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[0001] The present disclosure is in the field of gene thi 5 v

particular this 5 invention is in the field of nodifying a patient's imune
system through stinulation of the thynus along with gene therapy of

hemat opoi eti ¢ stemcells (HSC) or bone marrow. BACKGROUND OF-THE | NVENTI ON
THE | MMUNE SYSTEM [ 0002] The nmj or function of the imune systemis to

di stinguish "foreign" antigens 10 from"self' and respond accordingly to
protect the body against infection. In normal inmmune responses, the
sequence of events involves dedi cated antigen: presenting cells (APC)
capturing foreign antigen and processing it into small peptide fragnents

whi ch are then pres ﬁﬁg&j j hi st npatibility conpl ex
(MHC) nol ecul es on ?Ee &ﬁgﬁf¢§%§§ﬂ$%%'%ﬂ% #D'ggg?és can either be of
class | expressed on all nucleated cells (recognized by cytotoxic T 15
cells ) g I expressed primarily by cells of the inmune
systen&ﬁ%@%8§ﬁp@%g$%®ﬁﬁ%%#per T cells (Th)). Th cells recognize the MHC
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then promote the activatiogn of either of both 7c cells or the antibody
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| nappropri a Th (and to a |l esser extent Tc) can lead to a
variety of oﬁﬁwggggggﬁéuch as allergies, cancer and autoi mmunity.
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helper T cells (Th)). Th cells recognize the MHC Il/peptide complexes on APC and respond;
factors released by these cells then promote the activation of either of both .Tc cells or the
antibody producing B cells which are specific for the particular antigen. The importance of
Th cells in virtually all immune responses is best illustrated in HIV/AIDS 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 Iymphocytes. 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 anfigen receptor. This enormous j)otential diversity means that for any single antigen
the body might encounter, multiple lymphocytes will be able to recognize it with varying
degrees of binding strength (affinity) and respond to varying degtees. 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




2 mechani sns V\:hl ch prevent the T and B cells fromdoing sqf 92 QPR@? vely
they create a situation where the i mmune systemis tolerant to .

[ 0004] The nost efficient formof self tolerance is to physically renove
(kill) any potentially reactive |ynphocytes at the sites where they are
produced (thymus for T cells, 5 bone marrow for B cells). This is called
central tolerance. An inportant, additional nethod of tolerance is through
regul atory Th cells which inhibit ag@toreactive cells either directly or
nore likely through cytokines. Gven that virtually all inmune responses
require initiation and regulation by T helper cells, a major aimof any
tol erance i nduction reginme would be to target these cells. Simlarly,
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recognized and eliminated. A strange feature of T cell recognition of antigen, however, is that

unlike B cells, the TCR only recognizes peptide fragments physically associated with MHC
20 molecules; normally this is self MHC and this ability is selected for in the thymus. This
process is called positive selection and is an exclusive feature of cortical epitheliat cells. If
the TCR fails to bind to the self MHC/peptide complexes, the T cell dies by “neglect” — it
needs some degree of signaling through the TCR for its continued maturation.
[0006] While the thymus is fundamental for a functional immune system, releasing
25  ~1%ofits 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.
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

30  with age). When there is a major loss of T cells, e.g., in AIDS and following chemotherapy or




3 radiotherapy, the patients are highly susceptible to di sm@ecause t hey
are i mune suppressed. [0007] Many T cells will devel op, @i ch
can recogni ze by chance, with high affinity, self MC peptide conpl exes.
Such T cells are thus potentially self-reactive and 5 could cause severe
aut oi nmune di seases such as nmultiple sclerosis, arthritis, diabetes,
thyroiditis and system c |upus erythematosis (SLE). Fortunately, if the
affinity of the TCRto self MC/ pegtide conplexes is too high in the

t hymus, the devel oping thynocyte is induced to undergo a suicidal
activation and dies by apoptosis, a process called negative sel ection.
This is called central tolerance. Such T cells die rather than respond
becaus erafiithbiagy, iHrvaH ]ﬂ%ﬁ% A0EL pot ent inducers
of this negatiﬁ\rle sel ég%iggn Se&rcgjtﬁhelﬁnhgé arec%sggl%qﬁ ed dendritic cells
(DC). BaPPigssAPC t hey deliver the strongest signal to the T cells; in the

s J080F 02U, 8L el 5,5, RO AL STEEL AR ¢ b, T
The t hyaffisityi, selff MECYrepiidacbotnpleaesy Seci T etk eiﬁtﬂllﬁ)potehﬁallyl sdlfmstwewl
n| Cif'dl on wth the neuroendocri neuftlgét em ( Ken 1988). O

par cu‘f CPYRS STV AUt Inmupe tisGases shofjas, SEISEORISt B%ldli'i’?t%ﬁsy adrenal s and
gonads Wfoldiihe syfsténsd | drﬁtﬁémt{?d { }tﬁrﬁEéi'j; berhiy ¢k imeSEEY ating
hor none %ro TSH, Z’fﬁ r(gl\%tﬁts or m)nS{e!Eg[%i?Eb o and aﬁg%hl C effects I eutini zi ng

hor rmneseHME‘F{perfbép Pmewle@t!ﬁ taerhigh inibe uhmm;ﬁe develordrg thamebyteds ndwesdr t i cot r opi ¢
hor mone,gp £ oricidal va%{?}l a!ng(i ﬂ%}%‘%gapo g% aB%c@gsl cgﬁ?dhlgeggijv% selddigged one of the

characterls c features si’ol e”progressi've decline in
st ruct uFlds Jandleﬂ umhta[ wierave.cSuch § celhsrﬂmmﬂmr mhmaresprunﬂ bedahse in thetlgase i n

cir n i odu on aroupd pubert Hro and Maki nodan,
o7 b Brblotlg g5 B il R SL R oeaiipadaton WS SmET e 1ar gor o
t he hmmmdmntla&mbﬁmmmw@y@éhvmgystfdﬁgés@ﬁgﬂamw%meérrsophy is yet
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pr oduct P ieps s Fusesisletion in @ﬁﬁerf?@?fﬁ]ﬂﬁ@?hﬂld qrgasarieraibof ceﬂsﬁfﬂs atrophy has

been W gk naRRs ot 8dis@sotivtfonPr | Mary cause of an increased incidence of
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between the pituitary, adrenals and gonads on thymic function including both trophic (thyroid

stimulating hormone or TSH, and growth hormone or GH) and atrophic effects (leutinizing

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

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

25  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 cavse of an increased
incidence of immune-based disorders in the elderly. In particular, deficiencies of the immme
system illusirated by a decrease in T-cell dependent immune functions such as cytolytic T-cell
activity and mitogenic responses, are reflected by an increased incidence of

30 . immunodeficiency, autoimmunity and tumor load in later life (Hirokawa, 1998).




4 [0009] The inpact of thynus atrophy is reflected in the- ?Apge?@é W th
reduced thymc input to the T cell pool resulting in ale drve T cell
receptor (TCR) repertoire. Altered cytokine profile (Hobbs et alL, 1993;
Kurashins. et alL, 1995), changes in CDe and CD8+ subsets and a bias
towards nenory as opposed to naive T cells (Mackall et aL, 1995) 5 are al so
observed. Furthernore, the efficiency of thynopoiesis is inpaired wth age
such that the ability of the i Mmune& systemto regenerate normal T-cell
nunbers after T-cell depletion is eventually lost (Mackall et aL, 1995).
However, recent work by Douek et aL (1998), has shown presunmably thymc
out put to occur even in old age in humans. Excisional DNA products of TCR
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the diverse siromal cells (predominantly epithelial cell subsets) which constitute the

20 microenvironment and provide the growth factors and cellular interactions necessary for the
optimal development of the T cells. The symbiotic developmental relationship between
thymocytes and the epithelial subsets that controls their differentiation and maturation (Boyd
et al., 1993), means sex-steroid inhibition could occur at the level of either cell type which
would then influence the status of the other. It is less likely that there is an inherent defect

25  within the thymocytes themselves since previous studies, utilizing radiation chimeras, have
shown that bone marrow (BM) stem cells are not affected by age (Hirokawa, 1998; Mackall
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 degres (Mackall and Gress, 1997; George and Ritter, 1996; Hirokawa et al., 1994).

30 However, recent work by Aspinall (1997}, has shown a defect within the precursor CD3-CD4-




5 CD8- triple negative (TN) popul ati on occurring at the stagﬂpgoapg(ﬁﬁ chain
gene- rearrangenent. SUVMARY OF THE | NVENTI ON [ 0011] The pres i 5osure

concerns methods of gene therapy utilizing genetically 5 nodified HSC
| ynphoid or nyel.oid progenitor cells, epithelial stemcells, or
conbi nati ons thereof (the group and each nmenber herein referred to as "GM
cells"), delivered to a reactivating thynus. In a preferred enbodi nent the
atrophic thynus in an aged (post- pygbertal) patient is reactivated. This
reacti vated thymus becones capable of taking up HSC and bone nmarrow cells
(preferably genetically nodified and/ or exogenous) fromthe bl ood 10 and
converting themln the thynmus to both new T cells and DC. [0012] In one
aspect ectttﬁﬁ ﬂﬁﬂg Vi ﬁﬁfé ing a T cell
di sor de(%mfn a1§|ﬁo k’ tﬁnﬁ& C %g?hlgg Rry&%%llﬁ gﬁéex steroid
medi até@ﬂrsangﬂma'ilntng to the thynus in the patlent and transplanting into the
pati ent 013] In one enbodinent the T cell disorder is
one th%@@‘@%w&’ c basis. 15 [0014] In a preferred enbodi nent
the T d8011]di sor TeypreseniskscReire Corosrasinbied T @end th@&p?&iuﬁk%ger_&?ﬁca‘lfl ral
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preferred enbodi nent, HSC are genetically rm ied to create resistance 20

to Hi VTP%ﬁYﬂi@gﬁl}@éﬁsl I #pyefowel dm@nhﬂidawpb@rthm;smcnmé@toshmtu on. For

exanpl r f ch rodu

interfgme W tpﬁﬁﬁt%rga Pg&c%%a il %ﬁ‘(’: %H(;th an J%B%Ségr %cog'g' St(\r?e T cell.

[ 0016] ahd beneahdrew @dlp enﬁferablh gemﬂﬁ]gmﬁodtﬂeﬂ@hdf@nﬂxeg@b\m) lﬁdﬁihdﬁbditbds for
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agent aje jnjected into aq{q atient concurrently with thync reactivation.
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consisting of viral infections such as by human immunodeficiency virus (HIV), T cell

functional disorders, and any other disease or condition that reduces T cells numerically or
functionally, directly or indirectly. |
[0015] In a preferred embodiment, HSC are genetically modified to create resistance
20 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, function and/or
replication in the T cell.
[0016] In another aspect, the present disclosure provides methods for preventing
infection by an infectious agent such as HIV. GM that have been genetically modified to
25  resist or prevent infection, activity, replication, and the like, and combinations thereof, of the
infectious agent are injected into a patient concurrently with thymic reactivation.
[0017] 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
distupt the sex steroid mediated signaling. In a preferred embodiment chemical castration is
30 used. Inanother embodiment surgical castration is used. Castration reverses the state of the

thymus to its pre-pubertal state, thereby reactivating it.




12 APR 2005 6 [0018] In a particul ar enbodi ment sex ster0|§ ngglated
signaling to the thynus is blocked by the adm nistration 2 ﬂﬂmﬁs or
ant agoni sts of LHRH, anti-estrogen antibodies, anti-androgen anti bodi es,
or passive (antibody) or active (antigen) anti-LHRH vaccinations, or
conbi nati ons thereof ("blockers™”). 5 [0019] In a preferred enbodi nent, the
bl ocker(s) is administered by a sustained peptide-release fornulation.
Exanpl es of sustai ned peptide-release formulations are provided in WO
98/ 08533, the entire contents of whigh are incorporated herein by
reference. [0020] In the invention, genetically nodified HSC are
transplanted into the patient, in a preferred enbodi nent just before, at
the tine of, or soon after reactivation of the thynus, 10 creating a new
popul at ygjygpf ge FI GURES
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ol d)I5Sm bedywesight aab(B)ddigldellJ@r tiyoiug, laE2-4 meaippbiccastrabtisr téssignifitaps ed based on
- the mar ﬁ&?&s%ﬁﬁlﬁ vg@l’: a@&flﬁ%ﬁ?m 5obft with age compated to young adult (2-

month) mice, This was restored by castration, At 3-weeks post-castration thymic hypertrophy

was observed and was returned to young adult levels by 4-weeks post-castration. Results are
expressed as mean +1SD of 4-8 mice per group. ** =p <0.01; **¥* =p <0.001 compared to
20  young adult and post-castration mice.
[0022] Figure 2 A-C: Aged (2-year old) mice were surgwally castrated and analysed
. at 2 and 4 weeks post-castration for peripheral lymphocyte populations. (A) Total lymphocyte
numbers in the spleen. Spleen numbers remain constant with age and post-castration. (B) The
ratio of B cells to T cells did not change with age or post-castration, however (C) a significant
25  decrease in the CD4":CD8" T cell ratio was seen with age. This was restored by 4-weeks post-
castration. Data is expressed as mean1SD of 4-8 mice per group. **¥ =p <0.001 bompared
to young adult (2-month) and 4-week post-casirate mice.
¢ [0023] Figure 3: Fluorescence Activated Cell Sorter (FACS) profiles of CD4 vs. CD8
_ thymocyte populations with age and posi-castration. Aged (2-year old) mice were castrated
# 30 and the thymocyte subsets analysed based on the markers CD4 and CD8. Representative
FACS profiles of CD4/CD8 dot plots are shown for CD4'CDSDN, CD4'CDS'DP, CD4"CDS"
and CD4'CD8" SP thymocytes. No difference was seen in the proportions of any CD4/CD3
defined subset with age or post-castration.



FACS profiles of CD4/CD8 dot plots are shown for CD4- CDB% CE%+CDS+DP,
CD4+CD8- and CD4-CD8+ SP thynocytes. No difference was seem izn Rezﬂﬂﬁ
proportions.of any CD4/CD8 defined subset with age or post-castration. 2
APR 2006 7 [0024] Figure 4: Aged (2-year old) mce were castrated and
injected with a pulse of ti bronodeoxyuridine (BrdTJ) to determne |evels
of proliferation. Representative histogramprofiles of the proportion of
Brdtt .cells within the thymus with agé and post-castration are shown. No
difference in the proportion of proliferating cells within the total thynus
was 5 observed with age or post-castration. [0025] Figure 5 A-D. Effects of
age and castration on proliferation of thynocyte subsets. (A) Proportion
of each K24t théﬁgl:ﬂ:@#ts%g’eﬂ(&-mrbld}énﬁdatmkﬁ@f&iﬁtécﬂ‘@ﬂ&tjédt@lv{ﬁmmio@n-The .
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t hese vaPqBE L& niCFR Fiuny the n B eabssh vy spen,adtlsagsoet P@k?ﬂsgﬂ)fm?'he rate
of eni grHowerer (@)pdiet /signifinbnit dyoreise e iphobifattiony of F MEBTRE (COAELAS) Wi th age

but was £ 1 by re at. week st-¢cx. (C Wth. age,

signifi cﬁair?géﬂlé]dgglggéég 385 ﬁlﬁ?%gﬂe%%Oolﬁor@ilge@%{vb%g@e%%%&@gnﬁwgs this was
nor bl i s&rd expyessedwsaieapbbiD ofd-8 Resaper groap.e* expEODSpti*asp nee001 dGRpakd 4- 8 mi ce
per groug. oﬁga%ﬁlt@-ﬁmﬁﬂ)%&e, *** = p :0.001 conpared to young adult mce. A
= p 50.0 gﬁrrpared to castrated mce. [0027] Figure 7 A-C Changes in
thymus (BP29K | ceBleums 6 Arld Aspd{hyssneld) micy weee dastratadrand werefigiedtedri ng t r eat ment

Wi th cycinepthpsRARNHErITE © deemiinethaRit G Mates YHRIMbS of FITC* cells in the

periphery were calculated 24 hours later. (A) A significant decrease in recent thymic emigrant -

20 (RTE) cell numbers was observed with age. Following casiration, these values had
significantly increased by 2 weeks post-cx. (B) The rate of emigration (export/otal thymus
cellularity) remained constant with age but was significantly reduced at 2 weeks post-cx. {C)
With age, a significant increase in the ratio of CD4" to CD8" RTE was seen and this was
normalised by 1-week post-cx. Results are expressed as meant1SD of 4-8 mice per group, **

25  =p =0.01; **=p <0.001 compared to young adult mice, * = P =0.001 compared to castrated mice,
[0027] Figure 7 A-C: Changes in thymus (A), spleen (B) and lymph node (C) cell
numbers following treatment with cyclophosphamide, a chemotherapy agent, Young (3-
month old) mice were depleted of lymphocytes using cyclophosphamide. Mice were either

sham-castrated or castrated on the same day as cyclophosphamide treatment, (A) A significant .
30 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. Results are expressed as
meank1SD of 4-8 mice per group. *** =p <0.001 compared to castrated mice.
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nonth old) mce were depleted of |ynphocytes using cycl ophospham de. M ce
were either shamcastrated or castrated on the sane day APR 2@@5

cycl ophospham de treatnment. (A) A significant 30 increase in thynus cell
nunber was observed in castrated mice conpared to shamcastrated mnmice. (B
Castrated'm ce al so showed a significant increase in spleen cell nunber
1-week post-cycl ophosphanide treatnment. (C) A significant increase in

| ynph node cellularity was also observed with castrated mce at 1-week
post-treatnment. Results are expressed as neantl|l SD of 4-8 m ce per group.
*** '= p : 0.001 conpared to castrated mce. 12 APR 2005 [0028] Figure 8
A-C. Changes in thymus (A), spleen (B) and | ynph node (C) cell nunbers
following irradiati on and castration on the sane day. Note the rapid
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Figure 11 A ceII foII d i muni zation
with Hé:PB’Q?Q%t%PE‘?P'%/ﬂn&?}g d]? ?ﬂ@?ﬁ”&f‘@% 38“(?% ularity in the

aged pasdatment. In addition, spleen and lymph node numbers of the castrate group were well

20  increased compared to the cyclophosphamide alone group. (n= 3-4 per treatment group and
time point), Chemical castration is comparable to surgical castration in regeneration of the
immune system post-cyclophosphamide treatment.
[0031] Figure 11 A and B: Lymph node cellularity following foot-pad immunization
with Herpes Simplex Virus-1 (HSV-1). Note the increased cellularity in the aged post-

25  castration as compared to the aged non-castrated group (A). Bottom graph illustrates the
overall activated cell number as gated on CD25 vs. CD8 cells by FACS (B).
[0032] Figui'e 12 A-C: V10 expression on CTL (cytotoxic T lymphocytes) in
activated LN (lymph nodes) following HSV-1 inoculation, Despite the normal V510

v responsiveness in aged mice overall, in some mice a complete loss of VB10 expression was
30 observed. Representative histogram profiles are shown, Note the diminution of a clonal
’ response in aged mice and the reinstatement of the expected response post-castration.
[0033}] 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




25 castration as conpared to the aged non-castrated group (A@Z ﬁ%@&ﬁ@ggraph
Illustrates the overall activated cell nunber as gated on CD25 vs. CDS
cells by FACS (B). [0032] Figure 12 A-C. V, 610 expression on CTL (cytet-oxic
T |l ynphocytes) in activated LN (I ynph nodes) follow ng HSV-1 inocul ation
Despite the normal V010 responsiveness in aged mce overall, in .sone mce
a conplete | oss of V(310 expression was 30 observed. Representative ., ‘
hi stogram profiles are shown. Note th2 diminution of a clonal response in
aged mce and the reinstatenent of the expected response post-castration.
[0033] Figure 13 A-C. Castration restores responsiveness to HSV-1
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20  was seen with age. This was restored post-castration. Results are expressed as meant1SD of 8
mice per group. *** =p <0.001 compared to young and castrate mice.
[0036] Figure 16 A-D: Changes in thymus (A), spleen (B), lymph node (C) and bone
marrow (D) cell numbers following bone marrow transplantation of Ly5 congenic mice. Note
the rapid expansion of the thymus in castrated animals when compared fo the non-castrate
25 group at all time points post-treatment. In addition, spleen and lymph node numbers of the
castrate group were well increased compared to the cyclophosphamide alone group. (n=3-4
per treatment group and time point). Castrated mice had significantly increased congenic
(Ly5.2) cells compared 1o non-castrated animals (data not shown).

