11 January 2006 WO 03/006612 PCTI US02/21713 1 Production of transduced
hemat opoi etic progenitor cells Field of the Invention: The presentJanoxgraooen
relates to gene therapy, particularly as applied to 5 hematopoietic

pr ogeni t or \§HP) cells. More particularly, the present invention relates to
the productWem/¥eéidn enriched pool of transduced HP cel | s BRI UWEPINEry to a
human subject to achieve a desired therapeutic effect and to nethods of

maki ng and using the enriched pool of tr@ansduced HP cells. 10 Background to
the Invention: For purposes of this invention, gene therapy refers to the
del i berate introduction of reconbinant DNA sequences into particul ar cell

types for therapeutic mﬁ%‘?onoﬁﬁtggnsﬁ%c%rﬁwat%eﬁ%ﬁlggﬁtémug nt roducti on of

a required gene or the use o elc a nStructs to inactivate
aberrantly expressed genes. Gene therapy may be ained at a 15 variety of

di seases in which tth e i.S a genetic defect, for exanple. A nunber of

i nvesti gators%@v@—%%% and tested a variety of gene therapy approaches
usi ng novel anti-Human | munodeficiency Virus agents in tissue culture.
These approaches iEIPIRIE,IRYERTSIAiesIP g@‘i?ﬂ;‘%@@f’@ﬁm&fﬂaﬂb’éﬁé% fant proteins
(Smythe et al. 1994), intracellular antibodies (Marasco et al. 1998),

anti sense r3 bleamaionsieticarogenitor ERNoglls( Sborarindiculatly,ghe pressnt jnventiqogelates toy s
(Kohn et al. 1999), and catalytic ribozynes (Sarver et al. 1990; Sun et al.
1994, Sun et thke pididéjon dRianenyicted parkofdrpdduceiiiB kells for &Nixerppioatlivesncapabl e of
cl eaving specific RNA target nol ecules, including, for exanple H V-1 and

ot her strai nssubjectiochikwd a destrad tirrapelitidedzyt andso detinds efimakiap asd uddigthd can
interfere with H'V-1 replication by interfering in 11 January 2006 '

enriched pool of transduced HP cells.

10 Background to the Invention:

For purposes of this invention, gene therapy refers to the deliberate introduction
of recombinant DNA sequences into particular cell types for therapeutic benefit. Gene
therapy may involve the introduction of a required gene or the use of other nucleic acid
constructs to inactivate aberrantly expressed genes. Gene therapy may be aimed at a

15 variety of diseases in which there is a genetic defect, for example.

A number of investigators have proposed and tested a variety of gene therapy
approaches using novel anti-Human Immunodeﬁciency Virus agents in tissue culture.
These approaches include intracellular expression of transdominant proteins (Smythe et
al. 1994), intracellular antibodies (Marasco et al. 1998), antisense ribonucleic acid

20 (RNA) (Sczakiel et al. 1991), viral decoys (Kohn et al. 1999), and catalytic ribozymes
(Sarver et al. 1990; Sun et al. 1994, Sun et al 1996).

Ribozymes are small catalytic RNA moieties capable of cleaving specific RNA

target molecules, including, for example HIV-1 and other strains of HIV. For example,

ribozymes directed against HIV-1 can interfere with HIV-1 replication by interfering in



WD 03/ 006612 PCTI US02/ 21713 2 several steps in the HV-1 life cycle

including (i) the production of genomc viral RNA in recently iﬁﬁ%k@eﬁyzo 6
cells (prior to reverse transcription) and (ii) the production of vira RRIA

transcribed fromthe provirus before translation or prior to genom c RNA
packagi ng (VBaoy@séret al. 1990; Sun et al. 1994; Sun et al rOPGs2Ban3et al
1998). 5 Generally, ribozynes are believed to be nore effective than

anti sense-based therapi es because ribozypes are catal ytic nol ecul es where a
single catalytic ribozyne is capable of Binding to and cleaving nultiple
RNA substrate nolecules within a cell (Sarver et al. 1990; Sun et al, 1994;

Sun et al. 19%6}ral stbss ih deT\GRIR sycleincladieg (iqge frydurtioh b gstivenianizalRNA
accessible region of RNA 10 and, in the case of the hamerhead ri bozyne,

the need for g réddity aifBed OBMsIPridr WO RNverse ParsSriStitH) A8l (19 8O Protiudtfor/df vizalor U
ri bonucl eotides; in certain cases NUX may suffice (where N is any

O 2P, Ak o b BB ST 19 Kegaenot

anti-viral therapies, cata are un o pr an i mmune

response. Un ted j ne, r,e nses .e 5% N atal vti coul d
result in th %%&% Fto% ggggt%fnl%amgfﬁggﬂt%%ﬂ%?ﬁg§glx%ﬁlﬁg ‘gene. A
nunber of studi es_have denonstrated rjbozyne_cleayage activjty in test tube
reactions, °a nﬁF%Q’eE ?@’E’eéffe&eﬁqu 0 b motrReettaghys, §9§§e§%{"3§§‘éfbﬁ&mes

| aboratory and clinjcal isolates of H V-1 (Sarver et al. 1990; Sun et al,
1994; Sun et hgrausggibozyznes ase cajalytiqmolgeules whege asingle catady) riboppiae ds eapalle es
used either hamerhead or hairpin ribozynes; for 20 exanple, a hamrer head
ri bozyme, dendibéndlizgstoRnd cledgving eudiipla§aiAnsibstzattringhticyles writhén ¥ eell (Saogt efral.of t he
tat gene, (Figure 1). The tat gene is essential for HV-1 replication; it
encodes and pM990uSwesettahd 9F4tSunredblei9p6).nat is a transcriptional activator of
the integrated HV provirus. The Rz2 ribozyne includes conpl enentary
hybri di zi ng sequemhe sequiréments Garicleas syt zima irecargeeessibléneglon @f Riks
5833-5849 ( GGAGCCA GUA GAUCCUA, SEQ
10 and, in the case of the hammerhead ribozyme, the need for a GUX target motif (where
G is guanosine and X is A, C or U ribonucleotides; in certain cases NUX may suffice
(where N is any ribonucleotide and X is A, C or U ribonucleotides). Unlike some other
anti-viral therapies, catalytic RNAs are unlikely to provoke an immune response.
Unwanted immune responses expressing the catalytic RN As could result in the
15 elimination of cells that'contain the exogenous gene.
A number of studies have demonstrated ribozyme cleavage activity in test tube
reactions, and protective effects in tissue culture systems against laboratory and clinical
isolates of HIV-1 (Sarver et al. 1990; Sun et al, 1994; Sun et al 1996; Sun et al. 1998;
Wang et al. 1998). These studies used either hammerhead or hairpin ribozymes; for
20 example, a hammerhead ribozyme, denoted as Rz2, directed against a highly conserved
region of the zat gene, (Figure 1). The zaz gene is essential for HIV-1 replication; it
encodes and produces the Tat protein that is a transcriptional activator of the integrated

HIV provirus. The Rz2 ribozyme includes complementary hybridizing sequences and target

sequences that comprise nucleotides 5833-5849 (GGAGCCA GUA GAUCCUA, SEQ



11 January 2006 WD 03/006612 PCTIUS02/21113 3 ID NO 1) of reference strain
H V- HXB2 ( Genbank accession nunber KO03455) and simlarly can tang€knuary 2006
nucl eoti des 5865 to 5881 ( GGAGCCA GUA GAUCCUA, SEQ ID NO 1) of H VI IrrB
(Genbank accessi on nunber X01762). In these studies the Rz2 ribozyne
sequence S'wdifsoEsd TCC TGA TGA GIC CGI GAG GAC GAA ACT, 5Sp&dseble1ds, SEQ I D
NO 3 was inserted as DNA into the 3' untranslated region of the neon gene
within the plasm d pLNL6, which contains the replication-inconpetent
retroviral vector LNL6 (Bender et al, 198%: Genbank accessi on number Mp3653
and see definition, infra) to generate a new virus, RRz2. The ribozyne
sequence was JBXNOASIEcEenét éﬁ%&%-@@ﬁ(@eﬁb‘a&k@&c&%i@ﬂ%ﬁﬂb@fK@jﬁ%ﬁﬂae Mol oney
Murine Leukemia Vifus 10 (MOM.V) Long Term nal Repeat (LTR) in RRz2. Use of
this virus suge I i t oy AV RO 6= e

%pﬁ%ﬁ{ n tXrEetCh‘?&éfo‘%ﬂeHséés t&%%&@bﬁﬁkﬂ& GO A BWCCUR SEQID.

i ntroduction lo' rapeutic gene into pluri pot]?nt ﬁma opoi f

ML | L?recfﬁséﬁﬁéméiﬂ?k@s%” | %é%%ﬁ%%ﬁfnab%??@%%ﬂ B et Beie at oa 11 om
etic 15 . . .

Torr ane. bour OISt ReBICTIA GPastre TG 106 $1CGHEE Gl HABEMA ST gi vi ng

rise to multilineage colony formng cells, but absent on nore mature

hemat opoi ebi G@EITN(s3'( BBQAPNO ) wasinsppd aghl Adinto the gapitangpted stgen ofdhs
rapidly reconstituting | nphoid (~TA+ and CD- | T lynphocytcs) and nyal oi d
(monocyt e/ naceoppagosithin tregtiopnd pENE6(wivh peitaing 48 9eplSetivmincepetgntet ~ al .
1992). 20 The hematopoietic progenitor (1W cells differentiate and nature
to give ri se réteovial Ve t@fLNILO@endai angl, 188 LGernbynkb hcdessionvmirninds M6I658 agbsce

t hrough internedi ate progenitor cells. Key cells in ternms of H V/ Al DS

i nfection ar glefiliiofPAfra)ltolgenerhie @\HeBSviB R RIS THEHYoYIHE seqiebdeOPRodDessed

Notw t hstanding the time required for reconstitution, a single CD34+ HP
as a neo™-ribozyme fusion transcript from the Moloney Murine Leukemia Virus

10 (MoMLYV) Long Terminal Repeat (LTR) in RRz2. Use of this virus successfully
cleaved HIV infected cells in’vz'tro.

The introduction of a therapeutic gene into CD34+ pluripotent hematopoietic
progenitor cells ex vivo is an attractive possibility for the treatment of HIV-1 infection,
since these progenitor cells may be readily separated from more mature hematopoietic

15 cells (note that the CD34+ antigen is a membrane-bound 115 Kd molecule present on
cells that are capable of giving rise to multilineage colony forming cells, but absent on

more mature hematopoietic cells (Baum et al. 1992)) and are capable of relatively

(monocyte/macrophages) hematopoiesis (Levinsky 1989; Schwartzberg et al. 1992).

20 The hematopoietic progenitor (HP) cells differentiate and mature to give rise to cells of
increasing maturity of the various lineages through intermediate progenitor cells. Key
cells in terms of HIV/AIDS infection are the CD4+ T-lymphocytes and the monocyte/
macrophages. Notwithstanding the time required for reconstitution, a single CD34+ HP

cell is theoretically capable of reconstituting the entire hematopoietic system consisting



cell is theoretically capable of reconstituting the entire hematopoietic
system consi sting 11 January 2006 WO 0310 06 6 12 PCT/ US0212171311 farpbr/cRIdes
of varying stages of maturity within the various |ineages. That said, froma
practical standpoint, the optinml nunber of transduced HP cells that could
ef ficient| yYWOO¥HpI at e t he hemat opoi etic systemwi th a get&@/variied cel |
popul ation and could thereby inpact on di sease was not known. 5 Two Phase |
clinical trials have been conducted using,RRz2 by introducing the construct
into either CD4+ (Cooper et a], 1999) or éD34+ (Amado et al, 1999) cells. In
each of these trials, approximately half of each relevant cell popul ation
(Cl) 4+ or CD3Zeells pfivarying stedescdanaiirity withirsthe meriqus dineagser Thepsavkifioat el y hal f
transduced with RRz2, followi ng which the cells were m xed and reinfused
usi ng met hodsprattidal starfdpeingdhd Optima muinher cfipnsslacdd B sells thetcconklefficientlyn t he
CD4+ trial, RRz2 containing | ynphocytes were taken fromH V negative
donors, transgiyemiate he\Heatapaittic 8istém withd defidé Modified celb bohilatipm anbt oonidr e
genetically identical (Cooper et al, 1999). In the CD34+ trial, the

i ntroduction gbreBRARpANbP disbidd tvas Bbl im0, Vi Vo and infusion of these cells
into the sane patient was shown to be technically feasible and 15 safe and

resul ted i s ri DOZYR, PORSY EHfkalHASAAR el hrB AL RTAORRID bPSitdoRRSAEID! 00d

| ynphoi d and nyeloid c e study's purpose was east In paft to
render cells | . .4 nf ed i ndivid Lahl ed
fromH V-1 in °glétt”|?°gr’fl#é>1éﬁf’%|(@% |°R$%ae\ébelr k%%?‘t 9%%?‘?&%’?’?%%%taa:l’nléggd&glﬁg}l
studi es denonstrated pr.eferenti.al rvival .of  RRz2-contali ni |, ynphocyt es
over LNL6-cO n‘f’aﬁf‘ ﬂ% ﬁ’ﬁsq[)g?ﬁ%h@@?’%glaﬁeﬁlhaﬁeo fepghagley st 5%11 p%tl%}ﬂni (E§4'FL & present
invention, the Phase | HP trial was perforned using a | ower nean . cell

number bei ng FEBET Vg%f trasdyssd pathd i S Fopeairedely thal featdues bt

efficiencies _than what is suggested in the present invention. Instead the
Phase | tri al BR@bfellowing which the cells were mixed and reinfused using methods that differed

10 from the approach described herein. In the CD4+ trial, RR2z2 containing lymphocytes
were taken from HIV negative donors, transduced ex vivo and introduced into twin
siblings who were genetically identical (Cooper et al, 1999).

In the CD34+ trial, the introduction of RRz2 into CD34+ cells ex vivo and
infusion of these cells into the same patient was shown to be technically feasible and

15 safe and resulted in ribozyfne construct presencé and expression in peripheral blood
lymphoid and myeloid cells. The study’s purpose was at least in part to render cells in
an HIV infected individual at least partially protected from HIV-1 infection and HIV-1
intracellular replication. Indeed the studies demonstrated preferential survival of
RRz2-containing lymphocytes over LNL6-containing lymphocytes in the CD34+ trial.

20 Unlike the present invention, the Phase I HP trial was performed using a lower mean
cell number being returned per patient and employed reduced transduction efficiencies
than what is suggested in the present invention. Instead the Phase I trials were
established to assess, the ability and safety of the ex vivo approach, and to determine

the length of presence (persistence) of the hematopoietic cell progeny of these



established to assess, the ability and safety of the ex vivo approach, and
to determine the length of presence (persistence) of the hemat oppigiuas Z®s
progeny of these 11 January 2006 WO 03/006612 PCT/US02/21713 5 transduced
cells in a patient. It is known that CD34+ cells have a large reconstitution
and repopul ¥Pi%R%PBt ential, and there i s evidence that CDB%?T/E%’IZPE”%\re not
directly infected by HV. In part, the present invention relates to the
identification of a therapeutically relegant |evel of transduced CD34+
cells to provide an ongoing source 5 of protected cells within a patient

t hereby i npacting disease progression. To inpact qnp di seases progression,
not only for Fﬁu\?gilcr?fiééltlﬁ’élrﬁpaﬁ‘ﬁlﬁt- o %B?Wi‘é&at @%@égﬂg hays 8 aﬁ%@"%ﬁ%%f t he
hemat opoi etic system there is a need to define and possibly maxim se the
nunbers of tr peredatigp potenfisl, ko therd éy evidsnes baicB34tiegllserenat ditgethber s of
genetically nodified precursors of |ynphoid and nyeloid cells that will 10
produce genet infatddybyrtd.fli @alrt,the present invpriionadelates tathe idendficaionofai t hin a
reasonabl e anount of tine. It is held by the present inventors that in
order to achi gxmpeutialtetdlévahtleldlef paisdestd CDIdtHreljeteiroeidt by ongudng soackeHP
cells, that have been transduced ex vivo, it is necessary that the

reci pi ent pat hepotdcieNe withmUd patieht@Rdrebiticdpastinyf diddasdisideedoddP celI's to
produce 15 a chineric hematopoietic systemthat will yield enough

ri bozyne-contai ”iﬂghﬁﬁaat:%@diséa\éégﬂgg Iss(o@,%o_*f oRfCHBY idrettdiPBRaY SRer and

nyel oi d (nonocyt e/ macr ophages) s to inpact on viral 1nfection and/or

di sease br 00! 83l unllnd cbfls B BONEASARL 500, HEASER BecdlBhnOfuan0l Vher e

genetically no S or nore na rogeni cells of the

hemat opoi eti c_|ineage .are needed. In these.diseases the HP cells_.are 20
dent | al 1y | RerpadRaRlisBEEEEEers pllrirPEREN HE SRR 5% giefE o rofte i
T O I aeabrs S atnetb Ame R aed Serins b renoid ana b B b ] €27

10 produce genetically modified mature lymphoid and myeloid cells within a reasonable
amount of time.

It is held by the present inventors that in order to achieve a benefit to the patient
with genetically modified HP cells, that have been transduced ex vivo, it is necessary
that the recipient patient receive a sufficient number of transduced HP cells to produce

15 achimeric hematopoietic system_ that will yield enough ribozyme-containing mature
lymphoid (CD4+ and CD8+ T-lymphocytes) and myeloid (monocyte/macrophages)
cells to impact on viral infection and/or disease progression. This is also true for any
disease, viral or not where genetically modified HP cells or more mature progenitor
cells of the hematopoietic lineage are needed. In these diseases the HP cells are

20 identically isolated, processed, and transduced to give rise to gene-containing progeny
that can be reintroduced into a patient and can then become established, or engrafted in
the bone marrow of that patient. The present invention is therefore directed at defining,
obtaining and preparing the required therapeutic dose of an enriched pool of HP cells

transduced with a therapeutic gene for delivery to the patient, this enriched pool being



t he bone marrow of that patient. The present invention is therefore directed
at defining, obtaining and preparing the required therapeutic dpsgarRana?006
enriched pool of HP cells transduced with a therapeutic gene for delivery
to the patient, this enriched pool being 11 January 2006 WD 03/006612

PCT/ US02/ 21W9PP38066¢er i ved from a popul ation of B: P cells, PAENB2AY3CD34+
cells. The rationale is that these transduced BP cells will give rise to
mat ure | ynphoi d and nyeloid cells contaigng the therapeutic gene. 5 Brief
description: of the acconpanying figures: Figure 1 provides an illustration
of the location of the ribozyme target site wthin the HV- | _ genone.

