METHOD OF PRODUCI NG RECOVBI NANT TAT- HOXB4H PROTEIN FOR USE AS A

STI MULANT OF HEMATOPO ESIS IN VIVO Field of the Invention [001] 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 st abi METHODOF PRODUCING RECOMBIRANT TATHORBAHI PROTEIN ©
admi ni stration ofoRNISENPASTIMIASKKNT'CR REMATOPOIESKEIN Vo[ 002] The

growing interest in regenerative mnmedicine has fueled the search for
organ-specific stemor self-renewing cells. The best studied
popul ation of self-renewing cells is the hematopoietic stemcells

(HSCs) as they are innovative OFféIH%?gﬁﬂn#errﬁﬁsznt of diseases from
cancer to netabolic disease to _ s. [003] The process
of blood cell [dpnmati qpeWresaRYnVerfioAtElatdy tB? n&l %ﬁg r@‘ﬁbbﬁo@é fhethod

repl aced through the division of HSCs [ocated int one marrow 1s
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peri pheral bl ood, and unbilical cord bl ood §UC_:B) has been

yield, which allows for successful in vivo administration of this protein.

Background of the Invention

[002] The growing interest in regenerative medicine has fueled the
search for organ-specific stem or self-renewing cells. The best studied
population of self-renewing cells is the hematopoietic stem cells (HSCs) as they
are innovative options for treatment of diseases from cancer to metabolic disease
to immunodeficiencies.

[003] The process of blood cell formation 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 genetic mechanisms responsible for the control of
self-renewal and differentiation outcomes of HSC divisions remain largely

unknown.



used clinically to treat henatopoietic cancers (|l eukem as and

| ynphomas) and to aid i nmune systemrecovery from hi gh-dose

chenot herapy of non-henatopoietic cancers. However, efficient

transpl antation requires substantial amount of HSCs fromdifferent
sources and nmay require expansion. [005] HSCs can be originated from
bone marrow, peripheral blood and UCB. The extraction of bone marrow
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regul ati on of gene exElr ession and the differentiation in stemcells
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factor switches various cellular processes through binding to
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cel lular concentration. A group of transcription factors called DNA
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enbryogenesis. Recently, HOX famly is also found to be Involved in
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from the hematopoiesis compromised patient who suffer from illness or
chemotherapy. UCBs are relatively easier obtained and the quality of HSCs is
much higher, however, the number of HSCs obtained from this approach is still
limited. Cell number from each extraction is sufficient for a child, but may be
insufficient for an adult. To overcome this potential problem, a new approach
that facilitates HSC proliferation in vitro by intervening stem cell self-renewal
process is indeed necessary for HSC transplantation.

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

factors called DNA binding homeobox (HOX) was previously found to play a major



regul ati on of HSC self-renewal by HOX transcription factor was
studied by Dr. Quy Sauvageau fromthe University of Montreal.
Sauvageau's group showed that honmeobox gene HOXB4 is critical in the
regul ati on of HSC self-renewal for its ability of maintaining HSC
popul ation in bone marrow. HOX genes expressed in blood cells was
first observed in human and nouse cell |ines. Sone types of HOX

genes ar eoleXneatspshanRisili Radehtly, HOXImMKR #180 foundRehe WbbIlEd pEiET S
are specifically expressed in certain type of cells or certain tine
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HOXB cluster are expressed in early stage of erythrocyte
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and HOXA10 are st enriched.in erythrocyte progenitor cells. )
However , %95}@ @?”&r"ggggﬁr‘%%@éﬁ rﬁ?u@%_%gg{ula @ PEHSGusaihremswabiss s B4
(HOXB4) gene was recently denonstrated to effectively expand HSCs in
a ret r ovieP8ity efrmaiatainipg pepPdlation irf beng MREEBRDIHAKGeneaRXpIEEBad in
proteins were used to expand stemcells in the | aboratory scale
wi t hout bleedraedir wefs firel oliservesl inihvsean anh mouseset linesir eSoineHy el
marrow stromal cells (See Krosl, J. et al., Nature Medicine 9,
1428- 143202 068¢s athexpeéssed, uditdidbislyin oadibns csll typeu) while/othesdares a
stinmulant to pronpte HSCs expansion in vitro (Figure 1). 3 [007]
Recent egpdsfieslyioxgrasztath taadin bybeetddlg o cEAInRIHE Sbihts §§ﬁt¥ﬂ*@e tag
at the N-term nus of HOXB4, exogenous HOXB4 can be delivere
development. For example, eight members of human HOXB cluster are

expressed in early stage of erythrocyte development. However, HOXB genes
such as HOXB4 and HOXB7 are also expressed in T cells and B cells.
Sauvageau's group confirmed that nine HOXA, eight HOXB and four HOXC
genes are expressed in CD34" bone marrow cells. Among these CD34" bone
marrow cells, HOXB2, HOXB9 and HOXA10 are most enriched in erythrocyte
progenitor cells. However, no HOX genes are expressed in CD34 cells.
Human homecbox B4 (HOXB4) gene was recently demonstrated to effectively
expand HSCs in a retroviral or recombinant protein form. Recombinant
TAT-HOXB4 proteins were used to expand stem cells in the laboratory scale
without the risk of retroviral insertion or co-culture with bone marrow stromal cells
(See Krosl, J. et al., Nature Medicine 9, 1428-1432, 2003). Therefore, HOXB4
protein is regularly used as a stimulant to promote HSCs expansion in vitro

(Figure 1).



into the cell. This TAT sequence directs the transportati on of HOXB4
from extracellular side into intracellular side. Upon entering the
cytosol, HOXB4 can be refolded into its native conformation by
chaperon HSP90. TAT-HOXB4 is able to pronote HSC proliferation to
2-6 fold (Ansellem S. et. al., Nature Medicine 9, 1423-1427, 2003;
Krosl, J. et. at., Nature Medicine 9, 1428-1432, 2003). However, the
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peri pheral blood or UCB stemcells and the expanded stemcells still
possess BHEitP pEPmPisldbErRpliferationterZ B fed (Amselenandeel. Bk, Naksged with
t he reconbi nant TAT- HOXB4H protein incorporated into the bone nmarrow
of  nonoieskcing Abe423 1427208 3¢ Kndsl nb ¢t ahmiMeduref Medlieine\d, (1M2B-19G2D)

m ce and human | eukocytes were detected in peripheral white bl ood

cel s, i 8008t iHuyveventha gietddi feeontbinxrit TRTSHOXBMSotdit fioa £l bolt e
mce. 4 [010] However, reconbi nant TAT- HOXB4H pr ot ei ns have never

been usgsing@éguiar periftatibn Pricddore RftoH &AL Opoi esis in vivo,
specifically, to enhance

[008] In an effort to increase the yield of the recombinant
TAT-HOXB4 protein, a method of making a TAT-HOXB4H protein with additional
six histidine residues tagged at the C-terminus was developed which resulted in
3-4 fold yield compared to that of the original protein after purification. The
resultant recombinant protein (TAT-HOXB4H) contains 6 histidine residues at the
C-terminus. This method was described in detail in the PCT application
PCT/CN2006/000646.

[009] It was shown that the recombinant TAT-HOXB4H protein can
be used to expand human peripheral blood or UCB stem cells and the expanded
stem cells still possess their pluripotency. Furthermore, the stem celis 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.



hemat opoi etic reconstitution, expansion, bone marrow re-popul ation
and to increase the nunber of peripheral circulating stemcells,
particularly after chenotherapy or irradiation. Krosl et al. (2003)
and Ansellemat al. (2003) were not able to obtain | arge anmounts of
hi ghly stable HOXB4 protein to be used in clinical studies to expand
HSCs. In the present invention, the total anmount of TAT- HOXB4H

protein obtai f@th]af t erHgweeh| reabimdmage TATAHOXBUANGRkih$ REVONd&rHen
froma 1 liter culture, while the total anount of TAT-HOXB4 protein

obt ai ned \@kt&efore s 4 sGRLiatt diHeMAodoibsis &5 viH! éwcﬁidéﬁxgégs RhbAge ar't
met hods generally ranges from1-2 ng. The pTAT-HA-HO pl asm d used

to expre A= Mol i SN L Qr . a gift
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of purifyj TAT- HOXBAH prot ei n ysjing the esent . invention
clearly i"lﬁtgl 3%1%]@? Qmﬁ%n%fpeeé@bgrqipg l#jafmggﬁt]em (é‘g ’H@ﬁ'&gl?gyf?t%r the in
vivo adm,nistration. Krpos| et al. (2 | so, reported that nopst of
Uhetr TAFTAGRDSTaRY 6t ireiaes: | K80t ab2009) 5 Amealas conl. (2pdarasm
with serum The present invention shows a sic();ni ficantly high

st abi | i t 'O ADIEAP-aitiniargpameus el kighlyrstable HOXRB4 psoteimiodie wsedink ey
factor for the use of TAT-HOXB4 protein in clinical studies. Summary
of the | wlisigel ¥Hdipsid pxmard bB&senin thesweséentrinventioas the: total ehmounéaf and
nonobvi ous nethod of producing the TAT-HOXB4H protein with high

yi el d and/sk-Eif)XB4l prateid obdained efter paificatio h genertlo rnmgesrfror AT GHEXB4AH
protein, when admnistered to a 5 subject in need thereof, increase
nunber offrdrSEs! liter bwlfufe ! JisildipadotEh BN BHUTA PO RBE HRdtelH Sdinkd afiey 0.

[012] One aspect of the invention relates to a nethod of producing a
purification from a 1 liter culture using prior art methods generally ranges from 1-2
mg. The pTAT-HA-HOXB4 plasmid used to express the TAT-HOXB4 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 even after 4

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

Summary of the Invention

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

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



TAT- HOXB4H protein. The nmethod conprises: (a) providing a host cel
conprising a vector encoding the protein; (b) expressing the protein
in the host <cell; (c) collecting an inpure solution of the expressed
protein; (d) purifying the protein fromthe solution by: (i)
applying the solution to a H sTrap colum; (ii) washing the H sTrap
columm; (iii) eluting the partially purified protein fromthe

Hi sTrap eabjegtint meddotheredf Aatieadt hinbérof HEESIh Yot theSsdnd indfrow(and
applying the partially purified protein solution to a MonoSP col um;

(v) washigagph&@l Merasrvieo! um; (vi) eluting the purified protein
fromthe MONoSP colum in denatured form (e) refolding the eluted

denat ured proteif usi hy.dr i ] i), C ining the
el ut ed denat ui@gj pr ot g?.' if %sﬁjée%ggf;@faar{l\?eﬁmﬁ# g%&?&épﬁﬁ%ﬁ}r&oqoé%ﬁﬁ%ﬁﬂgat o]
forma s ' rot.ei nand hydrophohi c _coppoungds; (i i desal ti ng
he sl uirHOREr Bl 5RR e SBT e e aBLmaYeny abesl o

desal ted rotei n and hydrophobi c compound solution; (iii) renoving

t he hydr SPRBHEEY & ¥eRIBERFOINGReRtelt dB) eadesyieg heprotginin te hpstng
ultrafiltration. [013] One aspect of the invention relates to a

net hod f 6€llidghegilectiag ap fraprishsalutian eidhe expressed prefein (e urifying¥ne o
peri pheral blood. The nethod conprises: a) adm nistering an

ef f ect i vereteipdremdiie soliim bBpXBApptying densolptiadioceHisTyap belumet; lfidds
described herein to a subject in need thereof , and b) allow ng the
TAT- HOXB&dshingtthi His Trap roheasgjil) bRitinh e phsialy phefiedprofein dromt ezoi eti ¢
stemcells in the bone marrow of the subject thereby enhancing the

mobi | i zaHigTrapicohmimtcRenel bartiahEpueRld srotdin EhRLIBE indPih@od  of
t he subject. [014] Another |!filspec)i".amof th%r i nvention (E\*eylryah?gyllsn 0 a

met hod f ggpﬁg@gggﬁyer&aﬁ SoRAIBKEE ¥ MbAES P lcofin? il FhsHIAY PMenEgpyOne
column; (vi) eluting the purified protein from the MonoSP column in denatured
form; (e) refolding the eluted denatured protei'n using hydrophobic compounds by
(i) 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; (iii) 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 absolute number of



i rradi ati on or chenot herapy. The nethod conprises: a) admnistering
an effective amount of a TAT-HOXB4H protei n produced by the nethods
described herein to a subject in need thereof, and b) allow ng the
TAT-HOXB4H protein to increase the absolute nunber of HSCs to the
bone marrow of the subject. [015] One aspect of the invention relates
to a pharmaceutical conposition for nobilization of HSCs from bone

narrow t epritdglicicéteR] &MY ih thetborsd Riafoly éﬂh@%@gjlebh@fe?égy eri¥hcing the
pharmaceutical conposition of the invention includes an effective

amount - Oty hiiAfoioRRéaRIRIGcTLBAE 80 1Y pditolBistPor flESEhIdRED

herein sufficient to i ncrease t abs

mar r ow of the ] ect r | ] Llizat] ff. HSCs to
the peripher !iqslg'gl oodAhPﬁ}eﬁgggﬁ{)}}bZ@% n’?&&@% ﬁ%@%h@%rﬁ% Sﬁif%ral
conposition of the inventjon e admnistered t atient having
Cinder gon Bigb oS sRONED 8, L naient Raing uht iake s0h G PP RBPlatB0er v
time after HSC transpl antati on, [017% The pharmaceutical conposition
of the i HAMRYMBCRIFMINEZRK niBe B1BOF GoRPHEes: @) Gepriaistesing ap
stimulating factor (G CSF)-insensitive patient as a substitute for
G CSF f oeffaetiiel arpauntsd aoFATSIRXB4H mselefherioduced bythe meitsjdsmirscribed
~pharmaceutical conposition of the invention may be admnistered to a
HSC donohersireted pubjechini negddhersof,i ardip) albwing theof ARSECIXB 4H tpeoteif to
collected for transplantation in a nmuch |ess invasive procedure from

t he peri jrivesade thblabsdiuteahirebet bBlHSTCsdo ties Bome FriapMywodf thai sibfsanor .
[ 019] Anot her aspect of the invention relates to treatnent of

di seases caupad] by i Oherdshest diSke dafdntibR RelktdaMo B St Haealtisal

adm ni stering an effective
composition for mobilization of HSCs from bone marrow to peripheral blood in a
subject in need thereof. The pharmaceutical composition of the invention
includes an effective amount of a TAT-HOXB4H protein produced by the methods
described herein sufficient to increase the absolute number of HSCs in the bone
marrow of the subject thereby enhancing the mobilization of HSCs to the
peripheral blood of the subject.

