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
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respond accor ¢raghypt FON ERERBAYTTORATON OF NS THYMUEN nor mal i mune
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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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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 development of Th (and to a lesser extent Tc) can lead to a variety of other
diseases such as allergies, cancer and autoimmunity.
[0003] The ability to recognize antigen is 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.




situation where the i mmune systemis tolerant to self. 2 AE&ZQQ@Q 50004]
The nost efficient formof self tolerance is to physically renove %w 1)
any potentially reactive |ynphocytes at the sites where they are produced
(thymus for T cells, bone marrow for B cells). This is called central

tol erance. An inportant, additional pethod of tolerance is through
regulatory Th cells which inhibit autoreactive cells either directly or 5
nore likely through cytokines. Gven that virtually all inmune responses
require initiation and regulation by T helper cells, a major aimof any
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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




[0007] Many T cells will develop, however, which can recog&z %%% chance
with high affinity, self MC peptide conpl exes. Such T ce

potentially self-reactive and 42 APR 2005 3 coul d cause severe aut0| mmne

di seases such as nmultiple sclerosis, arthritis, diabetes, thyroiditis and
system c | upus erythematosis (SLE). ?Fortunately, I f the affi nity of the TCR
to self WMHC peptide conplexes is too high in the thynus, the devel oping
thynmocyte is induced to undergo a suicidal activation and dies by
apoptosis, a process called negative selection. 5 This is called central
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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




30 CD8+ subsets and a bias towards nenory as opposed to nai g T §6| S
(Mackal | et at, 1995) are also observed. Furthernore, the gi%%ﬁﬁﬁﬁof

t hynopoiesis is inpaired with age such that the ability of the imune
systemto regenerate norrmal T-cell nunbers after T-cell depletion is 2 APR
2005 4 eventually lost (Mackall et a, 1995). However, recent work by Douek
et al. (1998), has shown presunmably thym c output to occur even in old age
i n humans. Excisional DNA products of TCR gene-rearrangenent were used to
denonstrate circul ating, de novo produced naive T cells after HV
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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




causing the patient's thynus to reactivate and the functionaléjgtﬂggﬁgs fo the
peripheral T cells to 30 be inproved, becom ng better able to d r?&ﬁﬁ
agai nst infection or i Mmune system chall enge. 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
utilizing J 2 APR 2005 5 genetically nodified HSC, |ynphoid progenitor,

nyel oid progenitor or epithelial stemcells, or conbinations thereof (the
group and each nenber herein referred to as "GMcells"), can be delivered
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t he vifunctiondl0Q @R¢cilyroramtitdetly. aspect the present di sclosure provides for the
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I n ontdﬁﬁ;odi et a%oélgeirragmcgﬁg%/grei%lgﬁﬁglgsﬁe %F&ée%%&&srﬁ%l%{’&ﬂmﬁ :
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,




di srupt the sex steroid nediated signaling. In a preferred £ o@mé
chem cal castration is wused. |In another enbodi nent surgical cast 5)n S
used. Castration reverses the state of the 30 thynus to its pre-pubertal
state, thereby reactivating it. [0019] In a particular enbodi mnent sex
steroid nediated signaling to the thymus is blocked by the adm nistration
of agoni sts or antagonists of LHRH, anti-estrogen antibodies, 2 APR 2005 6
anti - andrg_gen anti bodi es, passive (antibody) or active (antigen) anti-LHRH
vacci nations, or conbinations thereof ("blockers”). [0020] In a preferred
enbodi nment , the bl ocker(s) is adm nistered by a sustained peptide-release
formul ati on. Exanpl es of sustained peptide-release fornmul ations are
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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




t hynocyte popul ati ons with age and post-castration. Aged (23)2&@@3%02@5 m ce
were castrated and the thynocyte subsets anal ysed based on the ma rs C4
and CD8. Representative FACS profiles of CD4/CD8 dot plots are shown. for’
CDACD8- DN, CD4+CDS+DP, CD4+CD8' and 30 CD4' CDB+ SP t hynocytes. 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) mce were

castrated and injected with a pul se of br onodeoxyuri dine (BrdU) to

determne levels of proliferation. Representative histogram profiles of

the propgolnOfo Al ngé@ tﬁ%RrbgoﬂMﬂJ}*p{:bﬁé?ﬁmth&’lﬁlﬁtb‘M 1h 1ot eyRfslwas

post-castration, are shown difference in the proportion
of prol i PRsPEEd With a6 or BohicAAEPY he total thynus was observed with age or ,
post - cas[0026] on. [FRARGH AFDOEMFeetsDf Ageland Eﬁstrﬁﬂin&nq)fohﬁgmoamcﬂﬂxymcytambm on

Ponst i ¢ U helon PR b e Bl es tﬁ%fai?. ARt BoRl Rz The vRRGioh 10
ol S5 i FREY Rescli pithi e ereis ralabion o tsndiogibr Pty (D HPwaged ()
Ho A{ODBIa: oBlNr{ticP4aid8n Yith
th\;l\engg; : selgmﬁasﬂma‘cteﬁ@nh ﬂﬁ?ﬁdp@ﬁ?ﬁ ofDaII\\IAt(#CB I jmcnggte@g% o ragﬂ o %44"3
restoreda%hg;g ﬁtr&h |ﬂ3ng’S’ieﬁ8?§§% A 1%m%cragﬁmf'rgara i &lelﬁ (@4 Me SP
t hynocyt ED8WAR ﬂwmartssems ob@rverlo(C) Alereyange in the dotal presiortion®s Brdy eslioWiter d U+
cells g%sh@m ?db?:ée wa sSHPRAR a¥BS ﬁd‘ag%ulﬁb{cae?%%g& s} %hségr_?_ﬁdaﬁtt deRase hi@\évgv)er
| 1T, | |

Sobpdfon BrolBrias phin T8 CRAE Csd Sadiss il aar lﬁ%éﬁ%‘m‘% il P
post - casbyé&wetﬂ«s pofteasttation. AR esukisape aqm@sbdasmwaﬂSDmeeBerrgm 6é=rp g oup. *

9095"**59 _0‘0(5)1 § g gﬂ@a uccézmn ng adult (2-nonth) mce.

= p <

[0027] FiL qure g % mce were castrated and were

i nj ect edl0B2#} r at hﬁﬁ“{“a A Cipgd (?:Vqﬁé':"l‘ LS WSES RRSERted APAVETSAWETEE rates. The
nunber Oﬁm’&tlh PicitalleW IS FITC tb ldeterndife mgﬁicphﬁmamer'ﬂwmahﬁwca‘ﬂfﬁﬂ%énmw% | at er.

A e nbers wa
obberVe 9&1’@%{5’ to AEETRA2 pbils LEEC0D, A S GnE B BE M rck L Emﬁm P?%*am y
mcrease(ﬁ’iﬁ)cﬂiimwsibswd“(@)agﬁ hiéo lpmcéﬁfm@?ﬁ,é}eﬁ‘fws ficpntlyt al
thymus cgictebded by meeksr;fwﬁxn@m m&&& ammlyaﬁdm (%ﬂﬁ:rﬁ&tiﬁal fhasusdeBilbsitycant | y
S v G b ey XA
post - CX. s1mﬁcm1tmcmmmﬂqﬂmmsuéﬁiDéstor{ﬁéﬁwRTESDsa&mnéﬂmW:@qgem@@)’pl- ** = p

50.0 . xm 1:684-conpar ed
to cggtrgfeek n%dge% %%%ﬁgﬁ%?gs&&%m Wﬁ&hég Fi‘n@t811 o 1p<5@ 'spl een (B)
and | ynph SHdia comparediojyo pacef or‘lpoﬁ) ‘%/ﬁ cI ophosphani de,

a chenot [06028py ag®igure YOAHTY Changeerib hhymus (A), spleen (B) and lymph node ©) 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
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[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,
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expr esse@o4p Wﬁ’@éi’(ﬁilmr epsedgeompared iadhe ¢cloplwsplramide alone group. (n = 3-4 per
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
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[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-
 Qerived Iymphoid 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 noncasfrated 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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I cant di Te

