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Technical Field 5 [0001] The present |nvent| on rem"mm',!,”Im,mml”m
to a nucleic acid construct useful in th
or prevention of diseases wusing a polypep tlde haV|
endori bonucl ease activity. Background Art 10 [ 00 m””"’”"’”"”,”mm
Gene therapy has been devel oped as a therapeutlc

met hod for treating or preventing diseases (1 ncl udi ngrGoooo2+
geneti c di seases and cancers) caused by ' errggs in f

enetic informti I f addition o

gorrect genetic |ﬁ$or?§tf§% E%Q gggﬁgognndlfy t he
function of the i5 cells or by introducing a novel

"protective gene" that is intrinsically absent in the

ells. 4000%% At present, in addition to the above

ﬁés L3¢t 3ation of a gene encodi ng a product

exh|b|t|n _cytotoxic activity is being extensively

Uiled fofPe er 2o plurposen bioserebetoe thearanckedf acid
cells harnful to living organisns (e.g., cancer cells
b igelds usd et edh it brepambogent cpnerenoiganbsmiiseases
For exanple, expression of a herpes virusthym dine
Ud iTas 2 qeneyept dgetacehy sefidbt Dmedubyeadai atstration

of a non-toxic prodrug (gancyclovir) to 25 living
organismleads to target cell specific activation of

*159159+

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
ceils 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 exhibkiting
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



-t

10

15

20

25

2 the prodrug, resulting in destruction of the target
cells due to the cytotoxicity of the drug. [0004]

Toxi ns encoded by prokaryotic toxin-antitoxin genes
are known as pol ypeptides exhibiting cytotoxic 5
activity. Both MazF, a toxin gf the mazE-nmazF system
(non- Patent Docunent 1), and PenK, a toxin of the
penl - penK system (non-Patent Docunment 2), are known
to have single- stranded RNA-specific endoribonucl ease

5%3iﬁ@&d&déﬁ“re§§¥%§ﬂﬁzf§ &@%Ei&géfgnnﬁglg@éiggrget cells

sequences,” and use of” 10 these toxins s been

Rrongsed. t oc§t{cg%%%ﬁog% | fer aéﬁgedrgjéseases (Pat ent

Docunent 1). uman i imunodefi ci ency virus
infects. cells expressing CD4 nolecules, such as
WCOe Is. THI%DY &t so?e%gab%e%f(g}égﬁy?ﬂgwgﬁbgf??gég?mn
cell_ (helper T cell 5 gounégand a,reductign,ip ,
CEHIUIET i P55 i O#M%l Thi BRI Wi bR Ry otoxic
finall resultiﬁ%%;n severe, inmunodeficiency, which
q%¢ads o erfiitige of dpPFtun?stile ParkcredhsSEgepm (non-
as Carinii pneunpnia. This stage of the disease is
Radfeayt dP I8Nt atlqui 3% Tefinodiet p¥ieney De syadf oresk
(AIDS). [0006] Antiviral agents (such as reverse
RS r (RS2 temhi DR wrent p? bt ease knbwbi torkyvandingle-
vaccines that interfere with the life cycle of HV
Haveen dseb Rfevab opetl c forder Bacment sasé #tVivatecthen,
and several antiviral 25 agents have al ready been put
nanayrprzect it t usel aHowevbesotide sequences, 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 opportunistic
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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3 they cannot necessarily be regarded as a conplete
set of specific renmedies because nutants resistant to
these agents may energe in individuals infected with
H 'V, which has a high nutation rate. No attenpt to
devel op a gene therapy 5 agent3for inhibiting the
proliferation of H 'V has been ~acconplished, as
anot her approach, using a nucleic acid, such as an
RNA decoy and a ribozyne, or a protein, such as a
nsdom nant Loprofein _and an intracel | ul ar
el Body e anr R B hE 2aRe 6 Goo TR art of
ods_ f causing H V-infected cell- specific cel
Tt r e S nEBh oL O Shlp o TR Yy, Temdoonnt Boviee agents
r% qgg-fatent Do unpgts13,.4cand 5). . These nethods
Y eFpT 9o tonhedtVadyehe &ncsaithg #1i&dt HEdxj which has a
¢¥QSUCt downstream of an LTR pronoter derived from
Y SR ionever 2~ ap 00 ndht efRér 69i slee LeRovn deinienitda@lrapy
application of these nmethods. [0008] Patent Docunent
P scfosesnusel bing shagpsolifrandednRNA- 3¢ hkisc been
endori bonucl ease as a cytotoxic product as nentioned
HeeveR L THi ed met hoan ¢ Hdet espexpressi 08120 of nacleic acid,
si ngl e-stranded RNA-specific endoribonuclease in a
Fitdinex s depeRidh nge ony Tatd pa otreébbzyaepr orebn pexpeesseduch as
in association with HV infection, and thereby
4 ek mgderoi ngegradath onp ob tei ngkedsthanded aBNA 1i;n strhe
cells harboring the H'V genone. This results in
amhitody ore ofan eptt caé i ong25dasd:hudding of HIV in the
cells. The expression of the
[0007] Further, methods 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] atent 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
assoclation 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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4 endori bonucl ease term nates when the expression of
Tat protein is termnated by the degradati on of
Hl V-derived RNA and the expressed Tat protein is
elimnated fromthe cells. During this process,
ribosones and tRNA remain intgct in 5 the cells and
normal protein synthesis is restored once the
endori bonucl ease expression is term nated. Thus, the
cells remaining undestroyed at this tinme point

; Lol & Lon. S Rl his .
e hod Tas o Svantage Th ther TRyt LSe  Phagt 32

| ve, de e .10 positive. T-cell it _may
o T TOHIs ahe ERdonTbunacr SAECHeRs PAVcogeTge RNA
at a sufficient efficiency .when the construction of
T VEetTiP 1S5 Hadeduat 65~ Pht eht BOCHRESS: Thgn The cells.
§004/11 498 Patent Docunment 2. US Patent No. 5,554,528
5PN et DAEUMEnT S 3: T W 29877 0208 78R NOnr PaRéAt intact in
Docunent 1: Modlecular Cell, 12: 913-920 (2003)
- Pt eht 2 TOCET L PrIteBpofynEhesi s 2ygrestored once the
20678- 20684 (2004) non-Patent Document 3: Hum GCene
THEP BN Y L SR B 1S XA VDIgion 0l aoke Pat eat eDoculbnt , 4the cells
Proc. Natl. Acad. Sci. USA, 91: 365- 369 (1994)
TR Pat et UDbetiery e & a Hubh 1 Sehemd heo apy, ré6to0163- 112
(1999) 25 Disclosure of the Invention 5
proliferation. As such, while this method has an advantage

in that it does not lead to excessive decrease in CD4-
positive T-cells, it may fail to introduce an
endoribonuclease 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. 5,554,528

Patent Document 3: WO 2007/020873

non-Patent Document 1: Molecular Cell, 12: 913-2820 (2003)
non-Patent Document 2: J. Biol. Chem., 279: 20678-20684
(2004)

non-Patent Document 3: Hum. Gene Therapy, 2: 53-61 (1991)
non-Patent Document 4: Proc. Natl. Acad. Sci. USA, 91: 365-
369 (1994)

non-Patent Document 5: Hum. Gene Therapy, 10: 103-112

(1999)

Disclosure of the Invention
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Problenms to be Sol ved by the Invention [0009] In view

of the foregoing prior art, the present invention has
been made. An objective of the present invention is

to provide a nore effective nmethod for 5 treating

and/ or preventing di seases usi:ng endori bonucl eases.

Means for Solving the Problens [0010] The present
inventors investigated the construction of retrovira
vectors for expressing a polypeptide having

| sStyanded - i £y ri.bonucl ease
%%??%%?i, ﬁﬂ?éhsggﬁéﬁgggsé%gf%gvgggg?bng and/ or

enting i e .diseases_including, for . .

@Q@%@Fe, c%ﬁczféwa%% €$Tu£OFh98%P908§}Oﬁsg§treéBFt?Lesen“
the {gseﬁtsinggntorgohav fognd hat r trgviral N
VerTbrs T hatS Ran” abifeve ParPPeGFAFTY REghfy Present
efficient gene transfer 15 into cells can be obtai ned
TV unt? ?%r‘?r%ﬁ%%%gﬁt?dHOB? ethecgeng BREBAPNGCLhe
ol @f tide is placed in a retroviral vector in the

bﬁ%% $® YT ERY i BReYRM Bt 1 Yedt BCRRESIPFEETI GRAOsEDONUCleases .
transcription of the RNA genone of the retrovira
Nesitorior tHelebyd cohpl BEergempe present invention. 20

LOOll More specifically, the present invention

@Hikes tDhe[diegenetinveéntabryechvesnhiehedonpei ses a
transcription wunit conprising a transcription
el atoryosegiiencerandral geneoencoddirngxarpekypepti de
havi ng si ngl e-stranded RNA 25 specific
erdgre o | kasenact i vgty- shirehdea pNacegesortibat 6

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.

[0011] 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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its expression can be controlled by the regulatory
sequence, Wwherein the unit is placed so that the
direction of transcription of nRNA fromthe unit is
opposite to the direction of transcription of RNA
genone of the retroviral 5 vector; [2] The retrovira
vector according to [1], wherein the transcription
regul atory sequence is a sequence for controlling the
transcription of a gene expressed specifically in

t L1s; 3] ,Th
lca'yceeivpfee%efor?rcé/ﬂlryeq é%{lgg Fﬂi]b Stmert%g%ltaﬁz)ry sequence,

retroviral vector accor
SCFIJ%I on regul at uence i s.such a se uence

&ia$ 't he Transcrlpt?g%g?é gﬁdu@@& by Sa HHFARS &8t g

factor of . & _cance % %IFUS origin; [4] The
et Qﬁ%%ﬂ Vector™ %ﬁ%g § [B1° WherePRStRe tPsthe
({ranscr tion regul at ory sequence is such a sequence
1ﬁﬁCt% ¢ ans®rF pE RN PR Phd&EEd Ispomet panshgctriengoviral
factor of an inmunodeficiency virus; [5] The

¥EtYOvi ral vector according to [4], whi ch conpri ses

such a transcription regul atory sequence that the 20
t4lanskth¢ pi¢orevsra hdweedo by aTabrpiogeite dad/, owhBeein the
protein; [6] The retroviral vector according to [4],

WhaTef Nl &t gemere@ntatdbng sepokypeptiisde bawiuegce for

si ngl e-stranded RNA-specific endoribonucl ease

aotivlyiige phacetadovnsst eam of thgchERexgfecaBed

i mmunodeficiency virus; 25 [7] The retroviral vector
a0l i el 1w {d]camdrer etdl i Beo? virus-infected cells;

[3] The retroviral vector according to [1l], wherein the
transcription regulatory sequence is such a seguence 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 sequence 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 sequence that the
transcription is induced by Ta:t 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 is placed downstream of the LTR

of an immunodeficiency virus;

[7] The retroviral vector according to [1l], wherein the
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transcription regulatory sequence is such a sequence
that the transcription is induced by a trans-acting
factor artificially supplied into cells; [8] The
retroviral vector according to any one of [1] to 5
[7], wherein the polypeptide Qaving si ngl e- stranded
RNA- specific endori bonucl ease activity is NazF
protein.; [9] A nethod for treating or preventing a
di sease, which conprises introducing the retrovira
£ - ordin - 1] .t ] intg cells;
0] he et i 5 05y o Rg Photof o' SheRern rAgERce" that
|sease is a . cancer or_ a virus infection; [11] The
i Rt o r ha e o | S takr £ ne hEShr SauEARL A tor
| mmupodefj ciency virys,infection; [12] A therapeutic
OrEprEvEht T ¥ e” EgRent © flgbaiggggﬁf whi ch 15 conpri ses
%e retroviral vector according to any one of [1] to
f | a5 A SFFET e CBRpOReRECOTE3 I The &R¥r 8pBuPic [éf to
reventive agent according to [12] for treating or
E M TRk aneR PRt YREPUSde nheEi Rensinade ~pL4RnTRE RNA-
t herapeutic or preventive agent according to [13] 20
FRCiFeatemir oo preveme sagaanivhhunbdefigeFencyteinus
infection. Effect of the Invention [0012] According
t9! t e rEsentonventéohngacreprevénaingvectiosekese, which
provi ded which is highly effective for gene 25 therapy
tdrapridéd | zesrexpe esgi one ofesitogl east vaaded RNMAoBding to

any one of [1] to [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]

lve componentc;

ot
O
(e o]
81
[4)]
j4}]
o]
(]
Fh
Hh
[$)
O
ct

[13] The therapeutic or preventive agent according to [12]
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 providea which is highly effective for gene

therapy that utilizes expression of single-stranded RNA-
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speci fic endori bonucl ease activity in the cells. The
retroviral vector is useful for the treatnent and/or
prevention of cancers and virus infections,
particularly RNA-virus infections. 5 Brief
Description of Draw ngs [001%] Fig. I illustrates the
construction of oMI-HLTR-MazF- PL. 10 Fig. 2
illustrates the construction of pMID3- U3TAR- MazF- PL
Fig. 3 illustrates histograns of the nunbers of cells

' ct ed %ﬁg: ' ed._ i V. 15 B for., _

X T?%#ﬂ@ Qut %ﬁggﬁﬁééﬁ??%gé€ﬁg%ﬁTyA§nugé% Ng?gfh, fhe
rm " singl e- nded RNA-. specific endoribonuc| ease

L B S AT orty Pohat "Enoar ryaes tha ot

pg§ hodi ester bond at_the 3’ -side gf a -

F Dortc EotT HeTRC AT 3i Ayt e ST FanuREehhcPBFe BEFgicularly
§§ taining 20 at. |east one ribonucleotide nolecule as
‘Consttt UghtS“ntitteoti de. A nucleic acid hydrol yzed

by this activity forns a 3'-end having a hydroxyl
group and a 5'-end having a phosphate group, a 3'-end
havi ng a phosphate group and a 5'-end having a

hyr bxBsgraupl odrond Brawhgghaving a 2', 3 25 cyclic
phosphate and a hydroxyl group. Any pol ypeptide 9
Wheth! i s unable to cl eave dupl ex nucleic acids such as

Fig. 1 illustrates the construction of pMT-HLTR-MazF-
PL.

