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1 DESCRIPTION NUCLEIC ACID FOR TREATMENT OR PREVENTION
OF IMMUNODEFICIENCY VIRUS INFECTION 5 Technical Field [0001]
The present invention relates to a nucleic acid construct that is useful for
treatment or prevention of a 10 disease caused by immunodeficiency
virus infection. Background Art [0002] Human immunodeficiency virus
(HIV) infects a cell 15 expressing a CD4 molecule (e.g., a T cell) to
destroy the cell. Therefore, the number of CD4-positive T cells (helper T
cells) is decreased and the ceIIuI %Hﬂ é%gNlowered in a human body
infected with HIV. The infection fina to severe immunodeficiency
conditions, 20 resulting in onset of an opportunistic infection such as
carinii pneumonia. The conditions are called acquired immunodeficiency

syndrome (AtRRSk (6003]1 Astomnethedsigntrealingpd v festian, 026

antiviral agents that block the life cycle of the HIV 2 (reverse transcriptase
inhibitors, proteaseIiMMIIMOTEFICIENCY VIRUS INFECTION

Technical Field

[0001]

The present invention relates to a nucleic acid
construct that is useful for treatment or prevention of a

disease caused by immunodeficiency virus infection.

Background Art

[0002]

Human immunodeficiency virus (HIV) infects a cell
expressing a CD4 molecule (e.g., a T cell) to destroy the
cell. Therefore, the number of CD4-positive T cells
(helper T cells) is decreased and the cellular immunity is
lowered in a human body infected with HIV. The infection
finally 1leads to severe immunodeficiency conditions,
resulting in onset of an opportunistic infection such as
carinii pneumonia. The conditions are called acquired
immunodeficiency syndrome (AIDS).

[0003]

As to methods for treating HIV infection,

antiviral agents that block the 1life cycle of the HIV
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etc.) and vaccines have been developed, and several antiviral agents
have been put to practical use. However, since the mutation frequency in
the HIV is high, a mutant 5 against which the above-mentioned agents are
not effective may emerge in an infected individual. Thus, it cannot be
necessarily said that a specific remedy Ras been completed. In another
approach, attempts to develop gene therapy drugs using nucleic acids
(an RNA decoy, a ribozyme, etc.) or 10 proteins (transdominant mutant

roteins, intracellular _antipbodies, etc.).as effective ingredients to inhihit .
t %‘rﬁﬁﬁﬁicaﬁgﬁ%ﬁ?—ﬁ\%%%a\t/seenotlé’tl a}%el(ﬁ t%ress’tagg% tc%?nsﬁeti&rﬁl%l]toltors’

0004) 154 method in which gelldeath k5 causgd., spegifically ingLells oo q1

infected with HIV has been devised (e.g., Patent Document 1, Non-patent

@ﬁ@ﬁ!mﬂﬁ&a1a%éﬁ€§)-hé\§éomtop%@tcht%n§ym fgane;gacodinghgever,
product that exhibits cytotoxicity is connected downstream of an LTR 20
prometer riemntda Ticdate ribere has bean sa&knawn case nkere the mutant
method is clinically applied. Use of a ribonuclease as the product that

edibits cyteloxititytis edeseribed e Patens=Doagrents? firitegdcStatefect ive
Patent No. 5837510), although death of HIV-infected cells caused by 25
PRYTisSMRERSséThad hot Béer eoffiriiell idkadwn tH&18s huffancannot be

pancreatic riponuclease (RNase 1), which is a
necessarily said that a specific remedy has been completed.

In another approach, attempts to develop gene therapy drugs
using nucleic acids (an RNA decoy, a ribozyme, etc.) or
proteins (transdominant mutant proteins, intracellular
antibodies, etc.) as effective ingredients to inhibit the
multiplication of HIV have not attained the stage of
completion.

[0004]

A method in which «cell death 1is caused
specifically in a cell infected with HIV has been devised
(e.g., Patent Document 1, Non-patent Documents 1, 2 and 3).
According to such a method, a gene encoding a product that
exhibits cytotoxicity is connected downstream of an LTR
promoter from HIV. To date, there has been no known case
where the method is c¢linically applied. Use of a
ribonuclease as the product that exhibits cytotoxicity is
described in Patent Document 2 (United States Patent No.
5837510), although death of HIV-infected cells caused by

the ribonuclease has not been confirmed. It is known that
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representative ribonuclease, is inhibited by a ribonuclease inhibitor in
cytoplasm (Non-patent Document 4). Thus, it cannot be said that it is
suitable for the above-mentioned 5 purpose. [0005] It has been reported
that several prokaryotic plasmids have a post-segregation killing (PSK)
function to kill hosts from which the plasinids have been dropped out in
10 order to maintain the plasmids in the hosts. Such plasmids have
toxin-antitoxin genes. An antitoxin binds to a toxin in a cell to inactivate

tHe t%>gn. Tg% gnti%cl)giin is Iakgi{)e to dfgradatio by proteases. Degradation
of the antitBXin- by proteases Tosllts inHetivation of the toxin whibH /&5 28 @

stable. Sugh texin-antitexin genes also %ésti%%i@é%fgssgg"n%iiolil B clease

prokaryotes. They respond to various stresses and have ons’in

pragrasmmed cell death ,Allhquahthe functions of the taxins have noby .o 5¢

been fully proven, it is known that both MazF, which is a toxin of the 20

rmazhdtazdesysied (Non-patentBogimentd)e apdPamk, WhisheiSint i oned
toxin of the peml-pemK system (Non-patent Document 6), have
ssgrense-specific ribonuclease activities. Furthermore, a method for

obtaining a highly pure protein of interest has been proposed (Patent
Document 3). I 81§ 5 method, mRNA is degraded utilizing such a toxin,

and only 4 an mRNA encoding the protein of interest from which the
It has been reported that several prokaryotic

plasmids have a post-segregation killing (PSK) function to
kill hosts from which the plasmids have been dropped out in
order to maintain the plasmids in the hosts. Such plasmids
have toxin-antitoxin genes. An antitoxin binds to a toxin
in a cell to inactivate the toxin. The antitoxin is labile
to degradation by proteases. Degradation of the antitoxin
by proteases results in activation of the toxin which is
stable. Such toxin-antitoxin genes also exist on
chromosomes of most prokaryotes. They respond to various
stresses and have functions in programmed cell death.
Although the functions of the toxins have not been fully
proven, it is known that both MazF, which is a toxin of the
mazE-mazF system (Non-patent Document 5), and PemK, which
is a toxin of the pemI-pemK system (Non-patent Document 6),
have sequence-specific ribonuclease activities.
Furthermore, a method for obtaining a highly pure protein
of interest has been proposed (Patent Document 3). In this

method, mRNA is degraded utilizing such a toxin, and only
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sequences cleaved by the toxin have been eliminated beforehand is
translated. [0006] 5 Patent Document 1: United States Patent No.
5554528 Patent Document 2: United States Patent No. 5837510 Patent
Document 3: WO 2004/113498 10 Non-patent Document 1: Hum. Gene
Therapy, 2: 53- 61 (1991) Non-patent Dacument 2: Proc. Natl. Acad. Sci.
USA, 91:365-369 (1994) Non-patent Document 3: Hum. Gene Therapy,
10:103- 15 112 (1999) Non-patent Document 4: Proc. Natl. Acad. Sci.

USA, 95:10407-10412 (1t9§8) Non-patent Dgcument 5: Molecular Ce}lll,
915" TENOn patEAtDSCUment 67 BioF Eheto™ which the

9
279:20678- 20684 (2004) Disglosyre of Invention Problems to be Solved,
by the Invention 25 10007] 3 %’hegp%}gserﬁ?ﬁ{\}&tioﬁ%\ées b:’é%?%ad%!ﬁﬁmlnated
view of the, above-mentioned uipr art. The main object of the
[0006]

Patent Document 1: United Stateg Patent No.

5554528

Patent Document 2: United States Patent No.
5837510

Patent Document 3: WO 2004/113498

Non-patent Document 1: Hum. Gene Therapy, 2: 53-
61 (1991)

Non-patent Document 2: Proc. Natl. Acad. Sci. USA,
91:365-369 (1994)

Non-patent Document 3: Hum. Gene Therapy, 10:103-
112 (1999)

Non-patent Document 4: Proc. Natl. Acad. Sci. USA,
95:10407-10412 (1998)

Non-patent Document 5: Molecular Cell, 12:913-920
(2003)

Non-patent Document 6: J. Biol. Chem., 279:20678-

20684 (2004)

Disclosure of Invention
Problems to be Solved by the Invention

[0007]
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present invention is to provide a more highly effective method for treating
an HIV infection. 5 Means to Solve the Problems [0008] The present
inventors have found that expression of a polypeptide having a
single-stranded RNA-specific 10 endoribonuclease activity is induced to
degrade mRNA in a cell upon infection with HIV in the cell which has a
transferred nucleic acid construct in which a gene encoding the
polypeptide having a single-stranded RNA-specific endoribonuclease
activity is connected downstream of a 15 transcription regulation

sequence with Whick haRESptioRVEHdted bya 5 adibdor dp view of

human immunodeficiency ,virus and, as a result, replication of the H|V in N
the cell andeln?g%ﬁgr% %3 o%eP cellscan Jﬁ%e'prevtgrgtg%l.%h%, tﬁé jﬁr%téen?f the

inventionhas been.completed. 20 [00Q9] The pgesmﬁigvemiggfsla% fQctive

[1] a nucleic acid comprising: a transcription regulation sequence’wit
whieh dmrscription i indyced hyr& trans agtivaggr of human 25

immunodeficiency virus; and 6 a gene encoding a polypeptide having a
single stranded RNA-specific endoribonuclease activity,
Means to Solve the Problems

[oo08]

The present inventors have found that expression
of a polypeptide having a single-stranded RNA-specific
endoribonuclease activity is induced to degrade mRNA in a
cell wupon infection with HIV in the cell which has a
transferred nucleic acid construct in which a gene encoding
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity is connected downstream of a
transcription regulation sequence with which transcription
is induced by a trans activator of human immunodeficiency
virus and, as a result, replication of the HIV in the cell
and infection to other cells can be prevented. Thus, the
present invention has been completed.

[0009]

The present invention relates to:

[1] a nucleic acid comprising:

a transcription regulation sequence with which
transcription is induced by a trans activator of human

immunodeficiency virus; and
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wherein the gene is placed so that its expression can be controlled by

said sequence; 5 [2] the nucleic acid according to [1], which comprises a
transcription regulation sequence with which transcription is induced by

Tat protein and/or Rev protein; [3] the nucleic acid according to [1],

wherein the gene encoding a polypeptide having a single-stranded 10
RNA-specific endoribonuclease activity is placed downstream of LTR of

human immunodeficiency virus; [4] the nucleic acid according to [1],

wherein the polypeptide having a single-stranded RNA-specific '
endoribonucle3sE&avitTRES dhT 4ttty BP ti8asintidds 15RNAIn & single-
nucleotide ence-specific manner; [5] the nucleic acid according to [1]
TR RTag Wi om ST AR PR e
endoribonucle‘gﬁgﬁg[@ itytEeM é'igroltgin' {6 tQ? nggleé%ggid.%csco{gding tgsion
any one of [1] 20 to 4%1 whichs incorporated into a vector; [ﬁ a metho
ferprashicingna £sll inwhich sepligation.of human immunodeficiency virus

is suppressed, the method comprising transferring the nucleic acid

defined by anyzone ef{d] ta{f]intoa celi 35 [8lthemethed ascording toym 1 on
[7], wherein the 7 cell is a cell population containinga T cell or a T cell
pgreoprsbses a transcription regulation sequence with which

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

[3] the nucleic acid according to [1], wherein
the gene encoding a polypeptide having a single-stranded
RNA-specific endoribonuclease activity is placed downstream
of LTR of human immunodeficiency virus;

[4] the nucleic acid according to [1], wherein
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity has an activity of cleaving an
RNA in a nucleotide sequence-specific manner;

[5] the nucleic acid according to [1], wherein
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity is MazF protein;

[6] the nucleic acid according to any one of [1]
to [4], which is incorporated into a vector;

[7] a method for producing a cell in which
replication of human immunodeficiency virus is suppressed,
the method comprising transferring the nucleic acid defined
by any one of [1] to [6] into a cell;

[8] the method according to [7], wherein the
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[9] the method according to [7], wherein the nucleic acid is transferred
into the cell using a virus 5 vector; [10] the method according to [9],
wherein the nucleic acid is transferred into the cell using a retrovirus
vector or an adenovirus vector; [11] a method for treating or preventing

. human 10 immunodeficiency virus infection, the method comprising

transferring the nucleic acid defined by any one of [1] to [6] into a cell.
Effects of the Invention 15 [0010] The present invention provides a

nucleic acid_construct that enables suppression of replication of human
ir%%ﬁlnoldsefiaeﬁg?/{\#r&gﬁll’l%glOn gﬁ%‘ AlieRRE dtid cofdtudtis & T cell

inacel.
Lgﬁgggl[%ggatment of HIV infection. 20 Brief Description of Drawings
[0011] Figure 1 illustrates amounts of HIV-derived proteins in culture

supernatants qbqa'%ﬂ"@“%%@d"'%-c@éfci%&r? 2dllustrates amouUnISof ¢ ye

HIV-derived 8 proteins in culture supernatants of cells infected with HIV.

Figare=3 dlusttates time eoursereinviable eelt mumbersda culturas afcells i rus
infected with HIV.
vector;

[10] the method according to [9], wherein the
nucleic acid is transferred into the «cell wusing a
retrovirus vector or an adenovirus vector;

[11] a method for treating or preventing human
immunodeficiency wvirus infection, the method comprising
transferring the nucleic acid defined by any one of [1] to

[6] into a cell.

Effects of the Invention

[0010]

The present invention provides a nucleic acid
construct that enables suppression of replication of human
immunodeficiency virus (HIV) in a cell. The nucleic acid

construct ig useful for treatment of HIV infection.

Brief Description of Drawings

[0011]

Figure 1 illustrates amounts of HIV-derived
proteins in culture supernatants of cells infected with HIV.

Figure 2 illustrates amounts of HIV-derived
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S Best Mode for Carrying Out the Invention [0012] The nucleic acid
construct of the present invention is composed of a transcription
regulation sequence with which transcription is induced by a trans 10
activator of human immunodeficiency virus; and a gene encoding a
polypeptide having a single-stranded RNA- specific endoribonuclease
activity, wherein the gene is placed so that its expression can be
controlled by said sequence. 15 [00131 There is no specific limitation
conc rning%th.e tra cri¥tion regulation s?%l:]ence with whijch transcription
[

i§ induced ST rRF hifaR M Ghof&tctehcy oiras Sebrvi th HIV.

1n, cil 11
yatrans ac
example, a transcription.yegylation sequence.20 with which transcriptian is
induced by Tat%l g%%ﬁ 0 H%\L;%r%gyt/%%%uessedg‘mg_Tgf) blrlf)?g’ln %ﬁdgjtg ‘R cell
(ansradlivation tesponsive, elemanf), sequenae.in ap RNA;Qfwhich the

transcription is initiated by the action of LTR promoter of the HiV to
activate transcription of a region 25 downstream of the sequence. Thus, a
transcription 9 regulation sequence that has a nucleotide sequence of the
TR regiodcofwnstieant pl the arsctipiionnridatasite can be used
according to the present invention. In particular, LTR of HIV or a
transcription refldatidn

The nucleic acid construct of the present
invention is composed of a transcription regulation
sequence with which transcription is induced by a trans
activator of human immunodeficiency wvirus; and a gene
encoding a polypeptide having a single-stranded RNA-
specific endoribonuclease activity, wherein the gene is
placed so that its expression can be controlled by said
sequence.

