METHOD OF PRODUCI NG RECOMBI NANT TAT- HOXB4H PROTEI N FOR USE AS A

STI MULANT OF HEMATOPO ESIS IN VIVO Field of the Invention [ 1]
The present invention relates to a new and nonobvi ous net hod of
produci ng the C-term nal histidine tagged TAT- HOXB4 fusion protein
(TAT- HOXB4H) containing at |east 6 histidine residues at the

C-term nus. The nethod of production provides unexpected benefits of
increased stability _and vield. which al for successful in vivo
adri nistration ofMERAO %S&meﬁgggg%#fﬁﬁ%wwewnv 44 PROTEIN
[2] The growing i nft@RASE AR A SJEMULANTQF HEMATOROIERISHNMIKR ¢ he
search for organ-specific stemor self-renewing cells. The best

st udi ed popul ation of self-renewing cells is the hematopoietic stem

cells (FISCs) as they are innovatilgzel optjons for treatnent of
di seases from cancer to netabolic Mﬁé@—&@ﬂﬁ&ﬁﬂe nodef i ci enci es.
[ 3] The process er.e

bl ood, cel | formation by r nd ite blpoo
cells are repl aé@c}]t hr oﬁ]a‘ﬁ p{%&nﬁp'\vﬁrgﬁogﬁei\égsg%&nqugg%cfg@q\gﬁloyﬁén%ﬁ%cg
marrow i s cal led hennt opoi esi s.. The HSCs e roperties of
bel g abl o & eraiciiern Sl el Hogee TAYS10RBS R P RRERI | < of
bot h | ynphai n oi d |jneages ver, .t he etJ,c nmechanisns
Fesponsi bl 4T paAH Rl Garitanigat Bt o FRIEHE FesiPe ARe PRt on o
out cones of C.divisions remgin | arge]y unkpown, W
Qoo . oo B irRuRe o e el BPEe AR icroass sttt aue
nmobi | i zed per.i pther al bl ood, and unbilica] .cord, bl ood ﬁﬁUCB? has been
used cl i ni dAFyViTieh pilqus fonBYRees I Brive pisiratiqn fjRig rafenand
| ynphomas) and to aid i mmune system recovery from hi gh-dose
chenot herapy of non- hemat opol eti ¢ cancers. However, efficient
transpl antation requires substantial amunt of HSCs from different
sources and may require expansiBagkaround of the inmentioran be ori gi nat ed
frombone nmarro eri pheral bl ood and UCB. The extractjon of bone
marrow cells r emﬂﬁes s IR teastin [ﬂgeﬁﬁf?é'éﬁﬂ}eéj,'c'%%aﬁﬁﬁ@[egftg?e
beconmes | ess favorabl e approach. Using peripheral_blood cells is also
a probl em @@@Eﬁ%&@r Prgan-gpPesific plem orggell) f'%wwe&sﬁ%uéﬁhefh%gsm@g fromthe
henmat opoi esi s conprom sed patient who suffer fromillness or
chenot her afpPulBtins obsel-reapwino\celly isdhs hemagtnointissiern salls W Rl asithgy of
HSCs is much hi gher, however, the nunber of HSCs obtained fromthis
appr oach i €reinnoyvativegntiegs fardieptmenisd diseasnn fEole kapsq o Mmetghplic disease
sufficient for a child, but may be insufficient for an adult. To
over cone t K¢ §npynedaficigncisbobl em a new approach that facilitates HSC

proliferation in vitro by intervening stemcell self-renewal process
i s indeed neces83) forTiHsEroceemaidtiert egll fgrmation whereby red and white

blood cells are replaced through the division of HSCs located in the bone marrow
is called hematopoiesis. The HSCs have the key properties of being able to
self-renew and to differentiate into mature cells of both lymphoid and myeloid
lineages. However, the genstic mechanisms responsible for the control of
self-renewal and differentiation outcomes of HSC divisions remain largely

unknown.



[6] It has been indicated that transcription factors play a critical
role in the regul ation of gene expression and the differentiation in
stemcells (Okin, S. H Nature Reviews Genetics 1, 57-64, 2000).
Transcription factor switches various cellular processes through
binding to specific gene target, and this regulation al so depends on
its cellular concentration A group of transcription factors called

DNA bi ndi ng ho reyi usly f ound ay a

role in enbryoggﬁgﬁ F&é’%‘ﬂ'ﬁv‘@iﬁ ﬁqé@ "?t%%'ﬁq y”f‘?”é’ﬁ%g%@%rﬂfmrg’loﬂé

i nvol ved in the develo nent  of Hemat ot
71, 301- 308ArEGHOblliER Pﬁeafeﬁra'tl?lw @Pdm@"sC@I mrﬂ@Me(Uq%) haeReen
transcrlptlon factor was studied by Dr. Cu auvageau fromthe

Uni ver si t y 4§ed Giiealix o treathamajeraietic ¢angass ( Z‘ﬂ%ﬁ@lﬁstﬁl%ﬂt lymphempohengddae
HOXB4 is critical in the regulation of HSC self-renewal for its

abi lity of aifaimpEnesystesSopendteat high-dose sbamotheranyef nambegesieroietic
expressed in blood cells was first observed in human and nouse cel
lines. Songanggses ldeweyex efficien feanspleriation seatirah substenfiat pynount oS Gus
cell types, while others are specifically expressed in certain type
of cells offropeditfeent soureepichnay cequinegxphrsiasvel opnent . For exanpl e,
ei ght nmenbers of human HOXB cluster are expressed in early stage of
eryt hrocyt e devi@B6pnentHSEGonavbe origidx@ddmne bosimiaray, pokbera idoddOXB7
are also expressed in T cells and B cells. Sauvageau' s group
confirmed ahdlJGR.nehd@stractinngditbareXiBaraovd célsireqii@sGLgaTy @nd painful
expressed in CD34+ bone marrow cells. Anong these CD34 bone marrow
cel I s, HOXB&ceHiDxBana tieréiadoNidtoares lesssfavenablecdppdoach. e Ugtrigrpeeipheral
progenitor cells. However, no HOX genes are expressed in CD34- cells.
Hurman homebloor cBis isHEXBA prodbame beces.sedbe diffioultd efrobtainirat @cblified HSCs
effectively expand HSCs in a retroviral or reconbinant protein form
Reconbi nanfromAfie HeXBdopulexiecarspromisedystidnt whe spfferdrost #inesedd s in the
| aboratory scale without the risk of retroviral insertion or

co- cul t ur echérhbthbepy. NBICBswIrs talatively @aldrabldies Hidbk,qualityelf HECs is

Nat ure Medicine 9, 1428-1432, 2003). Therefore, HOXB4 protein is
regul arly useH highes iwevel, & niirmb@ THBCs diERet MPaNHiOEpProacH i sl
(Figure 1). [007) Recent evidence indicated that by adding a TAT
protein skeiedceCdibgumbertifaen Bhdtesiaaton Bfsufifdidid forexargid NButsm X4 can
be delivered into the cell. This TAT sequence directs the

t ranspor t atnisofficieht f0PXR4dlin onTesbdraat ks potedtisiorollem, b Mekosrbathar
side. Upon entering the cytosol, HOXB4 can be refol ded into its

native confa failitAss bmmﬁr@mfémanwﬂab y IénideliB4tdrf calpkelf-Fshepnot e
HSC proliferation to 2-6 fold (Amsellem S. et. al., Nature Mdicine

9, 1423- 14grbceddBFddddadcesshry fir HSXE trandidmtagordVedi cine 9, 14284432,
2003). However, the yield of reconbi nant TAT-HOXB4 protein fromE.

coi f by using r[@GBj ar Mdsfbéé@itlhdlﬂatﬁﬂM%hgcﬁp%oh%bté@}fgé _Iyacrltlcal fotd
In an effort to increase the yield of the reconbi nant

protein, 2R Raghiafon B8 oRorE&ToGHBAA AirefchiiaoN ih i dbld (UIkh, 1 X

hi stidine residues tagged at the Cterm nus was devel oped which

resulted iQ Rafyd Pe'ed:eWs%éhe??Maéﬁ%tﬁ%?atT@Bs& fo? Facir ilitcRESL €1 N
after purification. The resultant recombinant protein (TAT-HOXB4H)

doscri bod T Hegscal e, BBEHERyBLeh PRokia S B sxdt shaopiabie

9] I p4H d
'Eo] extpa:rl:?sh H%ﬁg%gtr%?tp? ‘#g‘ﬁg éE Beéégqtem celf\%?&}rfgb %%ggé%%ﬁgzg
IR B e e A TN
into the bone marrow of nonobese di abetic-severe conbi ned

i munodefi ci ency (NOD-SCID) mce and hélman | eukocytes were detected



[ 010] However, reconbi nant TAT- HOXB4H protei ns have never been used
before as a stimulator of hematopoiesis in vivo, specifically, to
enhance henat opoi etic reconstitution, expansion, bone marrow

re-popul ati on and to i ncrease the nunber of peripheral circulating
stemcells, particularly after chenotherapy or irradiation. Krosl et
al. (2003) and Ansellemet al. (2003) were not able to obtain | arge
anmounts of highly stable HOX rotein to be used in clinical studies
to expand HE&N %‘F\bwq’ﬂenﬁ@se cenilyeHEXFAMIlY At fonddeBadivotyed in the
TAT- HOXB4H protei n obtained after. purification 9ener ally ranges from
6-10 ny fr ow§vgloPmant ef HeksdBreke. fmpt al-thélamtal 31808 209T- B4
protein obtained after purification froma 1 liter culture using
prior art ni€gplglen geHekaaelfyenewa &y HOXransciptign faptny asmstugind biDRB4

pl asm d used to express the TAT-HOXB4 protein using prior art nethods
was a gi ft Bpwyiaprageay jroguiredduarsitvafiMentsal.y SHuvRbeal ealoup Ghnwed.
The met hod of purifying the TAT- HOXB4H protein using the present

i nventi on cthebidnedhoyigeaediOXBréisi anbicd ars the regalation df Ig6 Ctseifrremayeat fydisy
for the in vivo admnistration. Krosl et al. (2003) also reported

t hat nost ofbilithef maanKOKSC pomtdion indené ostrosd. t ¢10X ghned exipnessedtin on
in mediumw th serum The present invention shows a significantly

hi gh st abi | hlogd ofllsTWaE-fiHaDE4E e dn bumaeaad nadiusercell ineek Somdtyphs bé a
key factor for the use of TAT-HOXB4 protein in clinical studies.
Sunmary of HOX deneeatd enprésEbd]|ubrpitpushs Bntariony ealt typas,ivehileadiesfs are t he
new and nonobvi ous net hod of producing the TAT-HOXB4H protein with

hi gh yi el d spedifistlbtexprdsged &nckram tybe of teildi orgetthint tinnee points duming the

TAT- HOXB4H protein, when adm nistered to a subject in need thereof,

i ncr ease nufdvelopafentSEGurieRapleheighememberssfupraraROXBadlifidearal bl ood
in vivo. [12] One aspect of the invention relates to a nethod
of produci rgkpeesEad irHeatBAthgy oft @rithrociteedaveldpptere. o NpeweRs; HOAB genes
provi ding a host cell conprising a vector encoding the protein; (b)
expr essi ng dudRk apHDXBH ahd HOXE hastalsedlpredse} i€ Tldel§ bhil@ ddlsi Npur e
solution of the expressed protein; (d) purifying the protein fromthe

sol uti on bysauvage@pPhioup Gohiveneichat nigd HOX A diliHt HEHB and wun HAXNG
washing the Hi sTrap columm; (iii) eluting the partially purified

protein framnebardbpresdediniOnBa’ bond Maffod @A | Anbig HEskiGRsL BoAS €1 N
solution; (iv) applying the partially purified protein solution to a
MonoSP col yhgrow ¥alIsMEINBEY HAYRIVBRP BB XY@ W imdst ehridtddtih ReyihrBeyie

purified protein fromthe MnoSP colum in denatured form (e)
refol di ng thegeitak é@l|sdematvuv&qn@F@ﬁgéhés%re%xhb@é@@mg4%p§zounds by

(I') combining the eluted denatured protein and a solution o

hydr ophobi 4 GRaPR&MAESHdBS gmmp&@&m&&nw@érﬁmtm Rvdeeriapi c
conmpounds; (ii) desalting the solution of protein and hydrophobi

conpounds tproR ABsan Q@é@é}&iﬁﬂorﬁr‘é@éxﬁb@aﬁfﬁo@m Fd?lé’lh OlieofmB[HaALNd

solution; (i11) renoving the hydrophobic conpounds fromthe desalted

protein Soltat B diotettlslwétbiuskd 8 bffind stem celld ﬂﬁhe %r&ﬁ@ﬁ%’g%e‘)f the

invention relates to a nethod for enhancing the nobilizati HSCs

f b ' ' l. : .
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[ 14] Anot her aspect of the invention relates to a nmethod for
improving the recovery tine of a patient having undergone HSC
transplantation, irradiation or chenotherapy. The nethod conpri ses:

a) admnistering an effective anmount of a TAT-HOXB4H protein produced
by the net hods described herein to a subject in need thereof, and b)
al l owi ng the TAT- HOXB4H pr otein to increase the absol ute nunber of
HSCs to the bon rro he ,subj.ect ect of the
i nvention rel at @Q?f V}% P%’rﬁ‘ﬂ%%ﬂcield%‘ﬁc%%%@hy%ﬁ "b(?rcﬂﬁi—) ?'?ati on of
HSCs from bone marro eri phe od inas ed

ther eof Tﬁsqwﬁﬁ%%?eﬁﬁe”@&% G MM e Garioes HRoREh e drbiness an
effective a XB4H protein produced, by hods
descri bed H‘goﬁ'l ?h@%&e‘#ﬁo %epﬁﬂlé%%%{@@gg@t@p@fw ¢ TBM HSCs
in the bone marrow of t he subj eci:t t her eby enhanci ng the nobi | i zatl on
of HSCs t oe¥ReePdAr pidemip invaseliiasidee léq%,%ﬁ%"ng the cytosply GPXRfeC
pharmaceutical conposition of the invention nmay be administered to a
pati ent habergfoldeddty its dativp eanigBiptiondy @‘ﬁ&ﬁ@ﬁl"h’iﬁ%’tl SATFIEXBA® ovi ng
the recovery tinme after HSC transplantation. 17] The

phar maceut aglﬁltO@mm@iguH%nmbfer@w @ fld Ghmeelpmh . gll@.nlNatse ed to a
granul ocyte-colony stinulating factor (0-CS F)-insensitivepatient as
a substi t uMedfaite G182B-1148Y7, 2% Kroshtd. 6h 2bf Natursllediciedbridghciaae,

bl ood. [ 18] The pharnaceutical conposition of the invention
may be adni2803)t eHewever, theBligdCobitmrombiramt EBY-RHOXBdprajein frous £ colbmt
anount of HSCs to be <collected for transplantation in a nmuch |ess

i nvasi ve pursiogdegubarfpugificatioe ppesedpheisabo wood rat her than the bone
marrow of said donor. [ 19] Anot her aspect of the invention
relates to tredbb@nt oflndhsfaddsincassedhdyielddfdne tezdmbB@ndef i ci ency
by system cally adm nistering an effective anmount of a reconbi nant
TAT- 1- 10XBFATgt@XE4 prgieioda cethdal/oftrhaking & fedsHOX8dHi dreirhwitke additonadf a
pharmaceutical conposition conprising the same to a subject suffering
fromthe dsishistidine résidueisgged bigthe C-teambsiwestevéldpedi@iBhHepultddenn

t hereby i ncreases the absol ute nunber of HSCs in the bone marrow of

t he subj ec8-4 fold yield chb@phrefl tb dhidtlvé theasiged] pedteitadier pudfichtion rfheates to
a nmethod for inproving the recovery time after HSC transpl antati on by
syst em cal tegubshtira¢ahhisinamerateingTAFH OXB4HMDOHthine ® HMstideeoebidoaskt the
TAT- HOXB4H protei n produced by the nethods described herein or of a
phar maceut Caaiming$Ip ORtid imethosiovay deicribed fmedetaini the PETsagpliestion n need
thereof. 10211A still further aspect of the invention relates to a
met hod f or PEMGNEI0BIJE8G6r ecovery of a patient receiving irradiation
or chenot herapy by system cally adm nistering an effective anount of
a reconbi nant TAJa]HOXBAtvaY sHowWrthBf BEUesshiBMabt A TRIOXESH srosd ched
herein or of a pharmaceutical conposition conprising the sane to a
subj ect i nbégss to"BipaAE human peripheral blood or UCB stem cells and the expanded

stem cells still possess their pluripotency. Furthermore, the stem cells treated
with the recombinant TAT-HOXB4H protein incorporated into the bone marrow of
nonobese diabetic-severe combined immunodeficiency (NOD-SCID) mice and
human leukocytes were detected in peripheral white blood cells, indicating

immune and hematopoiesis reconstitution in the mice.