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

[017] 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 mobilization of HSCs to 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



anount of a reconbi nant TAT- HOXB4H protein produced by the nethods
descri bed herein or of a pharmaceutical conposition conprising the
sane to a subject suffering fromthe di seases. The adm ni stered
reconbi nant TAT- HOXB4H protein thereby increases the absol ute nunber
of HSCs in the bone marrow of the subject. [020] A further aspect of
the invention relates to a nmethod for inproving the recovery tine

af t er HS@ollé8s Pirardrbiaiation i ¥Shaoh kaklivvasA&Tproted @eifien &t sidmeave
anount of a reconbi nant TAT-HOXB4H protein produced by the nethods

descri be [ i osition conprising the
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same to a subject in need thereo still further aspect of
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patient recei i rradiation” or chenot herapy

adm nisterin n. eff.ecti unt of a yeconpi nant, TAT- HOXB4H ..
protei n GrUSKHL B RRHG AN By pledira et pisteging.An sifective
phar maceuti cal _conposjition.c rising the sane to a subject in need
t her eof . 2898t of a R blﬁ?ﬂ%ﬁﬁ%@“ﬁi%ﬁe&p@dwd by éhe gietpsisng
aspects and advantages of this invention may becone apparent from

t he fol | &FFIedsriN ef@pharpaceuticdl campesitpe semprisinglibe same to a
acconpanyi ng drawi ngs in which: [023] Figure 1 shows a schematic

r epr esensepjeohsufferimgirdm fae diseasds. HdEsadministe@Bd4ecahbinanb peri pher al
bl ood (PB) by in vivo expansion. [024] Figure 2 shows schematic

r epr esenfTallHAOXE4H progdin diedreby irnebses! thaiabgolate PUABeHIBEBsiimthe

nodi fi ed pET21 b vector.
bone marrow of the subject.

[020] A further aspect of the invention relates to a method for
improving the recovery time after HSC transplantation by systemically
administering an effective amount of a recombinant TAT-HOXB4H protein
produced by the methods described herein or of a pharmaceutical composition
comprising the same to a subject in need thereof.

[021]} A still further aspect of the invention relates to a method for
enhancing HSC recovery of a patient receiving irradiation or chemotherapy by
systemically administering an effective amount of a recombinant TAT-HOXB4H

protein produced by the methods described herein or of a pharmaceutical

composition comprising the same to a subject in need thereof.



[025] Figure 3 represents the DNA sequence of pTAT-HOXB4H. The
additional 6 histidine residues introduced at the N and Ctermni in
pPTAT- HOXB4H are underlined and TAT is highlighted. [026] Figure 4
shows the protein sequence of TAT-HOXB4H protein. [027] Figure 5
shows 10% SDS- pol yacryl am de gel (1.5 nm denonstration of the
purification of TAT-HOXB4H protein. The SDS-polyacrylam de gel was

stained wi th coomassi e bl ue. BERRBebcripBbADftAE Fi%@'eght mar kers (M,
0.3 g protein; lane 2, cell Tysate from uninduce 21( DE3) pLysS
cell's expr ESSEIEEJTAT' W@é%r'ég@fr@t@dp@cts%cp_édﬁa‘?ﬂé;\g?s| FMRisdaveifibh maysat e
frominduced BL21(DE3) pLysS cel'l s expressing TAT-HOXB4H protein Wi th

1 mMIPT I+ B, M i = QL ei n;
Fane 5, | Poor P R Mo By Tofloy R detoikis JeSSrbtERAy retofortR R
pl asm d : AT-HOXB4 protein (lane 5) was a gift
from Dr. %é%%né%mggggaﬁﬁﬁgé {ﬁﬁf’a/}éﬂ-'si ty of Montreal, Canada. Equal
vol une of fragtions, that re collected. from MnoSP.colum, were
| oaded in the dgxes 4}:%'59 ShowsA sEhe lﬁdtié" 'ePEasSRENISPS, FHRIIAtoN 2hi de
gel anal ﬁgl(%fof the stability, of purifjed TAT-HOXB4H protein stored
in PBS f et SDeApelinig PesiPREIA! $iqas) (PR by4n ivg @8peigant s
mol ecul ar wei ght markers, O represents O hours incubation at 4 C, 16
represents 16 r i nEigyse 2shows sehemafio renreserfatien af ednstiictione and
stability of TAT-HOXB4H protein stored at 4 C and -20 Cin PBS and
st or age blohing of i TMOIVHCQXBYH irecholifieti WB T 23bSrgutdry acr yl ami de f ol | owed by
coonmassi e staining. Arrows indicate TAT-HOXB4H protei n bands.

[025] Figure 3 represents the DNA sequence of pTAT-HOXB4H. The

additional 6 histidine residues introduced at the N- and C-termini in
pTAT-HOXB4H are underlined and TAT is highlighted.

[026] Figure 4 shows the protein sequence of TAT-HOXB4H protein.

[027] Figure 5 shows 10% SDS-polyacrylamide gel (1.5 mm)
demonstration of the purification of TAT-HOXB4H protein. The
SBS-polyacrylamide gel was stained with coomassie blue. Lane 1, molecular
weight markers (M), 0.3 g protein; lane 2, cell lysate from uninduced
BL21(DE3)pLysS cells expressing TAT-HOXB4H protein, 1 ug protein; lane 3, cell
lysate from induced BL21(DE3)plLysS cells expressing TAT-HOXB4H protein with
1 mM IPTG, 1 ug protein; lane 4, purified TAT-HOXB4H, 0.7 mg protein; lane 5,
purified TAT-HOXB4 (0.2 mg protein). The pTAT-HA-HOXB4 plasmid used to

express the TAT-HOXB4 protein (lane 5) was a gift from Dr. Guy Sauvageau,



[030] Figure 8A shows the stinulatory effect of G CSF on the nunber
of CD34+ stemcells in bone marrow of mce analyzed by a flow
cytoneter. [031] Figure 8B shows the effect of PBS on the nunber of
CD34' stemcells in bone marrow of mce analyzed by a fl ow cytoneter.
[032] Figure 8C shows the stinmulatory effect of TAT-HOXB4H on the
nunber of CD34° stemcells in bone marrow of nice analyzed by a flow

cyt onet etUnivdiSiB] offantisal Jasdins Edial sblufmd eifedctionsf Bt wefe Salledledon

the number of CD34' stemcells in bone marrow of rhesus monkey

anal yzed ffyn mohbswc&drhﬁn@él%floab@@ﬂwlthg'lms%%ﬁﬂ%ﬁows the stimilatory
effect of TAT- HOXB4H toget her w t CSF on the nunmber of CD34 stem
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nmb f b f n ana
e B E PO R R BB TBM R
e o g S N ot S POt
protein on hemat opoi etic recovery in SCID nmice. [038] Figure 11
shows ef fet 16irenTgreRiodfipoyiBeiation @t 4nérmt opoi etic recovery in

Bal b/c mce after cisplatin chenotherapy. Detailed Description
[029] Figure 7 shows the stability of TAT-HOXB4H protein stored at

4 °C and -20 °C in PBS and storage buffer, IMDM, analyzed by 10%
SDS-polyacrylamide followed by coomassie staining. Arrows indicate
TAT-HOXB4H protein bands.

[1030] Figure 8A shows the stimulatory effect of G-CSF on the number
of CD34" stem cells in bone marrow of mice analyzed by a flow cytometer.

[031] Figure 8B shows the effect of PBS on the number of CD34"
stem cells in bone marrow of mice analyzed by a flow cytometer.

[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.
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1. The TAT-HOXB4H Protein [039] The present invention relates to a
new and nonobvi ous nmethod of producing the TAT- HOXB4H protein,
provi di ng unexpected benefits of increased stability and yield,
which allows for in vivo admnistration of this protein. The
TAT-HOXB4H protein is a construct conprising three el enents: TAT,
HOXB4, and a histidine tag. HOXB4 is a nenber of the HOX fam |y of

transcription[§3s]t or s Fifte FIOSMIVRS theSEnfIMBRE &MLt of ARTAHOXMH Hf the
HOXB4 noiety to be transported into the cell. The histidine tag

al | ows T Qumittriof D34 GERASAM% W Kb 5k lﬁ% |
sources, al though the nethod o?ﬁ pr oﬁfﬁ?ﬁ‘ﬁﬁ’q?ﬁ% erbf‘ﬁ%?éﬁ%?ﬁ%a
yi el d of ffoupc(:ﬁ{;rﬂé j.n. PTAT- HOXB4H has been constructed as shown in
Figure 2, "an e sequence is shown in Figure 3. 11 The

reconmbi nant TAJL;HOXB4H.protein refers fo,a - B4 fusio ein
with additi onﬁ%”diiox hi|':'l ﬁqfa?gﬁieé}mﬁ @ﬁ@%&&‘bé@gﬁ%ﬁé‘@ %rogicﬁ:ﬁfg‘{
(Figure %)t I%O4CH .Unl ess ot herwi_se indicated, a protein's amno acid
sequence S ¢ells injone, mareew of rhegys pankey anglyzaskhy a dleyuaiereetermay
be witten from__am no-term nus to carboxy-term nus. In

non- bi ol ogi cal0%st enmEiqurelOshams affect ohbAE-H@R¥B4Ki prgtedwbnd st at e
synthesis), the primary structure of a protein (which also includes
di sul fi déemaepaeteiechvery in HADISEID)mzan be det ermined by the user.
[041] A "deletion"” refers to a change in an am no acid or nucl eotide
sequence due {088 he abigemed1ahouseffact 0DTAT-HOXB4HGrOtciresh dues or
nucl eotides. The terns "insertion" or "addition" refer to changes in
an ani no hafiatopdietit/RIcevéry 4 BaltFe Hios afteesshibiimehémotiapa@ddi tion of
one or nore am no acid residues or nucleotides, respectively, to a
nol ecul e or representation thereof, as conpared to

Detailed Description

. The TAT-HOXB4H Protein

[039] The present invention relates to a new and nonobvious methed
of producing the TAT-HOXB4H protein, providing unexpected benefits of
increased stability and yield, which allows for in vivo administration of this protein.
The TAT-HOXB4H protein is a construct comprising three elements: TAT,
HOXB4, and a histidine tag. HOXB4 is a member of the HOX family of
transcription factors and promotes HSC expansion. TAT allows the HOXB4
moiety to be transported into the cell. The histidine tag allows for initial
increased yield from recombinant expression sources, although the method of
production further increases the yield of the protein. pTAT-HOXB4H has been

constructed as shown in Figure 2, and the DNA sequence is shown in Figure 3.
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a reference sequence, for exanple, the sequence found in the
naturally occurring nolecule. A "substitution" refers to the

repl acenment of one or nore amno acids or nucleotides by different
am no acids or nucl eotides, respectively. [042] Sequences simlar or
honol ogous (e.g., at |east about 85% sequence identity) to the
sequences disclosed herein are also part of this application. In

some enbgekFBEImbinAAt TATYRDREAHGROM defdMo RETARMGXER Hasior? pftein
92% 93% 94% 95% 96% 97% 98% 99% or hi gher. Alternatively,

subst ant | ' i e sit $ i i i ment s

ybr i di 28 iR bhay SR A SUIER It BigREE R RE CLERRIRE i)
stringent hybgi,dizati I £10Nns:) i Ler of th
strand. The nﬁgﬁlic a955§93@$£ %ﬂyfggg%%-%Rﬁaﬁ@fgaﬁﬁﬁf%g?SﬁhU§n%%||

| ysate, o@r i.p a.partiall urified or substantially pure form 12
[043]  Caltun TR PHREENS BUGHD 5 goAma SaalFIERS 1 ERmITIG™ BB ween t vio
sequences (the terns are used interchangeably herein) are perforned
as f ol | oRBINO-ERIRLS{QSRERRYARENIANE g n BUNgTyPiokigicalsystemediariexample,
purposes (e.g., gaps can be introduced in one or both of a first and
a secondthaseinpleying selicstate Bynthesia), the pimanestrusturemfiantrotein (whisknt
and non- honol ogous sequences can be disregarded for conparison

pur poses jlsolinclades diselifide dcystdine) it locatimnd) eagible deterndined bg it oser.
sequence aligned for conparison purposes is at |east 30% preferably

at | east 40% [0ddfe prAfdelebby referk ¢aatchaffe ireseaniims acilreineicriditide at
| east 60% and even nore preferably at |east 70% 80% 90% 100% of

t he | engtbquincehtRie toah6 BBBERCSEBRNGEMoEMMY A9d ASdidLidLS liBSotREs.
nucl eoti des at corresponding am no acid positions or nucl eotide

o TR G TR P 92BN il i b RRCSRSS
sequence resulting in the addition of one or more amino acid residues or
nucleotides, respectively, to a molecule or representation thereof, as compared to
a reference sequence, for example, the sequence found in the naturally occurring
molecule. A “substitution” refers to the replacement of one or more amino acids
or nucleotides by different amino acids or nucleotides, respectively.