[0013]

There 1is no specific limitation concerning the
transcription regulation sequence with which transcription
is induced by a trans activator of human immunodeficiency
virus. For example, a transcription regulation sequence
with which transcription is induced by Tat protein of HIV
may be used. The Tat protein binds to TAR (trans-
activation responsive element) sequence in an RNA of which
the transcription is initiated by the action of LTR
promoter of the HIV to activate transcription of a region

downstream of the gequence. Thus, a transcription
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5 sequence obtained by subjecting LTR to an appropriate modification
can be preferably used. Examples of the modifications include deletion of
a binding site for a host cell-derived transcription factor in a promoter, and
deletion of a region that is unnecessary for Tat-specific 10 transcription.
Using the former modification, it is possible to reduce the level of
transcription by the host cell-derived transcription factor which is
irrelevant to the HIV infection. For example, such a modification of a
transc igtion regulation sequence isllﬂdescribed in_.Non 15 patent Document

F S RkePHhodifidatBN fs Stthplifed By deistiorPsras rétfighopgas of the

egion.doynsiream oL TAR, seqyencen LIR @ part of Rregionand the, .
US region). The nucleic acid of the presentlnventlo% that has Suc

deletedd TR is advantagepys.to preduction.of g hightiter é%%&?e/&faﬁ. In

vector having the nucleic acid. [0014) It is known that RR

(Revcrespoasible efementyin kY gepemesinteragisvth g HIM-derivegh 2+ i on
trans activator, Rev protein, to promote protein expression (Non-patent

2=Boenment Stlh ismkabwb thatsategien called ING in gag thh angbpelopriate
genes suppresses transcription of HIV mRNA in the absence of the Rev
proteid Lsattthesuppressive agtivafis wantglediby the inteFactionllsetweeh the
the RRE and the Rev protein (J. Virol., 66:7176-7182 (1992)). Thus, if
dqfifications include deletion of a binding site for a host
cell-derived transcription factor in a promoter, and
deletion of a region that is unnecessary for Tat-specific
transcription. Using the former modification, it 1is
possible to reduce the level of transcription by the host
cell-derived transcription factor which ig irrelevant to
the HIV infection. For example, such a modification of a
transcription regulation sequence is described in Non-
patent Document 2. The latter modification is exemplified
by deletion of U5 region or a region downstream of TAR
sequence in LTR (a part of R region and the U5 region).
The nucleic acid of the present invention that has such
deleted LTR is advantageous to production of a high-titer
retrovirus vector having the nucleic acid.

[0014]

It is known that RRE (Rev-responsible element) in
HIV genome interacts with an HIV-derived trans activator,

Rev protein, to promote protein expression (Non-patent

Document 3). It is known that a region called INS in gag
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5 transcription regulation sequence is incorporated at a position 3'to a

foreign polypeptide-encoding gene in the nucleic acid of the present

invention, it is possible to express the polypeptide encoded by the nucleic

acid in a manner dependent on the Rev protein, i.e., on HIV infection.. 10
[0015] The sequence that interact with ah®IV-derived trans activator may

be used in combination with a functional sequence with which the

sequence is inherently incorporated (e.g., a promoter) or in combination

with,a 15.heterologous functional sequence. For example, the ,
''f‘r%(r%sé)r?p]tio(rjferrelﬁuIat?cl)lrrlD gg&ﬁesr?cses%qﬁggg %é&af‘n%nto? e HpIrgsérF%NA in the
ayeipnngpde ASCAUSN S EANSHICISLEY CRTDINIBINESAUENCE 1 on 1
and a promoter that is not derived from HIV and that i1S'capable of _
ipiiatiag SoRN 2Q fransgriptien dn agell frsyhich, trangferigfghe pucleis . ey

acid of the present invention is desired. [0016] The nucleic acid of the
pesertiinventionis reansirusted7by eonnectingiemgene encadigg 8 if such a

polypeptide 25 having a single-stranded RNA-specific endoribonuclease
Tractivity to thenabaovgynientidboed trengceptien régulationcsequenceso at  a
that the expression of the gene can be controlled by the transcription
regaltibpseqlerice. fpofPreign polypeptide-encoding gene in the
nucleic acid of the present invention, it is possible to
express the polypeptide encoded by the nucleic acid in a
manner dependent on the Rev protein, i.e., on HIV infection.

[0015]

The sequence that interact with an HIV-derived
trans activator may be used in combination with a
functional sequence with which the sequence is inherently
incorporated (e.g., a promoter) or in combination with a
heterologous functional seguence. For example, the
"transcription regulation sequences" used according to the
present invention include a sequence constructed by
combining the sequence and a promoter that is not derived
from HIV and that is capable of initiating mRNA
transcription in a cell for which transfer of the nucleic
acid of the present invention is desired.

[0016]

The nucleic acid of the present invention is

constructed by connecting a gene encoding a polypeptide

having a single—stranded RNA-specific endoribonuclease
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5 As used herein, a single-stranded RNA-specific endoribonuclease

activity means an activity of hydrolyzing a phosphodiester bond 3' to a
ribonucleotide in a single- stranded nucleic acid containing at least one
ribonucleotide molecule as a constituting nucleotide. A 10 nucleic acid
hydrolyzed with the above-mentioned activity generates the following: a 3'

end having a hydroxyl group and a 5' end having a phosphate group; a 3'

end having a phosphate group and a 5' end having a hydroxyl group; or a

5' end having 2',3'-cyclic phosphate and a hydroxyl group. 15 Although it |

i§ %g% ?ﬁaé:ﬁ/dga %o Iﬁ%?thglﬁ?é’see'nrﬁﬁlvteln?i%ﬁg a B&Vﬁ%ﬁﬁd@ & takrsialation

dleaye.doublezstrandgdinuclsic acids such.as g doble-siranded RNAor -
an RNA-DNA hybrid may be used according to the presen?inv%nﬁon.

%uﬁttlsgpwateo%peg{g:itmﬁg@qialsé%ﬁbexg%a%te@gﬁn%amgl.eW

of efficient degradation of an HIV genome which is single-stranded RNA.

In particular, opechaving an activity of cleaving RNA in a nucleotide
sequence-specific manner or capable of degrading mRNA in a
ribosome-independest tnahrere iswpreferablyndsed-accosdingdo hRA - specific
present invention. 25 Examples of such polypeptides include enzymes

G rhRNAIL2 it feradas/diich ashaz Fon Pentik as descbdd/deloly z ing

(Patent Document 2). [0018] Although it is not intended to limit the
@eggﬂsphodiester bond 3' to a ribonucleotide in a single-

stranded nucleic acid containing at least one
ribonucleotide molecule as a constituting nucleotide. A
nucleic acid hydrolyzed with the above-mentioned activity
generates the following: a 3' end having a hydroxyl group
and a 5' end having a phosphate group; a 3' end having a
phosphate group and a 5' end having a hydroxyl group; or a
5' end having 2',3'-cyclic phosphate and a hydroxyl group.
Although it is not intended to limit the present invention,
a polypeptide that cannot c¢leave double-stranded nucleic
acids such as a double-stranded RNA or an RNA-DNA hybrid
may be used according to the present invention. Such
substrate specificity is suitable for the present invention
in view of efficient degradation of an HIV genome which is
single-stranded RNA. In particular, one having an activity
of cleaving RNA in a nucleotide sequence-specific manner or
capable of degrading mRNA in a ribosome-independent manner
is preferably used according to the present invention.

Examples of such polypeptides include enzymes called mRNA
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5 invention, for example, the polypeptide having an activity of degrading a
single-stranded RNA in a sequence-specific and ribosome-independent
manner used according to the present invention may be derived from a
microorganism. In this case, a gene encoding the polypeptide can be
isolated 10 from a microbial genome or & plasmid. For example, a gene
encoding MazF or PemK, which is an endoribonuclease that constitutes a
toxin of a toxin-antitoxin system as described in Non-patent Document 4
aor5 cap be used accqéding to the present invention. MazF is an enzyme

thAF TS ERaVes 2 sEiihcs'8-AIEA S i sifgftraRed BNATARES  Pelow

_F@Qgeiggn])%rglyn%&ha%mainly cleaves_a sequence 5-U/A(C, A or_U)-3'
ina smgle-strand‘é RNA. It is also possible to select a gene encoding an
amino acid seqygngg highly homologous to the amino acid sequence of

MazF or PemK from 20 a known database and to isolate it for use

according to thg fresgnt invention, Belypaptideshaving suals actvitiesy resent
have been found in many microorganisms including blue-green algae and

dnchiaelscieria fBacikussyiidis 1684NPA8E34dt iald)/ACALNS ) an activity
Neisseria meningitidis ATCC13090 (NP 275029; 25 5'-/ACU-3"),

Péindeacud radiodurahs RE (¥R 204888, FINA 31 WUALCEEYW=8Ye-specific
Micobacterium bovis BCG (NP 855664, 5'- U/CCUU-3'), Nostoc sp.

PEE 7190 IREOAETISOPLYACA-3) NERESTEcotiRFaceaitOVIsBeNPLtO  the

816859; 5'-U/ACAU-3"), Nitrosomonas eurgpaea ATCC19718 (NP
@fﬁﬁ%ﬁ%uéﬁvﬁﬂﬁéon may be derived from a microorganism. In

this case, a gene encoding the polypeptide can be isolated
from a microbial genome or a plasmid. For example, a gene
encoding MazF or PemK, which is an endoribonuclease that
constitutes a toxin of a toxin-antitoxin system as
described in Non-patent Document 4 or 5, can Dbe used
according to the present invention. MazF is an enzyme that
cleaves a sequence 5'-A/CA-3' in a single-stranded RNA, and
PemK is an enzyme that mainly cleaves a sequence 5'-U/A(C,
A or U)-3' in a single-stranded RNA. It is also possible
to select a gene encoding an amino acid sequence highly
homologous to the amino acid sequence of MazF or PemK from
a known database and to isolate it for use according to the
present invention. Polypeptides having such activities
have been found in many microorganisms including blue-green
algae and archaebacteria [Bacillus subtilis 168 (NP_388347;
5'-U/ACAU-3'), Neisseria meningitidis ATCC13090 (NP_275029;

5'-/ACU-3'), Deinococcus radiodurans R1 (NP 294385; 5'-
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5 5'-G/AAU-3', 51-AA/AU-3' or 5'-A/AAU-3'), Pyrococcus horikoshii
ATCC700860 (NP143082; 5'-U/GG-31, 5-U/UG-31, 51 -U/GA-31,
5'-A/GG-3' or 5'-A/AG-3"): accession nos. of polypeptides having the
activities in NCBI Protein Database, and the nucleotide sequences
recognized and cleaved by the 10 polypéptides are indicated in
parentheses]. Preferably, a gene encoding MazF is used according to the
present invention. The amino acid sequence of MazF and a nucleotide

f ding MazF are shown in SEQ ID NOS. 1 and 2,
f@ggg@@i %‘5%?8(()91 n%?%i@%gcfﬁee léﬁaglriboeﬂéfésase%ﬁgt condiufies a4 5'-

Spasiale SN SO SIS s s )

ribonuclease inhibitor such as human p ease in

(PatentLacument 3) jLissujtable2049r uspaccordingdo thespregentar_ 51y

invention. If the endoribonuclease is persistently expressed, de novo

protetd syndiesis deesdint dake plreerin-the ceflveessdtingsia, inkjbitign of ;-5
cell growth and induction of cell death. However, since the enzyme does

ot degrade BRINA 25 censtititing ribosome os tRNAARTMNG) g highefrococcus
order 14 structure, the ability of the cell to grow can be restored once the

FHRE RKASE Idie g A&7 4 e imindixd] 4Rd &XpreSsiot/ 6Bthe' , 5'-U/UG-3 1,
endonuclease is terminated in the cell into which the nucleic acid of the

presBnGivéntionis ndfSfrfed. ©r 5'-A/AG-3'): accession nos. of

polypeptides having the activities in NCBI Protein Database,
and the nucleotide sequences recognized and cleaved by the
polypeptides are indicated in parentheses]. Preferably, a
gene encoding MazF 1is used according to the present
invention. The amino acid sequence of MazF and a
nucleotide sequence of a gene encoding MazF are shown in
SEQ ID NOS. 1 and 2, respectively.

[0019]

Since the endoribonuclease that constitutes a
toxin of a toxin-antitoxin system is not inhibited by a
cytoplasmic ribonuclease inhibitor such as human placental
ribonuclease inhibitor (Patent Document 3), it is suitable
for use according to the present invention. If the
endoribonuclease is persistently expressed, de novo protein
synthesis does not take place in the cell, resulting in
inhibition of c¢ell growth and induction of cell death.
However, since the enzyme does not degrade rRNA

constituting ribosome or tRNA forming a higher order
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5 Thus, even if HIV is integrated as a provirus into a chromosome in a
cell, the cell in which the replication of the virus is prevented retains its
ability to grow. The use of the above-mentioned endoribonuclease is
advantageous in that replication of an HIV and onset of AIDS can be 10
prevented without greatly reducing the naigber of T cells in a living body.
[0020] An endoribonuclease that constitutes a toxin of a toxin-antitoxin
system recognizes a short nucleotide 15 sequence (about 3 to 7
nucleotldeszeto cleave Therefore, if the

tranded RN
ehdoribohtcleass g %&%d%ﬁ a q%ﬁ ﬁ%@tioft[ﬁe FHRMAS IR thhecdipstored
agﬁcge rggle ﬁde%rgtem sgnthes |g th g rowth of th ceII SL% csion

inhibited. Furthermore, Sincé the RNA as th genonﬁe 76516

%@vggere@ﬂ%mfégséﬂ\{@n@erﬁlﬁé}?gt@ad%g)&{éh E'!L\iO%OJéhewmch

cell are also prevented. In addition, since expression of polypeptl es

efgoded i1 the-HBcgenoste isralsqinbinited, fonexample, inductionfferred.
apoptosis in a cell not infected with the HIV 25 due to an extracellularly

released Eatprotein isHIS, suppressedtgsavadld [0021] fordieatingu® into a
preventing HIV infection, it is desirable to transfer the nucleic acid
constoeeofhein a cell, the cell in which the replication of
the virus is prevented retains its ability to grow. The
use of the above-mentioned endoribonuclease is advantageous
in that replication of an HIV and onset of AIDS can be
prevented without greatly reducing the number of T cells in
a living body.

