Gene Vector Field of the Invention The present invention relates to gene
vectors for use in gene transfer and therapy applications, and to nethods
of producwogotohiem7iand uses thereof. 5 Background to thecrnBend/H@mnee

Hemat opoi etic cell transplantation (HCT) fromnormal donors is a curative
therapy for several inherited and acquired di sorders. However, the
transplant is limted by the poor availability of nmatched donors and the
nortality associated with the all ogenic procedure (nostly related to graft
versus host disease - G/HD). HCT haSen2 Wkt | ow 10 efficacy in sone

di sorders such as |ysosonal storage diseases (LSD). In order to inprove the
safety and_efficacy of ~allogeneic transplants and to identify alternative
protocol s E@Méﬁi&@%cki ng a nmat ched donor, a gene therapy approach
based on the transplantation of gene corrected, autol ogous henatopoietic
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inherited genetic defect can be corrected in the patient's own

hemat opoi edpipticatiink sandyto geatlends [of peydycingitheay,eind udes thereoly of a functional copy
of the relevant gene into all affected cells of the body is difficult. The

concept. of ,stem cel | gne ttherapy is based on the genetic nodification of a
rel atl\?el yﬂ%#gﬂ—ﬁé%%%—%i—él{lem cells, which remain long-termin the body
by undergoi ng sel f-renewal 20 d|V|S|ons and generate huge nunbers of
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corrected cells for the rest of the patient's Ilfetlrre Herratopciwéﬁilc stem
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progeny. Thguitadt ensi ty of the conditioning reginmen (so-called

‘non- nmyel oabl ative” or "mni" conditioning reginen) is reduced 5 which
results in better tolerapbility and fewer. side effects fgr the p

t
r educdd™g okt @lmﬁb’ert‘é&l?@ﬁe'icé{%é% RS HHSABCBFe dafeqt can be sorgest It?e‘%genel c
transpl arﬁépau@ﬁ%w HBoiERDCUISCHY! ERE (R ML OBy Py Bidrae

al | ogenei ¢ setting ue to 1 munol ca an agonl smw th host-derived i nmune
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expression in hematopoi etic progenitor cell (HS C) of t sosomal enzyne

gal acfBcerditisions,dadgep¢ratektingg numbaissif gieneticallk sanrectedptogeny, thus ensuring

a continuous supply of corrected cells for the rest of the patient's lifetime.
Hematopoietic stem cells (HSC) constitute an excellent target population for gene
therapy, since they can be easily and safely obtained from: bone marrow (BM) or
mobilized peripheral blood. The isolated HSC can be genetically modified and
25  returned to the patient as an autologous transplant. Long-term benefit requires the
transplantation of a sufficiently high number of gene-modified HSC, which can
repopulate the conditioned BM, giving rise to corrected blood cells of all

hematopoietic lineages. Autologous allogeneic HSC make the transplant procedure



G.D - or Krabbe di sease) causes apoptosis and functional inpairnment of the
15 transduced cells, preventing the devel opnent of HSPC based gene therapy
appr oachesoforo/f2sgat i ng t he di sorder (see bel ow). Thus, PCUtIB2020/@MpPéESSI ON
cassettes used for gene therapy should resenbl e physi ol ogi c expression
patterns and avoi d ectopi c and/ or non-physiol ogi c transgene expression,
which can result in toxicity, elimnation or even mali.gnant transformation

of the transduced cells. This is particularly inportant fo temcells,
the key tadtdebledo pllpahentsgad éﬁ?lé%ilﬁﬁlup‘glﬁ@-c%ﬂw 153}1%@0 ?mgi%amtgﬁ& apy,
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summari ze, current mat opol et c gene therapy strategies require
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system but would signjficantl enefit fromregul ated transgene,expressi on
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but " sw t CRHLRA T QMM Yn bRtENRIGEiliRT S fedlepdider FRRBYfOk N padient! Aclweget of
the genetic disease, e.g. |ynphocytes in SCID, granulocytes in CGD and

nonocyt es/ craditmpingegimen isldss canpatidg with astandardeallogpreic fapsplant,hecysse
| i neage-specif,ic transcriptiaonal ntro I S . 1 end us
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2010/ 1254 7:Reddd1 53651 Qh1Q34i66 with héke-degeddimmid@welier, pronoters are often
spread over a |long range of DNA and poorly characterized, and can thus not
be easily reconstituted in their_entir veciQr construct ..
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correction, nost ause of rnperfect reconstitution and/or
det r i ment awithaftlaffecting S C thimectiohr Binatnost efficientalebwery systenis arenar gectors.
integration site. Thus, additional strategies to regulate a transgene are

direly needed. Statenents pf the |nvent.iqn cordi to. f the
present i rﬁ"F‘%‘Hﬁet ﬁ@%‘ﬁ%‘ﬁﬁ@ wﬁsséonglgglgmégeo@f) 53?": o?geﬁﬁé;ﬁ‘geel [i N g r?g
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progeni t orGEBI  qrHEpahbendisezsep reapesst apaptosite dué simelignab sgpgHmsnt of ethe
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for treating the disorder (see below). Thus, future expression cassettes used for gene

therapy should resemble physiologic expression patterns and avoid ectopic and/or
non-physiologic transgene expression, which can result in toxicity, elimination or

even malignant transformation of the transduced cells. This is particularly important

20 for stem cells, the key target cell type guaranteeing long-term efficacy of gene

therapy, whose biology must not be disturbed by the genetic intervention.

To summarize, current hematopoietic gene therapy strategies require transduction of
HSC to guarantee long-term correction of the hematopoietic system, but would
significantly benefit from regulated transgene expression cassettes that do not

25  ectopically express the transgene product in HSC, but "switch on" only in the
differentiated progeny that are the target of the genetic disease, e.g. lymphocytes in
SCID, granulocytes in CGD and monocytes/macrophages in GLD.

One way to achieve this is the use of lineage-specific transcriptional control elements,

e.g. the endogenous promoter of the locus, to drive expression of the therapeutic gene



Accordi ng to anot her aspect of the present invention there is provided a
gene vector 15 for use in gene therapy conprising at |east one m RNA
sequence wargsi2sger ably |inked to a nucl eoti de sequenceCiiaB2myo@ 166
corresponding m RNA in a hemat opoietic stemcell (HSC) which prevents or
reduces expression of the nucl eotide sequence in a HSC but not in a
differentiated cell. In other words, the present invention provides a gene
vector suitable for use in 20 henat opoi eti c gene therapy co i ng,at
| east one 1mWC@QQJ@W@/eﬁaﬁfg@me%?f@aoﬁtﬁme%?% 3 long range,p Pil?? d
effective a munt oRQl n MEOR stem
cell and oppﬂ nz?l te%z ‘fgﬁltsdg%%eﬁh%%ogpgegélll}{/ggcg%lgﬁe@m rrea%gt!tﬁ%gf% ﬁe
concent r atyegtor oéorishecte rregemnas, mx&démbﬁ ksuélﬁ i frorntistue-spedfic epmaterevent
expression of a transgene which is o |l inked to the corres ondlng
m RNA 25 tT8pQetitubesdyinegrns-trapsiss VERErS s I?%P@ﬁe TS R r‘f‘ﬁﬁ'ﬁy% Pg‘ﬁ‘?éﬁﬂé‘
m RNA whi c r § RPGdAaRd dHSmdatHl not in
di ffer%t |%#§gtl%%’og@%ﬂyng(?mp b%‘.?aﬁl'?ﬁebp Lﬁl?(%%%ctaﬁ%ﬁi}ﬁn%ﬁdgfd Fﬁﬁleage preventing
or reduci ngfleeree ©f gieamrahata zpcth@sﬂrmahhojom orétor integmatiparsete] Fhuseadditionad st em
cell popul ations, whi intain essi and therapeutic efficacy in
the di seas¥dIDg %Fﬁﬁu}a el%?i‘x*i’% RI8D010/ 001166 The i RNA | 5
"operably linked" to the transgene. The term "operably |inked" neans that
t he conponghfemedR@aEddRde@ion i N a relationship permtting themto function
in their intended manner. A stemcell is able to differentiate into many '
cell types. Acell that is able to differentiate mto%r cel | t
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mass  of b's%aﬁ&w%&§Hs@@%1ﬁ%ii§aanlﬁEieﬁﬁatte&cémat are found in adult tissues.
In a devel opi ng enbryo, stemcells can differentiate into all of the

speci alized enbryonic tissues. In adult organisns, stemcells and

progeni t orAcserdisg @@m&b@r&%?@b &if thes 9@@%11“6?11“% dhase sy proy lﬂﬁfié’ng%‘ﬁl tegtor
speci gli zed cells, bu I e ative
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cells), arﬁsb%ﬁpﬂ@c'lga'dﬁf?&%&fa?e&&llcel I's, B-cells, NK-cells). Progenitor
cell s have capacity to erentlate|ntoaspeC|f|ctype of cell. In

contrast 20 to stemcells, however, they are already far nore specific:
they are pinsother words fthe pesseitainyentior pravides 2 tegneeector shitablaHer wse tin

i npor tant dlffere ce bet en stem cel ro 0, stem
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only by functional in vivo assay, i.e. transplantation and denonstration
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Wi th a recsprdsyiodasfca ithaskenetwiith iolopetablys hbled(btigﬂmgcttmesph&hﬁg_mmept or

famly (CD150 and CD48 can enrich for, HSC nd HSPC s ggﬁﬁﬁl atb‘r‘f
ISassays

reachi2lg dafsgt seqpenge- 5 %\mpr&%ﬁy%ﬁ"&@&% Ox e dF P
(Kiel et a§t1)ong1y expressed in cells, such as HSPC and HSC but not in differentiated progeny

of e.g. the myeloid and lymphoid lineage, preventing or reducing expression of a
potentially toxic transgene in sensitive stem cell populations, whilst maintain

expression and therapeutic efficacy in the diseased progeny.



WO 2010/ 125471PCT/ 1 B2010/ 001166 A differentiated cell is a cell which has
becone nore specialized in conparison to the stemcell or progenitor cell.
D fferentwatzoom2eeur s during the devel opment of a nul t iPcelBliano1066gani sm
as the organi smchanges froma single zygote to a conplex system of tissues
and cell types. Differentiation is also a common process in adults: 5 adult
stemcells divide and create fully-differentiated daughter cells during

tissue repair and during normal cell turnover. Differentiation dramatically
changes a Tel miRNAjis Sopesatp dinker#p thgnaansgenan tlhg termyeapgibly Hnkgdi imgany  and
responsi veness to signal s, These ck L&l 3k & function i
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di f f er ent i 1géiecht&fIed mamnadr.cel | whi ch whi ch has specific structures and 10
perfornms certain functions due to a devel opnental process which invol ves
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cell includes differentiated cells of the hematopoetic |ineage such as

monocytes, differcntigshagiesall erdlityipepis knpwihass@yiRpieat. 1o gaammalsi Paly e w#RBcyt es,
megakar yocytes/, pl atel ets,,;dendriti T- el Nifg cel | s.
For exanpl fieafl?'fegi’%&{ﬁnﬂ%f dlp aéeepqu;?to% t'tﬁ%$%§ll%%£ngeg%£0é§9 gﬁlnéo'r%\gggg()tcar’\ be
di sti ngui shew-dolanr deGnamek. HBR(E aby clifea@aizedrbyothecabiility o rtaeve thenisetvgb es
whi ch are not or |ess expressed o&ggndi fferentiated cel I% Ex%r%lggsnof
sui tabl e |thrrsghaniteticiceH srdsien and didisieptiglingnio a EypEe T4Raf Of SPERRIELST
According {0 ARk Reh BSRERDeODe IARnRIBASm LONCAE! BRbHRAICsER @llowkded a
gene vecto For use in gene therapy conprising at |east one m RNA sequence
t ar get10cordre sxotuteli figm2he trmencail RAK of dlastocgsts.fandradult stegr eallls thay apy foynd g
mr-130a, mr-126 and _mr-223 operably |linked to a.fnucleott e ce.
T R 126 1 dngeRliigeRs o gleaeop iR ST e tBAE]s oy BN, S ARV,
HSPC and (%p@cigﬂigarb?ﬂbljy&ﬂ: hRsiRk YinhidRitbrbdrigns Stenilbélislafd progdrtitobeclls act
particul arl'y suitable for gene therapy applications rel él ng on r,obtggt

13ba

t ransgene axprepsisisysteinnfor itlee bydyl a¢pderashing spaciakigpdrells, bHealge maiptpn

t t bl ock ' t.eff [ | . I HSPC
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non-specific activity in the differentiated progeny. A conbination target
conpr i si ngbasophils3Gasinemylse arydro¢ytes, eﬁ%ﬁémcﬂﬁﬂp@ﬁiﬁtés‘}e@ﬁﬂc "ogHsk andi R 126T
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rati o of

Progenitor cells have a capacity to differentiate into a specific type of cell. In contrast
20 to stem cells, however, they are already far more specific: they are pushed to
differentiate into their "target" cell. The most important difference between stem cells
and progenitor cells is that stem cells can replicate indefinitely, whereas progenitor
cells can only divide a limited number of times. HSPC can be rigorously distinguished
from HSC only by functional in vivo assay, i.e. transplantation and demonstration that
25  they can give rise to all blood lineages over prolonged time periods. The detection of
cell surface markers such as c-Kit (CD117), Sca-1 and the absence/ low-expression of
a panel of lineage markers, combined with a recently described set of molecules
belonging to the SLAM receptor family (CD150 and CD48), can enrich for HSC and
HSPC subpopulations, reaching a purity of 50% when assayed against standard
30 functional assays (Kiel et al).



5 HSPC and expression in the myeloid progeny. Furthernore, when using the
conbi nation target, transgene downregul ation in HSPC is assured by 2

i ndependewO 2mioRT1 and the risk of interfering wth entcTaRTIUIE00TIENA
regul ation is reduced, thus increasing saftey and efficacy of the target
sequence m R-223 target bl ocks expression nost effectively in nyeloid
commtted progenitors and at |east partially in 10 the nore primtive HSPC.
At variance to m R-126 and m R-130a, m R-223 target fully and strongly
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prevents exphiesil @uriag normili detlr mmoyer. dbiffettiation dramatically shangeep|cellipes
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cell. In one e gene vector conprises the nucleotide sequence
whi ch is alrt othessyenis.a @iffetentiatledtchldris aresd avhielh whidhehagespecifie SHUEWFES\A®Et or i s

oot KhnsPaforyRc B ol st i O SRRl ploRotsd i TBAGE e 1€

e ln orm ot, an expression

vector or RLASHLE awldi dehcthafiBh iocfapetific denBNA Heae,ge diffaremténtat celpéncludesnal | y
|l i nked to a nucl eoti de sequence. Expression vectors as descri bedh her ei n
conpri se réidicomtiatel ¢plls | af| the hematonostialicags SYD as monocytes, macrophages,

2010/ 125471PCT/ | B2Q1 1686. BEJtRY Ji4BIREC HéRRFic Thus,
sequences 8‘?1“%8#“ %%%ﬂgi%%gﬁl??mogﬁgg%%agd de%tvi t r%)itln this definition
The gene vedtsorT-e¢llsgeBeells andf NK-sedist orFoof exdmepleyr diffmentiatede sellominthe be
used to deliver a transgene to . a.sit r. ce f i st . . The vectar of
the pr b%enbemﬁ%‘?ﬂﬂicdﬁlegﬁ?a‘fﬂnb@ Qi‘éﬁl’?%;béa ffogn ystcg?léeﬂgglbt 4 _B?xte%“’\‘/’ i 7 a(ieﬂor
non-viral %’ﬁfatcg oléeY&GHALL b ot bPRss EXiibssedl bR WadiBferdntigicdicens. dxahipies
transfer of an entity fromone environnent to another. By way of exanpl e,

sonme vect ooSsuitable lineagecnankbisrsach aONR 1 G 048, Beril bharchtP3i es, such as a
segnment of DNA (such as a heterol ogous DNA segnent, such as a heterol ogous

¢ Segrregtcgdrd{n% tgean%{h%rn aslgp%gztr gfd thie 'f)tré)seﬁlt QL e h6lelis provided a gene vector
for use in gene therapy comprising at least one miRNA sequence target corresponding
20 to a miRNA selected from the group comprising mir-130a, mir-126 and mir-223

operably linked to a nucleotide sequence.

miR-126 target blocks expression most effectively in the more primitive HSPC and
(in humans) in the erythroid lineage. miR-126 would be particularly suitable for gene
therapy applications relying on robust transgene expression in the myeloid and

25  lymphoid lineage.

miR-130a target blocks expression most effectively in the more primitive HSPC
(similar to miR-126), miR-130a would be most particularly suitable for gene therapy
applications relying on robust transgene expression in the myeloid, lymphoid and

erythroid lineage.



10 Optionally, once within the target cell, the vector may then serve to
mai ntain the heterol ogous DNA within the cell or may act as a unit of DNA
replicatiwo2ofxasiies of vectors used in reconbi nant DNACT4aBIMo/uess i ncl ude
pl asm ds, chronosones, artificial chronpsones or viruses. Non- vi r al
delivery systens include but are not limted to DNA transfection nethods.
15Here, transfection includes a process using a non-viral vector to deliver
a gene to a target manmalian cell. Typical transfection nmethods include

el ect r oporatR-006 nidy b itedrigst ke, miR-H3Qk mebimare N 3acrilscbuti mAY havhplaet ed
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is aviral vector. MVr ivery systens include but are not limted to
adenovi r uscopéss) maximizes dlem operae svindavy dgtermined Ani/theyBEip A TRreTEPRLR v r al

vector,_re iral vector, lentiviral..w |
exanpl s ol%lg’gécf“b‘i se’ﬁpﬁeéflﬁaelr’egfl?/ir{%&{)fgl ﬁgéeg? {QY'ZMJ%%%’?IW\%?%Q?%C%S? but
are not |iggriisiflation @AY, HtFARsdRCdovaitegititivndia HEPA iaasskealcby Gpodetendent DNA
biolistics, |ipid-nediated transfection, conpacte - | at.ed
t ra?sf ec% |h m:RNAFEmldtféﬁ misk\of dntsremng with| egdogenous @Mﬁ?@gﬁ%‘,’ﬂdﬁé@uﬂé‘{’r ovi ral
vect or, i.s _prefe | nd] [

s mcrgasf,{%egaggé&%’?ﬁg@%&g‘g gf i gggéigsehﬁe&@d 8RB At ek cel | s.

The_ conmponents o : ready discussed for the vector, may be
modi fi ed whiplessRaRAGH effectively ini hykloidpemmeittcd pragesitorsend ekleagirartiallydnny

prope!ns I n the protej naceous coat. of the. icle .5, b i cal l
modi iKY i e opersr Primgitiyet P e nAf Vet P ‘H&ﬂigéc?f‘f‘i% LS R PR AT
other desigad fm!f&‘%‘oﬁglg Ricker 8ikassiohN e \diffedentied Onydlorf eskntineubing
transduces a-“certain Il type or cell types.

granulocytes, monocytes, macrophages, myeloid dentritic cells. miR-223 target would

be particularly suitable for gene therapy applications relying on robust transgene

expression in the lymphoid or erythroid lineage. miR-223 target may block expression

15 also very effectively in human HSC.
Preferably, the miRNA sequence targets correspond to mir-130a and mir-126.

In one embodiment the gene vector comprises the nucleotide sequehce which controls
the expression of the vector. In other words, the endogenous microRNA prevents
expression or proliferation of the virus in certain cell types (HSC and HSPC) but
20 allows the expression or proliferation in other cell types. For example, mir-126, mir-
130 and mir-223 prevent expression of a gene vector or oncloytic virus in a

hematopoietic stem cell or progenitor cell.

In one embodiment the gene vector comprises the nucleotide sequence which is a

transgene.

25  TIn another embodiment the gene transfer vector is in the form of a non-viral gene
transfer vector. In this embodiment, the gene transfer vector may comprise, or be in
the form of, an expression vector or plasmid which comprises the miRNA target

sequence operationally linked to a nucleotide sequence.

Expression vectors as described herein comprise regions of nucleic acid containing

6



More preferably, the viral vector is a targeted vector, that is it has a
tissue tropismwhich is altered conpared to the native virus, so that the
vector iswODangeed1to 10particular cells. In a preferrescCendmdi/nené t he
gene vector is derivable froma lentivirus. In one enbodi nent the gene
vector conprises a tissue specific pronoter. Preferrably, the tissue
specific pronoter is selected fromthe group conprising CDL | b and c- Fes,
and pronoters derived fromthe cytochrome b-245 heavy chain (CYBB, gp91l
phox) 15 | squencancaphblé of beimg)trangdEtoed TiTdRy, spqusmotscanceding sniREAc BHBARBH wit h

the mR-12 rget ence, .1 h onbi nation woul d al |l ow specific
t ransgene ég%’%ﬁ?i&ﬁwgﬁg’tm’sséjﬁ%ﬁmPUNnr-i nfiltrating myeloid cells. In

one enbodi nent the gene vector conprises a transgene which codes for an
enzyne. Prefeeabh¥otort BE genz yaRsters vebreof €t priesent tifreentioaupay peowsedeb enzyme
20 gal act ocer ebrosi dase and gp91 phox. Accob_gliang to %21% Er esent invention
can be usedeliver ddransgene itongui§rsdRsllaelonteresh| dogivestor esent mvention

i nterferon-al pha.,:Prefer . - Qeli t he i munonodul at ory

nol eculesres AY §e ?ﬁl%Fe{tglalq?gé%%%qﬁﬁarlgﬁ%?Elgr\}vqtﬁl?gynegg)lrént ation. Preferably
these vectors contain the Tie2 pronoter plus a m R-126T sequence. 25

| npor t ant | y, védser & e2opl draptalowsoss dadlitstea cthe trangfer rothamreembpoifeont ©nst em
cells, and i nmunonodul a%}gry nol ecu.tll es such as interf r.onécalngoqrq ) Knovvn to
be toxic teRviigemenHganothgr By sayol geeEnnlssamq yecgripied 10 c?escra%g%\li n this
patent ap ebl‘ﬁﬁéﬁé@r}ﬂlgapé}ﬁﬁﬁs?ﬁch%tdﬁ eat BEDNA@SuchAhsQPhétemldgou® DA t o
specifically deliver bioactive W 2010/125471PCT/1B2010/ 001166 nol ecul es
by Tie2 exsgesst,sgch avarbeteialdgaus cBN A gegraenth it hg drengierpd ifto jafagget 6¢ll-ng wi th
HSC fupctign,. Gven that.the Tie2. pr ter | i Ag0: t PCK
pr onot \Aﬁ?fd?f’%ﬁs OB%eeWIthgleﬁlet %f%attj ﬁgg’?ﬁlgu‘ﬁc{sot%u Ies, nwéeé?‘éézggé%ﬁ?%gt tie

1267/ 130aThgaaueaEeDNA Wit inthe ¢eld br inax iact dsya wfit 6f BNagepheationp faxsmptesf r om
the Tie2 promoter in 5 HSC. According to another d’;\spect .dof he invention
there is peloveaers used dn regorppgpant DNA” techniques include plasrrp s, chromosomes,

artificial chromosomes or viruses.

~ Non-viral delivery systems include but are not limited to DNA transfection methods.
15  Here, transfection includes a process using a non-viral vector to deliver a gene to a

target mammalian cell.

Typical transfection methods include electroporation, DNA biolistics, lipid-mediated

transfection, compacted DNA-mediated transfection, liposomes, immunoliposomes,

lipofectin, cationic agent-mediated, cationic facial amphiphiles (CFAs) (Nature
20  Biotechnology 1996 14; 556), and combinations thereof.

In one embodiment the gene vector is a viral vector.

Viral delivery systems include but are not limited to adenovirus vector, an adeno-
associated viral (AAV) vector, a herpes viral vector, retroviral vector, lentiviral
vector, baculoviral vector. Other examples of vectors include ex vivo delivery
25  systems, which include but are not limited to DNA transfection methods such as
electroporation, DNA biolistics, lipid-mediated transfection, compacted DNA-

mediated transfection.



constructs for producing a viral vector particle conprising a DNA construct
encodi ng a packagable viral vector genone conprising at |east one m RNA
sequence weangai2ageordi ng to the present invention, andPopuBznebityea
transgene. By packagabl e vector 10 genone we nean that the vector genone is
In an environnent where it can be packaged into a viral vector particle.
Thi shgenerally requires the present of Gag-Pol and Env. According to

anot her aspect of the inventiopn there is provided rocess.for preparing a
viral vect bpe gD VeFter partisle §F’§§F 'iorfE‘FcP&ﬂEﬁ%ﬁ r tﬁﬁﬂ%‘gf’g“é rﬂ%‘%B’i@gﬁﬁgt s 019
the pr ese“(fa iBknay 488 1 Bhe efteRiAg a8l bellsaNMthPBiRbReRS $M e Paktfle, WRC OF
particle. r? one enbodrnent the host “cell conprises the corrésponding

m RNA. Accalredidygliscmssedofonehe asploct may tehmodifiednwithrrespeet ¢o ithe prillviyped a

viral vector particle produced t he.process of .the present .i nvention.
Accor di ng iegoglﬁ% hEPr gspat: E(br¥( rl_oﬁu\}‘gsnini Wﬂ@?@cﬁ’(’%‘gp‘?%‘g?%g& %arﬂde

phar mageut jng@lhe 2 neAEINY Stnbdli®idd GR MRddrStondlter Reif) @ BetRCEFREi Rty P ddhédve
according to the present invention together wth a pharnmaceutically

accept abl esomid ethertdesegdfupcteen. or carrier. According to another aspect of
the invention there is provided a cell infected or transduced with the gene
vector or t 4Gl r.i E58 ' -1 O hgngy be
t ransduce r%fer%lb(ril ,:%?g%ﬂi ‘%C% p{.e(r}:er%}{;lt\%g)(’)r |%&c\(/3|g ? \régﬂ%iégﬁlépl;gg%r%ﬁlg ell may be
25 derived fromor formpart of an animal, preferably a mammal, such as a
human or nfoseprefdralslyj thewitdl vieetonppa ¢rpeted de¢thgtthathie iphase tissuertvemsmon i s

e BB 5 L e R T i ot P PR >
2010/ 4254 73RGH{14B2AL0/ 001166

In a preferred embodiment the gene vector is derivable from a lentivirus.

In one embodiment the gene vector comprises a tissue specific promoter. Preferrably,
the tissue specific promoter is selected from the group comprising CD11b and c-Fes,
and promoters derived from the cytochrome b-245 heavy chain (CYBB, gp91 phox)
15 locus and TEK (Tie2). TEK (Tie2) promoter could be combined with the miR-126
target sequence, this combination would allow specific transgene expression in a

subset of tumor-infiltrating myeloid cells.

In one embodiment the gene vector comprises a transgene which codes for an
enzyme. Preferrably, the enzyme is selected from the group lysosomal enzyme
20  galactocerebrosidase and gp91 phox. According to the present invention can be used
to deliver immunomodulatory molecules, such as interferdn-alpha. Preferably these
vectors deliver the immunomodulatory molecules into tumor cells upon bone marrow
transplantation. Preferably these vectors contain the Tie2 promoter plus a miR-126T

sequence.

25  Importantly, the Tie2 promoter possesses activity in hematopoietic stem cells, and
immunomodulatory molecules such as interferon-alpha are known to be toxic to HSC.
Thus, the use of HSC-specific miRTs- as described in this patent application-

becomes obligatory rather than an option in order to specifically deliver bioactive



In one enbodi nent the cell is a hematopoietic stemcell or a hematopoietic
progenitor cell. According to another aspect of the invention there is
provi ded wocombi2eertti on of at | east two different m RNAs PE€EqBENE@OIGT get s
corresponding to m RNAs selected from5 the group conprising mr-130a,
mr-126 and mr-223. I n one enbodi nent the m RNA sequence targets are for
si mul t aneous, separate or sequential use. According to another aspect of
the invention there is provided a gene vector according to the present

i nvent i on,m@cQaés byl BeRaspredbing, tumdrhiafifrasmgnma¢mplages owitheut fpterfering

har maceuti cal conpositign accordi oth resent in Lan, I
gccor di ng Wigh ES4 ﬁr%cgi% @rvendhat tgﬁag?# P‘E?r'?mg?rp]é WEET hnaﬁgkh%gc%(? ing to the

present i &‘48&5&?’%&&{ hB SUEN b0 tHREuHRE BaE REIdRXPIRSEipRot tfat 426TABSgENe in a
hemat opoi et c stem ce or a hemat opoi etic progenitor cell, According to

anot her asyegadnces fullyeprievand rioxioity ©F drapsgesespexpresied fromy tieeTiFd OMOWE dBr di ng
15 to the present invention, a particle according to the present invention,
a pharﬁac $¢cal conposition according to the present invention, a cel
according to clainms the present invention or a conbination according to the
present i nygRtdiAR thoindth@akipear of dhe dasmtior| theteets Hravided obsst dofCBINA
Leukodyst r ophy, roni ¢ Granul omat ous Di sease and S@ﬁge Cg}r}bti n%ddin
| mrunodef i eoinstnesys {osEr@iucingR YiEal geston gartisle £QmPRSEfs CPPTHRE VR i on
there is proviided,a I B 8SRNA & hdel eta
particle atB&HG %ﬁeP%%?ﬁgﬁgfgg%ﬁ%9§%§gﬁ?%%%?k%gg%arnaceuti?gf coﬁg%sition
accor di ng 4ceordiie: tBrtas prisentriventionyandeoptiohillyae trenstieny By nerkagablerwslopr esent
invention or a conbination according to t.he present | [.on -
i ncr eadl ngEanp@ecwa ipen gt stg? VAT g5ROE ﬁ%taélp?)riwé{olng@s{}fgs r%legé; Iltlf Q%nr be
nemat 0poi L), AL AAPYIHIYeckf k. Thileaftallp rafes teprapyt of agdhinces  of
Y :

survi val or HSPC can be increased by specifically detargeting
expr essi onamfErgenes fromthese cells. In particular, the detargeting of
expressi on of transgenes which are toxic for HSC or HSPC coul d be

beneficial ,for the suyrvival of .th I : ; t A58 F i
expr essi o8 r‘i“f‘&ﬁ%@‘éﬁé@ W?céI?gcéhgul??i&é%ﬁgié&%ﬁf%%\?\gﬁtggﬁ m"runeq)rréeggtr:ltn Fon in
the host cpyisl veBdk phrticlt inpridinpeiasedhoityathe setaff BNAonstruces oftthe pres¢nt.

Accordi ng to anot her aspect of the_.inyention there.is provided a gene
vect or1%ac ciowveitipg into a host cell, and obtaining the viral vector particle.

In one embodiment the host cell comprises the corresponding miRNA.

According to another aspect of the invention there is provided a viral vector particle

produced by the process of the present invention.

According to another aspect of the invention there is provided a pharmaceutical
20  composition comprising the gene vector or particle according to the present invention

together with a pharmaceutically acceptable diluent, excipient or carrier.

According to another aspect of the invention there is provided a cell infected or
transduced with the gene vector or particle according to the present invention. The
cell may be transduced or infected in an in vivo or in vitro scenario. The cell may be
25  derived from or form part of an animal, preferably a mammal, such as a human or
mouse. Thus it will be appreciated that the present invention is useful in providing

transgenic animals e.g., for use as disease models. In one embodiment, the mammal

is a non-human mammal.



5 to the present invention, a particle according to the present invention,
a pharmaceutical conposition according to the present invention, a cell
accor di ngvoaonlas4ve t he present invention or a conbi nat ipomBzaeodiey to the
present invention for increasing the safety and/or efficacy of gene
therapy. An increase in safety of gene therapy includes the prevention or
reduction of 10 unwant ed expression of transgenes or expression of the
vector in certain cell types such as HSC and HSPC. Detargeting of

expr essi ofMn@he ambbdinsgetie cell ivabematopoietiv stoacielli s adwimatenpiris AN EHuUce
unwant ed reaction or side effects which may acconpany gene therapy. An

i ncrease i%§llef f i cacy of gene therapy includes that transgenes are nore
effectively expressed in the desired cell types such as 15 differentiated
hemat 0poi e4d&rdifd & anbiBERApECt! dTE®E ifIntisn ahere T peovidddes combinatigenéraat ed
fromgene-nodified undifferentiated cells which are protecte fr(%m

t r ansgene leasxiwed diffesend miRNeY#t sequgnemigractp é%?ﬁpﬁﬂ@n%y’{’%él\} SSPISRIRA TR get
sequencge. |n particul.ar en g i | y4ng the transplantati on of HSC
or HSP% ca{'he u?é:f’g\pnélﬁ%ngrrﬁrlgogé |2|E%#tl&]¥]$‘] %%(jsr ession of the transgene can
be avoided until the cells have 20differentiated. According to another
aspect of Thhenel éndbsdimeit theaniRNA seruerice dargeatscpee don siotudtaneqiso FAaFRIC 106 t he
present invention, a particle according to the present invention, a

phar naceutﬁeﬂ‘éﬁnt’ébﬁlﬁﬁosi tion according to the present invention, a cell
according to clains the present invention or a conbination according to the
present i Y&RLARD 1 Hoties abicRY §thi: RS/ cARGPIHRE i§ pefvidedegamicopoioehtcrdingm cel |
or a hematopol etic progenitor cell, whereby the apoptosis is caused by
expr essi ortoofthe hgresentinmyenton, A cpawicley acectdingt Her thes juesenbf VAN, &nt i on
there is provided.a.gene vectaor r di | 190 to &
parti dle RREPAFEHECH FOMPeSHPALSH 8&%\/%n | c#ﬁ?se%pghvgﬁﬁ%"ggﬁ‘?gé@g%ﬁgégi tion
accor di ng d18nish8e Pr@&@Thvénieaniriadtbmisnatiin acaoriingiionthe tpoeseiGnvention for

2010/ 125471PCT/ | B2010/ 001166 cl ai ms_the present jinvention or a (ilonbi nati on
accor di ng Rrevantiag s Ss@fing AXRIRISIPNOK & fr £ 3R i mptapaiglie gpm cellora
differentiati . jetic stemcell or a hematopoietic progenitor
cell. The %e%agﬁlog%lc%g%%ggﬁ!' mr-223 and mr-130a is indicative of an HSC
or HSPC. 5 More specifically mr-126 is indicative of primtive HSPC and,

i n hunmans, Aedosdingto ameithes agfiect bEthefiyention therd eaepaded\s genp3wstor 8GN at i ve

of the more primtive HSPC. Mr-223. is indicatiye_.of i j ted

pr ogenk ortocé‘;‘? SPISHRAt ¢ S e Br P kc}e\/eac’gglg&}g l\%rﬂ%z |§3th glggl ndrcative of
di f ferent i at-edaiBi8kAl Gnfdkitioni 26bddig® Glatulend yiveationyonody hesrdimgrtoophages
and nyeloid dentritic cells. 10 In one enbodi nent the gene vector |s for

use in hent;laimscmhemmsenteinVeItti@@r@m/@T@ﬁﬁi%’p%ﬂcﬁd“&g toetbe AEERSPLEY SR des
hemat opoettlrgatf%téeng Cgislaas%r as@l%gieﬁntﬁﬂlort'}loboid Cell Leukodystrophy, Chronic

Granulomatous Disease and Severe Combined Immunodeficiency (SCID).

