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1 VECTOR FOR GENE THERAPY Technical Field 5[0001]The present
invention relates to a nucleic acid construct useful in the treatment or
prevention of diseases using a polypeptide having endoribonuclease
activity. Background Art 10[0002]Gene therapy has been developed as a
therapeutic method for treating or preventing diseases (including genetic
diseases and cancers) caused by "errors in genetic information" in cells by
means of addition of correct genetic information in order to modify the
function of the 15cells or by introducing a novel "protective gene" that is
intrinsically absent in the cells. [0003]At present, in addition to the above
aspect, utilization of a gefe‘erieddiriefa pFotuct EXfibiting cytotoxic activity
is being extensively studied for 20purpose of selective clearance of cells
harmful to living organisms (e.g., cancer cells and cells infected with a
atho enic. microQrganism). For example, expression of a herpes virus
f h%alélngsle %g ne in target cells followed by administration of a

86& ic proqErIon Eﬁancsy Qtwqrt]ovgglkwré%orrgeaflstm Ieatds tg targe ig_%llc acid

peC| actlv

construct useful in the treatment or prevention of diseases

using a polypeptide having endoribonuclease activity.

Background Art

[0002] Gene therapy has been developed as a therapeutic
method for treating or preventing diseases (including
genetic diseases and cancers) caused by "errors in genetic
information”" in cells by means of addition of correct
genetic information in order to modify the function of the
cells or by introducing a novel "protective gene" that is
intrinsically absent in the cells.

[0003] At present, in addition to the above aspect,
utilization of a gene encoding a product exhibiting
cytotoxic activity is being extensively studied for the
purpose of selective clearance of cells harmful to living
organisms (e.g., cancer cells and cells infected with a
pathogenic microorganism). For example, expression of a
herpes virus thymidine kinase gene in target cells followed
by administration of a non-toxic prodrug (gancyclovir) to

living organism leads to target cell specific activation of
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2 the prodrug, resulting in destruction of the target cells due to the

cytctoxicity of the drug. [0004]Toxins encoded by prokaryotic

toxin-antitoxin genes are known as polypeptides exhibiting cytotoxic

activity. Both MazF, a toxin of the mazE<mazF system (non- Patent
Document 1), and Petra, a toxin of the penl-pemK system (non-Patent
Document 2), are known to have single-stranded RNA-specific
endoribonuclease activity that recognizes particular nucleotide seduences,
el Ursecsirne SeeRins IHES Beerfisropased fewedtiprofieratiedet cells
diseases (Patent Document 1). [0005]A human immunodeficiency vinfects

efis BRpressing oA Riblecules, Sticit 38 T9GH8. This leads to a decrease
in 004-positive T cell (helper T cel%lScount and a reduction in cellular

imfinity in hORENS Snfelfeafith P Rinaliy Featiting ingevre tLtoxin

immunodeficiency, which Ieg_ﬂ?toe ergence of.opportunistic,infections
GHR B OAI BHSUrGIS THIS Stagh of 1he AISEALs 1L refensd 1o &5

?6‘89“% imm%8@@%@%’,2%5@%5_9{%‘35@@'P§%- [pQ9elAntyiral.agents, (non-

such'as feverse transcriptase inhibitors, protease inhibitors) and vaccines

thatdnterfgre. with the lfe cycleofdlihave hegn developed fordreatrents

of HIV infection, and several antiviral 3

system (non-Patent Document 2), are known to have single-
stranded RNA-specific endoribonuclease activity that
recognizes particular nucleotide seguences, and use of
these toxins has been proposed to treat proliferative
diseases (Patent Document 1).

[0005] A human immunodeficiency virus (HIV) infects
cells expressing CD4 molecules, such as T cells. This
leads to a decrease in CD4-positive T cell (helper T cell)
count and a reduction in cellular immunity in humans
infected with HIV, finally resulting in severe
immunodeficiency, which leads to emergence of cpportunistic
infections such as Carinii pneumonia. This stage of the
disease is referred to as acquired immunodeficiency
syndromes (AIDS).

[0006] Antiviral agents (such as reverse transcriptase
inhibitors, protease inhibitors) and vaccines that
interfere with the life cycle of HIV have been developed

for treatments of HIV infection, and several antiviral

agents have already been put into practical use. However,
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they cannot necessarily be regarded as a complete set of specific

remedies because mutants resistant to these agents may emerge in

individuals infected with HIV, which has a high mutation rate. No attempt

to develop a gene therapy 5agent for inhibiting the proliferation of HIV has

been accomplished, as another approach, using a nucleic acid, such as

an RNA decoy and a ribozyme, or a protein, such as a transdominant

mutant protein and an intracellular antibody, as an active ingredient.
Q000073 tHer nimetiotistfor Ealsing BivLisfectetiscell- apagifie Eell deathot
have been contemplated (e.g., Patent Document 2, non-Patent

Rubfehts 3:&%1%% &3, PRESE SRV e ptes tohRBEL £ gedese agents
encoding a cytotoxic product downstream of an LTR promoter derived

Tt BIRE “E5H dievier i 16 R SthiPe RS Rn s RIificr applitatio '8 2
these method [0008]Patent Document 3 discloses use of a single-
lgfrgsﬂdéndl ﬁ?\l%gﬁec'ﬁéc ndorisorucleal d%ls%é) c;?{s ?o&‘?gﬁPoﬁjcﬁg%él e therapy

mentioned aboug, This method induces expression 200 a.ginole-strandeg

#A0A-spécifc shdd -
-Spéecific endoribonucfease in‘a manner depending on Tat protein, a

protein expressed in assqelatian with HIN jpfection ;apd thereby: leading to,
degradation of single-stranded RHA in the cells harboring the HIV

genrame s This regultsindahibition of replication2>apd budding:ef Y iBuch as
the cells. The expression of the 4 endoribonuclease terminates when the

expression af Tak proteinds termynated by the degradation-afdilVaderived

RNA and the expressed Tat protein is eliminated from the cells. During

this pracess, riboseomescand tRNA gemaireintact in 5the cells and normal
protein synthesis is restored once the endoribonuclease expression is
ferifindted. Thust theeeellsnethods for causing HIV-infected cell-
specific cell death have been contemplated (e.g., Patent
Document 2, non-Patent Documents 3, 4 and 5). These
methods attempt to connect a gene encoding a cytotoxic
product downstream of an LTR promoter derived from HIV.
However, up to now, there is no known clinical application
of these methods.

[0008] Patent Document 3 discloses use of a single-
stranded RNA-specific endoribonuclease as a cytotoxic
product as mentioned above. This method induces expression
of a single-stranded RNA-specific endoribonuclease in a
manner depending on Tat protein, a protein expressed in
association with HIV infection, and thereby leading to
degradation of single-stranded RNA in the cells harboring

the HIV genome. This results in inhibition of replication

and budding of HIV in the cells. The expression of the
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remaining undestroyed at this time point restores the proliferation. As

such, while this method has an advantage in that it does not lead to

excessive decrease in 0D4- 10positive T-cells, it may fail to introduce an
ehdoribonuclease gene into cells at a sufficient efficiency when the
construction of the vector is inadequate. Patent Document 1: WO
2004/113498 Patent Document 2: US Patent No. 5,354,528 15Patent
Document 3: WO 2007/020873 non-Patent Document 1: Molecular Cell,
¢2do13-D20 Y2063)Sfor-Pateht Doeanient 2: JhBiok:Ghees.s290; of Tat

20678-20684 (2004)

non-Patent Document 3: Hum. Gene Therapy, 2

B3B151991F 2085 Patdrit Ddtuntéti 4dm6éci@§tp%aafs&ms%@f?ed RNA
365- 369 (1994) non-Patent Document 5: Hum, Gene Therap :
7H5- 1‘5&@(19@@7)r B5roBlens B SBkRd 6y ﬁ\%%ﬁx%é%ﬁ&)%cto 6@1% Viety GELLS -

the foregoin rlor art, the pres nt invention has t%‘ made An obj
ERdEl) ek 2 it for teating

Means for Solvin
is " restored

0 Flll’l

endoribonuclease expression is terminated.

remaining undestroyed at
proliferation. As such,
in that it does not lead

positive T-cells, it may

O
n\?erﬂlon I% to prov e a more e fec ive me

%d/or ?Lelventlng dlseasef usmgtendorlbonggleases

es an
elin s

Thus,
this time point restores
while this method has an
to excessive decrease in

fail to introduce an

chve

Wee the
the cells
the

advantage
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[0010]The present inventors investigated the construction of retroviral
vectors for expressing a polypeptide having single-stranded RNA-specific
10endoribonaclease activity, which can be used for treating and/or
preventing.a variety of diseases including, for example, cancers and virus
infections. As a result, the present inventors have found that retroviral
vectors that can achieve particularly highly efficient gene transfer 15into
cells can be obtained if a unit for transcription of the gene encoding the
Bolybeptide isplaced inla eetrdiiiral Pecténinethe opposite direction relative
to the direction of transcription of the RNA genome of the retroviral vector,
thePEBY completing ke pPésenit invertisA 20l 0R IfMsre3SpecificaRy R Sent
present invention relates to: A retroviral vector which comprises a
trANECHPLBR dHfitcotfgisiAg dtransthiption fegulai6rySequefice® BRAH ¢

ene encoding a polypeptide having single-stranded RNA- 25specific
R tion ke GEARy Whith & (Sted S5 0t T S el eB0iin B be
q:rétrqcllfd by thg?/ggulatorgesgguence wherein the unit is gl&ggg% that

the direction of transcription of MRNA from the Unit is opposite to the oo

gliégqg)nqugragggggg%n of RNA gename. of the retroviral 5vector; [2] The

retrovira.l vector according to [1], wherein the transcription regulatory
sequence is argegugnee for-controling she transeriptionof-agene

expressed specifically in cancer cells or virus-infected cells; 10[3] The
retroyviralivectomaceording te {ilrwheteia the-s for expressing a
polypeptide having single-stranded RNA-specific
endoribonuclease activity, which can be used for treating
and/or preventing a variety of diseases including, for
example, cancers and virus infections. As a result, the
present inventors have found that retroviral vectors that
can achieve particularly highly efficient gene transfer
into cells can be obtained if a unit for transcription of
the gene encoding the polypeptide is placed in a retroviral
vector in the opposite direction relative to the direction

of transcription of the RNA genome of the retroviral vector,

thereby completing the present invention.

[C011)] More specifically, the present invention relates
to:
[1] A retroviral vector which comprises a transcription

unit comprising a transcription regulatory sequence and a
gene encoding a polypeptide having single-stranded RNA-

specific endoribonuclease activity which is placed so that
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transcription regulatory sequence is such a sequence that the
transcription is induced by a trans-acting factor of a cancer cell or virus
origin; [4] The retroviral vector according to [3], wherein the
15transcription regulatory sequence is sgich a sequence that the
transcription is induced by a trans-acting factor of an inannodeficiency
virus; [5] The retroviral vector according to [4], which comprises such a
transcription regulatory sequence that the 20transcriptioninduced by Tat
BréterBAGRT ReV proteire CPRE FstroVirdl Yettéh&ccof@ingds pA]y sedquence,
wherein a gene encoding a polypeptide having single-stranded
WK%@C%&%&MiBOﬁ&CI@&%& ivi§ id praced dowhstream sFthe t TR
of an immunaodeficiepcy virus; 5{;7] The retroviral vector accordin% to L]f]
W?é?éﬁ%@t%%n%&i&%%eﬁzﬁ Séquience that

a%r?é%q‘drelﬁge is"sUCh Sequence that

D e R o P ed 1091 ra)
cefls: eretroviral vector accor ing to any one o?[ﬁ to [7], wherein
\g@%gglypeptide having single-stranded RNA-specific endoribonuciease

activity is MazF protein.; [9] A method for treating or preventing a

diseasenwhich.comprises ipreduging theretroviralvectaraccerding 10, tne
any one of [1] to [8] into cells; 10[10] The method according to [9], wherein

the disease is a.caneenara virys infegtion:{13]sThe methaghaccording to

[9], wherein the disease is an immunodeficiency virus infection;  [12] A
therapeutic agpreventiveagent of eidisease, avhichh5eomprisesdtie

retroviral vector according to any one of [1]

specifically in cancer cells or virus-infected cells;

[3] The retroviral vector according to [1], wherein the
transcription regulatory seqguence is such a sequence that
the transcription is induced by a trans-acting factor of a
cancer cell or virus origin;

[4] The retroviral vector according to [3], wherein the
transcription regulatory segquence is such a sequence that
the transcription is induced by a trans-acting factor of an
immunodeficiency virus;

[5] The retroviral vector according to [4], which comprises
such a transcription regulatory segquence that the
transcription is induced by Tat protein and/or Rev protein;
[6] The retroviral vector according to [4], wherein a gene
encoding a polypeptide having single-stranded RNA-specific
endoribonuclease activity i1s placed downstream of the LTR

of an immuncdeficiency virus;

[7] The retroviral vector according to [1], wherein the
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to [8] as an effective component; [13] The therapeutic or preventive agent
according to [12] for treating or preventing cancer or virus infection; and
,L] The therapeutic or preventive agent according to [13] 20for ..-eating or
preventing an immunodeficiency virus infection. Effect of the Invention
[0012]According to the present invention, a retroviral vector is provided
which is highly effective for gene 25therapy that utilizes ekpression of
single-stranded RNA- 8 specific endoribonuclease activity in the cells.
e retovi ARvEetGis wsefuP for the treafféntiandiorPredertim glice that
cancers and virus infections,,particularl)éRNA-virus infections. 5 Brief

I

Béschipfidn of Drawinigs 16013} F1g: Cilltstr&tes 17é Eorsiruttion bf <0~
MT-HLTR-MazF- PL. . Fig, 2 illustrates the construction of

%ﬁfﬁé—%&ﬁMﬁ%Eﬁ;ﬁed O i ?Ja%és histograms of the numbers

f%fe”%gggﬁg%E@gfggyegggggglggéording to any one of [1l] to

(71, wherein the polypeptide having single-stranded RNA-

specific endoribonuclease activity is MazF protein.;

[9] A method for treating or preventing a disease, which

comprises introducing the retroviral vector according to

any one of [1] té [8] into cells;

[10] The method according to [9], wherein the disease is a

cancer or a virus infection;

[11] The method according to [9], wherein the disease is an

immunodeficiency virus infection;

[12] A therapeutic or preventive agent of a disease, which

comprises the retroviral vector according to any one of [1]

to [8] as an effective component;

[13] The therapeutic or preventive agent according to [1Z2]

for treating or preventing cancer or virus infection; and
[14] The therapeutic or preventive agent according to [13]

for treating or preventing an immunodeficiency virus

infection.

