﬁ? Qgr“%t%dgglrl%glregflpl{}%lm?“?%ﬁﬁmﬁ S5 | ysis of

t he pr opdegreaafpemfcatilization sf the stratypetovhetnodzbérds 6i\Nie pédkEiressad 20 nacr ophages)

within t }gﬂ' i i ents under goi ng LHRH agoni st

treat menﬁ enoﬁnlg%?ggbgagg?@%ﬁgmf change within subsets. Wile NK
NKT and [0@57] ophadhe presemodisilasnes somprien @thoad fof prewhiingCdRGicank phtithl. QWi ng

T eat MeNeschild B RE b ol pibertif yus Bsed B boS i tmmne oten . ©" S

20 function at less than peak levels. The present disclosure uses reactivation of the thymus to -

¥

improve immune system function, thereby increasing resistance to, and preventing infection
by, various foreign agents. In some instances prevention of infection is not achieved, but in
such cases, a stronger, more resilient immune system will aid the body in decreasing the extent
and length of infection.

25 [0058] In some instances, the methods of the invention use genetically modiffed
hematopoietic stem cells, lymphoid progenitor cells, myeloid progenitor cells, epithelial stem
cells or combinations thereof (GM cells) to produce an immune system resistant to attack by
particular antigens. This embodiment is described in co-pending United States patent
application 09/758,910. An appropriate gene or polynucleotide that will create or induce

30  resistance to one or more infectious agents is engineered into the stem and/or progenitor cells. v
The modified cells are injected into a patient whose thymus is being reactivated by the
methods of this invention. The modified stem and progenitor cells are taken up by the thymus



[ 0050] Figure 29: Analysis of the total cell nunbers of B an%znéggcﬁw%el S

within the 25 peripheral blood of human patients post-treatnent showed

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

macr ophage (3/9 patients) cell nunbers post-treatnent. B cell nunbers

showed no distinct trend with 2/9 patldents show ng increased |levels; 4/9

patients showi ng no change and 3/9 patients show ng decreased | evel s.

[ 0051] Figure 30 A and B: The mmj or change seen post-LHRH agoni st treatnent

was 30 within the T cell population of the peripheral blood. In particular
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blocked by the loss of FSH and LH. The direct consequences of this are an immediate drop in .

the plasma levels of sex steroids, and as a result, progressive release of the inhibitory signals

20  on the thymus. The degree and kinetics of thymic regrowth can be enhanced by injection of
CD34" hematopoietic cells (ideally autologous).

[0061] This invention may be used with any animal species (including humans)
having sex steroid driven maturation and an immune system, such as mammals and
marsupials, preferably large mammals, and most preferably humans.

25 [0062] The terms “regeneration,” “reactivation” and “reconstitution” and their
derivatives are used interchangeably herein, and refer to the recovery of an atrophied thymus
to its active state.

[0063] “Castration,” as used herein, means the marked reduction or elimination of sex
steroid production and distribution in the body. This effectively refurns the patient to pre-

30  pubertal status when the thymus is fully fanctioning. Surgical castration removes the

patient’s gonads.



and length of infection. 25 [0058] In sone instances, the nmethods of the

I nvention use genetically nodified henmatopoietic stem cel ﬁsg Amg@ d
progenitor cells, nyeloid progenitor cells, epithelial stem cellS or
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attack by particular antigens. This enbodi nent is described in co-pending
United States patent application 09/758,910. An appropriate gene or

pol ynucl eotide that will create or induce 30 resistance to one or nore
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parti cul g?ﬁlgg?qa%sgv‘é@y%iﬁa] ?Cﬁﬁ]ﬁ’g?%gﬁﬁf%{”@@?%%t erone in males; the release is
bl ockiéd K§066he | o¥m wéfedr@idmbodimbdt] thebeestetvid entiako Hgelewdeshpfusishi s are an
or ogr s PR b i 83 A4E0S oy B D50 Slod B ehPRue. The degree
and ki nethbmenefeldadinglioonone GLRRMDN Seoserbie anipsnwiakbitige nfheepics @ of CD34+
hemat opo 'cﬁélﬂl&l ga?ﬁﬁ%n s:le gl%ﬁllalm}(ma g&c?llagaqg glé %}clude, but are not limited 1o, the
following agonists of the LHRH receptor (LHRH-R): Eulexin Buserelin (Hoechst), Cystorelin
20 (Hoechst), Decapeptyl (frade name Debiopharm; Ipsen/Beaufour), Deslorelin (Balance
Pharmaceuticals), Gonadorelin (Ayerst), Goserelin (trade name Zoladex; Zeneca), Histrelin
(Ortho), Leuprolide (trade name Lupron; Abbott/TAP), 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
25  the LHRH-R: Abarelix (trade name Plenaxis; Praecis) and Cetrorelix (trade name; Zentaris),
Combinations of agonists, combinations of antagonists, and combinations of agonists and

antagonists are also included. The disclosures of each the references referred to above are
incorporated herein by reference. I is currently preferred that the analog is Deslorelin
(described in U.S. Patent No, 4,218,439). For a more extensive list, see Vickery et al., 1984.
: 30 [0067] In a preferred embodiment, an LHRH-R antagonist is delivered to the patient,
followed by an LHRH-R agonist. This protocol abolishes or limits any spike of sex steroid
production, before the decrease in sex steroid production, that might be produced by the
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(LHRH-R): Eul exi n Buserelin (Hoechst), Cystorelin 20 ( Hoeg:hst(?/, Decapept yl
(trade nefhonewaieyphmevan. Thisdpobudes bBLis not limkted &, crepsed pendagtion and/or

release of HSC. These HSC are able to migrate to the thymus and assist in the increased

thymopoiesis.

20 PHARMACEUTICAL COMPOSITIONS
[0070] The compounds used in this invention can be supplied in any pharmaceutically
acceptable carvier or without a carrier. Examples include physiologically compatible
coatings, solvents and diluents. For parenteral, subcutaneous, intravenous and inframuscular
administration, the compositions may be protected such as by encapsulation. Alternatively,

25  the compositions may be provided with carriers that protect the active ingredient(s), while
allowing a slow release of those ingredients. Numerous polymers and copolymers are known
in the art for preparing time-release preparations, such as various versions of lactic
acid/glycolic acid copolymers. See, for example, U.S. Patent No. 5,410,016, which uses
modified polymers of polyethylene glycol (PEG) as a biodegradeable coating.

30 Jo071] Formulations intended to be delivered oraily can be prepared as liguids, .
capsules, fablets, and the like, Thesc compositions can include, for example, excipients,




Phar maceuti cal s), Gonadorelin (Ayerst), Goserelin (trade I X;
Zeneca), Histrelin (Otho), Leuprolide (trade nane Lupro?pi%%%@ﬁAP),

Leuprorelin (Plosker et al.), Lutrelin (Weth), Mterelin (W»9118016),
Nafarelin (Syntex), and Triptorelin (U S. Patent No. 4,010,125). LHRH
anal ogs al so include, but are not limted to, the foll ow ng antagonists of
25 the LHRH- R Abarelix (trade nanme Pl enaxis; Praecis) and Cetrorelix
(trade nane; Zentaris). Conbinations of agonists, conbinations of

ant agoni sts, and conbi nati ons of agonists and antagonists are al so
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steroid production, befqre.the decrease in sex steroid production, that

mi §ht OHET EY8 %EP‘E)‘S?‘”WFQ@%PR 2005 16 administration of the agonist. In
an al t er napgygnbodi nent, an LHRH R agoni st that creates little or no sex
steroid production spike is used, with or without t dm_.ni stration

tr \ e pri.or,
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addi t ipoefatablulps bantoabreamianthse Reduction of sey sicenids mdh@h%aﬁ seminimat Yalngsc :

effect.. Such conpaunds include .but . li 4 . d I L2),
D5 (AR AP S Vet S Gy o Bbfiift g 1 B Wien b B ShisgHit Rl LR
and f:ﬂ%i_@ﬁb@f&ﬁ}b@diﬁwﬁig;éfggﬁﬁi@lprépafédl todast 5t ooy aﬁaepd.arri]d't’éIr.:vt:lnidgam'?(r)laﬂ’oalK I E@yt? col ony
stimul'atin ctor and ker.ati,nocyte grow act or. t is
envi sa?@‘é‘ﬂlp?%ﬁu ??‘i‘é‘é‘é’oﬁ PO duEnE ey %P%@H&E%Fﬁ%n&féﬂmt hr ee
ti nes Abloglddf bk Riddk ahd &étiveraanaldesred hieal toRotebiavpient fopdgedodoftwodoses of
any one or conbination of _these substances may be giv at tarre to
f ur t her nQrp maanghscstarties atrherbeginning ghie dlugsasogy WHb P@%@Eﬁ%‘%@ d%ﬁg%f&