2+ cel | er-There was no signi erence between

m ce.zé) (Egv E:Dd(iw nu ! _ :

cast rat ed*'&n4"™ e no g tpang diffghengs betusproesstrated apasnc@strated|nicaa toteer i n t he

spl een, tweeksnfiekiscanbtittionvell B6ARSS in ik mideleire 4 oSSl ievab‘.”ﬂ%%nﬁiﬁai ned high
wer e -

i n castrat ffd ng ce ﬁt four weeks. There
cell number—There was no significant difference between castrated and noncastrated mice with

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




no donor-derived cells in the noncastrated mce at the sam gm%l nt.
100441 Figure 23 A-C. Splenic T cells and nyel oid and Iyrrpff

dendritic cells (DQ after fetal liver reconstitution. (n--3-4 mce for
each test group.) Control (white) bars on the follow ng graphs are based
on the normal nunber of T cells and dendritic cells found in 10 untreated
age matched mce. (A) T cell nunber-Nunbers were reduced two and four weeks
after reconstitution in both castrated and noncastrated m ce. (B) Donor
derived (CD45.2) nyeloid dendritic; 1gells-two and four weeks after
reconstit.uti on DC nunbers were normal in both castrated and noreastrated
mce. At two weeks there was no significant difference between nunbers in
cast r at eltvelsitvorand Gmeweeks afttr recanstituffed) ADbvroweekiethere was oGipniicayt difigrepéeoi d
dendriti | levels two and four weeks after
reconst i tﬁut%?egzl%kés{ﬂ%%%{eaﬁyﬂoﬁ agéaééa%ggano significant difference between
nunbers (048hst r aFigue 26idlhe phdnotypit canpodition mfe)ﬁnphpiama]d Ipnghaeges2®s A and B:

trated
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t fetal
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bars ar e[048] nunbBiguro 27 Anglykis of humauipatierididot beforsend aftef BRU-agenisint r eat ed age

mat ched ent ﬁé%}on tra l no sﬁHﬂ{mL [ Eﬁltﬁee&gﬁﬁgrokv&ﬁoﬁ)’gf'fa&ﬂ%wlsoeﬁgks af ter

reconstitution in castrat noncas nor derived
nyel d6d @it mdlaofamélel change mdherﬂbﬁhﬁDS tatio fdlowing drsatmentte Fhiaindicater the ast r at ed

mce. Al ol o] @grenc&%étonvtﬁélﬁn{é&%@%%aﬁ% %T’\@e]l dé itd tfie V@S NO

significant etween nunbers 1 n cas noncastrated m ce.
(O Donowbetexrtialmreasymmwwmadhmbens followingdreatmaite AY vamsem compamte 1 2 APR
2005 12 0 EJ}( o v, and four weeks after reconstitution. At two weeks there
was no si Icant difference between nunbers in castrated and

noncast r 48] ni ceFighre 0% Analyhig offthe eportibneoihentio ndunyelaiberofVE, NKT fl
peri pger gheRagdd) JEPRO ferlpfisat¥8d 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,

PR




anal yzed in human patients (all >60 years) undergoing LHRH agg ggﬁg
treatment for prostate 5 cancer. Patient sanples were analyze 302@5
treatment and 4 nonths after begi nning LHRH agoni st treatnent. Tot al

| ynphocyte cell nunbers per ml of blood were at the |ower end of control
val ues before treatnent in all patients. Following treatnent, 6/9 patients
showed” substantial increases in totalysl ynphocyte counts (in sone cases a
doubling of total cells was observed). Correlating with this was an
increase in total T cell nunbers in 6/9 patients. Wthin 10 the CD4+
subset, this increase was even nore pronounced with 8/ 9 patients
denonstrating increased levels of CD4 T cells. Aless distinctive trend
was seen within the CDB+ subset with 4/9 patients show ng increased

level s, q0084]t germpatby: ﬁdére@se%bhﬁﬁedﬁi&%@ﬂﬂuﬂﬁ%% varistis !égelfpﬁislaﬁner 1¢50048]

Fi gure 27; Anal sis Qf hupan patient bl god beforée and after agoni st

t r eat ment B Fﬂéﬁeé’élﬂ%’%ll?ﬂ%’ﬁmﬁl%Wéq%%iﬁb%@qfﬁeﬁqﬁéﬂ%%waﬂ “iﬂl&)fb@)rt i on of

T cel Iss, fm&c@{re@meﬁ;&afgdgﬁl | s, and a variable change in the CD4:CD8 ratio

fol |l ow ngip atment,. This indicates the mniml effect of treatnment on the
t
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pati ent s e tu(q%f) at i ents) and nacrophage (3/9 patients) cell nunbers

post -t reat ment nunbers showed no distinct trend with 2/9 patients
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showiy re_ 30 d B: The, ma ange seen
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mm?@%%cﬁﬁgﬁg}%mbset I ncreasing in 6/9 of the
h ]lc,lma.E paf0dsii] s. 1Z‘h5’&32@ﬂ)| Elsﬂl&ufdm&ahseEh@thbﬁs B4 re{éﬁﬁﬁgeeﬁﬁe@%dlﬂabﬁlﬁnt rmedince
of skin [1.043 er i es re is a decrease in skin
i rrpedancggscﬁgegl?s ﬁ'? ﬁ%ﬁ%if"?&fg‘ﬁ’lﬁﬁéhg?'ﬂ}‘%?u% the;gﬁf?ﬁslmilﬁmﬁﬁys g t he

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



5 fitted curve to interpolate data. [0053] Figure 32: Pernmeat LoAPBf205

phar maceuti cal through skin. Perneability of the skin, wusing insulin as a
sanpl e pharmaceutical, was greatly increased through |aser irradiation.
(0054] Figure 33: Change in fluorescence of skin over tinme after the
addition of 5- am nolevulenic acid (A4A) and a single inpulse transient to
the skin. The peak of intensity 10 occurs at about 640 nm and is highest
after 210 m nutes (dashed line) post-treatnment. [0055] Figure 34: Change in
fluorescence of skin over tinme after the addition of 5- am nol evul enic acid
(ALA) it 3R rted o MPLHIS EddridANS b and BiBELedlIS ptddubdEinGhatgaus NEbdieofl nt ensi ty
at different tine poi nts. [ 0056] " Figure 35: Conparison of change in

f 1 uor dbesemew aslls skataing frecgenstiemadificefiomofshe parentstemyprrgeaiien cshi @iddei d (ALA)
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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 inferchangeably 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.



t he bone marrow, bl ood and peripheral |ynphoid organs, such as the spleen
and | ynph nodes, 5 within two weeks of castration. [0059]%@@@%%@ ent S
thymus may be reactivated by disruption of sex steroid i ated Srgnaling
to the thynus. This disruption reverses the hornonal status of the
recipient. A preferred nethod for creating disruption is through
castration. Methods for castration include but are not limted to chem cal
castration and surgical castration. During or 10 after the castration step,
GM cel ks are transplanted into the pﬁ%ient. These cells are accepted by
the thynus as .belonging to the patie and becone part of the production of
new T cells and DC by the thynus. The resulting population of T cells

contain tjpeggenet upleﬁ@eb{ah@awrﬁuﬁsofcésaﬁmmm G AaRRREERA ofPL O the

sten1prog nit r ceIIs preferred method of reactivating the thynus
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and for &ormoneveleasing hormone (LHRH). Sex steroid analogs and their use in therapies and

chemical castration are well known. Such analogs include, but are not limited to, 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




period of tinme afterwards, the patient's hornone productrg of f.
Preferably the 5 castration is reversed upon term nation £2 deh

delivery. DI SRUPTION OF SEX STERO D MEDI ATED SI GNALI NG TO THE THYMJS [ 0065]
As will be readily understood, sex steroid nediated signaling to the thynus
can be disrupted in a range of ways well known to those of skill in the
art, sone of which are described herei n. For exanple, inhibition of sex
steroi d production or blocking of one ®r 10 nore sex steroid receptors
within the thynus will acconplish the desired disruption, as wll

adm ni st E&ﬁ'i ﬂ]%&g. (anti gen)
or passi %/(gﬁltl@nttfraéodgﬁéa ant ?@seggéé?éegéﬁb %@g%ﬁgﬁ?gﬁ%ﬁg@% éiaiéag of sex
steroi d pitleduny fep stewidprafustiohwikedhised; edthivy withehtiheipsior siigstratibn off# or nore
sex sterg. Hﬂﬂﬂg t%%ﬁls In sone clinical cases, pernmanent renoval of the
gonads vi a physi Castration may be appropriate. 15 [0066] In a preferred
enbodi ne[(068} he sMbt@rsﬂuﬁlus&irt@mdremtgmdmmfymﬂmdnhﬁybbxwhmthbs di srupted
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are al sodéveepeddaduseihe di sclosures of each the references referred to above