Effect of the Invention

[0012] According to the present invention, a retroviral

vector is provided which is highly effective for gene

therapy that utilizes expression of single-stranded RNA-
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Best Mode for Carrying Out the Invention. [0014]As used herein, the term
"single-stranded RNA- specific endoribonuclease activity" refers to activity
that zes the phosphodiester bond at the 3'-side of a ribonucieot de in
a single-stranded nucleic acid containing at least one ribonucleot' e
molecule as a constituent nucleotide. A nucleic acid hydrolyzed by this
activity forms a 3'-end hava hydroxyl group and5'-end a phosphate group,
a 31-end having a phosphate group and a 5'-end having a hydroxyl group,
ey e kadng al2oBubeydlie pHidsphatevaridia kyarosxgt §roup. ARG
polypeptide 9 which is unable to cleave duplex nucleic acids such as
RubRISFAdESPRNAS o RNASDNA hiBrdS B&n bETREBNSH thé Preseht
invention, though the present invention is not specifically limited thereto.
B Aboveeitioret SSubbuats specificity 16 sitabté for thePrésent = +Y
invention in view_of efficient degradation of the HIV genome which is a
%%glg-lsﬁléﬁdéél ﬁ L THORe having activity of cleaving an RNA in a
nucleotide sequence-specific manner or those capable of degrading a
MRNA in a ribosome-independent 10manner are particularly preferred for

élfgé'r% t%g@fg@pggnt@p mm%% of polypeptides having

single-stranded RNA-specific endoribonuclease activity (hereinafter,
semetimes, referred to as asingle-stranded RNA-specific endor
bonuclease) include enzymes called mRNA interferases 15such as MazF

and Femlg described kereinadter WO 2004£k13496).on of pMT-HLTR-MazF-
PL.

Fig. 2 illustrates the construction of pMTD3-U3TAR-
MazF-PL.

Fig. 3 illustrates histograms of the numbers of cells

infected and uninfected with HIV.

Best Mode for Carrying Out the Invention

[0014] As used herein, the term "single-stranded RNA-
specific endoribonuclease activity" refers to activity that
hydrolyzes the phosphodiester bond at the 3'-side of a
ribonucleotide in a single-stranded nucleic acid containing
at least one ribonucleotide molecule as a constituent
nucleotide. A nucleic acid hydrolyzed by this activity
forms a 3'-end having a hydroxyl group and a 5'-end having
a phosphate group, a 3'-end having a phosphate group and a
5'-end having a hydroxyl group, or a 5'-end having a 2',3'-

cyclic phosphate and a hydroxyl group. Any polypeptide



10

15

20

25

[0015]The polyneotides used in the present invention which have activity
of degrading single-stranded RNA in sequence-specific and
ribosome-independent manners can be., 20for example, those of a
microorganism origin though the presenbinvention is not specifically
limited thereto. In such a case, a gene encoding the above-mentioned
polypentide can be isolated from a microbial genome or a plasmid. For
example, in the present invention, there can 25be used genes encoding

ehdofiborfucieagess Maz FarRPemKy PLEwWhth e ‘conditudht Xins 6fa
toxin-antitoxin system and are described in Molecular Cell, 12:913-920
{2003) 2nd (¢ ABiBE THEM:S 279: 70878 PP86Sw R0bAS, redpe&iels fiazpr the
is an enzyme hleaves the sequence 5'-A/CA-3' in a single-stranded RNA

BAGS &R enzyfethaPPrimaF chabes fife SdqRMeE 5-UHA(C, /R t-39f

is alsq POSSIE; e to_select a gene (J—:‘:ré(%oglng ?Rl/ér:l 0 acid se uencegnghly

g e
ﬁ%%%f‘oglo%% othe:L SHING %cidh seequen(:e o] or PemK trom a known

%%@é?%‘%% Q 'Ssoéaet?; E?'fcaﬂ‘?'ey“%es'_t 's”u%h(%tg‘%gée%e”} 'r%‘ﬁee”t'o?-e 58'%{999&%‘%%%1%
aving the above- mentioned activity have been found in a large number

9%%8%9%55}%@5&%%9 Bl%&'igir&g@ Meo%ndcﬂ@h@?\)( nome which is
2006/123537, WO 2007/010740, WO 2007/013264, WO 2007/013265,

stc).sRreferably, a,gene engodingrMaze is,used in thecdldpresents cleaving
invention. The amino acid Sequence of MazF is shown in the Sequence
bistingas SEQ IR NQe b+ [QR16JEhe enderibgnucieasesiesaabedabave; se
capable of degrading a mRNA in a ribosome-independent
manner are particularly preferred for use in the present
invention. Examples of polypeptides having single-stranded
RNA-specific endoribonuclease activity (hereinafter,
sometimes, referred to as a single-stranded RNA-specific
endoribonuclease) include enzymes called mRNA interferases
such as MazF and PemK described hereinafter (WO
2004/113498) .

[0015] The polypeptides used in the present invention
which have activity of degrading single-stranded RNA in
sequence-specific and ribosome-independent manners can be,
for example, those of a microorganism origin, though the
present invention is not specifically limited thereto. 1In
such a case, a gene encoding the above-mentioned
polypeptide can be isolated from a microbial genome or a

plasmid. For example, in the present invention, there can

be used genes encoding endoribonucleases, MazF and PenkK,
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constituent toxins of a toxin-antitoxin system, are suitable for use in the
present invention because they are 20not inhibited by any cytoplasmic
ribonuclease inhibitor such as a human placental ribonuclease inhibitor

(WO 200A/113498). If the endoribonuclegses are persistently expressed,
new protein synthesis does not take place in cells, resulting in inhibition of
cell growth followed by 25induced cell death- Further, synthesis of viral
component 11 proteins is blocked in virus-infected cells, and replication
oRbadding of Bve girds d6as nbPeccus. THUS the rdtfovirab Qs of thes tem
present invention allows for clearance of cancer cells or virus-infected

eaifs & SRty droRamishis MR pafiiddar, §F télis infected with An RRA3) and

virus, the viral genome itself is degraded by the above-mentioned

dndrionuciddse: [00A TS fetfoviarvectorof the présai Tivention s 22F
that contalnlr%% atranscription unit cgmgrls%%ua 10'[erags_c__r%géjg{r;x _r;gg?tgr)é

lg an endg eaaves S ﬁl’lc
séquence dnd a gené encoding a polypeptide having sing a

gjl}lrﬁéi%e-cslﬁl&gng%%b leaasl’)r?c? Cé'é”r@f(w{] isChaig pel%c’ze 0 hlggigsprimarily
expression can be controlfed by the regulatory sequence, and Is

charagtenzed dn that the upitis plaged g0 thatdhe dpdyectionof the 535,

transcription of a mRNA from the unit is opposite to the direction of

g%%qi@ﬁen@é the RNA genemg or dhe retroviral vectar. {0 18]As useduence
erein, the term "transcription

highly homologous to the amino acid sequence of MazF or
PemK from a known database to isolate this and use it in

the present invention. Polypeptides having the above-
mentioned activity have been found in a large number of
microorganisms including blue-green algae and archae (WO
2006/123537, WO 2007/010740, WO 2007/013264, WO 2007/013265,
etc). Preferably, a gene encoding MazF is used in the
present invention. The amino acid sequence of MazF is
shown in the Sequence Listing as SEQ ID NO. 1.

[0016] The endoribonucleases described above,

constituent toxins of a toxin-antitoxin system, are
suitable for use in the present invention because they are
not inhibited by any cytoplasmic ribonuclease inhibitor
such as a human placental ribonuclease inhibitor (WO
2004/113498). If the endoribonucleases are persistently
expressed, new protein synthesis does not take place in
cells, resulting in inhibition of cell growth followed by

induced cell death. Further, synthesis of viral component
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regulatory sequence"” refers to a nucleic acid sequence that 20is capable

of controlling the transcription of a gene linked downstream therefrom.

Examples of the transcription regulatory sequence include a promoter that

controls the transcription in an on/off mapner mediated by

association/dissociation of a particular trans-acting 25factor, though the

present invention is not specifically 12 limited thereto. The nucleic acid

located- between the loxP sequences derived from Pi-phase can be used

as at€revecombidase<indudibletrangeriptivreregetatory seguencel by

inserting the nucleic acid into a site between any promoter 5and a gene of

irferesE 400.P9]1 rPtheprédémangentiohe thers wandbeagsatPdany setiienceThus

(promoter) that controls transcription of a gene expressed specifically in

EaficerTells bt Ells iffscied with & p&thogeRR Thictdbr§arishT aRd anys for

sequence that 10controls transcription induced by a trans-acting factor

preseht 8FécificallyR CaAc&Tells of Virishrected ¢etis SEurtifer; By £ < o™
ombining the artificial supply of a trans-acting factor into the cells, any .

B ABR R Etbay seqence WHf WHTCH tARSCHBUOR 14 alGes by th 29

LRipe frans:acting fagtor can be ysed. ;Ihe (}rﬁnﬁ%”pé'é)ﬁ{sg%'ét% the

sequence with which transcription is induce y the trans-acting factor” as

described ghove may be asequence thathas a region intrinsically

capable of interacting with the factor, or may be an artifi 20combination of
a sequence haying adegionicapableetor of the present invention is

that containing a transcription unit comprising a
transcription regulatory sequence and a gene encoding a
polypeptide having single-stranded RNA-specific
endoribonuclease activity which is placed so that its
expression can be controlled by the regulatory sequence,
and is characterized in that the unit is placed so that the
direction of the transcription of a mRNA from the unit is
opposite to the direction of transcription of the RNA
genome of the retroviral vector.

100187 As used herein, the term "transcription
regulatory sequence" refers to a nucleic acid sequence that
is capable of controlling the transcription of a gene
linked downstream therefrom. Examples of the transcription
regulatory sequence include a promoter that controls the
transcription in an on/off manner mediated by
assoclation/dissociation of a particular trans-acting

factor, though the present invention is not specifically
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interacting with the factor and another independent sequence having
transcriptional act [0020]Examples of the transcription regulatory

sequences for the genes specifically expressed in cancer 25cells include
tumor-specific promoters (promoters 13;0riginated from the genes of

AFP, TEA, PTA, midkine, telomerase, MATE, tyrosinase, 1Al.313, etc).

Further, examples of the trans-acting factors present specifically in

virus-infected cells include human immunodeficiency 5Svirus-originated Tat
protéireand Reverotein. The TataeiRew proteins irduee the tredsoription 1oxP
of genes under the control of TAR (trans-activation responsive elements)
sequencessant RRES(ReL @B pBhsibleadiements) Bequénces: fespectively.
10[0021]In the aspect in which a trans-acting factor is artificially supplied

16 eells e Breferiedith LR et BRASCDHBA PEg ISR 8éqiehceSRagrce by
normally shows no transcription-inducing activity in the cells. Since such a
SBGGerde llowistranscripion of AeneiBedted HbwnsiredF IsthBredf - MOt *
only when the trans-acting factor is supplied, selective expression of a.

6§f¥e df #itBfest (.l "4 G&ME encoding a polypeptide having

f%‘@ﬂe@i tranded R 'SpeCiﬁsCe%r%d‘%f%bé’é‘r‘%%'fé‘%e a‘ﬁ‘%‘éﬁ}’%kjsc%%hi.%‘éegﬂé‘ed any

argéet cells. Su?)ply of tl%ﬁ%-actlng actors into ¢ells can be achieve

égeéﬂgg&m%gp&(rgewpdyﬁm t@eﬁ%@e&ss'nf&%%l'&d}rﬁ&ﬂm byt o gene

ns of a suitable auxiliary agent, or by introducing the factors into cells
Usipg %@e"éﬁ%‘é’%@’ﬁ methad forintreducing a geng ensodingithe fagtat ceq

into the cells. 25[0022]As described above, the retroviral vector of the

with a pathogenic microorganism, and any sequence that
controls transcription induced by a trans-acting factor
present specifically in cancer cells or virus-infected
cells. Further, by combining the artificial supply of a
trans-acting factor into the cells, any transcription
regulatory sequence with which transcription is induced by
the trans-acting factor can be used. "The transcription
regulatory sequence with which transcription is induced by
the trans-acting factor" as described above may be a
sequence that has a region intrinsically capable of
interacting with the factor, or may be an artificial
combination of a sequence having a region capable of
interacting with the factor and another independent
sequence having transcriptional activity.

[0020] Examples of the transcription regulatory

sequences for the genes specifically expressed in cancer

cells include tumor-specific promoters (promoters
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present invention is useful for clearance of cancer cells and/or
virus-infected cells from living organisms. When a single-stranded
RNA-specific endoribonuclease is expressed in cells infected with an RNA
virus, the genomic RNA of the 5virus genefated by viral replication is
cleaved by the polypeptide described above, thereby inhibiting the viral
replication. Therefore, the retroviral vector of the present invention is
particular useful for treating and/or preventing RNA virus infections such
as infectidrnsdcatsed 10y retrovicuses (8197, huraan THgMphoirdpICnArus),
lentivi uses (e.g., inmunodeficiency virus), flaviviruses (e.g., hapatitis C
Virdoard dapandsetdncephalits viags) , buyavilses fey ., hahtarvhss),
influenza viruses, and coronaviruses (e.g., SARS). 15[0023]As one aspect
sEaHEDresetinvéitioh: alténradiral Vectbr -exempliffetaliich RoAtalisca 1 1y
transcription unit comprising a transcription regulatory secuence which is
StictY & 'sBguénde thiat thefranscription indledd by ST TodefitRhEY
virus-originated trans- 20acting factqr, and a gene encoding a polypeptide
P

RAVIRG Sigté-sTtanded RNABpEdfic Bndolboratieabe aetivity which 6 2

Qlaced so that that ex ressigﬂ can be controll%d b th%transcription
eV‘grotelns lné% e e . fanﬁcrlp 1? o) genes %ﬁder the
regulatory sequenceSuch retroviral vector is‘useful for treating and/or

preventing gp Zﬁrﬁmprgﬁgc-ige%yi_\f%@iigﬁ?cyggp&?499%%&%%!@%@%5

this aspect will be described in detailed.

sequences and RRE (Rev-responsible elements) seqguences,
respectively.

[0021] In the aspect in which a trans-acting factor is
artificially supplied into cells, it is preferred to use a
transcription regulatory segquence that normally shows no
transcription-inducing activity in the cells. Since such a
sequence allows transcription of a gene located downstream
thereof only when the trans-acting factor is supplied,
selective expression of a gene of interest (i.e., a gene
encoding a polypeptide having single-stranded RNA-specific
endoribonuclease aciivity) is achieved in target cells.
Supply of trans-acting factors into cells can be achieved
using a method for introducing the factors into cells
directly or by means of a suitable auxiliary agent, or by
introducing the factors into cells using any well-known
method for introducing a gene encoding the factor into the
cells.