Fig. 2 illustrates the construction of oMTD3-U3TAR-
MazE-PL

Fig. 3 illustrates histograms of the numbers of cells

infected and unrninfected 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
S'-end having a hydroxyl group, or a 5'-end having a 2',3'-

cyclic phosphate and a hydroxyl group. Any polypeptide
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doubl e-stranded RNAs or RNA-DNA hybrids can be used in

the present invention, though the present invention

is not specifically limted thereto. The

above-nmentioned 5 substrate specificity is suitable

for the present invention inyiew of efficient

degradation of the H'V genone which is a

si ngl e-stranded RNA. Those having activity of cleaving

an RNA in a nucleotide sequence-specific manner or

&ﬂ%@ﬁ iga@§§$feoéod§9£%9én@uglgBNﬁuETe c a

ri bosone-i1 ndependent 10 nanner are particu
red Juse dn the present. invention. Examples

B veent Thet R b cr PEr 288, PahaLa" R BeBrPron che

endori bonucl ease actjivity (hereinafter, sonetines,

et er i o 16758 4 i HBT eIt T ARBHC RRAC s pBRFFF ¢on 15 not

endor i pbonucl e seg;include enzynmes called mRNA

TR T bTAb0Y ASTSTER SRS NEF andiPerRodesErnbéaned

herei nafter (WO ,2004/113498%. &3015] The pol ypeptides

UL FHER hEPPF e5ent ©Y nventFbhabhhi EAThARE BEEPeREyipvention

degradi ng_single-stranded RNA in sequence-specific

Hhd" ¥$Hosbnel t hakpendénsradnhers eanthe, HPY genome which is

exanpl e, those of a m croorganismorigin, though the

presente T aventieon R¥AnotThpeei havahbyakinvied thecéteving

In such a case, a gene encoding the above-nenti oned

Po_Bipepin de canl betidol stedehiconspeni €t obmahngenopethbse

a plasmd. For exanple, in the present invention,

tdrexiel € anf 25 headiseg genmsa encodi Agbepdae bpauskrases,

MazF and PenK, 10 which are constituent toxins of a

Kt i 2t d Xt Ni SYBAEW preferred for use in the present

idF such as
arry

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 MazfP 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 PemK,
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and are described in Mlecular Cell, 12:913-920 (2003)

and J. Biol. Chem, 279:20678-20684 (2004),

respectively. MazF is an enzynme that cleaves the

sequence 5'-A/CA-3' in a 5 single-stranded RNA, and

PenK I's an enzymne that prlnarlky cl eaves the sequence
-UAC, Aor U-3. It is also possible to select a

gene encodi ng an am no acid sequence highly

honol ogous to the am no acid sequence of MazF or PewK

fﬁPHBa knowg, dat abase lg;#%s'éte t@bﬁ gnd use Lt in 10

the present 1 nvention. Po ypept| es havi ng the above:

ﬁé‘téf’@egoé‘ﬁlé{ééylﬁ‘ary e, been, 8”91' n, gg?éggzg 29%03) and

M Cr 00t gani sis i ncl udr ng ~gf ed

S007 13260 2006%%%5’@3&%“%’0%8? %%éferaapﬁctav e Mezr

encodi ng MazF is used in the 15 pr esent |nvent|on
The*ant 6Y%C|Hh%eq%%n%%e%ftRﬁzﬁeﬂgengﬁoﬁn PhrCene’
Sequence Listing as SEQ 1D NO 1. [0016] The

Hedt ¢ DORERT ¢28 3 e st ¢ bREMAbOG el BDAYTRt GBAE POXMASily
of a toxin-antitoxin system are suitable for use in
@%ﬁ?ﬁﬁ%s@%@ $avennéond bedblise, t RegraPe-20.noft is also

i nhi bited by any cytoplasm c ribonucl ease inhi bitor
peedilabe at huseahe pt azepemd enhboducbeaseaimnhbbietod E¥Quence
2004/ 113498). If the endori bonuci eases are

Ipegisl st eormd yogexpressete amewnprotédnssynthesi sfduesrF or
not take place in «cells, resulting in inhibition of

el growtd kodblovwed:dya25 tadusedacel thdeabthd use it in
Further, synthesis of viral conmponent 11 proteins is
thockesdsém: vimesntdect eboCebbs:1@88 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 Segquence 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). 1If 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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replication or budding of the virus does not occur.
Thus, the retroviral vector of the present invention
allows for clearance of cancer cells or
virus-infected cells from5 living organi sms. In
particular, in cells infectedwith an RNA virus, the
viral genone itself is degradéd by the
above-nmenti oned endori bonucl ease. [0017] The
retroviral vector of the present invention is that
GOOLA NG, &, 15 @PSET I RUY PR UNLL -COMRLI SLAG.A 10y
transcription regul atory sequencé and a gené encodi ng

pol yvpept i d aying single-stranded RNA-specific :
'%ﬁ%%f% Bﬁﬁif%gggu%% ?%i?g #ﬁ?ch*f%sp'gsgdng PRGE it sThus,

xpression. can be controlled by the regul atory
@E%u@%b%?Vl’%ﬂ Y%CbﬁﬁrﬁgteP?zg e?ﬁnthagv?ﬂélaﬁiﬁlﬂgws for
| aced so that the 15 direction of the transcrigtion

%reaafarm? OTATFRT uRFt17 sOT oppbeFTeNEBCERE AFFEEL £5AT
of transcription of _the RNA ?enone of the retrovira
Vet o oIBIMAs ukRdPhBF EFRlaEhelbeffd L 6r aRSertpei gath an
regul atory sequence" refers to a nucleic acid sequence
RNfatvioes i stapabr @l ofeeoner ot $¢hf thedegandedi pyi ohe
of a gene |inked downstreamtherefrom Exanples of the
gy ure pt i ored regdb atlbpyuskgasace i ncl ude a pronoter
that controls the transcription in an on/off manner
i at ed Bihe asstocoat rah/ déessoci afi oneobraspatctiiawkation is
trans-acting 25 factor, though the present invention
iramnatorspecifigad | yrd@sctiptied thetetompFheinycheic
acid | ocated between the | oxD
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.

[0018] As_used herein, the term "transcription

regulatory sequence" refers to a nucleic acid sequence that

Fh

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

associlation/dissociation of a particular trans-acting

factor, though the present invention is not specifically
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sequences derived from Pl - phase can be used as a Cre
reconbi nase-i nduci bl e transcription regul atory
sequence by inserting the nucleic acid into a site
bet ween any pronoter 5 and a aene of interest. [0019]
In the present invention, there can be used any
sequence (pronoter) that controls transcription of a
gene expressed specifically in cancer cells or cells
infected wth a pathogenic microorganism and any

1Sgauence hal: J10 cont rals d1ansef 4 piép%‘*fé@%gﬁgeé’éf frhe loxp

trans-acti ng factor present speC| Ically I n cancer

fella s dusd i ached: coql%sse Further, by combioir gg

art|f|C| supply of rans acting factor in

el any, transcription u atg equence Wi t
Rﬁ%oﬁ% Wﬁéﬁééffp |%ﬁ‘|slfn P ﬁSrT% Trahg- %%??%@Ce by
factaor. can be us %6H'"The ranscrlptlon ul atory

g wiltth Wi o @ rnsEriptd oh T5°F e %°Ibyan¥hréromoter
trans actlﬁg%factor" as descri bed above may be a
At FeIfEd & Hed< % F%egion intrinsically capabl e of

interacting with the factor, or may be an artificia
28 1Enbi ndti o ofo e sxfueitee Havihg Bhe By @30 capabsed any
of interacting with the factor and another
S s eTvd ety o ERIENce davd Rt 1@ ahstrapttohat iart o ¥i ¢ ygene

[ 0020] Exanples of the transcription regul atory
ssaeesrices srmcitiecagenesirsperidecate Yl expr esskls i infected
cancer 25 cells include tunor-specific pronoters
wipgrho roteerthck@nior ingi atedy ot hengemeg o8 ety e CBAat
PSA, m dki ne,
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 cavable of
interacting with the factor and another independent
sequence having transcriptional activity.
[0020] Examples oZf the transcription regulatory

sequences for the genes specifically expressed in cancer

cells include tumor-specific promoters (promoters
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tel onerase, MADE, tyrosinase, |Al.3B, etc). Further
exanpl es of the trans-acting factors present
specifically in virus-infected cells include human
i mmunodeficiency 5 virus-originated Tat protein and
Rev protein. The Tat and Rev p§oteins i nduce the
transcripti on of genes under the control of TAR
(trans-activation responsive elenents) sequences and
RRE (Rev-responsi bl e el enents) sequences,
iyel 0.1 00 n_th sp [ ich a.
%fﬁ gﬁ%cf&ngr?gc%%g %%Ae%r?%fsg?élﬁéaéugg Veguﬁ%ﬁ€“’
i isypreferred to use transcri ption
B Teibty SBSEnce Fhat REEmmitry -SRovechy - Further,

transgript'og-gnducing activity in the cells. Since
SUEHP ess%éu PCet R BWRC t T 3As CACHErSn PeESsNges@ecifically

] ocat ed downstream 15 thereof only when the o

10 ahstaRT T MgEFaRE oF o1 45 stpples, huBenedfmya c8RSied Sinery

of a gene of interest (i.e., a gene encoding a

Hof Ypept + denhbS T ng2 & P ecstr andedeRNATSpedinf.i c The Tat and
endori bonucl ease activity) is achieved in target

RV IRTOt Suppl yndice r ihs - brehagriactions cifngenesl adean the
be achi eved 20 using a nethod for introducing the
feaectors phtDABeltsandraett gptdpnbyespansiok aledichablie
auxi liary agent, or by introducing the factors into
veflsnoss ngnanyRiel Re knoswponetibod toemeAtkoddeigignaes,
gene encoding the factor into the cells. 25 [00221 As
geseatbede apove, the retroviral vector of the 14

present invention is useful for clearance of cancer

cedd 5 In the aspect in which a trans-acting factor 1is
artificially supplied into cells, it is preferred to use a
transcription regulatory sequence 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 activity) 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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and/or virus-infected cells fromliving organi sns.
Wien a single-stranded RNA-specific endoribonucl ease
is expressed in cells infected with an RNA virus, the
genom ¢ RNA of the 5 virus generated by viral
replication is cleaved by the:hpolypeptide descri bed
above, thereby inhibiting the viral replication.
Therefore, the retroviral vector of the present
invention is particular useful for treating and/or

LiE Vi rus jpfecti h infections
B e 0%y o bERES 0 SRR et SRt eg o1t

j Yo tiviruses (e.g., i munodeficiency virus)

FhaUSL: vk R Y EELTER Lo By B OBV e s RS Tk dhese When a

avi vi ruses g., h

encephal 1 tis vir , _bunyaviruses (e.g., hanta
vit g?fs#E%Pﬂgﬂzgﬁ%TFB?8§¥18n8nd8F&§8ﬁg9ﬂﬁé§§slée?éPFessed

SARS) 115.L8023% As one aspect of the present )
FRveRt aninE=cFaer By FRafivBlPor 1F8Sex Bl PRPEELGhRER Of the

contains a transcription unit conprising a ‘
T+aNScPPPErBRSHelul Bt 67Y rseddencéonhiehcilsaggchba the
sequence that the transcription is induced by an
PahtiReEet e énegribedsabeigi nahedebyansh20iadhignghe viral
factor, and a gene encoding a pol ypeptide having
sepgleastpandedhRNAL speci £he endopvborlcheaseraeffi vihky
which is placed so that that expression can be

coaseot| edvebyibheisraascicpleonusegulatory tsequengeand/or
Such retroviral vector is useful for treating and/or
preventing BNA26irowupndettgbepcyuvhrus infeetioRs L8used
[0024] Hereinafter, this aspect will be described in

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 sequence 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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detail ed. As used herein, the term"innmunodeficiency

virus" refers to a virus that causes acquired

i mrunodeficiency by 5 infecting and destroying i mmune

cells. Exanpl es of inmmunodeficiency viruses include
human i nmunodeficiency virus,;CH V), siman

i mmunodeficiency virus (SIV), and feline

i mrunodeficiency virus (FIV). In addition, chinera

viruses fornmed by conbining different inmunodeficiency

Afbvi ¥ us genomes, ar e al so: L neluded %Dl%hﬁe_deS” ibed in
i mmunodefici ency viruses" described herein. Eﬁanp es