Figure | A provedes fom epepslafon of FRyeells iBeluding CR3¢+ celly eMhsrratianalids #3t | ocat i on

of replicative, regulatory and accessory genes; Figure 1B provides a
preferred the thasbtaysduceslddiesisovitl @ipetrise to matute lympheidrapt enmeitidieslist ar get  and
10 hybridi zi ng sequence within the tat gene. The target GUA cleavage site is
circled; and chntgining th€therapeutibagent.he | ocati on of a GUA target sequence in

t he genes encoding Tat and Vpr proteins. Figure 2 is a flow chart of the
exenplary steps of the present invention. Preferably, the steps in this
exanple are carried out in a sequential manner as shown. 15 Figure 3

i1l ustratesst iRicphtRapidH ofthe fRBInphiyvik: ﬁ%@;i tative PCR, in this case, DzyNA

PCR, for the determ nation of the percentage of gene-containing and gene-

expressing cells. Egure i : } : :ti on net hod
f\*ilbgg.ft'éhl epr%@id%ssm‘gglﬁ%(ﬁgﬁbf the ?Jcaﬁ&ﬁ?%é( H‘g‘of}ﬁ% tgx?tefas(ftte

and Figure 3B sho means quantitation. Figure 4 rates the
mchet 2l TRAEL oL Ry CP e MRS BT Rl AR AR 0P el
precursors | eag\ér?oéehs ol\ow?l?gelog}lat{ornoova’rep '%a?tlsve} r@éﬁgt%py z&n eacgeeslsoer(;rtgieger]s; Figure 1B
provides a preferred the ribozyme sequence together with its complementary target and
10 hybridizing sequence within the fat gene. The target GUA cleavage site is circled; and
Figure 1C provides the location of a GUA target sequence in the genes encoding Tat
and Vpr proteins.
Figure 2 is a flow chart of the exemplary steps of the present invention.
Preferably, the steps in this example are carried out in a sequential manner as shown.
15 Figure 3 illustrates the principal of real-time quantitative PCR, in this case,
DzyNA PCR, for the determination of the percentage of gene-containing and gene-
expressing cells. Figure 3A is a schematic of the DzyNA PCR detection method and
Figure 3B shows the means of quantitation.
Figure 4 illustrates the mathematical model for CD4+ T lymphocyte production
20 from CD34+ HP cells. The parameters that have been considered are the rate at which
T Iymphocyte precursors leave the bone marrow, pass through the selection
mechanisms within the thymus, and are exported as naive cells (N) into the peripheral

blood. This requires estimation of thymic export for individuals at different ages,

because it is known that the thymus involutes with age and its rate of CD4+ T



mechani sms within the thynus, and are exported as nalve cells (N) into the
peri pheral bl ood~ This requires estination of thym c export for11iJdusiycdoabs
at different ages, because it is known that the thynmus involutes with age
and its rate of CD4+ T 11 January 2006 WO 03/006612 PCT/ USQ2/ 21713 7

| ynphocyt e ¥QBHP¢Becays accordingly (Senpowski et al, 20RHT/UBHEE13
established as naive cells in the periphery, the survival and expansion of
gene containing T |ynphocytes is dependefit on the natural honeostatic
mechani snms. The natural nechanisns regulating T cell nunbers are depicted
in the Figure, and they conprise 5 processes (1) - (4) which are the

fol | owi ng asplamiiogrte SR decaysAerRsEpel (S@%Rfé’f%b‘?f’éht D0R) fdnae egipblisbif #hi ve
cells fromthe thynus &1); activation of naive (2), and nenory cells to
gener at e act i vaiveerlls & the pesphesy, die survied an‘évmansm@ommmmquﬂ%not ype (3);
and reversion of nenory cells to a naive phenotype (4). Figure 5 illustrates
t he mat hemat i tyalphoode is flependwmt oo peagsir grhothgostatorméshamsms OTIED@MxalHP cel |s in
the bone marrow. Figure 6 illustrates the mathematical nodel for CD4+ T

| ynphocyt e pr adelahisan régubdting G0 nuitBesalkd depidied ihehd Fafed) @ad ey hixprise
infection. The parameters that have been considered are the rate at which
RRz2 (or otfieprogétbds (I M(4gwm-39@m5%lwmﬂg Jspe&té/ampﬁ-)‘tlelyﬁ?&?dﬁesors | eave the
bone marrow, pass through the selection nechanisns 15 within the thynus, and

are exported @&e%&n\éﬁt: e drSotlddhy ﬂa%c?:efl?ﬁmﬁ%é. @%iﬁﬂlgpicﬂggﬁonﬁynﬁ“ve (BAuires

estimation of th c export for 1ndividuals at rent ages, becaduse it is

Knoun that ¢ g MM cEY 8l 8k i AB8IENInE £B kSl ERtierlo yRhooyt e

export = decays accordi ng ce es hed as
v el B B R D L BB Y 2 com i
potential sel ecti %quz}g\é?ﬂ&s?rgt%s St)h\éerrrlatllm:\)cezrr%a-tical model for macrophage production from
10 CD34+ HP cells in the bone marrow.
Figure 6 illustrates the mathematical model for CD4+ T lymphocyte production from
CD34+ HP cells in the presence of HIV-1 infection. The parameters that have been
considered are the rate at which RRz2 (or other anti-HIV gene)-containing T
lymphocyte precursors leave the bone marrow, pass through the selection mechanisms
15  within the thymus, and are exported as naive cells (N) into the peripheral blood. This
requires estimation of thymic export for individuals at different ages, because it is
known that the thymus involutes with age and its rate of CD4+ T lymphocyte export
decays accordingly (Sempowski et al, 2000). Once established as naive cells in the
periphery, the survival and expansion of RRz2-containing T lymphocytes is dependent
20 on the natural homeostatic mechanisms and a potential selection advantage over Rz2-
CD4+ T lymphocytes when HIV alters these mechanisms. The natural mechanisms
regulating T cell numbers are depicted in the left-hand side of the Figure, and they

comprise processes (1) - (4) which are the aspects of CD4+ T lymphocyte development

detailed in the text relating to Figure 3.



CD4+ T | ynphocytes when HN alters these nechani sns. The natural nmechani sns
regulating T cell nunbers are depicted in the |eft-hand side of 1tthankarg2066
and they conprise processes (1) - (4) which are the aspects of CD4+ T

| ynphocyt e devel opnent detailed in the text relating to Figure 3. 11
January 206@%0@52006612 PCT/ US02/ 21713 8 In addition t8Ct9fﬂ§$H%/%:17b&port,
RRz2 containing CD4+ T | ynphocytes increase in nunber through activation by
antigen and expansion into the nmenory T Lgnphocytes. The present nodel of
this invention incorporates estinmates of the degree to which this nenory T

Lynphocyt e expansion occurs, Wth infection b e c onents in 5 the
right hand side offadfitig g thwmicsxput CPgtf‘l“%/q%l_&]é/@'h&?W)’ﬁ%n}éTf’é IRGRESC W ay .
Activated cells are infected by virus (5,7); these in turn produce new
virus (6), wHivetberBrgilchiastvationdy g 29f ckpanaien iyn ﬁheFﬁ@Q@fYr%EW&Hh%%ﬁ?S-ar e
included in the nodel. Additionally the nodel allows for alteration in sone
of the nat ur aTheprescatgsede] sfiths ingerntion iwagwdatesaastimatzs pHihe dtgreatorwhigh thisrenor y
cells (2,3), due to the presence of HV. 10 Figure 7 illustrates the

mat hemat i cal mededy T Dympleytxagsion @dus.t Waith ififeotion ISPHTV, thPcaepdrenisin t he
presence of H V-1 infection. The nodel is based on the belief that infected

nmonocyt es aNcdheBEEKMRAAHIAS oP1he Fegudd) (Jrodeedet 89)thro (7)) o intoplay. NYctiviateiect i on
during admnistration of anti-retroviral therapy and that these cells

si gni ficant | yo.AoREMhBUEE b 9irBNG ) Medeth Rirh bRIAnVIIRRY FiRkd (65, iV dndlett1er apy

is not used. A 15 nodel that assésses the contributions of this i'nfected
comonent, hasubgl, SSHELBE o i BEGKARLAVE LSRR oyl gl heses
T A B SRR BRI, P BEAR e ot
HV- L DA and o O8 Ratve hE ethoty wells (£5), Go'io the priedes sy, and
10 Figure 7 illustrates the mathematical model for macrophage production from
CD34+ HP cells in the presence of HIV-1 infection. The model is based on the belief
that infected monocytes and macrophages plays an important role in maintaining
infection during administration of anti-retroviral therapy and that these cells
significantly contribute to ongoing infection when anti-retroviral therapy is not used. A
15 model that assesses the contributions of this infected component has been developed
here and incorporates some of the hypotheses of Zack et al, 1990 and Murray et al,
2001. The present model examines HIV-1 RNA and HIV-1 DNA dynamics in both
untreated and treated seroconverters. It takes into account the labile nature of
unintegrated HIV-1 DNA and includes latently infected CD4+ T lymphocytes and

20 infected macrophages. The model incorporates infection in an unintegrated form, both

defective L,, and competent L, through interaction with long-lived infected
macrophages M . Latently infected cells with integrated HIV-1 DNA L,, arise from

competent unintegrated HIV-1 DNA L, , as the HIV-1 DNA molecule is integrated.



20 i nfected macrophages. The nodel incorporates infection in an unintegrated
form both defective Ld , and conpetent L. , through interacti om Yaduary 2006
| ong-lived infected macrophages M Latently infected cells with integrated
HV-1 DNA L,, arise from conpetent unintegrated HHV-1 DNA L., as the HV-1
DNA ol ecul ®08/0948i%egrat ed. 11 January 2006 WD 03/006612 PEWI8RE2MI1713 9
Productively infected cells P, arise fromactivated cells infected by free
virus V, latently infected cells with intgegrated H V-1 DNA being activated,
and through cells activated during the process of interaction with infected
macr ophages. Macrophages are _infected throga%‘gi contact wth infected

nmacr ophages. @f‘slﬂﬁgﬁlyllﬁ?d‘?qw@uﬁ AeARE BAM| 3Rt cedls gndected by fee pressent
invention, the invention relates, through mathematical nodeling, to the

i denti fi cati odatertlysnfecteil welts with axdppited HIV INAbeingenévatedh bng thegughiseldy ed HP
cells, which, follow ng transduction and reinfusion, are useful for
ensuring that aatiwitegindufring st prpeeapof ihtegattion fvith aifedtbbmecrophasechatropogestare
system is repopulated with genetically nodified cells of the various bl ood
cel I Iineages, infsstedthréuphticohfac: wighafovtdinidceshhegds) S have a therapeutic effect.
Further, the invention relates to a nmethod for achieving this mninmum
threshold gunber of therapeutic gene-containing hematopoietic progenitor
(BP) cells. The nmethod conprises, in addition to cell washing steps:

nobi | i zation .from the bone marrow to the peripheral bl ood
conpart nent oggfg i ‘{eﬁmf) eresis of the blood to obtain the

nononucl ear cell fraction; ification of the HP.cell .population by using
CD34 antigen or heﬁh?ngﬁtsﬁ’ St ?gtilagf)els%r{timovﬁméon %hﬁé?lvse;n tl?Irl Elerll%tgséralrg he HP cells

to tissue culLues cylold nelgruth factor activation and puliure:

genetically engineered HP cells, which, following transduction and reinfusion, are
useful for ensuring that a significant proportion, if not the entire hematopoietic system,
is repopulated with genetically modified cells of the various blood cell lineages, such
that the gene modified cells have a therapeutic effect.

Further, the invention relates to a method for achieving this minimum threshold
number of therapeutic gene-containing hematopoietic progenitor (HP) cells. The
method comprises, in addition to cell washing steps: mobilization of the HP cells from
the bone marrow to the peripheral blood compartment of the patient; apheresis of the
blood to obtain the mononuclear cell fraction; purification of the HP cell population by
using CD34 antigen or hematopoietic-depletion antigens; transfer of the HP cells to
tissue culture; cytokine/growth factor activation and culture; retroviral transduction;
subsequent cell culture; 'harvest; and re-infusion to the patient. The invention further
uses the model to generate a quantitative measurement of the transduced HP cells and a
quantitative measurement of the gene-containing progeny cells within an individual.
The latter provides a means to monitor the degree of gene-modified chimerism of the

hematopoietic system, as an indicator of potential therapeutic benefit.



subsequent cell culture; harvest; and re-infusion to the patient. The
invention further uses the nodel to generate a quantitative mea3uaaIEYt2006
the transduced HP cells and a quantitative nmeasurenent of the
gene-containing progeny cells within an individual. The latter provides a
means to noMPPHP06¢KRe degree of gene-nodified chimeri sm of RHEUSOKHEWk opoi etic
system as an indicator of potential therapeutic benefit. 11 January 2006
WD 03/ 006612 PCT/ U502/ 21713 10 Detail ed Dgscription of the Invention: The
term "Henmat opoi etic Progenitor (BP) cells" refers to hematopoietic cells
that are pluripotential and continuously give rise in vivo to all of the
various |ineages of the hematopoietic system The term"CD34+ cells" refers
to cells which have the CD34+ antigen on their surface. They are a subset
of henat opoi eDetziled Bgssniption ofithe [nventitie phrase "purity of CD34+ cells" refers
to the percentage of cells in any population that is positive for CD34
anti gen. The ter mTexageidersatopriéted Rroganitdr (TR) delit” refersaeth duematopoiatic estlsr essi bl e
nucleic acid fragnent that is introduced into a cell, preferably a fragnment
when i ntroducegdt irsbmuripbentislehd chahuaudlngivafsdtniviveetofatiaif theoveibeas bayesast
anti-viral effect. Also preferably the fragnent is non-native to the cell.
Thi's product gRhehBGbbEEe sftdm.is not limted to a gene encoding a protein
i ncludi ng an anti body, an ‘antisense nolecule, a ribozyne, or other product
t hat can be gener & ' LpLd il . sl ation
within the cellul gﬁﬁcr#‘%?e(gﬁ%h‘ge&? ety Pl whp Hh e dﬁﬁ%ﬁﬁg&?"é’{t&%& ral
vector, derived frOflwbIon enm a V@r that has the

e}tl nifo

e i ne Leu u
replicative g@ﬁ%@ad %T%ﬁaﬁ%ﬁegﬁgmﬁ%gwgﬁﬁ%ﬁnﬁﬁosbﬁ%Fransferase (neo') gene
Inserted (Bender elthe%lh’ras% ggu?r}ty OIEB3XE %éli)sr’ refers § %%er%gntage of cells in any

population that is positive for CD34 antigen.

The term “exogenous nucleic acid product” refers to an expressible nucleic acid
fragment that is introduced into a cell, preferably a fragment when introduced into the
cell has a therapeutic effect, preferably an anti-viral effect. Also preferably the
fragment is non-native to the cell. This product can include, but is not limited to a gene
encoding a protein, including an antibody, an antisense molecule, a ribozyme, or other
product that can be generafed through transcription or transcription and translation
within the cellular milieu.

The term “LNLG” refers to a murine retroviral vector, derived from Moloney
Murine Leukemia Virus, that has the replicative genes deleted and the neomycin
phosphotransferase (neo”) gene inserted (Bender et al, 1987). The vector is based on
the retroviral plasmid, pLNLG6, which contains the replication-incompetent retroviral
vector LNL6 (Genbank accession number M63653).

The term “Rz2” refers to an anti-HIV hammerhead ribozyme targeted to a
highly conserved region of the faf gene. ). The Rz2 ribozyme sequence in the DNA

form is.5'-TTA GGA TCC TGA TGA GTC CGT GAG GAC GAA ACT GGC TC-3',



the retroviral plasmd, pLNL6, which contains the replication-inconpetent
retroviral vector LNL6 (Genbank accession nunber M63653). The terahidry 2006
refers to an anti-HV hanmerhead ri bozynme targeted to a highly conserved
region of the tat gene. ). The Rz2 ribozyne sequence in the DNA form
is-5,'-TTAVEBEB/MEB2TGA TGA GIC CGI GAG GAC GAA ACT GGC TC-EFT/USPI2&huary
2006 WD 03/006612 PCT/ US02/21713 11 SEQID NO 3 and in the RNA formis 5'-
UUA GGA UCC UGA UGA GUC CGU GAG GAC GAA ACU GGEC UC-3', SEQ I D NO 4. The
term "RRz2" refers to a retroviral vector consisting of LNL6 with Rz2

inserted into the 3' untranslated region of neor. The term" refers to
a method for SBQIDINGS agdimthieRafA fampeR - AB{AGGANCGHE AU © U?(I-‘c(égpon of DNA

or RNA such as that described in U S. Patent 6,140,055 and U. S. Patent No.
6, 201, 113. ThEAGEGAC'GAAMOUCGGOVC-3eREQIDINOMhe i ntroduction of a gene into
a cell and the consequent expression of that gene in that cell. In a first

aspect, the presertheitéerRRAN rgfeR\tb degrolvisl vebier caiskting 0ALNDG with Ridse and
met hod of preparing cells containing an exogenous therapeutic gene(s) for

delivery to amsgrgéghﬁgttheﬂ'qlnggﬁsqgtmﬁgmm,@nggff ect of giving an increased HP
cell dose to a patient uni que mat hemati cal sinul ations were generated.

These sinul ations g N2 Rid {t%%ﬁétwwﬁ&%-u&%ﬁtﬁ%g R rs‘tq@&et&atﬁﬁsduced

HP cel |l approach coul d produce a clinica eva ect on mature

el § 21 FRnR LR PBRAIE RS b BOBLLR SoPRp IOt AR
I yrrphO(iyt es, rgd Pate21t I{"{D%OZC(}/I ﬁ% together wth their progeny
| The term “transduction” refers to the introduction of a gene into a cell and the
consequent expreésion of that gene in that cell.
In a first aspect, the present invention provides for the determination of dose and
method of preparing cells containing an exogenous therapeutic gene(s) for delivery to a
subject. To determine the effect of giving an increased HP cell dose to a patient,
unique mathematical simulations were generated. These simulations were used to
5 predict whether or not the gene-transduced HP cell approach could produce a clinically
relevant effect on mature T lymphoid and monocyte/macrophage progeny cell
populations.
Mathematical modeling was used to address the dynamics of two cell
populations; i) CD4+T lymphocytes, and ii) monocytes together with their progeny
10 tissue macrophages. Modeling for each cell type was performed separately as the cells
are characterized by different cell growth, maturation and death parameters. For
example, the amount of viral reduction due to the Rz2-containing populations is
determined, and in the case of CD4+T lymphocytes, the extent to which the CD4+ T

lymphocyte population is maintained/increased in the presence of HIV is evaluated.



10 tissue macrophages. Mddeling for each cell type was performed separately
as the cells are characterized by different cell growh, naturanhqmn@ﬂgzooa
death paraneters. For exanple, the amount of viral reduction due to t
Rz2-containin pul ations is determned, and in the case of CD4+T
Iynphocyte§W03H8”§¥tent to which the CD4+ T |ynphocyte pdSVEOR/&13 s

mai nt ai ned/ i ncreased in the presence of HHV is evaluated. 11 January 2006 WD
03/006612 PCT/ US02/ 21713 12 WMat henmati calq2si mul ati on was based at |east in
part on published differential equations (Murray et al. 1998, Fbase 1996)

t hat descri be: T | ynphocyt e cel | ction over function of
age of the indivi é@ﬁhﬁr&‘ﬁ'ﬁfahﬁ@é‘ aBPnY"ﬁ%bEF H@ﬁﬂ%astmafto Hji‘)ﬁ@?@ yte
activation and proliferation in response to anti and (i |:qu

Mbnocyt e/ nacr epyaikens (Wrusuw et dloh298THaase, KPR thatd er ﬁbﬁféﬁﬁb@ #elli ncr easi ng
the dose of HP cells to a mninum threshold | evel could give rise to

i ncreasi ng nuproéuctionovergimes aomfuactivinmg a@Dafthdindividish ewt wess oflee thymus; (ii)
nonocyt e/ macr ophages. Results indicated that when the percentages of
transduced CDRéive Telinpheyteededioh@%d piolifdigtiohds rebpodise P anttdeh sardr(ii)nor e
preferably 10 exceeded 20% of the resident HP cells this would inpact on

viral | oad sanfiohbAte/metrophdge phdductidor eover, it was only by separately
nmodel ing in both I'ynphocytes and macrophages that the nodel predicted the

conditions under Tﬂ%&ﬁnﬁﬁtﬁﬂé inichiel t}Faf inBehsihd'the ldBSe 6‘@?1!‘ eaRaggminnd be

seen. An antiviral effect 1 n macrophages i1s Tnportant for dlmnIShI ng the

reservoi rof o hing WA ﬁsest!dlﬂacqgatsmg%l b3 3000k ATRE et P esen

i nvent i-on pr](c)w es a _ 0 I ver I's same
(2) obt arni ngFRORTASahE Fisbpiee tWO%%%%?JU%?Sﬂ%%le“@&ﬁ{?ﬁ?@ﬁ”}%%&mrCo@éﬁ' s

of transduced CD34+ cells exceeded 10% of the resident HP cells and more preferably

10 exceeded 20% of the resident HP cells this would impact on viral load and CD4+ cell
counts. Moreover, it was only by separately modeling in both lymphocytes and
macrophages that the model predicted the conditions under which an antiviral effect in
the macrophages would be seen. An antiviral effect in macrophages is important for
diminishing the reservoir of HIV virus within a subject.