[0037] Figure 17 A and B: Changes in thymus cell number in castrated and .
30 noncastrated mice after fetal liver reconstitution, (o= 3-4 for each test group.) (A) At two
weeks, thymus cell number of castrated mice was at normal levels and significantly higher .

than that of noncastx_’ated 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 wesks after reconstitution donor-




[0036] Figure 16 A-D: Changes in thymus (A), spleen (B), |ynph node (C) and

bone marrow (D) cell nunbers follow ng bone marrow transpl Eaﬁ%?
ani ma

congenic mce. Note the rapid expansion of the thynus in castrate
when conpared to the non-castrate 25 group at all tine points

post-treathent. In addition, spleen and |ynph node nunbers of the castra

group were well increased conpared to the cycl ophospham de al one group. (
= 3-4 per treatnent group and tine point). Castrated m ce had
S|gn|f|cantly i ncreased congenic (l1g5.2) cells conpared to non-castrated
animal s (data not shown). [0037] Figure 17 A and B: Changes in thynus cel
nunber in castrated and 30 noncastrated mce after fetal |iver
reconstitution (n = 3-4 for each test group.) (A At two weeks, thynus
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[0040] Figure 20 A and B: Changes in total and CD45.2" bone marrow cell nuinbers
20  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 bone marrow cell numbers
had normalized and there was no significant difference in cell number between casirated and
noncastrated mice. Four weeks afier reconstitution there was a significant difference in cell
number between castrated and noncastrated mice (*p <0.05). (B) CD45.2" cell number, There

25  was no significant difference between castrated and noncastrated mice with respect to
CD45.2+ cell number in the bone marrow two weeks after reconstitution. CD45.27 cell
numbet remained high in castrated mice at four weeks. There were no donor-derived cells in
the noncastrated mice at the same time point.

v [0041] Figure 21 A-C: Changes in T cells and myeloid and lymphoid derived

30  dendritic cells (DC) in bone marrow of castrated and noncastrated mice after fetal liver
reconstitution, {n=3-4 mice for each test group.) Control (white) bars on the following graphs
are based on the normal number of T cells and dendritic cells found in unireated age matched
miice, (A) T cell mumber—Numbers were reduced two and four weeks after reconstitution in
both castrated and noncastrated mice. (B) Donor derived myeloid dendritic celis—Two weeks

35  after reconstitution DC cell numbers were normal in both castrated and noncastrated mice, At
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dendritic cells-Two weeks after reconstitution DC nunbers i zc@gﬁrgmgg mce
were double those of noncastrated m ce. Four weeks after treatnen

nunbers renpi ned above control |evels. [0040] Figure 20 A and B: Changes
in total and CD45. 2+ bone marrow cell nunbers 20 in castrated and
noncastrated mce after fetal liver reconstitution. n=3-4 mce for each
test group. (A) Total cell nunber-Tw weeks after reconstitution bone
marrow cell numbers had normalized &nd there was no significant difference
in cell nunmber between castrated and noncastrated m ce. Four weeks after
retonstitution there was a significant difference in cell nunber between
castrated and noncastrated mce (*p 50.05). (B) CD45. 2+ cell nunber. There
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20  were normal in both castrated and noncastrated mice. At two weeks there was no significant
difference between numbers in castrated and noncastrated mice. (C) Donor-derived (CD45.2%
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 noncastrated mice,
25  [0044] Figure 24 A and B: Changes in total and donor (CD45.2") lymph node cell
- numbers in castrated and noncastrated mice after fetal fiver reconstitution. (n=3-4 for each test
group.) (A) Total cell numbers—Two weeks after reconstitution cell numbers were at normal
levels and there was no significant difference between castrated and noncastrated mice, Four

weeks after reconstitution cell numbers in castrated mice were at normal levels. (B) CD45.2% v
30 cell number—There was no significant difference between castrated and noncastrated mice
with respect to donor CD45.2" cell humber in the lymph node two weeks afier reconstitution. ¢

CD45.2 cell number remained high in castrated mice at four weeks. There were no donor-
derived cells in the noncastrated mice at the same point,

el ety




two weeks after reconstitution. CD4S. 2+ cell nunber renﬁ?rﬁﬁﬁfﬁg@ in
castrated mce at four weeks. There were no donor-derived cells in the
noncastrated nmce at the sane tinme point. [00431 Figure 23 A-C. Splenic T
cells and nyeloid and | yrophoid derived dendritic 15 cells (DC) 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 untreatedizage matched mce, (A T cell

nunber - Nunt bers were reduced two and four weeks after reconstitution in
both castrated and noticastrated mce. (B) Donor derived (CD45.2) nyeloid
dendritic cells-two and four weeks after reconstitution DC nurnbers 20 were

normal jpg4gioth og re%@&icaeﬂang@sfﬂlq%ﬁmh_ eﬂfﬁdlﬁgpd{og&;%fﬁ?%s there was no

significant difference between nunbers ir castra noricastrated
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2005 12a§tR04%hd fingatae@micd- C. Changes in T cells and nyel oid and | ynphoi d
derive& ngéndriti'c cells (DC) in the nesenteric |ynph nodes of castrated
and nond®4): r at v ¢ Tee phenotypisicampesiticarof perinders! Bloed lymhocyisewasy) i ce for

each t ? Cad Ld : ells and
dendri t%lﬁ %ly%gfﬁrlgun%ag%géni%bnt&? g%aﬁzgﬂd%g[‘%&?{ﬁ{e%b%‘s‘é@%%t f#tpgo-egfa 5 nunbers
wer e r eanest dPations saplesworre analszkd befbre gratmentand ¢ intouths offeribagibdnh LIREL r at ed and
nongast,r at. 1.GE. derived nmvel oi d dendrit] ells re normal in
bot% céé%%’?r 3%]‘“%%3{) ﬁ?}#@ﬁﬁ?%ﬁ%@nﬁ?@%gwﬁf’gﬂ oﬁggﬁg{@ﬁgveﬁw\é&decreased.
At two cestel saliéscheforedamimemt irsdlgpatitite dtlowing restmentes/b ehtiensnhawedber s in

castrated and.noncast d mice. (C Donor-
sul stanﬁgl mcreasessm {o?atl ?ymprﬂocﬁe cog.ml?s (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
20  demonstrating increased levels of CD4 T cells, A less distinctive trend was seen within the
CD8" subset with 4/9 patients showing increased levels, albeit generally to a smaller exient
than CD4” T cel. |
[0047] Figure 27: Analysis of human patient blood before and after LHRH-agonist
treatment demonstrated no substantial changes in the overall proportion of T cells, CD4 or
25  CDB8T cells, and a variable change in the CD4:CD8 ratio following treatment. This indicates
the minimal effect of treatment on the homeostatic maintenance of T cell subsets despite the
substaniial increase in overall T cell numbers following treatment, All values were
comparative to control values,
[0048] Figure 28: Analysis of the proportions of B cells and myeloid cells (NK, NKT
30 and macrophages) within the peripheral blood of humean patients undergoing LHRH agonist
treatment demonsirated a varying degree of change within subsets, While NK, NKT and




derived | ynphoid dendritic cells-Nunbers were at nor nal I?/ Irg two and four
weeks after 10 reconstitution. At two weeks there was no s g FPR(%@

di fference between nunbers in castrated and noncastrated mce. [0046]
Figure 26: The phenotypi c conposition of peripheral blood |Iynphocytes was
anal yzed in human patients (all >60 years) undergoi ng LHRH agoni st
treatment for prostate cancer. Patient sanples were anal yzed before
treatnent and 4 nonths after begi nni;ng LHRH 15 agoni st treatnent. Total

| ynphocyte cell nunbers per mi 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 total |ynphocyte counts (in sone cases a
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[0052] Figure 32: Permeation of 2 pharmaceutical through skin, Permeability of the

skin, using insulin as a sample pharmaceutical, was greafly increased through laser irradiation.
[0053] Figure 33: Change in fluorescence of skin over time after the addition of 5-
aminolevulenic acid (ALA) and a single impuise transient to the skin. The peak of intensity
20 occurs at about 640 mm and is highest after 210 minutes (dashed line) post-treatment.
[0054] Figure 34: Change in fluorescence of skin over time after the addition of 5-
amivolevulenic acid (ALA) without an impulse transient, There is little change in the |
intensity at different time points.
[0053] Figure 35: Comparison of change in fluorescence of skin after the addition of
25  5-aminolevulenic acid (ALA) and a single impulse transient under various peak siresses. The
degree of permeabilization of the stratum corneum depends on the peak stress.
DETAILED DESCRIPTION OF THE INVENTION
[0056] The present disclosure comprises methods for gene therapy using genetically
modified hematoﬁoietic stem cells, lymphoid progenitor cells, myeloid progenitor cells,
30 epithelial stem cells, or combinations thereof (GM cells). Previous attempts by others to

deliver such cells as gene therapy have been unsuccessfill, resulting in negligible levels of the



[ 0050] Figure 30 A and B: The mmj or change seen post-LHRH agoni st treatnent
was wthin the T cell population of the peripheral bIoodlggpA rdagul ar
there was a selective 10 increase in the proportion of naive ( +) CD4+
cells, with the ratio of naive (CD45RA) to nmenory (CD45RO) in the CD4+ T
cell subset increasing in 6/9 of the human patients. [0051] Figure 31:
Decrease in the inpedance of skin using various |aser pulse energies.
There is a decrease in skin inmpedange in skin irradi ated at energies as | ow
as 10 mJ, 15 using the fitted curve to interpolate data. [0052] Figure 32:
Perneati on of a pharnmaceutical through skin. Pernmeability of the skin,
using insulin as a sanple pharmaceutical, was greatly increased through
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indirect stimulatory effects of LHRH on the pituitary, which leads to a loss of the
gonadotrophins FSH and LH. These gonadotrophins normally act on the gonads to release

sex hormones, in particular estrogens in females and testosterone in males; the release is

blocked by the loss of FSH and LH. The direct consequences of this are an immediate drop in
20  the plasma levels of sex steroids, and as a result, progressive release of the inhibitory signals
on the thymus. The degree and kinetics of thymic regrowth can be enhanced by injection of
CD34" hematopoistic cells (ideally autologous).
[0059] This invention may be used with any animal species (including humans)
having sex steroid driven maturation and an immune system, such as mammals and
25 marsupials, preferably large mammals, and most preferably humans.
[0060] The terms “regeneration,” “reactivation” and “reconstitution” and their
derivatives are used interchangeably herein, and refer to the recovery of an atrophied thymus
to its active state.
[0061] “Castration,” as used herein, means the marked reduction or elimination of sex

30  steroid production and distribution in the body. This effectively returns the patient to pre-




[ 0057] The recipient's thynmus nmay be reactivated by disrupggqpﬁg@'gﬁﬁ
steroid nediated signaling to the thynus. This disruption reverse he
hormonal status of the recipient. A preferred nmethod for creating

di sruption is through castration. Methods for 10 castration include but are
not limted to chem cal castration and surgical castration. During or

after the castration step, GMcells are transplanted into the patient.
These cells are accepted by the thyrus as belonging to the patient and
becone part of the production of new T cells and DC by the thynus. The
resulting population of T cells contain the genetic nodifications that had
been inserted into the stenm progenitor cells. 15 [0058] A preferred nethod
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Pr ef er abhinistdfiig an LHRH analog; '
[0067] 4) at the time the thymus begins reactivating, administration of GM cells

that have been modified to contain a gene that expresses a protein that will prevent HIV

infection, prevent HIV replication, disable the HIV virus, or other action that will stop the
20  infection of T cells by HIV;
[0068] 5) if the GM cells are not autologous, administration of the donor cells at
the time of thymic reactivation will prime the immune system to recognize the donor cells as
self; and
[0069] 6) when the thymic chimera is established and the new cohort of mature T
25  cells have begun exiting the thymus, reduction and eventual elimination of
immunosuppression.
DISRUPTION OF SEX STEROID MEDIATED SIGNALING TO THE THYMUS
[0070] As will be readily understood, sex steroid mediated signaling to the thymus can
be disrupted in a range of ways well known to those of skill in the art, some of which are
30  described herein. For example, inhibition of sex steroid production or blocking of ons or

more sex steroid receptors within the thymus will accomplish the desired disruption, as will




castration is reversed upon term nation of chem cal deli vedyz AR‘R)QQ% In a
preferred enbodinent, a patient is infected with HV. The preferre
procedure for treating this patient -includes the follow ng steps, which are
provided in nore 10 detail below [0064] 1) Treatnment with H ghly Active
Anti-Retrovirus Therapy (HAART) to lower the viral titer, which treatnent
conti nues throughout the procedure to prevent or reduce inf ection of new T
cells; 15 [0065]2)ablation of T cells (inmunosuppression); [0066]3)bl ockage
of sex steroid nediated signaling tdaéthe thynmus, preferably by

adm ni stering an LHRH anal og; [0067] 4) at the tinme the thynus begins
reactivating, admnistration of GMcells that have been nodified to

contain a gene that expresses a protein that will prevent H V i nfection,
prevent  delliMsirRih loP@k'sﬁfbld %Eoﬁﬁﬁ'o?aﬁtﬁh%ni‘ﬂsvor‘ébﬁﬁan%n)% @ﬁsw@ hat wi ||
stop the 20 1 nfection of the ceI S are not
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of sex BHllewing dgca;gemfﬁ@m mlatgtﬂm&é-R) &uleuserel(uaﬁiqegsﬁ; Cystorgliss si ve
(anti bo, [}-QI ?I steroid
pr o‘i uct&%o)ﬁ(:hég écl é‘%ﬁbz& %Igvtes%%@;l n| s% (%%E@%hﬂ e"ﬁ%ﬁrée nore sex
st er oi dPimnadcegicals), Gonadoeslinl (Awrst}; IGo@ﬂ&]ﬂﬁ(ﬁaﬂ:@mdeex,ﬁmm), Hisielit he gonads
viap hy(%rfﬂ L%l?psi‘})]g(% ({rac{;'a namg Luf):"rcor;i1 pfbrb%RI’IJA?JS,eLeuprorelin {Plosker et al.), Lutrelin
" (Wyeth), Meterelin (W09118016), Nafarelin (Syntex), and Triptorelin (U.S. Patent No.
4,016,125). LHRH analogs also include, but are not limited to, the following antagonists of
15  the LHRH-R: Abarelix (frade name Plenaxis; Praecis) and Cetrorelix (irade 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. It is currently preferred that the analog is Deslorelin
(described in U.S. Patent No. 4,218,439). For a more extensive list, see Vickery et al,, 1984.
20 [0072] In a preferred embodiment, an LHRH receptor (LFRH-R) antagonist is
delivered to the patient, followed by an LHRH-R zigonist. This protocol will abolish or limit
any spike of sex steroid production, before the decrease in sex steroid production, that might
be produced by the adwinistration of the agonist. In an alternate embodintent, an LHRH-R
agonist that creates little or no sex steroid production spike is used, with or without the prior
25 adrhinistration of an LHRH-R antagonist. |
[0073] While the stimulus for thymic reactivation is fundamentally based on the
inhibition of the effects of sex steroids and/or the direci effects of the LHRH analogs, it may
. be useful to include additional substances which can act in concert to enhance the thymic
effect. Such compounds include but are not limited to Intetleukin 2 (IL2), Interleukin 7 (IL7),
30 Interleukin 15 (IL15), members of the epithelial and fibroblast growih factor familes, Stem
Cell Factor, granulocyte colony stimulating factor (GCSF) and keratinocyte growth factor




5 [0071] In a preferred enbodi nent, the sex steroid nedi at e% iﬁpﬁlzugs to
the thynmus is disrupted by admnistration of a sex steroid afial og
preferably an anal og of luteinizing hornone-releasing hornmone (LHRH). Sex
steroid analogs and their use in therapies and chenical castration are
wel | known. Such anal ogs include, but are not limted to, the follow ng
agoni sts of the LHRH receptor (LHRH Rz: Eul exi n Buserelin (Hoechst),
Cystorelin 10 (Hoechst), Decapeptyl (%¥*ade name Debi opharm

| psen/ Beauf our), Deslorelin (Balance Pharmaceuticals), Gonadorelin
(Ayerst), Coserelin (trade nane Zol adex; Zeneca), Histrelin (Otho),
Leuproli 8{e trade nanme Lupron; Abbott/TAP), Leuprorelin (Plosker et al.),
Lutrelin @%Z\yé’ﬂﬁ?l}‘ﬂ%ﬂbﬂ?@tlthﬂse ¢ddBhaBOMHPUNdE atldlonly HePiveh@xg-thrénd .
Tri pt or e}y e 4..01.0 5). LHRH.anal ogs al so i ncl ude, but
are not F{n%étghﬁu g,gﬁtf%ﬁf%ﬁ ?%ﬁpﬁgf%gﬂgﬁ&%?ﬁeg@@?@naﬁ@sgw SRYPREOR  Abarel i x
(trade negmbimitionakihsse sistancésaaydidhiven bf By et flrthademiiBike arggs) . -
Combi nat | ols, of, agoni st s c(fnbéﬁgttions_ of antagoni sts, and conbi nations of
agoni st s and AAPRgeTrPer besed modnlaiprs; wurh mapbe taigeted foshel thwie epecidic, mach t he

r ef er’encesdavelbpsdrand ubed. above are incorporated herein by reference. It is

currently pr ed that the analog is Deslorelin (described in U S
Pat ent No. 4?Mmﬁﬁ§m@sﬁi®ﬁﬁsi ve list, see Vickery et al., 1984.
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[ 0073] PERORIHOWS T fre peovidsd with gariers that oratech thie aetiviedngraficta@spmihile | y based on
the i nhillowing@3iodf reldag e ' r the direct effects of
the LHRH ﬁ]nalggﬂs, }i"et_ rrafgftﬁogg{n?see eﬁ? %‘131?1 F‘?ﬁ‘%"ﬁ@%fﬁ"@%ﬁ&lﬂ?&ﬁ gfEes which
can act PHed{ewmeparigs Bmpaelease piepartions;soch afviats veSioaotiaseounds i ncl ude

but 7 ' 2 I kn 7 (1L7), 30
Pht en ouRbetycoll 4 cdBishibh o8 ] Qe WS Patend NG1 5 06 whighvae« gr owt
factVr fraedificdpolyBtesnof pebkihykacslotol (REGYs b oMb adé%w&)ﬁﬁ?%i nul ating factor

et sagdn Rt + SR (S dbbemre{ aplvesmbapwnryd peligidsen one- thr ce

{i e atoatenlesaes, ahd Bk, aneko@niRBlba Rinat BYRN BRIl ana) doses of
any one gr c%ﬁi nati on of these substances maybe gl v%n’ ACPany’ time to
furt her FIES, tg'cpﬁ%mgﬁtshmteqtﬁhe active ingredient(s) from decomposition. Such

formulations are well known,

20 Jo022] In any of the formulations, other compounds that do not negatively affect the

activity of the LHRH analogs may be included, Examples are various growth factors and
other cytokines as described herein,
DOSE
{0023] The LHRH analog can be administered in a one-time dose that will last for a
25  period of time. Preferably, the formulation will be effective for one o two months, The
standard dose vaties with type of analog used. In general, the dose is between about 0,01
pg/kg and about 10 mg/kg, preferably betweeil about 0.01 mg/kg and about 5 mg/kg. Dose
. varies with the LHRH analog or vaccine used. Ina preferred embodiment, a dose is prepared v
to last as long as a periodic epidemic lasts. For example, "flu season” occurs usually during
30 the winter months. A formulation of an LHRY analog can be made and delivered as
described herein to protect a patient for a period of two or more months starting at the




addition, steroid receptor based nodul ators, which may mté%%g d to be
thymc specific, may 5 be devel oped and used. PHARMACE CSI TI ONS
[ 0074] The conpounds used in this invention can be supplied in any
pharmaceutically acceptable carrier or without a carrier. Exanples include
physi ol ogically conpati ble coatings, solvents and diluents. For
parenteral, subcutaneous, intravenous and intranmuscular 10 adm ni stration,
t he conpositions nay be protected sifch as by encapsul ation. Alternatively,
the conpositions nmay be provided with carriers that protect the active
ingredient(s), while allowing a slowrelease of those ingredients.