[0022] As described above, the retroviral vector of the
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As used herein, the term "immunodeficiency virus" refers to a virus that

causes acquired immunodeficiency by 5infecting and destroying immune

cells. Examples of immunodeficiency viruses include human

immunodeficiency virus (HIV), simian immunodeficiency virus (SIV), and

feline immunodeficiency virus (FIV). In addition, chimera viruses formed

by combining different immunodeficiency 10virus genomes are also

included in the "immunodeficiency viruses" described herein. Examples of
sucets ehimera virnses includessimfan/hdman imesunodeficieAcy wingser cells
(SHIV). [0025]Further, as used herein, the immunodeficiency virus

fifektion refers o arpathsledicareoritionm wWhHitR 1Baed@reyl sms . When a
immunodeficiency is caused by the above immunodeficiency virus.
m@mm%ﬁ%g@@ra%%ﬁﬁwﬂeéa%t@ryd;éah%ﬁe@ﬁﬁtﬁ%cﬁS expressed
transcription is induced by an irmnunodeficiency virus-originated

trAn&:Actiy fet6rs Hot Epedifiéaty Pofimited 8 wrandtrigtiotfeytiatdly °F e
sequence with which transcription is induced by immunodeficiency virus-
Gt a PR B B L bd  SHOH CEquTHert proeriy a2y the

sequenceis prefee?gbﬁy a
U%ﬁﬁ%lﬁﬁggeq eg%%%@% Jgg%vedt%ﬁé@@ﬂ§wyﬁ$¥%¥@9§%fgﬁe viral
ginated from an 25immunodeficiency virus, for example, HIV.

§g$fﬂégtion. Therefore, the retroviral vector of the
present invention is particular useful for treating and/or
preventing RNA virus infections such as infections caused
by retroviruses {(e.g., human T-lymphotropic virus),
lentiviruses (e.g., immunodeficiency virus), flaviviruses
(e.g., hapatitis C virus and Japanese encephalitis virus),
bunyaviruses (e.g., hanta virus), influenza viruses, and
coronaviruses (e.g., SARS).

[0023] As one aspect of the present invention, a
retroviral vector is exemplified which contains a
transcription unit comprising a transcription regulatory
sequence which is such a segquence that the transcription is
induced by an immunodeficiency virus-originated trans-
acting factor, and a gene encoding a polypeptide having
single-stranded RNA-specific endoribonuclease activity
which is placed so that that expression can be controlled
by the transcription regulatory sequence. Such retroviral
vector is useful for treating and/or preventing an

immunodeficiency virus infection.
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16 protein binds to a TAR (trans-activation responsive element) sequence
present in a RNA whose transcription is initiated by the action of the I=
promoter of an irnmunodeficiency virus to activate the transcription of the
5downstream sequence thereof, in the present invention, there can be

used a transcription regulatory sequence that has the nucleotide

sequence of the TAR region downstream of the transcription initiation site.
Particularly preferred transcription regulatory sequence to be used is the
LTPedil 10thelimpninoaeficiency Dirds (£§s HIVyolbe freadeissiribed in
prevented or a suitably modified LTR. Examples of the modifications
#ichide: & Heletion of a host cell-originated transcription factor biding site in
the promoter and a deletion of a region upnecessary for Tat , "
proteirSpeific rafidéiption e forier MOTHEROR Permite & retitictisn

in the level of the transcription by a transcription factor originated.from the
ROLE 0, hich R ATE D IR i e IR e By
sueh as HIV. Sueh madification in  ranseription tegulatory sequence is

20 escrllbe%,?or exampLIe, ih hon-Patent Document 2. FUrt r, examples
9&%&%8&@%@3&@%’ nggwgg%af@gﬁ5@§hﬁﬁﬁy@ngHyH$@§¥9%iency
downstream of the TAR sequence in LTR (a part of the R region and the
Y5region) 1[00271Rusther, RERu(ReMsresponsible element) present ign g
25the immunodeficiency virus genome is known to enhance 17 protein
expressiombyniteragting with the, Rev proteiry jan immunedeficieney chimera
virus-originated trans-acting factor (non-Patent Document 3). It is further
knows ¢hatf altheughtheaqegionrcalleddN Sfpresent witinin thel gdg @ahdrpoy
genes 5inhibits transcription of an immunodeficiency virus mRNA in

virus genomes are also included in the "immunodeficiency

viruses" described herein. Examples of such chimera
viruses include simian/human immunodeficiency virus (SHIV).
[0025] Further, as used herein, the immunodeficiency
virus infection refers to a pathological condition in which
acquired immunodeficiency is caused by the above
immunodeficiency virus.

[0026] Although the transcription regulatory sequence
with which transcription is induced by an immunodeficiency
virus-originated trans-acting factor is not specifically
limited, a transcription regulatory seguence with which
transcription is induced by immunodeficiency virus-
originated Tat protein can be used. Such sequence is
preferably a transcription sequence with which
transcription is induced by Tat protein originated from an

immunodeficiency virus, for example, HIV. Since Tat
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the absence of the Rev protein, this inhibition is removed by the

interaction between the RRE and the Rev protein (J. Virol., 66: 7176-7182
(1992)). Thus, incorporation of these transcription regulatory sequences

into the 3'- 10terminal region of the gene;gncoding a foreign polypeptide

permits the expression of the polypeptide encoded by the nucleic acid in a

Rev protein-dependent or immunodeficiency virus infection-dependent

manner. [0028]The above-described sequence that interacts with 15the
mpiunbdefidieney WitusofigiRatedtrars-actingfattorcan benmsesiie
combination with a functional sequence into which the transacting

séghiende isifkerRRthy intbRsstatedi(@.¢t, ApromBtes or i eombinatibhon 1S
with a heterologous functional sequence. For example, a sequence

EBASHTCIES 2BBy cBmbifig aprofmotetthat e dapaBR S Hinitiatifig' miRNA
transcr%%ion,ig desired cells and not ori%inated from immunodeficienc £ th
viFOSHitH $he abovEdelarnived §é3quae%%eY$ INEIUdEd inthE “Fan: c?i%)ﬁ)én o+ ©
regulatory sequences” use%'n the present invention, [0029]The .
o ce o o To628 Hoos hot T8 CRaaE 3 TR 35 57

%%%%tgu%%tn‘)f@e”%%sé’&“%ort?é@%‘éﬁ?@?%ﬁ“&%@@fﬂQHFréér&&%{(‘é-e that

Therefore, If a gene encoding the above-described enzyme'is place

yaderthe coptrolofa ranseriptionregulatary seguencewith whichinscream of
Stranscription is induced by an immunodeficiency virus- originated

rans-aeting facter: anRNA of aRNAirsis degraged aneh elimipategife rred
cells into which the retroviral vector of the present invention is introduced,

resuftingrnpefitbe endonlelease expressiondn the cells; dOwhich permitsTR of
the cells to restore the proliferative

the immunodeficiency virus (e.g., HIV) to be treated or
prevented or a suitably modified LTR. Examples of the
modifications include a deletion of a host cell-originated
transcription factor biding site in the promoter and a
deletion of a region unnecessary for Tat protein-specific
transcription. The former modification permits a reduction
in the level of the transcription by a transcription factor
originated from the host cell, which is irrelevant to
infection with an immunodeficiency virus such as HIV. Such
modification in a transcription regulatory sequence is
described, for example, in non-Patent Document 2. Further,
examples of the latter modification include a deletion of
the U5 region or a region downstream of the TAR sequence in
LTR (a part of the R region and the U5 regionj.

[0027] Further, RRE (Rev-responsible element) present in

the immunodeficiency virus genome 1s known to enhance
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potential. Cells in which viral replication is inhibited retain their proliferative
potential, even if an immunodeficiency virus, for example, is integrated

into the chromosomes of the cells as a provirus. The use of the
15endoribonuclease is advantageous in {hat replication of an

immunodeficiency virus and onset of immunodeficiency diseases can be
prevented without decreasing the number of T cells in the living organism.
[0030JAN endoribonuclease that is a constituent toxin 200f a
toxir-antitoxinpsystem oleavesiasinglesstiandediRNA yereBegnizingeein, an
short nucleotide sequence about 3 to 7 nucleotides in length. Thus, if the
endorilsotmtlaziseris expressed ir calls) aest of tncelifdr mRNAsGHrer (non-
degraded, thereby inhibiting protein synthesis in the cells and the
@%élpéro%.uffl’?élénésribon%leja%e% BaveD e inthBihodéficiérityoh the
virus genomic RNA, and the replicationS and extracellular release

(5 ftfTY) T tHE AbovE dBEGHEViHUs g7 HIVT affSIsB Previnted e es

expression of the polypeptide encoded hy the immunodefici Vi .
SERorhe 1€ alsbARBAGE WBh Provihts B BRaimples exbacbliiarys ™R i1

L o O St el e
1Qmmunadgficiency Mirys,iafegtion, itis Jdeghable i the rRev protein (o.
Virol., 66: 7176-7182 (1992)). Thus, incorporation of
these transcription regulatory sequences into the 3'-
terminal region of the gene encoding a foreign polypeptide
permits the expression of the polypeptide encoded by the
nucleic acid in a Rev protein-dependent or immunodeficiency
virus infection-dependent manner.

[0028] The above-described sequence that interacts with
the immunodeficiency virus-originated trans-acting factor
can be used in combination with a functional sequence into
which the transacting segquence is inherently incorporated
(e.g., a promoter) or in compbination with a heterologous
functional sequence. For example, a seguence constructed
by combining a promoter that is capable of initiating mRNA
transcription in desired cells and not originated from
immunodeficiency virus with the above-described segquence 1is
included in the "transcription regulatory sequences”" used

in the present invention.

[0029] The endoribonuclease described above does not
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introduce a gene as used in the present invention which encodes a
polypeptide having single-stranded RNA-specific endoribonuclease

activity into cells potentially infected with immunodeficiency virus, for
example, cells (or a cell 15population) inciuding 0D4-positive cells in
humans and primates. Thus, in the present invention, gene transfer is
carried out targeting 0D4-bositive cells (e.g., T-cells), precursor cells
capable of differsating into 054- positive cells (e.g., hematopoietio stem
¢elis) o axellRObopalation eoataiting Miosefcalls T opreferrad te tar§e
nematopoietic stem cells or a cell population containing these cells in the
présstt invertion, ROMIAE VRVSHInESFCoRBEEhy caﬁisr%%ﬁgi%e if a gene
transfer of the gene into the cells that are potentially infected with an

EfiftmddefitieAGP YIRS Theatove-desehbed callParaist sgder the
ggecificilly limited as long as they contain. CD4-positve cells or g'r,ecurs%_Ch

jis fieredf: Exammplésther riGla biop Gl Beriphérarbicod cefls,”

1
cells,

umpilical.¢ord blood cells) ane hong marow cells collected o ap. v, -
mda}wauall%rloodh-positlve ceﬁls, préf:ursor cells of f)4-posmvey cellsand

bematopaielic stem cells fracionated from the abowe-gescribagicelis hy.a;

known method. [0032]As described hereinabove, the present invention is

yseful for producing a-celluseful for the treatmentor lpreventionefc roviral
immunodeficiency virus infectioand for producing a cell composition

cemprisingsthercellpRurthermorevibefaresentdnvention prevdes adpethodng in
for treating or preventing immunodeficiency virus infection

termination of the endonuclease expression in the cells,
which permits the cells to restore the proliferative
potential. Cells in which viral replication is inhibited
retain their proliferative potential, even if an
immunodeficiency virus, for example, 1is integrated into the
chromosomes of the cells as a provirus. The use of the
endoribonuclease i1s advantageous in that replication of an
immunodeficiency virus and onset of immunodeficiency
diseases can be prevented without decreasing the number of
T cells in the living organism.

(00307 An endoribonuclease that i1s a constituent toxin
of a toxin-antitoxin system cleaves a single-stranded RNA
by recognizing a short nucleotide sequence about 3 to 7
nucleotides in length. Thus, 1f the endoribonuclease is
expressed in cells, most of the cellular mRNAs are degraded,

thereby inhibiting protein synthesis in the cells and the

cell growth. The endoribonuclease also cleaves the
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using the cell. Specifically, administration of cells 15introduced with the
retroviral vector of the present invention to an individual can reduce the
rate of immunodeficy virus-infected cells in the individual or confer
resistance to immunodeficiency virus infegtion on the individual. The
above-described cell and cell 20composition comprising the cell are useful
for treating or preventing particularly HIV infection or AIDS. [0033]In the
004-positive cells differentiated from 004-positive cells introduced with the
reroviralioédtol efithie present ioeeriohoriitim peeclirsdrecallséiraaion and
25hematopoiet ¢ stem cell) of 0D4-positive cells introduced 21 with the
eEtFGARE Ve ttdp of thelpresent iRVertiony expressibh ot aayeneencoifmgd
polypeptide having single-stranded RNA-specific endoribonuclease
Yehivify that & pl aC%—:HJ doViri&tréan Of BRFIRRENHON reljifBRF &&ience

is induced upon infection with an immunodeficiency virus and subsequent
TERAtIoR o' (A at T BTt fomHe muodeficiency

virus in the cells. As a result, the polypeptide produced.degrades mRNA
R R o B asR DUt e Do

fhe RNA.genqgrre being farmed through, theyreplication process s alsQ v orein

subjected to the degradation. Thus, since both translation of the

polpeptide. encoded by theimmupodeficiency yirus gepem_and, the
replication of the immunodeficiency virus aenome are inhibited, both

preductier of newrinfectiaus,gnmunodeficiency virus particles and
infection of other cells will be prevented. Furthermore, if cells introduced

With3he retrorrat vecter et therpresentdnventionare cafueed by mixing

with im=nodeficiency virus-infected cells in which the

immunodeficiency virus infection, it is desirable to
introduce a gene as used in the present invention which
encodes a polypeptide having single-stranded RNA-specific
endoribonuclease activity into cells potentially infected
with immunodeficiency virus, for example, cells (or a cell
population) including CD4~-positive cells in humans and
primates. Thus, in the present invention, gene transfer is
carried out targeting CD4-positive cells (e.g., T-cells),
precursor cells capable of differentiating into CD4-
positive cells (e.g., hematopoietic stem cells), or a cell
population containing those cells. It i1s preferred to
target hematopoietic stem cells or a cell population
containing these cells in the present invention, from the
viewpoint of conducting comprehensive transfer of the gene

into the cells that are potentially infected with an

immunodeficiency virus. The above-described cells are not
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20immunodeficiency virus is produced extracellularly, the number of the

cells Introduced with the retro iral vector of the present invention will

increase while the number of the cells into which the vector is not

introduced will decrease. As a result, the gate of immunodeficiency virus-
25producing cells will be reduced. 22 [0034]The present invention further
provides a method for treatand/or preventing immunodeficiency virus

on comprising using the pharmaceuticals described above. The
Hrerapéiticmethodiof thedrasentdmeention dagbslseosdrried dub éitlvers 1tve
alone or in combination with multi- drug therapy (HAART), which include
eBmbinetiuse 8FiRESe o fott Hiffereftztiviral drigsRe s, rebesect include
transcription inhibitors and protease inh4bitars). [0035]The retroviral

R LR of fielSre SBREMIBAGH 160sMAt<Es a RucleitCddid fifwhich&gene ©d
encqding a polypePtide having single-stranded RNA-specific . . .
CRAMo o ASE SclViS WHich & piiosit 4o Hiat Sxpresdibrrdart Bt 71 dual
contralled by the, regulatory sequence is linked to.the transcription_. . .
oIS SotUencs dosbed HEREia o, & ShSie aranbc RRASES

godaribonuclense transcriplion upitly the present Inention. g ¢ on the

transcription unit is placed so that the direction of the transcription of an

MRNA from the uaikisreverse o the disgtion,of thedranscription of
20genome of the retroviral vector. [0036]A retrovirus is a single-stranded

RN yirus in whichgenemesg- Lo packaging sigaal thesgag, coivantt ion
any genes, and 3'-LIR are found as major elements in the 5' to 3' order.
Amangthese etementsdtheisd TR,packagingful for the treatment or
prevention of immunodeficiency virus infection, and for
producing a cell composition comprising the cell.
Furthermore, the present invention provides a method for
treating or preventing immunodeficiency virus infection
using the cell. Specifically, administration of cells
introduced with the retroviral vector of the present
invention to an individual can reduce the rate of
immunodeficiency virus-infected cells in the individual or
confer resistance to immunodeficiency virus infection on
the individual. The above-described cell and cell
composition comprising the cell are useful for treating or
preventing particularly HIV infection or AIDS.