15 In a second aspect, the present invention provides a method for production and
delivery of this same percentage of cells containing a therapeutic gene. This method
comprises:

(a) obtaining from a subject a cell population comprising CD34+ HP cells;
(b) concentrating the HP cells to provide a cell population comprising at least

20 40% HP cells; and

(c) introducing a vector comprising a gene into the HP cell population, wherein
the gene is capable of being expressed in said HP cells and wherein the cells

are further cultured in vitro; and



(b) concentrating the HP cells to provide a cell population conprising at

| east 20 40% HP cells; and (c) introducing a vector conprising1a Jaeogryi2006
the HP cell population, wherein the gene is capable of being expressed in
said HP cells and wherein the cells are further cultured in vitro; and 11
January 200%0WP%82006612 PCT[US02/ 21713 13 (d) det er mi ni¥d/¥N¥2Hihber of
such gene-containing HP cells and non gene- containing HP cells such that
upon delivery to the sane or another subjgct, the sane or anot her subject
receives a dose of at least 0.52 x 106 gene containing HP cells per kg body

wei ght of the subject in a.total cell .5 popul ation.of 1.683x1Q6HP cells per
kg body wei ght. Pr@} dptsBpypingihe ‘BH}EFéPfSPﬁb%HE'P%ﬁ‘PH}grﬁI%@gE@gQP?§et}e§ such
that one is able to observe at |east 10% gene-containing HP cells in the
bone marrow of the saejtaipingdiP cellsisieheihatamen deliveny todhe pring ¢ ethehibicsk

met hod. Modeling predicts that if that anbunt of gene-containing HP cells
is present in the bothe samenpancthertsebjagaencives afiosat at agh). R 100@ehor exanpl e,
an antiviral effect will be observed. More preferably, the gene-containing
CD34+ HP cel | s pr oduecentgieing-Hb odlgipar kgbqdy egegiy of thephiied imadotatwelloi d cel | s
that can be detected in the individual's body for at |least 1 year follow ng

the introducing step op@aﬁddom1mﬁfedualpm§tm GiYigher i ¢ hemat opoi eti c
syst em produced as tﬁe result of this nmethod w F,I include at |east 0.01%

0.1% 1.0% 10% angeeRbs e BhBb@RIrYerkdibntadnsh &P c8lid &slsusPihet desd fiddl y 50%
gene-containing cells in any of the peripheral blood cell types within 4

years fol | owigg the feggrtgg%u%eb@%o&h%&g Iﬁ‘cﬁ?lg(?r})ﬁhie%gne &Qﬁoﬁgg'ﬁ\%%upject at

henmat opoi eti c system uc S e result this met I ncl ude at
0, 0, 0, 0, 0, I
| east 0.01% i /Qa_b%utol{% n%o%@safgﬂov{/ri?lé &e%&ﬂoedr. %\%Xeh%g éored?cqg th3tif Itﬁa’c TR6&ut

preferably 503 §&Nd

of gene-containing HP cells is present in the bone marrow a therapeutic effect, such as,

10 for example, an antiviral effect will be observed. More preferably, the gene-containing
CD34+ HP cells produce gene-containing progeny lymphoid and myeloid cells that can
be detected in the individual’s body for at least 1 year following the introducing step.
Still more preferably the chimeric hematopoietic system produced as the result of this
method will include at least 0.01%, 0.1%, 1.0%, 10% and more preferably 20%, and

15 still more preferably 50% gene-containing cells in any of the peripheral blood cell
types within 4 years following the introducing step. In addition, the chimeric
hematopoietic system produced as the result of this method will include at least 0.01%,
0.1%, 1.0%, 10% and more preferably 20%, and still more preferably 50% gene-
containing cells in a bone marrow sample obtained within 4 years following the

20 introducing step.

Thus this invention also relates to a method for predicting whether or not a

reduction in viral load in a subject is likely to be observed comprising the above

method steps and wherein following engrafiment (i.e., the time at which the cells

establish themselves in the bone marrow) there are at least 10% gene-containing HP



containing cells in a bone marrow sanple obtained within 4 years foll ow ng
the 20 introducing step. Thus this invention also relates to a Aetjapgarl 2006
predi cting whether or not a reduction in viral load in a subject is |likely
to be observed conprising the above nethod steps and wherein follow ng
engr af t mentWQO3/¥6612t he tine at which the cells establishPAIHEWEINEs in the
bone marrow) there are at |east 10% gene-contai ning H? 11 January 2006 WO
03/ 006612 PCT/ US02/ 21713 14 cells in thetgoone marrow. Further, in another
preferred enbodi nent of this invention, if the nunber of gene-containing
and/ or non gene-coptaining HP cel]s is |less than, the ..preferr.ed number, for
i ntroduction F‘?i]rgén {f’ﬁg’o%ﬁﬁ%’é’@t"; %Pﬁé?{’ ’Pﬁ@‘”ﬁ%ﬁﬂr@g‘%ﬁ?‘%e g?f?’g]ﬁma cﬁmﬁﬁgeﬁfm’ﬁore
addi ti onal nobilization and aphereses are conducted until| the pooled HP cell
5 nunbers (geHe HRQeTRfgcBeRAtaBIRE AR PHIPN gege-gontpigingHR ﬁ%llsawwgma@epr ovi ded
in step (d) above. Preferably, the resultant pool of cells conprises

suf fici ent gepiefesied npwhewionintgdutiog Aato Hie stbilettsthen ie ceHaiare fipgemandeniewery t o
sai d subject, the subject receives a dose of at |east 5x106, nore

pref erably i nmexcaidgiont] rhobilid:dion and htEFes@nSdondtiRed ahtilshapabled/dP cdlD nor e
preferably in excess of 4 x 107 or 5x107 CD34+ HP cells containing the
gene(s) pe kgnbedigenegihionafent-bentsinbipeistat Rad tist danhduntmy gropided &rsedpl () i n
excess of 8 x 107 or at least 10 x 107 CD34+ HP cells containing the
gene(s) per kgRedy weight of the subject. Preferably, the resultant pool
of cells is such that, upon delivery to said subject, 15 the subject

ol 8 Lt e o el o B ph b g
grel lrrzl)’ eOLr Z]E e{;?glg{-/ Hl%);c]eﬁ% éth% &ﬁgl%n\gglb\%g toostclidtsggjeétya:!e%%j e&@eée(i)veé)é :!ig;e o?e' I's/kg
at least 5x10°, more preferably in excess of 1 x 107 or 2x107 CD34+ HP cells and even
10 more preferably in excess of 4 x 107 or 5x10” CD34+ HP cells containing the gene(s)
per kg body weight of the subject and still more preferably in excess of 8 x 107 or at
least 10 x 10" CD34+ HP cells containing the gene(s) per kg body weight of the
subject.
Preferably, the resultant pool of cells is such that, upon delivery to said subject,
15 the subject receives a total numb_er of cells (i.e. the HP cells containing the therapeutic
gene(s) and all other cells present in the resultant pool of cells) of at least 1x10”/kg
body weight of the subject up to 4x107 cells/kg or more preferably up to 10x10 cells
per kg or more.
The population of cells "harvested" from the subject may be obtained by any
20 number of methods well known in the art. For instance, the patient may be treated so
as to mobilize HP cells from bone marrow into the peripheral blood, for example by
administering a suitable amount of a cytokine including, but not limited to, pegylated

Granulocyte — Colony Stimulating Factor, pegG-CSF, Granulocyte Macrophage

Colony. Stimulating Factor (GM-CSF) and, more preferably G-CSF, followed by



per kg or nore. The popul ation of cells "harvested" fromthe subject may be
obtained by any 20 nunmber of nethods well known in the art. Forq1i astia)ceos
the patient nmay be treated so as to nobilize HP cells frombone narrow into
t he peripheral bl ood, for exanple by admnistering a suitable anount of a
cyt oki ne i n¥PEHPKE2 but not limited to, pegylated G anul JEHE2288} ony
Stimulating Factor, pegG CSF, G anul ocyte Macrophage Colony..stinmulating
Factor (GW CSF) and, nore preferably G C35, followed by 11 January 2006 WO
03/006612 PCT/ US02/ 21713 15 apheresis filtration. Alternatively, HP cells

maybe aspirated fr.om bone rrow Qr ord bl qgod i.n ordance with

vel | - known te@%ﬁw&a@@aﬁﬂle ieERivaly. ﬁ@lﬁﬂaﬁgﬁéﬂraﬁ%ﬁﬁ?r&t BRIUBFOWER | s
preferably includes one or_ nore washing steps (e.g. using centrifugation or
aut omat ed cel $ordhlond in3ecgrdanes Wi wallikpeWytechnigiesps (i .e. to rempve excess
red blood cells, granulocytes, platelets, T-lynphocytes and). Preferably,

t he debul ki ng st elredtmepieafithy hasvesiedipopulatieieaficels prafebdy inchdeRuecir@gnie  DACS
System (Charter Medical, Wnston Salem NC) and, preferably further

conpri ses a HRashélg stepel(@g.tisorg cshtejfugatibh credukonsaédadl voashem)y arttéoraletbutiueg]l by
immune affinity or flow cytonetry techni ques. Preferably, the HP cell

sel ection 9 efedl.€ed fenddyeCiBds reddliddd cBlls, igfinaldeiiss iAo dT-Ienghobys | nvol ve
antigen depletion of mature/ conmtted hematopoietic cells, thereby
enriching they@el breRPMN,akd QdbuliMg dp 18 BbitSrmed RSing HRAeGRL buchek B D&RAr@hep can
be perfornmed using a variety of selection deviceS such as, but not limted

) h Ne I/ (5] - alc - er
Cli ni WS, ( M PEEmErn] et MR WS NGB8 Yol B e o o ol
Ts Technol ogi e5, (VANCOWYEH B, CONAUR)..ALSNSER Do Gy ThFey LEALISNT Of the
Eerye ey 2 F e19

har vest ed pop‘fﬂmaf.l on 0 1S5S0 Thvolve a

affinity or flow cytometry techniques. Preferably, the HP cell selection step selects

10 CD34+ cells or in another embodiment may involve antigen depletion of mature/
committed hematopoietic cells, thereby enriching the cell population for HP cells. The
HP cell selection step can be performed using a variety of selection devices such as, but
not limited to, the Nexell/Baxter Isolex 300I (Irvine, CA), the Miltenyi
CliniMACS, (Miltenyi; Biotech GmBH, Bergisch Gladbach, Germany), Stem Cell

15 Technologies (Vancouver, BC, Canada) StemSep Device.

The treatment of the harvested population of cells may also involve a cell-
culturing step to increase cell numbers and especially to increase the number of
selected HP cells. Cell culturing is also required to introduce the therapeutic gene(s)
into the cells and cell culturing may be used after introduction of the therapeutic

20 gene(s) to facilitate gene integration and expression of the gene construct and to
preferably expand the number of such gene(s)-containing HP cells.

The initial treatment steps (mobilization, apheresis, HP selection) results in the
obtaining of, and enriching for, HP cells. The definition of the percentage of HP cells

requires.a measurable aspect of these cells such as CD34 antigen positivity. It is to be



culturing step to increase cell nunbers and especially to increase the
number of selected HP cells. Cell culturing is also required to1ihueg9uees
the therapeutic gene(s) into the cells and cell culturing nmay be used after
introduction of the therapeutic 20 gene(s) to facilitate gene integration
and expr essY8#¥81¢%2he gene construct and to preferably egﬁaﬂﬁwyﬁgihunber of
such gene(s)-containing HP cells. The initial treatnment steps (nobilization,
apheresis, HP selection) results in the tbtaining of, and enriching for, HP
cells. The definition of the percentage of HP cells requires a neasurable
aspect of thes

| | h [ . S HBYY L.t i 11
January 2006 %%@%8%%&%“%@ Qf%ilé %g@%grsé:t;eﬁ%s\@ %%%8‘#%8 Iﬁla]tegs(t? %Q(%f reat ed
| of |1 [ f i - t % f bl t
oast 40% moRBIRERGHRbRy ot 17 OO PEGE01 GHll ah Ao IO Py BIFaLly | cast
80% HP cells. Introduction of the therapeutic gene(s) or nucleic acid

sequence(s) i Hey 8P HBge!s.a 5 portion of the HP cells may be achieved with
any of a variety of nmethods well known to the art or other methods. In a
preferred enbodi mefredudtiea of Hertberersutie senets) oenyslay acid sequgpeaftlértp ghleagitng
retroviral vectors or other viral or non-viral (DNA or RNA) vectors
carrying the portiompineit ¢pls efay)beachinved|vatlcanyeif d verefy o orflmds Wl dnewn
transduction. is wused, a transduction-facilitating agent (e.g. for

retroviral veed e st of bheGHRD6dd. 1A gpesterrddenifodirhdit ahe itiodudingswep adploys,
RetroNectin or other agents such as polybrene or protarnine sulphate) is

preferably us@gysalfiRnBRigaEkSvIRPNcRIrS bindhdrReral SieloaPStal (IENALR KNA) veEtopuc ei ¢
aci d seguence(s), and cells derived therefrom (i.e. from subsequent |ynphoid

and nyel oi d @ﬁ%é)ﬁgit}?e?ép%)m% @g@%@% 5@ sRLEI IR WheFARRRER 8 is

expressing the "therapeutic nucl el ¢ aci d” sequence(s) where the

therapeutic 9604, ééaﬂsﬁﬁ&ﬁqgfgcﬂnjaﬁné Qéenf: &lé fo%)i'&{oqr?éi P&tors, the CH296 fragment

10 of fibronectin known as RetroNectin or other agents such as polybrene or protamine
sulphate) is preferably used. The HP cells containing the therapeutic gene(s) or nucleic
acid sequence(s), and cells derived therefrom (i.e. from subsequent lymphoid and
myeloid hematopoiesis), contain and are preferably capable of expressing the
therapeutic gene(s) or nucleic acid sequence(s) where the therapeutic gene is intended

15 for cell expression.

The therapeutic nucleic acid introduced into the HP cells can encode a product
such as, but not limited to, proteins (e.g. transdominant proteins and intracellular
antibodies), antisense RNA, aptamers, interfering RNA and catalytic ribozymes in the
case of HIV/AIDS and these or other genes such as tumor suppressor genes in other

20 diseases.

The cells may be delivered to the subject in accordance with routine methods
such as cell infusion. The cells may be delivered together with a pharmacologically
acceptable carrier (such as, for example. 5% Human Serum Albumin) with

pharmaceutically aceptable buffers, salts, and the like. The subject may or may not be



The therapeutic nucleic acid introduced into the BF cells can encode a
product such as, but not limted to, proteins (e.g. transdom namntUamizy 2006
and intracellular antibodies), antisense RNA, aptarnors, interfering RNA

and catalytic ri bozz\érres in the case of H V/AIDS and these or other genes
such as tunBP %30¥pt%essor genes in other 20 diseases. The ReVPY¥2HY be
delivered to the subject in accordance with routine nethods such as cell

i nfusion. The cells nmay be delivered together with a pharmacol ogically
acceptabl e carrier (such as, for exanple. 5% Human Serum Al bumin) with

pharmaceutical ly acceptable buffers, salis, and the like, The subject mayor
may not be 11@]’%@63@ I8 nﬁﬁ%@@%ﬁ“@ﬁF%@dﬁY‘gﬁaﬂ@onﬁ the hoof mafraWhet or e

re-infusion of the cells) subjected to nyel oabl ation of the bone marrow
(defined as ofddipéps erertherdsBirtoppictic emnditionBirpgimeay Hasveyer, Hpywerglrredi n a
preferred method for engrafting a transduced HP cell popul ation of the
present i nvenmetrwddodengraftiega trassdseddHRiedlli mipulatiore6f the pfesertenysnbereand
i nvention, the subject does not receive 5 nyel oablation therapy (i. c.,
conpl et e or néateed; anpbsimiatiegiefiticf thopresdnt inventlonnhe sulsjecdpes wit rexeiver
hemat opoi ctic conditioning regines, The benefit of these nethods for

generating 8 uiyRRasMEestheRgdyeNQr ahiptde BhceddmiIap dbsitucOoh ¥ thEBéte marrow)
nyel oabl ation is that it myel oabl ati on procedures, including, but not

limted to chepfbelaReifoidicUbndiAchias | t TRa baRIAL 8 the§emE@¥dsSror €Ner gy
drai ning and debilitating tlg trrllolse subﬁ%glcl:%ss receiving the 10 prgf:edur es, The

T ot o A B GO I AR BBE
Lo, Cam . 380 RSB A RSP AR e RIS
15: 485-490), %ggtmterr}t%, 2|1r|e l’[<o(§‘('ic, lér?érg}? %%Ageénd debilitating to those subjects receiving the
10 procedures.
The methods of this invention may be combined with other therapies, including
for example, other anti-viral therapies. Other antiviral therapies include for example,
the use of RNA decoys, intracellular antibodies, interfering RNA (Sharp, P.A. (2001),
RNA interference — 2001 in Genes & Dev 15:485-490), and the like. For example,
15 where the method is directed to the use of an anti-HIV therapy, such as for example a
ribozyme-type therapy, other anti-viral or particularly anti-HIV therapies may be used.
Where a ribozyme-type therapy is used, more than one catalytic ribozyme may be
delivered to a cell or different ribozymes can be delivered to different cells in the
sample originally removed from the patient. Similarly, the method can be combined
20 with other gene therapies not requiring HP cell transduction, such as standard
chemotherapies and protein therapies known in the art. One example with respect to

the treatment of HIV-infected patients is the combination of the method of this

invention with standard medicaments for HIV, particularly where HIV -resistance is