Brief Description of the Figures [ 22] The foregoi ng aspects
and advantages of this invention nmay becone apparent fromthe
follow ng detailed description wwth reference to the acconpanyi ng
drawi ngs i n which: [23] Figure 1 shows a schenatic
representation of nobilization of HSCs from CD34 cells to peripheral
bl ood (PB) by in vivo expansion. [24] Figure 2 shows schematic

representation gH160nst Heweven r@d&%tﬁr&émrrﬂq-}%xﬁlﬁ]ar vé'ﬁe{?&%effehed

pET21b vector. [25] Figure 3 represents t he DNA sequence o

TAT- HOXB4 t he N
Bnd O orm o A R or LR PP RED AN e R oo

[27] i gur o BRI B R R P ﬁg%?%%ﬁ%aﬂéﬁ Bt on
vas. stal ned G ER @*Sfo@rfa”;%%%fﬁ‘?ﬁ?h@#fl%%’ﬁ*m&cu b dePier s °°
B> DE3) Ly e ey bTRRdRLe R ”%'R-Lﬂyﬁi%&%%@%?gﬁ&nase #s rgreere
TAT. HoKBaH G R TR %%ﬁ@%a%'fﬁﬂgéﬁ e R s T hERe 1,
protein) . TABCBSRIBAR Sedrc Gy i R imrids Tr e dmaitua
Vont real @*ﬁ%ﬁ@%@ﬁ%}a%ﬁ?@%@% R ol SBPRtAIEP=E Pt &I r om
Shovs SDS. A Ach it ﬁﬂeeg@ifé‘ﬁ%ﬁ;é%@owt A EOXEA Rrgte ZB%HEB.%%%? °
TAT- HOXB4H pr.at ei n .St or BS fo hours (A), and 1 hours (B) at
4C M repr es‘f)é‘ﬁ'? %q[r?ﬂlf@@h?gq't '“J?Hffe ‘1‘?&%{?9(%'?05 a”d”?‘é‘ %‘%%’Pﬁ@ Yranges gom 1-2
I ncubati on at 4Fhe p11A6T [—l?\pH8§(§qtp?as%1%d r1]1glejcrl te:: g)?pl#gsast tlhgr']l'AaII»Hécl)X%fl protein
using prior art methods was a gift from Dr. Guy Sauvageau, University of Montreal,
Canada. The method of purifying the TAT-HOXB4H protein using the present
invention clearly indicates the increased yield of protein necessary for the in vivo
administration. Krosl et al. (2003) also reported that most of their TAT-HOXB4
protein was lost after 4 h of incubation in medium with serum. The present

invention shows a significantly high stability of TAT-HOXB4H protein evan after 4

weeks, which is a key factor for the use of TAT-HOXB4 protein in clinical studies.

Summary of the Invention

fo11] The present invention is based on the new and nonobvious
method of producing the TAT-HOXB4H protein with high vield and stability, and

on the finding that recombinant TAT-HOXB4H protein, when administered to a



[29] Figure 7 shows the stability of TAT-HOXB4H protein stored at 4C
and -20 Cin PBS and storage buffer, IMDM analyzed by 10%

SDS- pol yacryl am de foll owed by coonassie staining. Arrows indicate
TAT- HOXB4H pr ot ei n bands. [ 30] Figure 8A shows the stinulatory
effect of G CSF on the nunber of CD34+ stemcells in bone marrow of
m ce anal yzed by a fl ow cytorreter [31] Figure 88 shows the
effect of PBS. on the of CD34+ stemcells in bone marrow of

m ce analy eﬁgmd‘eﬁd @9{ dirEgase number of HS&5s in pofl the bgpe g1ty akk
stinulatory ef ai of TAT- HOXB4H on the nunber of CD34+ stemcells in
bone rrarrovl?ecS'P Blogd 41 Y¥ed by a flow cytoneter. [33] Figure
9A shows the stinulatory effect of G CSE on the nunber of CD34+ stem
cell's in bone mi#w of OpRé&spect #bHedpvenian yelatesiy adnethedot piogheing .
[34] Figure 93 shows the stinulatory effect of TAT-HOXB4H t oget her

wi th G CSF oW -tikXBdhpreteinf TtEInethed woawripes:i(a) pwovidingaieshcdf rhesus
nonkey anal yzed by a flow cytoneter. [35] Figure 90 shows the

st i mul at or yeoaTRrigRE aofeCoXENRIBNEE Hegprotelirs (Lerpeessity toBRmteistie theckdsts i n

bone marrow of rhesus nonkey anal yzed by a fl ow cytoneter.

[36] Fi gur eelifickeriastinghan mifuse solofiorPeiShe explessenimiotginidt) ODHing heem

cells in bone marrow of rhesus nonkey anal yzed by a fl ow cytoneter.

[ 37] Fi gur eraigindrondheesdletion of (iTa0p QX BE-sqhutmndd = Hie T tapromluopai{dt i c

recovery in NOD SCID m ce.
washing the HisTrap column; (i) eluting the partially purified protein from the
HisTrap column to form a partially purified protein solution; (iv) applying the
partially purified protein solution to a MonoSP column; (v) washing the MonoSP
column; (vi) eluting the purified protein from the MonoSP column in denaturad
form; (e) refolding the eluted denatured protein using hydrophobic compounds by
(i) combining the eluied denatured protein and a solution of hydrophobic
compounds to form a solution of protein and hydrophobic compounds; (ii)
desalting the solution of protein and hydrophobic compounds to obtain a desalted
protein and hydrophobic compound solution; (i) removing the hydrophobic
compounds from the desalted protein solution using ultrafiltration.

[013] One aspect of the invention relates to a method for enhancing

the mobilization of HSCs from bone marrow to peripheral blood. The method
comprises: a) administering an effective amount of a TAT-HOXB4H protein

produced by the methods described herein to a subject in need thereof , and b)

allowing the TAT-HOXB4H protein to increase the absoluie number of



[38] Figure 11 shows effect of TAT-HOXB4H protein on henat opoietic
recovery in Balb/c mce after cisplatin chenotherapy. Detailed

Descri pti on The TAT- HOXB4H Protein [39] The present invention
relates to a new and nonobvi ous met hod of producing the TAT- HOXB4H
protein, providing unexpected benefits of increased stability and
yield, which allows for in vivo adm nistration of this protein. The

o, and BTG e GG hEhof TR hBl e SHSEEeRy PR eRe
t i pti fact . t C i pn. TAT | h
1 04 moi RSP pNe e BB PR <Pl o HecTarehiaLoRPY B B ubieah

allows for initigl.increased yield fromreconbjnant expression
sources, alt hougﬂ‘q he Herr aswest Fdbr invenionye tojapeledder t he
yield of the protejn. pTAT- HOXB4H has been constructed as shown in
Figure 2, dRBMvinG thRiecoxeny dimeofiapalicphhaying tdpisensHSCransplapistignnant
TAT- HOXB4H protein refers to a TAT-HOXB4 fusion protein with

addi ti onal Tegdiatignarichemethesanyd udbemegghed campiisas: @ ERRISIRIEIEN gure 4)
[40] Unless otherw se indicated, a protein's an no acid sequence
(Le., its ‘ofpeiraramnauntgbe JAG-HOXB4brmrelginpreducasinehe methodsedescribedn
fromam no-termnus to carboxy-termnus. In non-biological systens
(for exanplherein teod suldaglinpeedythendf danst i allowing the JAFYHOKBEHmrbted tp
structure of a protein (which also includes disulfide (cysteine) bond
| ocat i ons) inssepsedhe ebseiniemeuntisy of HECgde the bone marrpw bf thie sudbigobt | on”
refers to a change in an am no acid or nucl eotide sequence due to the
absence of one Eﬂg5}mre Qe azpest plthe devettiers raates tch pbaimrssutiie terns
"insertion or "addition" refer to changes in an am no acid or

nucl eot i de cemgasgitiorefor owbilizatian ¢fiH$Ge fravdidrieonamdw émperiphenal ibéoasirii @o
aci d residues or nucleotides, respectively, to a nolecule or

r epr esent asukjacitinopedfherenf. cOhepahathaceutical ebmpesiten sfaheaneatior or
exanpl e, the sequence found in the naturally occurring nolecule. A
"subst i t ut inshides ehaeffective arheuntep bAGSIFEOXBHH mo&improdocad bytheanetbibds
or nucleotides by different am no acids or nucl eoti des, respectively.
[ 42] Sequedesmibed tetaim safficiboinolingease the atpsolut nurelzartof &Rl in@hdbone

marrow of the subject thereby enhancing the mobilization of HSCs to the
peripheral blood of the subject.

[016] The pharmaceuiical composition of the invention may be
administered to a patient having undergone autologous HSC transplantation for
improving the recovery time after HSC transplantation.

10171 The pharmaceutical composition of the invention may be
administered to a granulocyte-colony stimulating factor (G-CSF)-insensitive
patient as a substitute for G-CSF for mobilizaticn of HSCs ta peripheral blood.

[018] The pharmaceutical composition of the invention may be

administered to a HSC donor thereby allowing a sufficient amount of HSCs to be




sequence identity) to the sequences disclosed herein are al so part of
this application. In sonme enbodi mrent, the sequence identity can be
about 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% or hi gher.

Al ternatively, substantial identity exists when the nucleic acid
segnents may hybridi ze under sel ective hybridization conditions
(e.g., highly stringent hybridization conditions), to the conpl enent
of the strand. The nucleic acids nmay be present in whole cells, in a
cel | | ysat eoliggted fordrapgplantationyinpumueh tassdrvasiyg regedueg rom e senpberal

[ 043] Cal cul ati ons of "honol ogy" or "sequence identity" between two
sequences (Xeprsl rathardhasy be boad maay efiraithéensiry herein) are perfornmed
as follows. The sequences are aligned for optinmal conparison purposes
(e.g., gaps canl[®&li nt r boeibexkipscoefdheinveolidn refates toi trestmeantdofaissesend
am no acid or nucleic acid sequence for optimal alignnent and

non- honol ogausediky|inbadies R dbficieficybygysieetcdly adminigtaring om effectiveses) .
In a preferred enbodinent, the length of a reference sequence aligned
f or conpar iaennpaf posesbirsan T ATd40X B8 Yrotpingfredwdeldybyahe mesdlsdds4 0%
nore preferably at | east 50% even nore preferably at |east 60% and
even nore pieetrihediieyeiator bba phamdeut@¥oRpbsitidOesmpdsindihel sangt fo 2of
the reference sequence. The am no acid residues or nucleotides at

cor r espondisnbjeatsufferiag frdrmpbeidiseases. orThauinsinkieted pesimbirang are then
conpared. Wen a position in the first sequence is occupied by the
same am no TadHdOK8gHdretedt thetublydndre g sahie tibsolgiemuesRe BEHBTsHO S | on
in the second sequence, then the nolecules are identical at that

posi tion (asnesenrdiesiehasafestp acid or nucleic acid "identity" is
equi valent to amno acid or nucleic acid "honol ogy"). The percent

identity betweefp2ohe tvwseRHaEE®RS of thednfaiiich raiitedto hMtethodhgr of
i dentical positions shared by the sequences, taking into account the

nunber of gaPSvingALk Ve Migidardr HRT frassiantiinay %@nib@ﬁ}em
e

i ntroduced for optinmal alignment of the two sequences. |

conpar i son a@irfEeN&e sifédtle diRnbNatdRmbianP TATEHIOXBARHrbih bet ween
two sequences can be acconplished using a mat hematical algorithm In

a pref err egrabed by meiHd@s RREGRRY HefARbF bYa BRAVRRBUAN c&mgagﬁa@i d
sequences 1s determ ned using the Needl eman and Winsch ((1970) J. Mot

Bi ol . 48: 444mfARsihg BHe0finhd 3 WiMjeh iMAsedBRRedrNCOr porated into the GAP
programin the Gé% sof tware package (available at

http://ww. gcg. pom . USA g ﬁhﬁ&%sg@cﬁmﬁé iPeRfor RRldieto™ rr%trPdﬁ'\fgfso
matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
wei ght  of  dphaheing HEC rBeovefy 85 a baticht FecdNid1RhdiRlSH 6F 6%&@%@gygynt

the percent identity between two nucl eoti de sequences IS ned

usi ng the 1 i |

et pet | v hg ek ST AR ST RASmORUAL TAT AR, o
40, 50, 60 Eoht : ar 6. A
particuIarPv&%?gﬁg¥§gg%ggygg%ﬁgg%gﬁgggg%ng%8%¥ﬁeagﬁg"ﬁﬂ§%hﬁgy be
used if th o 3| '&%ﬁﬁ-' tal hat nmeters may be
applied to@oﬁ%%ﬁﬂ%ﬁﬂ% [ Séd%}éggﬁ{ee@i% |Enn a s‘BQ%ré’ﬁce identity or
honology limtation of the invention) are a Bl ossum 62 scoring matriXx
with a gap penalty of 12, a gap extend penalty of 4, and a frane
shift gap penalty of 5. The percent identity between two am no acid
or nucl eoti de sequences can al so be determ ned using the algorithm of
E. Meyers and W MIler ((1989) CABICS, 4:11-17) which has been

i ncorporated into the ALI GN program (version 2.0), using a PAML20

wei ght residue table, a gap length penalty of 12 and a gap penalty of
4. |1.Methods of Mking the Recombi nant TAT- HOXB4H Protein A. Cl oning
and Expression [045] Systens for cloning and expressing proteins in a
vari ety of host 8



cells are known in the art. Cells suitable for producing proteins are
described in, for exanple, Fernandez et al. (1999) Gene Expression
Systens, Academ c Press, eds. In brief, suitable host cells include
manmal i an cells, insect cells, plant cells, yeast cells, or
prokaryotic cells, e.g., E. coll. Manmalian cells available in the
art for heterofogous protein expression include | ynphocytic cell
lines (e.g., NSO, HEK293 cells, Chinese hanster ovary (CHO cells,
COS cell's, HelLa cells, baby h&nafdleseriptien ofghe Eigusesyte cells, and
cells froma transgenic_aninmal, e.g., mammary epithelial cell.

Sui t abl e vect or P2¢hy beThhtosegping aspsrtsranscadvanteges ghthis IRvefiendpY at e
regul atory sequences, including pronoter sequences, term nator
sequences, Dgspaappgreat from theinllswiucdstaled deseiiptivagvibetesengedp Hiag
genes, and ot her sequences. The vectors may al so contain a plasmd or
viral backfsaempFaingidnemings,in wichsanbr ook et al., Ml ecul ar d oning:
A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press
(1989). Many esf@@B8li sheldgurechshayses schemitisirepresentatiorsof mollizadiongf t he
mani pul ati on, preparation, nutagenesis, sequencing, and transfection
of DNA, ar éiSfestomidet4 celi€de perighePaldlanclPS) by iValve eypanrsicBi. ol ogy,
Second Edition, Ausubel et al. eds., John Wley & Sons (1992). [046] A
further aspect 24 he drigaledsshavepsobemaés represdritatibnadf construatiociang t he

nucleic acid into a host cell. For eukaryotic cells, suitable
t ransf ect i clonirgodfroTedeld OXByHi inctadifedqa Td1bveptoosphat e, DEAE- Dextr an,
el ectroporation, |iposone-nedi ated transfection, and transduction

using retrovirui26f ot hegurei3 epasents. the DNAasejuanae of p DATAHANB 4HISTheFor
bacterial cells, suitable techniques may include cal cium chloride

t r ansf or matadditions legsistidiporesidues int@ddedd atrthé ¢k andiC-4shngin

bact eri ophage. DNA introduction may be foll owed by a sel ection nethod
(e.g., drugTAFsHOXBaHe)e UAdGihaTinCEAT §s hibaightant ain the nucleic
acid. B.Purification and Refol ding [47] TAT-HOXB4H protein
can be initiall26pol atfgubrioshduiche peeinisaanéndeasiTAARHOXBY HaslBtein.
appropriate neans known in the art. For exanple, the protein can be
removed from cefob7pupermgirars shows ﬁdwsmsa@@yébrylam&m@l(ﬁs@fﬁmpel ng
secreted, or the protein can be renoved froma cell lysate. _

[ 48] TAT- Ho¥RbHstsRInGf the puvifleatioiol TARMOXBAMpidién chTisrat ogr aphi ¢

nmet hods conprising: (a) applying the cell |ysate or cell supernatant,

i f the pro&egipblifadt@hmiicSd ek athindd Rith BSorifdsild bRB, L&hel HhalEbaar
colum; b) washing the Hi sTrap colum with a buffer; (c) eluting the

partial ly pdidnk hske?s @iigion L%?Flitéiﬁ,e[ahﬂe S TEARYSRL WO (HndRAl Ying the

partially purified protein obtained fromH sTrap colum to a MonoSP

colum (= SEI0 LS HPRITR.GRL VAR ALAAR BULEST il i et
Lysate or Kol RURTIRAST Bha) DG RSr el B BySRETRT G haE e v
*h dazol e ARG Rarotin: larerh m terbr AT HR RS e Bunlrsi it 5.