[042] Sequences similar or homologous (e.g., at least about 85%
sequence identity) to the sequences disclosed herein are also part of this
application. In some embodiment, the sequence identity can be about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher. Alternatively,
substantial identity exists when the nucleic acid segments may hybridize under
selective hybridization conditions (e.g., highly stringent hybridization conditions),

to the complement of the strand. The nucleic acids may be present in whole

cells, in a cell lysate, or in a partially purified or substantially pure form.
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nucl eoti de as the corresponding position in the second sequence, then
the nolecules are identical at that position (as used herein am no
acid or nucleic acid "identity" is equivalent to amno acid or

nucl eic acid "honol ogy"). The percent identity between the two
sequences is a function of the nunber of identical positions shared
by the sequences, taking into account the nunber of gaps, and the

length of eaclo4mip, WTaduaReS dthaﬂoldgyfeﬂ%adeﬁﬁudaﬁﬂwﬁétv@énwm

of the two sequences. [044] The conparison of sequence$ and

det er m najlhgen&ds @ &RMs aré deny 'nftéérchﬁﬁ@%@d]%h%l@%@?@?@%@&%s%ﬂows.

acconpl i shed using a mat hemati ca Srr

enbodi ne uences is

dot or i nare s HeREREE a'lﬂ‘*%ﬁz%" ‘?&Eﬁﬂﬁ%&%&%ﬁ%%ﬁ%ﬁ G Bqag%

3&3?3;5@0%3%% o b 58 (oA RS o 5okl 05

http//vwvwgﬁ ei t her a Bl ossum 62 matri x or a PAM250

rrat rix, gue “g?a%r\%t'@ﬁ alignment apd nopphomeloggus gequegices capdea | engt h
wei ght of 1, 2, 3, 4, 5 or 6. In yet another preferred enbodinent,

the per célregagad |f@ryf3%@w,£@ﬁ RURBOSASH elota Brefersediembediment, thetlengihredd
using the GAP programin the GCG software package (avail abl e at

ht t p: / / wawefrrgnes sgquanseralignetiBgaptpasisGvVPunEisesis ahikaat 3286, prsferablyof
40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5 or 6. A
parti cul atleaspdefeeniced prefetabdy aplenstsicer éve(r‘amdré bl@f@ﬁﬁlytd‘laéas’(@ﬂ)‘yb,e
used if the practitioner is uncertain about what paraneters nay be

appl i ed taddsbembregreferabliat Rekt B0%:S 8044, IB0M;, 30098 8L BRAENGHRITE Y OF
honol ogy limitation of the invention) are a Bl ossum 62 scoring

Mat ri X WréfdrehcdadeqBAéed.! YTIY arhino Acid 35§ LHMREER de¥ R oftesFoihing

frame
amino acid positions or nucleotide positions are then compared. When a

position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the
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
identity 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 ((1970) J. Mol.
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shift gap penalty of 5. The percent identity between two am no acid
or nucl eotide sequences can also be determ ned using the algorithm
of E. Meyers and W MIller ((1989) CABIGCS, 4:11-17) which has been
i ncorporated into the ALIGN program (version 2.0), using a PAM 120
wei ght residue table, a gap length penalty of 12 and a gap penalty
of 4. I1. Methods of Mking the Reconbi nant TAT-HOXB4H Protein A.

Q oni ng @el. F¥AuLSH3PBIdRtIh whEH RABbESH inebIdrABd AN R RIAS ac{g@gm in

proteins in a variety of host <cells are known in the art.

sui tabl e ' i ; I |A, Of\ai -

Fer nandes S0 S0 TgERUaHE @BbG AIGLIRS dcBoprln s HRLts

eds. In | ef ' I |s. knclude manmalia e L, ASEC
el s, | pioigi, 52 gt 8p AFAMER) e End Lo G L4614 32, 4OTE R,
coli. Mamglian cells avail able ] the_art for heterol ogous protein
expr essi ?ﬁlﬁl%%é‘gh/%wg@??cf@e% 5 P s [(‘é’.eg?',‘c’t Ripyefer 93 cells,
Chi nese hanster ovary (CHO%_ cells, COS cells, Hela cells, baby
hanst er EMRosiMeRl, the peysent identily betwegiytwanydeatideraguenaesiseni ¢
animal, e.g., mammuary epithelial cell. Suitable vectors may be
chosen oﬁeg%ﬁmedj@&lwthaa AFoprogram ipihedpECasaftwarg pagkagey (avataa@bs,

I ncl udi ng pronoter sequences, term nator sequences, polyadenyl ation
sequencedifipéivangey.comjuesing s, NWsglkpdna. @it syatdn dnd ahgp weighteoics .
The vectors may al so contain a plasmd or viral backbone. For

det ai | s, 56£60,S207lor 80karelta Ringth Weigheuf 12,3, ansner 6.A A phAicaladlypreferred
Manual , 2nd ed., Cold Spring Harbor Laboratory Press (1989). Mny

est abl i skefoftRfhmictis $ants #1d M that AfyBSusdd e tHedhragtifdHer M Rh R | on,
preparation, nutagenesis, sequencing, and transfection of DNA, are
descri bedpbit it RMameters may be applied to determine if a molecule is within a
sequence identity or homology limitation of the invention) are a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frame
shift gap penalty of 5. The percent identity between two amino acid or nucleotide
sequences can also be determined using the algorithm of E. Meyers and W. Miller
((1989) CABIOS, 4:11-17) which has been incorporated into the ALIGN program
(version 2.0), using a PAM120 weight residue table, a gap length penalty of 12
and a gap penalty of 4.

L. Methods of Making the Recombinant TAT-HOXB4H Protein

A. Cloning and 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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Protocol s in Ml ecul ar Biol ogy, Second Edition, Ausubel et al. eds.,
John Wley & Sons (1992). [046] A further aspect of the disclosure
provides a nmethod of introducing the nucleic acid into a host cell.
For eukaryotic cells, suitable transfection techniques may include
cal ci um phosphat e, DEAE-Dextran, electroporation, |iposone-nediated
transfection, and transduction using retrovirus or other viruses,

e.g., vacelsiyast cdRCHF SokbH®tic tolls, Rt BT bah. AghmmaliaH icbAdh@ailable in
techni ques may include cal ci'um chl oride transformtion,

I
el ectrop I 21 | I Hasd BF
intr oduc? F%ﬁhﬁrﬁ';h g@%ﬁ%\/@é%bg&eggpgﬁl on ﬁﬁﬂ?@gﬁ?{w&‘%&#%’
resi stan e t _contain Auct el acjd. 15 B.
Purifi caﬁﬁ)on}’ g'n%%ﬁ{:)eflgi tﬁbﬁfég%"ﬁ%}%@q?) S?Iéﬁ’ﬁf%%ﬁe%% |_ﬁi‘iat‘i"eétlf‘:’i y
i solated fromth rreconbi nant host cell b ny appropriate means
known i n HeRE hapsterkigie cailsy ooyl fells, Agecefls Bafh 8 0epsiRicanimaint e |
supernatant, if the protein is capable of being secreted, or the
protei n CBAMBErY eRRial ¢9lb mSyitable vaciargneay be sbpsensar-sqnstsusiegrtot ei n
can be purified using the chromatographic nethods conprising: (a)
appl yi ng coRt@inappropyigigtregulataryisequengsss insiuging piomateesenuenees, i s
being secreted into the solution, to a H sTrap colum; b) washi ng
t he Hi sTrermicatonsequertcesapdyddanyjation)seguahtesy enhengarrdeiqabhgesy markéred
protein fromthe H sTrap colum (d) applying the partially purified
protei n genhas,red othepseddentesp Thé vettoimay MEvOSMtsinlaisBsmidor weshi ng

the MonoSP colum with a buffer; (f) eluting the purified TAT- HOXB4H
protein hagredme WoreSkileosesBambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory Press (1989). Many
established techniques used with vectors, including the manipulation, preparation,
mutagenesis, sequencing, and transfection of DNA, are described in Current
Protocols in Molecular Biology, Second Edition, Ausubel et al. eds., John Wiley &
Sons (1992).

[046] A further aspect of the disclosure provides a method of
introducing the nucleic acid into a host cell. For eukaryotic cells, suitable
transfection techniques may include calcium phosphate, DEAE-Dextran,
electroporation, liposome-mediated transfection, and transduction using retrovirus
or other viruses, e.g., vaccinia or baculovirus. For bacterial cells, suitable
techniques may include calcium chloride transformation, electroporation, and
transfectién 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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[049] Cell lysate or cell supernatant, if the protein is capable of
being secreted into the solution, can be cleared by centrifugation
at 20,000 x g for 30 mn at 4 C, the supernatant adjusted to 10 nM

i mdazol e and | oaded on the HisTrap chel ating col unms (Amersham

Phar maci a). The colum can be washed with 8 Murea, 20 nM HEPES, 0.5
mM DTT, 10 mMM NaCl, pH 8.0 and 10 M i m dazole to renove unbound

proteins. Parg all pypgcstidhEnd®&EbIdingt €1 N can  be eluted fromthe
Hi sTrap colum with high concentration of imdazole and salt. [050]

For further ppd|i cat iram-HEXE4HbloYeiR Cah beaRitiBNPistlatePRbRi hgd from
Hi sTrap colum can be applied to MonoSP col unm ( Amer sham Phar naci a) .

The col uRBedrAit L 4 P ]I?g H
6.5 to ?éebnovengﬁb%%ﬁgaﬁ?%é?ﬁé?%‘%ﬁ%ﬁ@%ﬁ? %ﬁ@fn%’e%u e(?q'p\'/l\ng’t h
hi gh sal : rifi - H pr in | 1 ed fromthis
purifi ca{ﬂ?eo&'%é%;g%gﬁ Lbreeﬁehgqﬂeﬁ%qnﬁgégéﬁ%ﬁﬂ?@ﬁi'f'fcﬁj pr?%,irns Rl e‘?fl, t he
denat ured TAT- HOXB4H protein.eluted fromthe MnNRoSP colum can be
Fof o ded CERRE BB OMDBRC BB ALAREHIad FoRrBRIRge  he ol ut ed
denatured protein and_a_sol ution of hydrophobic conpounds to forma
sol ution of plY¥&éin ah@THyEXEdhbprioteir SapbervsiiediusinadBsal ti ng t he
solution of protein and hydrophobi c conpounds to obtain a desalted
prot ei n &hPrrstagsphisoinethogs weoumisings () anpphyinaitne ¢elilyjateemsellng t he
hydr ophobi ¢ conpounds fromthe desalted protein solution using
ul trafi | supeinatant]iDB@] prétein scuking setretqrt inkeihe sohvtimnt toa HisTraptosiumn;
"hydr ophobi ¢ conpounds” refer to any hydrophobi c conpounds capabl e
of prot eb) waghinhehe disirap doluher ®ith af buiferf @) giutigg itins phttiallg pagigdgat es
during the denaturing

protein from the HisTrap column (d) applying the partially purified protein obtained

from HisTrap column to a MonoSP column; (e) washing the MonoSP column with
a buifer; (f) eluting the purified TAT-HOXB4H protein from the MonoSP column.
[049] Cell lysate or cell supernatant, if the protein is capable of being
secreted into the solution, can be cleared by centrifugation at 20,000 x g for 30
min at 4 °C, the supernatant adjusted to 10 mM imidazole and loaded on the
HisTrap chelating columns (Amersham Pharmacia). The column can be washed
with 8 M urea, 20 mM HEPES, 0.5 mM DTT, 10 mM NaCl, pH 8.0 and 10 mM
imidazole to remove unbound proteins. Partially pure TAT-HOXB4 protein can
be eluted from the HisTrap column with high concentration of imidazole and salt.
[050] For further purification, partially purified protein obtained from
HisTrap column can be applied to MonoSP column (Amersham Pharmacia).
The column can be washed with 4 M urea, 20 mM HEPES, 50 mM NaCl, pH 6.5

to remove unbound proteins. Bound TAT-HOXB4H can be eluted with high salt.
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salt-renovi ng step. Hydrophobi ¢ conpounds suitable for use in the
present invention are described in Oganesyan et al., Pharnagenom cs
(2004) 71, 22-26. Suitable hydrophobic conmpounds include, but are
not limted to, Triton X-1 00, tween-20 or pol ybenzene conpounds.
Utrafiltration or buffer exchange can be carried out by a centricon
or stir-cell. The conditions for ultrafiltration or buffer exchange

may varyThapuHfe@TATZEOXBMH Hiotén Shilddted o Mx.eplﬂffrcan&egﬁfc%naa i@ t he

types of the desired protein. [053] In one enmbodinent of the present
i nventi Oghe (gé]fatg,;é@rfgpﬂpbl ¢ conpound in the desalted sol ution
cont ai ni ng denat ur HOXB4H protein is renoved by 5-10 ti rres of

buf fer exchan@% each 0 ||&§é
for 10 mn) tﬂisol u ?@'ﬁm&cf'{%‘a@?’ﬁé]ﬁrﬁ%%ﬁwt %}ﬂ%‘%ﬁ@e% E%t gh%f 17
| arge hydro ic co nds,such as | odextrin eby the
denat ur eﬁfonﬁ%%ﬁ@w%a%ﬁ RO bPBe S TRATORS SRS BrGr N gsa)
I n one eg_‘b acﬁ purlfled TAT- HOXB4H protein can be stored in
comer ci §18 §uteg-genatired m@w@W&ﬁwomm‘ﬁﬁ%p@%@@méﬂo fgmee 4
Cor -20 C. [055] In another enbodi ment, purified TAT-HOXB4H protein
can be §elytieriof Brofeimand divaraphoRicacarappendsiEividerpiting ty solstioniof
(storage buffer 2) at 4 Cor -20 C [056] In one enbodinent, H's tag
at the CprodeimandshyaifophabicHExBadUndsty didainendasadted piratedn amd hj/drophobic
adm ni stration. [057] In another enbodiment Hs tag at the N-termnus
of  TAT- toHBdiha aolubien;raaniii dedeting ¢hé hydiophokid Bomppiuhds fidm the

desalted protein solution using ultrafiltration.