15 where the nethod is directed to the use of an anti-BIV therapy, such as
for exanple a ribozyne-type therapy, other anti-viral or particul@nhLiry 2006
anti-MW therapies may be used. Were a ribozyne-type therapy is used, nore

t han one c | ytic ribozyme may be delivered to a cell or_dj
ri bozymes 2@? %@665%21 ivered to different cells in the sarrpT&%%@é?ﬂgél ly
renmoved fromthe patient. Simlarly, the nmethod can be conbined 20 with

ot her gene therapies not requiring HP cel18transducti on, such as standard
chenot herapi es and protein therapies known in the art. One exanple with

respect to t t.reat nent H V=1 nfect i [ i natdhon of the
nmet hod of thi eete(ftﬁﬁ%rn‘?ll?%%H&?fllﬁgkg?%n]ﬁgrsaﬁrg%El?%:%rﬁg%frseh?%tbggoé?&g3&? %Ig‘gl arly
where Hl V-resistance is 11 January 2006 WD 03/006612 PCTI US02/21713 18

detect ed or WHEYBHP\.infection in a subject has proved refractory to other
anti-H'V treatnents. Wiile this invention is contenplated as a general

met hod for i ntrodWeiladhis Bweriads sonienRlated At apwmerd megladdopintrodycings nat opoi et i ¢
system the invention is directed, 5 by way of exanple only to anti-viral
gene therapy Fxagerwy genqicantdisingeelisod thetentatopoistic systera) the inverfiang s dirgcted,
positive subject are enriched for HP cells and the therapeutic gene(s)
encodes an anby wal Vf granghlie biflg Yo anfhvisal gene thertypy fod HAY p due this tnkthog thesent

i nvention provides for defining the dose and preparing HP cells, preferably

CD34+ cel |'s, whivedtedcent fom @ HENBdsitveanlsjediangeniohanfor HPIR11HnNd the oduct (s) for
delivery to an H'V positive subject in order to consistently achi eve an

antiviral theirpeitcCedBblsPeicod Wnl LtiMHINOEYIREsRr € contenpl ated as a
preferfred enbodinment of this invention, other gene-encoding anti-viral

products can be U‘fﬁ%, ﬁlh%}'rdagaecéﬂfe X?&Ent'&&@nﬁ&@p%@id@?fdr%@ﬁﬁﬁ HRE1o8P¥nd
interfering RNA, and the [ike As indicated above, the mathenatical
simulation f OE)reH}'iIFg }?FE&&%J&?&A&? C!D%4-1b @aﬁgwhich contain a gene(s) encoding an anti-
10 HIV product(s) for delivery to an HIV positive subject in order to consistently achieve
an antiviral therapeutic effect. While ribozymes are contemplated as a preferred
embodiment of this invention, other gene-encoding anti-viral products can be used such
as, but not limited to antisense therapy, interfering RNA, and the like
As indicated above, the mathematical simulation for this determination is based
15 on published differential equatiqns (Murray et al. 1998, Haase, 1996) and the
mathematical simulation used in this invention as applied to HIV infection takes into

account:

i) T lymphocyte cell production over time as a function of age of the individual

Ly
Ry

and mass of the thymus;
20 1) Naive T lymphocyte activation and proliferation in response to antigen;
iii)  CD4+ cell decline over the course of HIV infection; and
iv)  production of monocyte/macrophages.
The determination of the effect of increasing CD34+ dose was explored by

using.mathematical simulations which provided a theoretical method to assess whether



15 on published differential equations (Murray et al. 1998, Haase, 1996) and
the mathematical sinulation used in this invention as applied ta Jgh¥ary 2006
infection takes into account: i) T |lynphocyte cell production over tine as
a function of age of the individual and nmass of the thynus; 20 ii) Naive T
| ynphocyt e WetWPH612on and proliferation in response to antPgeERS0221713) CD4+
cell decline over the course of H 'V infection; and iv) production of
monocyt e/ macr ophages. The determ nation ofgthe effect of increasing CD34+
dose was explored by wusing mathematical sinulations which provided a

t heoretical nmethod to assess whether 11 January 2006 WO O jOO&g:ELqie

PCT/ US02/ 21718r 8% thegfRpgrtransqucedieAdd4 ogH saproadh doplshprodygela %&W Vagul d
produce a clinically relevant effect on CD4+ cell count and viral |oad in
H V pati ents. efferion Chi4huelitconntang visdl load inttHY patigeis e Fb¢saginaHaticg peedst  CD34+
cells would give rise to RRz2-contining CD4+ T | ynphoctyes and

nonocyt e/ macr dphagessing thehlosmof €D 341pedls wonld@ddetisE tb RijzReoutigng Codu s and
H'V viral | oad. Based on these sinulations we have el aborated a nmethod to
define and maymphoetythendsiRitefhacdphagsd wiech while éhpset bft ODANIE Behphdhige dose
of transduced CD34+ cells is increased by a factor of at least 2 - 10 over

t he hi ghest 5 degts #RGHV Firdl G BaSedABEe sinkullatiIng we HaVS edB&Btel & nddthcd tabl e
by the net hodol ogy descri bed. The nethod of delivery of the anti-HV

: DSRS0 €]  Bongr ¥ .
product (s) thgrefong 68 Rizk #un In&f 9&{Icl g { nAusRld TRYRb LG 2

popul ati on of viable ce g HP ce pretferably 4+ cells; (i)

treating and/ %ns%ﬂ!:e%d%?lb?ﬂi- ée%ﬁ%i%%%%qg%g??ac%r o?gé 1|e§st b 1%%1 tﬂg hlaghgé? %se‘-"f

cells —tonprising at Teast S, an

used in previous Phase I trials. This dose is attainable by the methodology described.
The method of delivery of the anti-HIV product(s) therefore comprises:

10 (i) obtaining from said subject a population of viable cells including HP cells,
preferably CD34+ cells;

(i1) treating and/or culturing said population of cells to provide a pool of cells
comprising at least 20% CD34+ cells; and
(ii1) introducing at least one therapeutic gene into a population of the CD34+ cells

15 within said pool of cells such that said therapeutic gene(s) is/are capable of being
expressed in said CD34+ cells; wherein a resultant pool of cells is prepared which
comprises CD34+ cells containing the therapeutic gene(s) such that, upon delivery to
said subject, the subject receives a dose of at least 0.52x10° HP cells containing the
therapeutic gene(s)’kg body weight.

20 Preferably, the resultant pool of viable cells is prepared which comprises
therapeutic gene(s) containing CD34+ HP cells such that, upon delivery to said subject,
the subject receives a dose of at least 5x10°, more preferably in excess of 2x107, and
even more preferably in excess of 5x10” HP cells containing the therapeutic gene(s)/’kg

body weight.



(ti1) introducing at |east one therapeutic gene into a popul ation of the
CD34+ cells 15 within said pool of cells such that said therapeutighugs0s)
i s/are capabl e of being expressed in said CD34+ cells; wherein a resultant

pool of cel i pared which conprises CD34+ cells con{alni e
t her apeuti c@ed@?@;?such that, upon delivery to said subj %@#&g@%é%gubj ect

receives a dose of at |east 0.52x106 HP cells containing the therapeutic
gene(s)/ kg body weight. 20 Preferably, th&resultant pool of viable cells is
prepared which conprises therapeutic gene(s) containing CD34+ HP cells such

that, upon deli vepaéférgoelf,gtiggre%w@n?gw ofaafﬁ i%i{eiég&ft, éﬁgﬁ‘ﬁisl\f@e?y%éjﬁ)ﬁx%n@fheat

| east 5x106, nore pre y I'n excess o even nore preferably
in excess of HP. ce j . r ' :

bodywei ght . éé%eg‘gheé’gygsz%{?zal%%%%Jﬁryég%cﬁﬁ%#tﬁ%@%%@ﬁg% tﬁé/raﬁeglg?abl y, the
resul tant pool of .cells i.s sych that, .upon. delivery tient.7.the
patient recei ¢8¥E a{“é)f“gf’hﬁ‘?ﬁﬁﬁggrpr%?n d’éf}iesfesflp‘f“lgpof’ﬁ%fCﬁnﬁ’g@glafga%iﬁ{oa{lﬁgi ng the
t herapeutic %ene(s,) and all other cells present in the.,resultant pool of
celI's) of at Pegsveightieptoyl0lrsykeer yate pirferablysprto 20 H) (k&g §1%8)- mor e
preferably up to 10x107/kg or nore). 5 The harvesting of the tgopul ation of
cel I s and sBbsequér harvestingehthephpylelisn of wells and subsgavens dreafpentiberges g8y bed
above in respect to the first aspect of the invention. Preferably, the
treat ment i nvokvasedoitiassiescsibep atmive washpeattotthefipbapkettaf tre infentioh] s (e. g.
using a standard cell washer), optionally followed by a step of de-bulking

(e.g. using aPreftrabvigiathe trapprnhtinuslvésa finsestevetlwashing Xiges@utatidn bf el (gl | s,
granul otytes, platelets, T 10 |ynphocytes) to produce a popul ation of cells

enriched for Hngeklafdard cElE®a8Er)SsRondlly folleebd Pga 6@p 9f déLbhMehgdB.gakkinpat ed
cell washer), and culturing the HP enriched population of cells.
standard apparatus for removal of excess red blood cells, granulocytes, platelets, T-

10 lymphocytes) to produce a population of cells enriched for HP cells, a second step of
washing (e.g. using an automated cell washer), and culturing the HP enriched
population of cells.

The initial treatment steps (mobilization, apheresis, HP selection) results in an
enrichment of the proportion of HP cells. The definition of the percentage of HP cells

15 requires a measurable aspect of these cells such as CD34 antigen positivity. It is to be
understood that the treated pool of cells preferably comprises at least 20%, more
preferably 40%, still more preferably at least 60% and most preferably at least 80%, HP
cells.

Introduction of the gene(s) into at least a portion of the CD34+ cells is preferably

20 achieved through transduction of these cells with a retroviral vector carrying the
therapeutic gene(s), in the presence of a transduction-facilitating agent (e.g.
RetroNectin). However, those of ordinary skill in the art of gene therapy will recognize

that other published methods for introducing a gene into a cell can produce equivalent

resulis, The gene(s) may encode any anti-HIV product, but preferably encodes an anti-



The initial treatnent steps (nobilization, apheresis, HP selection) results
in an enrichnment of the proportion of HP cells. The definition of yddifry 2006
percentage of HP cells 15 requires a neasurabl e aspect of these cells such
as CD34 antigen positivity. It is to be understood that the treated pool of
cel | s pref ewabbygossonpri ses at | east 20% nore preferably 4Q%usst/iitis nore
preferably at |east 60% and nost preferably at |east 80% HP cells.

I ntroduction of the gene(s) into at |east portion of the CD34+ cells is
preferably 20 achieved through transduction of these cells with a
retroviral vector carrying the therapeutic gene(s), in the presence of a

t ransduct i on- HaVickiatyaiciribgzagentPagticutprly pReferraiNedi HAY-1 ddabgicatihozymesae of

ordinary skill in the art of gene therapy will recognize that other

publ i shed net hpdswhith cldaié BUVENS vathGERE rdz bk @dﬁp&{icﬂ&ﬂ'y,ﬁﬁt}ﬁﬂﬂﬁ y val ent
results, The gene(s) may encode any anti-H'V product, but preferably encodes

an ant i 11 Jagacyod 008 B3 0A0RAZ EREHISORISHS (BB catal V1 i o

ri bozymes. Particularl?y pre d anti-H V-1 catalytic ribozynes are those
whi ch cl eave H &f%\ LEAIR GRS\t ’HIQ@ICIB@. (L]tle rh i.thin the
hi ghly consera\‘glj eé}"%ﬁ&&?) I}Iﬁ:lt) Ogléergée}%(%?sgggnucl eot 1 des @Cf\-@g§ﬁf§9( GGAGCCA
GUA A , SEQ | ) of refer e j Mﬁﬁ% acgessi on
5 nunber K£4WE&§A@3#%% %{gﬁualgguc%géggf [ %%532&% @B%&)o%gqe t he
H V-111B strai.n (Genbank Accession nunber XOl?%% In a preferred
enbodi ment, tREV-dUB;jsam (GsakankAccessinpuabsy£Ph tion of the bone nmarrow
or other marrow.conditioning reginen, and the step of delivering the cells
results in the sulpjaqueferred embodiment, thosubjest dees netaequire spslaabdation3fthecel | s/ kg
body wei ght 10 and of this population at |east 0.52x106 CD34+ cells
cont ai ni ng t heortehrarapeat dthergpared's périditidnigyregimienhand the step of delivering the cells

results in the subject réceiving a dose of at least 1.63x10° CD34+ cells/kg body weight

10 and of this population at least 0.52x10° CD34+ cells containing the therapeutic

gene(s)/kg body weight.

The present invention further relates to methods to monitor for the presence and
expression of the gene construct. We have developed a quantitative real time PCR
methodology methodology for this detection. This type of quantitative real time PCR

15 methodology, termed DzyNA-PCR is disclosed and described by Todd et al. 2000 and
in US Patent Nos. 6,140,055 and 6,201,113 where a strategy is provided for the
detection of specific genetic sequences associated with disease or the presence of
foreign agents. The method provides a system that allows home
amplification coupled with real-time fluorescent detection in a single closed vessel.
20 The strategy involves in vitro amplification of genetic sequences using a DzyNA
primer which harbors the complementary (antisense) sequence of a 10:23 DNAzyme
(Santoro et al. 1997). During amplification, amplicons are produced which contain

active (sense) copies of DNAzymes that cleave a reporter substrate included in the

reaction mix. The accumulation of amplicons during PCR is monitored by changes in"



The present invention further relates to nethods to nonitor for the presence
and expression of the gene construct. W have devel oped a quantiitjahiiarg 206l
time PCR nethodol ogy nmet hodol ogy for this detection. This type of
guantitative real time PCR 15 net hodol ogy, ternmed DzyNA-PCR is discl osed and
descri bed bYOP3dott al. 2000 and in US Patent Nos. 6, 140PEBBS&RYIE 201, 113
where a strategy is provided for the detection of specific genetic
sequences associated with di sease or the pyesence of foreign agents- The
met hod provides a systemthat all ows honbgeneous nucleic acid anplification
coupled with real-time fluorescent detection in_a single closed vessel. 20
The strategy iHOGFGrPESE PrRAYGeL by s tiopjof pergiauec %m%le%‘éﬁﬁ}é?ﬂ%%mﬁai ng a
DzyNA prinmer which harbors the conplenentary (antisense) sequence of a

10: 23 DNAzyne int¢ Spprste sidet ofz DNAGwmy clepyage pity wihh e repertas subsaaisl Cleayagear e
produced which contain active (sense) copies of DNAzynes that cleave a
reporter subsbof thisreportdr galesttaterindibates suecessfinloamplificatiofhef the tuget hedl¢ioacidf
anplicons during PCRis nonitored by changes in 11 January 2006 WO 03/ 006612
PCT/ US02121713eqti2ncef Ruglrtrscrnsarepicntuar e patfampavatieoiBDPRISM®7G0@uencher

dye nol ecul es incorporated into opposite sides of a DNAzyne cl eavage site

W thin the gegefiate DbtestdndRtendd /GRYIBIosPtertd) of othBPBEARIcySleRThdt Rhfe the
i ndi cates successful anplification of the target nucleic acid sequence.

Real -ti nme ma%@a@ﬁ%@oﬁ%ﬂﬂﬁ&e@%@@frﬁ%ﬁtﬁ‘]ﬂ:.the ABI PRISMr) 7700 5 Sequence
m (Appl1e

Det ecti on Syst Bi osystens) or other thernocyclers that have the

e LY ot P oot b LR EAGCRER Lok by Eoryerisc Y Wl

fpeci ficati on the Wo , OF "variatrons sucl conmpri ses" or
LMD 10t sbE OSSR AR TR BN R R
e excl ust on Bt A0, AL 0L DeT Bl eTEnt b IS ol oSSR 0 holh2 P o
el enents, i nt EGEIEEL Giteser ap,siep, or group o » Integ pS,
10 any other element, integer or step, or group of elements, integers or steps.
Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
15 field relevant to the presenf invention before the priority date of each claim of this
application.
The invention will hereinafter be described with reference to the following non-
limiting examples and accompanying figures.
Examples
20

Example 1:

HP cell harvesting. transduction and re-infusion.

In a preferred method, the invention comprises the following steps:



Any di scussi on of docunents, acts, materials, devices, articles or the |like
which has been included in the present specification is solely{QanLh¢ 2006
pur pose of providing a context for the present invention. It is not to be
taken as an_adm ssion that any or all of these matters formpart of the
prior art bX998PHere comon general know edge in the 15 PYEPY*"dvant to
the present invention before the priority date of each claimof this
application. The invention will hereinaftes be described with reference to
the following non- limting exanples and acconpanying figures. Exanples 20

Exampl e 1: | AR cel rvest.i.n tyansducti.on.and re-infusiqp..ln referred
nmet hod, the i r}\‘/enthgﬁmﬁkﬁ%@@gﬁ%n &’SIHF%\'RﬁWé Sé’f’&?)gl.anﬂ” fgﬁﬁ%??npggrﬁg WO
03/006612 PCT/ US02/ 21713 23 1. HP Cell Mobilization fromthe individual's
bone narrow i MW he peri pheral blood; 2. A hheresis of the peripheral

bl ood of the individual to obtain the nobilized - HP cells; 5 3. Washing
Step #1: of tRe unpmheresisgf {hepriphsra blogd ebthenidividud|te abtaingthe mopilizedi Hf  a
cell washer in preparation for potential de-bulking;, 4. De-bulking Step; to
renove excess celdgl cells, granul ocytes, platelets, and T- |ynphocytes; 5.
Washing Step #2: of the enriched HP cells using a cell washer 10 6. CD34+
Cel | Sel ectBors. or Ukshies Sap #0f ofithe ugemnifipd periphesal blol sndnoaucitdn eclldbyamsing

a cell washer in preparation for potential de-bulking;
4, De-bulking Step; to remove excess red cells, granulocytes, platelets, and T-
lymphocytes;

5. Washing Step #2; of the enriched HP cells using a cell washer

10 6. CD34+ Cell Selection or depletion of antigen positive cells from the HP cell
population;
7. Washing Step #3; of the purified HP cells using a cell washer;
8. Cell Culture by placing the purified HP cells into culture with cytokines/growth
factors;

15 0. Transduction Procedure pf the HP cells by using a retroviral vector containing
the gene construct in the presence of a transduction-facilitating agent;
introducing the viral vector;

10.  Harvest Cell Product and wash the HP cells, including the transduced HP cells;

11.  Preparation of Infusion Product; place the HP cells into an infusion bag and

20 perform product safety release testing; and

12.  Infusion of Patient cells back into the same individual.

These steps are described as follows with examples and other modifications to the

invention provided below:



popul ation; 7. Washing Step 43; of the purified HP cells using a cell
washer; 8. Cell Culture by placing the purified HP cells into cultyshganidobs
cytokines/gromh factors; 15 9. Transduction Procedure of the HP cellsS by
using a retroviral vector containing the gene construct i resence of
a transduct '\ O-"’f(@ifsi“fitati ng agent; introducing the viral 88@?%?2%1%8
Harvest Cell Product and wash the HP cells, including the transduced HP
cells; 11. Preparation of Infusion Produ@t: place the HP cells into an

i nfusi on bag and 20 perform product safety release testing; and 12. Infusion
of Patient .Celét% pagk dditobitsaz@me i ndividual. These steps are described as
follows wth exanplres and other nodifications to the invention provided

bel ow: 11 January 12006, WO DFO066IR-REI LRZHED TIhiRA 156 £l om TR WG

I
Mobi | i zation. The fiIrs ep o I'S proce e uses an agent to nobi éfze HP
cells fromthe bagne. rrow.nt.q.the peripheral .bl.ood. An exanple here is
the use of a HFHRY WEON@SIPSEP%C al%floro m“?heé“‘gw ASFS R P8 Ba%t%% g?%?q%céed’
pegyl ated G anul ocyte - | ony Stinulatin actor (p %G anul ocyte
Macr ophage, GVIQESEIC PEeferTerhSiouR F PRy sipg Rﬁgt‘ﬁl@glé:ra’i“ﬁmyé%g%%ly dugs
filtration. Alternatively, HP cells may be aspirated from bone rmarrow or
cord bl ood i8n EretonmeaticeSku SranmiacytedMesrprhess kiViidsandguastnrefeisbly @§iShy
Stinulating Factor (G CSF), (Angen, Thousand Oaks, California, NeupogenTM
i s admi ni st er edll¢veedhyeapbatesie filtratiohc Uitametvedy, \HP edllsineydte agpiratel framd borgy/ kg/ day

and preferably at about 30 g/kg/day, once daily, for up to five consecutive
marrow or cord blood in accordance with well-known techniques.

