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Inducible gene expression

Description

The present 1invention relates to a method for 1inducible
gene expression, 1in which a target nucleic acid sequence to

be expressed is modified at the nucleic acid level so that

an increase in the expression is achieved, and the nucleic
acid sequence modified in this way 1is expressed under the

control of an inducible transcription control sequence.

Many types of viruses are involved in an active export of
their 1ncompletely spliced transcripts from the cell
nucleus of the 1infected host cell. This can take plaée
either via the use of a cis-position RNA signal within the
viral transcripts (constitutive transport elements) or

e

occurs with the help of viral proteins.

Cis-active transport elements are used for example from

MPMV-CTE (Mason-Pfizer Monkey Virus constitutive transport

element), SRV-CTE (Simian Retrovirus constitutive transport

element), Hepatitis B-Virus PRE (posttranscriptional
regulatory element) and HSV (Herpes Simplex Virus) (within
the TK (thymidine Kkinase) gene). These RNA elements

recrult cellular factors and export pathways in order to

- allow the nuclear export of the viral transcripts.

As an alternative, the nuclear export can also be mediated
via an export factor that binds specifically to a target
sequence within the viral transcripts and transports these
in co-operation with cellular factors into the cytoplasm.

Thus, for example, Ad-5 (Adenovirus 5)transcripts are
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exported with the aid of the 34K and E4orfé proteins, EBV

(Epstein-Barr Virus) transcripts with the aid of the ER2
protein, Herpes virus Saimiri transcripts with the aid of

the ORF 57 gene product, HSV transcripts with the aid of

the ICP 27 protein, HTLV-I and II (human T-cell Leukemia

Virus I and II) transcripts with the aid of the Rex

proteins, EIAV  (Equine Infectious Anaemia Virus), SIV

(Simian Immunodeficiency Virus) and HIV-1 and HIV-2 (Human

Immunodeficiency Virus 1 and 2) transcripts with the aid of

the Rev proteins.

The HIV-1 Rev-mediated nuclear export of subsequent HIV-1
transcripts has been investigated best. Like all
Lentiviruses, HIV-1 is involved in activating several genes.
from only one proviral matrix and expressing them in a
time-specified sequence. By alternative splicing events as
well as further regulation mechanisms occurring at the RNA
level, different genes are generated from only one ~ 9kb
long primary transcript. These viral transcripts may be
subdivided into three classes according to their size,
namely ~ 9kb unspliced (gag, pol), ~ 4kb singly spliced
(env, vif, vpr, vpu) and ~ 2kb multiply spliced (rev, tat,
nef) RNAs.

Apart from the occurrence of incompletely to multiply
spliced transcripts, a time sequence in the expression of
Chese different RNA species may also be observed. Thus, in
the early phase of the replication in the cytoplasm of the
infected cells, only the multiply spliced ~ 2kb RNAs and

thelir gene products Rev, Tat and Nef can be detected. Only

after a time delay are the unspliced (~ 9kb) and singly
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spliced (~ 4kb) transcripts and their gene products Gag,

Pol and Env then also observed.

In cells that have been infected with virus mutants lacking
an active Rev protein, the singly spliced and unspliced

transcripts can be detected, but never in the cytoplasm.

The unpsliced and singly spliced transcripts then
accumulate in the nucleus and the subsequent structure
proteins (Gag, Env) and enzymes (Pol) translated from them
cannot be formed. The viral Rev protein is thus involved
in an essential way in the time-regulated expression of the

viral genes.

HIV-1 Rev, like the RNA transport molecules listed above,
are shuttle proteins which transport viral RNAs from the
nucleus to the cytoplasm via the interaction with an RNA
target sequence located within viral transcripts. Thus,
HIV-1 Rev binds in the nucleus specifically to its RNA
target structure RRE, the “Rev-responsive-element”. This
351lnucleotide (nt) long region is localised within the Env

e

reading frame and is thus a constituent of all unspliced

and singly spliced transcripts. This ribonucleoprotein
(RNP) complex is then exported from the cell nucleus via |

interaction with cellular factors. For this purpose a C-
terminally located leucine-rich sequence is necessary,
which as a nuclear export sequence NES mediates the nuclear

translocation of the Rev protein using cellular mechanisms

(Pollard et al., 1998).

The reason why the late transcripts in the absence of Rev
remailn behind in the nucleus, which is a necessary

precondition for the Rev dependence and thus the time-
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regulated expresSion of gag, pol and env, 1s still
disputed. In principle there are two mailn alternative

ideas about nuclear retention of late transcripts.

It 1s assumed that a cellular transcript can leave the cell
nucleus only once the splicing process has been completed,
and all active splicing sites have been removed from the
primary transcript. Late wviral transcripts are 1intron-
containing, only incompletely spliced pre-mRNAs, which are
transported to the cytoplasm with the aid of Rev and RRE.
For this reason the influence of the <cellular splicing
machinery on the nuclear retention of the late transcripts
was investigated early on (Mikaelian et al., 1996) (Kjems
et al., 1991; Kijems et al., 1993; Chang et al., 1989;
Powell et al., 1997; Lu et al., 1990; O’'Rellly et al.,

1995). Due to the presence of wvariously active splicing

sites, the splicing process 1n HIV-1 transcripts appears to

take place only sub-optimally. It has therefore been

suggested by several groups of researchers that Rev permits
the export of transcripts which can be retained within the
splicing machinery due to the formation of inefficient

splicingucomplexes.

On the other hand i1t has however been shown that the late
HIV-1 genes, such as for example env, remain repressed in

their expression also 1in the absence of active splicing

sites, and therefore the 1influence of the splicing

machinery appears to be more 1indirect (Nasioulas et al.,

1994) . For this reason so-called inhibitory sequences
(INS) or cis-active repressor elements (CRS) within the
reading frame have Dbeen postulated, which negatively

influence the expression (Nasioulas et al., 1994; Olsen et
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al., 1992; Schwartz et al., 1992b; Maldarelll et al.,
1991). These repressor sequences located within the coding
mRNA do not however possess any common sequence motif, such
as for example the AUUUA instability motif within the 3’-
UTR of the unstable GM-CSF mRNA (Chen et al., 1895), but
are notable only for their alwacys high A/U content. Thus,

the fusion of the postulated INS-containing fragments from

reading frames of later genes (such as gag and env) to a

CAT-reporter system resulted 1in a reduced reporter activity
(Cochrane et al., 1991; Rosen et al., 1988). This
reduction of the expression of gag and pol could to some
extent be cancelled again by multiple quiet point mutations
within the “wobble” positions (Schwartz et al., 19923,
Schneider et al., 1997). The unspliced and singly spliced
HIV-1 mRNAs thus appear to contailn cis-actlive repressor

elem

.

ents, which are removed either by multiple splicing or

are overcome by an Rev/RRE-mediated nuclear export.

An elegant method of circumventing the Rev dependence of
HIV transcripts has been developed by Schwartz and
Schneider; as already mentioned, 1in the form of a partial
change of the reading frame of HIV genes. A consequent
development of this concept led to the syntheslis of a
codon-optimised ' HIV-gag-pol gene using synthetic
oligonucleotides (Wagner et al., 2000; Graf et al., 2000).
This type of matching of the G/C content and codon usage to
that of mammalian cells permitted a constitutive synthesis
of the Gag-Pol polyproteln 1in mammalian cells 1n large
amounts. The basic mechanism of this decoupling of the
protein synthestis from the Rev dependence 1s an altered
nuclear export of the mRNA. Whereas the HIV wild-type RNA

is involved in an alternative export pathway characterised
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py the Crml protein, depending on the HIV shuttle protein

Rev, the synthetic mRNA on the regular nuclear export
pathway for cellular mRNAs is transported constitutively
into the cytoplasmn. This constitutive expression of HIV

proteins opens up new ways for an HIV treatment at the

g

cnetic level.

F

The publication by Graf et al. (2000) does not however

disclose methods for a gene expression inducible with the

ald of a transactive factor.

Just like the aforementioned publication by Graf et al.,
DE 1 053 781 Al too is concerned with the RNA export from
the «cell nucleus into the cytoplasm. This patent

application thus relates to making reporter genes dependent

on Rev 1n order to be able to control the expression of the

M

reporter gene via the nuclear export.

Since a Rev dependence and RRE dependence impose certain
restrictions on the development of HIV-based 'vectors,
Kotsopoulou et al. (2000) synthesised a codon-optimised
HIV-1-gag-pol gene. This gene was introduced into a
mammalian expression vector and investigated as regards the
dependence on Rev. The authors did not however use any
promoters inducible with the aid of transactive factors. A

method according to the invention 1is accordingly not

disclosed.

The expression of anti-HIV genes in cells can Dbe

efficiently wused for an intracellular inhibition of HIV

replication (Bunnell et al., 1998). In the meantime a
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whole range of HIV gene therapy strategies have been

developed, ranging from antisense constructs and RNA decoys
via specific RNA-decomposing ribozymes and RNA interference
to transdominant-negative proteins derived from HIV. Apart
from these 1intracellular inhibitors, which interfere in a
targeted manner 1in steps in HIV replication, within the

scope of a gene therapy the re-infection of cells or the

propagation of descendant viruses can also be prevented.
Various approaches are concerned with the expression of

secretable anti-HIV proteins, immunostimulating or non-

specific antiviral factors and, not 1least, with the

expression of cell-toxic factors following infection (for

overview see Mautino et al., 2002).