Numer ous pol yners and copol yners are known in the art for preparing
time-rek | ith SHBHD il VA [ LG

aci a7 gyt SEPAS Al it SROQANOB AR S Bee SEA R & 410, 016
whi ch sk obinfasHort destbages oy disappeass. pol yet hyl ene gl ycol (PEG as a

bi odegn, bl e atd ng, ..1002 Farnul ati ons .i nt ended t e delivered orally
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conpositle fomsulatidn cirigd prelLuredfto Epeeificallyl deter BXztion BNhgvirusel WiiRREKenciapd/ or
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vari es and priavanyinéectidn aitiathe dluviredovet the ipapidrodthe fluseasdmse i s bet ween about 0. 01
t g/ kg t about 0.01 ng/ kg and about 5
ng/‘lg’g.. %Wgﬁggwg%%ﬁngﬁgﬁg\éﬁg&vacm ne used. Ina preferred
enbodi fe0N9] a d@givery offiRRAMEndS 6F thid Siverdfon lcRiBe RSorplRBI vRHA Sungel dem ¢

| asts. For _exanple, "flu seasgn” occurs usually during 30 the w nter

mont hs °f metadskarRn fopersops salledipihe aviaPpgstendardsooedere faedmiistariper ed as
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doses deseiof an BHRBagoyisitthas isaifortive dontimat trenthmt Fdr this meimplesie-tifnciimfect i on
decreaggs in?é’cti&l wORE 58 v% sutficient as the agonist would be cleared from the patient’s body

well before the three months are over. Instead, a depot injection or an implant may be used,

C

or any other means of delivery of the inhibiior that will allow slow release of the inhibitor.
Likewise, a method for increasing the half life of the inhibitor within the body, such as by
modification of the chemical, while retaining the function required herein, may be used. _

20 [0080] Examples of more useful delivery mechanisms include, but are not limited to,
laser irradiation of the skin, and creation of high pressure impulse transients (also called stress
waves or impulse transients) on the skin, each method accompanied or followed Hy placement
of the compound(s) with or without carrier at the same locus. A preferred method of this
placement is in a patch placed and maintained on the skin for the duration of the treatment.

25 [0081] .One means of delivery utilizes a laser beam, specifically focused, and lasing at
an appropriate wavelength, to create small perforations or alterations in the skin of a patient.
See U.S. Pat. No. 4,775,361, U.S. Pat. No. 5,643,252, U.S. Pat, No. 5,839,446, and U.S. Pat.
No. 6,056,738, all of which are incorporated herein by reference. In a preferred smbodiment,
the laser beam has a wavelength between 0.2 and 10 microns. More preferably, the

30  wavelength is between about 1.5 and 3.0 microns. Most preferably the wavelength is about

2.94 microns. In one embodiment, the laser beam is focused with a lens to produce an




[0078] The fornulation can be made to enhance the inmune sysffemAPR 2005
Al'ternatively, the fornmulation can be prepared to specifically deter
infection by flu viruses while enhancing 5 the immune system This latter
formul ati on woul d include GM cells that have been engineered to create
resistance to flu viruses (see below). The GM cells can be adm ni stered
with the LHRH anal og fornul ati on or separately, both spatially and/or in
tine. As with the non-GMcells, nui%iple doses over tine can be

adm ni stered to a patient to create protection and prevent infection with
the flu virus over the length of the flu season. 10 DELI VERY OF AGENTS FOR
CHEM CAL CASTRATI ON [0079] Delivery of the conmpounds of this invention can
beacc kbl bt ¥h the il MRS tholpidlRAR AP, ARV QJBRERPBRbRIhL.Cd 11 the
art. One stan d procedure for acmnlsterlng ch emc I'n Itors to

i nhi bi ttheslaser beany i fagused & ereatelansimgdiationsgottoplytthrougihthestsatut pd»mmmsofahesu ngl e
dose ofgan LHRH agonist that is effective for three nmonths. For this a
sinple one-tinme i.v. or 15 i.m injection would not be sufficient as the
agoni st00&R]l d bet\s:dsecahaeinf"ablammﬁancp@bffmﬁons rieagly holeetehted 2 the skirl he t hr ee

hs ar er. |Inst a depo on or an | ant nay be used, or
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pat ch maae@m@@r@WmMed palee Rpblabwidi d E&ﬂl&h&?sﬁéﬂﬁi@é i @R padfertege treat ment.
25 0081 q?élemr@ans of delivery utilizes a | aser beam specifically
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S0 g, 1° LS5 GRR e PERE Lo BBl 12 PR, 2008
addi t i epéd not BORYHIFEAWith a single pulse from the laser. In a preferred embodiment a
perforation or alteration through the stratum corneum is produced by using multiple laser
20  pulses, each of which perforates or alters only a fraction of the target tissue thickness.
- [0085] To this end, one can roughly estimate the energy required fo perforate or alter
the stratum corneum with multiple pulses by taking the energy in a single pulse and dividing
by the number of pulses desirable. For example, if a spot of a particular size requires 1 J of
energy to produce a perioration or alteration through the entire stratum corneum, then one can
25  produce qualitatively similar perforation or alteration using ten pulses, each having 1/10th the
energy. Because it is desirable that the patient not move the target tissue during the
irradiation (human reaction times are on the order of 100 ms or so), and that the heat produced
during cach pulse not significantly diffuse, in a preferred embodiment the pulse repetition rate
from the laser should be such that complete perforation is produced in a time of Iess than 100
30 ms. Alteratively, the orientation of the target tissue and the laser can be mechanically fixed

so that changes in the target location do not occur during the longer irradiation time.




the | aser beamis focused to create an irradiation spot only jrgw;n@hzme
stratum conmeum of the skin. [0082] As used herein, "ablation" and
"perforation” nean a hole created in the skin. 5 Such a hole can vary in
depth; for exanple it may only penetrate the stratum comeum it may
penetrate all the way into the capillary layer of the skin, or it may
termnate anywhere in between. As used herein, "alteration" neans a change
in the skin structure, without the 2gcreation of a hole, that increases the
perneability of the skin. As with perforation, skin can be altered to any
depth. 10 [0083] Several factors may be considered in defining the |aser
beam including wavel ength, energy fluence, pulse tenporal w dth and
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not si peAtlbesahitalsy di ffuse, in a preferred enbodi ment the pul se repetition

r at t he | [ oul d.be such .t hat conpl et erforation is produced
1S JORY " FF e By R e Ryt Ky Sle G EBGBRIE on bf ¢ ho
t ar get cdristaft) & iggudsible € dAfEHeRaRn MeatiRehdndrcaidiye fissueeffecs OUth@dn Changes in

the ta ocation do.nqgt occur dyring the |onger irrgdiation tine. .1 2
APR 20@%&%‘6} laser ﬁav?ng a pulse?en of a‘rr)out l’:;400 us? wtith a single%ﬂse or racilaiant energy and

irradiating 2 2 mm spot on the skin, a pulse energy above approximately 100 mJ causes partial
or complete ablation, while any pulse energy below approximately 100 mJ causes partial

20 ablation or non-ablative alteration to the stratum corneum. Optionally, by using multiple
pulses, the threshold pulse energy required to enhance permeation of body fluids or for
pharmaceutical delivery is reduced by a factor approximately equal to the number of pulses.
[0089] Alternatively, by reducing the spot size while holding other variables constant,
it is also possible to change between ablative and non-ablative tissue-effect. For example,

25  halving the spot area will result in halving the energy required to produce the same effect,
Irradiation down to 0.5 microns can be obtained, for example, by coupling the radiant output
of the laser into the objective lens of a microscope objective. (e.g., as available from Nikon,
Inc., Melville, NY). In such a cass, it is possible to focus the beam down to spots on the order
of the limit of resolution of the microscope, which is perhaps on the order of about 0.5

30 microns, In fact, if the beam profile is Gaussian, the size of the affected irradiated area can be

less than the measured beam size and can exceed the imaging resolution of the microscope.




[ 0086] To penetrate the skin in a manner that induces lit Iglﬁg g bl ood
flow, skin can be perforated or altered through the outer f% @5 such as
the stratum comeum | ayer, but not as deep as the capillary layer. The

| aser beamis focussed precisely on the skin, creating a beam di aneter at
the skin in the range of approximately 0,5 microns - 5.0 cm Optionally,
the 5 spot can be slit-shaped, with a width of about 0.05-0.5 nm and a

|l ength of up to 2.5 nm The w dth xjan be of any size, being controlled by
the anatony of the area irradiated and the desired perneation rate of the
fluid to be renoved or the pharmaceutical to be applied. The focal length
of the focusing | ens can be of any length, but in one enbodinent it is 30
mm | i -‘%Bdéi'! i: [ g ence (which is
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are incorporated herein by reference. High pressure impulse transients, e.g., stress waves

20 (e.g., laser siress waves (LSW) when generated by a laser), with specific rise times and peak
stresses (Or pressures), can safely and efficiently effect the transport of compounds, such as
those of the present disclosure, through layers of epithelial tissues, such as the stratum
corneum and mucosal membranes. These methods can be used to deliver compounds of a
wide range of sizes regardless of their net charge. In addition, impulse transients used in the

25  present methods avoid tissue injury.

[0093] Prior to exposure to an impulse transient, an epithelial tissue layer, e.g., the

* stratum corneum, i$ likely impermeable to a foreign compound; this prevents diffusion of the
compound into cells underlying the epithelial layer. Exposure of the epithelial layer to the
impulse transients enables the compound to diffisse through the epithelial layer, The rate of

30  diffusion, in general, is dictated by the nature of the impulse transients and the size of the

componnd to be delivered.




21 To non-ablatively alter tissue in this case, it would bbkZsppg @ to use
a 3.2 J/cnR2 energy fluence, which for a half-mcrou spot size wo

require a pul se energy of about 5 nJ. This |ow a pulse energy is readily
avai l abl e from di ode | asers, and can al so be obtained from for exanple,
the Er: YAG | aser by attenuating the beam by an absorbing filter, such as
glass. 5 [0090] Optionally, by changing the wavel ength of radiant energy
while holding the other variables &bnstant, it is possible to change

bet ween an abl ati ve and non-abl ative tissue- effect. For exanple, using

Ho: YAG (hohnium YAG 2.127 mcrons) in place of the Er: YAG (erbium YAG
2.94 mcrons) laser, would result in | ess absorption of energy by the

tissue,[0084]eat i Nohd 1§18 Sf fincRatRA O ulsh QRN hitRdIfPisBhd 18 krs, #¥h[PBYL] Pi cosecond
and fernosecond pul ses produced by |asers can also be used to produce
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hand, cause the rise time to decrease. The decrease of the rise time is the result of the

dependence of the sound and particle velocity on stress (pressure). As the siress increases, the
20  sound and the particle velocity increase as well. This causes the leading edge of the impulse
transient to become steeper. The relative strengths of the linear attenuation, non-linear
coefficient, and the peak stress determine how long the wave has to travel for the increase in
steepness of rise time to become substantial. ‘
[0097] The rise time, magnitude, and duration of the impulse transient are chosen to
25  create a non-destructive (i.e., non-shock wave) impulse transient that temporarily increases
the permeability of the epithelial tissue layer. Generally the rise time is at least 1 ns, and is
more preferably about 10 ns.
[0098]) The peak siress or pressure of the impulse transients varies for different
epithelial tissue or cell layers. For example, to transport compo'unds through the stratum
30 corneum, the peak siress or pressure of the impulse transient should be set to ai least 400 bar;

more preferably at least 1,000 bar, but no more than about 2,000 bar. For epithelial mucosal




12 APR 2005 22 [00941 The rate of penetration through spegj?igpgg%@ﬁelial
tissue layers, such as the stratum corneurn of the skin, d ds on
several other factors including pH the netabolismof the cutaneous
substrate tissue, pressure differences between the region external to the
stratum coneum and the region internal to the stratumconeum as well as
the 5 anatom cal site and physical condition of the skin. In tam the

physi cal condition of the skin de@nds on health, age, sex, race, skin
care, and history. For exanple, prior contacts with organic solvents or
surfactants affect the physical condition of the skin. [0095] The anount of
conpound delivered through the epithelial tissue layer will also depend on
the le ' ' ' ' I d the size of
tho 10 2y BcRrek FRah B GRl bk e S SDo b TR B0 QE PR Bleral bl [0086]
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t hr gug i t hey. propagate. The _linear attenuation cause y the 15
cou !iH@%&M%{afﬂéﬁﬁfﬁ?g&%Féﬂﬁrﬁbﬁ‘étﬁlﬂrle‘?wsh! gh frequency conponents of
the i npgose tr%%&cﬁﬁﬁn?&eé@{ﬂle‘ihcﬁé‘ﬁﬁ@ﬁ/e Hﬁ%pﬂ%ﬁﬁb# d??oﬁytaﬁ‘e\d%él%ﬁﬁﬁghw th a

corresponding increase in the rise tine of the inpulse transient. The

non- | i Aeplitugy Ppes to thepasientt Ahe susalisr Phignpivise fransients ndminéstasedie the meliend, cause t he
i se tine. ' L me i It of th
ependiingabBy IR HRE 160, mbFpreREbEASE ulh shlfa PSR ARy BTN Op e

st r ess When nedtidsoptichieudes soused toogeterhia¢hgimpiscirmsient] the ititng duratioease as wel | .
Thi,s cayses the l.eadin f the i lse transient to becone steeper.
Thdd: PP FRSBTmEAgERE o0 Bricterchids MRE inltna bRl B RS oo 1 | of ont
and t hgapgako felpiRlidleiselem ne how | ong the wave has to travel for the

increase in steepness of rise tine to beconme_suybstantjal. [Q097] The rise
time, WOt ude Propratics of wmpnise trasionissan hyyupaswed pungmelnedsslopdad Bl to 25

create B r | ' = | se. transi ent that
t enpor g‘?'i F%chf%%@gﬁsé%ﬁ%bﬁ%ruﬁ%a& i%?%fﬂ?ﬁ%%sﬁﬁg@ggl ti ssue | ayer.
Gener apblyvinylglen¢ Seoride (RVDE) tansducaasietiiodras desanibdiisDowleas e gy Bitesaply about 10

G fer S BRLPRETBELTSSLe of coll T ayers. For oxampl e to transport
conpou 1] hr oudhmpubetraisicat vm RQenausebnvarichcepeAlsogtdse The pliysipplessur e of -
the i ngﬁleln%teneﬁornargsspiogsr}lgle ?o? ?alljxlnc i bgethg 1%:[11) sg tr%sieln?fls,s 1tn ggfr%(r)al,bc [)éen from three
different mechanisms: (1) thermoelastic generation; (2) optical breakdown; or (3) ablation.
[0102] For example, the impulse transients can be initiated by applying a high energy
20 laser source to ablafe a target material, and the impulse transient is then coupled to an
epithelial tissue or cell Jayer by a coupling medium. The coupling medium can be, for
example, a liquid or a gel, as long as it is non-linear. Thus, water, oil such as castor oil, an
isotonic medium such as phosphate buffered saline (PBS), or a gel such as a collagenous gel,
can be used as the coupling medinm.
25 [0103] In addition, the coupling medium can include a surfactant that enhances
transport, e.g., by prolonging the period of time in which the stratum comeum remains
permeasble to the compound following the generation of an impulse transient. The surfactant
can be, e.g., ionic detergents or nonionic detergents and thus can include, e.g., sodium lauryl
sulfate, cetyl trimethyl ammonium bromide, and lauryl dimethy] amine oxide.
30 [0104] The absorbing target material acts as an optically triggered transducer.
Following absorption of light, the target material undergoes rapid thermal expansion, or is




nore preferably at |east 1,000 bar, but no nore than about Z,Mﬁ%%ﬁiﬁﬁﬁior
epithelial nucosal A 2 APR 2005 23 | ayers, the peak pressure should be set
to between 300 bar and 800 bar, and is preferably between 300 bar and 600
bar. The inpul se transients preferably have durations on the order of a
few tens of ns, and thus interact with the epithelial tissue for only a
short period of tine. Following interaction with the inpulse transient,
the epithelial tissue is not permanpntly 5 danaged, but renmi ns perneabl e
for up to about three mnutes. [0099] In addition, these nethods involve
the application of only a few discrete high anplitude pulses to the
patient. The nunber of inpulse transients admnistered to the patient 1is
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epit helc[lﬁgﬂﬁt [ SSL}@QHY[%H%@F %&8@3? -bgéls@fas?(l}?gﬁrggtén{{%gg@i cgwpgcr@gﬁuthe measur ed
usi ng rebsecstamspravidet ey Milly Bissorbalight atHerwavsiengh 6f thp Rigds uSddl GhS tadet Pr essur e,

and rise tj an be neasured using a, polyvinylidene fluoride (PVDF)
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sour ces. ] i/nsll ca ohenonenon responsible for launching the inpul se
transi d¥egctimpterig gséh@f%ﬁm, ensivps larget themihe progsesecianmit aveacofitharpppleddassrs: (1)

t herno i Wolak . ' . o . |an. [0102]
For. oxanart T opgust 3] @ ol By S tFRN B Bpu B BB & g
ener gy {20 né hght strikenthe anrface afthadkin, ki argse matepinlamisahlso bewhfficieaitly thiul se

tr lent is then caupled an, epithelial tissuye or.cell .| ayer by a
coﬁlgllsi ﬁ%prr%%fe Hﬁ?ehaﬂ‘igl 5@3‘2?& %ﬂﬁ%ﬂ&p&pﬁn@i@%@mqﬂgpya@ﬁ edYPIC | i qui d or a
gel , ashitlalg vl bk /3230 MG idch NB@plastdidsiet MAESISs, tHRIthiclEldsd wid e ¢ASHOr Oi |, an

I sot oni ?ﬁjigedi um such as phosphate buffered saline (PBS), or a gel such as a
col | age1 %h-gel, can be used as the coupling nmedium 25 [0103] In

addi ti qppg)he C%@his@&allsg?&'tswaﬁ Ql?cﬂbé AfdrdCitn ﬁﬁﬁeﬁhﬁﬁgﬂf‘. gﬁte?lﬁ@&@nces

transport, ‘e.g., By prolonging the period of time in stratum
comeumablgtiet, adaserpermmbratiparenionatérial, suwiie a querfzaiplicaliwimglowhiz plpesrcinaloson of an

i | s hent.,, e surfactant .c be, e.q. . .honi.c.defergents or
ngﬁlllg on%8ﬁté°3§‘§¢1§geéﬁ§zﬁﬂ%}e’ﬁ-u °”c@ﬁm?‘ﬁ8? @‘88@3@%5%&{3%33& Plg}ﬁt,lqggﬁﬁ ® sul f at e,
cetyl todteriat byydsimgrihetrisparaitt anieriel, inreahes @ bytdplialg sRiiividnt Bydddewi de.
magnitude (Fabro ez al., J. Appl. Phys., 68:775, 1990). The transparent material can be
quartz, glass, or transparent plastic.