Granulocyte Colony Stimulating Factor (G-CSF), ( Amgen, Thousand Oaks,
California, Neupogen™™) is administered to the patient subcutaneously, at least at 10
10 pg/kg/day and preferably at about 30 p,g/kg/da);, once daily, for up to five consecutive
days. Complete Blood Counts (CBCs), differential and platelet count are performed
daily during G-CSF administration to assess the extent of the leucocytosis. A blood
sample to determine CD34+ cell counts is preferably drawn on day 3 of G-CSF
administration to ensure that the peripheral blood CD34+ count is greater than 20
15 cells/mm® prior to the start of apheresis. Failure to attain this CD34+ cell number does
not however prevent apheresis which generally occurs on days 4 and 5 of G-CSF
administration.
Step 2 - Apheresis (Example 1; preferably on days 4&S5).
Apheresis is a method of “blood filtration™ to obtain the mononuclear cell
20 fraction of the peripheral blood. Here, a Cobe Spectra (Gambro BCT, Lakewood,
Colorado), Haemonetics (Haemonetics Corporation, Braintree, MA) or Amicus (Baxter
Fenwal, Deerfield, IL) machines are preferably used on at least two separate occasions,
(preferably on days 4 and 5 following mobilization, where day 1 is the first day of

induced mobilization), though in other examples apheresis can be done on earlier or



days. Conpl ete Bl ood Counts (CBCs), differential and platelet count are
performed daily during G CSF adm nistration to assess the exteny g uérg%lOOG
| eucocytosis. A blood sanple to determ ne CD34+ cell counts is preferably
drawn on day CSF administration to ensure that the ri pheral bl ood
CD34+ count ‘?’éﬂgﬁ%gﬁer than 20 15 cells/m®8B prior to the stlgﬁm‘@?&g%er esi s.
Failure to attain this CD34+ cell nunber does not however prevent apheresis
whi ch generally occurs on days 4 and 5 of &3 CSF adm nistration. Step 2 -
Apheresis xanple 1; preferably on days 4&5). Apheresis is a nmethod of "bl ood
filtration" to, obtain t nononycl gar. cell . 20.fractio he peripheral

bl ood. Here, alagﬁlﬁléy%ﬂye%g‘?rgmﬂl@%#ﬁr(ﬁy é&ﬂﬁ%@ﬁé’mﬁ%&qﬁoﬁ%ﬁ ?O“B&ilérggeﬁgefi cs
(Haenonetics Corporatjon,,Braintree, MA) or Amscus (Baxter Fenwal

Deerfiel d, |L) theacheelisémar e meremesiapbly 10sells/mm” apd m@a@reﬁimlk@p@ﬂla’f@ﬁ
occasions, (preferably on days 4 and 5 foll ow ng nobilization, where day 1
is the first diyapfferieddmbedimenbithis apitcresis yieldsteeliglhr predest Hiwm ehoahd Liers
apheresis can be done on earlier or 11 January 2006 WO 0O 3/006 6 1 2

PCT/ US02/ 21713 (12 fbadodrflosiathsougit, mrefesably thisrvgll bh&-1ddy, bat nnts mrhfetdbly 220 pher al
bl ood CD34+ count is greater than: 5 cells/mB or nore preferably 10 _
cel I's/m8 angl aRSioRRéRfBE 11201 ok |gtatefMBrodudt firotn guchlapheresls @rhRsdineeed, this
apheresis yields cellular product fromabout 5 Liters (L) of blood flow
through, pref eﬁﬁma}t’d#/ Bl $n ¥ptcferRA earbbintent, Bdled Pt R RLSHPdIYrediQ-dlalleer) 5 and
nmore preferably stil1 20L or greater. Product from each apheresis is either
treated separ I o i fit er f:he second
apheresis. Tot g‘{)ﬂééé/[aﬁ& abgéﬁ%f%ﬁ@ﬁﬂ%l%@%&%ﬁ%%%@éd.C@?«f&ﬁsﬂe elr‘g?'a\%lil recor ded.
Use of Steps. 1 &2 wll produce 60, Q eater tha .06 ref erably
greater than 28RSt 6 SREREY Hhr Rl male P A 65T it tRiGeieq by
CD34 positivi t%?ea?e?'tﬂaﬁ/ﬁigwm (as measured by CD34 positivity) cells/kg.

10 Step 3 - Washing Step #1 (Example 1; preferably on days 4&S5).
The pooled cells are washed. This is done by cell centrifugation (1,500 rpm or

300g, 15 minutes or similar) or more preferably using an automated cell washer, in one
example this cell washing is done by using a Nexell CytoMate washer (Nexell
Therapeutics, Irvine, CA) using a program that washes cells from bag 4 through
15  spinning membrane to wash bag 1 With the following parameters (Residual Fold
Reduction = 1; Maximum End Weight = 190mL; Source Bag Rinse = 50mL or
similar). This is followed by transfer of cells from wash bag 1 to bag 3 end product
with the following. parameters (Tubing Rinse Volume = 90mL; Maximum Pump Rate =
50 mL per minute; or similar parameters).
20 Step 4 - De-Bulking Step (Example 1: preferably on days 4&5).
In one embodiment, the cells from the apheresis procedure(s) are "de-bulked" on
o each apheresis day- using a system like a Charter Medical DACS-SC™ system
(Charter Medical, Winston-Salem, NC). In the embodiment where product is stored

overnight from the first (or consequent) day(s) for subsequent pooling with final day



10 Step 3 - Washing Step #1 (Exanple 1: preferably on days 4&5). The pool ed
cells are washed. This is done by cell centrifugation (1,500 rpm1JanudqCBHo6
15 mnutes or simlar) or nore preferably using an automated cell washer, in
one exanple this cell washing is done by using a Nexell t ovat e washer
(Nexel I Th&Y&H¥Y9'¢s, Irvine, CA) using a programthat wa H&USE%QIVQ from
bag 4 through 15 spinning nmenbrane to wash bag 1 with the foll ow ng
parameters (Residual Fold Reduction = 1; IlgBxi mum End Wi ght = 190nL; Source
Bag Rinse = 50nL or simlar). This is followed by transfer of cells from

wash bag 1 to bag 3 end product with the fol | ow ap ane te Tubi ng Ri nse
Vol ume = 90mL:P R}g%? %hemSISéﬁ°£EtS&éer éen]?‘HE‘?degn%’F v roéﬂﬁcﬂon and
pararreters) 20 Step - De BuIIrlng Step (Exanple 1; prefera on days
48&5). In one &hebut Pﬁé’ﬁ?a stoed il the seepPradRcHsR paxfesb ‘Hk‘?f’ceta‘ilp‘éié’él are
"de-bul ked" on each apheresis day- using a systemlike a Charter Medi cal
DACS- SCTM Systlemlvqsctmxﬁ shhe vaghedaphergyisn lcmocsar ep thGDSehsalrtonayivr theent
where product is stored oven fight fromthe first (or consequent) day(s)
for subsequentDAGBISGTY daivich afid cealrifiging 1118508 fiora30ymDOES aVID-03 AQHES L2 1sius

PCT/ US02/ 21713 26 product, the two or nore apheresis products are de-bul ked
on the day af wigHouesbiaRe TREproile i retBleredbydinetsici ardesdlldetionl infoluetrapefeond
product has been de-bul ked. De-bul king involves |oading the washed

apheresi s cel |5 Bk 95146 tteARL BnbiignBDS60 sol ution within the DACS-SCTm device
and centrlfugl ng at 850g for 30 mnutes at 20-25 degrees Celsius 5 without a

brake. The pr%btfgg %s%fﬁg%Y%r@gEQéﬁnﬁlg\{ebﬁ% and collection into a transfer
pack urider sterl condi t1ons shing Step #2 (Exanple 1: Day

41. On the day or gﬁlytﬁe giy &Odaglggftéoﬂgctfog%at Wllll {JC Bgreﬁtb%fo?gpgcﬂn%r fhe Pe%ﬂftén?g’ the

resul t ant

product is subjected to a wash step using Dulbecco’s phosphate buffered saline (DPBS)

10 supplemented with 0.5% human serum albumin. This is done using a Nexell CytoMate
washer using a program that washes cells from bag 4 through spinning membrane to
wash bag 1 with the following parameters (Residual Fold Reduction = 1,000;
Maximum End Weight = 20mL; Source Bag Rinse = 50mL; or similar parameters).
This is followed by transfer of cells in 100% autologous plasma from wash bag 1 to

15 bag 3 end product with the following parameters (Tubing Rinse Volume = 195mL;
Maximum Pump Rate = 50 mL per minute; or similar parameters). The fluid path is
then washed with an additional 50 mL of the DPBS plus 0.5% human serum albumin.
The cell product is then stored overnight at a cell density of not greater than 200x10°
cell per mL at 2-8 degrees Celsius. The product that will not be stored ovemnight is not

20 subjected to a separate wash step as this occurs during the CD34+ selection step (Step 6

below).

Step 6 - CD34+ Cell Selection (Example 1; Day.5).



product is subjected to a wash step using Dul becco's phosphate buffered
saline (DPBS) 10 supplemented with 0.5% human serum al bum n. Thi1§jahgak2086
usi ng aNexel |l CytoMate washer using a programthat washes cells frombag 4

t hrough spi nni ng nenbrane to wash bag 1 with the follown aranet ers

(Resi dual Fm(hm&%ﬁ%ti on = 1,000; -Maxi mum End Wi ght = 2B%/US&HPee Bag
Rinse = 50nm.; or simlar paraneters). This is followed by transfer of cells
in 100% aut ol ogous plasma fromwash bag 12tro 15 bag 3 end product with the
foll owi ng paraneters (Tubing R nse Volume = 195nL; -Maxi num Punp Rate= 50

mL per mnute; or sijmlar paraneters). The.fluid.path is, then washed with
an addi tional 50 n’ﬂ’_e ﬁlﬁﬁf&%?‘ﬁlﬁ%p?&%&“ﬁ{?ﬁﬁﬁ‘@m ybgra:ﬁ?qﬁ? are'sfﬁg el |
product is then stored overnight at a cell densitH of not_ greater trg%n
200x106 cel | mEe predicta) angd placed gite the LifeCell bag (Nexell Jhergneutics.HatinenCA) 98t be
stored overnight is not 20 subjected to a separate wash step as this occurs
during the CD3H#esglek 806ii(diexelt ElergBuigs, Bvinpelaldisposedpsd. (If dmpnare more

Sel ection (Exanple 1: Day Q 11 January 2006 WD 03/006612 PCT/ US02/21713 27

The cel | s ar e thaken pratuwtstatidyillbepbeldd i the tatest €mb pdintfe@D3dheelts arhsalestedr e t wo
or nore products) and placed into the LifeCell bag (Nexell Therapeutics,

| rvine, CA) 5f rim the pestheahing pséiiict §iNesigd the TRk 3061 Miltsnyi ot ¥ lin€age dépletion
di sposabl e set. (If there are nore than two products all will be pool ed at

the latest ti @&aﬂ@%}h Bt dells géﬁés;gg%%me@(@g.t@zgmgc@mremg heppREipMashi ng
I,

product by using the Isol ex MIltenyi or a lineage d’epl etion strategy
B e T
SRR LT S e S e
I'sol ex 3001 ,. tprr]ei:f’esragl(})rr;?[caiasst%%% cells of this type. In the case of the Isolex 300i, this comprises
10 the following steps of the automated procedure (as per the Manufacturer’s protocol and

software version 2.5): 1. Cells are washed in DPBS supplemented with 0.41% sodium

citrate and 1% of human serum albumin to remove platelets; 2. Cells are incubated

with the anti-CD34 antibody (as supplied) for 15 minutes at room temperature and

unbound antibody is removed by washing; 3. cells are transferred to the magnetic:
15 chamber for rosetting (30 ininu‘;es at room temperature); 4. magnet is applied to

capture the CD34+ cell/magnetic bead complex and unbound cells are removed by

washing; 5. bound cells are released by incubation with the release reagent PR34+; 6.

cells are washed and transferred to the end product bag for subsequent processing.

Step 7 - Washing Step #3 (Example 1; Day 5).
20 The cells are counted and washed by centrifugation or by using the Nexell

CytoMate or similar and transferred into cell culture medium comprising Iscove’s

Modified Dulbecco’s Medium (IMDM) supplemented with 10% heat inactivated Fetal

Bovine Serum and, in a preferred embodiment with 50ng/mL Stem Cell Factor (SCF)

and $00ng/mL Megakaryocyte Growth and Development Factor (MGDF). This is



10 the follow ng steps of the automated procedure (as per the Manufacturer's
protocol and software version 2.5): 1. Cells are washed in DPB31 january 2006
suppl emented with 0.41% sodium citrate and 1 % of human serum al bunmin’to
remove platgl ets: Cells are incubated with the anti- i y (as
suppl i ed) ngrOO@%r%%nut es at roomtenperature and unbounﬁé??g%ggﬂgs
renmoved by washing; 3. cells are transferred to the magnetic, 15 chanber for
rosetting (30 mnutes at roomtenperature?8 4. magnet is applied to capture
the CD34+ cell/mgnetic bead conpl ex and unbound cells are renoved by

washi ng; 5. bou cel.l rel i ] | . r eagent
PR34+; 6. cel Qg%l}eg 11\1/\2[\84?(;1\2 Slépr{)é%%r%g%s‘%éf ird;}é H?%%aﬁgv%%ﬁgtfﬂo u‘{:u?‘J %g‘grﬁf or
subsequent processing. t 7 - Washin t 3 le 1: Day.5). 20 The
cells are couft'@g %ﬂ%‘%@ﬂ@@aﬁwaﬁ?{ﬁ?gg‘ﬂiﬁ%g’ﬁﬁw g%%ﬁﬁgf‘ fEoRgty el |
CytoMate or simlar and transferred into cell culture nmedium conprising

| scove's MbdiSPnaHe mearpBaredo &vagk bra hvith svplleviss parsemteas (Restualdedd heat
inactivated Fetal Bovine Serumand, in a preferred enbodi ment with 50ng/n
Stem Cel | Factwuq@@alo;mlmw@ﬁﬁﬂelml&ym@ RaeRinse aAdmbesrsinaibirent
Factor (M3DF). This is 11 January 2006 WD 03/006612 PCT/ US02/21713 28
performed i A Mpidbivtess)pPhieicfotlededbyt tank B9 heedls fionawashvimgddo Beg 3lendpwidne, Seni m
using a Nexell CytoMate washer programthat washes cells Irombag 4 through
spi nni ng NenbrINRCED bugsyithrag follomitdpdritretéro (T ubih g Binga Vatmiiet S0drsesi dual Fol d
Reduction = 10; Maxi num End Wei ght = 20nmL; Source Bag R nse = 50ni; or

simlar 5 par apstsas)PunRae S30hel havaulyol fdafRlaiep! | s from vash bag 1
to bag—3 end product, a LifeCell bag, with the foll ow ng paraneters (Tubing

R nse Vol une ;500! ; qouaakien tg = 50 nmL per minute; or simlar
(GOOTCCy VB A P T Rl

paraneters). ture (EXiTWe 1 ~ DUs 5-8).
The cells are placed at preferably 1x10° to 5x10° cells/ml into cell culture flasks,

10 cell culture bags or in a preferred embodiment into 1,000m1 (390cm?) Nexell Lifecell
X-Fold Culture Bag (Nexell Therapeutics) or similar with Iscove’s Modified
Dulbecco’s Medium plus 10% Fetal Bovine Serum (FBS) containing cytokines/growth
factors. In a preferred embodiment this cytokine/ growth factor mixture consists of
Stem Cell Factor (50ng/ml) and Megakaryocyte Growth and Development Factor

15 100ng/ml). Steps 3-9 will result in up to 12x107 HP cells or more (as assessed byi
CD34 positivity) per kg. Cell culture is conducted in a 37 degree Celsius humidified
incubator with 5% CO, for 30 —36 hours.

Step 9 - Transduction Procedure (Example 1; Day 7).
The cells are harvested from the first flask or tissue culture bag, including in a

20 preferred embodiment a Lifecell Culture Bag or similar and using the Cytomate device
or similar, resuspended in retroviral supernatant such as a 200 microliter aliquot of a
retroviral-containing medium, which in a preferred embodiment is produced from using

AM-12 packaging cell line (Genetix Pharmaceuticals or ref Markowitz, D., Goff, S. &



The cells are placed at preferably IxI G to 5xI 06CellS/M into cell culture
flasks, 10 cell culture bags or in a preferred enbodi ment into14J90&w 2006
(390cm 2 ) Nexell Lifecell X-Fold Culture Bag (Nexell Therapeutics) or
simlar with Iscove's Mddified Dulbecco' s Mediumplus 10% Fetal Bovi ne

Ser um ( FBS) YOMM{%H ng cyt oki nes/growth factors. In a prefeVFEE2Hbodi ment
this cytokine/ growth factor m xture consists of Stem Cell Factor (50ng/m)
and Megakaryocyte Growth and Devel opnent pactor 15 | OOng/m ). Steps 3-9vdl ,
| result in up to 12xI 07 Bp cells or nore (as assessed by CD34 positivity)

per kg. Cell culture is.cqonducted in a 37 degree | si us. hum.difjed

i ncubat or wi tﬁ?agk/ﬁ‘%ﬂéégsé'rg%w%t@nﬁﬁ P& °f§t58?egm8 eﬁ?@&ﬁ@?%%lﬁa&k%e
(Exg=le | ~ Day_7). The cells are harvested fromthe first flask or tissue
cul ture bag, icRtliRIiVig/ag. K7, 400-49%) erred enbodi ment a Lifecell Culture Bag
or simlar and using the Cytomate device or simlar, resuspended in
retroviral super nalnghis esaoplesibe &MB) grade ratroviral supeandteniotas gfanyfactured by
retroviral -containing nedium which in a preferred enbodi nent is produced
fromusi ng ARioR&iapacCagomngonr,ddckyiileeVDEGaietGMP Rhaditiensintaispedidised r ef
Markowi tz, D., Coff, S. & 11 January 2006 WD 03/ 006612 PCTI US02121713 29
Bank, A (188%cilitEOTtet idée}ine BorhidingSectef, RR72,2dnd nielbdsffbi @eneratinggd10t r opi ¢
packaging cell line. Kirology, 167, 400-406.) In this exanple, the G\P

grade retrovi hahicRYB&ItRAIB ke MEyRRMES Beh ‘déﬁﬁbl&}’in BtoRed AR ERRIAL | ONn,