20  According to another aspect of the invention there is provided a gene vector according
to the present invention, a particle according to the present invention, a
pharmaceutical composition according to the present invention, a cell according to
claims the present invention or a combination according to the present invention for

increasing the chances of survival of a hematopoietic stem cell or a hematopoietic

25  progenitor cell in relation to gene therapy.

The chances of survival of an HSC or HSPC can be increased by specifically
detargeting expression of genes from these cells. In particular, the detargeting of

expression of transgenes which are toxic for HSC or HSPC could be beneficial for the

10



Accordi ng to another aspect of the invention there is provided a m RNA
sequence target corresponding to a m RNA sel ected fromthe group of

m r- 130a,woi2ntol2647and mir-223 for use in gene therapy. PETABIO0/001MG t O
anot her aspect of the invention there is provided a nethod of determ ning
the differentiation stage of a hematopoietic stemcell or a hematopoietic
progenitor cell, conprising determning the |evel of expression of a m RNA

in the cell, wherein the mR orresponds to a m RNA target ,sequence
oper abl y |ISUR# _?fothﬁs%ﬂ%lseo‘f‘l\slgeéeté@ﬁﬂ 8g§,XPWﬁ%?‘éi°iq Waﬂég‘ﬁﬁ‘gﬁm]‘g’r g?ﬂgﬁt s or
reduces express| GRviied etk REG R EenGL BEAGEsultn an RedTese® Bhatck &f
progenitor cell (HSPC) or a hematopoietic stemcell (HSC) but not in a

di f f er ent isatedaloflithe celor exanpl e, expression of mir-130a and mr-126
indicates that the cell is a HSPC or HSC, while expression of m R 223

indicates affil.iation.to the loid l.i ngage, L. € I

monooyt es, Atcretinile i avvect B BhPution GRS plfas AL AN RNE B oRe

anot hes agspe@e Qiredch€ ind¥@idn, 08 pAEitR iagcdrding dedite rpeédeat @hertitnerai ni ng
the differentiation stage of a henatopoietic stemcell or a henmmtopoietic
pr ogeni t orphasnaceutiepirompopision dcerraing; tagthe meeseat, BIvepiions @ redls 35CFIIBE 1t | east
two differ ' ' Lo, coMiEh B ] ' ] idnOfof1 RNA
target sedn et B el o o e e PRI

m RNAs pr du@sising the $FeR0ddd/dr258cAt{PCT £¢1182041Ap0N01166 reduce expression of the
nucl eoti de sequences in a hematopoietic progenitor cell (HSPC) or a

hemat opoi etic stemcel |l . (HSC) but not in differentiated cell and
conpari ng ‘%Ihén‘érﬁ?ﬁeeg‘sisﬁfﬁgl é’gegenf’)fﬂ‘?’i‘fgy d'f’?ﬁ‘g?seﬁlfe RTRIGREON (5 Eeduefon of o
expr egi oRn@faniddCexpréstiBRNMSrA95:0RE R e8PXeHoIE 0N HRPQtGNR0¢EHath el types

i ndependently fromeach 5 other using a bidirectional vector which

expr esses suolp asdfd e and PG, Rettrzeting elermaessiongofaa @ansgsne o VeFIOF A t ar get
sequence. For..exanppl.e. the di r Ler o] ' t

di fferent “RHE? ﬁ%rcersfgct%pegs “1 ur8§%c§c§ﬁ§v&né§ kI;e%'ra1 @J‘%ﬁj"? f g?gn‘%}?%{t)% gﬁlrg %1 m‘gﬁ’( d

i ndi cat e dicédrBpaRt geieX thergs. Ahn exdeeRs Sinoeffichcyt b€ generthéipy inbludds tapr esent
different differentiations stages (e.qg. ggr_een may ker +m R- 126T, red 10

mar ker +mi AGARSEPNES | §re c BI0r% effestiyedy BIPTHISEE kI ﬂ? pired icFlc_@fHeé_ B 211 ow
> | ggph%}ﬁérgﬁﬁ tbd hERhtoRoidli€ cAICBlcautt fHeSE BAls! 2E %@Qrméﬁ%&‘i@g} araged cel l's.)
According to anot her aspect of "the | nvention there 1s provi ded a nethod of
det er mi ni rfgpnh penedinfofifted ninidfferemiagidaghs ehich dre pettaypal Fomdrasgmedexicitor a
hemat opoi eti.c progenjtor cell, c ri sing determning the pressi.on | evel
of a t_rané@@ r}B“’faﬁg"*éiaF’Hf‘E%e FF@&%?I&S@\P&H El_“g?lgsltﬁ:@%eqoﬁe_g‘é%cﬁ' ﬁém‘ﬁﬂ‘?reti c
progeni t orgef€ 'tﬁeraﬁ%ﬁfv@lv%% hR tdRPasenRsn bs HCbARISPd E4KBE sifer andThidhA
sequence target, Wwhereby the corresponding m RNA prevents or reduces

expr essi orefliifienthéf texpresgjemeofi they trapsgene pedrethec apeided intdr theepells HBPT) or a
hemat BOi ?itéﬁc stag cell (HSC) but not in a differentiated cell.

Fur t hé nor PRI er vectors for ni RNAs sel ected from the group containing
mR- 20 126, m R 130a and m R-223 m ght be applied to identify

hemat opoi Adcerdih@d fvtHes agpedl ofrthé iwetiomiedi ia b videdclgeno vectonacutding e
systens ai ned at obt ai ni ng[_ hemat opqi etic |inheage cells frominduced

pl uri pot erte el IPsesenpPIRveRtiosnh? ye#tieles pesArdidr) o (ths) presept JRECHEWBo? ment  of
the preseng . i nventi ; B'}}@?c [ octsorfa ddMEadbREEN

i nventi onr})?:lonprc?g{ééa?%g %lgﬂﬁlk delect ggof@%?l?%ﬁgpgl?oup nggn%%%(?ng ﬁ?rq 1304,
25mi r - 126 chaighs whe p2aéht invention or a combination according to the present invention for

25  preventing apoptosis of a hematopoietic stem cell or a hematopoietic progenitor cell,

whereby the apoptosis is caused by expression of the transgene.

According to another aspect of the invention there is provided a gene vector according
to the present invention, a particle according to the present invention, a

pharmaceutical composition according to the present invention, a cell according to

11



Some Further Key Advantages of the Invention The invention teaches how gene
vectors suitable for gene therapy can be designed to be regul ated by m RNAs
endogenowsof2oro/1AS8C1and HSPC for controlling transgene ePpraBmilemiles achi eve
specific expression profiles of the vector. The invention provides broad
application of these vectors as they will help to prevent transgene
toxicity in HSC and HSPC and thus faciliate the devel opnent of gene therapy
strategies for the treatnment of various di seases. The vectors are

parti cul ardiyinfsihé pRsentligvergionorta@mtihaionwicetdirigntoothe eresent imvpntegsioon of a
transgene which is toxic for HSC 5 o PC.The inventors provjde. a novel
met hod t o PewifATing a sageek differsptigiion; af @ Ffélamﬁ?‘ﬁmétewfﬁggr ﬁﬁF’E’F pgretic

henat opoi Z}Briogenfcft%l' Lelfubset s including rare HSPC popul ati ons, thus adding a
new di mensi on to conventional m RNA expression profiling approaches, which
are broad but Iimted to a previously purified bul k popul ati on. This nethod
i s 10 baseTheopresdnee tof anmis-d361 indr22F andSPar-iv Qanis| ingicativer @le aniHRIGA0F ES1C: er

vectors, ich serve as .a. ljve.ggnetic ndi.ca | Wi a
i RN, Seacrlof sReaifenty 2 a2bis B G HiPL PISrir oad g hdnt; bkp 3k 2,
popul at i ongls BB BhigbiddMndakew Mitt B3OS ndiddsive @ftthé snorp priadting HIPE.
inventors identified two m that are highly functional in npuse and

human HSPOVin223 isdhdigativebelemyeleith cammitedgrrogardforseits #iq therPole RBHYEe) | s.
15 Upon di ﬁgg;snltlg@}é?gg“ iis OfiSo Molldaite J@aifﬁérymg@@m-rﬁmhaka@g ghclhdiggear |y

pr ogeni t or er one Is further induced during
gr anul o- a@dnmm@ghmbsﬁe@uiarsdphagdsmndmyMoiégeﬁtdtiedelilm | ynphocyt es and
during megakaryocyte/erythrocyte differentiation. Furthernore, the

i nventors applied one of the two m RNAs hi ghly. expressed..in P t
ov\ér c OWES alnﬁ‘g}l‘lérem@ﬁéerﬁr HiFe BB g oEIFF 18 aég?lf gifg yinr E’EP%@%P leg:c %%Igtt)lc%r 0
| eukodyst fﬁ%xtog;&‘eé?é % ﬂ%x%??@ﬁ@ﬁde%%@ﬁﬁ%o&icsﬁérﬂ%ll guBslantatefect i ve activity

of the lysosomal enzyne gal actocerebrosidase - GALC) in the nurine nodel by
| entiviral vector-based hematopoietic stemcel]l gene therapy., In contrast
to other |Asmsdinglto enetharsspeciipCthseinuentioanthereris Jpavidsda fCAVERSPC

causes apo&}g%% Icgrrgsrf)gn(iigg $ IaorrrllﬁéN ARRLARm e group of mir-130a, mir-126 and

mir-223 for use in gene therapy.

15 According to another aspect of the invention there is provided a method of
- determining the differentiation stage of a hematopoietic stem cell or a hematopoietic

progenitor cell, comprising determining the level of expression of a miRNA in the
cell, wherein the miRNA corresponds to a miRNA target sequence operably linked to
a nucleotides sequences, wherein the miRNA prevents or reduces expression of the

20 nucleotide sequence in a hematopoietic progenitor cell (HSPC) or a hematopoietic
stem cell (HSC) but not in a differentiated cell. For example, expression of mir-130a
and mir-126 indicates that the cell is a HSPC or HSC, while expression of miR-223
indicates affiliation to the myeloid lineage, i.e. granulocytes and monocytes, including -

their precursors and derivatives.

25  According to another aspect of the invention there is provided a method of
determining the differentiation stage of a hematopoietic stem cell or a hematopoietic
progenitor cell, comprising determining the level of expression of at least two
different miRNAs in the cell, wherein the miRNAs correspond to miRNA target

sequences operably linked to nucleotide sequences, wherein the miRNAs prevent or

12



25 the transduced cells due to an inbal ance of the intracellular content in
bi oactive sphingolipids consequent to enzyne expression. Differentiated

cel |l s of wheomyieboid and | ynphoi d | i neages are not affeeCEdBINI/GALES
expressi on, suggesting a unique sensitivity of HSPC to enzyne toxicity. The
m RNA-r esponsi ve sequences used for the reporter vectors allowed regul ating
the expression profile of the therapeutically 30 relevant GALC transgene,

de-targeting transgene expression fromcells where the ‘W )
2010/ 1254 7¢RCE/ ¢BResON00 tsenecentide cSeaeRqas in 4 hepalopygti¢ mepsspitoygell o

permttin her ' XQLEessi ' i £f er entd t hat
e Mot af MESTE 4y € HRBSHRRAE AEESSCTHEE) WP rll i & B e i'Th

t he m RNA-goafpatiag et cpteSsibe dvielof tht diffetmmsiRdAe Mooower, 8 dxpussion 2y me
toxicity and retained their funcfion both in vitro.and i ivo. Prelimnary
5 resul t s RdMEAPRNAS erRpRA£5EY F?@S\’E‘Qorﬁpe‘f‘ﬁig'sa‘é‘gb?a%a‘é‘?&f‘ﬁy ctg‘?nf’ &l e‘il ng

di seasg maR &5l 10BRIiePidAE VERIS? SyItBH &lxprdStaf R hatker! BehesOkhdivong m RNA

t arget sequences are enployed to achieve regul ated transgene expression in
t he hunman deetmiringai different yseroRN Ay targettseguensy. Bepexaouie. ghe dififerent micgai r e

expression_in the nyel.ojd |i e (e.g. chroni r.an S 14 e, 10
| ysosormal 3OS aFQBldgg% ﬁalpjﬁ“éjr o gﬁ%gergsm?%gbﬁ%dld sgg‘grg?ce#e ac E:(r%(%l’ma | CF&?
| eukodyst rQpiys vamhiE nelicik AuYsErtoRtures toT) éxpled6idh Id0ME HiRIGRNAE getiich
sequences) - optim zed for nmaximal repression in HSPC, 126T égﬁbarrg t

el'6t d

sequences)represqt | iffesentf diffarentiatians heesasr de8d &een vimatker Fmily

progeny. 15 e_.th i icatj Leh. rg@w. IRloh Lhe

eryt h?é d rpy%%r&ggk??%?%{ﬂ%ﬁgsag%nﬂeg?&g ul(::lgsg- - phéggﬁeaé?éeagi yd?ogenase

def i ci encylymphédsite; ifeklls siepeeenedifferentiv®dayddidtimeggetceleuences) , or 223T (2
or 4 target sequences). The latter target m ght exhibit sone activity (<5x)

in nore primtive BFU-E and CFU-E. 20.Cene therapy appl.ication i ¢h
require expeeeEdipgnto; anqther psreshAtqthe; ysgRen Ie}'.ﬁ@r.e éAé%%ﬁéfg adg}ﬁaho:ggﬁ’gy, BTK

defi ci e”PYdetQ&ﬁﬁhgtheAQﬁ‘ep%ﬁtiQ)dn 28T of 2 hethatbpbiti€ SlenS QALENS BShatopdistt bl y i n
conbi nati on wt 26T/ 130aT (2+2 target sequences) or 126T (2 target

sequences)progenitor cell, comprising determining the expression level of a transgene in said
15  hematopoietic stem cell or said hematopoietic progenitor cell, wherein the transgene

is operably linked to a miRNA sequence target, whereby the corresponding miRNA

prevents or reduces expression of the transgene in a hematopoietic progenitor cell

(HSPC) or a hematopoietic stem cell (HSC) but not in a differentiated cell.

Furthermore, reporter vectors for miRNAs selected from the group containing miR-
20 126, miR-130a and miR-223 might be applied to identify hematopoietic stem cells
and/or their immediate precursors in culture systems aimed at obtaining hematopoietic

lineage cells from induced pluripotent cells (iPS) or embryonic stem cells (ES)

In one embodiment of the present invention the miRNAs used in the methods of the
present invention comprise the miRNA selected from the group comprising mir-130a,

25  mir-126 and mir-223.

Some Further Key Advantages of the Invention

The invention teaches how gene vectors suitable for gene therapy can be designed to
be regulated by miRNAs endogenous for HSC and HSPC for controlling transgene

expression to achieve specific expression profiles of the vector. The invention
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25 Vectors, such as viral including lentiviral vectors, for transgene
expression for gene transfer and therapy can be engi neered wi th m RNAs
target sewoenwé2s4T1order to be recogni zed by endogenous PRITRBZE0/0@EI66
endogenous to HSC and HSPC, thus regul ating transgene expression in a
subset of cells. Mreover, conbinations of m RNA target sequences can be
used to obtain vectors with highly specific cell 30 expression patterns.
WD 2010/ 125471PCT/ 1 B2010/ 001166 The practice of E he present invention wll
enpl oy, urire¥idesbreadvipplication ehthsee vedors east then ayill Relh i Juevenb rapsehf st ry,
nmol ecul ar | , 11&C i Yorrd " l: t j ych are
W thin ¢ hdoKa N T e e ety e

t echni quesstiategicaXpt ticnedtrmenttdfevativbedistasee . The g¢ctbsrare parighlarly Suitable
Sanbrook, E. F. Fritsch, and T. niatis, 1989, Ml ecul ar. Cl oning;

Labor at or yOR& erapies Jihie V?IIVB%,% %BW%%Q@? %éﬁ?gﬁn%&?‘?%ds %?‘btﬂrql%@or atory
Press; sAusyiydpcF- M et al. (1995 and periodic supplenments; Current
Protocol s 1n Mdlecular Biology, ch. 9, 13, and 16, John Wley & Sons, New
York, N Y.); B. Roe, J. Crabtree, and A Kahn, 1996, DNA |sol ation and
Sequenci ngtheEinyentprsaprovidshainguelsmethod rio \Rrpilp the 1agtivin of sglectod PHNAS and

Janes O D._. McCee,,..199 In Situ br i di Fon..  Pri.ngkphe . Lce;
Ot or d Uni EFS: 5Pl Bemafpotshe abl Nubithf fihiing SRR ot Sght oo
Synt hesi s:adflingr @GleivCdimefBipnoadcéonvertionkr RERNADexpression pidfilimg appebaghest.

Dahl berg, 1992, Methods of _Enzynol ogy:  DNA, trucn}t&ure Part A. Synthesis and
Physi cal Airly aresbrend bialimised &8 proyvigusy pifang, bulls papwlpiien. wiethggilf g
Ant i bogy es,... : . : ) rOYwigenar d
Har | 0\(/)1vf3’| D;?/als%fﬁfgﬁie??%%ﬁ]%v% 1 99Wﬂéol1ggﬁ§g%1ﬁ%%?%géﬂ%?ggiroa§or y Press,

| SBN 0- 87 9eBrenbsIR)e; genti¢ huditiaes for the betivatyanfor iR Ay adsillyyquentifiehle ahithe

Editor), David ditor). (1988, Col.d Spri Labor at Press,
| SEN 0. b7 cesle pol BEl dndm mRlnsH eoBH AP e LIt GOV P By g °°°
Ranakr i shngisSeehbiaha i fAhdYaidehiBed 96 NATKICAs (RA0ke HieNYy YRnktionlYin 20

Mar cel Dekker, | SBN 0-8247-0562-9); and Lab Ref: A Handbook of Reci pes,
Reagent s, mouse@nidnmae fHPEH decluding subsess enrdehedtfor the nmshpAmithg sty colline

9 . s e
A e P e

r ef er ence. ccllgewdl whilOfhe @thek bfe IS fitth@Sndired ldaring grmnio- iand erinopoiesis, Hut be
described further, by way of example only, with reference to preferred
enbodi nmentshampher dyypn-geguidted, dpr hraphochies hand, (RBIEa MGEAKAIPSHF FYLhroeyie whi ch:
Figure 1. cﬁﬁ@r%ﬂﬁ i representation of bidirectional m RNA-regul ated

| entiviral reporter vectors. Shown here are representative structures of
m RNA regul ated 30 bidirectional vectors (Bd.LVs), containing the green

f | uor escerfurthenheienthe @ERNtas applied owdoP Sk 0wd 2BRNACTIEhBXXPeysealindESPC

20 to overcome a major issue preventing efficacious treatment of globoid leukodystrophy

(GLD)(a lysosomal storage disorder due to defective activity of the lysosomal enzyme
galactocerebrosidase - GALC) in the murine model by lentiviral vector-based
hematopoietic stem cell gene therapy. In contrast to other lysosomal enzymes, GALC
gene transfer and expression in HSPC causes apoptosis and functional impairment of
25  the transduced cells due to an imbalance of the intracellular content in bioactive
sphingolipids consequent to enzyme expression. Differentiated cells of the myeioid
and lymphoid lineages are not affected by GALC expression, suggesting a unique
sensitivity of HSPC to enzyme toxicity. The miRNA-responsive sequences used for
the reporter vectors allowed regulating the expression profile of the therapeutically

30 relevant GALC transgene, de-targeting transgene expression from cells where the
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m RNA reporter and a truncated formof the human be affinity nerve growh
factor receptor (NGFR) as a constitutively expressed nornalizer. Wile

Bd. LV- ct rwocen/mst7icont ai n any m RNA target sequence (mMPRT)IB20Ba0&1v223T and
Bd. LV-126T were constructed by the addition of 4 tandemrepeats containing
21 bp perfectly 5 conplenmentary to m R-223 or m R- 126, respectively. Figure
2. Evaluation of mRNA reporter Bd.LVs in cell lines. a) Quantitative

anal ysis of m R-223 and m R-126 expression |evels (copies/pg) in HEK293T,
U937 and 1cigKa0 IMRMEA lisextpnessed ISRC); athily pexpitiong: fulh therppeutin eXpressivaUBt i on

with an LV containing the pri-mr-126.under co MO QUi

pronoter 1% (dﬁff_q@@ﬁc;q_vogyr& {_f’?g])s n(%) %8%&2’%’ etﬁef §| ve'egﬁré% 1%&2'%19@%%%%]@

HEK- 293T, (98 -2k 37t HEKARRIA Lofultitdd GA6.Clehlisiral tveatordwerdradettodt he
indi cated mRNA regul ated Bd.LVs. Cells are anal yzed for GFP_"m RNA
reporter” fod eNGER: taxioityedndzetained sheisinptinn bath iyt and 18 ¥ivocBIeABBATY on of
m RNA- nedi at f.ol.d repressign t p. i e
protein | é?é‘ﬁgaﬁaélﬁ?tet et 8? e\glfg}c. %55€|ﬁg{sogaﬁ)ggn§a§h§€v ﬁ%%%’g% gfr?gésrgﬁ R-126
activity igas@lstatiohf@sthe alousd abbdel. as GFP FR val ues at the protein |evel.

D anonds represent GFP FR at the RNA level. Figure 3. Evaluation of m RNA
reporter Bell.¥SaHI{ the YQlowkihg @ARRA sEqiehesy dr8bnplgtd topdiiete reguateth and
progenitor cells"(HSPC) were transduced with bidirectignal m RHA teporter

| enti vi r al transgensy expf@dionsy the humarR heogtopaietis; spstems 269 SFPYt FIPRHEHI Nt ed
into recipient mce. Peri.nhe q \ r W th
cells car rVFlr‘fb f?ﬁ%&‘%ﬁ"ﬁi\?ﬁ‘fg‘ég‘ér eelf%@vggl 1%%};%3% %&E"A%sﬁmé’?nﬁeﬂ% (ﬁ%&gfr at egy
used t@ i dgBésofnal kldeagerdisurdére slscic y¢ Erqhbpulistaba mdtachmomatic lukpdystrppley. al

bl ood: granul ocytes (CDl1 | b+ Ssgh}g%)1 Ero ocytes (chl +, SSO a\év}d B

cel I's ( CD1mirynolenkodysieaphy, etodsy [2GL/1898l0K2¥2 tRRBeRSPIUELESH at CHRTERES Knal ysi s
of GFP and ' i ol bdlEseRBdrcR)er aptimieados whisihd. C)
GFP FR val %&?ﬂ%&%&ﬁé&éﬁ@gﬁ%gﬁ@ﬁ g\g% gﬂbpoi;))ul ations frommce

t r anspl ant estkgtouhd l3RGyt inalesoiyelod] progényei t her Bd. LV-ctr (n=5), Bd.LV-223T
(n=6) or Bd.LV-126T(n=4). Figure 4: (a) Lineage' bone marrow (BM
hemat opoi eti ¢ stem and progenitor cells 30 (HSPC) were transduced with
bidiregcdio . hiiGhs WARhI Mglié cxpreba61s in B2 erythroid lineage (e.g.

2010/ 1 547{1}PC?T?EI\EBE%B§1%II§‘%%1166 (BdLVfSl and tﬁl:éanspl ant edr_yiﬂrlnrto eﬁs,hal ly.

i rradi at edthalassemiBdgvcossed-phespbats dehydmoganase jdebgicary, fiekd ,;l i8535F1-5r made

responsi ve specjfic m f ;
conpl enent Q(ij?‘—[ﬁg“&%&e{ %ﬁqﬁ gree %%h%ﬂgééﬁgﬁ @&[ §g§?eg§%sﬁ'ug%a@§(éf %%tRMnn%l}tk er
gene ( ANGFRhibiMhéifie ¥@Ivety @b X)dninad pAmiveBEUSE afd €FUEE.t r anspl ant, and

mul ti pl e BM HSPC subpopul ati ons were prospectively identified by
i mmunophenot ypi ng as shown (HSC. hematopoietic stemcells; MPP: nultipotent

pr Ogeln%d or één%?é}{yg 5%%!{&5{?&&’& %h{&”&%%? ek HERAGE Y ehP 1y2ASHYid UneagedL.

gr anul ‘ocyt e-"nobnoc ogenitors; e early nmegakaryocyte-erythrocyte

pr ogeni t or RACHPRAG2yddficizayy, B TK deficisnrys X-SCH), ABA-ScHMX 3237 €2 présargeiot s
show 10 expression of _the Control-BdLV ! 133aT sclexgpecific
i RT) and peageneee) peRsiNE o epmhnRior st 13854 07 @248 TanlefS e 100,
(196bT), '%@Séqé‘gﬁc&)_ m R-223 (223T), m R-19a (19aT), m R-93 (937),

m R- 17-5pm% 1 an et-7a (Let7aT) in HSPC subpopul ations freshly isol ated

fromthe BM of transplanted m ce as described in (a). Each row shows a
representative pattern of reporter expression for

25  Vectors, such as viral including lentiviral vectors, for transgene ekpression for gene
transfer and therapy can be engineered with miRNAs target sequence in order to be
recognized by endogenous miRNAs cell endogenous to HSC and HSPC, thus
regulating transgene expression in a subset of cells. Moreover, combinations of

miRNA target sequences can be used to obtain vectors with highly specific cell

30  expression patterns.
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15 the indicated BdLV in HSPC of the aforenentioned differentiation stages.
Bar graphs on the right of each row show the nean fold repression (FR) sem
cal cul at esiof2omvm2s4Iport er nean fl uorescence intensities @EConBriad/Nomed; 126T:
n=10; 130aT: n=4; 196bT: n=4; 10aT: n=4 except HSC and MPP1 where n=1,
therefore statistics n/a; 223T: n=6, of those 5 with an eG-P reporter;

19aT: n=3; 93;I' n=2; 17T. n=3; let7aT: 20 n=1 pool of 3 mce). Statistical
conparisons of m RNA activity between HSPC subpopul atlons wer e de, by one
way Anova Hied pestiterafofiie pesséntt @é’?n%lr Malt P@Hlo?’up er&‘l‘seeéﬂéﬁﬁ ait"é’po?/t er

BdLV group %%exfgg)%a éﬁﬁx{@@aﬁc a’ﬁ*r’fns ?e%éla: m@ %gﬁﬁﬁﬂ%égecg HarfS) - 25

Fi gure 5: ‘ioa) ma opol C IVI as neas y the nean
fol d repr eBNAcahd(ibiureilogyn shihicht el mﬂmotlteg:apﬂdhm aofra pﬂn$(tri ofl cedimetyl skill

popul ations | soI at ed from transpl ant ed L ubset s

descri bed iin Flﬁ’& Sughy feg @Nﬁg‘u%@? © %Lh?ﬁﬁ gr(fﬁeﬁor leBajS
CD19+C343-Ganthr, 19313Tnéﬁﬂ%deﬁ)mf%g%%w%ébul&%%&g@ﬁ&bo ;ypheral
bl ood: Granu T113+ side’scatter; Nono: b+ side scatterk% B Ly

CD19+; T Liam@ii3Secobd EditimaBionks 1-6n Cokd gmngsﬂqd@néeb@@umSﬁgAm@é&au es of

m R-130aT 2 126 al 26T ]

2010/ 12547‘?%%%2@%%‘6{1&%’ '6’?&?8 oG HTE ecro S4’”c1?3%l|"’63"6f3”’"’%’ 126T
(126T; n=14 91 £8)an@164IGRPWERY @Es&ﬁl&@a‘%ﬂaa@ﬂ)bm%em CrhbtrBhandars show
the fold repression sem obt a| ned by these m RT sequences in Li nea e marker

negative H@ﬂm QP 6.oRNdo pralationomms Sequgesitg akssentiddi Eecll’)“q&ﬁﬂ John Wileper al
Do e HlPUGR! T, M81af. dddEtapldd 13 WaLGEE 1BONPNRR DDt P iABPRS ST O 11

HSCthlgn 1 alon ckground répréssion In ocytes Is
reduced. FirguPeactice; Regfdir@tUrﬁgermt}e Peesqyr B6 STL @hitofEditos), |168ﬁe0ggmwclpptzde RNA

target sequences. (a) m RT sequenc per £ orrpl t | R-142,

n R-223, mORVESS: A(ﬁraﬁﬁl‘lﬁl 1’9’01?38 l/\é‘ie ?Md!' Syﬁé‘ﬁr;g lﬁ?lﬁa Fet hyttv di ne

I dnase (dTQpLERRRERhMolodYP 1M KEGEARD Bhrt A: Synthesis and Physical Analysis of
DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory

15 Manual : Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999,
Cold Spring Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A
Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring
Harbor Laboratory Press, ISBN 0-87969-314-2), 1855. Handbook of Drug Screening,
edited by Ramakrishna Seethala, Prabhavathi B. Fernandes (2001, New York, NY,

20 Marcel Dekker, ISBN 0-8247-0562-9); and Lab Ref: A Handbook of Recipes,
Reagents, and Other Reference Tools for Use at the Bench, Edited Jane Roskams and
Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-87969-630-3. Each of

these general texts is herein incorporated by reference.

Description of the Figures

25  The present invention will be described further, by way of example only, with

reference to preferred embodiments thereof as illustrated in the accompanying

drawings, in which:

Figure 1. Schematic representation of bidirectional miRNA-regulated lentiviral
reporter vectors. Shown here are representative structures of miRNA regulated

30 bidirectional vectors (Bd.LVs), containing the green fluorescent protein (GFP) as the
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| entiviral suicide vectors (right half of each vector drawi ng) were used
for (b), while bidirectional suicide vectors coupling a G-P marker to the
m RNA- r egeibab®di23K1 or an NGFR nmarker to the Control - TKPagnB2aeed1én (c).
(b) Lineage-/Iow HSPC were transduced with the indicated lentiviral
vectors, and plated +/: gancyclovir (GCV) in 15 sem solid medi um (LV- GFP:
n=2; CTRL-TK: n=8; TK-142T: n=4; TK-223T: n=6; TK-126T: n=4; TK- 130aT'

n= 2) After 10d, the nunber of nyeloid (CFU

erythroid r(lBﬁﬂAEep@lEUa@ actoinsaied Sora of dguyragn (Bo%fflaﬁ‘iﬁdnmieﬁg\\‘%‘ ®fs show

t he col ony nunb e 9m d n
count |n rg%%’ ¢\I aStar%:)lilsh,’.hlQ eesB%;/aEgl e}g{ou g%(%ﬁ%do?x %ﬂg%éég%o? y)
The 20 ' naowfan aﬂﬁtrﬁlm ﬁbrg&h@a@eﬁéea(mmjl‘)yadl [A%i22B Tyandc BU AW 126Titerof  each
non- GCV treated cuI ture divided

t he mean col o count  of. all
tGrC:a/at ed CLHOPEFN%C 2 dhe aﬂ@&toinsto?c‘él tapdqmp aTePERih < %}Qﬂé‘“ g ‘i‘u’%?&' he
traat e 95 MR A r R 159, SpbdiRnt | y different; *=*,
0. 001<p<0 %’T‘ﬂi&géﬁ%’ éﬂgg é) 8 neageb/ I OWBIHSPC from CD45. 1+ nmice were
transduced either with a TK control vector (NGFR-marked) or a 25
m RNA- r egufigtrec?. Exaluetieroo! thiBRAmapdrtsd Bdelsin celidines 63); Quanpitative aralysisT) |

EY]_NGFR/ CO mof{ 2-5§ an%n 1k\{2g:|:;£p-lr_el:<ss{gnwgave r@:@ﬁl‘gs pge)d (ﬁé@qﬁr eU@%’)(%gd' n-a

HEK293T cells that ectopically express miR-126 by transduction with an LV

containing the pri-mir-126 under control of a ubiquitous promoter

10 (HEK293T.LV.miR-126). b) Representative FACS analysis of HEK-293T, U937,

HUVEC and HEK293T.LV.miR-126 cells, transduced with the indicated miRNA

regulated Bd.LVs. Cells are analyzed for GFP “miRNA reporter” and NGFR

“normalizer” expression. c¢) Formula for calculation of miRNA-mediated fold

" repression of the reporter gene expression at the protein level and at the RNA level.