Apart from these rather non-specific inhibitory strategies,

virus multiplication can take place by preventing virus

release 1n a very specific manner, using HIV-own protein
derivatives. Deletions 1in Gag mediate a transdominant-
negative (TDN) effect to the new formation and release of
descendant viruses (von Poblotzki et al., Trono et al.,
1989; smythe et al., 1994 Furuta et al., 1997). These
deletions are in p17MA, in the transition region of

pl7MA/p24CA and in the C-terminal domain of p24CA. The

exact action mechanism of the transdominant-negative effect
has not been clarified. Some clues point however to an
influence of the reduced cyclophilin A binding capacity of
the mutated p24CA (Chiu et al., 2002) and to an altered
membrane targeting, from the plasma membrane to the ER

., 1993;
Gallina et al., 1994; Ono et al., 2004). Since Gag is a

membrane, with deletions in pl7MA (Facke et al

very strongly multimerising polyprotein and an exact

clustering is necessary for the correct formation of HIV
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particles (Wilk et al., 2001), it is obvious that TDN Gag

deletion derivatives with functional assembly domains (C-
terminal domains of p24CA) directly interfere, by a binding
to wild-type Gag proteins, with the assembly of HIV capsids
and thus demonstrably lead to an inhibition of HIV

replication.

Particularly the 1last strategy however exhibits some

problems 1n a constitutive protein expression. Thus, the
expression of the foreign gene can lead to cell toxicity, a
faulty regulation of cellular functions, a reduced
regulation of the transcription and, specifically in the
case of a protein derived from HIV, to an undesirable

lmmune response (Smythe et al., 1994). In order to

circumvent these problems, various strategies are adopted

to make the expression of the transgene dependent on an HIV

infection.

In wvarious approaches a Tat-, a Rev- and a Tat/Rev-
dependent expression have been investigated and in some
cases the 1nhibition of HIV replication in vitro has been
described (Caruso et al., 1992; Harrison et al., 1992; Liu
et al., 1994). In agreement with this, the expression of
thymidine kinase (Marcello et al., 1998) and interferon o?
(Ragheb et al., 1999) could be raised by Tat by a factor of
o> and 4 respectively, and by Rev by a factor of 3.3 and < 2
respectively. The combined addition of Tat and Rev led
however to very different results: the expression of
thymidine kinase was raised by a factor of 7, whereas for
interferon a2 an increase in expression by a factor of >
300 was reported. For HIV-1 TDN Gag derivatives a clear

Rev-mediated induction of protein synthesis (with low basal
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activity) could be shown, which was associated with a broad
inhibition of HIV replication (up to 94%) (Smythe et al.,
1994; Furuta et al., 1997). For the combination of Tat-
dependent and Rev-dependent expression of TDN Gag, a
sharply 1increased protein synthesis was achieved by co-

transfection of tat-expression and rev-expression plasmids

(Ding et al., 2002; Cara et al., 1998). Here it was found

however that the inhibition of the HIV replication was only

partial (Cara et al., 1998) and reached a high level only

by combination with various inhibitory strategies (Ding et

al., 2002; Cara et al., 1998). In contrast to this the
LTR/Tat-inducible expression of suicide genes such as TK
led in many cases to an inhibition of virus replication

(Marcello et al., 1998; Miyaka et al., 2001; Ragheb et
al., 1999).

As regards the basal activity, it has been correspondingly
shown that a dependence on Rev does not lead to an absolute

prevention of protein synthesis. Rev influences the export

of RNA from the cell nucleus and is functional only in

combination with corresponding cls-active retention
sequences (INS, see above) and a cis-located recognition
sequence (RRE). Gag genes 1solated and reduced in size

(and therefore also in the size of the INS) are efficiently
transcribed under a correspondingly active promoter (e.gq.
CMV), and it 1is clear that a certain part of the RNA

reaches the cytoplasm and is translated without the support

of Rev.

There 1s no unambiguous data regarding the regulation by
LTR/Tat. Most reports have described a basal activity of

the genes under LTR control (Caruso et al., 1992: Ding et
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al., 2002; Muratori et al., 2002; Cara et al., 1998).
Possible explanations of this expression in the absence of
Tat are an activation of the LTR promoter by TNFoa, which
was secreted from the corresponding transduced <cells
(Muratori et al., 2002), or elements of the vector

contruct, which are derived from HIV (Miyake et al., 2001).

Also, the 1length of the LTR that 1s used may have an

influence on the regulation. Thus, a complete switching
off of the transcription in the absence of Tat was detected

with a minimal LTR (Miyake et al., 2001), i.e. a Y“tight”

inducible promoter was described.

For an HIV-dependent transgene expression the LTR/Tat

system therefore appears to be the more important switch

module; and this also for the reason that an induction by
Rev 1s downstream of that by Tat, which can lead to an
initial wvirus ﬁultiplication, and specifically shortly
before the inhibition by the transgene can act. Thus,
among other things the observed incomplete inhibition of
the replication after Rev induction is explained (Smythe et

al., 1994).

However, for a Tat-1nducible expression of transdominant-
negative (TDN) Gag derivatives, 1n contrast to suicide
genes up to now a sufficient inhibition of the HIV

replication has still not been detected (see above). There

are several possible explanations for this:

i) The TDN action correlates with the amount of the TDN

protein, i.e. a certain limit must be exceeded in order to
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achieve an effective intervention. Th

aling

e amount of protein

depends however to a large extent on the promoter activity.
Compared to highly active viral promoters (e.g. CMV SV40)
this 1s relatively slight in HIV-1 LTR, and is therefore

possibly not sufficient.

11) The TDN derivatives used hitherto are derived from the
HIV-1 wild-type genome, and consequently contain INS motifs
and are therefore dependent on a Rev-mediated nuclear
export. As described above, the actual inhibitory action
starts only with the presence of REV in the cell nucleus,
whereby the first HIV transcripts pass unhindered into the

cytoplasm and can complete the replication. It 1is

therefore not surprising that a combination of both

regulation systems leads to a very inefficient inhibition

of HIV replication (Cara et al., 1998).

Apart from the LTR-tat system, many other inducible wviral
promoters are known. Also, other inducible expression
systems are known 1in the prior art. Often however the
desired degree of gene expression cannot be achieved with
an 1inducible system. An object of the present i1nvention 1is

accordingly to provide a method for inducible gene

eXpression.

This object 1is achieved by a method for inducible gene

expression, comprising

(1) provision of a target nucleic acid sequence to be

expressed,
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(11) modification of the target nucleic acid sequence to
pe expressed so that an increase in the expression is

achieved,

(111) operative coupling of the modified target nucleic
acid sequence with an inducible transcription control

sequence,

(1v) expression of the modified target nucleic acid

sequence 1in a suitable expression system by a

transactive factor.

It has surprisingly been found that the inducible
expression of a coded gene in a target nucleic acid

seqguence to be expressed (hereinafter also termed

transgene) can be significantly improved if on the one hand
1ts sequence at the nucleic acid level is modified to
achieve an increase in gene expression, and on the other
hand the target nucleic acid is expressed under the control

of a transcription control sequence inducible by a

transactive factor.

An inducible gene expression is essential for example when

toxic gene products are used, and with other,
therapeutically usable genes has decisive advantages

compared to a constitutive expression:

-~ A non-infected cell 1s in its physiological
performance not subjected to stress due to a high

expression of additional factors.

- Non-specific or non-foreseeable interactions of the

gene products could lead to physiological

modifications such as activation, proliferation or the
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like, also in neighbouring cells, in tissues or in the

whole organism.

- Proteins derived from HIV are recognised by immune
cells 1n the environment of an HIV infection and the

corresponding protein-expressing cells are eliminated.

- n the case of toxic factors a constitutive production

must be avoided.

A transcription control sequence is a nucleic acid sequence
which permits the expression of a nucleic acid sequence, in
particular of a gene, operatively associated therewith. It
may 1n this connection be a promoter, and in addition the
transcription control sequence may also include further

elements such as for example enhancers and the 1like.

Preferably the inducible transcription control sequence is
an inducible promoter. In this connection in principle
every 1nducible promoter system that is known in the prior
art 1s suitable. A natural or artificial 1nducible
promoter, for example a promoter inducible by tetracyclin
(Tet on/Tet off system), may for example be used.

Furthermore, an inducible viral promoter may however also

be used.

The transcription control sequence is induced by a
transactive factor. The transactive factor is a factor
that acts 1in trans and has an influence on the
transcription. The transactive factor 1is preferably a
transcription factor. Particularly preferably the

transactive factor is a viral transactive factor.
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Preferably the 1nducible transcription control segquence can

be 1nduced by a wviral transactive factor. A viral
inducible transcription control sequence that can be
induced by a viral transactive factor may be derived from
an arbitrary virus. Sequences of retroviruses, HCV
(Hepatitis C Virus), HBV (Hepatitis B Virus), HSV (Herpes
Simplex Virus), EBV (Epstein-Barr Virus), SV40 (Simian

Virus 40), . AAV (Adeno-associated Virus), Adenovirus,

Papilloma Viruses or Ebola Virus are preferably used for

this purpose. The transactive factors wused in this

connection are accordingly selected for example from the
following viral factors, but are not restricted to these:
NS5A (HCV), HB X (HBV), VP1l6/ICP4 (EBV), EBNAl/Rta (EBV),
ART (HHV8), Large T-Antigen (SV40), Rep78/68 (AAV), EIA

(Adenovirus), E2 (Papilloma Virus) and VP30 (Ebola Virus).