I ' : : t ' e be devel d
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n inportant feature of the thyni'c i nprovement and that
of thdO0FALne sTiststandard dpseaarigs wigh thaof aralogugedg nigencidt the AO¥F1St he sex

oo B B AR DR e AR A L R
HSC. Theaes higfkgrPosehkties withitg IR Htamaloger vvhyonesusadd Fassiagpld, fortmales,
$net eaush%gr current dosing conditions, 10.8 mg goserelin as a single dose (effective for 3 months) is
20  administered on day-21 (before date of thymic enhancement), with a further injection of 3.6
mg on day 63 (after date of thymic enhancement), which will be effective for another 28 days
or so. For females, 3/6 mg (effective for 28 days) is administered on day —1, 7, 35 and 63.
[0075] The formulation can be made to enhance the immune system, Alternatively,
the formulation can be prepared to specifically deter infection by flu viruses while enhancing
25  the immune system. This latter formulation would include GM cells that have been
engineered to create resistance to flu viruses (see below). The GM cells can be administered
with the LHRH analog formulation or separately, both spatially and/or in time. As with the
non-GM cells, multiple doses over time can be administered to a patient to create protection
and prevent infection with the flu virus over the length of the flu season.
30 DELIVERY OF AGENTS FOR CHEMICAL CASTRATION
[0076] Delivery of the compounds of this invention can be accomplished via a number

of methods known to persons skilled in the art. One standard procedure for administering




t hymopoi esis. 20 PHARVACEUTI CAL COVPCSI TI ONS [0070] The cofnfopfRsypgged in
this invention can be supplied in any pharmaceutically acceptable carrier
or without a carrier. Exanples include physiologically conpatible

coatings, solvents and diluents. For parenteral, subcutaneous, intravenous
and intramuscul ar admnistration, th® conpositions may be protected such
as by encapsul ation. Alternatively, 25 the conpositions may be provided
with carriers that protect the active ingredient(s), while allowi ng a slow
rel ease of those ingredients. Numerous polymers and copol ymers are known
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and about kg, pref erably het ween apout Q.01 /kg and
No 6 056,738, all of Whlch are Incorporated herein by reference. In a preferred embodiment,

the laser beam has a wavelength between 0.2 and 10 microns., More preferably, the
wavelength is between about 1.5 and 3.0 microns. Most preferably the wavelength is about
2.94 microns. In one embodiment, the laser beam is focused with a lens to produce an

20  irradiation spot on the skin through the epidermis of the skin. In an additional embodiment,
the laser beam is focused to create an irradiation spot only through the stratum corneum of the
skin.
[0079] As used herein, "ablation" and "perforation" mean a hole created in the skin.
Such a hole can vary in depth; for example it may only penetrate the strafum corneum, it may

25  penetrate all the way into the capillary layer of the skin, or it may terminate anywhere in
between. As used herein, "alteration" means a change in the skin structure, without the
creation of a hole, that increases the permeability of the skin. As with perforation, skin can be
altered to any depth.
[0080] Several factors may be considered in defining the laser beam, including

30  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/em®, More preferably, the

- energy fluence is in the range 0of 0.03 - 9.6 J /em®. The beam wavelength is dependent in part




about 5 ng/kg. Dose varies with the LHRH anal og or vacci ﬁg Lﬁf&zﬁﬁﬁor
exanpl e, for males, wunder current dosing conditions, 10.8 ng goserelin as
a single dose (effective for 3 nmonths) is 20 adm ni stered on day-21 (before
date of thym c enhancenent), with a further injection of 3.6 ng on day 63
(after date of thym c enhancenent), which will be effective for another 28
days or so. For females, 3/6 ng (effective for 28 days) is adm nistered on
day -1, 7, 35 and 63. [0075] The forrul ati on can be nmade to enhance the

i mmune system Alternatively, the fornulation can be prepared to

speci fbx?@uhlls}éeﬁd&%éﬁai GO R%, Find gisé %&fﬁa&%dﬁl 1%%{}%%1&8103%?&&“6 | mune

system ter "formulati'on wou GM cel at have been
engi nepulsiwidth pmdatteel byeﬁhrwampb abalﬂdqfcapamtsmﬂl(ﬁbehlbmpomd thytaserapficel | s

can be_a m ni t H ana f arately, both
spat i al'fy™ 31%8 Fsﬁvfl Bﬁn\;ﬁ#}f S ﬁsqgrg% ﬁ&&[& P{)Q§g{)e doses over

ti ][re ;:mahf ?ﬂmt Accsa;r?mgcﬂo this sethotl Itl?ir}ieriiomtmh@&hfherpnm fpﬁmﬂumzﬂ byatheilag%re\lsgm Ry
infection w uwrusovr e 0 e usason

OF SAGERFPd TRt e TdNred AV AR PSR frampths] as%&%@fﬁpe?fedteﬂﬁ’ Bh8nds of this
| nVent hQfesfth ReliBaGeMrbefitfle Hraum JdHEE is fp?édd&'@cl Bedsink naiplé Bisger sons
skilled in the art. One standard procedure for adm nister] n%%jlz APR 2005 18

chemi ceulsesnechiof Wbschtmerfomwsmrtal@@wnbt sfrastionpf theterget SR dHicHESY 0 the thynus
ut! | ZRioe2] S 19! Po 198, Ghe B ol 30 nd idtey ﬁﬂﬁfréd% telrald i e

nont hs thi s a sinpl’e on ectl not be
suf fi cihentramm dohmemgwuﬂhaﬂultaplalpdlsbmby:takmgdﬂe énamgy nmasmgts ipelse and Gigiling wel |

re t ethree t hs, are. ov, e ot ecti i mpl ant
el beby B aetHf Biss e R L Xt ey P oes abaria: St 138 W
al | ow sheppy fofréd@fee aGferfobion o kitératien thrdughiehd aire strathinitothduer, thenoneast ng t he
half life of the .inhibitor thin the body, .such d'f'ﬁﬂ@bgﬁ' of the
cheni cBodugguakitatixely; SNHY ReHQration o ?Eﬁa?%‘éﬁl??e@nﬁgﬁﬁ ﬁac%%
[0077] ¢ dﬁ%%ﬂpéfcﬁggltMe@u&bﬁ@fﬂ&tﬂé?aﬁé&ﬁ%tﬁ@@%'tﬁﬁ&ﬁd&ﬁéﬂhﬂﬂl gthet are not

limte Irradiation of the skin, and creation of high &Hpésure
i npul sisradiationi(kurnan (eavtion iimes asd o8 fhecoyderd 108 ws<or6p), iang thas Ereheatirp

- thes sk @zns%e@a(éﬂ Pﬁﬁé BOEsi @ﬁ i 26ke0in e{ﬁle Sucidd gm'%}iiiﬂlgﬁlg ﬁ{%ﬂﬂse BfetitiBe rate

conpoun arriet he sane ref'erred nmet hod
-~ of thi ﬁ'omihatasmhbu]dsba mchthahcmplpﬂe@@ﬁdraanu irproducedied tiore Qﬂ‘l@sﬂﬁﬂr\mﬂor t he

boam  SRoarery BB bon PR B ey Bl bR 0

creat escsfﬁat d:han@ésfmltﬁé 1268 man@i d@natdcaﬁslunngtﬂmeloagermammomame.e nt. 15 See

gng ' U!DESO' ho- ’I‘gSpeggti;Late the skm 1n a mal}lager at 111 ﬁces %’ctleuorsno bl?oéd ﬂc|>\|wo sk15ﬁ §a§19 446,

20  be perforated or altered through the outer surface, such as the stratum corneum layer, but not

) on

as deep as the capillary layer. The laser beam is focussed precisely on the skin, creating a
beam diameter at the skin in the range of approximately 0.5 microns - 5.0 cm. Optionally, the
spot can be slit-shaped, with a width of about 0.05-0.5 mm and a length of up to 2.5 mm. The
width can be of any size, being conirolled by the anatomy of the area irradiated and the

25  desired permeation rate of the fluid to be 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.
[0084] 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 stratum corneum between ablation

30 (perforation) and non-ablative modification (alteration). Both ablation and non-ablative
alteration of the stratum corneum result in enhanced permeation of subsequently applied

pharmaceuticals.
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fluence, which for a half-micron spot size would require a pulse energy of about 5 nJ. This

20  low a pulse energy is readily available from diode lasers, and can also be obtained from, for
example, the Er:YAG laser by attenuating the beam by an absorbing filter, such as glass.
[0087] Optionally, by changing the wavelength of radiant energy while holding the
other variables constant, it is possible to change between an ablative and non-ablative tissue-
effect. For example, using Ho:YAG (holmium: YAG; 2.127 microns) in place of the Er:YAG

25  (erbium: YAG; 2.94 microns) laser, would result in less absorption of energy by the tissue,
creating less of a perforation or alteration.

[0088] 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

30 femtosecond to 1 msrange. (See D, Stern ef l., "Corneal Ablation by Nanosecond,

Picosecond, and Femtosecond Lase:_rs at 532 and 625 nm," Corneal Laser Ablation, Vol. 107,
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20  metabolism of the cutaneous substrate tissue, pressure differences between the region external
to the stratum corneum, and the region internal to the stratum corneum, as well as the
anatomical site and physical condition of the skin. In turn, the physical condition of the skin
depends on health, age, sex, race, skin care, and history, For example, prior contacts with
organic solvents or surfactants affect the physical condition of the skin.

25 [0092] The amount of compound delivered through the epithelial tissue layer will also
depend on the length of time the epithelial layer remains permeable, and the size of the
surface area of the epithelial layer which is made permeable.

[0093] 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

30 reference. However, their characteristics are modified by the linear and non-linear properties
of the coupling medium through which they propagate. The linear attenuation caused by the

coupling medium attenuates predominantly the high frequency components of the impulse
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transients used in the
preferably have durations on the order of a few tens of ns, and thus interact with the epithelial

20 tissue for only a short period of time. Following interaction with the impulse transient, the
gpithelial tissue is not permanently damaged, but remains permeable for up to about three
minutes.