15 Histograms show miR-223 and miR-126 activity in cell lines calculated as GFP FR
values at the protein level. Diamonds represent GFP FR at the RNA level.

Figure 3. Evaluation of miRNA reporter BdLVs in vivo. Lineage”" bone marrow
(BM) hematopoietic stem and progenitor cells (HSPC) were transduced with
bidirectional miRNA reporter lentiviral vectors (BdLVs) for miR-223 and miR-126,
20 and transplanted into recipient mice. Peripheral blood cells of mice sfably engrafted
with cellé carrying the miRNA reporter was analyzed by FACS. a) Gating strategy
used to identify the major leukocyte population from murine peripheral blood:
granulocytes (CD11b+, SSChigh), monocytes (CD11b+, SSClow), B cells (CD19+)
and T cells (CD11b- CD19b-). b) Representative FACS analysis of GFP and NGFR
25  expression within murine peripheral blood subsets. ¢) GFP FR values (mean +/- SD)
in peripheral blood subpopulations from mice transplanted with HSPC transduced

with either BA.LV-ctr (n=5), BA.LV-223T (n=6) or Bd.LV-126T(n=4).

Figure 4: (a) Lineage'/k’W bone marrow (BM) hematopoietic stem and progenitor cells

30 (HSPC) were transduced with bidirectional miRNA reporter lentiviral vectors

17



ratio and transplanted into CD45.2+ congenic nmice which were treated wth
CCV (Exp#1l: n=6 mce; Exp#2: n=5 mce) for 7-14d starting at day 3

post -t ramnspl2arwi2seom | eft untreated (Exp#l: n=4; Exp#2: REZNB20ReMIesent ative
FACS pl ots show 30 GFPNGFR chinmerismw thin CD45. 1+ donor cells. G aphs
show the fraction of GFP-expressing cells wthin the transduced,
donor-derived cells in the blood for the WD 2010/125471PCT/1B2010/ 001166

GCV treated (red) and untreated (black) mce, for each blood cell type over
a 7-8 nont(BdliVe pet itoshsplioted ittat lethalfsi frradhaied ymigsy BdeYs sCOIPRPIEPAFE i n

the GCV grou ¥*xx nsO 2-way. _Anogya 1 nd) [ RINOO

sui ci de an Sgaéglézt?fli ggpaﬁﬁg,h)&dgpo(#rﬁg%ﬂ'et %%S é%{éeggé b@g@%ﬁ.ﬁlZGT 8(3{ an

GFP/ TK. 1425 ddth ¥epeatshsT dhdRfechly tagiplepaauen aaRald edpétdndR Ty asymigases and er cones
HSPC toxicity ari'sing fromhighly toxic transgenes even when expressed from

ubi qui t oustrpmeatedt NGEFR varkeyigege SAYKIHR e aMlice) e evthanizest Pridy Woeks HifTsaf et y

and effj cacy of HSPC- base [ | tl;@e%g

formal I3 pif BIaPheﬁ“grﬁ’%-%fg%ﬁﬁgﬁggpf %/@%%ul%(%n;sn? éeljrg‘r)f{ngsr%% af t1 rll%e%ﬁgh%? dpoi etic
stem cel | sigsussieAspiaEesd Mova (HSC henabpsiepoptnaickids) NIBRS seattipdergur e 7:
(a) To address the safety of exploiting m R-126 regulation.for g

t her apy, aprogemitngsni SNbBse STRREORYGFIENAFYIE MNARISY 2 6 ArREFEHPE; (‘?’8&1:26T)

Lo o TR eSlnibe, L she o e ke |
L TS, BT ptt i D e
S et K o SPhhS) b e o 3BT P PR R
reporter BALVs for miR-126 (126T), miR-130a (130aT), miR-196b (196bT), miR-10a
(10aT), miR-223 (223T), miR-19a (19aT), miR-93 (93T), miR-17-5p (17T) and let-7a
(Let7aT) in HSPC subpopulations freshly isolated from the BM of transplanted mice
as described in (a). Each row shows a representative pattern of reporter expression for
15 the indicated BALV in HSPC of the aforementioned differentiation stages. Bar graphs
on the right of each row show the mean fold repression (FR) * sem calculated from
reporter mean fluorescence intensities (Control: n=9; 126T: n=10; 130aT: n=4;
196bT: n=4; 10aT: n=4 except HSC and MPP1 where n=1, therefore statistics n/a;
223T: n=6, of those 5 with an eGFP reporter; 19aT: n=3; 93T: n=2; 17T: n=3; let7aT:
20 n=1 pool of 3 mice). Statistical comparisons of miRNA activity between HSPC
subpopulations were made by one way Anova and Bonferroni post test correction,
using EPs of each reporter BALV group as the reference (***: p<0.001; **:
0.01>p>0.001; *:p<0.05).

25  Figure 5: (a) Hematopoietic activity of 8 miRNAs as measured by the mean fold
repression (FR) of indicated reporter BALVs in multiple cell populations isolated from
transplanted mice. Lineage” BM subsets: as described in Fig4; Lineage’ BM subsets:
Pro B: CD19°CD43": CD43" B: CD19CD437; T Ly: CD3"; Mono: CD11b"CD48";
Granu: CD11b'CD48"; Peripheral blood: Granu: CDI1 1b" side scatterhi; Mono:

30 CDI1b" side scatter'® B Ly: CD19"; T Ly: CD3. (b) A combination target sequence
containing 4 copies of miR-130aT and 2 copies of miR-126T (130a/126T; n=4 mice)
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and red graph in histogramplot). G-P MFl of Tg.126T mice and control
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Figure 6: Regulating the expression of a suicide gene by miRNA target sequences. (a)
miRT sequences perfectly complemenfary to miR-142, miR-223, miR-126, or miR-
130a were added to a destabilized thymidine kinase (dTK) transcript. Monodirectional
lentiviral suicide vectors (right half of each vector drawing) were used for (b), while
bidirectional suicide vectors coupling a GFP marker to the miRNA-regulated TK, or
an NGFR marker to the Control-TK were used in (c). (b) Lineage-/low HSPC were
transduced with the indicated lentiviral vectors, and plated +/- gancyclovir (GCV) in
semisolid medium (LV-GFP: n=2; CTRL-TK: n=8; TK-142T: n=4; TK-223T: n=6;
TK-126T: n=4; TK-130aT: n=2). After 10d, the number of myeloid (CFU-GM, CFU-
G, CFU-GM) and erythroid (BFU-E, CFU-E) colonies was counted. Box and
whiskers plots show the colony number in the cultures containing G_CV divided by the
colony count in respective control cultures without GCV (10th-90th percentile). The
'no GCV' data point shows plating variability (colony count of each non-GCV treated
culture divided by the mean colony count of all non-GCV treated cultures; n=26).
Statistical comparisons were made against the. GCV-treated, LV-GFP group; ns, not
significantly different; **, 0.001<p<0.01: ***, p<0.001. (c) Lineage-/ldw HSPC from
CD45.1+ mice were transduced either with a TK control vector (NGFR-marked) or a
miRNA-regulated TK vector (GFP-marked; Exp#1: TK.126T; Exp#2: TK.142T).
LV.NGFR/Control TK- and LV.GFP/TK-miRT- transduced cells were mixed in a 1:1
ratio and transplanted into CD45.2+ congenic mice which were treated with GCV
(Exp#1: n=6 mice; Exp#2: n=5 mice) for 7-14d starting at day 3 post-transplant, or
left untreated (Exp#l: n=4; Exp#2: n=3). Representative FACS plots show
GFP/NGFR chimerism within CD45.1+ donor cells. Graphs show the fraction of

GFP-expressing cells within the transduced, donor-derived cells in the blood for the
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CDl1lb+si de scatterthw, B cells: CD 19k; T cells: CD3+). These data indicate
that there is a confortable therapeutic w ndow for safely exploiting

m R- 126 rwoubswi2e4vl Fi gure 8. (A) CD34+ HSPC were puri fipea/1Broaomdiuésan cor d
bl ood (CB) and 5 transduced with the Control -BdLV (Control) or m RNA
reporter BdLVs for m R-126 (126T), m R-130a (130aT) or m R-223 (223T) (n=3
bi ol ogi cal replicates per group). Cells were kept in liquid culture under
conditions supporting the short-term mai nt enance of HSPC, and BdLV. narker
expr essi onGGAstreased (red)l ard daireaterb ghlack) amisaufori eaph ibtpadpzdl-pe gveHgPES and

CD34+CD38+ progenitor.s.(first 2. 1 I : I
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CD235+ erythroid cells). Representative FACS plots l%re %h% . Bar graphs on
the bot t oradyaaiaee@aHiS¢ iteasdused &y GRTIE26ThpRGHWEK dd i gﬂ%ztge "vity in
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m RNA t ar get s_eqaenc_es for mR- 2523m§TK- 231}') Sf ' -g26 (TK—?ngn siagl 2?50
Fi gure 2),poieniiab| o deprovecite safety sand, ﬁgﬁfr upﬂ?i ggpg- %P4 e ﬁﬁqrﬁ@'. ’
presence of,iemaRsanee Asultd FoRrhAndpre eG4t thife126 is active in long-term

engrafting hematopoietic stem cells as demonstrated by a functional repopulation

10 assay.

Figure 7: (a) To address the safety of exploiting miR-126 regulation for gene therapy,
a transgenic mouse line containing a miR-126 reporter (Tg.126T) was created by
microinjection of the illustrated LV into the perivitelline space of zygotes. FACS
15  analysis of the bone marrow of young, adult transgenic mice demonstrated that GFP
expression was lowest in Kit'Sca'Lineage marker (KSL) cells (blue graph in
histogram plot), while GFP expression switched on in Kit'ScaLin” progenitors (black
and red graph in histogram plot). GFP MFI of Tg.126T mice and control GFP
transgenic mice was measured to calculate the FR of the miR-126 reporter in the
20 indicated HSPC subpopulations (mean + sem, n=10 Tg.126T mice; ***: p<0.001; **:
0.01>p>0.001 as compared to EP). (b) Whereas mice carrying two knockout alleles
for miR-126 manifest significant embryonic lethality due to angiogenic defects,
breeding our Tg.126T colony resulted in normal litter size and an expected vector
copy number (VCN) distribution in the offspring reflecting the one of the parental
25  generation, suggesting that moderate expression of miR-126T sequences from a PGK
promoter did not interfere with the regulation of natural miR-126 targets during
development. (c) BM cells from CD45.2" Tg126T mice and CD45.1" wild-type (WT)
mice were enriched for HSPC by positive selection for CD117 and competitively
transplanted (1:1 ratio) into lethally irradiated CD45.2" recipients (n=4). Transplanted
30 mice were bled in regular intervals, and CD45.1/CD45.2 chimerism was determined

in the various peripheral blood cell lineages (Granu: CD11b"side scatter™; Mono:
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nunber of GFP+ erythroid (CFU-E, BFU-E) or nyeloid (CFUG CFU-M CFU-GV
20 colonies was counted 14 days after plating, and normalized to the nunber
counted iwothe/12671GCV' cul ture. Box and whi skers pl ot sPsmaB20i@bi1H80t h
percentile. GCV conpletely prevented growth of CTR-TK transduced col oni es.
(C© Conbinations of m R 126T and m R-130aT sequences (4+4 and 2+2 tandem
repeats, respectively), as well as 2 tandemrepeats of m R 126T al one were

cp_rrpared toth .standark()jw m RT 25 design utilizi 4 tandem r epeats of

mRh 126T d&DhibRsidgoetter r e Hpoeddlsi GBI 5 m%bh%z*h eg data dndigat therensduced
wth the r.espect.li r , |3s‘29e MESS| 5% . reporter was
determ nedlsii O?lﬁoé%/a%ﬁ%Q%%%lg[{cs‘t%g?%/%g?ogerﬁ'?%ﬂo{:tgl%part%e%%lé%%?ﬂm&) and

t he progenitor conpartnment (CD34+CD38+) 2 days post transduction, as well

Gays post ERotuél S 288G Weat geirdel Hogr nyaga o Boed dbefding
20101 1354 TR P ST D N oy d. ar get o)
has a hi gi¢26 HaeiBri30ad130aT) e ssiRv223a@287) (n73i biologisahyeplicates percgiews): (D)
SLPDTCSS! EREA L Pl ST SR N R e BB 2T
di ff er ent i;gdih@Aarke 28 SISPTY elndCRBEES : mafREL RxHiek¥ibn ;was measured 2 days post
transduction in CD34"CD38 HSPC and CD34"CD38" progenitors (first 2 columns on
10  the left). Cells were then differentiated, either in liquid culture for 6 days (CD34"
CD38" cells; middle column), or in semisolid medium for 16 days (CD13" myeloid
cells, CD235" erythroid cells). Representative FACS plots are shown. Bar graphs on
the bottom show quantification of miR-126, miR-130a and miR-223 activity in the
respective subpopulations (n=3; mean fold repression +/- sem; **, 0.001<p<0.01:
15  *¥** p<0.001). (B) Cord blood CD34" cells were transduced with control- or miRNA
regulated bidirectional suicide vectors containing miRNA target sequences for miR-
223 (TK-223T) or miR-126 (TK-126T, see also Figure 2), and pléted in CFC assays
in quadruplicate, either in the presence or the absence of the pro-drug GCV. The
number of GFP" erythroid (CFU-E, BFU-E) or myeloid (CFU-G, CFU-M, CFU-GM)
20 colonies was counted 14 days after plating, and normalized to the number counted in
the 'no GCV' culture. Box and whiskers plots show 10™-90™ percentile. GCV
completely prevented growth of CTR-TK transduced colonies. (C) Combinations of
miR-126T and miR-130aT sequences (4+4 and 2+2 tandem repeats, respeétively), as
well as 2 tandem repeats of miR-126T alone were compared to the standard miRT
25  design utilizing 4 tandem repeats of miR-126T or miR-130aT, respectively. Human
qord- blood cells were transduced with the respective reporter BdLVs, and fold
repression of the reporter was determined in the primitive stem/progenitor
compartment (CD34+CD38-) and the progenitor compartment (CD34+CD38+) 2
days post transduction, as well as in the myeloid progeny (CD13+) and erythroid
30 progeny (CD235+) 10-14 days post transduction. 126T (4 targets), 126T/130aT (4+4
targets) and 126T/130aT (2+2 targets) suppress equally well in the stem/progenitor
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Figure 9. Lysosomal enzyme over-expression in HSPC. Enzyme expression level,
20 normalized to wild type, in mHSPC (A) and hHSPC (B) upon LV transduction.
GALC expression was significantly lower as compared to ARSA and IDUA.

Figure 10. Impaired function of murine HSPC upon LV-mediated GALC expression.
(A) CFC assay on mHSPC transduced with GALC and control LV. The number (#) of
colonies/plate (Y left axis, columns) was counted and the number of integrated LV
25  copies/cell (VCN)(Y right axis, dots) was measured. GALC.LV transduced -/-
mHSPC (n = 12 independent experiments) produced a significantly lower number of
colonies as compared to GFP.LV (n = 10) and ARSA.LV (n = 8) transduced cells.
This impairment was not observed when mHSPC were transduced with the mirl42T
GALC.LV (n = 6). * p<0.0O0!l at one-Way Anova for both number of colonies/plate

30 and VCN. Mean values = SD are shown. Similar results were obtained with -/- and
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Figure 11. Inpaired function of human HSPC upon LV-nedi ated GALC
expression. (A) CFC assay on hHSPC transduced with GALC and control LV. The
nunber (#Ayoabiocab4ymi es/ plate (Y left axis, columms) wasPCOOR2A/0@ENG t he
nunber of integrated LV copies/cell (VCN)(Y right axis, dots) was neasured.
GALC. LV transduced n.d. (n = 10 4) and GD hHSPC (n = 4) showed a
significant inpairnent in colony formation as conpared to control cells (n
= 5), which wa t observed follow ng Jmrl142T C rans ' (n =
2. ol oni 24 BESEEn 68 AN estb b b pehERn et mpesper s e CRLEY Sant1 y
| ower vectplnGiHANGALMED (BORBAT-£S éh%ﬁFB{dA@%@A#Q‘(hér%ﬂﬁ/ky (goatsnol s. *
p<0. 001 at One-Way Anova for both 15 nunber of col onies/plate and VCN. Mean

val ues SDnHSECsHwwed ¢ B) falhi®reasei ini Gk acfiviedabmyet wid Syie ayelsHSPC,

GALC. LV tra 1 0 rmfpt recQngtifution. o L\ -at n.d.
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and n 3 3 hHPISPBMrans@ttel vitvEmirdopegslated G ALCIINe (BRBR TR (B 0Y.e GFP. LV
transduced levels (n = 3). No increase in activity was detected in hESPC 20

transduced with a mrl1l42 regulated GALC LV (mr142T = 3). Figure 12.
Survi val ofigusg 1 Ingaitgsofingignmo 1&‘1&5“"5’6‘%@?&%’8 Ir\%‘ﬁeé%‘aééffgﬁl&)] CHEP- LV and

GALC. LV. ((ﬁé @ﬁaﬁssﬁy oM WYRPCOfarsWicedwith GAIR ¥ \ebodeElv. THE nlh®8r (#) of
transpl anted wi total BM(TBM (n = 12) or wwth G-P.LV transducéd +1+

MHSPC and aoidrievigatieq&dleBcadis, mobgens) tveasscouGieR. dnd thd auinber oRintdgrated IV, n =

7) or wwth 25 . nsduced # nHSPC an P. ransduced . Scal -

pr ogeni tor“é’p(egﬁﬁwgga E’igﬂtja’&s’(ﬁf’gﬂvsﬁfi&gﬁe& ECA%&};"EWEH‘EGMS Tonger
survivgl  ap £HAMGEDHHIIT U148 3heWed 8 Bighdtcant ipairnient inl €dlonMidiaties @5 Vi Ng
GALC. LV transduced -1 - PC and +1+ Scal - progenitors (n = 7) showed a

si gni f i carromparddg ke contrélesgllen (t s Fdcwhich wBMnst observed Hollgwimeg mirl42T
t ranspl ant 1.G8. .. N cantr gry S t} 4
t ransduced‘§ gF@'WnErmﬁdﬁﬁﬁ)nS I{;I - q‘? n ngf’%} gil)t%mr?gt ﬁ?@s%ﬂ?'ni%a%%bo d(§>r’1[(giged WO
2010/ 1254 THERSPKE | BROA&H 09 13ighificantly lower vector content, when compared to
GFP/ARSA/GALCmir142T.LV controls. * p<0.001 at One-Way Anova for both
15  number of colonies/plate and VCN. Mean values + SD are shown. (B) GALC activity

measured on transduced hHSPC. GALC.LV transduction permitted the reconstitution

of GALC activity at n.d. levels in GLD hHSPC (n = 3), while transduction of n.d.

hHSPC (n = 4 for CB and n = 3 for BM) led to over-expression of the enzyme above

GFP.LV transduced levels (n = 3). No increase in activity was detected in hHSPC
20  transduced with a mirl42 regulated GALC.LV (mirl42T) (n = 3).

Figure 12. Survival of twi mice upon HSCT. (A) Schematic representation of GFP.LV
and GALC.LV. (B) Mean survival of twi mice receiving HSCT. Twi mice
transplanted with total BM (TBM) (n = 12) or with GFP.LV transduced +1+ mHSPC
and untransduced Scal-progenitors (GFP.LV +1+ Lin- & +1+ Scal-, n = 7) or with
25  GFP.LV transduced +1+ mHSPC and GFP.LV transduced Scal- progenitors (GFP.LV
+1+ Lin- & GFP.LV +1+ Scal-, n = 5) achieved longer survival as compared to
untreated controls (UT) (n = 10). Mice receiving GALC.LV transduced -I-mHSPC
and +1+ Scal- progenitors (n = 7) showed a significantly higher lifespan respect to
TBM or +1+ Lin- & Scal- transplanted mice. On the contrary, tfansplantation with
30 GALC.LV transduced -I- Lin- & -I- Scal- (n = 13) did not result in a prolonged
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l'ifespan. Control groups: mice transplanted with GFP.LV transduced +1+ HSPC
(+1+ Lin-) (n = 10); mce transplanted with G-P.LV transduced +1+ Scal -
progeni t ove 20m/@¥471* p<0.01 at one-Way Anova test. (C) RepnBzRob@Etéce pl ot
showi ng the percentage of G-P+ engrafted cells in the peripheral blood of a
tw nouse transplanted with 5 GFP.LV transduced +1+ mHSPC and Scal -
progenitors. Figure 13. Inpaired in vivo function of nHSPC in FVB/tw m ce.
Mean survival of mce receiving nHSPC transpl antation, as indicated. -/-
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assay on -/- nHSPC (left) and hHSPC (right)(fromn.d. CB and G.LD BM at 2
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and 25 analyze y Adobe Phot oshop CS software; nagnification 100x). (O

Oyt of | uor i with theclistemHSRC Gtransdurediwith/GALG-hiVner GRF V)@t 3en@0dd s r om -/ -

donor
post transplant (n = 3 time point). (°)+/- host. (§) Similar results were obtained using

+/+ mHSPC.

15  Figure 14. Apoptosis of GALC expressing murine and human HSPC. (A-B)TUNEL
assay on -/- mHSPC (left) and hHSPC (right)(from n.d. CB and GLD BM) at 2 and 5
days after gene transfer. % of TUNEL+ nuclei over the total number of nucleated
cells is reported. 8 fields and 100 cells were counted condition. Similar results were
obtained using +/+ mHSPC. (A) The large majority of GALC.LV transduced m- and

20 hHSPC were TUNEL positive both at 2 and at 5 days after transduction. (B) TUNEL
‘assay (red) and ToPro(TPIII, blue) staining for nuclei on m- and hHSPC at 2 and
(mHSPC) days after transduction with the indicated LV: representative images
(images were acquifed by three-laser confocal microscope - Radiance 2100, BioRad;
fluorescent signals from single optical sections were sequentially acquired and

25 analyzed by Adobe Photoshop CS software; magnification 100x). (C)
Cytofluorimetric analysis of Annexin V staining on m- (top panels)(from -/- donor
mice) and hHSPC (bottom panels)(from n.d. CB). The fraction of apoptotic cells is
higher among GALC.LV transduced mHSPC and hHSPC as compared to GFP-
transduced controls. CMT = Camptotecin treated positive control. Acquisition was

30 performed with FACS Calibur 2, Beckton Dickinson. At least 10,000 events were
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m ce) and hHSPC (bottom panels)(fromn.d. CB). The fraction of apoptotic
cells is higher anong GALC. LV transduced nHSPC and hfl SPC as conpared to
GFP- tramsouoemdizsomtrol s. CMI = Canptotecin treated posiPCIuB2aeniine .

Acqui sition was 30 performed with FACS Cal i bur 2, Beckton D ckinson. At

| east 10, 000 events were scored and data were processed by FlowJo 8.5.3
software. Data from-/- nmHSPC and n.d. CB (and GLD BM for TUNEL) are shown,

but simlar findings were obtained_follqw GALC fransduct i +/ + MHSPC
as conpar e¥ored anf dagagyere paoressed by PWéﬂ/I%\(lngJ YR A #‘Vﬁqﬁﬁ‘f& adp gv

(Annexin \j 4 NEBREH @SIT9 BM6H TUNELS 226 &hbwn, BitG#h8ar fndih§E weld SGthizeat
prevents apoptosis of GALC expressi'ng HSPC." (A) CFC assay on GALC LV and

ARSA. LV t rfalledingedARESR@sduatian ed +6+ mitEPGvas eorhi@Fed to Theellsantdén ndy BMf

col onies/p Y lLeft axi bar.s) ount ed,,an nunber of i1t egrated
lentivir a|&€%‘ﬁﬁlgra“€d’p‘rn§§7nc§? |m?@@¥@%f@mexwx¥2,ﬁ§?§?s seepired g0, 0| ok 1
10 treat melsi nduced growt h of a higher col ony nunber, as conpared to

GALC. LV transduced untreated cells (n = 4 independent experinents). Upon

anti-apoptotic treatnent, the VCN of GALC. LV transduced cells appr.oached
that of ARSguE\S: IGRE Gge@ment preverss apeptess of GAlSoexpresbRBer @dReN

-y A L Ko f [ f d
rPC i ¢ R e aRLE I M A L R RSP ekl B e O T e o
of treat echunlet. () of reatndesddate NFISIREY \aikish baRRpAvdsVedunss et ¢l memibe) of (B) The
on the 11 JREEHEHATYIEL AP SapesCel (FORBLY Ae0gio domARe mpeaygd o1 I °1 11 €S
ARSA. Y- t rianaAi SHafdd@Firovie 3F 8dnighel 08108y TlindbEE las Sorfiptbdlto Ak &30 cel | s

were counted condition.” The large majority of 20 treated cells were
negati ve ftomsdudsiElunteated\Vee)ls Amovat ipdgpeddent faxperimentshnidperi goi-appptatic

untreated GALC. LV tr u lLls;, p>0.05 for the co r N, W RSA. LV

t ransducedreékp?'it’) the g%ﬁ?%‘ﬁ&ilv\?tﬁffg%ggrcggs SRPYoPY eggﬁlgiég?r#%%&f‘f\om -
or +/ + i Gnsdifeed donBal KB éﬂ} hoRPICHE Givbdbet anll | YCRF bee W AlAGoexpF essi on

| evel s (n = 3) when conpared to transduced untreated controls (n = 6). Mean

. )
val ues 25 pSB.08M efos Hhewsompagsane of dreatgd sHd Cs transdagedh gL pvitle wupfreatedn i n
transduCe I S} r [
: IV
GALC. ﬂ% t ?%1‘%@ U@d%gﬁ%ﬁagg?w&é%l OZ ag 8%%%@% H|f Etrée%?k\fg—cg after gene
transfer, temsdurdd eaflSPIC vAdi ARSIV teansdwed roed Ho (85 The cBdhizbarowenifroane bound
isoform as indicated by arrow. No .. . . . .
' treated mHSPC also showed an increase in size (pictures on the right, magnification
5x).(C) TUNEL assay on GALC.LV and ARSA.LV-transduced mHSPC treated or
not with IGF1. 8 fields and 100 cells were counted condition. The large majority of
20 treated cells were negative for TUNEL (one-Way Anova: p<0.001 for the comparison
with untreated GALC.LV transduced cells; p>0.05 for the comparison with
ARSA.LV transduced cells). (D) GALC activity measured on transduced mHSPC
from -/- or +/+ mice. IGF1 treatment did not significantly affect GALC expression
levels (n = 3) when compared to transduced untreated controls (n = 6). Mean values

25 SD are shown.

Figure 16. Analysis of Cathepsin D activation in transduced cells. Western blot
analysis for Cathepsin D on GFP.LV or GALC.LV transduced mHSPC and U937
cells at different intervals after gene transfer, as indicated. Activated form
corresponds to 30kDa membrane bound isoform, as indicated by arrow. No

30 significant accumulation of the active form of Cathepsin D was observed in
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30 significant accunul ation of the active formof Cathepsin D was observed
in WO 2010/ 125471PCT/ 1 B2010/ 001166 GALC. LV transduced cells after gene
transf er ,woanpaned1t o GFP. LV transduced cells. The prec®csaB201d8daedsa,
arrow) accumul ated in GFP-transduced cells after 7 days of culture (GFP
7d), while its accunul ati on was | ess pronounced in the presence of GALC
(GALC 5d), culmnating with di sappearance of both the precursor and mature
5 forns after 7 days. An anti -actin was used as control for protein

| oadi ng. RigHeg v franBRead cFhlaGeAgdretidnyfer, tottipafedrte GFRCEV Itranyiesd c8lssal GALC
activity normalized to wild type nHSPC | evel . Bothwpri r’rﬁry Wi z&ty&yp?
ol i godendrBeypresursor @SkBadamew) agsumalated in WFPeiranzdyred o @ﬁgFf A Retivity
as conpared,to Figure, 1 LE Vit NP OhrEkEREC DS ON i N
nyel oi d cdfutare %Eﬁﬁtd%’ Wﬁlgemltfoa%ﬁ"ﬁﬁéﬁﬁgﬁss}g%/s l%g/% ﬁ%@f%eg?lnl S gg/er t he total
nucl eat ed GRILS(GANC ¥d), elitmiaxiisy withrdisappéabirCead both thy powesoniapdimaghe (on Y
right axis, dots) and, when_possible, dedi catIe{i st%i.ni nas performed on (A
human #ondoynesfier(/Blayshan agth iciip s B P 1oF RPWGIRSIHE | ne nacr ophages
and D) murine mcroglia, 5 days after transduction. In all tested
condi ti onsg gNE}, %ﬂl”b&&@%@ﬁ& rigt 8fkdR QI Wypeen Basall GAIOrdotizity 5
el ds and?:

apopt osi s ( 250 cells were counted per_condition despite

ef fici ent riormaligkdctoiveihd {ype ahlISPE devsl: MPMWMOW%@P%H%&E in
C d t gi ned C j b . i | th
Sanpl oo ( AaRdimperogfia gep 3 SpaL R VAT PRV B el ShHERE. O\ TP e

SD are shown. (C and D) Representative inmages of TUNEL assay on

GALC/ GALC- HuleVi @rsesibivity 1@ GAL@itunedenmessiophiageyel$id) calsdRasudis dgitha (D) .

| mages were acquired by three-laser confocal ?—3 rdosglope gﬁaﬂl alnscgarg 00,

Bi oRadl0. FTUNEAsase (%i YMIEE+ceBnpesrife totalyryclegfed celsy Gh P& 8 bential Iy
acquired a al.yzed r@henl\@(g;@ib' id, GRlicated 80x in
C, 100x i nagL%gﬁ%}}&rltg qggﬂﬁﬁgﬁtﬁeﬁﬁg&ﬁgﬁi%vo expression jn.

| ynphocyt egainfRgs Upérforfriedron2A)Thitran asmayytess (BUNE maneryty bymen CHl gt al

nucl eated cells, on Y left axi bar s

b C':AL . i i t 1 I Y
right axi sU(omyyine gracraphagss B D %HH%%“W qﬁ"?aj?;{i%)ss aﬁgpgg{?#g{% télrhqqu( o
transducti %%%T?Mﬁhé&{sai RS iR ' adBshstBRdo g rdeeneencef ofii mirorino
> |1 e

apopt osi s s and? 250 cells were counted per .condition), .despite
15  apoptosis (= 6 fields and > 250 cells were counted per condition), despite etficient

transduction (evaluated by anti-HA staining on macrophages in (C)) and sustained
GALC expression above basal levels in all the other samples (ARSA.LV- or GFP.LV-
transduced cells), were obtained. Mean values + SD are shown. (C and D)
Representative images of TUNEL assay on GALC/GALC-HA.LV or GFP.LV

20 transduced macrophages (C) and microglia (D). Images were acquired by three-laser
confocal microscope (Radiance 2100, BioRad). Fluorescent signals from single
optical sections were sequentially acquired and analyzed by Adobe Photoshop CS
software. Magnification: 80x in C, 100x in D.

Figure 19. Sensitivity to GALC de novo expression in lymphocytes. Results from
25 TUNEL assay (% TUNEL+ cells over the total nucleated cells, on Y left axis, bars),
GALC activity determination (on Y right axis, dots), perfofmed on T and B
lymphocytes, 5 days after transduction. TUNEL staining demonstrated the occurrence
of minor/no apoptosis (> 6 fields and > 250 cells were counted per condition), despite
efficient transduction (see the sustained GALC expression above basal levels). Mean

30 values + SD are shown.
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efficient transduction (see the sustained GALC expressi on above basal

| evel s). Mean 30 values SD are shown. Figure 20. Sensitivity to GALC de
novo exprweomi2e4v1ol i godendr ocytes. (A) TUNEL assay (% PTUNE0+0/0@hés over
the total nucleated cells, on Y left axis, bars), GALC activity

determ nation (on Y right axis, dots), perfornmed 5 days after transduction.
TUNEL staining denonstrated the occurrence of m nor/no apoptosis (7?6 fields
and? 5 250 cells were counted per condition), .despite efficient

t ransduct i Bigures2l SepstivigstoaFALE daneyossxpression ém oligedradiosytss. (AVINEL p\pan
| SD i i LC LV
val ues 3he g%ﬁiéﬁé@u@&uﬁ%fﬁﬁ%&i A ERIEH, 3&10? ‘i’%\lﬁ'axﬁs AR, WA

or GFP.LV oligo ocytes. e purit e ol 1 godendrocyte
prepar at i ofctivity degsrininagidn iyn NGRighh dxiSa et rpestoaned Agdays afien ttanstdustiorc ed

I1's (UT), while ni | | tai ned w th .10 F4/80 WAV duced
ol | 5  ToPTHHA Fankes MR URIed 1 e Sin gt SO P e gt By

three- 'ﬁseésmﬁsg@é s P5e BRdifiFRY LapsE eBHGoht nﬁhail%@gam (feb URY RSGARH

signals fromsin optical sections were sequentially acquired and
anal yzed bGAAdD bexpRissibns hlagveChasadf tenalsk. Maagnivilueait+ ohD 40x . shPwgur@)21.