[0033] In the CD4-positive cells differentiated from
CDh4~positive cells introduced with the retroviral vector of

the present invention or from precursor cells (e.g., a

hematopoietic stem cell) of CD4-positive cells introduced
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25signal and 3'-LIR are essential for a retroviral vector. 23 In a retroviral

vector used for introduction of an exogeneous gene into a cell, usually,

genes such as gag, pal, and env are deleted and instead a desired gene

is inserted. In general, a gene of interestis inserted into a retroviral vector

in the same direction as that of the transcription of the viral genome, and

the gene of interest is transcribed from the 51-LTR promoter or an internal

promoter inserted upstream of the gene of interest. However, when a

gihgle-strandet RNAL-specifits t0erdoribohbelease gené is-imserted imthe

same direction as that of the transcription of the ret viral genome, the

ErdGTiToNtRTea5e JerfePRexpressed o the retRRMAFMRNR |ty single-

high-titer production of retro-viral vectors cannot be expected because the

Enderistiticiedse dsstroys thé Uit T syRhomMeERRA (?T‘Flfél’%l}i)l qB03 7t the
resent mventlon the single-stranded RNA-specific endpribonuclease

g&ﬁscc%u%ﬁ"ﬁﬁft i5 placed m‘?hé8%8&?&%8660%&8%%8?8&%&&%8“9 is

transcrlptlon of the NA denome |q%the retroviral v&ctgr 20That i Is, the

divection of transcription T fnitiated by thé S transcription t regulﬁ?ory%eqﬁgﬁcse and

af the dranseriptanynit is appasite 1 the, Q'rset&%% transcy Etl%matr%@tgq ed

from the 51-LTR of the retroviral vector. Therefore, this means t

retrovirabmRNA is equiyalentiothe 2bantisense.chaingfthe. a5 2 result,

endoribonuclease gene, and the 24 endoribonuclease will never be

expressad, repthis MRNALRWEher-gvenif weakitranscrptionofthe: s,
endoribonuclease mRNA may occur due to the property of the

trarscsiption tagulatory seguence; exptessionofdhe €ndorhenucleasei s
process, the RNA genome being formed through the
replication process is also subjected to the degradation.
Thus, since both transiation of the polypeptide encoded by
the immunodeficiency virus genome and replication of the
immunodeficiency virus genome are inhibited, both
production of new infectious immunodeficiency virus
particles and infection of other cells will be prevented.
Furthermore, if cells introduced with the retroviral vector
of the present invention are cultured by mixing with
immunodeficiency virus-infected cells in which the
immunodeficiency wvirus is produced extracellularly, the
number of the cells introduced with the retroviral %ector
of the present invention will increase while the number of
the cells into which the vector is not introduced will
decrease. As a result, the rate of immunodeficiency virus-

producing cells will be reduced.
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5will be inhibited because the retroviral mMRNA functions as antisense

RNA. [00381The retroviral vector to be used in the present invention is not

specifically limited. A replication-defective retroviral vector is preferred for

the present 10invention from the viewpoint of preventing unlimited

infection or gene transfer. The vector lacks the ability to replicate

autonomously in infected cells and therefore is nonpathogenic. The vector

can enter host cells such as vertebrate cells, in particular, mammalian

tefls} 40 stabl¥ 18integratena foreigrmderre which isdnsertadiintethed method

vector, into the chromosomal DNA of the cells. Example of the known

feplichtien-tetective FéRévird VBRI induderetioviaVett6ra SUch s s

MEG and a-SGO vectors (WO 92/07943), p(Rabe (Nucleic Acids ,

ReSeafcho 8- 88875898 20¢£990)), O XINT(FAREESRIDIRE J Dr POTN-AISD
Takara Rio Inc.)), lentivirus vectors and mogifications thereof. Examlg)le,s
PihesientiviATs CETAREIEGCDUFS ABT SBacifislly TRTEErtS, Famanc.on c2n

im:cdeficileen(fy virus (HJ )-deri\%ed vector (HIV vector havingna Wﬂgggy%%lti—

DTR Z5(e g US Patht N6 5 568577) antt HIVGetor having &
Wﬁ%gﬁgé -9<’}ﬁ%‘i£#g?/v§qr!@\é'i{09§@ﬁ?d%raﬁ%ﬁﬂgéé!g@@e of three

imm cy virus (SIV)- riginated vector (e.g., Human Gene

Therapy- 14 $863-1874 £2Q00)). [0039The setrviral vecto gt the present

invention can be constructed by selecting a suitable vector from the

retrgviral vestors described ebpyve and loading assinglarstiandeds ) .
RNA-specific enoribonuclease transcription unit onto the vector. The

prepasation metkodrefitheretraviralovector copstrueied issretrspecifically 1 on
limited, and it can 10be obtained by culturing retrovirus-producer cells
mbroguted with thecékdvirad wedtor constiutted andmellectmgdhecuiture
supernatant. The retrovirus producer cells may be cells that produce

retiovires padticlés into: thessuperaataint ingd stabfélAranner of vay
endoribonuclease activity which is placed so that
expression can be controlled by the regulatory sequence is
linked to the transcription regulatory sequence described
above, i.e., a single-stranded RNA-specific
endoribonuclease transcription unit. In the present
invention, the transcription unit is placed so that the
direction of the transcription of an mRNA from the unit is
reverse to the direction of the transcription of the RNA
gencme of the retroviral vector.

[0036] A retrovirus 1s a single-stranded RNA virus in
which genome 5'-LTR, a packaging signal, the gag, pol, and
env genes, and 3'~LTR are found as major elements in the 5'

to 3' order. Among these elements, the 5'-LTR, packaging

signal and 3'-LTR are essential for a retroviral vector.
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15be those transiently producing the retrovirus particles by transfection
with a retroviral vector plasmid. [0040]For the preparation ofOV us
producer cells, any known packaging cell line, such as PG13 (ATOP
CR110686), PA317 (ATOP CRL-9078), £P+E-86 or GP+envAm-12 (US
20Patent No. 5,278,056), or Psi-Crip Proc. Natl. Acad. Sci. USA, 85:
6460-6464 (1988)) can be used. Also, retrovirusproducer cells can be
prepared using 293 cells or 293T cells, which have high transfection
Efficiensy: {0041 Fhe prasent inveatort ean UBE ATEHEVHS 2Bireddvirus
has the envelope of different origin from the virus from which its genome
DffgiRIeS Bxaifipies dh e pséiftiotypedsietrovivus WRkATaH 56 udéd 929+
include that having an envelope originated from Moloney murine leukemia
Rithis (RISMIS)Y gibbon Hpektkeiavirds (62t ), vestiiarsionfatts 5

_viruséVS ) or feline endog nous virus, or p_rogéain tha% can functiontasd nto
& BhVE pe. FlrtSHior 4 rétrqUiraf véctor ﬁlavﬁenrge 5 glﬁcsos§fé%§dt ec 1

{r%teelc”r%% Its surface can) b&“%?x‘%'ﬁ%%%é vector é%éi%%?aé%d URO & ¢ che
Oretrovirus-producing cells into which a gene encoding an enzyme

%}Vaqll\ée&i ycasylation, [00421ln addition ta the, singlesstranded ¢ interest

NA-specific endoribonuclease transcription unit, the retroviral vector of

the present invgntion: cap, centain; elements,actingip A5congert withthe 11
transcription regulatory sequence of the unit, such as operator, enhancer

ﬁﬁgrﬁ@ﬁfﬁiﬂa@{%gb‘@@paﬁp fFurtber independegiy omthermit- ¢he: |

retroviral vector of the present invention can have an appropriate marker

gene that,allonsrselectionof sransgenic €elIR(Q-Bpacific
endoribonuclease gene is inserted in the same direction as
that of the transcription of the retroviral genome, the
endoribonuclease gene 1s expressed from the retroviral mRNA,
and high-titer production of retroviral vectors cannot be
expected because the endoribonuclease destroys the viral
genome RNA (mRNA) .

[0037] In the present invention, the single-stranded
RNA-specific endoribonuclease transcription unit is placed
in the direction opposite to the direction of the
transcription of the RNA genome in the retroviral vector.
That is, the direction of transcription initiated by the
transcription regulatory sequence of the transcription unit
is opposite to the direction of transcription initiated
from the 5'-LTR of the retroviral vector. Therefore, this

means that the retroviral mRNA is equivalent to the

antisense chain of the endoribonuclease gene, and the
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20drug resistance gene, a gene encoding a protein that can function as a
reporter), a receptor gene, and the like. Furthermore, the retroviral.vector

of the present invention can be loaded with a suicide gene for the purpose
of eliminating the transaenic cells in vivognce the treatment 25with the
transcienic cells has been completed, or in the 27 case where there

occurs any side effect. These genes are not necessarily required to be
placed so that they are transcribed in the direction reverse to the direction
of transc¢ription1of dlse RNAL geneme {004 3Fheractivity of anrendokibomidiA .
ase that is a constituent toxin of a toxin-antitoxin system such as MazF or
Pamk ¢rinhibited in the'esexistendes oftthe Idoprespbnding ittt poguclease
MazE or Peml). Thus, when a toxic endoribonuclease gene is used in the
réSerita BinveRticn, Bxpréssici 6 the LYotdNiciff calised Bypihecription
endoribonuclease activity in HIV-uninfected cells can begev,ented b

TRAG AT AR thoRiA GETRAR comBITRdR AR aifexdiiple™ ?ﬁéﬁ%@&x@ase
described above, tq inhikit the toxin activity by using the antitoxin activit
LSBT o FSiS SR S pe ST AR RaZt¥ns &

exgr.essed in Q&\é—uninfected cells by linking the antitoxin gene
%n 1rsense . . .
ownstream of, for example, a constitutive promoter (e.g., a promoter

fspyed from a housekeeping dane schas a glyceraldehyde, 3phosphale. ¢
dehydrogenase or 20actin gene, or a virus-derived promoter). Once such
cells.anesipfected with HIMeexpression of thetoXtiiS  n replication-
defective retroviral vector is preferred for the present
invention from the viewpéint of preventing unlimited
infection or gene transfer. The vector lacks the ability
to replicate autonomously in infected cells and therefore

is nonpathogenic. The vector can enter host cells such as
vertebrate cells, in particular, mammalian cells, to stably
integrate a foreign gene, which is inserted into the vector,
into the chromosomal DNA of the cells. Example of the
known replication-defective retroviral vector include
retroviral vectors such as MFG and o-SGC vectors (WO
92/07943), pBabe (Nucleic Acids Research, 18: 3587-3596
(1990)), pLXIN (Takara Bio Inc.) or pDON-AI (Takara Bio
Inc.)), lentivirus vectors and modifications thereof.
Examples of the lentivirus vector include, but is not
specifically limited to, human immunodeficiency wvirus

(HIV)-derived vector (HIV vector having a wild-type LTR

(e.g., US Patent No. 5,665,577) and HIV vector having a
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stimulate, by the action of a trans-acting factor as described above, and

the cytotoxicity is exhibited only when the amount of expressed toxin
exceeds that of the 25expressed antitoxin. Thus, the selectivity of

cytctoxicity 28 to HIV-infected cells can pe imnroved. [0044]In one aspect

of the present invention, ex vivo gene transfer is used by which the

retroviral vector of the present invention is introduced ex vivo into the cells
5collected from a biological individual. When a viral vector is used, the

gedeé framdfdr TRadisieved by siring W& abova Targepeels, eoliactad frdan) )
a biological sample, with the retroviral vector of the present invention, for
RAMPIELinith d Eltire Sipefnatantof the Vitus-pridudiig g6 celiser WRRTtCT
the retroviral vector purified from such culture supernatang and then

irftuBating tHere stk riXefr@Rifder appropriate Edrditl tely Thus, the

I#s? ving a single-stranded RNA-specific endoribonuclease_ . .
o s B I A BB Shoniis oBf FeSehrdneat ton
Another aspect of the present invention is in vivo gene transfer method b
e B B R PR L I BN ene

%@@9@%&%&&[Qg%ﬂggge&@Q%@E%g%@%&ﬁ%&§%ﬁ{9ffé&@&%,_Q? single-

20transfer, the retroviral vector can infect the target cells with high
efficiengy in thexpresence ofa functionabsubstancehaving scription unit

retrovirus-binding activity.

onto the vector. The preparation method of the retroviral
vector constructed is not specifically limited, and it can
be obtained by culturing retrovirus-producer cells
introduced with the retroviral vector constructed and
collecting the culture supernatant. The retrovirus
producer cells may be cells that produce retrovirus
particles into the supernatant in a stable manner, or may
be those transiently producing the retrovirus particles by
transfecﬁion with a retroviral vector plasmid.

[0040] For the preparation of retrovirus producer cells,
any known packaging cell line, such as PG1l3 (ATCC CRL-
10686), PA317 (ATCC CRL-9078), GP+E-86 or GP+envAm-12Z (US
Patent No. 5,278,056}, or Psi-Crip (Proc. Natl. Acad. Sci.
USA, 85: 6460-6464 (1988)) can be used. Also, retrovirus-
producer cells can be prepared using 293 cells or 2937
cells, which have high transfection efficiency.