are _Lnc ated herein by reference. It is currently referred that the
anal &Jci) @fogggl or eRimperiRgk featis of the thymicmproyiemgnt apg thaisof For a nore
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enbodi nment, an LHRH R_ant agaqni st delivered to the patient, followed by

an LHRH- % bogempmew fpgtion. ﬂ?‘tﬁt%‘éﬂes,é’ﬂﬂﬁ pejfiated fo, MCWF-F@ Péﬂﬁ‘}l(‘t@p jafdorof sex

steroi d rRhQUHSCO ThedST £e bl1StodREIRAS the! AncPAsEish thehdGit | on, that
m ght be produced by the 12 APR 2005 16 adm nistration of the agonist. In

an al t er W@APYIfodi ment, an LHRH R agonist that creates little or no sex

sterghpd prodygtAIVIABRUTECAS COMIDSITIgNS or Wi thout the prior administration

of an
[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,




LHRH R ant agoni st. [0068] Wiile the stinmulus for thymc r t j drata IS
fundanental |y based on the 5 inhibition of the effects ofe%%Xé%$g£@?ds
and/or the direct effects of the LHRH analogs, it may be useful to include
addi ti onal substances which can act in concert to enhance the thymc
effect. Such conpounds include but a2 not limted to Interleukin 2 (I1L2),
Interleukin 7 (IL7), Interleukin 15 (Il.,15), nenbers of the epithelial
and fibroblast growh factor famles, Stem Cell Factor, granul ocyte col ony
stinmulating factor (GCSF) and keratinocyte growmh factor 10 (KGF). It is
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known.
about 5 mg/kg. Dose varies with the LHRH analog or vaccine used. For example, for males,

under 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. Aliernatively,
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, mmltiple 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




[0072] In any of the formulations, other conpounds that dofJofi! ngm5|vely
affect the activity of the LHRH analogs may be included. Exanples are
various growmh factors and 5 ot her cytoki nes as described-herein. DOSE
[0073] The LHRH anal og can be administered in a one-time dose that wl|

| ast for a period of tine. Preferabll§, the fornulation wll be effective
for one to two nonths, nore preferably for one to three nonths. Reduction
of sex steroids in the blood to m ninmal values 10 takes approximtely 3
weeks when using an agoni st and 1 day when using an antagonist. In a
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a si n%.84 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




dose of an LHRH agonist that is effective for three rmntlﬁsg ﬁ@ﬁ 2@%5 a
sinple one-tine i.v. or i.m injection would not be sufficient as the
agoni st would be cleared fromthe patient's body well before the three
nonths are over. Instead, a depot injection or an inplant may be used, 5 or
any other nmeans of delivery of the inbibitor that will allow sl ow rel ease
of the inhibitor. Likewi se, a nethod for increasing the half life of the
inhibitor within the body, such as by nodification of the chemcal, while
retaining the function required herein, may be used. [0077] Exanples of
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20  be perforated or altered through the outer surface, such as the stratum corneum layer, but not

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.




on the | aser rraterial, such as Er: YAG The pul se tenporal 4vg InSpet
consequence of the pulse width produced by, for exanple, wm?@qﬁ

capacitors, the flashlanp, and the laser rod material. The pulse width is
optimally between 1 fs (fenmtosecond) and 1,000 s. [0081] According to this
met hod the perforation or alteration gyoduced by the |laser 5 need not be
produced with a single pulse fromthe laser. In a preferred enbodi nent a

perforation or alteration through the stratum comeumis produced by using
mul tiple | aser pul ses, each of which perforates or alters only a fraction

of the!ﬁ@&%a ti %%Péxahgﬂé% ‘523&?13%@?@31‘% fer higﬁjtlc?ﬂ&dit:%rlﬁhé}%ﬁriélﬁb@h' y

estimate the energy requi’r rate o er e stratum corneum
Wi t h nodnstaatdt isgpossible by chanke hefwehe ablativapndinoneabiativg tiesustafieet. ddsinglvi di ng 10

by the Jl se ' I E X | e,. 1 { f..a | cul ar
o ze r ERARE Lt RSB REA e B0 TA TS F ol SR e BaBB RS Sl
t he enirradiatiiorasd thm gpot be the skithapubeenagn abwwﬁpﬁﬁﬁﬂat@ly I(?’;ﬂilé&dﬁyegjamﬁaﬂar
perforation o teratj,on usi ten pul ses, eac avin th the energy.
BecéysBr ?c?mpl.g{ecpgiqmg,b\y]lg?et mtpuﬁlﬁ}%eﬁnﬁ‘ﬁﬁi@ W RPNl mo g‘éf’@‘@f’s P‘F@gﬁue during
the ir aieiied bOfbrlABIBR alieRGbh ANthbisTRRMASRndi. t OFLRRAS b PEsidPBuliBior S0),
and that the heat produced 15 during each pul se not si‘gnificantly diffuse,
in a pPelses fiedhessheld Prise enerae rqduired to @bentenesnestionef bpdyp Anidser fagser shoul d
be suc | ' I ' ' n 100
e, " AL P e R BRE LCdBbl PR R Rp RN ERHely Bafh 0 R el BT 00
be necl@86lal | y Alteowtively, bhmtudhathgepof size Whild knldiag ofter atviablesconstant, occur

dugi ng..t. holrnadiation ti.ne. [0083] To.penetrate t skin,in a
e itin e BRRHHIe d il eRPen TR e A Ao e Bl RS o0 Moe MG ot ed o
alter el:lalghrgcthg bpdt E&a@ﬂll_@iésluﬁdﬂ hlalﬁ;'ﬁlg thel :Sl_ﬂii]brgiﬁ rdqhﬁecgﬁorlﬂb&uﬁegﬂé mmedfre%yer , b:Jt
not a e the capillar ayer ., aser. heamis fqcussed precisely
on t he_f%?dg?rfm?q%@aﬂoy?f Ricroihp e peeis gqr cEMEPleiy coualpg 1o adgE Pl

appr oxpfike@hdr M ih¥iobjeRige lendofa ﬁcﬁ@roe?aagé ghjabts: () s HRAALIS BBmAFikon,
slit-shaped, with a wdth of about 0.05-0.5 nun and a length of up to 2.5

mm  Thic-WelvHlee MY )p & Srcharppses iitzis possthlpty foows the brasa dpynie speinen heprdT t he
ar [ 18k : | . td iflzt 0 be
Dy et BEMRHERr Atelubiiforiho HRGbLRHoATERE i ihn 8h fillra T abbit s 1 ©, pS
f ocusi AYCIOBH ei, Wehedfeaprprofilerig Gapsshan thersizsrd tlendftttadanadiated iagea3@n e

[ 0084] I fyi \, agt | se nat h,.energy. fl ce.(which is a
Funot ) 1Y R ek beFn Al o B E2Eet BV oo SRS BicrilopE =

t he f oFahopebhativéiyrater tissnelin thisrcash, &twanld spelitadblcao usé & 3i2SJ/c§iﬁ§aiebé'ﬁ to vary
t he effect on,t st um cor neum bet ween abl at,jon 30 rforation) and
on- S bIESHs oW ot S BT -Pros PR e T RBERA A RSBy ShEboEn Ak AR oo

al 2@r aIdv@é]Fﬁlfse bl e i BAAIR v allae Fofedibdd 1akdls, Rl é&?%ﬁb BSbBRAHH BRI ffor

b t ITed ph ticals. 12 APR 2005
Su Squ}?a?nplg,tﬁep% | e pnarmaceut| cal s

[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,

T:YAG laser by attenuating the beam by an absorbing filter, such as glass.

