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i. FIELD

The invention concerns the field o
particularly the phenotypic expression of the
Qirion-protein expression) gene of HTLV-I and
retroviral species, such is rev of HIV-1.

2. BACKGROUND

*

f viral gene expression, more

rex (regulator of

its equivalents in other

N Viruses, particularly human retroviruses like the human
immunodeficiency virus type 1 (HIV-1) or the human leukemia virus type I

(HTLV-I) are the causative agents for very serious diseases. This is in the
case of HIV-1 the Acquired Immune Deficiency Syndrome (AIDS) and in the case

This Sheet Has Been: Replaced

TRA

.l.x)"



e o

case of H'V-1 the Acquired I mune Deficiency Syndrome (AIDS) and in the

case -2- of HTLV-1 Adult T-cell Leukem a (ATL)a5—wet—as—noneanfer ous
condi tions known as Tropical Spastic Parapesis. WTINIS SHELT leAS BEENI gal |y
related to some cases of variant T-cell hairy cel|l | euRERFACEBoOt h vj|rus

groups are dividing their replication cycle, simTarry to the DNAVI'ruses,
in an "early" and a "late" stage of geng-expression. The "earl y"9gohesm of
gene expression is characterized by the expression of the regulatory
pr ot ei ns,

of HTLV-I Adult T-cell Leukemia (ATL) as well as noncancerous conditions

known as Tropical Spastic Parapesis. HTLV-II is etiologically related to
some cases of variant T-cell hairy cell leukemia. Both virus groups are
dividing their replication cycle, similarly to the DNA viruses, in an
"early" and a "late" stage of gene expression. The "early" phase of gene
expression is characterized by the expression of the regulatory proteins,
wvhile in the "late" phase the structural proteins are synthesized.

The HTLV-I genome is coding for an activator of viral
transcription termed Tax. The equivalent of Tax in HIV-1 is termed Tat.

Tax and..Tat appear to act primarily on the retroviral LTR (long terminal
repeat) for viral gene expression. In addition, HTLV-I encodes an activator
of viral structural gene expression termed Rex. A functional Rex protein is
responsible for the increased transport of unspliced viral mRNA out of the
nucleus into the cytoplasm of the infected cell. There these mRNA species
are constituting the viral genome and encoding the structural proteins.
Human Immunodeficiency Virus Type 1 (HIV-1) encodes a homologous protein
termed Rev. The rev gene product is, as Rex in the HTLV-I system,
absolutely required for the expression of the EIV-1l structural proteins.

The underlying reason for this is that the product of the rev
gene (and its equivalents in other viral species) is having a dramatic
effect on the selection of the splicing mode for the viral mRNA transcripts
in infected cells. This effect is achieved in the case of Rev and Rex by
posttranscriptional regulation, namely by enhancement of the transport into
the cytoplasm of full-length mRNA transcripts, whereby expression of viral
structural proteins such as Gag and Env for HIV-1 is initiated and
expression of regulatory proteins is concomitantly suppressed (see e.g. for
Rex M. Hidaka et al., EMBO J. 7 [1988] 519) or modulated (see e.g. for Rev
M.H. Malim et al., Nature 335 [1988] 181). Thus Rev is not required for the
expression of the fully spliced BIV-1 mRNAs encoding the viral regulatory
proteins, including Tat and Rev.

In HIV-1 the selectivity of the induction noted above is due to
an RNA target sequence required for Rev function termed Rev Response Element
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while in the "late" phase the structural proteings i
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HTLV-1 genone is coding for an activator of V|raH
The equivalent of Tax in HV-1 is ternmed Tat. Ta*ﬁgnd TafFt -appBar tojjact
primarily on the retroviral LTR (long terminal repeat) for viTar—gene
expression. In addition, HTLV-1 encodes an activator of viral structural
gene expression terned Rex. A functional_gRex protein is responsi bjgg. 5?9 t he
i ncreased transport of unspliced viral nmRNA out of the nucleus into t
cytoplasmof the infected cell. There these nmRNA species are constituting

the viral gamps rremdc@m@a*émﬂm $high! 984 nuR 164198 SRNAHYE®hdary structure
| mmunodefi ¢ &nc V- 1) encodes onol ogous roteln terned

Rev. The rwsgaﬁeviﬁfl ypefé’ 1a%'-‘-R§§‘)‘?'n the eqv q@"éﬁy%'t‘é‘ﬁf“ e in HTLV-T i

termed Rex Response Element (RexRE or RRX). Rev appears to be the first
protein which has been shown to regulate the nuclear export of RNA in a
sequence specific manner.