Pharmaci a). The colum can be washed with 8 Murea, 20 nM HEPES, 0.5
mM OTT, 10PHiiedad T-HOXE §-2m protei i IhIBEAT $1A-B P& RIesTishseddo
proteins. Partially pure TAT-HOXB4 protein can be eluted fromthe

Hi sTrap coﬁm‘fﬁs%\]hﬁhT‘ET'&ﬁ’W@Fﬁdﬁ danop) was 7 gifidfEom L. GHY Sauyageau,

[50] For further purification, partially purified protein obtained
fromH sTrap columm can be applied to MonoSP col um (Anersham
Pharmaci a). The col unmm can be washed with 4 Murea, 20 nM HEPES, 50
mM NaCl, pH 6.5 to renove unbound proteins. Bound TAT- HOXB4H can be
eluted with high salt. _

8



The purified TAT-HOXB4H protein collected fromthis purification
procedure is in the denatured form [ 51] Further, the

denat ured TAT-HOXB4H protein eluted fromthe MonoSP col um can be
ref ol ded usi ng hydrophobi ¢ conpounds by (i) conbining the el uted
denatured protein and a solution of hydrophobic conpounds to forma
sol ution of protein and hydrophobi c conpounds; (H) desalting the

sol ution of;, prof.ej h ophobi c ¢ ounds.to.obtain a desalted
orotei n- and TyarGLORireal CoBiG <5 G FORTR £Pugts. PialuBre GBrs
hydr ophobi ¢_coppounds fromthe desalted, protein, solution using
ultrafil tri’f%%mgg CD{“”T"S?’F"QA?&‘%%H’ tﬁﬁ] e ‘f)?%é:nt i nvention, the

t erm "hydr ophobj onpounds"” refer a hydr.ophobi c, co unds,
capabl e of prot @%@fng t HAUG 3NN %é%?@%cwgg?lrﬁwslsﬁgb%Btfag"’ty
aggregat es duri aturing salt-r ving ste Hydr ophobi
conpounds 98 PP@%%;'?@ ﬁ%WWOFq%%StﬁF%'B%@$ Ty grhqub‘g(@,@@d d@psrtqqr%éi 8tn
Oganesyan et, al ., Pharmagenom cs (2004) 71, 22-26. Suitable )

hydr ophobi & CondERgsents aqlerilaryyrighimaarkers. ¢ repregants § howrsiingbasion gb,
tween-20 or, pol ybenzene conpounds. U trafiltration or buffer exchange
can be carf §d1 GePregerds de heviiperbadien@ ffirCeel | . The conditions for
ultrafiltration _or buffer exchange may vary, as recognized by those
skilled in the BeP] deddeipdgshowstthe stabjibsofofAT-HE preteipploras af.
[53] In one enbodi ment of the present invention, the hydrophobic
compound i A Endr=8alCtie §BSANG: steiage buffai VIRY, asauzed d19%9XB4H protein
is renoved %15- 10 times of buffer exchange (each perfornmed by

cent ri f ugaBSnpelyacrgamidesollowedpy epomarsie stainiige hAgewatindieateont ai ni ng

| ow to high concentrations of |arge hydrophobic conpounds such as
bet a- cycl od&XthPXBiHdretsip handsdenat ur ed HOXB4H protein is refol ded

into native formthereof. [54] I n one enbodi nent, purified
TAT- HOXB4H pr ot 8Bl can Aigure Bérahwisrihe stimelatira effgct af &i-Cabloa thivDmber
(Hyd one) nedium (storage buffer 1) at 4 Cor -20 C [55] In

anot her enbb@PAghstenpaels incb AN aHOBAHME® ardlyzecky b 8o Cyoattém
commercially avail able DVEM (HyCl one) nedi um (storage buffer 2) at 4C
or -20 C. [031] 56] HAigure 88 shwisdherefiest ofiP8St agthatnuntber 6f CO3H nus

of TAT- HOXB4H nay be renoved before in vivo admnistration.

[ 57] | n anstelrecebsrirodomentartdve of adcatnaliszd\by e flowrynedterTAT- 110XB4H
can be renoved before in vivo adm nistration.

{032] Figure 8C shows the stimulatory effect of TAT-HOXB4H on the
number of CD34" stem cells in bone marrow of mice analyzed by a flow
cytometer.

[033] Figure 9A shows the stimulatory effect of G-CSF on the number
of CD34" stem cells in bone marrow of rhesus monkey analyzed by a flow
cytometer.,

[034] Figure 9B shows the stimulatory effect of TAT-HOXB4H
together with G-CSF on the number of CD34” stem cells in bone marrow of

rhesus monkey analyzed by a flow cytometer.

10




[ 58] In another enbodi nent both His tags at the N and C termni can
be renmoved before in vivo adm nistration. C Preparation of a

Phar maceuti cal Conposition [ 59] TAT- HOXB4H may be used as a
phar maceutical conposition when conbined with a pharmaceutically
acceptable carrier. Such a conposition may contain, in addition to

t he TAT- HOXB4H protein and carder, various diluents, fillers, salts,
buffers, stabilizers, solubilizers, and other materials well known in
the art. The terf¥2phar FgERPEShPYS thecstioytiaieneeaskah SAT HYHE4Hbn the
material that does not .interfere with the effectiveness of the

bi ol ogi cal BEPP&raf W4 skam Lells ik bpAg reaT@mof shesusaoniexcaslyeed by Acs
of the carrier may depend on the route of adm nistration. [ 60]
It is especil®ypyiogteint ageous to formul ate conpositions in dosage
unit formfor ease of admnistration and uniformty of dosage. Dosage
unit form as usd@Bller ei higues 8P shows peyeifachof FBTiosdhe nembar ¢iCR3M t ed
as unitary dosages for the subject to be treated; each unit

cont ai ni ng gtepy exlistisrhvnecdacoantt theses mackewanadyred dyralicatbyanateed t o
produce the desired therapeutic effect in association with the

requi red phar mad@3nli cal Figare 1@showWsheffexp et TAT ¢HIXB4H pasteinhe dosage
unit fornms of the invention are dictated by and directly dependent on
t he uni que femataptietd ecowsy of NODeS@KEX mice, conpound and the parti cul ar

t herapeutic effect to be achieved, and the |imtations inherent in
the art of conp@iasli ng Bigate thskawas eftect oNPATHHDABYH bhgeihropat ment  of

i ndi vi dual s. [61] Typical routes of adm nistration include,

wi t hout | i rienedtommeticneadvery bpBaible, mipaaftat asmatin ehanothsrabli ngual |y or
buccal ly), sublingual, rectal, vaginal, and intranasal. The term
parenteral as used herein includes subcutaneous injections,

i ntravenous, intranuscular, intrasternal, intracavernous,

intrathecal, intrameatal, intraurdi¢iptied Pepedptiom or i nfusion

t echni ques., The Rhar maceutical conposition is fornmulated so as to
all ow the dctiv 2 B ned therein to be bioavailable

upon adm ni strat] of the conpasition to a . patient.,K Conpositions
that nay be adrridr??’gtere & Brese ta{f'YeéWP”f%{R@stt‘Eé NEBt FRchRoNgRNIoys Miped

dosage unit ere fo .. a tablet may be a singl e dosage

uni t,g and Q?Pﬁﬁtz'ﬁpﬂél?e E‘Fﬁ'}ﬁgﬁ%‘?‘*rﬁ’ﬁ‘ﬁ@”caﬁ%ﬁi SPesird b%ﬁ%@ﬁ?f og in
aerosol formmay hold a plurality of dosage units., . ) 62] Wen a
t her apeut i é'%ﬁr?%é’f hility 9Ed aﬁﬁ.m%%alﬁw/&qﬂm@m"aw@tr@w ‘Pflsth's protein.

adm ni st er rall t he binding agent. may be in the formof a

tabl et ﬂﬁsu”r éﬁ%ﬁb@rpt%m FRIFIYSt comingising tyesrelamantsi sT8Fed in
tabl et for t he pharmaceutijcal conposition of the invention ma

addi ti onal H%%‘htaaﬂrﬁ histicing trde a HOXEH4 is acHemberoidbe 410X faspilyaf
adjuvant. The tablet, capsule, and powder contain fromabout 5 to 95%
bi ndi ng agdRDScriglian fcddrs 2ag yomeismtaifo axparsiane  Jé% Biowsithe) HEYE 4 .
Exanpl es are sucrose, kaolin, glycerin, starch dextrins, sodium

Al gi nat o, GBI e bRy INedas sl diveistiénd labedews Biioiaing and/ or
flavoring agents nmay be present. A coating shell may be enpl oyed.
When adm niré¥eased vigd fro@ueeombinant expresgisndsasiseas aithaigblihe smelfadeef,
petroleum oils of aninmal or plant origin such as peanut oil, mneral
oi |, soybeatpdyiction rthgrisaieases the yield of thehwroiein. oil TATRE@XBd HdtazkenThe
liquid formof the pharmaceutical conposition nmay further contain
physi ol ogi canstygladras shommtin drigurd @x andthe RINA seheenceds shawin deFigoteld.i on,
or glycols
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such as et hyl ene glycol, propylene glycol or polyethylene glycol.
When adm nistered in liquid form the pharmaceutical conposition
contains fromabout 0.5 to 90% by wei ght of the binding agent, and
preferably fromabout Ito 50%the binding agent. [063]Wen a
therapeutically effective amount of TAT-HOXB4H protein is
adm ni stered by intravenous, cutaneous or subcutaneous injection,

accept abi & MauBRTeEaAGROME wrda e B3R A e Rt braet,

acceptabl e protei.n solutions, havi due r rd to pH, isptonicity,
Sab 11y, hedalondiaix hidtge i fhscttbert M e Crighainus Fos il
enbodi nents, pharnaceutical c gsition for intravenous, cutaneous,
or subcut aneous @H}iect [ Hweﬁ%?tgggﬂ'f’%inﬁ icated, ac?éqt?i”??rﬁrf”ﬁo BelRsIyeRtFent
an isotonig, vehicle such as Sodi um Chloride Injection, Ringer's

I nj ection, UBexits GEMMFEIAYTEHOT PERANCREIUSREE ERaY b vefiies o

I njection, Lactated Ringer's Injection, or other vehicle as known in
the art. TREIMMETMEIP CaboXy:-taipisist | bhnabiplegicsl estants (forawm my
al so contain stabilizers, preservatives, buffers, antioxidants, or

ot her addi thape semdoring solidrdate syntheris), the primary siiugture of a proteip éwhich n
practicing the nmethod of treatnment or use of the present invention, a
t her apeut i élgoligcledgsedsuliide (gieiaine) bondriaratiqngBasn be determined by the user.
adm nistered to a subject, e.g., marmal (e.g., a human). As used
herein, the teri@l her apedeietioal tefersftd echange mmyuaminorasicher nuseotide al
anount of each active conponent of the pharmaceutical conposition or
met hod t hasefuensafduiedo dre ahsened ofwore opanieryhiinb aoist ieeiduehenmddlegtides.g. |
anelioration of synptons of, healing of, or increase in rate of

heal i ng of Thadrmsditgiettioohsr. "aWdiéon apfdrite dhangesrin andmnaacitl onotéledide
ingredient, admnistered alone, the termrefers to that ingredient

al one. Whenegymyice eelstiingdn theevdyiditidn afmnet drendreramine heid sediduesoorbi ned
amounts of the active ingredients that result in the therapeutic

ef fect, whetdlestidedpiaspstivelydic amothlenatrepreserstatioralhieyeadras compared to

si mul t aneousl y. [ 65] The anmpunt of TAT-HOXB4H protein in the
phar maceut aceferaoeEesuénae, forfexamelep thesssugience/ fonhd dnthematura heoctucrpran
the nature and severity of the condition being treated, and on the
nature of pwolexule r deisnbstitstiont edferishe {patdptatiereat ofuriesignme, amind acids
patient's age and sex. Utimately, the attendi ng physician may deci de
t he anount cofiuckedtidee bl Rifffeecht@antiinovatils vhinadledtilet) @apectiasly. i ndi vi dual
patient. Initially, the attendi ng physician nmay adm nister | ow doses
of active ingrddidgint argbqubseysvamildreorpRimaisious (£.6S 20 RS6t abdut 86% doses
of active ingredient may be adm nistered until the opti nal

t her apeut i seglehes idantity) b iereduémiestdiiddatiinendin are a6l pakt of fhad  poi nt

t he dosage is not generally increased further. It is contenpl ated
that the vagpliedsorphan gBseWniaiméestnPRdcquence idsetly tan Beasbicgokhe

nmet hod of the present invention may contain about 1 pg to about 1 ny

TAT- HOXBAH 1% 002%N9B%! 9kB, O5AYo8B] 9N, 98%200)e% HheHOSAERnAtAREES t hat
can be adm nistered to a subject can be chosen from 1 pg/kg to 1

ng/ kg, 1 pgidsgaritial DehtityBkiss wHerPBE FaickeR dbid séfihdds HBtilge LAAE: S
ng/ kg, 10 pg/ kg to 0.1 ng/kg, 100 pg to 0.5 ng/kg, 250 pg/kg to 0.5

ng/ kg. Furgdedt BAdL&fnUondRSAY . § ARRAE & EAVbrRIE 669 e6RdifisRy 50
0g to 100 nory gy oA oSS ?’g%oﬂﬂﬁ%}’ O S e

duration of th@thRPRIMENHE of R RN YUSTRY nhag‘]_c%ﬁfsrm&ﬁ% bfeRbnCARRRA L1 on

of the present invention nay vary, depending on t'he severity of the
di sease beidig, ihlLadi brif& paRRAfy blofkPGd lly3lurd fRSYNCrati
response of e’a'ch ‘?énagsva?%uél pgt ﬁen{'b}'n one é‘%ﬁ?%”f ?dtrﬁ.?s
contenpl ated that the duration of each application of the TAT- HOXB4H
protein may be in the range of 12 to 24 hours of continuous




[ 066] Toxicity and therapeutic efficacy of such conpounds can be
determ ned by standard pharnmaceutical procedures in cell cultures or
experinental aninmals, e.g., for determning the L1360 (the dose

| et hal to 50% of the population) and the EDdose therapeutically
effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed
as the ratio LD50/ ED50. Data obtained fromthe cell culture assays
and ani nmal st udil@lcan kalculadians of “Bomplegy ‘Pfg'saqli%ﬁg@%'ﬁﬁtfdégﬁwnﬁ‘dﬁ
use in humans. The dosage of such conpounds may lie within a range of
ci rcul at i ngFeORBRSS (e tPERS ateripediinteroiaageatly Fes) ara perfarmed @sdelloxes.
toxicity. The dosage may vary within this range dependi ng upon the
dosage for rﬁ hengsiavpaeEsaaia aligred fonoptirodl campianipen patposes (81d.) darsdantise

t her apeutica effective dose of TAT-HOXB4H can be esti mated
initially fln L@eﬁ i eng oiivadh a6 8 figet andadesendramirmeadid onuldgiedcitn

ani mal nodels to achieve a circulating plasnma concentration range

t hat i ncl udkegjuemes fioOBltinGal alignmehtearncioroneminmabgaus sfqueheest@stbepr ot ei n
whi ch achi eves a hal f-nmaxi mal inhibition of synptons) as determ ned
in cell culdisregardee{wlcomparipirapurposasy. ble enpafarredcsmibadimentating lengthyf
hi gh performance |iquid chromatography. The effects of any particul ar
dosage can aeferemid srgpenty algnedifdradungpdrisom pampsesicaatidaas 30%, prafdrablye
bi oassays include, but not limted to, measuring CD34+ stemcells in
t he nmononudit tmst 48%| mbye prefergbl btieaeiSsEat evehohere(prefgrabhhiTéast Gagged
anti bodies to CD34+ stemcells and neasuring the percentage of LY5
cell's in tladeeenphee prefblabicht (sashPO%, 80Y.; 0MLHBAS% Ry tHd lengipydrameet ry.
The pol ynucl eoti de and proteins of the present invention are

expect ed t oeferdricbiseqoartsedr The kit atitl eeditiass drmueicolidel sidbragpdnditg es
(i ncluding those associated with assays cited herein) identified

bel ow. Usesinfifio acitlipekitibesSotiitdotiie dosidsnaeitabmsombaleie Wraant

i nvention may be provided by adm nistration or use of such proteins

or by adm RositisRir @8 fiedt se§eerl i9oLUPR BOhedemEnRPdidRe sydhe BF Ot i ns
(such as, for exanple, in gene therapies or vectors suitable for

'v nf, [) oduct i enclebtiddY theldokreMsrivnstPp@ditichtin TAE 4doRE HBIBHERDRIATHE | N
molecules are identical at that position {(as used herein amino acid or nucleic acid
“‘identity” is equivalent to amino acid or nucleic acid "homology”). The percent
idertity between the two sequences is a function of the number of identical
positions shared by the sequences, taking into account the number of gaps, and
the length of each gap, which need to be introduced for optimal alignment of the
two sequences.