[0097] In addition, these methods involve the application of only a few discrete high
amplitude pulses to the patient. The number of impulse transients administered to the patient

25  istypically less than 100, more preferably less than 50, and most preferably less than 10.
‘When multiple optical pulses are used to generate the impulse transient, the time duration
between sequential pulses is 10 to 120 seconds, which is long enough to prevent permanent
damage to the epithelial tissue. '

[0098] Properties of impulse transients can be measured using methods standard in the

30 art. For example, peak stress or pressure, and rise time can be measured using a
polyvinylidene fluoride (PVDF) transducer method as described in Doukas et al., Ultrasound
Med. Biol., 21:961 (1995).




present methods avoid tissue injury. [0090] Prior to exposgrg M@ zmﬁinpulse
transient, an epithelial tissue |ayer, e.g., the stratum corneum

|l i kely inmpernmeable to a foreign conmpound; this prevents diffusion of the
conmpound into cells underlying the epithelial |ayer. Exposure of the
epithelial layer to the 15 inpul se tnpgnsients enables the conpound to

di ffuse through the epithelial layer. The rate of diffusion, in general,
is dictated by the nature of the inpulse transients and the size of the
conpound to be delivered. [0091] The rate of penetration through specific
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becone,sidRsticatobMcients in the visible and ultravwlet spectral regions.
[0103] Many types of materials can be used as the target material in conjunction with
20  alaser beam, provided they fully absorb light at the wavelength of the laser used. The target
material can be composed of a metal such as aluminum or copper; a plastic, such as
polystyrene, e.g., black polystyrene; a ceramic; or a highly concentrated dye solution. The
target material must have dimensions larger than the cross-sectional area of the applied laser
energy. In addition, the target material must be thicker than the optical penetration depth so
25  that no light strikes the surface of the skin. The target material must also be sufficiently thick
‘to provide mechanical support. When the target material is made of a metal, the typical
thickness will be 1/32 to 1/16 inch. For plastic target materials, the thickness will be 1/16 to
1/8 inch.
[0104] Impulse transients can also be enhanced using confined ablation. In confined
30 ablation, a laser beam transparent material, such as a quartz optical window, is placed in close
contact with the target material. Confinement of the plasma, created by ablating the farget
material by using the transparent material, increases the coupling coefficient by an order of




[0094] The rise tinme, magnitude, and duratlon of the |npulé%ﬁ¥%%2ﬁﬁent are
chosen to 10 create a non-destructive (i.e., non-shock wave) inpulse
transient that tenporarily increases the perneability of the epithelial
tissue layer. Cenerally the rise tineis at least I ns, and is nore
preferably about 10 ns. [00951 The pexk stress or pressure of the inpulse
transients varies for different epithelial tissue or cell |ayers. For
exanple, to transport conmpounds through the stratum 15 corneum the peak
stress or pressure of the inpulse transi ent should be set to at |east 400
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impulse transients have rise times of 30 to 450 ns, which is longer than laser-generated

impulse transients. To form an impulse transient of the appropriate rise time for the new

20 methods using an extracorporeal lithotripter, the impulse transient is propagated in a non-
linear coupling medium (e.g., water) for a distance determined by equation (1), above. For
example, when using a lithotripter creating an impulse transient having a rise time of 100 ns
and a peak pressure of 500 barr, the distance that the impulse transient should travel through
the coupling medium before contacting an epithelial cell layer is approximately 5 mm.

25 [o0108] An additional advantage of this approach for shaping impulse transients
generated by lithotripters is that the tensile component of the wave will be broadened and
attenuated as a result of propagating through the non-linear coupling medium. This
propagation distance should be adjusted to produce an impulse transient having a tensile
component that has a pressure of only about 5 to 10% of the peak pressure of the compressive

30 component of the wave. Thus, the shaped impulse transient will not damage tissue.

[0109] The type of lithotripter used is not critical. Either an electrohydraulic,
electromagnetic, or piezoelectric lithotripter can be used. '




exanple, a liquid or a gel, as long as it is non-linear. ﬁ%ﬂsﬁ? H{eE
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[0112] Alternatively, an energetic material can produce an impulse transient in

response to a detonating impulse. The detonator can detonate the energetic material by
20  causing an elecirical discharge or spark.
[0113] Hydrostatic pressure can be used in conjunction with impulse transients to
enhance the transport of a compound through the epithelial tissue layer. Since the effects
induced by the impulse transients last for several minutes, the transport rate of a drug
diffusing passively through the epithelial cell layer along its concentration gradient can be
25  increased by applying hydrostatic pressure on the surface of the epithelial tissue layer, e.g.,
the stratum corneum of the skin, following application of the impulse transient,
GENETIC MODIFICATION OF STEM OR PROGENITOR CELLS
Genes
[0114] Useful genes and gene fragments (polynucleotides) for this invention include
30  those that code for resistance to infection of T cells by a particular infectious agent or agents.
Such infections agents include, but are not limited to, HIV, T cell leukemia virus, and other
viruses that canse lymphoproliferative diseases. With respect to HIV/AIDS, a number of




5 transparent material is preferably bonded to the target i:gr’rgt ééﬁa@gg}@si ng an
initially liquid adhesive, such as carbon-containing epoxies, to prevent
such voids. [0106] The | aser beam can be generated by standard optical

nodul ati on techniques known in the art, such as by enploying Qsw tched or
node-| ocked | asers using, for examplg electro- or acousto-optic devices.
Standard comrercially avail able | asers that can operate in a 10 pul sed node
in the infrared, visible, and/or infrared spectruminclude Nd: YAG Nd: YLF,
C02, exciner, dye, Ti:sapphire, diode, holmum (and other rare-earth
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desired RNA or protein. Bxpression vectors are vectors that are capable of directing

20 transcription of DNA sequences contained therein and translation of the resulting RNA.
Expression vectors are capable of replication in the cells to be genetically modified, and
include plasmids, bacteriophage, viruses, and minichromosomes. Alternatively the gene or
gene fragment may become an integral part of the cell’s chromosomal DNA. Recombinant
vectors and methodology are in general well-known.

25 [0117] Expression vectors useful for expressing the proteins of the present disclosure
contain an origin of replication. Suitably constructed expression vectors contain an origin of
replication for autonomous replication in the cells, or are capable of integrating into the host
cell chromosomes, Such vectors may also contain selective markers, 2 limited mumber of
useful restriction enzyme sites, a high copy number, and strong promoters. Promoters are

30 DNA sequences that direct RNA polymerase to bind to DNA and initiate RNA synthesis;
strong promoters cause such initiation at high frequency. The expression vectors of the
present disclosure are operably linked to DNA coding for an RNA or protein to be used in this




medi um and undergoes rapid di spl acement follow ng applicat§ &nikep

optical, thermal, or electric field to generate the inpulse transient. For
exanpl e, dielectric breakdown can be 5 used, and is typically induced by a
hi gh-vol t age spark or piezoelectric transducer (simlar to those used in
certain extracorporeal lithotripters,p®Coleman et at, U trasound Med. Biol.,
15:213-227, 1989). In the case of a piezoelectric transducer, the
transducer undergoes rapid expansion follow ng application of an
electrical field to cause a rapid displacenment in the coupling nmedium 10
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sex steroid mediated signaling to the thymus, the relevant genetically modified donor cells are

transplanted into the recipient. These cells are accepted by the thymus as belonging to the
20  recipient and become part of the production of new T cells and DC by the thymus. The
resulting population of T cells recognize both the recipient and donor as self, thereby creating
tolerance for a graft from the donor, See copending patent application U.S.S.N. 09,
which is incorporated herein by reference.
Methods of Genetic Modification

25 [0120} Standard recombinant methods can be used to introduce genetic modifications

—_

into the cells being used for gene therapy. For example, retroviral vector transduction of
cultured HSC is one successful method (Belmont and Jurecic, 1997, Bahnson, A.B., ef al.,
1997). Additional vectors include, but are not limited to, those that are adenovirus derived or
lentivirus derived, and Moloney murine leukemia virus-derived vectors.

30 [0121] Also useful are the following methods: particle-mediated gene transfer such as
with the gene gun (Yang and Ziegelhoffer, 1994), liposome-mediated gene transfer (Nabel et
al., 1992), coprecipitation of genetically modified vectors with calcium phosphate (Graham
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PraY €1 BerdeBolIfy 188 Hick CellstoR recipient. The genetically modified cells may be hematopoietic

stem cells (HISC), epithelial stem cells, or hematopoietic progenitor cells. Preferably the

genetically modified cells are CDS4+ HSC, lymphoid pro genitor cells, or myeloid progenitor

cells, Most preferably the genetically modified cells are CD34" HSC. The genetically

modified cells are administered to the patient and migrate through the peripheral blood system

25  to the thymus. The uptake into the thymus of these hematopoietic precursor cells is

substantially increased in the absence of sex steroids. These cells become integrated into the

thymus and produce dendritic cells and T cells carrying the genetic modification from the

altered cells. The results are a population of T cells with the desired genetic change that

circulate in the peripheral blood of the recipient, and the accompanying increase in the

30  population of cells, tissues and organs caused by reactivation of the patient's thymus, which

o

are capable of rapid, specific responses to antigen. '
EFFECTS ON THE BONE MARROW AND HSC
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expression of the 5 DNA nol ecul e under the control of the control sequences
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parti cl iRl g gles%e%%d hgr%lr}xsl]; Gliminis (%e:re&l o the patient. This can be in conjunction

with the administration of autologous or heterologous bone marrow or hematopoietic stem or

progeniftor cells, as well as other factors such as Stem Cell Factor.
20 [0126] Alternatively, a patient may have "tired" bone marrow and may not be
producing sufficient numbers of HSC and other blood cells to produce normal quantities.
This can be caused by a variety of conditions, including normal aging, prolonged infection,
post-chemotherapy, post-radiation therapy, chronic disease states including cancer, genetic
abnormalities, and immunosuppression induced in transplantation. Further, radiation, such as
25  whole-body radiation, can have a major impact on the bone marrow productivity. These
conditions can also be either pre-treated to minimize the negative effects (such as for
chemotherapy and/or radiationtherapy), or treated after occurrence to reverse the
effects. SMALL ANIMAL STUDIES
Materials and Methods
30 Animals
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vectors with cal ci um phosphate (G ahami 2 APR 2095 28 and Van Der Eb,
1973), electroporation (Potter et at, 1984), and mcroinjection (Capecchi,
1980), as well as any other method B3fat can stabley transfer a gene or

ol i gonucl eotide, preferably in a vector, into the HSC and other cells to
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ood "Sys )5 to t thynmus. The uptake into the thynus of these
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Hoy SRSyl

dendritic S carrying the genetic nodification fromthe
al ter §o30] | s. Mhiee wemititled by €(a apipyulativh end tfynTscepli¢en agdmpesemieritlesi r ed
genet i13%n§1§'35' gwte?g }emoved. Organs were pushed gently through a 200pum sisve in cold
20 PBS/1% FCS/0.02% Azide, centrifuged (650g, 5 min, 4°C), and resuspended in either
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 resnspended 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, Ob erkochen,
25  Germany).
[0131] For 3-color immunofluorescence thymocytes were routinely labeled with anti-
o 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 aﬁalysis. Spleen and lymph node
suspensions were labeled with either af TCR-FITC/CD4-PE/CD8-APC or B220-B (Sigma)
30  with CD4-PE and CD8-APC. B220-B was revealed with streptavidin-Tri-color conjugate
purchased from Caltag Laboratories, Inc., Burlingame, CA.




circulate in the peripheral blood of the recipient, and thﬁzaﬁpg manyi ng
I ncrease in the 30 population of cells, tissues and organs caused bY
reactivation of the patient's thynus, which are capable of rapid, specific
responses to antigen. EFFECTS ON THE BONE MARROW AND HSC 12 APR 2005 29
[0124] The present disclosure provides nethods for increasing the
production of bone marrow in a patient, including increasing production of
HSC. This is useful in a nunber of applications. For exanple, one of the
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(such iasnédiately fixed in 100% acetone.