Taking Rex as an illustration, the complete function of the Rex
protein in regulating expression of the HTLV-I gag and env genes requires at
least three functionally distinct component activities: nuclear and
nucleolar localization, i.e. the capacity to be transported from the -
cytoplasmic site of synthesis of all proteins to the nucleus and there tofge
concentrated in the nucleolar region; specific recognition (directly or
indirectly) of the RexRE (RRX) sequence in viral RNAs; and Rex effector
activity, the presently still unknown activity of this regulatory protein
vhich actually mediates export from the nucleus to the cytoplasm of
partially spliced viral mRNA species that include the RexRE sequence.

Regarding the structural locations in the Rex protein where
these component activities of the complete Rex function reside (i.e. the
functional domains), all that was known prior to the present invention is
that a positively charged peptide domain in the first twenty amino acids at
the amino terminus of Rex is required for nucleolar localization (H. Siomi
et al., Cell 55 [1988] 197-209).

As mentioned above both the rex gene product for HTLV-I and the
rev gene product for BIV-1 are required for replication of the virus (see
e.g. for HIV E. Tervilliger et al., J. Virol. 62, [1988] 655). The crucial
importance of Rex and Rev is underscored by the fact that in spite of their
different primary structures, they are related functionally, and HTLV-I Rex
is able to exert its function in the other viral species, i.e. in HIV-1
(L. Rimsky et al., Nature 335 [1988] 738): thus even though
- Rev and Rex do not share any significant homology on the nucleotide as

wvell as on the amino acid level,
- the nucleotide sequences and stem and loop structures of the RRE differ
from those of the RexRE (RRX) in HTLV-I,
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absolutely required for the expression of the H V-1 structural proteins.
The underlying reason for this is that the prgduct=of-t-he—rev—gene (and its
equi valents in other viral species) is having| atdsanmati csefdemy |on the

selection of the splicing node for the viral IRNA tiiariserpts in infected
cells. This effect is achieved in the case of —and - ReXhy——
posttranscriptional regulation, namely hy_enhancement of the trangggszg nto
the cytoplasmof full-length nRNA transcripts, whereby expression of viral

structural proteins such as Gag and Env for HIV-1 is initiated and
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~ the Rex protein does not appear to bind to the same part of the RRE as the
Rev protein does,

it is nevertheless possible to substitute the Rev protein by the Rex protein
in the HIV-1 system, and further, it has very recently been found that
HTLV-I Rex and HIV-1 Rev can substitute for HIV-2 Rev (Rev2) and that HTLV-I
Rex can also substitute for the analogous HTLV-II regulatory protein. This
complementation is sufficient to rescue e.g. a rev-deficient HIV-1 provirus
previding functional Rex protein in trans. On the other hand the reverse
substitution to rescue a rex-deficient HTLV-I provirus by functional Rev
protein does not seem to be feasible. Thus there is no complete symmetry in
this respect. The basis for this lack of reciprocality is not yet
understood, but it probably relates to differences in the functional aspects
of these proteins that are required for target RNA sequence recognition.