[044] The comparison of sequences and determination of percent

identity between two sequences can be accomplished using a mathematical

algorithm. In a preferred embodiment, the percent identity between two amino

acid sequences is determined using the Needleman and Wunsch ((1870) J. Mol.
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A Patients in Need of Treatnent [67] The pharnaceuti cal
conpositions of the invention my be used to treat di seases which

i nclude, but are not limted to, autoinmune disorders,

i mrunodefi ci ency di sorders, and hematol ogi cal disorders.

Addi tionally, pharmaceutical conpositions of the invention may be
used to inprove the recovery time after HSC transpl antati on.

[68] The pharmaceuti cal osition of the invention include, but are
not |i nit ed®PbA8¥iié- 415%@1'9 nﬁtﬂ whicihhes been mam@rate@niq e GAP program in
susceptible to nphomas, | eukem as, Hodgkin's di sease and

myel oprol i f@ﬁﬁQééOﬁN@Gmk@e (Au@ilabie)amwlwwbem cerpl ugingezibesa caused
by HSC deficiency and aplastic anem a may be treated by the

phar maceut i Bagsusofip 0wt ore BAMRER matids end & gapemeigloinf 16, 14, 12,1698, 6,
Further the pharmaceutical conposition of the present invention may
be enpl oyeddrtdoartidheleASD weiniored 1aA03,@, 6SBr 6.nde el drictierpatieand s.

[ 70] in one enbodi nent of the invention, TAT-HOXB4H is the only

acti ve agergmizdiirmenntstherpeidcdnd idemblyi Hetwedrt o fclddSs sequahckk isor our aci |
(5-FU) is not admnistered to the donor, either as pretreatnent or a
conbi nat i ordetdrenirguyusimhibeeSAP Orohrd da tHeoBEG siftsesspsckare ¢available@bs
associated with increased cell survival, that may be treated by the
phar maceut intt/weompogtdmyusinl £ WY Sgapend. OMP maetxuhel, a §ap walght 6040,
limted to, progression, and/or netastases of nalignancies and

rel ated di $50; der#), 90680 ang al lendte Wetght bNe) 2)d, Bo5 an @l e Al Ritieiariréfeared
exanpl e, acute |ynphocytic |eukem a, acute myel ocytic | eukem a

(i ncl udi ng seyef phdstars (arprtbe A Gy W, b WRIdaNMPEQFadttiEner O DAEMEHIT ,
and erythrol eukem a)) and chronic | eukem as (for exanple, chronic

nyel ocyti ¢ sbguamhateRydrhéterd @HY BElappRitioGletétife i ¥ MMAEENE isdwithin a
| eukem a)), nyel odyspl astic syndrone pol ycythem a vera, |ynphonas

(for exanplséguéﬂwégbémlt;somcﬁﬁas@y ipAEhtRdAT HRdakémion) lesLBRRIuMMY ti pl e
nyel oma, Wal denstrom s macrogl obul i nem a, and sol | d tunors including,

but not | i mcbig rnBirixSAHNCPFERS paiity 6RH 8] NGABextEHE ReAdity dfl, aRaLGRIRe
nyxosar conm, [ i posar consa, chondrosar conm, ost eogeni C sar consm,

chordoma, AB RPaAsHRITR of SN O b @d&@%aﬂv&&vh@ﬁﬂh%agcw%ucaeotade
| ynphangi oendot hel i osarcoma, synovi oma, ‘rnesotheliom, Ew ng's tunor,

| ei onyosar egf@endcel 2hA ARG ORMIneC QLRG tHEPEIGA RN Eowgfb%aéﬁ&vwmre@r
breast cancer, ovarian cancer, prostate cancer, squanous cel

car ci nom, @Qéﬁﬂ CABIdS, CBf £.h PPPRich ﬁQ@BQ@@fﬂ%%@ed e e ,&Ll@Nj rogT m
carci noma, sebaceous gland carcinoma, papillary carcinoma, papillary

adenocar Ci pFBsn 2 kA é‘@%‘fﬁéo t rBEHY kédig] 4 ;ﬁ’%% niillty of 12
bronchogeni ¢ carcinong,” renal car ci noma, he bil e duct
car ci noma, aRBardAGRINGILSIR. sem noma, enbryonal carcinoma, Wlns
tunmor, cervical cancer, testicular tunor, lung carcinoma, small cell

lung carci yone, Mg{l%qgeéf Making the Recombinant TAT-HOXB4H Protein

A. Cloning an_d Expression

[045] Systems for cloning and expressing proteins in a variety of host
cells are known in the art.  Cells suitable for producing proteins are described in,
for example, Fernandez et al. (1999) Gene Expression Systems, Academic Press,

eds. In brief, suitable host cells include mammalian cells, insect cells, plant
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carcinoma, epithelial carcinoma, gliom, astrocytons,
medul | obl ast oma, crani opharyngi oma, ependynonma, pineal oma,
hemangi obl ast oma, acousti c neuroma, oligodendroglionma, nmenangi ong,

nmel anoma, neur obl astorma, and retinobl ast ona. [ 72] The present
invention is not limted to the particul ar nethodol ogy, protocols,
cell lines, aninmal species or genera, and reagents described bel ow

The term noI used to describe particular enbodi nents i s not

i nt ended t &% ?M%SE%S&&&@(?&WPW@%%#{CqﬂnvMﬁ%@i!anmﬂ%ﬁvaﬂﬁp!eb@
limted onI% by the appended cl ains. As used herein, the singular
forms "a," thaAH for haterologaus profein guerepsion Kicludefwpeinayvtic pelbinestes.,
context clearly dictates otherw se. Thus, for exanple, reference to
"a cel | i NGO} 295 cslls. Shinpsedramierovent (GHQells eDE welis, dtrbiavcgliant s
t hereof known to those skilled in the art. [ 73] Unl ess
defined ot Habihemsteikidneg celts, carytaselss and pelistfram edransgenie dninel a9,
have the sane neani ng as conmmonly understood to one of ordinary skill
in the art nampancepitilial celhv ePuitable trstars gmy bel dhiosery br sonstroetet dals,
devices, and materials simlar or equivalent to those described

her ei n can dostairsappropriaté eeguiatotyi sequenceseistiudigg giombier seywentesn, t he
preferred nethods, devices, and materials are now descri bed. All

publ i cat i orfermimatopsdgeirtsesypalyadagdhtivasequeraxs, drdrambyr seyuenges; atagikr
herein by reference for the purpose of describing and disclosing, for
exanpl e, t lgenegraptraifodrseqguehoest hdhe vegomsnayhalto aomtaithes plasiiidor viral he
publications which m ght be used in connection with the presently
descri bed ibacernieon Forfdhetaifs,bbe Satriboouk atiatcMekedlaaBmningpd dbdratoighout
the text are provided solely for their disclosure prior to the

ef fective dédreahnt led., Wobd BptingaBptice babaratonN\Bidss 10888y eManys to be
construed as an admi ssion that the inventors are not entitled to

ant edat e sestabiidird toshniqudyuset Mitheseafory) inakidihdhethatipulafdy, ipPégarativm,
[74] A "stemcell™ is a pluripotent or multipotent cell with the

abi lity tonaehdenceiBeyequencing@iditranfédtibe oeDNAaERIdesAbed B D@esHTe
differentiated. Stemcells can divide without Iimt, at |east for the
lifetime oPrétbeni@m MBlecilar Biidyy, SBeshdreditisralAugutbet st d]eed§t SSRrCRfilby gar e
not termnally differentiated, i.e., they are not at the end of a

pat hway of Sdhé{Hoentiation. V\hen a stemcell divides, each daughter
cell can either remain a stemcell or it can enbark on a course that

lleads to term nakeri ff oY RiffhieAbéMITE of'the CTRUILProsiBERGREthod 8f @ Stem
cell with a portion of its DNA belonging to a heterol ogous organi sm

[75] A hemtoangﬁg EHeCnuc‘R#d: Iac.usmaa%Jsk célNV by 8bkdriotic@uBrLmasis of
hemat opoei sis, i.e., the process of forming mature bl ood cells from

precur sor a—ghéfgcuome@mﬁ?@é%ay inBRABICARAM Bhesphake DEREADRxiH4h, t he bone
marrow. Earlier in devel opment, hematopoeisis takes place at

di fferent glebRSpdit drﬂgp&lofrrﬁ@ﬁw%ﬂfatéd @&%?e&t%ndﬁﬂrm%on lﬁ’ézhg}étﬂo\’/ﬁus

bl ood cells arise in the yolk sac, and [ater, blood cells afe forned

in the livgy othﬁmlﬁ%@s PV R Ea %PBééMSerE egﬁ?} R éelféng{ﬁfag%es

conpl ex regul ati on, i'nciuding regulation b or nones,

eryt hropoi @chﬁ‘[qu% ;égh‘{cf[L?E%[c?egéum%hﬂmdeQr%h%}’mﬁﬁdd?‘éi&hbﬂ&aflgﬁta‘%s and

cyt oki nes,
transfectlon using bacteriophage. DNA introduction may be followed by a

selection method (e.g., drug resistance) to select cells that contain the nucleic

acid.
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[76] The term "vector', as used herein, is intended to refer to a
nucl eic acid nol ecul e capabl e of transporting another nucleic acid to
which it has been |inked. One type of vector is a "plasm d", which
refers to a circular double stranded DNA | oop into which additional
DNA segnents nay be |igated. Another type of vector is a viral
vector, wherein additional DNA segnents may be ligated into the vira
genone. Certain_vectors are capabl e of autononous replication in a

host cell into Bhi clRurifisatisnandfefalliveéd (e.g., bacterial vectors

having a bacterjal origin of replication and_ epi somal pamalian
vectors). O herl0¢ékt or sSTAHPXBAROtSH s3yhs natyisofaled FekiBes) can be
integrated into_ the genone of a host cell upon introduction into the
host cel |, regemiingsy B85t cefl by @Bp BPRRPERtedNeAT KHoWR IR e aidst Fayaxample,
Moreover, certain vectors are capable of directing the expression of
genes t o wHiediotaiiegarnbe resparedfiope Pl supskradantsiiBe petaivissagpllerddf er red
to herein as "reconbi nant expression vectors" (or sinply, "expression
vect ors") . being geereiead, or themrekein em hekemsved domue cBl bygaten r econbi nant
DNA techni ques are often in the formof plasmds. In the present
.speci fication, [@¥8asni dFATaH@XBéenrotein earybdpuriiisddising thechangeabl y as
the plasmd is the nost commonly used formof vector. However, the

i nventi on Fhromategraghic methars|coderisingh(a) ahelying dherselblysais pr eslki on
vectors, such as viral vectors (e.g., replication defective

r et r ovi r usesgperaatanip ithe predeia st adnte sepreated add dheesbiviian, ses HisTwap chiuser ve

equi val ent functions. [ 77] "Transformation,"” as used herein,
refers to bheashimpthe HisTeb calunexwelie abuffep i¢)yalutinigdot peeiallynparifiedhost
cell, irrespective of the nethod used for insertion: for exanple,

t r ansf or mapiotein rgrndihedtisTrapicakenn (i apiyiag theopartialhyf moified protaindhtdised

| i ke. For particular nethods of transfection, see further bel ow. The
exogenous froiyHisTiapabiuten ey MogoSRicoaim ¢e) vesshingthaiMdre®Patshamu edthor
for exanple, an episone, or alternatively, nmay be integrated into the
host genona buffer; (f) elulid@ihd puried FRAHOKBeHt @owkin fporatied MonoBPebumm any
pol ymer of two or nore individual am no acids (whether or not

natural |y occurfo49ig) | iCuliegbate & getipiupamatariydnie, préiginds capahibenbéing
car boxyl carbon atom of the carboxylic acid group bonded to the

a- car bon ofedpeied aitb fige 8slLikbr( 04n BacRararhficdrasiugatifin ASOUBSX ¢ foradoent |y
bound to the am no nitrogen atomof the am no group bonded to the

a- car bon ofnirpat £, as€ Blp@anhtant adisled Thes MNP RNt AERe BAd thadedloagrs, and
the atons conprising them (Le., a-carbon atons, carboxyl carbon atons

(and thei r HThg dHeltitg RKERS AN RS PRBEMAGR )0 TRE cbREGca! DRabifd
their substituent hydrogen atons)) formthe "pol ypepfide backbone" of

the prot eigith BM agkd, 20 v HEPES &b K BT, 16 FeM NION pHP B Bt &HdH 0 inM
understood to include the terns "pol ypeptide" and "peptide” (which,

at tines, jfyadofe 638movBILBDEHIRNEBRINY rI“%!i-ti%ill?)purr—:'s'i"aﬁl"r IHoXE4 pRiteheBA
fragments, anal ogs, derivatives, and variants are may be referred to
herein as pPeRi MAsm thASTRPIUAR wiBHIG cdriReRPatfon FHiPldRIzbie 2hal R8BS
ot herw se indicated. The term"fragnment™ of a protein refers to a
pol ypeptide congsdisi ng Fopwhthet B@ﬂicﬁli&n,ﬁ{aﬁféﬂ? pﬂmiéhoﬁgrﬁféir‘iioﬁﬁﬁie@bfﬁﬁn of

the protein. As may be appreciated, a raghent” of a protein may be

a form of ey Ql&hA chh PF%%PE%J?M& yﬁ‘@&]ﬂ]‘?ﬁngﬁfﬂs’é:ro% Ph ﬁnaﬁﬁ’z@boxy

term nus, and/or Interna as nat ur ng), and may

al so be Vafﬁé‘gﬁlurﬁﬂ‘i’:/aﬂrbeql?{]s';h\éatv&iﬂ‘]e# M%ré&',%ﬁﬂHEfﬂE?, t@g}%ﬁihl%dl?pl-%%o a

fragment, and conprises the amno acid residues o e protein
required t i e V=AY i t

becurr i ng rEREVELnRuBRNFRAR, , BEbhY Tt AOKERRRANH AR B G
nucl eic acid nol ecul e neans a pol ynucl eoti de of genom c, cDNA, viral,
sem synthetic, or synthetic origin Wniitéh, by virtue of its origin or



term "reconbi nant” as used with respect to a protein or polypeptide
means a pol ypepti de produced by expression of a reconbi nant
pol ynucl eot i de. [80] An "isolated,” "purified," "substantially
i solated,” or "substantially pure" nolecule (such as a pol ypeptide or
pol ynucl eoti de) is one that has been mani pulated to exist in a higher
concentration than in nature. For exanple, a subject protein is
i sol ated, purifi ed substantially isolated, or substantially purified
when at | ed8e Porligd THIHOXBAH pretgin ggbigcterbligmdnispudiafion gugcedumsis g5
96% 97% 98% 99% or nore of non-subject-protein materials with
whi ch it |§19a@€3’t?élﬂrﬁﬂé‘€fn‘i n nature have been removed. As used herein,
an "isolated,"” "purified," "substantially isolated," or