Rockville, MD under GNT conditions in a specialised 5 facility. The ribozyne
Cont el 10 Vgt los ¥ 4 IR U RIAL Mt PREIRL O o,
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Appl i cations 25-655 lplgnzlgnna?ﬁr;essﬁ).pfhe vector producing cell line was plated at 3-4 x 10* cells per
10 cm? in 850 cm? roller bottles in DMEM supplemented with 10% heat inactivated fetal
bovine serum, and cultured at 0.5 - 1.0 rpm in a humidified atmosphere in the presence
of 5% CO2. When the cell density reached 9 x 10* per cm?, the culture medium was
replaced with IMDM supplemented with 10% heat inactivated Fetal Bovine Serum and
cultures for 4 hours. At time = 4 hours, the culture supernatant was collected and stored
15 at 2-8 degree Celsius, until all collections were prepared. The culture in IMDM
supplemented with 10% heat inactivated Fetal Bovine Serum was repeated for an
additional 5 hours and then again for a further 15 hours. In this way, 3 collections of
virus containing medium were collected, pooled and 0.2 micron filtered prior to sterile
filling 200 ml into 1 L Cryocyte bags (Nexell Therapeutics, Irving CA) and storage at -
20 70 degrees Celsius.
The GMP grade virus supernatant was analysed to confirm absence of
contamination by the following tests: Mycoplasma (1993 PTC), replication competent
retrovirus co-cultivation assay, Isoenzyme analysis, in vitro adventitious virus assay, in

vivo adventitious virus assay, sterility (membrane filtration) assay, bacteriostasis and



51- 64, Humana Press). The vector producing cell line was plated at 3-4 x 104
Cells per 10 CM in 850 CM2 roller bottles in DVEM suppl ement ed 1w jaRudi) %006
heat inactivated fetal bovine serum and cultured at 0.5 - 1.0 rpmin a
hum di fi ed at nbosphere in the presence of 5% C02. Wien the cell density
reached 9 xVPIAOYER cne, the culture nediumwas repl aced ViV HSOY B

suppl enented with 10% heat inactivated Fetal Bovine Serum and cultures for
4 hours. At time = 4 hours, the culture sgpernatant was coll ected and stored
15 at 2-8 degree Celsius, until all collections were prepared. The culture
in I MM supplenmented with 10% heat inactivated Fetal Boyine Serum was
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In this way, 3 collections of virus containing nediumwere collected,
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Cryocyte bags (Nexell Therapeutics, Irving CA) and storage at - 20 70
degrees Cel si (lsmuliseAragpRcyieddsate chramogenieasian dntaddiion Yoauaterdal easf i r m
absence of contam nation by the following tests: Mcoplasnma (1993 PTO),
replication coasedtf@ntotenceisioy a B3T3 idectvity Risaptlh the msfayd embodmeyithednal ysi s,
in vitro adventitious virus assay, in vivo adventitious virus assay,

sterility (sregbthan@rdvirhl fupbinamnt iasxay’ chlast Rihbgtuags peranld 11 January 2006 WO
03/ 006612 PCT/ US02/21713 30 fungistasis (nmenbrane filtration) assay,

general safety testhe 700Rhicfotdr ANqiic? WAS triiiferrdiShtb @Sk tBERI dulthedloh@ieRssay,
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10 pre-coated with RetroNectin (Takara Shuzo Co., Shiga, Japan) at 1-4mcg/cm® . The
RetroNectin coating is conducted, for example, by addition of 0.8mL of lmg/mL
solution of RetroNectin to a 390cm? LifeCell X-Fold Bag and incubation at 2-8 degrees
Celsius for 16-48 hours. Any unbound RetroNectin is removed by washing twice with
60mL DPBS. The Cytomate cell washing step is conducted using a program that
15  washes cells with IMDM plus 10% heat inactivated Fetal Calf Serum from bag 4
through spinning membrane to wash bag 1 with the following parameters (Residual
Fold Reduction = 10; Maximum End Weight = 20mL; Source Bag Rinse = 50mL; or
similar parameters). This is followed by transfer of cells in the retroviral supernatant
(200 mL in a preferred embodiment) that has been thawed and supplemented with the
20 cytokines SCF and MGDF at the concentrations as above, in a preferred embodiment.
The transfer is from wash bag 1 to bag 3 end product which is the RetroNectin-coated
LifeCell Bag with the following parameters (Tubing Rinse Volume = 195mL;

Maximum Pump Rate = 50 mL per minute; or similar parameters). The fluid path is

then washed with an additional 50 mL of the IMDM plus 10% heat inactivated Fetal



transduction facilitating agent. Such agents include polybrene, protam ne
sul phate, cationic lipids or in a preferred enmbodi ment, in a ti1gssfusylIZotse
cont ai ner that has been 10 pre-coated with RetroNectin (Takara Shuzo Co.,

Shi ga, Japan | -4meg/cn2 . The RetroNectin coating is conducted, for
exanpl e, bywéc?%m@&n of 0.8nL of Ing/nmL solution of Retro‘i@é‘t’%%’zl%ja 390cn?

LifeCell X-Fold Bag and incubation at 2-8 degrees Celsius for 16-48 hours.
Any unbound RetroNectin is renoved by wasting twice with 60nL DPBS. The
Cytomate cell washing step is conducted using a programthat 15 washes cells

with | MDM plu % heat_ i nactivated Fetal L f. Serum from.bag-4, through
spi nni ng rrenb?&#ge’%ugl‘\/\ggﬁﬁﬁgﬁﬁi‘%’ﬁ?ﬁtefhig ?&%faf% ﬁ‘aﬂﬂ%ﬁ’lg?%]t]@lﬁgw $F dual

Fol d Reduction, = 10; xi mum End Wi ght = mL; Source Bag Rinse = 50nL; or
sinilar par angﬂé}“é?‘?lmgﬁﬁgd ingulagry Yﬂ%g%&p% 55‘3&‘08%’5 |qa§s’q§hprpﬁ§iu1:eel§r ovi r al
supematant (200 nL in a preferred enbodi nent) that has been thawed and

suppl ement ed ¥ipetied pingie Sytavits o5 simdpr; dordhivsgnd trapsdaciiem ediftaratittéhs as

above, in a preferred enbodinment. The transfer is fromwash bag | to bag 3
end product whhatdferied to hacRdtssusNultticrrontomer@olybiche,GeblamBzegsulihate) phestifrodd owi ng
paranmeters (Tubing R nse Volune = 195nL; Maxi mum Punp Rate = 50 nL per
m nute; or 5i tdthasanpasasimilarRgtroNbbiin-Edatidtoptatner frem witielnthsnshael Biet h an
additional 50 nL of the | MOM plus 10% heat inactivated Fetal 11 January 2006

WO 03/ 006612 R&rdsfddSad tRd Cltonde isGddnticabed theprotb@urRatdcadlecfor tecrat ed bag
containing cells is placed in a 37 degree Celsius humdified incubator,

with 5% CO2. AbA@hctRn/IPMERmed 8mbbBRRAC i P Q6RAMErdsh 200RPeRLES ousi ng the
CytoMate or simlar; for this second transduction, cells are either

t f dt ' . i i i
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sul phate) or: returne e sane or sim ctin-coate
L; g?e\(ljmuir gh dys]g F%%&”ﬁ?dg}&éa%iéteitﬁ?rgi{o?{lonvé'iotr E]s r%lpe%te s%\?erxrglttlemés o} 911%1 EII! lg:e"%fodg Or the
10 time. An aliquot of the retroviral supernatant(s) is collected for sterility testing. This
growth/transduction procedure will result in up to 5x107 gene-containing HP cells or
more (as assessed by CD34 positivity) per kg of body weight. This number is
determined by quantitative assay such as DzyNA PCR. The transduction efficiency will
be at least 10% or greater, and preferably in the range from 30-50%, and more
16 preferably greater than 50%.
Step 10 - Harvest Cell Product (Example 1: preferably on day 8).

On the morning of day 8 (which in the preferred embodiment is day 3 of cell
culture), cells are harvested and washed using standard cell centrifugation (1,500 rpm
or 300g, for 15 minutes or similar)or automated systems such as the Cytomate samples

20 of cell culture. . The Cytomate cell washing step is conducted using a program that
washes cells with RPMI without phenol red plus 0.3% human serum albumin from bag
4 through spinning membrane to wash bag 1 with the following parameters (Residual

Fold Reduction = 1,000; Maximum End Weight = 20mL; Source Bag Rinse = 50mL;

or simular parameters). This is followed by transfer of cells in RPMI plus 5% human



transduction. In a preferred enbodinent, this is done in a fresh 200nL
aliquot of retroviral supernatant as above and cul tured overni ghtlandafy 20¢8r
enbodi ments this repeat transduction is either not done or is repeated
several tines for simlar periods of 10 time. An aliquot Qf retroviral
super nat ant{@§%1%6%12o| | ected for sterility testing. This S’Fgm@ﬁ?/%lﬁfnsducti on
procedure will result in up to 5x107 gene-containing HP cells or nore (as
assessed by CD34 positivity) per kg of bo¥ weight. This nunber is

determ ned by quantitative assay such as DzyNA PCR The transduction

efficiency w | %% K r i range
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washed using standard cel| centrifugation (1,500 rpm_ or 300q, .for 15

m nutes or si ﬁqugg%wveanﬂ@%ﬂgrw%gﬁ%ﬁ-a@ﬂ;@em%t%g@é | es 20 of
cell culture. . The Cytomate cell washing step is conducted using a program
that washes Peppstery).t Rirmill vigld ot p He resre-pavpiping SfhcellsenmREs(as er um

al bumn frombag 4 through spinning nenbrane to wash bag 1 with the

fol | owi ng par assessed by CR84 ipdsitivity)st ki @0 onli BRAME plusG06 humaix semrmalbuginggi ght =
20mL; Source Bag Rinse = 50niL; or simlar paraneters). This is followed by
transfer of cetidimilarcaRiRl pl us 5% human 11 January 2006 WD 031006612

PCTf US02/ 21713 32 serum al bum n. The transfer is fromwash bag | to bag 3
end product wBieghii Infukien PtodaciEeimpladkDawWR).t he final infusion product with
the fol owi ng paranmeters (Tubing Rinse Volune =1 00nL; Maximum Punp Rate =

50 nl, per ninute;Célk afd third REuspP@lcdFeh BhyslologllinSustéd huffer 8bslaiiigse, 5 x 107
gene-containing IIP cells or nore (as assessed by CD34 positivity) per kg

in 100 M. RPMy Bl S ra o iR oS &R Rlchtat NAliquot samples are removed for sterility

10 culture (aerobic bacteria, anaerobic bacteria, fungus, mycoplasma). Infusion product is
not released until the results of endotoxin (LAL), hybridisation assay for Mycoplasma,
bacterialgram stain testing, infusion cell viability and CD34+ cell purity are available.
The dose of total CD34+ cells is calculated based on CD34+ cell number per kg body
weight, Transduced cell number is determined after infusion, once the results of

15 theDzyNA or similar PCR based assay is known.

Step 12 - Infusion of Patient (Example 1: Day 8).

The CD34+ cell preparation is administered to the patient as appropriate. In a
preferred embodiment, the patient receives a single infusion of 0.5-5x 107 transduced
CD34+ cells or more per kilogram of body weight (cells/kg) in the physiologic infusion

20 Dbuffer containing 5% human serum albumin or similar as carrier. The dose of
transduced CD34+ cells per patient will depend on the efficiency of each step of the
mobilization, apheresis, isolation, culture and transduction procedures. The total
number of CD34+ cells (transduced and non-transduced) is determined by cell counting

and flow cytometry. The introduced gene containing HP cells give rise to a chimeric



or simlar carrier. Stgp 11 - Infusion Product fflx~=le 1, Day 8). Cells are
t hus resuspended in a physiologic infusion buffer contalnlng 5@m1b§mnﬂy2006
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(LAL), hybridisation assay for Mycoplasma, bacterialgramstain testing,
infusion cell viability and CD34+ cell pw3ity are available. The dose of
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transduced CDB#ferabdy preatorthapdftoent will depend on the efficiency of each
step of the nobilization, apheresis, isolation, culture and transduction
procedures.5 The total mnber of CD34+ cells (transduced and non-transduced)
is determ ned by cell counting and qQvVv cytonetry. The introduced gene

containing |lP CEBkdnspleRy &sé bSBz#NA Teelhioltey ite Ddtkctbad CarayitiRABE Perdéitfis/ 006612
PCT[ US02/ 21713 33 henatopoietic systemin which there is a percentage of

gene-cont ai ni ng B, &ehdtdnidt HPCel1sRAA &R o f Goie CiRaihine FroRAy Cefis BTV/ Al DS
positiVve individual's, this percentage of gene-containing HP cells is at

| east 5 % preferably greater than 10% and nore preferably greater than
20%

Stepl Determination of the percentage of gene containing cells in the infusion product
10 by use of real-time quantitative PCR (DzyNA, see citations supra)
Step 2. Quantify the number of gene-containing progeny cells over time within

the individual by DzyNA quantitative PCR (see citations to methodology supra).
DzyNA-PCR is a general strategy for the detection of specific genetic

sequences associated with disease or the presence of foreign agents. The method

15 provides a system that allows homogeneous nucleic acid amplification coupled with
real time fluorescent detection in a single closed vessel. The strategy involves in vitro
amplification of genetic sequences using a DzyNA primer which harbors the
complementary (antisense) sequence of a 10:23 DNAzyme. During amplification,
amplicons are produced which contain active (sense) copies of DNAzymes that cleave

20 areporter substrate included in the reaction mix. The accumulation of amplicons during
PCR is monitored by changes in fluorescence produced by separation of
fluoro/quencher dye molecules incorporated into opposite sides of a DNAzyme
cleavage site within the reporter substrate. Cleavage of this reporter substrate indicates

successful amplification of the target nucleic acid sequence. Real time measurements



5 Ex=le 2: Use of DzyNA Technolo~rv to Detect and Quantify the Percentage
Transduction of HP Cells and the Nunber of Gene Contaffiim- Progenyntsybsos
Stel 2| Determ nation of the percentao of gene containing cells in the

i nfusion product 10 by use of real-tine quantitative PCR (DzyNA. see
citations sWPP8%6%tep” 2. Quanti the nunber of gene-cont ai -1}4%/,506/,2{71@”}, cells
over tinme within the individual by DzyNA quantitative PCR (see citations to
nmet hodol ogy supra). DzyNA-PCR is a generd strategy for the detection of
specific genetic sequences associated with di sease or the presence of
foreign agents. .The nethod 15 vi d system t hat | ows h geneous

nucl eic acid ﬁar?pqeipfeffg%??dg?{lté%t]"gi%&s%%?ﬂ@s? che@ te&ﬂ‘opﬁgrs{egrsnc%rr?%et ection in
a single closed vessel. The strategy invol.ves in vitro lifi i on of
genetic sequeHEBRO%YerFTighat Mﬁ\c?ﬂa%?ép W@ﬁﬁﬂgﬁeﬁ‘i’?%e Pﬁgﬁ%{ﬁg @aﬁ’é’r‘?ﬁary
(anti sense) sequence of a 10:23 DNAzynme. During anplification, anplicons
are produced RpicEReBdHiubeit Resergh Jydasisaystiabiph g@atagenemﬁﬂ%(spﬁfaser@ eave 20
a reporter substrate included in the reaction m x. The accurul ati on of

anpl i cons dur Lalglla,RZR drRavbe LightexslanyRedharfgemany). f | uor escence produced by
separation of fluoro/quencher dye nol ecul es incorporated into opposite

si des of a DNAzyneDzyNARCRgEowcsle havetieemdéviepeeé frarahdysis ubedctat and Cl eavage of
this reporter substrate indicates successfU anplification of the target

nucl ei ¢ aci d gefbeniagerte&at tdntEn (RASHHHE Fdsitahle deel AThys a20fthas WRidX3/ 006612
PCT/ US02/ 21713 34 can be perfornmed on the ABI Prism 7700 Sequence Detection

System or ot hgfes idcRIMMGHRLESS o tHeberbRY BatsBctiARZE bl anii On drRRh S the
fluorestence in real tine (eg Corbett Rotor-Gene (Corbett Research, Sydney

f‘luz L{ aqll 'C Ia)e1r %%{gg? %ﬂ%%é%@ign 6L L RLARE R&is, oA &)l'o%en}c,'%)itl@ﬁ pﬂféﬁﬂe

undergoing gene therapy.

10 The reporter substrate, Sub G5-FD, was synthesised by Trilink Biotechnologies
(California, USA). Sub G5-FD (illustrated below) is a chimeric molecule containing
both RNA (shown below in lower case) and DNA nucleotides. It has a 3’ phosphate
group that prevents its extension by DNA polymerase during PCR. Sub G5-FD was
synthesised with FAM (F) and DABCYL (D) moieties attached to the “T”

15 deoxyribonucleotides indicated. The cleavage of the reporter subs&ate can be
monitored at 530nm (FAM emission wavelength) with excitation at 485nm (FAM
excitation wavelength).

SubG5 —FD is shown here:
5S’CACCAAAAGAGAAC(T-F)GCAATguT(T-

20 D)CAGGACCCACAGGAGCG-p 3’ (SEQ ID NO:5)

Two PCR primers were synthesised by Sigma Genosys (NSW, Australia). The
5" PCR primer (5L1A) hybridizes to the neomycin resistance gene. The 3’ primer
(3L1Dz5) is a DzyNA PCR primer which contains (a) a 5’ region containing the

catalyfically inactive antisense sequence of an active DNAzyme and (b) a 3’ region



5 DzyNA PCR protocols have been devel oped for analysis of vectors and
therapeutic agents that contain the neonycin resistance gene. ThiYaAs&RL0b&S
vari ous uses including estinmation of the percent transduction of cells and
nonitoring the resence and quantification of transduced cells, or their

pr ogeny, vvi‘f’ﬂi"i’(“%é%zi ents undergoi ng gene therapy. 10 The GFEFe0gas
substrate, Sub Gb-FD, was synthesised by Trilink Biotechnol ogi es
(California, USA). Sub G5-FD (illustratedzgpelow) is a chimeric nolecul e
containing both RNA (shown below in | ower case) and DNA nucl eotides. It has

a 3' phosphate_ .group that prevents its extension by DNA rase during
PCR Sub G5- FPhigHds CQ%FH%E%%%W“W?S#}&%E%A@W%(@ it
attached to the "T" 15 deoxyri bonucl eotides indicated. The cl eavage of the
reporter substsing eLbAang3lllienthegmplicens rsadnsed pyraiprsiansafiSdd AsouRIEdR® h) with
excitation at 485nm (FAM excitation wavel ength). SubGs -FD is shown here: 5
' CACCAAAAGAGHAD(YFrRIsiSiant sgaigntead DRENGCABCCATAGBAORDIes &'a ISELym® NO 5)
Two PCR prinmers were synthesised by Signma Genosys (NSW Australia). The 5
PCR pri ner ( Sincégpotuyddrindheie? regiond lheactineddNAr@sae stdesigeedyerdeavdthe 3' pri mer
(3L1Dz5) is a DzyNA PCR prinmer which contains (a) a 5 region containing the

catal yti cal$ymuyﬁpmrisam&mmppe of an active DNAzyne and (b) a 3
region 11 January 2006 WD 03/006612 PCT/ TJS02/ 21713 35 which is

conpl enent ar yTB@SéqH@nC@@QME.P@Rr[ﬁ'ﬁﬁég RNGSwIRAE. During PCR anplification
usi ng 5LI A and 3LI'Dz5, the anplicons produced by extension of 5LIA contain

both neomycin resistan s and catalytically active sense copi es of
a Jme 58 & BABRRES)

5'GAG TTC TAC CGG CAG TGC AAA 3' (SEQ ID NO:6

10 3L1Dz5 (3’ DzyNA primer)
5'CAC CAA AAG AGA ACT GCA ATT CGT TGT AGC ’IAG CCT
TTC AGG ACC CAC AGG AGC GGC AAG CAATTC GTT CTG

TAT C 3' (SEQ ID NO:7)

15 The human cell line CEMT4 was obtained from the American Type Culture
Collection (Rockville, MD). CEMT4 cells were transduced with retrovirus containing
the neomycin resistance gene. Genomic DNA was isolated from CEM T4 cells, as well
as CEMT4 cells transduced with retrovirus harboring the neomycin resistance gene,
using the QIAGEN DNeasy Tissue Kit (QLAGEN Pty Ltd, Victoria, Australia. Cat #

20 69504). DNA extracted from transduced cells was mixed with DNA from untransduced
cells (by weight) to obtain the following percentage of transduced DNA -100%, 11%,
1.2%, 0.1%, 0.02% and 0% (ie 100% untransduced CEMT4).