[0136] For two-color immunofluorescence, sections were double-labeled with a panel
20 of'monoclonal antibodies: MTS6, 10, 12, 15, 16, 20, 24, 32, 33, 35 and 44 (Godftrey et al.,
1690; Table 1) produ¢ed in this laboratory and the co-expression of epithelial cell
determinants was assessed with a polyvalent rabbit anti-cytokeratin Ab (Dako, Carpinteria,
CA). Bound mAb was revealed with FITC-conjugated sheep anti-rat Ig (Silenus
Laboratories) and anti-cytokeratin was revealed with TRITC-conjugated goat aﬁti~ra’obit Ig
25  (Silenus Laboratories).
[0137] For BrdU detection, sections were stained with either anti-cytokeratin followed
by anti-rabbit-TRITC or a specific mAb, which was then revealed with anti-rat Ig-Cy3
(Amersham). BrdU detection was then performed as previously described (Penit et al., 1996).
Briefly, sections were fixed in 70% Ethanol for 30 mins. Semi-dried sections were incubated
30 in 4M HC], neutralized by washing in Borate Buffer (Sigma), followed by two washes in
PBS. BrdU was detected using anti-BrdU-FITC (Becton-Dickinson). -




chenot herapy and/ or radiationtherapy), or treated after &2%%@@8 to
reverse the effects. SMALL ANl MAL STUDIES Materials and Met hods 30 Ani mal s
ti 2 30 2005 [0127] CBA/ CAH and C57B16/J nale mce were obtained from
Central Animal Services, Mmnash University and were housed under
conventional conditions. Ages rangedi2from 4-6 weeks to 26 nonths of age
and are indicated where relevant. Castration 5 [0128] Aninals were

anest hetized by intraperitoneal injection of 0.3 m of 0.3 ng xylazine
(Rompun; Bayer Australia Ltd., Botany NSW Australia) and 1.5 ng ketam ne
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- recovered from anaesthesia. Mice were killed by CO; asphyxiation approximately 24h after
injection and lymphoid organs were removed for analysis.

15  [0142] 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
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

20 by Berzins et al. (1998).

[0143] 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
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.
25 _ Results
The effect of age on thymocyte populations.
(i) Thymic weight and thymocyte number
[0144] With increasing age there is 2 highly significant (p<0.0001) decrease in both
thymic weight (Figure 1A) and total thymocyte number (Figure 1B). Relative thymic weight

30 (mg thymus/g body) in the young adult has a mean value of 3.34 which decreases to 0.66 at
18-24 months of age (adipose deposition limits accurate calculation). The decrease in thymic
weight can be attributed to a decrease in total thymocyte numbers: the 1-2 month thymus



[ 0131] For 3-col or inmunofl uorescence thynocytes were rout;?nglgp"g G,
with anti- a(3TCR-FITC or anti-y8 TCR-FITC, anti-CD4-PE and anti -
(all obtained from Pharm ngen, San Di ego, CA) followed by flow cytonetry
anal ysis. Spleen and | ynph node suspensions were |abeled with either

a( 3TCR- FI TC/ CD4- PE/ CD8- APC or B220-B38Si gnma) 30 with CD4- PE and CD8- APC.
B220-B was revealed wth streptavidin-Tri-color conjugate purchased from
Caltag Laboratories, Inc., Burlingame, CA. 1 2 APR 2005 31 [0 132] For Brdu
detection, cells were surface |abeled with CD4-PE and CD8- APC, followed by
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B). The decreased CD4:CD8 ratio in the periphery with age was still evident at 2 weeks post-

castration but was completely reversed by 4 weeks post-castration (Figure 2C).
(1i) afTCR, ydTCR, CD4 and CD8 expression

[0146] To determine if the decrease in thymocyte numbers seen with age was the

20  result of the depletion of specific cell populations, thymocytes were labeled with defining
markers in order to analyze the separate subpopulations. In addition, this allowed analysis of
the kinetics of thymus repopulation post-castration. The proportion of the main thymocyte
subpopulations was compared with those of the normal young thymus (Figure 3) and found to
remain uniform with age. In addition, further subdivision of thymocytes by the expression of

25 ofTCR and y6TCR 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
same proportions and, since thymocyte numnbers increase by up to 100-fold post-castration,
this indicates a synchronous expansion of all thymocyte subsets rather than a developmental
progression of expansion.

30 [0147] The decrease in cell numbers seen in the thymus of aged animals thus appears
to be the result of a balanced reduction in all cell phenotypes, with no significant changes in T




25 (Silenus Laboratories). [0137] For BrdU detection, sect ?%Séggger ﬁt ai ned
with either anti-cytokeratin followed by anti-rabbit-TRIT ‘a‘ﬁ i fic
mAb, which was then revealed with anti-rat 1g-Cy3 (Anersham. BrdU
detection was then perforned as previously described (Penit et al., 1996).
Briefly, sections were fixed in 70% B4hanol for 30 mns. Sem -dried
sections were incubated 30 in 4M HCI, neutralized by washing in Borate
Buffer (Sigma), followed by two washes in PBS. BrdU was detected using
anti-BrdU FI TC (Becton-Di ckinson). 12 APR 2 32 95 [0138] For three-col or
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significantly increase, there is no change in the proportion of thymocytes that are

proliferating, again indicating a synchronous expansion of cells (Figure 4). Immunchistology
revealed the localization of thymocyte proliferation and the extent of dividing cells to
resemble the situation in the 2-month-old thymus by 2 weeks post-castration (data not

20 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,
increasing to ~6% at 2 weeks post-castration) (Figure 5A).
[0150] Figure 5B illustrates the extent of proliferation within each subset in young,

25 old and castrated mice. Thereisa 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
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,

30 proliferation within the CD8+ T cell subset is significantly (p< 0.001) increased at 2 weeks

post-castration and is returning to normal young levels at 4 weeks post-castration,




for experinments perfornmed at least in triplicate. Experin@ﬁaﬁ?&q%ggﬁz
significantly differing fromcontrol values are indicated as folTows: *p<_

0.05, **p< 0.01 and * **p<_ 0.001. 25 Results The effect of age on

t hynocyte popul ations. (i) Thymi c wei ght and thynocyte nunber [0144] Wth

i ncreasing age there is a highly sigpsficant (p50.0001) decrease in both
thymc weight (Figure 1A) and total thynocyte nunber (Figure 1B). Relative
thym c weight 30 (ng thymus/g body) in the young adult has a nmean val ue of
3.34 which decreases to 0.66 at 18-24 nonths of age (adi pose deposition
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(Figure 1B). [0145] The decrease in cell nunbers produced by the thynus
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change"PRP Bl(g;bﬁﬁ @?ﬁggﬁ Wh&%ﬁ@?’%ﬂ%ﬁaélo%@é’%feg@%{%@ 1 RS PEFT  nunber s
and t h@sttionqFRural$DB: T cells in both spleen and-l ynph nodes was not

altered followi ng castration (Figure 2A and B). The decreased CD4: CD8
ratio in tHeegdfecheiasy onithythygic iEovimopmeh dent at 2 weeks post -
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g:?: ﬁ}[wjﬁ%?aﬁglyéﬁﬁgliafnitigcﬁﬁlekatﬁloﬁl’ﬂl ations, thynocytes were |abeled with

[0153] 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
20  and thymocytes. ' '
(i) Epithelial cell antigens.
[0154] Anti-keratin staining {pan-epithelium) of 2 year old mouse thymus, revealed a
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)

25  and MTS44 (cortex), showed a distinct reduction in cortex size with age, with a less
substantial decrease in medullary epithelium (data not shown). Epithelial cell free regions, or
keratin negative areas (KNA’s, van Ewijk et al., 1980; Godfrey ef al., 1990; Bruijntjes ef al.,
1993).) were more apparent and increased in size in the aged thymus, as evident with anti-
cytokeratin labeling. There is also the appearance of thymic epithelial “cyst-like” structures