[052] As used in the present invention, the term “hydrophobic

compounds” refer to any hydrophobic compounds capable of protecting the

desired protein from forming insoluble aggregates during the denaturing

salt-removing step. Hydrophobic compounds suitable for use in the present

invention are described in Oganesyan et al., Pharmagenomics (2004) 71, 22-26.

Suitable hydrophobic compounds include, but are not limited to, Triton X-100,

tween-20 or polybenzene compounds. Ultrafiltration or buffer exchange can be

carried out by a centricon or stir-cell. The conditions for ultrafiltration or buffer

exchange may vary, as recognized by those skilled in the art, depending on the

types of the desired protein.

[053] In one embodiment of the present invention, the hydrophobic
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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- [058] In another enbodi nent both H's tags at the N and C -term ni
can be renoved before in vivo adm nistration. C. Preparation of a
Phar maceuti cal Conposition [059] TAT-HOXB4H may be used as a
pharmaceutical conposition when conbined with a pharnaceutically
acceptable carrier. Such a conposition may contain, in addition to
t he TAT-HOXB4H protein and carrier, various diluents, fillers,

sal ts, b!«bfr%i h§drophabic doAfctnds @UER lakibees-sycldeki® WRBrdBURE idahatunsd !

known in t art. The term "pharmaceutically acceptabl'e” nmeans a

non-t oxi ¢ycised igg{%tle%htgicefg%%?sfn@qgaﬂv@tfgﬁ@ﬁ&eg\‘i.th the effectiveness of

t he bi ol ogi ca he active 1ngredient(s). The

character st G%af!, ("R 6a8 EhBoaFROSIND TACSROARNE-E pat b o o
oS g PO el O RS D e T e 105

physically discrete units suited as unitary dosages for the subject

to be tréapé?:f;'zga h unit containing a predeterm ned quantity of
active conpound cal culated to produce the desired therapeutic effect
in associ ati of95@ t h t heanadfen eabogimanieausiied JAT-LEX B4 protaia can be
specification for the dosage unit forns of the invention are

di ct at edstoyechindcainmetially alaiablédivEVh(HyRionelmrhgdienc(storage buifet 2tat of
the active conpound and the particular therapeutic effect to be

achi evedd °@nat -RAECLIi mi tations inherent in the art of conpoundi ng such
an active conpound for the treatnent of individuals. [061] Typi cal

routes of adnjosiet r at irpéhd BmbbdRmert HRRAEE at tHE CabindiRus of TAT-HOXB4eR! |
parenteral (e.g., sublingually or buccally), sublingual, rectal,
vagi nal , n@f%he removed before in vivo administration.
[057] [n another embodiment His tag at the N-terminus of
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-HOXB4H 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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intranasal. The term parenteral as used herein includes subcutaneous

i njections, intravenous, intranuscular, intrasternal,

i ntracavernous, intrathecal, intraneatal, intraurethral injection or
i nfusi on techni ques. The pharnaceutical conposition is fornulated so
as to allow the active ingredients contained therein to be

bi oavai | abl e upon adm ni stration of the conposition to a patient.

Conposi tions [depat MRy iHesFebRIY fdvahefhebls fo RAFURIRE cbAlpRsitiBRs irpr m of

one or nore dosage units, where for exanple, a tablet may be a

singl e dogsagss Ut Forr?f?ﬁeﬁs&Bf‘éﬁngﬁé'tgﬁi%P%ﬂ urﬁ’lforrﬁﬁ{l 81&8 J ungg,Ohet he

i nvention 1 n aeroso orm may urality o oae'uants.
062] Wen: ' f I3 ] . AT

protei n o o 838 heh kofefS t%éfsﬁﬁwﬁﬁ?ég“%éegﬁ?ﬁsn%@ﬁﬁ%ﬁ%e form
f bl . [ dXir, .

o i ot dpeaegsor A Ebiges 1 BetReted Rathull P S sEPETBines ¢ he

invention may additionally contain a solid carrjier such as a gelatin
or an adfHaHy of #Rltve caTNRRUNEalcyIpted tg Mrodisrdbe desiiedtherapeidia t 5
to 95% bi ndi ng agent, and preferably from about 25 to 90% bi ndi n
agent . ENXnagRosiatignavithioeseevirachpiharmacguijiesd cariierst Ahe Bpaeficationdor the
sodi um al gi nate, carboxynet hyl cellul ose and ethyl cellul ose.

Col or i ngdasryeunit faamsraf the tnyention arengictadedbe ard tiredthycdendndgns belthe may

be enpl oyed. Wien adm nistered in liquid form a liquid carrier such
as wat er pnigetrchbeateristict of tife activerdonpouplamid the ipgirticulsub&rapeuie sfieidt
oil, mneral oil, soybean oil, or sesane oil, or synthetic oils may

be addeeb bd hehievadl ghd BENhfatibhe irPlarsrTas e ¢ af c@:ﬂ?@@ﬁdlih{; Q0chBH
further contain physiological saline solution, dextrose or other

sacchari deive0ddthb&lihd fF tH ¥E&hwent B¥favidudid.ny! ene gl ycol, propyl ene
gl ycol or polyethylene glycol. Wen
[061] Typical routes of administration include, without limitation, oral,

topical, parenteral (e.g., sublingually or buccally), sublingual, rectal, vaginal, and
intranasal. The term parenteral as used herein includes subcutaneous injections,
intravenous, intramuscular, intrasternal, intracavernous, intrathecal, intrameatat,
intraurethral injection or infusion techniques. The pharmaceutical composition is
formulated so as to allow the active ingredients contained therein to be
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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adm nistered in liquid form the pharmaceutical conposition contains

fromabout 0.5 to 90% by wei ght of the binding agent, and preferably
fromabout 1 to 50%the binding agent. [063] Wen a therapeutically

ef fective amount of TAT-HOXB4H protein is adm nistered by

i ntravenous, cutaneous or subcutaneous injection, binding agent may

be in the formof a pyrogen-free, parenterally acceptable aqueous

sol ut i on.capb@leppER@Eratolatio®br SMEN mﬁ@mhamléwr&piﬁqab@bf&w&% ein
sol utions, having due regard to pH, isotonicity, stability, and the

like, is %Frﬁbébdtf&ﬁl coﬁﬁbééltlc%moittﬂg |ﬁJént|oh'?n§59QFd|ﬁ5ﬁ)é?§'d§ﬁ[%r?a solid

phar ITB.CEUtI cal conposition I ntravenous, cutane

b i ndij :
st oni o ol ePe Eberbi Lo a et TR *é%gpéﬁe A foPde Ggitin"
De,
[ octi oort kol SRR apri a0 ﬁﬁef%‘@?owo&? o, 3kseh P81 S W 1 n
2l 0" ConPAPR: SLABIRSBAL: Sy5resea kpaln @&%rnﬂi)a%?%éxﬁ%‘%@%ﬁ%bﬁ%ﬁ“
ot her additive known to those of skill in the art. [064] In

practi ci ﬁQrQ%m%ﬁWﬁﬁﬂU@ﬁeta{@aqthﬂrﬂe"@lﬂsﬁseCQID”ﬂQ@nﬁkEﬁ@M@"ng agemsi on,

a therapeutically effective anobunt of TAT-HOXB4H protein is

adni ni st araydbe presestibjAecoating shell mayrbelenfpdoyed.  &Vinenmadininigtsradsiad
herein, the term"therapeutically effective anobunt” neans the total
amount ofigeiddbrnaca ligwdd carispsnetns ofatéh pepblaurm otisibf anlimal rpRsit biigin or
method that is sufficient to show a neaningful patient benefit,

e.g., amglitipaaipeanuiodi, MABaPoR, ﬁbemallld&e@fame%il of BgrhithasCol magbe
of healing of such condi ti ons. en applled to an individual active

i ngredi eakdeddnTRE B4R $SIMRbPIRE pHi®abEtBaT B5RPSsition Wit futtRer &Sttt

al one.
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 to pH, isctonicity, stability, and the like, is within the
skill 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 Chloride Injection, Ringer's
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When applied to a conbination, the termrefers to conbi ned amounts of
the active ingredients that result in the therapeutic effect,

whet her adm nistered in conbination, serially or sinmultaneously.

[ 065] The anount of TAT-HOXB4H protein in the pharmaceutica
conposition of the present invention rmay depend upon the nature and
severity of the condition being treated, and on the nature of prior

t r eat nenirgedtidnt DeRBofalnj&dtion, Dagtrosad @ 8agiundOticpidbifjektich, AgetAsd
sex. Utimately, the attending physician mnay decide the anount of

active lRSHg{%ﬁ"sﬁﬁjbcmﬁ Brei&VehRid 58 RhoRR tHe%-W%Wafgﬁ?‘ggﬁ%ﬁ active

Initially, e attendi ng physician may adm nister |'ow

 nar odi onrPBRyOR P Ereagn ARt o Med BB AR Rin ek iRer IR R B o °
gencrar| Joftee; aleiedly ineraedfle Ramrofndred’ sl (REVar i ous
s L e T L L

protein per kg body wei ght. Exanples of dosage ranges that can be
adm ni st Bvegtien atheianesdcalgifasdive spnsmt pf oA -HOEBAKproteinisny/ kg, 1
pg/kg to 0.5 ng/kg, 1 pg/kg to 0.1 ng/kg, 10 pg/kg to 0.5 ng/kg, 10
pg/ kg t oadministgracyto a sWije¢igetgo, roammma)(&g,, 2B0Mp0). k A< wsedl Heramy, ke
Further, exanples of dosage ranges that can be chosen from 50 pg to
100 ng, 6 fteerapeditalty eff6E0repambuntd theamg,thd totgl drmotitt afpachizetive
duration of intravenous therapy using the pharnmaceutical conposition

of the pcenpdhentrdfeid bRAmMMREUIBANCONTRRRRM didnethotiNBat is QUficidnY toshdviae
di sease being treated and the condition and potential idiosyncratic

r esponseg phefidiul Pationt BERLAtPEY. HhelidrBti NS SFAGERIL hedling!oF, or
contenpl at ed t hat
increase in rate of healing of such conditions. When applied to an individual
active ingredient, administered alone, the term refers to that 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 émount of TAT-HOXB4H protein in the pharmaceutical
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 active ingredient with which to treat each individuai
patient. Initially, the attending physician may administer low doses of active

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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t he duration of each application of the TAT-HOXB4H protein may be in
the range of 12 to 24 hours of continuous intravenous

adm ni stration. In another enbodinent, the duration of application
of TAT-HOXB4H protein may last as long as patient's radiation or
chenot herapy continues. TAT-HOXB4 protein may be admnistered in the
- range of 10-100 pg/kg intravenously, twce a day for 4.5 to 5 days.

One cycl gnafat i goirtaheBBsadeis e gBRERAY ifPeARPRRANEISCIt isn Vi vo.
Utimately the attendi ng physician nay deci de on the appropriate

duration FRFR ion
of the prcgétgmméturem@%ﬂ%thg‘é@%%@féd%@?{’%%%Hﬁ’?‘ﬁg‘trs?gg% o e??}:"%:acy
of such co gﬁ'\ determ ned %/Pé]stan j rrg(ieutl cal
procedur& e%rﬁﬁ?n r'@%erB'P" r@()bg?n ., for

det erm ni nq_thg(&’g t he dose lethal to _50% of the popul at i one and
t he ED50 '(YThEC, PYOESIRpEn kg bady yelghte c Exgraplas of ginsage ranges that can
popul at i on) The dose ratio between toxic and therapeutic effects is
t he theb&r@&miﬂ@tﬁrﬁd@(a@ﬁbﬁd carmhelshosspfrers ed Hpdka toel magka 1 pg/kg to
LD50/ ED50. Data obtained fromthe cell culture assays and ani nal

st udi es @anmigékgudady/kagteldlmgkont0 pgikartg®.5 ofg/kinsi@ge/koto ddenigtkg,
humans. The dosage of such conpounds may lie within a range of

- circul at 10g petodedmgkd, @5 [dikd td 06! mdkgt hEufiiE)exdrnplekidf dbeage no
toxicity. The dosage may vary within this range depending upon the

dosage f p4HBesaE QESe en@gérhﬁorhosé % mdrnégl 0 @ 150 Hid, 's!oég%toﬂtﬁ

therapeutically effective dose of 'H can” be est’

L o OBt “fﬁ@g@%@@@wﬁgﬁ% ur PRHalF A A o0, L

that incl ngen%éem%cal com;gosmon oft tpe p?é’s%% Pr}v%%{lrlar? %a?/fve}raedependlng 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. In 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 pg/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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protein which achi eves a hal f-maxi mal inhibition of synptons) as
determned in cell culture. Levels in plasma may be neasured, for
exanpl e, by high performance |iquid chromatography. The effects of
any particul ar dosage can be nonitored by a suitabl e bioassay.
Exanpl es of suitable bioassays include, but not limted to,
measuring CD34' stemcells in the nononucl ear cell by using

f I uorescent p[o@@ﬁe( e. Poxicilyl ditd t%&ﬁﬁicﬁéé@%f%ﬁcﬁ Eo%ﬂﬁd§5§g}uéel I's

and neasuring t percent'age of LY5 cells in the peri pheral ood or

bone mar HQ&@rmIﬁ%ﬁ%ﬁJ&aﬁ&é’r}HAﬁ%ﬁgﬁ%@})&&g%%ea&le\éqﬁi%%ﬁ’%ftﬂ%s%’Pd proteins

of the present 23 nventi to ex I't one or nore of

ascays cPathen Bl TaE g e 8RS WEkOS (RIS B e

for proteins of the 1gresent invention may be provided by
adm ni st papilatirrorangstee &5 dibe dosetthenapeutically edigative it Q% iodtheor use of
pol ynucl eoti des encodi ng such proteins (such as, for exanple, in gene

t her api epop@atioreCt The dolk ral) BefivdienitBkit @R ahé@petfic BSts éé ih:ce- Met hods

of Stinulating Hematopoiesis In Vivo A Patients in Need o

Ir eat e nind Afltio IHGPA BGR 16! G@eBANASHE HaRSL O] EBS | B8 bbRih Y

be used to treat diseases which incl ut are®hof¥imte

aut oi mupe dj S?f{éﬁer , I nmmunodefi ci ency . di sorgers, and henat ol ogi cal
di sor der ¥9MARGISS & E‘Prleﬁssa}%éﬂ ERlidudies 6ap O8iused iR e¥alugtieg a range
invention nmay be used to inprove the recovery time after HSC

t ranspl afit d@5age.fo[ BeBIN hureanhar hecderagen' stshsesIPousds slat ligewithin a
invention include, but are not limted to, the treatnent of patient
suf f er i ntarigegyhobreulsting epadasitrations 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 cell 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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| ynphomas, | eukem as, Hodgkin's di sease and nyel oproliferative
di sorders. Additionally, inherited diseases caused by HSC defici ency
and aplastic anema may be treated by the pharnmaceutical conposition
of the present invention. [069] Further the pharnmaceuti cal
conposition of the present invention nay be enployed to the HSC
donors and G CSF-insensitive patients. [070] In one enbodi nent of the
i nvent i ofvehtidn ERXBAS S tExHIR ¥ne BF fidfe ?E)%’\S RAFHIbIShRAL e
nobi | i zati on of HSCs, and fl uorourr]%ci fﬂd((S-oF |Ss not | 29. aﬁf’ﬁ Inlﬁls'fe'ered
to the d Wl t i ieQn a