"subst ant i al | y [@ﬁﬂ] fi ecFUﬁﬁﬁr,éfmuﬂ@atW@ﬂJcPé%HDKBéh@rﬂm elptsiddoum the,
[81] A "SCID nouse" is a nouse nodel for severe conbined
i munodef | Mognsy aojumir carebg SRIDRd usihg dkidivabstis cempeurdsdef @combining he
devel opnent of the imune system These mce are deficient in, or
conpl et el ytHesalted benhtuTechprdiei bydplsokricr of hykinep8Gidzompanide o foopear s
to inpair the reconbination of antigen receptor genes, causing a |ack
of functi osabtidh efimoBin ympinacyitedic danyerundeni} dysaitiegitice selldiort gfpes
appear to develop and function normally. SCID mce readily support
nor mal | ynplodey tiad diyfiophait campoimdsid obéain belessltangbidnbhmdhydrophobic
normal | ynphocytes from syngeneic or allogeneic mce, or with human
| ynphocyt esomp@riesotition; ahd (ii)sempoeing tiidieydyogivibic efmpdunag ¢iaai tieand
xenogenei ¢ tunors. Therefore, SCID m ce, which allow di ssem nated
growt h of desuitetiercteh salutten ubmpwilisafiteaibhi cul arl y hemat ol ogi ¢
di sorders and nal i gnant nel anoma, can be used to investigate
mal i gnanci es. [052] [482]sed vetHeqiraBent i 861, the tdrdhydrdpiedbic " host
and "patient"” are used interchangeably herein to refer to a living
ani mal , i nedrigbuIBisardishTe angRgddrdphstic BompouRiY daplable HTreteftinRthe MY,
for exarrpl e, be an organi sm possessing I nmune cells capabl e of

r espondi ngdésrearot@Ritrdn Sdriniy inboI0Ble ayBFbgatdsailriRg Ay dameulinghi bi tory
signal transduction through cell surface receptor binding. The

subj ect nmegalb@nVIFRYEIRY., HHREhIRBIACOMMITRIMAS suifdtie i IRE iNTBNEBbsent O

exanpl e, dogs, cats, pigs, cows, sheep, goats, horses, rats, and

mce. The |heérmonsa#blde§&nbedqeega@ésy@he@buqeharﬁﬂgéh&}%b%zdmtﬁ PRIE,
entirely normal with respect to a disease, or nornmal in all respects

[83] The tsuifbld ARARbERIBiC cdr@&cﬁfn%s‘ir%h.ﬁ!et Bet ARt ligited tTRENLabb Ve
measure. The treatment may be administered to a subject havi ng a

medi cal digeeden &(ri)o%@nﬂiﬁe' m;?dlmdgayu%ﬂwaﬁ& BP&:fFHr%QEt%fge dafl Y der

to prevent, cure, el ay, reduce the severi ty of or aneliorate one or

mor e synpt QFedbutthy éé?ftﬁ'r%n &rstlF-EQIEr rT'HéGbo‘i'nHﬁBﬁQF’Jr’uItPJﬂ d? oﬁ’b Sﬁff r0

prol ong the survival su bj ect beyond t hat expecte sence
of _such { r&ghaRaE me &bniZBE bl $dBe ddIRL FPEHLALE

anount" nmeans e va 2' sug}/ect eco ound t%}é?ghé?/&ié Isﬁlmt
desired r §fechefd9§| eed’(ﬁrﬂ}é'h a bi ol ogi caI or nedical response of a
ti ssue, sy m ani ma[ or human that is sought, for exanple, by a

Exanpl g;‘er veyggdinar i Hlond BAbE@nehP5t RE prélenPindShtidH, ¥ fldihhobic

compound in the desalted solution containing denatured HOXB4H protein is
removed by 5-10 times of buffer exchange (each performed by centrifugation at

1000-2500 x g for 10 min) with solution containing low to high concentrations of
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[ 85] The follow ng specific exanples are to be construed as nerely
illustrative, and not limtative of the remainder of the disclosure
in any way whatsoever. Wthout further elaboration, it is believed
that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. Exanple 1:
Construction of Plasm d pET21b-Hi s-pTAT-HOXB4-H s (a) The

nodi fication of pET21b plasm d containing NN and C-termnal H s Tag
and TAT si ¢#a® hppphekic compounds sugh ps Peia-eycidextsinyhereim the depatpigs!
containing N-termnal H's tag and a TAT signal peptide was generated
by i nserti mP 4ty pratgin éotefaded into native form thereof.

5' - TATGCACCACCACCACCACCACTACGGCCGCAAGAAACGCCECCAGCEL CECCcaaea 3
(sense) and 5' -[BFAIGCCGHTONEEOBEABTEN T HeddEd-HOXB4H protein can be
GTAGTGGTGGTGGTGGTGGTGCA- 31 (anti sense) into pET2l b plasm d. The

C-t er m nal stargd Meaapmngersiatiy awgilabledéhid (HyClohe) pediabl{stosagedruffer i) at

Cl oning of HOXB4 into nodified pET21b expression vector [87] A
DNA fragnedt’Cawng@f®@i ng the open reading frane (ORF) of HOXB4 and
addi tional 6 histidine coding sequence was obtai ned by PCR
anplification ugbbp pl dsmEndtheEmRbaGOhHGauebed TAVHOXBAippeein cEaibsan.
Cat. No. 5533346) as the tenplate, and the PCR-generated HOXB4 cDNA
fragment walredlibacomeelciaily availablerdEM @y QidnE2 hzdaxp (emge buffec? at.
Plasm d construction and nucleic acid sequences are shown in Figures
2 and 3. BEXenpl20 2o. Expressi on of Reconbi nant TAT- HOXB4H Protein in
E. coil [ 88] The pET21b- Hi s- TAT- HOXB4- Hi s expressi on vector
was transfor med0s6lt o E.IneaéieribodinterBlLEi$ (54E3) e Rrialoe 29 FAT-HIRB4H
transforned cells were grown overnight at 37 C. The overni ght-grown
cul tures waig béirboioeed befoddin vivd adrhin@pPafeh.of 0. 05. The cul tures were
then grown to an 0D600 of 0.5 at 37 C, induced with 1 nmM

i sopropyl - bet a-[Bs7jhi ogah agbByERbeEh@at HisHaPht e NMEFilis & hr, with
vi gorous shaking. Exanple 3: Purification of Reconbi nant TAT- HOXB4H

protein  TAT-HOXB4H can be removed before in vivo administration.
{058] In another embodiment both His tags at the N- and C- termini

can be removed before in vivo administration.

C. Preparation of a Pharmaceutical Composition

[059] TAT-HOXB4H may be used as a pharmaceutical composition
when combined with a pharmaceutically acceptable carrier. Such a composition
may contain, in addition to the TAT-HOXBA4H protein and carrier, various diluents,
fillers, salts, buffers, stabilizers, solubilizers, and other materials well known in the
art. The term “pharmaceutically acceptable” means a non-toxic material that
does not interfere with the effectiveness of the biological activity of the active
ingredient(s). The characteristics of the carrier may depend on the route of

administration.
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[89] Foll ow ng induction, cells were harvested by centrifugati on and
resuspended in Buffer A (8 MUea, 20 nM HEPES, 0.5 nmM DYE and 100 mM
NaCl, pH 8.0). The cell suspension was passed three tines through a
French press, and the cell lysate cleared by centrifugation at 20, 000
x g for 30 mn at 4 C, adjusted the supernatant to 10 nM i m dazol e
and | oaded on the Hi sTrap chel ating col ums (Amersham Phar naci a) .
Bound proteins were eluted with 50, 100 and 250 nM i m dazole in
buffer A TAT- HB8IH coliimesnesilly pdvantagesuaia ormylate eoraposiiansio SP
colum in Buffer B (4 Murea, 20 mM HEPES and 50 nM NaCl, pH 6.5),

el uted wi t HHopage N fahqaszaoofrﬂdnmsmlomﬁndsimfprmmdrﬁﬂssga Dosage
Renat urati on of Reconbi nant TAT- HOXB4H Protein [ 90] The

TAT- HOXB4H ynitdewsh as used hereinl nefard td physidatindisovete wiitsuhiited ze dntary
denatured in a solution containing denaturing salt (e.g., guanidine
hydr ochl or i dbspgesir thessubjact twalse treated; edchhunD-cPBBinindgafpfadetdrtnirigd Tri t on
X-100 in 2x PBS). The ratio of the TAT-HOXB4H protein solution to

D- PBS- T bufduantityad adlive. coipmund salculated ioiproduce tha sesiddittictapeatic €fect
centricon tube (50 mM or 15 mM) pretreated with water (10 m or 3

m ), and theasseitionfwiddbe etquade0 @hapmadeatical 0amien. The $guicicatfiepior tHee
denaturing salt is replaced by D-PBS-T buffer in which Triton X-100

i s capabl e dokade adit fogmeiof thetivesritipd rapptiotaiterd hyeanddiredtlytdepeld@dBahl the

pr ot ei n. [91] This step of ultrafiltration or buffer exchange
usi ng 10K amituei charect@itigesthe aetivd emmpduie sindithd pagiculat DierafRtieefiédg
different concentrations of beta-cyclodextrin (two tinmes of each 1

MM 2 MM 3o odlacHiendd, and the Mdidiingisherbeide e drbof donspcunagg dudhbar
| MDM by centrifuging at 1000-2500 x g for 10 min. The remnaining

sanpl e in tdefveléitmgRmdrfocwe tidabfeiag irplidiegd ed and stored at -80C
[ 92] Honpgeneity of the purified TAT-HOXB4H protein was anal yzed by

SDS- pol yacryl anjogaj gel T@lidedvfiedyr £pOnReatich iAtiaES] Without iirBkEtRnPdral, AS
shown in figure 5, TAT-HOXB4H purified from Hi sTrap and MonoSP’

resul ted Frépicaldodrontdral (@b d saoimaaatoriiuctaIRd, soblindiry, Fodal; l, and
protein. Thep pT?T HA- HOg(Bg pl ag% d%s a g?% rodr:ﬁ%Dr Qly auva?geau

Uni ver si ty imifankBAlt I TAS terfrAbtRERteral Bk 1isBY ﬂéfglrﬁj]n‘é@%eé apsitondmd injBétns,
BL21( DE3) pLysS (Novagen) and the purification of TAT-HOXB4 protein

was per f or fRehvaso e fifarRdulian nﬁ!‘é%?érn@it rn%ca\%g%’us fReaiRc8l, ﬁwtraﬁﬁe%l%i' ity
of Reconbi nant TAT- HOXB4H pr ot ei n Thé Stabili ty of th e

TAT-1 -1 0OX SRSy |
storage fullTy ok PEeOobhes caﬁeﬁiaﬁiﬁrgﬁb%ﬁtﬁ%"%@ﬁ' nbostBRy

fragments. s feuEo LB td LIBF ﬁe‘%cﬂi@‘“g?@@ﬂ%&ﬁt&h@ﬁ Mhaepdyeed by the

met hod of this invention was even after 16 hours stored in PBS
at 4 C bioavailable upon administration of the composition to a patient. Compositions

that may be administered to a patient take the form of one or more dosage units,
where for example, a tablet may be a single dosage unit, and a container of one
or more compounds of the invention in aerosol form may hold a plurality of
dosage units.

[062] When a therapeutically effective amount of a TAT-HOXB4H

protein is administered orally, the binding agent may be in the form of a tablet,
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[94] Further, the stability of TAT-HOXB4H protein stored at 4C and
-20 Cin PBS and storage buffer | MDM was anal yzed by 10%

SDS- pol yacryl am de gel el ectrophoresis foll owed by coonassie
staining. As shown in figure 7, when | MDM was used as a storage
buffer, the stability of the TAT- HOXB4H protein was mai ntai ned even
after 4 weeks. Exanple 6: Effect of Reconbi nant TAT- HOXB4H Protein on
Hemat opoiesis in Wld Type Balb/c Mce [95] Ball* mce were
used to i nveEpeligapevderesgigtinn asielixiaf fBen admirigterediim iablet Toxm, HexB4H
protein on nobilization of HSCs from bone marrow to peripheral bl ood.
TAT- HOXB4H phecsatsutigak coprmsiion of thephemntina meayoadditionelly eeritéin@ ob8S) was
adm ni stered by subcutaneous injection four times per day for 4 days.
To exam ne Ghrirs-suek po egeladinas sin agitpyani. itbatatlely canpgude, @nd Pb)vdercamitaied a
dose ranged from1 pg, 5 pg, 10 pg, 15 pg ... to 100 pg per kg BW per
mouse. A sdpam abeutdy o5 % bindimgtageht, mind preferbiwfesin phosttifatb @0Bubihdingd
saline only, and another group of control mce were injected

subcut aneolegient. t \Exzenpher ard ayciose, Ihotimyglydetih, stadtbsizxhs Ssquinp elgidate, SW
of G CSF per nouse. [ 96] Peri pheral bl ood was harvested from

al | m ce anrtaxgingtettebylose bhdethgldetioeser Colorhy andlot fierofieg egaitage of
CD34+ stemcells in nmononuclear cell (MNC). The results are reported

as the meamaysbelprasenilall eating $hdil mayl b&empioyedx paenediramisieasetinol )

TAT- HOXB4H (p. g/ kg) CD34ININC (% 1 1
liquid form, a liquid carrier such as water, petroleum, oils of animal or plant origin
such as peanut oil, mineral oil, soybean oil, or sesame cil, or synthetic oils may be
added. The liquid form of the pharmaceutical composition may further contain
physiological saline solution, dextrose or other saccharide solution, or glycols
such as ethylene glycol, propylene glycol or polyethylene glycol. When
administered in liquid form, the pharmaceutical composition contains from about
0.5 to 90% by weight of the binding agent, and preferably from about 1 to 50% the
binding agent.

[063] When a therapeutically effective amount of TAT-HOXB4H
protein is administered by intravenous, cutaneous or subcutaneous injection,
binding agent may be in the form of a pyrogen-free, parenterally acceptable
aqueous solution. The preparation of such parenterally acceptable protein
solutions, having due regard fo pH, isotonicity, stability, and the like, is within the
skili in the art, In some embodiments, pharmaceutical composition for

intravenous, cutaneous, or subcutaneous injection may contain, in addition to

binding agent an isotonic vehicle such as Sodium Chioride Injection, Ringer's
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0O 0.03250.3 0.05 G oup (Experinmental/Control) TAT-HOXB4H
(gg/ kg) CD3447MNC (% 3

Injection, Dextrose Injection, Dexirose and Sodium Chloride Injection, Lactated
Ringer’s Injection, or other vehicle as known in the art. The pharmaceutical
composition of the present invention may also contain stabilizers, preservatives,
buffers, antioxidants, or other additive known té those of skill in the art.

[064] In praciicing the method of treatment or use of the present
invention, a therapeutically effective amount of TAT-HOXB4H protein is
administered to a subject, e.g., mammal (e.g., a human). As used herein, the
term "therapeutically effective amount” means the total amount of each active
component of the pharmaceutical composition or method that is sufficient to show
a meaningful patient benefit, e.g., amelioration of symptoms of, healing of, or
increase in rate of healing of such conditions. When applied to an individual
active ingredient, administered alone, the term refers to ihat ingredient alone.
When applied to a combination, the term refers to combined amounts of the
active ingredients that result in the therapeutic effect, whether administered in
combination, serially or simultaneously.

[065] The a;mount of TAT-HOXB4H protein in the pharmacsutical
composition of the present invention may depend upon the nature and severity of
the condition being treated, and on the nature of prior treatments that the patient
has undergone, and patient’s age and sex. Ultimately, the attending physician
may decide the amount of aclive ingredient with which to treat each individual
patient. Initially, the attending physician may adminisier low doses of aclive
ingredient and observe the patient's response. Larger doses of active ingredient

may be administered until the optimal therapeutic effect is obtained for the patient,
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and at that point the dosage is not generally increased further. Itis
contemplated that the various pharmaceutical compositions used to practice the
method of the present invention may contain about 1 ug to about 1 mg
TAT-HOXBA4H protein per kg body weight. Examples of dosage ranges that can
be administered to a subject can be chosen from: 1 pg/kg to 1 mg/kg, 1 uglkg fo
0.5 mg/kg, 1 pafkg to 0.1 mglkg, 10 pg/kg to 0.5 mg/kg, 10 pglkg to 0.1 ma/kg,
100 ug to 0.5 mg/kg, 250 ugikg to 0.5 mglkg. Further, examples of dosage
ranges that can be chosen from: 50 pug to 100 mg, 100 pg to 50 mg, 500 pg to 50
mg, 1 mg to 50 mg. The duration of intravenous therapy using the
pharmaceutical composition of the present invention may vary, depending on the
severity of the disease being treated and the condition and potential idiosyncratic
response of each individual patient. In one embodiment, it is contemplated that
the duration of each application of the TAT-HOXB4H protein may be in the range
of 12 to 24 hours of continuous intravenous administration. |n another
embodiment, the duration of application of TAT-HOXB4H protein may last as long
as patient's radiation or chemotherapy continues. TAT-HOXB4 protein may be
administered in the range of 10-100 ug/kg Intravenously, twice a day for4.5t0 5
days. One cycle of the treatment may be enough to expand HSCs in vivo.
Ultimately the attending physician may decide on the appropriate duration of
intravenous therapy using the pharmaceutical composition of the present

invention.
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[066] Toxicity and therapeutic efficacy of such compounds can be
determined by standard pharmaceutical procedures in cell culiures or

experimental animals, e.g., for determining the LD, (the dose lethal to 50% of the
population) and the ED_, (the dose therapeutically effective in 50% of the

population). The dose ratio between toxic and therapeutic effects is the

therapeutic index and it can be expressed as the ratio LD /ED_,. Data obtained

from the cell culture assays and animal studies can be used in evaluating a range
of dosage for use in humans. The dosage of such compounds may lie within a

range of circulating concentrations that include the ED,, with little or no toxicity.