30 inthe aged thymus particularly noticeable in medullary regions (data not shown). Adipose
deposition, severe decrease in thymic size and the decline in integrity of the ‘cortico-medullary

junction are shown conclusively with the anti-cytokeratin staining (data not shown). The




markers in order to analyze the separate subpopul ati ons. |i12aﬁ§§igtzm, this
all oned analysis of the kinetics of thymus repopul ati on post-castration.
The prooportion of the main thynocyte subpopul ations was conpared with

t hose of the normal young thynmus (Figure 3) and found to remain uniform
with age. In addition, further subdi3 sion of thynocytes by the expression
of 25 a(3TCR and y8TCR reveal ed no change in the proportions of these
popul ations with age (data not shown). At 2 and 4 weeks post-castration,
t hynocyt e subpopul ations remained in the sanme proportions and, since
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I's mainly seen in}lépe ut er cor(ﬁex.and surroundi ng the 15 vascul ature (data
not shown). At ADhSRPIYsasoaed PAHEEY  al t hough thynocyte nunbers
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[0157] The MAb MTS 15 is specific for the endothelium of thymic blood vessels,

demonstrating a granular, diffuse staining pattern (Godfiey, et al, 1990). In the aged thymus,
20  MTS 15 expression is greatly increased, and reflects the increased frequency and size of blood
vessels and perivascular spaces (data not shown).
[0158] The thymic extracellular matrix, containing important structural and cellular
adhesion molecules such as collagen, laminin and fibrinogen, is detected by the mAb MTS
16. Scattered throughout the normal young thymus, the nature of MTS 16 expression
25  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).
(iii) Shared antigens
[0159] MHC II expression in the normal young thymus, detected by the MAb MTS 6,
30 is strongly positive (granular) on the cortical epithelium (Godfrey et al., 1990) with weaker
staining of the medullary epithelium. The aged thymus shows a decrease in MHC II

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




20 shown). When anal yzing the proportion of each subpopul at‘librﬁ%'@g)
represent the proliferating population, there was a significant ? .001)

increase in the percentage of CD8 T cells which are within the
proliferating population (1% at 2 nonths and 2 years of age, increasing to
N-6% at 2 weeks post-castration) (Figure 5A). [0150] Figure 5B illustrates
the extent of proliferation within each subset in young, 25 old and
castrated mce. There is a significant (p< 0.001) decay in proliferation
within the DN subset (35% at 2 nonths to 4% by 2 years). Proliferation of
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from (HRAMPEEEri es, double-labeled wth a polyclonal anti-cytokeratin Ab.

ggéﬁg]sSE‘gggTﬁﬁHIge@LNﬁ%nfM% t hese MAbs can be subdivided into three
[0162] In the event that an unmaiched donor is involved, the patient is given

immunosuppressive therapy, such as cyclosporin therapy, to prevent rejection of donor cells,
20 [0163] The patient was given sex steroid ablation therapy in the form of delivery of an
LHRH agonist. This was given in the form of either Leucrin (depot injection; 22.5mg) or
Zoladex (implant; 10.8 mg), either one as a single dose effective for 3 months. This was
effective in reducing sex steroid levels sufficiently to reactivate the thymus. In some cases it
is also necessary to deliver a suppresser of adrenal gland production of sex steroids, such as
25 Cosudex (5mg/day) as one tablet per day for the duration of the sex steroid ablation therapy.
Adrenal gland production of sex steroids makes up around 10-15% of a human’s steroids.
[0164] Reduction of sex steroids in the blood to minimal values took about 1-3 weeks;
concordant with this was the reactivation of the thymus. In some cases it is necessary to
extend the treatment to a second 3 month injection/implant.
30 EXAMPLE2
ALTERNATIVE DELIVERY METHOD




thym c epithelial subsets, vascul ar-associ ated anti gens arﬁ % Iﬁ@geg esent
on both stromal cells 20 and thynocytes. (i) Epithelial cell antrgens.
[0154] Anti-keratin staining (pan-epithelium of 2 year old nouse thynus,
revealed a |oss of general thynmus architecture with a severe epitheli al
cell disorganization and absence of a distinct cortico-nmedullary junction.
Further analysis using the MAbs, MIS 10 (nedulla) 25 and MIs44 (cortex),
showed a distinct reduction in cortex size with age, with a | ess

substanti al* decrease in medul lary epifgelium (data not shown). Epitheli al
cell free.regi.ons, or keratin negative areas (KNA's, van BEw jk et at,

1980; Godfrey et al., 1990; Bruijntjes et at, 1993).) were nore apparent
?ng : ncr ef465] i n sﬁn:placé dsfﬂ}iffmncaﬂﬁ(drs'ﬁﬁéﬂbﬁe m@;ﬁh}&iﬂ:dﬂ@f‘ﬁnp}/{binltalmnlﬁﬁm&ﬁon@yf oterati n
abeling. T iS. o the argnce of thymc epitheljal "cyst-Iike"

st uct ur oue AR el BairE nehhs Chiiared I Pl BeRmrss i AL | ar y

r egi onsd(ﬁlﬁﬂi&gm‘qtajlsdeﬁm})_asaA@ir:NQSGase?ﬁ)FKﬁBiet&rﬂ&; thsamgoeﬁs;ﬂmma_me in thymc
size and the.decline.in inteqgrity of the cortico-medullary junction are
shown conﬁpt%?%%*eﬁtmﬁuﬁhﬁléc‘%?ﬁ“ﬁ cytokeratin staining (data not shown). The
12 Al F536[0266)5 thyArs]rus Laseh&iation bﬂ@tdr@iﬁﬁ.egem&m@% Bsebjﬁdﬁtiahnq:amwvlas o .
post-castgation. Thi.g IS eyident n the size the thym.c | obes, the
rer eace. PRPaRpe & 0 gy Ml S AL hethanuie pfvn e Hoapald Rifm aa

| ocal i zat Bio¥AG trysteidis b utiye eglivnd) @ bowensupblyparidaaisahsaif Yocedig thethjetim | s det ect ed
by MIS loband ﬁlt (%J\A@?k there are g%l [ SL%&?CK.%&S of egithel i um st ai ned
by MIS 10°%Raf PFEyagersly o DAt berm &rag2 2 meraps. HPUNERRE™® B8t - cast rati on,
there is @161]sti naheﬁpﬂumggargnderswmwfondwﬁk: ’dﬁeﬁdﬂ&%ﬁ%&gbﬁls%\@azﬁmojmf@r medul | a(r]I y
juncti,on at.a not sho : 5]. The,markers MIS 20 an are presuned to
ot oc 0 pr 3P e A3 Herogi i Bt eedf R P rosse o B fudiot Ly ¢ her

i |1 ustrat B27% B65 cesfrieondt Thepuled tetypueal agithlwhd BOOUS, crediipe efig flugicesent i n

abundance_at et ' ateed nmedul l ary epithelial cell clusters at 4-6
weeks butrﬂ%é’fg%félo'agggfﬁﬁ}ﬁ@?g‘g%d inintensity in the aged thynus (data not

shown) . HON68}wi ng Suhetuemtly, amamaunt of LEREGomis id plivd tothe slexmdenssd at a | evel
equi val en {hat.. of .t adult th data .not.  shown) with MIS 20
and MTS Zéfe%tg?/era @iﬁtﬁo& SF%%?%@%?@%B‘B%&?%%%W 0367‘ Plﬁgqeﬁfﬂ]%aggat ed at the
cor ti ¢b- meaeibd arthe itanfiriadistion( OptionMhs mudcelosiggant isglaeed ovei thgsgosist id 5 [ 0156]

'(I)'Pe_l_bl °°d6r&JP¥o'11é§p%Bﬁ{;ﬁa{cgavérﬁwtu?a lﬁgoqatsit%.o be responsible for the inmm grat i‘on

[0169] Optionally a beam splitter is employed to split the laser beam and create
multiple sites of ablation or alteration. This provides a faster flow of LHRH agonist through
the skin into the blood stream. The number of sites can be predetermined to allow for

20  maintenance of the agonist within the patient’s system for the requisite approximately 30
days,
[0170] B.  Pressure Wave: A dose of LHRH agonist is placed on the skin in a
suitable container, such as a plastic flexible washer (about 1 inch in diameter and about 1/16
inch thick), at the site where the pressure wave is to be created. The site is then covered with

25 target material such as a black polystyrene sheet abont 1 mum thick, A Q-switched solid state
ruby laser (20 ns pulse duration, capable of generating up to 2 joules per pulse) is used to
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 taser radiation. No pain is produced from

: 30  this procedure. The procedure can be repeated daily, or as ofien as required, to maintain the

circulating blood levels of the agonist.
EXAMPLE 3




cell precursors to the thynus and the em gration of mturéﬁﬁﬁ@%l%ggromthe
thymus to the periphery. [0157] The MAb MIS 15 is specific for the

endot hel i um of thym c bl ood vessels, denonstrating a granular, diffuse
staining pattern (Godfrey, et al, 1990). In the aged thynus, 20 MIS 15
expression is greatly increased, and3geflects the increased frequency and
si ze of bl ood vessels and perivascul ar spaces (data not shown). [0158] The
thym c extracellular nmatrix, containing inportant structural and cellular
adhesi on nol ecul es such as collagen, lamnin and fibrinogen, is detected by
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I n th%%ratio of the recent thymc emgrants from-3:1 at 2 nonths
to - 771 nths. By 1 week post-castration, cell nunmber nmigrating to
t he peIENBEIYMESIECAIIONORHSC TOFREAZENT I0VWINFECTIONVer al | rate of
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Exanpl[B372} ovi deVhgrepractisalethsApieb et BPCin theddeodyt thegatient or a donor is
15 enhanced by injecting granulocyte-colony stimulating factor (G-CSF) at 10pg/kg for 2-5 days
prior to cell collection. CD34" donor cells are purified from the donor or patient 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 vivo
with SCF.

20 [o173] A retroviral vector is constructed to contain the trans-dominant mutant form of
HIV-1 rev gene, RevM10, which has been shown fo inthibit HIV replication (Bonyhadi et al.
1997). Amphotropic vector-containing supernatants are generated by infection with filtered
supernatants from ecotropic producer cells that were transfected with the vector. The
collected CD34" cells are prestimulated for 24 hours in LCTM media supplemented with IL-

25 3, IL-6 and SCF (10ng/mi each) to induce entry of the cells into the cell cycle. Supernatants
containing the vectors are then repeatedly added to the cells for 2-3 days to allow transduction
of the vectors into the cells.