?@%']d"ﬁ dlhlgtgé 8?1%?0?&5}88 i eﬂ%@&s Bfte@h%% i@2itirRA Heltsd &M%%s or

schene. I Seases or condi fions associ at ed

i ncrease . [ Vi |, that be treated, by the pharnacgeuti cal
commos: ¢ Faittigs bRt pibfiihs Rhedies e ahusH sa pEPRMIREEEY
progressign, .and/or netastases of . malignancjes .and related disorders
such as @Uﬁ&@ﬁ{;%'cm AP n?j’cgcﬂﬁ?t@'qse‘ﬂfk&ﬁ%'”(ﬁ'@#'oﬁﬁéﬁﬁé, acut e

| ynmphocytic | eukem a, acute nyel ocytic | eukem a (including )

nyel obl afplypuclegtides ancading suchwreleins awhtase for pxaow|a.iit geaa therapies
eryt hrol eukemi a)) and chronic |eukem as (for exanple, chronic

myel ocyt iof vEgipensHiedla fior Jntrasiuktion af BA)chroni ¢ | ynphocytic

| eukem a)), nyel odyspl astic syndrone pol ycythem a vera, |ynphonas
(for exaiipl e, MdbhigHs of Stididating HematopoiékiddkiVive di sease), nultiple
nyel oma, Wal denstrom s macrogl obul i nem a, and solid tunors including,
but not |im Aed t PatisaisciarNesdofiToertmentnas such as fibrosarcom,
nmyxosar cona, |iposarcoma, chondrosarcona, 0steogenic sarcong,
chordoma, ang[84r confithe phadoadmiticabesrapositionsysfthaigiensian taapbe used

| ynphangi oendot hel i osar coma, synovi oma, nesot helioma, Ewi ng's tunor,

| ei onyos & BesediséRBATHMO FRIRIFTBUL are not limited to, autoimmune disorders,

immunodeficiency disorders, and hematological disorders. Additionally,
pharmaceutical compositions of the invention may be used to improve the
recovery time after HSC transplantation.

[068] The pharmaceutical composition of the invention include, but
are not limited to, the treatment of patient suffering from or susceptible to
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 composition of the present invention
may be employed to the HSC donors and G-CSF-insensitive patients.

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

active agent administered for mobilization of HSCs, and fiuorouracil (5-FU) is not
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col on carcinoma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squanous cell carcinoma, basal cell carcinons,
adenocar ci noma, sweat gl and carci noma, sebaceous gl and carcinoma,
papi |l l ary carcinoma, papillary adenocarci nonas, cystadenocarcinons,
medul | ary carci noma, bronchogenic carcinoma, renal cell carcinom,
hepat oma, bile duct carcinoma, choriocarcinoma, sem nonma, enbryonal
car ci nomadniffistEred t Y dorfef! ditterlas praREsn nt 854 (cBHIHation TRErapl,UNg
carcinoma, snall cell lung carcinom, Iaéher 25 carcl nonm,

epi t hel i al.LgRkCI noma, glioma, astrocytoma, nedul | obl astom, _
crani opharyngi oma, ependynonmm, pineal oma, hemangi obl ast oma, acoustic

ret nobl ast ol Ho72) AR R RRe e e BT F S omeraRn L cpee gl
e SR kb B besans S omio G 3Gs et
descri be particul ar enbodinents is not intended to limt the scope

of the pisdedn. bubaempetdimitaghioc Arogegssian. Iangiar suetgriages B matignangiehded

clainms. As used herein, the singular fornms "a," "and,"” and "the"
i ncl ude gndralateddisprsiers sueh as leukamia tneleding @cete leykenasdfarexample,
ot herwi se. Thus, for exanple, reference to "a cell"” is a reference

to one omcutErlgmpbbbgicdadkemial aces mpsiodytiallerkenit feckaingmeeoblagtit,hose
skilled in the art. [073] Unless defined otherwi se, all technical and

scientif ipcorh@élﬁwtl@ﬁ@eldiﬁ@ﬁd?ti@,&ﬁ@nédwcﬁmemaielﬂﬁem%)ﬁéﬁ@_ﬁﬁr‘dhic
understood to one of ordinary skill in the art to which this

i nvent i onedxehfiaggor Sk4rhpiegBh@RN ﬁ%lb@;ﬁ@a{gﬁkﬁw&%c) [BORe PR EdbRic
simlar or equivalent to those deScribed herein can be used in the
lymphocytic leukemia)), myelodysplastic syndrome polycythemia vera,
lymphomas (for example, Hodgkin’s disease and non-Hodgkin's disease), multiple
myeloma, Waldenstrém’s macroglobulinemia, and solid tumors including, but 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, adenocarcinoma, sweat
gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, 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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practice or testing of the invention, the preferred nethods, devices,
and materials are now described. Al publications and patents
mentioned herein are hereby incorporated herein by reference for the
pur pose of describing and disclosing, for exanple, the constructs
and net hodol ogi es that are described in the publications which m ght
be used in connection wth the presently described invention. The

publ i cat bebﬁ]dﬂﬁé,%{)‘ﬂﬁéﬁ’elﬂ%E%(r%rﬁ@,@glb*ﬂﬁé?%ﬂﬁb‘&tohﬁ? rr}e%'noaé@toggé?vi ded

solely for their "disclosure prior to the effective date t he

pr esent ; [Wolc [ ;

P coi ocr iR Rom30etdinbfhs: dhedohd, hendfaBBRBIdHE dRRed
di scl osu Vi I 0 i or invent.ion. finitions 74] A "stem
cor 1 °F Shguling dibHEerlroidntt. SRS meReMid, Rl apiastib. fd

sel f-rene i b%?{errai n undifferentiated, and to becone differenti at ed.
St em cel [EMOPET'UMYi de without linit, at least for the lifetine of
the animal in which they naturally reside. Stemcells are not
terminal Iy dil7elenti db@@resentinvepiiryisdiad linttedde the partishlarof a

pat hway of differentiation. Wien a stemcell divides, each daughter
cel | canmgtheniog pratacelsseadifines! anital speciemorgenarh, and rageotse t hat
leads to termnal differentiation. A "chineric" stemcell is a stem
cel | wi t Hescripedthabow.of The sermbBidlodpelisethiondescdba pheticatarlengmdimenigdsi sm
[075] A "hematopoeitic" cell is a cell involved in the process of

hemat opoaotintendeddo JimititRe Boge 66thef présentiimgrvh LwRich re@gbe Ghitedfohgm
precursor cells. 1In the adult, henatopoeisis takes place in the bone

marrow. Bad gipdriveddflsOP MRNisedHFBHOPRAISHRal RKAS “RP 85%1 Bhnd “the”
different sites during different stages of developnent; primtive

bl 0od ce|fchidardig@l Ftelehte \iRldssIRE coRfddt LIBLAY dickito98iHeRMsS. 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] Unltess 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 reference 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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are formed in the liver, spleen, and bone marrow. Henat opoeisis
undergoes conpl ex regul ation, including regulation by hornones,
e.g., erythropoietin; growmh 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 nol ecule
capabl e of transporting another nucleic acid to which it has been

| inked. BelcvAsir@dd H@‘a‘ﬁ Qdnlissidh r@tmrﬂento‘(’@hf‘éhdteécrﬁﬂéd rtc?aﬁte@lhfé:‘“ ar

doubl e stranded DNA | oop into which additional DNA segments may be

| i gat ed. ﬁ‘ﬂ&\&%fcsu?gb* ylp[rgrgg)ffgggfh%nﬂ a vi ral vector, wher ei n

addi ti ona segmen I gate into the viral genone.
Certain vectors are capabl e of autoanﬁ @ éFfllcatlon in a host cel
into which they are introduced (e.g vectors having a

aher vector s @élo . S b dRa b iR ﬁ"o&rﬁ%wﬁ%tsp&&@a%ﬁ fis By to
g TR b T AN B
Moreover, certain vectors are capable of directing the expression of

genes to Cﬁﬂidt‘ﬁjq withoutlinit; g legst fggt@,e lifetimedf the @ringaldn whicheineyr ef er r ed

to herein as "reconbi nant expression vectors" (or sinply,

" expr esshaiirglecieside: ) Stem cellears aot teaninally differentistedris. dheyiard natyati n
reconbi nant DNA techniques are often in the formof plasmds. In the
present é$peend otatpathway'of diferedtiatiord "When arstemenell midvides @gich daughter

i nterchangeably as the plasmd is the nost commonly used form of

vector. ckibeeveithertremaimsetirh @@l ios iticaheasidiestkion 4 belirdd ehgtusidtoher
forms of expression vectors, such as viral vectors (e.g.,

repl i cat kminkaidedrbM@ation! ' AVichimesfo” st BRAYE A Y&DS ca@Nfith a portion of: ts
adeno- associ ated viruses), which serve equival ent functions. [077]

"Transf oy bQIBngm@sto ‘ésr?éierlaﬁfg%ug orégﬁlsfﬁ to the insertion of an

[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. Hematopoeisis undergoes
complex regulation, including regulation by hormones, e.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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exogenous pol ynucl eotide into a host cell, irrespective of the nethod
used for insertion: for exanple, transformation by direct uptake,
transfection, infection, and the |like. For particular nmethods of
transfection, see further below. The exogenous pol ynucl eoti de nay be
mai nt ai ned as a nonintegrated vector, for exanple, an episone, or
alternatively, may be integrated into the host genome. [078] In

gener al , tydeeoflvictBr i9h A8l \Fbctérefmﬁéﬁelﬁ %déﬁﬂﬁnﬂ%ﬂm%'é menié'w.a%e Il"gé'ié‘d

i ndi vi dual am no aci ds (vvhet er or not natural occurrl ng) |1 nk

via pept Cge?%‘r’r{ he
car boxyl ?rﬂ@g(l:%grﬁgéﬂﬁm onde tog\{lﬁlreg Jg@(;%a %%%g%gugﬁ@rng%notpg%@ I1r
am no aci coval ent t.o the am no ni

am 1o Scld iR Wﬁffﬁqﬁ%iaae RYBoGRe te g HfishB ot Qay@@&@aﬁﬁﬁ o
aci d These. pepti de bond |inka and t he onprising them
(e SRS Rebiiana 2ad SRy i BERIER SREO[Ind OUMINeCIara B Gt et
oxygen atom;),L and am no nitrogen atons (and their substituent

hydr ogen napsipiseMal shammedian yeriope sende iptagkaied éntodne greomedsif@ hpst| n
addition, as used herein, the term"protein” is understood to

i ncl ude chlbupen 'rrérddpoliqxp@m thechost sall, arpkiberaby arewaplidatechalong meth, themy
be used interchangeably herein). Simlarly, protein fragnents,

anal ogs, hdstrgeraine/e dVlorsoder; @ertaint vectore anagapable ef directhgithe dxpresisionas
"proteins,” and shall be deened to be a "protein” unless otherw se

i ndi cat edf gdes foaniich teyarerdperatfvely IFkeHe! ButRVeE®rd SrerefsttatPrRpt | de
conprising fewer than all of the am no acid residues of the protein.

As may bRcaMPES CledbRbinan expreaSiTRVectd?s” @r BTn‘Pdlf"‘Bxﬁ%lés@ﬁ veclPem ah
the protein truncated at the amno terninus car boxy terninus,

andror T BbaLaRlcbrdSibvettorer Rty iR fecOHifditBna BkhnidlR dHe Rt

vari ant rlvatlve a prote

fragment ye 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] “Transformation,” as used herein, refers to the insertion of an
exogenous polynucleotide 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 alternatively, 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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and conprises the amno acid residues of the protein required to
confer biochem cal activity corresponding to naturally occurring
protein. [079] "Reconbinant"” as used herein to describe a nucleic
acid nolecul e nmeans a pol ynucl eoti de of genomi c, cDNA, viral,

sem synthetic, or synthetic origin which, by virtue of its origin or
mani pul ation is not associated with all or a portion of the

pol ynucl %htiéeaé/‘bédﬂjr‘MNeﬁhhé CattoxPEERsb bR bhtHRA A EXyIIERRIES LS M
"reconbi nant" as used h respeCt to a protein or polypeptlde nmeans

pol ?ﬁtﬁi?@bhgg “PF%S%%S% %so Ao MA or B 980 3R bprames
i sol ate

or _pal yniseraerigasn € hE ariae PHiGepdam #aﬁse%&‘fé%‘ oot o

hi gher concentration than in nature. For exanple, a subject prot el n
i s i sol aefBrbpuef AN adjacsnbamine acd) yThess pertide kanddinksgemtand the
purified when at |east 50% 70% 75% 80% 85% 90% 91% 92% 93%
94% 95%atorB$ Yomdrising s (PE.Ywmerarbon etoddis, rarbaxybgbbn ptarhe{and their
materials with which it is associated in nature have been renoved.