[0020]

An endoribonuclease that constitutes a toxin of a
toxin-antitoxin .system recognizes a short nucleotide
sequence (about 3 to 7 nucleotides) to cleave a single-
stranded RNA. Therefore, if the endoribonuclease 1is
expressed in a cell, most of the mRNAs in the cell are
degraded and protein synthesis in the cell and growth of
the cell are inhibited. Furthermore, since the RNA as the
HIV genome 1s also cleaved, replication of the HIV and
release (budding) of the HIV out of the cell are also
prevented. In addition, since expression of polypeptides
encoded in the HIV genome is also inhibited, for example,

induction of apoptosis in a cell not infected with the HIV

due to an extracellularly released Tat protein is
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5 present invention into cells (or a cell population) containing a cell that
can be infected with HIV, that is, a CD4-positive cell. Thus, gene transfer
is carried out according to the present invention targeting a CD4-positive
cell (e.g., a T cell), a precursor cell that is capable of 10 differentiating into
a CD4-positive cell (e.g., a hematopoiefi®stem cell), or a cell population
containing such a cell. It is preferable to target a hematopoietic stem cell
or a cell population containing said cell according to the present invention
ig viewggggg}péghe%%;\ie 15 transfer of the nucleic acid construct into
celBRhat’an beinfected with an HIV. There is no specific limitation
concerning thet £6Hs as long as they contain a CD4-positve cell or a
precursor cell thereof. Examples of cells include blood cells (peripheral

blood cells, urabilical soxd 20blond gells).anbang;mamow GeHls collected ; ¢+ ;¢
from an individual, as well as CD4-positive cells, precursor cells of

@Pb4ipesitive ceds anchhematopeietic stesl eells fractipnateddramisaidor the
cells according to a known method. [0022] 25 There is no specific
[pmicetéortconceveing tbha 16 imethod-fol Irmnsfeming the nueldic apidpulation)
construct of the present invention into a cell. For example, the nucleic

58 'of #ie peesent fventiba thayr bescorpbetdct ihto At bIdShYid vebedy ofs, a

a virus vector and transferred into a
CDh4-positive cell. Thus, gene transfer i1is carried out

according to the present invention targeting a CD4-positive
cell (e.g., a T cell), a precursor cell that is capable of
differentiating into a CD4-positive cell (e.g., a
hematopoietic stem cell), or a cell population containing
such a cell. It is preferable to target a hematopoietic
stem cell or a cell population containing said cell
according to the present invention in view of comprehensive
transfer of the nucleic acid construct into cells that can
be infected with an HIV. There is no specific limitation
concerning the cells as long as they contain a CD4-positve
cell or a precursor cell thereof. Examples of cells
include blood cells (peripheral blood cells, umbilical cord
blood cells) or bone marrow cells collected from an
individual, as well as CD4-positive cells, precursor cells
of C(CD4-positive cells and hematopoietic stem cells
fractionated from said cells according to a known method.
[0022]

There is no specific limitation concerning the
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5 cell using an appropriate method. If a plasmid vector is to be used, a
gene transfer method such as a phosphate calcium method, a cationic
lipid method, a liposome method or an electroporation method may be
used. If the nucleic acid is to be incorporated into a virus vector (e.g., a
10 retrovirus vector, an adenovirus vectdrs an adeno- associated virus
vector or a herpes virus vector), the cell of interest may be infected under
conditions suitable for the virus to transfer the nucleic acid of the present
invention. A retrovirus vector which_is capahle of 15 integrating the nucleic

RS& 3P the TRsdmIivattion it ShrdMHEsshE idFreferabiecdardingt the

Ith Dresent invention. [0023] In an embodiment in which a retrovirus is_ .
?seef 20 there %n%c'} <§I|c}ecL| ic imiatich %@hcerr%]ﬁé theexraerf‘r%t\ilﬁus %ecetor geteic

ta%yae%@cef@n%@e@meawé@l%@nm§§°%gingﬁ%5'}%|8£%sce£a into a

invention, a replication-defective retrovirus vector is preferable for

Reventing unlipited ipfection.argenedansisr. Sueh aveglarisipade 25+, -
replication-defective so that it cannot autonomously 17 replicate in an
inéecied:ealhgndhiherefprepvitulest. nBichod vectorcan ipvadamadosteelbr is

such as a vertebrate cell (in particular, a mammalian cell) to stably

integkate asforbigregepenwhichrisimSertecviatutivk vectds, irte the phosphate
calcium method, a cationic lipid method, a liposome method
or an electroporation method may be used. If the nucleic
acid is to be incorporated into a virus vector (e.g., a
retrovirus vector, an adenovirus vector, an adeno-
associated virus vector or a herpes virus vector), the cell
of interest may be infected under conditions suitable for
the wvirus to transfer the nucleic acid of the present
invention. A  retrovirus vector which is capable of
integrating the nucleic acid of the present invention into
a chromosome is preferable according to the present
invention.

[0023]

In an embodiment in which a retrovirus is used,
there is no specific limitation concerning the retrovirus
vector to Dbe used according to the present invention.
According to the present invention, a replication-defective
retrovirus vector is preferable for preventing unlimited
infection or gene transfer. Such a vector i1s made

replication-defective so that it cannot autonomously
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5 chromosomal DNA. Examples of known replication-defective retrovirus
vectors include retrovirus vectors (e.g., MFG vector, a-SGC vector (WO

+ 92/07943), pBabe (Nucleic Acids Research, 18:3587-3596 (1990)),

pLXIN (Clontech) or pDON-AI (Takara Bio)), lentivirus vectors and
modifications thereof. 10 Examples of th&7entivirus vectors include, but
are not limited to, human immunodeficiency virus (HIV)-derived vectors
(an HIV vector having a wild-type LTR (e.g., United States Patent No.

5,665,577) or an HIV vector_.having a madified L Ré .g., pLenti6/V5,.
|ﬁ$ﬁr§o“g‘é%) “and Simian 1%%%%&&%1&%%21@ \?irrlua; ( ?{g}ﬁa%%r_ﬁfé% VEC (:)ersulent ’

(@tﬂ:hHQm@chgPeég}?r%%ag&él%sﬁgé (ggg ))'5[199§4]a h vertebrate

retrovirus vector may be prepared according to a known method an

userhaccordipg te the,prasent 2Q dnventionnTherels ne speeific fipritation ot e
concerning the preparation method. A culture supernatant collected from

a didtued ghadettevirusmpeaducer celksuitable fordbecrairoyiys vestof @ o the
be used can be used according to the present invention. The retrovirus
priodaverscelbmapia .25 eitkempie that stabilyqraducesrétravitus: - defective
particles in the 18 supernatant or one that transiently produces retrovirus
patiERs Lipon trapsfection with Budserovirisnascion plasmit: §8625;(e . g., MFG

vector, «-8GC vector (WO 92/07943), pBabe (Nucleic Acids
Research, 18:3587-3596 (1990)), pLXIN (Clontech) or pDON-AI
(Takara Bio)), lentivirus vectors and modifications thereof.
Examples of the lentivirus vectors include, but are not
limited to, human immunodeficiency wvirus (HIV)-derived
vectors (an HIV vector having a wild-type LTR (e.g., United
States Patent No. 5,665,577) or an HIV vector having a
modified LTR (e.g., pLenti6/V5, Invitrogen)) and simian
immunodeficiency virus (SIV)-derived vectors (e.g., Human
Gene Therapy, 11:1863-1874 (2000)).

[0024]

The retrovirus vector may be prepared according
to a known method and wused according to the present
invention. There is no specific limitation concerning the
preparation method. A culture supernatant collected from a
culture of a retrovirus producer cell suitable for the
retrovirus vector to be used can be used according to the
present invention. The retrovirus producer cell may be

either one that stably produces retrovirus particles in the
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5 A known packaging cell line such as PC-13 (ATCC CRL-10686) ,

PA317 (ATCC CRL-9078), GP+E-86 or GP+envAm-12 (US 5,278,056),

or Psi-Crip (Proc. Natl. Acad. Sci. USA, 85:6460-6464 (1988)) may be

used for preparing a retrovirus producer cell. 293 cell or 293T cell of

which the 10 transfection efficiency is higiBmay be used for preparing a
retrovirus producer cell. [00261 According to the present invention, it is

also possible to use a retrovirus prepared by pseudotyped 15 packaging

which has an etnvelope derive&frgm @virus. diffeéent from the one fro?r:n ‘
which the genome of the_ Tetrovitus vetior s dafived. PoPex&ifiple g trovirus

Rseudabyped refioius bavingan.envelons, derved from Moloney muring. . .,
leukemia virus (MoMLYV), gibbon ape leukemia virus (Gaﬁ_ J0'vésicular
stamatitisyvirus (VSV) or feline endogenous virus, or a protein that can

function as an envelope can be used. Furthermore, one may use

according to theopresent invention a retrovirus vector having on its

surface a protein that is subjected to sugar chain modification. The

retrovirus 25 vactenmay beyurepgtiatousingla retriovirusprodueer cei 19 (aTce
having a transferred gene for an enzyme involved in glycosylation or the
ikBL[0D27} AocoRrhad To thRsEsePRIMANTIOh, a GP+E-86 or GP+envAm-12

(US 5,278,056), or Psi-Crip (Proc. Natl. Acad. Sci. Usa,
85:6460-6464 (1988)) may be used for preparing a retrovirus
producer cell. 293 cell or 293T cell of which the
transfection efficiency is high may be used for preparing a
retrovirus producer cell.

[0026]

According to the present invention, it is also
possible to use a retrovirus prepared by pseudotyped
packaging which has an envelope derived from a virus
different from the one from which the genome of the
retrovirus vector is derived. For example, a pseudotyped
retrovirus having an envelope derived from Moloney murine
leukemia virus (MoMLV), gibbon ape leukemia virus (GaLV),
vesicular stomatitis virus (VSV) or feline endogenous virus,
or a protein that can function as an envelope can be used.
Furthermore, one may use according to the present invention
a retrovirus vector having on its surface a protein that is
subjected to sugar chain modification. The retrovirus

vector may be prepared using a retrovirus producer cell
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5 transcription regulation sequence with which transcription is induced by
a trans activator of a human immunodeficiency virus, and a gene
encoding a polypeptide having a single- stranded RNA-specific
endoribonuclease activity placed downstream of the transcription
regulation sequence are 10 inserted intalene of the above-mentioned
various vectors (preferably, the above-mentioned retrovirus vectors).
Furthermore, a sequence that regulates the transcription of the gene (an
erator, an enhancer, a terminator, etc.) may be included. Furthermore,

the nutteic %cidtbfﬁﬂ%%?géﬁ”ﬂ 15AVENL AT ayHaveS HIEpendLhv GiiAed  in

ne, an anpro riate merer gene which enables selection of a cell
%ﬁ. osyla ;ﬁn or the 1ike” . .
aving a” transferred gene (e.g., a drug resistance gene, a gene encoding

a fluorescent prpgein; or a gene encoding an enzyme that can function as
a reporter such as 3 20 galactosidase or luciferase) , a receptor gene or

the like. In adgition:dhe,gucleig acid of the pregentdpyention May e on, &
loaded with a suicide gene in order to eliminate cells having the

ttarsferredgenerfrare the bvinghodydueases where theitteatmeahwithiption
the cells having the transferred 25 gene is completed or any side effect is
Gauskad20ef0028] #n bmeembottineat ofrthefpreséntiaventiomyexdeifdciency
gene transfer in which a vector is transferred into a cell collected from a
B‘,ép@t@%m FHaoviduadensidapeding a polypeptide having a single-
stranded RNA-specific endoribonuclease activity placed
downstream of the transcription regulation sequence are
inserted into one of the above-mentioned various vectors
(preferably, the above-mentioned retrovirus ~vectors).
Furthermore, a sequence that regulates the transcription of
the gene (an operator, an enhancer, a terminator, etc.) may
be included. Furthermore, the nucleic acid of the present
invention may have, independent of the gene, an appropriate
marker gene which enables selection of a cell having a
transferred gene (e.g., a drug resistance gene, a gene
encoding a fluorescent protein, or a gene encoding an
enzyme that can function as a reporter such as 8-
galactosidase or luciferase), a receptor gene or the like.
In addition, the nucleic acid of the present invention may
be loaded with a suicide gene in order to eliminate cells
having the transferred gene from the living body in cases

where the treatment with the cells having the transferred

gene 1is completed or any side effect is caused.
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5 living body is used. If a virus vector is to be used, gene transfer is
achieved by mixing the target cells collected from a living body with a
virus vector (e.g., a culture supernatant of a virus producer cell or a virus
vector purified from such a culture supernatant) and incubating 10 the
mixture under appropriate conditions. If & ¥ector that can be used to
transfer a gene in vivo (e.g., an adenovirus vector) is to be used, the
vector containing the nucleic acid of the present invention may be
administered df'lbecpilg] into an individual. 15 [0029] If a retrovirus vector is
to be used for ex vivo gene transfer, it is possible to infect a target cell

with the retroy,j{yse/lggto%wggﬂg@ﬁgiciggcytiﬁ éh [%reegg_plge[o%fé %T n[_Loiron, ox

functional substance having a retrovirus-binding 20 activity.

exaple-methodsof gene transferysing a.fupstional substanee having:a ., o
retrovirus-binding activity are described in WO 95/26200, WO 97/18318

anellNatarel 2= Mediciner &i876-882 £1996)cdhe methodsdneludeditside the
method 21 in which a functional substance having both a retrovirus-
bindihgsitecahd a sargeedell-binding site-irasigte makectte isaisededndgene
a method in which a mixture of a functional substance having a
r§ﬁ69§@§5m3ﬁmﬁ§ﬁg@ﬁpé by mixing the target cells collected

from a living body with a virus vector (e.g., a culture
supernatant of a wvirus producer cell or a virus vector
purified from such a culture supernatant) and incubating
the mixture under appropriate conditions. If a vector that
can be used to transfer a gene in vivo (e.g., an adenovirus
vector) 1is to be used, the vector containing the nucleic
acid of the present invention may be administered directly
into an individual.

[0029]

If a retrovirus vector is to be used for ex vivo
gene transfer, it is possible to infect a target cell with
the retrovirus vector with high efficiency in the presence
of a functional substance having a retrovirus-binding
activity.

[0030]

For example, methods of gene transfer using a
functional substance having a retrovirus-binding activity
are described in WO 95/26200, WO 97/18318 and Nature

Medicine, 2:876-882 (1996). The methods include a method
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5 functional substance having a target cell-binding site is used. Both
methods can be used according to the present invention. [00311. There
is no specific limitation concerning the 10 functional substance as long as
it has a retrovirus-binding activity and/or a target cell-binding activity. For
example, the functional substance having & retrovirus- binding activity is
exemplified by a heparin-binding domain from fibronectin (heparin-Ii
domain), fibroblast growth 15 factor, a fragment of type V collagen, a

derivative or a variant aof such a polypeptide, polylysine, DEAE-dextran or,

(R8RS etAAES CABbIe DYENAAG o TeAngltbEaTof mEreat Ea Tue
LS uncti substan aving a target cell-binding activity. .

,arﬁlh(%qlh%l? izs%ﬁeczc% r%rf%en edk E;%ICI ei}(t? th%egiZsé%n%}é\}gr%loﬁ ,lt%?e)(larlmp¥e, single

tkﬁ%lféleﬁﬂ@qah%u%?é‘@,e h@ﬁ@g Q‘ t%g%@%ﬂ-bi@ldi%agﬁli% ismixture of a
exemplified by a polypeptide having a cell-binding activity (e.g., a

cyteskeletalprotrings anartibadyithat secagnizes a¢ellvr abialogicate and a
molecule on a cell 25 surface, a growth factor, a cytokine or a sugar

chain: 2206032 Atmethockin whidhg gene isrtgnsferead inta adtargetcatle is
in the presence of a functional substance comprising a heparin-binding

dovgain froldfidromsdtinods can be used according to the present

invention.