[0107] Since voids between the target material and the confining transparent material
20  allow the plasma to expand, and thus decrease the momentum imparted to the target, the
transparent material is preferably bonded to the target material wsing an initially liquid
adhesive, such as carbon-containing epoxies, to prevent such voids.
[0108] The laser beam can be generated by standard optical modulation techniques
known in the art, such as by employing Q-switched or mode-locked lasers using, for example,
25 electro- or acousto-optic devices. Standard commercially available lasers that can operate in a
pulsed mode in the infrared, visible, and/or infrared spectrum include Nd;YAG, Nd:YLF, C0,,
excimet, dye, Ti:sapphire, diode, holmium (and other rare-earth materials), and metal-vapor
lasers. The pulse widths of these light sources are adjustable, and can vary from several tens
of picoseconds (ps) to several hundred microseconds. For use in the present disclosure, the
30  optical pulse width can vary from 100 ps to about 200 ns and is preferably between about 500
ps and 40 ns,




30 [0104] The absorbing target material acts as an optlcallgzt P%ger
transducer. Followi ng absorption of light, the target naterlaﬁ 5goes
rapid thermal expansion, or is 12 APR 2005 24 abl ated, to | aunch an inpul se
transient. Typically, nmetal and polymer filns have high absorption
coefficients in the visible and ultraviolet spectral regions. [0105] Mny
types of materials can be used as the target material in conjunction with

a |l aser beam provided they fully aBsorb |light at the wavel ength of the

| aser used, The target 5 material can be conposed of a netal such as

al um num or copper; a plastic, such as polystyrene, e.g., black

pol ystyrene; a ceramic; or a highly concentrated dye solution. The target

mat er i 4010815t haeuRk FRRRhARS, b3S BgenéhiRiby &&ra@&:@&éaaﬁ%mr?ﬁég@don@r ea of the

applied laser energy. In addition, the target naterial t be thicker
than t f&amBpleisdercribedia Golpmap gt deMWSQWdM%BIQholﬁ 21§ra27s198Pk Skhesehe surface of
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t r ans painediiconifiting hedium (8¢S WaRH for Hdistiricd d&ahiﬁealby\wﬂewa)la%o% Feed in close
15 contact with the target material . Confinenent of pl asma, created by
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[0112] The impulse transients can also be generated using transducers, such as

piezoelectric transducers. Preferably, the transducer is in direct contact with the coupling
20  medium, and undergoes rapid displacement following application of an optical, thermal, or
electric field to generate the impulse transient, For example, dielectric breakdown can be

used, and is typically induced by a high-voltage spark or piezoelectric transducer (similar to

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

15:213-227, 1989). In the case of a piezoelectric transducer, the transducer undergoes rapid
25  expansion following application of an electrical field to cause a rapid displacement in the

coupling medium.

[0113] In addition, impuise transients can be generated with the aid of fiber optics,

Fiber optic delivery systems are particularly maneuverable and can be used to irradiate target

materials located adjacent to epithelial tissue layers to generate impulse transients in hard-to
30 reach places. These types of delivery systems, when optically coupled to lasers, are preferred

as they can be integrated into catheters and related flexible devices, and used to irradiate most
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of picoseconds (ps) to several hundred m croseconds. For u;gééggﬁgﬁmgresent
di scl osure, the 30 optical pulse wdth can vary from 100 p 200 us
and is preferably between about 500 ps and 40 ns. 12 APR 2005 25 [0109]

| mpul se transients can al so be generated by extracorporeal lithotripters
(one exanple is described in Coleman et al., Utrasound Med. Biol.,
15:213-227, 1989). These inpulse transients have rise tines of 30 to 450
ns, which is longer than | aser-gene2@ted inpulse transients. To form an

i mpul se transient of the appropriate rise tine for the new 5 nethods using
an extracorporeal lithotripter, the inpulse transient is propagated in a
non--|linear coupling nedium (e.g., water) for a distance determ ned by
equat | Giigdpd in theReN: boliR! In 0%86M kSlaniMiGR il‘d]%;llé%graﬁsiédt hivetd hPi&reffiRaL | NG an

i mpul se, transient having a rise tinme of 100 ns and a peak pressure of 500

barr, (e ngpesh sieess g wavslengthplithe epticebseuice pan bsteatilydailoredie getettough  t he

coupl i gk A A6, a@lfr.lui fshelial cell layer is approximtely
5 m 10 %O] Anogjréﬁ?tl a é‘gg‘é%?ﬁ’ggh%‘f t hi s approach for shaping
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di st an@eushigemletbcbalatijchisbest spakpr oduce an inpul se transient having a

tensil ﬁ" mponent,. that has a pressure of only about 5 to 10% of the peak
pressu R t he CEHPTANCHresITe o be HRd iR prY wetioraithdspalse fasisntsithe  shaped
| mpul S @nikdnadihe @Rhsp¥it b a RtpoBRIBRS e S ShBretial ki T lithotripter
used is not_criti gal ) aILEi t klljgr an e%ﬁect r%lﬁ%a}lilgﬁju%gyen gﬁgc%lfggﬁl%fésnet ic, or
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al bey; I ' ugh as | ezoel ect.ric transducers.
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medi un}lnmaﬁbdh)cbipplybgﬁyfmﬁhﬁt_mé?pb lmgmeem&‘acé Gfﬂhwﬁ)imﬁliﬂ!ﬁ@dula iraquﬂ, eg,of an .
optica ermal . or ectr ield to generate the inpulse transient. For
exanpl &€ %‘F‘élfﬂe?{‘?‘*fl@ OS&E&%&U{RﬁIOWﬁ a@%l"atij’élé’é,%eé‘ﬁﬁﬂ?esmﬁlﬁﬁtc ally induced by a
hi gh- v GENEIECMEDFIOATIOE DESTEM ORPROGINIGORYENIN M lar to those used in
certain extracorporeal lithotripters, Coleman et al., Utrasound Mud.

Biol., 1598227 1989). In the case of a piezoelectric transducer, the
ol oot r TonlE T el d e garPat gen CHARAR @l eI BRI ERMAMG o uim
[ 0113] thoge Bathfifscigeneticaliiubases diseases amhdonditions dfE gk cuah dideavdstand t he ai d of
fiber QQﬁdiﬁ:o%s include, but are not limited to, HIV infection/AIDS, T cell leukemia virus
infection, and other lymphoproliferative diseases. With respect to HIV/AIDS, a number of
genes and gene fragments may be used, including, but not limited to, the nef transcription
20 factor; a gene that codes for a ribozyme that specifically cuts HIV genes, such as faz and rev
(Bauer G, et al. (1997); the trans-dominant mutant form of HIV-1 rev gene, RevM10, which
has been shown to inhibit HIV replication (Bonyhadi ef al. 1997); an overexpression construct
of the HIV-1 rev-responsive element (RRE) (Kohn et al,, 1999); any gene that codes for an
RNA or protein whose expression is inhibitory to HIV infection of the cell or replication; and
25  fragments and combinations thereof.

[0117] These genes or gene fragments are used in a stably expressible form. The term

“stably expressible form” as used herein means that the product (RNA and/or protein) of the

gene or gene fragment (“finctional fragment) is capable of being expressed on at least a semi-

permanent basis in a2 host cell after transfer of the gene or gene fragment to that cell, as well
30  asinthat cell’s progeny after division and/or differentiation. This requires that the gene or

- gene fragment, whether or not contained in a vector, has appropriate signaling sequences for
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Fi ber optic delivery systens are particul arly maneuverabl e 2d ﬂ%gﬂﬁf used
toirradiate target materials |ocated adjacent to epithelid %' | ayers
to generate inpulse transients in hard-to 30 reach places. These types of
delivery systens, when optically coupled to |lasers, are preferred as they
can be integrated into catheters and rel ated flexible devices, and used to
I rradi ate nost 2 APR 2005 26 organs in the human body. In addition, to

| aunch an i npul se transi ent having 2he desired rise tines and peak stress,
t he wavel ength of the optical source can be easily tailored to generate

the appropriate absorption in a particular target material. [0114]
Alternatively, an energetic material can produce an inpulse transient in 5

I €S pOoNSRnécpRondTHYTRTA RIRNAD W Rfiondly SwhSl Q5 a%ﬂrcoﬁeﬂffoﬂfslt&?qéne eenergetic
material by causing an electrical discharge or spar 15 dr ostatic

pr essurftegwg inte aedive moleculs thatpfacisdie mﬁ@rﬁ sicpmplitianethe m&oswé}rﬁlw (10@6 oenhance the
transp ound through the epithelial tissue |layer. Since the

ef f ect g'ltahflﬁnH i ggﬁg]; the inmpul se transients | ast for several mnutes, the
transpdfti8at e dh nzostivasey tﬁgﬂgedbs‘drgsﬂerfgagpmﬂshﬂbquohtamdlgmebﬂnfs dpodehel i al cel |

| ayer al.o e ratlon radi ent can cre b pl yi ng
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the st rdasittdRODY Argusveial Bk ssﬁiﬁlv@ctoﬁeﬂelv@m@%a@%%@fﬁaklo@au&an he i npul se
transi ent. GENETI C MODI Fl CATI ON OF STEM OR P Nl TOR CELL Genes 15

[0116] traassripiion R ANA spqiensesoniainsd thersincand Fansjation o tbe reselipg RMA. t hi s i nventi on
| ncl udegyplhasitrebidftarddd 9&&0 Liiddh b ?sstgge g%'%ﬁgazlﬁe aGggdi tions of T

cells. Such di seases and conditions Inc TTmted to, HV
| nf ect |1mﬁudAlpB$md¥ taetefiofthagr simises, wid mBlchiondosamesn mltemaﬂvei)y the gene or
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transcwneabnsmniﬂ@thécaﬂdgrareaagg@mi‘vxenaﬁomdes for a ribozynme that specifically

cuts Hi mﬁines uch .as tat an& (Bauglﬁ ,. et al (1997} t he

trans- d0MHant " HRPESHOR yroir ol o pureseing @rotmm@prmﬂ&m HFE been shown
to i nh'cbhthm'i‘h\!n%ﬁl@f fe@ﬁéa'h@ﬁ‘ Suldsly Sstucki eﬁﬂressﬂe%%ators t sion
construct of the HI V-1 rev-responsive el'enment (RRE) a ., 1999);

any geneplicion fergyionomens replicatigdn the celisperciracaphile eflemaessm@rthe lwst nhi bitory
Y f d
‘t° il cblﬁ‘élﬁ&hb Mhed §&cﬂ%8§§%uag 5§ g&%&iecﬁ%mﬂ]ch?faﬁ%@%ﬁ@g : an

i nations t ereo ese genes or used in a
st abl y vestplrestiiitioh enAyorersites] i Bigh espynumber, and strong promoters, Promoters are
DNA sequences that direct RNA polymerase to bind to DNA and initiate RNA synthesis;

strong promoters cause such initiation af 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
20  invention, i.e., the vectors are capable of directing both réplication of the attached DNA
molecule and expression of the RNA or protein encoded by the DNA molecule. Thus, for
'+ proteins, the expression vector must have an appropriate transcription start signal upstream of
the attached DNA molecule, maintaining the correct reading frame to permit expression of the
DNA molecule under the control of the control sequences and production of the desired
25  protein encoded by the DNA molecule. Expression vectors may inchude, but are not limited
to, cloning vectors, modified cloning vectors and specifically designed plasmids or viruses.
Preferably, an inducible promoter is used so that the amount and timing of expression of the
inserted gene or polynucleotide can be controlled.
Cells
30 [0120] Hematopoietic stem cells are the preferted cells for genetic modification.

These may be derived from bone marrow, peripheral blood, or umbilical cord, or any other
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"stably expressible fornf as used herein neans that the p’gdAPR 2088~ and/ or
protein) of the gene or gene fragnent ("functional fragnment) is capabl e of
bei ng expressed on at |east a sem - permanent basis in a host cell after
transfer of the gene or gene fragnment to that cell, as well 30 as in that
cell's progeny after division and/or differentiation. This requires that
the gene or gene fragnent, whether or not contained in a vector, has
appropriate signaling sequences for 26m 12 APR 206 27 transcription of the
DNA to RNA. Additionally, when a protein coded for by the gene or gene
fragment is the active nolecule that affects the patient's condition, the
DNA will also code for translation signals. [0118] In nost cases the genes
or genesobrcagfHBCsmdintay bb eitleo attalop@d of fonveiclogdis. ATHSEI Re Binpasidi nary skil |
in thed&rﬁ}@%[()?d awar e ofllex reﬁmfF vec O:ais that may be used to express the
desire S P e reRuislighstepp eallsralso gither gulelogpus arhat are capabl e of
di r ect i mogauntblogascri ption of DNA sequences contai ned therein and translation

of the lrggig ting_ RNA. Expression vectors are capable of replication in the
cells t genelt Vet the appaniglogoymdongrhesiis are upddatolerates tothest eclisophage,

Vi ryses; ey ;e | \: h ene or ene fragnment
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cont ai ﬁ&%{ﬁﬂ%&r@dgl?ﬁ ﬂfi)eﬁ e‘g%lgﬁﬁi gg%e&tﬁ]& a%’“(ﬁ‘cf’%?%}y@&ﬁféi’mﬁ‘&s loggips 48§ on vectors
cont ai rrecipientrand betoms part efthé prathidhion bOieweTIEds AADDS b?% thixdld QRei n the cells,
or are capabl e ftg)lag%i%%ﬁ\tl ng into the host 15 cell chronbsones. Such

i

vect or SHRNASIPRYa sFefagaize beth thereciniant and danes asselfiberttororasfing usef ul
r estor i ablief2a ' [ ; onot ers.
cR07 Y et SbindBs déhof| G cagagglggy%pgg@gmm%ﬁ@ 0Bf ©!

Pronoters are sequences that neraseé to-brad—t¥o DNA and
i ni ti at®iENADComReried herein bytrefgregoqor onot er s cause such initiation at high

frequency. H%oﬁé(ﬁ’f@ei?ﬂié)ﬂoﬁiﬁgﬁﬁﬁs of the present disclosure are operably
d or an

| i nked to DNA codi ng or protein to be used in this 20 invention,
i .e., tlA®22]ect orYamlael reepaiant méthodsicachbd wsed bAhfoduePidnead hemifi@kiotshe attached

DNA I d ex ssion of the RNA or protein encoded by the DNA
nol ec t%tsﬁ%ﬁg@%usgﬁ’bgﬁe Ty EOrSXAPRlsJetEY IR becior trarsdectinn gt an
apsopreilired HE@ ek ismicksaful fletiol (SdlabR and! RSLiS 8970BanrksHE A5 ¢ gged DNA

fo pernit &xpriession of the

nol ecullg rrgidal.algqql ng the correct reading frame
DNA ol <0t ddrtigual velers mekvds, bt e nettlianited i, fhose thetquresienevimmderpredotuct | on of
the degihi9fus derived, and Moloney murine leukemia virus-derived vectors,

[0123] Also usefirl are the following methods: ﬁarticie—mediated gene transfer such as
with the gene gun (Yang and Ziegelhoffer, 1994), liposome-mediated gene transfer (Nabel er

20 al., 1992), coprecipitation of genetically modified vectors with calcium phosphate (Graham
and Van Der Eb, 1973), electroporation (Potter et al., 1984), and microinjection (Capecchi,
1980), as well as any other method that can stably transfer a gene or oligonucleotide,

preferably in a vector, into the HHSC such that the gene will be expressed at least part of the
time.

25  GENE THERAPY

[0124] The present disclosure provides methods for gene therapy through reactivation
of a patient's thymus, This is accomplished by the administration of GM cells to a recipient.
The genetically modified cells may be HSC, epithelial stem cells, or myeloid or lymphoid
progenitor cells. Preferably the genetically modified cells are CD34" HSC, lymphoid

30 progenitor cells, or myeloid progenitor cells, Most preferably the genetically modified cells
are CD34" HSC. The genetically modified cells are administered to the patient and migrate
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25 protein encoded by the DNA nol ecul e. Expression vect o@Znﬁng@ ude, but
are not limted to, cloning vectors, nodified cloning vectors

specifically designed plasm ds or viruses. Preferably, an inducible
pronoter is used so that the anmount and tim ng of expression of the

i nserted gene or polynucleotide can be controlled. Cells 30 [0120]

Hemat opoi etic stemcells are the preferred cells for genetic nodification.
These may be derived from bone marradw, peripheral bl ood, or unbilical cord,
or any other 12 APR 2005 28 source of HSC, and nay be either autol ogous or
nonaut ol ogous. Al so useful are |ynphoid and nyeloid progenitor cells and
epithelial stemcells, also either autologous or nonautologous. 10121] In
t he ev@iRéughfiad pefphautbRiod GAkkn oI BYhus etk S ﬁﬁ@inféstﬁéjth%ﬁl@(ﬁ'rﬂ?égge to these
cells 5 is created during the step of thy?rus reactivation. During or after
t he i nhemaiproimichrecpseraetiyie sustantisdly incresses inl thesbisencesef sei ferailds.nbheso t he

t hynmus : LGal [ re .transpl anted
into tﬁeeﬂs:ﬁg%o:h%! %%%a&%%gg@%%@ﬁt .uéﬁﬁg%%égg}dggpg@sgﬁdj ?ﬂ@ﬁg‘?’%%m onging to
tﬂe L gaiepe m_ln_tri]iﬁaart'nbnlfmuuiﬁmalmdtceldn‘. miaeesp?@@‘}elap?qmmieﬁ of@\t@lﬂwﬁ%ltheﬁ aRd DC by

t he,t resul ti ng.popyl ation o cel.l's recognize both the

rech pi é%}t}g%ﬁ cHig Hhapesy a’%ﬁﬁlﬁe ?—Ié%lyﬁ?fﬁlé%qqdﬁgthfée%?f@%aﬁ for a graft from
t he don@bmpSstngdnpendinibe pRulién GBI, GabORddr a%edfhigg?a?@@gt&?gfns[ 0122]

i ncor p&{iat ed herein by reference. Methods of netic

St anda PF%@B%%WW%@ HOUM AR TURIES ed to i ntroduce genetic nodifications
into the celhgrbebmovgsd for gene therapy. For exanple, retroviral vector
transduction of 15 cultured HSC is one successful nethod (Bel nont and