As used RgpgtitentBkygbs atdth®dand a'FrﬁHé hftl‘o%@n atorRy l?éﬁ(ﬁménaédb%tdu%ﬂ{ ated, "
or "substantially purlfled nD ecul e i ncludes reconbi nant nDIecuIes

[081] A ? o@eﬁ%@rﬁs 'férn"i‘tl'{@%%%p@ﬁ V\ﬁ bhbone bf ﬁ"leaﬂ'gmlﬁ'edln&ddltlon as

i mmunode ncy syndrone (SCl causes severe defe

conpl ot otyes Berernt R el %E*"‘?%ﬁgr%ﬁoﬁo‘?ﬁﬂﬁéé el PO ar <

| ack of @uﬂcwre;n%”%?Piéﬁé‘é%%%?@%@ﬁgé‘d R B SR BBSIS: | SRR

types ap%?cﬁcramtf?agdrr?grﬁls Oéjna"i‘é'éjs fd%%étlw%rs] and variants are may be referred to
herein as “proteins,” and shall be deemed to 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 truncated at the amino
terminus, the carboxy terminus, and/or internally (such as by natural splicing), and
may also be variant and/or derivative. A “domain” 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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normal ly. SCID mce readily support normal |ynphocyte differentiation
and can be reconstituted with normal |ynphocytes from syngeneic or
all ogeneic mce, or wth human | ynphocytes. These m ce al so support
the grom h of allogeneic and xenogeneic tunors. Therefore, SC D

m ce, which allow dissem nated gromh of a nunber of human tunors,
particul arly hematol ogi c di sorders and nalignant nel anonma, can be

used to igyesbtombMalitldsaisRiokigPresplcl 832 broldlf o?ﬁb%e"ﬁd@h%
"individual ," "host," and "patient” are used erchangeabl y hereln

to refer ]uhglpéﬁttlﬂéé E)ﬂﬂi@@bl expl'éé%b‘ﬁdéfrlgre%ommtgﬂﬂmacleaﬁtﬁle human

ani mal . or ' exa be an niI'sm posSéssi ng

i mmune cells bl e f & di.n wa0l stinul.atiqn
stinulatory a i nhi |tos(r%?£§$ Lﬁ"fkeg %?J%?thﬁlyt'?ﬂj%tﬁa O(Fe?qbszﬂﬂ'la%e
receptor bindin ect ych as a hunan or
o huna OB HRECUE Pk B Rolveles or BabRiBgeias) i an il o8 pesgont s
horses, rats, and mce. The term "subject" does not preclude

i ndi vi du&tanipylaiecipexishin @@!gheﬁ@iaﬂ%ﬁntwtlpﬂ thasjferatuie & ofiexampte, aor
normal in all respects. g083] The term"treatnent” refers to a

t her apeutstbjest protein énisatatads punied..substartially isolatedbrar swhgtabéally purified
adm ni stered to a subject having a nedical disorder or who

ul ti mat emshemeat lead H0Pe A0Re, % 08@er 85%n 0%« O %, @2pk,0886, 94% L9,

del ay, reduce the severity of, or aneliorate one or nore synptons of

a di sor d@6%,&7%,638% r 99% oftinssredd hondubidtt-prsiein mhatepialRl witlgwhie it is
survival of a subject beyond that expected in the absence of such

treat menbssddiSel il hatdré have bBeh dantedal Ayusdd Refeir @nafdtbd,” means

the amount of the subject compound that may elicit a desired

r €Sponse spirffed® eI t8ntidly isolated,” or “substantially purified” molecule includes
recombinant molecules.

[081] A “SCID mouse” is a mouse model for severe combined
immunodeficiency syndrome (SCID), which causes severe defects in the
development of the immune system. These mice are deficient in, or completely
lack, bo.th 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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bi ol ogi cal or nedical response of a tissue, system aninmal, or human
that is sought, for exanple, by a researcher, veterinarian, nedica
doctor, or other «clinician. Exanples 31 [085] The foll ow ng
specific exanples are to be construed as nerely illustrative, and
not limtative of the remainder of the disclosure in any way

what soever. Wthout further elaboration, it is believed that one

skilled in thesgart CceRe témr&e@u@j@ct,'hwiﬂagéli,"phblém éliﬁf'%igﬂenﬂﬂfaié g the

present invention to its fullest” extent. Exanple nstruction of
Pl asm d A b b 5 sohh S, 1 - i filhcati T21b
pl asm d @lgén-rf%algr;\qén%1@-§aghd - trgur) %hr\llgﬁ) %’ﬁ@%]rggag‘%'hﬁﬁﬂfﬁ‘g?@%’é Epepti de.

[086] The . e S| e Lﬂg‘l i nj r %h Hi a
and & TARERarE el G sRiRd b S RS Phe b AP ebles
?sélﬁ‘l?cﬁﬁrgﬁ‘ggé S T mulailon, and silmuiaiory?énd
GTAGTGGTGST GGTGGT GCA-3' (antisense) into pET21 b plasm.d. The
C-terni néﬁaﬂpy §igga itéar%?ﬂk'é%ﬁfythﬁ?%ﬁ‘ﬁ'?$W5{°ﬁéem2&b'ﬁdv‘§ct dhe supject

Cl oning of HOXB4 into nodified PET21b expression vector [087] A DNA
f r agment Meyrheaa Mammehsuepan arfumaamgr ferdmnMEaoRPRMeNal, faOrRamaled dogs,
additional 6 histidine coding sequence was obtai ned by PCR

anpl i fi ceatsopigasiaves, shaspri ghatite4dex) rétSeardimiony efhg tefrai“pebjectTdoaan.
Cat. No. 5533346) as the tenplate, and the PCR-generated HOXB4 cDNA
f r agment negereclude individuals that are entirely normal with respect to a disease, or

normal in all respects.

[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

clinician.

Examples
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subcloned into the nodified pET21 b expression vector. Plasmd
construction and nucleic acid sequences are shown in Figures 2 and
3. 32 Exanpl e 2: Expression of Reconbi nant TAT-HOXB4H Protein in E
coil [088] The pET21 b- Hi s- TAT- HOXB4- Hi s expressi on vector was
transforned into E. coli strain BL21(DE3)pLysS (Novagen). The
transforned cells were grown overnight at 37 C. The overni ght-grown

cul tures wvere [ggs)ut ed THeOfoﬂélmh@'spr@llfc%%lé%far@ t9Pe cBh@trﬁéHx bYhRseler e
then grown to an OD600 of 0.5 at C, induced wt

i sopr opy lifigvé> 4y ﬁlﬁ%}'ﬁfé@@@éf ﬁ'féox%h%ncfér 9 afsclg%ur% m@‘?ﬁ;@%x wi th

vi gorous shaki ng. Exanpl e urification o eco I nan B4H

protein [ﬁﬁiﬁ | | " sted

centrifuga %’)%é:\}aéndowlfglgﬂls{ﬁgtﬁgp é@ﬂora@%b fz S\Aﬁél%geﬁllt %%M I—TED%%
0.5 mM DTT apd cel Sus si on ssed
Chree 1 6G- PRo<S om0 woiplioR B itfe en%reésmm%ﬁanemﬁa\l
centrifuga |on at 20,000 x g for 30 mn at 4 C, adjusted the

super nat efo 10 mM i ni dazol e and | oaded on the HisTr ap chel ating
col ums (Arrer sham Phar maC| a). Bound proteins were eluted with 50,

100 and Z=f# EU ’ E

Piasmid oRAT2 HokiEsH TAJRHEOXB4HIS r act i ons
were | oaded on a I\/bnoSP colum in Buffer B (4 M ur ea, 20 nmvl HEPES
and 50 mv| Nadl),_pE_B rapdifisiationpfigE 5 4 g

8.0). Tagantli TAT siqraé daant TAT HOXB4H Prot ei n

[ 090] The TAT- HOXB4H protein in the eluted fractions was solubilized
and denat ur ed [#86la solTinei expressinravertorgpEE2tL conitaigirga terfnal. His tag
guani dine hydrochloride) and then it was m xed with D-PBS-T buffer
(0.1 % TrandeenTXT Bighal peptide was generated by inserting oligonucleotides

S-TATGCACCACCACCACCACCACTACGGCCGCAAGAAACGCCGCCAGCGC
CGCCGGCG-3 (sense) and 5-CTAGCGGCGCTGGCGGCGTTTCTTGCGGCC
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.
5533346) as the template, and the PCR-generated HOXB4 cDNA fragment was
subcloned into the modified pET21b expression vector. Plasmid construction

and nucleic acid sequences are shown in Figures 2 and 3.
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2x PBS). The ratio of the TAT-HOXB4H protein solution to D-PBS-T
buffer was 1:4. The resultant m xture was added to a 10K centricon
tube (50 M or 15 mM) 33 pretreated with water (10 mM or 3 nl), and
then centrifuged at 3000 rpmfor 10 min. 1In this step, the
denaturing salt is replaced by D-PBS-T buffer in which Triton X-100
I's capabl e of binding with the hydrophobic region of the HOXB4H
protei n. Exafiple BAi E-8iredsioh of Récdhbidzaat TRT-AOXBYH Protis iREJolS| N9

10K <centricon was perforned ten trnes win solutlon contal ning

di fferent copas)trat TABHEIR 1B - TACHEHES-HidegrtBsibh WBStoPivagach 1
mM 2 mM 3 mM and 5 mM beta-cycl odextrin in storage buffer

| VDM by &@RLfhigifle 2lcor LA BEMDESIAS A EhE, THReRIRAS

sanple in the 10K centricon tu stor

L7 SRR P S T RS By
Shonh | 1. LU oo AT EYBAN BT g o 4 Tiap and tinoct

protein. -The . pTAT-HA-HOXB4 plasmd was a gift fromDr. Gu
Sauvagead/ Q%ﬂf’\f’é‘ﬁ’?ﬁ wthok mWF@a’i'Pe@aﬁéB@Qa'?mosnyﬁ%lﬁﬂ|ﬁ\%@) at 37 °C
transforned into BL21( DE3%pL_ysS (Novagen) and the purification of
TAT- HOXBIPTpY bR, aiith gesowephatingd as described in Krosl et al, 2003.
Exanple 5: Stability of Recombi nant TAT-HOXB4H protein [093] The

St abi | i t Exafnpléd: TRIviHiodE6OH ofdRecambinatt TAT-HEDE 41 pyat=iy| ani de gel
anal ysis. Upon storage full |ength TAT-HOXB4H can be degraded into
30 kD and 10 K©9r agnEnlisvindindiiction, ¢ellswaye hantstdd by EeBaAldation 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 MonoSP 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 ratio 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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protein produced by the method of this invention was stable even
after 16 hours stored in PBS at 4 C. 34 [094] Further, the stability
of TAT-HOXB4H protein stored at 4 C and -20 Cin PBS and storage
buffer | MOM was anal yzed by 10% SDS-pol yacryl am de gel

el ectrophoresis foll owed by coomassie staining. As shown in figure
7, when | MDM was used as a storage buffer, the stability of the

TAT- HOXBbtesam @ imith Weste b%%mﬁllj)?\éﬂﬂ_tﬁéﬁ e&nthfuiRaks 30093pR! Br 90 min.
Ef fect of Reconbi nant TAT- HOXB4H Protein on Henatopoiesis in WId

Type Bal Iy | 68550 bKESH] :
oSt bl e el e P S e e e STL PONE T THRR, o1 o

HSCs fro t ; J I " - | hant
protei n s E Y haRg YRR RraraBRtl rebn drR HOEFATBER
subcut aneous {pj.ection four tines.per. day far 4 days. To m ne
dose-responsitﬂ«yﬂiss, iQ'ﬁesy‘?F?’rBt{ﬁilaﬁl FBBBQ}{PH&?ﬁth@Eé?\‘/'@Wgé ose
ranged from.1l , 5 pg, 1 g, 15 pg ... . to 100 pg per kg BW per
nmouse. Acg'étﬁﬁ?’gg"@sgﬂ%'g’ﬂﬂﬁgt@bh‘f"ﬁél‘”‘&ﬂ Qlutiascaniaiging ﬁ%‘?&ge buf f er ed
saline only, and another group of control mce were injected
subcut anédiegnjratigne ef bela-ayglpdestindtwel finesiof ipagh dosM, @rmlyl, gniert iy BW
of G CSF per nouse. [096] Peripheral blood was harvested from all
m ce andanda mikiethycyalodekipw it ptosage bufferdMibVdiyncantefygingeit age of
CD34+ stemcells in nononuclear cell (MNC). The results are reported
as the n#@l0-2500 xignfofaldl mirl.. Tablremkir@igspmpieTin thXBIK depiricah tube
CD34+/ MNC (%

was collected and stored at -80°C.

[092] Homogeneity of the purified TAT-HOXB4H protein was
analyzed by SDS8-polyacrylamide gel followed by coomassie staining (figure 5).
As shown in figure 5, TAT-HOXB4H purified from HisTrap and MonoSP resulied
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
Montreal, 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: Stability of Recombinant TAT-HOXB4H protein

[093] The Stability of the TAT-HOXB4H was measured by
SDS-polyacrylamide gel analysis. Upon storage full length TAT-HOXB4H can be
degraded into 30 kD and 10 kD fragments. As shown in figure 6, 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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(Experimental /Control) 1 1 0 0.03 25 0.3 0.05 35 Goup
TAT- HOXB4H (gg/ kg) CD34+/ MNC (% (Experinental/ ontrol 3 10 0.45

0. 03
0.21
0.02
0.41

4 15 0.42 0.01 5 20 0.38 0.05 6 25 0.41 0.02 7 30 0.35
8 35 0.330.11 9 40 0.29 0.16 10 45 0.46 0.01 11 50 0.45
12 55 0.42 0.06 13 60 0.44 0.02 14 65 0.41 0.04 15 70
0.03 16 75 0.49 0.01 17 80 0.45 0.04 18 85 0.46 0.07

19

90 0.44 0.02[0929 95 Budher, thddtability 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

[095] Balb/c mice were used to investigate the possible effect of

recombinant TAT-HOXB4H protein on mobilization of HSCs from bone marrow to

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 ug, 5 ug, 10 pg, 15 g ... to 100 ug 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 ug per kg BW of G-CSF per mouse.