The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. The therapeutically effective
dose of TAT-HOXB4H can be estimated initially from cell culture assays. A dose
may be formulated in animal models to achieve a circulating plasma

concentration range that includes the IC (i.e., the concentration of the test

protein which achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Levels in plasma may be measured, for example, by high
performance liquid chromatography. The effects of any particular dosage can be
monitored by a suitable bioassay. Examples of suitable bioassays include, but
not limited to, measuring CD34" stem cells in the mononuclear celi by using
fluorescent probe (e.g., FITC) tagged antibodies to CD34+ stem cells and
measuring the percentage of LY5 cells in the peripheral blood or bone marrow

HSCs by flow cytometry. The polynucleotide and proteins of the present
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invention are expected to exhibit one or more of the uses or biological activities
(including those associated with assays cited herein) identified below. Uses or
activities described for proteins of the present invention may be provided by
administration or use of such proteins or by administration or use of
polynucieotides encoding such proteins (such as, for example, in gene therapies
or vectors suitable for introduction of DNA).

lil. Methods of Stimulating Hematopoiesis /n Vivo

A. Patients in Need of Treatment

1067] The pharmaceutical compositions of the invention may be used
to treat diseases which include, but are not limited to, autcimmune disorders,
immunodeficiency disorders, and hematological disorders. Additionally,
pharmaceutical compositions of the invention may be used to improve the
recavery time after HSC transplantation.

[068] The pharmaceutical composition of the invention include, but
are not iimited to, the freatment of patient suffering from or susceptible fo
lymphomas, leukemias, Hodgkin's disease and myeloproliferative disorders.
Additionally, inherited diseases caused by HSC deficiency and aplastic anemia
may be treated by the pharmaceutical composition of the present invention.

[069] Further the pharmaceutical compaosition of the present invention
may be employed to the HSC donors and G-CSF-insensitive patients.

[070] In one embediment of the invention, TAT-HOXB4H is the only

active agent administered for mobilization of HSCs, and fluorouracil (5-FU) is not
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administered to the donor, either as pretreatment or a combination therapy
scheme.

[071] Additional diseases or conditions associated with increased cell
survival, that may be treated by the pharmaceutical composition of the invention
include, but are not limited to, progression, andfor metastases of malignancies
and related disorders such as leukemia (including acute leukemias (for exampie,
acute lymphocytic leukemia, acute myelocytic leukemia (including myeloblastic,
promyelocytic, myelomonocytic, menocytic, and erythroleukemia)) and chronic
leukemias (for example, chronic myelocytic (granulocytic) leukemia and chronic
lymphocytic leukemia)), myelodysplastic syndrome polycythemia vera,
lymphomas (for example, Hodgkin's disease and non-Hodgkin's disease), multiple
myeloma, Waldenstrém’s macroglobulinemia, and solid tumers including, buf not
limited to, sarcomas and carcinomas such as fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma,
colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate
cancer, squamous cell carcinoma, basal cell carcinoma, aderiocarcinoma, sweat
gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinecma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilm's tumor, cervical

cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder
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carcinoma, epithelial carcinoma, glioma, astrocytoma, medullablastoma,
craniopharyngioma, ependymoma, pinealoma, hemangicblastoma, acoustic
neuroma, cligodendroglioma, menangioma, melanoma, neuroblastoma, and
retinoblastoma.

[072] The present invention is not limited to the particular
methodology, protocols, cell lines, animal species or genera, and reagents
described below. The terminoclogy used to describe particular embodiments is
not intended to limit the scope of the present invention, which may be limited only
by the appended claims. As used herein, the singular forms “a,” “and,” and “the"
include plural reference unless the context clearly dictates otherwise. Thus, for
example, reference to “a cell” is a reference to one or more cells and includes
equivalents thereof known to those skilled in the art.

[073] Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood to one of ordinary skill in
the art to which this invention belongs. Although any methods, devices, and
materials similar or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods, devices, and materials
are now described. All publications and patents mentioned herein are hereby
incorporated herein by referénce for the purpose of describing and disclosing, for
example, the constructs and methodologies that are described in the publications
which might be used in connection with the presently described invention. The
publications discussed above and throughout the text are provided solely for their

disclosure prior to the effective date of the present application. Nothing herein is
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0.42 0.05 Control (PBS) 0 0.002 Control (GCSF) 0 0.5 0.03
[ 097] The percentage of CD341/MNC i n peripheral bl ood harvested from
the treated mce is shown in Table 1. The TAT- HOXB4H treat ed

to be construed as an admission that the inventors are not entifled fo antedate
such disclosure by virtue of prior invention.
Definitions

[074] A “stemn cell” is a pluripotent or multipotent cell with the ability to
self-renew, to remain undifferentiated, and to become differentiated. Stem cells
can divide without limit, at least for the [ifetime of the animal in which they
naturally reside. Stem cells are not terminally differentiated, i.e., they are not at
the end of a pathway of differentiation. When a stem cell divides, each daughter
cell can either remain a stem cell ot it can embark on a course that leads to
terminal differentiation. A “chimeric” stem cell is a stem cell with a portion of its
DNA belonging to a heterologous organism.

[075] A *hematopoeitic” cell is a cell involved in the process of
hematopoeisis, i.e., the process of forming mature blood cells from precursor cells.
In the adult, hematopoeisis takes place in the bone marrow. Earlier in
development, hematopoeisis takes place at different sites during different stages
of development; primitive blood cells arise in the yolk sac, and later, blood cells
are formed in the liver, spleen, and bone marrow. Hematopoelsis undergoes
complex regulation, including regulation by hormones, €.g., erythropoietin; growth
factors, e.g., colony stimulating factors; and cytokines, e.g., interleukins.

[076] The term "vector’, as used herein, is intended to refer to a
nucleic acid molecule capable of transporting another nucleic acid to which it has
been linked. One type of vector is a “plasmid”, which refers to a circular double

stranded DNA loop into which additional DNA segments may be ligated. Another
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experinmental groups 3-21 (received a dose of 10 pg or above per kg
BW showed substantially the same nobilization effect as G CSF
treated control group. [ 98] Bone marrow from TAT- HOXB4H
treated mce (Exp. Goup 3 received a dose of 10 pg per kg BW, G CSF
treated mce, and PBS injected mce were further phenotyped using

FI TG conj ugated anti body to CD34+ (Becton Di ckinson) and anal yzed by
a flow cytoneter. Bone marrow frommce treated wth TAT- HOXB4H

(Fi gur e 50)tyrpple@ciorisa visalviestosrwhateicegditiogal diNA segrenth avaydenligated r ow
fromG CSF (Figure 5A) and PBS (Figure 5B) injected mce. Therefore,
t hese resulinly thedird giesomiat Cerigie settors ok cagsbieiol aaivnomMals HOKBaten in
proteins results in increased nunber of HSCs in both the bone marrow
and peri phex st belbimib whichitivey. areirdrmolused (e. &f bactérial fre@®emsdmehinyeanbacterial
TAT- HOXB4H Protein on Hemat opoi esis in Rhesus Monkey [ 99]

Mal e adul t arigisafsepiimakiey sndepisormsiadanmaliany esttoght eOthbevadidris¢agy of
reconbi nant TAT- HOXB4H protein in nonkeys. Experinmental group |I (n=5)
wer e i nj ectred-apidongl emmisbianvdctordCcapdepiategkgeBiMother i dfantost
TAT- HOXB4H protein four tinmes per day for 4 days. Experinental group
Il (n=5) weesupoy Bicddctiontin@vies post cellvaridthdfeby Gre esplikfieBWont with the
TAT- 1- 10XB4H four tines per day and injected subcutaneously with 5 pg
per kg BW tibs(gdadimd. 0mvidredadtScerfaiddtbrs Gr® bidbld 0@ty PRx@mskionand
control group Il were injected subcutaneously tw ce per day for 4 day

W th a dosefgénds dvied they aR\bedrafreditinkeBer BRGEVRorE 08 EbfdREto

harvested fromall nonkeys and anal yzed by a flow cytoneter to

She)Cob' P B S AL gy g g il )

eri ment al / GenéialexpiddibhMiGtokBf utility in recombinant DNA techniques are often in
the form of plasmids. In the present specification, “plasmid” and “vector” may be
used interchangeably as the plasmid is the most commonly used form of vector.
However, the invention is intended to include such other forms of expression
vectors, such as viral vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve equivalent functions.

[077] “Fransformation,” as used herein, refers to the insertion of an

exogenous polynuclectide into a host cell, irrespective of the method used for
insertion: for example, transformation by direct uptake, transfection, infection, and
the like. For particular methods of transfection, see further below. The
exogenous polynucleotide may be maintained as a nonintegrated vector, for
example, an episome, or aliernatively, may be integrated into the host genome.

[078] In general, the term “protein” refers to any polymer of two or

more individual amino acids (whether or not naturally occurring) linked via peptide
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| . TAT-HOXB4H (10 ii.g/kg) 0.62 II. TAT-HOXB4H (101. 1g/kg) + G CSF (5
pg/ kg) 0.38 Control 1 (PBS) 0.07 Control 2 (G CSF, 51..ig/kg) O.28
[ 0100] As shown in Table 2, nonkeys (experinental group |) treated
wi th TAT-HOXB4H only showed a significantly better nobilization

effect than G CSF treated nonkeys (control group Il). The nonkeys
treated with TAT- HOXB4H and G CSF (experinental group Il) showed a

slightly better nobilization effect than G CSF treated nonkeys
(control grieRisis| #g occur when the carboxyl carbon atom of the carboxylic acid group

bonded to the a-carbon of one amino acid (or amino acid residue) becomes
covalently bound to the amino nitrogen atom of the amine group bonded to the
a~-carbon of an adjacent amino acid. These peptide bond linkages, and the
atoms comprising them (Le., a-carbon atoms, carboxy! carbon atoms (and their
substituent oxygen atoms), and amine nitrogen atoms (and their substituent
hydrogen atoms)) form the "polypeptide backbone” of the protein. In addition, as
used herein, the term “protein” is understood o include the terms “polypeptide”
and “peptide” (which, at times, may be used interchangeably herein). Similarly,
protein fragments, analogs, derivatives, and variants are may be referred to
herein as “proteins,” and shall be deemed io be a "protein” unless otherwise
indicated. The term “fragment” of a protein refers to a polypeptide comprising
fewer than all of the amino acid residues of the protein. As may be appreciated,
a “fragment’ of a protein may be a form of the protein {fruncated at the amino
terminus, the carboxy terminus, and/for internally (such as by natural splicing), and
may also be variant and/or derivative. A “darmain” of a protein is also a fragment,
and comprises the amino acid residues of the protein required to confer
biochemical activity corresponding to naturally occurring protein.

[079] "Recombinant’ as used herein to describe a nucleic acid
molecule means a polynucleotide of genomic, cDNA, viral, semisynthetic, or
synthetic origin which, by virtue of its origin or manipulation is not associated with

all or a portion of the polynucleotide with which it is associated in nature. The
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[ 0101] Bone marrow speci nens from nonkeys treated wi th TAT- HOXB4H,

G CSF or PBS were further phenotyped using FITC conjugated anti body
to CD34+ (Becton Dickinson) and anal yzed by a fl ow cytoneter. Bone
mar r ow speci nens from nonkeys treated with TAT-HOXB4H (Fi gure 6C)
appears significantly richer in CD34+ stemcells than bone marrow
speci nens from G CSF (Figure 6A), TAT-HOXB4H + G CSF (Figure 6B) and
PBS (Figure 6D) injected nonkeys. Exanple 8: Effect of Reconbinant
TAT- HOXB4H tEnbrresamignanieas tessbvigh raspeside evseigin or pabpestiticonmprea
[0102] 104 hurman Lin-/CD34+ cells were injected into irradiated (2.5
Gy) NOD- Lt $plypeplittespodugaddn sprassion of @ reaprobigami pdyruoBotiis 4-

irradi ated accessory cells. The mce are divided into two groups
random y: one gi080p ( n=28jisalated)’ puwiticed ‘sulstamiehydadbigdiar isubBtandjather
kg SWof reconbi nant TAT-HOXB4H protein tw ce per day, and the other
(n=28) r eceurddndBsile (siuck aperpapeptidher polwaelenédefis boatirat GBd beegel | s
in the peripheral blood cells of all mce was neasured periodically
by fl ow cytmamigulatedtd exisitin ardgheanbadentratiorrihamtiopatued. | ¢-or ex@vipley anwas
eval uated as the nunber of m ce whose human CD45+ cells reached

| evel s of =QObjéébprotejreisiiguiated | pudfieddubBB)itialfytislated anrsubsahtdllypurifiés
shown in Figure 7, inproved hematopoietic recovery was observed in
the m ce i njhentatibast 5% B0 280% ,T85F4 HIOXBAK % SE%. 98% Fodapds2, 9:

Ef fect of Reconbi nant TAT- HOXB4H Protein on Henat opoi etic Recovery
in Bal b/ c g6%g ord, €8%Coew @irhdle Gl aBRishbeaPyrofH Maldrianeeilty @hidh Bas b/ c
mce were repeatedly injected intravenously wth cisplatin until the

number of  bySoddted ineatGtae ®ebh Serndvae ! iNshpka helli®am ‘Holdtbe” m ce
decreased to approximately 10% of the original nunber. The mce

treated w tguriibg,pltaibstangalRy ishixiede Gr 'siibetaniBIyIAHEs” hakdaElinciuare
group (n=28) was injected intravenously with 10 pg per kg BW of

r econbi nantechbind@XBbiddalaat ei n twi ce per day, and the other (n=28)
received PBS twi ce per day. The presence of Ly5 cells in the

peripheral bl ogda¢e! | s LfS@DImBlge idNdfoliBa Py dRfioP 868 c6Rbingdby 1 ow
cytonetry after transplantation. Hematopoietic recovery rate was

g}/gggaz gd AsmlRGiefRicREPEFIRorRE (SO)WHBR taldes' sReefddfécts th T | pher al
development of the immune system. These mice are deficient in, or completely
lack, bofh T and B lymphocytes. The SCID mutation appears to impair the
recombination of antigen receptor genes, causing a lack of functional T and B
lymphocytes. Other hematopoietic cell types appear to develop and function
normally.  SCID mice readily support normal lymphocyte differentiation and can
be reconstituted with normal lymphocytes from syngeneic or allogeneic mice, or
with human lymphocytes. These mice also support the growth of allogeneic and
xenogeneic tumors. Therefore, SCID mice, which allow disseminated growth of

a number of human tumors, particularly hematologic disorders and malignant

melanoma, can be used to investigate malignancies.
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the original nunber. As shown in Figure 8, inproved henat opoietic
recovery was observed in the mce injected with reconbi nant
TAT- HOXB4H pr ot ei n. [0104] The aninmal nobdels used in these
experinments have been recognized in the art as predictive of results
that will be obtained in human patients. See, e.g., Broxmeyer et al.
(2005) The Journal of Experinental Medicine, 201, 1307-1318;
Larochelle at al . (2006) Blood 107, 3772-3778. Y JO105] Al t hoggh
the invention H8%2been TORpEHEISHERDIERL T Bddush” testtand, Refigiisare use
enbodi nents, it is to be understood that many ot her possible
nodi fi cat i Bieschangeghly hateintnsrefaiio pdiving dainglt ReHing&Jaeamand fom t he
spirit and scope of the invention as hereinafter clained. _
Sequence Li&t-hwgan epimabe qliemaudiedst stavniprexamplenpe aR@IoaniEY PREFEISING
CHI - HUNG <120> METHOD OF PRODUCI NG RECOVBI NANT TAT- HOXB4H PROTEI N FOR
USE AS A Smmaneeells RpaitrnlcropERNStq antigenio simgdaiionoamdstyogatonoand
<140> 12/ 042,097 <141> 2008-03-04
inhibitory signal transduction through cell surface receptor binding. The subject
may be a mammal, such as a human or non-human mammal, for example, dogs,
cats, pigs, cows, sheep, goats, horses, rats, and mice. The term “subject” does
not preclude individuals that are entirely normal with respect to a disease, or
normal in all respecis.