[0174] At approximately 1-3 weeks post LHRH agonist delivery, just before or at the
time the thymus begins to reactivate, the patient is injected with the genetically modified

30  HSC, optimally at a dose of about 2-4 x 10° cells/kg. Optionally G-CSF may also be injected
into the recipient to assist in expansion of the HSC. The reactivated thymus takes up the
genetically modified HSC and converts them info donor-type T cells and dendritic cells, while
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I nvention, and are not to be construed as limting the iagéﬁfﬁaﬁﬁﬁo their
content. For conveni ence these exanpl es describe delivery of an LHRH
agoni st to block sex steroid 15 nediated signaling to the thymus as well as
the resultant prevention of HSV infection. EXAMPLE 1 SEX STERO D ABLATI ON
THERAPY [0162] In the event that an éfmatched donor is involved, the
patient is given inmunosuppressive therapy, such as cyclosporin therapy,
to prevent rejection of donor cells. 20 [0163] The patient was given sex
steroid ablation therapy in the formof delivery of an LHRH agonist. This
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[0176] 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
prostate cancer. Prostate cancer patients were evaluated before and 4 months after sex steroid
20  ablation therapy. The results are summarized in Figs 23 —27. Collectively the data

demonstrate qualitative and quantitative improvement of the status of T cells in many

patients.
[0177] The effect of LHRH therapy on total numbers of lymphocytes and T cells
| subsets thereof:
25 [0178]) The phenotypic composition of peripheral blood lymphocytes was analyzed in

patients (all >60 years) undergoing LHRH agonist treatment for prostate cancer (Fig 23).
Patient samples were analyzed before treatment and 4 months afier beginning LHRH agonist
treatment, Total lymphocyte cell numbers per ml of blood were at the lower end of control
values before treatment in all patients., Following treatment, 6/9 patients showed substantial
30  increases in total lymphocyte counts (in some cases a doubling of total cells was observed).
Correlating with this was an increase in total T cell numbers in 6/9 patients. Within the CD4"

subset, this increase was even more pronounced with 8/9 patients demonstrating increased




rate of 0.42, 0.85 or 1.27 x 104 WcnR. [0168] Subsequentf@? %F%éﬁgint of
LHRH agoni st is applied to the skin and spread over the irradiation site.
The LHRH agoni st nay be in the formof an ointnment so that it 15 renmi ns on
the site of irradiation. Optionally, an occlusive patch is placed over the
agonist in order to keep it in plad& over the irradiation site. (0169]
Optionally a beamsplitter is enployed to split the | aser beam and create
multiple sites of ablation or alteration. This provides a faster flow of
LHRH agoni st through the skin into the blood stream The nunber of sites
can bey srlebat midans Adenldigiichay tred WaRiseéewanRehe COgraubgowitatd/di t hin t he

patient's systemfor the requisite a pI’OXI mately 30 d 0 70] B.
Pr es spatientys 1@@9@6@%@1&@6&@%?@ 1y fasa Epﬁéeé&x@ﬁtﬂ’ﬁ%%ﬁ% r;[[ sui tabl e

cont ffoq?% such}-1 fl‘h%i‘a??lcﬁl ﬁ%%PR&EHWT teliShbske: d| ameter and

abou I nc e pressure wave is to be
creat@d80The si Aﬁalyss bflpatleubb]eoétiefmetmndwer &H@éi agroniss treanestich as a bl ack

heet i by |
050 nih et o ausumtet Sy dbe Guandl oo f 0T 2 R0 DT F RS E Y S°F
us ed &dlis aﬁ@a%ﬁﬂfxe thenge as e GR4TICD8atib fdsiildvﬁxlng hﬁaﬂxmngé?ﬁg B} ¥liiml  and
enerates a single | transj ent ack ..po rene et
goml@ﬂ@ﬂgﬁsgﬁg%ﬁ%w% ttﬂeig@P“Pé@F‘E‘Fqnﬁﬂngk?e‘}Ws Hgn@aﬁt?ﬁ/ %tﬁ%l ed only to

the igmubis geélplite@ﬁé &Btan@Ind¥ise if&@kall AR hi®Bers 61iPing tﬂesmmhadaned from 30
this procedu procedure can be repeated daily, or as often as

r equi V@@SW@empmhﬁemnﬁle%ﬂﬁsatl ng bl ood | evel s of the agoni st.

REACTIURM o (ol PPt P Rl G o e e D e bt y 17 om

a dongQells:The cel | s are optionally increased in nunber by ex VI vo cul turing

inth sence,of Stem.Cel | cto a g3 weeks post

LHRH st defPolF5 0 %sﬁm%%? f&éi@%ﬂgm{eo&ggéfwt rrus begins to

r eact inéglophagdedpwhiBini tRE eﬁ@etdlbl%@ﬁ@ﬂpﬁﬁdnlts tirldergdd(g LHRH amhisytrea:tmamdose of

about 2-4 x 106 ceIIs/ Cgtlonall %@@@g %rs‘gpﬁ w{med into the

pat i eﬁ?m@ltﬁtr&@@s‘fa@% éﬁ'ﬁﬁﬁ FhsRssVithipsy & P Ahus takes up

PlinedP6lativdly BotiRmOE 1Iosm@gf£ #ifleh t@(}ﬂ ol bf Be

?I gﬁ%%eﬁ}gﬁdﬁla%%&l nto patal é}% type TU cells tfzmde ge i11§.tiﬁ’fzi cells. By

mduccﬂb%l@ﬂegwdby%mﬁemﬁath or by inducing tol erance through

[0183] The Effect Of LHRH Agonist Therapy On The Total Number Of B Cells And
Myeloid Cells:
[0184] Analysis of the total cell numbers of B and myeloid cells within the peripheral

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

and 3/9 patients showing decreased levels.

[0185] The Effect Of LHRH Therapy On The Level Of Naive Cells Relative To
25 Memory Cells:
[0186] The major changes seen post-LHRH agonist treatment were within the T cell

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

30 Conclusion
[0187] Thus it can be concluded that LHR agonist treatment of an animal such as a

human having an atrophied thymus can induce reactivation of the thymus. A general
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10 i mmunoregul atory cells, the donor dendritic cells wll ?dzl é?%gz@gény T
cells that are potentially reactive with recipient. EXAMPLE 4 GENETIC
MODI FI CATI ON OF HSC TO PREVENT HI V | NFECTI ON [ 0172] Were practical, the
| evel of HSC in the blood of the patient or a donor is 15 enhanced by
i njecting granul ocyte-colony stinulaing factor (G CSF) at 10g/ kg for 2-5
days prior to cell collection. CD34+ donor cells are purified fromthe
donor or patient blood or bone marrow, preferably using a flow cytoneter
or immnomagnetic beading. HSC are identifiedby flow cytonetry as being
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Supernatants containing the vectors are then repeatedly added to the cells
for 2-3 days to allow transduction of the vectors into the cells. [0174]
At approxinmately 1-3 weeks post LHRH agoni st delivery, just before or at
the tinme the thynus begins to reactivate, the patient is injected with the
genetically nodified 30 HSC, optinmally at a dose of about 2-4 x 106
cells/kg. Optionally GCSF may al so be injected into the recipient to

assi st in expansion of the HSC. The reactivated thynus takes up the
genetically nodified HSC and converts theminto donor-type T cells and
dendritic cells, while 12 APR 2005 40 converting the recipient's HSC into
recipient-type T cells and dendritic cells. By inducing deletion by cel
deat h, or by inducing tolerance through i mmunoregul atory cells, the donor
dendritic cells will tolerize any T cells that are potentially reactive
with recipient. EXAMPLE 5 5 TERM NATI ON OF | MMUNOSUPPRESSI ON WHEN DONOR
CELLS ARE USED [0175] When the thymc chinmera is established and the new
cohort of mature T cells have begun exiting the thynus, blood is taken
fromthe patient and the T cells examned in




vitro for their lack of responsiveness to donor cells in a@sﬁ%ﬁ:@g@gﬁ xed

| ynphocyte reaction. |If there is no response, the immunosuppressive

therapy is gradually reduced to all ow defense 10 agai nst infection. If

there is no sign of rejection, as indicated in part by the presence of

activated T cells in the blood, the4gnmunosuppressive therapy is eventually

stopped conpletely. Because the HSC have a strong self-renewal capacity,

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

Iife of the patient (as for normal, non-tolerized and non-grafted people).
E@’ﬁ%@ E OF LHRH AGONI ST TO REACTI VATE THE THYMUS | N HUMANS [ 0176]

In order~to show that a human thynus can be reactivated by the nethods of

t hi s AspingdhR.0i997; NAgeassetiated shymicatnaphdinghe muﬁfelﬁtdgeﬁm@ﬂ%@n@éen treat ed

oval Uit ete seo bt of R R FEREEhymil ERTUS SRR, PRt (00° 1

resullﬁ,myﬁ,sumrarl zed in Figs 23 - 27. Collectively the data denonstrate
qualitative and quantitative inprovenent of the status of T cells in many

0 ]1.T t.0 H t her . r + | ynphocyt es
P’g A éulfé @F’gl 9?&19&@8?10& %? @E%%%&%{@%ﬁ%%@p@%ﬁ. on of
per I pmmied@eg@d ih GERD TGOy O Peroanss (ZPARbbbing all) diiraaizliessy p24®ar s)
underz@l ng LHRH agoni st treatnment for prostate cancer (Fig 23). Patient
sanpl were anal yzed before treatnent and 4 nonths after begi nning LHRH
agoni st treatnent. Total |ynphocyte cell nunbers per ml of blood were at

the Igyge @ne: & 190Nt1ibitiva b BRua TehfmbasRi R Vitus- B Rehication
Fol lowm ng’ treatment, 6/9 patients showed substanti al 3Q1?3§1+\é§1§§% in total

| y rrphéﬁ?lt Trapestnetion of Gr@@l?@yt@é%cé@nsas‘a@ubma gegpr-Moptjze LBy ved).
eﬁg«? Ahdb AbtCATY- "GR8 BibsY 6/ 9

pati en %&Emﬁbﬁﬁgﬁ%%%t[%téﬁés@?ﬁcregse was even nore pronounced

with 8:925h22@ht s denonstrating i ncreased 12 APR 2005 41 |l evels of CD4+ T

cells. Aless distinctive trend was seen within the CDB+ subset with 4/9
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cells and a variable change in the CD4+: CD38+ ratio foll ow @@t&rg:gag nt (Fig
24). This indicates that there was little effect of treatnent on e
honeost ati ¢ mai ntenance of T cell subsets despite the substantial increase
in overall T cell nunbers following treatnent. Al values were conparative
to control values. 10 [0181] The Effgact O LHRH Therapy On The Proportion
O B Cells And Myeloid Cells: [0182] Analysis of the proportions of B
cells and nyeloid cells (NK, NKT and nacrophages) within the peripheral

bl ood of patients undergoing LHRH agoni st treatnent denonstrated a varying
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5. The use of claim 5 wherein bone marrow function is enhanced by an
increase in the production and/or release of hematopoietic stem cells.
20
6.  The use of claim 5 or claim 6 wherein the patient has a disease, is being,
or will be, treated for a disease, or is immunosuppressed.