A retroviral LTR promoter or a functional partial sequence
thereof 1s preferably wused as inducible transcription

control sequence that can be 1nduced by a viral transactive

factor. Preferably therefore the transactive factor is a

retroviral Tat or Tax protein. The LTR promoter may be

selected from LTRs of HIV-1, HIV-2, SIV, HTLV and other
related retroviruses that contain LTR promoters. In

particular lentlviral promoters are preferred, especially

those of HIV.

A transactive factor within the meaning of the present

invention 1s thus a factor which exerts in trans an
1influence on the transcription, preferably due to the fact
that the transactive factor interacts with the inducible

transcription control sequence. An example of such a
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transactive factor 1is thus the Tat protein already

mentioned above.

In order to 1improve the gene expression the target nucleic
acid sequence to be expressed 1s modified. This occurs at

the nucleic acid level and preferably in such a way that

the corresponding amino acid sequence 1is not, or 1is not

substantially, altered. If the amino acid segquence 1is
altered 1n the modification of the nucleic acid sequence in
order to ralse the gene expression, then this should have

no influence on the function of the resulting protein.

e

The modiflcation of the target nucleic acid sequence to

raise the gene expression may be carried out in several

ways.

On the one hand 1t 1is possible to match the codon usage of
the transgene to the employed expression system. A
eukaryotic expression system, in particular a mammalian-
based one, 1s preferred, especilally in this connection one
based on mammalian cells, preferably human cells. The

codon usage of the transgene 1is therefore preferably
matched to the codon wusage of mammalian cells, more

preferably to that of human cells.

Modilfied target nucleic acid sequences according to the

invention and preferably suitable for gene therapy can be

created for example by choosing the codon distribution as
1t occurs 1in exported cellular mRNA. Preferably 1in this

connection a codon choice should be used such as is most

frequently or next most frequently employed in mammalian
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cells (Ausubel et al., 1994), and even more preferably the
codon choice is matched to that of actively expressed
mammalian genes. Preferably the nucleic acid sequence 1is
modified for an optimal expression in mammals using the

gene optimiser technology (German Patent Application DE

102 60 805.9, PCT/EP03/14850).

Instead of or also in addition to the matching of the codon
choice, 1t 1s however also possible to optimise the GC
content. This 1s preferably achieved by matching the GC

i

content of the transgene as accurately as possible to the

' d

GC content of the expression system that is used. In this

connection the degeneracy of the genetic code is preferably
utilised, so that the alteration of the nucleic acid

sequence for the purposes of increasing the GC content does

not lead to an alteration of the amino acid sequence. The
optimal percentage content of G and C nucleotides in a
sequence to be expressed depends, as already mentioned, on
the respective or'ganism and on the respective cells in
which the sequence is to be expressed. For example, the
optimal GC content in nucleic acids in mammalian cells 1is
apout 50%. Reference documents already exist in which the
person skilled in the art can 1look up the optimal GC
content for varilious organisms and cells. The regularly
updated codon usage database exists at

www.Kazusa.or.jp/codon/ of Y. Nakamura at the Kazusa DNA

Research Institute, see also Nakamura, Y et al., (2000)

Nucl. Acids Res. 28, 292. It 1s therefore no problem for

the person skilled in the art to optimise, as regards the
GC content, the nucleic acid sequence of the target nucleic

acld to be expressed.
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The optimisation of the GC content or the matching of the
codon usage 1s preferably carried out by silent mutations
or by mutations that do not influence the activity of the
protein coded by the transgene. The codon usage need not
necessarily be matched if the GC content of the said gene
1s already more than 50%. Genes with codon usage differing
from the wild type may, as mentioned in the example, be
produced from long oligonucleotides by a stepwise

polymerase chain reaction (PCR).

A further possible way of modifying the target nucleic acid
sequence to be expressed for the purposes of improving the
expression 1s, elither instead of the above possibilities,
or 1n addition to these, to purposefully eliminate motifs
that negatively influence the transcription. This includes
for example the deletion of nucleic acid motifs such as
poly-A sequences and the like, which could well already be
known to the person skilled 1in th.e art. Further such

motifs negatively influencing the expression include RNA

instability motifs, adenine-rich motifs, recognition motifs
Lor endonucleases, motifs that influence the RNA secondary

structure, and the like.

The target nucleic acid sequence to be expressed preferably

codes for a therapeutic and/or diagnostic protein. Such a
protein may be chosen for example from toxic gene products,
suicide factors, apoptosis-inducing proteins, messenger

substances, transactive factors, regulator proteins,

transdominant-negative proteins, cytokines, chemokines,
etc. Specific' examples are 1interferon o, SDF-I RANTES,
MIPla, TNF and interleukins, in particular interleukins 2,

6, 10, 12, 15 and 28. Preferably the target nucleic acid
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sequence to be expressed codes for a gene which, when the

LTR/Tat system 1is wused, produces proteins, for example

atter activation by HIV infection, which are capable of
inducing the natural defence mechanisms of adjacent cells

or of preventing, by binding to the corresponding

receptors, an infection with HIV. In the case of HIV these

are 1n particular the receptors CD4, CCR5 or CXCR4.

Further examples are enzymes, such as for example thymidine

kKinase, cytosine deaminase, purine nucleoside
phosphorylase, carboxypeptidase, carboxylesterase,
nitroreductase, peroxidase, xanthine-guanine
phosphoribosyltransferase, glycosidase, thymidine

phosphorylase and the like.

The method for the expression of toxic gene products, e.q.
thymidine kinase from herpes viruses, nucleases or
apoptosis-inducing proteins (e.q. FAS/FAS ligand,
caspases, etc.) 1s particularly suitable. Apart from
caspases, also suitable are TNF-related apoptosis-inducing

ligand (TRAIL), protein kinase C (PKC), Tumor necrosis

factor (TNF), apoptosis—-inducing factor (AIF) and the like.
After infection with HIV, the expression of genes would in

this case be induced, the cells would pe damaged, and thus

the new production and propagation of descendant viruses

would be prevented.

Furthermore, the transgene may be a regulator gene which,
after 1ts 1nduced expression in a cell, acts as a molecular

switch molecule and switches the expression of other genes

——

on or off. A gene that codes for a transcription factor

may for example be used as such a regulator gene. Of
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course, these possible uses are not restricted to infection

with HIV, and the person skilled in the art is able to use

corresponding systems also for other infections.

The transgene 1s preferably a viral gene.

Moreover, the target nucleic acid sequence to be expressed

may also be a gene for a transdominant-negative (TDN)

proteiln. Preferably 1in this case it 1is a wviral TDN

proteiln, preferably a retroviral TDN protein and most

preferably a lentiviral TDN protein.

In this connection lentiviral TDN proteins are particularly
suitable, e.g derivatives of Pr55%9, Gp4l, Gpl20, Rev,
protease, 1integrase, reverse transcriptase, Nef, Vpr, Vpv
or any other lentlivirus protein that is able to interrupt
the replication cycle of lentiviruses, in particular HIV,

or to prevent the release or splitting off of virus

particles.

Preferably HIV-1 gag (group-specific antigen) is used as

transgene, 1n which case its codon choice is adapted to the

codon choice as 1s to be found in human genes.

Particularly preferably a gag gene is used that contains

further deletions. This can further intensify the TDN

action. Preferably 1n this case further deletions in the

p24 region or 1individual or multiple assembly domains are

1nvolved.
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For example, the amino acid sequence of the gag gene
product was Dback-translated into a synthetic Gag-coding
reading frame using the codon choice of human genes. This

reading frame known as “syngag” was then constructed as a

completely synthetic reading frame using long‘
oligonucleotides and a stepwise PCR. The syngag reading
frame was then cloned into an expression vector. The

produced syngag vector appeared in the expression of HIV
gag as being completely independent of the presence of the
Rev protein, an RRE sequence, a 5’ untranslated region
(UTR) or splice sites. The output gag gene, which
corresponds 1n 1ts codon choice to the HIV-1 wild-type gene

(wtgag), appeared in its expression however as dependent'on
Rev RRE and the 5’-UTR inclusive splicing donor (Graf et
al., 2000).

Furthermore the invention therefore preferably relates to a
method for the expression of transdominant-negative (TDN)

lentivirus proteins in eukaryotic cells, comprising:

(a) Introducing a vector, comprising a target nucleic acid
sequence to Dbe expressed, which codes for . a TDN
lentivirus protein and whose codon usage is matched to
that of mammals, and a promoter sequence inducible by
lentivirus Tat protein in operative coupling with the

target nucleic acid sequence, in a eukaryotic cell,

(b) Provision of the Tat protein so that an expression of

the target nucleic acid sequence is induced.

Surprisingly the LTR/Tat system can be used despite the

aforementioned limitation, 1f, as described above, the

expression of the TDN derivative is independent of Rev/RRE.
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In the present 1nvention this 1s achieved by matching the

codon usage to that of mammalian cells.