[0041] The present invention can use a retrovirus

prepared by means of pseudotyped packaging. Such a
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[0046]The gene transfer method using a functional substance having
retrovirus-binding activity is disclosed, 25for example, in WO 95/26200,

WO 97/18318, and Nature 29 Medicine, 2: 876-682 (1996). Such

methods are divided into a method using & functional substance having
both a retrovirus-binding site and a target cell-binding site in a single
molecule, and a method using a mixture of a functional substance having

a retrovirus-binding site and a functional substance having a target
eel-biriding sitt.aBothiRethiods EaRDedsel inthe présent irjehtigiom the
[0047]The above-described functional substance is not specifically limited
BSTOTY &% Rhad retoviths- bR E38dtivity SmbIfct target88IRbRRIIMYE the
activity. Examples of the functional substances having retrovjrus-bindin

BRAIYIRREE thé Fibrohettn Hepanf-biiding Yoant (Hepatindrddmann),

fibroblast growth factor, type V collagen fragment, a derivative or a variant _ .
O the Eopolypapites: Bolylysite. and DEAR dextiar. Furtier afty = =2

Fubstang ;8&8@?"9 of binding é%geﬁi%‘?%%g%t Gells can be ysed a gsicular

Yunctiona starice’having target ce Ing activity, Examplés o

fungtignalsubstanges haying targetcell-binding activityinclude ., s or 2
polypepti-es haying 20cell-binding activity (e.g., cyfoskeletal proteins),

ghtibadies that recognize,acell oF a:0logical meleculeen thercalsittagsre, =
growth factors, cytokines, and sugar chains, although the present

invention issnotyspecticaly iimited dheyeta: 25{0RA8I Bs pre peafarakie it s
aspect of the present invention, 30 there is a method wherein gene

ransfernta sarget cellssis carrfed-autintbe presenceof affamettbnat ing a
substance including the fibronectin-derived heparin-binding domain. By

way 0b exampte, the furictionaksulsstanceciswiréferably @ene encoding an
enzyme involved in glycosylation.

[0042] In addition to the single-stranded RNA-specific
endoribonuclease transcription unit, the retroviral vector
of the present invention can contain elements acting in
concert with the transcription regulatory sequence of the
unit, such as operator, enhancer and terminator seguences.
Further, independently from the unit, the retroviral vector
of the present invention can have an appropriate marker
gene that allows selection of transgenic cells (e.g., a
drug resistance gene, a gene encoding a protein that can
function as a reporter), a receptor gene, and the like.
Furthermore, the retroviral vector of the present invention
can be loaded with a suicide gene for the purpose of

eliminating the transgenic cells in vivo once the treatment

with the transgenic cells has been completed, or in the
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afibronectin fragment having both the cell adhesion domain and the
heparin-binding domain. As the cell adhesion domain, VLA-5 and/or
VLA-4-binding region polypeptides are particularly preferred. A fibronectin
fragment as described above can be prepared from fibronectin purified
from a living organism by certain means, such as protease digestion, or by
using recombinant DNA technology. For example, the recombinant
fibronectin fragment commercially available from Takara Bio Inc. in the
traffe BPREFONBALR (rRgistErBdiradefisiR) i8 préfefable FOIRE preseit axe
15invention. [0049]As described hereinabove, the retroviral vector of the
W&t Fvettion - dnd B CEIRAnrBd e dRbitiT i rRttobiraIvectsicahe
used for trg}ati g.and/or pr venting cancer and virus infggtior& That is, the
Eﬁ%?éq’s%ﬁ n nJﬂ'Sn% ovides iy %g%ﬁt for r%gtsineg gr?d/or %revjeﬁéﬁﬁﬁ e ©
Qnge-described diosga%%s f%&%xzi%\?%%le IgNA-virus infections (e.g.,

t. . . .
mmu%%ﬁjéﬁmleﬁgy virus m?ectlon g;nand hepatitis 0). Such an agent is

285 gRqcifically Jimited,as,lopd as-t camprises heJgtraviralvectarar 5 5 5

Scells as an active ingredient. Such an agent can also take 31 any

forms, anddJn-additionfo as the agtive ingredient.alane, for example, itLamva »
be in the form of a preparation comprising the active ingredient in

sembinationswitha phatmaceuticallx ageeptablesasiero andigekit for ex

vivo 5gene transfer into a cell using the vector. [0050]As described in
Examplesharemnpftentin the populations ofeells into whieh an  Thus, when a
endoribonucleaseencoding gene is introduced by the retroviral vector of
the:presentivwihtion; HIVeareplication i$ seduced torabobe 15 Gant

compared with that in a cell population free of the cells harboring the
gererdvemif onkraliout 50% offthehe cytotoxicity caused by the

endoribonuclease activity in HIV-uninfected cells can be
prevented by using an antitoxin gene in combination. As an
example of the aspect described above, to inhibit the toxin
activity by using the antitoxin activity, it is
contemplated that a trace amount of the antitoxin is left
to be expressed in HIV-uninfected cells by linking the
antitoxin gene downstream of, for example, a constitutive
promoter (e.g., a promoter derived from a housekeeping gene
such as a glyceraldehyde 3-phosphate dehydrogenase or [-
actin gene, or a virus-derived promoter). Once such cells
are infected with HIV, expression of the toxin is
stimulated by the action cf a trans-acting factor as
described above, and the cytotoxicity 1s exhibited only
when the amount of expressed toxin exceeds that of the

expressed antitoxin. Thus, the selectivity of cytotoxicity



10

15

20

25

cells in the infected cell population retain the gene. Thus, the therapeutic
and/or preventive effect produced by the present invention is not limited

by the introduction efficiency of a gene that functions as the active agent.
Although the present invention is not limjted to any particular theory, the
gene therapy of the present invention by using the retroviral vector for the
treatment of HIV has such an unexpectedly advantageous feature as a 20
chain reaction mechanism, wherein a therapeutic gene or the protein
exprdséedtherctdm BetdsniiBd Rom fFarstBfifed to nontransformed
cells without being mediated by a vector. Examples [0051]Hereinafter, the

&t invention Wikt hdSB2 flusftatet A nkore ddtail witlf Téferéiite 8% V2V°

Examples, but is not to be construed to be limited theretq. [0052]Example
9°EGnstrutiion of M&ﬁéﬁ&e?éﬁowwa%?m&? %(15%&%%% |§n Y)%Ctmp of the

MazF-expressing retroviral vector piasmid pMT-HLTR-Ma, F-Pl.ﬁ Thf
; ] T 1
%fé:”l(s)ﬁ%trlcéalxﬁ%gg%b?rslgé%ﬁgndr fgéfz'%%%er?é{d into Blalsrrﬁa € cens

cg% UB‘E)I éLcE%ng&%% (9 UBQ% 5 ioég(ih rE_OIJlQQI!%% Hl?a)lwas \WQBV%O' QX ral

le digestion with the restriction enzymes 10Sall and Xbai, and a

ghemically synthesized RNAhaving the nucleotide sequeneeshown by ing the
SEQ ID NO: 2 in the Sequence Listing, and encoding the MazF protein

wasdnsertedinto the plasmid betweeadhe Sall andoihbai sfesalhesample,
plasmid thus constructed was designated pUT-LTRMazFcvl. A region
wbextending:fearn tha HIY-Lddrtothe Mazfheoding segion Wwassamplified for

by PCR using 0QBI-LTRMazFcvl as the template and the two primers
shawn by, SEQUD NOsu3 and<t. Theampglified fraghertehos obtainedoducing
was digested with the restriction enzymes Notl and Eco52l. This DNA
ﬂagﬁ@n©wagith the retroviral vector purified from such
culture supernatant), and then incubating the resultant
mixture under appropriate conditions. Thus, the cells
having a single-stranded RNA-specific endoribonuclease
transcription unit integrated into their chromosomes can be
prepared. Another aspect of the present invention is in
vivo gene transfer method by which the retroviral vector of
the present invention is administered directly to
individuals.

[0045] If the retroviral vector is used for ex vivo gene
transfer, the retroviral vector can infect the target cells
with high efficiency in the presence of a functional
substance having retrovirus-binding activity.

[004¢6] The gene transfer method using a functional

substance having retrovirus-binding activity is disclosed,

for example, in WO 95/26200, WO 97/18318, and Nature
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20designated and named HIV-LTR-MazF cassette. [0053]A DNA fragment
containing the herpes simplex virus type 1 poly(A) signal site was

amplified by PCR using the plasmid pZsGreenl-N1 (Takara Bic: Inc.) as

the template and the two primers shownzy SEQ ID NOs: 5 and 6. The

amplified fragment's obtainedested with the 25d was 33 restriction

enzymes Mlul and Notl. This DNA fragment was named pA fragment.

[0054]A fragment containing a mouse PGN promoter was amplified by

NCR eshg p@BI-pgk(QUahtur Bistechndlogies SN )&s thetemplateled into
and the primers shown by SE() ID NOs: 7 and 8: The amplified fragment

IS EBRFhEPWAS diyeStEPwitR e reSticEioARZy REYMILIT H6lldWéd by
blunting and further digestion with BarnHI. This DNA fragment was named |
PPEIR Hagent: 16{0085 e extritefulafdémbirt s tuman tolfafiniy 12 2

Nerve Growth Factor Receptor was amplified by PCR,using the genome
O ING-BIOU- praruci ool SEOMVLS (HUiark Gohb Thisrags,

243-2251 (1.99 the t lat the pri h by. SEQ_ID,
ﬁ;é&é:tglgrr]xét(l}os 8%)5%%11 e? %?‘ipgag ang r%\‘pygflrgﬁc’s%vfné/ %gs?géte and a

amplifie ragment thus obtained was dig with

e restrction engymes-FcoRl.and xhal. This RNAdragmentyas pamed. |

INGFR fragment. [0056]The gene fragments described above were

isertede + h JAdULRte, BMT vestar{Gene Thesapy 11 ,94:99 (2004))
20between the Mlul and BamHi sites to obtain the recombinant retroviral

veoton plasmidipMEb-TR-MazE R showmmirlonal substance is not

specifically limited as long as it has retrovirus-binding
activity and/or target cell—binding activity. Examples of
the functional substances having retrovirus-binding
activity include the fibronectin heparin-binding domain
(heparin-II domain), fibroblast growth factor, type V
collagen fragment, a derivative or a variant of the
polypeptides, polylysine, and DEAE-dextran. Further, any
substance capable of binding to desired target cells can be
used as a functional substance having target cell-binding
activity. Examples of the functional substances having
target cell-binding activity include polypeptides having
cell~binding activity (e.g., cytoskeletal proteins),
antibodies that recognize a cell or a biological molecule
on the cell surface, growth factors, cytokines, and sugar
chains, although the present invention i1s not specifically
limited thereto.

[0048] As one preferable aspect of the present invention,
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This vector is characterized in that the HIV-LTR-MazF cassette is inserted

in the direction opposite to the direction of the transcription of the retroviral
vector 25genome. 34 [0057](2) Construction of MazF-expressing

retroviral vector plasmid pMID3-U3TAR-MpazF-PL For the purpose of
comparing with pMT-HLIR-MazF-PL, a self-inactivating vector,
pMTD3-U3TAR-MazF-PL, was constructed, wherein the HIV-LTR-MazE
cassette was inserted an the same direction as that of the transcription of
e Fetroviral vEEBR§EnGE 56 thaty after thedgenstfansiéio theerget cells
transcription of the retroviral genome was inhibited - (Fig, 2). For
Piepariig-tis 9&¢tor e PrRsRIG YEEEF 16pMTDBIR WhicR e SortiBhance
extending from the nucleotide 43 to the nucleotide 309 of the 3. TR U3 |
TEGiOR Gt VEctoP M WasCHETEEd W: e&é&&%@%ﬁﬁ%ﬁﬁ&éﬁﬁ@p%&““’

s described above in (1) was inserted. between the Mlul and BamHI sites
7 Vedtor 32 SKOA 1 P 2, TSIS0SB 1 aer B bior Siprosding S22 @

g’%erdrifgétairlnar}flgg?ﬁgxg@ﬂegng %@H“%@Q %?'efi’ﬂo‘g%ﬂ%“éif‘ﬂ}é BEmain

V prompter of vector plIRESneo3 (Takara Bio Inc.) was replaced with

LheySAGPromoater o prepare veciorRGAIN. Subsequently, the gene s on

encoding the MazE protein having the 20amino acid sequence shown by

SER D NQhl thaying/the necleotidg sequance-shawn by SEQIRNQes are

12) was inserted between the EcoRI and Notl sites of pCAIN. The vector
thusccanstructed Ramed pEAIN-MaziE i [00594xample 2-atestablishment

of retrcvirus producer cells and 35 preparation of retroviral vector

described above can be prepared from fibronectin purified
from a living organism by certain means, such as protease
digestion, or by using recombinant DNA technology. For
example, the recombinant fibronectin fragment commercially
available from Takara Bio Inc. in the name of RetroNectin
(registered trademark) is preferable for the present
invention.

[0049] As described hereinabove, the retroviral vector
of the present invention, and the cells introduced with the
retroviral vector can be used for treating and/or
preventing cancer and virus infection. That is, the
present invention provides an agent for treating and/or
preventing the above-described diseases, for example, RNA-
virus infections {e.g., immunodeficiency virus infection
(AIDS) and hepatitis C). Such an agent is not specifically

limited as long as it comprises the retroviral vector or

cells as an active ingredient. Such an agent can also take
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Transient virus production was carried out using pMTFILTR-MazE-PL and
Retrovirus Packaging Kit Eco (Takara Bio Inc.) to obtain the eootropic
virus MT-HLTR-MazF-PL. This ecotropic was allowed to infect GaLV
retrovirus packaging PG13 cells (ATCC €RL-10686) in the presence of 8
pg/mL polybrene (Sigma-Aldrich Japan K.K.) to obtain cells for gene
transfer. The tells were plated in a 96 well-plate by limiting dilution, and
the culture supernatants of the 10proliferated clones were removed to
deterrinanthe virus titersagsing ieal-tinte RER-a$ desdribes] inExasisle 3t
Clone 1, in which production of high-titer virus was observed, was
sdlered t6EstablivhRAE retidvifi produddr deldinkorm of a preparation
PG13/MI-HLTR-MazF-PL. 15[0060]PG13/MT-HLTR-MazF-PL was
EGRIEd i DUIDEtR 03 Thodfied EHGE'S Riddidm (BNENER Sigiha-Atdrich 2
Japan K.K.) supplemented with 10% fetal bovine serum (Invitrogen

BRRISRARG - Witen the i ftRé FRachedPsemitonfifice® the medftim {As V1V
replaced with fresh DI\QEM medi m\SO.lmL/gcg 20con;£el:1ining 10% fetal

ne transrter 1N a,ce ng ,the, vector .
ovine serum suppl%mented With 5 Mt saditm butyratée. After culturing

fog gddours, the stipematantivag ﬂEE’?‘é‘?rﬁﬁhégu%Qé‘ﬁn%@J@ﬂ (Milfinore.

orporatlon) to obtain a solution of reco Inant retrovirus

GaLVIMT I TRMazE-PL Thisvrygsolyfion.was dispensgd: in 2asmall

aliquots and stored in the freezer at -80C. These 36 aliquots were used in

thegeneranaiestudy deserdbed:belowy (0061 |pME PS:W3TARMaZEPLof the
and pCAIN-MazE were mixed at a ratio of 20:1. PG13 cells were

pranstacted WithtRiSon, HIV replication is reduced to about 1/5
as compared with that in a cell population free of the
cells harboring the gene, even if only about 50% of the
cells in the infected cell population retain the gene.
Thus, the therapeutic and/or preventive effect produced by
the present invention is not limited by the introduction
efficiency of a gene that functions as the active agent.
Although the present invention is not limited to any
particular theory, the gene therapy of the present
invention by using the retroviral vector for the treatment
of HIV has such an unexpectedly advantageous feature as a
chain reaction mechanism, wherein a therapeutic gene or the

protein expressed therefrom is transmitted from transformed

to nontransformed cells without being mediated by a vector.