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,




20 [0085] For exanple, by reducing the pulse energy while %%SA%@ ot her
vari ables constant, it is possible to change between abl at'ivvé 3095
non-abl ative tissue-effect. Using an Er:YAG |aser having a pul se | ength of
about 300 Its, with a single pulse or radiant energy and irradiating a 2
m n spot on the skin, a pulse energysabove approximately 100 mJ causes
partial 5 or conplete ablation, while any pul se energy bel ow approxi mately
100 mJ causes partial ablation or non-ablative alteration to the stratum
corneum Optionally, by using nultiple pulses, the threshold pul se energy
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Lager ARlBbESR of ¥Rlcutah@us shbstiaid tisttd 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




21 pp. 587-592 (1989), incorporated herein by reference, mhj@hﬁpkggp ses
the use of pulse lengths down to | fentosecond). [0089] Another very
nmet hod uses high pressure inpulse transients on skin to create
permeability. See U S. Pat. No. 5,614,502, and U. S. Pat. No. 5,658, 892,
both of which 5 are incorporated herngin by reference. H gh pressure

I mpul se transients, e.g., stress waves (e.g., l|laser stress waves (LSW when
generated by a laser), with specific rise times and peak stresses (or
pressures), can safely and efficiently effect the transport of conpounds,
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cut aneous substrate ti sue %fsure di fferences %ﬁ%ween the.re

exkler nFa etadloflﬁés@’tcf‘lé{? WEKR TSy BeRsit et lmporan nﬁcﬁgasgst ratum

COr NeUdie peﬁnaa%iﬂt%aﬁthte '&ﬁnheiﬁﬁhé?s'ﬁb Cler. SGERrARAhPAYS timBlis KB4 1| e ndfis t he
skin. In‘turn ¥5|cal condi tion of the skin depends on heal t h, age,

sex, r@@éﬂpﬁf@rﬁbl}(‘,@ﬁé“t QB8 history. For exanple, prior contacts with

or gani vent s t f t he skin.

25 100@%@‘3%6 an%%érﬁ&kfﬁg%ﬁ‘g%naﬁgoﬁ vergglsp %ﬁgﬁévﬁ%qﬁ?ﬁ%@gl tissue

| ayer epithelialltisone aeph iayern Hdnexireplgs to tmhsnou’mnmwnéépﬂmmmtm strafgrer r emai ns

p abl e th of _th whi ch
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caused the coupling medi'um attenuates predom nantly the high frequency
conpo &gab}y g\rpedqrmmqs @ 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).




12 APR 2005 22 transients. This causes the bandwi dth to deqred$® ph a
corresponding increase in the rise tinme of the inpulse transient. The
non-|inear properties of the coupling nedium on the other hand, cause the
rise time to decrease. The decrease of the rise tinme is the result of the
dependence of the sound and particlespgelocity on stress (pressure). As the
stress increases, the 5 sound and the particle velocity increase as well.
Thi s causes the | eading edge of the inpulse transient to becone steeper.
The rel ative strengths of the |inear attenuation, non-linear coefficient,
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bar, ah@e TB?dé?lgrsgﬁlﬁ)ﬁs ﬁpﬁ%ﬁeﬁb%&g mgrglgﬁ %g} %ga.sgﬁgéeigﬁ%%%g%o@%%lﬁsi ents
pr ef er ¢l he 3ad &s thefcabplopsn@buthhe order of a few tens of ns, and thus
interact. with the epithelial 20 tissue for, on a short period of tine.
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m nutes. [009/] In addition, these nethods involve the application of only

a few prrmsekledo thegomparpd following il gereretion ofangmpplsa fransrer. ThaBwHadnti npul se
transi gnt m: 0l i [ Iz I ; 0, nore
pr ef er‘ggfg]lb;?’ Fg§ sl%ggﬁt%%nﬁgﬁ %@? tdgfee eélF a d;}ﬁlll ste%ég ntqﬁgé\é’/ iﬁ%%IE@Wi pl e
opt i casulfas, sely] winectgdedinoniye heoride, arddaunypdinsthytl poied @dde. the time

durati et weepn, sequent i al | ses.i : ' is |long
enbigh 9T evenths Bbes RrehfalR v it e RRERAS eenliBleef 0o
F’LODH Foleswiak ab@pﬂi&ﬁoi}lf@ﬂﬁ]ﬁ@ﬂ?i‘@t aateriabuiideagoss egpid tiengalnexiphmsisn, ot ﬁsndaL din
the 30 .art. For exa e, peak stress or pressur and. rise ti. can be
measur %ﬂatﬁgi tReupe BBE‘E‘WIFR/%I&% iﬂmﬁ?]ﬁ’d gﬁa{a&;@ﬁgyo h %%@?Ve&’éﬁod as
descri pedritonleuhRien® inThe viblbld Adqsiolet 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




Med. Biol., 21:961 (1995). 12 APR 2005 23 [0099] I npul se ?@%ﬁ%ﬁhﬂmg can be
generated by various energy sources. The physical phenonenon responsible
for launching the inpulse transient is, in general, chosen fromthree

di fferent mechanisns: (1) thernoelastic generation; (2) optical breakdown;
or (3) ablation. [0100] For exanple,24he inpulse transients can be
initiated by applying a high energy 5 | aser source to ablate a target
material, and the inmpulse transient is then coupled to an epithelial
tissue or cell layer by a coupling nedium The coupling medium can be, for

exanpl et I 0, b = ter, oil
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15 [0102]_ The absorbing target material acts as an optically triggered
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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. '




contact with the target material. Confinenent of the plasﬁaz éF%qﬁm@ by
ablating the target material by using the transparent nmaterial, increases
the coupling coefficient by an order of 12 APR 2005 24 magni tude (Fabro et
al., J. Appl. Phys., 68:775, 1990). The transparent naterial can be

quartz, glass, or transparent plasticg5[0105] Since voids between the
target material and the confining transparent material allow the plasma to
expand, and thus decrease the nonentuminparted to the target, the 5
transparent material is preferably bonded to the target material using an
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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




30 conponent of the wave. Thus, the shaped inpul se transi é‘?\g %ﬁjﬁlzﬁ%t
damage tissue. [0109] The type of lithotripter used is not critical.
Either an el ectrohydraulic, electromagnetic, or piezoelectric lithotripter
can be used. 1 2 APR 2005 25 [0110] The inpul se transients can al so be
generated using transducers, such aspg pi ezoel ectric transducers.
Preferably, the transducer is in direct contact with the coupling nedium
and undergoes rapid di splacenent follow ng application of an optical,
thermal, or electric field to generate the inpulse transient. For exanple,
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of *t hdONABL s 1hahest es Digse  Seprareas e of Sllih&id BUGE THBR G 1 3
Genes ¢ otdinary skill in the art are aware of expression vectors that may be used to express the

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




[0114] Useful genes and gene fragnents (pol ynucl eoti des) f&ZtﬁPEégﬁ ention
I ncl ude 30 those that code for resistance to infection of T cells by a
particul ar infectious agent or agents. Such infections agents include, but
are not ' limted to, HHV, T cell |eukema virus, and other viruses that
cause | ynphoproliferative diseases. Wth respect to H V/AIDS, a nunber of i
2 APR 2005 26 genes and gene fragnments may be used, including, but not
limted to, the nef transcription factor; a gene that codes for a ribozyne
that specifically cuts HV genes, such as tat and rev (Bauer G, et at
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replicatio onDus replication in the cells, or are capabl e of
| n'? egr gwn@uﬁeaﬂgot egipagnt. Tﬁ se cells are accepted by the thymus as belonging F‘c)0 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




cell chronmobsones. Such vectors may al so contain selective q%rk %%1 a
limted nunber of useful restriction enzyne sites, a highs §p§ fuftiBer, and
strong pronoters. Pronoters are 30 DNA sequences that direct RNA pol ynerase
to bind to DNA and initiate RNA synthesis; strong pronoters cause such
initiation at high frequency. The expgession vectors of the present

di scl osure are operably linked to DNA coding for an RNA or protein to be
used in this 12APR 2005 27 invention, i.e., the vectors are capabl e of
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thymic reactivation, increases the immune capabilities of the patient's body. In particular, the

immune system can be made to react specifically against various antigens by administering

20  genetically modified cells to a recipient. The genetically modified cells may be hematopoietic
stem cells (HISC), epithelial stem cells, or hematopoietic progenitor cells. Preferably the
genetically modified cells are CD34" HSC, lymphoid pro genitor cells, or myeloid progenitor
cells. Most preferably the geneﬁcaﬂy 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
are capable of rapid, specific responses to antigen. '

EFFECTS ON THE BONE MARROW AND HSC



cultured HSC i s one successful method (Bel nont and Jurecic, 1997, Bahnson,
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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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30 popul ation of cells, tissues and organs caused by reactivation of the
patient's thymus, which are capable of rapid, specific responses to
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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.