Regul ati on_of GALC e i 1 RNA 126. i tati
of JeALC. i REMEFSTRINE i o TOAIEL ssend op, GG PYRE EER L GFRAGRAT ne
on -1- nmHSRGeddeadtsHeE Theipubity @t the olipbupbRR TR prepartio Wasl woified)byaNG®i t h

GALC. LV or P. mi RNAI 26Tag. LV. (B) Activity was normalized respect to +1+
| evel s (fiat GeloCemgtyiningeiny rymrtmﬁ@wéé@llwﬁ B, ahiile, ricraghiasasagiaingd wi
over-expre L ' I ) of

col oni feﬁ;/ pfzg/? é;%(l %ﬁgie’FtSL b\@;@@ﬁ%@é@@ﬁ@%&ﬁﬁ@@?ﬁ@@ Eg%tnau%pn%g#&g?ﬁ ?éf?egr at ed
| ent i vi r al weRC taefuifedpibes Auretllase@dnfocal | ghtrosawpes , (Radiange Va)0neBRRad) .

R [ f GALC ¢ ion_by m RNAl 26 all d wt h  of hi gh I
nuntber ,  asFREMBEPERIGAOR Sinde ARSGHCESIOR] NERe ORUTELR AGBREd and T

experi ment éaa}lyz’é%\@gg;&%e PhoBiop ey sEfMNR. Mashificdwnokr € 22 m RNAI 26

regulation o expression prevents apoptosis of nmHSPC. (A) TUNEL assay
on GALC. m RNAI 26Tag. LV or GALC. LV and GFP.m RNAl 26Tag. LV -transduced nHSPC.
> 8 fi el dsFigno? 210 Remildtonwef eGAdEhtexgression condniRA. 126 (Rar gehematisrity of

CALC e FRREESTR GRS, T 0N gl d i
GALC. m RNAR8Tagerfdfnfed GAL CIL VinHSPTS dttaeducddSRGH - CAldaysRaAIR6 Tag. LV
(GALC.126miT) or with GALC.LV or GFP.miRNAI26Tag.LV. (B) Activity was
normalized respect to +1+ levels (first colunm). Cells transduced with
GALC.miRNAI26Tag.LV over-express GALC at supraphysiological levels. (C) The
20 number (#) of colonies/plate (Y left axis, bars) was counted and the number of
integrated lentiviral vector copies/cell (VCN)(Y right axis, dots) was measured.
Repression of GALC expression by miRNA126- allqwed growth of a higher colony
number, as compared to GALC.LV transduced cells (n =4 independent experiments).

* p<0.01 at one-Way Anova test.

25  Figure 22. miRNA126 regulation of GALC expression prevents apoptosis of mHSPC.
(A) TUNEL assay on GALC.miRNAI26TaglLV or GALCLV and
GFP.miRNAI26Tag.LV -transduced mHSPC. > 8 fields and > 100 cells were counted
per condition. The large majority of GALC.miRNAI26Tag.LV transduced cells was
negative for TUNIEL. (B) TUNEL assay (red) and ToPro(TPIIL, blue) staining for

30 nuclei on GALC.miRNAI26Tag. LV or GALC.LV transduced mHSPC-/- 5 days after
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WO 2010/ 125471PCT/ 1 B2010/ 001166 transduction: representative inmages (i nages
were acquired by three-laser confocal mcroscope - Radi ance 2100, Bi oRad;

fl uorescewb 28iognad7s from singl e optical sections were sequantaiabitygeacquired
and anal yzed by Adobe Phot oshop CS software; nmagnification 40x). 5 Figure
23. Toxicity of de novo GALC expression in HSPC and rescue by m R- 126

regul ation. The indicated LVs (A) were used to transduce nurine and human
HSPC obt ai ned from Galc-1- (-1-) and wild type (+/+) mce, as well as cord

bl 00d ( CB)¢AREuRPAE rdRestBialionihBMs {imapesnoerabeqiiredrty, threstaset cargbeal GALC
activity (B) and vector cgﬁy nunber. (VCN) (O). rg rree?géired.i??g th invitro
cul ture” proweesgopst - RadiangeaHdQuBRagi Hpores bi}gﬁﬁ PEY SIEE ORUFAR ACHSEE t om
panel s) HSPC (poole t £ om - /- / +,H r 0y tsepwaanel C).
(D) The nufBér gf%eng?lg%oa?%‘;#éeas aPéelt fla&{e]gzeeg %B 4 o%%g})gngléﬁﬁéih\gpassays (CFO)
per f or med mbgdifieatadiog). transduction with the indicated LV 15 on nurine -/-

(top panel) and human (bottom panel) HSPC is reported. (E) TUNEL assay was
performed two days after transduction with the indicated LV on nurine -/-

HSPC (top panel) and CD34+ cells from normal do ' and .BM om
panel ). THégh &WIWfOfa%?om‘@sﬁél&ﬁﬁﬁeﬁsf%’é’dﬁgéé a@&ﬁl"%"“ﬁé’é’ %é[g'ggéed
(Y%'UNEL+ cel |.s on Each dot represents an individual sanple (B-E). In E ? 8
fields and”?g‘ilﬁ Cells were 20 counted for each sanple. *:%<0.05 **: p<0.01;

**%: p<0. OPe ifdRatddeDVe (AN vadre \sed WNEansiueaé muripecmddmpnan/HSR G oletained | v-
e vl S e R G e R el U By (B i
tr ans%cedmm\g (B8 108 foRhE0ddRES, Qési,le@twa;i. G ABESRAVSY YB) sanedetandopsl i nt o

Trs m'ce according to the experinental scheme in (A). Average survival SD
and aver ageuretegr¥IGNJE(E) wérettheastned rin due duvigel quiturevpragenyeel e wansducegdp.

cells or VCN.detected.i.n the BM of .transpi ! t /. ys or
at deat h; @P@nghﬁma?ﬂs):anﬁ!- BePOYPB R lefﬁggﬁn(ﬁ) glr%d @glsgu ?Ig erarglg f)’ﬁt ai ned
using 30 +gpEHRPGhoWhenSBp \paudl CRf(DyTeemiaberQé dfi cboriis strevedi fomhe
first row (* = Not-irradiated; n.a. = non a Ilcabl,()?mgl)] E}gman glre mary
monocyt es, clBnegedicTassaysriph6d peeermathatthe epd ohfranssyet ¢ Pdietrd, with
the indi cated vectors, 1STRYA r : ) ramgguced
cel | srlfg uty™ Mmﬁégs orpegglgir:f %ﬁeﬁﬁﬁﬁggﬁc@légﬁ%%gfgéggg L{F{r) ansduct i on
(center pagghy wangerToMiEd tassdys afupirasdedioasvithl tiEndicaed L3) omamriper-f-or med 2
days post-transduction (right ,papel). Data,from.y5 L C-J.ansduce rine
and hurman HSPE (an pancPiagd (X)) c5 ﬂmld%qfﬁscﬁn@ﬁ(g%n%%@%% '

m croglia K ' Belfiotvad RRERSE (VT UNEL Neklls).dual
sanpl e, in?ﬁ%ﬁ%cg%?iagﬁé}gﬁg%ﬂ;gSzhggs%fﬁ(ll:sewere count ed. (1% )

Repr esent aEasteddtneygresents arTioiFidust sampla §BdH. i Erd§Ifieddscand % 109 sellsdweed with

GALC 20 counted for each sample. *:p<0.05 **: p<0.01; ***: p<0.001. (F) Representative
TUNEL staining on GFP LV- and GALC LV- transduced HSPC is shown.
Magnification 100X.

Figure 24. Improved survival of GLD mice after HSC gene therapy.

25  Galc-/- or +/+ murine HSPC were transduced with the indicated vectors and
intravenously transplanted into Trs mice according to the experimental scheme in (A).
Average survival + SD and average engraftment of the transduced cells, measured as
9, of GFP" cells or VCN detected in the BM of transplanted mice (+ SD) at 120 days
or at death; are shown (n = 4-26 per group). (§) Similar results were obtained using

30 +/++ mHSPC. The survival of untréated GLD mice is shown in the first row (* = Not-

irradiated; n.a. = non applicable). (B) Human primary monocytes, B and T
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LV or GFP LV, as indicated, and stained for the mcroglia marker F4/80
(GALC 10 transduced cells) or GFP. Nuclei were |abeled with Toprolll
(TPI1T). Wagniodi2zsetti on 100X. (D) Kapl an- Mei er survival earuB®1eHoiTés m ce
transplanted with either Galc-/- HSPC transduced by GALC 126T LV (n= 26) or
Gal c+/ + HSPC transduced by GFP LV (n = 10) and of untreated affected
controls (UT) (n = 15). GALC- 126T versus GFP at log rank tests for pair

W se conp =0..002; GALC- 126 versus, UT <0.,000 E < 126T
transpl an?]é‘ gf"f:}’e' S ARddiRg ’Hé’ﬂogjlﬁt%erf: WWB%?@&@OWG‘CHG% VS‘(’tf’%‘?e&é(II;l\%r
measured ofilRY fxpRVGEPAS B1dth unbiinddube @lls deAh Rvas Peavinédlonite shaite f or
ani mal s carryl ng Ipess (nmeanSD = 6713 da{)s) or nore (nmeanSD = 11743 days)

than 5 LV elppéslaynpdBiireasdustiohéientgr panehaind id MGk avsa (preieise®es i n t he BM of

h f bl
qual et WA ssPoRtur BT ach Cuset rahF AR P A oL

and cornt r oG ANCCRansReddeaR i eAdnidHRInERAHS RO &rdrh Gigird §) MAMOTINBLS célls inG)  and
pons (H, L\%’ of GALC-126T transplanted mce, as conpared to WI and untreated

Trs nice opoEP-diapsducedamiqroglissarg rmeé&rpwéwapém% ﬁécwetrrseqeﬁfwtmr ophage | bal
|mr5111[ :(F': r gi'l[:I 18%1)\% ﬁlépﬁﬁ%?%‘%ﬁ%ﬁ&?@@@ﬁ TS soqlmreglsér?t AI nrmlrjﬁ'?(rjeat ed
and GALC R@Tegehaﬁs@hﬂageedf TIB\IEH stginirighom thiardgia cslimmmgu&ﬂ_\@thﬁAMt y both
Show ng. c0-¥ RN gV e TEReIBIASS Tar M PR ek TGRS GATC i n' br own)
and 40 | nRd e el o TR GRe bl R Wi TR R, Mt 001166

It has | on)0Xe¢h) KapleniMeibr sioyival W%M%ﬁg@@t@@ﬂd@ﬁt@d mthlfmh@lr(ﬁdﬁ/on fl ows

code Tor gskeraasdushley BAL G 2 ELNEnr R B cale-CASPERERSRRRBT G ™ 9"

i ncl udi ng WE n =60Y had bOihtRhtcd AR R RHRES$ anrrp(rn&gwyrremﬂ@wapwers@@l y a
mnority NA transcrl pts (2-3% code for S@Otel ns _in higher

eukar yot esGFEa'I log manki tmt@fcqu@gtwmcqmmemm 0o G146 veisht QTns are the

onl f ect f [ e eis
now ere g BITAARAL G BRaUURES Bledhed divid Iy v Rl focpldi
"m cr oRNAS) thdf VCN me@ufadrshotorin BM cellyl a8 thertithé of deaghu ISat‘vmail mﬁhcgenﬁar

expression. McroRNAs (m RNAs) are_(Biffi_et al 200 el ai.n 2006;
Sadel ai n @IQ%SC%BSJCSQQ?FWSQ 973&3 dRyEk0r mpreVEeAnt 18 Qé‘@gﬂ Abonour

et al., 20pf) s p8cidy @%1519%1\11%195 bER SQHQAMaégNﬁéNtrﬁé’a{suféﬁgﬁ‘EﬂeVMof&E&h' ate

gene expression at e post trans riptional level by triggering a process

cal | ed RNAntint poputationcod teRsAmices ¢B-TpeAdR) actiBity (leght biue) was quilitatirely oRNAs
were fjrst dj vered i n Caenorh ifi egans the formof lin-4 and
let-7 20ancFVP"1‘€§¢8\Bé‘rbém§ﬁ8W?nts O%G%iﬁ ’efq—lﬁ%a%?[]ﬁnﬁélagfi P’é??c/)lép “Gevel opnent .
(Lee et alRreprd@RRiivéRicHBA frothh&hip Fé’oan%ﬁ@@ .G)TdHdSponk (Iﬂlng)fmct(tqzs”ne sear ch

for simlar non coding RNAs controlling gene expression in hlfﬁg
eukar yot edrangjplentdd sues; @s gomhared & W%mgianﬁr@ﬁf@ depmicesare sl Gy of - whi ch

are phylo enetlcall nserved across e ved as a
evol ut i oy PP efi§0 B BB RBR G AT R B BLaEPRARL Y o r

dat abase (H%iﬁaibdoidﬁc@ﬁﬁkélGCBaﬂger)a&mailﬂﬁ&ﬁﬁﬂtafhbﬁbémnmdal‘%ﬁmk@o&theen 20
identified in humans at the tine of witing. M croRNAs have been i nplicated

in al @Sst clls ispresepyinaurrepied aad 6ed.C- |1%T H@W’é’é\/@sé‘h‘ﬁ%ﬁm PR $OMERE | at i on,
proliferatd Rpcaa@gvﬁ’jpg&h%hﬁn s@dd ﬁ@?@’\ﬁiﬂog&%@m %@%ﬁ&@' ay

inportant 10 I'n di seases such as cance ear net abol i c
di sorder s i X} aal leshoaing ca2@@Mingdf@ABCdin ldhe], and 068, [(Krantd 14 O] &t al . ,

2006) .

brown) and in Ibal”, CD45™ non-hematopoietic cells. Magnification 20x in (F, H) and
40x in (G, D).
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MicroRNAs (miRNAS)
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25 M croRNA genes are scattered across all human chronpbsones, except for
the Y chronpsonme. They can be either located in non-coding regions of the
genome orwoi2oiwmsimtrons of protein-codi ng genes. Aroun@CH0B2a0a6/00116NAS
appear in clusters which are transcribed as polycistronic primry
transcripts (Lagos-Quintana et al., 2003). Sinmilar to protein-coding genes,
m RNAs are usual 'y transcribed from 30 pol ynerase-11 pronoters, generating
a so-called primary m RNA transcript (pri- mRNA). This pri-m RNA is then
processed It haologh beesLtimml dbgrea dﬁhmhjgdhgttgeuetld/i@formatlon flows from DNA

2010/ 125471PCT/I82010/ 00 1 cI e va_ erfornmed b

bel ongi ng GNRN A tpatging F‘i o lt’elﬁgc?ﬁﬂ%‘ élrfgatlﬁeg‘éﬁ' é/Odlt'—: rrrﬁ%ﬁms
Pri-m RNA, Tf‘a #iaf BrbRAR. ﬁjlﬁﬁt?ﬂlu%elﬁﬁa{‘ %{cﬁ@ﬁg d@eludihg ERYiépulainl eff densm
precur sor re-mma), is excised by a specific_nuclear corrpl ex, copposed of

Dr osha anmm@emngmogymdrﬂwew; onl al minggito A BdHY. tramcrrt) (-39 €948 ops

bot h strands n t
Phosphey o Bt 1 higher SRGryeles, R inF A Bh iR CaREl Mg f fdichnure
transport ege Bﬁ@reﬁeaﬁ,rwpdeﬂtﬁnétmntmrwte@ pl. 2E009hyn Mﬂ-tﬁéﬁi@ 1andwExmmgmg n- (i

et al., 2003; Lund et al., 2004). Then, Dicer perfqrms a b| e r and cut
at the ende\mdenphéh@t arslassopl mep-cading ngprlh RN AR fﬂ”@g hanie mﬁgééjne@ﬁl

19-24 bp d Iex t%ﬁh}o?tblﬂ egﬁﬂﬂaﬁﬁﬂ o Bgeex?;féﬁj%@ﬁ.%crm GRRNAS Q@pO_SI te

strand of Barte 2004). In agreenent with
the ther rm@yﬂam al. ,asmeSaﬂylaﬁuMa 2006 ySzIolnhmstet ah,d2@ﬁ5 tGazicupt gk, 2Q05;

sel ectively | oaded t t RNA- I
accu miGat e C%IEI?QMQ%% E‘P‘HF?INQ( > I %{a)f(’g&glf@@\ﬁ éﬁi a\r/t]\ﬁ ose
5'endis | IF%% %AQ REdMatP ?eﬁ@ gxﬁr‘ésﬁ&? af ﬂﬁpﬁ&flﬁﬁﬁscnﬁﬁoﬂéﬁiﬁem WNSigpédimdaby

si ngl e- nuc mat ches i ntroduced into the 5 end of each strand of

si RNA ;:Iupl Eoess (cMRNfeiéltexfemr@@((BNAll—mmebﬁ@W) Brsteb D&y, 2098 heMier k¥4 st hat
support accu tj.on o 0 r ands S t rz et
o P 2003) e iRV EEA g GreaRRb s SRR P L ¢ B R, b RS
(si RNA) Whivga sﬁf)@n‘%tr%%%tt\!ﬁle\’mﬁﬁigﬂff lusardéelopprper(Loeat all @@eekmmmdom
The main difference 20 between m RNA and siRNA is thejr l?N enesi Once
| oaded 5 ntef aRL.Z00).t Hus fodag led to the search for similar non-coding R control?mg
gene expression in higher eukaryotes. The discovery that all organisms express
miRNAs, many of which are phylogenetically conserved across species, has been
conceived as a revolution in the field of biology. According to the reference
microRNA database (http://microrna.sanger.ac.uk/)695 different miRNAs have been
20 identified in humans at the time of writing. MicroRNAs have been implicated in
almost all biological processes, including development, differentiation, proliferation
and apoptosis (Xiao and Rajewsky, 2009). They also play important roles in diseases

such as cancer, heart failure and metabolic disorders (Xiao et al., 2009; Divaka et al.,

2008; Krutzfeldt et al., 2006).

25  MicroRNA genes are scattered across all human chromosomes, except for the Y
chromosome. They can be either located in non-coding regions of the genome or
within introns of protein—coding' genes. Around 50% of miRNAs appear in clusters
which are transcribed as polycistronic primary transcripts (Lagos-Quintana et al.,
2003). Similar to protein-coding genes, miRNAs are usually transcribed from

30 polymerase-Il promoters, generating a so-called primary miRNA transcript (pri-
miRNA). This pri-miRNA is then processed through a series of endonucleolytic
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strand of the small RNA nolecule interacts with nRNA target sequences
preferentially found in the 3' untranslated region (3" UTR) of

pr ot ei n- cwoi2ny/RetTes. It has been shown that nucl eoti deeCZAB2a@m0II&d from
the 5 end of the m RNA the so- called seed sequence, are essential for
triggering RNAI (Brennecke et al., 2005). If the 25 whole guide strand
sequence is perfectly conplenentary to the nRNA target, as is usually the

case for si RNAs d plant njRNAs, the nRNA i d |yt .
by | nvol vetlEeseAePHEeRPEBHbLGt £ e traneine th 08 KRR LRl Bl °o1 e
smal | RNA g} 8%ni el h%ox:ﬁl\‘tﬁéiﬁ}fiﬁﬁﬁﬁﬁéid 8feqd [&¥C@FW$&% doRh&otideSe

(Di George syndrone critical region gene 8) and TRBP (TAR (HW RNA binding
30 pr ot ei rle@3thacadled ovimhaepreturaori@-Rigmakiin gxeisedobioe sperifie Ragledrgomnlexat e

mat ure m RNA bi oge is b ha and ,Di cer .F Q0 nay . .
respect i v&%pof?éogﬁﬂé’as%fi%?%fge PRI wﬁ‘%ﬁ%@ 55‘?5 |§§§r8 oV BRd into
the ef fsect QppChot!s@indd Rar (W hH of BEOgihaGSsteRacop hd leavges S* phosphah

i nperfect base-pairing and i nduces post-transcriptiqnal gene sjl entgi ng.

Several meaidami2shs langv 8 owenhang: offssig TRigha i fhen Astgely frangRarted: from: thei RNAs
can i nduce [ nee " RRE 2SR (gt RARGLAD Al ERPOAAL(YPer ATRO0S, ATGRN o I TRNAS

for degraa%cl on by de at’i on, or sequester targets into the cytoplasm
i ¢ P-body.2009).t Tkergtibieér peafudmsid doubly strand seedt it get bEthd stemolmoberént ar y

;gt tshte hﬁ g[fgﬂ%tnﬁgﬁbg}ﬁtbg i;[roéhgecurt,egrgglergltigg abla9s—fl? bIs) %\f)\lleix,n W q:?x' igtcgm giserdi ohe RNA
10  mature miRNA and the opposite strand of the duplex, called miRNA* (Bartel DP.,
2004). In agreement with the thermodynamic asymmetry rule, only one strand of the
duplex is selectively loaded into the RNA-induced silencing complex (RISC), and
accumulates as the mature microRNA. This strand is usually the one whose 5’end is
less tightly paired to its complement, as was demonstrated by single-nucleotide
15 mismatches introduced into the 5’end of each strand of siRNA duplexes (Tomari et

al.,2005). However, there are some miRNAs that support accumulation of both

duplex strands to similar extent (Schwarz ef al.,2003).

MicroRNAs trigger RNAI, very much like small interfering RNAs (siRNA) which are
extensively being used for experimental gene knockdown. The main difference
20 between miRNA and siRNA is their biogenesis. Once loaded into RISC, the guide
strand of the small RNA molecule interacts with mRNA target sequences
preferentially found in the 3' untranslated region (3'UTR) of protein-coding genes. It
has been shéwn that nucleotides 2-8 counted from the 5'end of the miRNA, the so-
called seed sequence, are essential for triggering RNAi (Brennecke ef al., 2005). If the
25  whole guide strand sequence is perfectly complementary to the mRNA target, as is
usually the case for siRNAs and plant miRNAs, the mRNA is endonucleolytically
cleaved by involvement of the Argonaute (Ago) protein, also called "slicer". of the
small RNA duplex into the RNA-induced silencing complex (RISC). DGRC
(DiGeorge syndrome critical region gene 8) and TRBP (TAR (HIV) RNA binding
30 protein 2) are double-stranded RNA-binding proteins that facilitate mature miRNA
biogenesis by Drosha and Dicer RNase III emzymes, respectively. The guide strand of

31



mechani sns | eading to translational repression (Bartel DP., 2004; Pillai
RS., 2005; 10 Bartel DP., 2009). Eukaryotic nRNA degradation mainly occurs
t hrough twe 28toonsemi ng of the polyA tail at the 3' end eCTuBm1MRNAG6 and
de-capping at the 5 end, followed by 5 -3 exonucl ease digestion and
accurul ation of the mRNA in discrete cytoplasmc areas, the so called

P- bodi es, enriched in conponents of the nRNA decay pathway (Lui et

al ., 2005) . ;,d5, MR i C r in ot t.l ty - . RNAs
whi ch are %%pr essgg\%iuﬁﬁhe et?o%g?%tgfaggdstng?n gﬁd%f?&gfocge :{iggrmggl’?‘é/ Cglt whi ch
are not expremszd epdacéinsitamels ithrodph f enpenfecatiede-peiring. aRd efrelucesd pextanpl es
include mr-130a, mr-126 and mgr-223. Other sutiatble mc AS i ncl ude

i or oRNAe. EREBFRBIOBG FoREHERYbn eV ERb RN TIATC RN BOPESY B8 UPEORE | s

For exanpl &f rephlitict) 2BRNA S ad iAd @R AhE Hprekfidn A trad NadRE fifidtfoR] Indredpgeessed in
pluripotent cells (ES, iPS) but not in adult-type stemcells or _

di f f er &nt i mRPW\scler idsgrafdation7by derdenylatian, oRNAGesier tasggls éye dlie cytoplapmdel | s
except frolgr}o%gwi potent ones (ES, iPS). mR-124a is specifically expressed
i N neurons. e Vectors The m RNA may be used with a suitable gene vector,
i.e. a vector suitable for 25 delivering a gene (transgene) of interest,
such as a Onitld othechand, ifVbrilalthes sdds peedtlyadingplémentgen® thbed@pym&RNA wel |
known in the art. Exanples of viral vectors useful for the present

i nvent i on Pt elPRi SEHRY BaRCWBIOD 7POUBBIEE. PaTipgs BN A aR swpied mtiRler ent
fam|ies haysaheme 18R6d {@ﬁaﬁs@aﬂﬁﬁﬁf@}&si‘éhr@hrté’l?ﬁi’?,’_rz‘i)oﬁf’?ilﬂj? %.,d?dds\,’ﬂ y.

Vi rruses which can be used in the present I nvention include

2010/ 1954 BET/ DB2 0200900 Figaryotc r mRINAIsdegradation | mamiys , ocadesn duwbugls ebe

adeno- assogi at ed viLuse her pe i ex., Vvir s, pi,cornaviruses, and

al phavi r ussg‘g.%eﬂl*ﬂ%ot)ﬁ’@%’ Ait'ﬂ{/%ﬁ?‘? gng@r %?%‘P é‘b@%e ﬁ'b‘fgﬁl?af?ﬂé‘[‘g @M?’F 35‘?—.@:

i ncl udi ng foR&Wed by BS8S exoriRlcRscLEi@Btion MME b @RuIeRéh BEtHESARIRNA if Ackcdd
expression of a transgene included in the 5 vector. The invention can also

be used t cYtphasmi¢ agsepr Bwssopralisd Prhedigscemicheddn compepeets of thecnBNAwi ch

can be co %J \{11 ] (ﬁNAs of the present invention is an oncolytic
Vi rus. He%{: p%a?%?&a’s gtm cf%(lj )t ranspl ant ati on Hemat opoi eti ¢ stem cel |
transpl antation (HSCT) is the transplantation of bl ood stem

15  MiRNAs which are useful in the present invention are miRNAs which are expressed

in hematopoietic stem and/or progenitor cells but which are not expressed extensively
in differentiated cells. Preferred examples include mir-130a, mir-126 and mir-223.
Other sutiatble microRNAs include microRNAs expressed in embryonic stem cells
and the so-called iPS cells. For example, miR-302a, miR-373 and miR-292 are
20  specifically expressed in pluripotent cells (ES, iPS) but not in adult-type stem cells or
differentiated cells. let-7 family microRNAs are expressed in all cells except from

pluripotent ones (ES, iPS). miR-124a is specifically expressed in neurons.
Gene Vectors

The miRNA may be used with a suitable gene vector, i.e. a vector suitable for
25  delivering a gene (transgene) of interest, such as a viral vector. Viral vectors suitable
for gene therapy are well known in the art. Examples of viral vectors useful for the

present invention are discribed in W02007/000668.

Viruses from several different families have been modified to generate viral vectors

for gene delivery. Viruses which can be used in the present invention include
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10 cells derived fromthe bone marrow (in this case known as bone marrow
transpl antation) or blood. Stemcell transplantation is a nedical procedure
in the fiwbasioaRs41eémat ol ogy and oncol ogy, nost often perConewdoH@ncepeopl e
wi th di seases of the blood, bone marrow, or certain types of cancer. Wth
the availability of the stemcell growmh factors Gw CSF and G CSF, nobst 15
hemat opoi eti ¢ stemcell transplantation procedures are now perfornmed using
stemcells collected fromthe peripheral blood, rather than fromthe bone
marr ow. Coletreviriseg fetivirher aderdoviostss tadencessosiappdowirdsss, ahespesgsimplent t |

does not require that .the donor .be. subjected to.general I o]

col | ect t HETU§PSfRCOTRAATYFESs aPﬂ a&)hg}%?s[eg.r ﬁ?‘? H@S‘fxg Lg%eélﬁg?tprrre ﬁfa,%i}g%%b gr’é’%/

provi de f oL gvinReenndiahes IGEimhekapse rate. 20 Hematopoietic stem cel |
transpl antation remains a risky procedure with many possible conplications;

it has traditionally been reserved for patients with life-t hrggf{,en' ng
di seases. mpresmmsnwmybewe@jtcem rERTESsIanofi a{ransaeRg inginded intha

nonhemat ol ogj ¢ itxdi cations ere.di ' : - digggase and
Car di odascUi di e HshiT, ol Al TR DR et Bl o G e T o
gai n wi derexBis; apleafoe evhidvbcun beeinpiotlnd by dfic MBCRN Agrod thepresgiténvapgiboma or

| eukem a patients who woul d not benefit from prol onged treatnment with, or
are al r eady ap&8¢dynYINYSe, chenot her apy. Candi dates for HSCTs i ncl ude

pedi atric cases where the patient has an inborn defect such as severe
conbi ned | i Cl nasiid al neutropenia with defective stem
cells, an HQ@ @Etllggrg%g%g?aggtgl ts with aplastic anem a who have lost their
stemcells after birth. G her conditions treated with stemcell transplants

i ncl ude siHkmhatopeietic diemeeadletransplantagipn (HSET) ds thedmnsplantatien b Blogd: 7,
| ynph , BEwing' s Sar.co 5 S t el cekl bbAEhade\d -
Hodgkic%as %ﬁwéeg%wgwgpglnﬁg%e%%%yq}rz%]%e{l%a atéla\s/%,qwggms%-kcg led "m ni
t ranspl ant gransplag@aeny cdléval Stdpeedl] gensplanption ihamediegiproecdaneminl the fiddses  of
preparative cheno and radi ation. This has,_al I(?%d Hsgt SCioe con ted in
the el der|9f homnptelory and fnrelagy MAY Qlist RFTOIRET JPisREOR E’b‘ﬁ fEFEL @8 weak
to wthst aﬂg?(g b%ﬁﬁ}ﬁea%-\xpﬂf“l:erfa BEHE cah€Gl men. The present invention ains
e 2

. i
to 10 wi den erapeudti c application of such treatnments by inproving
their safety and/or efficacy. D seases The present invention is
parti cul ar Withuthef arailabilitye n£ theh stempyell [zrovpthr factons 4IMt(GRFE and Ha(aYi éBoskhi ch

i nvol ve the expression of otentially toxic i SeS, whi ch
can belest rglé"t“é"dg?%etéfc EtS?’d%fﬂﬁ ggwp?ar?g"ftf‘?él P 8%&e(uﬁ > %I%\?Ign ﬁ’%ﬁfofTﬁ%:cf S%Z’EI S;ééllgsonal
storage di &@kdgsifecied SRhmS deh pasiplirab ®lsbdCabihet ahidso dyesi I thp hyoreGuidkrowAnot her
exanpl e of a disease treatable By the present .inventjon is chronic

gr anul omat Goldecting @gspheradgipod stem cells provides a bigger graft, does not require that

the donor be subjected to general anesthesia to collect the graft, results in a shorter

time to engraftment, and may provide for a lower long-term relapse rate.

20  Hematopoietic stem cell transplantation remains a risky procedure with many possible
complications; it has traditionally been reserved for patients with life-threatening
diseases. While occasionally used experimentally in nonmalignant and
nonhematologic indications such as severe disabling auto-immune disease and

cardiovascular disease, the risk of fatal complications appears too high to gain wider

25  acceptance.

Many recipients of HSCTs are multiple myeloma or leukemia patients who would not
benefit from prolonged treatment with, or are already resistant to, chemotherapy.