Examples

[0051] Hereinafter, the present invention will be
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5mixture using LipofectAMINE 2000 (Invitrogen Corporation) and selected
in DMED medium containing 10% fetal bovine serum supplemented with
500 ng/mi, neomycin (G418).he G418-resistant cell population thus
obtained was subjected to a separation grocedure using CD271 LNGFP
MicroBead Kit 10(Miltenyi Biotec K.K.) to obtain LNGFR-positive cells.
The LNGFR-positive cells were plated in a 96 well-plate by limiting
dilution, and the culture supernatants of the proliferated clones were
femovad to-getetminecthe ires aitdrswisiy real-iRIPER s destiibedin Put
Example 3. Thus, 15the cell line PG13/MTD3-U3TAR-MazF-PL producing
ahigittitéoviegd veelt waksestallished! PGS TERSGSFAR-MazFPL
was cultured in DMEM medium supplemented with 10% fetal bovine
&M When®FéBatGre reached semiconfluence, the medium was

replaced with fresh DMEMf diLEn éO.lml/cmZ 20ciontain%$sq 10% fetal
bovine%%ﬂfr%rsﬁﬁﬁf‘e?ﬁlerﬁed wWith 5 i soditnt butyrate . Aftsr culturing
for 24 hours, the %PS&@J%W.‘%%S ﬂgr%dei}%ggghsgfﬁ\; urp fifter, (Millipoge. . ¢ »
Corporafion) to obtain a Solution of recombinant refrovirus

ggggénggﬁggﬁﬁﬁgM@éEf_Lpﬂ his virus solution was dispensed 25in

small aliquots and stored in the freezer at -80C. 37 These aliquots were

used infthe genestransier-siudy deseribedsbelew. [0062jExampleSrted into

Determination of virus tiSer 5Real-time FOR reaction was carried out

wsing iR of gevirusisolutionras ademplaie apd disienRelre gRTIRER) was
Titration Kit (Takara Bio Inc.), thereby calculating the number of RNA

cepies wdthevirs solutiani ffemtaion with the restriction enzymes
Sall and Xbal, and a chemically synthesized DNA having the
nucleotide seqguence shown by SEQ ID NO: 2 in the Seguence
Listing, and encoding the MazF protein was inserted into
the plasmid between the Sall and Xbal sites. The plasmid
thus constructed was designated pQBI-LTRMazFcvl. A region
extending from the HIV-LTR to the MazF-coding region was
amplified by PCR using pQBI-LTRMazFcvl as the template and
the two primers shown by SEQ ID NOs: 3 and 4. The
amplified fragment thus obtained was digested with the
restriction enzymes Notl and Ecob2I. This DNA fragment was
designated and named HIV-LTR-MazF cassette.

[0053] A DNA fragment containing the herpes simplex
virus type 1 poly(A) signal site was amplified by PCR using
the plasmid pZsGreenl-N1 (Takara Bio Inc.) as the template

and the two primers shown by SEQ ID NOs: 5 and 6. The

amplified fragment thus obtained was digested with the
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calibration curve. The titers of the virus solutions 10obtained in Example 2
were 9.78 x 109 ccpies/mL for GaLV/MT-BLTR-MazF-PL and 1.16 x 109
copies/mL for GaLV/MTD3-U3TAR-MazF-PI. By loading the HLTR-Mazi7
expression cassette in the reverse directign, it became possible to obtain
a recombinant virus with higher titer 15than a self-inactivating retroviral
vector. [0063]Example 4 Preparation of CH-296 coated plates To each
well of a 24-well plate without surface treatment (Falcon), 500 pl of a
fiBromeLai frynfert YORS 26296 (grodubtriidme: RétioNedin; Tararpent was
Biolnc.), was added at a concentration of 20 pg/ml. The plate was allowed
f@%&%ﬁd%e?ﬁ@ﬁw and then washed with PBS. This plate was used
as a CH-296-coated plate in the experiments described below.

FBO84JExampie 5° 38 5EtErmTRAGGH Bf 5@n€tr§ﬁ§§’ Fefficienty C"C&ehe"2S
g i ey o e

erimen erein pare uman a

chObl%St&lgUKemI%oaetl 5I|neopgﬁe f% C%g :}119V)na éF?é"efﬁl NOS :

food ofcynomolgus nkeywere fransfacted with th erecom

retrqyirus solution preparelin Example 2.accerding B%@&Q{QSG%@ digested

described below.
with the restriction enzyme Mlul, followed by blunting and

further digestion with BamHI. This DNA fragment was named
pPGK fragment.

[0055] The extracellular domain of human Low affinity
Nerve Growth Factor Receptor was amplified by PCR using the
genome of the retrovirus-producing cell SFCMM-3 (Human Gene
Therapy, 9: 2243-2251 (1998)) as the template and the
primers shown by SEQ ID NOs: 9 and 10. The amplified
fragment thus obtained was digested with the restriction
enzymes EcoRI and XhoI. This DNA fragment was named LNGFR
fragment.

[0056] The gene fragments described above were inserted
in turn into pMT vector (Gene Therapy, 11: 94-99 (2004}
between the Mlul and BamHI sites to obtain the recombinant
retroviral vector plasmid pMT-HLTR-Maz¥F-PL, shown in Fig. 1.
This vector 1s characterized in that the HIV-LTR-MazF
cassette 1s inserted in the direction opposite to the
direction of the transcription of the retroviral vector

genome .
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[00651CORE-OEM cells were cultured in RPMI-1640 medium
10supplemented with 10% fetal bovine serum. On the day of the
transfection, the cells were collected by centrifugation and suspended in
fresh RPMI-1640 medium supplementedryith 10% fetal bovine serum at a
density of 1 x 105 cells/mL. To each well of the CH-296-coated plate
15prepared in Example 4, 1 mL of 4-, 8- and 16-fold dilutions of the
recombinant retrovirus solution prepared in Example 2 diluted with
RFENIL1640 mediurk supplenterited with 11094 fetgkBovins SeAins eMifeRyira L
Biota K.K.) were added, and the *Late was then centrifuged at 32C and
VOO Xy For 2Mots PO facitate adhesibn 'oF the retroviral vector to

RetroNeotin. The supernatant was then removed and the wells were

washed With 'S MY EPPBS SontamMIPE 59 hdman seflm Bdmine Thenlr @
1 of the cell suspension describe Y ed to each of the
itk e i s
atmaosphere. After 9§ugurin for. e s, the.cell wer collected, .
S Iy G Do EhnE cBlS s oS TR  NSFRLPE Aoy~ ted

(Miltenyi Biotec K.K,), and analyzed:ly.the flow cytometer FACS Mantage o

(Becton Dickinson and Company) to 5determine the gene transfer

efficiency - [00661Eurther cRArRositve Theells weredrepared,om theanster,
peripheral blood of cynomolgus monkey using Monkey CD4+ T Cell

Isolation it (MiltenyiBitestK Kk, ard-ewiured in AdMoWMdanedisminhibited
(Invitrogen Corporation) supplemented with 1010% fetal bovine serum, 2

M glutamate, 200 Wmdpat+2gandth5 pginlaoncanavalinAaAftédthveetor
days, the cells were collected by centrifugation and suspended in fresh

AYNIDB miediuh {nivitroge ncarpbration) sepplemenfecbwith 19% fataleot ide 43
bovine serum, 2 mM glutamate and 200 U/mL rhiL-2 at a

to the nucleotide 309 of the 3'LTR U3 region of vector pMT

was deleted was used. The DNA fragment prepared as
described above in (1) was inserted between the Mlul and

BamHI sites of this vector as shown in Fig. 2.

[0058] Further, a vector expressing MazE, i.e., an
antitoxin of MazF, was constructed as follows. Initially,
the CMV promoter of vector pIRESneo3 (Takara Bio Inc.) was

replaced with the CAG promoter to prepare vector pCAIN.
Subsequently, the gene encoding the MazE protein having the
amino acid sequence shown by SEQ ID NO: 11 (having the
nucleotide sequence shown by SEQ ID NO: 12) was inserted
between the EcoRI and Notl sites of pCAIN. The vector thus
constructed named pCARIN-MazE.

[0059] Example 2

Establishment of retrovirus producer cells and



15density of 2 x 10' cells/ L. Two CH-296-coated plates prepared in
Example 4 were used. One ml per well of the recombinant retrovirus
solution prepared in Example 2 was added to the plates, which were then
centrifuged at 32C and 2000 x a for 2 hotlts to facilitate adhesion of the
20retroviral vector to RetroNectin. The supernatant was then removed and
the wells were washed with 0.5 mL of PBS containing 1.5% human serum
albumin. Then, one of the plates was stored at 4C without removing the
IPBP salatidroeontairiing 15% humaneseram albumin. To the other plate,
25mL of the cell suspension described above Was added to each 40 of
the well§ aAd irfdtibateld 2E3 B R 5% st Borf dfoxide afridsphiete Ukiter 24°MT -
hours, the cells were collected, and the cell suspension was added to the

Nhra& aRéred far Sorsd-&CAC Afer RRGARG 16k nothérthree days-® B0
the cells were collected, and stained for LNGFR-hositjve cells usj .
L DA (K. ot 0y G S BRa K of g HEhyagh by This
the flow cytometer EACS Vantage (Becton Dickipson and Company) 19 _ ..
%I“e?e%rrncl)r?ex%e éiesneat?a%g%grg egfﬁgienc;%.efoIO%%'}k"?{zrh%eger?e traﬁs%e?yg& grng

sl EFBE neles,thu 3 Astermingd arg.shown in Tahle 1, Asshownin the ﬁ%b/l L,
cfion,

by loading the HLTR-MazE expression cassette’in the opposite dire
the genestransfer, efficiency was.dragatically improved as:compared withs o -

the Self-inactivating retroviral vector. 15[0068]Table 1 [0069]Example 6

gene transfer. The cells were plated in a 96 well-plate by
limiting dilution, and the culture supernatants of the
proliferated clones were removed to determine the virus
titers using real-time PCR as described in Example 3.

Clone 1, in which production of high-titer virus was
observed, was selected to establish the retrovirus producer
cell line PG13/MT~-HLTR-MazF-PL.

[0060] PG13/MT-HLTR-MazF-PL was cultured in Dulbecco's
modified Eagle's medium (DMEM; Sigma-Aldrich Japan K.K.)
supplemented with 10% fetal bovine serum (Invitrogen
Corporation). When the culture reached semiconfluence, the
medium was replaced with fresh DMEM medium (O.lmL/cmz)
containing 10% fetal bovine serum supplemented with 5 mM
sodium butyrate. After culturing for 24 hours, the
supernatant was filtrated through 0.45 pym filter (Millipore
Corporation) to obtain a solution of recombinant retrovirus

GaLV/MT-HLTR-MazF-PL. This virus solution was dispensed in

small aliquots and stored in the freezer at -80°C. These
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Gene transfer to human CD34-positive progenitor cells Gene transfer
efficiency was determined by carrying 20 out gene transfer experiment,
wherein human bone marrow CD34-positive progenitor cells (Bone
Marrow CD34+ Cells; Cambrex Corporatign) were transfected with the
recombinant 41 retrovirus solution prepared in Example 2 according to
the procedure described below. [0070]Stimulation culture of human
CD34-positive progenitor cells was carried out in X-VIV0O10 medium
fGambaSeCopotaticr)cortaifing 4% 16tal boviaé Serut stjppléafettéged
with 20 ng/ML Recombinant human IL (PEPROTECH INC.), 100 ng/mL
Reesifbinant human Stem Cell Factor (PEPROTECH INC.), 100 ng/mL
Recombinant human Thrombopoietin (PEPROTECH._INC..), and 100 |
s ﬂ?econ@ﬁ%“l%%‘ @ Ligand{PEPROTECH CSAfeR 1 ¥ed 2t
two d és cul at 37C p EfV car?cin d|0X|de %tmosdggere the cel{%we{le

8 welr %
COUI’] ed an hen suspen Ina resh medaium as descri e above a

density of 1 x 105 c@l /o"fl O chrwsi 8§ th%gH 2965 8%?fgc§’r%tgratlon

prepared in "Exam e 15undiluted solutiono

Lecombinant,rerovirus (ag VM s b TRsMazEsRL prapared in Example 2.

was added and the plate was then centrifuged at 32C and 2000 x g for 2
bewrsHo fagiliaie.adhesion of thesretroyirakvecterda RetroNegting The e

supernatant was then removed and the wells were washed 20with 0.5 mL
cliRBS containing:l.6% humap seatn albunins Stibsequenilywd misebthe-ted

cell suspension described above was added to each of the wells and

incubated st 37C tnSYrearkbiu dioxideiatnasphete. IAfteF Ruldring farad Kit
three days, the cells were collected, stained for LNGER-oositive cells
(Miltenyi Biotec K.K.) to obtain LNGFR-positive cells. The
LNGFR-positive cells were plated in a 96 well-plate by
limiting dilution, and the culture supernatants of the
proliferated clones were removed to determine the virus
titers using real-time PCR as described in Example 3. Thus,
the cell line PG1l3/MTD3-U3TAR-MazF-PL producing a high-
titer viral vector was established. PGLl3/MTD3-U3TAR-MazF-
PL was cultured in DMEM medium supplemented with 10% fetal
bovine serum. When the culture reached semiconfluence, the
medium was replaced with fresh DMEM medium (O.lmL/cmz)
containing 10% fetal bovine serum supplemented with 5 mM
sodium butyrate. After culturing for 24 hours, the
supernatant was filtrated through 0.45 um filter (Millipore
Corporation) to obtain a solution of recombinant retrovirus

GaLV/MTD3-U3TAR-MazF-PL. This virus solution was dispensed

in small aliquots and stored in the freezer at -80°C.