Genomic DNA isolated from CEM T4 cells, as well as CEMT4 cells transduced

with retrovirus harboring the neomycin resistance gene, was amplified by DzyNA PCR.



incorporated in their 3" regions. The active DNAzyne is designed to cl eave
the 5 RNA/DNA reporter substrate Sub Gb-FD, The sequences of the1Bshug bowsg S
is showmn here: 5LIA (5 prinmer) 5 GAG TTC TAC CGG CAG TGC AAA 3' (SEQ I D

NO 6 10 BL@%@%&UM primer) TCAC CAA AAG AGA ACT CGCA A%‘l; Eggr AGC TAG
CCT TTC A C AGG AGC GEC AAG CAA TTC GIT CTG TAT D NG 7)
15 The human cell |ine CEMI4 was obtained fromthe American Type Culture

Col l ection (Rockville, ISM. CEMI4 cells 3ere transduced with retrovirus
containing the neomycin resistance gene. Genomi c DNA was isol ated from CEM

T4 cells, as . %Mh cel u i I i t he
neonycin resis %}lﬁlglésa%oélne, 42&0?%8%#2@%%%&%@6&%@%%%%&6&ﬁoh?@%&%ﬂmy
Ltd, Victoria ral La. Cat 20 )e- ext.racte Q ransduced
cells was ni x%@mﬁmﬁwm%%%ﬂ?%?fg@%édNB?@P‘P’@’(SB?PS 1%({? R o ot he
foll owi ng percentage of transduce -100% . 11 % 1.29 9 ..02% and
056 (o 1005% PSR EeleioRes DR * A HoptatTpe biesieemtt (AR b el 1 o as
wel | as CEMI4 cells transduced wth, rofrovirus harboring the neonycin

resi st ance geNitorigadugingliaj Eptaloshs# BPIAYA) poyen additpaalé M AdsCL W 9311 006612
PCT/ US02/ 21713 36 Reactions contained 20 or 30 pnole 5L1A, 1 or 2 pnole
3LI Dz5, 10 PpredactBubvoBind-6Y 40 20 Duphesé readtidme megeset Gatvalchguetathe®2pd 6f Madi son,
Wsconsin), 20pnmol ROX passive reference dye and 1 x Q AGEN Hot St ar Taq
Master m x ( QyéNslit BNA. Lehtrol reactions contained all reaction components with the exception

of genomic DNA. The reactions were placed in an ABI Prism 7700 Sequence
Detection System, denatured at 95°C for 10 minutes, subjected to 10 cycles of 70°C
for 1 minute with a temperature decrease of 19C per cycle, and 940C for 1 minute.

10 This was followed by a further 60 cycles at 60°C for 1 minute and 94°C for 30
seconds. Fluorescence was measured by the ABI Prism 7700 Sequence Detection
System during the annealing/extension phase of the PCR.

Reactions with genomic DNA containing neomycin resistance gene showed an
increase in FAM fluorescence at 530 nm over the fluorescence observed in control

15 reactions. When 1 pg of genomic DNA containing DNA from transduced CEMT4
cells was analysed the calibration curve was linear over the range of 100 to 0.02%
transduced cells (R consistently > 0.99). Reactions containing DNA from
untransduced cells, or lacking DNA, did increase over the threshold level during 70
thermocycles of PCR. Calibration curves generated using standard amounts can be

20 used to estimate the proportion of cells or DNA, containing the neomycin resistance
gene, in an unknown sample. The experiments described in this example illustrate one
set of reaction conditions that can be used to detect and quantify the neomycin

resistance transgene. This protocol can be modified readily by those of ordinary skill in



Victoria, Australia. Catal ogue # 203445) plus an additional 2.5 MM MC 2 in
a total 5 reaction volune of 40 |. Duplicate reactions were set HpJa‘M]E&rQOOG
contained 1g of genom c DNA Control reactions contained all reaction
conponents with the exception of genom c DNA. The reactions were placed in
an ABl Pri sWO28¥¢Bequence Detection System denatured at PGEE2REH3 10

m nutes, subjected to 10 cycles of 700C for 1 mnute with a tenperature
decrease of 10C per cycle, and 940C for I3arinute. 10 This was followed by a
further 60 cycles at 600C for 1 mnute and 940C for 30 seconds.

Fl uor escence s nmeasured by the | Prism.7700 Sequence tection System
during the an\ﬁ%élrtiaﬁ Pé@&t@r’i@% Hnﬁﬁggetf%#%ém .enPigH}E‘i“il B%g?%f’? E%enoni ¢ DNA
cont ai ni ng neomyci n resi stance gene showed an, increase in FAMfl uorescence
at 530 mm ovefollomang mpdifieaionnd dheapeiepaland inglusiontof srvenss tiapgeEiptsdadhe when | g
of genom c DNA containing DNA fromtransduced CEMI4 cells was anal ysed the
cal i bration ctesteonmis. | i near over the range of 100 to 0.02% transduced
cells a2 consistently > 0.99). Reactions containing DNA from untransduced
cells, or lacking DNA, did increase over the threshold | evel during 70

t hernocycl es of PCR Calibration curves generated using standard anounts can

be 20 used $0 estilBilebd HBrépiaedby pe@sonebkilel inghodrt (RCmuLEbhavatatighst he
neonyci n resi stance gene, in an unknown sanple. The experinents descri bed

in this exampbgyédhBhiEAbRs 8§ be Hallc Bfthé BREAHANSs SN &l tROSHLfIRt Ccan be used
to detect and quantify the neonycin resistance transgene. This protocol can

be, mod {20 SR tolt MRS B ALARKY sl r R Eh OB C0RB VO
o e o Ry 8RR AR kAR SRR Bl g o0
illustrative and not restrictive.

10
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that upon delivery to a second subject or the sane subject, the second or
sane subject receives a dose of at |least 0.52 x 106 exogenous nucbeiary 2006
aci d-containing CD34+ HP cells per kg body weight in a total adm nistered
cell population of at |east 1.63x 1063CD34+ HP cells per kg body weight;
and e) introducing the dose to the second subject or sane subject. 2. The
nmet hod of claiml1 wherein there are at | east 10% exogenous nucl ei ¢ aci d-
containing HP cells in the bone nmarrow of the subject follow ng bone narrow
engr af t g@nk i hod of claim 1l wherein if the nunmber of exogenous

nucl ei ¢ a0|5;§gﬁ?gf§ing cells in the dose to be delivered is less than 0.52
x 106 exogenous nucleic acid 11 January 2006 44 contai ning CD34+ HP cells
per kg body weight, then the cells are frozen and the nethod of claim1lis
repeat ed, orAanehad fombmteodwolnigleixzginoonnarielt acidapheimseHeshmpsicice added
until the dose contains at |east 0.52 x 106 exogenous nucleic

aci d- cont ai nprgenifdd3AP) E81sGRlol aSsuBREt ddingiizehy hekwepd of: 4. The nmethod of claim1
wherein the nﬁ%ber of exogenous nﬁ%leic aci d-containing CD34+ HP cells

delivered to,t ki } q?n] L.l x 107 cells /
kg body meigﬁt@%§®ﬂ§%ggﬁg%%%@gg?égﬁgﬁgggﬁaﬁg?;§ﬁﬁt e hgﬁﬁgg’of exogenous
nucl ei ¢ acid-containin 4+ HP cells del.i ver to the .second sane

Cubj ect 1< ab) raacRfsk Tt o Py SithpoRuEdnt SonPiuRE S ARAST ol ai m
| wherein the nunber of exogenous nucl eic acid-containing CD34+ HP cells
delivered to t A& edltond or same subject is at least 4 x 107 cells / kg body

weight. 7. The nethod of claiml wherein the nunber of exogenous nucleic
aci d- cont ai n¢)ngntroducing a vector comprising an exogenous nucleic acid into the cell

population, wherein the cells are cultured in vitro, wherein after introducing the
vector, said cell population comprises at least a portion of HP cells containing the
exogenous nucleic acid;

d) determining the number of said exogenous nucleic acid-containing HP cells such
that upon delivery to a second subject or the same subject, the second or same
subject receives a dose of at least 0.52 x 10° exogenous nucleic acid-containing
CD34+ HP cells per kg body weight in a total administered cell population of at
least 1.63x10° CD34+ HP cells per kg body weight; and

e) introducing the dose to the second subject or same subject.

2. The method of claim 1 wherein there are at least 10% exogenous nucleic acid-
containing HP cells in the bone marrow of the subject following bone marrow

engraftment.

3. The method of claim 1 wherein if the number of exogenous nucleic acid-containing

cells in the dose to be delivered is less than 0.52 x 10° exogenous nucleic acid-



CD34+ HP cells delivered to the second or sanme subject is at |least 8 x 107
cells / kg body weight. 8. The nethod of claim1 wherein the nunhrhugy 2006
exogenous nucleic acid-containing CD34+ HP cells delivered to the second or
same subject is at least 10 x 107 cells / kg body weight. 11 January 2006
45 9. The nethod of claim11 in which the exogenous nucl ei c acid-containing
CD34+ HP cells produce progeny exogenous nucl eic acid-containing |ynphoid
cells and exogenous nucleic acid-containing nyeloid cells that can be

detected in tHRDRGATIL! HPSRMEpSUY veeig®A¥erd @k clls hreddzed at@@e fol | owi ng
t he |ntrodu0|ngagtep 10. The ngthod o? cu§?n1i mhgre?n mntﬁlﬁ 4 years

Fol | o 19 ¢ el NG SLRRLHNG orfe 85 Wl RloL NS ar&v&emer%p% Sk Grsystem

cont ai ns one or nore peri es conprisin 0.01%
exog

enous nucl a 0 ni ng .cel P The nmet laim 1 wherein
o eh 4 yeanddegrundf i den ihe? ?@giﬂtbiﬁﬁ e nE RRASE o BrRITag ot erm
contains one or nore peripheral blood cell types conprising at |east 0.1%
exogenous nuéBde HRrdlsasnkabadygeighl.| s. 12. The nethod of claim| wherein
within 4 years of treatnment the resultant chinmeric hematopoietic system
contains one or nore peripheral blood cell types conprising at |east 1%
exogenous nucl eic acid-containing cells. 13. The nethod of claim1l wherein

Wi thin 4 yearse afetiddeficBmt - Whgemahshimbér FRkERNbEs ntBHEBQoRTalEnSY St €M
contains one or nore peripheral blood cell types conprising at |east 10%

€x0genous NUEIG @b%ﬁ%ﬂ%’r‘e@%‘&e%ﬁéoﬁ or}eﬂme]&[b g)fcrnﬁgr(??es‘éﬁle% 1 g method

of claiml wherein w years of treatnent- tant chineric
cells / kg body weight.
5. The method of claim 1 wherein the number of exogenous nucleic acid-containing

CD34+ HP cells delivered to the second or same subject is at least 2 x 107 cells / kg

body weight.

6. The method of claim 1 wherein the number of exogenous nucleic acid-containing
CD34+ HP cells delivered to the second or same subject is at least 4 x 10 cells / kg

body weight.

7. The method of claim 1 wherein the number of exogenous nucleic acid-containing
CD34+ HP cells delivered to the second or same subject is at least 8 x 107 cells / kg

body weight.

8. The method of claim 1 wherein the number of exogenous nucleic acid-containing
CD34+ HP cells delivered to the second or same subject is at least 10 x 107 cells / kg

body weight.



hemat opoi eti ¢ system contains one or nore peripheral blood cell types
conprising at |east 20% exogenous nucleic acid-containing cell 34 jdpuaryP606
met hod of claiml1 wherein within 4 years of treatnment the resultant chineric
hemat opoi eti c system contains one or ngre peripheral blood cell types
conprising at |east 50% exogenous nucleic acid-containing cells. 16. The
nmet hod of claiml wherein wwthin 4 years of treatnent a bone marrow bi opsy
of the-resultant chineric henmatopoietic systemconprises at |least 0.01%
exogenous nucleic acid-containing cells. 17. The nmethod of claim 1l wherein
wWithin 4 years of treatnment a bone marrow biopsy of the resultant chineric
hemat opgi et i 1S 0% J {

aci d- cog't ai n?}ﬁg%%@%@é’%% 1'Ilﬁ§wﬁ;r%}{ ‘Ir}fg§§%%egg‘#sa%®1¥ﬁqg\%\ﬂg%§?tﬁ&# % §P§42erar s of
treatment a Qgge rrom1biog§é¥of the.res Itant.cqinech hﬁnatopoietic
syst em conpr FEEPTAIUCE BEREENY SXAZLYTBG I GafeT-eontainipg; ymppoid £e s #! cel 1s. 10.
The method of claim| wherein within 4 years of treatnent a bone nmarrow

bi opsy of t eeogereusinugleic adid-perthiainganyal@dorks thet eapdrealeiestpdpn ithesscend dreast
10% exogenous nucl eic acid-containing cells. 11 January 2006 47 20. The
met hod of cl sdnm subydees dbdy fairtahieastd yeeafodlowing the &itrognting stepne mar r ow bi opsy
of the resultant chineric hernatopoietic systemconprises at |east 20%
exogenous nucleic acid-containing cells. 21. The nmethod of claim1l wherein
within 4 years of treatnment a bone nmarrow biopsy of the resultant chineric

hemat opog et | i it 9 j
aci d- co(ri:(?‘ai n?}ﬁg%%g)l%p]so?g@ﬁ k?ﬁlzer?rlétvﬂg@ﬁ%fy g’%{‘g@%@«?ﬁ%ﬁggrﬁ&t&h@ sg?ﬂ)tjhgct i's not
subj ected to r’r(yl/el oapl at | on. . . .

restltant chimeric hematopoietic system contains one or more peripheral blood cell

types comprising at least 0.01% exogenous nucleic acid-containing cells.

1. The method of claim 1 wherein within 4 years of treatment the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 0.1% exogenous nucleic acid-containing cells.

12. The method of claim 1 wherein within 4 years of treatment the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 1% exogenous nucleic acid-containing cells.

13. The method of claim 1 wherein within 4 years of treatment the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 10% exogenous nucleic acid-containing cells.



23. The nethod of claim 1l wherein quantitative real time PCRis used to
determ ne the percentage of CD34+ HP cells that contain the exqgegaaisy 2006
nucleic acid or a transcription product of the exogenous nucleic acid. 24.
The nethod of claiml wherein PCR is d to determ ne the percentage of
peri pheral bl ood, |ynphatic and bone marrow cells that contain the
exogenous nucleic acid or a transcription product of the exogenous nucleic
acid. 25. The nethod of claim 32 wherein the exogenous nucleic acid is a

i bozymey 267 dheuisalde A Ghabil v 8VehD of BEIRMORE ik ARARRGR unti | at
| east one bone marrow sanp en & sub | ect affer the |ntrodu0|ng
step conpris eas nous_nucl ei c a|n|n

cell's. 11 Janmrs p%%%é@%on %%ran?rspem%%%l%gd° S Sptheranrge:
exogenous nucl ei ¢ aci d-contai hing Hematopoietic Progenitor (HP) cells for
use as a nedie@srdit CXREENYSINGKIGRFIdCoMMNIAgelS hemat opoi etic systemin a
subj ect conprising the steps of: a) obtaining a cell sanple conprising CD34+
HP cells; b) concentrating the HP cells to provide a cell popul ation
conprising at |east 40% HP cells; c) introducing a vector conprising an
exogenous. nuChehtidiof clanha Wheei@elithin RGPatk F iredtmenhBE eéstlthehiigdrics ar e
cultured in vitro, wherein after introducing the vector, said cel

popul at i on Cﬁffg.ﬁtbﬁ&iéuééys S @nPOHd Qo e HFhE RISy PN I Bk B6ig a

exogenous nucleic acid deternlnlng th er of sal d exogenouS nucleic

acid-containk?gJﬁ P cel | and adj i qg t he ﬁell popul ation to prepare a
dose such th eﬁ%*PWEFVCQ§ 1 ﬁ%} 8178 Ct'¥e subj ect woul d receive a dose

of at least 0.52 x 106 exogenous nucl eic acid- containing CD34+ HP cells per
kg body weight in a total adm nistered cel

16.  The method of claim 1 wherein within 4 years of treatment a bone marrow biopsy of
the-resultant chimeric hematopoietic system comprises at least 0.01% exogenous

nucleic acid-containing cells.

17.  The method of claim 1 wherein within 4 years of treatment a bone marrow biopsy of
the resultant chimeric hematopoietic system comprises at least 0.1% exogenous

nucleic acid-containing cells.

18.  The method of claim 1 wherein within 4 years of treatment a bone marrow biopsy of
the resultant chimeric hematopoietic system comprises at least 1% exogenous nucleic

acid-containing cells.

19.  The method of claim 1 wherein within 4 years of treatment a bone marrow biopsy of
the resultant chimeric hematopoietic system comprises at least 10% exogenous

nucleic acid-containing cells.



popul ati on of at |east 1.63x106 CD34+ HP cells per kg body weight. 28. A
genetical |l y-nodified CD34+ HP cel|l population prepared by the nethrdusdy 2006
claim 27 for use as a nedicanment for producing a chinmeric hematopoictic
systemin a subject wherein there aremat |east 10% exogenous nucleic
acid-containing HP cells in the bone marrow of the subject foll ow ng bone
marrow engraftnment. 29. The nethod of claim27 wherein if the nunber of
exogenous nucleic acid-containing cells in the dose to be delivered is |ess

than 0.5 X Q6 RAQUEIRUIMNUGh&Em ikif 4 e R LR LBAREN PR IHE’ng»e'bhogaspef kg
body weight, then the cells are frozen and the 11 January 2006 49 et hod of

claim 27 is gepeat nt il .cQnt.al ns | 2 106 exogenous
nucl ei ¢ aci dEhcegrﬁ uellﬁﬁtl Cﬁlé&%hgfrgﬁg&zlgﬁuf 2 rg‘%)eerC(km ng‘jgﬂ\%gesit gﬂ"?’ exég@o?\ﬁe met hod of
clai m 27 wherein the nunber of exogenous nucleic acid-containing CD34+ HP
cell's in theMddss 269-OBREINE G8Sed conmprises at least 1 x 107 cells / kg body
wei ght. 31. The nethod of claim27 wherein the nunber of exogenous nucleic
aci d-containing CD34+ HP cells in the dose to be delivered is at |least 2 x
107 cells / kg body weight. 32. The nmethod of claim 27 wherein the nunber of
exogenos. nudheinetladi d-ctamt lawherom wiliid 4-yeld® of akhdttenna b tasew biopae of
delivered is at least 4 x 107 cells / kg body weight. 33. The nethod of

cl ai m 27 whegRi Bsfifaft CHMBEE h&hatByABEI8MRnThSses AClbskt SO SloBérits CD34+ HP
cells in the dose to be delivered is at least 8 x 107 cells kg body

wei ght. 34. Iﬂﬁﬂg%ﬁ@%%nﬁﬁﬁﬁéﬁﬁﬂlz7 wherein the nunber of exogenous nucleic

aci d- cont ai ni ng Ss'in the dose to be delivered is at least 10 x
107 cells / kg body weight. 35. A genetically-nodified CD34+ HP cel

popul ati on prepared by the nethod of claim 27 for use as a nedi canent for
producing a chineric hematopoietic systemin a subject, wherein the
exogenods. nudhemethodi ddctedmt lavheraig topsubiects nos bybjeqiebipupieloablation.