[0031]

There 1s no specific limitation concerning the
functional substance as long as it has a retrovirus-binding
activity and/or a target cell-binding activity. For
example, the functional substance having a retrovirus-
binding activity is exemplified by a heparin-binding domain
from fibronectin (heparin-II domain), fibroblast growth
factor, a fragment of type V collagen, a derivative or a
variant of such a polypeptide, polylysine, DEAE-dextran or
the like. Any substance capable of binding to the target
cell of interest can be used as a functional substance
having a target cell-binding activity. Although it is not
intended to limit the present invention, for example, the
functional substance having a target cell-binding activity
is exemplified by a polypeptide having a cell-binding
activity (e.g., a cytoskeletal protein), an antibody that
recognizes a cell or a biological molecule on a cell

surface, a growth factor, a cytokine or a sugar chain.
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5 exemplifies one preferable embodiment of the present invention. A
preferable example of the functional substance is a fibronectin fragment
having both a cell adhesion domain and a heparin-binding domain. in
particular, a polypeptide of a region of binding to VLA-5 10 and/or VLA-4
is preferably used as the cell adhesion d@gnain. Such a fibronectin
fragment can be prepared from fibronectin purified from a living body
using a means such as digestion with a protease, or produced using
recombinant %I&E?ﬁhniques. For example, the recombinant fibronectin
15 fragment commeércially available from Takara Bio under the name of

RetroNectin (rggiste, rademark) is preferable according to the present
invention. [0033] %kg%%écrfb%d% 2O\C/:Sé?, the reerslgntllr?velgﬂﬁgﬁ?sg%gl??;fujlntO &

for prrductionsaf a cgll compogition that is useful for freafmentar o pstance

prevention of human immunodeficiency virus infection. Furthermore, the
presgrtisyertionprovides ai methedsfor dreatingngr Brevetifig HIYi bronectin
infection using the cell composition. Administration, into an individual, of
2xeelisl hdving theonecleiswacie phtheepresemidaveniion 2> beinghe present
transferred enables reduction in HIV-infected cells in the individual or
supprassion of HIV feplicatiofeinahé ecells{@08dF of the functional

substance is a fibronectin fragment having both a cell
adhesion domain and a heparin-binding domain. In
particular, a polypeptide of a region of binding to VLA-5
and/or VLA-4 is preferably used as the cell adhesion domain.
Such a fibronectin fragment can be prepared from
fibronectin purified from a living body using a means such
as digestion with a protease, or produced using recombinant
DNA techniques. For example, the recombinant fibronectin
fragment commercially available from Takara Bio under the
name of RetroNectin (registered trademark) is preferable
according to the present invention.

[0033]

As described above, the present invention 1is
useful for production of a cell composition that is useful
for treatment or prevention of human immunodeficiency virus
infection. Furthermore, the present invention provides a
method for treating or preventing HIV infection using the
cell composition. Administration, into an individual, of

cells having the nucleic acid of the present invention
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5 If a CD4-positive cell having the nucleic acid of the present invention
being transferred, or a CD4-positive cell differentiated from a precursor
cell of a CD4-positive cell (e.g., a hematopoietic stem cell) having the
nucleic acid of the present invention being transferred, is 10 infected with
an HIV and an HIV-derived trans activataras generated in the cell,
expression of a gene encoding a polypeptide having a single-stranded
RNA-specific endoribonuclease activity placed downstream of a
transcription regulation sequence is induced, mRNA in the 15 cell is
Grafed Byt GerT e 8N Rbtide At prefeirt Thids)AtHesferted cells
irimbié%dé At t € same ti'mekan RNA genome which_is generated in the
course of H eplication 18 alSs  Fgraded sifde taNsifish ofation in the

polypeptides encoded by the HIV genome and replication of the HIV
genome are inhibited 20 as described above, de novo production of
infectious HIV [paytigles and infection of other cells are prevented. [0035]
The activity of an endoribonuclease that constitutes a toxin of a

toxin-antitoxin systenaie.gpddazh @6 arPemiKhisisuporessed by the: acid of
coexistence of the 24 corresponding antitoxin (e.g., MazE or Peml) Thus,

iftdegemesforan endosbonucleass whichrsastoxirisdo betised cp4 -positive
according to the present invention, exertion of cytotoxicity due to the
etRibtib8hbélessa beabigdinfenlis a precursor cell of a CD4-positive

cell (e.g., a hematopoietic stem cell) having the nucleic
acid of the present invention being transferred, is
infected with an HIV and an HIV-derived trans activator is
generated in the cell, expression of a gene encoding a
polypeptide having a single-stranded RNA-specific
endoribonuclease activity placed downgtream of a
transcription regulation sequence is induced, mRNA in the
cell is degraded by the generated polypeptide, and protein
biosynthesis is inhibited. At the same time, an RNA genome
which is generated in the course of HIV replication is also
degraded. Since translation of polypeptides encoded by the
HIV genome and replication of the HIV genome are inhibited
as described above, de novo production of infectious HIV
particles and infection of other cells are prevented.

[0035]

The activity of an endoribonucleasge that
constitutes a toxin of a toxin-antitoxin system (e.g., MazF

or PemK) is suppressed by the coexistence of the
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5 not infected with an HIV can be suppressed or controlled by using an
antitoxin gene in combination. In one exemplary embodiment, the activity
of a toxin may be suppressed by the action of an antitoxin by expressing,
in cells not infected with HIV, a trace amount of the antitoxin from a 10
gene for the antitoxin connected downstéam of a promoter for an
appropriate housekeeping gene (e.g., glyceraldehyde 3-phosphate
dehydrogenase gene, [3-actin gene) . If such a cell is infected with HIV,
expression of the toxin is_promoted by the action of the trans activator,

ahtrthe B BJitskicty fis ERFibited Sn ’aﬂey?ﬁgalﬂgurﬁ%‘f_]: Xpre_gb‘ﬁs’ if a
toxin excee dgﬁhgﬁ&%%gé%a@gg%d v%‘ytc%'nﬁ?\;%ﬁ%é%f Cgls‘r‘f‘s '_bflga Qe used

further increase the selectivity of cytotoxicity to 0

20-Accerding to a previeusly reparteckmethod in which HIV-infected cells ¢

are destroyed by the action of a cytotoxic protein (e.g., diphtheria toxin) or
afyeazyne cthey agivates-a PRBLOXICIILCUISOn e ACYIQEXIC, COPOHNG 11 5

(e.g., thymidine kinase), the toxin released from 25 destroyed cells or the
attivatedfeompdund mawentgrinta2b bellsngightestediwih HIMAOrolled by
exhibit cytotoxicity. On the other hand, the possibility of damaging the
Sigfouhding eelis isdewracgemingito themisthed bbthe présentriaventionplary
in which a polypeptide having a single- stranded
embodiment, the activity of a toxin may be suppressed by
the action of an antitoxin by expressing, in cells not
infected with HIV, a trace amount of the antitoxin from a
gene for the antitoxin connected downstream of a promoter
for an appropriate housekeeping gene (e.g., glyceraldehyde
3-phosphate dehydrogenase gene, B-actin gene). If such a
cell is infected with HIV, expression of the toxin is
promoted by the action of the trans activator, and the
cytotoxicity is exhibited only after the amount of
expressed toxin exceeds the amount of expressed antitoxin.
Thus, it is possible to further increase the selectivity of
cytotoxicity to HIV-infected cells.

[0036]

According to a previously reported method in
which HIV-infected cells are destroyed by the action of a
cytotoxic protein (e.g., diphtheria toxin) or an enzyme
that activates a nontoxic precursor into a cytotoxic

compound (e.g., thymidine kinase), the toxin released from

destroyed cells or the activated compound may enter into



10

15

20

25

5 RNA-specific endoribonuclease activity is used. [0037] Multiple drug
combination therapy in which 3 or 4 antiviral agents (reverse
transcriptase inhibitors, protease inhibitors, etc.) are used in combination
(HAART) 10 is currently the mainstream of HIV infection treatment
methods. Such therapy remarkably decreases the HIV amount in blood of
a patient infected with the HIV, resulting in amelioration of clinical
symptoms. However, it is difficult to completely eliminate HIV due to the

existpnce Le O%H%\é'é'ygﬁte?vffﬂs 1 dot_QOteaxcrtl'\{ElYéo r.l%?vgtcgt\ggylstcity. on
particles (long-term survival infécted cells; reSErvoirs). presen

ipyention may;he carried oyt in g?ﬂ]ﬂ@%{?%wtgﬂé@ﬁﬁ% [Q%3e81 9B unding

polypeptide having an endoribonuclease activity Is expressed in response

toeexpgessign of Jat in acellyhawingdhe nugleic acidconstryiet of the  pregent
present invention being transferred. If the nucleic acid construct is

Aresentinancelkin wiieh HY isdntegeated drto R 6lromosameas-at randed
provirus, transcription of RNA from the 26 provirus is initiated, expression

G pelypeptide havidgr ahandoiibasaclease actiyityiis induckd by Tat

which is transcribed from the RNA, and single-stranded RNA in the cell
(including the H1Y3gEnome) is degraded. As a result,

Multiple drug combination therapy in which 3 or 4
antiviral agents (reverse transcriptase inhibitors,
protease inhibitors, etc.) are used in combination (HAART)
is currently the mainstream of HIV infection treatment
methods. Such therapy remarkably decreases the HIV amount
in blcocod of a patient infected with the HIV, resulting in
amelioration of «c¢linical symptoms. However, it is
difficult to completely eliminate HIV due to the existence
of HIV-infected cells that do not actively produce virus
particles (long-term survival infected cells; reservoirs).
The present invention may be carried out in combination
with HAART.

[0038]

A polypeptide having an endoribonuclease activity
is expressed in response to expression of Tat in a cell
having the nucleic acid construct of the present invention
being transferred. If the nucleic acid construct is
present in a cell in which HIV 1s integrated into a

chromosome as a provirus, transcription of RNA from the
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S replication and budding of the HIV are inhibited in such a cell. When the
HIV-derived RNA is degraded to terminate the Tat expression and Tat
expressed prior to the termination disappears in the cell, expression of
the polypeptide having an endoribonuclease activity is also 10
terminated. Since ribosome or tRNA in &éell is not destroyed according
to the present invention in which a polypeptide having an
endoribonuclease activity that specifically acts on single-stranded RNA is

n- patent Document 5), normal protein synthesis is resu efg 1 .
%%i%{l{:gu&pﬁeési%ﬁlo%%%}éep%1yp%}5ﬁ)§ee %Stlé?%in(a%ed?aﬁé) g\%ﬁ%% Sellg®*V*19

that haygofhsen destroyed at this time point jsresumed, Examples, 20,

[0039] The following Examples illustrate the present invention in more

detaihdot ase Aotetadie anstrued to WMl the seppe. thereofal0P4@NZ5 in the
Example 1: Construction of Tat expression plasmid 27 A region encoding
Tatldnd (SgERER diasyrerheved fromenplasmid pQBddatiztll (Quarum result,
Biotechnologies Inc.) by double digestion with Sacll and EcoRI, and a
Fatrdncodingseguénbadolwhichcen inltiatigin Codor andtaiteimindtion Ssuch a
codon had been attached on the 5' side and 3' side,

cell. When the HIV-derived RNA is degraded to terminate
the Tat expression and Tat expressed prior to the
termination disappears in the cell, expression of the
polypeptide having an endoribonuclease activity is also
terminated. Since ribosome or tRNA in a cell is not
destroyed according to the present invention in which a
polypeptide having an endoribonuclease activity that
specifically acts on single-stranded RNA is used (Non-
patent Document ©5), normal protein synthesis is resumed
once the expression of the polypeptide is terminated, and

growth of cells that have not been destroyed at this time

point is resumed.

Examples

[0039]

The following Examples illustrate the present
invention in more detail, but are not to be construed to
limit the scope thereof.

[0040]

Example 1: Construction of Tat expression plasmid
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respectively, was inserted into the plasmid. The plasmid constructed as
described above was designated as pQBI-TAT. The plasmid is a plasmid
that can be used to express the Tat protein under the control of CMV
promoter/enhancer. 10 [0041] Example 2: Construction of MazF
expression plasmid A region encoding gag, sgGFP and RRE was
removed from a plasmid pQBI-LTRgagGFP (Quantum Biotechnologies
15 Inc.) by double digestion with restriction enzymes Sall and Xbal, and a
chemically synthesized DNA en&ding %/Iatl:zF grotein FS'(;ES ID NO:3) w

a
inserted into the plasing. THE Plasifid consftited A ibed SBove g rom

was designated gs, pQBI:-FRMazEey ggéo%gklgéﬁé%ﬁg;gé%sion%ﬁ.) by

plasmid that can be used to express the MazF protein under

Qfdhe HHV 31 LIR: iThe pualgotidesequenge afok®, IDMNQ:3.encodes theqing
amino acid sequence of MazF (SEQ ID NO:1). In the nucleotide 25

semesnesAGCA nutleetidesequencessyesent kutherMaziagene 28 r@fenation
replaced by other nucleotide sequences without altering the
ratdrally-beclirringdviazk ameinbatid sequehee. Sincesthd=RNsntdr MazFside,
transcribed from this plasmid is not cleaved with the MazF activity, it can
gaﬁ@gg@ﬁ@Q;Mazpag“ﬁ@@@ﬂted into the plasmid. The plasmid

constructed as described above was designated as pQBI-TAT.
The plasmid is a plasmid that can be used to express the
Tat protein under the control of CMV promoter/enhancer.

[0041]

Example 2 Construction of MazF expression
plasmid

A region encoding gag, sgGFP and RRE was removed
from a plasmid pQEBI-LTRgagGFP (Quantum Biotechnologies
Inc.) by double digestion with restriction enzymes Sall and
XbaI, and a chemically synthesized DNA encoding MazF
protein (SEQ ID NO:3) was inserted into the plasmid. The
plasmid constructed as described above was designated as
pPRBI-LTRMazFcvl. |

[0042]

The plasmid is a plasmid that can be used to
express the MazF protein under the control of the HIV 5'LTR.
The nucleotide sequence of SEQ ID NO:3 encodes the amino
acid sequence of MazF (SEQ ID NO:1). In the nucleotide

sequence, ACA nucleotide sequences present in the MazF gene
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[0043] Example 3: Transfer of plasmid into cell 1 x 10" of human 293T/17
cells (ATCC CRL-11268) were added to each well of a 24-well
collagen-coated plate 10 and cultured for 24 hours. Dulbecco's modified
Eagle medium (DMEM, Sigma) containing 10% fetal calf serum (Gibco)
was used as a medium. 0.25 pg of pQBI48'RMazFcvl or 0.25 pg each of
pQBI-LTRMazFcvl and pQBI-TAT was then transferred into cells in each
well. TransIT-293 (Mirus) 15 was used for the plasmid transfer and the

procedurelfollo egthe aljtltachedi structions. The procedure was carried
out in 5&a|caacf‘ee%)r dach Grolp R G55 15 RARRGISE VY eLERYE altering

PQRI-LTRAAIGHD @H%%ﬂdn%géﬁg?go'%%s '”C-z?fb":i’ﬁicré does Il Since

Q equence .
comprise MazF géne, n T was transtefred Was Used ds a

CEAlOI JRR44E sThegells into,which.the plasmid(s) hggpge'bfm%%ftegs not

were cultured at 37'C with 5% CO2 for 48 hours. The cells were observed

untles adnickascoperaiten2beculivetion <k, thecopal oM INOMRICAss MazF
pQBI 29 LTRgagGFP and pQBI-TAT had been transfected, expression of

thes GFRpldtein by simultaneous transfer of pQBI-LTRgagGFP and
pQBI-TAT was confirmed. Thus, it was confirmed that the promoter
activity of the UPR4%ds induced in a TAT 5 dependent manner. In wells

with transfer of pQBI-
Example 3: Transfer of plasmid into cell

1 x 10° of human 293T/17 cells (ATCC CRL-11268)
were added to each well of a 24-well collagen-coated plate
and cultured for 24 hours. Dulbecco's modified Eagle
medium (DMEM, Sigma) containing 10% fetal calf serum
(Gibco) was used as a medium. 0.25 pg of pQEBI-LTRMazFcvl
or 0.25 pg each of pQEBI-LTRMazFcvl and pQBI-TAT was then
transferred into cells in each weil. TransIT-293 (Mirus)
was used for the plasmid transfer and the procedure
followed the attached instructions. The procedure was
carried out in duplicate for each group. A group into
which 0.25 ug each of PQOBI-LTRgagGFP (Quantum
Biotechnologies Inc.), which does not comprise MazF gene,
and pQBI-TAT was transferred was used as a control.