10

15

20

25

25using an -CD271(LNGFR)-PE antibody ' iltenvi Biotec K.K.), 42 and

analyzed by the flow cytometer FACE. Vantage to determine the gene

transfer efficiency. The gene transfer efficiency to human CO34-positive
progenitor cells was 85.7%, and the geng4{ransfer with high efficiency was
achieved. [0071]Example 7 Preparation of CH-296 coated plates A

24-well plate coated with CH-296 was prepared using the same procedure

as that described in Example 4. Further, 101 mL per well of 20 pg/mi
Ohk-295andsiadded tocar ¢ 2umeltiplate Withoutesuefate dreafrmentRalcon),

and the plate was allowed to stand overnight at 4C, followed by washing

Wice withaPB8eThese plates were used as CH-296-coated plates in the
experiments described below. 15[0072]Example 8 Culture of human

ﬁ@pﬁ/ﬁ% Fivé&8Rtes’of mononuclear cells (PBMCs) obtained from
peripheral blood of five human donors by apheresis and stored in a frozen

state (JAIGTEIeG ThEOFKIE, TKTOS TK289H and TK29, respectively)

were thawed and suspended in RPMI1640 medium (Sigma-Aldrich Japa

K., Bt SUspBRsion was Es Tlbeiiat S005 g fol T0minliseane o1 of
supernatants were removed andlcetlléjelle'g were obt%iggg. IQe %_g et

was %lsjsp?eon ed icr)lnloa%Laof%%TtEreamedlaunm GT-1562 akara |(J)f Inc:?)R

%@?‘QE&%%‘V%C&O'%QQ‘%% plasma, 0:2% human, serum, albimin (Baxter e
International Inc.), 600 r) rhIL-2(CHIRON CORPORATION), and 2.5

RaiMiFuRgizane (Bristal-Myers KiG) tpicqunt the callseand then o

adjusted to a cell density of 5 x 106 celis/mL with the same medium. 30
Tthe eulireiwas started by transferringSmd.fofeash suspensien t@ aons
25cm2 flask (Corning Incorporated),

obtained in Example 2 were 9.78 x 10° copies/mL for

GaLV/MT-HLTR-MazF-PL and 1.16 x 10° copies/mL for

GalLV/MTD3-U3TAR~MazF-PL. By loading the HLTR-MazF
expression cassette in the reverse direction, it became
possible to obtain a recombinant virus with higher titer
than a self-inactivating retroviral vector.
[0063] Example 4

Preparation of CH~296 coated plates

To each well of a 24-well plate without surface

treatment (Falcon), 500 pl of a fibronectin fragment, CH-
296 (product name: RetroNectin; Takara Bio Inc.), was added
at a concentration of 20 pg/ml. The plate was allowed to

stand overnight at 4°C, and then washed with PBS. This
plate was used as a CH-296-coated plate in the experiments
described below.

[0064] Example 5
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followed by addition of anti-CD3 antibody OKT-3 (Janssen Pharmaceutica
N.V.) at a concentration of 30 ng/mL. On day 43 3 of the culture, the cells
were counted and suspended in fresh culture medium at a cell density of

1-2 x 106/mL to prepare a cell suspensiar. [0073]Example 9

Gene-transfer to human PBMCs To each well of the CH-296-coated
24-well and 12-well plates prepared in Example 7, 1 mL and 2 ml,
respectively, of the recombinant retrovirus GaLV/MT-HLTR-MazF-PL
solutiohgreparedan Exantple 2aneretadded L Fhe plates were then 10
centrifuged at 32C and 2000 x g for 2 hours to facilitate adhesion of the
retrovifat vector 3 REGBNeERH. E&cH Well sfthecizewal phide Miasi#ashe d
twice with 1 mL of PBS containing 1.5% human serum albumin, and filled
With BRitSofPBS ToRRIRTE A5 Titimart S6rtf AbuRiin PR platewas e l1s
15 stored at 4C for the gene transfer to be carried qut on the_next

day.

FRPRAESCh Gabt T 2R blafe hEs WALRGF MR TS ML GrBEaL2 cell
ini 5% | in, 1 ml-of th Il i
portaining 1,89 umap serym abygyn, and 1 miofhe cel syspensi

preparé Examp W ded'to’20eac € plate' was then

%‘:’g/:‘téiz‘;%gletggu%tn %\5?%10%2" 1000x %Ii%r OADINULGS E?ifﬁﬁ”iﬁ% cell adnesion ¢

e pla e retroviral vector was attached. After subsequent

cultyre for.4 hours at 376 in,59 ;p%ar@an dipxide. atmosphere, the guliure: o +he

was diluted with the culture medium 25 to a cell density of 5 x 105/ml'and

further gultdreg [0075}QR the next.day of the first gene transfer, the
supernatant was removed from the stored 12-well plate, to which the virus

adhered and which-wasfilleshwith RBSceniainingsh 5% heman-sesurd medium
albumin. To the wells of the 30 plate, the total volume of each donor's
trapgfeeteelcalls with 10% fetal bovine serum. On the day of
the transfection, the cells were collected by
centrifugation and suspended in fresh RPMI-1640 medium
supplemented with 10% fetal bovine serum at a density of 1
x 10° cells/mL. To each well of the CH-296-coated plate
prepared in Example 4, 1 mL of 4-, 8- and 1l6-fold dilutions
of the recombinant retrovirus solution prepared in Example
2 diluted with RPMI-1640 medium supplemented with 10% fetal

bovine serum (Miltenyi Biotec K.K.) were added, and the

plate was then centrifuged at 32°C and 2000 x g for 2 hours

=

to facilitate adhesion of the retroviral vector to
RetroNectin. The supernatant was then removed and the
wells were washed with 0.5 mL of PBS containing 1.5% human
serum albumin. Then, 1 mL of the cell suspension described
above was added to each of the wells and incubated for

three days at 37°C in 5% carbon dioxide atmosphere. After
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was transferred. The plate was centrifuged at 32C and 44 1000 x g for 10
minutes to facilitate cell adhesion to the plate on which the retroviral
vector was attached. After subsequent culture for 4 hours at 37C in S%
carbon dioxide atmosphere, the culture was diluted with the culture
medium b to a cell density of 3 x 105/mL and further cultured. [0076]As a
control, the same procedure was carried out on a CH-296 coated plate to
which no retroviral vector was attached to prepare untransfected cells.
J0077jAftep cdlturingfoe andthes threé days rom therE) seconegeré, stained
transfer, the cells were collected, stained for LNGFR-positive cells using
Bti- OO SR PEoaritibody, a6d ARalygdd By #ie flow eytoniédr ERics BEL
(Beckman Coulter Inc.) to determine the gene transfer efficiency. The
Ferehrhster Bifidensiés B-856T dbndt-drigiidted PENE Z7é 1%%6'\}9{? i -
Table 2. [00781Table 2 MazF gene transfer efficiency to each
GoNOTGEiived PBMCS BonBraané faiier 6iEiets THERS. GRmeamy) £0
K1453.5% T 19549@6ﬁ%%gﬁgﬁ?@];%@A?B@b

etermine the gene iclency.

[0066] Further, CD4-positive T cells were prepared from
the peripheral blood of cynomolgus monkey using Monkey CD4+
T Cell Isolation Kit (Miltenyi Biotec K.K.), and cultured
in AIM-V medium (Invitrogen Corporation) supplemented with
10% fetal bovine serum, 2 mM glutamate, 200 U/mL rhIL-2,
and 5 ng/ml concanavalin A. After three days, the cells
were collected by centrifugation and suspended in fresh
AIM-V medium (Invitrogen Corporation) supplemented with 10%
fetal bovine serum, 2 mM glutamate and 200 U/mL rhIL-2 at a
density of 2 x 10° cells/mL. Two CH-296-coated plates
prepared in Example 4 were used. One mL per well of the
recombinant retrovirus solution prepared in Example 2 was
added to the plates, which were then centrifuged at 32°C
and 2000 x g for 2 hours to facilitate adhesion of the
retroviral vector to RetroNectin. The supernatant was then
removed and the wells were washed with 0.5 mL of PBS
containing 1.5% human serum albumin. Then, one of the
plates was stored at 4°C without removing the PBS solution
containing 1.5% human serum albumin. To the other plate, 1

mL of the cell suspension described above was added to each
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[0079]Example 10 Experiment of HIV-infection to MazF-transfected
PBMCs- 20 The MazF-transfected cells originated from five donors and
the untransfected cells prepared in Example 9 were respectively diluted
with culture medium to a cell density of § x 105/ML. Ten mL aliquot of the
dilution was 25 incubated overnight. On the next day, the cell suspension
45 was divided into two aliquots, which were transferred into different
centrifuge tubes. To one of the tubes, the HIV MB strain was added at
MOt ak0.04 1 The ather tukevas ewockinécitatedhwith HiYxfreencudlireide
medium. The tubes 5 were incubated at 37C for two hours to allow 517
aliBenrdrakie celld Witich déré thenswasherl thede imes wathcGTIEs03:d, and
medium and subsequently suspended in 3.5 mL of culture medium. One
Phiftilite? bt tHig e8P sGdpEhsithwas aaded fo 86h Well'of aZdbReR plateate
and incubated with 1 10 mL of culture medium for culture. This culture
SesrEried ott Gsingfthreewelis perddifiple o Thrsedditafter ffe days, the
infection, 1 mL of the culture sug rnatant was §ampled and1ml o

S

L of
TOMare MEdtinT (Al 2dded to 8ach Bf e \Wells 2Ad the Culiurs was' 7 ©&11s
continued. Six fter infection, 1 15 mL of the supernatant was
S TibTec Tre bt TG Mo dothhbatDy ELTGA B e ot 5
14 Pad-Anigen Aresantdn e sampled:slpemnaigtls The el afebBer on
days after the infection was subjectéd to MTT assay to determine the
HUMbex QEM'aQ}?dC@_L?rm Q@Q?OH@ecf@%%'i%n%@?;@?éer@@%“Q!}QBVD@@'P
cells are shown in Fig. 3(a)-(e), and of the quantification of p24 antigen on
&ays 3andG are shown in Table 3. In Fig. 3, the vertical axis represents
the relative ratio (%) of viable cells in each test group to those in the
cont0l125 grovpd Mazheurttanstatied, HiViuniatecied). The hodzeniahined
axis of the graph represents the test groups. The numbers under the axis
zepreséntithe dondrbumbérs afdsthehgreupsn the table, by loading

the HLTR-MazF expression cassette in the opposite direction,
the gene transfer efficiency was dramatically improved as

compared with the self-inactivating retroviral vector.

[0068] Table 1
Retroviral vector Gene transfer efficiency to Gene transfer
CCRF~-CEM (%) efficiency to
cynomolgus monkey CD4-
positive T cells
4~fold 8-fold 16-fold undiluted solution
dilution dilution | dilution
MT-HLTR-MazF-PL 77.6 81.2 79.2 85.0
MTD3-U3TAR~-Maz¥F-PL 6.3 5.8 4.8 2.0
[0069] Example ©

Gene transfer to human CD34-positive progenitor cells

Gene transfer efficiency was determined by carrying
out gene transfer experiment, wherein human bone marrow
CD34-positive progenitor cells (Bone Marrow CD34+ Cells;

Cambrex Corporation) were transfected with the recombinant
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indicated with (-) correspond to the MazF-untransfected groups and the

groups indicated with (+) correspond to the 30 MazF-transfected groups;

M denotes Moc infection (HIVuninfection); and H denotes HIV-infection.

There was no significant variation in viable cell count between the 46
MazE-transfected and -untransfected, or the HIV-infected and -uninfected
groups in any donor PP,MCs, showing that MazF, whose expression is
induced by HIV-infection, does not induce cell death- As shown in Table 3,
while thve. Maz | Slgenectnansferefficiénéies B¢ @aph eohor celisnwéreg to the
approximately 50%, the HIV replication was inhibited in the

MeFeransieced ¢elld #6!aB6utc1y5 of the untransfected cells. [0081]Table

3 10 Results of quantification of HIV on days 3 and 6 post-infection
S&fifle day 324 plyairipRefdtive Anfoutt t& dfitectBd tel 8 tay©

3(%) day 6 p24 (pg4IR ' ' %
309%) day 5 p24 (pgIR\) Relatve amount to yninfected; el on dayeo

(Cambrex Corporation) containing 4% fetal bovine serum
supplemented with 20 ng/mL Recombinant human IL-3
(PEPRCTECH INC.), 100 ng/mlL Recombinant human Stem Cell
Factor (PEPROTECH INC.), 100 ng/mL Recombinant human
Thrombopoietin (PEPROTECH INC.), and 100 ng/mL Recombinant
human Flt3-Ligand (PEPROTECH INC.). After two-days culture
at 37°C in 5% carbon dioxide atmosphere, the cells were
counted and then suspended in a fresh medium as described
above at a density of 1 x 10° cells/mL. To each well of
the CH-296-coated plate prepared in Example 4, 1 mL of the
undiluted solution of the recombinant retrovirus GalLV/MT-
HLTR-MazF-PL prepared in Example 2 was added and the plate
was then centrifuged at 32°C and 2000 x g for 2 hours to
facilitate adhesion of the retroviral vector to RetroNectin.
The supernatant was then removed and the wells were washed
with 0.5 mL of PBS containing 1.5% human serum albumin.
Subsequently, 1 mL of the cell suspension described above
was added to each of the wells and incubated at 37°C in 5%
carbon dioxide atmosphere. After culturing for three days,
the cells were collected, stained for LNGEFR-positive cells

using anti-CD271(LNGFR)-PE antibody (Miltenyi Biotec K.K.),
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Untransfected 2700.3 11065.7 MazF- transfected 366.0 13.6 2213.0
20.0 TK14 Untransfected 3823.0 23451.7

42

and analyzed by the flow cytometer FACS Vantage to
determine the gene transfer efficiency. The gene transfer
efficiency to human CD34-positive progenitor cells was
85.7%, and the gene transfer with high efficiency was
achieved.
[0071] Example 7

Preparation of CH-296 coated plates

A 24-well plate coated with CH-296 was prepared using
the same procedure as that described in Example 4. Further,
1 mL per well of 20 pg/ml CH-295 was added to a 12-well

plate without surface treatment (Falcon), and the plate was

allowed to stand overnight at 4°C, followed by washing
twice with PBS. These plates were used as CH-296-coated
plates in the experiments described below.
[0072] Example 8

Culture of human PBMCs

Five samples of mononuclear cells (PBMCs) obtained
from peripheral blood of five human donors by apheresis and
stored in a frozen state (designated TK5, TK14, TK19, TK23
and TK29, respectively) were thawed and suspended in
RPMI1640 medium (Sigma-Aldrich Japan K.K.). Each
suspension was centrifuged at 500 x g for 10 minutes, the
supernatants were removed, and cell pellets were obtained.
The pellet was suspended in 10 mL of culture medium GT-T502
(Takara Bio Inc.) containing 1% autologous plasma, 0.2%
human serum albumin (Baxter International Inc.), 600 IU/mL
rhIL-2 (CHIRON CORPORATION), and 2.5 pg/mL Fungizone
(Bristol-Myers K.K.) to count the cells, and then adjusted
to a cell density of 5 x 10° cells/mL with the same medium.
The culture was started by transferring 5 mL of each
suspension to a 25cm? flask (Corning Incorporated),
followed by addition of anti-CD3 antibody OKT-3 (Janssen

Pharmaceutica N.V.) at a concentration of 30 ng/mL. On day
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MazF- transfected 914.0 23.9 4881 20.8 K 9 Untransfected 4365.7
338276.7 MaiF- transfected 843.7 19.3 53453.0 15.8 TK23

43

3 of the culture, the cells were counted and suspended in
fresh culture medium at a cell density of 1-2 x 10°/mL to
prepare a cell suspension.
[0073] Example 9

Gene transfer to human PBMCs

To each well of the CH-296-coated 24-well and 12-well
plates prepared in Example 7, 1 mL and 2 ml, respectively,
of the recombinant retrovirus GalLV/MT-HLTR-MazF-PL solution
prepared in Example 2 were added. The plates were then
centrifuged at 32°C and 2000 x g for 2 hours to facilitate
adhesion of the retroviral vector to RetroNectin. Each
well of the 12-well plate was washed twice with 1 mL of PBS
containing 1.5% human serum albumin, and filled with 1 mL
of PBS containing 1.5% human serum albumin. The plate was
stored at 4°C for the gene transfer to be carried out on
the next day.
[0074] Each well of the 24-well plate was washed with
0.5 mL of PBS containing 1.5% human serum albumin, and 1 mL

of the cell suspension prepared in Example 8 was added to

each well. The plate was then centrifuged at 32°C and 1000
x g for 10 minutes to facilitate cell adhesion to the plate
on which the retroviral vector was attached. After
subsequent culture for 4 hours at 37°C in 5% carbon dioxide
atmosphere, the culture was diluted with the culture medium
to a cell density of 5 x 10°/mL and further cultured.