Candidates for HSCTs include pediatric cases where the patient has an inborn defect
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G oboi d Cell Leukodystrophy (G.D) or |Crabbe disease is caused by nutations
in the 20 GALC gene, which causes a deficiency of an enzyne call ed

gal act osywoepamizeegrse. The bui |l dup of unnetabol i zed |i pi #sTABIREE 166he
grow h of the nerve's protective nyelin sheath (the covering that insulates
many nerves) and causes severe degeneration of notor skills. As part of a
group of disorders known as | eukodystrophi es, Krabbe disease results from
the inperfect growth and devel opnent 25 of nyelin. A gene therapy treatnent
of GLD i nvaches s¢veticombinedémmnpaiefisisacy ar eongeaitgnepbppeniFyithdelieiive t he
GALC coul d_ be intodyced jnto P - i LS.t t into
the pati entem R Spgggsﬁtc@r%eélﬁoar%g% 8)11}%% p\t(%;t%?%fl %@laa‘%@lh%&esﬁé {r)%lg{a}rﬁg? n vivo
f unct i onal cellgatkr BIRAL Ofer Bbtiditiéhsarddtddunmen steiBRE]afdneplahty-insddedicde-GALC gene
transfer and expression. This toxicity could be ov rcomi3 bég,u%ia%g) t he 30
gene vect ohigcass, myelogysplasie syRdiome dsuroblpsionys lypphgmas EyviRe's) i

t her apaut i by, 3wV r..sy Ligrt | tion may
be- Used al S R o B B o e R e R "t he
t r eat nent . mpeloatdativep oe soichkbeds bratnd rranépladis proestungs havedreeh olevetapedrthatised t o

deliver one or nore 5 transgene(s seful .in.the eat ne of i sorders
listed in "M% 98 ESG‘Q?F.S qr_;ys ef@éélé)? e?lgfaé‘péﬁ%‘égorb;ﬁ‘ﬂsa%?s atqt?éffedlkﬁ%? now
provi ded: gARG@heted 1 tha RTHRHY @Rd Sthet Pitte%fmﬁ@ Woull GB@$Ese BleEomBidelcagbs al

di sorders, fever, cardiovascul ar eftects, haenorrhage, coagul ati on and

acut e phasweeakdopwitisstandon cdragitignah treataentregioen- e The peasentopyenyoy aimp éet i on,
shock states, graft-versus-host react, on apt.Qj . i

reper f'usi o %Flf‘uj a’é},efa&%‘m%aé’#’ ‘F%Q"}"n %SSP% ﬁ%églﬁaféabg}p%%é%é%d%gﬁ nd/or
anti-thrordggedcy; tunour growt h, invasion and spread, angi ogenesis,

nmet ast ases, nalignant, ascites and malignant pleural effusion; cerebral

i schaem a, _ischaem c heart disease, osteoarthritis, rheumatoid arthritis,
ost eopor osPi5¢ase&t hira, mul tipl e sclerosis, neurodegeneration, Al zheiner's
di sease, atherosclerosis, stroke, vasculitis, Crohn's 15 disease and

ul cerati verohidin: inb&ltioAdRNpdrtiélar @ uS&uY id Is8ne REGEAS I Ta, palilArC those
dermatitis, chronic ulcers, epidernplysis bullosa; corneal ulceration,

r et i nopat Hherapigs svhigh dmiolvgothedexpeessionpf # ipotentinldy tewi¢ dragbgeneonPiseRses viti s,

eczenmy,. anaphyl axi.s; restenosis, congestive heart failur f0osi s,
at herg cl e‘i?’lg‘g scaﬁrbeeﬁ‘éaggci 2 Ageqrdance ikbétllet Pon ?%OPVC%I Ih(lanecgf(gglg' %(ggt‘al}r{/a%, t he
vector of ghigedidaeedtrs i(NSPNsueh adbyloltsid USEl Ieakedysttephy €GLDNE Bhother e
transgene(s) useful in the treatnment of disorders |isted in WO A98/07859.
For ease ofxamplepbacdiscase treatgbler byithe pessentsinienfios wyeiuepc EHRURPARYSND cel |
prolifer atdi%:)er;ilsed{ééﬁi entiation activity; immuunosuppressant or inmm

unostimul ant activity (e.g. for treating i mune deficiency, including

i nfection with human i nmune deficiency virus; regulation of |ynphocyte
growt h; t rGéaboidgCehhatkiodgstcbphpiiGLDS oaKraiberdistesalissensed y mndtions iprthe ent

transpl ant_rejection,or induce tunour i nity): requlation,of . .
haemat‘dpoi ? g%‘.eg.w.hf‘ihe%ﬁ“ﬁﬁsn? dg Ry %S?Wﬂgq%dg ?%%%’Lcé:ga:mlf}?sgmti ng
growth of BENgwiidaY b uASREabbBALORpid! ia8REE the AHIWIELY Ghd InSHNS, pidtedtivé O
heal i ng wounds, treatnent of buns, ulcers and periodontal disease and

neur odegermeyelin oheathnfthdi cdveringr that tingwated nmeny frrvese| andstGansAsateYREe hor none

30(nmodul atjon of .fertility); emt act i ¢/ ghenpki net i c;. LI . for
nobi | i si ngdegg?fé?:tf% COché‘HtX% y%((é\lgt Ssp%sogfa i %ﬁoﬂ?yggrd{s—l%?ér\ét itl%(r)l‘%jﬁ s
haenost at i jguiagsttdphsEbRkabbe @iskede rébilt ftdin Ghe nGerfetegbimiy alhasepipnena and
stroke); antiinflammatory activity (for treating e.g. septic _shock or

Crohn'Z diefemdip; Ageanthicrapyrtepimgns of fd &l myobres Rfuciigdhe G lab 8PRS S
behavi our; mgf)at%%l 965 L ESapld, FAEAIT SARE bL o8&l Ghis 18P E 05 SR Bichlid

then transplanted into the patient. The present inventors found toxicity and in vitro
and in vivo functional impairment of murine and human HSPC after LV-mediated
GALC gene transfer and expression. This toxicity could be overcome by using the

30  gene vectors of the present invention.
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5 treatnment of e.g. psoriasis, in human or veterinary nedicine. In
addition, or in the alternative, the retroviral vector of the present

i nventi orwoayloes4rsed to deliver one or nore transgenes@sxr/iayad/miién the
treatnment of disorders listed in WD A-98/09985. For ease of reference, part
of that list is now provided: macrophage inhibitory and/or T cel

inhibitory activity and thus, anti-inflammtory activity; anti- 10 i mmune
activity, The delivéhy BF A& Yor @hdre thetapr@fit ehes2bf &l Veblo sy abs/ &Eofﬂﬁ?g){oahﬁ! mune
response, including a response not associated with inflammation; 1nhibit
the abi | i t pregint Faangpndges bgnesed aend or tim coutbiration owidlx totleer efrdatinemts moat r i x
conponent s QQQ f.ilhr i s well as up-regul ated fas receptor expression
inT cells? |nIF%$€93%&§% e%ﬁinnune reaction and inflammation incl udi ng
arthritis, including 15 rheumatoid arthritis, inflamuation associated with
hyper sensi Forvixanplegatheevagiar of@he prestist inaatibiiBnayShesisedite delifdtone oy thhéaat osus,
col | ag di seases _and hg&ﬁautoinnune diseases, inflammtion associated

t . ]
with ather BEEESE i“§?ﬁlgﬁ eatmentf; the digordary Listed in (W @-AP8/A5635 s igse,
reper f usi ofsé NfUfeferei@! PaRC o 'th&STist 1266 PicAldelnf dnfiddrOF ARG
inflammatory di soreofgr S, CBresﬁi rat or1§/ Istre gﬁgdfﬁdr %Elrrgééé’r rﬁg} ergtg%ial or
car di opul noHamyatiiry edisease, i ddrimatoiegicaln daswsders, affedrwi dabdipeptilar utffets,
ul cerativ a(éOloirr ias and oltél er %{bqseases ’(E)f t he gastrointestinal .tract,
hepatic fiBrosi8Es i AP EIPP 8K SUF BRHEr THRYKEI Caic¥iasuOrKiby PG ti s or
other gl angfecién,dEIVasESctio WREK! QRBHN bR erfls-1¥h GEadtRRE! aBdEmiRE 0TI C
di seases, oqtitis or other oto-rhino-|laryngol ogical diseases, dermatitis or
ot her der riliscags,. s &epsEysiop e injurye nmeningitise amigraine  endheaspimdgpendeste s, 25

orchitis (. di.di - itis, knfertility, orchidal trauma or. ot her

i mune-r eﬁgrtogrgiog fg*sfﬂ | c&? glfo | ’s%gassé(grf e spready %glwg?%%&?tﬁ%seﬁl%ﬂmﬁ

i nsuf fici endyes dndbnaliganaplutal @ffusien] edrplsrabischdegni€Clseiieaiia haie difcher | mune
and/ or i nfl ang&té%)ry-rel at ed gynaecol ogi cal di seases, posterior uveitis,

i nt er medi SEOFVLTHS s theymatgrd o rarthpgs. | @Steapersisnc esthme; smultinde i selerosisi ti s,
uveor et i Nigel;Sde MNeiafioRC UitHelrSer's c .nf | i (g Lehinitis
or cystoi d.rracﬁﬁgr ogd’ema, sy%a?‘%é%lg’c op otsﬂg{o%ﬁg?ﬂé%ﬁ?&%séggfs, rcer?ﬁ]% tis

pi gmehd os aliseaseramb ubvarhtiva fdodinmapaiodoatitiy ogingiviisp bsatigBnerdiié \derchanidys

di sease, 2010/ 125471PCT/1.82010/ 001166 i nfl ammat oty conponents_of ocul ar
trauma, oft%Af° | ffsaﬁﬂ’éiff‘ﬁ e Siafor"?‘ﬁaéd'tl‘?eéé}u,onplrﬁmoﬂ’é&’ﬂt?IWe_S‘_lfglcal _
Vitreo-retwiiaBahdilias; riitiilse dIRFHSCBnfuneRbitis, @@i_éhfé?%ﬂﬁhyl?%i PiSuctfosROA | NG,
e.g. follow ng _glaucoma fi [trat] on_operation, inmmune and/or’ inflamation
reacti on &gegasye keart falurengridametricsird atbeivseleiosinion endosdlerosis. ammat or y- r el at ed
5 ophthal m ¢ di seases, inflammation associ ated with autoi mune di seases or
condi tion -di.s0 T : int entral. nervous syste CNS) or
T any ot iR Ui e MAG Syl e voelor ohipé BROER pPELER RV E 165

benef 2@i aldelivaoke 08 owrs trahsgeas(s), usefulph tieatéabmemnd/ddorddrs Histell i Wo-£+ om

t reat ment g} g% &nson' s .di sease, AIDS-rel ated denentia conplex H V-rel ated
encephal og&Oh§>>- O easg O-_éiir £Ee8Ee, @Vdéﬁhﬁnh‘%h%?‘é‘&zpf%@dﬂ@mkm@rm@ ¢fllsease
and ot her pRegaaRs Uit Rerhi SR ity S AATLAS RS RanCbS UGS il G
inflammatory conponents of stokesS, post-polio syndrone, | nmmune and

i nfl ammat (-8 fonpoatery sSmofunpsygefiviatcyj induding diefestionywitht hamaeriaembal i ti s,

subacut e a%terosi n _an-e%(%.egha ilti S enc%hal onyel jtis, acute neuropathy,
subacut e ned? i5dt Y cHESH"E nd AYPRPRYtE TPV PRI §IUFRAYENan3y denhar n
chor &5 15aiymehbiendiseasé2h@ o freRed Qaﬁéfﬂ%:ﬂ Fej &R0 lind @ Yin Sur MRS

Huntington's disease, amyotrophic lateral Sclerosis, inflamatory”™”
conponent Eglationpic hagrnepeietis.oe-2CNSatmentinef anydloifleot ilpmphaifl tiseasedys,

i nfl ammat ar. atr.ophj.es and dystrophies, and imune
and infl a%'é}ogir%gp é)rgﬁﬁ 3’503&’15@’2%‘@?"?% SR Gpame %%SB?W&%SS‘(B‘?’ "t'greg‘ifent ral
and peri pheiliaf vesundslS tEeaRheTs ,of pdfilns, I AR | ndi NHdrRABRIal ORises8Ptdnd 20

shock, infectjous diseases,_ |Inflamuatory conplications or side effects of

surgery, DOWecggRsTalion:; r ARRIBitoNt 2o ofrtiyation hef dellialeptiantatingonherorguei cat i ons
and/ Si t i e | i.catd ons d. side
o f ooty of Tl 8 feflnlr Biefioha AL LI ScAPIP L& o Rofiking 0,

i nfl ammati on associated with AIDS, to suppress or inhibit a hunoral and/or
cellular i mmune response, to treat or aneliorate 25 nonocyte or |eukocyte
proliferative diseases, e.g. |eukaem 3} by reducing the anount of nobnocytes
or |ynmphocytes, for the prevention and/or treatnent of graft rejection in
cases of transplantation of natural or artificial cells, tissue and organs
such as cornea, bone marrow, organs, |enses, pacemakers, natural or
artificial skin tissue.




The present invention also provides a pharmaceutical conposition for
treating an 30 individual by gene therapy, wherein the conposition

conpri seswea 2twensapeuti cal |y effective amount of the vectromr/Biolo/h@iegr esent

i nvention conprising one or nore WD 2010/ 125471PCT/1B2010/ 001166
deliverabl e therapeutic and/or diagnostic transgenes(s) or a viral particle
produced by or obtained from sane. The pharnaceutical conposition may be
for human or ani mal usage. Typically, a. physician will determn he act ual
dosage whi 9i§ciiic| selbhéynep e sites rofbingiry oot HHeGtomsy %F&aqstaélﬁb?l@cfhraWSOfmcw Il
vary wth 146:998.c Wol Hibi SHANS Gnf srika RffihAgHh&ory) RdiVikARE- The
conposi ti o%éﬁ?ggg@& Yfgtg{%)}é%glﬁ%@i@g a phasr rracguti cally ag(r:}‘ept éblit%ldcérri er,
di | uent, exeitipgend. septiadhepkaort Crolins dibaasc)e asfanpninrolsielsy triodalatarsaof ieeg. ,

exci pient or diluent can be selected. wth regard.to . the intended raoute of
adni ni str a‘F‘F@ﬂOléﬁ‘Fbl %tléﬁi‘@‘élf’ﬂr’ pha it 5Tt“_t§_§%etcftltcefie€ﬂ%n°§h§ﬂsﬂ_§ggﬂﬁlcal
conposist i RS BN TP bictAsRSininanQr veRriastdi thédFink0 - the carrier,

exci pient or diluent” any suitable binder(s), |ubricant(s), suspending

agent (s), coating ag_ent(sz, sol ubilising agent(s), and other carrier agents
that may alinchdditionner ieibe atttraatiye; e whovigaliveelor ohthetripysat inypriéon magReas f or
exanpl e a LR adRlel YRL ¥ 3Rl PllkeentiRS 8 AP GRS Lrllihent HEBNALARSRUSh CAI
conposi ti ons can be admni's ered %y y one 15 or nore of: I1nhalation, in
the form oW@RASY$I09I85t Aoy eade diesfernye, pfacpif eladtlligt is motwh@otidedn macrapHagti on,

solution, cream ointnent or dusting powder, by use of a skin patch, orally
in the foriphibttoramdéerst calhinhibitory aé&%‘ﬁbﬁ@ﬁf@“g%‘ﬁhmgé“’é‘laé?ré’ﬁCBYi?}’ 9se, or
in ca 'q%ﬁ,r&?no k! BEfibifPRereels AR iR Mdld? Rifédl SRkfmeOr 1N
t he fglﬁ)lrjn of e |ex%(#isv?t§,’sg'}e'u'?lﬁ%lﬁ§}rgr gusspeér%si ons containing flavouri ngeor

col ouri ng ragmmses indudihp eyespansdumtiasjoeciteldwizld) indtanenatema inhybit fherabditawh| e
intracavernosally, intravenqusly, intranuscul arly or subcutaneousl For
par ent er al M&dAPHiESY rapd gﬁ,ceﬁﬁ_eto)c/&ﬁb%fsi ?‘? of: aﬁé{”‘l%e DY ﬁ%‘@ﬁf’qeﬁ%t df orm of
a sterile @urQYR, SR Whil O WPirSduIABY a8 Neddploobhiftessiaid$h anc&dls; fighibexanmpl e
enough salts or nonosaccharides to nmake the sol ution isotonic wth blood.
For buccaluroyangado| inmgensl wgaetioni sandatinfammaion o igrdading opghrty, pecluding

adm nistered in the 25 form of .tablets. or | . | at ed
in a c1 nv ﬁf'il%%g}é%gﬁﬁlgr l.nﬂ"iuﬁglaagf‘ iver i?teo W%ﬁé(;‘g?g&?r%l‘r{\{ghi’ﬂael% 88%%8%%% by
a vector Sy#in®n H6eafidilapud erith@ndtoueicolispenBiliseBesi2ad athenauiminune
conbination with other treatnents_or conponents of the treatnment. D seases
whi ch nmay digeaseseat bdlammatioge, aswpciaede nwith| | gihegsclegpsis,  arteriosclerosis,

atherosclerotic heart disease, reperfusion injury, cardiac arrest, myocardial infarction,

vascular inflammatory disorders, reSpiratory distress syndrome or other
20  cardiopulmonary diseases, inflammation associated with peptic ulcer, ulcerative
colitis and other diseases of the gastrointestinal tract, hepatic ﬁbrosis, liver cirrhosis
or other hepatic diseases, thyroiditis or other glandular diseases, glomerulonephritis or
other renal and urologic diseases, otitis or other oto-rhino-laryngological diseases,
dermatitis or other dermal diseases, periodontal diseases or other dental diseases,
25  orchitis or epididimo-orchitis, infertility, orchidal trauma or other immune-related
testicular diseases, placental dysfunction, placental insufficiency, habitual abortion,
eclampsia, pre-eclampsia and other immune and/or inflammatory-related
gynaecological diseases, posterior uveitis, intermediate uveitis, anterior uveitis,
conjunctivitis, chorioretinitis, uveoretinitis, optic neuritis, intraocular inflammation,
30 e.g. retinitis or cystoid macular oedema, sympathetic ophthalmia, scleritis, retinitis

pigmentosa, immune and inflammatory components of degenerative fondus disease,
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cancer, neurol ogi cal diseases, inherited diseases, heart disease, stroke
arthritis, viral 30 infections and di seases of the immune systen{ Suitabie
t her apeutwo 2gewvies47incl ude WO 2010/ 125471PCT/ 1 B2010/ 001 P66/18tme/e01¢edi ng f or
tunour suppressor proteins, enzynes, pro-drug activating enzynes,

i mmunonodul atory nol ecul es, antibodi es, engineered i munogl obulin-Iike

nol ecul es, fusion proteins, hornones, menbrane proteins, vasoactive
proteins or peptides, cytokines, chenokines, anti-viral proteins, antisense
RNA and riihazuiBery SorEy@mtsast ochlae raoinhdeute quitaoestion caused by infegtipat
sequence conpl ementary to the m RNA. In general, we use 4 .copies 0f m RNA
targets sqpeliferasive byiteeoAcEnomatiiesot AGHE | iSFRASMIC THPLS AEHTORaYe, SFCSHLS
optimzed. 10. m R 126; L i 3 nati

QAT AT TASHR T RO R A A R A b tianaination
GOGT GCAT T AEIolGR CAGRRT ACGATCARBRATT ATIACTEACBEIAG 24 inlammatpgpeelated
CAGUGCAAUGUUAAAAGGGCAU nj R-130aT sequence: . . gﬂ 93@53

AT GOOCH T T AR TSR AR PO R AP gipjamune discases o conditions

GACGCGTAT T : : _
SO AT S ) STt

GGGGTAT T T GAGAARCEHGACAGCATGRGEOT ATpmesemamoridabs kenefisial, Parkinson's disease,
CGGTGOOGTATTTGACAACTGACAT CACOGGET
complication and/or side etfects or%Tgé%m%nson's disease, AIDS-related

dementia complex HIV-related encephalopathy, Devic's disease, Sydenham chorea,
10 Alzheimer's discase and other degenerative diseases, conditions or disorders of the
CNS, inflammatory components of stokes, post-polio syndfome, immune and
inflammatory components of psychiatric disorders, myelitis, encephalitis, subacute
sclerosing pan-encephalitis, encephalomyelitis, ~acute neuropathy, subacute
neuropathy, chronic neuropathy, Guillaim-Barre syndrome, Sydenham chora,
15 myasthenia gravis, pseudo-tumour cerebri, Down's Syndrome, Huntington's disease,
amyotrophic lateral sclerosis, inflammatory components of CNS compression or CNS
trauma or infections of the CNS, inflammatory components of muscular atrophies and
dystrophies, and immune and inflammatory related diseases, conditions or disorders
of the central and peripheral nervous systems, post-traumatic inflammation, septic
20 shock, infectious diseases, inflammatory complications or side effects of surgery,
bone marrow transplantation or other transplantation complications and/or side
effects, inflammatory and/or immune complications and side effects of gene therapy,
e.g. due to infection with a viral carrier, or inflammation associated with AIDS, to
suppress or inhibit a humoral and/or cellular immune response, to treat or ameliorate
25  monocyte or leukocyte proliferative diseases, e.g. leukaemia, by reducing the amount
of monocytes or lymphocytes, for the prevention and/or treatment of graft rejection in
cases of transplantation of natural or artificial cells, tissue and 6fgans such as cormnea,

bone marrow, organs, lenses, pacemakers, natural or artificial skin tissue.

The present invention also provides a pharmaceutical compbsition for treating an
30 individual by gene therapy, wherein the composition comprises a therapeutically

effective amount of the vector of the present invention comprising one or more
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CA 126T/ 130aT 2/ 2 conbi nati on:
GCATTATTACTCACGGTACGACGATGCATTATTACTCACGGTACGAAC 30

GCGTATGCOUD ROTAREIRT TGCACTGATGCATATGCCCTTTTAACATTG CACTGPCTABBIT0/(R 166ar get S) :
GCATTATTACTCACGGTACGACGATGCATTATTACTCACGGTACGA 5Tri pl e combi nation target
(126T/130aT/ 223T, 2 targets each):
GCATTATTACTCACGGTACGACGATGCATTATTACTCACGGTACGAAC
GCGTATGCCCTTTTAACATTGCACTGATGCATATGCCCTTTTAACATTG

CACT GCCCCQeTiaasF AR SAGA AALBLARAT CAICGEEETAEIFr Chsalgreida pi@lueshhyl e 1

Construction _and validation of lentiviral m croRNA reporter vectors,l
order to dutobfamgdremesames R4 PWF%“HFWHOWUHBmyoti?gﬁ’é%l}l@a%gf fltéln?arl]clr]udi ng

rare and pgorl Yrhanaeh el feta AORULALIARS th kaudiShosape whapkvatbamiage of

our prior : . _ at transgenes expressed fromlentiviral vectors
can be dovsmitablgfbredreinidividuehsities oud itrikary withh ese. setaht ped ESPIsAAE ng
sites (MRT, m, farget sites) are added to the transgene cassette (Brown
BD., 2 06)t.h‘39fémf’ mﬁ_}‘ﬁ‘g‘&l-a_t constructing lentiviral m RNA reporter vectors
reading out m RNA activity in real tinme and at single cell resolution.

Bi di recti ongd chRpdditiéd dhayv 8pticially (EBanprids @lphamndceaticatlyr asicepinble2ragpr essi on
of two reporter genes driven by a constitutive pronpter with bidirectional
activity, dibweposeeipsnt ofadiyaak A6 <PRisS| §cRhaEmacquiinal s ear B IR Sf o
fused L0, ST SRY el L1y AR G Tndodt ATROY kb nat orot et

: . “dj
I n opposi t€6r ent ati on 2005) Since this design allows both
reporters giandagl phapmesmeidalgsadtice. Thel phamcheettical corspositisng mayrkOmIriseA8m can

be made responsive . to 25 m tivity. b ddi,. ' : "'m
e Lo bt Senr Sty o 3 Tk S oG,
af fected qnbﬁ%t@’%ﬁ?ﬂlg&ééf@ ro68tAS a@éht{st &ikisiee Hgee(s)( androtwdri zer ") .

We cloned a pane 3 containing the green fluqgrescent protein
(GFP) as tdaerieri dkitstaasonayeaid amdnereaseithe siraloeniiarigfootie dargehter(ghignas for

lowaffinity nerve gr h factor receptor (NGFR) as a constituti
expr essed ?%{‘]ng}? Bﬁ_d%%erysy&emf. P ( ) tutively 59

Where appropriate, the pharmaceutical compositions can be administered by any one
15  or more of: inhalation, in the form of a suppository or pessary; topically in the form of
a lotion, solution, cream, ointment or dusting powder, by use of a skin patch, orally }in
the form of tablets containing excipients such as starch or lactose, or in capsules or
ovules either alone or in admixture with excipients, or in the form of elixirs, solutions
or suspensions containing flavouring or colouring agents, or they can be injected
20 parenterally, for example - intracavernosally, intravenously, intramuscularly or
subcutaneously. For parenteral administration, the compositions may be best used in
the form of a sterile aqueous solution which. may contain other substances, for
example enough salts or monosaccharides to make the solution isotonic with blood.
For buccal or sublingual administration the compositions may be administered in the

25  form of tablets or lozenges which can be formulated in a conventional manner.

The delivery of one or more therapeutic genes by a vector systerﬁ according to the
invention may be used alone or in combination with other treatments or components
of the treatment. Diseases which may be treated include, but are not limited to:
cancer, neurological diseases, Iinherited diseases, heart disease, stroke, arthritis, viral

30 infections and diseases of the immune system. Suitable therapeutic genes include
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We chose to investigate two m RNAs thought to be expressed in the

hemat opoi etic WD 2010/ 125471PCT/ 1 B2010/ 001166 ti ssue, m R-223 and

m R- 126- ponmhR/R2281was reported to be highly and speci fiPcaliByiespnessed i n
differentiated nyeloid cells, but absent in |Iynphocytes (Fazi F., 2005),
allowing us to test the performance of our reporter Bd.LVs in well
characterized |ineages. Mdireover, we wanted to explore how m R 223 was
expressed in 5 hematopoi etic stem and progenitor cell (HSPC) popul ati ons.
From a geng,dneufiyfoP SERS&CHuppRssdr tpravein derzembs, girbyirug hetirating eozyngent i fy

m RNAs that are strongly expressed in HSPC but not in differe tlabﬁd
progeny, iimnomderodulatqyy eveeiecsles, t angadies; arangineeredy pimELNgElOpPIne kS ¢ j ve
stem cel | ul.ations while fuyl|- [ 110l p b GiveO J gp of the
i seased pPagRg Eappereiste el Pl pLGREneUbAEopRRTA BF 126
m ght ful fiehtiddiespokinkd, ehérmokinss, hiiti-wasl wpenisf antabhsy RieAeod eédorymesuman CD34+
HSPC but not in other henatopoietic cell population (Landgraf et al.,
2007). We produced reporter Bd.LVs for m R-223 and m R 126-3p (Bd.LV-223T
and Bd3LV- les espectively), as well as a control Bd.LV not containing
any mRT 15 (Figure 1). These vectors were then eval uated on. anel of

di f f er ent Nedl¢otidg requenees;jinebalyl: %Sqenéﬁﬁ&owﬂ%emnt&y&‘&ﬂ@g 7
nonocytic cel | n Ldwgal L lLi 26 nalebsdd HMMECEDis wer e

t r ansducecdPSi aﬁ W%a g%%%%@%@%yﬁé\g}gg%ﬁg%%k} \2}-4223T and Bd.LV-126T, and
anal yzed fqn, ienset,d opimiggsi on by flow cytonetry (FACS) several days
after transduction. HEK293T cells express low 20 to undetectable |evels of
m R-223 or m R 126, while W937 cells strongly express m R-223 but not

mR1 Fi . LNESH R . but not m R-223 (Kuehbacher et
?@0(7)1.&1%9%%%i ona ANUANGCCS (

al ., | control, we engi neered HEK293T cells to
ect opi cal | miRexpéEssjuande: 126 (Figure 2a) by transduction with an LV

Fererrod GLATERMTACECRECRIRCGREY GEATTATIAL PR AR
referred t E T ~v; < Q,E}A?GEAﬁ € -type HEK293T
cel I s). | nGREXACATTATBACITA CER TREC ATCAC EETTATINEREACGGIVAQ  of
NGFR- expr essi ng, transduced cells was identical for all three Bd.LVs

(Figure 2bGAl eft colum), confirmng that neither m R-223 nor m R-126-3p
wer e efg.pressed in these cells. In

miR-130a: CAGUGCAAUGUUAAAAGGGCAU

miR-130aT sequence:
ATGCCCTTTTAACATTGCACTGTTCGAAATGCCCTTTTAACATTGCACT

_QACGCGTATGCCCTTTTAACATTGCACTGATGCATATGCCCTTTTAACA
20 TTGCACTG '

miR-223: UGUCAGUUUGUCAAAUACCCCA

miR-223T sequence:
GGGGTATTTGACAAACTGACACGATGGGGTATTTGACAAACTGACAAC

25 CGGTGGGGTATTTGACAAACTGACATCACGGGGTATTTGACAAACTGA
CA |

126T/130aT 2/2 combination:
GCATTATTACTCACGGTACGACGATGCATTATTACTCACGGTACGAAC
30 GCGTATGCCCTTTTAACATTGCACTGATGCATATGCCCTTTTAACATTG

CACTG
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sharp contrast, U937 cells transduced with Bd.LV.223T showed a substanti al
30 reduction in GFP MFI conpared to Bd.LV.126T or Bd.LV.ctrl, indicating

t hat m R-wo0288y12b411 not m R- 126, was bi ol ogi cal ly acti veCirnB29@voieed | s. On
the contrary, HUVECs showed a repression of GFP specifically for Bd.LV-126T
when conpared to the control vector. Simlarly, HEK293T.LV.m R-126 cells
transduced with the Bd.LV-126T reporter strongly down-regul ated GFP
expression conpared to wild-type 5 HEK293T cells (conpare last to first

plot in the third row of Figure 2b). To describe m RNA activity in nore
quantitati ygT @ti®etsy¥e cal culated a "Protein Fold Repression” value (FR)
based on norna |zed mean quorescence intensities (MFlI) of the m RNA
reporter BE AT AGGETACI C nt for

di fferent Ievels of gene transfer betmeen vector groups, we made use of the
internal 10 normalizer, NGFR, which is transcribed in stechionetric amounts

with tige rr'r cbﬁbﬁfaheﬁtargfl(’mﬁhuﬂmmmazwgétheadmcs anal ysis on the NGFR
positive c and calculated a "transgene ratio" d,lrw di ng t he NGFR

MFI by ©heCEAT TATTACT CACC GEAGEACRA eRAdaAT AL TACGET A A Cepor ter
vect ors (%CQ@WQATQGNWMEEQW t he
TGR of t heCAGHGCCCBGGRGGUHGTATT KGACAAACTOACA TRA CGLGETATTFGAr essi on”
from now oGAAASCTGAEendent on vector dose and transduction |evel (at |east
wi thingt he |inear portion of the vector dose-response curve) and provides a
gquantitative readout for m RNA activity in the analyzed cells (Figure 2c).
Qur m RT vegpnplesi gned to be perfectly conplementary to the cognate m RNA
W thus expected that transcripts recognized by the m RNA were degraded. 20
To prove this, we neasured NG-R and GFP nRNA transcrlpts by RT-QPCR in U937
and REI C298mstrycipmranizglidationsof lenfiy ireh mEGIPRNAHTERAMOIRIRAIOFY | d Repr essi on” as
outlined in Fig.2c. Indeed, G-P transcripts were reduced relative to NG-R
transcri pt 3 I I

HER20aT, LR r et Bedese iy TSR BtV i neatoPeictc cpls fucluding e )
Repr essi onandapmmky oharZctemztd] gopulasmes clikev BISLC, 28e (tﬁwlg@dearmge df amompdioy. Taken

t oget , these.results indicate th ulat dBd LstathfuIIy
repor t'ed i} GeRIxatin ﬁ@]tfr?nqgﬁngseﬁprﬁs%gb %HEV’@IA |d BhTeaHye &

previ ous| ypypelobsittd niRRMO\GXPRIGE aittfiti4l idding E‘lte%CtﬁhRII‘OﬂuRNACﬁfgée Bitdspnal

m RNA profi’ling techniques, our vectors report not just the presence of a

m RNA, butarap d.tp gh@@axmg@maswm@rmDaﬂé)p@s e Bius aangdsat CRPFIHCHBE our
Bd. LV repolré;[xt‘ie\;ua? iRAFA argpsoe et v%gtors reading out miRNA activity in real time and at

single cell resolution. Bidirectional lentiviral vectors (Bd.LV) allow the coordinate
20  expression of two reporter genes driven by a constitutive promoter with bidirectional
activity, composed of the human phosphoglycerate kinase (PGK) promoter fused to a
TATA-box in the form of a minimal cytomegalovirus (CMV) promoter in opposite
orientation (Amendola M., 2005) Since.this design allows both reporters to be
expressed as two independent transcripts, one of them can be made responsive to
25 miRNA activity by adding miRT to the 3'UTR ("miRNA reporter"), while the other
one, not equipped with miRT, will not be affected by the miRNA and will serve as an
internal control ("normalizer"). We cloned a panel of such Bd.LVs containing the
green fluorescent protein (GFP) as the miRNA reporter and a truncated version of the
human low-affinity nerve growth factor receptor (NGFR) as a constitutively

30 expressed normalizer.

We chose to investigate two miRNAs thought to be expressed in the hematopoietic
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WO 2010/ 125471PCT/ 1 B2010/ 001166 m RNA activity at the single cell level and
is thus suitable for analyzing heterogenous cell m xtures, which can be
further swbdowidsdi1by i munophenotypi ng. Characterizati eocTaB20my/bn2ad3 and

m R- 126 activity in the nouse hematopoi etic system Once denonstrated the
reliability of the reporter Bd.LVs in nmeasuring mRNA 5 activity in cell
lines, we noved to investigate the activity of the aforenentioned m RNAs in
primary hematopoietic cells. To this aim we took advantage of the nurine

model becayise. iri £3hdiehik-2yaishablieaoPank kpomaip b alghty i gcificply | rent al
setting and weélT-characterized. In fact, when ainmng to defin EW
activity iaxprease iSRferpopatedmiysindd celire bt absgat peyet Féizhgs ath): wel |

characterized.by surface. 10 rkers, & epr eqf. VAREREE: r
exper i mentaIOWARS 5 40 Hesiabe tpc??@ﬁp?lbcﬁ orfu?‘lﬂn%f’ﬁg%sclg ? ?Lgfr% E{)Wgﬁrrar r O\ivﬁg;@

depl eting jij-AeAdeMERSdeF, MRSivianid g€l Exploreo howansili223 tvesmexpteksedent i vi r al
m RNA reporter vectors and trag;&l ant these celuhs. intg lethal ly, irradiated
congenisc rlemigtopeitionstem, ang progrRNRT el HIRCWRRP %’é’ﬁs'ng‘i‘?f’l &r &3¢ HeBRY i pher al
bl ood | eukocyt es over 1| . I §dnt@C U MIN Xs | tRatd bfef 6t yated 15
cells. Af t%err%gftzﬁ’el evﬁé?lgs?ﬁun?[ﬁ%%gg%gn@gg%nﬁ%, mce were eut hﬁged, and
M RNA act i gkipkessaein HSPEY batned ih dififartrtiapddeplogemy, tarordsy toagrayeat iobhterassf i ned

by surface i mmunophenotyping. I.n this way, we nt ed, &0 ess: er
t hese nmi RNnsgRiice CENBHAS & ﬁeﬂmBYeoﬁ?é‘bt‘ieﬁeP?p"ll%%’ﬁ’fi hilg 1}%@%@ §1P\r(]}4§'£}1£'

part i oul ary WG AN iyt BicTNEast G Binyl BrdSeal IRBIEoring Has ost

primtive compartnment. The first set of 20 mce was_transpl an&ed W th
HSPC troanssiggetedithat heRpi26vinighs fgifitl dwse critetiar aprvas smaificgdy dsteetedig. 1.