&gté%gépphinera vi ruses include sim an/ human

I mmunodeficiency virus (SH V). [0025] Further, as

used herein, the inmmunodeficiency virus.infection
referi‘s1S 15 phthot'ogi ¢AT condi tt uril?]dvﬁi“éﬁ“]i%y virus
acqui red i mmunodeficiency is caused by the abgove

l’iﬁf‘ﬁﬁnsodte?idci%n%‘iﬁ Vi .C%‘b%ﬁ%]a%whﬁ% hifgnodeticiency by

transcription regulatory sequence _w th which _

TS Dtath 3° T ravEed Hane i atkhddef EepBREGS of

virus-originated trans-acting factor is not

TEBEI IR TR TRy | TR 4 ERE e eds chipa ohmpegodiaf beyency
sequence with which transcription is induced by

Virrimodef Vol eeylanyi ysuneits & pagrely Tat rps ot 81 W) caande
used. Such sequence is preferably a transcription

fsdguesn clempintdoiavhi cleney ansces pt Fov) | s Indadeédt bynTathimera
protein originated froman 25 i nmunodefi ci ency virus,

figrusxanplegedHdy Shmeenilied d6f £ preotei imbiundse £ Oc e dAR
(trans-activation responsive

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 sequence with which
transcription is induced by immunodeficiency virus-
originated Tat protein can be used. Such seguence 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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el enment) sequence present in a RNA whose transcription

is initiated by the action of the LTR pronoter of an

i mrunodeficiency virus to activate the transcription

of the 5 downstream sequence thereof, in the present
invention, there can be used;g transcription

regul atory sequence that has the nucl eotide sequence

of the TAR regi on downstream of the transcription
initiation site. Particularly preferred transcription
g:RaU Al of i Sequencer 40 gﬁyﬁgﬂaﬁw@ig{&gé =1 he

i mmunodeficiency virus (e.g., H V& to be treated or

revent.ed. ¢ [ Jrodj fie TR Exapples of the .
ér[rioe |V1§|p%:)assl“g{1%ea?%%% eé%nﬂelﬁllét%o%[\]}gfﬁéoﬁbs ranscripuion 1s
cel.l.-qriginat q= transcriptijion tor biding site in
Jt%}]let*pa?to”rf%tbe\/r t:nn“d o (2] e?f o%h%fimgﬁr%ij?%ﬂt%ﬁngﬁe@%ary

for T%% rot ei n-specific 15 1[@n§crigtion. The forner
TR O oF i 1% TRdUcti BRS1 FLE " FRREF LB i pheof the
4ranscription by a transcription factor originated

PO THEThostIEE19e WitiPis tRrefevaResedt Fnveetion

W th an i nmunodefici ency virus such as H'V. Such

GRES 158t iRh UIP R & rierey T PR ohor egevat oF 9T s eg@@nerce sthat
20 described, for exanple, in non-Patent Docunent 2.

A the nuebeniplds sFaudrecd o f ethaoBRRi cagion doehsteecam of
a deletion of the U5 region or a region downstream of
fite tHAR ssEgUEhics i imi LR {@n patte of Phet Rukgibn andferred
the US region). [00271F urther, RRE (Rev-responsible

tel egrrertp tpirces erd g i e t @5y tdmquamamotef bei €9y VErtse LTR of
genome i s known to enhance 17

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 region).

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

the immunodeficiency virus genome is known to enhance
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protein expression by interacting with the Rev
protein, an inmmunodeficiency virus-originated
trans-acting factor (non- Patent Docunent 3). It is
further known that, although the region called INS
present wthin the gag and pol,penes 5 inhibits
transcription of an innunodefHC|ency virus nRNA in
t he absence of the Rev protein, this inhibition is
renoved by the interaction between the RRE and the

t 7176-71 (1992) Thus,
|n%%$£§r§t$o%g% o?he%el?t%ﬁggfﬁﬁglgngge ﬁﬁag8&ypr0teln' an
uengegjlnto the, 3" 10 term nal rﬁglon of the _gene
encodong Ct%?%an poTypEPEF BB Pef AT ES PRI BIPFESSPEn (non-
éé the ge encoded by the nucleic acid in a
“%To dentlort ?nﬁﬁﬁBB@FlEP@HEythélruélthough the
|nfect|on dependent manner . L0028¥‘The above-descri bed
Segthcet thiat 1he ePERE3N Wi YATRAB the PafuAddePréi erops
virus-originated trans-acting factor can be used in
heﬁl%ﬁﬁWW¢ﬁl@t¥®mc@¥onall@@queﬂeélcmeocymhnchStMQNA in
transacti ng sequence is inherently incorporated
(e gphsenge onbt €rg Revimreoebnpathos whhhbation is removed
het er ol ogous functional sequence. For exanple, a
e quencien tonst T Uot eoe 204y tbabRREngna prenmterptbatin (J.
is capable of initiating mMRNA transcription in

diesd ¥ ed €1 | 51 agel7 net 01992natedTﬁﬁ§H1;ncorporaelon of
i mmunodeficiency virus with the above-descri bed

Sequencean scrifel siede g dheryl EAGIERLRL] QHttaengeaBOLy
sequences"” used in the present i nvention. 25 [0029]
ckhenenior i honue | easen degerd bed 80048 QO§§r995n1§olypeptide
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 sequence is inherently incorporated
(e.g., a promoter) or in combination with a heterologous
functional sequence. For example, a sequence 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 sequence 1is

"

included in the "transcription regulatory sequences"” used
in the present invention.

[0029] The endoribonuclease described above does not
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degrade a rRNA as a constituent of a ribosone or a
tRNA folded into a higher order structure. Therefore,
if a gene encoding the above-described enzyne is

pl aced under the control of a transcription

regul atory sequence with whicho5 transcription is

i nduced by an i nmunodefi ci ency virus- originated
trans-acting factor, an RNA of a RNA virus is
degraded and elimnated in cells into which the

d&dFovd réerw@%sor oéortélel’PugﬁgngflQvﬁ?%bgﬁmgsor a tRNA

i ntroduced, resulting in termnation o

frdenycl ease, axpressi onuip Lhe cells, 10,00

o restore e pro I ferative fen? ar.
vi ral rep tion is inhibite tain

?Wﬁﬁii% oﬁ? é?% |v3d%% ?? °hevih 1f B acag unde? The
|nnunodef10|enc virus, for exa is integrated
TH T The™ chrt %ﬁ%%p%¥o?hﬁﬁ%%r$§°5¥ ﬁeﬁPﬁOFrugltWhﬁthh
use of the 15 endori bonucl| ease is advantageous in that
T St R oL it N R ORef R T BHEYNOF R BECARBCYNEAEUBST
i mmunodefici ency diseases can be prevented w t hout
eeT ety U abeinof faqtest | ani RNRhef] pvRHG virus is
organi sm [0030] An endoribonuclease that is a
msrdediemd toddmin@oedfim cokln- antptokinhsybeemetroviral
cl eaves a single-stranded RNA by recogni zing a short
Tret @ot ¢ det sequencenabouvedtt on 7isnuct eotlnded, i Besulting in
l ength. Thus, if the endoribonucl ease is expressed in
ceihsnaniost of tihe eeldubarcaidAsxaresdegnadadihe cells,
thereby inhibiting protein synthesis in the cells and
wiieci25peahit growve hee The endpssbonscteasgral seceheaves
the 19

potential. Cells in which viral replication is inhibited

Qermts
a gene

retain their proliferative potential, even if an

t
ar
(D

immunodeficiency virus, for example, is integrated into
chromosomes of the cells as a provirus. The use of the
endoribonuclease is 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.

[0030] An endoribonuclease that is 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, i1f 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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I mmunodefici ency virus aenom c RNA, and the
replication and extracellular release (budding) of

t he above-described virus (e.g., HV) are al so
prevented. Furthernore, expression of the polypeptide
encoded by the 5 imunodeficiegcy virus genone is also
i nhi bited, which prevents, for exanple,
extracellularly released Tat protein frominducing
apoptosis of cells uninfected with the

il lefiici Vi FUs - o 400314 ﬁﬁﬂ,t@ﬁdtfﬁgtgg iigéF'on and

=

prevention of 10 inmmunodeficiency Virus i nfecfion,
' irable to,intro : enecas used in the .. _ .

%§E£§§%1€¥%é;nékﬁéngc %%%% E§§% b%%y%%%¥fd%“ﬁ%5%%%°
ingl erstran RNA- speci fic__endoribonycl ease

‘élcrtl‘?svi Y 9t g%ée)l |5 ot ent i & FY°TF nfRet egurwq?ﬁmore’
i_mmunodef i ci virus, for exanple, cells (or a cel

T8 popt %ﬂi?ﬁﬂgﬁ%uﬁ?hﬁ?ﬁfiiﬁﬁ;ﬁé§§$%% %%IFEéin humans

and igfnates. Thus, in the present invention, gene

TFUSST Y S e rT e oSt dryet § iyt ToaipshPiF@r cerigh
(e.g., T-cells), precursor cells capable of

RE St ent i 0 <3 o° CORt et Wea kY | se{eaged Tat protein
hemat opoi etic stemcells), or a cell 20 popul ation

oot dinfufg thoseoreP$ss o ¢elpr efirntected vatrlgethe

hemat opoi etic stemcells or a cell population

igoniraidd Hge ddrese cefds. in the present invention, from

the viewpoint of conducting conprehensive transfer of
tHeslgene Hant ccHdeccsdtmethabr asecpoiendhabty i nfected
with an 25 i mmunodefici ency virus. The above-descri bed

celdreodrfe idnA0 virus infection, it is desirable to

—

o]

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 is 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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specifically limted as long as they contain

CD4-positve cells or precursor cells thereof.

Exanpl es thereof include blood cells (periphera

bl ood cells, unbilical cord blood cells) and bone
marrow cells collected froman, ndividual 5 or
CD4-positive cells, precursor cells of CD4-positive
cells and hematopoietic stemcells fractionated from
the above-described cells by a known nethod. [0032]

As- descrd bed hereidabove, ﬁgeagreﬁggtcbpﬁgﬁﬁ eBAnéﬁﬁitve

useful for producing a ce usef u or t reat

éng§Q3pg§M%9%fggroée ??“ﬂ%g§ié%'enﬁ¥ %%?IS fec%goghclude

and tor ing a conp05|t|on ¢o

c ~Furthernore, 1t res invention, |des
bfﬂ‘mﬁ or® treaty ng*%r ‘g n?Tn@SinWﬂ’ﬁod 2 i BREY "blood

V|rus infection wusin e cell, . Specifical

S T s BT S48 St LSPERt o £n W individual
retroviral vector of the present invention to an
I diRA R e retiie® e F'9F 20 Bf ce hfumbdebf thentyive
virus-infected cells in the individual or confer
sl S At & TR § PRRiRHET | T Yhcye Vi B usr @t berabadoAronhehe

i ndividual . The above-described cell and cell 20
duipposias o kahpre Bl igey he eeddn anetluiséf ul f or

treating or preventing particularly HV infection or
MDL] [0038] destheoCDhgpositalveveel tisedbtéecent iatedtion
from CD4-positive cells introduced with the
rerrsafulalforegtiosdofing e e Esentefavendt obhOr - f£8hent or
precursor cells (e.g., a 25 henatopoietic stemcell)

rofe v@4-iposidi viemoeldse f it reottigedi rus 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-pcsitive cells differentiated from
CD4-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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21 wth the retroviral vector of the present

i nvention, expression of a gene encoding a

pol ypepti de havi ng single- stranded RNA-specific
endori bonucl ease activity that is placed downstream
of a transcription regulatoryéﬁ$quence is 5 induced
upon infection with an i nmunodeficiency virus and
subsequent formation of a trans-acting factor
originated fromthe i munodeficiency virus in the

N 1, [ d
RATERHL e

BYOLER o B L0 thesatl O oge e Ng} -
%%é) or med t ugﬁ the  F I | cg?lgﬁ P 6865 a%§n§I§6nGle
subj e t he de rad si nce

Trames ?9%‘%/90%?%%@ TS ReptTaE Enteags Byt ithey that is
ﬂ%% % ficienc £us genone and replication of the

B rHumodat et ehe uS GERDRE*aPEIPRNFBPEeatoBYt Reggence is
producti on of nem1|nfect|ous i munodefici ency virus
PHI5Y P E RSt PBn"bER 0B Ret MRBNPYefi Fiepey virus and
prevented. Furthernore, if cells introduced with the
TRTOW PR TRETSFLODIOfhe pFeseneckaventRohoar eriginated
cultured by mxing with inmmunodeficiency
ﬁMQ®StW%f%@m%QP@§§1@#¢®CMMVEhUEhGHZGhEnnEhbdef|éBeacycsult
virus is produced extracellularly, the nunber of the

e ol yrepdided wdicethedeetedwsraRNRect or thef ckhes,
present invention will increase while the nunber of

itheer eimd | Snhh i ot ivhg chr s hei vebt 05 yhshaet si nt padueagd cwi k|
decrease. As a result, the rate of inmunodeficiency
ohtdarss s 25018 RN Jh &8t | 15e Wh| fbenkg@dUge8ugh the
replication process is also subjected to the degradation.
Thus, since both translation 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 virus is produced extracellularly, the
number of the cells introduced with the retroviral 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 rate of immunodeficiency virus-

producing cells will be reduced.
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22 [0034] The present invention further provides a

nmet hod for treating and/ or preventing

i mrunodefi ciency virus infection conprising using the

phar maceuti cal s descri bed above. The therapeutic

met hod of the present inventi can 5 be carried out

either alone or in conbinatio ith multi- drug

t herapy (HAART), which include conbined use of three

to four different antiviral drugs (e.g., reverse

scripthon Lnhibjtor nd.protease inhibitors).