7. The use of claim 6 wherein the disease is cancer, prolonged infection or a
25  genetic abnormality.

8. The use of claim 6 wherein the treatment is selected from the group
consisting of: chemotherapy, anti-viral therapy, a bone marrow transplant, and
radiation therapy.

-~ 30

9. The use according to any one of claims 1 to 8 wherein the medicament
further comprises, or the patient will be administered with a composition comprising,
one or more pharmaceuticals selected from the group consisting of: immune system
stimulants, adjuvants, accessory molecules, cytokine therapies, cytokines, growth

35  factors, thymus enhancing compounds, suppressor of adrenal gland production of sex
steroids, immunosuppressants, Cosudex, and combinations thereof.
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signalling in the preparation of at |east one nedi canent for preventing a
di sease in a patient caused by 5 an i nfdcti ous agent, wherein the patient's
thymus is, or will be, at least partially deactivated due to a disease or
a treatnment of a disease. 2. The use of claim1l wherein the disease is
cancer. 10 3. The use of claim1l wherein the treatnment is selected fromthe
group consisti Hy ofke eisarfidior Aphereimihic-phamadcentival pglecd ome thesgrowpy
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claim5 or Grarnyh SREFEIROHFNY SAMPERONLEOYi sease, is being, or will

be, treated for a disease, or is immunosuppressed. 7. The use of claim®6
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one or more cells selected from the group consisting of: hematopoietic stem cells,

15 myeloid progenitor cells, lymphoid progenitor cells, hematopoietic progenitor cells,
bone marrow cells, genetically modified cells, epithelial stem cells, CD34+ cells and
combinations thereof.

13. The use of claim 12 wherein the cells are autologous, syngeneic,
20  allogeneic or xenogeneic.

14, The use according of claim 12 or claim 13 wherein the genetically
modified cells provide resistance to an infectious agent.

25 15. The use of claim 14 wherein the infectious agent is a virus.

16. The use of claim 15 wherein the virus is selected from the group
consisting of: HIV, T cell leukemia virus, flu virus, hepatitis A virus, hepatitis B virus,
hepatitis C virus, HSV, viruses that cause a lymphoproliferative disease, and

30  combinations thereof.

17.  The use according to any one of claims 14 to 16 wherein the genetically
modified cells are at least partially resistant to infection by, activity and/or replication
of, an infectious agent.

35




35 factors, thynus enhanci ng conpounds, suppressor of adrena alnd_”_,u
production of sex steroids, imunosuppressants, Cosudex, (2 B3t i ons
thereof. 2 APR 21Ws 49 10. The use of claim9 wherein the phar maceut cal is
selected fromthe group consisting of. Interleukin 2, Interleukin 7,
Interleukin 15, Interleukin 4, Interferon ganma, nenbers of the epithelial
gromh factor famly, nenbers of the fib¥lbblast 5 growh factor famly,
Stem Cel | Fact or granul ocyte colony stimulati ng factor, keratinocyte
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geneti cal | ycowbmaﬁ%ﬂh@répfs provi de resistance to an infectious agent. 25

15. Theijgse of cl a| m 14 wherein the infectious agent is a virus. 16. The

use of claim15 he vi rusqll;ﬁa; | ected fromthe group consisting
[

of. HV, T cell @ﬁ‘? 2T B Foqpo 1974pts (g afsreidsmedigted signallisgpithe s B
Vi rus, hep@reptarasmﬁ of iat Least dﬂ‘é\(nedi¢mefortma¢fen@ﬁgl%Etils'babd/ﬁim"pzﬁ{eﬁ{ tdeedby ve

cl ai o 14"t a0 RS RAR AR, R IR Bl gl SHRRBRRS oL P Ref Y B0°
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infectiogs 2@aNtthe 3grodp ZcdMMsting 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,

20 21. The use of claim 20 wherein the medicament further comprises, or the
patient will be administered with a composition comprising, one or more cells selected
from the group consisting of: hematopoietic stem cells, myeloid progenitor cells,
lymphoid progenitor cells, hematopoietic progenitor ceclls, bone marrow cells,
genetically modified cells, epithelial stem cells, CD34+ cells and combinations thereof,

25

22. Use of a compound that disrupts sex steroid mediated signalling in the
preparation of at least one medicament for preventing a disease in a patient caused by
an infectious agent, wherein the medicament further comprises, or the patient will be
administered with a composition comprising, one or more cells selected from the group

30 consisting of: hematopoietic stem cells, myeloid progenitor cells, lymphoid progenitor
cells, hematopoietic progenitor cells, bone marrow cells, genetically modified cells,
epithelial stem cells, CD34+ cells and combinations thereof.,

23.  The use of claim 22 wherein the medicament further comprises, or the
35 patient will be administered with a composition comprising, one or more

pharmaceuticals selected from the group consisting of: immune system stimulants,




50 2D, 18. The use according to any one of clainms 14 to 1Q@§?§§§|%ﬁ§he
genetically nodified cells conprise a stably expressabl e pol ynucTeoti de
that creates or induces resistance to one or nore infectious agents. 5 19.
The use of claim 14 wherein the cells are nodified to include a stably
expressabl e pol ynucl eoti de selected fromthe group consisting of. nef
transcription factor, H'V gene specificsgibozyne, trans-dom nant mutant of
an H V-1 gene, RevMLO, HI V-1 rev-responsive elenment, RNA inhibitors of HV
replication and conbinations thereof. 10 20. Use of a conpound t hat
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cells, topoi etic progenitor cells, bone narrow cells, genetically

nodi f| ed cells, epithelial stemcells, CD34+ cells and conbi nati ons
thereof. 25 22. USe dtea wser’rmfumdlamhaﬂo di dsitipt 21 sex  l#moi 2B nﬁﬂiisﬁiredthe
signalling i f n pr ing a
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hemat Opﬁll etic stemcells, nyeloid progenitor cells, |ynphoid progenitor
cells, Pmat opoi etic progenitor cells, bone marrow cells, genetically
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autologous, syngeneic, allogeneic or xenogeneic.

27.  The use according to any one of claims 21 to 26 wherein the genetically
20 modified cells provide resistance to an infectious agent.

28. The use of claim 27 wherein the infectious agent is a virus.

29. The use of claim 28 wherein the virus is selected from the group

25  consisting of: HIV, T cell leukemia virus, flu virus, hepatitis A virus, hepatitis B virus,

hepatitis C virus, HSV, viruses that cause a lymphoproliferative disease, and
combinations thereof.

30. The use according to any one of claims 27 to 29, wherein the genetically
30 modified cells are at least partially resistant to infection by, activity and/or replication
of, an infectious agent.

31. The use according to any one of claims 27 to 29, wherein the genetically
modified cells comprise a stably expressable polynucleotide that creates or induces
35  resistance to one or more infectious agents.




23. The use of claim 22 wherein the nedi canent further c%g es, or the
35 patient will be admnistered with a conposition conpri réjf? nor e
pharmaceuticals selected fromthe group consisting of. immune system
stinmulants, 12 APE 51 adjuvants, accessory nol ecul es, cytokine therapies,
cytokines, growh factors, thynmus enhancing conpounds, suppressor of
adrenal gl and production of sex steroids,sy i munosuppressants, Cosudex, and
conbi nations thereof. 5 24. The use of claim 20, claim?21l or clai m 23

wherein the phar maceutical is selected fromthe group consisting
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ant i bodi eg %&%%lahgl%sstﬁéfr%}el | gl obulins, cyclosporin, inhibitor of second

level signals and conbinations thereof. 15 26. The use according to any
one of claims 21 §9 2ppahes &'c@rdh&%ca%'y'oﬁe%'f%lmrﬁélﬁ@'tchP%ereﬁi’@l%Bﬂpﬁsmon
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26 wherein t fél &Eﬁé‘t"i’eé%ﬂ Whe Eel%whﬁmﬁﬁt@mssbquew BerqaeeYaé%dance to an

i nfectious agent. 28 The use of claim 27 wherein the infectious agent is a
Vi rus. The usg m 28 erein the wvirus i e ed.fromthe.,group
35 cons: 401 ng_of - S T b proordig afiely E of <idti D BOLT WiEisie FRAARCE! o
hepatitis B viynuss,is hmwaﬂlbejal@swarudlyddﬁwtwamd uses that cause a

| ynphoproliferative di sease, and conbinations thereof. 30. The use
according to any one of clainms 27 to 29, wherein the genetically

modi fied cel|'s ara5at Theass obgleim 31 yhereisi the ahieaﬁtdﬁf%aﬁé@ﬁ?tﬁﬁtlw 1s éuﬁt fovty

and/ or repli galehfRNor Dlreat@Bnt dTfaafitdagt)s agent. 31. The use according to any
one of clgums 27 to 29, wherein the genetically

36. The use of claim 35 wherein the disease is cancer.

37. The use of claim 35 wherein the treatment is selected from the group
consisting of: chemotherapy, anti-viral therapy, a bone marrow transplant, and
20 radiation therapy.