Jur eci c, 199%minBhnson, A.B., et at, 1997). Additional vectors include, but

ar e, Notg4lolzim t ed are adenovi rLus rived or, .lentivirus
deﬁpvetﬂ12§ﬂ]d m|%%%9kﬁn§a?“§r?§9@tgﬁ% R s‘!bg“éfﬁg@‘é’al %’Fﬁ%‘?@m 0123] Al so
usef ul Sawiees, Monhshl Urdvdrsity antvie Usused afider e&:ﬁemdalabﬁﬁﬁaﬁ.nﬁgésrﬂg_&ﬂer such as
wWth t gel hoffer,. 1994), I|iposone-nedl ated gene

e gene qun (Yang, and Zi )
t r ansf Pm?‘r\ﬁ%‘%%q 6‘?@‘%?;&9 a&@‘g‘g)"fﬁl& stedvhsre BlSVaIt- of genetical |y nodified
vectors W tdusgaligal um phosphate (G aham and Van Der Eb, 1973),
el ect rﬁﬁgr tion (Potter et al., 1984), and microinjection (Capecchi,
1980) , [H<LBhe| | Lpimaly werermarsthetizer b intreneritoneal injestitnf 03anif 63 rag gene or

ol il?onk@m(iRGEan;ga?%r%ﬁEéﬁé rid!, l%%téﬁﬁ/ﬁl‘g%; Allsrﬁlaﬂa)tagc? 1|§LrSan RHGH,d hat the gene

will be express east part
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Australia) in saline. Surgical

castration was performed by a scrotal incision, revealing the testes, which were tied with

suture and then removed along with surrounding fatty tissue.
Bromodeoxyuridine (BrdU) incorporation
20 [0127] Mice received two intraperitoneal injections of BrdU (Sigma Chemical Co., St,
Louis, MO) (100 mg/kg body weight in 100yl of PBS) at a 4 hour interval, Control mice
received vehicle alone injections. One hour after the second injection, thymuscs were
dissected and either a cell suspension made for FACS analysis, or immediately embedded in
Tissue Tek (0.C.T. compound, Miles INC, Indiana), snap frozen in liquid nitrogen, and stored
25  at—70°C until use. |
Flow Cytometric analysis
[0128] Mice were killed by CO; asphyxiation and thymus, spleen and mesenteric
Iymph nodes were removed. Organs were pushed gently through a 200pm sieve in cold
PBS/1% FC8/0.02% Azide, centrifuged (650g, 5 min, 4°C), and resuspended in either
30 PBS/FCS/Az. Spleen cells were incubated in red cell lysis buffer (8.9g/liter ammonium
chloride) for 10 min at 4°C, washed and resuspended in PBS/FCS/Az. Cell concentration and
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time. 25 GENE THERAPY [0124] The present disclosure provﬁ&’éﬁ?ﬁeﬁﬂﬂﬁds for
gene therapy through reactivation of a patient's thynus. This is
acconplished by the adm nistration of GMcells to a recipient. The
genetically..nodified cells may be HSC, epithelial stemcells, or nyeloid or
| ynphoid progenitor cells. Preferably the genetically nodified cells are
CD34+ HSC, |ynphoid 30 progenitor cells, or nyeloid progenitor cells. Mst
preferably the genetically nodifiedocells are CD34+ HSC. The genetically
nodified cells are adm nistered to the patient and mgrate 47A716. m 12 APR
2005 29 through the peripheral blood systemto the thynus. The uptake into
the thynmus of these henatopoietic precursor cells is substantially

i ncrea : tegrated
it o ¢ R kS BAREINR iR kel PO TomeiP R ol B HREO AR PO
genet i @rang@imdlvm&’aﬂedmnddrradlmntckcenalmlenomdpe:@bdmkoﬂ' I@arliZeise, | Qterkackena popul ati on

of T cq#ls {th the 5 desired genetic change that circulate in the
peri phe ‘'ood of the recipient, and the acconpanying increase in the

popul at[ﬂtm)]of C éflok S-colok &mﬂﬁ@ﬂaﬁldsca{cgmo@ﬁbﬂi\@&e Ryttinelgtibev@vi®mipdf  t he
patlent d\rrus SNVALL ANIL MAL STUDI ES Materials and Methods Aninmals 10
[0125] ﬂé%ﬁﬁ FE arartiog 86 F I GranteCR-EE apd pti-gBB AR @l obigiwedhiofr al  Ani mal

Ser vi C%Mggfgg?ng}%e@ﬁ Eﬁoﬁgﬁ% A n“gﬂ{?wgngggggsﬁg&ﬁ\éﬁ@%gﬂ% ccondi tions.

Ages ranged - f are 1ndi cated where
r el evarsusperGions Waltellmled[Vﬁﬂl%}lermﬁTﬁﬁ%TQ\’/@M -REHEDB 0 ardil2643 (Sigmapper i t oneal

i nj t Aust | Lt d.

ot any TOWD AR IdlpEpeE, b2V i kBt st BR T Bl o,

Parllfe I@amhaedfaanl(]ag@mbofdﬁiﬂes Mts,tBlﬁingaxlhe I(mtsﬁl | tne Surgical cast r?_t i gn w??]
erfor incisio reveal i n e, re tied w

St T@ﬂ’é’? t hensﬁﬁéﬁ\sﬁi@%ﬁaﬁ@e@ﬁ We %‘éj‘“? §f>f* ?Eap@/@bé & |

Bro nodqamw bl fiRfioh Bhd! hArmle s aRaT aatpte%uas? dEsQﬁQJd (CM %631 é&ﬁqs%td/ €0kgh Wo
i ntraperitoneal i n{ ections of Brd &%)P%—NO g em cal Loui s, MO

(100 ndriedv.istsinpd wellsgrare fixed QNet 61C ip % Tresen-29. nW@wébellswm rol mice
incubated in 500ul DNase (100 Kunitz units, Boehringer Mannheim, W. Germany) for 30

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

15 FITC (Becton-Dickinson).
[0131] For 4-color Immunofluorescence thymocytes were labeled for CD3, CD4,
(D8, B220 and Mac-1, collectively detected by anti-rat Ig-CyS (Amersham, U.K.), and the
negative cells (TN) gated for analysis. They were further stained for CD25-PE (Pharmingen)
and CD44-B (Pharmingen) followed by Streptavidin-Tri-colour (Caltag, CA) as previously

20  described (Godfrey and Zlotnik, 1993). BrdU detection was then performed as described
above.
[0132] Samples were analyzed on a FacsCalibur (Becton-Dickinson). Viable
lymphocytes were gated according to 0° and 90° light scatter profiles and data was analyzed
using Cell quest software (Becton-Dickinson).

25 Immunohistology
[0133] Frozen thymus sections (4pm) were cut using a cryostat (Leica) and
immediately fixed in 100% acetone.
[0134] For two-color immunofluorescence, sections were double-labeled with a panel
of monoclonal anfibodies: MTS6, 10, 12, 15, 16, 20, 24, 32, 33, 35 and 44 (Godfrey et al.,

30  1990; Table 1) produced in this laboratory and the co-expression of epithelial cell
determinanits was assessed with a polyvalent rabbit anti-cytokeratin Ab (Dako, Carpinteria,




recei ved vehicle alone injections. One hour after the sec%gdﬁ%?%j%i on,
thymuses were dissected and either a cell suspension made for FACS '
anal ysis, or inmediately enbedded in Tissue Tek (O. C. T. conmpound, M| es

I NC, Indiana), snap frozen in liquid nitrogen, and stored 25 at -70C until
use. Flow Cytonetric analysis [0128] Mce were killed by CO2 asphyxiation
and thynus, spleen and nesenteric |ynph nodes were renoved. Organs were
pushed gently through a 200m si eve 3In cold PBS/ 1% FCS/ 0. 02% Azi de,
centrifuged (6509, 5 mn, 4C), and resuspended in either 30 PBS/ FCS/ Az.
Spleen cells were incubated in red cell lysis buffer (8.9g/liter amonium
chloride) for 10 mn at 4C, washed and resuspended in PBS/ FCS/ Az. Cell

concenigA)! Beimdanab widreftiRd2AMTTRO-cohjafitdd shyepwatigatdeiSilefiisned i n duplicate
usi ng iﬁ?ermqyt onet er and et hidium brom de/acridine orange_ and vi ewed

under &*PQratariess anshral-cifokpragrBisaeealed HalR g BIT Esoniugaisd gaat anjiErbbiden,

Cer rranggilen{lé)%g]am%ﬁ. 3-col or i munof | uorescence thynocytes were routinely
| abeled with anti - apTCR-FI TC or anti-y8 TCR-FITC, anti-CD4-PE and

ant i - CE¥138bC ( alHor Builhdatestion, sentionPere stangbwith Sther Ditierytokedid) followebwed by

flow c . IS, S | h nod sSpensi wer e | abel ed
i 17 ooy ARk TREHS Popeciht BEB i KB A0SR SIRERRIERG 1O 2 208 21
CD8- ﬁPCAmB%d : Rﬁn)ngiéB dﬁeﬂiengkvadthm pdfrfosmmtpmﬁiaﬁisllrydé"srcﬁbmgt & @18_,1 1@%@% 8]

ur chase rom taqg L ratorie | nc,, Burlingane, .1 For

gr du d&islyssgeilong were g"%@iﬂ&owﬂ@e of %%@Flédgwﬂf‘i’i‘eg:ﬂi‘?ﬂpﬁ ‘ﬁ?{am@%@ PC,

fol I owegatnidil Xaichiped g éhﬁfg’IE_BB}aHI?tﬁfe% e, BIGVdIISIvY wisiRE i bed (Carayon

a
and Bord, 1989). Briefly, stained cells were fixed" QN at 4Cin 1%
PFAI O. 883 Brlléwapdetectnd sbing antiBrd)- T CoBestorc Diskinea)i n S001 DNase (100 Kunitz

o u PSP Do HFRRRR, SoliodEleERng scftos e MR e Gl IR 1

( Bect om/Ah oiéths euith.anfi-OiSlidratino Brdld deibation wanihropdrfvanebmsaieasibedaoocyt es wer e
| abel CD3, ... CD8,. B220, Mag- 1 | | ively. detected b
20 i S st s o S B PSSP e Y (o

anal ysipgeroddopes. were further stained for CD25-PE (Pharm ngen) and CD44-B

(Pharm ngenh_f ol l owed by Streptavidin-Tri-colour (Caltag, CA) as previously
igration studies ‘

15  [0138] Animals were anesthetized by intraperifoneal injection of 0.3ml of 0.3mg
xylazine (Rompun; Bayer Australia Ltd., Botany NSW, Australia) and 1.5mg ketamine
hydrochloride (Ketalar; Parke-Davis, Caringbah, NSW, Australia) in saline.

[0139] Details of the FITC labeling of thymocytes technique are similar to those
described elsewhere (Scollay ef al., 1980; Berzins ez al., 1998). Briefly, thymic lobes were

20 exposed and each lobe was injected with approximately 10um of 350 pg/ml FITC (in PBS).
The wound was closed with a surgical staple, and the mouse was warmed until fully
recovered from anaesthesia. Mice were killed by CO, asphyxiation approximately 24h afier
injection and [ymphoid organs were removed for analysis.

[0140] After cell counts, samples were stained with anti-CD4-PE and anti-CD8-APC,

25  then analyzed by flow cytometry. Migrant cells were identified as live- gdted FITC" cells
expressing either CD4 or CD8 (to omit autofluorescing cells and doublets). The percentages
of FITC* CD4 and CD8 cells were added to provide the total migrant percentage for lymph
nodes and spleen, respectively. Calculation of daily export rates was performed as described
by Berzins ez al. (1998).

30 [0141] Data analyzed using the unpaired student 't' test or nonparametrical Mann-
Whitney test was used to determine the statistical significance between control and test resulis




20 described (Godfrey and Zl otnik, 1993). BrdU detectioniabé?ﬁﬁﬁm5perforned
as descri bed above. [0132] Sanples were anal yzed on a FacsCali bur
(Becton-Di ckinson). Viable |ynphocytes were gated according to 0 and 90
light scatter profiles and data was anal yzed wusing Cell quest software
(Bect on-Di cki nson). 25 I munohi stol ogy [0133] Frozen thynus sections (41tm
were cut using a cryostat (Leica) and imrediately fixed in 100% acet one.
[0134] For two-col or imunofl uorescince, sections were double-labeled with
a panel of nonoclonal antibodies: MIS6, 10, 12, 15, 16, 20, 24, 32, 33, 35
and 44 (CGodfrey et at, 30 1990; Table 1) produced in this | aboratory and
the co-expression of epithelial cell determnants was assessed with a

p0| yvalggnk dpérﬁ{éﬁistpe%&ied%’l%&kﬁ ﬁ%ﬁc@te%xﬁ%ﬂial% ‘sﬁﬁlﬁ&hﬁz di¥fefinf\PR 2005 31

Boun was reveal ed with FITC-conjugate eep anti-rat Ig (Silenus
Laboraﬁ@mcéglf‘)la’ﬁ@esaﬁ@ ndipgted refolews: *p@e.05.aVpal.8tiand t*HpTROAIC- conj ugat ed goat
anti-rabbit (Sil enus Laboratories). [0135] For BrdU detection, sections
wer e stai ne WI%h either anti-cytokeratin followed 5 by anti _rabbit-TR TC
or a speci f Tl affkbt of\apé ehthywmecytdyepuleitoneal ed with anti-rat 1g-Cy3

Anﬁrshan) Brd¥ d,géectlon the erforrred as previously described
it et al §olymic geight tfaf@ BWE ere fixed in 70% Et hanol for 30
mns. feme]dri edNﬁEﬁfcte@éiﬁgd@%ﬁH%rdﬂ@ﬁi@ﬁIy%%mﬂc&t@%@l) db@fé&sre%hb&ﬁd by washi ng

in Borate Buffer (Si fol | owed two washes in S. BrdU was detected

usi ng HRTHc weight (Fiewe é@‘i '@Fﬁ’l @Y@R%ﬁ%wbef @@QLFQ)EBB]RGF&@WS thymicaveight or
| munofghy eléﬁ%gg 68 iiPfh6 gb%%gﬂ?ﬁag ahnRlelad §f%f34%ﬁaf(fehfeas§ eﬁmb t oget her

with anti etection was theéen escrl bed
above. 18—?@Mﬁ]118 S’éagel(mimsméepes1’ammIEIymMCuxsue nqimdaﬂoa) d&efdleure&sesntthand Ni kon

D rat 0 es 15 wer e
ane@t he't I@Wﬁ@%%ﬁ%u@ 5?138%’Inr%?tsl]tg35{“?°(¥wn3p% ’itﬁ%ll@ Uyl azi ne
( RorTDUIonthHﬂ'? )é[lls"tthﬁhoo@teb,tcﬁcreasﬁ(gtt@'nﬂys NGV coAsiB$ 2 Adnbidths, ayieﬂao ket ami ne
hydr ochl or Ket al a Davi s, Cari ngbah, W Austral i i n saline.

[0139] 5 S5¥ sigx SPP %@Wﬁ@m@m’ Fﬁsmnoagc .baidéveakSe similar to
those post-castration, the thymus is equivalent to that of the young aduit in both weight and

cellularity (Figure 1A and 1B). Interestingly, there is a significant (p< 0.001) increase in

15  thymocyte numbers at 2 weeks post-castration (~1.2 x 10), which is restored to normal young
levels by 4 weeks post-castration (Figure 1B).
[0143] The decrease in T cell numbers produced by the thymus is not reflected in the
periphery, with spleen cell numbers remaining constant with age (Figure 2A). Homeostatic
mechanisms in the periphery were evident since the B cell to T cell ratio in spleen and lymph

20 nodes was not affected with age and the subsequent decrease in T cell numbers reaching the
periphery (Figure 2B). However, the ratio of CD4" to CD8" T cell significantly decreased (p<
0.001) with age from 2:1 at 2 months of age, to a ratio of 1:1 at 2 years of age (Figuzre 2C).
Following castration and the subsequent rise in T cell numbers reaching the periphery, no
change in peripheral T cell numbers was observed: splenic T cell numbers and the ratio of

25  B:T cells in both spleen and lymph nodes was not altered following castration (Figure 2A and
B). The decreased CD4:CDS8 ratio in the periphery with age was still evident at 2 weeks post-
castration but was completely reversed by 4 weeks post-casiration (Figure 2C).

(ii) apfTCR, y8TCR, CD4 and CD§ expression

[0144] To determine if the decrease in thymocyte numbers seen with age was the

30  result of the depletion of specific cell populations, thymocytes were labeled with defining
markers in order to analyze the separate subpopulations. In addition, this allowed analysis of
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descri bed el sewhere (Scollay et at, 1980; Berzins et al. 'izlg“ﬁ% 2005 i ef | Y,
thymc | obes were 20 exposed and each | obe was injected with approxi mately
10m of 350 gg/m FITC (in PBS). The wound was closed with a surgical

staple, and the nouse was warnmed until fully recovered from anaest hesi a.
Mce were killed by CO2 asphyxi ati on approxi mately 24h after injection and
| ynphoi d organs were renoved for analysis. [0140] After cell counts,

sanpl es were stained with anti-CD4-BE and anti-CD8-APC, 25.then anal yzed
by flow cytonetry. Mgrant cells were identified as live-gated FITC+ cells
expressing either CD4 or CD8 (to omt autofluorescing cells and doublets).
The percentages of FITC+ CD4 and CD8 cells were added to provide the total

m gr antthEhaRD bEEANiepdpitBbn pddERLatRAd TRPHBSHiod SIREGRLh Wbeytéal cul ati on
of daily export rates vvaps per]?orrre as deﬁ:rlﬁ&hel% by Berzi'ns et at (1998).

30 [ 014Popaietons Y Wiﬂswﬁgﬂw@f the pesabtouse daaens (Figure fhad fgmd to
nonpar agmbin uGRdrmMaR kge VI &dﬂ%ﬁ()nt test res‘%do fgﬁ%{ Ztggg:[pg%s@ﬁgf I stical

S|gn|f|cance bet ween contro
exper i rHCR aod rd1d Rrestiended nos:hattge imthe propbnhoﬁaf thefix pepulatiemstvith aga (dats

5|g | fi fferni,ng . fro tr es, ar ndlcate foll ows: *p5
lﬁ)?%‘t L%) d&da‘:ﬁ 4‘&’3}3308%&366% q‘hﬂ@é essu ul@%‘f”@é‘fmﬁe ér{;@‘eon t hynmocyt e

popul atsamaprop&uéms)anlwmbmmbgbhu@wh e hﬁtd”'wmf}BIfd QkAatiN t h

|ncreastb&é e thereis a hig tI%mlflcant p50. 000 ) decrease in both

t hym c gﬁ‘l‘fge? Fﬁlﬁ]ﬁ?’@nﬁ%)e"%ﬁ‘?ﬂmﬂ %ffaéll W@W%tsﬁﬁh%éhan(a iepmen®) . Rel ati ve

thymc ﬁi‘@%};@gﬂmof aﬁsmﬁrms/g body) in the young adult has a nean val ue of

3. 34 whij decreases to 0.66 at 18-24 nonths of age (adi pose deposition

limts B&Arate 'Elw(i?ﬁﬂe%ﬁellmwlﬂumhersd@ame‘@zsélynmwﬁa}gwdemﬂﬁlsMgMeaxsan be
attyg b I it n ers hthyrrus
coriCai ro B8 g et SEEKAASEelliBh 8 gl RS MR RS Signii i Bafed By
mont hs. ceByomE’mb wd being dbhaeteé.f Tleaius r@ﬁen@ﬁbn%bﬁﬁ?hd&yﬁhrdnbﬁs faéhYdiiUS by o o
castratj ti.on accur 4 weeks post-castration, the thynus
i s equi vli g"gﬂte‘f?ﬁtsmm‘)p ﬁtéonﬁélf}’r‘ﬂﬁa“&a ¥ rafhr Han Frab@tigih and cellularity
(Figure 1A aﬂﬁfelﬁionofﬂlty% ¢d Ngly, there is a significant (p5 0.001)
|ncreas[§ 4@ 15 thynocyte nurrbers at 2 weeks post-castration ('-1.2 x 108),

S

whi ch t or e tHeWRAM Highregoling)% pelisnecylsy ave nrelifkrstingat th=6ewssks eff i on
(Fi gur ,gd.Brhe IL@J&?#SP@ o RiESRSBP With The G bubh %ﬂuﬁ up hRdusad lapééstt he thynus

i's not reflect t
population at ~6% (Figure 5A). Accordingly, most division is seen in the subcapsule and

cortex by immunohistology (data not shown). Some division is seen in the medullary regions
with FACS analysis revealing a proportion of SP cells (9% of CD4 T cells and 25% of CD8 T
cells) dividing (Figure 5B).