23.  The method of claim 1 wherein quantitative real time PCR is used to determine the
percentage of CD34+ HP cells that contain the exogenous nucleic acid or a

transcription product of the exogenous nucleic acid.

24, The method of claim 1 wherein PCR is used to determine the percentage of peripheral
blood, lymphatic and bone marrow cells that contain the exogenous nucleic acid or a

transcription product of the exogenous nucleic acid.
25.  The method of claim 32 wherein the exogenous nucleic acid is a ribozyme.
26.  The method of claim 1 wherein the method is repeated until at least one bone marrow

sample taken from the subject after the introducing step comprises at least 10%

exogenous nucleic acid-containing CD34+ HP cells.



progeny exogenous nucl eic acid-containing |ynphoid cells and exogenous

nucl eic 11 January 2006 50 acid-containing nyeloid cells that can Jaguary 2006
detected in a subject's body for at least 1 year follow ng adm ni stration of
the medi canent. 36. A genetically-nodijfd ed CD34+ HP cell popul ation prepared
by the nmethod of claim 27 for use as a nedi canent for producing a chinmeric
hemat opoi eti ¢ systemin a subject wherein within 4 years follow ng the

adm ni stration of the medi cament, the resultant chinmeric henatopoietic

Syst em 6ont a5 AR ol B AbRHRLAL BlodthSlbcic¥ReS,RARRGT 51 Ng at | east

0, 01% exogenous nucl ei'c "aci tarning c _ e genetiCal ly-nodified

CD34+ HP cel opul at.i of .claign 3 wherein wi.thin ears follow ng the
adm ni st ra i Sergrrpfu Moot Pl o a A dmbtitan i oo SRisint Spor et 1 o
system contai ns one or nore peripheral blood cell types conprising at | east
0. 1% exogen6RiBCHGAFBRAOPIEHE ST &t fFYRcE pmBrsing thesigps 9bnet i cal | y- nodi i ed
CD34+ HP cell population of claim36, wherein within 4 vyears follow ng the
admi ni st rat i en abtaining argeldiseraplercomptinieg (@XidHtBRAceltshi neri ¢ hemat opoi eti ¢
system contai ns one or nore peripheral blood cell types conprising at | east
1% exogenousbyudhéintradfig theddMtelisitd Ppeovidd 4 Sell pdPulalibs compating at leyst ot i ed
CD34+ HP cell population of claim36, wherein within 4 vyears follow ng the
adm ni stration 9p .4jxe medi canent, the resultant chineric henmatopoietic
system cont ai ns one or nore peripheral blood cell types conprising at | east
10% exogenous nucl(gi c 291(1)6 i 40. The

K ac\i/ d% cont ai iniinn% cel Ies. Jh.Janvary
geneti cal Iy-ﬁ)odptfr? g Y FSOEP 5 Bﬁf‘%& oW bt é‘fﬁ?%@ , rein within 4
years followi ng the adm nistrati (fn of the medi canent tEe resultant chineric
population, wherein the cells are cultured in vitro, wherein after introducing the
vector, said cell population comprises at least a portion of HP cells containing the
exogenous nucleic acid,
d) determining the number of said exogenous nucleic acid-containing HP cells and
adjusting the cell population to prepare a dose such that upon delivery to a subject,
the subject would receive a dose of at least 0.52 x 10° exogenous nucleic acid-

containing CD34+ HP cells per kg body weight in a total administered cell

population of at least 1.63x10° CD34+ HP cells per kg body weight.

28. A genetically-modified CD34+ HP cell population prepared by the method of claim
27 for use as a medicament for producing a chimeric hematopoietic system in a
subject wherein there are at least 10% exogenous nucleic acid-containing HP cells in

the bone marrow of the subject following bone marrow engrafiment.

29.  The method of claim 27 wherein if the number of exogenous nucleic acid-containing
cells in the dose to be delivered is less than 0.52 x 10° exogenous nucleic acid-

containing CD34+ HP cells per kg body weight, then the cells are frozen and the



hemat opoi eti ¢ system contains one or nore peripheral blood cell types
conprising at |east 20% exogenous nucleic acid-containing cell si{ Jahuar}2®06
genetical ly-nodi fied CD34+ HP cell popul ation of claim36, wherein within 4
years follow ng the adm nistration of jde nmedi canment, the resultant chineric
hemat opoi eti ¢ system contains one or nore peripheral blood cell types
conprising at |east 50% exogenous nucleic acid-containing cells. 42. A
genetical ly-nodi fied CD34+ HP cell popul ati on prepared by the nmethod of

claim 27 fomeHRR A%1Am Db fRBRE uh@rthPEOLWShithsaut FALITERS2 ¢ 10€BRILRAIsCL | C
systemin a subject, wherein within 4 years follow ng the adm nistration of

t he nedi canme a . ho : i f tant chineric
henatopoietighgggﬁg@fgﬁﬁgﬁpéggyg?qpiégﬁwa?%&@?@%%gggous nucl ei ¢
acid-containing cells. 43. The genetically-nodified CD34+ HP cell popul ation
of claim42, wherein within 4 vyears followng the adm nistration of the
medi cament, a bone marrow bi opsy of the resultant chinmeric hematopoietic
syst em 88npr iTbe meghod cdgiim@ 71whessis dlehainabas of Pragenousaivglaoridicantaginge| | s. 44,
The genetically-nodi fied CD34+ HP cell popul ation of claim42, wherein
within 4 yeaCD3olHbwélsgn thredamd o bé ddlivatedapmptiseshae lemsdl g d6kodlls /&gtbode mar r ow
bi opsy of the 11 January 2006 52 resultant chineric henmatopoietic system
conpri ses at yegggt 1% exogenous nucl eic acid-containing cells. 45. The
genetical ly-nodi fied CD34+ HP cell popul ation of claim42, wherein within 4
years follow ng the adm nistration of the nedi canent, a bone marrow bi opsy
of the resultant chineric hematopoietic systemconprises at |east 10%

P ael | Sbopulth TRt G Asher A ep g ehpypefiot mielaé Seidtofming °¢ 547
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CD34+ HP cells in the dose to be delivered is at least 2 x 107 cells / kg body weight.

32.  The method of claim 27 wherein the number of exogenous nucleic acid-containing

CD34+ HP cells in the dose to be delivered is at least 4 x 107 cells / kg body weight.

33.  The method of claim 27 wherein the number of exogenous nucleic acid-containing

CD34+ HP cells in the dose to be delivered is at least 8 x 107 cells / kg body weight.

34.  The method of claim 27 wherein the number of exogenous nucleic acid-containing

CD34+ HP cells in the dose to be delivered is at least 10 x 10 cells / kg body weight.

35. A genetically-modified CD34+ HP cell population prepared by the method of claim
27 for use as a medicament for producing a chimeric hematopoietic system in a
subject, wherein the exogenous nucleic acid-containing CD34+ HP cells produce

progeny exogenous nucleic acid-containing lymphoid cells and exogenous nucleic



years follow ng the adm nistration of the nedi canent, a bone marrow bi opsy
of the resultant chineric hematopoietic systemconprises at |eastyarQify 2006
exogenous nucleic acid-containing cells. 47. The genetically-nodified CD34+
HP cel | popul ation of claim42, whereigywithin 4 vyears follow ng the

adm ni stration of the medi canent, a bone marrow bi opsy of the resultant
chimeric hemat opoi etic system conprises at | east 50% exogenous nucl eic
acid-containing cells. 48. The method of claim 1l wherein the subject from
whom t he cel L. : LS - "&ﬁq

subj ect ed togﬁégpggﬁvg?i ﬁbﬁ%%gsgﬁ%éﬁgﬁﬁgﬁ&%%ﬁgﬁgﬁb Zgéaheré¥%§%%ggtitative
real tine POR 3 WSefls bonARlenhRF wiGaifigEn age of 064+ HP cells that
contai n the exogenous=nuclerc acid or a rariscri pti on product of the
exogenous nucleic acid. 11 January 2006 53 50. The genetically-nodified
CD34+ HP cell popul ation of any of clainms 35-47, wherein PCR is used to
determ ne the percentage of peripheral blood, |ynphatic, or bone marrow
cell's tRat cangearticallyenedibegbh®dd+ iiib¢adl popakatian praparedtbydhe methodiodrlapnoduct  of
the exogenous nucleic acid. 51. The genetically-nodified CD34+ HP cel

popul ati on of7 €draiseadt2 meldagicnt foagradatiag b ahintticthenaitapoijteclyste inapeat ed
until at | east one bone marrow sanple taken fromthe subject follow ng the

adm nistrati %j@&%%fe?ﬁ&litﬁin 4 g@aﬁ follB¥i 98MakSstrafids bette Acdidme@ntid ni ng
CD34+ HP cel s, 11 January 2006 SEQUENCE LI STI NG <110> Synonds, Geoffrey

Mirray, J C)hnresultant chimeric hematopoietic system contains one or more peripheral blood cell

types comprising at least 0.01% exogenous nucleic acid-containing cells.

37.  The genetically-modified CD34+ HP cell population of claim 36, wherein within 4
years following the administration of the medicament, the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 0.1% exogenous nucleic acid-containing cells.

38.  The genetically-modified CD34+ HP cell population of claim 36, wherein within 4
years following the administration of the medicament, the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 1% exogenous nucleic acid-containing cells.

39.  The genetically-modified CD34+ HP cell population of claim 36, wherein within 4
years following the administration of the medicament, the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 10% exogenous nucleic acid-containing cells.



Fanni ng, Gregory MacPherson, Janet Pond, Susan <120> Production of
Transduced Hematopoietic Progenitor Cells <130> JBJ2119 <140> U3 /313920068
<141> 2002-07-10 <150> 60/304, 283 <151> 2001-07-10 <150> 60/ 343, 392
<151> 2001-10-22 <160> 11 <170> Pateniln version 3.1 <210> 1 <211> 17
<212> RNA <213> Artificial Sequence <220> <223> Target site for catalytic
ri bozyme RRz2 <400> 1 ggagccagua gauccua 17 <210> 2 <211> 36 <212> DNA
<213> Artificial Sequence <220>
40.  The genetically-modified CD34+ HP cell population of claim 36, wherein within 4
years following the administration of the medicament, the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 20% exogenous nucleic acid-containing cells.

41.  The genetically-modified CD34+ HP cell population of claim 36, wherein within 4
years following the administration of the medicament, the resultant chimeric
hematopoietic system contains one or more peripheral blood cell types comprising at

least 50% exogenous nucleic acid-containing cells.

42. A genetically-modified CD34+ HP cell population prepared by the method of claim
27 for use as a medicament for producing a chimeric hematopoietic system in a
subject, wherein within 4 years following the administration of the medicament, a
bone marrow biopsy of the-resultant chimeric hematopoietic system comprises at least

0.01% exogenous nucleic acid-containing cells.

43.  The genetically-modified CD34+ HP cell population of claim 42, wherein within 4
years following the administration of the medicament, a bone marrow biopsy of the
resultant chimeric hematopoietic system comprises at least 0.1% exogenous nucleic

acid-containing cells.

44.  The genetically-modified CD34+ HP cell population of claim 42, wherein within 4

years following the administration of the medicament, a bone marrow biopsy of the



<223> Rz2 ribozyne sequence <400> 2 ttaggatcct gatgagtccg tgaggacgaa actggc
36 <210> 3 <211> 38 <212> DNA <213> Artificial Sequence <220> 11<@AdaryR0d6
ri bozyme sequence (e.g. in vector) <900> 3 ttaggatcct gatgagtccg tgaggacgaa
actggctc 38 <210> 4 <211> 38 <212> RNA <213> Artificial Sequence <220>
<223> Rz2 ribozyne sequence <400> 4 uuaggauccu gaugaguccg ugaggacgaa
acuggcuc 38 Page 1 11 January 2006 <210> 5 <211> 41 <212> DNA <213>
Artificial Sequence <220>

resultant chimeric hematopoietic system comprises at least 1% exogenous nucleic

acid-containing cells.

45.  The genetically-modified CD34+ HP cell population of claim 42, wherein within 4
years following the administration of the medicament, a bone marrow biopsy of the
resultant chimeric hematopoietic system comprises at least 10% exogenous nucleic

acid-containing cells.

46.  The genetically-modified CD34+ HP cell population of claim 42, wherein within 4
years following the administration of the medicament, a bone marrow biopsy of the
resultant chimeric hematopoietic system comprises at least 20% exogenous nucleic

acid-containing cells.

47.  The genetically-modified CD34+ HP cell population of claim 42, wherein within 4
years following the administration of the medicament, a bone marrow biopsy of the
resultant chimeric hematopoietic system comprises at least 50% exogenous nucleic

acid-containing cells.

48.  The method of claim 1 wherein the subject from whom the cell sample comprising

CD34+ HP cells was obtained was not subjected to myeloablation.

49.  The method of claim 27 wherein quantitative real time PCR is used to determine the
percentage of CD34+ HP cells that contain the exogenous nucleic acid or a

transcription product of the exogenous nucleic acid.



<223> Reporter substrate for ribozyme <220> <221> m sc_feature <222> (15)

. O <223> residue 15 has FAMIinked to oligonucleotide <220> <Z21pnphst208HA
<222> (21)..(22) <223> Residues 21 and 22 are ribonucleic acids <220> <221>
msc_feature <222> (24)..0 <223> Resiqfue 24 is synthesized wi th DABCYL
affixed to the T <220> <221> misc_feature <222> (41) .0 <223> Residue 41
has a 3' phosphate group <400> 5 caccaaaaga gaact gcaat guttcaggac ccacaggagc
g 41 <210> 6 <211> 21 <212> DNA <213> Artificial Sequence <220> <223> PCR
primer <400> 6

50.  The genetically-modified CD34+ HP cell population of any of claims 35-47, wherein
PCR is used to determine the percentage of peripheral blood, lymphatic, or bone
marrow cells that contain the exogenous nucleic acid, or a transcription product of the

exogenous nucleic acid.

51.  The genetically-modified CD34+ HP cell population of claim 42 wherein
administration to a subject is repeated until at least one bone marrow sample taken
from the subject following the administration comprises at least 10% exogenous

nucleic acid-containing CD34+ HP cells.



gagttctacc ggcagtgcaa a 21 <210> 7 <211> 76 <212> DNA <213> Artifici al
Sequence <220> <223> DzyNA priner <400> 7 caccaaaaga gaactgcaat1ngﬁ&g§§@56
tagcctttca ggacccacag gagcggcaag 60 caattcgttc tgtatc 76 <210> 8 <211> 39
<212> RNA <213> Artificial Sequence <220> <223> Rz2 ribozynme sequence (as
shown in Figure 1) <400> 8 uuaggauccu gaugaguccc ugaggacgaa acuggcucc 39
<210> 9 Page 2 11 January gg&@N%Z Ef%ﬁ <212> RNA <213> Artificial Sequence

<220> <223> Target site for cataly

ri bozyme Rz2 (as shown in Figure 1)

<120> Symonds. Geoffrey
Murrays John
Fanning. Gregory
MacPherson. dJanet
Pond. Susan
<120> Production of Transduced Hematopoietic Progenitor (ells
<130> JsJ2lifg
<140> US 10/192-.058
<1l4l> 2002-~07-10
<150> 0/304.2813
<151> 2001-07-10
<150> &0/343.392
<151> 2001-10-22
<1k0> 11
<170> PatentIn version 3.1
<g10> 1
<211> 17
<g2l2> RNA
<213> Artificial Sequence
<2cl>
<223> Target site for catalytic ribozyme RRz2
<400> )
ggagccagua gauccua 17
<2i0> @2
<211> 3k
<2l2> DNA
<2l3> Artificial Sequence
<220>
<g2ld> Rze2 ribozyme sequence
<4p0> @
ttaggatcct gatgagtccg tgaggacgaa actggc 3b
<gl0> 3
<21l> 38
<2l2> DNA
<2l3> Artificial Sequence
<220>
<223> R22 ribozyme sequence (e.g. in vector)
<4p0> 3
ttaggatcct gatgagtccg tgaggacgaa actggctc 348
<gl0> 4
<211> 38
<2l@> RNA
<213> Artificial Sequence
<e220>
<223> Rz2 ribozyme sequence
<400> 4
Uuaggauccu gaugaguccg ugaggacgaa acuggcuc 348
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<400> 9 ggagccagua gauccuaa <210> 10 <211> 18 <212> RNA <213> Artificial
Sequence <220> <223> Tat Target site for catalytic ribozyne R221655ng%boo
<400> 10 auggagccag uagauccu <210> 11 <211> 21 <212> RNA <213> Artﬁ? cla
Sequence <220> <223> Vpr target site for catalytic ribozyne Rz2 (Fig. 1)
<400> 11 aauggagcca guagauccua a 18 18 21 Page 3

<2l0> 5
<211> 41
<2l2> DNA

<2L3> Artificial Sequence

<220>
<223> Reporter substrate for ribozyme

<2ef>

<22l> misc_feature

<2ee> (15).. ()

<223> residue 15 has FAM-linked to oligonucleotide

<2z20>

<221k> misc_RNA

<gg2z2> (21)..(22)

<223> Residues 21 and 22 are ribonucleic acids

<geln>

<221l> misc_feature

<gee>  (2u).. )

<g23> Residue 24 is synthesized with DABCYL affixed to the T

<g220>

<22l> misc_feature

<2ER>  (41)..0)

<g23> Residue 41 has a 3' phosphate group

<ypb> 5

caccaaaaga gaactgcaat guttcaggac ccacaggagc g 4l
<2ib> &

<211i> 21}

<2le> DNA

<213> Artificial Sequence

<2z20>

<ge3> PCR primer

<400> &

gagttctacc ggcagtgcaa a £l
<210> 7

<21l> 7k

<212> DNA

<2L3> Artificial Sequence

<2z20>

<223> DzyNA primer

<ypoo> 7

caccaaaaga gaactgcaat tcgttgtage tagcctttca ggacccacag gagcggcaag L0
caattcgttc tgtatc 7k
<210> 8

<211l> 39

<2l2> RNA

<213> Artificial Sequence

<g20>

<223> Rz2 ribozyme sequence (as shown in Figure 1)

<yo0> 8

uuaggauccu gaugaguccc ugaggacgaa acuggcucc 39
<210> 18
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<211> 18

<2l2> RNA

<213> Artificial Sequence

<e2z20»>

<223> Target site for catalytic ribozyme Rz2 (as shown in Figure 1)
<4ypo0> %

ggagccagua gauccuaa 18
<210> 10

<2ll> 18

<2l2> RNA

<213> Artificial Sequence

<ez20>

<223> Tat Target site for catalytic ribozyme Rz2 (Fig. 1)

<400> 10

auggagccag uagauccu 18
<210> 1}

<2ll> 21

<212> RNA

<213> Artificial Sequence

<g2z20>

<223> Vpr target site for catalytic ribozyme Rz2 (Fig. 1)

<4y00> 11

aauggagcca guagauccua a cl
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