[0044]

The cells into which the plasmid(s) had been
transfected were cultured at 37°C with 5% CO, for 48 hours.
The cells were observed under a microscope after

cultivation. In the control group into which pQBI-
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LTRMazFcvl alone, no difference was recognized as compared with the
control. in the group with simultaneous transfer of pQBI-LTRMazF and
pQBI-TAT, suppression of cell growth was clearly recognized as
compared with the control. This 10 shows that expression of MazF from
pQBI-LTRMazF was dependent from théTat protein. Thus, it was
suggested that the construct in which MazF gene is placed under the
control of the Tat protein-inducible LTR could be used to suppress the

rowth of.cells infecte |th an HIV 15 [0045] Example 4: Construction of
%?ﬁ’%r S C? (rﬁ%onstru gi Q\?f r5§§ n"?@ﬁ;&ﬂ?ﬁsmn of

retroviras vector pI ction of

vgggorcpfl@,s IQOQ‘,%INX -\I}RQ\A%ZF ggneo g@éd g?lg} LTB agGFP
. 359

constructed in Example’l was cleaved wit restriction enzym

Xha 19.0b@IAA exRIessIgN £a55ele Of apeyL1340.bp that 85&@%&% that
MazF under the control of HIV-LTR, which was 'blunted using DNA

BlustingdsihdEakaraBio) 3% {0046] 3enEoretimingding theduER@romotey Tar-
activity in a retrovirus vector plasmid pDON-AI (Takara Bic), a portion
feapdhediie| sitetmthe. Sacl site in thel US regioniof the-adisERwasof pQBI-
deleted and the plasmid was reconstructed to 5 obtain a self-inactivating
refidVirgs gedtop plasenid pSINiifference was recognized as compared

with the control. 1In the group with simultaneous transfer
of pQEBI-LTRMazF and pQBI-TAT, suppression of cell growth
was clearly recognized as compared with the control. This
shows that expression of MazF from pQBI-LTRMazF was
dependent from the Tat protein. Thus, it was suggested
that the construct in which MazF gene is placed under the
control of the Tat protein-inducible LTR could be used to
suppress the growth of cells infected with an HIV.

[0045]

Example 4: Construction of retrovirus vector
plasmid

(1) Construction of MazF expression retrovirus
vector plasmid pSIN-HLTR-MazF

The plasmid pQBI-LTRMazFcvl constructed in
Example 1 was cleaved with restriction enzymes Stul and
Xbal to obtain an expression cassette of about 1340 bp that
expresses MazF under the control of HIV-LTR, which was
blunted using DNA Blunting Kit (Takara Bio).

[0046]
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which lost the LTR promoter activity. pSIN was cleaved at the Pmel site
and dephosphorylated using Alkaline Phosphatase E. coli C75 (Takara
Bio) , and the expression cassette was inserted thereinto using DNA
ligation kit 10 Mighty Mix (Takara Bic). The plasmid constructed as
described above was designated as pSINHLTR-MazF. [0047] (2)
Construction of MazF expression retrovirus vector plasmids
pMTD3-U3R-MazF and pMTD3-U3TAR-MazF 15 A plasmid vector

pMTD3 was cqnstructed hy deleting portlon from the 43rd nucleotide to
the 309th nuc?]olfldetlf;] e EWU?%%loﬁﬁa%%%?$ﬁT @Seng’ ity in a

Tlheeé%\(;ﬂ?u%“ 924280404 U3 R Z%QJBR%QP Etin '89Ion OTHIVIS ¢ on

be used as internal prom ers were btained 8?5{ using the

PrasmidprRINdHLT ReMazh sopgliucied n Exam 91%4313;% ag# IPQ%‘J&%H‘% of the

The nucleotide sequences of the primers used for amplifying the

regionRS' B Ud-aed SHIMHR arershow ibREQ IRNOSH4 i Bructed to
respectively. A combination of 5'HIV U3 and a 25 primer 3" HIV1 TAR

(SEC i N®: 6 arlefs- uised tarvamplifying Sdr thei W3sT AR eagien. fEachnofd  pSIN
the PCR-amplified fragments was digested with Mlul and BamHI and
isdreet BetaeehtMIulBRd PRambfisites - pMITEY to carilicviv cleaved at

retrovirus vector plasmids pMTD3-U3R and pMTD3-U3TAR. 5 [0048]
the Pmel site and dephosphorylated using Alkaline

Phosphatase E. coli C75 (Takara Bio), and the expression
cassette was inserted thereinto using DNA ligation kit
Mighty Mix (Takara Bio). The plasmid constructed as
described above was designated as pSIN-HLTR-MazF.

[0047]

(2) Construction of MazF expression retrovirus
vector plasmids pMID3-U3R-MazF and pMTD3-U3TAR-MazF

A plasmid vector pMID3 was constructed by
deleting a portion from the 43rd nucleotide to the 309th
nucleotide in the 3'LTR U3 region of a vector pMT (Gene
Therapy, 11:94-99 (2004)). A U3-R region and a U3-TAR
region of HIV to be used as internal promoters were
obtained by PCR using the plasmid pSIN-HLTR-MazF
constructed in Example 4- (1) as a template. The nucleotide
sequences of the primers used for amplifying the U3-R
region, 5'HIV1 U3 and 3'HIV1 R are shown in SEQ ID NOS:4
and 5, respectively. A combination of 5'HIV U3 and a

primer 3' HIV1 TAR (SEQ ID NO:6) was used for amplifying



10

15

20

25

A gene encoding MazF was obtained by PCR using the plasmid
pSIN-HLTR-MazF as a template. The nucleotide sequences of the two
primers used for amplification, S'MazF and 3'MazF, are shown in SEQ ID
NOS:7 and 8, respectively. 10 The resulting amplified fragment was
digested with Bglll and BamHI, and inse#ted into the BamHI site in
pMTD3-U3R or pMTD3-TAR. MazF expression retrovirus vector plasmids
constructed as described above were designated as pMTD3- U3R-MazF

%ri'ldep ;%HSTQR-MaZF’ )I;'I%S ecg\ée|¥h]é5 goc%.-g% g)lg.: gg%qug%%nts was

r 10T,
control Fetrovirus Vector plasmid An expréssion plasmid having

%@Q%@l fW%SMEr%E@ %%E\%Peg}gdmff?g%%%netg pbl\/é Pﬂ%_euns%ﬂul and

was 20 constructed for use as a control. Specifically, a DNA fragment

camprising eGP genegxeised fom.aplasmidpGemT - FasyeERR 4 vector
Gene Med., 6:724-733 (2004)) by digestion with BamHI and Bglll was
ipderded o therBanirsitena pMIDE-USRaer. pMTD3-TAR to construct

two retrovirus vector 25 plasmids pMTD3-U3R-GFP and
PMTD3-U3TARSGEPR]as eGFP 32 expression plasmids. [0050] Example

5: Establishment of MazF-expressing CEM- SS cell line 5 (1) An envelope
exmesgonpk%nﬁ@ﬂ?b@ﬂ§@§kﬂ9 MazF was obtained by PCR using

the plasmid pSIN-HLTR-MazF as a template. The nucleotide
sequences of the two primers used for amplification, 5'MazF
and 3'MazF, are shown in SEQ ID NOS:7 and 8, respectively.
The resulting amplified fragment was digested with BglII
and BamHI, and inserted into the BamHI site in pMTD3-U3R or
pMTD3~TAR. MazF expression retrovirus vector plasmids
constructed as described above were designated as pMTD3-
U3R-MazF and pMTD3-U3TAR-MazF, regpectively.

[0049]

(3) Construction of control retrovirus vector
plaémid

An expression plasmid having a gene encoding a
fluorescent protein eGFP being inserted into pMTD3-U3R was
constructed for use as a control. Specifically, a DNA
fragment comprising eGFP gene excised from a plasmid pGemT-
Easy-eGFP (J. Gene Med., 6:724-733 (2004)) by digestion
with BamHI and BglII was inserted into the BamHI site in
pMTD3-U3R or pMTD3-TAR to construct two retrovirus vector

plasmids pMTD3-U3R-GFP and pMTD3 ~-U3TAR-GFP as eGFP
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preparing GaLV pseudotyped virus was constructed as follows. First, a
DNA fragment encoding a GaLV virus envelope protein was amplified by
PCR using genomic DNA prepared from PG13 cells (ATCC CRL-10686)
as a template. The 10 nucleotide sequences of two primers used for
amplification, 5'Kpnl and 3'Clal, are showh in SEQ ID NOS:9 and 10,
respectively. An amphotropic envelope expression plasmid pVM-AE
(Gene Therapy, 10:706-711 (2003)) was digested with Kpnl and Clal to
pere%are aPIasmi fre[lr%rgent from which 15 envelope protein-encoding

re:(j 1fﬁfgsesxccé%t 5 p%sr jort for the R peptide had been eliminated. The

above-mentioqeo% %yplified fragment was digested with Kpnl and Clal,
and inserted into the plasmid fragment to obtain a GaLV envelope

expression plmkqﬁ\é\ﬂ@e%s@amﬁh@&x 166 4A3F cells wete s ng cmm-
a

placed in a 6-cm plate containing DMEM supplemented with 10% fetal
bovine: IseruanEES). Transfection was carried out by a calcium
phosphate method using 4 pg of the retrovirus vector 25 plasmid (one of

the plasmids constriteshineExaraple:d) ré 33i ag of bapackaging plasmickd for
pVM-GP (Gene Therapy, 10:706-711 (2003)) and the GaLV envelope
EXPrESSIONPlEEHHY PEMUGeRY PRe mediten Was exchahyed ferda fresfiollows .
one 6 hours after initiation of transfection, and the cultivation was 5

contifbied. Theiifturé SapBtRtantERES Eomstted aftérbifo virus envelope

protein was amplified by PCR using genomic DNA prepared
from PGl3 cells (ATCC CRL-10686) as a template. The
nucleotide sequences of two primers used for amplification,
5'Kpnl and 3'Clal, are shown in SEQ ID NOS:2 and 10,
respectively. An amphotropic envelope expression plasmid
PVM-AE (Gene Therapy, 10:706-711 (2003)) was digested with
KpnI and Clal to prepare a plasmid fragment from which
envelope protein-encoding regions except a portion for the
R peptide had been eliminated. The above-mentioned
amplified fragment was digested with KpnI and ClaI, and
inserted into the plasmid fragment to obtain a GaLV
envelope expression plasmid pVM-GeR.

[0051]

(2) 2 x 10° 293T cells were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
gserum (FBS). Transfection was carried out by a calcium
phosphate method wusing 4 ug of the retrovirus vector

plasmid (one of the plasmids constructed in Example 4), 4



10

15

20

25

days and filtrated through a 0.45-pm filter, and the filtrate was used as a
virus supernatant in subsequent experiments. [0052] 10 CEM-SS cells
were cultured in RPMI 1640 (Life Technologies) supplemented with 10%
FBS at 37C in the presence of 5% CO2. 1 ml of one of the retrovirus
vectors (virus supernatants) prepared irPExample 6-(1) and polybrene at
a final concentration of 8 pg/ml were added to 15 5 x 105 CEM-SS cells in
2 ml of the medium in each well of a 6-well cell culture plate. The plate

was eentrifuged, using @ GR32 cgnirifiae, Hoyan) at 25G at 2800 fpmufor ) ¢
R e

99 minutes 1o promote adsorption o the retrovirus vector to € ce

Aftes sentrifugatiopnthe gells were incybated. 20 at. 372G in theresancanf_cer .

5% CO2 for 2 hours. The cells were then transferred into T25 flasks, and
theyeultivatiDnm Was sontinuRe ey &3 C fid thepresense ofhlh CO2nbieE after
two days, cells having a transferred gene were selected using geneticin
(G418} at iang/mbfo prodace Hetycienal. celin?b lindsstranstarmechwitbn ~ was
the respective viruses. 34 [0053] Example 6: HIV infection 2 x 106 of one

ot ee talfides pldducedlin uERamples e Lanitofithe ndedilprinsshohfwelr two

of a 24-well 5 cell culture plate were inoculated with a varying amount of
days and filtrated through a 0.45-um filter, and the

filtrate was used as a virus supernatant in subsequent
experiments.

[0052]

CEM-SS cells were cultured in RPMI 1640 (Life
Technologies) supplemented with 10% FBS at 37°C in the
presence of 5% CO,. 1 ml of one of the retrovirus vectors
(virus supernatantg) prepared in Example 6-(1) and
polybrene at a final concentration of 8 ug/ml were added to
5 x 10° CEM-SS cells in 2 ml of the medium in each well of
a 6-well cell culture plate. The plate was centrifuged
using a CR322 centrifuge (Jouan) at 25°C at 2800 rpm for 99
minutes to promote adsorption of the retrovirus vector to
the cells. After centrifugation, the cells were incubated
at 37°C in the presence of 5% CO, for 2 hours. The cells
were then transferred into T25 flasks, and the cultivation
was continued at 37°C in the presence of 5% CO,. After two
days, cells having a transferred gene were selected using
geneticin (G418) at 1 mg/ml to produce polyclonal cell

lines transformed with the respective viruses.
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HIV-1 IllIb (corresponding to 0.2, 2, 20 or 200 ng of the p24 protein), and
the cells were cultured at 37C for 2 hours. The cells were washed in PBS
and suspended in 10 ml of RPMI supplemented with 10% FBS and
transferred into a 10 T25 flask. Portions of the culture supernatant were
collected from the flask over time, and a@wunts of p24 were quantified
using an ELISA method (p24 ELISA kit, PerkinElmer) to estimate the HIV
amounts. Experimental results are shown in Figures 1 and 2. Figures 1
and 2 15 illustrate results obtained seven and ten days after infection,
respectively. Irﬁﬁer’ﬁzures, CEM-SS represents the results for CEM-SS

cells without a_transf rreg g Conrlrol represents the results for cells
transformed v?/%ﬁagﬁ/‘lil% -U%%fvéleﬁqvi?ﬁs% and A, B and C represent

results for 20 cells transformed With PSIN-BEIRMAZF, 13505 produced in
pMTD3-U3R-MazF virus and pMTD3-U3TAR-MazF virus, respectively.