25 whol e- body radi ati on, can have a nmajor inpact on the bdﬁQ ﬁﬁﬁr ﬁ?
productivity. These condltlons can al so be either pre- treated to nim ze
the negative effects (such as for chenotherapy and/or radi ationt herapy),
or treated after occurrence to reverse the effects. SVMALL ANI MAL STUDI ES
Materials and Methods 30 Animals ti 233130 2005 [0127] CBA/ CAH and C57B16/J
mal e m ce were obtained fromCentral Animal Services, Mnash University
and were housed under conventional conditions. Ages ranged from 4-6 weeks
to 26 nonths of age and are indicated where relevant. Castration 5 [0128]
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Iymphocytes were gated according to 0 and 90° light scafter profiles and data was analyzed
15  using Cell quest sofiware (Becton—chk;mson)
Immunohistology

[0135] Frozen thymus sections (4pum) were cut using a cryostat (Leica) and

immediately 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). -




25 Germany). [0131] For 3-col or inmunofl uorescence thym@ﬁ@%@@%%
routinely |labeled with anti- a(3TCR-FITC or anti-y8 TCR-FITC, anti-CD4-PE
and anti-CD8-APC (all obtained from Pharm ngen, San D ego, CA) followed by
flow cytonetry anal ysis. Spleen and | ynph node suspensions were | abel ed
with either a(3TCR FI TC/ CD4- PE/ CD8- A2C or B220-B (Sigma) 30 with CD4-PE and
CD8- APC. B220-B was reveal ed with streptavidin-Tri-color conjugate
purchased from Caltag Laboratories, Inc., Burlinganme, CA 1 2 APR 2005 31
[0 132] For BrdU detection, cells were surface |abeled with CD4-PE and
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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
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|l east in triplicate. Experinental values significantly di ri ng
B). The decreased CD4:CD8 ratio in the periphery with age was still evident at 2 weeks post-

mre

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




fromcontrol values are indicated as follows: *p<_ 0.05, ?g ?@ *
**p<_ 0.001. 25 Results The effect of age on thymocyte pop tloh @? 1)
Thym ¢ weight and thynocyte nunber [0144] Wth increasing age there is a
hi ghly significant (p50.0001) decrease in both thym c weight (Figure IA
and total thynocyte nunmber (Figure 1BX. Relative thymc weight 30 (ng

t hymus/ g body) in the young adult has a nean val ue of 3.34 which decreases
to 0.66 at 18-24 nonths of age (adi pose deposition limts accurate

cal culation). The decrease in thym'c wei ght can be attributed to a
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post - aasdatal the tocaliteioprod fomidegte mrdliferdiomand theharant pf 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,




subpopul ati ons was conpared with those of the nornal youngggh&?@%@gfigure
3) and found to remain uniformwith age. In addition, further su Vi si on
of thynocytes by the expression of 25 a(3TCR and y8TCR reveal ed no change
in the proportions of these populations with age (data not shown). At 2
and 4 weeks post-castration, thynocygs subpopul ations remained in the sane
proportions and, since thynDcyte nunbers increase by up to 100-f ol d
post-castration, this indicates a synchronous expansion of all thynocyte
subsets rather than a devel opnental progression of expansion. 30 [0147]
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are WONb8] t he pPried drtigess recepnireg bly dlidse MALLcaatbeZubdinided imtodinge geeaps: of age,
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




increasing to ~-6%at 2 weeks post-castration) (Figure 5A)% 2[&&@%@@@ gure
5B illustrates the extent of proliferation within each subset in young, 2
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 CD8+ T cells was al30 significantly (p< 0.001) decreased,
reflecting the findings by i munohistol ogy (data not shown) where no
division is evident in the nmedulla of the aged thynus. The decrease in DN
proliferation is not returned to normal young | evels by 4 weeks
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[0153] The anti dBhs FEUPGFFIEHHIHEEEe MAbs can be subdivided into three
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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




| oss of general thynus architecture with a severe epithelidl? o ?m
di sorgani zati on and absence of a distinct cortico-nedullary junc .
Further analysis 0sing the MAbs, MIS 10 (medulla) 25 and MIS44 (cortex),
showed a distinct reduction in cortex size with age, with a | ess

substanti al decrease in nedullary epsthelium (data not shown). Epithelial
cell free regions, or Kkeratin negative areas (KNA's, van Ew jk et at,

1980; Godfrey et al., 1990; Bruijntjes et at, 1993).) were nore apparent
and increased in size in the aged thynus, as evident with anti- cytokeratin
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shown) . Follow ng castration, all these antigen ag]g)teﬁ{égre ed at a | evel

equi vdPE8T] t o t rhe felowing Examalys Reriide tosgifis sxpynies o BBWEP with MIS 20
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cortico-nedul lary junction. I') Vascdl ar-associ ated_antigens. 15 [0156]
The blconvknidngmtisb axanples descn erytaf ap & HRE sgeniptyp dlgcksex Herdi¢mi gr at i on
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t he erBIOAREILIBIM of thym c bl ood vessels, denonstrating a granular, diffuse
staini , 1990). In the aged thynus, 20 MIS 15
expres@%gﬁ%hi{%gﬁéﬁ‘gﬁ%rmYand reflects the increased frequency and

size qb162pod  Inthe event that an unmatched 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




vessel s and perivascul ar spaces (data not shown). [0158] 'Iﬁe% ?&Iﬁgr@%&
extracellular matrix, containing inportant structural and cellular

adhesi on nol ecul es such as collagen, lamnin and fibrinogen, is detected by
the mAb MIS 16. Scattered throughout the normal young thynus, the nature
of MIS 16 expression 25 beconmes nore w despread and interconnected in the
aged thynus. Expression of MIS 16 is increased further at 2 weeks
post-castration while 4 weeks post-castration, this expression is
representative of the situation in thg 2 nonth thynus (data not shown).
(ii1i1) Shared antigens [0159] MHC Il expression in the normal young thynus,
detected by the MAb MIS 6, 30 is strongly positive (granular) on the
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conveni enﬁgog‘ggfﬁgglgé%xewﬂ‘gswl be delivery of an LHRH agoni st to bl ock

sex sterol §tgnaffng to the thynus as well as the resultant
prevent i of§168] HSV Subfequntly) mu amEXANPHR HiapGEX i<SPRREHOLAMATE GealHERAPY [ 0162]

I the evanlnd fkiafih o1 REEHRE JOB0he) Bo Bt ESban LIERRA bGE 1S 91 ven
15 remains on the site of irradiation. Optionally, an occlusive patch is placed over the agonist in

order to keep it in place over the irradiation site.
[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




| mmunosuppr essi ve therapy, such as cycl osporin therapy, tdﬁﬁrﬁ%@qﬁgﬁ
rejection of donor cells. 20 [0163] The patient was given sex steroid

abl ation therapy in the formof delivery of an LHRH agonist. This was given
in the formof either Leucrin (depot injection; 22.5nmg) or Zol adex
(inplant; 10.8 ng), either one as a 39 ngle dose effective for 3 nonths.
This was effective in reducing sex steroid |evels sufficiently to
reactivate the thynmus. In sone cases it 1is also necessary to deliver a
suppresser of adrenal gland production of sex steroids, such as 25 Cosudex
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as folrbmeﬂmee&memgy per pul se was 40, 80 or 10 120 n¥, with the size of

the b focal point being 2 nun, creating an energy fluence of
1. 27, %ggggﬁg&ng 82 7/ enm2. The pul se tenporal width was 300 s, creating an
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Subsectuently, an_anmount of LHRH agoni st is appli g to the skin and spread
t

over tIR&72}r adi aVhera peactieal, ﬂ'lﬁée‘iﬂ-lﬁ-ﬂgg%ﬂ?tbl?%ﬁ’ﬁf © pRiqnhar # gonardY  an
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occl usive pat ver tHe agonis order to Keep_ it in’place
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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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the skin into the blood stream The nunber of sites can ?Sé? o"-“' ned to