[0075] On the next day of the first gene transfer, the
supernatant was removed from the stored 12-well plate, to
which the virus adhered and which was filled with PBS
containing 1.5% human serum albumin. To the wells of the

plate, the total volume of each donor's transfected cells

was transferred. The plate was centrifuged at 32°C and
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Untransfected 309.0 38827.3 - MazIT- transfected 151.3 29.7 8492.0
21.9 TK29 Untransfected 1099.3 28104.7
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1000 x g for 10 minutes to facilitate cell adhesion to the
plate on which the retroviral vector was attached. After
subsequent culture for 4 hours at 37°C in 5% carbon dioxide
atmosphere, the culture was diluted with the culture medium
to a cell density of 3 x 10° /mL and further cultured.

[0076] As a control, the same procedure was carried out
on a CH-296 coated plate to which no retroviral vector was
attached to prepare untransfected cells.

[0077] After culturing for another three days from the
second gene transfer, the cells were collected, stained for
LNGFR-positive cells using anti-CD271-PE antibody, and
analyzed by the flow cytometer Epics XL (Beckman Coulter
Inc.) to determine the gene transfer efficiency. The gene
transfer efficiencies to each donor-originated PBNC are
shown in Table 2.

[0078] Table 2

MazF gene transfer efficiency to each donor-derived PBMCs

Donor Gene transfer efficiency
TK5 69.6%

TK14 53.5%

TK19 54.9%

TKZ23 44.0%

TK29 47.5%

[0079] Example 10

Experiment of HIV-infection to MazF-transfected PBMCs~

The MazF-transfected cells originated from five donors
and the untransfected cells prepared in Example 9 were
respectively diluted with culture medium to a cell density
of 5 x 10°/mL. Ten mL aliquot of the dilution was

incubated overnight. On the next day, the cell suspension



10

15

20

25

30

MazF- transfected 164.0 14.9 6168.7 21.9 [0082]Example 11 4'7
Experiment of HIV-infection to MazF-transfected PBMCs- 2
MazT-transfected and untransfected cells were prepared from PBMes of
TK19 origin according to the same procedure 5 as that in Example 9. The
gene transfer efficiency of the transfectéd cells thus prepared was 61.1%.

To each of these cells, the HIV 11IB and HIV HE strains were added and
infected at NSl 6f0:01 Arcordingtiedhe safie: fethisr &s tHat desers&sintnto

Bxample-10- As acentrah Magipfectionfld was prepargd by.addition-ofe H1v

the HIV-free culture medium. The amount of HIV present in the

ddpdindtant Was'thstednifed by lquintifying theP M p22 anti§és présentin’@s
thec isuperatant-hy ELISA 3rand-6 days after thedinfectionlhe results ofe s

the quantification of p24 antigen on days 3 and 156 are shown in Table 4.

[0083] A shdvart AT alle ¥, WhifethetMazE e thahsteretficiendy thl 1B
MagEstransfecteg cells was 61.1%y the. HIY, replication of the-HM 4116 and-n

HIV HE strains was inhibited to about 1/20 and 1/4, respectlvely, as
EGMBAEY Wik iNEuRRShoTebied GeRg.tly suspended in 3.5 ml of

culture medium. One milliliter of this cell suspension was
added to each well of a 24-well plate and incubated with 1
mlL of culture medium for culture. This culture was carried
out using three wells per sample. Three days after the
infection, 1 mL of the culture supernatant was sampled, and
1 mL of culture medium was added to each of the wells and
the culture was continued. Six days after the infection, 1
mL of the supernatant was sampled. The amount of HIV was
determined by ELISA by quantifying the HIV p24 antigen
present in the sampled supernatant. The cells after 6 days
after the infection was subjected to MTT assay to determine
the number of viable cells.

[0080] The results of the determination of viable cells
are shown in Fig. 3(a)-(e), and of the quantification of
p24 antigen on days 3 and 6 are shown in Table 3. 1In Fig.
3, the vertical axis represents the relative ratio (%) of
viable cells in each test group to those in the control
group (MazF-untransfected, HIV-uninfected). The horizontal
axis of the graph represents the test groups. The numbers
under the axis represent the donor numbers and the Jgroups
indicated with (-) correspond to the MazF-untransfected
groups and the groups indicated with (+) correspond to the
MazF-transfected groups; M denotes Moc infection (HIV-
uninfection); and H denotes HIV-infection. There was no

significant variation in viable cell count between the
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[0084]Table 4 Sample day 3 p24 (pg/mL) Relative amount to uninfected
cells on day3(%) day 6 p24 (pg/mL) 'Relative amount to uninfected cells
on day6(%) TK19/ TIB infection Untransfected 123.7 7846.3 MazF-
transfected 0 O

46

MazF-transfected and -untransfected, or the HIV-infected

and -uninfected groups in any donor PBMCs, showing that

MazF, whose expression is induced by HIV-infection, does

not induce cell death. As shown in Table 3, while the MazF
gene transfer efficiencies to each donor cells were
approximately 50%, the HIV replication was inhibited in the

MazF-transfected cells to about 1/5 of the untransfected

cells.
[0081] Table 3
Results of quantification of HIV on days 3 and 6 post-
infection
Sample day 3 Relative day 6 Relative
p24 amount to |p24 amount to
(pg/mL) | uninfected | (pg/mL) uninfected
cells on cells on
day 3 (%) day 6 (%)
TK5 | Untransfected | 2700.3 11065.7
MazF- 366.0 13.6 2213.0 20.0
transfected
TK14 | Untransfected | 3823.0 23451.7
MazF- 914.0 23.9 4881.7 20.8
transfected
TK19 | Untransfected | 4365.7 338276.7
MazF- 843.7 19.3 53453.0 15.8
transfected
TK23 | Untransfected | 508.0 38827.3
MazF- 151.3 29.7 84982.0 21.9
transfected
TK29 | Untransfected | 1099.3 28104.7
MazF- 164.0 14.9 6168.7 21.9
transfected
[0082] Example 11
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Experiment of HIV-infection to MazF-transfected PBMCs-

MazF-transfected and untransfected cells were prepared
from PBMCs of TK19 origin according to the same procedure

as that in Example 9. The gene transfer efficiency of the

transfected cells thus prepared was 61.1%. To each of

these cells, the HIV IIIB and HIV HE strains were added and

infected at MOI of 0.01 according to the same method as

that described in Example 10. As a control, Moc infection

was prepared by addition of the HIV-free culture medium.
The amount of HIV present in the supernatant was determined

by quantifying the HIV p24 antigen present in the

supernatant by ELISA 3 and 6 days after the infection. The

results of the guantification of p24 antigen on days 3 and

6 are shown in Table 4.

[0083] As shown in Table 4, while the MazF gene transfer

efficiency in MazF-transfected cells was 61.1%, the HIV

replication of the HIV IIIB and HIV HE strains was

inhibited to about 1/20 and 1/4, respectively, as compared
with the untransfected cells.
[0084] Table 4
Sample day 3 Relative day 6 Relative
p24 amount to p24 amount to
(pg/mL) | uninfected | (pg/mL) | uninfected
cells on cells on
day 3 (%) day 6 (%)
TK19/ IIB |Untransfected|123.7 7846.3
infection | MazF- 0 0 393.7 5.0
transfected
TK14/ HE |Untransfected | 383.3 7495.3
infection |MazF- 162.0 42.3 2128.0 |28.4
transfected
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2128.0 28.4 48 Industrial Applicability [0085]The present invention
provides a retroviral vector useful for the treatment and/or prevention of
cancers and virus infections. Since cells introduced with 5 the above
nucleic acid construct are capable of inhibiting replication of RNA-viruses,
it is particularly effective for the treatmeh® and/or prevention of diseases
caused by such viruses, for example, HIV-infection. 10 Sequence Listing
Freeupé{00861SED I NO: 2L Bynthetic DNA encoding MazF. SEQ ID

N&sBsRrimer 49,a H@éé%”i%@@?ﬁ%@ﬁ:ﬁﬁ@v%é&slDaN%%:pBR}m?éEO
amplify HTV-LTR-MazE cassette. SEQ ID NO:5; Primer to amplify pA
fragineht. SEGUD NOB; PrtndridHmisity pAfregmeRt: SEG D NO L

BHmeE fo amplifkpRGK fragnment SEQ 1D NQ:8: Phaer 40 amplifupREK with
fragment. 20SEQ ID NO:9; Primer to amplify LNGFR fragment. SEQID |
NG 16PrimReP - amplify INGFRATAgmeRt. 2re capable of innibiting

replication of RNA-viruses, it is particularly effective
for the treatment and/or prevention of diseases caused by

such viruses, for example, HIV~infection.

Sequence Listing Free Text
[0086] SEQ ID NO:2; Synthetic DNA encoding MazF.

SEQ ID NO:3; Primer to amplify HIV~-LTR-MazF
cassette.

SEQ ID NO:4; Primer to amplify HIV-LTR-MazF
cassette.

SEQ ID NO:5; Primer to amplify pA fragment.

SEQ ID NO:6; Primer to amplify pA fragment.

SEQ ID NO:7; Primer to amplify pPGK fragment.

SEQ ID NO:8; Primer to amplify pPGK fragment.

SEQ ID NO:9; Primer to amplify LNGFR fragment.

SEQ ID NO:10; Primer to amplify LNGFR fragment.
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MCSLLY 49 CLAIMS 1. A retroviral vector which comprises a

transcription unit comprising a transcription regulatory sequence and a

gene encoding a MazF protein which is placed so that its expression can MCSLLP
be controlled by the regulatory sequence, wherein the unit is placed so

that the direction of transcription of mRKMA from the unit is opposite to the
direction of transcription of RNA genome of the retroviral 10vector. 2. The
retroviral vector according to claim 1-wh&MeIn the transcription regulatory
sequence is a sequence for controlling the transcription of a gene

expressed specifically in cancer cells or virus-infected cells. 3. The &= |
retrovirBl Vettardcording &6 EREMYDWhBr&iATRE traRScriptibh 3B §Giaidty - o
sequencens stieh Ageguenee that the ranseripfionds dduceddyedce and a
trans-acting factor 20 of a cancer cell or virus origin. 4. The retroviral ,
FEQREr &&ording do TUdMZ, WHEHER the TraSRripio fegiiatoRPsédtience
is:50eh @ssequense that thedranstiiptionis inducetby adransyaciinguence,
factor 25 of an immunodeficiency virus. 5. The retroviral vectaor according
t@lcﬁgi?ﬁ %, Wwhich%ohip rijsséspsu%%/ea&trgﬁsctnkb?i%n FaGuldidry seqien coef?hat
thedransctiptiovis indueediby Tabpraten and/er Rev prateini 88 GoThée

retroviral,vector according ta claim 4,% in a gene encading a MazF .
gl C%l éatral’lF%rr_LrPOfltﬂl’elL egﬁgn%%nome O% Qge re%rOVLral

1SS T Skl .

protein Is place downstréa munode ICIency Virus.
ME&SId P.50

2. The retroviral vector according to claim 1, wherein

the transcription regulatory sequence is a seguence for
controlling the transcription of a gene expressed

specifically in cancer cells or virus-infected cells.

3. The retroviral vector according to claim 1, wherein
the transcription regulatory sequence 1s such a sequence
that the transcription is induced by a trans-acting factor

of a cancer cell or virus origin.

4. The retroviral vector according to claim 3, wherein
the transcription regulatory sequence 1s such a sequence
that the transcription is induced by a trans-acting factor

of an immunodeficiency virus.

5. The retroviral vector according to claim 4, which
comprises such a transcription regulatory sequence that the

transcription is induced by Tat protein and/or Rev protein.

6. The retroviral vector according to claim 4, wherein a
gene encoding a MazF protein is placed downstream of the

LTR of an immunodeficiency virus.
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7.The retroviral vector according to claim 1, wherein the transcription
regulatory sequence is such a sequence that the transcription is induced
by a trans-acting factor artificially supplied into cells. r.A use of the
retroviral vector according to any one of claims 1 to 7 for the preparation
of a medicament for treating or preventig a disease. 109.The use
according to claim 8, wherein the disease is a cancer or a virus infection.
10. Thé'lise aeéardinigr claift8 OWheren? fikl digease islanm 1, wherein

immunodeficiencyvirys infection 13 11 Atherapeutic arpreventiveqyence
agent of a disease, which comprises the retroviral vector according to any
&me bf Clamns 138 Toas Bk effective éainpeRent> 202 ThBIhéapetfic 6pCtor

Rreventive agent ageording do clai 1dfor freating or preventing cancer or
virus infection. 13. The therapeutic or preventive agent according to claim

12 for treating or preventing an immunodeficiency virus 25infection. 14.

Fhe retrovirat vegtor pecardingteanyloneetcaims ¢ de Jifopuseinay one of
method for treating or preventin% a disease, which comprises introdugi(glg

fhedredvital Vector 30intb tellB - RGSELp 31 ©f & medicament

treating or preventing a disease.

9. The use according to claim 8, wherein the disease is a

cancer or a virus infection.

10. The use according to claim 8, wherein the disease is

an immunodeficiency virus infection.

11. A therapeutic or preventive agent of a disease, which
comprises the retroviral vector according to any one of

claims 1 to 7 as an effective component.

12. The therapeutic or preventive agent according to claim

11 for treating or preventing cancer or virus infection.

13. The therapeutic or preventive agent according to claim
12 for treating or preventing an immunodeficiency virus

infection.

14. The retroviral vector according to any one of claims 1
to 7 for use in a method for treating or preventing a
disease, which comprises introducing the retroviral vector

into cells.

15. The retroviral vector according to claim 14, wherein

MCSLLP



the disease is a cancer or a. virus infection. 16. The retroviral vector

according to claim 14, wherein the disease is an immunodeficiency virus

infection. MCSLLP
51

the disease is a cancer or a virus infection.

16. The retroviral vector according to claim 14, wherein

the disease 1s an immunodeficiency virus infection.