Hhedesgitudinah axis representsdheamount ofthe n24 pratein Wengmbs —we11
Furthermore, viable cell numbers were counted on Day 4, Day 7 or Day

Hafterinfeciion ysing a thgpan Wue extlusion 26 test.alReesils as@ount of
shown in Figure 3. In Figure 3, 35 diamond represents the results for

GEN-SS RIS withoutra stpamsiernrgd gene) xaepresents therred0lls fog of the
cells transformed with pMTD3-U3R-GFP virus, and square, triangle and

Ercde RPPESEHE FesuRtB Jor tHfls FarsisrnERrRithcs pSiNadL TREMAaZFEC for 2

pMTD3-U3R-MazF virus and pMTD3-U3TAR-MazF
hours. The cells were washed in PBS and suspended in 10 ml

of RPMI supplemented with 10% FBS and transferred into a
T25 flask. Portions of the culture gsupernatant were
collected from the flask over time, and amounts of p24 were
guantified using an ELISA method (p24 ELISA kit,
PerkinElmer) to estimate the HIV amounts. Experimental
results are shown in Figures 1 and 2. Figures 1 and 2
illustrate results obtained seven and ten days after
infection, respectively. In the figures, CEM-SS represents
the results for CEM-SS cells without a transferred gene,
Control represents the results for cells transformed with
PMTD3-U3R-GFP virus, and A, B and C represent results for
cells transformed with pSIN-HLTR-MazF, pMTD3-U3R-MazF virus
and pMTD3-U3TAR-MazF virus, respectively. The longitudinal
axis represents the amount of the p24 protein in ng/ml.
Furthermore, viable cell numbers were counted on Day 4, Day
7 or Day 10 after infection using a trypan blue exclusion

test. The results are shown in Figure 3. In Figure 3,
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virus, respectively. The longitudinal axis represents the viable cell number
(10") [00541 As shown in Figures 1 and 2, it was shown that 10 the HIV
amount in the culture supernatant of the cells transformed with the

retrovirus containing the MazF gene was very low as compared with the
CEM-SS cells without a transferred gengor the cells transformed with
pMTD3-U3R- GFP virus without the MazF gene which was used as a

control. 15 Furthermore, comparison of growth rates for cells in the

respective groups as shown in Figure 3 shows that growth rate of cells

t%r%?& gﬁﬁﬁ%ﬁ@%ﬁo%@ cOREHiIAG theMaZE e WAL fricrakseout a

even. sraé‘té?r infgﬁgon. Thisr%u esésfl l,'chat cgplgeagh ca sesd by, gwre cells
N'Was 20 supprgssed in thesé e sﬁn ad%lition, celld TaRsformed With

@%QEEB\H@@Z 6’1EMT%?€TH§WZ E?I£U§P£QMTDE§{5J 3%}%%511\48‘2 th& angle

virus were infected with HIV and the cultivation was co ued for

days. Althesgh the-HIN wascnot-datagted indhe cultie supesnataliSned with
HIV-derived DNASs were 25 detected in DNAs extracted from the cells.

Py itnas 3fasigwrptied thesbiM masetaineddn thexcells@® 8- U3 TAR-MazF
provirus. This suggests that the cells transformed with the nucleic acid of
thepresent émpertionwene. grofiig dftergnfectionalitthesHREewhideents the
replication and budding of the HIV were 5 prevented.

viable cell number (10%).

[o054]

As shown in Figures 1 and 2, it was shown that
the HIV amount in the culture supernatant of the cells
transformed with the retrovirus containing the MazF gene
was very low as compared with the CEM-SS cells without a
transferred gene or the cells transformed with pMTD3-U3R-
GFP virus without the MazF gene which was used as a control.
Furthermore, comparison of growth rates for cells in the
respective groups as shown in Figure 3 shows that growth
rate of cells transformed with the retrovirus containing
the MazF gene was increased seven days after infection.
This suggests that c¢ell death caused by the HIV was
suppressed in these cells. In addition, cells transformed
with pSIN-HLTR-MazF, pMTD3-U3R-MazF virus or pMTD3 -U3TAR-
MazF wvirus were infected with the HIV and the cultivation
was continued for 60 days. Although the HIV was not

detected in the culture supernatants, HIV-derived DNAs were

detected 1in DNAs extracted from the cells. Thus, it was
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[0055] Furthermore, similar infection tests were carried out except that
the amount of inoculated HIV was increased up to an amount
corresponding to 1000 ng of p24, and the 10 amounts of p24 in culture
supernatants were measured 16 days after infection. Also in this case,
the amount of p24 in a culture supernatddt of cells transformed with each
retrovirus vector having MazF gene was 1/1000 or less of the amount
observed for the nontransformed cells or the 15 control cells. [0056]

Iet%a%elkgrovgn\mhlbltlon bé/ ex SS|on %f va mRN rOVlrus
interferases in Tat- dependent manner so ation of 181 gene

thtgoe@%&ﬁcém%@?l@@d@fﬁgu%%efﬁgﬁgg&uw%e%w@sm&1elc

An amino acid sequence of a polypeptide encoded in Nitrosomonas

elropaes ATLE 19/d Saarived NRELIhgere-as yvellasdhespueleotideect ion
sequence therefor were obtained from NCBI database (accession nos.

NR 84 128¢ amtN@HDAL 57 AL 25 priter NEHL81sBdSES B NQid1Hand were
a primer NE1181-R (SEQ 37 ID NO:12) were synthesized for PCR
amplificatiod of a DNA region encoding the entire polypeptide based on

the information about the nucleotide sequence of NE1181. [0057] 5
Nitrosomonas Elt6paea ATCC19718 genomic DNA was

Furthermore, gimilar infection tests were carried
out except that the amount of inoculated HIV was increased
up to an amount corresponding to 1000 ng of p24, and the
amounts of p24 in culture supernatants were measured 16
days after infection. Also in this case, the amount of p24
in a culture supernatant of cells transformed with each
retrovirus vector having MazF gene was 1/1000 or less of
the amount observed for the nontransformed cells or the
control cells.

[0056]

Example 7: Cell growth inhibition by expression
of various mRNA interferases in Tat-dependent manner

(1) Isolation of NE1181 gene from N. europaea
ATCC19718 and construction of retrovirus vector plasmid

An amino acid sequence of a polypeptide encoded
in Nitrosomonas europaea ATCCl9718-derived NE1181 gene as
well as the nucleotide sequence therefor were obtained from
NCBI database (accession nos. NP_841237 and NC _004757). A

primer NE1181-F (SEQ ID NO:11) and a primer NE1181-R (SEQ
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obtained from ATCC (ATCC No. 19718D). [0058] PCR was conducted

using Pyrobest DNA polymerase (Takara Bio) as well as 50 ng of the

genomic DNA from 10 Nitrosomonas europaea ATCC19718 and the

primers NE1181-F and NE1181-R to obtain a 362-bp amplified DNA

fragment. The amplified fragment was digested .,with restriction enzymes

Ndel and Xhol and subjected to agarose gel electrophoresis, and a

341-bp DNA fragment was recovered 15 from the gel. A recombinant

plasmid was obtained by ligating the 341-bp DNA fragment to a vector

pET 3 h%va@%ﬁﬁ whieHRsF bagR dfg‘é‘éte%q}@lttﬁf%%%fﬁlbﬁaé?ﬁ?ﬁﬂegf a DNA

Ndel .and Xhol. This recon}tlnnant lasmid was used to. transform

Escherichia coir IMTH9. A Plasniitt WasTpreBaredF s hofita cdA§ o a°7  the
triatpi_ﬁg%rmacqtoqpt 1qtas qlescHQg abovg and the nucleotéd%ﬁeﬂtéq_nce

was confirmed. T en the plasmid was deS|gna ted as an expression
vector pET-NEbE [0059] The nucleotide sequence encoding the
Nitrosomonas 25 europaea ATCC19718-derived NE1181 polypeptide

inserted irito 38; the-expression ¥ectopRET-NEHSloandthg Ao acita was
sequence of the polypeptide are shown in SEQ ID NOS:13 and 14,

rebpedtivaly. indhe Folypephideexpressed Uusig the expression vector
pPET-NE1181, a histidine tag that consists 5 of eight amino acid residues
including six higtifiéd

PCR was conducted using Pyrobest DNA polymerase
(Takara Bio) as well as 50 ng of the genomic DNA from
Nitrosomonas europaea ATCC19718 and the primers NE1181-F
and NE1181-R to obtain a 362-bp amplified DNA fragment.
The amplified fragment was digested .with restriction
enzymes Ndel and XhoI and subjected to agarose gel
electrophoresis, and a 341-bp DNA fragment was recovered
from the gel. A recombinant plasmid was obtained by
ligating the 341-bp DNA fragment to a vector pET2la
(Novagen) which had been digested with restriction enzymes
NdeI and XhoI. This recombinant plasmid was used to
transform Escherichia coli JM109. A plasmid was prepared
from a colony of a transformant obtained as described above
and the nucleotide sequence was confirmed. Then, the
plasmid was designated as an expression vector pET-NE1181.

[0059]

The nucleotide sequence encoding the Nitrosomonas

europaea ATCC19718-derived NE1181 polypeptide inserted into
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residues is attached at the C terminus of the polypeptide of the amino
acid sequence of SEQ ID NO: 1. It was confirmed using synthetic
oligoribonucleotides as substrates that the polypeptide transcribed. from
NE1181 10 recognizes a 4-nucleotide sequence GAAU or AAAU to cleave
RNA. [0060] Since NE1181 gene has retdgnition sequences cleaved by
NE1181 polypeptide itself in the mRNA, a gene is with mutated codons
was artificially synthesized so that such recognition sequences were

hﬁ@natsgpa@s@fo%ncogsgte@'nop%%dﬁﬁﬂygqce %vg% gg'tefed e Lcia

nucleotide™ sequence of the gene iS shown in SEQ ID Thé

aytificlaliesynthesized NELLSI d‘ﬂﬁﬂ newas- insered,into, the 29 Bamighsite 5 ang

in the retrovirus vector plasmi D3-U3TAR constructed in Example 4.

The NE$1BL exprassion retravirise veciok plasmidisonstpietedag using the
described above was designated as pMTD3-U3TAR-N4. [0061] 25 (2)
Isaiatier of BRAG62 vamdBEiNKEDCAS, 3% raddidneRi=anthat consists
construction of retrovirus vector plasmid [0062] Isolation of DR0662 from

P fradfoduiran RishdoS Mb2014e herdics froAril bokisdBCE&iandhistidine

construction of
residues is attached at the C terminus of the polypeptide

of the amino acid sequence of SEQ ID NO:1. It was
confirmed using synthetic oligoribonucleotides as
substrates that the polypeptide transcribed from NE1181
recognizes a 4-nucleotide sequence GAAU or AAAU to cleave
RNA.

[0060]

Since NE1181 gene has recognition sequences
cleaved by NE1181 polypeptide itself in the mRNA, a gene
with mutated codons was artificially synthesized so that
such recognition seguences were eliminated and the encoded
amino acid sequence was not altered. The nucleotide
sequence of the gene 1is shown in SEQ ID NO:15. The
artificially synthesized NE1181 gene was inserted into the
BamHI site in the retrovirus vector plasmid pMTD3-U3TAR
constructed in Example 4. The NE1181 expression retrovirus
vector plasmid constructed as described above was
designated as pMTD3-U3TAR-N4.

[0061]

(2) Isolation of DRO662 from Deinococcus
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expression plasmids The amino acid sequence and the nucleotide
sequence for Deinococcus radioduran Rl-derived DR0662 were obtained
from NCBI database (accession nos. NP 294385 and 10 NC 001263). A
primer DR0662-F (SEQ ID NO:16) and a primer DR0062-R (SEQ ID
NO:17) were synthesized for PCR ampliftation of a DNA region encoding
the entire polypeptide based on the information about the nucleotide
sequence of DR0662. 15 [0063] Deinococcus radioduran Ri genomic DNA

obtai rom, ATC T . PCR was conducte
\Sflsgu?gl é)é?(?bse%% Dmrl,%\‘f\poI‘ilcl;rlné{:rageg #&i‘%gg?g%as v%gl a%%% rn%v J(')]fLﬂ%e vector
genomic PNA from Deinococcus radioduran Ri and the 20 primers

DR0662-F and DR0662-R to obtain a 368-bp amplified DNA fragment.

The amplified fragpent was digested with restriction enzymes Ndel and

Xhol and subjected to agarose gel electrophoresis, and a 347-bp DNA
fragment was Irecoweredfroafthegek #erecombinant plasdiidbdasan R1  and
obtained 25 by ligating the 347-bp DNA fragment to a vector pET21a 40
KRagen) whitlehad bdarpuigéstedbwitti resticion emgmesiNdatagdion of
Xhol. The recombinant plasmid was used to transform Escherichia coli

FHROE SPHEPIaR G WiSprepared from a colony of a transformant

obtained as described apove 5 and the nucleotide sequence was ,
Cmﬁﬂmed.Thgﬁﬁheaman acid sequence and the nucleotide

sequence for Deinococcus radioduran Rl-derived DR0662 were
obtained from NCBI database (accession nos. NP 294385 and
NC 001263). A primer DR0662-F (SEQ ID NO:16) and a primer
DRO0O62-R (SEQ ID NO:17) were synthesized for PCR
amplification of a DNA region encoding the entire
polypeptide based on the information about the nucleotide
sequence of DR0662.

[0063]

Deinococcus radioduran R1 genomic DNA was
obtained from ATCC (ATCC No. 13939D). PCR was conducted
using Pyrobest DNA polymerase (Takara Bio) as well as 50 ng
of the genomic DNA from Deinococcus radioduran R1 and the
primers DR0662-F and DR0662-R to obtain a 368-bp amplified
DNA fragment. The amplified fragment was digested with
restriction enzymes Ndel and Xhol and subjected to agarose
gel electrophoresis, and a 347-bp DNA fragment was
recovered from the gel. A recombinant plasmid was obtained

by ligating the 347-bp DNA fragment to a vector pET2la
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plasmid was designated as an expression vector pET-DR0662. [0064]
The nucleotide sequence encoding the Deinococcus radioduran
R1-derived DR0662 polypeptide inserted into the 10 thus obtained
expression vector pET-DR0662 and the amino acid sequence of the
polypeptide are shown in SEQ ID NOS: 18 and 19, respectively. In the
polypeptide expressed using the expression vectors pET-DR0662 and
pPET-Mb2014Hlg, a histidine tag that consists of eight amino acid residues

15.including six;histidine residues is, attached,at the,C terminus of the
PP o S D 6.1 . ARTach Lol SyRefe Lo enzymes

aqhigaribonucleotides as_subsfratesdhaihe.palypentidedranscribed froey o
DR0662 recognizes a 7-nucleotide sequence UUCCUUU to cleave RNA.

20-19065bPR06621Hene-abtained by Pieh) 1singrpETDRABEZ ag 8 prepared

template was inserted into the BamHlI site in the retrovirus vector plasmi

pMER 3 IPARrconsrustedrir=xXamplerd Tdie: DRRGE2.expressiohbed above
retrovirus vector plasmid constructed as 25 described above was

designated as:pMIR8-UST ARDRPrimery’4s used foramplifying tHeen, the
DR0662 gene are shown in SEQ ID NOS:20 and 21. [00661 (3)
C@&r?s‘if&ﬁc%oﬁ%‘? Tt ekpresioh Astraitug < yeswEon vector pET-DR0O662.

[0064]

The nucleotide sequence encoding the Deinococcus
radioduran Rl-derived DR0662 polypeptide inserted into the
thus obtained expression wvector pET-DR0662 and the amino
acid sequence of the polypeptide are shown in SEQ ID NOS:18
and 19, respectively. In the polypeptide expressed using
the expression vectors pET-DR0662 and pET-Mb2014Hlg, a
histidine tag that consists of eight amino acid residues
including six histidine residues i1s attached at the ¢
terminus of the polypeptide of SEQ ID NO:1. It was
confirmed using synthetic oligoribonucleotides as
substrates that the polypeptide transcribed from DR0662
recognizes a 7-nucleotide sequence UUCCUUU to cleave RNA.