20 [0147] Although cell numbers are significantly decreased in the aged thymus,

proliferation of thymocytes remains constant, decreasing to 12-15% at 2 years (Figure 4), with
the phenotype of the proliferating population resembling the 2 month thymus (Figare 5A).
Immunohistology revealed the division at 1 year of age to reflect that seen in the young adult;
however, at 2 years, proliferation is rﬁairﬂy seen in the outer cortex and surrounding the

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

30  shown). When analyzing the proportion of each subpopulation which represent the
proliferating population, there was a significant (p<0.001) increase in the percentage of CD8
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peri phery, with spleen cell nunbers remaining constant vvijt@ %g@@hgure
2A). Honeostatic mnechanisnms in the periphery were evident sinc e B cell
to T cell ratio in spleen and | ynph 20 nodes was not affected with age and
t he subsequent decrease in T cell nunbers reaching the periphery (Figure
2B). However, the ratio of CD4+ to CD8+ T cell significantly decreased (p<_
0.001) with age from2:1 at 2 nonths of age, to a ratio of 1:1 at 2 years
of age (Figure 2C). Follow ng cast3ktion and the subsequent rise in T cell
nunbers reaching the periphery, no change in peripheral T cell nunbers was
observed: splenic T cell nunbers and the ratio of 25 B: T cells in both

spl een and | ynph nodes was not altered follow ng castration (Figure 2A and

B). The dtticwhiah @ vl thDfrofiftidiAg bohuldlisn Pe4 kP Rénthstinki B JRéif ot still evident
y

at 2 weeks post- castration but was conpletely revers Wweeks

post - c ATFENE QP rrtgureskorost-casirationh(FepoRS A 6 TCR, CD4 and CD8 expr essi on

[ 0144] ygmajet er ng; kh sg% R C . W th age was
t he 36 reagult oflgtgﬁgﬁg]e%ﬁc%ﬁg% 0 ?g{)gglirlﬂ |g8%%]&@“§%§3§%§31§§§‘@gt hynocyt es
wer e | abkand gasiiatell miest iThienegs a signifiens(pe0.001 Xiecaytin pailifdration vifhén tkepHr at e

subpop i e d dj ti t hi | l.owed a i.s of 12 APR 2005 33 the

ki ngti %&%%@%f%goﬁgﬁ%ﬁfﬁ&%xw 'og?ilu%\é%‘lo}lﬁfﬁé%?lr?ﬂ%‘ﬁs@%rti on of the nmain
t hy noc yigaificanlyi(p000l) idedeasvi feflectirpahefndics by imas@haiolédyqadondral young

t hymus ISFI ure 3) and found to remain uniformw th age. In addition,
furthef %’Gﬂa‘me Srvigen is gyAeE i the mpdulle 9bthe agrddianusn The decagasGrDAhd  7STCR
reveal gghiing 3G rd [TeleV) I C {10 ith age (data 5
not shgvvn) ) atgtﬂ 2 aﬁéélﬂﬂédv}ggks pg(g]%dggégglts(rﬂg# ﬁ%ﬁ&%oﬁt;dr%o%@{o{el g%%vg%ul ations
remai nEeplifsationevithinthe CBRb Foell subse invighifieitc @<tOH@ipioytesed artbeecks | ncr ease by

up 1ho - = [+ i his_indicates a synchronous expansion of
al Ilbt h %géﬁgg%ﬂa%gg%%@%ﬁrﬂgﬁﬁ%gg%ngag"&gla%%%ﬁisgpﬂ' %E?B?%ssi on of

expans [&49] [ 014 5The Theremienriealiferation withih tie DD @bset $QeMalyzed hehéhyimps of aged
animl s thus a rs the result of. a balanced reduction in all
cel | pﬁ?ﬁ%?@%@gﬁ%dhcé%;%ﬁ%ﬁ ?“E’B‘?ﬂ”fa@ﬂ%rﬂ‘b tiog tethedhymocys pul at i ons bei ng
det ect gebcurddty,Besiaine GETER-AUNNODECH hoyted, vhidVREHoRER Yshdvs hi on,

repl enishing all T cell subpopul ations 'simultaneously rather than

seque nfiigwgu.lafﬁé Tt paieggpiasmat e ramsition to PoellofGedfrend Boiwiln1998). Byur e
N R R e
| ar ges €D8)apd thasd showed no-dffrérnce gutheir ra)iferation eatabiwith age onfodibwidigvi si on is seen
int hec%ﬂgﬁmlguﬁa ﬁm.j.dHowever, analysis of the subpopulations expressing CD44 and CD23,
showed a significant (p<0.001) decrease in proliferation of the TN1 subset (CD44+CD25'),
from 20% in the normal young to around 6% at 18 months of age (Figure 5D) which was
20 restored by 4 weeks post-castration. The decrease in the proliferation of the TN subset, was
compensated for by a significant (p< 0.001) increase in proliferation of the TN2
subpopulation (CD44"CD25") which returned to normal young levels by 2 weeks post-
castration (Figure 5D).

The effect of age on the thymic microenvironment.

25 [0130] | The changes in the thymic microenvironment with age were examined by
immunofluorescence using an extensive panel of MAbs from the MTS series, double-labeled
with a polyclonal anti-cytokeratin Ab.

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

30  and thymocytes. |
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cortex by imunohi stol ogy (data not shown). Sone divi si drﬂlﬁ ? in the
medul lary regions wth FACS anal ysis revealing a proportion o cells
(9% of CD4 T cells and 25% of CD8 T cells) dividing (Figure 5B). 20 [0147]
Al t hough cell nunbers are significantly decreased in the aged thynus,
proliferation of thynocytes remains constant, decreasing to 12-15% at 2
years (Figure 4), with the phenotype of the proliferating popul ation
resenbling the 2 nmonth thynmus (Figwse 5A). | munohi stol ogy reveal ed the
division at 1 year of age to reflect that seen in the young adult;

however, at 2 years, proliferation is mainly seen in the outer cortex and
surroundi ng the 25 vascul ature (data not shown). At 2 weeks

post-castrati on, @g&ﬁ%mn §yt e nunbers significantly increase, there
is no change in proportlo of thynocytes that are proliferating, again
i ndi cafd1 ﬁ@?a syn”ctuﬁlccmimstaaumapm—q:rﬁhdhu@@tf Byez(:lélct;nmme thymus, remgaletha st ol ogy

I { f t at d t t f
v ai e e Ao il S IR AR s R e il e ghs by 2
weeks pdﬁﬁnme&hé@ﬁk@lﬂlafﬁai@mﬁloliurﬁgr @B@Eﬂ@hsm%/‘mf Mmmgllognédwapr oportion of

eac sub i on _whi ch represent the erating popul ation, there was
a si gnP‘f iﬁ‘i‘? ‘:ﬁ Fee) Fheyed & F@afsrédI}CHOItWémﬁ@‘r%W egyiiidess] 2 APR 2005 34 T

cel |'s wivs@hiaterdsé ﬁ'rﬁbdhh‘ﬁ?r FillfleR 3l 00BN in O Ph e &t hs and 2

years of age, _increasin ks castratio | gure 5A).
[ 0148] wigmfeatsﬁ arqap G@Aéi‘éﬂ@weé&lt,éﬁ% ﬁodﬁvxﬁtufwa@,ﬂhm;mesbmﬁ each subset

in e o) BpdaRACaRRhl BTt al0Rife b BrRpt ki@l By, 1))

year s) cytekesdtinflabreting. OFheed is GlSBthe Ippeaiaim ofdsymd erikhellaptiyki-lilanstuetg@< 0. 001)

reas flectin S rrrrunohl toI 0g ata,not shown)
o Fltpdst i e aUR hesmicr bt met il FaoBT Cthge éé%‘%ﬂt AgiRgse The
decr ea&@omﬂo@%\re%&hieﬁ@ﬁﬁﬂjyﬁﬁb ik aﬁ@ﬂlerd%lhhé eiichty %@ﬁﬁ%bmmﬁ%auﬂ@ els by 4
weeks post-castration. However proliferation wth t he CD8+ cel |

subs et Tt agnshopa spralysivelyvith tb@ﬂhﬂycmkemmmat(d@a nes slioym).1Ghe
post-c m'h?fs'b@ nﬁﬂgtd ﬁ%éngﬁ{érbg"’z%efc ngéagﬁétmﬁo?ﬂl? i e%}/d%hﬁnﬁt% s&e%ﬁe ks

post castratio ecrease | n proll tiron w e DN subset
was anﬁieylmdc fobes, ﬂwnnqmsmgl corﬂoé ep@ltelhmmsas €R4aledydMTH2S, and ke DN

2 FToRibeldibor bl by Bl s Ay R R SRR MBI e bot
co r eceplectssthare atmmsnwms di‘@pithéhﬁﬂsﬁﬂﬂeﬂ B%wﬁtsctforseaﬁe&dahreﬁ%fokn thd 993) . By 15

ating on these ture cells, 1t.was possible to analyze the true TN
gorrp a?ftﬁﬂ E éﬂ‘jﬁ si-castration, there 1sadlst1§)1ct medulla and cortex an)c/l discernible

cortico-meduilary junction {(data not shown).
[0153] "The markers MTS 20 and 24 are presumed to detect primordial epithelial cells
20 (Godfrey, et al., 1990) and further illustrate the degeneration of the aged thymus. These arc
present in abundance at E14, detect isolated medullary epithelial cell clusters at 4-6 weeks but
are again increased in intensity in the aged thymus (data not shown). Following castration, all
these antigens are expressed at a level equivalent to that of the young adult thymus (data not
shown) with MTS 20 and MTS 24 reverting to discrete subpockets of epithelium located at
25  the cortico-medullary junction.

(1) Vascular-associated antigens.

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

30 [0155] The MAb MTS 15 is specific for the endothelium of thymic blood vessels,

demonstrating a graoular, diffuse staining pattern (Godfrey, et a/, 1990). In the aged thymus,




CD8) and these showed no difference in their prollferaﬂlgbﬁpﬁam w th age
or following castration (Figure 5C). However, analysis of th

subpopul ati ons expressi ng CD44 and CD25, showed a si gni ficant (p<0.001)
decrease in proliferation of the TN subset (CD44+CD25), from20%in the
normal young to around 6% at 18 nonths of age (Figure 5D) which was 20
restored by 4 weeks post-castration. The decrease in the proliferation of
the TNl subset, was conpensated fogs by a significant (p<_ 0.001) increase
in proliferation of the TN2 subpopul ati on (CD44+CD25) which returned to
normal young | evels by 2 weeks post- castration (Figure 5D). The effect of
age on the thym c mcroenvironnent. 25 [0150] The changes in the thymc

: . . . : . .
ot enoi LS PRt f hBpimifeedty SARAAE Rt FRAL I LERIRNE G 00 @
pol ycl Uﬁ%ﬁblsanﬁpmegsmdmapactes (ﬂaﬁnot flowbll] The antigens recogni zed by these
MAbs c subdj,vi.ded |m o roup epi t ubsets
vascul i&laﬂsom A JORRE € i Hlafr%o% %@%{%ﬁ %‘gclnﬂ' %18 Mcells 30
and t hydinsish emleculdLsublbs aﬂlegensﬁmimﬁ addfibkiiGdeh gk daedidd anhé @aBMTY 0152]

Anti-keratin s ni ng epl thel jum of year old nouse thynus, reveal ed
a Posd ;f3 éf@? %@W@W%ﬂ?@%pﬁu@@mw CXPISEFRD | al cel |

di Sorgfb@é&@Ehﬂfbﬁﬁ% g lo ction.

Further anal ysis ustletgaé e%gn@teem%%ﬂ%;ﬂfl{s gg%rg%{r%g Wé% IJ6?%ortex)

showed igeregbest fiuther atZ-slesks p@ﬂ’frcﬁaﬁawwlebe 4sveeks poist-tastaayion, this ekpression &s

subst a r Lum (data not shown). Epithelial
cel | '}%dé'@sr%%tﬁﬁﬁ%ﬁg%%mia g&%ﬁ%%%}eﬁ&a vg%%l}ae W s, van Ewijk et al.,

1980; Codfrey et(iigl Sharcli%8fgenBr ui j ntj es et at. 1993).) were nore apparent

PR SRR R R T T st

struct yg Q@nél?pbﬂl\fef'(%'aﬁﬂ%' ok mw&cﬂeﬁlmeﬁmh%édﬁew 41G 8980) ith veRiRAUl | ary
regions (data not s i pose deposition, severe decr ease in thymc

si ze afHmingo H@éﬂqdﬁﬂafbfﬁplmﬂl@gr The/agsd thymas ai@wadecrwédeHEﬂ junction are
shown %?@eggmﬁlm Septdslibh LiRS:aRRNY 5 %%&é%@ié}s g&&'cgen@ for GBI ALORL Shown). The

t hymus eg|nn|n to regenerate ost his is
evi dentpostrrastiatiors exeessibn is dgeintrédnnédoant] efyesrs sintilar torthe 2 amathiold thamtd cal

epi t5h6|(&alfano%sh yeal ed by MIS 44, and the

Thymocyte emigration

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

20  although significantly (p< 0.0001) reduced in number. There was an increase in the

* CD4:CDS ratio of the recent thymic emigrants from ~3:1 at 2 months to ~7:1 at 26 months,

By 1 week post-castration, cell number migrating to the periphery has substantially increased
with the overall rate of migration remaining constant at 1-1.5%.
EXAMPLES

25 [0139] The following Examples provide specific examples of methods of the
invention, and are not to be consfrued as limiting the invention to their content. For
convenience, these examples describe gene therapy for treatment and prevention of HIV
infection.
EXAMPLE 1

30 T CELL DEPLETION




15 localization of medullary epithelium The nedullary epi ' S
detected by MIS 10 and at 2 weeks, there are still subpg%wg 2@5

epi thelium stained by MIS 10 scattered throughout the cortex. By 4 weeks
post-castration, there is a distinct medulla and cortex and di scernible
cortico-nedul l aryjunction (data not shown). [0153] The markers MIS 20 and
24 are presuned to detect prinordial epithelial cells 20 (Godfrey, et at,
1990) and further illustrate the degeneration of the aged thynmus. These are
present in abundance at E14, detect isolated nmedullary epithelial cel
clusters at 4-6 weeks but are again increased in intensity in the aged
thymus (data not shown). Followi ng castration, all these antigens are

R e T
epi t helpbasibld. dtiakiRelpafordéd folremewrT ¢ellp raiBghidingaion-splf gided to alldw Jor use

Vascul a%) assog ated antj gen (5 e\i}§4b¥lThe bl ood-t hynus barrier is thought to
be resbREEPPRSFYS, sepphea Wé‘iﬁa esF‘andé‘@IPFWﬁ‘?‘E%fﬂI%?%ﬁR‘éaf’t he thymus and

the emiglioisi TRe ﬁiﬁnaﬂ%ﬁ finrelei¢&d inﬁ 1t Ecﬁ%ﬁ%ﬁwg Hb‘tﬁ@'ﬁ)ﬂh%f b ﬁﬁ%y ﬁ@éﬂoﬁ ta?r y. 30

[ 0155] The is specific for the endotheliumof tthym c bl ood
vesSel gSmg@;g ﬁﬁhﬁgﬂm&qﬂﬁ gt Tgelh globelin, Pinmaciasdpjckmiferi angripd of Wrday(iGodf rey, et

al, 19 nis greatly
i ncr eagé% 3%faﬁ%&nt°%e ?er%lca}é\édsﬁeg g’ ag% Aywrgﬁ%g’sa?)ég&#ﬁ@%ood vessel s
and pennfuamriot&-ﬂws:ﬁad‘e&ov(edéiyaiaﬂpfablsh@v@mg/kg ﬁlﬁﬁjedTﬂihshh@mibm didaiat acel | ul ar
mat ri x ort nt, str.uct cel | uI adhesi on nol ecul es
such agfE ng@ﬁeT'gqe& SHE b B ﬁf*}g@ﬁ it B S R P> WIS 6 16,
Scat t euue@hvte BuicR g Bt ceinh@t BR@ICHFHrede Bdth SYd A codiiRrdtidh Uf Mo RimMTS 16

expressi on becomes nore w despread and interconnected in the aged thynus.

ExpPes &vamsofharestmest was meipfained S apmonimpely 4 weeknieallowgbelostafsex at i on whil e
4 week g n
S tuat | AR e oot o e SR ThSpral BRI PATY, Gens 10
[ 0157] alpibe cqmlaquwe&lsnlobﬂqrmﬁsh@nddﬂvnmwbm at hyerieskinsletoell ndidsiby t he MAD
MIS 6, n I thV ranul ar) on the cortical epithelium (Godfrey
et at, WE%BS%HO P%n\éi(\%%ﬁz ﬁ @ﬁtﬁ% ng of the medullary epithelium The aged
t hynus [et6Ns a dIQﬁhrd%pl%&oﬂdfﬁM@etlecemmﬁt@mhemdkfbfgiﬁﬁfrﬁsaioﬁn substantial |y
mareaied at, (f Yveeks oSt - ciastratlon By 4 weeks

5 ecanse it depletes non- peclﬁcal y all T cells including those potentlally reactive against a

foreign donor, Simwuitaneously, however, because of the lack of T cells the procedure induces

a state of generalized immunodeficiency which means that the patient is highly susceptible to
infection, particularly viral infection. Even B cell responses will not fimction normally in the
absence of appropriate T cell help.
20 [0162}] In addition, HAART therapy is begun before treatment and maintained
throughout the procedure to reduce the viral titer,
EXAMPLE 2
SEX STEROID ABLATION THERAPY
[0163] The patient was given sex steroid ablation therapy in the form of delivery of an
25 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
Cosudex (5mg/day) as one tablet per day for the duration of the sex steroid ablation therapy.

30  Adrenal gland production of sex steroids makes up arcund 10-15% of a human’s steroids.




post-castration, expression is again reduced and appears g§ipmhkar the 2
nonth old thynus 15 (data not shown). Thynocyte em gratigﬁQ%ggﬁﬁﬁhg

Approximately 1 %of T cells mgrate fromthe thynmus daily in the young
nouse (Scollay et al., 1980). W found mgration was occurring at a
proportiondl rate equivalent to the normal young nouse at 14.mpnths and
even 2 years of age (Figure 5) 20 although significantly (p< 0.0001)
reduced in nunber. There was an increase in the CD4:CD8 ratio of the
recent thymc emigrants from-3:1 atse2 nonths to -7:1 at 26 nonths. By 1
week post-castration, cell nunber mgrating to the periphery has
substantially increased wth the overall rate of mgration renmaining
constant at 1-1.5% EXAMPLES 25 [0159] The foll ow ng Exanpl es provide

i fi I ds, of..t.h ' | d
2 RS TBAhlU A d Si

ex?rrpl escoflesdant With Bisrvess tResRivatibeof the BiRIGE Th sﬁﬁ@ca@és&b&@ﬁécjfﬁ Q{{ H Vv .
infection, EXAVPLE 1 30 T CELL PLETI ON 12 APR 2005 37 [0160] T ce

depl et i dffep mﬁ@i@?wmaﬁeﬁoﬂ’ﬂﬁg’é”ﬂ%‘g% Y infected cells as possible.
It is almpamerfgrned to renove T cells recognizing non-self antigens to
allow for_use_ of nonautol obag%ﬁbggenet ically nodified cells. One standard

pr ocedurd-FERNARVE REIdYERY Il ows. The hunan patient received anti-T
D e e ows. 1he . _ At
Cxeno: ancto ooy | Bptebof 6 Thifhn S Sk bty 2Bord) it BB’y 927

conbi natdfths LiiRHhagenisi, alrivtivemetbbdsTan be wsed chniona tiaple thypdiiestsakinmag, 3ny/ kg

as a cont.i j | f Ol 37 eks f.oll owed. by .daily tablets at 9ny/
as neede%%.u%ﬁgﬂid Wrag%;é ﬁ%‘%asaﬁn@r%d{c Ye\%r’f R aplatg of %ﬁ%r tPe%J&“ o f%%q%lﬁ?ﬁé‘ht in the
pat i ent 'isptdiygaffect o thetshwawomedm.0f anti body necessary to have such an

af f ect t be deliyere e to.the size and, configuration of the human
10 tﬁ&/nﬁ "O%he t riéat niﬂﬁef%agg%?fﬁ%lwgla %Fﬁﬁl)}aé?ir npelse ¥esweeks to

kg

al | ow t emleA9Sin@4 sotidstates prtéed] KISV AGhds@woskisiig bieroRERRHo! MbdRD 2@ t he
thymus. The prevention of T cell reactivity may also be conbined with

i nhi bi t JFS/AF “RERIGAan pyemedpyriposves spRl erpdiameceny effeusige e laset | adhesi on
mol ecul §Rah OTRIWARERgth BEihd 1268 blanPRhS 9 Pficrons. Single pulses were used.