[096] 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 results are reported as the mean % s.d. in Table 1.

Table 1
Group TAT-HOXB4H (ug/kg) CD34"/MNC (%)
(Experimental/Control)
1 1 0+0.03
2 5 0.3+0.05
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21 100 0.42 0.05 Control (PBS) 0 0.002 Control (GCSF) 0 0.5 0.03
[097] The percentage of CD34/MNC i n peripheral blood harvested from
the treated mce is shown in Table 1. The TAT-HOXB4H treated 36
experinmental groups 3-21 (received a dose of 10 pg or above per kg
BW showed substantially the sanme nobilization effect as G CSF
treated control group. [098] Bone marrow from TAT- HOXB4H treated m ce

(Exp. Ggup 3 refsupyed a dosepfHEX ﬁ?d/hbp W, GEs TRE @6
m ce, and (ERSeiinictthif€ont¥bfe Were further phenofyped using
FI TG conjugated antTpody to [CD34+ (Bectom Dickynson) and—anatyzed by
a flow cytoneter. Bone marrgw from mtk treated| w thQ#AEE GIO3B4H
(Figure 5C) appears to be rijcher Tn CD34™ stem fells than bone marinow
from G CSF_(Fi qure*5A) and BBS (Figurt¥ 5B) injetted nPdd.x 0.9Aer ef ore,
these results indicate that |injecti on%}of r econb| nant érAé I—EXSAH
proteins|results in increased nunher HSCs in| both PRE %8 narrow
and erilpheral blgod in mce. Exanplg 7: Effect of nbj ngnt
TAT- H%X B Proted n@on Herat-gpoi-esi TSYD ﬁn Rhesus .bnke!j?}%gd'-g?'la%@.!
adult rhesus nonkeys were used to invggtigate the effizgacy -9f
r econbi ngmtTAT-HOXB4AHprotginm— i nnonkeys. Expert+rentat—grotp—t
(n=5) wene injectedl intravenously w t36 10 pg pef kg BWBEEf+ @.ddonbi nant
TAT- HOXB4H protein Tour tings per day for 4 dayp. EXperinmental group
Il (n=5)| were inj%®cted intrlavenous!| V¥hith 10 pg per ®g9BV0.46
TAT- HOXB4H f i
HO our tiges per 45 0.46 £ 0.01

11 50 0.45 £ 0.02

12 55 0.42 + 0.06

13 60 0.44 + 0.02

14 65 0.41+£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 90 0.44 £ 0.02

20 95 0.41 £ 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

36



day and injected subcutaneously with 5 pg per kg BWof G CSF for 4
days. Control group |I received PBS only, and control group Il were
I njected subcutaneously tw ce per day for 4 day with a dose of 5 pg
per kg BWof G CSF. Peripheral blood were harvested fromall nonkeys
and anal yzed by a flow 37 cytoneter to obtain the percentage of CD34+
stemcells in nononuclear cell (MNC). The results are present ed in

Tabl e 2. ckpbfiraertabyai @Qﬁr@b@éa@adds%em &t abdvedsErel BWA showed
TAT- Hoxepr?ﬂioeg/a%) gsez ( 'Y'AT HOXB4H (10@ g/ kg) + érk%s ? S 8‘?’89

0. 38 00@hbﬁbnﬁal(ﬁﬁ@saﬁte%obﬁ??é‘tfdrpéﬁe?ct(a@’é:@_SF aghiah) GAup0100] As

shown in Table 2,7 nonkeys (experimental group % treate

TAT- HOXB4H onfqg howegr?gg &?&L AN RY- ﬁékbﬁht?@%é it L‘%ﬁs ﬁ"?@é?ed

than G- CSF t ed no control ‘grod

with TAT- nd 1J) sh a. htly
better Hgf‘t%?%ﬁa% g@@t&ﬁﬁ%@éﬁ%':g %ﬁ Wﬁk@?@%&dﬁﬁc Gggroup
[1). [0101] Bone ci nens f m)nke S treat ed wt
TAT- HOXBAHP® Wepesh Evgn&pyp@d Pﬁ'FQH'Ié? antikqdydo Edda (Becton
FI TC-conjugated anti body to CD34' (Becton Dickinson) and anal yzed by
a flow cﬁ'%twa ang@nalyzag by auflap extometer. f rBenensriegw flone miesl trgaied
TAT- HOXB4H (Fi gure 6C) appears significantly richer i n CD34+ stem
cel | s t hanthhbAe-HEXBak (Figwien®bsappears 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 ug per kg BW of TAT-HOXB4H four times per
day and injected subcutaneously with 5 pg per kg BW of G-CSF for 4 days.
Control group | received PBS only, and control group |l were injected
subcutaneously twice per day for 4 day with a dose of 5 ug per kg BW of G-CSF.

Peripheral blood were harvested from all monkeys and analyzed by a flow
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from G CSF (Figure 6A), TAT-HOXB4H + G CSF (Figure 6B) and PBS
(Figure 6D) injected nonkeys. 38 Exanple 8: Effect of Reconbi nant
TAT- HOXB4H Protein on Hemat opoietic Recovery in NOD-SCID M ce [0102]
104 human Li n%CD34+ cells were injected into irradiated (2.5 Gy)
NCOD- Lt Sz-scid/scid (NOD-SCID) mce, along with 105 CD34- irradi ated
accessory cells. The mce are divided into two groups randomnmly: one

group (RyFidHeted dbthiAthe Perddnta)edtTDBY " $tdrh cEMshE misionkieleBY\Calf
reconbi nant TAT- HOXB4H protein tw ce per day, and the other (n=28)

recei ved (RSt WrRe& r@&lits Eﬁi@}breég?ﬁed)fnepéﬂgg of human CD45+ cells in the
peri pher aI bI ood cells of all mce was neasured periodically by flow
cytonetry after transpl ant atl on. CDZ%EPA ftl c recovery was eval uated
as the nunber of mce whose hurran célls reached IeveI s of >0.1

% in peri ph-‘rdl btood \I-’D) 1 dllbpl ant-ation: 4}} b/l i gure
7, inproved|henmat opoi etd ¢ r.eco observed in qtﬁf’e M’ﬂ@( 9/njlect ed
\M' t hrr}—)econb Aant TE)\T L@B@mnxa%ﬁm%avgm| e 0 ._'F f ect n'F Dor\n IJ | nant
TAT- HOXB4H qutpe]rmo)(Bzhnle =q : i Recovery in BaI b/q;gg_ace After
Cisplatin Ce ] E > CE . edly

i njected inf HaVAmdﬂ@XBdev(nOmgd(gsm GtG&F (ﬁmgzlkgb he|nunber0.8% Ly5
(murine CD43¢ cells in peripheral blood of TtThe mce decreased t|o
appr oxi mat el ontsoh bEPBHE ori gi nal nunber. The nig¢e trdh@éd with

cisplatin af t roups random y: one group_ (n=28) was
injected in ﬁgohﬂfnﬁﬁt??%iﬁqu%gﬁg per kg BWof reconbi r%ﬁ@ TAT- HOXB4H
protein tw ce per day, and the other (n=28) received PBS tw ce per

day. The

[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 1l). The monkeys treated with
TAT-HOXB4H and G-CSF (experimental group Il) showed a slightly better
mobilization effect than G-CSF treated monkeys (control group I1).

[0101] 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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presence of Ly5 cells in the peripheral blood cells of all mce was
measured periodically by flow cytonetry after transplantation.
Hemat opoi eti c recovery rate was eval uated as the percentage of the
nunber of Ly5 cells in peripheral blood to 39 the original nunber. As
shown in Figure 8, inproved hematopoietic recovery was observed in
the mce injected with reconbi nant TAT-HOXB4H protein. [0104] The

ani mal n@@%lé&ﬁd Effe it Ree cOMBInaie TAT-HOXBAPEPFote £ 6R HE M S pofeid ©
art as p f RbD-S cknat w € obtal ned I n human
patientsf‘Eﬁé‘t%TgTT_BFGYWEVET et al. (2005) The Journal of

. | ! . . 4 -8 A
Bl bod 107, 37055075, PoRGRE ATt faagh TS T Rvanern medhpdefhs

od 3778 oL . nvertt on has
indor st o0 NOP & SBlebid INQRUREIER WicE atia JRR JRC ciiog 3ﬁi@sfeﬁions can
i1 h | f h i L d f 1 ' ti
ac hor o Aerrapr P dhedpce Ak gt e turS "Bl ant oG
- RODUCI NG
RECOVE! AR HESHOiRsiad BRI RhEvsh (A0S koS abrasambpant

HEMATOPO ESI S I N VIVO <130> 10712. 0001- 00000 <140> 12/042, 097
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 blood 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 repeatedly 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 Ly5 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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<141> 2008-03-04 <160> 5 <170> Patentln Ver. 3.3 <210> 1 <211> 57
<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial sequence: synthetic oligonucleotide <400> 1 tatgcaccac
caccaccacc actacggccg caagaaacgc cgccagcgcc gccggcg _ 57 <210> 2
<211> 53 <212> DNA <213> Artificial sequence <220> <223>
Description of Artificial sequence: synthetic oligonucleotide <400>

32%295 ggﬁggélgglgﬂﬂﬁ%g éb%hb@ﬁgﬂ%@é R91r8srod8d heeiteh I8ic @e8very 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. (2006) Blood 107, 3772-3778.

[0105] 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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<213> Artificial Sequence <220> <223> Description of Artificial
sequence: Synthetic pol ynucl eotide <400> 3 atgcaccacc accaccacca
ct acggccgc aagaaacgcc gccagcgccg ccgegceta Q atga gttctttttt
gat caact ca aactatgtcg accccaagtt ccct EHt EeqﬁBtTﬁggégatatt
cacagagcga ttacctaccc agcgaccact cgaeeggotiastéhqcgccggec 180

ggccagaggc gH@a cB9UOUE¥Xcagccg gaggcgggcet tcgggcggcg cgcggegtge 240
accgt gcagc gctac §c 0 gac cctgggcccc cgccgectcc geccaccaccc 300
ccgccgecce coecanEyes dFIBRGIUEENE REChRaIBEnt Grasl @i@eggcc acccgecggg 360

gccct cct cC CgyageROTgIN GORCGUSIC AFCA GADMAGYT OFF gEMgUDAgIESISCcccgccgect 420

ccctgcgecc agaacHt¥éYO gcaccccagce ccgtcccact ccgegtgcaa agagcccgtc 480
gt ct acccct AL 9LHS 9 RALESRPIL 0 agcacggt aa accccaatta cgeccggeggg 540
41 sequence Listing.{xt gagcccaagc gctctcggac cgccaacacg cgccagcagg
tcttggagct ] 42,P0 tttcactaca accgctacct gacacggcgc
cggagggt gg tcfEc®BOgcget ct gc 660 ctctccgage gccagat caa
gatctggttc gcggaaecggc gcatgaagtg gaaaaaagac 720 cacaagttgc
ccaacaccaa gatccgctcg ggtggtgcgg caggct cagc cggagggccc 780
cct ggccgge <datRpfagtircyeccgedcg ctcctcgagec accaccacca ccaccactga 840
<210> 4 <21%ﬁ0§?? <212> PRT

<211> 57

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oTigonucleotide

<400> 1

tatgcaccac caccaccacc actacggccg caagaaacgc cgccagcgcc geeggeg 57

<210> 2

<211> 53

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide

<400> 2
ctagcggcge tggeggcgtt tettgeggece gtagtggtga tagtggtggt gca

synthetic

53

<210> 3

<211> B840

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Synthetic
polynucleotide

<400> 3

atgcaccacc
atggctatga
gaggaatatt
ggccagaggc
accgtgcagc
ccgccgecce
gcecctectec
ccctgegecc
gtctaccect

accaccacca
gttcrttttt
cacagagcga
gagagagcag
gctacgcggc
cgccaccgcec
cggagcccgy
agaaccccct
ggatgcgcaa

ctacggecge
gatcaactca
ttacctaccc
cttccagccg
ctgccgggac
cggtctgtcce
ccagcgcetge
gcaccccagc
agttcacgtg

aagaaacgcc
aactatgtcg
agcgaccact
gaggcgggct
cctgggeccce
cctegggcetce
gaggcggtca
ccgteccact
agcacggtaa

41

gccagcgecg
accccaagtt
cgcccgggta
tcgggcggeg
cgccgectec
ctgcgccgec
gcagcagecc
ccgcgtgcaa
accccaatta

ccgcgcetage
ccctcecatgc
ctacgceggce
cgcggegtge
gccaccaccc
acccgecgag
cccgcecgect
agagcccgtc
cgcecggegyy

60

120
180
240
300
360
420
480
540



<213> Artificial Sequence <220> <223> Description of Artificial
sequence: Synthetic pol ypeptide <400> 4 Met Hs Hs Hs Hs Hs His
Tyr Ay Arg Lys Lys Arg Arg G n Arg 5 10 A Ar a ser net Ala

v origBbEiEl o Er AR Sccoihc é"a‘i% : ﬁ@@agggmoo

e d
S afmemoh st dsar e paeite sE
cC G
= o Singe SRR N ey

90 Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro d
y Leu Ser Pro Ar
100 105 1106218+t Pro Ala Pro Pro Pro Ala Gy Ala Leu Leu Pro Gu I%ro

dy dn 115<2§%>(£E§5 Pro Cys Ala Gn Ar
g Cys Au Ala vVal Ser Ser Ser
Pro Pro Pra336t Pri13Q1 1sXRuence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<400> 4 )
MeE His His His Hig His His Tyr Gly Aig Lys Lys Arg Arg Glg Arg
0