In the combination of LTR and synthetic HIV reading frames
an early expression of the TDN gene - in an early phase of

HIV infection - 1is connected with an efficient nuclear

export (plus an RNA stabilisation) and thus with a protein
biosynthesis, before HIV-own structure proteins and thus
target proteins are produced. Overall this combination
offers 1) a high TDN protein amount combined with ii) a
kinetically favourable expression behaviour and iii) a very

efficient inducibility.

As a delimitation with respect to the hitherto described

methods, 1) the inducibility of the expression 1is

restricted to the presence of Tat, whereby the need for HIV

RRE/Rev in the transfer construct is avoided, and ii) the

e

Rev 1independence of the transcript is guaranteed by a

sultable codon choice for the transfer construct.

The transcription control sequence for the transgene 1is

preferably positioned similarly to the natural occurrence.

The 1nduction of the promoter is carried out by a
lentiviral Tat protein, preferably by the HIV Tat protein,
which acts as transactive factor. This allows an induction
of the promoter by an 1infection of the cell containing the
vector, to take place with a lentivirus, in particular HIV,
by 1tself. Such an 1in trans active factor is understood
within the meaning of the present application to be an

individual protein as well as a protein complex.
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The stabilisation of the RNA and the improvement of the
nuclear export properties as well as the independence of
the protein production on an RRE/Rev interaction (in the
case of HIV-derived proteins) may for example be achieved

i

by a corresponding codon choice, taking 1into account motifs

that influence RNA stability.

The invention moreover relates to a nucleic acid vector

comprising:
(a) a target nucleic acid sequence to be expressed,

(b) a transcription control sequence 1inducible by a
transactive factor, preferably by a viral transactive
factor, 1n operative comblination with the target

nucleic acid sequence to be expressed,

wherein the sequence according to (a) 1s modified at the
nucleic acid 1level 1n such a way that an increase 1in

expression 1s achieved.

A nucleic acid vector 1s understood 1n this connection to
denote a nucleic acid construct that 1is capable of
expressing a target nuclelc acid sequence contained thereon
in a sultable expression system, e.g. a cell, an organism
or 1n an 1n vitro system, and which includes at least one
target nucleic acid sequence to be expressed and an
inducible transcription control sequence in operative

combination therewith. Such a vector may contain further

coding sequences, such as e.g. selection marker genes and

the like. The person skilled in the art is able to use the
target nucleic acid sequence to be expressed in combination

with 1ts transcription control sequence 1in a suitable
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~commerclally obtainable plasmid vector or the like or also

a self-constructed vector.

The target nucleic acid sequence to be expressed and the

inducible transcription control sequence may also be chosen

in this case as described above. Also, the modification of

the sequence may be carried out as explained above.

A preferred embodiment relates to vectors which can be used

in HIV gene therapy and which are characterised in that
they code for a therapeutic gene that 1is expressed only

after infection of the cell by HIV. The transcription of

corresponding genes 1s 1in this connection controlled by the

HIV-own LTR (long terminal repeat) region and takes place

in the presence of the HIV-Tat protein. Also, preferably
synthetic reading frames adapted to expression in human
genes are used for the therapeutic genes, to increase the
gene expression, 1in particular the RNA stability and the
RNA nuclear export. These genes may preferably be targeted
against different steps in the HIV replication cycle and
intervene 1n the infection of cells, the replication of HIV

P

or the propagation of descendant viruses.

The vector according to the invention may additionally

contain a further transgene, which preferably codes for a

therapeutic, gene therapeutic and/or diagnostic protein.

This further transgene may likewise be under the control of
an LTR promoter, for example the same promoter as the
sequence according to (a). However, 1t may also be

controlled by a separate  promoter, which may be

constitutive or inducible.
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The veCtor may for example be of wviral (e.g. adeno-
assoclated wviruses, adenoviruses, retroviruses, herpes
viruses, alpha viruses, etc.a) or bacterial origin, or may
be a plasmid. Particularly preferably the inducible
transcription control sequence 1s chosen so that the

"

expression of the foreign gene depends on the presence of

the HIV-1 Tat protein. If the Tat transactivation 1is

successfully reconstituted, there should preferably be a
measurable 1ncrease 1n the expression of the Tat-dependent

gene by a factor of at least 3, preferably 5, and still

more preferably by a factor of 10 or more.

The vector preferably contains a sequence according to SEQ

ID NO. 1, 16 or 17.

The present 1invention furthermore provides modified target
nucleic acid sequences which, when operatively coupled with
a sultable 1nducible transcription control sequence, bring
about an 1ncreased gene expression. Preferably these
modified target nucleic acid sequences are selected from
the sequences given 1n the examples of thé present

invention and specified 1in the sequence protocol. Most

preferred are the modified target nucleic acid sequences

selected from the following sequences: SEQ ID NO. 1, 16 and
17.

The present invention furthermore provides cells,
preferably eukaryotic cells, more preferably mammalian
cells, most particularly preferably human cells, which have

been transformed with a nucleic acid or a vector, as
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described above, in which the nucleic acid is present in a
transcriptable form. The nucleic acid and the vector may
for example be present episomally or may be stably
integrated into the chromosome. In this case the cell may

contaln one or more copiles.

The present invention moreover relates to medicaments based
on the wvectors and modified lentiviruses and «cells

disclosed here. The medicaments according to the invention

are sultable for therapeutic and diagnostic uses, and in
particular are suitable for the diagnosis, prevention or
treatment of virus-associated diseases and/or tumours. For

these applications the target nucleic acid s’equence to be

expressed may for example 1n particular be a suicide gene

or the like.

P

The medicaments may for example be used for treatment

purposes, preferably for the treatment of lentiviral

infections, e.g. HIV and SIV, in particular HiV—i and HIV-
2 . The person skilled in the art is able to match the
promoter sequence to the system i1n which the expression is
to take place. Lentiviral infections can now be controlled
in thils way, by treating infected persons in vitro, ex vivo
and of course 1in vivo, for example by introducing the
nuclelc acids or vectors according to the invention into
PMLs from these patients or into T <cells in different

stages of differentiation, or into stem cells.

The invention will be described in more detail hereinafter

with the ald of the following figures and examples.
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Figures and Sequences

Fig. 1 shows diagrammatically all produced gag¥coding

constructs.

Fig. 2 shows the results of the expression of various gag-

coding constructs in H1299 cells.

'

'Fig. 2A shows an HIV-1 pZ24-specific western blot of

transfected cells.

Fig. 2B shows a pZ24 ELISA test.

\

p— gr—

Fig. 3 shows the results of the expression of wild-type

gag—-expressing constructs 1n the presence and absence of

Tat and/or Rev.

Fig. 3A shows an HIV-1 p24-specific western Dblot of

transfected cells.

Fig. 3B shows an ELISA test.

Fig. 4 shows the effect of the transdominant negative gag

proteins on the release of HIV particles.

g

Fig. 4A shows the 1inhibition of the release of particles in

percent according to a p24 ELISA test.
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Fig. 4B shows the inhibition of the infectivity of the

released virus particles 1n percent.

Fig. 5 shows the inhibition of the release of virus
particles 1n percent, which were formed in the presence of

transdominant negative gaqg constructs with further

deletions 1n pZ24.

Fig. 5A shows the inhibition of the release 1in percent.

Fig. 5B shows the inhibition of infectivity in percent.

Fig. 6 shows the sequences of TDsyngag and TDwtgag as well

as a sequence comparison between TDwtgag and TDsyngag.

Fig. 7 shows the nucleic acid sequences of TDsyngag delta 2

and TDsyngag delta 2 delta p7.
SEQ ID No. 1 shows the nucleic acid sequence of TDsyngag.

SEQ ID No. 2 shows the amino acid sequence of TDsyngag.

SEQ ID No. 3 shows the nucleic aclid sequence of TDwtgag.

SEQ ID No. 4 shows the amlno acid sequence of TDwtgag.

SEQ ID Nos. 5 to 15 show various oligonucleotides.
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SEQ ID No. 16 shows the nucleic acid sequence of TDsyngag
delta 2.

n

SEQ ID No. 17 shows the amino acilid sequence of TDsyngag
delta 2.

SEQ ID No. 18 shows the nucleic acid sequence of TDsyngag
delta 2 delta p7. '

SEQ ID No. 19 shows the amino acid sequence of TDsyngag
delta 2 delta p7.

Examples

Example 1

Production of independent Tat-dependent, Rev-dependent and

Tat- and Rev-dependent gag gene derivatives

HIV-1 transdominanténegative (TDN) gag derivatives were
produced as constitutively, Tat-, Rev- or Tat/Rev%dependent

eXxpressing gene constructs. The Rev dependence was
achieved by wusing HIV wild-type (wt) gene seqguences,

including the 5’-untranslated region (UTR), in conjunction

with the HIV Rev-responsive element (RRE). The Rev-

independence was made possible by synthetic, GC-rich gene

sequences, 1n which the <coded amino acid sequence 1is

identical for both constructs. A dependence on Tat was
achieved by using HIV-1 LTR as transcription control. On

the other hand, the CMV-promoter/enhancer was used for a

constitutive transcription. By appropriate combination of
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the el

.

ements a constitutive expression (CMV-syngag), a Tat-
dependent (LTR-syngag), a Rev-dependent (CMV-UTR-wtgag-RRE)
and a Tat- and Rev-dependent (LTR-UTR-wtgag—-RRE) expression

of identical (at the protein level) TDN gag derivatives was

generated.