Bd. LV-ctr, n=5 nmjce, | ant ed: . Bd, LV-223T.. n=p.. 0 6e: a‘%rgf\/-ﬂ@_GT, n=4
mice). Per YRRy éb%gl %‘5%2‘(5@&)“ b@ﬁ%ﬁ%ﬁ"%‘“ﬁ%ce C;HG %ﬁug%otn ngnsp ant at ron, and
| eukocyt e ﬂgﬁ?ﬂ ations were sorted according to physical paraneter and
surface markefs into 25 granul ocytes (CDllb+ side scatterhi SSChi ),

)
nonocytes (CD11b+SSClo), B cells (CD 19+)_and T.cell = GD19-
(Fi gu)r/e 3a§V.e mdummmgqr@pcﬁd-ws 8 f&@:&%cﬂ“graml‘g"é‘%%%‘i&%’é%%@d)
quant i fi edy,wi thi h : t e i St Anidl Whike® GFP
was siml a? R}eligélésrggrgec#ﬁagﬁ%l‘gﬁﬁgg% %&lstﬁ%sécfgsdfeldrii %deii(tj frg%angd. LV- ctr-
and Bo9-V- (Fi26iFe t HaThdsic eectbiSPGerevihem aveldated proopandl @6 Whitferegfurelt itamesof 30

CB;;PL\S/P g(z:lgfrl(F?gllrle y2)i. rﬁ[EPIEZ% elercr)libgyo(r:u%l {qsdng}llj tcc lsc,)tU-bip7 lﬂg’ﬂ%@%ﬁ}' L&k Wl& Iﬂiufﬁahhe
umbilical vein endothelial cells (HUVECs) were transduced with matched doses of
Bd.LV-ctr, Bd.LV-223T and Bd.LV-126T, and analyzed for reporter expression by
flow cytometry (FACS) several days after transduction. HEK293T cells express low
20  to undetectable levels of miR-223 or miR-126, while U937 cells strongly express
miR-223 but not miR-126 (Fig.2a) and HUVECs express miR-126 but not miR-223
(Kuehbacher et al., 2007). As an additional control, we engineered HEK293T cells to
ectopically express miR-126 (Figure 2a) by transduction with an LV containing the
pri-mir-126 under control of a ubiquitous promoter (now referred to as

75  HEK293T.LV.miR-126, as opposed to the wild-type HEK293T cells).

In HEK293T cells, the GFP mean fluorescence intensity (MFI) of NGFR-expressing,
transduced cells was identical for all three Bd.LVs (Figure 2b, left column),
confirming that neither miR-223 nor miR-126-3p were expressed in these cells. In
sharp contrast, U937 cells transduced with Bd.LV.223T showed a substantial
30 reduction in GFP MFI compared to BA.LV.126T or Bd.LV.ctrl, indicating that miR-
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WO 2010/ 125471PCT/ | B2010/ 001166 group. Quantification of m R-223 activity

I ndi cated a 30-fold and 17-fold repression in granul ocytes and nonocytes,
respect i webypionnsd7e m R-126 was not active in PB | eukocyteaBioki/gume 3c). In
order to characterize the mR-223 and m R 126 profile in distinct HSPC
subsets, we sacrificed Bd.LV reporter mce and subjected their bone 5
marrow to a nulti-col or hnmunophenotypi ng analysis in order to

prospectively identify distinct progenitor- and stem cell subpopul ations.
This was d¥¥e WuwrnathmiRilae, seschiplesigaBpartve patUE sl Qnsthsseidnt:

experi ment L C r.ans . ] ke hide m RNA
eport or bHCNHTer e GE R ABANEE QYIGRD (RCIRCIPIETSLLS AP LRR ORpE

prol i ne- gl ot fien&inerob &Eitoe - Sidikell| MEK198T.I(WPRERK) 1 260cadbquanmsdecddusdti the t he

Ctermnus_of GFP. The PEST nptjf nedi ates st proteasonmal, de dati on and
rapi d t ur nB4-&V-b367; reportersitiangly donpy-regiiateg qlft'ﬁe S}R qonfRared @r‘%ﬁf?%@)ut 26 h

Lo 4h (K9 | REKBST ol (oRiBTst T BROL wOBER 3] de e 20| oved us to more

accurately detect cha in m xpressi on, which possibly occur during

the transit of HSC towards committed progenitors. In order to reliably
det er mi ne Ttdescribe miRNA activity in more quantitative terms, we calculated a "Protein Fold

Repression" value (FR) based on normalized mean fluorescence intensities (MFI) of
the miRNA reporter Bd.LV respect to the control Bd.LV (Figure 2¢). To account for
different levels of gene transfer between vector groups, we made use of the internal
10  normalizer, NGFR, which is transcribed in stechiometric amounts with the miRNA
reporter, GFP. Thus, we gated the FACS analysis on the NGFR positive cells, and
calculated a "transgene ratio" (TGR), dividing the NGFR MFI by the GFP MFI for
each Bd.LV. The TGR obtained for the miRNA reporter vectors (Bd.LV.223T or
Bd.LV.126T, respectively) were then divided by the TGR of the control Bd.LV. This
15  quotient, which we call "fold repression" from now on, is independent on vector dose
and transduction level (at least within the linear portion of the vector dose-response
curve) and provides a quantitative readout for miRNA activity in the analyzed cells
(Figure 2c). Our miRT were designed to be perfectly complementary to the cognate
miRNA. We thus expected that transcripts recognized by the miRNA were degraded.
20  To prove this, we measured NGFR and GFP mRNA transcripts by RT-QPCR in U937
and HEK293T.LV.miR-126 cells, and calculated an "RNA Fold Repression" as
outlined in Fig.2c. Indeed, GFP transcripts were reduced relative to NGFR transcripts
in U937.Bd.LV.223T cells as well as in HEK293T.LV.miR-126.Bd.LV.126T cells, as
shown by the calculated RNA Fold Repression values of 7 and 14, respectively
25  (Figure 2c, diamonds).

Taken together, these results indicate that our miRNA-regulated Bd.LVs faithfully
reported miRNA activity in cell lines, consistent with our own and previously
published miRNA expression data. In addition to conventional miRNA profiling
techniques, our vectors report not just the pfesence of a miRNA, but also its

30  bioactivity. FACS analysis of cells carrying our Bd.LV reporter allows assessing
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determ nation of MRNA activity in 20 the mce carrying the standa1rd GFP
reporter gave very simlar results, so that fold repression in Figure 3c
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150, Cp48

S activity in cell lines, we moved to investigate the activity of the aforementioned
miRNAs in primary hematopoietic cells. To this aim, we took advantage of the
murine model because it is widely available, easily manipulated in an experimental
 setting and well-characterized. In fact, when aiming to define miRNA activity in rare
HSPC populations, the murine hematopoietic system, well characterized by surface
10  markers, represents a great advantage. Our experimental approach was to enrich
murine HSPC from bone marrow by depleting lineage-marker positive cells, to
transduce them with lentiviral miRNA reporter vectors and transplant these cells into
lethally irradiated congenic recipient mice. microRNA activity was then monitored in
peripheral blood leukocytes over time to determine their activity in differentiated
15  cells. After stable engraftment had been reached, mice were euthanized, and miRNA
activity was determined in multiple bone marrow populations defined by surface
immunophenotyping. In this way, we wanted to assess whether these miRNAs were
expressed in prospectively identified HSPC. In particular, we wanted to determine
whether miR-126 is present in the most primitive HSC compartment. The first set of
20 mice was transplanted with HSPC transduced by the previously described reporter
Bd.LVs (see Fig.1; Bd.LV-ctr, n=5 mice transplanted; Bd.LV-223T, n=6 mice; or

BA.LV-126T, n=4 mice). |

Peripheral blood (PB) was sampled 8 weeks after transplantatiori, and leukocyte-
populations were sorted according to physical parameter and surface markers into
25  granulocytes (CD11b+ side scatterhi SSChi ), monocytes (CD11b+SSClo), B cells
(CD19+) and T cells (CD11b-CD19-) (Figure 3a). GFP miRNA reporter and NGFR
normalizer expression was quantified within these leukocyte subsets by FACS (Figure
3b). While GFP was similarly expressed in all leukocyte subsets derived from Bd.LV-
ctr- and Bd.LV-126T-transduced HSPC, we noted a profound down-regulation of
30  GFP specifically in PB myeloid cells but not in lymphoéytes within the Bd.LV-223T

43



WO 2010/ 125471PCT/ 1 B2010/ 001166 and CD45. O note, 3 out of 5 cells with

t he i nmmunophenotype c-Kit+ Sca-1+ Lin(KSL) CD150hi CD48- were reported to
have | ongwpentwi2mshti |l i neage repopul ati ng potenti al uporcsiBylieo@esd
transplantation, and thus represent bona fide HSC (Kiel M., 2005).

Mor eover, based on the literature (Pronk CJ., 2007) and our own fi ndings,
we 5 subdivided Kit+Sca-Lineage- cells into subsets enriched for

granul ocyt e/ nonocyte progenitors (GWs) vs. megakaryocyte and erythrocyte
Progent t of S Eyan @R RASASAR M b9 XAMiEREH ArBO-fold end ST follryprosmidd: 126,

m R- 130a mR-196b showed the highest actjvity in fractions enrjched for
the nost pnignarulocytdsSOd madodyitdss respedtivelyy Witlle mEs(l 28 WangPtaadiVg Ritdhes of

differentiation (Figur )y Lportant!y, . miR- BYLY IR ¢h
m R- 196b é?‘é‘of’%t?é@ ‘g"rieﬁlacjt ¥W%rg?%{odcﬁgfa§¥e€%?}t§ [er%ﬁczéz ?Izdgido@@%%épg)n%oi d and
nyel oi d | i RERGEEISPH §ulbsétheweXs@ fide@BAOLV treparterahicy il fsubjeetetlithtie one

granul ocytes, which seemto re-establish sone degree qf ;{n R-126 acﬁi vity.
M R- 225 wasarexpriess guultincolore iauaeRhepoyping Iy dn g i) PEPPERH &M% d

P oge ¢ O e pline b 4R SRt APUE SO Glse s udRone Asr @Ries el

m R 223 wd SSitve upregul at during nyeloid differentiation,
whil e B- afscribed! abspbobutt glso Vier £ soleseqiabt @ikpeimént oumeics gyansplpried Wihber s of
the mR17-92 cluster (MR 19, M R-9 m RL7-5 resul t ' pressed
in HSPC. Hd%WvexpresHag 2 B9FH SESHIXFe™, ﬁf??“%ggsﬁgioﬂ 8i %’eﬁgg%r&lh )r%ﬁ?‘(urt her

differenti alhan TRAQGHGELE 28ink 0a SHOHMERAARa ORI thrdonire-fietl |(FEST)
ate ce

differenti and granul ocytes (Fiqure 5a). Finally, let-7

retai ned 2Qquinst finki &b treuPeressisve GIR. i ThetRES Tnmafif medistasdpyiperirasopdy |
types, including bona fide HSC nsi st.en i.t-h i (e 1T} ssi on
pattern. Plegradetenapd,ep v frﬁfg@ﬁaﬁ?f&na WSIEIJIH% :tﬁdﬁngg hrgnwéﬁgg%n%?gw

af or ement i gngdoMRWit8Gh ofi 41y F0095. PTHIS tshoMedGFIb dakfdiferaljpmed pectd wore
i sol ation of 25 henatopoietic cell popul ations _accordh&g to .
i nunophermtymptely dateot ekangesn i GHRINA evRiEssies  Which ostiRly” acetr \iupipe Jhe
sel ected m RNAs | unctional | v. daf eld mUhest o rebRevEReRing the
condi ti onatfm’%iocf: Igé&st%{ag% gdﬁélﬁgﬁg%ﬁﬁvgﬁ al vect orrs e%ﬁr essing the
her pesssi ngieX sydnalSwhithinisdicveerkihansthe (sStgdage (#F R, eguibBeerdsdeycaliin fegelent mi RT
sequences (Figure 6a). As TK is very st abl j hal.f -l i,fe of - 30
hours, we iadividusl pybpepulatien y@s 6\“&3&%’9‘} é%%ﬁ%gllzﬁag%ﬁ: &'Fﬁ)ln%li}d]flgsal %‘ 8‘1}? %(fa PEST
domai n of ' i i drhsiRAC®HNe of
com Ca@ghg%@&&gta*]?dfvtﬁm%t&fwﬂéﬁ il SBEcHRAia tl?é arpQuse )
plots in the following Fig. 4 were obtained from the BM of mice transplanted with the
more sensitive Bd.dGFP vectors. However, the determination of miRNA activity in
20 the mice carrying the standard GFP reporter gave very similar results, so that fold
repression in Figure 3c could be calculated on the merged data from the two
independent experiments performed (Bd-ctr, n=10; Bd-223T, n=9; Bd-126T, n=13

mice).

25  Footprinting microRNA activity in murine HSPC and their progeny

We then quantified BALV reporter protein levels in multiple, prospectively identified
hematopoietic subpopulations isolated from the reconstituted mice. The HSPC
compartment was defined as bone marrow (BM) cells having a c-Kit" Lineage
markers”™" immunophenotype, and further subdivided into fractions with different

30 self-renewal and differentiation potential based on expression of Sca-1, CD150, CD48
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was expressed in the majority of KSL cells, and in all myeloid progenitors (GMPs),
but was sharply down-regulated in EPs. As expected, miR-223 was progressively

15  upregulated during myeloid differentiation, while B- and T- lymphocytes were devoid
of it (Figure 5a). Also, members of the miR-17~92 cluster (miR-19, miR-93a, miR-
17-5p) resulted highly expressed in HSPC. However, their suppressive activity was
maintained during further differentiation, and decreased to some degree only in
terminally differentiated B cells and granulocytes (Figure 5a). Finally, let-7a retained

20 substantial suppressive activity in all hematopoietic cell types, including bona fide

HSC, consistent with its ubiquitous expression pattern.

Protection of HSC from conditional suicide by miR-126
The aforementioned miRNA activity footprints were based on prospective isolation of
25 hematopoietic cell populations according to immunophenotype. In order to
conclusively establish the activity of selected miRNAs in functionally defined cell
subsets, we devised a conditional suicide system based on lentiviral vectors
expressing the herpes simplex virus thymidine kinase (TK) gene regulated by
different miRT sequences (Figure 6a). As TK is very stable with a half-life of ~35
30  hours, we destabilized the TK protein (now called dTK) by fusing the PEST domain
of d4GFP to the C-terminus of TK. HSPC were transduced with one of the indicated
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i ndi cated that nost of the NGFR+ cells were efficiently elimnated in
GCV-treated 25 mce, while GFP+ cells persisted in increased relative
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bl ood chi nﬁn!:t%ﬂa%%eﬁfl@djhgcame TRIGEH ARIAS §fstedd rdqfRed cell dieidion in order
15 to become toxic. Pilot experiments co-transplanting TK-transduced cells with
untransduced BM supporting cells indicated that a 1-week time course of GCV given
within the first 2 weeks of engraftment efficiently eliminates TK-transduced long-
term repopulating HSC (data not shown). We then transduced HSPC with either a
miRNA-regulated bidirectional suicide vector expressing dTK-126T or dTK-142T
20 and GFP, or a control bidirectional suicide vector expressing dTK and ANGFR. Cells
transduced with the control or one of the miRNA-regulated suicide vectors were then
co-transplanted into congenic mice, which did or did not receive GCV during the
engraftment phase (Figure 6¢). Long-term analysis of peripheral blood chimerism
indicated that most of the NGFR" cells were efficiently eliminated in GCV-treated
25  mice, while GFP" cells persisted in increased relative numbers. This was observed in
multiple lineages (granulocytes, monocytes, B- and T lymphocytes) and over a > 7
month time period, for both dTK-126T- and dTK-142T-transduced cells. These data
establish that both miR-126 and miR-142 are expressed in long-term repopulating
HSC to sufficient levels to prevent TK protein expression and cell death induced by

30 GCV.
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20 (latest time of analysis) at around 40-50% CD45. 2+ cells (n=4) for all
mej or blood |ineages (Figure 7c). Together, these data indicate that
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cell level on the basis of m RNA expression. Characterization of candidate
m RNA activity in human hematonoietic cells 25 Qur characterization of
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proposed t4fel dTeRPRHIASmMIR AT Tegifiation 6geenesheragyl ators for limting
transgene toxicity in HSPC while all er% tg\gfa euti c.expression i.n

di f f er ent i Weetiemglarividia 4HasEapp MOVE g‘é?l g_g.l ﬁgﬁ??) ?g’ffg’hgarggrsi%eveslfl?gat e
the acti Vi 0kioh0EPE 10HITNAP vl o BRASAE WRIARG! PIGTCuRLHpL FURIGo same { he
actual targets Tor gene erapy. We transduced hunan CB CD34+ cells with
reporter Bsomyserfused imi the BABV stidtes 8€wmribed sba@23F AESqmelyseaf LirdtViscellgr e

cultyredin vitro under conditions whjch. 2010/ 1 .
provi dé sufpbeyng Bﬁiméﬁzﬁr]tzﬁt&em‘r‘?%ﬁﬁ%‘f' %n@gu Iﬁéﬁ& %g;}’g&i—)u (’);)lz)ig&%uﬁ t{aggg 100
based on ;@égﬁiﬁ@ﬁp SfedVeFiBe | @RRkd T7apd This towfvnsy taweniRe1264ie! oi d

(CD13+) a | _ (CD235+) differentiation was assessed using the
met hyl cel | pHyséogissdlayexprisiedleHSGi miR-964 inkaown o be sxpressed 4p 5P gttt hei r

respective reporter transcripts.s in t t P UL R
differenti lﬁnﬁl}‘; ﬁ?ﬁ:@%ﬁﬂ%&nﬂflﬁn&ge‘é"é%, yr%ls%ﬂé?hgl r%gl ol d Pﬁngggg? whi | e
it decreasgde Qi DFicenésl OFich UL f 20080t Nat fross pRndtyysc cbnomealifies e 126

lost its activity during nyeloid differentiation but intajpned it.|
eryt hridl d pessgeinyTe 1ReE mipmtWhemE2.426 ayps Weks %Wr%?ssdm#gf gﬁﬂ%ﬂ S\%Igpi 1E ihgd

by condi t h@gﬁ%@%dqﬁe %&%’ehr(lﬁﬁ WHE vE&Rdr intiehinds3iantiP phrehis Swvere bbtdinedl i n

both the 1 and “er rord I'i neages. "Quantification of m RNA
activity i(Figlte 7oRSnec it éndicpes tti enpsessiongthe 8AR-126di seavanses fam thgong

M Sl L20SP R e s RS B
o Bkl BTSERLBAA, B S R e o s
15 interfere with the regulation of natural miR-126 targets in endothelial cells under
these circumstances. To further rule out this latter issue in hematopoietic cells, we set
up a competitive repopulation experiment. CD45.1" HSPC were co-injected with
equal numbers of CD45.2" HSPC from Tg.126T mice into lethally irradiated CD45.1"
recipients. Peripheral blood chimerism was stable and maintained for at least 1 year
20 (latest time of analysis) at around 40-50% CD45.2" cells >(n=4) for all major blood
lineages (Figure 7c). Together, these data indicate that miR-126 is expressed in

primitive HSC and the biosensor approach provides a powerful, non-toxic means to

identify hematopoietic cells at the single cell level on the basis of miRNA expression.

Characterization of candidate miRNA activity in human hematopoietic cells

95  Our characterization of miR-223, miR-130a and miR-126 activity in the murine
hematopoietic system proposed these miRNAs as promising endogenous regulators
for limiting transgene toxicity in HSPC while allowing therapeutic expression in
differentiated myeloid and lymphoid cells. We next sought to investigate the activity
of these miRNAs in human hematopoietic cells, which are the actual targets for gene

30 therapy. We transduced human CB CD34" cells with reporter Bd.LVs for miR-126,
miR-130a, miR-223 (Figure 8A). Cells were cultured in vitro under conditions which

47



In order to assess the feasibility of GALC over-expression in nurine HSPC
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transc}ace wer e seeded for colony assay. ARSA was chosen as control

| ysosomal enzyne since it was previously shown to not affect HSPC function

( Capont ondwredd @ALA exprad6ioR in HSRC12 i ndependent experiments GALC. LV
transduced -/- and +/+ nHSPC gave rise to a significantly reduced nunber of

colonies as conpared to P.LV.and ARSA transduced cells (Fi 10A for
GALC -/- dBI PEfr ‘eofl%*ﬁﬁsegﬁr r@ﬂ@%??ﬁf‘%né’dﬁ%%’ﬁ“?ﬁ%ﬁdw 8 ThGed y
reduced sigRIGECL AP NRHed 2.ikOBIOhem( Fvauwine @M -ThasRer BHIBRG wdiggest ed
t hat GALC over-expression upon LV 25 transduction inpaired nHSPC cl onogenic

pot ent i al .trafisduced| AtM@3 90opthtGARCIEV dnythéey possaneenel Ay OPEMIzedotBAKBE upon
GALC. transducti on. s,shmlak -to _controls | L ing that
enzynéxexﬁogi’é?agwni(ﬁbfgim%é'é’ ?ﬁ%‘a)dﬁ&ﬁfﬁtrr%rﬁg U egfég%%r P:g i %elgges ou'?he sane

extent. vitro to assess enzymatic activity and the vector copy mumber (VCN) by Q-PCR. We

compared the expression level of GALC with the over-expression of other lysosomal
enzymes, Arylsulfatase A (ARSA) and -Iduronidase (IDUA), obtained by transducing
mHSPC with the control vectors ARSA.LV and IDUA.LV. All vectors expressed the
25  transgene from the same expression cassette containing the human PGK promoter.
Since our aim was to compare the enzyme over-expression iﬁ transduced -/-HSPC
with respect to physiologiéal enzyme levels in wild type HSPC, mHSPC obtained
from ARSA KO mice and from IDUA KO mice were used for ARSA.LV and
IDUA.LV transduction, respectively. Transduction of mHSPC reconstituted

30 lysosomal enzyme activity in -/- cells and led to enzyme over-expression with respect
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The reduced cl onogenic potential of GALC LV transduced nHSPC coul d result
from WO 2010/ 125471PCT/ 1 B2010/ 001166 t he death of highly transduced GALC
over - expreenrgi2hgmat opoi eti ¢ progenitors. In order to iPavaBolgeilesd he
possi bl e occurrence of an negative selection of highly transduced nHSPC, we
gquantified the VCN of colonies by QPCR Q PCR was perfornmed on DNA
extracted from each pool of 4 colonies (pools were made in order 5 to have

a sufficient anmount of material for the anal ysis).WgoI 'teqs)pp,btai d from
GALC. LV t rtensdddme lemelpan dhewekiurgd gregeany i of dransguqed nggé’ 18WGt when

conpared tg contr | il : tive
el ot  on B RIS Trcrdi BAT e BT A e A R i n R
coul d not Wiwee ks dbmpired whehd dcréase it IDUA andrpRiSArebtaintd nDUA.LY tand
selection were due to a toxic ef%c}ct of tr.ansduction .or 50 th@ag{nﬂel ence of
cont ani nanfRSAdH Y o8OI (39& @pa -0 fold RYEF WIS TYRC TSPty i 5B t he
vector.s | tygyst be mentioned that, during GALC LV production, 293T cells
detach from plates, suggesting that GALC expression is toxic also to these
cells. For this reason, the incorporation of toxic nolecules deriving from
dead 293T Aedilnglai pxperintmt weast parforgied aaphwam S (MdSke), iprlated dhipwel. To

address th LSsuge, ..we genejated a co ol g eq P
henat opoi e{:ﬁéésp%@fstf‘?% 1%?& %M%Q@E@o%]&hzfﬁ‘% E{/qiggggF%Fit)t ar getc'agg%raences
for the m gaRRNAILEMONC00 pARGAd CIOVNARSADNVEdnd D dALIENsing proviotdy

suppress expression in nHSPC and in their progen i t hout | iring GALC
expr essi onontimigerh tesfcBe PEYtpeols d 0F s Siniag %“M?L‘VE ;&%‘&g@a Pl s.

T o2t S 30RY kol BuhRACth® [V ENC LA AGRD- ARSI el BIRIEADLLR. On

mcro 1 Xpresse enat opoi etic cells, recognizes its target
sequence deWNSLE¢amnidetibn af SipPaeframch.d.riCB i =sh)tledta himited avéreaxprsfssiphe
transcript and expression of the transgene. As expec , nsduct i gn of
MHSPC wi t holdRe iryma o the/c eﬁ&FhéE%%Fg‘iyeﬁse‘if“?%“%‘ﬁ?‘% ﬁgﬂé‘a@\réa(b‘f‘ e
activity (KRQW ey HBl6) ik EEureUBYPC transduced with 25 GALCi r142T. LV (n
= 6) showed unaffected clonogenic potential and simlar vector content as
conpared to controls, thus confirmng the previously ohserved |npai . nment
bei ng depelmfemeddn @b duastinme 8 H-¢ ExpiesEng FRPC \P@Opr{v\éé@‘idg%?‘tg’p% ef f ect
of GALQG over-expression also on human HSPC. hHSPC were isolated from n. d.
CB and'BM GFE*FP8m t he col l ected BM of a GLD patient that 30 was schedul ed
to be discarded. An equal nunber of hHSPC were transduced with GALC. LV or
ARSA. LV or TEFBEécs 60 ahfisducti@c hmd snayarecexpeasdied dromHSPC closegenid potontidr t o

assess the clonogenic potential of transducgd P i e case ,of

murine cel were G&‘F_S@‘?‘L‘l?yt@é@s%ﬁqyeﬁ%?{j?“% e &%&@@M%H‘qﬂﬁ% Gl ed

cl onogeni ¢, pAERNA sbddelUof chidby alhY OARSA Wal BHGAHCad \bohtraln 5EGseshl NHSPC 5
y

showed a significantl ower vector content, when conpared to controls, a
reduced si amyardcimens avas quiedoydsliwh tyadtoifiech HEPEr funshon dgapantandggdst i ng

negatiyve selectio .the highly transd nj s, (Fiiayk . Al'so
inthi4 cagje,zccbhleqﬁgﬁt‘?‘gqpe{}% 8%“@5&?@% 5%;#&3%\5@%2&1 g ?uﬁ%ﬁ%ﬁ% an
aspeci fic %ﬁf’éir‘fsqu fa%ngmﬁéaxﬁl aegebed tiudiber O8 colBnichas eanpared tonGHPIEV call| s,
GALCmi r 142T7. LV transduced hHSPC (n )
ARSA.LV transduced cells (Figure 10A for GALC -/- cells). Colonies from
GALC.LV transduced mHSPC were of markedly reduced size as compared to
controls (Figure 24B). These results suggested that GALC over-expression upon LV -
25  transduction impaired mHSPC clonogenic potential. The relative proportion of
erythroid and myeloid colonies upon GALC.LV transduction was similar to controls

(not shown), suggesting that enzyme expression impaired the different hematopoietic

lineages to the same extent.

The reduced clonogenic potential of GALC.LV transduced mHSPC could result from
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10 = 4) showed GALC activity and cl onogenic potential simlar

observed in control cells (Figure 11A gnd B)I.O Overal |l these datg itggisgate
that for cw0 2BAICs4fe novo expression upon LV transducti oRCEABINIG0E 166
detrinmental effect both on nurine and human HSPC, |eading to negative

sel ection of GALC over-expressing cells and to functional inpairnment. 15
Impaired in vivo function of HSPC upon LV-nedi at ed GALC expr essi on V\é
performed in vivo experinments with the aimof assessing the repopul ation
potential gf JB%th %hidHiPREnsdNeR] GAIL bVertexprssing thepntopotttiGAraeorso Vo
expression. In vivo studies were perforned on twi and FYB/tw mce for
anFc, agcbrdﬂ:r Rageestigate therposHBIOCOCREreRts of mnt MEFAE pRy THERt §

performed on tw .m a._se . ; ' '

Do O e b TyfSpE O FAAERTEL ENGPcoRRicdge0-bER igChentit hods
HCT in t wipeioged 38 DNA BMridtahfphantiapbaroffid arionied @oelsyecre grde 4n REdST

performed in these mce resulting in si.gni fi cant 4 pcrease . Lr

[ espan up o fafdl it ity e YR bRy CoRHS MR B
SAr oved, dald-ai HSPE LiAveaPh ist@ificantiadbats @8ctdpsentedthehase of

donor HSC carrying the 8D45 1 allele all crfg\/\gél evgl uating donor cell

1(_'ang [ af t rrgrttomparem:le cowirolsi(Bigureak(A), supgestingshe oggurienes offcgatieselirfiogshl was

o transduce twi HSC, we tried to set up transplantation of Lin- HSPC, in

order to rugiydrapsichdRIEFMIFScells to be transduced and transplanted as

conpared to the use of total BMcells. HSPC fromwld type (+/ +) mce were

30 transduggghrdihe Yo the@Uan, e B&Md GioP.disériEie Ivetherr fundionpl sepaimeens an

WO 2010/ 125471PCT1/ 1 B2010/ 001166
10  and in vitro selection were due to a toxic effect of transduction or to the presence of

contaminants released by vector-producer cells and co-purified with the vector. It
must be mentioned that, during GALC.LV production, 293T cells detach from plates,
suggesting that GALC expression is toxic also to these cells. For this reason, the
incorporation of toxic molecules deriving from dead 293T cells into the vector
15  preparation could not be excluded. To address this issue, we generated a control
vector regulated by an hematopoietic-specific microRNA, GALCmir142T.LV 56.
Four target sequences for the microRNA. 142 incorporated downstream the transgene
allow to suppress expression in mHSPC and in their progeny without impairing
GALC expression in non-hematopoietic cells, such as 293T LV-producing cells. This
20 technology is based on microRNA post-transcriptional regulation: microRNA 142,
expressed only by hematopoietic cells, recognizes its target sequence downstream the
transgene and inhibits the translation of the transcript and expression of the transgene.
As expected, transduction of mHSPC with GALCmirl42T.LV was not associated to
an increase of GALC activity (Figure 10B). Moreover, mHSPC transduced with
25  GALCmirl42T.LV (n = 6) showed unaffected clonogenic pofential and similar vector
content as compared to controls, thus confirming the previously observed impairment

being dependent on GALC expression (Figure 10A).

We investigated the effect of GALC over-expression also on human HSPC. hHSPC
were isolated from n.d. CB and BM and from the collected BM of a GLD patient that
30 was scheduled to be discarded. An equal number of hHSPC were transduced with
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optim zed cytokine conmbination (Biffi et al., 2004) (Figure 12A). After
transduction, cells were transplanted into lethally irradiated 8 day-old
twi mce wo2e10/1280mt rol s. Control groups included al so P@I/IB20a&001166
transplanted with wild type BMor Lin- cells. Surprisingly, and differently
fromcontrol animals, HSPC-transplanted -/- tw mce 5did not survive after
Iethallconditioning t hus suggesting that Lin- cells alone could not

repopul ate twi_ nce re 12B). \W thus decided to support GFP.LV

tr ansduceoGHéﬁé\é 1] r%R@gfénY ObﬁF)é’ oLVtcro&H%lef‘eﬁ‘Rrét"Yeé‘Fl sgfded) rfp 12 ghgo%é@’d in

BM- deri veq, j Qggé ElHeCelf (gghf g fa@g)?%ixﬂ{i&zeddﬁ@éﬁ@egso&l e easd Rgse
cells were obtai ned by nagn etion of Scal+ cells 10 fromtotal BM
of +/ + m aqaurinentcellesGARLGL.LY tramsdmedenkir and pGhbt HSRICt khasid b immairsdiuced

+/+ Lin- cell d_untransd || |
o the ond GESHROBOIREAL, (HEATT il GRITanSBMiALe o (ErgiFel BPCne -
engr af sme therfed g:fghﬁcér{t@n%%i; e«@ctbiSE’&umswﬁmlcaﬁa addhy doh@WIsCH rediREdY ON

peri pheral I ve-si'x weeks after transpl antation, cytofl uorimetric
anal ysi s rmdwnaermfbhFYﬂBO@ﬁngbl@rmﬁmorbbnm mgﬁi@ém@ﬁ@t&’%@lcho'@ Fi gure

12C). Thus 0-.t.rans tat.ion of. +/ cal r ni t sgue
defective déné?atflgﬁﬁ a Sr?ﬁpggﬂwﬁ%@ 11A ,&’ﬂ IIp%rto oﬁggsg’t ﬁ‘gng"“?‘%ﬁ f espan
and anel i QfeéfokOGAQerﬁiﬂm pvewak td o CIﬁleSId‘ﬂitlﬂf dspediih@Stexmbbﬁ‘baede\n th
total +/+ BMtranspl antation (Yeager et al et al 2008)
transduction. As in the case of murine cells, GALCm1r142T LV transduced hHSP
10 = 4) showed GALC activity and clonogenic potential similar to those observed in

control cells (Figure 11A and B).