0SE, The PR Pour Phr vELPRY 1B ERE Bt tnrana B chod
- CONPI | a_nucleic acid.in which ene encoding a

o voantr BE nauhg T cpher et S pAndm ARAd eeerte Vi ts

endor j bonucl ease activit¥ mhkch | S Blaced.so t hat -

%&b?%ts?%ncg%ﬁ‘bﬁlE%nPFb PedPByPRREMAEGUICACELy aescribed

sequence_is linked to the transcription regulatory

FRlence BesthFhREC Y5 a0BYENCR, 8, thesPAgISENSt Aavgadion can
RNA- speci fic endori bonucl ease transcription unit. In
RheCpFesent OUt ngehiednaleohe pradsceppbioatimnt wish multi-
placed so that the direction of the transcription of
@RUERNACT2bYN (HRARRI t Weichedarsvdeocphbidedeatseoniothree
the transcription of the RNA 20 genone of the
tetfoviralfectonr. afi0086FaA detigevileusg.i,Ssraverse
single-stranded RNA virus in which genone 5 -LTR, a
pezkagr dgt sognahhibheocgaganpoproasdscenvhgenes,rsand

3'-LTR are found as nmajor elenents inthe 5 to 3

Dboes] Anvhiget heseoel eaentsccbhecd’ thdRprpaekadiRgedtion
comprises a nucleic acid in which a gene encoding a
polypeptide having single-stranded RNA-specific
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
genome of the retroviral vector.

[0036] A retrovirus is 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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25 signal and 3'-LTR are essential for a retrovira

vector. 23 In a retroviral vector used for

i ntroduction of an exogeneous gene into a cell -,

usual |y, genes such as gag, pol, and env are del eted

and instead, a desired gene is,_inserted. In general,

a gene of interest is insertedinto 5 a retrovira

vector in the sanme direction as that of the

transcription of the viral genone, and the gene of

inter |, I omthe 5' -LTR pronoter or

iarnn aienl%zglrrnoa “gpfr gprr%%%épﬁsé%rﬁt g]éf PSP EIR T The Tgéte of

| nterest, wever. when siqgleH t randed _
~SpeciTiT 10 ehdort bonutr e&Séedeie 9N Ts 44 §5n 9ag,

the sanme direction as %hat of the transcription of

Yte raé}goﬁﬁ‘f aafregea%ﬁ:étfe e deAdStisEonud@ eesd igsheene is

expressed fromthe retroviral nRNA, and high-titer

Jpﬂ'%oﬁ‘: [tG on Ot 61900 r @ YRBEOPS datsor e L sexpectredd into

because the endori bonucl ease destroys the viral 15

FJy S FOE ‘RNR 4 MO T [ D37 | Aamke ddresdriton meertthiagn of the

the single-stranded RNA-specific endoribonucl ease

§rseription @hithe svprakedenpmet hendi téet igehe of interest

opposite to the direction of the transcription of the

IRNA rarrohiel bhad theom etiroVi YalTReptromot2@ Bratani Sntkh@al

direction of transcription initiated by the

RTINSO pitn Y tefubad orgarseqiense gknkhe rt Harsekispt i on

unit s opposite to the direction of transcription

Hawehisat edvhdrr am 4 freg B - 4R alieihanhetkhewifal. vect or.

Therefore, this nmeans that the retroviral nRNA is

v @Nicte ddeene is inserted in the same direction as

that of the transcription of the retroviral genome, the
endoribonuclease gene is 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 1is, the direction of Cranscription 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 *he

antisense chain of the endoribonuclease gene, and the
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25 anti sense chain of the endoribonucl ease gene, and

the 24 endori bonucl ease will never be expressed from

this MRNA.  Further, even if weak transcription of the

endori bonucl ease nRNA may occur due to the property

of the transcription regulatgﬁ% sequence, expression

of the endori bonuclease 5 w il be inhibited because

the retroviral nRNA functions as antisense RNA

[0038] The retroviral vector to be used in the present

diyention. i s 00t specifleall y.l E%ngseg Leph! €At LORRNA .

defective retroviral vector is preferre or the

Rl esent 1QvéHVfPt%QQkf£9§%£E§%¥k§%$05@t+ﬁ£ BRSV%ngggclease
ranster. Thé vector

unlinmted iTnfection of geneé 0

he_abi i replicate autonoppusly in . _.
+§§%§F$ %e??£ &%% %ﬁeF§TOPEOpF§“Hoﬁﬁa ogehfBSCFABTLOR

Qe+ wn

a
vector_ can enter host cells such as_ vertebrate cells,
1T et T ol ST el FARCEEPFET £ SPABFYOS5LPAPEGLaRSS

a foreign gene, which is inserted into the vector,

Thtb Rhet Mt DhbSOnBF SRR of NEhESEEPV S T2 ExBRPR e TBRCERENS as
known replication-defective retroviral vector include
3ty o Tal RVect ors such as MFG and a- SGC vectors (WD
92/07943), pBabe (Nucleic Acids Research, 18:

BEBYE 3596 Dloe (19909 Yirpl XYRCETEkEPabBi BskAci) bhe present
pDON- Al (Takara Bio Inc.)), lentivirus vectors and

okt can i bhsnoheseofifiExahpl ésmotetthe Renepvirasion-
vector include, but is not specifically Ilimted to,
driert 1 verunededvcrehcyeviousis(pkYfederdvédrventobresent
(H'V vector having a wild-type LTR

invention 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
verteprate 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 «-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, humarn immunodeficiency virus

(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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25 (e.g., US Patent No. 5,665,577) and HV vector
having a 25 nodified LTR (e.g., pLenti6/V5,

I nvi crogen Corporation)), and siman inmunodeficiency
virus (SIV)-originated vector (e.g., Human Cene
Therapy, 11: 1863-1874 (2000))2.5 [0039] The retroviral
vector of the present invention 5 can be constructed
by selecting a suitable vector fromthe retroviral
vectors descri bed above and | oadi ng a single- stranded

&Q@E§P§&i£T§Tﬁ§¢%FEb8ﬂ88£§@§95trgg%g%k?ﬁ%%”c Ei%ra%g%%)),

the vector. reparation’ nefh €re viral
vegt pggs% _Ls_not specific %L limted, and it _
Tan %%nbe 0 %ﬁﬁ%@d“b?C%ﬁPfﬁrVﬁéhFe? b%?r8§}8ﬁ88Uc§rvec°or
ells jntroduced with the retroyi ah ctor \
%h%t?uc?%%naﬁdnecﬁ$fé%?¥hgﬁﬁheggéﬁf ?Zisﬁggpﬁéﬂant.
j&g %etrov'rus roduceg cells nag be cells tbat o
bFodtte ref PovitUEOvVharti EPEECEnPE the BOBERRAL aRVeRfion
a stable nmanner, or may 15 be those transiently i
Proderi FeP T et ovY r 88l paFinel esshytabtanypecpicofrom the
with a retroviral vector plasmd. [0040] For the
eparatebnvettees revsrusbprodbecee eefll $padanyg knewngle-
packagi ng cell line, such as PGL3 (ATCC CRL- 10686),
PARATAE ATRXR CRbe Q078Y , e@PoEiB6norl &PsenvAnE2r(PSi2A unit
Patent No. 5,278,056), or Psi-Crip (Proc. Natl. Acad.
Srico thuSAye850r 646064644988} pncantbedusedthAl setroviral
retrovirus- producer cells can be prepared using 293
cetter oro?98duceedi | 55 mbt chpbaveibeghytransteeati @Ad it can
efficiency. [0041] The present invention can use a
FgelsovaIinsd 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
particlies 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 PGl3 (ATCC CRL-
10686), PA317 (ATCC CRL-9078), GP+E-86 or GP+envAm-12 (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 293T
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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25 prepared by neans of pseudotyped packagi ng. Such a
26 retrovirus has the envel ope of different origin
fromthe virus fromwhich its genone originated.
Exanpl es of the pseudotyped retrovirus which can be
used include that having an S§¥elope originated from
Mol oney murine | eukema 5 vir (MoM.V), gi bbon ape

| eukem a virus (GaLV), vesicular stomatitis virus
(VSV) or feline endogenous virus, or a protein that

N, t s he, e ¢Furthernore, a . .
R b T At G L s TS
, c e used, Such a vector is prepared using a.
‘:St%fégtf%‘\?f?%@:%?oﬁu%i%g“%%?l STALGAMTCCh £¥geetes of the
encodi ng an _enzyne involved in glycosylation. [0042]
RESHTThEh TS FdE iR grel CFr SRt riRcspec e thac
endori bonucl ease transcription unit, the retroviral
RETOY SBfER el preseht 91 hveRi éf cBal cdemeal mugligirerdtesikemia
acting in 15 concert with the transcription regulatory
CetentélHf Vi hed 1 0ppR | 2BaIcheakemper ations eifedier varsd cular
term nator sequences. Further, independently fromthe
YRttt hes retreovi (8$Vieet of elohet kadpoesents ivivert,i onx a
can have an appropriate marker gene that allows
Redlerin ohaf ¢amnSgedttotekbsthe. gnyved o@ .dr Wirthermore, a
resi stance gene, a gene encoding a protein that can
fecevomasvectepondeiny a pegepkol agede prandithhen its
like. Furthernore, the retroviral vector of the
present davent i wsedcanshen | gadedtwirt A sapsuinGi-de 9816y a
for the purpose of elimnating the transgenic cells

tét Mo WOr ogerddecif@aEMENE into which a gene encoding an
enzyme involved in glycesylation.

[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 sequences.
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 iike.

Fur

t

hermore, 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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25 wth the transgenic cells has been conpleted, 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 transcription of the RNA genone. 5
[0043] The activity of an endoribonucl ease that is a
constituent toxin of a toxin-antitoxin system such as
MazF or PenK is inhibited in the coexistence of the

SOId espondi e ANt it axin (e, i g MBZE; Qetpegg%mlhgénes are

when a toxic endoribonuclease gene is us

R ESeM slsoawy;n 5 - 8XPL SEéOBlQI{ §§C¥£2E°§hgytxre

caused by the ri onuc ease acC
uni nf ect e eII gn be reyented by, usin
%ﬁéé %iﬂ% %eﬁ% Eh é hat T on: A R ngﬁﬁ g?crﬁgn of
apect descrlbed V, tqglnhibit the toxin activity
FoTaiis h%Pa%t|€%§'§N%d¥TQ?W§ it is 15 contenpl at ed

at_a trace amount of the antltOX| is left to be
é%bf%%sed ?9@Fﬂ?ﬁtﬁﬁ%&e%?eﬂnc%Pﬂ§IBPOPPﬁkFﬁ§ et pgat is a

antitoxin gene downstream of, for exanple, a

NSt tURT Vet optondt et TexfnantpEerbhepydErmvEdchr 6m MazE
a housekeepi ng gene such as a gl yceral dehyde

I ptroghhiat el Wehydt ogenasenor cRe20sactErA géneheor a
virus-derived pronoter). Once such cells are infected

o et diexprassi ok of (hegt oxMazEsorsPemil at edhby, when a
the action of a trans-acting factor as described

tapove, erahulr ihencyl ot oxi gény is exhibihedhenpyeswhen

t he amount o= expressed toxi n exceeds that of the
invention, expression of the 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 pB-
actin gene, or a virus-derived promoter). Once such cells
are infected with HIV, expression of the toxin is
stimulated 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

expressed antitoxin. Thus, the selectivity of cytotoxicity
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25 expressed antitoxin. Thus, the selectivity of
cytotoxicity 28 to H V-infected cells can be

i nproved. [0044] In one aspect of the present
invention, ex vivo gene transfer is used by which the
retroviral vector of the pr esgnt invention is

i ntroduced ex vivo into the céells 5 collected froma
bi ol ogi cal individual. Wen a viral vector is used,
the gene transfer is achieved by m xing the above

dangel- cetdsuegold ot ed, L rom abigl ogi cal sampl e,

with the retroviral 'vector of e present invention,

exa with a culturg super nat
igqﬂﬁQ prggbélng BT 2 or "W t R ERe” e%?OVI%aP Vecﬁoylvo

ur|f ed from such ture. supernatant g

nc‘uban Tht ?helsre%ﬁcf;i?% &Py uﬁagFgﬂéb p?’rSF@r of the
condi tions. Thus, the cells having a single-stranded
NS Theci T ¥ erfort botftict @dsesdt FANEEYPptieA GRPt cells
integrated into thelr chronosones can_be 15 prepared.
FHotHere Gsledt dfPihrPrerkntnfhveAERbn | heh avinksal
gene transfer method by which the retroviral vector of
HHE PF eseritStdwers ofeRS aEai Al st et edadhieeeflybyomixing the
i ndi viduals. [0045] If the retroviral vector is used
Forvextajaot genels 20cekedsted, frhe aebiovpgatalestople,
can infect the target cells wth high efficiency in
wiheh priesencerofim f unetionabf subst anesehavingention, for
retrovirus-binding activity. [0046] The gene transfer
evetroide Usi gh aa fanctwonasupsuhst aneeohavh8gvirus-producing
retrovirus-binding activity is disclosed,
cells or with 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 efificiency in the presence of a functional
substance having retrovirus-binding activizy.
[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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25 for exanple, in WO 95/26200, WO 97/18318, and
Nat ure 29 Medicine, 2: 876-882 (1996). Such nethods
are divided into a nmethod using a functiona
subst ance having both a retrovirus-binding site and a
target cell-binding site in a %ingle nol ecul e, and a
nmet hod using a m xture of a 5 4Unct i onal subst ance
having a retrovirus-binding site and a functiona
substance having a target cell-binding site. Both

' .can. bg-us in.t present invention. [0047] .
qﬁéyg %Vé-éés%??bgngE%é??éhalggﬁ%sﬁa%ggdﬁsaﬁgtlelded into

pecifically limted as long as it _has : L

Tl FoUTT USS DPRAT NG 0" BBE TV Py SaRAF 6r NEAige Poth
cell-binding activity., Exanples of the functional .
EUBSPRhERS RAVTHBSr 5LFBFPUSSbFAAPRG AELFVPLYCRAGI gdée in a
the fibronectin heparin-binding domain (heparin-II
AORET 7)) O+ PR 0B adBdgRoERNPECHER NIt YpBIVTUES| Pdgén
fragment, a derivative or a variant of the 15
porybept HegUe porYF§shasingnd DEAECHeXtsahinBingherte and a
any substance capable of binding to desired target
gentsienanl beubgsedcashavinacei brabesubsilanbenavigngite .
target cell-binding activity. Exanples of the
Boncthenabdsubsth aneesshdvingthtapgeteael Lnbiendiing .
activity include pol ypeotides having 20 cell-bi ndi ng
ae0tvity (Bhg.aboytesketetbbdpraheilshal anbiskadicesis not
that recognize a cell or a biological nolecule on the
spbti sUcdBTe, 1 ghovkd Eacleng, acyt ekhBesreaRdvSW8abinding
chai ns, although the present invention is not
specritgabhy/ot i Phtedrt BEL €L 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 Zragment, 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
celi-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 is not specifically
limited thereto.