[0065]

DR0662 gene obtained by PCR using pET-DR0662 as a
template was inserted into the BamHI site in the retrovirus
vector plasmid pMTD3-U3TAR constructed in Example 4. The
DR0662 expression retrovirus vector plasmid constructed as

described above was designated as pMTD3-U3TAR-D3. Primers
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pQSI-Tat as described in Example 1 was digested with restriction
enzymes Sacll and EcoRV, blunted and inserted into the Pmel site in the
retrovirus vector plasmid pDON-AI to construct pDON-Tat. pPDON-Tat
was 10 digested with BamHI and Xhol to eliminate the SV40 promoter
and the neomycin phosphotransferase géfe. An IRES-ZsGreen gene
fragment was obtained from pIRES2-ZsGreenl (Clontech) and inserted
downstream of the Tat gene in pDON-Tat digested with the restriction

e C ruC N- 15 Tat- en. [0067] G3T-hi cells .
(e"lgg%g:a%%) vo\%?é pjlgge%gi)% atégmabr%gt%%on?é%ﬁ%g IMEM R SEQ ID
sypplenented with 10% fetal bovine serum (FBS). Transfection was

carried out by a calcium 20 phosphate method using 10 pg of the

retrovirus vecton gdagmid pDON-Tat-ZsGreen and Retrovirus Packaging

Kit Ampho (Takara Bio). The medium was exchanged for a fresh one 8

hours after initiction oftransfectionoanddhe audtivatian wasscontinuesk rovirus
The medium was exchanged again 24 hours 25 after initiation of

tregstastion. After 24 hours, the 42 culture supernatant was collected and
filtrated through a 0.45-pm filter, and the filtrate was used as a virus

supernatant inrP&ibsefBentEkpEmperiL AT a prétEmiea lgraes digested

fluorescent protein ZsGreen are expressed from a cell 5 having this virus
&ﬁﬁ&ﬂaﬁ%ﬁﬁﬁﬁftlcn enzymes Sacll and EcoRV, blunted and

inserted into the Pmel site in the retrovirus wvector
plasmid pDON-AI to construct pDON-Tat. pDON-Tat was
digested with BamHI and XhoI to eliminate the SV40 promoter
and the neomycin phosphotransferase gene. An IRES-ZsGreen
gene fragment was obtained from pIRES2-ZsGreenl (Clontech)
and inserted downstream of the Tat gene in pDON-Tat
digested with the restriction enzymes to construct pDON-
Tat-ZsGreen.

[0067]

G3T-hi cells (Takara Bio) were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium
phosphate method wusing 10 upg of the retrovirus wvector
plasmid pDON-Tat-ZsGreen and Retrovirus Packaging Kit Ampho
(Takara Bio). The medium was exchanged for a fresh one 8
hours after initiation of transfection, and the cultivation
was continued. The medium was exchanged again 24 hours

after initiation of transfection. After 24 hours, the
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[0068] (4) Establishment of CEM cell lines having transferred gene
encoding MazF, NE1181 or DR0662 G3T-hi cells (Takara Bio) were
placed in a 6-cm 10 plate containing DMEM supplemented with 1.0%
fetal bovine serum (FES) . Transfection was carried out by a calcium
phosphate method using 10 pg of the re#@virus vector plasmid (either
pMTD3-U3TAR-MazF, pMTD3-U3TAR-N4 or pMTD3- USTAR-D3) and
Retrovirus Packaging Kit Ampho (Takara Bio). 15 The medium was

eg(cpgnggd for a fresf% one 8 hours afﬁ: initi%ion of transfection, and.the
cultivation was SoRANGET: THEInSiimSvAS excHAhgdd abamsA hdirsoush a

after cinitj tiofg]igf t@nsfe i%p. A%erZ hours, the culture supernatant was |,
yﬂﬁ’l t g% the %1?56%\:’[&’ éﬁnads thgiiﬁg as a virus

collected and filtrated through a 0.45-pm rate was

USeGe3$,8 VIFHE stpegaian ' eﬁ@bmlﬁéﬂ%r@en§'{%%%rgg%n and a
cells were cultured in RPMI-1640 supplemented with 100 FES at 37C in

the prasenaaeti¥ea02p A4 well 25mendtissieculiediaated plate, o cell
was coated with 43 RetroNectin (Takara Bic) according to the protocol.
B nihof ohe of the-aboke-mentioned afreissu@ernatants was added to
the well. The plate was centrifuged at 32C at 2000 x g for 2 hours to
adsorb the retié\ialvector to the 5 RetroNectin-coated plate. After the
supernatant was

(4) Establishment of CEM cell 1lines having
transferred gene encoding MazF, NE1181 or DR0662

G3T-hi cells (Takara Bio) were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
gserum (FBS). Transfection was carried out by a calcium
phosphate method wusing 10 ug of the retrovirus vector
plasmid (either pMTD3-U3TAR-MazF, pMTD3-U3TAR-N4 or pMTD3-
U3TAR-D3) and Retrovirus Packaging Kit Ampho (Takara Bio).

The medium was exchanged for a fresh one 8 hours after

initiation of transfection, and the cultivation was
continued. The medium was exchanged again 24 hours after
initiation of transfection. After 24 hours, the culture

supernatant was collected and filtrated through a 0.45-um
filter, and the filtrate was used as a virus supernatant in
subsequent experiments.

[0069]

CEM cells were cultured in RPMI-1640 supplemented
with 10% FBS at 37°C in the presence of 5% CO,. A 24-well

non-tissue culture-treated plate was coated with
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removed, 1 ml of a CEM cell suspension at 1 x 105 cells/ml was added
thereto and the plate was incubated at 37C in the presence of 5% CO2
for 24 hours. Cells having a transferred gene were cultured in a medium
containing 10 geneticin (G418) at 1 mg/ml for three weeks to produce
polyclonal cell lines transformed with thergspective viruses. [0070] (5)
Inhibition of cell growth by induction of 15 expression of MazF, NE1181
and DR0662 (1) A 24-well non-tissue culture-treated plate was coated

ith RetroNectin (Takara Bic) according to the protocol. 0.5 ml of the Tat
\é%(%]?ers%ﬁl%ﬁ Fe Fbv%r%%k\:/%%?or}g%fr)gpaarg& ?ﬁ %ﬁﬁﬁf@ 8'Ws BiGES S the ©O-5 ml

l. trif d at 32C at 2000 for 2 hours to
\%efl cl-lt;'g pé%te% %%8%‘%[%% %nedc '\E}I:Lrus é%ﬁé%?etagﬁesr t‘ﬁ%s added

adsorb the retrovirus vector to t é etroNectin-coat

supernatantwas rergued; L ml of asuspepsiop pfone.af the CEMcell o o
lines expressing MazF, NE1181 or DR0662 prepared in Example 9 at 1 x

105ccells/mhwas added to g @Buvelkis infegtion GEMcelhwithoit @ £ the
transferred mRNA 44 interferase gene was used as a control and

Ribvfecttid ta infectian avdth thealat expresaibadetrovrss veaipifrtatant  was
similar manner. Efficiency of infection with Tat expression retrovirus was
deragninéd by rdasefing thEMatie5 bf ZsGpeerspositiue céllsusing acfidis /ml

cytometer 2 or 15
was added thereto and the plate was incubated at 37°C in

the presence of 5% CO, for 24 hours. Cells having a
transferred gene were cultured in a medium containing
geneticin (G418) at 1 mg/ml for three weeks to produce
polyclonal cell 1lines transformed with the respective
viruses.

[0070]

(5) Inhibition of cell growth by induction of
expression of MazF, NE1181 and DR0662

(1) A 24-well non-tissue culture-treated plate
was coated with RetroNectin (Takara Bio) according to the
protocol. 0.5 ml of the Tat expression retrovirus vector
prepared in Example 8 was added to the well. The plate was
centrifuged at 32°C at 2000 x g for 2 hours to adsorb the
retrovirus vector to the RetroNectin-coated plate. After
the supernatant was removed, 1 ml of a suspension of one of
the CEM cell 1lines expressing MazF, NE1181 or DR0662
prepared in Example 9 at 1 x 10° cells/ml was added to the

well for infection. CEM cell without a transferred mRNA
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days after infection. The results are shown in Table 1. As shown in Table
1, the gene was expressed in a Tat protein-dependent manner in CEM
cells having a transferred mRNA interferase gene encoding MazF,
NE1181 or DR0662, 10 resulting in induction of cell death associated with
MRNA degradation and decrease in Zs@rfeen-positive cell ratio. Based
on the above-mentioned results, it was shown that growth of cells
infected with the HIV could be suppressed also in cases where genes for

@ﬁyA i L;}eraflerasesergl%vinvgz_ilSS nucleotide sequence gg?cifgzgiff/s glif erent cd to
from that of MazP Were Used. ] FabIé l%%%reen-po& Ve EN L5

(Tat yirus-positive_cell rato) D IS. CEM with 6.64 1.38 .
t%alanfs%é:%c? flg/lakz}lljfecglEl\/iTI%vgithl:Z%?GZl .gggt%r?s erFeec]: I{éﬁlgfsCE (a\ﬁt e

49511370 transferred DROBEZCEMR4,31 4342 {0QLJAREXample,  rac
8: mMRNA degradation by MazF expression

expression retrovirus was determined by measuring the ratio
of ZsGreen-positive cells using a flow cytometer 2 or 15
days after infection. The results are shown in Table 1.
As shown 1in Table 1, the gene was expressed in a Tat
protein-dependent manner in CEM cells having a transferred
mRNA interferase gene encoding MazF, NE1181 or DR0662,
resulting in induction of cell death associated with mRNA
degradation and decrease in ZsGreen-positive cell ratio.
Based on the above-mentioned results, it was sghown that
growth of cells infected with the HIV could be suppressed
also in cases where genes for mRNA interferases having
nucleotide sequence specificities different from that of

MazF were used.

[0071]
Table 1
ZsGreen-positive cell ratio
(Tat virus-positive cell ratio) (%)
Day2 Dayl5
CEM with 6.64 1.38
transferred MazF
CEM with 28.62 15.96
transferred NE1181
CEM with 49.51 13.70
transferred DR0O662
CEM 54.31 43 .42

[0072]
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and analysis of ribosomal RNA (1) A vector with which MazF and a
fluorescent protein ZsGreen are expressed from a single mRNA was 5
constructed as follows. A MazF gene was obtained by PCR using
pQBI-LTRMazFcvl as described in Example 2 as a template, and the
PCR-amplified MazF gene was inserted 4¥etween Sacl and BamHI sites in
p1lRES2-ZsGreenl (Clontech). The constructed plasmid with which MazF
and ZsGreen are 10 simultaneously expressed was designated as

pMazF-1Z. Primers used ranﬁl@(in the F.gene,are shown in SE ,
ID NOS:22 and 23. A glas@r;iid B uc-IZglﬁc\}/\]fﬁcazé %&fe? seﬁgez\r?e V\?a:{csprgssmn

ingeited between Szcland Bamiil sigg in pIRES2- ZsGreenl was
constructed as a control. 15 [0073] (2) Human 293 cells (ATCC

CRL-1573) were culiureg i HMEM taediwmsyuppligmentadawith 1004 detakcent
bovine serum (FBS). 0.5 ml of a suspension of 293 cells at 2 x 105

celte/hd vas geaded intoeach welb oba 24avelt eoltagen 20 nogled pt®A was
(Corning) and the cells were cultured for 24 hours. Transfection of
piazr- 1ok pucZ Wed taried oul uMgETrgesl®-208{Maobspined by PCR
Expression of the fluorescent protein was analyzed using a flow
cyfotieter BXC SNERIaGE (BECte® Didassoreger 2un488srrPhcurss as  a

Total RNA was 25 recavered using RNeasy micro %%iagen). The ~
rEETRIBERNACHS whEGndlyFecTging Mt eli#dpretdss dftaratiserted

Agggggen SacI and BamHI siteg in pIRES2-ZsGreenl (Clontech).
The constructed plasmid with which MazF and ZsGreen are
simultaneously expressed was designated ag pMazF-IZ.
Primers used for amplifying the MazF gene are shown in SEQ
ID NOS:22 and 23. A plasmid pLuc-IZ in which a luciferase
gene was inserted between Sacl and BamHI sites in pIRES2-
ZsGreenl was constructed as a control.

[0073]

(2) Human 293 cells (ATCC CRL-1573) were cultured
in DMEM medium supplemented with 10% fetal bovine serum
(FBS). 0.5 ml of a suspension of 293 cells at 2 x 10°
cells/ml was seeded into each well of a 24-well collagen-
coated plate (Corning) and the cells were cultured for 24
hours. Transfection of pMazF-IZ or plLuc-IZ was carried out
using TransIT-293 (Mirus). Expression of the fluorescent
protein was analyzed using a flow cytometer FACS Vantage
(Becton Dickinson) after 24, 48 or 72 hours. Total RNA was

recovered using RNeasy micro (Qiagen). The recovered RNA
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2100 Bioanalyzer (Agilent). Fluorescence intensity values from cells
subjected to gene transfer determined by the flow cytometric analysis are
shown in Table 2. As shown in 5 Table 2, it was shown that expression of
ZsGreen was suppressed in cells having pMazF-1Z being transferred. It
is considered that this was due to degradetion of mMRNA by the action of
expressed MazF which resulted in suppressed translation of ZsGreen.
Ratios of 28s ribosomal RNA to 18s 10 ribosomal RNA determined by
electrogho[iesis gnal¥sis of total RNAs are shqown in Table 3. As shown in

Table 37iheY Fatios B 282 MhbssmalRRA o BB ASSon ARRRA Bose st L ent
f%rl%‘%!ISQP&’&@%EM%E"%}{?{'}%g%@s‘ce" anggggs?ﬁréaeviqqlglé%c-%% values
] . . : %

@]
being transferred"'were equivalent to each 15°Gther. it was sho

thatgibosemal RNAwas-pet; degraded by expression.of MazE. 00741 1, ne
Table 2 ZsGreen fluorescence intensity After After After 24 hours 48

heugs: 72-hosiis 293 £els 2168:3 £7:3:81 s293,gelisWith 16188 35.46014.2hown in
transferred pMazF-1Z 293 cells with 129.44 450.35 583.94 transferred

plalcdZ [0DY5]it was shown that expression of ZsGreen was
suppressed in cells having pMazF-IZ being transferred. It
is considered that this was due to degradation of mRNA by
the action of expressed MazF which resulted in suppressed
translation of ZsGreen. Ratios of 28g ribosomal RNA to 18s
ribosomal RNA determined by electrophoresis analysis of
total RNAs are shown in Table 3. As shown in Table 3, the
ratios of 28s ribosomal RNA to 18s ribosomal RNA observed
for cells having pMazF-IZ being transferred and cells
having pLuc-IZ being transferred were equivalent to each

other. Thus, it was shown that ribosomal RNA was not

degraded by expression of MazF.