[083] The term “treatment” refers to a therapeutic or preventative
measure. The treatment may be administered to a subject having a medical
disorder or who ultimately may acquire the disorder, in order to prevent, cure,
delay, reduce the severity of, or ameliorate one or more symptoms of a disorder
or recurring disorder, or in order to prolong the survival of a subject beyond that
expected in the absence of such treatment.

[084] The term “therapeutically effective amount” means the amount
of the subject compound that may elicit a desired response, for example, a
biological or medical response of a tissue, system, animal, or human that is
sought, for example, by a researcher, veterinarian, medical doctor, or other

¢linician.

Examples
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<160> 5 <170> Patentln Ver. 3.3 <210> 1 <211> 57 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt heti c oligonucl eotide <400> 1 tatgcaccac caccaccacc actacggccg
caagaaacgc cgccagcgcc gccggcg _ 57 <210> 2

[085] The foliowing specific examples are to be construed as merely
illustrative, and not limitative of the remainder of the disclosure in any way
whatsoever. Without further elaboration, it is believed that one skilled In the art
can, based on the description herein, utilize the present invention to its fullest
extent,

Example 1: Construction of Plasmid pET21b-His-pTAT-HOXB4-His

(a) __ The modification of pET21b plasmid containing N- and
C-terminal His Tag and TAT signal peptide.

[088] The expression vector pET21b containing N-terminal His tag

and a TAT signal peptide was generated by inserting oligonuclectides
5-TATGCACCACCACCACCACCACTACGGCCGCAAGAAACGCCGCCAGCGC
CGCCGGCG-3 (sense) and 8-CTAGCGGCGCTGGCGGCGTTTICTTGCGGCC
GTAGTGGTGGTGGTGGTGGTGCA-3 (antisense) into pET21b plasmid, The
C-terminal His-Tag is already present in the pET21b vector.

(b} Cloning of HOXB4 into modified pET21b expression vector

[087] A DNA fragment containing the open reading frame (ORF) of
HOXB4 and additional 6 histidine coding sequence was obtained by PCR
amplification using plasmid MGC54130 (GeneDiscovery, Taipei, Taiwan. Cat. No.
5533348) as the template, and the PCR-generated HOXB4 cDNA fragment was
subcioned info the modified pET21b expression vector. Plasmid construction

and nucleic acid sequences are shown in Figures 2 and 3.
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<211> 53 <212> DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 2 ctagcggcgc
tggcggegtt tcttgcggec gtagtggtgg tggtggtggt gcab3 <210> 3 <211> 840
<212> DNA <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence: Synthetic pol ynucleotide

Example 2: Expression of Recombinant TAT-HOXB4H Protein in E. coli

[088] The pET21b-His-TAT-HOXB4-His expression vector was
transformed into E. cofi strain BL21(DE3)pLysS (Novagen). The transformed
cells were grown overnight at 37 °C.  The overnight-grown cuiltures were diluted
to an initial OD600 of 0.05. The cultures were then grown to an OD600 of 0.5 at
37 °C, induced with 1 mM isopropyl-beta-D-thiogalactopyranoside (IPTG) at 37 °C
for 3 hr, with vigorous shaking.

Example 3: Purification of Recombinant TAT-HOXEB4H protein

[089] Following induction, cells were harvested by centrifugation and
resuspended in Buffer A (8 M Urea, 20 mM HEPES, 0.5 mM DTT and 100 mM
NaCl, pH 8.0). The cell suspension was passed three times through a French
press, and the cell lysate cleared by centrifugation at 20,000 x g for 30 min at 4 °C,
adjusted the supernatant to 10 mM imidazole and loaded on the HisTrap
chelating columns (Amersham Pharmacia). Bound proteins were eluted with 50,
100 and 250 mM imidazole in buffer A. TAT-HOXB4H containing fractions were
loaded on a MonaSP column in Buffer B (4 M urea, 20 mM HEPES and 50 mM
NaCl, pH 6.5), eluted with 1.5 M NaCl and 20 mM HEPES (pH 8.0).

Example 4: Renaturation of Recombinant TAT-HOXB4H Protein

[090] The TAT-HOXB4H protein in the eluted fractions was
solubilized and denatured in a solution containing denaturing salt (e.g., guanidine
hydrochloride) and then it was mixed with D-PBS-T buffer (0.1% Triton X-100 in
2x PBS). The ratic of the TAT-HOXB4H protein solution to D-PBS-T buffer was

1:4. The resultant mixture was added to a 10K centricon tube (50 ml or 15 ml)
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<400> 3 atgcaccacc atggctatga gaggaatatt ggccagaggc accgtgcagc
ccgccgeccc gecctcecctec ccctgegecc gtctacccect accaccacca gttetttttt
cacagagcga gagagagcag gctacgcggc cgccaccgcc cggagcccgg agaaccccct
ggat gcgcaa ctacggccgc gatcaactca ttacctaccc cttccagccg ctgccgggac
cggtctgtcc ccagcgctgc gcaccccagc agttcacgtg aagaaacgcc aactatgtcg
agcgaccact gaggcgggct cctgggcccc cctcgggctc gaggcggtca ccgtcccact
agcacggt aa ccagcgccg ccgﬁgctagc 60 accccaagtt ccctccatgc 120

cgcccgggt apﬁ%%%?@&%‘@'&wqfeo Hogicd Gty 289 gt Eugaroat 0L gereec 10 min.
gccaccaccc 300 ct gcgccgcc accg%c_cggé 360 gcagcagccc cccgccgect 420
ccgegt gcaa nlgEterdhe danguine sdbiste 3%@%}7{; dugffer in which Triton

X-100 is capable of binding with the hydrophobic region of the HOXB4H protein.
[091] This step of ultrafiltration or buffer exchange using 10K
centricon was performed ten times with solution containing different
concentrations of beta-cyclodextrin (two times of each 1 mM, 2 mM, 3 mM, 4 mM
and 5 mM beta-cyclodextrin in storage buffer IMDM by centrifuging at
1000-2500 x g for 10 min. The remaining sample in the 10K centricon tube

was collected and stored at -807C.

[092] Homogeneity of the purified TAT-HOXB4H protein was
analyzed by SD8-polyacrylamide gel followed by coomassie staining (figure 5).
As shown in figure 5, TAT-HOXB4H purifted from HisTrap and MonoSP resulted
in 3-4 fold yield compared to that of the TAT-HOXB4 protein. The
pTAT-HA-HOXB4 plasmid was a gift from Dr. Guy Sauvageau, University of
Monireal, Canada. This plasmid was transformed into BL21{DE3)pLysS
(Novagen) and the purification of TAT-HOXB4 protein was performed as
described In Krosl et al, 2003,

Example 5: Stahility of Recombinant TAT-HOXB4H protein

[093] The Stability of the TAT-HOXB4H was measured by
SDS-pelyacrylamide gel analysis. Upon storage full length TAT-HOXB4H can be
degraded into 30 kD and 10 kD fragments. As shown in figure 8, TAT-HOXB4H
protein produced by the method of this invention was stable even after 16 hours

stored in PBS at 4 °C.
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41 Sequence Listing.txt cgcctacacg cgccagcagg tcttggagct
gacacggcgc cggagggt gg agatcgccca gatctggttc cagaaccggc gcat gaagtg

gat ccgct cg ggt ggt gcgg caggct cagc cccccgegeg ctcctcgagc accaccacca
<210> 4 <211> 279 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic polypeptide <400> 4 Met
Hs Hs Hs Hs Hs Hs Tyr Ay Arg Lys Lys Arg Arg G n Arg 151015

[094] Further, the stability of TAT-HOXB4H protein stored at 4 °C and
-20 °C in PBS and storage buffer IMDM was analyzed by 10%
SDS-polyacrylamide gel electrophoresis followed by coomassie staining. As
shown in figure 7, when IMDM was used as a storage buffer, the stability of the
TAT-HOXB4H protein was maintained even after 4 weeks.

Example 6: Effect of Recombinant TAT-HOXB4H Protein on Hematopoiesis
in Wild Type Balb/c Mice

[085] Balb/c mice were used fo investigate the possible effect of
recombinant TAT-HOXB4H protein on mobilization of HSCs from bone marrow fo
peripheral blood, TAT-HOXB4H recombinant protein in phosphate buffered
saline (PBS) was administered by subcutaneous injection four times per day for 4
days. To examine dose-responsiveness, experimental groups (n=21) received a
dose ranged from 1 g, 5 pg, 10 pg, 16 pg ... to 100 pg per kg BW per mouse.

A separate group of control mice received phosphate buffered saline only, and
another group of control mice were injected subcutaneously twice per day for 4
day with a dose of 5 jig per kg BW of G-CSF per mouse.

[0986] Peripheral blood was harvested from all mice and analyzed by a
flow cytometer to obtain the percentage of CD34" stem cells in mononuclear cell

{(MNC). The resuits are reported as the mean + s.d. in Table 1.

Table 1
Group TAT-HOXB4H (ngrkg) CD34"/MNC (%)
{Experimental/Control}
1 1 0x0.03
2 5 0.3+0.05

35



Arg Arg Ala Ser met Ala net ser ser phe Leu Ile Asn Ser Asfl Tyr
202530 Va] Asp Pro Lys Phe Pro Pro cys clu clu Tyr Ser G n 5cr Asp
Tyr 354045 Leu Pro ser Asp H's Ser 50 Qu Ser Ser Phe G n 65 Pro
Gy Tyr Tyr Ala Ay Ely Gn Arg Arg 5560 Gu Ala Ay phe Gy Arg Arg
Ala Ala Cys

Group TAT-HOXB4H (ug/kg) CD34 /MNC (%)
{Experimental/Control)

3 10 0.45%0.03

4 15 0.42 + 0.01

5 20 0.38 £ 0.05

6 25 0.41 £ 0.02

7 30 0.35 £ 0.21

8 35 0.33x0.11

9 40 0.29+0.186

10 45 0.46 £ 0.01

11 50 0.45x0.02

12 556 0.42 +0.06

13 60 0.44 £ 0.02

14 65 C.41 % 0.04

15 70 0.41£0.03

16 75 0.49 % 0.01

17 80 0.45 £ 0.04

18 85 0.46 £ 0.07

19 a0 0.44 £ 0.02

20 95 (.41 £ 0.01

21 100 0.42 £0.05

Control (PBS) 0 0.002

Control (G-CSF) 0 0.5+0.03

[097] The percentage of CD34"/MNC in peripheral blood harvested

from the treated mice is shown in Table 1. The TAT-HOXB4H treated
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80 Pro Pro Pro Pro Pro Pro 100 Ala Pro Ala Pro Pro Pro 115 Pro
Pro Pro pro Pro Ely Leu Ser Pro Arg 105110 Ala Ely Ala Leu Leu Pro

GQu Pro Ely Gn

experimental groups 3-21 (received a dose of 10 ug or above per kg BW) showed
substantially the same mobilization effect as G-CSF treated control group.

[0g8] Bone marrow from TAT-HOXB4H treated mice (Exp. Group 3
received a dose of 10 pg per kg BW), G-CSF treated mice, and PBS injected
mice were further phenotyped using FITC-conjugated antibody to CD34” (Becton
Dickinsen} and analyzed by a flow cytometer. Bone marrow from mice treated
with TAT-HOXB4H (Figure 5C) appears to be richer in CD34" stem cells
than bone marrow from G-CSF (Figure 5A) and PBS (Figure 5B) injected mice.
Therefore, these results indicate that injection of recombinant TAT-HOXB4H
proteins results in increased number of HSCs in both the bone marrow and
peripheral blood in mice.

Example 7: Effect of Recombinant TAT-HOXB4H Protein on Hematopoiesis
in Rhesus Monkey

[099] Male adult rhesus monkeys were used to investigate the
efficacy of recombinant TAT-HOXB4H protein in monkeys. Experimental group |
(n=5) were injected intravenously with 10 ug per kg BW of recombinant
TAT-HOXB4H protein four times per day for 4 days. Experimental group Il (n=5)
were injected intravenously with 10 pg per kg BW of TAT-HOXB4H four times per
day and injected subcutaneously with 5 ug per kg BW of G-CSF for 4 days.
Control group | received PBS only, and control group Il were injected
subcutaneously twice per day for 4 day with a dose of 5 g per kg BW of G-CSF.

Peripheral blood were harvested from all monkeys and analyzed by a flow
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120125 Arg Cys Qu Ala Val Ser Ser ser Pro Pro Pro Pro Pro Cys Al a
G n 130135140 Pro Leu H's Pro Ser Pro- Ser His Ser Ala cys Lys Qu
Pro Val 150155160 Val Tyr Pro Trp Met Arg Lys Val 165 His Val Ser Thr
Val Asn 170 Pro Asn 175

cytometer to obtain the percentage of CD34” stem cells in mononuclear cell

(MNC), The results are presented in Table 2.

Table 2
Group CD34"/MNC (%)
{Experimental/Controf)
|. TAT-HOXB4H (10 ug/kg) 0.62
. TAT-HOXB4H (10 pug/kg) + G-CSF (5 ug/kg) 0.38
Control 1 {PBS) 0.07
Control 2 (G-CSF, 5 ug/kg) 0.28

[0100] As shown in Table 2, monkeys (experimental group |) treated
with TAT-HOXB4H only showed a significantly better mobilization effect than
G-CSF treated monkeys (control group 1I}. The monkeys treated with
TAT-HOXB4H and G-CSF (experimental group II) showed a slightly better
mobilization effect than G-CSF treated monkeys (control group ).

[¢101] Bone marrow specimens from monkeys treated with
TAT-HOXB4H, G-CSF or PBS were further phenotyped using FITC-conjugated
antibody to CD34" (Becton Dickinson) and analyzed by a flow cytometer. Bone
marrow specimens from monkeys treated with TAT-HOXB4H (Figure 6C)
appears significantly richer in CD34” stem cells than bone marrow specimens
from G-CSF (Figure 6A), TAT-HOXB4H + G-CSF (Figure 6B) and PBS

(Figure 6D) injected monkeys.
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Tyr Ala Ay Ely GQu Pro Lys Arg Ser Arg Thr Ala Tyr hr Arg G n
180185190 G n Val Leu Qu Leu Qu Lys Au he H's Tyr Asn Arg Tyr Leu
Thr 195200205 Arg Arg Arg Arg Val Qu Ile Ala Hs Ala Leu Cys Leu Ser
G u Arg 210215220 Gn lle Lys Ile Trp Phe Gn Mh Arg Arg nmet Lys Trp
Lys Lys Asp 225230235240 His Lys Leu Pro Mh Thr Lys Ile Arg Ser Ay
Ely Ala Ala Ely Ser 42

Example 8: Effect of Recombinant TAT-HOXB4H Protein on Hematopoietic_
Recovery in NOD-SCID Mice

[0102] 10* human Lin/CD34" cells were Injected into irradiated (2.5
Gy) NOD-LtSz-scid/scid (NOD-SCID) mice, along with 10° CD34™ irradiated
accessory cells. The mice are divided into two groups randomly: one group
(n=28) was injected intravenously with 10 pig per kg BW of recombinant
TAT-HOXB4H protein twice per day, and the other (n=28} received PBS twice per
day. The presence of human CD45" cells in the peripheral bload cells of all mice
was measured periodically by flow cytometry after transplantation.
Hematopoietic recovery was evaluated as the number of mice whose human
CD45" cells reached levels of >0.1% in peripheral blood (PB) after transplantation.
As shown in Figure 7, improved hematopoietic recovery was observed In the mice
injected with recombinant TAT-HOXB4H protein.

Example 9: Effect of Recombinant TAT-HOXB4H Protein on Hematopoietic
Recovery in Balb/c mice After Cisplatin Chemotherapy

[0103] 5 week-old Balb/c mice were repeatediy injected intravenously
with cisplatin until the number of Ly5 (murine CD45} cells in peripheral blood of
the mice decreased to approximately 10% of the original number. The mice
treated with cisplatin are divided into two groups randomly: one group (n=28)
was injected Intravenously with 10 ug per kg BW of recombinant TAT-HOXB4H
protein twice per day, and the other {n=28) received PBS twice per day. The
presence of Lyb cells in the peripheral blood cells of all mice was measured
periodically by flow cytometry after transplantation. Hematopoietic recovery rate

was evaluated as the percentage of the number of Ly5 cells in peripheral blood to
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Sequence Listing. txt 245250255 Ala Ay Gy Pro Pro Gy Arg Pro Asn
Gy Gy Pro Arg Ala Leu Leu 260265270 Qu H's Hs His HHs H S Hi s
275 <210> 5 <211> 6 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial sequence: Synthetic fix his tag <400> 5 Hi s
Hs Hs Hs Hs Hs
the original number. As shown in Figure 8, improved hematopoietic recovery was
observed in the mice injected with recombinant TAT-HOXB4H protein.