[0048] As one preferable aspect of the present invention,
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25 [0048] As one preferable aspect of the present
invention, 30 there is a nmethod wherein gene transfer
into target cells is carried out in the presence of a
functi onal substance including the
fi bronectin-derived hepari n- bi Eplng domain. By way of
exanpl e, the functional subst ce is preferably a 5
fibronectin. fragnent having both the cell adhesion
domain and the heparin-binding domain. As the cel
nd/ or VLA-4 b|nd|n re

$§pept|d§§gg¢£d N% ?éﬁlg V brefefredi® Rg LE2R celis
fébéonectln fragnent as__described_ahove, can p .
prepared“?ronwfl%rbnéc?lhS%ﬁ?FfPed 16PF5APE3f $PRGEance

by certain mean such as._protease

%@éﬁ% Bt b&bu%?%at%%c%ﬁﬁrﬁaﬂtPBRM&H&B%@Q dppgin.
exanpl e, _the reconbi nant fibronectin fragnent
RorifeY cP bl $¥°mRY3i | abf el *RORT TaRAr AUBFH21AE. LPnPERESTably a
name of REtrohbctln (registered trademark) is
Prier bl e fbFaghenpreaehtgi Sothvehei eall] 6649FiAs domain
descri bed herei nabove, the retroviral vector of the
sk hementh onl nahdg t henaeht s Rat Ebducedlwetihethen
retroviral vector can be used for treating and/or
Porrevent | gt caneed/andVik+ dsbinfiesti oagidhapoilgpebhed2 are
present invention provides an agent for treating
randd orulprevent ¢ igrtbe. abbveidessetbed dirsgases, afor

exanpl e, RNA- virus infections (e.g., immunodeficiency
degarsibed egbdon c4A BS) paatla hepatkbhsfChropdeRiaNpurified
agent is not specifically limted as long as it

COSPrd Sesvime sefd0vihaby VEEEOEi R 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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25 cells as an active ingredient. Such an agent can
al so take 31 any forns, and in addition to as the
active ingredient alone, for exanple, it can be in
the formof a preparation conprising the active
ingredient in conbination wwth a pharmaceutically
acceptable carrier, and a kit or ex vivo 5 gene
transfer into a cell using the vector. [0050] As
descri bed in Exanples hereinafter, in the populations

c in whi ch .an._endori bonucl ease- .encadi n ene
?éyigékéaocégdbﬁntﬁgg%g%?ngPaﬁsv @FOFC&FVFhén%ﬁ% t
Lfgggtign H vV rfglic%tion %s reduced to about 1/5 10
35°ohpaPedSHFTRIEhat ti 28 &l FRpspdl d958h O e ReeRAF@tion
cell s, harboring the gene, even if only about 50% of
tRBPLLBtng Fhet RETTHFecPEgSEdrPP tpdpulcambdmatdon witthe a
gene. Thus, the therapeutic and/or preventive effect
prafueedvbycathE BFESBREPLAVEALITAR T s anet al ikditt brbyex vivo
the introduction 15 efficiency of a gene that
ganet FoABSASTt hetacei velageaing Ahehoggliorhe present
invention is not limted to any particular theory,
{heSgene therdpycofibeteipr Bsempleisnhentiioa flny rysiimg the
the retroviral vector for the treatnent of HV has
sophlahiagnexpéctetlly advantvageauanf eatddre bahiua12Bse-
chain reaction mechani sm wherein a therapeutic gene
encovliengpgehei hsexptesaadetihepethemries roranrsn tle@d or of the
fromtransformed to nontransfornmed cells w thout
beesgnoedhatediby, anvectepl i cExaspl €5 224h@Q¥lko about 1/5
Herei nafter, the present 1nvention will be

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 mechahism, 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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32 illustrated in nore detail wth reference to

Exanples, but is not to be construed to be Ilimted

thereto. [0052] Exanple 1 Construction of MzF

expression plasmds 5 (1) Construction of

MazF- expressing retroviral vec]pr pl asm d

pMI- HLTR- MazF- PL The regi on encodi ng gag, sgGFP and

RRE inserted into plasmd p@Bl-LTRgagG-P ( Quant um

Bi ot echnol ogies Inc.) was renoved by doubl e di gestion

' sfriction . ll._and Xbal ,. and .a

e CaTTS ey HeEr s Bk Ras g eereiias Poprdle ds, buc
ce.s SEQ. | . 2.in the_Sequence '

£ P hoo Tha EREdeTTe e Wazr Brat: Anads Pnsert oc

' £9, t he Iasn%d ?etmeen the Sall and Xbal sites. The

L aand t WOS RoRstruct ed was desi gnat ed

p@Bl - LTRVazFcv|. A re ion 15 extending_fromthe

HI V- L ?BrTﬁEl%%z%-c@ﬂ?ﬁgeFB§F5ﬁlRﬁspléﬁﬁP@§ied by

PCR using_ pQBl -LTRVazFcvl as the tenplate and the two

pri mefs) showmt BYCSEeR | f NGB 2EF3egRde3S 1 THe regwpiviifiadd vector

fragment thus obtained was digested with the

PR3t P St PO BhEy T3z Nkl and Eco521. This DNA fragnent

was 20 designated and naned H V-LTR- MazF cassette.

[ 0053Tha D dn agepdicongaioni sgGEReahdr pBE snsplréded into

virus type 1 poly(A) signal site was anplified by PCR

bé srgid t @B bt BBRy algpZR X @eahth BTakaranBieglire. Inas) was

the tenplate and the two prinmers shown by SEQ | D NGs:

Seraorde ®. biFheo2bl angl 4ésetohr agaRnthkhus sebt aitied Was$ ymes

di gested with the

Sall and XbaIl, and a chemically synthesized DNA having the

nucleotide sequence shown by SEQ ID NO: 2 in the Sequence
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 Eco52I. 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:.S and 6. The

amplified fragment thus obtained was digestéd with the
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33 restriction enzymes Mul and Notl. This DNA
fragnment was named pA fragnent. [0054] A fragnent
contai ning a nouse PGK pronmoter was anplified by PCR
usi ng p@BI - pgk( Quant um Bi ot echnol ogies 5 Inc.) as the
tenpl ate and the priners sho by SEQ ID NGs: 7 and
8. The anplified fragnent thus  obtained was di gested
with the restriction enzyme Mul, followed by blunting
and further digestion with BanH . This DNA fragnent
g . 5] 2 _e acell ul ar

o e himen Too TP et BRETVe Gionc nipacegeteRt wes

t ified by PCR using the genonme of the
i%f%%V?éuéf%?%%ﬁéing cell SFCW 3 (Human Gene

T , 9 2243-2251 (1998)) as the tenplate and the

b@? g sHO r%%m%ﬁfgf%PFE%%lﬁgaﬁdmfﬁ?eT gRaRpPrPiceg vas

15 irag t thus obtai ned was dkﬁested with the _

FRR Hﬁng gfhy B2 yhesngco®P L anak KHBRRt¥Ri BipRAChRagREAES

was named LNGFR fragnment. [0056] The gene fragnents

HeSch i prd-ovenner &S aser ted Prameupnsharp pMTSEEcEBr NOs:

éGEne Therapy, 11: 94-99 (2004)) 20 between the Mu
mnBafrHl Bhe ezmp bl dbedi Arateenecohbenabtaisedovasabligested

vector plasmd pMI-HLTR- MazF-PL, shown in Fig. 1.

This VeetoesisichbpacerryredMinit havlliheeHl YyLPRuhMbzRg and

cassette is inserted in the direction opposite to the

Hrener ol ofsthentwanscRapiiion DhisheNRettagyneak was named

vector 25 genone.

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-MazF-PL, shown in Fig. 1.
This vector is characterized in that the HIV-LTR-MazF
cassette 1is inserted in the direction opposite to the
direction of the transcription of the retroviral vector

genome.
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34 [0057] (2) Construction -of MazF-expressing
retroviral vector plasm d pMID3- U3TAR- MazF- PL For the
pur pose of conparing with pMr-HLTR- MazF-PL, a

sel f-inactivating vector, pMID3-U3TAR- MazF-PL, was 5
constructed, wherein the HI V- 15TR- MazF cassette was
inserted in the sane dlrectlon as that of the
transcription. of the retroviral vector genone so
that, after the gene transfer, the transcription of

EGGSTFtf0Vl£P'c&§§@ﬂ@cM@§n'BF géEgdex%EEgsiéébﬁggéoy%ral

preparing this vector, the plasmd vector .
m%y&@rt £, 0o i ggt@ Agg % nE%he nucl eotide 43 to

e nu a$9 @%5 M %E regi on of vector

eIeted was - u The DNA fr p
as d%%%r?%e E %%e|0§(i?m35§lpﬁsg%Fg g@@tﬂ@@% @ g1, o
BamH sites of th e as shown in Flg

sty pd h‘éerct%rVeeﬁPg-ﬁE?é&sMﬁaFwﬁeE “pSe.
an antitoxin of MazF, was_constructed as foll ows.
FMIFEFYLA t WS BRI profok Y ~bT RyMaEér CBPREERBoBas inserted
(Takara Bio Inc.) was replaced with the CAG pronoter
1 Phreptaes vettRrtpTAI AE CabsequEnel fraprergenéon of the
encodi ng the MazE protein having the 20 am no acid
Befgiencer s ot 9y SEPRO NO that¢haftrg the gene transfer,
nucl eoti de sequence shown by SEQ ID NO 12) was
irsettauschepiveen ¢hetiFeoRktandiNefl gshbms whspCAhhbited
The vector thus constructed named pCAI N-MazE. [0059]
Bagpl 2) 2 2BoEspadpasimgnthok wetrovi r theppodyfi€tl vector
cells and
pMTD3 in which the portion extending from the nucleotide 43
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 NotI sites of pCAIN. The vector thus
constructed named pCAIN-MazE.