Overall these data indicate that forced GALC de novo expression upon LV
transduction exerts a detrimental effect both on murine and human HSPC, leading to

negative selection of GALC over-expressing cells and to functional impairment.

15 Impaired in vivo function of HSPC upon LV-mediated GALC expression We
performed in vivo experiments with the aim of assessing the repopulation potential of
m- and hHSPC upon GALC.LV transduction and GALC de novo expression. In vivo
studies were performed on twi and FVB/twi mice for mHSPC, and on Rag2c mice for
hHSPC. ‘

20 Our initial experiments were performed on twi mice, a severe model of GLD, as
described in the Methods section. A first set of experiments was devoted to set the
condition for HCT in twi mice. Total BM transplantation frorh wild type donors was
performed in these mice, resulting in a significant increase of their lifespan up to 100
days, as previously reported by 115. These preliminary experiments allowed defining

25  the optimal irradiation dose. The use of donor HSC carrying the CDA45.1 allele
allowed evaluating donor cell engraftment, since twi mice carry the CD45.2 allele.
Because our goal was to transduce twi HSC, we tried to set up transplantation of Lin-
HSPC, in order to reduce the number of cells to be transduced and transplanted as
compared to the use of total BM cells. HSPC from wild type (+/+) mice were

30 transduced at MOI 100 with PGK GFP.LV (GFP.LV), in the presence of an
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20 Once the transplantati on procedures had been optimzed with +/ + HSPC and
GFP. LV, tw mce were transplanted with GALC LV transduced -/- HSPC and
with eithwo2010426¢471GALC. LV transduced -/- Scal - cells. Pai/1Broaeodinet

recei ved GALC. LV transduced -/- HSPC and +/+ untransduced cells survived
significantly |onger than mce transplanted with +1+ total BMor with +1+
HSPC and Seal - progenitors, and showed 25 anelioration of their phenotype
and sl ower disease progression (Figure 12B). This data suggested that GALC
over - expr E%gy’%ihﬂﬂed‘@?&ihé BOSPINARbRAIBION ePELVI00ES (Figurei1qud. Alier apeductiorhenef i t
as conpared to coriventional HSCT. However, when eval uat ed, the presence
of GALC. L\tells avsselursesplenttd dntorlethably pvedinted He day-Rid BVip(Ries PicR- 9&5“‘?} ind a

| ow Vect or Nunmber t Ugigest 1.iad ctitat 30
only GALC.(EQ%O?(%%{%&%CA&}C{% ¥ g\nﬁt ?grv?/g%ﬁﬂﬁgd e&,eirljl&lgybplge to engraft. WD
2010/ 12547@3@4&@%03191 Qfct&flyNuer tdmiob aaimalsyi HBPC ¢ransplanted ceity@dnict - L n-
and Seal - cells, both transduced with GALC. LV, di Slgat?;ter ehhal g

condi t iSoni dig net syratvezatier dehalsonditioning, hys YREFHLE i ¢

ifrg cells Aene coud, ¢
suggest ed ' . ggpprogenitors failed to support HSPC

engr af t men 0?%@%%%@%@@%‘%% t rTZnt failure and autol ogous reconstitution
of 5 hematopoiesis. W decided to use FVB/tw mce instead of the usual tw
model of (WP timst dkeidediviansagport rGR.-LNe tenpdjised yHSBEs cagialimentdide| co-
previous experinents showed us Qﬁ\tf)" he PR =Tl BbdaRcof Lin-
cells with‘BJEﬂSp JBURR O BHrasy ced U p‘*&Pﬁfig’%@gﬁ%{s’}é\lﬂﬁs‘f posgelegﬁse P ths

model . Morgoy&ed of YK Whelt Ggllhéee bbtaged By inagiesic deplesioal dfoBéaig clisus to
have a | arger nunber of-1- mce to isolate nHSPC. Tra sdté10ed n@%l%(}d\\;\ere

t r anspl0ant omi tota) BM ol 14 misedinkaresiinglye 4y opiseFpggspignted, With, GTP.

het er ozygous (+/ ) /I §Gi ] e SHYE ok Scl1-OleliS redced & 9uGAVAD sRhingi Cal
vari abil i t'ﬁ‘}?nségceflr+ﬁ ﬁa&ﬁ?géﬁqg ang&f}l- /I igtc'?er r?at e%. ?\/1 ce of the control
group Wer epotth@sa@bbtatred witt H/-+GoRl B¥ traaspdahiatesh EFigure dPBy. Theongrafirseréont r ol

group, the transduction efficiency 1 s, eyal uat ed by cytof,l ugni ry 7
days af t eroft GERYuEansdHcshHERE ‘i‘"i"?y Waf‘}a\é\f’%cl?ﬂ ﬁﬁ\”ec,yt[%‘? et ﬁ’gn%}ﬁeéaﬁa 1{5@\,\(/{6 nt of
”anSducedF&,g'.' %STM%ES ey Uah b Yation! QtofRiokifRtdy alyekr kevesledl a bhighd 6
weeks after HSCT. e transduction efficiency was very high, )

15 engraftment of GFP" HSPC-derived cells (Figure 12C). Thus, co-transplantation of

+/+ Scal- progenitors rescued the defective engraftment of purified HSPC and

allowed prolongation of lifespan and amelioration of phenotype of twi mice similar to

those obtained with total +/+ BM transplantation (Yeager ef al., 1993; Wu et al.,
2000).

20  Once the transplantation procedures had been optimized with +/+ HSPC and GFP.LV,
twi mice were transplanted with GALC.LV transduced -/- HSPC and with either +/+
or GALC.LV transduced -/- Scal- cells. Twi mice that received GALC.LV transduced
/- HSPC and +/+ untransduced cells survived significantly longer than mice
transplanted with +/+ total BM or with +/+ HSPC and Scal- progénitors, and showed

25  amelioration of their phenotype and slower disease progression (Figure 12B). This
data suggested that GALC over-expressing HSPC transplantation provides a unique
therapeutic benefit as compared to conventional HSCT. However, when we evaluated
the presence of GALC.LV transduced cells in the BM of these mice by Q-PCR, we
found a low Vector Copy Number (VCN), between 0.8 and 1, thus suggesting that

30 only GALC.LV transduced cells with low VCN had been able to engraft.
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rangi ng between 75% and 93% of GFP+ cells. Al the GFP-transplanted aninals
showed a high engraftment of transplanted cells (between 63% and 85%, and
all the 280i2nroads4ntti on controls (lethally irradiated m eeTthzn o/ deaot
received HSCT) died within 3 weeks after conditioning, thus confirmng the
correct setup of HSCT conditions. -I- nmice receiving GFP.LV transduced +1+
mMHSPC achi eved prol onged survival after lethal conditioning (up to 150
days), as conpared to un-transplanted control mce. The survival of the

unt r eat ed \QErEERsd, AN SRk Hae dedeBAT W Lii- @ad \irald callyebothi trans@dcedewitect to

that observed in the respective groups of tw. mce,.t. firm
i nfl uence GALECHeV gdindafter bﬁ@kwrsgﬁ*mﬂg&% h%é §é\f%gﬁ’g‘ﬂe§mb‘ ar tst?légﬁ?f’é%‘g%@%et h'(Ia'he

oo o by, A GBI -2 b R

extracted ant e& m ce at sacr significant engraftnment
of GFP.LV }_qs_p(r)ﬁgﬁﬁ%dﬁﬁ&?ﬁlth@ﬁsm@a&amtmurpwd@@mv@%\m@n@@@éipvg@(ﬁ (Tabl e
2). 30 Strikingly, both -/- and +/- mce transplanted with GALC LV
t_ran_sdécedlcnlamllﬂi‘?s’ﬁ{-+ nMHSPC di d not survive to lethal irradiation (death
within 21 days, simlar to that of irradiation controls) (Figure 13 and

data not SEAWLideR BGRe! BYBAWE thi%e inktda@Wot Be URMAL BXitiabIE JfABLDNtot taiker  BM
(Table 2). These results indicated a functional inpairnent_of

GALC- t r ansafiventdgerBSROhelightly kese semsreimadrk PreyiousRypatizeents shayed s thaf

condi ti oned host. . . . .
the sgcsgessﬁll transplantation of Lin- cells without the need of Scal-supporting cells

was possible in this model. Moreover, FVB/twi mice have larger litters, thus allowing

10  us to have a larger number of -/- mice to isolate mHSPC.

Transduced mHSPC were transplanted into lethally irradiated 8 day-old FVB/twi -/-
and heterozygous (+/-) recipients (Figure 13). In order to reduce biological variability,
we transplanted -/- and +/- littermates. Mice of the control group were transplanted
with GFP.LV transduced +/+ cells. For this control group, the transduction efficiency
15 was evaluated by cytofluorimetry 7 days after transduction on the in vitro culture,
while the engraftment of transduced cells was evaluated by cytofluorimetry on
peripheral blood 6 weeks after HSCT. The transduction efficiency was very high,
ranging between 75% and 93% of GFP" cells. All the GFP-transplanted animals
showed a high engraftment of transplanted cells (between 63% and 85%), and all the
20  irradiation controls (lethally irradiated mice that did not received HSCT) died within 3
weeks after conditioning, thus confirming the correct setup of HSCT conditions. -/-
mice receiving GFP.LV transduced +/+ mHSPC achieved prolonged survival after
lethal conditioning (up to 150 days), as compared to un-transplanted control mice.
The survival of the untreated and GFP-transplanted FVB/twi mice was longer with
25  respect to that observed in the respective groups of twi mice, thus confirming the
influence of the genetic background on the severity of the phenotype. The
engraftment of transduced mHSPC was also evaluated by Q - PCR on DNA extracted
from BM transplanted mice at sacrifice. A significant engraftment of GFP.LV
transduced mHSPC, measured as VCN per genome, was observed (Table 2).
30  Strikingly, both -/~ and +/- mice transplanted with GALC.LV transduced -/- or +/+
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Apoptosi s of GALC expressing murine and human HSPC. Having detected a
functional inpairnent of GALC LV transduced HSPC, we eval uated whether this
coul d be woeoton2agopt osi s of the transduced cel |l s nedi areu/1bBiigdeomevo GALC
expression. The occurrence of apoptosis was evaluated at two 10 different
time points, 2 and 5 days after transduction, when transgene expression
presumably reaches steady state (see G-P expression in Figure 14B) by

Annexin V st ainj d TUNEL . The first techpi | abel |
Zpoptoti o TS S cHerEaedRniaditon (s paBi LA S Indhtidbec wer o
t r ansduced;MifafiofRblirblY) BNgweord hd dsRiohRROWhY . QMO keveaRESHHE 16who and

washi ng, cells vvere\PI ated on 15 matrigel-coated coverslips for TUNEL assay
or cul t ur eehdetectablealV Y ainethein BM t @abled2 ) oFheapnissylts ndagatedr anfanctipgal
confocal m_croscopy |.ar ] Ok . t 1 apsduc C,were
TUNEL posi rpirtieal ng‘%‘uﬂguct t'eé L“‘dgg‘ﬁ régr ’%ygﬁ)%ﬁﬂ 3{’%‘?%%?%% o‘{r‘\%@%sg’d ?%ﬁgg%t n,
denonsty at lethglly Bendiicesliiosad occurrence of apoptosis at both tine points
(Figure 14A-B). On the contrary, ARSA/ G-FP.LV transduced cells were 20
nostly TUNEL negatjve. A nmexin V staini confirired the occurrence of

apopt osi s, ABPRIHEY G Cg?i‘é’?“?‘l“ﬁé‘i“r‘ﬁﬁ%f“@ﬁ‘&ﬁ?ﬁﬂ cel l's anong
GALC-transduced m and hHSPC, as conpared to controls (Figure 14C).
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cel 1 ineage 2% Macr ophages and mcroglia represent the HSPC effector

progeny r esvehetadiwindthey thisopisl becduajotapoptesiafof deg wensdnessh eells maséatedibyg t he
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expression toxicity upon LV nedi ated gene transfer. WO )
2010/ 1254 TFeumabbp terohesosteady stale &9 D pxpressign wekigures k) by gopgn V

specificity,.: i C t@si . j - .d] Lation,
w6 Test od il T TURRER PR Sl e R AR e Phlc e el PRy

esti mat e tseamsbioms latmapepfdticiceleym- ami sIORRC evepe tranwinted with(SAHCAV and
Cterminally t d transgen in whjch the gene.is fused in frane with the
5 sequencecoé‘ﬁeggf?%‘qm-ﬁ&' p‘gﬁ?ri 6‘@’1'?‘1“8“‘?‘{ e dn 2t PuCPTi AVpr o?l_@‘ie_HEB? t he
human jisnf | Y&Rza) MatddScovERGpsifsr! PONEY, R84Y BE cllffed i R loePsld Mhin¥d

conparable wi Th that of the un-nodified enzyne, and -was properly sorted to
t he | ysosdionAnpexipdt ane RUNEd a4 confocal impgrgscopdt therlange anai eyt af SpALGd-V

eval uated at differ i.me paj t he..occurre ..of apopt 0si s..by. JUNEL
assay and t@ﬁﬁ%"’&étf’ﬁ}i}y %geemed)fmglv? Wee%%g%(ilen?aﬁgee&; nélﬁlaef sz“eEa showed
a di ffer endonli@sell chfoninaterbhstratifg kel Widefgreglioeutréhee dhiipoptosiaphages
were obtained as the adherent fraction ofedggri toneal cell collection.
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1996) \.%Fu rlﬁﬁ%i& Tﬁv\gi:‘?gx{sétggﬁ‘%g @Pﬁl 8%@?63’”3?4;}{“% %@%& tﬁ%gccﬂ%%a&n%ncég ;’%dls%:s cel |

| i ne. Humashowingwhighstt fes:tioR b€ apcpodtit etls funong PRMIT opngiveed v @nd BRHSEC, on f or

t he CD14 nonocyti ¢ marker. Transduction conditions were set up using G-P.LV
and anal yzqsr?@mﬁ’ﬁ’@dtt?S%Hﬂ%f}fl%‘ﬁeéf‘é?-ci ency by cytofluorinetry (when

possi bl e) or by confocal m croscopy. Once the transduction protocol had

been opti Rehhyic6 GALL CloRRG IS B Rneohi GiFeRhtNidT ansduced with
oALe L adhSyi 5 OALOAREITRCKARAF IS UchBidn i

ineage

25  Macrophages and microglia represent the HSPC effector progeny reconstituting
enzyme activity in affected tissues, including the nervous system, in HSPC gene
therapy approaches for LSD. We evaluated whether a prototypical monocytic cell line

- (U937), primary human monocytes, primary murine macrophages and microglia

could experience GALC expression toxicity upon LV mediated gene transfer.
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20 vectors at MJ 50 and 200, respectively, and expressed GALC above basal
| evel s (Figure 18). Even when high expression levels (up to 40 fold to w
| evel ) wewe 2aohi2ed7ed, TUNEL assay denonstrated | ow freqR€map20a0/001066
apoptosis followi ng GALC. LV transduction and GALC overexpression in all
tested cells (Figure 18). No difference was observed between +/+ and -/-
mcroglia (Figure 18 and other data not 25 shown). These results

denonstrate that HSC gene therapy effector cel re . not sensitive to GALC
toxicity, Mpwevendoedithey disssetng thegipgeificity qafe‘lééﬁ pndueqd aRpRERsIS R8PS py

e 29 R BRGNPy o bR, ohncae

shoul d be pro henat opoi ei ¢ nyel oi"d cells, capable of
t ar get i ng ineuredzigotort of GALEcnddstimseumasdi@liotaffamenty andoBeloxpgiioesis es wer e

obt ai ned upon PHA-stimnul ation and EBV . 2010/ 125471PCT/ |1 B2010/.001166
t ransf or mat's BiFdc Ctt‘E)"t“&PalE’B‘%Ee e U’e%cg é?%%ﬁngﬁ é“s‘f 1 ﬁ%m&‘(’vﬁg’rtlﬁﬁe nts
Wi th n@nocééﬁ@élc@%c&%ﬁ%Qﬁ@m%epﬁd@%%%é Aém¥ESutdi | gFbeRd ob Yhe hlumgn GFP. LV

and flow cytonetry. ynphocytes were efficiently transduced with
GALC. LV/ GAhfDemza imsdTeoHA-oResreenzoms hed avimecifigmciinity eomparahlerwiththatr 100

were used f TS5 1y Qcytes. Spi | ned 0, tivity
upon t rans‘l‘fotf@? i%ﬁ?o‘ﬁgg‘gﬁg%' %iagg)ev%% éngéng‘tﬁ ISe(%'[egt tgaqn{;q{%g&g?(lagnq ﬁeg telql?re

poi nt's ( Fi@taendO3hovir)UA fiadr triiBGucioppord ienguhteé aodifforent ixhe dididtertaat i at ed
hemat opoi etic cells are not detectably sensitiye to GALC over-eéﬁgﬁssi on.
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After washing, cells were seeded for CFC assay or cultured in vitro for two
weeks for MAtifiz anddrophagesnssay chtaingd RPSRthanadhesing . fragtions dfi peritomeal cpll

GALC. m R126T7. LV al | owed reconstitution aof act Wi t)
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fol d over mRfwt Y8 b§\ealablidtel Pr6@cSB RArmbHRR RENt 1998; tWhtines s S11996).

col oni es obtained from mHSPC transduced with GALC m R126T.LV was simlar to
control s drtheaswaltestesk bothfpimaryi menqeatps eand Y83 TemonoexficceplbHpesHemagur e

21C), .thus_su sting.that,regu i f [ '

o owdd pr SR VR ol BB BMC By Bop B0t SrEtRERE O COLATBINEE
encour ag: r}gaﬂ(elg Ul“faﬁsdifcﬁﬁ@tdbﬂdiﬂi@n? owere adetialpe usingt ?@Panafdrﬁca?g%zﬂtg rtbgeni c
potential was due to the rescue from apoptosis of GALG ni .

t r ansducedtamrtionafeffigiencyaryd UteorimasPEWhER ¢ P8 g@éﬂ %rrITII?Pht ?‘?’g‘é‘fal coat ed
coverslip rﬁﬂ:g(%s é&gLOﬁéé e %ﬁscﬁﬁﬁ%ﬂrﬁ%{:@f h8d tReRN6htmniddY Smefro@id bl e. The

| evel of apopto was eval uat y confocal mcroscopy. TUNEL assay on
GALC. mi R126dcrbphdeeansctucifidieftly trahddsicehentbdsALGdrV/GTAILS-Ep bt amd eondmol bot h

the tinme points (1, 9 nd,3% at 2 and 5 days resp vely),,. simlarly to

what e Bsirs atMal s ind 0P RndiRSyped S B REC ot a5 )

This data 05185 Ak Whh SMPRKSRSGH 1VelsCAIpCLe#PT FBRE k@ Rvtbigvel) R 26

coul d rescue mHSPC from GALC-i nduced aﬁ)opt osis. In vivo regulatjon on GALC

expr essi omachieved, RNANI, assa@ ¢onostrasd 7IopCTienBaey0rn0e 18Bpiss &liaapg of

m RNAI 26-r I C.expr i on _nHSPC r i tiloal S
eval uat ed @ﬁﬁ%\?@%‘ﬁ‘%ﬁ%‘g‘?ﬁ@ ﬁg?rl%prle?srl(gldﬁlga?g%gtga g@S- @ﬁ%ﬁjran lg 2 I;I/é?e
t r anspl ant gefephtd wahbbsetvdd1B:oWedaVi-tH adsduartoglia-(FigdtPC8 and witteh dB@00EALC. LV

transduced cells and survival was eval uated at both sI%ert- alﬂd | ong-term
25 shown). These results demonstrate that HSC gene therapy effector cells are not

sensitive to GALC toxicity, thus suggesting that, in order to develop a HSC gene
therapy strategy for GLD, GALC expression should be avoided in HSPC, whereas it
should be promoted in differentiated hematopoieic myeloid cells, capable of targeting

the enzyme to affected tissues.

30  Human T and B lymphocytes were obtained upon PHA-stimulation and EBV
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S Simlarly to what observed with CD1lb_GALC. LV, +/- FVB/tw mice
transplanted with GALC. m R126T. LV transduced nHSPC were rescued from

| et hal i t ywandigusdriived | ong term (nmore than 3 nonths af Per/IBBTINI1166
differently from PGK GALC LV-transplanted nmice that did not survive after

| et hal conditioning. Wien mice transplanted with GALC. m R126T. LV
transduced mHSPC were 10 eut hani zed at the age of 80 days and Q PCR

anal ysis was performed on BM we found an average VCN of 5, thus confirm ng

the presence pf transdu ' M d&: Qid =
t hese res[}fﬁn E’tngaté?r’neo? ﬁ)gaqt %ygotéggécﬁgg?w %lﬁﬂ%%e%mg%f&%%rﬁ%tsr aﬁgﬁgggl ’

celI's, shawosdegeesad wacrophags, oinstihetiocBAS ouimicedhy ysiaa $Ift-bY aad
novo 15 GALC expression in HSPC by ¥ B diftat  rom de

St at egi cevtmRABL dbChRpracNPEn ol eageebCtish CRLETY dAECRY
\OA','ef I ?;ﬁgéh@égﬁ@gﬁ%@?%'&t:ﬂo% sallot 120 JisldeuehiepatanMoided wire geakfdriBr apy,

. ( romw |Id type and GLD mice, carrying a point mutation
E}e:; ul tisng lyi_mpﬁ&idfﬁesse_ﬂ)aslpmlt sesiziped inaredse | any GARC @piavity UpQR (RMIUSROR DQ)

- expressin entiviral .vector. (Figur - JUet §®N GAL
vect or recﬁ?ﬁggﬂsu&"’%ﬁ d@&ﬁtéda?gtaﬁelﬂfey@fn P%%%%‘ﬁ‘% Pﬁl-r[%%?% oge% ’éws$§%gl | s, ¢
| eadi ng tosu? orfink Olhe ARSI hupT @SfEicATiated NikmizdpdieticCeElY ram st odsdeotalilyl t ype
cells 25 (F Ig);ure 23B). Simlar expression |evels were observed upon

t ransduct i snsiive i GALOQET-RPIEFOMHSPC as wel | as human CD34+ HSPC from
normal CB or BM (Figure 23B). Unexpectedly, forced GALC expression inpaired

cl onogeni c,_acti vi t ' - ;

13h BB AL Si@NEl HERRAIMEPC as conpared to
GFP- t r ansdUced E&Pfad PI‘-)I _guree%ggréarll (ﬂ;}éta not shown). TUNEL assay perforned
two days after transduction showed that the 30 majority of _GAI,_C-; %:t not

GFP;jt runz mﬁ@dem%ameeth“émt pDBIRNA 26megwathd K1A L cXPTeaTIOfR i With
conaens i i
ed chromat! Na  RHFE i GRECcHAir136P3%Y or with GFP.miR126T.LV or

GALC.LV at MOI 100. After washing, cells were seeded for CFC assay or cultured in
vitro for two weeks for GALC activity assay and Q-PCR analysis. Transduction with
GALC.miR126T.LV allowed a reconstitution of GALC activity at supraphysiological

15 levels in the differentiated mHSPC progeny, up to 2 fold over wild type levels (Figure
35B). Importantly, the number of colonies obtained from mHSPC transduced with
GALC.miR126T.LV was similar to controls and was almost 2-fold with respect to
GALC.LV colonies (figure 21C), thus suggesting that regulation of GALC expression
by miRNA126 allowed preserving the clonogenic potential of transduced mHSPC.

20 These encouraging results prompted us to evaluate if the unaffected clonogenic
potential was due to the rescue from apoptosis of GALC.miR126T.LV transduced
mHSPC. After transduction, mHSPC were seeded on matrigel-coated coverslip and
TUNEL assay was performed after 2 and 5 days of culture. The level of apoptosis was
evaluated by confocal microscopy. TUNEL assay on GALC.miR126T.LV transduced

95  cells showed minor or no apoptosis at both the time points (1 %1 and 3%2 at 2 and 5
days respectively), similarly to what was observed in cells transduced with the control
LV (Figure 22A-B). This data demonstrated that suppression of GALC expression by
miRNA126 could rescue mHSPC from GALC-induced apoptosis.

In vivo regulation on GALC expression by miRNA126.
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WO 2010/ 125471PCT/ 1 B2010/ 001166 fi ndi ngs suggest that the cl onogenic

i npai rment of GALC-transduced HSPC was due to the induction of apoptosis,
as al so cwof2romess7by annexin V staining (not shown). FumRcCTiiBzvab/ooingrai r ment
of HSPC was directly caused by forced/ de novo GALC expressi on and not by
toxicity related to the vector preparation, as HSPC transduced 5 with a

m R-142-requl ated, GALC-encoding lentiviral vector showed nornmal clonogenic
activity and absence of apoptosis. I ndeed, the 142T se uence suppressed
GALC enzynBhefieets of danNAhgﬁng@ e (GALG eptRIesIOn AB [)?é

cel 1 s33 (Figure,23B / et 0
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toxici tey b%g{ [%513%9/ it B GOt P B5 T LNC ANV m/afpfv@aﬁ%ﬂseftiﬁgﬁaﬁﬂeat ed

cells, nsduce uman primary nonocytes, T and | ynphocyt es, as
wel | as nowitk GAGOEIR R6JdLY stramstihce@ATISRE wcmt r@buade(fmm slethaliguaad 24B)

VWil e efficient t ansduct i and. GALC over, ex achieved in all
cel | typessu“l*if’ﬁEL 008 461 h@ﬂ%"ﬁ L o? H‘Bmélﬁo i ?S%rbt h%%ffﬁ?th&' °CFi gure
24B and C)pGRhEALGEVStkdnsMliahtéd t RideAHet WPHRS Ssbﬂinvd after WhalUeoridaininge of
HSPC, whi ch was not observed 20 in mature hematopoietic cells. m R 126

regul ati on“ﬂlescmw Hempldntesihnval G AkEr eriRildT: &3 drangdugsd @%ﬁﬂceﬁ‘ﬁ@ne

thera sele V& f O0Xi.Cht f p |n HSPC
hi ghl i éh 'ﬁ%aéuﬁgezgqﬁ% t%o garyegélld Q-Plg?éirrlls glﬁcew%x reg[sn%%)in&lle% SPC

successf ul foqﬁdlantak}arag@wm o5 Dthu¥\eoh fitsing @lsd ptésédtte of frfahscacyd oéllsoinr tha ovel

m R- 126 based regul at or i I\;st em and conpared it to a transcriptional

strat egy baele id-specific CD11 b pronoter to target GALC
expression to the d| fferentiated HSPC progeny. Both

Overall, these results together to those observed with CD11b_GALC.LV transduced
cells, show successful rescue of the GALC deficiency and protection from de novo

15 GALC expression in HSPC by our improved regulated gene therapy strategies.

Forced GALC expression is toxic to HSPC but not to differentiated hematopoietic

cells

20 To develop a model of gene therapy, we transduced HSPC from wild type and GLD
mice, carrying a point mutation resulting in <5% residual enzyme activity (7 rs)45 ,
with a GALC- or GFP-expressing lentiviral vector (Figure 23A). Transduction with
the GALC vector reconstituted GALC activity in the cultured progeny of GLD cells,
leading to a ~2 fold over-expression compared to GFP-transduced wild type cells

25  (Figure 23B). Similar expression levels were observed upon transduction of wild type
murine HSPC as well as human CD34" HSPC from normal CB or BM (Figure 23B).
Unexpectedly, forced GALC expression impaired clonogenic activity of both murine
and human HSPC as compared to GFP-transduced cells (Figure 23D and data not
shown). TUNEL assay performed two days after transduction showed that the

30 majority of GALC-, but not GFP-transduced HSPC were TUNEL positive and
exhibited enlarged nuclei with condensed chromatin (Figure 23E and F). These
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30 strategies rescued the transduced HSPC from GALC-i nduced toxicity (see
Figure 23B-E). However, the reconstituted GALC activity was substantially

hi gher (uwwot20102125471o0ld the wild type level) in the progeayiBioivbaier! | s
transduced with GALC 126T lentivector (in which GALC expression is driven
by the PCK pronoter) than in CDL 1 b-GALC transduced cells, even when
cultures transduced to simlar vector copy nunber were conpared (Figure 23B
and C). W also verified that the GALC. 126T 5 lentiviral vector effectively
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t herapeut | A - dAS aaaRBEE Rudine FISPC Faikdo efdueckrs uricddianvery of
t he functieglﬁgjﬁlgg%&égéyne ttgrthe g(?f ected brain and 20 reconstitution of

t he dabectlethel imatiation (Figared24ddser ved i n the brain of gene therapy treated
Trs mce (Figure 24F-1). In the central nervous systemof treated m ce,
GALC activity was detected both within Ibal+, CD45+ infiltrating

hemat opoi e(tjn%&l ¢ Srandplahtwiiér)i Madrbptiage S48 - mivoogl e nmt dpoeftdtor prigesy (Fi gure
24F-1), denbnstrating cross-correction of. r&giﬂ%nt cells Jﬁi l§el )@% e.to
enzyne secesgonsiblenfpr regonstitytag (5 d5C ppdvigHIY PieA S 4O 4954 ¢&d HSPC.
| mportantly,. reconstituti 0 LG VA flenafigegedlisuwyi val
wer e assoc‘%gltcgﬁcqyofoéceg? %enﬁﬁocar%%%g%ﬁ;%lfgsgddf%ﬁggg? ype of the treated
nce a3 CoppRAetdt Rurhdt peiataey nadroegtes,dTcamt Bolwnpheicytes,pae yeally a8l MAHSKi ng

abilities and reduced twtching (G.D-associ at ed..i nt eRlhONgh.-t.r - SY).
DI SCUSS| ONmicpgslzo sells) iy (et 50 $6F 1?(%%0%@’5%%?%”?%8%’6% %ﬁ%ﬁh
expressi on_J h b ) SisfR Wor: HEHRNAIIi@psll el typst AUANEKked in
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rel yi ng ondsyayorhow&NAowxpr essammptdsis é she tawifgresr GVewr gt Bilobdgil BYP1 y
meani ngf ul s’englltjielrg}t' o aE&ILVCee)Ep?gs%%flltis gfumrau%tﬁr%rl)cftﬁﬁrb, WHi&Mhas not observed

20  in mature hematopoietic cells.

miR-126 regulation rescues HSPC from GALC expression toxicity and enables gene
therapy of GLD

25  The selective toxicity of de novo GALC expression in HSPC highlights the need to
tightly regulate transgene expression in HSPC for successful gene therapy of GLD.

We thus tested the efficacy of our novel miR-126 based regulatory system and

" compared it to a transcriptional strategy based on the myeloid-specific CD11b
promoter to target GALC expression to the differentiated HSPC progeny. Both

30 strategies rescued the transduced HSPC from GALC-induced toxicity (see Figure
23B-E). However, the reconstituted GALC activity was substantially higher (up to 2
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5 et al. have proposed that a threshold | evel of m RNA expression nust be
reached for significant suppressive activity against m RNA targets to
occur, whwohomigbi7ibe the result of a limting RNAI nackcmaswievailéabl e
within a cell (Brown et al., 2007). If small RNAs conpete for limted RNA
effector conplexes, a sufficiently high | evel of expression nay be
necessary to ensure incorporation of the mRNA into an active 10 RI SC.
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whi ch may 6B] 1MV raniduce] eallanevenovipareltney tlantduoed toComibanvergortdopy br eadt h

of genome-w de m RNA expression | ysi : 15 . ] ¢r.par dee
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10 HSPC from Trs mice wére transduced with the GALC-126T lentiviral vector and
transplanted into newborn 7Trs mice. The transplanted mice were successfully
engrafted (Figure 24A) and showed a significantly longer survival not only with
respect to the untreated 7rs mice (p<0.0001), but also to the mice transplanted with
wild type GFP-transduced HSPC (p=0.002; Figure 24A and D). Moreerr, when we

15  stratified gene therapy treated mice according to vector copy number measured in the
BM, animals with the highest vector content showed a si.gniﬁcantly longer survival
(Figure 6F), strongly suggesting that supra-physiological enzyme expression in
hematopoietic cells augments the therapeutic efficacy of HSC transplantation. Indeed,
effective delivery of the functional GALC enzyme to the affected brain and

20  reconstitution of the defective activity were observed in the brain of gene therapy
treated Trs mice (Figure 24F-I). In the central nervous system of treated mice, GALC
activity was detected both within Ibal®, CD45" infiltrating hematopoietic cells, and
within Ibal”, CD45  non-hematopoietic cells (Figure 24F-I), demohstrating Cross-
correction of resident cells likely due to enzyme secretion by the progeny of the

25  transplanted and transduced HSPC. Importantly, reconstitution of enzymatic activity
and increased survival were associated to a significantly amelioratéd phenotype of the
treated mice as compared to untreated affected controls, with preserved walking

abilities and reduced twitching (GLD-associated intentional tremors).