allow for 20 nmai ntenance of the agonist within the patient's systemfor the
requi site 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
fl exi ble washer (about 1 inch in diadBter 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 bl ack pol ystyrene sheet about 1 nun
thick. A Qswitched solid state ruby laser (20 ns pul se duration, capable

of genwngérting theretipicat’s MFEBIREpRIAL-BDE T celld 386 db@iritieRBRs, aByﬁdhemgaser
beam ich hits the target material and geperates asmgle | mul se
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radi atde%ﬁnﬁ@célﬁ%lﬁtﬁﬁn%é‘ T bals%ﬁ%@go enga)ngtreacgbewlﬂmeé Raf." ansi ent, and
not Iaser radi ation. No p n 1 s produce m 30 this pr cedure The
proce dEKAMBE be repeated daily, or as often as required, to maintain the
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is injected with the C, optimally at a dose of _about x 106 cel | s/ kg.
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n t d converts
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i nto pastivetad Ttoyaﬂelrmh@éld@, the dmmaigosipprassive Bietapy lwmhuﬂwustvgp@ﬂal etion by

cel | S,
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H V I NE CTI O\IB%?%??%]P ere practical, the level of HSC in the blood of the
pati en{’tn Lﬁ 15 enhanced by injecting granul ocyte-col ony

stismul gxanpPrimet or (G CSF) at 10g/ kg for 2-5 days prior to cell
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beadi n@176PC ar €m 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




i dentifiedby flow cytonetry as being CD34+. Optionally thé%g %%%239&
expanded ex vivo wth SCF. 20 [0173] A retroviral vector is constructed to
contain the trans-dom nant nutant formof H V-1 rev gene, RevMLO, which
has been shown to inhibit H 'V replication (Bonyhadi et at 1997).

Anphot ropi ¢ vector-contai ning super#datants 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 medi a suppl enented with IL 25 3, IL-6 and SCF (10ng/m each) to
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vectors are then repeatedly added to the cells for %—3(&2 srot al | ow
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weeks LHR | ' ' isB@: t he t hynus
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begi n O'reactivate patien S 1 nject the genetically nodified
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also be injected into the recipient to.assi ' f the HSC.
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converting the recipignt's into recipi.ent-type T.cells ndritic
cel | sl.nd}?!?f%ﬁ ik herg wagiitlesAt ofyreampent ﬁ’égfq'll,m&ﬁos%sc m@%@eﬁgg nce
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any T cells that are potentially reactive with recipient. EXAMPLE 5 5

TERM WATsORTOFOmpMBNBSoReRESEY2S\WHEN DONOR CELLS ARE USED [0175] Wen the
t hym hmera i ! Tvl"tg;E f bids have
bg%unfoe'lgﬂi ng t?@e E%&rrﬁbsfﬁ%ﬁglo%&?? ta gﬁ%&%pnﬁyﬁe@fp%%ﬁf& g%??hle T cells
exam @ellk:in vitro for their lack of responsiveness to donor cells in a

st and 1 xed | hocyt.e react.ion.. |Lf. there | he
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oretic of the life of the patient (as for nornal, non-tolerized
and noellsgvasfdeertagrsop4é) patieBIsEXAMPLE 6 USE OF LHRH AGONI ST TO REACTI VATE THE

THYMJR, 14y HUMANS e 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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[0176] In order to show that a human thynus can be reactivgggﬁﬁﬁyﬁw@e
met hods of this invention, these nethods were used on patients who had
been treated with chenotherapy for prostate cancer. Prostate cancer
patients were eval uated before and 4 nonths after sex steroid 20 ablation
therapy. The results are sunmarized 4n Figs 23 - 27. Collectively the data
denonstrate qualitative and quantitative inprovenent of the status of T
cells in many patients. [0177] The effect of LHRH therapy on total nunbers
of |ynphocytes and T cells subsets thereof: 25 [0178] The phenotypic
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>60 years) undergol agoni st treat OofF prostate cancer (Fig 23).
Pat i epetiednwhebavearesivedbieystaioideblation thesapynehbilaiids vierprdiffinglt trpregisaiiggi nni ng
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patients. Wthin the CD4+ subset, this increase was even nore pronounced
with 8/ 9 patients denonstrating increased 12 APR 2005 41 levels of CD4+ T
cells. Aless distinctive trend was seen within the CDB+ subset with 4/9
patients showi ng increased |evels albeit generally to a smaller extent than
CD4+ T cells. [0179] The Effect O LHRH Therapy On The Proportion O T
Cells Subsets: [0180] Analysis of patient blood before and after LHRH
agoni st treatnment 5 denonstrated no substantial changes in the overal
proportion of T cells, CD4+ or CDB+ T cells and a variable change in the
CD4+: CD8+ ratio following treatnent (Fig 24). This indicates that there
was little effect of treatnent on the honeostatic maintenance of T cel
subsets despite the substantial increase in overall T cell nunbers
following treatnent. Al values were conparative to control values. 10
[0181] The Effect Of LHRH Therapy On The Proportion O B Cells And Myel oi d
Cells: [0182] Analysis of the proportions of B cells and nyeloid cells (NK
NKT and macrophages) within the peripheral blood of patients undergoing
LHRH agoni st treatnent denonstrated a varying degree of change wthin
subsets (Fig 25). Wile NK, NKT and 15 macrophage proportions renai ned
relatively constant following treatnent, the proportion of B




cells was decreased in 4/9 patients. [0183] The Effect O I:g%ﬁ? %
Therapy On The Total Nunber O B Cells And Meloid Cells: al ysi s
of the total cell nunbers of B and nyeloid cells within the peripheral 20
bl ood post-treatnent showed clearly increased levels of NK (5/9 patients),
NKT (4/9 patients) and macrophage @3/9 patients) cell nunbers
post-treatnent (Fig 26). B cell nunbers showed no distinct trend with 2/9
patients showi ng increased | evels; 4/9 patients showing no change and 3/9
patients showi ng decreased | evels. [0185] The Effect O LHRH Therapy On The
Level k\l_ﬁ @ Oel s Relative To 25 Menory Cells: [0186] The nmaj or changes
seen pos? ﬁ agoni st treatnent were within the T cell population of the
per i phspindll, R..0087, I'Agtp}assbclatmﬂahymi@eﬁmpbmm the monsxisidye 1 pafieBey in the
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(Fig ]2;1;)30330 Concl usi on [0187] Thus |t can be concl uded that LHRH agoni st
treatment of an aninmal such as a hunman having an atrophied thymus can

du reactjyatio h A _gen Sy P rovement
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Canc eBnridhRll iCRME,3 ieND TUER (18CRROTOGOESE. B Rolibins, adh.),diimamat Pressapy.24%hi | e i t
is very difficult to preci sely determ ne whet her such cells are onl y

derive&®-fromthe thymus, this would be very much the |ogical conclusion as
no ot her source of mainstream (CD8 a(3 chain) T cells has been 5 descri bed.
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15 preparation of at |east one nedi canent for enhancing boﬁ%zn%?§5E55
function in a patient. 5. The use of claim5 wherein bone marrow function
is enhanced by an increase in the production and/or rel ease of

hemat opoi etic stemcells. 20 6. The use of claim5 or claim®6 wherein the
patient has a disease, is being, or wll be, treated for a disease, or is
i mmunosuppressed. 7. The use of claim6 Wlerein the disease is cancer,

prol onged infection or a 25 genetic abnornmality. 8. The use of claim®6
wherein the pjaa@ent is selected fromthe group consisting of.