- [o167] The operating parameters were as follows: The energy per pulse was 40, 80 or
15 120 mJ, with the size of the beam at the focal point being 2 mm, creafing an energy fluence of
1.27, 2.55 or 3.82 J/em®. The pulse temporal width was 300 us, creating an energy fluence
rate of 0.42, 0.85 or 1.27 x 10* W/em®,
[0168] Subsequently, an amount of LHRH agonist is applied to the skin and spread
over the irradiation site. The LHRH agonist may be in the form of an ointment so that it
20 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 predstermined to allow for
25  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
30 target material such as a black polystyrene sheet about 1 mm thick., A Q-switched solid state
ruby laser (20 ns pulse duration, capable of generating up to 2 joules per pulse) is used to




[0161] This depletion of peripheral T cells nininizes théf@i Akﬁcggﬁgraft
rejection 15 because it depletes non-specifically all T cells including
those potentially reactive against a foreign donor. Sinmultaneously,
however, because of the lack of T cells the procedure induces a state of
general i zed i nmmunodefi ci ency which nmeans that the patient is highly
susceptible to infection, particularly viral infection. Even B cell
responses will not function normal13%in the absence of appropriate T cell
hel p. 20 [0162] In addition, HAART therapy is begun before treatnment and
mai nt ai ned throughout the procedure to reduce the viral titer. EXAMPLE 2
SEX STERO D ABLATI ON THERAPY [0163] The patient was given sex steroid

abl at i qendrdlehd Piber Heath NRhibR A8 1A takled thé‘ﬂa)laﬁge%Qrategésihgf@%ﬁ%@m st. This was

given in the formof either Leucrin (depot Tnjection; ng) or Zol adex
(i npl arttansiendy Bherglack pelystyeane tiget epanpdetely Abporhs desdeserfafliotion spahat $e sBinnont hs.
Thi s i Is e Mo SUf f1.€j ly to

react }N\?i%xgs{eﬁgﬁlﬁr%&nﬁga p‘%ln soﬁe&&cﬁlgégﬁ%ﬁ%f&%hgfﬁ(; ﬁ%@@g@&%ﬂﬁ%ﬁ%m iver a
suppr edhieprocddured Thn procefuanchn be operttd daily,af aseficnsis esqoirel’; to mainthinalse Cosudex

(5nmy/ da S e.tabl e er day for the duration of the sex steroid
abrgtwﬁ)’?lﬁ’é%ﬁ&?@ﬁ?gﬁﬂﬁﬂgﬁﬁ?m | and production of sex steroids makes up
ar ound EXAMPBEZE #f a human's steroids. 2 APR 2005 38 [0164] Reduction of sex

steroids _in the blood to m nimal val ues took about 1-3 weeks; concordant
with t@@q%gl\@%m@é@{@w&ﬁw of the thynus. In sone cases it is necessary

to ex the t SV ; Ml onkJ EXAMPLE 3 5
ALTERNE\% by (AR WTﬁ%*fdﬁgﬁﬁ%ﬁézﬁw et lsed ﬁ%ﬁ‘%‘?@& % mes one
mont h) ugkpdmonio sippdy eells. Rheieprasticattholvel of HEGdn theRbhoahivod Stephabdder nat i ve
metRods. can..he. used.. 1n _on | e t.he, patient: | e, i.rradiated
by 18°F Dy GBRRE B dol el BT SERT0 o SIgBRE bEBH(CCRLA P25 50 as 1 o

r educe diyserior el bolipctdr. T340 Horidh el afeqfutiffed M W8 doké: HiQUGEbod. Laser

Abl ation or Alte ftion:aéﬁ\n infrared, | aser radi ati on pul se. was __formed using
a sol i EPE e efﬂﬁi YHSHS aptlowoxtenpelas OF imrpemagnetig b opprderivekB¥fat or

M 11 Or Sre iddMtifibd by S SYHMbER) asBing CDBGE | YRioHRE HEke mdwﬁ{ga@eeek y, and a
b a

means of faocusing the |aser eam The wavel’ength of t ser beam was
2.94 mvéﬁod’ﬁ@l.St@!l%@]l@a%Qn ses were used.
15 [0172] A retroviral vector is constructed to contain the trans-dominant mutant form of

HIV-1 rev gene, RevM10, which has been shown to inhibit HIV replication (Bonyhadi ef al.
1997). Amphotropic vector-containing supernatants are generated by infection with filtered
supematants 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-
20 3,IL-6 and SCF (10ng/ml each) to induce entry of the cells into the cell cycle. Supematants
containing the vectors are then repeatedly added to the cells for 2-3 days to allow transduction
of the vectors into the cells.
[0173] 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
25 HSC, optimally at a dose of abbut 2-4% 105 cells/kg. Optionally G-CSF may also be injected
into the recipient to assist in expansion of the HSC.
[0174] The reactivated thymus takes up the genetically modified HSC and converts
them into donor-type T cells and dendritic cells, while converting the recipient’s HSC into
recipient-type T cells and dendritic cells. By inducing deletion by cell death, or by inducing
30  tolerance through immunoregulatory cells, the donor dendritic cells will tolerize any T cells

that are potentially reactive with recipient.
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[0167] The operating paraneters were as follows: The ener ggé} Rgul se was
40, 80 or 15 120 n¥, with the size of the beamat the focdl gﬁ 2005 ng 2
nm creating an energy fluence of 1.27, 2.55 or 3.82 7/cnZ. The pul se
tenporal width was 300 Its, creating an energy fluence rate of 0.42, 0.85
or 1.27 x 104 WcnZ. [0168] Subsequently, an anount of LHRH agonist is
applied to the skin and spread over the irradiation site, The LHRH agoni st
may be in the formof an ointnent séd0that it 20 remains on the site of
irradiation. Optionally, an occlusive patch is placed over the aganist in
order to keep it in place over the irradiation site. [0169] Optionally a
beam splitter is enployed to split the | aser beamand create nmultiple
sites ofxgupagison or alteration. This provides a faster flow of LHRH

agoni st through the skin into the blood stream The nunber of sites can be
pr edet edled T ERRQUIEOLS 25 mai nt enance of the agonist within the

pati entgp yst em.f r | Sl e)q| el Q. days. [0170] B.

Pr essur[gﬁfave: Rin o‘{sf'a'evte}(;)t% fEEﬁﬁe%%tﬁ?‘g%lg%ebfggﬁaenﬁglgﬁatf%egé%oﬁ ina suitable
cont ai reensticslichodifiedecefis, dettinoeliht esusbd & Bxasples 1-gabmodifidd.i Tiedll dbhatich anet er and
abouyt 1/16 inch thick at the site where t ressure wave_is to be

cr e§t e@&Wt%?laéﬁlﬁtéoﬁ%éé’rpeé%%aéa’e\ﬁP’PﬁumgoT Pafﬁ’i%mmwm@mf@&h as a bl ack
pol yst yibeutd 0SaRevhiddxer bterbid ABldoh Gkmaifaic St 46ReIs S0kth¢l state ruby |aser (20
ns pul se duration, capable of generating up to 2 joules per pulse) is used

to 11 EXMPLEG5 39 generate the | aser beam which hits the target nateri al
and gengialBeAHON Eﬁhd{lm i ient. The black polystyrene target
conpl eteli‘ag‘ﬁsopgds@? e aser[ﬁ?ﬁsgmn so that the skin 1is exposed only to
t he i nd018d t r anWhemthe thynde chimerh ésssstablisheld atditemeviNohpa ofmatsre(Tt @llsiced, from
t hig pr dure. .Th ocedure.c be repeated dail r as.often as

req@ i rehg?e °§“ﬂ%’f‘ﬁ?§4’§{‘¥"ﬁ‘ S %&08 ilsft@fﬁniofnntge mhﬁgtcfngw %E?ISPXWdé@oni st .
EXANVPL Evdtro el 140k bkRbgoh&ipehesdNo @hnoreis[i0d stdddaismixes lymphdbytertRabed patients
have v low titers of HSC it is preferable to wuse_a donor to supply

cel |'s. “hgteds T IAtROPEatne IPREIqsaRAsEssSF therpy seradnalvrethsed i Y drfngnhanced 10
1 O B D b R s P e P el s aro
puri f i eégivated eslleindbhblpods sguumynosyppressivererapyis quemtalysbippedusi ng a 1 ow
cytgne chfnpﬁfel)-}. "BERARIRY T—ﬁtd I?av? & g@dn@%ﬁlf—%%&%l 'cgp%af-tj\/f %196 hlgrsn%topoietic chimera

so formed will be stable theoretically for the life of the patient (as for normal, non-tolerized

and non-grafted péople).

EXAMPLE 7

USE OF LHRH AGONIST TO REACTIVATE THE THYMUS IN HUMANS

20 [0177} In order to show that a human thymus can be reactivated by the methods of this

invention, these methods were used on patients who had been treated with chemotherapy for

prostate cancer. Prostate cancer patients were evaluated before and 4 months afer sex steroid

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

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

25  patients.
[0178] The effect of LHRH therapy on fotal numbers of lymphocytes and T cells
subsets thersof: | '
[0179] The phenotypic composition of peripheral blood lymphocytes was analyzed in

patients (all >60 years) undergoing LHRT agonist treatment for prostate cancer (Fig 23).
30 Patient samples were analyzed before treatment and 4 months after beginning LHRH agonist
treatment. Total lymphocyte cell numbers per mi of blood were at the lower end of control
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are identified by flow cytonetry as bei ng CD34+. Qptional Ify2tARRQEEHC are
expanded ex vivo with Stem Cell Factor. 15 [0172] A retroviral vector is
constructed to contain the trans-dom nant mutant formof 111V-1 rev gene,
RevMLO, which has been shown to inhibit HV 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
prestinmulated for 24 hours in LCTM nedi a suppl emented with IL 20 3, IL-6
and SCF (10ng/m each) to induce entry of the cells into the cell cycle.
Supernatants containing the vectors are then repeatedly added to the cells
for 2- : t v £ celds. [0173]
A appr AP Bl G AAREHE 1 PBseckiitnl B RIG bOed gt B L

t he tmmasdsmtowmnmhbegﬂ' mnis(msaam:d:asmﬂmbmﬂg@fmal|celtstwassbsemeé):t ed with the

t | 1.y .modi f d 25 HSC, ' | do .;106
Qel | s/ g B e e R i) oot oiep e 0P pemE BB ent o
assi st sﬂ&e@%ﬁﬁﬂ&b&é‘w@é evieh SroldYronohfided 4dith BIEpAieRs Hidnvark@ddin Eiéi’@d&dt akes up the

geneti Eal ly modjfied HSC and converts them.into donor cells and

dendri qvelseécpé T\‘Rﬁ Jsy é\léaﬁmsémuvagemﬁ‘éa&se@;wlamheglmswaq{wth48C| pi ent -t ype
T cel | paiitl AP h‘fcfe%seﬁ%deﬁaﬁ@t’% kﬁg?rﬂﬁieﬁéﬂtéﬁ@ftﬁﬂcb%*% ofgath, or by

|ndUC|ng 30 tol erance throu egu tory ce t he nor dendritic
cells wll ThﬂEﬁfﬁct@féme'ﬂ‘h@BpY@n'Iﬂathpalftlen@ﬁﬂ‘é}eﬂs Silbsytsreact ive with

reci pi 12 AP, [0175] In the
event WBO] shor t%}%&%%fﬁ%e%@ﬁ'ﬁ%ﬁow @ aﬁ%ﬁ%‘ﬁ%ﬁ%@f donor

gene]E i dahbz)ﬁtatefi}uﬁ s%ldtantall tisngds etht iovahll ptep@ﬁ%naacbbl clig @«ﬁ@ptﬁg*% 4 s )
modi fi e ce ation nd _sex steroid ablation may be begun at the
sa %]?sane}—ag%qu %ﬁ‘éﬁell%we%? W&P%t Ql“ﬂé“&l OGNS tER3 RNt (%EE ﬁy}'hlsvw | e sex

ster OI %ﬁ&ie@%ﬂa?ﬂde%ﬂﬁﬁ%ﬁb&%ﬁtr@a%ﬁeﬁBﬂ%%oﬁueé@iﬁc intenEaRYFiFe® TERM NATI ON
OF | MMUNOSUPPRESSI ON [ 0176] When the thym hinmera 1s established and the

new colésets 8¢spiietha sebstpnigad fczeasetip omdelﬁ@lbmnn@ra follovgng Weatmenprdll, bl ood is
t aken fvﬁlﬁé@&é}gc@%ﬁﬁ%t Trc%l%luls cells examned in vitro for their |ack of

responsi veness s Inh a standard m xed | ynphocyte reaction.

15 The Effect Of LHRH Therapy On The Proportion Of B Cells And Myeloid Cells:
[0181] Analysis of the proportions of B cells and myeloid cells (NK, NKT and
macrophages) within the peripheral blood of patients undergoing LHRH agonist treatment
demonstrated a varying degree of change within subsets (Fig 25). While NK, NKT and
macrophage proportions remained relatively constant following treatment, the proportion of B

20  cells was decreased in 4/9 patients.

[0182] The Effect Of LHRH Agonist Therapy On The Total Number Of B Cells And
Myeloid Cells:
[0183] Analysis of the total cell numbers of B and myeloid cells within the peripheral

blood post-treatment showed clearly increased levels of NK (5/9 patients), NKT (4/9 patients)
25  and macrophage (3/9 patients) cell numbers post-treatment (Fig 26). 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.

[0184] The Effect Of LHRH Therapy On The Level Of Naive Cells Relative To
Memory Cells: |
30 [0185] 'The major changes seen post-LHRH agonist treatment were within the T cell

population of the peripheral blood. In particular there was a selective incrsase in the




If there is no response, the inmunosuppressive therapy isjg'ég@afﬂﬁﬁ reduced
to all ow defense against infection. If there is no sign of rejection, as
indicated in part by the presence of activated T cells in the blood, the

i mrunosuppressive therapy is eventually stopped 15 conpletely. Because the
- HSC have a strong self-renewal capacity, the hematopoietic chinmera so
formed wll be stable theoretically for the |ife of the patient (as for
normal , non-tolerized and non-graffed people). EXAMPLE7 USE OF LHRH
AGONI ST TO REACTI VATE THE THYMUS | N HUMANS 20 [0177] In order to show that
a human thynus can be reactivated by the nethods of this invention, these
nmet hods were used on patients who had been treated with chenot herapy for

prostate cancef. .Prost er.patients. e e bef ore and 4

nont hs pgqpf’%l n?é’%@t@éﬁ%‘ﬁhﬁéﬁe Wf%?ﬁéb??%ﬂ%’#@é%"ﬁ?ﬁ@%ri zed in

Fi gs 23CD45R0") Gothé eDuT Yeblysubbe indidbsingla gmnstiems @igp) i tative and
quantitativg I pprovenent of the status of T cells in many 25 patients.
[0178] The &PB88IO0Gf | HRH t herapy on total nunbers of |ynphocytes and T
cells Wet s t ; i ‘I(ﬁféﬁp%%h Lhini i pher al

bl ood I[yrrp ocyt epﬂs?ﬂ\%\gga%]?\%%glg%ed;ﬁ%ﬂpatl ?\%ﬁgt%g >60 year s@glbn er goi ng LHRH
agodi sthumprehavingran atrephigskthgnistean indwesecactivitign 28ihe okl igamtal sanpl es were

anal yz reat . 4 h f1 begi nhi ng_ LHRH agoni st

treat éfﬂg@%@e@gﬁu}slbgﬁnp%%%@ﬂgg?w%ﬁ%gﬁyﬁﬁﬁoc eggijﬂ?ﬂa ﬁ‘i?ata PE*St the 1 ower
end of petientsiwHo hhide ARIRVIGO stébidwblatiesthbabRr Whils # & veBndifficolt &l greciialyl ent s.

Fol | owi.ng t.r ea]itlﬁent, 6/ ati egtsﬁégowed tﬁUbSt antial __increases in total

| yphoS§FERRG Vet sah cellyate eolx derved fomdhe thymes thisyonld beyengmyghidhepser ved) .
Cor r el adgidabcodtiufloi b o NS séied JTEaBRBEN [@DsQYshaif) T 8bils W4T S 1n 6/9
patients. Wthin the CD4+ subset, this increase was even nore pronounced

wi ti9 g flescpbad Sestsoinfesimalstackt pally ateprademinantlis TCR y8rSDfcobain. T celIs. A | ess
distinctive trend was seen within the CD8+ subset with 4/9 patients

showi ng increased | evels albeit generally to a smaller extent than CD4+ T
cells. The Effect O LHRH Therapy On The Proportion O T Cells Subsets:
[0180] Anal ysis of patient blood before and after LHRH agoni st treatnent
denonstrated no substantial changes in the overall proportion of T cells,
CD4+ or CD8+ T 10 cells and a variable change in the CD4+: CD8+ ratio
following treatnent (Fig 24). This




indicates that there was little effect of treatnent on tﬁB‘l(ﬁF@OE@étic

mai ntenance of T cell subsets despite the substantial increase in overall
T cell nunbers following treatnent. Al values were conparative to control
val ues. 15 The Effect OF LHRH Therapy On The Proportion O B Cells And
Myeloid Cells: [01811 Analysis of the proportions of B cells and nyel oid
cells (NK, NKT and nacrophages) within the peripheral blood of patients
under goi ng LHRH agoni st treatnent dg&nonstrated a varying dégree of change
Wi thin subsets (Fig 25). While NK, NKT and nacrophage proportions renai ned
relatively constant followi ng treatnment, the proportion of B 20 cells was
decreased in 4/9 patients. [0182] The Effect O LHRH Agoni st Therapy On The
Total NEIEREMIES Cells And Meloid Cells: [0183] Analysis of the total
cell nupbers of B and nyeloid cells within the peripheral bl ood

post - t rARINR. EGnuseciseasiatsd thymeie atiepsyl in e wioyseds dudido pdefidiepat i ents), NKT

post - | rr e e (T ORISR b TR sB ey TP i 1 21 0

pati entl$83A¥i ng i ncreased | evels; 4/9 patients showi ng no change and 3/9
pati ents showi ng decreased | evels. [0184] The Effect O LHRH Therapy On The

Level S a nor 3 85] e mgj or changes
seen p%%%o% é?ﬁt’rﬁeffg %d}rgxgemqﬁfa dﬁ?ﬁ??%‘@ﬁto I%ul ation of the
per i pheiimmichdl Cetiel” inl GENEAFHER SRY PROTOOGHISEP. DARolibirsEdde)r Humand PressGpaoi n the . 12
APR 200,42 proportion of naive (CDA5RA) CD4+ cells, with the ratio of

nai ve ( 5RA) to nenory (CD45R() in the CD4+ T ceII subset increasing in
6/9 patients (Fig 27). Conclusion [0186] Thus it can be concl uded that

LHRH amelse ,lef 11 9 Inbibitidh oBFiE InshGBddRieo %@Jﬂ&ﬁvhﬁ‘ﬂeﬂﬂcaﬁéh at rophi ed

thynmus can |nd ce reactivation of the thynus. A gener al rovenment has

been s Trapsqugidonsg &rwlwetﬁoém SWH%&B@WT%OhIWeﬂF@éJF Bslirame cancer

patjgentsrlanf REENT r it is very
Do R wﬁﬁ%er sﬁﬁﬂ%gﬁ?sladg;%ﬁgs onh?gderl ved from

difficult to Eﬁem sely eterm ne
the t hyBRi#@>9€¥i7% woul d be very nuch the logical conclusion as no other
source of mainstream (CD8 a(i chain) T cells has been 10 descri bed.