The reading frame of the HIV-1 group-specific antigen (gag)

(GenBank Accession Number: M15654.1 HIVBH102, nucleotides

112-1650; Reference: Ratner 1, Haseltine W, Patarca R,

Livak KJ, Starcich B, Josephs SF, Doran ER, Rafalski JA,

Whitehorn EA, Baumeister K, et al., Complete nucleotide

sequence of the AIDS wvirus, HTLV-III. Nature. 1985 Jan
24-30; 313 (6000) : 2°717-84) should be constructed

artificially using a codon choice, such as 1is to be found
in human cells. For this purpose the amino acid sequence
of the Gag protein (corresponding to GenBank Accession

Number: M15654 JIVBH102, nucleotides 112-1408) with a

deletion of nt 304-489 was converted into a corresponding

nucleotide sequence. A corresponding software package
(GeneOptimizer) was used for the codon optimisation and
optimisation of the RNA sequence. For the sub-cloning as
well as for the attachm'e‘h‘t of further segquence elements

within untranslated regions, further restriction interfaces

were 1inserted. The nucleotide sequence, 1including the

- interfaces, is given in SEQ ID Nd. 1.

This sequence was produced as a fully synthetic gene using
synthetic  oligonucleotides according to  an already

described method (Zolotukhin et al., 1996).

A comparison of the nucleic acid sequences of TDsyngag

(codon choice derived from mammalian genes) and TDwtgag
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(codon choice derived from HIV structure genes) 1is shown in

Fig. 6. The TDgag-coding DNA fragment (“TDsyngag”)
produced 1n thilis way was 1inserted into the expression
vector pcDNA3.l(+) (Invitrogen) using the interfaces EcoRI

and Xho I, wunder the transcriptional control of the

cytomegalovirus (CMV) early promoter/enhancer (“pc-CMV-
TDsyngag”) .
To produce a simillar exXpression plasmid, though

corresponding 1in its codon choice to the HIV wild-type, the
coding region of HIV-1 gag, including the 5’-untranslated

region (UTR), was subcloned and, in order to meet the

conditions for a Rev-mediated nuclear export, an RNA target
sequence (RRE) was attached to the wtgag-coding region
(Grat et al., 2000). This target sequence interacts at the
RNA level wilith a viral nuclear export protein (in the case

of HIV-1 the Rev protein) and cellular nuclear export

proteins.

In order to ensure a matching at the protein level, the

wild-type construct was C-terminally shorted by introducing

two successive stop codons in the gag reading frame (codons

for 372F and 373L were mutated). The mutations were

introduced Dby directed mutagenesis (QuickChange site-
directed mutagenesis kKit, Stratagene) using the

oligonucleotides gag-stopl and gag-stop?2. The resulting
construct was designated pc-CMV-UTR-wtgag-RRE. = Using the

oligonucleotides Dell and Del2, a deletion from nt 304 to
nt 489 was introduced into this construct, similarly to the
TDsyngag (pc-UTR-TDwtgag-RRE). The coding sequence 1is
given in SEQ ID No. 3.
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The coding sequences were placed under the transcriptional

control of the HIV promoter, 1in order to achieve a Tat
dependence of the gag protein derivative. The HIV-1 1long
terminal repeat (LTR) contains such a promoter. This

region was amplified by means of PCR using the

oligonucleotides 1ltrl and 1ltr2 from proviral HIV-1 DNA

(HX10, see (Ratner et al., 1987)) and cloned wusing the
interfaces MIulI and EcoRI directly 5’ in front of the ATG

g—

of the gag-coding reading frame in pc-CMV-TDsyngag, the CMV

promoter having been replaced by the LTR. For the
replacement of the promoter 1n the wt gag construct, parts
of the HIV genome were amplified using the oligonucleotides
ltrl and 1ltr3 1in a PCR reaction and replaced using the
interfaces Mlul and Cial of the CMR promoter in the pc-CMR-
UTR-TDwtgag—-RRE construct. At the same time the natural

reading frame of the HIV provirus (with the sequence LTR,
UTR, gag) was produced agailn. The resulting constructs
have been denoted herelnafter "“pc-LTR-TDsyntgag” and “pc-
LTR-UTR-TDwtgag-RRE”.

All produced Gag-coding constructs are shown

diagrammatically in Fig. 1.

Example 2

The expression of the TDgag constructs can be controlled by

HIV regulator proteins

All cell culture ©products were obtained from Life
Technologies (Karlsruhe). All mammalian cell 1lines were
cultured at 37°C and 5% CO,. The human lung cancer cell

line H1299 was cultured in Dulbecco’s modified eagle medium
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(DMEM) with L-glutamine, D-glucose (4.5 mg/ml), sodium

pyruvate, 10% 1inactivated foetal bovine serum, penicillin
(100 U/ml) and streptomycin (100 pg/ml). The cells were

sub-cultured 1in a ratio of 1:10 after confluence was

achieved.

1 x 10° cells were seeded out in Petri dishes (diameter 100
mm) and transfected 24 hours later by calcium phosphate co-
precipitation (Graham et al., '1973) with 30 ng TDgag
plasmids and 15 npg pc-tat (Tat expression plasmid) or pc-
rev (Rev-expression plasmid) or pcDNA 3.1 vector (reference
plasmid). With co-transfections of gag, tat and rev, 15 ng
of plasmid were used for each one. Cells and culture

supernatants were harvested 48 hours after transfection.

The transfected cells were washed twice with ice-cold PBRS

(10 mM NazHPOz;, 1.8 mM KH2P04, 137 Mm NaCl, 2.7 mM KCl) ’

scraped off in 1ce-cold PBS, centrifuged for 10 minutes at

300 G and 1lysed for 30 minutes in 1lysis buffer on ice
(50 mM Tris-HCl, pH 8.0, 0.5% Triton X-100 (w/v)).
Insoluble constituents of the cell lysate were centrifuged
off for 30 minutes at 10000 G and 4°C. The total amount of
proteln in the supernatant was measured with the Bio-Rad
proteln assay (BLo-Rad, Munich) according to the

manufacturer’s instructions.

An equal volume of double sample buffer (Laemmli, 1970) was

added to the samples and heated for 5 minutes at 95°C. 50

Hg of total protein from cell lysates were separated via a
12.5% SDS/polyacrylamide gel (Laemmli, 1970),
electrotransferred onto a nitrocellulose membrane and

analysed with the monoclonal p**-specific antibody 13-5

(Wolf et al., 1990) and detected by means of a secondary,
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AP- (alkaline phosphatase) coupled antibody arnd identified

py means of chromogenic colouration (Fig. 2a).

In addition to this the cell lysates were quantified in a
commercially obtainable p24 ELISA test (NEN). 1  ng
portions of the cell lysate were evaluated according to the

manufacturer’s instructions and the total concentration of

HIV-1 p24 was determined (Fig. 2B).

H1299 cells were transiently fixed with the gag constructs.
The achieved expression was analysed in the presence and

absence of Tat or Rev (Fig. 2). For the pc~-CMV-TDsyngag a

constitutive expression of TDgag was detected independently
of Tat or Rev (Fig. 2A, trace 2, and 2B, 2). The
expression of TDgag could be raised for the pc-CMV-UTR-
TDwtgag—-RRE construct by Rev by a factor of 7 (Fig. 2A,
traces 3 and 4 and 2B, traces 3 and 4), and for the pc-LTR-
TDsyngag construct by co-transfection of pc-tat, by a
factér of 2.5 (Fig 2A, traces 5_and 6, and 2B, traces 5 and

6). The basal activity of the Tgag expression was somewhat

lower for the pc—LTR—TDsyngag construct compared to pc-CMV-
UTR-TDwtgag-RRE, for  both constructs however was

significantly reduced compared to pc-CMV-TDsyngag, and was

only slightly above the negative control (ca. by a factor

of 2.5 for pc-CMV-UTR-TDwtgag-RRE and 1.5 for pc-LTR-
TDsyngag; Fig. 2B). The gene product of pc-LTR-UTR-
TDwtgag-RRE could not be detected by these methods. The
deletion in Gag leads to a reduced recognition by the
monoclonal antibody, and 1n combination with a greatly

restricted expression the TDgag amounts that are achieved

are insufficient for a detection by antibodies.

Accordingly, the Tat and Rev dependence was investigated in

a reference construct (complete wtgag sequence). = This




CA 02575480 2007-01-29

34

construct (pc-LTR-UTR-wtgag-RRE) was dependent on Tat as

well as on Rev. Tat alone led to an increase in expression

by a factor of 4, Rev alone led to an increase by a factor

of 16, and the combination of Tat and Rev by a factor of 47
(Fig. 3).