chenot herapy, anti-viral therapy, a bone marrow transplant, and radiation
therapy. 30 9. The use according to any one of clains 1 to 8 wherein the

medi canent  further aogsf §empehind Bt REkhRN keVsetoi® Sn M N bishAnLAY it a
conposition co r.S|n? one or gpre Bh&%naceutlcals sel ecte fron1tq$
group consi sPIien%aﬁ‘?r? OF HGARE ong Medifrmept Tog PrryeRtingy difeasstin a pallepcapsegd by
m)lhecul esy cyi didectéous k@eapiw&reiny?ﬁkpMﬁt’T glii}lmmsgis?:@r B\ﬂmt bé,Sat %elastnil\lﬁ’tialiy
enhanci ng co r 0 .and production of sex
steroids, i m&f%ggg%%dp?%e?g%ncﬁge?i%(%rsaut{i%g@g@%(g ag(l‘)s i°hations thereof. 2 APR 21V
49 10. The use of claim9 wherein the pharmaceutical is selected fromthe
group consisting of .THNsebk dith v%err%ﬂﬁﬁrdi%ﬁgéhi@ cdngel.nt erl eukin 15,
Interleukin 4, Interferon gamm, nenbers of the epithelial growh factor
famly, nenbers of the fibroblast 5 growh factor famly, Stem Cell Factor,

granul ocyt e col org/ sStTHeuh&t bH@laiCl Gihereik @hétileRRER Gs GERVED F@atias ,gr@\ﬂ)OI
9 wherein the i munos r essant

conbi nations_thereof .. 11. The use of. cl ai

i s sel ected F95HPHeT g?ajgﬂ}?ﬁhe(ﬁ:gi’ s?qnﬁﬁragf {.Re%?ﬁﬁ A7 DRRT | MW b%ﬂ}SBElP‘gx
anti-T cel |l wydoitwhitesapycycl osporin, 10 inhibitor of second |evel signals
and conbi nations thereof. 12. The use according to any one of clains 1 to
11 wherein the medicanent further conprises, or the patient will be

adni ni stered wi tH-a déitpelst crnowshfiat distepls sonsternid madiated igaalling de tleed

from theygr Opﬂé]pﬁﬁﬁ'&i DF A desit ‘onBORBAiORRIR fof BhAINMEChbR mbrroW BhRlifh in a
pr ogeni t or Cﬁ&wﬁt | ynphoi d progenitor cells, hematopoietic progenitor
cells, ‘

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.




bone marrow cells, genetically nodified cells, epithelial s ggﬁg@lgk CD34+
cells and conbinations thereof. 13. The use of claim 12 whe 2 cells
are autol ogous, syngeneic, 20 allogeneic or xenogeneic. 14. The use
according of claim12 or claim13 wherein the genetically nodified cells
provi de resistance to an infectious agent. 25 15. The use of claim 14
wherein the infectious agent is a virust9 16. The use of claim 15 wherein
the virus is selected fromthe group consisting of. HV, T cell |eukem a
virus, flu virus, hepatitis Avirus, hepatitis B virus, hepatitis C virus,
HSV, viruses that cause a | nphoprollferatlve di sease, and 30 conbinations
thereof. 17. Thi).usBhewssordiaim 9 wharein deehamaskuetioalisiselectsd fonmbhsrgsowp t he

genetical | }fonsﬁ@ﬁﬂ%féfe(inﬁﬁéﬁlﬁn@' e[n%ﬁ'le{lﬁﬁs'ﬁ ?é’rfehﬁihl Y5, rl‘f'@e‘ﬂ%{lﬁﬂté@ t Eltérﬁ:fr&f:t 1on
by, activit or replicatio in s ‘agent % AN 50 2D,

18. The usé omﬁn}bgrsta e o lelf broNh riectan oy GRapRF & 0 ﬂemébg@#?éh cally
nodi fi e8l cetdvahcéiopii fenidy, SSwehi >C@1x mae@s aptulelinuslbept diteilithat fataat es or

i nduces w%gll sLan ﬁe@%f]?og ]gﬁbfnl &gﬁ:{t ous agents 5 19. The use of

claim 14 ern I °RLl ude a stably expressable
pol ynucl eoti de selected fromthe group consisting of. nef transcription

factor, H'V gengy spegd fidCof é1 gr(?herélﬁ%ﬁi rgﬁh%gﬁpgr 2 Ofﬁt egcte% él' gene,

RevMLO, HI V-1 rev-responsive enent rep |ca Ion and
conbi nat i oBEUPHeamsisting o iﬂUl-T antibgdicsnisenmanti-Aaeelliglobulinss cyelesporiar oi d

nedi at @@l sighisitdrioR Sedofid 1dve! siphPAiPdonindfondthel@@st one nedi canent for
preventing a disease in a patient caused by an infecti ous agent, wherein

t he nedi canent further conprises, or the patient will be admnistered with
a conposition ctlrprTls ng, acmuﬂlixtgtonanya)rmhﬁrdMﬁleutiocBll s;h&ehe&beﬂecn&xﬂdnom t he

group consigghl g, En#h ”HP{B% eo%ﬁ@%t&?ﬂ]iﬁe L0 stter%i[ %%u %dsnf}}n

nol ecul es, cytokin imes, gro en anci ng
one or more cells se ected from the group consisting of: hematop01etlc 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




conpounds, suppressor of adrenal gland production of sex st gf S
i mmunosuppr essants, Cosudex, and conbi nations thereof. 20 2%. fe e
cl aim 20 wherein the nedi canent further conprises, or the patient will be
adm nistered with a conmposition conprising, one or nore cells selected
fromthe group consisting of: hematopoietic stemcells, myeloid progenitor
cells, |ynphoid progenitor cells, henmatdpoietic progenitor cells, bone
marrow cells, genetically nDdified cells, epithelial stemcells, CD34+

celI's and conbi nggi o e 22, Us that disrupts sex
steroi d medi at edﬁél g?ﬁ?f‘l £c%8rd1 anﬁ(r%rb ?ciing}? ]gd(?{TpféJnggP %‘ﬁ@eﬂ%ﬁ’gh%rrent
for prevent imglifiedr ba@enmrrseaa p’rab]yempr@aakdeqbobmuclamdenﬁlat'creat@s cagaduces
wher ei n t he J@di e 0he SUhLRSHERMR Legs. Or the patient will be

adm nistered with a conposition conpri SI ng, one or nore cells selected from
the group 30 consisting of. hematopoietic stemcells, nyeloid progenitor
cells, | Slrr}ahm d ps. ogenlt }u@er of @g]glhszé; hzﬁ@i'%irpﬁiél @ultls ﬁrelpﬁibﬂﬁﬂidtt‘érm@l@lié % S&;%%ﬁ
marrow cell s ic ifi ells,. epithelial , +
cell's and cSFBFE: oﬂfgmlﬁé%%@g? .Segéteaﬁ%mdés B9 PO %d?élﬁg.rﬁni%@twn

medi cament ﬁ”mtmrhéiﬂécgepci gesificoribbdyme, Barpatongndntwinutanbeofaeim HiVstlegad, wi t h
a conposi ti @, KAPPHS/- 1 a te fromt e
group consi st |Vngr0jp HN{ %VQ%OH%IE%%S%&R aﬁﬁ{ﬂ H&;‘Eﬁ%ﬁE (#Ig/gjre vlg% Q¢ ancliq
accessory nmsp@binatiens thoreaki ne” t her api es, cyt oki nes, growh fact ors t hynus
enhanci pg conpounds, suppressor of adrenal gl and production of sex
steroids, immn ressants, udex,. and conbi nations thereof 24. The
use of claim 20, 8@I atiy 2 ao‘?on&oéfl thag W@P@lsﬁxtSFF‘éOIGH&?%T@@GH“@HW&1§ the

sel ect ed fr grapaiation rocﬁtapleaartmesrmm@nm‘nt forprevdngiif ianliskasd it £pdtRuktdnsdd b

I nterleukin erI ukibn 4. .l nterferon ers of the e elial
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claim 23 V\,herc? | nImuNosuppr essant IS se ecte e group

consi sting & e"’é‘?‘ﬁst ‘T-YtE]élFlP dhframiesl e¥tokingsnerawth - factoss, | teymawsu| erdsncing
cycl ospor i ncompbindsf Orsupfresseeonst | awiehalsi gpalis pRductfRTDioat de@ns siehfdeof .