[0104] The animal models used in these experiments have been
recognized in the art as predictive of results that will be obtained in human
patients. See, e.g., Broxmeyer et al. (2005) The Journal of Experimental
Medicine, 201, 1307-1318; Larochelle et al. (2008) Biood 107, 3772-3778.

[0108] Although the invention has been explained in relation to its
various embodiments, it is to be understood that many other possible

modifications and variations can be made without departing from the spirit and

scope of the invention as hereinafter claimed.
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15 dainms 1. A nmethod of producing a TAT-HOXB4H protein conpri sing:
(a) providing a host cell conprising a vector encoding the protein,;
(b) expressing the protein in the host cell; (c) collecting an inpure
sol ution of the expressed protein; (d)sgments iLinginhexprotein fromthe
sol ution by: (i) applying th@esE%UEHQ N a HisTrap col unm

(i) washing tfie. WS Teqpyes! um; 4 EIiI? elfuting the partially
purified protein fHuaret kerdHusdrap colum to forma partially purified

rotein sol uti X
P 1988 METHOD OF PRODUCING RECOMBINANT TAT-HOXE4H

PROTEIN FOR USE AS A STIMULANT OF HEMATOPOLESIS
IN VIVO

10712.90001-00000

<140> 12/042,097
«141> 2008-03-04

<l160> 5
<170>
<2i0> 1

<211> 57

<212> DNA .

<213> Artificial Sequence

<220>
<223>

<130>

PatentIn Vver. 3.3

Description of Artificial Sequence: Synthetic
oTigonucleotide

<400> 1

tatgcaccac caccaccace actacggcecg caagaaacgc cgccagcgcec geecggeg 57

<210> 2

<211> 53

<212> DNA

<213> Artificial Sseguence

<220>
<223> pescription of Artificial Sequence: Synthetic

oligonucleotide

<400> 2

ctagcggege tggoggogtt tcttgcggec gtagtggtgg togtggtggt gea 53

<210> 3

<211> 840

<212> DNA

<213> Artificial Sequence

<220 o L .
<223> pescription of Artificial sequence: Synthetic

polynucleotide

<400> 3

atgcaccace
atggctatga
gaggaatatt
ggccagaggc
accgtgcage
ccgecgeece
gcecctectec
ccetgegeee
grtctaccect

accaccacca
gttctrtTtt
cacagagcga
gagagagcag
gctacgcgge
cgccaccgec
cggagccegyg
agaacccect
ggatgcgcaa

ctacggecge
gatcaactca
ttacctaccce
cttccagceeg
ctgccgggac
cggtctgtcc
ccagcgcectgce
gcaccccage
agttcacgtg

aagaaacgcc
aactatgteg
agcgaccact
gaggegggcet
cctgggececc
cctecgggetc
gaggeggtca
ccgteocact
agcacggtaa

41

gccagegecg
accccaagtt
cgeecgggta
tcgggeggcg
cgecgectec
ctyegecgee
gcagcagcce
ccgcgtgcaa
accccaatta

ccgegetage
ccctecatge
ctacgceggc
cgcggegtge
gccaccacce
acccgecgag
cccgeegect
agagccogtc
€gccggcggg

60

120
180
240
300
360
420
480
540




(iv) applying the partially purified protein solution to a MonoSP
col umm; (v) washing the MonoSP col um; (vi) eluting the
purrfred protein fromthe MonoSP columm in denatured form (e)

ref ol di ng the el ut ed denatured prote| IFeaeEng 0 cgcon% §00
oy s et e el el R AT B
of hydrophobr %C@E @t@tgea@tgagahaaaagac 72 0
hydr ophobi ¢ cetgaautdis tcaacaccaa gat c alqgrt gtcg@ cgg;gqﬁﬁg}'nceﬁagg e
and hydr opholsEtaaceegso 6FRR$ 99399 oFCAF #9549 d'é;§5t ee° BrOtEr el o

hydr ophobi ¢ conpound sol uti on; (ti1) renoving the hydrophobic
conpounds framg-he desalted protei n solution using ultrafiltration.

2. The net hod<@11>cl2&9m 1, wherein the H sTrap col umm washi ng buffer
corrprlses8r$'§ g mylg—ggg@ 0.5 nmM DTT, 100 mM NaCl, pH 8.0 and
10 M i mi dazof& rmﬁ)ce met hod of claim 1 wherein the eI uting buffer

to elute thes a(btlall urif r. of 2R col um conpri ses
at |east 50 g ‘JEW%F%”Q’ SRRt a8 C M D 200"
Nadl, pH 8.0. 4 T

od of claim1l1, wherein the eluting buffer to
el ute t he paKEO(kI By purjf

Met His His His HTS His His Tyr Gly Arg Lys Lys Arg Arg Gln Arg
1 5 10 15

Arg Arg Ala Ser Met Ala Met ser S%E Phe Leu Ile Asn Sgs Asn Tyr
20

val Asp Pro Lys phe Pro Pro cgg Glu Glu Tyr Ser 512 ser Asp Tyr
35

Leu Pro Ser Asp His ser Prg Gly Tyr Tyr Ala G%% cly Gln Arg Arg
50 5

Glu ser Ser Phe Gln pro Glu Ala Gly Phe Gly Arg Arg Ala Ala Cys
65 70 75 80

Thr val G61n Arg Tyr Ala Ala Cys Arg Agg Pro Gly Pro Pro ng PTo
85

pro Pro Pro Pro Pro Pro Pro Fro Pro Fro Pro Gly Leu Ser Pro Arg
100 105 110

Aja Pro Pro Pro Ala Gly Ala Leu Leu Pro Glu Pro Gly GIn
Ala Pro 115 120 125

n
Arg Cys Glu Ala val Ser Ser Ser Pro Pro Pro Pro Pro Cys Ala G
g 1%0 135 140

Asn Pro Leu His Pro Ser Pro-Ser His Ser Ala Cys Lys Glu Pro val
145 150 155 160

Trp Met Arg Lys val His val Ser Thr val Ash Pro Asn
val Tyr Pro Trp 125 g Ly val pre

- Glv Glu Pro Lys Arg ser Arg Thr Ala Tyr Thr Arg Gin
Tyr Ala Gly 18% Y 185 190

G1n val Leu Glu Leu Glu Lys Glu Phe His Tyr Asn Arg Tyr Leu Thr
195% 200 205

Ara Arg Arg Arg val GTu Tle Ala His Ala Leu Cys Leu Ser Glu Arg
"9 218 9 Ard 215 220

Trp Phe GIn Asn Arg Arg Met Lys Trp Lys Lys Asp
gég Tle Lys Tle Trp 230 235 240

His Lys Leu Pro Asn Thr Lys Ile Arg Ser Gly Gly Ala Ala Gly Ser
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protein fromH sTrap col um conprises 50-100 mM i m dazol e. 5. The

met hod of claiml, wherein the eluting buffer to elute the partially
purified protein fromHi sTrap columm conprises 100-250 nM i m dazol e.
6. The nethod of claim 1, wherein the Sbnett coduinmtwaishi ng buffer
conprises 4 Murea, 20 mM24EPES and 50 nM¥8C, pH 6.5. 72>The

nmet hod of cl aj el e i fdrergtyor@ NiEe athgepurdyf i ed
protein from Wn%g’P%IEEgﬁrgg@ngr i %g%ggg Cil\/?Na and 9§@7W HEPES, pH
8.0. 8. The t hod of ¢l a'.mj%.,. wherei n the hydrophobi ¢ conpounds
conprise Trith 9(1%@1§Né€h§ S07"%ol ybenzene conpounds 9. The

met hod of claim1, V\Lerei n the ultrafiltration process is carried out
by centricon ¢idlfe or a stir-cell. 10. The nmethod of claim 1, wherein
the purified ﬁﬁzegr{q was stored in | VDM or DVEM

<213> Artificial Sequence

<220> L )

<223> Description of Artificial Sequence: Synthetic 6x
his tag

<400> 5 . ' .
His His His His H1§ His

43




11. The method of claim9, wherein the ultrafiltration process is
carried out using 10K centricon ten tinmes wth solution containing
different concentrations of beta-cyclodextrin. 12. Use of a

TAT- HOXB4H protei n produced by the nmethod of claim1 for the

manuf acture of a pharmaceutical conposition for enhancing the
nmobi | i zati on of ASOS from bone marrow to peripheral blood in a
subject. 13. e use of claim12, wherein the subject in need
thereof is a HSC donor. 14. The use of claim 12, wherein the subject

in need thereof, is _a patient having undergone, aut ol ogous HSC
transpl ant’at i orf* methed of prodyciae aﬁﬁapﬁ%ﬁpmﬁg}wr{swg: subject in

P ( . or : ;
need thereof 1,8 r7ilaandsGRA cbnyRsiRRh V&M rencdfing thE§rdtsig; of clai m
15, wherein the subject suffers fromdiseases caused by Inherited HSC
deficiency. 17b)srmeessine thefprasemiimibediosiniely ei n t he subj ect suffers
frominherited I i nem a. .3, e use of claim12, wherein the
subj ect suff ers(gﬁcrogiréétgl fﬁén urgfso%lé%%?%;}q%ﬁpé%ﬁse d}i”s?%)e%l}:lers, solid
tunors, and i m@Enmiridging de pdotsmrichet the solhflon Bire use of claim 12,
wherein the hematol ggi cgl. disorder is selected fromthe group
consi sting of Iynphzaﬁ@ﬁWPgﬁF wen ig g, Sﬂ?ﬁ’§gﬂm§eases and
nmyel oproliferative ¢isdsdREbShe HRPrap\ddtin@f; @ TAT- HOXB4H protein
produced by the nethod of claiml Por t he manufacture of a
phar maceut i cal (Eslvdsg theanrtfaly pivipedrictedn fror theddiseapyeolunretodprmaa

subj ect hg%hﬁ%yﬁﬂgg&%&@%hhggﬁhggnspIantation, irradiation or
py.

chenot her

(iv) applying the partially purified protein solution to a MonoSP column;
(v) washing the MonoSP column;

(vi) eluting the purified protein from the MonoSP column in denatured form;

(e) refolding the eluted denatured protein using hydrophobic compounds by:

(1) combining the eluted denatured protein and a solution of hydrophobic
compounds to form a solution of protein and hydrophobic compounds;

(ii) desalting the solution of protein and hydrophobic compounds to obtain a
desalted protein and hydrophobic compound solution;

(i1i) removing the hydrophobic compounds from the desalted protein solution using
ultrafiltration.
2. The method of claim 1, wherein the HisTrap column washing buffer comprises 8 M
Urea, 20 mM HEPES, 0.5 mM DTT, 100 mM NaCl, pH 8.0 and 10 mM imidazole.
3. The method of claim 1, wherein the eluting buffer to elute the partially purified
protein from HisTrap column comprises at least 50 mM imidazole in 8 M Urea, 20 mM
HEPES, 0.5 mM DTT, 100 mM NaCl, pH 8.0.
4. The method of claim 1, wherein the eluting buffer to elute the partially purified
protein from HisTrap column comprises 50-100 mM imidazole.
5. The method of claim 1, wherein the eluting buffer to elute the partially purified

protein from HisTrap column comprises 100-250 mM imidazole.

44




21. The use of claim 20, wherein the subject in need thereof is a HSC
donor. 22. The use of claim 20, wherein the subject in need thereof
IS a patient having undergone autol ogous HSC transpl antation. 23.
The use of claim 20, wherein the subject in need thereof is a

G CSF-i nsensitive patient. 24. The use of claim 23, wherein the

subj ect SL{Sf fer SF rrr?e'ﬂo% f%%%ie% &lﬁgr?ﬁ ono&fcol ﬁw'é'% d‘g&ijfer chP}%eg é

25. The use of claim réin ers omin
apl astic EMGiIi'ﬁaa?,OIIMHEPEG atld 60 afM Nadil rpHZ@s wherei n the subject

suffers fr on matol gi cal] disorders, solid tunors, and
i nmrunol ogi cal S’Fg@ids"fc ayg 1, %re‘tl}éé e Ppiing BRI spelutgils Riied Ripien from

hemat ol oglx\q@;iosqblesﬁﬁqueaompméﬁi SV BATYS ity ERER, GReY. Sting of

| ymphonas, [eukem as, Hodgki n's di seases and nyel oproliferative
di sorders 8. 28 Thmethedtofekirfl, wh@mmnﬂle hyfduerthibic covpwridsicogprisgsnitom- a

Hi s-tag at I f TAT HOXB4H. 29. The method of claim
1, furtherloyc}%rrﬁ%fg]lI P gﬂ»orig%ngene ?—l'ms tag at the CGterm nus of the

TAT- HOXB4HW.  3The 'ﬁfeﬂmﬂeﬁf badn of whéralnrrhehltlfiﬁihﬁﬁ@’f proogspis cairivg duebpvi ng
Hi s-tags %tenélg)en tl?; é Qr al\!;_urig C-termni of the TAT- HOXB4H.
10.  The method of claim 1, wherein the purified protein was stored in IMDM or
DMEM.,
11.  The method of claim 9, wherein the ultrafiltration process is carried out using 10K
centricon ten times with solution containing different concentrations of beta-cyclodextrin.
12. Useofa TAT-HOXB4H protein produced by the method of claim 1 for the
manufacture of a pharmaceutical composition for enhancing the mobilization of HSCs
from bone marrow to peripheral blood in a subject.
13. Theuse of claim 12, wherein the subject in need thereofis a HSC donor.
14, The use of claim 12, wherein the subject in need thereof is a patient having
undergone autologous HSC transplantation.
15.  Theuse of claim 12, wherein the subject in need thereof'is a G-CSF-insensitive
patient.
16. The use of claim 15, wherein the subject suffers from diseases caused by inherited
HSC deficiency.
17. The use of claim 16, wherein the subject suffers from inherited aplastic anemia.
18.  The use of claim 12, wherein the subject suffers from any one of hematological
disorders, solid tumors, and immunological disorders.
19.  The use of claim 12, wherein the hematological disorder is selected from the group
consisting of lymphomas, leukemias, Hodgkin’s diseases and myeloproliferative disorders.
20.  Useofa TAT-HOXB4H protein produced by the method of claim 1 for the
manufacture of a pharmaceutical composition for improving the recovery time of a subject

having undergone HSC transplantation, irradiation or chemotherapy.

45




31 . The use of claim 12, wherein TAT- HOXB4H does not conprise a
His-tag at the NNterminus. 32. The use of claim 12, wherein

TAT- HOXB4H does not conprise a His-tag at the Gtermnus. 33. The
use of claim 12, wherein TAT- HOXB4H does not conprise His-tags at
either the N or Ctermnus. 34. The use of claim 20, wherein

AT RO s SRR A Beldiad BB RS B M
t he C-term2us.The3fe oldGmEE whtretd @k Bb€Lt it e dleoF AT fi¥BAHvEiges not
conprise Htizn%:e}ggges au%iogti)ésr}{egc a'gnespllgl-ntagcrm.c- term nus.
23.  The use of claim 20, wherein the subject in need thereof'is a G-CSF-insensitive
patient.
24.  Theuse of claim 23, wherein the subject suffers from diseases caused by inherited
HSC deficiency.
25.  Theuse of claim 24, wherein the subject suffers from inherited aplastic anemia.
26.  The use of claim 20, wherein the subject suffers from any one of hematological
disorders, solid tumors, and immunological disorders.
27.  The use of claim 26, wherein the hematological disorder is selected from the group
consisting of lymphomas, leukemias, Hodgkin’s diseases and myeloproliferative disorders.
28. The method of claim 1, further comprising removing a His-tag at the N-terminus of
the TAT-HOXB4H.
29. The method of claim 1, further comprising removing a His-tag at the C-terminus of
the TAT-HOXB4H.
30. The method of claim 1, further comprising removing His-tags at the both N- and C-
termini of the TAT-HOXB4H.
31. The use ofclaim 12, wherein TAT-HOXB4H does not comprise a His-tag at the N-
terminus.
32. The use ofclaim 12, wherein TAT-HOXB4H does not comprise a His-tag at the C-
terminus.
33. The use of claim 12, wherein TAT-HOXB4H does not comprise His-tags at either
the N- or C-terminus.
34. Theuse of claim 20, wherein TAT-HOXB4H does not comprise a His-tag at the N-
terminus.
35. The use of claim 20, wherein TAT-HOXB4H does not comprise a His-tag at the C-
terminus.
36. The use of claim 20, wherein TAT-HOXB4H does not comprise His-tags at either

the N- or C-terminus.
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