[0074]
Table 2
ZsGreen fluorescence intensity
After After Aftexr
24 hours 48 hours 72 hours
293 cells 2.68 3.67 3.81
293 cells with 6.88 15.46 14.2
transferred pMazF-1IZ
293 cells with 129 .44 450.35 583.94

transferred pLuc-IZ

[0075]
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20 47 Table 3 rRNA ratio (28s/18s) After After After 24 hours 48 hours
72 hours 293 cells with 2.1 2.0 2.2 transferred pMazF-I1Z 293 cells with
2.1 2.0 2.3 transferred pLuc-1Z [0076] Example 9: Suppression of MazF
activity by MazE A retrovirus vector plasmid pMSN-MazE which 5
expresses MazE, which is the antitoxin fé MazF, was constructed as
follows. [0077] pMT-MazE was constructed by inserting MazE gene
(SEQ ID NO:24) between BamHI and Xhol sites in a vector pMT 10 (Gene
'Ehaeﬁ)r?gy,3ll:94-99 (2004)). A fragment containing SV40 promoter and
neomycin phosphotransferase gene was obtained from pDON-AI by
digestion with Sall and Xhol. TherFagment was igseftezkinto the Xhol site
in pMT-MazE. The thus obtaingsEMazE expressSioamretrovirushmeetor
plasmid was 15 designated as p¥ShMzzE. [DB78PUGBT-hi7cells(Takara
Bio) were placed in a 6-cm

293 cells with 2.1 2.0 2.2
transferred pMazF-1IZ
293 cells with 2.1 2.0 2.3
transferred pLuc-I1Z

[0076]

Example 9: Suppression of MazF activity by MazE

A  retrovirus vector plasmid pMSN-MazE which
expresses MazE, which i1is the antitoxin for MazF, was
constructed as follows.

[0077]

PMT-MazE was constructed by inserting MazE gene
(SEQ ID NO:24) between BamHI and Xhol sites in a vector pMT
(Gene Therapy, 11:94-99 (2004)). A fragment containing
SV40 promoter and neomycin phosphotransferase gene was
obtained from pDON-AI by digestion with Sall and XhoI. The
fragment was inserted into the Xhol site in pMT-MazE. The
thus obtained MazE expression retrovirus vector plasmid was
designated as pMSN-MazE.

[0078]

G3T-hi cells (Takara Bio) were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium
phosphate method wusing 10 pg of the retrovirus vector

plasmid pMSN-MazE and Retrovirus Packaging Kit Ampho
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plate containing DMEM supplemented with 10% fetal bovine serum
(FBS). Transfection was carried out by a calcium 20 phosphate method
using 10 ,Ig of the retrovirus vector plasmid pMSN-MazE and Retrovirus
Packaging Kit Am-oho 48 (Takara Bic). The medium was exchanged for a
fresh one 8 hours after initiation of transfettion, and the cultivation was
continued. The medium was exchanged again 24 hours after initiation of
transfection. After 24 hours, the 5 culture supernatant was collected and

f|| tgd throg ha 04 m fllter .and the filtrate was uzied as a MSfN -MazE
Us'stipérnata r%t A 2887 e RO T s i BuIft & HEAES pIat® viasdoatey one 8

vyiwstr%@gﬁm {TakaraBig) according to .the hfg}lﬁceo:o?% (RLOTINe, s vation

SN-MazE virus vector was 10 added to the we ate was

C@QH ifuggadkat3laat 2000.x ¢ fori2,hours to @%&H&%Maéga?ﬁ@reﬁ'o%urs

retrovirus vector to the RetroNectin-coated plate. After the supernatant

e eemoyved.cl oY 05 283 celksuspessionoat 1 x 10realls/m Wasurs, the
added to the well for infection. 15 After the plate was incubated at 37C in

the presencewh &% 2E02 for 2dshotrd, lcells ddviagd transfesed gertirough a
were cultured in a medium containing geneticin (G418) at 0.5 mg/ml for
tRoAReeis té pidduce aapolycidiral &allliren293- MezEuskidh esnstitutiv@ly MazE
expresses Mazkt. 20 [0079] A retrovirus vector plasmid
ﬁﬁﬁWﬁH@ﬂ@?ﬁ%ﬁfﬁﬁg A 24-well non-tissue culture-treated

plate was coated with RetroNectin (Takara Bio) according to
the protocol. 0.5 ml of the MSN-MazE virus vector was
added to the well. The plate was centrifuged at 32°C at
2000 x g for 2 hours to adsorb the MazE expression
retrovirus vector to the RetroNectin-coated plate. After
the supernatant was removed, 1 ml of a 293 cell suspension
at 1 x 10° cells/ml was added to the well for infection.
After the plate was incubated at 37°C in the presence of 5%
CO, for 24 hours, cells having a transferred gene were
cultured in a medium containing geneticin (G418) at 0.5
mg/ml for two weeks to produce a polyclonal cell line 293-
MazE which constitutively expresses MazE.

[0079]

A retrovirus vector plasmid pSINH-HLTR-MazF was
constructed by eliminating the neomycin phosphotransferase
gene from pSIN-HLTR-MazF as described in Example 4 and
inserting a hygromycin resistance gene in place of the gene.

[0080]
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constructed by eliminating the neomycin phosphotransferase gene from
pSIN-HLTR-MazF as described in Example 4 and inserting a hygromycin
resistance gene in place of the gene. 25 [0080] 49 G3T-hi cells (Takara
Bic) were placed in a 6-cm plate containing DMEM supplemented with
100 fetal bovine serum (FBS). Transfec#én was carried out by a calcium
phosphate method using 10 pg of the retrovirus vector 5 plasmid
pSINH-HLTR-MazF and Retrovirus Packaging Kit Ampho (Takara Bio).

The medium was_exchan for a fresh one 8 hours after ipitiation of
transfection, aﬁ%qfﬁg %:ulﬁ\g/‘gtc'liésn \@%as?{cao]f:l?in&éd? TheShEdiBmArgs. i» & 6-cm

ge in 24 ho er_initiation of transfection. After 24 hoyrs :
B A hdtat hs COIRE o A et Proqa o G s pr 72

filter,and the diltrate was used as a-3INH:HLTR Mazh viBL&SU}B%rngt,aeglcium

A 24-well non-tissue culture- treated plate was coated with RetroNectin
(PakamnBicy aseording tatherRyotaenl. Q5 mb of the SINFELIR1MazF 18 ctor
virus vector was added to the well. The plate was centrifuged at 32C at
2000=x ) dord hvursiuradseeh thenrMdazfeexxaression rets@iasivestaio Ampho
the RetroNectin-coated plate. After the supernatant was removed, 1 ml of

al ByspeasiBh of 293-FMexErcalisuor 203cetis ahanckd! 20cellsymfwesh one 8
added to the well for infection. After the plate was incubated at 37C in the
&@géﬁb@gpgfcjygﬁ%ation of transfection, and the cultivation

was continued. The medium was exchanged again 24 hours
after initiation of transfection. After 24 hours, the
culture supernatant was collected and filtrated through a
0.45-uym filter, and the filtrate was used as a SINH-HLTR-
MazF virus supernatant. A 24-well non-tissue culture-
treated plate was coated with RetroNectin (Takara Bio)
according to the protocol. 0.5 ml of the SINH-HLTR-MazF
virus wvector was added to the well. The plate wasg
centrifuged at 32°C at 2000 x g for 2 hours to adsorb the
MazF expression retrovirus vector to the RetroNectin-coated
plate. After the supernatant was removed, 1 ml of a
suspension of 293-MazE cells or 293 cells at 1 x 10°
cells/ml was added to the well for infection. After the
plate was incubated at 37°C in the presence of 5% CO, for
24 hours, cells having a transferred gene were cultured in
a medium containing hygromycin B at 0.2 mg/ml for two weeks
to produce polyclonal cell lines 293-MazE-MazF and 293-MazF.

[0081]
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24 hours, cells having a transferred gene were cultured in a medium
containing hygromycin B at 0.2 mg/ml for two weeks to produce
polyclonal cell lines 293-MazE-MazF and 293-MazF. 25 [0081] 50 A
24-well non-tissue culture-treated plate was coated with RetroNectin
(Takara Bio) according to the protocol. 3.8 ml of the Tat expression
retrovirus vector produced in Example 8 was added to the well. The plate
was 5 centrifuged at 32C at 2000 x g for 2 hours to adsorb the retrovirus

vector to the Retrolectin-coated plate. After th sugglr_natanttvggls lat
removed, 1 ml of a suspension of celle*5Fthe Cell e 203 MaTE-MBZE oF  Was

293:MazF atil % 10; Gellsimlwas added tg the wﬁ'?f?f infection, 293 cells o

10 were also subjected to infection as a control. Cell growth was

absgrwshunder migrageopstwadays after infection: (Gromsb 0fthe-us vector

293-MazF cell was suppressed due to the expression of MazF by the
astionwi e Tat preteisl Asstowthe 29GtMaatsMazE celll the aation ¢flate was
MazF was neutralized 15 by MazE and the growth was equivalent to the
293ndefli fTiwes] itawas 8hdwr that MerExact asan antitexinfor dazkdadst the
in eukaryotes. Industrial Applicability 20 [0082] The present invention

Pr6ViEes hrigcleie ek copstieethBeisteffactivein ceatmentahate .  After

prevention of
the supernatant was removed, 1 ml of a suspension of cells

of the cell 1line 293-MazE-MazF or 293-MazF at 1 x 10°
cells/ml was added to the well for infection. 293 cells
were also subjected to infection as a control. Cell growth
was observed under microscope two days after infection.
Growth of the 293-MazF cell was suppressed due to the
expression of MazF by the action of the Tat protein. As to
the 293-MazE-MazF cell, the action of MazF was neutralized
by MazE and the growth was equivalent to the 293 cell.
Thus, it was shown that MazE act as an antitoxin for MazF

also in eukaryotes.

Industrial Applicability

[0082]

The present invention provides a nucleic acid
construct that is effective in treatment and prevention of
human immunodeficiency virus (HIV) infection. Since
replication of HIV can be suppressed in a cell into which

the nucleic acid construct is transferred, it is effective
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human immunodeficiency virus (HIV) infection. Since replication of HIV
can be suppressed in a cell into which 25 the nucleic acid construct is
transferred, it is effective 51 in treatment and prevention of HIV infection.
Sequence Listing Free Text [0083] 5 SEQ ID NO:3 ; Synthetic DNA
encoding MazF. SEQ ID NO:4 ; Primer 3HIV1 U3 to amplify a portion of
HIV LTR. SEQ ID NO:5 ; Primer 3' HIV1 R to amplify a portion of HIV
LTR. 10 SEQ ID NO:6 Primer 3' HIV1 TAR to amplify a portion of HIV
LTR. SEQ ID NO:7 ; Primer 5' MazF to amplify a DNA encoding MazF.
éﬁ‘QﬁBer%E)‘?@?ﬁri?nﬂe‘% PR o Sl bing Alélr%occﬁr%é”ﬂ/razlr. SEQ ID
NO:9 ; Primer 5' Kpnl to amplify a DNA encoding GaLV 15 envelope.
SEQ ID NO: 10 ; Primer 3 ' Clal to amplify a DNA encoding GalLV

envelone. SEQ 4P NG 1H Rrimer NE1181-F to amplify a DNA encoding
NE1I81 polypeptide. 20 SEQ ID NO:12 ; Primer NE1181-R to amplify a
DNA encoding[ dvsB181 polypeptide. SEQ ID NO:15 ; Synthetic DNA
encoding NE1181 polypeptide. SEQ ID NO:16 Primer DR0662-F to
aBplifya DNA3encatimghetic DNA encoding MazF.

SEQ ID NO:4 ; Primer 5 HIV1 U3 to amplify a portion of HIV

LTR.

SEQ ID NO:5 ; Primer 3  HIV1 R to amplify a portion of HIV

LTR.

SEQ ID NO:6 ; Primer 3  HIV1 TAR to amplify a portion of
HIV LTR.

SEQ ID NO:7 ; Primer 5 MazF to amplify a DNA encoding MazF.
SEQ ID NO:8 ; Primer 3  MazF to amplify a DNA encoding MazF.
SEQ ID NO:9 ; Primer 5 Kpnl to amplify a DNA encoding GaLV
envelope.

SEQ ID NO:10 ; Primer 3  Clal to amplify a DNA encoding
GalV envelope.

SEQ ID NO:11 ; Primer NE1181l-F to amplify a DNA encoding
NE1181 polypeptide.

SEQ ID NO:12 ; Primer NE1181-R to amplify a DNA encoding
NE1181 polypeptide.

SEQ ID NO:15 ; Synthetic DNA encoding NE1181 polypeptide.
SEQ ID NOC:16 ; Primer DR0662-F to amplify a DNA encoding
DR0662 polypeptide.

SEQ ID NO:17 ; Primer DR0O662-R to amplify a DNA encoding



5

DR0662 polypeptide. 25 SEQ ID NO:17 ; Primer DR0662-R to amplify a
DNA encoding 52 DR0662 polypeptide. SEQ ID NO:20 Primer to amplify
a DNA encoding DR0662 polypeptide. SEQ ID NO:21 ; Primer to amplify
a DNA encoding DR0662 5 polypeptide. SEQ ID NO:22 ; Primer to
amplify a DNA encoding MazF. SEQ IDINO:23 ; Primer to amplify a DNA
encoding MazF. MCSLLP 53 CLAIMS 1. A nucleic acid comprising: a
transcription regulation sequence which is LTR of 5 human
img%gdefigienc virugéand a gene encoding a polypeptide having a

single-stran ﬁ}-specmc endoribonuclease activity which cleaves an

RS InA nsleotide, SeﬂH%Q‘E'SE%C'f'&x{B%@f’ whetgin the geneiisy proee:
placed so that its expression can 10 be controlled by said sequence. 2.

Tha pyeleici acid according to claim |, wherein the polypeptide having a
single-stranded RNA-specific endoribonuclease activity is MazF protein.
3ETherucler:acid gecergingto ctaim dmp/hichyis 45 muorpasatediinty apr0662
vector.

polypeptide.

SEQ ID NO:22 ; Primer to amplify a DNA encoding MazF.

SEQ ID NO:23 ; Primer to amplify a DNA encoding MazF.



10

15

20

25

4. A method for producing a cell in which replication of human
immunodeficiency virus is suppressed, the method comprising

transferring the nucleic acid defined by claim 1 into a cell ex vivo. 20 S.  \cSLLP

The method according to claim 4, wherein the cell is a cell population
containing a ;L' cell or a T cell precursgy. 6. The method according to
claim 4, wherein the nucleic acid is transferred into the cell using a virus
25 vector. 7. The method accordingdo,gtaim 6, wherein the nucleic acid is
transferred into the cell using a retrovirus vector.

1. A nucleic acid comprising:

a transcription regulation sequence which is LTR of
human immunodeficiency virus; and

a gene encoding a polypeptide having a single-stranded
RNA-specific endoribonuclease activity which cleaves an RNA
in a nucleotide sequence-specific manner,

wherein the gene is placed so that its expression can
be controlled by said sequence.

2. The nucleic acid according to claim 1, wherein
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity is MazF protein.

3. The nucleic acid according to claim 1, which 1is
incorporated into a vector.

4. A method for producing a cell in which
replication of human immunodeficiency virus 1s suppressed,
the method comprising transferring the nucleic acid defined
by claim 1 into a cell ex vivo.

5. The method according to claim 4, wherein the cell
is a cell population containing a T cell or a T cell
precursor.

6. The method according to claim 4, wherein the
nucleic acid is transferred into the cell using a virus
vector.

7. The method according to claim 6, wherein the
nucleic acid 1s transferred into the cell using a

retrovirus vector.