Example 3

The TDgag constructs have a transdominant negative effect

on the HIV particle release

H1299 cells were transiently transfected with combinations
of plasmids, as described in Example 1. For a
transfection, 15 pg of HX10 proviral DNA and 30 pg of the
TDgag constructs or 30 png of pcDNA3.1l were used as control

for an uninhibited replication. After 48 hours the cell
culture supernatants were harvested, cell constituents were
sedimented by centrifugation (10 minutes at 10000 G) and
the supernatants were incubated for 15 minutes at RT with
10% of a Triton x 100 solution (5%) to lyse the HIV
particles 1n the supernatant. The treated supernatants
were used 1n corresponding dilutions in a p24 ELISA test
(NEN) and the p24 amount was quantified. The reduction of
the p24 amount correlates directly with an inhibition of
the particle release after transfection with an HIV
provirus. The determined p24 amounts were compared to the
control (co-transfection with pcDNA3.1, uninhibited) and
the percentage (%) 1inhibition was calculated. At least ©

independent batches were tested for each combination.

As can be seen from Fig. 4A, all tested TDgag constructs
have led to a considerable inhibition of the particle
release. The TDsyngag (TDsg) constructs exerted a very

high 1inhibition independently of the upstream promoter.
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The 1nhibitory action of the TDwtgag (TDwtg) constructs
depended however on the promoter region. The inhibition of

the particle release was significantly higher under a CMV

promoter control than under the HIV LTR promoter.

Example 4

The TDgag constructs have a transdominant negative effect

on HIV infectivity

H1299 cells were transfected with plasmid combinations as

described 1n Example 3, and after 48 hours the supernatants
were harvested and purified. In order to <check the

influence of the TDgag constructs on the release of

infectious descendant viruses, the conditioned cell culture

supernatants were tested 1n a corresponding indicator cell

line (MAGI) (Kimpton et al., 1992).

Eukaryotic MAGI (multinuclear activation of a galactosidase
indicator) cells are an indicator cell line that contains a

reporter gene cassette which <can be 1induced by HIV

infection. The MAGI cells were made available by the UK
Medical Research Council (MRC). 1In this cassette the viral

LTR (long terminal repeat) promoter 1s upstream of the

E.coli P—-galactosidase gene (lacZ). Th

r_ W

e expression of lac?Z

accordingly depends on the transcription activity of the

LTR promoter by the viral Tat.

For the infection, 3 X 10 cells per 300 nl of medium (in
48-well plates) were seeded out the previous day. After
harvesting the transfected H1299 cell supernatants the Magi
cells were 1infected with 100 pl of supernatant per batch

and cultured for 48 hours.
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To evaluate the infectivity, the medium was suctioned off

and the wells were washed with PBS. The monolayers were

]

fixed with 200 pl of fixing solution (1% formaldehyde, 0.2%

glutaraldehyde in PBS) and after incubation for 5 minutes
at room temperature were washed once again with PBS. 200
pl of staining solution (16 mg X-Gal in 4 ml DMSO, plus 40
ml PBS; addition of 400 pl K ferricyanide (400 mM), 400 nl
K ferrocyanide (400 mM) and 8 pl MgCl, (1 M)) were then
added to the cells. Incubation was carried out at 37°C for

between 15 minutes and 3 hours. The Dblue cells were

counted 1n a light microscope.

The 1inhibition was measured as the reduction of blue cells

and was given 1n terms of the number of blue cells in the

positive control as % inhibition of the infectivity. The

results correlate substantially with the data for the

F

inhibition of the particle release (Fig. 4B). A virtually

complete 1inhibition was found for the constructs pc-CMV-
TDsyngadg, pc-LTR-TDsyngag and pc-CMV-UTR-TDwtgag-RRE,
whereas the construct pc~-LTR-UTR-TDwtgag-RRE produced an
about 50% inhibition (the results of an exemplary

experiment from two independent batches are shown in Fig.

4B) .

Example 5

Transdominantly negative effect of Tat-dependent TDgag

derivatives with a further deletion in p24

Starting from the constructs pc-CMV-TDsyngag, pc-LTR-
TDsyngag, pc-CMR-UTR-TDwtgag—-RRE and pc-LTR-UTR-TDwtgag-RRE
a further deletion was introduced into the gag reading
frame by using the oligonucleotides Del3 and Deld4 (syngag)
and Del5 and Del6 (wtgaqg). This deletion concerns the
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amino acids 230 to 300, a region in which very many CTL
epltopes have been identified. The expression of the

corresponding TDN Gag-derivative after transfection of

H1299 <cells with the newly formed constructs pc-CMV-

TDsyngagdZ, pc-LTR-TDsyngagdZ, pc-CMV-UTR-TDwtgagd2-RRE and

pc-LTR-UTR-TDwtgagd2-RRE (schematic survey, see Fig. 1)
could not be detected, since the modifications influence
the affinity of the available gag-specific antibodies and
could not be detected either in the western blot or in the

p24 ELISA specifilc signals.

As described 1n Example 3, H1299 cells were transfected

with combinations of HX10 (15 pg) and TDsyngagd?2 or
pcDNA3.1 (in each case 30 pg plasmid DNA) to check the TDN

effect, and the supernatants were evaluated in the p24
ELISA test as described in Example 3, and by means of the
MAGI cells as described in Example 4. An inhibition of the
particle release (results of the p24 ELISA evaluation, Fig.
5A, at least 6 1ndependent batches) and the infectivity of

descendant viruses (results of the MAGI evaluation, Figqg.
5B, two 1ndependent batches) was found for all used
constructs. The order of the 1nhibitory effect (particle
release) 1s 1n this case pc-CMV-TDsyngagd2 (98.45%) >pc-
LTR-TDsyngag?2 (97.49%) >pc-CMV-UTR-TDwtgagd2-RRE (80.99%)
>pc-LTR-UTR-TDwtgagdZ-RRE (73.069%) and thus corresponds

substantially to the results of the TDgag experiments.
Here the synthetic reading frames are also obviously
superior as regards the inhibition of the particle release.

The reduction of 1nfectious descendant viruses was however

comparable 1n this experimental batch (Fig. 5B). The

combination LTR with synthetic reading frame showed clear
advantages 1n a direct comparison of the Rev dependence to

the Tat dependence.
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Table 1: Employed oligonucleotide

dentification ~ Sequence 5'-3' | SEQ ID NO.
Delt TAAAGCTTCCTTGGTGTC 5
Dei2 TTCAGCCCAGAAGTAATACC 6
Del3 TACAAGACCCTGCGCGCCGAGCAGGCC 7
Del4 CTCCCTCATCTGGCCGGGGGCGATGGG 8
Del5 TTCTCTCATCTGGCCTGGTGCAATAGG 9
Del6 TATAAAACTCTAAGAGCCGAGCAAGCT 10
Gag-stop? GGAAGGCCAGATCTTCCCTCATTAATTAGCCTGTCTCTCAGTAC 11
Gagslop2 = GTACTGAGAGACAGGCTAATTAATGAGGGAAGATCTGCCTTCC 12
Itr1 ATTGTCGACACGCGTTGGAAGGGCTAATTCACTCG 13
fr2 ATTGAATTCCTCTCTCCTTCTAGCCTC . 14

Itr3 GCTTGCCCATACTATATG 15
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CLAIMS
1. Method for the improved inducible gene expression of
transdominant-negative (TDN) lentivirus protelns in
eukaryotic cells, comprising:
(1) Provision of a target nucleic acid seqguence to be

expressed, which codes for a TDN lentivirus

proteln,

(11) modification of the target nucleic acid seqguence to
be expressed so that an 1ncrease 1n the expression

is achieved, wherelin 1ts codon usage 1s matched to

that of mammals,

(111) operative coupling of the modified target nucleilc
acld sequence with a promoter segquence inducible by

a lentivirus Tat protein,

(1v) expression of the modified target nucleic acid
sequence 1n a sultable expression system Dby
provision of the Tat protein, so that an expression

of the target nucleilic acid sequence is induced.

2. Method according to claim 1, in which the codon usage

1s matched to that of humans.
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Method according to one of the preceding claims, in
which the GC content of the target nucleic acid

sequence to Dbe expressed 1s matched to that of the

expression system.

Method according to claim 3, in which the GC content

—

O0f the target nucleic acid sequence to be expressed

F

1s optimised for that of mammals.

Method according to one of the preceding claims, in
which negative transcription-influencing motifs are

eliminated in the target nucleic acid sequence to be

expressed.

Method according to one of the preceding claims, in

P

which the modification of the target nucleic acid

sequence to be expressed 1is basically carried out

wilthout altering the corresponding amino acid

sequence.

Method according to one of the preceding claims, in
which a target nucleic acid sequence to be expressed

1s used that codes for a TDN lentivirus protein

ghru

selected from the group consisting of Gag, Env, Tat,

Rev, Nef, Vpr, Vpv, reverser transcriptase, protease

and integrase.

Nucleic acid vector comprising:
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(a) a target nucleic acid sequence to be expressed

that codes for a TDN lentivirus protein and

whose codon usage 1s matched to that of mammals,

(b) a promoter seqguence 1inducible by a lentivirus
Tat protein 1in operative coupling with the

target nucleic acid sequence to be expressed,

wherein the sequence according to (a) 18
modified at the nucleic acid level so that an

increase 1n expression 1s achieved.

Vector according to claim 8, 1n which the sequence

according to (a) 18 modified SO that the

corresponding amino aclid sequence 1s not altered.