[0059] Example 2

Establishment of retrovirus producer cells and
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35 preparation of retroviral vector Transient virus
production was carried out using pMI- HLTR-MazF- PL and
Retrovirus Packaging Kit Eco (Takara Bio Inc.) to
obtain the ecotropic virus M-HLTR MazF-PL. This 5
ecotropic was allowed to infect 5 GaLV retrovirus
packagi ng PGL3 cells (ATCC -10686) in the presence
of 8 pg/nmL polybrene (Sigma-Aldrich Japan K K.) to
obtain cells for gene transfer. The cells were pl ated

%%%P@t%@ﬁ'é?' ALELBY1 thegligg dilution, and the

re supernatants of prol|ferated cl ones

Feat - TEMRYRE QufERE T ISt PRo kD) 6t 5ERe] BRe dospg ovr-
i duct f high-tit b

PO R BT e v 88 Srepp Tt nEerberoner Rt pRBauCEr reap Bio
i ne. PGL3/ M- HLTR- MazF-PL. 15 [0060] ,
3) N2 P EE MaZED PLEGRsT @R Eul e8US nMBOHBERcYegF-PL.  This

nodi fi ed Eagle's_nmedium (DMEM Sigma- Al drich Japan
FCREFoPksappt enehiededi En 100sFEt GRLBOVERECYEFUM Packaging
(I'nvitrogen Corporation). Wen the culture reached

Kehd contl sieMBCCt BRL- hef & wasthepbaesdnept hff Besh/mL
DVEM medi um (O. I nL/cnR) 20 containing 10% fetal bovine

ek vioy suppl ehent el ok i dh SJahknsBdKuin bat ypaten Atfés for
culturing for 24 hours, the supernatant was filtrated
gemougte s d&r pm Theéteel IM bérpopkat€0r parat pényel0-plate by
obtain a solution of reconbinant retrovirus

Gah M Mg Hi TR dbadr; Phnd Ththe ¥ulY8r8okupbORav@Ets of the

di spensed in 25 small aliquots and stored in the
preezesr@ted 80(ondbHes€re 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 (0.1lmL/cm?)
containing 10% fetal bovine serum supplemented with 5 mM
sodium butyrate. After culturing for 24 hours, the
supernatant was filtrated through 0.45 pm 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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36 aliquots were used in the gene transfer study
descri bed below [0061] pMID3- U3TAR- MazF- PL and
pCAI N- MazE were m xed at a ratio of 20:1. PGl13 cells
were transfected with this 5 m xture using

Li pof ect AM NE 2000 (Invitrogegegbrporation) and

sel ected in DMVED nedi um containi ng 10% fetal bovine
serum suppl emrented with 500 pg/ nL neomycin ((418). The
(A18-resi stant cell popul ation thus obtai ned was

' L on cedure_usin 71 L R
orshead i ST ThT cehgoBhS SEHRERY Pough Arac ibed
R-positive cells. The LNGFR-positive cells were

pla %din a 96 well-plate by limting dilution, and

[ tur e nts of _the proliferated clones

f%ffemo e@%‘@ﬂ?ﬁ%é?fﬁ% IPFUBCALNTHREE ¥PRE mixed at
real -tinme_PCR as described in Exanple 3. Thus, 15 the
Tefit19 et pPédst W@G%mﬁlmz@mngF@aaéﬁﬁ@ea Wigh- this
titer viral vector was established.
T B DB BT AR IR ZFC A T i s2 @0 t (Fedl t RoDREM pedbuAtion)
suppl enented with 10% fetal . bovine serum Wen the
@ﬁt%ﬁbewé%@h@d eRP condl wencenteheingedPtimfwasl bovine
repl aced with fresh DVEM nedi um (0. | nL/cnR) 20
O PRy 41096 fed ab 1 bovd 0@ sernn seppyemnted1eith She
nmV sodi um butyrate. After culturing for 24 hours, the
Gliper net astamascdll tpapedat hooughud. dbtpihed was subjected
filter.(MIllipore Corporation) to obtain a solution

0 4 esordt aatdn retsevdi e uSahy/ MiD3: UBNARRMAZErBbead kit
This virus solution was dispensed 25 in small aliquots

and sdoy ki sk ddex fi epzes @%taﬁ@ciNGFR—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 PG13/MTD3-U3TAR-MazF-PL producing a higﬁ—
titer viral vector was established. PG13/MTD3-U3TAR-MazF-
PL was cﬁltured in DMEM medium supplemented with 10% fetal
bovine serum. When the culture reached semiconfluence, the
medium was replaced with fresh DMEM medium (0.1lmL/cm?)
containing 10% fetal bovine serum supplemented with 5 mM
sodium butyrate. After culturing for 24 hours, the
supérnatant 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.
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37 These aliquots were used in the gene transfer
study described below [0062] Exanple 3

Determ nation of virus titer 5 Real-time PCR reaction
was carried out using 1 ul of a virus solution as a
tenpl ate and using Retro-X gRE-PCR Titration Kit
(Takara Bio Inc.), thereby calculating the nunber of
RNA copies in the virus solution froma calibration
curve. The titers of the virus solutions 10 obtai ned

T Wi R R S

SalV/ MID3- \BTAR- MazF-PL. By | oadi ng the HLTR MazF
expression cassette in the reverse direction, it

sible tgo obtain a reconbinant virus with
ﬁﬁgﬁgf tPt a?ﬁi%hgn a self-inactivating retrovira
vecto .TEIOOG%I,Exa le. 4 Preparation of CH 296 coated
pIaté%t Rth- vt 1 Cof Vare3- WeF T pl ate wit hout surface
treatment (Falcon), 500 pi of a fibronectin fragnent,
CH XP2ov- M t TPARE OReV R ONeREFhedTaRAr BSBPE 1 nl of a
Inc.), was added at a concentration of 20 pg/m . The
Plete IR Gl Ivedl & otemp baee oved nighigaRedCo-EndRThefR
washed with PBS. This plate was used as a
CHrotlioodied Tatara nBihelexperi nhatsbydeséritbetling the
bel ow. 25 [0064] Exanple 5

number of RNA copies in the virus solution from a

calibration curve. The titers of the virus solutions
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
GaLV/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 (pfoduct name: RetroNectin; Takara Bio Inc.), was added
at a concentration of 20 upg/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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38 Determ nation of gene transfer efficiency Gene
transfer efficiency was determ ned by carrying out

gene transfer experinent, wherein CD4-positive T cells
prepared fromthe human acute | ynphobl astic | eukem a

cell 5 line CCRF-CEM (ATCC -119) and peri phera

bl ood of cynonol gus nonkey we transfected with the
reconmbi nant retrovirus solution prepared in Exanple 2
according to the procedure described bel ow. [0065]
CCRF-(EM cel were cu ed | n_RPM -1640. nedi um 10
supplener#t}lgl %&%ﬁg]ié%%%%%l9%%€fg%rs%%gﬁ$l%ﬂc¥he day

of Qp§ugr%g§§e§éionffthe cells were, collected b%% .
cent ritugati Bh and sUsPehded i h2Fr SShSRPMI€ 9638 GREF UMY
sqpplene ted with 10%fetal bovine serumat a density

BT TS0 10522t §5/ TP TP Taeh WRFFeOR tHé-positive T cells
CH 296-coated plate 15 prepared in Exanple 4, 1 nL of
BESPFe [ AB-Fioft M HTIUtI NS bYMPhebtaebhbi hankenia cell
retrovirus solution prepared in Exanple 2 diluted

Mineeh RN ~CEgA 0 At dﬁ@lsubb%n@rm@eﬁe Phe1@ peoadl of
bovine serum (M Iltenyi Biotec K K ) were added, and
GO WS igen ke rveent tidnglelcaed 3R anth@0068camigi hiant

2 hours 20 to facilitate adhesion of the retrovira
nectori s RetuoNectprepdihed supef namahe asctbeding to the
renoved and the wells were washed with 0.5 nL of PBS
roordegiud engiels % hedrase 1 ser um al bumi n. Then, 1 nL of

the cell suspension described above was added to each
afogdie weldREBHTEN neabiod ek fOrcRbrthegei daysvat 1846 hadium

5% car bon di oxi de at nosphere. After :
supplemented 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 tﬂe 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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39 culturing for three days, the cells were
collected, stained for LNGFR-positive cells using
anti-CD271(LNGFR)-PE antibody (MIltenyi Biotec K K. ),
and anal yzed by the flow cytoneter FACS Vant age.
(Becton Di cki nson and Cbnpany)s;o 5 determ ne the gene
transfer efficiency. [0066] Further, CD4-positive T
cells were prepared from the peripheral bl ood of
cynonol gus nonkey using Monkey CD4+ T Cell Isolation

[+ epyjl Bi c. K, K) n [tured _in, Al .
%%&ﬁ%#ﬁ#én€%%rg%g%gd%g%%?a%P%n?esEBpwgﬁ%n 8glﬁfg%glostalned'

0% bovi ne _seru 2 M gl ut anma
T8 LA e e CaT b AR ey St BL sy s,
the cells were col]lected by centrifugation and
SleHeT e d M T ealh DETRFY Rekic bm CRAvALRbgERG Py the flow
Cor poration) supplenmented with 10% fetal bovi ne serum
KRGOt afete Yrit290 (PREEPRI Pigkapsan apddepspepyef to

2 x 105 cells/n. Two CH 296-coated plates prepared
Fot Baint et e veeee usens e affpeteneyt of the

reconbi nant retrovirus solution prepared in Exanple 2
Wit 6 hddedFebtheve, ptlad esosivhivh Werellhernecenprepaged from
at 32C and 2000 x g for 2 hours to facilitate
Hoh ezt oiplof ra heb POod et f ovynahovgos omohReRetis ONgcMbnkey CD4+
The supernatant was then renoved and the wells were
WeShked e idn nkiof (PBScenpht Biatag &.5% hugaa seldlred
al bum n. Then, one of the plates was stored at 4C
Wh tATNH YV rresdving (1hel PESge0l 0bkpBracophdi BLuPPLémdiced with
human serum al bum n. To the other plate, 1 25 nL of
1dwe £6td] suspensi oar@escs i hrdgaheygaves added/ /Lo eaeh-o,

and 5 pg/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 weré 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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40 of the wells and incubated at 37C in 5% carbon

di oxi de atnosphere. After 24 hours, the cells were
collected, and the cell suspension was added to the
virus-adhered plate stored at 4C. After culturing for
anot her three days, the 5 celhﬁ)mere col l ected, and
stained for LNGFR-positive cells wusing
anti-CD271(LNGFR) - PE anti body. (MItenyi Biotec K K. ),
and anal yzed by the flow cytoneter FACS Vant age

i cki ' d ' he | .
(PR DR RO GOIRR A2 PR 0t
i Ci i d i ned inT 1. As
SEALEbFLsLes ADb IsioRmLRed eeecshomn Lp Tabls e e o

own" I N

Xpression cassette in the opposite direction, the
JaPe T AnSPerSar FPhi BRGy S8 aF AmEEFCHIFy STABFeVES Bdate
conpared with the self-inactivating retroviral vector
50T 88687 Tdbl e Al FRE rovt Farinvecior Tepieher apkfee days, the
efficiency to Gene transfer CCRF-CEM ($) efficiency
oL l2yrioRDi §osl AEhREy &nd- spasnefvEoT ENFFR-pokdltdve cells
8-fold 16-fold undiluted solution dilution dilution
P ing i At MICPETR(MIGFRPLPR 728t 8b0dy79M2185n@i Biotec K.K.),
MID3- U3TAR- MazF-PL 6.3 5.8 4.8 2.0 [0069] Exanple 6
Tepheanpanzterby othamho€D8%tpust et vEAGEOYehithge dBkkson

Dickinson and Company) to determine the gene transfer

efficiency.
[0067] The gene transfer efficiencies thus determined
are shown in Table 1. As shown in the table, by loading

the HLTR-MazF expression cassette in the opposite direction,
T
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
cynomoligus monkey CD4-
positive T cells
4-foid g-fold 16-£fold undiluted solution
dilution dilution | dilution
MT-HLTR-MazF-PL 77.6 81.2 72.2 85.0
MTD3-U3TAR~MazF-PL €.3. 5.8 4.8 2.0
[0069] Example 6

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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Gene transfer efficiency was determ ned by carrying
20 out gene transfer experinent, wherein hunman bone
mar r ow CD34-positive progenitor cells (Bone Marrow
CD34+ Cells; Canbrex Corporation) were transfected
with the reconbi nant 41 retr%ﬁlrus sol uti on prepared
in Exanple 2 according to the "“procedure described
bel ow. [0070] Stimulation culture of human
CD34-positive progenitor cells was carried out in

. t 4%
far ‘?’%’ghvﬁ%é%"g?ﬁ?ﬁ“@ PR EREnt DO AR S0 ng abocidg to che
Resoubinant. humn, L3 PEPROTECH INC.), 100 ng/ m.
O Mant RuAeRe SRR Fact or (PEPROTECH I NC.),

g / i hant hu Thr ombopoi etin ( PEPROTECH
RSP a5 ”ﬁamnpe%gﬁwﬁaﬂﬁ FO R anaR54-bostrcvs

FI t 3-Lj gand( PEPROTECH I NC, ). After two-days culture
Eﬁo%ﬁQ}F?FE@%%%?b%ﬁsd?%&?ﬁ%da?HBsbﬂeKéVIVﬁéOc@PﬁSUWere
counted and then suspended in a fresh nmedi um as

Hed®r Toed-oBbRvRt HPna dersriying 4%xfe0slchbiénalseTom
each well of the CH 296-coated plate prepared in
BRppteeted witlf 2¢ heg ABL uReEtmbédasol buimen 6L-Bhe
reconmbi nant retrovirus GLV/ M- HLTR- MazF- PL prepared
(PEESGRI e INGak, atldednasml t Recphif panabumbenStem Cell
centrifuged at 32C and 2000 x g for 2 hours to

Facidr t (REPRONEGH ODNOf ) 1 h200 ehg OMLr REcyRBLABNntt Buman
RetroNectin. The supernatant was then renoved and the
Tiet drsb o 8= s hepEPROTECH ONS. Ml #hdPBSocagyALNRBBombinant
1. 5% human serum al bum n. Subsequently, 1 nL of the

e@hdn SEBSPENS] i descrROECCRAPONE. ) . 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
abo&e 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 GaLV/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.
Subseqguently, 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 LNGFR-positive cells

using anti-CD271 (LNGFR)-PE antibody (Miltenyi Biotec K.K.),
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was added to each of the wells and incubated at 37C in
5% car bon di oxi de atnosphere. After culturing for
three days, the cells were collected, stained for
LNGFR-positive cells 25 using anti-CD271( LNGFR) - PE

anti body (M Itenyi Biotec KIQQZ 42 and anal yzed by
the flow cytoneter FACS Vantage to determ ne the gene
transfer efficiency. The gene transfer efficiency to -
human CD34- positive progenitor cells was 85.7% and

he gene transfer @Akg Pi 2 &fi I en 3 achi eved.
%007 ? E&anple§7 Pnhl 3 ig tg eF%&uﬁ% é??SP ﬁgﬁ Vir us

j ion, The inhibito ef fect .of the troviral i
SR iR T SsrEcent P RYEner oA o Fiie  GBFI GarFor sapster
i nodef i cj enc 10 _yirus was .verified according to
the: procedure ABLRP BB BeFow: VELPTRPEPALALi 6P was
%£e§ys nane% CD4-positive T cells transfected with

e’ MazF'Yehe T9°10 hE2bfIeheWBlGodigBnpIEd i6BEACHe#aS

from Rhesus 15 macaques, 20 nL of PBS was added for
HrPLRYRH: Ten milliliter of the blood was | ayered on
3 nmL of Ficoll <contained in a 15 nL centrifuge tube
B/ Ebnt riFx@erlat 7800 x g for 30 minutes at room
tenperature. In a clean 15 nL centrifuge tube, 8 nlL
of PBBwaisiplacedf Afmenodesiaidinng 2Artike reppetakayper
fromthe centrifuged bl ood sanple, the |ayer of
nononlicé eamh el tsrywhtf fect agér rhwasereeovenedvandor of the
present invention on the replication of immunodeficiency
virus was verified according to the procedure described
below.
(1) Preparation of rhesus monkey CD4-positive T cells
transfected with the MazF gene