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,




15 26. The use according to any one of clainms 21 to 25 vx/nq_?@f pEhegigel | s

are autol ogous, syngeneic, allogeneic or xenogeneic. 27. The use according

to any one of clainms 21 to 26 wherein the genetically 20 nodified cells
provi de resistance to an infectious agent. 28. The use of claim27 wherein
the infectious agent is a virus. 29. The use of claim 28 wherein the virus
is selected fromthe group 25 consistinglof. HYV, T cell |eukem a virus,
flu virus, hepatitis A virus, hepatitis virus, hepatitis C virus, HSV,
viruses that cause a |ynphoproliferative disease, and conbinations

t her eof . 30. adfyaniss acEEwWEY diakrules, evigking ehendpiesl aytokingy growhofactatse theinrust he

genetical ly end@n I fonsbuaéd. | t ial i t .
i nfection by? ac{%i ténignd/ ) %@fﬂé?&api{‘gﬁénﬁ?g%ﬂrﬁpi* de]{(::tﬁléll(l)aifag%xer#mlgi’. The

r .
use accor di ngPEOIHRPT @nt&f(?‘b‘glug?’hém gompingons\theeh n t he genetically

nodified cells conprise a stably expressabl e pol ynucl eoti de that creates or

i nduces 5 resi s§;an t.o_one, or re.infectious nts.,:12 APR 2015 52
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replicati on BE#bers of dha,fiproblasherople fastr famdy, Jwm Gelk Faden gmblpeyis calypyone

of clai ms 20stintul@thgWaeros ikeratincydO piaodh tHeth, and dombRfitidsd fhkkbed to the
pati ent lr\/13_.fr1en the thynmus begins to be reactivated. 10 34. The use according.

to any one of clainmns 20 to 33 wherein the patient's thynus is, or will be,
at | east partial 12p. ddhet insat ed. 3&im ThHE udsinof 2t! @i McBAMWNES eivheieche die

| east parti é’gﬁlﬁ% i LOn: i i sease, . Or treat-ment o
di sease. 15al . %{éﬁﬁéggg&g[p Scﬁ%%egﬁﬁﬁ&aﬁlé? %rf\u%t ﬁ%ﬂsﬁﬁ%g’;‘e etlsftrcca‘t3 c lfbogi??” The
use of clai 88 @pérleicallt plobulinsat esshasporin, s éhéhitard of rssoondhdewl osignals and

consi sting ofomtehaisat ARkapPY, anti-viral therapy, a bone marrow transpl ant,
and
15

26. The use according to any one of claims 21 to 25 wherein the cells are
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.




20 radi ation therapy. 38. The use according to anyone of Oégé 1 to 37
wherein the patient is post- pubertal. 25 39. The use acg i%% i any one
of clains 1 to 38 wherein disruption of sex steroid nediated signalling

i ncl udes bl ocking of one or nore sex steroid receptors. 40. The use
according to any one of clainms 1 to 38 wherein disruption of the sex
steroid nediated signalling includes the gonhibition of sex steroid
production in the 30 patient. 41. The use according to any one of clains 1
to 38 wherein the nmedicanent |owers the concentration of a sex sterogid in

the patient. 35 432. THee yseohelebn d7nyghrewimihe ells ass madifigdstoringlyde @ iy ei n
the medi canegkpressasml Isoﬂyﬁuuébhaénseﬁbtea avdrh ahb Cg‘i‘oﬁbf coi@tiRatdfe Akt trddschtibiR

2005 43. The use di ng to._any, one of cl to 38 er ei

conpound 15 Hedfie i3 SEPD RERECg B e TSR AR MUt ooy V-1 gere,

ant agoni st s, ReeX 19t HIGi-d r&gaespshsve Sbomenst BINA dnhbabnsgsf HiNt repdieaticat endi d
vacci nes, se tor nodul ators, LHRH 5 anal ogs, LHRH R agoni sts,
LHRH R an ag)é%]?lg’ﬁi 861% P@r%ﬁ RH vacci nes, anti-estrogen antibodies,

anti - androgen antlbodles and conbi nations thereof. 44. The use of claim43

wherein the conmpoygnd Tﬁe ﬁé’é é’c%ﬁﬂlgf t‘boig%to% oQEBHHs 26 8452 $hkfith Ok coﬁ'ﬁ%ﬁﬁ@ﬁ In,

Cysterelln Decapeptyl, . Deslorelin nadorel i n, Goserelin, 10 H strelin,
Leupr ol i de, %U;?Féﬁlé‘i’qf?ﬂ tothe patien whim thethymys begins 40 B reectivatedht or el i n,
Abar el i x, Oet rorel | x, Eul exi n Leucrin, Zol adex, and conbi nati ons t her eof .

45. The accor 0 an of cl ai ns 0 4 erein the nedica nt
comr i seddan Lu 5% o8¢ Yeghiding to gl oRE aﬁ&iad%lﬁ?z&“@ 38 Wheteh§ i g
cl ai m 45 whettlginmstiheor avitl g oatilstst patialbl deastixditdief or e t he agoni st. 47. The use

according to any one of clainms | to 46 wherein the nmedicanent is effective

for a period of tlrre equivalent in duration to a periodic epidemc. 20 48.
The use accordi ng3%o0 Ry ushef elpire 34 wherginttbe av loppiepasiisl depetivagiap dudee to a

di srupts sex dsedeObith MRAMaheSt adig@hs. | ing to the thynus.
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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.




49. A kit for use in preventing the infection of a patient by an infecting

agent 25 conprising a conpound that disrupts sex steroids 1
signalling. 50. A kit for enhancing bone marrow function j:?%%‘;?&ﬁﬁm

conprising a conpound that disrupts sex steroid nediated signalling. 30
51. The kit of claim49 or claimb50 wherein the conpound is selected from
the group consisting of: sex steroid antagonists, sex steroid agonists, sex
steroid analogs, anti-sex steroid vaccines, sex steroid receptor
nodul at ors, LHRH anal ogs, LHRH R agonists, LHRH R antagonists, anti-LHRH
vacci nes, anti-estrogen antibodies, anti-androgen antibodies, and

conbi nations t hergpf -Tﬁ&us’e%c&?ﬁh%%%n%né%gcﬂ&hﬁ? Eg(lfa 38GAREdh A% ddnind ge of

clains 49 to ﬁlf ther including.a pharnmacept .selected,fromthe group
consi sting ofeq H’@éﬁ’/&%@??‘%&ﬂ%ﬁ’l‘? §EX SIEI] RPUFROISIS, STLHEINIG 2500 Lk 8%,
cyt oki ne t hesw@i¢analogs,okithes, sgroddvtvacdiaey aes, stdrbidnitsepten hasialangs,cbHRHINS,
minosuppr e 815 PHRIZERRLE MIRHAR oBasdir K EURH watingpangjpstogen
accor di ng t oauaithodipscandf-anghegemsmibodies, 5ad ¢ambihaions dmpedfsi ng one or nore
cells selected fromthe group consisting of: hematopoietic stemcells,

nmyel oid progenitor cells, | hoi d progenitor cells, hematopoietic
progenitor cells, 4%on@q98%¥ g@wé& Whercigethercopmonyd o srleqiet frem the group

epi thelial stemsistiaklst: Bﬁgaénn,cgydt@emdaec@@éﬁ@ylwem@mt, [tRmeddrelin, SGoseEIiREASE
ol ates 1 ¢ RETGHE bUREdiso GOl e Pu ke i Moot THEkrabaarciR.
si gnal | i ng f @etrprebiucknlexig, bewdriscadeddxnamd gmbbisations shesed, by an i nf ecti ous
agent, wherein the patient's thynus is, or will be, at least partially

deactivated due to a disease or_a treatnent of a disease. The present
i nvention al so retat ebhg wse ansording t9f anyorpsotfrdrims Hato 48 wheristn the xnestieansing

medi at ed si 9@ghbHfg ah LHRE-RARRARE 8hd ADLARIAR ahB@shisone nedi cament for
enhanC|n9§bone marrow function in a patient. In particular, bone marrow
a

function n be enhanced by an increase in the production and/or rel ease
of haenopoi etic s4&m Thd b dfictiimtdievieeein thedntaponist 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




Enhancenent of bone narrow function is particularly useful
has a disease, is being, or wwll be, treated for a dlseasg,
I mmunosuppr essed.

L™

when t e patient
2 &R 80an
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52.  The kit according to any one of claims 49 to 51 further including a
pharmaceutical selected from the group consisting of: immune system stimulants,
adjuvants, accessory molecules, cytokine therapies, cytokines, growth factors, thymus
enhancing compounds, suppressor of adrenal gland production of sex steroids,

5  immunosuppressants, Cosudex, and combinations thereof,

53.  The kit according to any one of claims 49 to 52 further comprising one or
more cells selected from the group consisting of: hematopoictic stem cells, myeloid
progenitor cells, lymphoid progenitor cells, hematopoietic progenitor cells, bone

10 marrow cells, genetically modified cells, epithelial stem cells, CD34+ cells and
combinations thereof.