Vector according to claim 8 or 9, 1n which the codon
usage of the sequence according to (a) 1s matched to

that of mammals.

Vector according to one of claims 8 to 10, in which
the sequence according to (a) 1s modified so that the

GC content 1s optimised for that of mammals.

Vector according to claim 11, in which the sequence

according to (a) 1is modified so that the GC content

is optimised for that of humans.

Vector according to one of claims 8 to 12, in which

the TDN virus protein 1s selected from the group

Jr—

consisting of Gag, Env, Tat, Rev Nef, Vpv, Vpu,

-

reverser transcriptase, protease and integrase.
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Vector according to claim 13, in which the TDN

lentivirus protein is the Gag protein.

Vector according to claim 13 or 14, in which the TDN

lentivirus protein is a Gag protein with deletions in

the pZ24 region.

p—

Vector according to one of the preceding claims 8 to

15, 1in which the sequence according to (a) includes

the sequence of SEQ ID NO: 1, 16 and 18.

P

Vector according to one of the preceding claims 8 to

16, 1n which the promoter sequence is a lentiviral

LTR  sequence or a functional partial sequence

P
—

thereof.

Cell which contains a vector according to one of

claims 8 to 17.

Medlcament comprising as active substance a vector or

a cell according to one of claims 8 to 18.

Use of a vector and/or a cell according to one of

claims 8 to 18 for the production of a medicament for

gene therapy and/or diagnostic purposes.

Use according to claim 20 for gene therapy and/or

diagnosis in retroviral infections.
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Use according to claim 20 for the treatment and/or

diagnosis of lentiviral infections.

Use according to claim 20 for the treatment and/or

diagnosis of an HIV infection.

Use according to claim 20 for the ex  Vv1iVo

P

transduction of PMLs from persons infected with HIV.
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Figure 6: SEQ Ids and alignments of the employed DNA sequences

SEQ-ID1: TDsyngag:

1
61
121
181
241
301
361
421
481
541
601

661 -

721
781
841
501
261

1021

1081
1141

GAATTCGCCGE

TGGGAGAAGA

SEQ-ID of the specified constructs:

CCAGCATGGGE CGECCAGGGLC
TCAGGCTGAG GCCCGGCGGL

TGGGCCAGCA GGGAGCTGGA GAGRGTTCECC

GGCTGCAGRC
AGGAGCCTGT
GACACCAAGS
GGAGCCACCC
ATGCAGATGC
GTGCACGCCG
GGCACCACCA
GTGGGCGAAA
AGCCCCACCA
GACAGGTTCT
ACCGAGACCC
GRACCCGCCG
CACAAGGCCA
ATGCAGAGGE
GAGGGCCACA
AAGGABGGCC
GAC

AGATCCTGRG CCAGCTGCAG
ACAACACCGT GGCCACCCTG
AGGCCCTGTT CAGCCCCGAG
CCCAGGACCT GAACACCATGE
TGAAGGAGAC CATCAACGAG
GCCCCATCGC CCCCGGCCAG
GCACCCTGCA GGAGCAGATC
TCTACAAGAG GTGGATCATC
GOATCCTGGA TATCAGGCAG
ACABGACCCT GCGCGCCGAG
TGCTEETGCA GAACGCCAAC
CCACCCTGGA GGAGATGATS
GGGTGCTCGC COAGGCCATSE
GCARACTTCAG GAACCAGAGE
CCGCCAGGAA CTGCCGCGCC
ACCAGATGAA GGACTGCACC

SEQ ID3; TDwtgag (coding region):

1
6l
121
181
241
301
361
421
481
541
601
661
721
781
841
S01
561

1021
1081

ATGGGTGCGA

GAGCGTCAGT ATTRAGCGGSE

TTAAGGCCAG GGGGARAGAA AABATATARA

CTAGAACGAT

TCGCAGTTAAR TCCTGGCCTG

CTGGGACAGC TACAACCATC CCTTCAGACA
ACAGTAGCAA CCCTCTATTIG TGTGCATCAA AGGATAGAGA TAAAAGACAC

TTATTCAGCC
GATTTAAACA

CAGAAGTAAT ACCCATGTITT
CCATGCTARAA CACAGTGGGGE

GAGACCATCA ATGAGGAAGC TGCAGAATGG
ATTGCACCAG GCCAGATGAG AGRAACCAAGG GGAAGTGACA TAGCAGGAAC

CTTCAGGAAC AAATAGGATG GATGACAAAT AATCCACCTA TCCCRGTAGG
AARAAGATGGA TRATCCTGGG ATTARATAAA ATAGTAAGAA TGTATAGRCCC

CTGGACATAA GACAAGGACC AARAGAACCT TTTAGAGACT ATGTAGACCG
ACTCTRRGAG CCGAGCAAGC TTCACAGGAG GTAAARAATT GGATGACAGA
GTCCRAAAATG CGAACCCAGA TTGTAAGACT ATTTTAARAG CATTGGGACC AGCGGCTACA

CTAGAAGAAR TGATGACAGC ATGTCAGGGA GTAGGAGGAC CCGGCCATAR GGCAAGAGTT
TTGGCTGAAG CAATGAGCCA AGTAACAAAT ACAGCTACCA TAATGATGCA GAGAGGCAAT
TTTAGGAACC ABAARGARAAGAT GGTTAAGTGT TTCAATTGTC GCAAAGAAGG GCACACAGCC

AGDARTTGCCA GGGCCCCTAGC GAAARAGGGC TETTGGAALT CTEGAAACGA AGGRACACCALN
ATGAAAGATT GTACTGAGAG ACAGGCTAAT TARA

AGCGTGCTGR GCGGCGGCGEA

AAGAAGAAGT ATAAGCTGAA
GTGAACCCCE GCOTGCTGGR
CCCAGCCTGC AGACCGGCAG
TACTGCGTGEC ACCAGAGGAT
GTGATCCCCA TGTTCAGCGC
CTGAACACCGE TGGGCGGECCA
GAGGCCGCCGE AGTGGGACAG
ATGAGGGAGC. CCCGCGGCAG
GGCTGGATGA CCAACAACCC
CTGGGCCTGA ACAAGATCGT
GGCCCCAAAG AGCCCTTCAG
CAGGCCAGCC AGGAGGTGAA
CCCGACTGCA AGACCATCCT
ACCGCCTGCC AGGGECETGRS
AGCCAGGTGA CCAACACCGEC
AAGATGGTGA AGTCCTTCAA
CCCAGGAAGA AGGGCTGCTS
GAGAGGCAGE CCAACTAATA

GGAGAATTAG ATCGATGGGA
TTAAARARCATA TAGTATGGGC
TTAGARACAT CAGRAGGCIG
GGATCAGAAG AACTTAGATC

TCAGCATTAT CAGAAGGAGC
GGACATCAAG CAGCCATGCA

GATAGAGTAC ATCCAGTGCA

Alignment TDwtgag:TDsyngag (coding region)

TDwtgag:TDsyngag identity= 72.78%(821/1128) gap=0.00%(0/1128)

1

j

th
=

l""'S-I“:"s?'h

RIIEIN

RIBIETEY

ATGGCTGCCGAGAGCETCACTATTAAGCGGGECAGAATTAGATCCATEGCARRBARTTCES

NI

ATGGGCGCCAGGGCCAGCETCCTCACGCGECGGCEGAGCTCEACAGG TGGGAGAAGATC CAGE

|11

A AGECCACOCCEARAGR R AARATATARL TTAR ANCATATACTATCGGCAAGCAGGAAG
L RARRERERRRRNARN

RN

GCTGGACAGG
GCACATCGTG
GACCAGCGAG
CGAGGAGCTG
CGAGATCAAG
CCTGAGCGAG
CCAGGCCGCC
GGTGCACCCC
CGACATCGCC
CCCCATCCCC
GAGGATGTAC
GGACTACGTG
GRACTGGATG
GAAGGCCCTG
CGGCCCCGGT
CACCATCATG
CTGCGGCAAG
GAAGTGCGGC
GTCCGGACTC

AABRBATTCGG
ARGCAGGGAG

TAGACAAATA
ATTATATAAT
CAAGGARAGCT
CACCCCACAA
ARTGTTARAR
TGCAGGGCCT
TACTAGTACC
AGAAATTTAT
TACCAGCATT
GTTCTATAAA

AACCTTGTTG

|



61

121
121
181
181
241
241
301
301
361
361
421
421
481
481
541
R4l
601
601

661

661

721

721

781

781

841

841

801

S01

26l

51

CA 02575480 2007-01-29

7/ 9

CTGAGGCCCGGCGGCAAGAAGAAGTATAAGCTGAAGCACATCGTGTGGGCC.RGCAGGGAG

CTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAARTA
IRIERERINIRIR IR I A A I,