To 10 mL of the blood sample obtained from Rhesus
macaques, 20 mL of PBS was added for dilution. Ten
milliliter of the blood was layered on 3 mL of Ficoll
contained in a 15 mL centrifuge tube and centrifuged at 800
x g for 30 minutes at room temperature. In a clean 15 mL
centrifuge tube, 8 mL of PBS was placed. After discarding
the upper layer from the centrifuged blood sample, the
layer of mononuclear cells (white layer) was recovered and
placed in the PBS-containing centrifuge tube. The tube was

centrifuged at 800 x g for 5 minutes at 4°C, and the pellet

was suspended in 8 mL of ACK Lysing Buffer and allowed to

stand for 5 minutes at 37°C to lyse blood cells. To this
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pl aced in the PBS-containing centrifuge tube. The tube
was centrifuged at 800 x g for 5 mnutes at 4C, and
the pellet was suspended in 8 nmL of ACK Lysing Buffer
and allowed to 25 stand for 5 mnutes at 37C to |yse
bl ood cells. To this 43 suspension, 7 nL of PBS was
added and m xed by i nversion, ol | owed by
centrifugation at 400 x g for 5 mnutes at 4C. The
cells thus obtained were suspended in PBS to separate

ve ells [ nkey
TP SRR m porbs Mg aar e @ o6 by Prngnvetsion,
%hff gnnke& E§S|t|ve T cells were suspended and
Urtared PH APREIARBERGAPEI AV £P8gEng é@FpérQﬂP&ﬁFs at 4°C.
uppl enented with 10% fetal bovine serum
g?%pﬁﬁgfﬁ theg ?FhﬁlPﬁFLW?reaﬁﬁsgeB&FQ1180ﬁ3§n§§aﬁﬁﬁarate
10 After three days, the cells were collected by
%%r??%@hv?oﬁ %ﬁ81§u§5éﬁ6eHAFﬁ Mpa&RYACREY ﬁeé:lel}r-:h
éan|trogen Cbrporatlon) suppl emented with 10% f et al
dotaelosekih (Bikfpayit Biatecakdk200 U nl rhiL-2 at a
density of 2 x 105 cells/nL. Two CH 296-coated pl ates
pPepat ed i Rha5rExawpl modkagr EDdsedsitagent ped lwekie ref
the reconbinant retrovirus solution prepared in
Fxapphec? and addedred fheAIMHEt msdivhi ¢Anwetecglean
centrifuged at 32C and 2000 x g for 2 hours to
facpbraai enpdbespbamehttlewdehr 00kr det¥@CbHOK inkO serum, 2 mM
RetroNectin. The supernatant was then renoved and the.
@0unehdse were0Washedrw Lh20. SnAL50figPBS eeRtahRAdin A.

1. 5% human serum al bum n. Then, one of the plates was
stoeedttedGdays, 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 per well of the

cell suspension described above was added to each well and

the plate was incubated at 37°C in 5% carbon dioxide
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wi t hout renoving the PBS solution containing 1.5%
human serum al bum n. To the other plate, 1 nL per
wel |l of the cell suspension described above was added
to each well and 25 the plate was incubated at 37C in
5% car bon di oxi de 44 atnosphere. After 24 hours, the
cells were collected, and the cell suspension was
added to the virus-adhered plate stored at 4C After
culturing for another two days, the cells were

and - LLiv ranstect
TR RasF Jons tar ROabt Al 4. CEOTD73F TCof aurokE 20

ection :posjtive ells. ., The.

e Ft e R ey BB Bse e d ook Fs Thresardierd phpte
were infected with chineric siman-hunman
TR oRF | f%ncf{}?er%sc%]ttr%lfjrp%l-fﬂﬁ KEP Eher \Frg| dayyya: the
10, 4218-4225 £f997gé at .two different titers
Tt i Haft eTOttpetedefd FRfebPaPaPIEREChTgRER LEi t er
are referred to as. "MazF-H gh KB9" and those infected

LEanpkefeRr i thethar¥azFepgnredet® astaimerE-Low
KB9"). As a control, MazF- untransfected rhesus nonkey
CTpbsi ti V@) TSREVIEBRefefestinnetpedPhiPRsSSHLVEKBI Ccatlls
two different titers (hereinafter, the cells infected
at t hehdilMher-treesfacbedefBlirpdsibias T" Ceatflsobrkpghed in
KB9" and those infected at the lower titer are
tef ewerd infastédCenthothinerKBOS)imipOOR4hah3)
I nhibitory effect of the transfection of CD4- 20
pasetodef Tccehtg Witbst berMBaFsgevexsn tbe wepbilcat von
of i nmunodeficiency virus
4218-4225 (1997)) at two different titers (hereinafter, the
cells infected at the higher titer are referred to as
"MazF-High KB9" and those infected at the lower titer are
referred to as "MazF-Low KB9"). As a control, MazF-
untransfected rhesus monkey CD4-positive T cells were
infected with SHIV-KBY9 at two different titers (hereinafter,
the cells infected at the higher titer are referred to as
"Control-High KB9" and those infected at the lower titer
are referred to as " Control-Low KB9").
[0074) (3) Inhibitory effect of the transfection of CD4-
positive T cells with the MazF gene on the replication of
immunodeficiency virus

After the SHIV-KBY9 infection, the culture supernatant
was sampled and subjected to real-time PCR to calculate the

number of copies of SHIV-KB9, thereby examining the

replication of SHIV-KBS. The results are shown in Table 2.
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After the SHI V-KB9 infection, the culture supernatant
was sanpl ed and subjected to real-tine PCRto

cal cul ate the nunber of copies of SH V-KB9, thereby
exam ning the 25 replication of SH V-KB9. The results
are shown in Table 2. 45 It s shown that while

SH V-KB9 was replicated in the™ control sanple, the
SHIV-KB9 replication was inhibited in the
MazF-transfected CD4-positive T cells. [0075] Table 2

25l SURG6n oy S 109 LADREULNT 55 ct0BSLaal ol cnc
KL KEOL.L 00 KB o 0810, 118,922,107, 993, Bo,
L007) FOrpLe B FLEPRS L 0, B, 200 cont 20l ates
e PgEgure e Lo zfsza' zs?m' e

added 10 a [1Zs\ hHSQEEEEé
(Fal con), and the pla

H ' PRCS
over ni ght a qéﬁﬁﬁ9l‘

|

e P Low KBY
bay 0 393
Day 4 620
Day 7 1012
[0076] Example 8

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 upg/ml CH-295 was added to-a 12-well
piate 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.
[0077] Example 9

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
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15 [0077] Exanple 9- Culture of human PBMCs Five
sanpl es of nononucl ear cells (PBMCs) obtained from
peri pheral blood of five human donors by apheresis and
stored in a frozen state (designated TK5, TK14, TK19,
TK23 20 and TK29, respectively) were thawed and
suspended in RPM 1640 nediun1€ i gma- Al drich Japan
K.K. ). Each 46 suspension was centrifuged at 500 x g
for 10 minutes, the supernatants were renoved, and

t t Al .. Theg~pel Let was.suspended
%ﬁ%%ﬁ#ﬁ%&ﬁ éagw%§h§¥ﬁfﬂ§§g _$§82§ % % yasgg 1RP98§7 the

of cul ture medrum Takara Bi o I'n
cont ai ni ng. 1% aut ol ogous, pl as 2% 5. huyman seru .
SRR e 1T ROt d brar I R} . PBobCF b fEte SBtained.

hl L- | RON CORPORATI , d 2.5_pg/ L Fungi zone _
{15 1 RE LRy RIET 94 it DL RG 081 £8! Cupd FRAALR GT-T502
adjusted to_a cell density of 5 x 106 cells/nL with
&%W%d¥%> IPREELM AP el faduEPaPPRYESDYlasma, 0.2%
transferring 5 nL of each 10 suspension to a 25cn®
Fymak CORHhI R WhEDr pforsted) Intesnibihedabyladd) ti 6A00fU/mL
anti-CD3 anti body OKT-3 (Janssen Pharnaceutica N. V.)
Il T OPEERRN R ORPORAT BON hg/ ahd DnSday/mB Bhngheone
culture, the cells were counted and suspended in
fBristt eitNyees nedf umtat @oeet| tdensel¥spf add2tkehO068Anisted
to 15 prepare a cell suspension. [0078] Exanple 10
tGere ¢eBhsdens oy hufreh PBMIS JeoleachLwelthofthéheame medium.
CH 296- coated 24-well and 12-wel |
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
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.

-[0078] Example 10

Gene transfer to human PBMCs

To each well of the CH-296-coated 24-well and 12-well
plates prepared in Example 8, l.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
éentrifuged 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
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pl ates prepared in Exanple 8, 1 nL and 2 m,
respectively, 20 of the reconbi nant retrovirus

GaLV/ MI- HLTR- MazF- PL sol uti on prepared in Exanple 2
were added. The plates were then centrifuged at 32C
and 2000 x g for 2 hours to fagjlitate adhesion of
the retroviral vector to RetroNectin. Each well of
the 12-well plate was washed twice with 1 nL of PBS 25
cont ai ni ng 1.5@6hunan serun1a|bun1n and filled with 1

5% 885 9&%’5&99@ fhaﬁf Qu%n aigw%a' b%me nght% was

was store Ol‘ t e gene ransfer

ﬁ‘%%ﬁ BB %”ﬁ%%n%aﬁa% 592 1 r gggmgg ouf on

ntaln (g 1. 5% human serum al bumn, and 1 nL of the
ép A1 on prepared in Exanple 9 was added to

['1._The S th n centrifuged at 32C and
ﬁ@gggTe @%?hlg ﬁinﬂ%ﬂgh?o ﬁa@ﬁﬂ#tQﬂé%EeWPsa&ﬁé§@§nWlth
fo the plate on which the retroviral vector was
9t ? aBheBf BB eFonbasnbBEqlent bumadr 6erym &l .agnd 1 mL
37C in 5% carbon dioxide atnosphere, the culture was
of | thedoat t hsepeeral o0r Brapdiram inoEzapplle demsist pdofed to
5 x 105/l and further cultured. [0080] On the next
daghovethe fThstpyene weanshen, ceherisupednatant®°gasnd 1000
renoved fromthe stored 12-well plate, to 15 which
¥he ¢prutlambevedsand dhcchiwasef cellédadihklsiBBSto the plate
contai ning 1.5% human serum al bum n. To the wells of
dhewhpthat ehet het totakavovuaroef waachtdarbeds After
transfected cells was transferred. The plate was

septebhogedeat t 328 898 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.

[0080] On the next day of the first gene transfer, the
éupernatant was removed from the stored 12-well plate, to
which the virus adhered and which was filled Qith 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
1000 x g for 10 minutes to facilitate cell adhesion to the
plate on which the retroviral vectof 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.

[0081] As a control, the same procedure was carried out

on a CH-296 coated plate to which no retroviral vector was
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1000 x g for 10 mnutes to facilitate cell adhesion to
the 20 plate on which the retroviral vector was
attached. After subsequent culture for 4 hours at 37C
in 5% carbon di oxide atnosphere, the culture was
diluted with the culture nedig§1 to a cell density of
3 x 105/ nm. and further cul tur [0081] As a control,
the sane procedure was carried out 25 on a CH 296
coated plate to which no retroviral vector was 48

S g prebe um Fponiad FRls (002 e

ree ays fronthe second gene

fer, . ce were collecte stajned for
{ posiélve ceTf%uﬁé?%ggaﬁt?n 7%- Eérﬁﬁtpﬁﬁayfrﬁﬁdthe
anal yzed the_flow Epi cs XL (Beckman
B2 52 A e Gt eF FEriSLhe WERE CPARSFEPd, Sfained for
ficiency. The gene transfer efficiencies to each
"R %k e%ebb?\lol%&%g 3nbinCPA7 FaBFeaBtipodg3a] and
Table 3 thF gene transfer efficiency to each
ToOF 2 X e PBMRY  Doheore Cenetpi ansKer (BefkmaanCyulter
TK5 69.6% TK14 53.5% TK19 54.9% TK23 44.0% TK29
e Hnta g oogalnexunpl @end transfer efficiency. The gene

transfer efficiencies to each donor-originated PBNC are

shown in Table 3.