Arg Arg Ala Ser Met Ala Met Ser Seg Phe Leu Ile Asn Sgr Asn Tyr
20 2 0

val Asp Prg Lys Phe Pro Pro Cys Glu Glu Tyr ser Glg ser Asp Tyr
3 40

Leu Pro Ser Asp His Ser Pro Gly Tyr Tyr Ala Gly Gly Gln Arg Arg
50 55 60

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

Thr val Gln Arg Tyr Ala Ala Cys Arg Asg Pro Gly Pro Pro Pro Pro
85 9 95

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

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

Arg Cys Glu Ala val Ser Ser Ser Pro Pro Pro Pro Pro Cys Ala Gln
130 i35 140

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

val Tyr Pro Trp Met Arg Lys val His val ser Thr val Asn Pro Asn
165 170 175

Tyr Ala Gly Gly Glu Pro Lys Arg Ser Arg Thr Ala Tyr Thr Arg Gln
180 185 190

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

Arg Arg Arg Arg val Glu Ile Ala His Ala Leu Cys Leu Ser Glu Arg
210 215 220

GIn Ile Lys Ile Trp Phe GIn Asn Arg Arg Met Lys Trp LYs Lys Asp
225 230 235 240

His Lys Leu Pro Asn Thr Lys Ile Arg Ser Gly Gly Ala Ala Gly Ser
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Asn
145
Asn
Thr
Asn
Al a
Arg
Thr
245
Leu
6

Pro Leu H's Pro Ser Pro-ser H's ser 1Ala 55 Cys Lys Gu Pro Val
150 Val Tyr Pro Trp Met Arg Lys Val H's Val Ser Thr Val Asn Pro
165 170 175 Tyr Ala dy Ay GQu S Arg Thr Ala Tyr
Arg @ n 180 185 190 & n Val Leu ég(’i@fcg Ldétcgni%& u BPhe Hi s Tyr
Arg Tyr Leu Thr 195 200 205 Arg Arg Arg Arg Val Ju lle Ala H's

Leu cysAleglzedly@ne Are G1318r® P80 @sh ¢1¥% Gly Prp| @rgm%anmg &%th Asn

Arg Met Lys Trp L§% Lys Asp 225 235 240 His Y% Leu Pro Asn
Lys Il egfr g1§emsq|% iy AkayN a Ay Ser 42 sequence Listing.txt

250 255 Ala @ Ay Pro Pro Ay Arg Pro Asn Ay Ay Pro Arg Al a

Leu 260,265 270 Gdu Hs Hs Hs Hs Hs Hs 275 <210> 5 <211>

<212> PRj%l 1§.> Artificial Sequence

<212> PRT
<213> Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic 6x
his tag

<400> 5 . ] .
His His His His His His
1 5
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<220> <223> Description of Artificial sequence: synthetic 6x his tag
<400> 5 His HHs H's Hs Hs Hs 15 43 Cains Wat is clained is:

1. A nmethod of producing a TAT-HOXB4H protein conprising: (a)
providing a host cell conprising a vector encoding the protein; (b)
expressing the protein in the host cell; (c) collecting an inpure
solution of the expressed protein; (d) purifying the protein from
the solution by: (i) applying the sol utjapsto a Hi sTrap colum; (ii)
washing the Hi sTrap columm; (iii) eluting the partially purified
protein from tyweatsldigedgel uim to forma partially purified protein
solution; (iv) applying the partially purified protein solution to a

MonoSP  col ummp methodBEpMoRtcih @ TRPGRbX 824 Witkeir (Yér)lpﬁéih%'i ng the

purified protein fromthe MnoSP colum in’ denatured form (e)

ref ol ding the () Bl stifgBHoLE 66l B5AbRLRG YSeBlr DAIEARYINL BreigRPOUNdS

(b) expressing the protein in the host cell;
(c) collecting an impure solution of the expressed protein;
(d) purifying the protein from the solution by:

(i) applying the solution to a HisTrap column;

(i) washing the HisTrap column;

(iii) 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
denatured form;

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

(i) 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;
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by: (i) conmbining the eluted denatured protein and a sol ution of
hydr ophobi ¢ conpounds to forma solution of protein and hydrophobic
conpounds; (ii) desalting the solution of protein and hydrophobic
conpounds to obtain a desalted protein and hydrophobi c conpound
solution; 44 (iii) renoving the hydrophobi c conmpounds fromthe
desalted protein solution using ultrafiltration. 2. The method of

claim 1, wherein thgi)kbsdvia tﬁ@hgdmpﬁﬁlﬁﬂicﬁﬁwdbuﬁHQI’ronﬁt%%éséﬁéd Brd¥éin
Urea, 20 nM HEPES, 0.5 nM DIT, 100 mM NaCl, pH 8.0 and 10 nM

i m dazol eso!@tior?hﬁn&%ﬁtl’é?ﬂr&?fon?' aim1, wherein the eluting buffer to
y

elute the partiall purified protein fromH sTrap col um conpri ses

a3 o SRR Sty YR e ol R ot e
: S : =,

corpr i sestaeda 4 Ui 2ol AEPESTh% B BT rbE M ReED ol end the

eluting buffer to elute the partially purified protein fromH sTrap

col umn cof¥ Ineidazaleo- 250 mM i i dazol e. 6. The nethod of claim 1,
wherein the MonoSP col umm washing buffer conprises 4 Murea, 20 nM

HEPES and350 nireanethodyef daim 1, whergin thetahdingdiuftar de alule thehearbially ¢ he
eluting buffer to elute the purified protein from MonoSP col um
conpr i sespurified woieiCirovmidis2 camenlHEPES Mpides .af leas850 Tid imniztalzol infd M
claim1l1, wherein the hydrophobi c conpounds conprise
Urea, 20 mM HEPES, 0.5 mM DTT, 100 mM NacCl, 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.
6. The method of claim 1, wherein the MonoSP column washing buffer
comprises 4 M urea, 20 mM HEPES and 50 mM NaCl, pH 6.5.
7. The method of claim 1, wherein the eluting buffer to elute the purified
protein from MonoSP column comprises 1. 5 M NaCl and 20 mM HEPES, pH 8.0.
8. The method of claim 1, wherein the hydrophobic compounds comprise
Triton X-100, tween-20 or polybenzene compounds.
9. The method of claim 1, wherein the ultrafiltration process carried out by
centricon tube or a stir-cell.
10.  The method of claim 1, wherein the purified protein was stored in IMDM or

DMEM.

11. A TAT-HOXB4H protein produced by the method of claim 1.
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Triton X-100, tween-20 or pol ybenzene conmpounds. 9. The net hod of
claiml1, wherein the ultrafiltration process carried out by

centricon tube or a stir-cell. 10. The nethod of claim1, wherein the
purified protein was stored in IMDMor DMVEM 11. A TAT- HOXB4H
protein produced by the method of claiml. 45 12. A nethod for
enhancing the nobilization of HSCs from bone marrow to peri pheral

bl ood, copri sA Rsthéd fr@mhBh&hE thd fhobflizatis B RSEsiffbnl 88Fe IiFPlo an
ef fective amount of a TAT- HOXB4H protein produced by the nethod of

claim1, ] ' Qe TAT- HOXB4H protein to increase the
i et

absol ute he bone marrow of the subject thereby

enhanci ng the ' f . .h et temcells to th

peri phergl bl oé(}md"‘HJ é'h%ﬂée'.ing]ﬁg%e%l@g@ R%%%ﬁ]%é?fg% ‘gﬁ(e@?’%ié‘m ?oﬁﬂgﬂ-i'n

t he subje | eed .t hereof s HS opor, 14. The method of claim
12, V\/nejr eﬁhﬁgpgr@gﬁ'%’fo "l?eﬂé)é'c#ﬁ?ﬁ%?%%go?g'ag"éa?? nt having

under gone aut ol ogous HSC transpl antation. 15. The nmethod of claim 12,
wherein the sumjaglew'n%thﬁé%w@f%ﬂﬂ prafein teingspase Mehsolute aupwer eht .

16. The method of claim 15, wherein the subject suffers from di seases
caused DbyYSCstiethe kensHvargws 9fdhe subjectitheretyeenhenking the nbilization of

wherein the subject suffers frominherited aplastic anem a.
hematopoietic stem cells to the peripheral blood of the subject.

13.  The method of claim 12, wherein the subject in need thereof is a HSC
donor.

14. -~ The method of claim 12, wherein the subject in need thereof is a patient
having undergone autologous HSC transplantation.

15.  The method of claim 12, wherein the subject in need thereof is a G-CSF-
insensitive patient.

16.  The method of claim 15, wherein the subject suffers from diseases caused
by inherited HSC deficiency.

17.  The method of claim 16, wherein the subject suffers from inherited aplastic
anemia.

18.  The method of claim 12, wherein the subject suffers from any one of
hematological disorders, solid tumors, and immunological disorders.

19.  The method of claim 12, wherein the hematological disorder is selected
from the group consisting of lymphomas, leukemias, Hodgkin’s diseases and
myeloproliferative disorders.

20. A method for improving the recovery time of a patient having undergone
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18. The method of claim 12, wherein the subject suffers fromany one
of hematol ogi cal disorders, solid tunors, and inmunol ogi cal

di sorders. 19. The nethod of claim 12, wherein the hemat ol ogi cal

di sorder is selected fromthe group consisting of |ynphomas,

| eukem as, Hodgkin's diseases and nyeloproliferative disorders. 20.
A nmethod for inproving the recovery time of a patient having

under gone HSStriiplAnitatied imadiatidrPor cHematRbaidy Wdnfirisie ot her apy
conprising: a) admnistering to a subject in need thereof, an

effective anougf @hinksteriy Iﬁ% % of
claim1, and b)} a(?]flcl;ﬁsn’ ngr@ oe %@(@%E pr%}tég?%ﬁ%gfe%\{:%gﬁggﬁtﬂgg
absol ute 8 f I ; upj ect. 21. The
met hod of ﬁgﬁgﬁ%@éH @Eernefaﬁooiuﬁgd lsgggﬁeec ﬂﬁ(ﬁy\lﬂfe)(ga'%{]ﬁﬁ%%f is a HSC
donor. 22. The hod  of i wherein.the subject in nee
thereof is a p%f‘i%mmg &ﬁ/f%ﬁ'%?ﬁ@ﬁ%teﬁhtpdp?ﬁaﬁ% H"%"Cﬂbs‘)]‘ﬂe Natber of
transpl angg’;ﬁ on. 2& The net hod of claim 20, wherein the subject in
need t her 5 1o the opgmariqysahibeisubiechat i ent . 24. The net hod of claim
23, wherein the subject suffers fromdi seases caused by inherited
HSC def i c2&ncyThemethaaofmainnd0.orhereia the subjeghierndead theeeof iy &tSC
suffers frominherited aplastic anema. 26. The nmethod of claim 20,
wher ei n t#denarubj ect suffers fromany one of henatol ogi cal disorders,
solid tunors, and i mmunol ogi cal disorders.

22.  The method of claim 20, wherein the subject in need thereof is a patient

having undergone autologous HSC transplantation.

23.  The method of claim 20, wherein the subject in need thereof is a G-CSF-

insensitive patient.

24.  The method of claim 23, wherein the subject suffers from diseases caused

by inherited HSC deficiency.

25.  The method of claim 24, wherein the subject suffers from inherited aplastic

anemia.

26.  The method of claim 20, wherein the subject suffers from any one of

hematological disorders, solid tumors, and immunological disorders.

27.  The method 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 ctaim 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
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27. The nethod of claim 26, wherein the henmatol ogi cal disorder is
selected fromthe group consisting of |ynphomas, |eukem as,

Hodgki n' s di seases and nyeloproliferative disorders. 28. The nethod
of claim1, further conprising renoving a His-tag at the N-term nus
of the TAT-HOXB4H. 29. The nethod of claim11, further conprising
removing a His-tag at the 47 Ctermnus of the TAT-HOXB4H. 30. The

met hod of cEabmhihus bffHe"BAT-$B43I Ng renoving Hi s-tags at the both
N- and C termni of the TAT-HOXB4H. 31 The nethod of claim 12,

wherein T 1—@% i -Hi S ; m nus.
32. The rregt?-'ho 0 mcﬁ@%n@@ﬁ’&vﬁ@ﬁ%ﬂ%%%ﬁb&% Slgg%r?répri se a
H s-tag at -1 eral . of claim12, wherein

TAT- HOXB4H %}gsl& na([)rk% @o%lnéégtmi-ﬁhﬁ'm%either the N- or
C-termnu 4. The t had | ai m i,n TAT- HOXB4H does not
conpri se 33, Toemplod i £ 'Huﬁ%‘é‘@%%@?ﬁ%cwp@%imzo,
wher ei n TAT- HOXB4H does not conprise a His-tag at the Cterm nus.

36. The netdbs+R9 alithe Mieomingser ei n TAT- HOXB4H does not conpri se

H s-tags at either the N- or C-termnus. 48
32. The method of claim 12, wherein TAT-HOXB4H does not comprise

a His-tag at the C-terminus.

33. The method of claim 12, wherein TAT-HOXB4H does not comprise
His-tags at either the N- or C-terminus.

34. The method of claim 20, wherein TAT-HOXB4H does not comprise
a His-tag at the N-terminus.

35. The method of claim 20, wherein TAT-HOXB4H does not comprise
a His-tag at the C-terminus.

36. The method of claim 20, wherein TAT-HOXB4H does not comprise

His-tags at either the N- or C-terminus.
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