CTGGAGAGGTTCGECCETGARCCCCEEGCCTGCTCGACGACCAGCEGAGGGCTGCAGGCAGATC

CTCGGACAGCTACAACCATCCCTTCAGACAGGATCAGARGAACTTAGATCATTATATAAT

BRI NN IR iRl

CTGEGGCCAGCTGCAGCCCAGCCTCCAGACCGECAGCGAGGAGCTGAGGAGCCTGTACAALC

ACACTAGCAACCCTCTATTOTCIGCATCAAAGGATAGAGATAAAAGACACCARGGAAGCT

IRIRIEI NI I IR s,

ACCGTGGCCACCCTGTACTGCGTGCACCAGAGGATCCAGAT CAAGGACACCAAGGAGGCC

TTATTCAGCCCAGAAGTAATACCCATCTTITCAGCATTATCAGAAGGAGCCACCCCACAA

MR IR IR O I T e

C‘I‘G’I"I‘CAGCCCCGAGGNATCCCCRNWCGCCC‘I‘GAGCGAGGGAGCCACCCCCCAG

GATTTAAACACCATGCTARACACAGTGGGGGEACATCARGCAGCCATGCAAATGTTARAR

IR NIUNERIIR LRI IR e,

GACCTGAACACCATGCTGARCACCGTEGGCGGCCACCAGGCCGCCATGCAGATGCTGAAG

GAGACCATCAATGAGGAAGCTGCAGAATCGCGGATAGACGTACATCCAGTGCATGCAGGGCCT

PEEREEEEDED FREEE 3 bE bF e T e b o Ve (I

GAGACCATCAACGAGGAGGCCGLCGAGTGCEGACAGGGTGCACCCCGTGCACGCCGEGLCCC

ATTCCACCAGGCCAGATCAGAGARCCAAGCEGGAAGTGACATAGCAGGAACTACTAGTACC

IR IR IR R I IR I I i

ATCGCCCCCGGCCAGATGAGGGAGCCCCCCCGECAGCGACATCGCCGECACCACCAGCACT

CTTCAGGAACAARTAGGATCGATGACARATAATCCACCTATCCCAGTAGGAGARATTTAT

IR IR IR I I e  manm

CTGCAGGAGCAGATCGGCTGGATGACCAACAARCCCCCCCATCCCCETGEGGCRARATCTAL

BRAAAGATGGATAATCCTCGGATTARATAAAATAGTAAGARTGTATAGCCCTACCAGCATT

NIRRT I NI NI IR

ARGAGCTGCGATCATCCTGEGCCTGAACAAGATCCGTGAGGATGTACAGCCCCACCAGCATLC

CTGGACATAAGACAAGGACCAARAGAACCTITTAGAGACTATGTAGACCGGTTCTATAAA

NI IR I IR R I I

CTGGATATCAGGCAGGGCCCCARAGAGCCCTTCAGGGACTACGTGGACAGGTTCTACAAG

ACTCTAAGAGCCCGAGCAAGCTTCACAGGAGGTAAAAAATIGGATCGACAGABACCTTICTTG

IR RN
ACCCTGCGCGCCGAGCAGGCCAGCCAGGAGETGAAGAACTEGATGACCGAGACCCTGCTG

GTCCAARATGCGRAACCCAGATTGTAAGACTATTTTAARAGCATTIGGGACCAGCGGCTACA

NIRRT I

GTCCAGRACGCCAACCCCGALTGCAAGACCATCCTGARGGLCCTEEGACCCGCCGCCACT

CTAGAAGABDATCATGACAGCATGCTCAGGGAGTAGGACGACCCGGCCATAAGGCAAGAGTT

IR I I I I A e

CTGGAGGAGATGATGACCGCCTGCCAGGGOGTGGGCEGCCCCCGGCCACAAGGCCAGGETS

TTEGCTGARGCAATGAGCCARGTAACAAATACAGCTACCATAATCATGCAGAGAGGCAAT

NIRRT I NI It

CTGGCCGAGGCCATCAGCCAGCGTGACCARCACCCCCACCATCATGATGCAGAGGEGCANC

TTTAGGAACCARAGARAGATGGTTAAGTCTTTCARTTGTEGCARRGARGGECACRCAGCE
(O FLECERee o teereel eeeer ety et teore THEE

TTCAGGRACCAGAGCIAGATEEYCAACTRCTTCEALTECOECELGRESSRCIACALCCRLT



1021

1021

1081

1081
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AGAARATTCCAGGGCCCCTAGGAAAARGGEGCTGTTGGAAATGTGCGAAACGAAGGACACCAA

IR IR

AGGAACTGCCGCGCCCCCAGGAAGAAGGGCTGCTGGAAGTGCGGCAAGGAGCGCCACCAG

ATGARAGATTGTACTGAGAGACAGGCTAATTAA

NURIRIRII I I

ATGAAGGACTGCACCGAGAGGCAGGCCAACTAA



Figure 7
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SEQ-ID 16: TDsyngag delta 2:

61

121
181
241
301
361
421
481
541
601
661
721
781
841

SEQ-ID

61

121
181
241
301
361
421
481
o4l
601
661
721
781
841

ATGGGCGCCA

GGGCCAGCGT

S / 9

GCTGAGCGGC

CTGAGGCCCGE GCGGCAAGAA GARAGTATAAG
CTGGAGAGGT TCGCCGTGAA CCCCGGCCTC

CTGGGCCAGC
ACCGTGGCCA
CTETTCACCC

TGCAGCCCAG
CCCTGTACTG
CCGAGGTGAT

CCTGCAGACC
CGTGCACCAG
CCCCATGTTC

GACCTGAACA CCATGCTGAA CACCGTGGGC

GAGACCATCA
ATCGCCCCCG
GTGRAGAACT
ATCCTGAAGG
GTGGGCGGLC
ACCGCCACCA
TTCAACTGCG
TGCTGGAAGT

ACGAGGAGGC
GCCAGATGAG
GGATGACCGA
CCCTGGGACC
CCGGCCACAA
TCATGATGCA
GCAAGGCAGGE
GCGGCAAGGA

CGCCGAGTGE
GGAGTACAAG
GACCCTGCTG
CGCCGCCACC
GGCCAGGGTG
GAGGGGCAAC
CCACACCGCC
GEGCCACCAG

18: TDsyngag delta 2 delta p7:

ATGGGCGCCA GGGCCAGLCGT GCTGAGCGGC

CTGAGGCCCG
CTGGAGAGGT
CTGGGCCAGC
ACCGTGGCCA
CTGTTCAGCC
GACCTGAACA

GCGGCAAGAA
TCGCCGTGAA
TGCAGCCCAG
CCCTGTACTG
CCGAGGTGAT
CCATGETGAA

GAGACCATCA ACGAGGAGGC

ATCGCCCCCG
GTGAAGAACT
ATCCTGAAGG
GTGGGCGGCC

. ACCGCCACCA

TTCAACTGCG
TGCTGGAAGT

GCCAGATGAG
GGATGACCGA
CCCTGGRACC
CCGGCCACAA
TCATGATGCA

GAAGTATAAG
CCCCEGCCTE
CCTGCAGACC
CGTGCACCAG
CCCCATGTTC
CACCGTGRGC
CGCCGAGTGEG
GGAGTACAAG
GACCCTGCTG
CECCECCACC
GGCCAGGGTG
GAGGGGCAAC

GCAAGGAGGG CCACACCGCC

GCGGCAAGHLA

GGGCCACCAG

GGCGAGCTGE ACAGGTOGGA GARAGATCAGG
CTGAAGCACA TCGTGTGGGC CAGCAGGGAS
CTGGAGACCA GCGAGGGCTG CAGGCAGATC
GGCAGCGAGG AGCTGAGGAG
AGGATCGAGA TCAAGGACAC CAAGGAGGCC
AGCGCCCTGA GCGAGGGAGC

GGCCACCAGG

CCGCCATGCA

CCTGTACAAC

CACCCCCCAG
GATGCTGAAG

GACAGBGTGEC ACCCCGTGCA CGLCGGCCCC
ACCCTGCGCG CCGAGCAGGEC
GTGCAGAACG CCAACCCCGA CTGCAAGACC
CTGGAGGAGA TGATGACCGEC

CTGGCCGAGG CCATGAGCCA

TTCAGGAACC
AGGAALTGCC
ATGAAGGACT

GGCGAGCTGG
CTGAAGCACA
CTGGAGACCA
GGCAGCGAGG
AGGATCGAGA
AGCGCCCTGA
GGCCACCAGE
GACAGGGTGC
ACCCTGCGCS
GTGCAGAACG

AGAGGAAGAT
GCGCCCCCAG
GCACCGAGAG

ACAGGTGGGA
TCGTGTGGGEC
GCGAGGGLTE
AGCTGAGGAG
TCAAGGACAC
GCGAGGGAGC
CCGCCATGCA
ACCCCGTGCA
CCGAGCAGGC
CCAACCCCGA

CTGGAGGAGA TGATGACCGEC

CTGGCCGAGG

CCATGAGCCA

TTCAGGAACC AGAGGAAGAT

AGGAACTGCC
ATGAAGGACT

GCGCCCLCCAGR
GCACCGAGASG

CAGCCAGRAG

CTGCCAGGGL
CGTGACCAAC
GGTGAAGTGC
GAAGAAGGGC
GCAGGCCAAC

CAAGATCAGG
CAGCAGGGAG
CAGGCAGATC
CCTGTACAAL
CAAGGAGGCC
CACCCCCCAG
GATGCTGAAG
CGCCGGCCCC
CAGCCAGGAG
CTGCAAGACC
CTGCCAGGGC
GGTGACCAAC
CGTGAAGTGC
GAAGAAGGGC
GCAGGCCAAC
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