DISCUSSION
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popul ations |ike HSC. Qur m RNA reporter vector studies not only confirmed
data on m R 223 and m R-126 expression profiles described in the
l'iteraturwp2buri2agded further information on the activi PgTaB2a1bvedesdri RNA in
hi ghly pure HSPC subpopul ations and their progeny. m R-223 has previously
been described to be 25 abundantly expressed in the nyeloid |ineage of m ce
and humans (Chen et al., 2004; Fazi et al., 2005; Rosa et al., 2007).

I ndeed, our reporter vector data found the highest m R-223 activity in
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regulation. Combining the breadth of genome-wide miRNA expression analysis (e.g.

15 by microarrays or deep sequencing) with the miRNA reporter Bd.LV approach adds
another dimension to the study of microRNAs. It allows to stringently validate the
biological significance of differential miRNA expression and can be used to
longitudinally study the expression of a selected miRNA across multiple cell
populations, with single cell resolution and in living cells. We used this approach to

20 study the expression of selected miRNAs in rare and poorly accessible cell
populations like HSC. Our miRNA reporter vector studies nof only confirmed data on
miR-223 and miR-126 expression profiles described in the literature, but added
further information on the activity of these miRNA in highly pure HSPC
subpopulations and their progeny. miR-223 has previously been described to be

25  abundantly expressed in the myeloid lineage of mice and humans (Chen et al., 2004;
Fazi et al., 2005; Rosa et al., 2007). Indeed, our reporter vector data found the highest
miR-223 activity in granulocytes. Moreover, miR-223 activity was also revealed in
monocytes and in a hierarchy of HSPC, in particular progenitors committed to the
granulocyte-monocyte lineage. Our data suggest that at least some pluripotent

30 hematopoietic cells express miR-223, in both mice and humans. One possibility is that

these cells are primed for a granulocyte-monocyte fate. Our bidirectional reporter
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and in particular within subsets enriched for the most primitive HSC. During early
steps of differentiation, miR-126 activity progressively decreases. The association of
10 miR-126 to human HSC is further corroborated by an analysis of BdLV.126T-
transduced CB HSPC freshly isolated from NOD/SCID mice performed by our
collaborator at UHN, Toronto (Lechman et al., 2008, ASH Abstract). Our data
support a stem/early progenitor-specific expression pattern for miR-126, with

silencing in most downstream lineages.

15 Interestingly, a subgroup of acute myelogenous leukemia (AML) characterized by
mutations in the "core-binding factor" (CBF) expresses high levels of miR-126 121. |
The authors identified polo-like kinase (PLK-2as a validated target of miR-1 26.
PLK-2 has been recognized as a regulator of the cell cycle and might act as a tumor
suppressor gene in hematologic malignancies. Given the tight association of miR-126

20 with HSC, we are studying, in collaboration with the group of John Dick at UHN,
Toronto, the activity of miR-126 in leukemic stem cells (LSC), a rare subpopulation
standing at the apex of the developmental hierarchy of AML, which is thought to be '
responsible for chemotherapy resistance and relapse (Barabe et al., 2007; Kennedy et
al., 2007). Preliminary results suggest that AML samples, in particular those

25  belonging to other subgroups than CBF-AML, manifest a gradient of miR-126
expression, being highest in the LSC-enriched CD34"38 fraction and low in non-
engrafting fractions. This pattern of miR-126 activity is maintained upon
transplantation of LSC into immunodeficient NOD/SCID mice. Thus, miR-126
activity, visualized by a lentiviral reporter Bd.LV, could serve as a new biomarker and

30 potentially therapeutic target for leukemic AML stem cells (Lechman et al., 2008,
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proliferation, migration, and angiogenesis (Wang et al., 2008).

In summary, miR-126 is expressed to biologically relevant levels in angiogenic
endothelial cells as well as hematopoietic stem cells and their immediate progeny.
Interestingly, expression of miR-126 is another factor that endothelial cells and HSC
20 have in common. In fact, during embryonic development, the simultaneous
appearance of endothelial and hematopoietic cells (red blood cells) in the yolk sac,
and the successive emergence of HSC and endothelial cells in the aorta-gonado-
mesonephros region (AGM) underline the common origin of these 2 lineages, arising
from a so-called “hemangioblast” cell population. No surprisingly, there is a growing
25  list of genes, originally thought to be exclusively expressed in vascular endothelium,
that have turned up in HSC and transcription factors and membrane receptors such as

the Tie2 receptor, Sca-1, VEGFR~(Flt-1), VEGFR-(FIk-1) and CD31.

Given the functional and anatomical association between microvasculature and HSC
through development and in the adult bone marrow, miR-126 may contribute to the

30 homeostasis of the hematopoietic niche and regulate proliferation of both its
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30 honeostasis of the hematopoietic niche and regul ate proliferation of
both its WD 2010/ 125471PCT/1B2010/001166 endot hel i al and HSC conponents.

I nt er f er enoeowi12sd7RNA-r egul ated LV with m RNA functi on @a@/1BzNneerme@about
exploiting m RNA regulation is the possibility to interfere with the

regul ation of natural m RNA targets by over-expressing transcripts
containing 5 m RNA target sequences. In order to understand the biol ogy and
safety of mcroRNAregul ated LV, we quantified the dose requirenent for
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i ntegrations per cell. However, we found that1 lentjviral vectors can be
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used as a Laghi Rat&?ﬁ’ gé%nzalame FENGd1ls Qith MRRASIAY Aos@ T BmSerlgs M RNA

t ar get sequencesﬁ%]gom pronoters, we 20 denonstrated that m RNA
activity coutahibe nsRNA airgd sequescds; wegfoimd tHag theobresbéld feryinterfariog with nat ur al

t ts for that m RNA 126. Furth : d_t hat sat - Id b
e A P I TR R T U

gene-regul g XQ@EQEO% frSMCrons, Vike proBoRes ehiRBEY tirfettsaSerche Sk Fessed
expl oi ted perfectly conplementary m RNA binding sites which primarily

result in foegrameaddrate ppémoptee like the phosphoglycerate kinase (PGK) promoter did not

saturate miRNA activity, even at high vector copy number (up to 50 integrations).

This suggested that miRNA regulation could safely be exploited for HSC gene

15  therapy when expressing the miRNA regulated transcript from a moderate promoter

and from a limited number of integrations per cell. However, we found that lentiviral

vectors can be engineered for deliberately interfering with miRNA activity and thus

be used as a tool to characterize miRNA function.

When over-expressing miRNA target sequences from strong promoters, we
20 demonstrated that miRNA activity could be saturated, resulting in the loss of
regulation of natural targets for that miRNA 126. Furthermore, we found that
saturation could be favored by changing the design of our target sequences. For our
gene-regulated vectors, such as the one described in this thesis, we exploited perfectly
complementary miRNA binding sites which primarily result in degradation of the
25 mRNA transcript (see Fig. 2c), similar to the mode of action of siRNA (Brown et al.,
2007). As this process is occurring with fast kinetics (Haley et al., 2004), the miRNA-
RISC complex actually works like an enzyme with high turnover rate, making it
inherently difficult to be saturated. On the other hand, when introducing a mismatch
between nucleotide 9 and 11 of the miRNA into the miRNA target sequence,
30 transcript degradation is impaired 57, redirecting the miRISC/mRNA complex to the
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broad applications for LV mediating stable miRNA knockdown. They will constitute

important tools to investigate the physiological role of miRNA.

Applications of microRNA-regulated vectors for hematopoietic stem cell gene

25  therapy

The pattern of reporter gene expression that we describe in this work has also relevant
implications for gene therapy. Most clinical gene therapy constructs contain
ubiquitously expressing promoters which guarantee robust expression of the transgene
in the target cell types, but also result in off-target expression. This ectopic expression

30 can result in toxicity, counterselection of gene-modified cells, triggering of an
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i mmune response directed agai nst the transgene product, or even oncogenic
transformation (Weil et al., 1997, Ot et al., 2006; Brown et al., 2006;
Brown et wiD.2010200#71 Woods et al ., 2006). Addi ng m R- 223 PCangmio/s@Egerences to
a therapeutic transgene delivered to HSC woul d 5 prevent expression in the
nyel oi d progeny, including granul ocyte nonocyte progenitors and at |east a
subfraction of HSC. Inportantly, this strategy would result in ful
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hHSPC, and transgenic mce (Biffi et al., 2004, 20 Capontondo et al.
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Her e, rt th unex fln g of ove XICIty and in vitro and
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r epopul at emeipidiniap espressicrband therspistefficacl pi thetdiscasedipsogeny- associ ated to
negative selection and and apoptosis of highly transduced HSPC. The |ack of

apopt osi s RN¢ lf]hpntc(t}Agae}l no% élrgggg observed in nurine and human HSPC,

transduced W a control vec I'n-whi ch GALC expression is regulated by
the m croRNA (Mechtcheri akova et al; 2007) (exclusively expressed in
hemat opoi eEngymid repagameatland )gefid ﬂ%rempy apbliadtions AODSD, patiemt i(Rokdbather alni que
V0 2010/ 1225471%?;({31' eBth?l1 050%9)1%3? animal models (Biffi er al., 2006; Sano ef al., 2005;
15 Hofling et al., 2004; Sands et al., 1997) have generally demonstrated the lack of
toxicity of lysosomal enzyme administration and expression above normal levels. In
the case of Metachromatic Leukodystrophy (MLD), the safety of LV-mediated over-
expression of ARSA, catalyzing the step upstream of GALC in sulfatide metabolism,
was demonstrated in mHSPC, hHSPC, and transgenic mice (Biffi et al., 2004;
20  Capontondo et al., 2007), prompting clinical testing of HSPC gene therapy for this
disease. Here, we report the unexpected finding of overt toxicity and in vitro and in
vivo functional impairment of murine and human HSPC after LV-mediated GALC
gene transfer and expression. GALC.LV transduced murine HSPC showed impaired
clonogenic potential and failed to engraft and long-term r¢p0pulate myeloablated
25  transplant recipients. This was associated to negative selection and and apoptosis of
highly transduced HSPC. The lack of apoptosis and functional impairment observed
in murine and human HSPC, transduced with a control vector in which GALC

expression is regulated by the microRNA (Mechtcheriakova er al; 2007) (exclusively

expressed in hematopoietic lineage cells) (Brown e al., 2006), confirmed the unique
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role of expressed GALC in determning the death of transduced cells.
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car bohydr a atéinte form ng gl'ycosynapses (for a review
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Repor t §5 shoy {hatecishnendpt hsdpiatic Calnhdatnd @eutlsclof et ha.,i mon9e dstiem Cer

is rapidly converted to So and S 1P, which are secreted. .Int

oligodendrocytes are also resistant to apoptosis induced by IL-1 admimstrat?o% (Brogi
et al., 1997) . This suggests that the increase of intracellular Cer could be managed in
different ways, according to the pathways activated in that particular cell type and at
that particular differentiation stage. Supporting this hypothesis, it has been reported

30 that the increase of intracellular Cer in neural tissue, is managed by the high activity
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15 plasma, these nol ecules bind al bum n and act as signals for specific
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regul ati on of GALC expression for safe and efficaci ous G.D gene therapy 20
The regul ation of transgene expression is of great interest in the field of
gene therapy. In particul ar the possi bility of post transcri pti onal
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whi ch was reported to be nore highly expressed in HSPC, as conpared to
peri pher al reltﬂtcxbohpnpuosmudlheaspluagdlmlclélﬁetab)zlrc dathavaz0 it @leon yermataedve Hat t he

regul ati on C ex on .b HSC- CI f.ic
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The reduced sensitivity to GALC de novo expression-induced apoptosis observed in
monocytes and macrophages might be explained both by the activity of ceramidase
and their secretory action. Reports show that in endothelial cells and cells of the
immune system, Cer is rapidly converted to So and SIP, which are secreted. In the

15  plasma, these molecules bind albumin and act as signals for specific receptors on
lymphocytes (for a review see 78 142 143Hannun et al., 2008; Mechtcheriakova et
al., 2007; Rivera et al., 2008).

Post-transcriptional regulation of GALC expression for safe and efficacious GLD

gene therapy

20  The regulation of transgene expression is of great interest in the field of gene therapy.
In particular, the possibility of post-transcriptional regulation by micro RNA
(miRNA), has recently open new perspectives for tuning the expression level of the
transgene, according to cell type and to differentiation (Gentner ef al., 2008). In this
study, we applied this innovative technology in order to suppress GALC expression in

25 HSPC, which have been shown to be the most sensitive cells to GALC over-
expression toxicity, while allowing enzyme over-expression in differentiated cells,
which are responsible for GALC secretion and cross correction of oligodendrocytes.
In particular, we selected the microRNA126, which was reported to be more highly
expressed in HSPC, as compared to peripheral blood mononuclear cells 145. Our data

30 demonstrated that the regulation of GALC expression by the HSC-specific
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5 progenitors, as assessed by the CFC assay. This data confir
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di f f er entwateth/psasgeny. The unaffected cl onogeni ¢ pot enPCaliBIaYy0IIMEH cat e
that GALC expression is repressed not only in HSC, but also in nultipotent
progenitors responsible for the formati on of the hematopoietic colonies in
CFC assay. 10 Moreover, transplantation of GALC m R126T. LV-transduced HSPC
into GALC +/- FVB/tw mce, resulted in long-term survival of treated
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Ilo(ranr)g1 r E ? 2 I:I I%h%,sibhgidao ];iévels; avitout pmpairiag the glonagénon potenHECos frecmultipofgnRna

e use of a strong pra er, such as PCK | ,
same eXpr eYeRHHOre 8| asgqssqdngyttgg éﬁééﬁynﬁ’ffeaﬁtﬁfﬁog%% ﬁ?gﬁ %&nﬂéﬁ%ﬁ‘%@%géﬂ; ,
as that oblghled WANCURLRAUbALAY APHBRY &ALt hde diffseumsddrmbaye, the

| evel of expression required for HSC gene therapy to. be eff ' [
not known. Thdowmffected elomogerfic aoteoﬁalenﬂyh@i@ig@pﬁh%@%ﬁ &é{;@qsi% i@ﬁ?Pfg%E’ave’ 'S
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S B QB S D b PEOED rogb g R i pgsipaBbaryt or may
enzymat i C HXREROpORtc Ihlbaick SBORC@syd be relevant for the safety of
clinical translation

10  Moreover, transplantation of GALC.miR126T.LV-transduced HSPC into GALC +/-
FVB/twi mice, resulted in long-term survival of treated animals. This data
demonstrates that the suppression of GALC activity in the more primitive HSC by
miRNA126, allows their long-term repopulation and differentiation potential, to be
preserved. The presence of highly transduced cells in the BM ten weeks after HSCT,

15  further confirmed that long-term HSC were rescued from GALC over-expression

apoptosis.

Importantly, the post-transcriptional regulation by HSC-specific miRNA, permitted
the use of a strong promoter, such as PGK, thereby reaching the same expression level
of the transgene in the differentiated HSPC progeny, as that obtained with unregulated
20 PGK_GALC.LV. As discussed above, the level of GALC expression required for
HSC gene therapy to be effective, is not known. However, even if a low enzyme
expression. level might be sufficient to obtain a clinical benefit, the use of a stronger
promoter may allow the vector copy number(s) to be reduced, but reach the desired

enzymatic expression. This issue could be relevant for the safety of clinical translation

25  of HSC gene therapy.
CONCLUSIONS

The lentiviral vector platform represents a versatile and highly useful tool to study
microRNA function. The bidirectional miRNA reporter vectors developed allow

measuring miRNA activity at the single cell level in complex cell mixtures, adding a
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25 of HSC gene therapy. CONCLUSI ONS The lentiviral vector platform
represents a versatile and highly useful tool to study m croRNA function.
The bi di reeot2omviab47mi RNA reporter vectors devel oped al | orCraBzU0/H0Ig6aTT RNA
activity at the single cell level in conplex cell mxtures, adding a WO
2010/ 125471PCT/ 1 B2010/ 001166 new di mensi on to conventional m RNA expression
profiling approaches. Using this approach, we dissect the expression of
several m RNAs in hematopoietic stem and progenitor cell (HSPC) popul ations
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represent th uarantgr for correction by continuously

di
suppl yi ng fgehel At ﬁ%ﬁﬁﬂg@%ddgh@nghigﬁsfﬁegm RNAs characterized here,

m R- 126, m R-130a and m R- 223 restrict unwanted transgene expression in
HSPC, whi | Beales OdRGsihl theset basidlibidlegye auestioas] mrmgamagulawd véckdrs avé ur t her

devel oped into clinical gene therapy protocaql E t he. applications
G palfent sgniBent Ghodpdulior PSR AREe. 1 4 JLER, ot dfuAbeitic; BRPBF:
referenced M@Cheggeqégeﬁg ?LX?%CRYB@C{: Id 19511'% r%%?ésgﬁhsandl tﬁg§ gikvigte dur i ng

the 20 pro¥ e app catlo S a atents ("application
cited docusmrba &ar@g&leaﬁﬁcnﬁﬂufpaﬁimtmthatmeftmﬂtamnsll GﬂS@)ﬁb@lQﬂgG’é‘éﬁf or any

products cited or nentioned in each of the a ations, an ts.and in
any of thenctpsi 41&@thcérbYcﬂ1F&9nﬁé'éfﬁ?@hF§atmﬁPte aﬁgée(gfqrﬁseg} glor%{‘)i?;}d1 eir%el n by
refer ence. | Lo REHIDLE cofbdiiofl 85 WBRRAREI!: ?ﬂlblﬁlgtéﬂné-nﬁ@ﬁﬁed dngghak celocunent s

cited or rence ocunen S cited 1S text and any
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the will be further developed into clinical gene therapy protocols.

Each of the applications and patents mentioned in this document, and each document
cited or referenced in each of the above applications and patents, including during the
20  prosecution of each of the applications and patents (“application cited documents”)
and any manufacturer’s instructions or catalogues for any products cited or mentioned
in each of the applications and patents and in any of the application cited documents,
are hereby incorporated herein by. reference. Furthermore, all documents cited in this
text, and all documents cited or referenced in documents cited in this text, and any
25 manufaéturer’s instructions or catalogues for any products cited or mentioned in this

text, are hereby incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection

30 with specific preferred embodiments, it should be understood that the invention as
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expression of the nucl eotide sequence in a HSPC but not in a differentiated
cell. 2. A gene vector for use in gene therapy conprising at |east one

m RNA seqwenrew/atrget operably |inked to a nucleotide sequanzgobavéng a
corresponding m RNA in a hemat opoietic stemcell (HSC) which prevents or
reduces expression of 10 the nucleotide sequence in a HSC but not in a
differentiated cell. 3. A gene vector for use in gene therapy conprising
at | east one m RNA sequence target corresponding to a m RNA selected from

the group CcOMMer-Sicfc BittctsBfenAfine régl@ceniént ad@ SnzyhzbrcpBidameftXoRoweadrby nat i on
and 126T (2 targets) operably [inked to a nucl egtide sequence. 15 4. A gene)

vect or acdmmndinrgravotransplantagiopohfphin fnviest- 1 987V ARROdlence targets
corresponding to mr-130a and mr-126. 5. A gene vector according to any

precedi ng ¢ 31 7 ASHGH A MghlGh Rl 4968 CAURHERoRARIIRAIC L RBnakRne RS on of
the vector” . A gérie vector according to claims 1-5 wherein the
nucl eot i depenefitsifCRodisied bdfe iarsgeaks intd theACHEnef Gadt-gangliosidosis myiceo any

precedi ng clai mwherein the vectoy .i i tor. 8. A
accor didng qO5eaisyIcproag o g‘?ﬁ‘i\ﬁé&egﬂgtzhg&\;é?%m is deri vgglng }/reg';no;
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11. A gene vector according to any preceding clai mwherein the transgene
codes for an enzyne. 512. A gene vector according to claim 11l wherein the
enzyme i sweebsened1fromthe group | ysosomal enzyne gal aeCoaBroayp@sédase,
gp91 phox and interferon-al pha. 13. A set of DNA constructs for producing
a viral vector particle conprising a DNA construct encodi ng a packagabl e
viral vector genone conprising at | east one m RNA sequence target as
defined in any one of clainms 1 to 5, and optionally a 10transgene. 14. A
process f arelpre@aldageaoyviral vector particle conprising introducing the
set of DNA constructs of claim13 into a host cell, and obtaining the viral

vector particle. . A pro S r di t | aj-n,1 i st cell
conpri ses Y%ebéM’éé'ﬁﬁPﬂrsgfﬁaﬁN%ﬁ%Sfé?%VvsggPs \t/}giét Igrro\{%%%is{(}:ﬁvge%gragguced by
the proc e%ém?&i&a!ﬁ%h@ﬁéﬁh&hatééoieﬁclzqu RePRintion dh iieatwinhepasidel Sciesanpr i si ng
t he gene vector or particle according to any one of clains 1-12 or 16. 18.
A cel | infl®842a5d052118h4duced with the gene vector or particle of any one
of clainms 1-12 or 16. 2019. A cell according to claim 18 which is a

hemat opoi eyic stem gall (o 511 VRSB i S rarBlab@RB nat i on
of at I%eas e%%@%‘r}%rﬁ? Sr%%%%q{sdgggﬂgﬁce targets I%:Og‘{lrce.spondi gla to m RNAs
sel ect ed finqRe tWicher AioRses AMpreffetis @f pratrah§lant cvnditivpBg with graded deses 6/ 130aT

2/ 2 conbination) and 126T (2 targets).
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WO 2010/ 125471PCT/ 1 B2010/ 001166 21. Conbi nation according to claim 20
wherein the m RNA sequence targets are for sinultaneous, separate or
sequent i avousm/12522. Use of the vector of any one of cl acraBiid/201165
particle of claim 16, a pharnmaceutical conposition according to claim17, a
cell according to clains 18-19 5 or a conbi nation according to clains 20-21
for the manufacture of a nmedi canent for preventing or reduci ng expression
of a transgene in a hematopoietic stemcell or a henatopoietic progenitor
cell. 23. Use of the gene vector of any one of clains 1-12, a particle of
claim 16, %Mﬁrraceuti cal conposition according to claim17, a cell
according to clains 18-19 10 or a conbination according to clainms 20-21 for
t he manufacture of a nedicanment for treating a disease selected from

G oboi d Cell Leukodystrophy, Chronic G anul omat ous Di sease Severe Conbi ned
| munodefi i ency ée?lg Het&Nebrsfdd ¢h (A Yh&rapy £ongsiSingf att fAstgene i Ar of
any one of clains~1-12, a particle of claim16, a 15 pharmaceuti cal

conposi t i creqascertdigay operablyalimked7to a nueleotide sequgner) having| mcpgespgudiogor a

conbi nat i on. ording to cl.aj.nms 20-21 fo -act f icament
for incred@RAt He 2 AFRREROISHC RIPESYST cc?p ;ﬁﬁ%ﬁ%g}f t%‘gen%t g?n cellor a
hemat 0poi elyinfeshioR 3¢ HeliclebBli¢ sdqgiiericd) iabIHBPC buigién 4 Hiffeamtiatedellllse of the
gene vector of any one of clains 1-12, a particle of claim16, a 20

pharmaceutical conposition according to claim17,. a cel 5 accordi o]
clai ms 18-29 orAagaenbater fanusc b r2sns heraPy |CoMmpEIsHg. 8 lqay, opg, facture

of a medi Cs?eneé};[ceftglr et %@%ﬁﬁﬁ" ddR §qfu%¥el’)ti§@gé<ﬂfen§é hheiRgYa ebrrépBadinper apy.
26. Use. of “fihe gene vector “of any one of clainms 1-12, a particle of claim
16, a pharmER¢ALincatenenogpiict stan calt (HSE) whictopreeritsron Fedugescexipresgieb i di ng t o
clainms 18-19 25 or,6a conbinati accordin o ¢l ai 20-21 for the

manuf al& ur@eﬁfldﬁ‘)th@oﬁeﬁ‘é‘??éﬁfn?g%%pl?‘g\?t?{]’t“i%%f%f%ﬁ?%gggu'of a hemat opoi eti c
stemcell or a hematopoietic progenitor cell, whereby the apoptosis is

caused by gxpr egs'géﬂg bctéort GNP GIRAe m&%@%ﬁ{ﬁ@ﬁ@?éﬁﬁﬁéﬂ Ba® MRINVA 166
27. Use of the gene vector of any one of claips 1-12, a particle of claim

16, a phar sequenceiterget coraspidingte asuBNe sijeated Epmy the BPOUPCARPTSIE T di ng t o
clains 18- or .a,£onpi i r gi [ foefsNEndrRmIYf act ure
of s medi LN e LS Bty [T i G sk AR IR e Boetiely
hemat opoi efjhiedsb @MucleblideNeqaeritenat opoi eti ¢

15 4. A gene vector according to claim 3 comprising the miRNA sequence targets

corresponding to mir-130a and mir-126.

5. A gene vector according to any preceding claim wherein the nucleotide

sequence controls the expression of the vector.

6. A gene vector according to claims 1-5 wherein the nucleotide sequence is a

20  transgene.

7. A gene vector according to any preceding claim wherein the vector is a viral
vector.
8. A gene vector according to any preceding claim wherein the vector is

derivable from a lentivirus.

25 9. A gene vector according to any preceding claim wherein the vector comprises

a tissue specific promoter.
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5progenitor cell. 28. Use according to any one of clainms 22-27 wherein the
medi canent is for hematopoietic cell therapy. 29. A gene vector of any one
of cl ai msw@-20Ry/12847parti cl e of claim 16, a pharnaceuti calPCEOBRBO&DE1LEN
according to claim17, a cell according to clains 18-19 10 or a conbi nation
according to clainms 20-21 for preventing or reducing expression of a
transgene in a henmatopoietic stemcell or a hematopoietic progenitor cell.
30. A gene vector of any one of clains 1-12, a particle of claim16, a

phar maceutjcal gosgpesietiopAcandiag dbngyiReadaignliii wheest Itheatswedipagfito
clainms 18-19 or a conbination according to cl a'%)ms 20- %&{{gh trdg@%]ng a

di sease sepremotad i selpetersiran dsosraUEPPPIENK SR br GhRAD o ul omat ous
Di sease Severe Conbi ned | mrunodeficiency (SCID) and solid tumours. 31. A

gene vect oy, of %%blg g:e:%tBI a&:lo?dilg? éqlgxé}zyre@ecﬁﬁé tlasth Sviteif tld thhdsBendcodes

phar maceuti1cal Ion acc o claim17, a cell according to
clai ns 18-fbPamensyneonbi nati on according to clains 20-21 for increasing the
chances of survival of a 20 hematopoietic stemcell or a hematopoietic

progenitor_cell in relation to gene therapy. . . th@ny one
of cl ai’ns hz-lz,AegeB%\?’F‘%BT %CCBf&bggg’l ﬁfnﬂi?ia pﬁeérrl?r}ngeceeuh %g?s%g‘%‘ggf’ﬁ on
accordi ng §8,64Ab&Brd e &bAlac66Retibs18ase Ogpl 133hioR ahd irk&favnalphanbi nati on
according To clainms 20-21 for increasing the safety and/or efficacy of gene

t herapy. 25 33. A gene vector of any one of cl a{?ﬁrs 1-12, aleparti cl.e of claim
16, a phar Faceudi sealof NP Ronsrusts EIIPARGRE 2oV FPFE PAY!CEMMPERS Adi ng to

claim 18- aRAbofuRTIBAe A pREALAM Bital Gechirdidi®melofprishly A AR kNG

apopt osi s 2010/ 001166 henat opoi etic stemcell or a
hemat 0poi efiRNAr sg@endeotargzelab defihet @byny e afopeiosi & 10 S, cadswdiopylly a
expression of the transgene. 34. A gene vector of any one of clains 1-12,
a parthi®| etrgisgen€ai m 16, a pharmaceutical conposition according to claim 17,
a cell according to clainms 18-19

14. A process for preparing a viral vector particle comprising introducing the set

of DNA constructs of claim 13 into a host cell, and obtaining the viral vector particle.

15. A process according to claim 14 wherein the host cell comprises the

corresponding miRNA.
15 16. A viral vector particle produced by the process of claim 14 or 15.

17. A pharmaceutical composition comprising the gene vector or particle

according to any one of claims 1-12 or 16.

18. A cell infected or transduced with the gene vector or particle of any one of

claims 1-12 or 16.

20 19. A cell according to claim 18 which is a hematopoietic stem cell or a

hematopoietic progenitor cell.

| 20.  Combination of at least two different miRNAs sequence targets corresponding
to miRNAs selected from the group comprising mir-130a, mir-126, mir-223
and126/130aT (2/2 combination) and 126T (2 targets).
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5 or a conbination according to clains 20-21 for nonitoring a stage of
differentiation of a hematopoietic stemcell or a hematopoietic progenitor
cell. 35voAlgensinvect or according to any one of clai ns PRIABZD16/0011655e | N
hemat opoi etic stemtherapy. = 36. Use of a m RNA sequence target
corresponding to a m RNA selected fromthe 10 group of mr-130a, mr-126,
mr-223, 126/130aT (2/2 conbination) and 126T (2 targets)for the

manuf acture of a nedi canent for use in gene therapy. 37. The m RNA
sequence t3r getCcbin@sRoadbriing @ eaifi RNAvieadie cteenhiRINAnsetjhencg tangpts gire
mr-130a, mr-126 and mr-223 for use in gene therapy. 38. Method of
det er ni ni rfgr simaltangonsSEPATRELT SPAUSEHYASHT a hemat opoi etic stemcell 15 or a
henmat opoi etic progenitor cell, conprising determ ning the |evel of

expr essi 00l 3540l B BoldBF of Gy o1 8F QdlrksNE 10] B\rlioke! 65 pRIISIA, 0 8 M RNA
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or a combination according to claims 20-21 for the manufacture of a medicament for
increasing the chances of survival of a hematopoietic stem cell or a hematopoietic

progenitor cell in relation to gene therapy.

25.  Use of the gene vector of any one of claims 1-12, a particle of claim 16, a
20 pharmaceutical composition according to claim 17, a cell according to claims 18-19

or a combination according to claims 20-21 for the manufacture of a medicament for

increasing the safety and/or efficacy of gene therapy.

26.  Use of the gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
25  or a combination according to claims 20-21 for the manufacture of a medicament for
preventing apoptosis of a hematopoietic stem cell or a hematopoietic progenitor cell,

whereby the apoptosis is caused by expression of the transgene.
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27.  Use of the gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for the manufacture of a medicament for
monitoring a stage of differentiation of a hematopoietic stem cell or a hematopoietic

progenitor cell.

28.  Use according to any one of claims 22-27 wherein the medicament is for

hematopoietic cell therapy.

29. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for preventing or reducing expression of a

transgene in a hematopoietic stem cell or a hematopoietic progenitor cell.

30. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for treating a disease selected from
Globoid Cell Leukodystrophy, Chronic Granulomatous Disease Severe Combined
Immunodeficiency (SCID) and solid tumours.

31. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for increasing the chances of survival of a

hematopoietic stem cell or a hematopoietic progenitor cell in relation to gene therapy.

32. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for increasing the safety and/or efficacy

of gene therapy.

33. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19

or a combination according to claims 20-21 for preventing apoptosis of a
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hematopoietic stem cell or a hematopoietic progenitor cell, whereby the apoptosis 1s

caused by expression of the transgene.

34. A gene vector of any one of claims 1-12, a particle of claim 16, a
pharmaceutical composition according to claim 17, a cell according to claims 18-19
or a combination according to claims 20-21 for monitoring a stagé of differentiation

of a hematopoietic stem cell or a hematopoietic progenitor cell.

35. A gene vector according to any one of claims 29-34 for use in hematopoietic

stem therapy.

36.  Use of a miRNA sequence target corresponding to a miRNA selected from the
group of mir-130a, mir-126, mir-223, 126/130aT (2/2 combination) and 126T (2

targets)for the manufacture of a medicament for use in gene therapy.

37.  The miRNA sequence target corresponding to a miRNA selected from the
group of mir-130a, mir-126 and mir-223 for use in gene therapy.

38.  Method of determining the differentiation stage of a hematopoietic stem cell
or a hematopoietic progenitor cell, comprising determining the level of expression of
a miRNA in the cell, wherein the miRNA corresponds to a miRNA target sequence
operably linked to a nucleotides sequences, wherein the miRNA prevents or reduces
expression of the nucleotide sequence in a hematopoietic progenitor cell (HSPC) or a

hematopoietic stem cell (HSC) but not in a differentiated cell.

'39.  Method of determining the differentiation stage of a hematopoietic stem cell
or a hematopoietic progenitor cell, comprising determining the level of expression of
at least two different miRNAs in the cell, wherein the miRNAs correspond to miRNA
target sequences operably linked to nucleotide sequences, wherein the miRNAs
prevent or reduce expression of the nucleotide sequences in a hematopoietic
progenitor cell (HSPC) or a hematopoietic stem cell (HSC) but not in a differentiated

cell and comparing the expression level of the different miRNAs.
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40.  Method of determining the differentiation stage of a hematopoietic stem cell
or a hematopoietic progenitor cell, comprising determining the expression level of a
transgene in said hematopoietic stem cell or said hematopoietic progenitor cell,
wherein the transgene is operably linked to a miRNA sequence target, whereby the
corresponding miRNA prevents or reduces expression of the transgene in a
hematopoietic progenitor cell (HSPC) or a hematopoietic stem cell (HSC) but not in a

differentiated cell.

41.  Method according to claims 38-40 wherein the miRNA is selected from the
group comprising mir-130a, mir-126, mir-223, 126/130aT (2/2 combination) and
126T (2 targets).
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