Gast r OIBU St VP! arki T8 rodhc, 69, S0P PEATRAR Vird o885 GGRE @5 chain.
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'20 12 APR 2005 4 48 CLAIMS: 1. Use of a conpound that disrupts st 408 2405
medi at ed si gnalling in the preparation of at |east one nedi canent for
+enhanci ng gene therapy in a patient. 5 2. The use of claim1 wherein the
gene therapy is used for treating or preventing a disease. 3. The use of
claim2 wherein the disease is selected, ,fromthe group 10 consisting of: a
T cell disorder, an infection, an i mmnégrol iferative disease and cancer.
4. The use of claim3 wherein the infection is caused by an infectious
agent sel egj gagpRrom the group consisting of. H'V, an influenza virus, and
a Tcell leukema 15 virus. 5. The use of claim3 wherein the T cell

di sorder has a defined genetic basis. 6. The use according to any of clains

1 through 5 wher1e| N Udaeo e ebmpomit maaﬁlsmmggews@mmeaﬁegegﬁﬂﬁﬁ@m Yhe
ns

nodified cells. The,use accoydin of clal wher ei n

t he gene th%rF%EB@t‘O ?f]r?g}qa%‘glem ‘?ﬁ“?%é qrﬁgpﬁgﬁetaeearheya%auama%ptce| ls. 25 8.
The use of claim7 wherein the corrpound enhances gene therapy by
increasing the life / enetical | ed c S
progenitors thereofﬂe%etﬁfejcml?lerw ere"@ %ggn%§ er@?)ycﬁ ‘?f{ mﬂ%aﬁ'@ﬁ ene
t herapy in nrn‘éenﬁaguaélmeases enhanced by 30 increasing tolerance to the
genetically nodified cells in the patient. 10. The use according to any of
claims 6 through 9 wherein the genetically nodified cells are selected

fromthe group consild€i¥§ of clime?i wheeip th@dﬁﬁ?@d isheahestesh ditom ithe greum
cel I's, dénedonsigfig/ ofogiT icell diverR&OIA REQGBA] bR iRy Prolﬂ&ﬂl%d Qftkdsy aAnl

nodi f| ed nyel oid progenitor cells, genetically nodified epithelial stem
cell's, and “®8ftbi nati ons thereof 12 APR 2005

4. The use of claim 3 wherein the infection is caused by an infectious agent

selected from the group consisting of: HIV, an influenza virus, and a T cell leukemia
15  virus.

5. Theuse of claim 3 wherein the T cell disorder has a defined gerietic basis.

6.  The use according to any of claims 1 through 5 wherein the medicament
20 further comprises genetically modified cells.

7. The use according to any of claims 1 through 5 wherein the gene therapy
comprises administering genetically modified cells.

25 8.  The use of claim 7 wherein the compound enhances gene therapy by
increasing the life span and/or number of genetically modified cells, or progenitors
thereof, in the patient.

9.  The use of claim 7 wherein gene therapy in the patient is enhanced by
30 increasing tolerance to the genetically modified cells in the patient.

10. The use according to any of claims 6 through 9 wherein the genetically
modified cells are selected from the group consisting of: genetically modified
hematopoietic stem cells, genetically modified lymphoid progenitor cells, genetically

35 modified myeloid progenitor cells, genetically modified epithelial stem cells, and
combinations thereof.




149 ‘1,'1. The use of claim 10 wherein the genetically nodified hen@@pﬁb@t{?ﬂ% :
stem cells are CD34+ cells. 5 12. The use according to any of clains

4 hrough 11 wherein the genetically nodified cells are at |east partially
resistant to infection by, activity and/or replication of, an infectious
agent. 13. The use according to any of Qbai ms 6 through 11 wherein the
genetically 10 nodified cells are nodified so as to inhibit intracellular
replication of a virus. 14. The use of claim 13 wherein the virus is H V.
15. The use according to any of clainms 6 through 14 wherein the cells are
15 genetically dified to.inclyde a staply expressabl e pol ynucl eoti de
encodi ng an RNArﬁor dF%PEC@HBZig ‘%13?[5?18§g? wetlgallmnp@ﬁ@éﬁymﬂf@pmm stem

repl i cati oncedls atdl ODB4f eddlsi on. 16. The use according to any of clains 6

t hrough 14 wherein the cells.are nodified to include a stably expressabl e

pol ynucl eoti de selected fromthe group 20 consisting of. a nef
transcri ption fdét orThgese acennding Vo appof klaims Gliboypke 1deviereia thapenegedlly, a

rev gene, apbdifag cARTABAP iefa%zﬂéﬁﬂ){}%ﬁmaﬁi to! #38chhrY’ bé,eéczi?(fiet?re%ﬁﬁ/bf %Iliifa}tiog

over expression construct o rev-responsi

functional O #hiesHOEUS #88kof and conbi nations thereof. 25 17. The use
according to any of clainms 1 through 16 wherein the patient has a HV

i nfection and hqﬁ bg@n, or will be, exgo&ed to Hi ghle( Active )

Anti - Retrovi rus PThemgHe ereRRgig to pay ofciims 6 thouah dil mgharein dhsy eortieallyi ms 1
t hr ough 107 mbdified pell-aceiodifizt] sblae to BAikdbihiredtiulanyelib&tm ofarviMis] | be,

i mmunosuppressed. 19. The use of claim 18 wherein the patient is

i mmunosuppressed by the ablation of resident T cells. 12 APR 2005 50 20.
The use of cl ai 18 The ues of ¢leinol vbereinthe NgupiatHBAt i s i nmunosuppressed by
delivery of - one or nore anti-T cell antibodies, inhibitors of T cell
activation, irradi %i on, or conbinations thereof. 5 21. The use of claim
20 wherein the anti-1hedsf |acemdingdayanysofrelainm 6 dbrougihd 4 skeraincibe deligateo any

of clains Genbtialgnalfivher Bclide Restty eiprebbl polynucleotide encoding an RNA
' or protein whose expression is inhibitory to HIV replication or HIV infection.

16. The use according to any of claims 6 through 14 wherein the cells are

modified to include a stably expressable polynucleotide selected from the group

20 consisting of: a nef transcription factor gene, an HIV-specific ribozyme gene, a fat

gene, a rev gene, a trans-dominant mutant form of the HIV-1 rev gene, an

overexpression construct of the HIV-1 rev-responsive element (RRE), a functional
fragment thereof and combinations thereof.

25 17.  The use according to any of claims 1 through 16 wherein the patient has a
HIV infection and has been, or will be, exposed to Highly Active Anti-Retrovirus
Therapy (HAART).

18.  The use according to any of claims 1 through 17 whereini T-cells of the
30 patient have been, or will be, immunosuppressed.

19. The use of claim 18 wherein the patient is immunosuppressed by the
ablation of resident T cells.




“nodi fied cells have been expanded ex vivo using Stem Cell Factor. 10 23.
The'use according to any of clains 1 through 11 wherein cells f§@mARR 208Gor
«are adm nistered to the patient, and the conpound increases tolerance to
the donor cells in the patient. 24. The use according to any of clains 6

"~ through 22 wherein the genetically 15 5§di fied cells are autol ogous. 25.
The use according to any of clains 6 through 22 wherein the genetically
nodi fied cells are non-autol ogous. 20 26. The use according to any of
clains 6 throughpg2 [ i C aylgl ndi. f | | r

het er ol ogous. 27. Th%ﬁéﬁissg ogg%:ag? &?E’ng[déﬁgr?y‘%%?&gﬁ%% @%ggﬁﬁﬁjﬁqg?gm\fﬁ%dr ein
the geneti c2Y [951IVeRy T PRsy OF apgre amfial fellj antibedics cibibitorsupf Tr é%l:tﬂmﬁéﬁtfp@n of

t he thynus. ir28ia#i8n, cthembafitiofCPeRbNg to any of claims 1 through 27 wherein
di sruption of sex steroid nediated signalling includes blocking of one or
nore sex steroid receptors wthin the patient's thymus. 30 29. The use
accordi nd to any2lof Teaisesf dlainh 20 udbredythehaati el cellcinsibogdyt isdtgah. t he sex
steroid nediated signalling includes the inhibition of sex steroid
production in the patient. 30. The use according to.any of clains 1

t hrough 27 wher é2n tFie usedicecrdingtto agg off eledms 6ttheough 2d ewhereinithn gerfetiaalty
steroid i n RofdEel ing to any of clains
1 through 30 V\heggi@ﬂrl?l%aﬁgbénﬁﬁ@ﬁ%@%sﬁ%ﬁ%ﬁﬁ%@&% castration of the
patient. 32. The use according to any of clainms 1 through 27 wherein the

conpounditi s 5 X3l ecTiRduser REdidie & AUPE eRFHhS Ui thebudh: 11SfKerdineéMsKrom a
ant agoni sts anti-sex steroid

sex_steroi.d agonists, .sex steroid anal ogs,
vacci nes, SepoLars 3 mr‘%férggtt rtﬁ‘?’ﬂ?aﬂ?nzt ?ﬁ“t ?heaﬂanp%ﬁggﬁrgﬁqeg feleangs fofbe 33,
The use accémor nglistin tlangatiefit.cl ai ns 1 t hrough 27 wherein the conpound is 10
selected fromthe group consisting of LHRH anal ogs, LHRH R agoni sts, LHRH R
ant agoni sts, anti-LHRH vacci nes, anti-LHRH R vacci nes, and conbi nati ons
t her eof . 24. The use according to any of claims 6 through 22 wherein the genetically

15 modified cells are autologous.

25.  The use according to any of claims 6 through 22 wherein the genetically
modified cells are non-autologous.

20 26. The use according to any of claims 6 through 22 wherein the genetically
modified cells are heterologous. o

27. The use according to any of claims 6 through 26 wherein the genetically
modified cells are delivered before full reactivation of the thymus.
25
28. The use according to any of claims 1 through 27 wherein disruption of sex
steroid mediated signalling includes blocking of one or more sex steroid receptors
within the patient’s thymus. |

30 29. The use according to any of claims 1 through 27 wherein disruption of the
sex steroid mediated signalling includes the inhibition of sex steroid production in the
patient.

30. The use according to any of claims 1 through 27 wherein the medicament
35 lowers the concentration of a.sex steroid in a patient.



* 34. ‘The use of claim 33 wherein the conpound is an LHRH R agoni st selected
fromthe group consisting of: Buserelin, Cysterelin, Decapeptyl 12 APR %@ 5

.Deslorelin, 15 Gonadorelin, Goserelin, H strelin, Leuprolide, Leuprorel g
Lutrelin, Meterelin, Nafarelin, Triptorelin, and conbinations thereof 35.
The use of claim 33 wherein the conpound is -an LHRH R antagoni st sel ected
fromthe group consisting of. Abarelix,SCetrorelix, and conbi nations
thereof. 20 36. The use according to any of clains 1 through 27 wherein the
conmpound is Eul gxin,, 37. The use according to any of clains 1 through 36
wherein the rred?I‘anéer’“%?%co § 9y L sagisdy t?”%‘&héﬁt"é‘?%?‘?%@é@@ﬁﬁ%us,
topi cal , i mtsulty @nchemical chsttatiamos chelpatie@dn ni stration, or a conbination
t hereof. 38. The use according to any of clains 1 through 37 wherein the
medi canment is a slowrelease or a tinme-rel ease preparation. 30 39.The use
of cl ai m 38 wheP2i nThhusarsgordimgstotanyofickims il nhrodgh Thevhasén i colpbmdis
wherein ghee H GRINE St : - (Gl al . L] he
steroid recergtgiléar1 Wdﬁ{}{eﬁ@&%ﬁ%ﬁ%ﬁ;\%@é&%@@g@ %ggélgtg’os% %eg@gvgggélgﬂsn’gsg%l at or.
1 2 APR 2065™%9 aBalogsy anfiseX,slerlid)i Yagemnes, apsx sfereiflaraegptor tmwgﬁ prs4 jand
wher ei n, upombidakibhethyrebp the patient, the nedi canent enhances the
patient's immune system 5 43. The use of any of clainms 6 through 42
wherein after delivery of the genetically nodified cells, a new popul ation
of thynic cell s33anTheusctaobidingd any ofe@impatinengh 2%4@&6&@%5:@@&5& @i m 43

wher ei nifh myl i (o) 1 C.C is, 10 rj sed.of S,
dendr i til?: ?8]]@?%?_ or 3?%15&% ge{qnggéﬁgﬁ.p%%al?gf, &%ﬂﬁg‘”@%%ﬁ“ﬁ and
conbi nat i orfgtagpipteti-YHRHivaecines and-d TR Ryvacoines,yand wembinatibuas theredf. t hr ough
44 wherein the

34. The use of claim 33 wherein the compound is an LHRH-R agonist

selected from the group consisting of: Buserelin, Cysterelin, Decapeptyl, Deslorelin,

15 Gonadorelin, Goserelin, Histrelin, Leuprolide, Leuprorelin, Lutrelin, Meterelin,
Nafarelin, Triptorelin, and combinations thereof, '

35. The use of claim 33 wherein the compound is an LHRH-R antagonist
selected from the group consisting of: Abarelix, Cetrorelix, and combinations thereof.
20 '

36. The use according to any of claims 1 through 27 wherein the compound is
Eulexin.

37.  The use according to any of claims 1 through 36 wherein the medicament
25 1s suitable for oral, parenteral, subcutaneous, topical, intravenous or intramuscular
administration, or a combination thereof.

38. The use according to any of claims 1 through 37 wherein the medicament
is a slow-release or a time-release preparation.

30
39.  The use of claim 38 wherein the medicament is Leucrin.
40. The use of claim 38 wherein the medicament is Zoladex.
35 41. The use of claim 32 wherein the steroid receptor modulator is a thymic

specific steroid receptor modulator.




* conpound di srupts sex steroid nediated signalling to the patient's thynus.
15.446. The use according to any of clains 1 through 45 wherein the .

-medi canent further conprises one or nore pharnmaceuticals seledigdAWﬁdﬁmﬁhe
group consisting of: cytokines, growh factors, enhanci ng conpounds or
conbi nations thereof. 20 47. The use of _.¢cl aim 46 wherein the cytokine is
sel ected fromthe group consisting of Pzterleukin 2, Interleukin 7,
I nterl eukin 15, and conbi nati ons thereof. 48. The use of claim46 wherein
the gromh factor is selected fromthe group consisting of epithelial

growth factors, fibroblast growh factors, stemcell factors, 25
gr anul ocyt e- col gy dJibemse agcording tcanyrof claias dtthiengly ¢ b whetin, wpem delbiesy tnd

conbi nat i onge phiak,8RE mediBamMnHSR RHRYatEMS htm@RsyQEmC! @i 8 1 through 48
wherein the nedi canment further conprises a suppressor of adrenal gl and

production of a sex steroid. 30 50. The use of claim49 wherein the
suppressar is Caisudehe dst. ofThey 0 @lAMEe 0F dhrogeH a2ankerein i dalivért bf ewgh 50

wher ei n the _nedi ¢cament. urg her conpri,ses ap.inhibitor of T,cell,.

et vati on e TEALSOTRRNGed SRS SnP TREVEES BF asPlp RelS Coibe SoBERL 19 898 bi ¢ o
of T cell amtientation is cyclosporine A 53. The use of claimb51 wherein
the inhibitor of T cell activation is an 5 inhibitor of second |evel
signals involved in T cell activation and/or survival. 54. The use of claim
53 wherein the eorddel wsgep! slagmaf3 iwhergintbe gesv pepuletien wift hymig cells is

i nterl eul rbdi’x'idprﬁ;e& 61 T cefd) Aeh @R RUISHH RhQlce t@kg‘@}mkécpﬁh 4 PRIcBOS thykfhsD5-
The use accordi n 4

dl .to any of _.clains 1 through wherein the patient is
post - puber t 3 cogppinafiops thefeafn ysed for nmodifying a patient's irmune system
to enhance gene therapy in the patient, the kit conprising a conpound that

di srupts sex st efoOi jated ..15 signallin d _one or r netically
modi 11 ed ool 5. 87, .tP%egﬁ?i pEpaify ) A7 opp ot At &Eﬂ‘éé]fé‘gﬁ ﬁ’??e“r%&?‘? ed
cel | s are swimpsuad disrupts sex steroid mediated signalling to the patient’s thymus.
15 : '
46. The use according to any of claims 1 through 45 wherein the medicament

further comprises one or more pharmaceuticals selected from the group consisting of:
cytokines, growth factors, enhancing compounds or combinations thereof.

20 47. The use of claim 46 wherein the cytokine is selected from the group
consisting of Interleukin 2, Interleukin 7, Interleukin 15, and combinations thereof.

48. The use of claim 46 wherein the growth factor is selected from the group

consisting of epithelial growth factors, fibroblast growth factors, stem cell factors,

25  granulocyte-colony stimulating factors, keratinocyte growth factors and combinations
thereof.

49. The use according to any of claims 1 through 48 wherein the medicament
further comprises a suppressor of adrenal gland production of a sex steroid.
30

50. The use of claim 49 wherein the suppressor is Cosudex.

51. The use according to any of claims I through 50 wherein the medicament
further comprises an inhibitor of T cell activation.
35




"fromthe group consisting of genetically nodified hematopoietic, gt gancqkts,
germétically nodified |ynphoid progenitor cells, genetically nﬁ%éf‘gg@ ﬁﬁ%

+hyel oid progenitor cells, 20 genet ically nodified epithelial stemcells,

and conbi nati ons thereof. 58. A kit when used for nodifying a patient's
| mmune system to enhance gene therapy i the patient, the kit conprising a
.conmpound that disrupts sex steroid nedlg signalling and one or nore

pol ynucl eoti des useful for gene therapy. 25 59. The kit according to any

one of clainms 56t 0158, é@g‘fe{aﬁﬂg GHPR e | @Fﬁi@k ot 29 Oa%{t'ﬁl%ng{sour)

consi sting of, LHRH ana 0g agoni st's, ant agonr's
anfi - LHRH \Féfélﬂspi@@e And anti-LHRH R vacci nes.

53. The use of claim 51 wherein the inhibitor of T cell activation is an
5 inhibitor of second level signals involved in T cell activation and/or survival.

54. The use of claim 53 wherein the second level signal inhibitor is an
inhibitor of interleukin or a cell adhesion molecule or a combination thereof,

10 55. The use according to any of claims 1 through 54 wherein the patient is
post-pubertal.

56. A kit when used for modifying a patient’s immune system to enhance gene
therapy in the patient, the kit comprising a compound that disrupts sex steroid mediated
15 signalling and one or more genetically modified cells.

57.  The kit of claim 56 wherein the genetically modified cells are selected
from the group consisting of genetically modified hematopoietic stem cells, genetically
modified Iymphoid progenitor cells, genetically modified myeloid progenitor cells,

20 genetically modified epithelial stem cells, and combinations thereof,

58. A kit when used for modifying a patient’s immune system to enhance gene
therapy in the patient, the kit comprising a compound that disrupts sex steroid mediated
signalling and one or more polynucleotides useful for gene therapy.

25

59. The kit according to any one of claims 56 to 58, wherein the compound is
selected from the group consisting oft LHRH analogs, LHRH-R agonists, LHRH-R
antagonists, anti-LHRH vaccines, and anti-LHRH-R vaccines.

30