38. The use according to any one of claims 1 to 37 wherein the patient is post-
pubertal.

25 39. The use according to any one of claims 1 to 38 wherein dis.ruption of sex

steroid mediated signalling includes blocking of one or more sex steroid receptors.

40. The use according to any one of claims 1 to 38 wherein disruption of the
sex steroid mediated signalling includes the inhibition of sex steroid production in the
30  patient.

41. The use according to any one of claims 1 to 38 wherein the medicament
lowers the concentration of a sex steroid in the patient.

35 42. The use according to any one of claims 1 to 41 wherein the medicament
results in chemical castration of the patient.




nodi fied cells conprise a stably expressabl e pol ynucl eoti de that creat es or
i nduces 35 resistance to one or nore infectious agents. glg %PR %5

32. The use of claim27, wherein the cells are nodified t 3 stably
expressabl e pol ynucl eoti de selected fromthe group consisting of. nef
transcription factor, HV gene specific ribozyme, trans-dom nant nutant of
an H'V-1 gene, RevMLO, HI V-1 rev-responsjsve el enent, RNA inhibitors of HV
replication and 5 conbinations thereof. 33. The use according to any one

of claims 20 to 32 wherein the conposition wll be delivered to the
pati ent when the thynus begins to be reactivated. 10 34. The use according

to any one of claiys PR HR 330 t%'dﬂ tomeo@@rahﬁm t8 38tvme&@1ﬁmeseon%ouﬁuhé be,
at | east partlalé% @:tgtlvated ) ée use of claim 34 wh ]}%:Lnthe at
| east parti aFelgRdetfp F&FP‘%Ps"OBﬁ}ém!&)O SeXTIEre ML UNAZORISES, 7 SIEOUhFEHH SIS, SeX
di sease. 15 Seroidhealege afti-sdxabterokd vabene ek heerdidseestor snazlahwas, LARH The

use of claim j i_s, sel ecte ou

cons st iy oftetodis IR, sfoni AR oRREuEE St HRRL VARG IR eshogrmnne

and 20 radi antitndigshatapdro®®. anlibediess endicwobidatigs tlerenfyone of clains 1 to

37 wherein the patient is post- pubertal. 25 39. The use according to any

one of clains"1 to 38 wherein disruption of sex steroid nediated

signal ling includds blcRsnel sk i wherg, e compepad &y selecded foay the group The

use accor di nNgorsstial Yofo Bas@tlis;| @ysidrelin, t]Deo%ﬁepﬁﬂﬂembl@réﬂnS 1GaRhiselif Gédeeeling ex

steroid di d 5| nal |.i i ncl ude bltl
sterol d Rl shed Sl BORLUARS, LAhUES ANGo MRLOUL Retl SRk et Olbuare
to 38 vvherel ﬁietrbmlm;aﬁnle:angh&ucnhp@ﬁadamhnm:lcrmﬂmnattanathmfof a sex steroid in
the patient. 35 42. The use according to any one of clains 1 to 41 wherein
t he medi canent results in chem cal castration of the patient. 12

45. The use according to any one of claims 1 to 43 wherein the medicament

comprises an LHRH-R agonist and an LHRH-R antagonist.

15
46. The use of claim 45 wherein the antagonist is released before the agonist.
47. The use according to any one of claims 1 to 46 wherein the medicament is
effective for a period of time equivalent in duration to a periodic epidemic.
20

48. The use according to any one of claims 1 to 47 wherein the compound

disrupts sex steroid mediated signalling to the thymus.

49, A kit for use in preventing the infection of a patient by an infecting agent
25  comprising a compound that disrupts sex steroid mediated signalling.

50. A kit for enhancing bone marrow function in a patient comprising a
compound that disrupts sex steroid mediated signalling.

30 51.  The kit of claim 49 or claim 50 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 wvaccines, anti-estrogen
antibodies, anti-androgen antibodies, and combinations thereof.

35




53 PR 2005 43. The use according to any one of clainms 1 to, 38 wherein the
conpound is selected fromthe group consisting of. sex stgéﬁﬁﬁﬁ‘ﬁﬁg

ant agoni sts, sex steroid agonists, sex steroid anal ogs, anti-sex steroid
vacci nes, sex steroid receptor nodul ators, LHRH 5 anal ogs, LHRH R agoni sts,
LHRH R ant agoni sts, anti-LHRH vacci nes, anti-estrogen antibodies,
anti-androgen antibodi es, and conbi nationg thereof. 44. The use of claim43
wherein the conmpound is selected fromthe group consisting of. Buserelin,
Cysterelin, Decapeptyl, Deslorelin, Gonadorelin, Goserelin, 10 Histrelin,
Leupr ol i de, Leupr%f el The kitypacerding tovismerasiei of clisrsaA8|tonS1 Futsr dnelbding a

Abarel i x, C@hﬁrﬁfa@éutiéal Belb&xd rfronm& Z,@As?é#ﬁé of2 AR AEDERRH SfBulhg! eof .
45. The use a cor f cg;#gﬁ%fﬁ?to 43 wherein 't he medj canent

an 0
conpri ses an® agfﬁ?ﬁ‘?ré’tr}; %ﬁ’l ¢ lﬁﬁd’ﬁﬂ(‘é‘t‘ms’lgo&@ fapfoas, fapmps

cl ai m 45 Meﬁﬁimcingecanp@gxds,i sﬁpprasbﬁltﬁasﬁéndleél@ﬁ@ pro@uaanbbtsex dsteroldie use
accordi ngsto; ei n.the.medi canent is effective
for a perlodlﬁgM?&ﬂgpgéﬁﬁv dcx 8%$m$%8 O?Sﬂ%FBErIOdIC epi dem c. 20 48.
The use according to any one of clalns 1 to 47 wherein the conmpound

di srupts sex stergid Tﬁ@h@ﬁ%rﬁh@%ﬂ}‘ e &f%latnlﬂ@ 450y 35S coéphhg%foﬂé )
in preventlngE}heghﬂ ctlon of a patrent an i nfecting

conprising a BP’sg’Grﬁrgul%é‘anﬁU@gcﬂfdhﬁﬁﬂpﬁQléﬂp §‘i333n%ﬁ1131 myelogb. A

kit for enh apmgﬁﬁtdio Gﬁlsnﬂmphblﬂ Upbiditori e1R, @@hﬂaﬁi@bleﬁ@%bgéhﬁg cils,C @Eﬁi?é) u n d

R L o R TR e N R A

sex steroid awnhigemmtthwetsfex steroid agonists, sex steroid anal ogs,
anti-sex steroid vaccines, sex steroid receptor nodul ators, LHRH anal ogs,
LHRH R agoni sts, LHRH R antagoni sts, anti-LHRH vaccines, anti-estrogen
anti bodi es, anti-androgen anti bodi es, and conbi nations thereof. 35 12 APR
2005 54 '




52. The kit according to any one of clains 49 to 51 further including a
phar maceuti cal selected fromthe group consisting of. inmmune system
stinmulants, adjuvants, accessory nol ecul es, cytokine therl@@RR2005yt oki nes,
grow h factors, thymus enhancing conpounds, suppressor of adrenal gland
production of sex steroids, 5 immnosuppressants, Cosudex, and

conbi nations thereof. 53. The kit accébding to any one of clains 49 to 52
further conprising one or nore cells selected fromthe group consisting

of : hematopoietic stemcells, nyeloid progenitor cells, |ynphoid
progenitor celpISEASEPRINERTIONBYRHACPIVATION OPAHEE I YRIUDW cel | s,
genetically nodified cells, epithelial stemcells, CD34+ cells and

conbi nations thereof. 55 DI SEASE PREVENTI ON BY REACTI VATI ON OF THE THYMJS
Abstract The present invention relat eﬁb&t?actthe use of conpounds that disrupt
sex steroid nediated signalling for preventing a disease in a patient
caused by an infectious agent, wherein the patient's thynus is, or wll

be, at |east partially deactivated due to a di sease or a treatnent of a
di seaseTherpresent Bweption 1slaisste die use Sbcorapoiinds thﬂbﬁ{sﬂ@t EF‘é‘eSt‘HPlddB?FE@E‘ﬂds t hat

di srupt : j j i i i Ik ; | east one
medi cgn%%@lfl%% ﬁgﬁt}egﬁ%tpﬁgi @(%%ge rﬁrfar 0\?\/{1{ gﬁ%%%%qﬁcgg%a%%%ﬂ?&%ﬁgrt i cul ar,
bone napatient’§ thyotus 05 oc avill bg aehstpeacllyyleantivated deasea disease bea peauest ¢lon
‘and/ or re] ease.of haenppoietic stemcel]s fromthe bpne rrQw. . '
EnhancehEiEsr THbRESTAMGRATRASE [SHe3 © Pl SPapPyP i i S5 tibat i ent
has a din%@i%ﬁ:@sigéﬁlling% i3 pr&ffaraohnl of B€leadt BE hRdichREntFor bR RASRE bofie thrrow

i mmunosuppr essed. ' _ ‘ '
function in a patient. In particular, bone marrow function can be enhanced by an increase in

the production and/or release of haemopoietic stem cells from the bone marrow.
Enhancement of bone marrow function is particularly useful when the patient has a disease, is

being, or will be, treated for a disease, or is immunosuppressed.