[0083] Table 3

‘MazF gene transfer efficiency to each donor-derived PBMCs
Donor Gene transfer efficiency
TK5 69.6% :

TK14 53.5%

TK19 54.9%

TK23 44.0%

TK29 47.5%

[0084] Example 11

Experiment of HIV-infection to MazF-transfected PBMCs-

The MazF-transfected cells originated from five donors
and the untransfected cells prepared in Example 10 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
was divided into two aliquots, which were transferred into
different centrifuge tubes. To one of the tubes, the HIV

ITIB strain was added at MOI of 0.01. The other tube was
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Experiment of H V-infection to MazF-transfected PBMCs-
1 The MazF-transfected cells originated fromfive
donors 15 and the untransfected cells prepared in
Exanpl e 10 were respectively diluted with culture
mediumto a cell density of & 105/ L. Ten ni
al i quot of the dilution was cubat ed overnight. On
t he next day, the cell suspenS|on was divided into
two aliquots, which were transferred into 20 different

r S bes the HV LI
L e s B oo B I RER PREE oflube i i

strain was added a

nock ln ul at %2 H V-free culture nedium The
Yubes” 2§ C%ba & dCB7EP fOLH® FOuRrsLP® AFV oWl IB
VIIIB enter the cells, which were then washed

et UTeeo it MEreTst fredngh Hﬁdh§ﬁlb§§d&§nttll§ﬁ°s with

Su%ﬁﬁfded in 3.5 nL of 5 culture medi um

7R AbEm ARE eRPPeIusPEALI éHSWﬁ@deédaéd 3t+8 dackf

well of a 24-well plate and incubated with 1 nL of

U TF R PR f oPheuRt Lt el iTArsoéukhisecrasd easpredion was

out using three wells per sanple. Three days after the

4@#%%t¢@rﬁaqhnueb$ pheacuftueélsppetrakant ingsbated with 1
anpled, and 10 1 nL of culture nediumwas added to

I@adhfcﬁUlh@rﬂem¢@i@mdforheutuutane ®as sconflinuedwaSi xarried

days after the infection, 1 nL of the supernatant was

sanplethg Ther aeowel 1 of pélt Vsaapledet ehtebedaby EELSA Bye

quantifying the HV p24 antigen present in the

ivefept ebisupermpt ant thdheutebks ahipernBrdayswid akhgled, and

the infection was subjected to MIT. assay to determ ne

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.

[0085] The results of the determination df 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 4. In 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 groups

indicated with (-) correspond to the MazF-untransfected
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t he nunmber of viable cells.

determ nati on of viable cells
and of the quantification of

3(a)-(e),

days 3 and 6 are shown in Table 4.

[0085] The results of the

In Fi

are shown in Fig.

p24 antig
g. 20 3,

en on
t he

vertical axis represents the %ﬁ;ative ratio (% of
viable cells in each test groudp to those in the

contr ol
The hori zon

GEOUPS - arlde. fu

donor nunbe

i Fespand:£ 0. Lh

e groups i nd

Mozl dLansd
U £t T oh
no

H V-i nfecte
tr

t al

rs

ected
an

group (MazF-untransfected, H V-uninfected).

axis of the graph represents the test

B ot SPLEBEDL {MEpa o e

ane 1o D aiee

e

Laree g

% aﬁ%géfggﬁéY%%d

d and
e

by HI V-infection (
SHOVINE § B TAY €O whi | &nY hdovaz FPBYene shawsfigr that MazF,
efficiencies to each donor cells were 10 approxi mately
HODES tNL AL kel iTathdpcodsby nhIBriedechidhe does not
MazF-transfected cells to about 1/5 of the
mtyensiekt edeattel | SAs [§086) TabTebde Résuihslef the MazF

quantification of HV on days 3 and 6 post-

gni ficant, variatjon in

NS NSRS { ST Gt e ANt 2

does not

nsf
corres

nf ectjon

no%gtegggganggggﬁénaqglv—

(HI V-

t Moc . i
ﬁfgrﬁﬁf‘-seg?—éﬂ: ThBRESWHES no

Bxiable cel

count be

t ween

Brastictedntopethgen the
-uni nfected groups in any donor
netd eyt ra ghaskedxppesshentii¥-indacedd and

i nduce cel |

death. As

15

garfectiamsfer 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.

[0086]

Table 4

Results of quantification of HIV on days 3 and 6 post-

infection
Sample day 3 Relative day € Relative
p24 amount to p24 amount to
(pg/mi) uninfected (pg/mL) uninfected
cells on day 3 cells on day 6
(%) (%)
TK5 Untrasfected 2700.3 11065.7
MazF-transfected 366.0 13.6 2213.0 20.0
TK14 Untrasfected 3823.0 23451.7
MazF-transfected $514.0 23.9 4881.7 20.8
TK19 Untrasfected 4365.7 338276.7
MazF-transfected 842.7 19.3 53453.0 15.8
TK23 Untrasfected 509.0 38827.3
MazF-transfected 151.3 29.7 8492 .0 21.5
TK29 Untrasfected 1089.3 28104.7
MazF-transfected 164.0 14.9 6168.7 21.9
[0087] Example 12

Experiment of HIV-infection to MazF-transfected PBMCs-




10

15

20

Sampl e day 3 Relative day 6 Relative p24 amount to
p24 anmount to (pg/nL) uninfected (pg/nL) uninfected
cells on day 3 cells on day 6 TK5 Untrasfected 2700. 3
11065.7 MazF-transfected 366.0 13.6 2213.0 20.0 TK14
Untrasfected 3823.0 23451.7 zF-transfected 914.0
23.9 4881.7 20.8 TK19 Untrasfected 4365.7 338276.7
MazF-transfected 843.7 19.3 53453.0 1 15.8 TK23
Untrasfected 509.0 38827.3 MazF-transfected 151.3

29.7 184 r . . 1047 R
T z%h%e%%%?&%.@%%%??»%ﬁ?é 2poogoiete prepared
' t.of HV-infection

ﬁ%zg-?ggﬁéﬁgégg%i%g 95 %ﬁcoﬁgiﬁgtEgngggcﬁéﬁeaﬁaocedure

t fected | s. were_prepared_fromPB of TKI19
%?i%ﬁ%gdgc&ﬁﬁ?ce $of he ggﬁegﬁ?%céﬁﬁ?éfeﬁggéﬁéFlFﬁcy of the
Ex e 10, The gene transfer efficiency of the
t‘t-’?%nh%p’%%%ft%% %%Hfg 1?%% PFepaFed Was Bi:1% T&cegeRhoPf
5 these cells, the HV IIIB and H V HE strains were

G S 4 it t Bl ot I and BIV1HRACebrding Verehadded and

sane nethod as that described in Exanple 11. As a

o tetd b hieEt? ol IvcopdEpared byeaddingi vatbpd as

the H V-free culture nedi um
that described in Example 11. 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 quantification.of p24 antigen on days 3 and
6 are shown in Table 5.

[0088] As shown in Table 5, 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.

[0089] Table 5
Sample . day 3 Relative day Relative
p24 amount to p24 amount to
(pg/mL) uninfected (pg/mL) uninfected
cells on day 3 cells on day 6
(%) (%)
TK18/ IIB Untrasfected 123.7 7846.3
infection MazF-transfected 0 0 393.7 ) 5.0
TK14/ HE Untrasfected 363.3 7495.3
infection MazF-transfected 162.0 42.3 2128.0 28.4

Industrial Applicability

[0090] The present invention provides a retroviral
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The amount of HIV present in the supernatant was
determ ned 10 by quantifying the H'V p24 antigen
present in the supernatant by ELI SA 3 and 6 days
after the infection. The results of the
quantification of p24 antigen gﬂndays 3 and 6 are
shown in Table 5. [0088] As shéwn in Table 5, while
the MazF gene transfer 15 efficiency in
MazF-transfected cells was 61.1% the H'V replication

the L1 B,an I 0 inhi bited t
%out 1 i%]g%d i? gh%%é%gg%ﬁ%é?y %g Ogoﬁﬁgvggt Wptﬁ%
r f cells 0089] Tabl e anm
?%e§@§y§ fgla?% gtif p2a - anﬁbﬂfetSeﬁgi éﬁﬁﬁﬁgﬁfﬁd with
éﬁ /Q%g uni nf ect ed é g uni nfected cells on
M\ e f ) COFREBRCF| BIFJnFP%Pé@t @é ﬁéﬁpltlng

7846 |nfectton thF transfected 0 0 393.7 5.0 TK14/
W@Unﬁta%?%c? RV 8T 729, 31t hfePBirbhcularly effective
MazF-transfected 162.0 42.3 2128.0 28.4 20 Industria
Yol FRapt T3y nbonpd e pretentipnvedt léreprevi dessad by
retroviral 52 vector useful for the treatnent and/or
PrEVentToredf feaneersphdid ¥IVusnfatétbhons. Since
cells introduced with _
Sequence Listing Free Text
[OQ91] 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:8; Primer to amplify LNGFR fragment.

SEQ ID NO:10; Primer to amplify LNGFR fragment.
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t he above nucleic acid construct are capabl e of
inhibiting replication of RNA-viruses, it is
particularly effective 5 for the treatnent and/or
prevention of di seases caused by such viruses, for
exanpl e, H V-infection. Sequence Listing Free Text
[0091] SEQ ID NO 2; Synthetic encodi ng MazF. 10
SEQID NGO 3; Priner to anplify H V-LTR-MazF cassette.:
SEQID NGO 4; Primer to anplify H V-LTR-MazF cassette.
SEQ ID NGO 5; Primer to anpldifyveA fragment. 15 SEQ ID
NG 6; Prinmer to anplify pA %?agnent. SEQ I D NOG 7;
Primer to anplify pP&K fragment. SEQ ID NGO 8; Priner
to anplify pPG&K fragment. SEQID NGO 9; Prinmer to

ampl ify LNGER fragment. EQID NO 10; Pringer to .

ol 11 NGRS 19 hgno™ 87084 APREPT2 596 181 FoorpaF iption
vector which conprises a trapscription unit

e Tty 513 dhsord BG OP ol Fof J° SefleReausngeaand 2

5 gene encodi ng a pol ypepti de havi ng singl e-stranded

RUE SR chRR T BRI Sk wERe vF I WAT SR fRAPRARNA-

so that its expression can be controlled by the

SREGU Bt O rSP VGRS L eatrerat Rt YheY unbich sipi méededoso that
that the direction of transcription of nRNA fromthe

Whfi (e Rr oPpPpiodt tean e heenorel tedt Pvntbe reandstppyi emquence,

of RNA genone of the retrovira
wherein the unit is placed so that the direction of

transcription of mRNA from the unit is opposite to the
direction of transcription of RNA genome of the retroviral

vector.

2. The retroviral vector according to claim 1, wherein
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 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

of a cancer cell or virus origin.

4. The retroviral vector according to claim 3, wherein
the transcription regulatory sequence is such a sequence

that the'transcription is induced by a trans-acting factor
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vector. 2. The retroviral vector according to claim
1,. wherein the transcription regulatory sequence is
a sequence for 15 controlling the transcription of a
gene expressed specifically in cancer cells or
virus-infected cells. 3. The rgtroviral vector
according to claiml, wherein 'the transcription
regul atory sequence is such a sequence 20 that the
transcription is induced by a trans-acting factor of a
SANGET i GRlAcE £ VE{USPTHOiRs . 4. The retroviral vector
according to claim3,” wherein the transcription
regul atory sequence is such a sequence 25 that the
transcription is induced by a trans-acting factor 54
f [ nodeficiency virus, 5. The retrovira ect or
S T e & e S5 S0 sdimd | CostLieh & whech
transcription reqgul atory, seguence trat the 5
PRSI DT 1S T TRREH By  Tat pPb oF AT ¥naPGreREs that the
_ggotein, 6. The retroviral vector accordin% to claim _
AN R I e SHcodi By e hoPypkptRdenfiagrngev protein.
si ngl e-stranded RNA- specific endori bonucl ease
activity is placed downstream of 10 the LTR of an
I mmunodeficiency virus. 7. The retroviral vector
accoreli FREEQVEral ivactaherefprding tepamdeiinpéi onherein a
regul atory sequence is such a sequence that the
gensTréplinm & spohylrrdidy haviagssacygiagsfashded1BNA-
artificially supplied into cells. 8 The retrovira
et of 1 @ ool Ngotwe bayysonecofvet i 8 placed downstream of

the LTR of an immunodeficiency virus.

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.

=

8. The retroviral vector according to any one of claims
to 7, 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 claims 1 to 8 into cells.

10. The method according to claim 9, wherein the disease



10

15

to 7, wherein the pol ypeptide having singl e-stranded
RNA- specific endori bonucl ease activity is MazF
protein. 20 9. A nethod for treating or preventing a
di sease, which conprises introducing the retrovira
vector according to any one @f claims 1 to 8 into
cells. 25 10. The net hod accor& ng to claim9, wherein
the disease 55 is a cancer or a virus infection. 11.
The nmet hod according to claim9, wherein the disease
18 ancimuunodeflclengy Yhrdscipfection. 5 12.-A
therapeutic or preventive agent of a disease, which
conprises the retroviral vector according to any one
clains 1 to 8 as an effective conponent. 10 13.

of

The therapeuti ¢ or preventjve ent _according to claim
ﬁg'fdfh?re%u?% %?cgfg§%ﬁt#ﬂgqggh@e?'oWg9FF&g the disease
i nfectjon. &4 . The therapeutic_or preventive agent

B cOF t AR Rt BF he 9B YHF U8 r 2R PRELBE - preventing an

i mmunodefi ciency virus 15 infection.

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

claims 1 to 8 as an effective component.

13. The therapeutic or preventive agent according to claim

12 for treating or preventing cancer or virus infection.

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

infection.