Mutations in regulatory proteins may yield a gene product with a
dominant negative phenotype over the wild-type function (I. Herskowitz,
Nature 329 [1987] 317). Dominant negative mutant proteins, known as
trans-dominant repressors, a small group of which have been discovered
recently in several unrelated viruses, represent a novel class of anti-viral
agents. In genetic analyses, negative mutations are those which cause a
diminution or loss of a function of a gene. Dominant negative mutations are
those that prevent other copies of the same gene, which have not been
mutated (i.e. which have the wild type sequence), from functioning properly.
On the other hand recessive negative mutations do not so inhibit wild-type
counterparts. Further, some dominant mutations inhibit wild-type genes only
vhen the mutant and wild-type genes are located on the same chromosome (DNA
or RNA molecule). In this case the inhiﬁiting mutation is said to be
"cis-atting". Alternatively, a dominant mutation may inhibit the
corresponding wild-type gene even when located on a separate chromosome.
This type is classified as a "trans-acting" dominant mutation or, more
simply, as a transdominant mutation.
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expression of the fully spliced H V-1 nRNAs encodig -he-wviral regul atory
proteins, including Tat and Rev. In HV-1 the selécﬁﬁ&;$yhmﬁHg ‘ndUction
not ed above is due to an RNA target sequence requﬂred ngpE@ gun flmn
termed Rev Response El enent (RRE). RRE coi ncide 234

nucl eotide RNA secondary structure preseqf within the HV-1 env %gggsﬂjhe
equi val ent structure in HTLV-1 is ternmed Rex Response El enent (Rex

RRX). Rev appears to be the first protein which has been shown to regul ate

the nucl ear export of fBNAf Rhése so-called transdominant genes have been
described, concerning genes for eukaryotic or Herpes virus transcription
factors (I.A. Hope and K. Struhl, Cell 46 [1986] 885; R. Gentz et al.,
Science 243 [1989] 1695; S.J. Triezenberg et al., Gen. & Devel. 2 [1988]
718; A.D. Friedman et al., Nature 335 [1988] 452). Thus, when overexpressed
some deletion mutants of the Herpes simplex virus trans-activator VP16
inhibit VP16 function, thereby precluding replication of HSV-1 in normally
permissive cells. As regards retroviruses, transdominant mutants have also
been described, e.g. for the Tax protein of HTLV-II (V. Wachsman et al.,
Science 235 [1987] 674) and, after the priority date for thgﬂpresent
invention, for the HIV-1 tat (M. Green et al., Cell 58 [1989] 215) and gag
(D. Trono et al., Cell 59 [1989] 113) genes.

These differences in compositions and functions of these tvo
regulatory proteins indicate that comparison of Rex structure with that of
the Rev protein or its known mutants offers no guidance at all for selecting
mutations that might produce trans-dominant repressors of the viral
proteins.

A therapeutic application of the above concepts would involve
the inhibition of production or overproduction of a deleterious gene product
by manipulation of the gene to create dominant negative mutations whereby
the resultant gene is encoding mutant regulatory proteins which when
expressed disrupt the activity of the wild-type function (I. Herskowitz,
Nature 329 [1987] 219). In the situation of viral, e.g. retroviral
infections it thus appears highly desirable to provide corresponding
transdominant repressors of virus function by the construction of similar
inhibitors of essential regulatory genes, e.g. inhibitors of the rev or
rex gene. This approach would provide the requisite tools for
"intracellular immunization", an approach to the treatment of viral
infections first proposed in 1988 (D. Baltimore, Nature 335 [1988] 395).
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sequence specific manner. Taking Rex as an illustration, the conplete
function of the Rex protein in regulating exprg%%?ﬁﬁﬁﬁ%jFﬁézFHEMLI gag and
env genes requires at |east three functlonallygdﬁyphn col

activities: nuclear and nucl eol ar | ocalizati onj CEp J
transported fromthe cytoplasmc site of synth«lé~
nucl eus and there to be concentrated i n-é-he nucl eol ar regi on; sp8eeI529
recognition (directly or indirectly) of the RexRE (RRX) sequence in viral
RNAs; and Rex effector activity, t he presently still unknown activity of
thlsreguBatoﬁvUolﬂdtél IWhi @1F acT (HhE T \

the cytoplasmof partially spliced viral TRNA speC|es that include the
RexRE sequence.

Engineered transdominant versions of the HTLV-I rex and,
respectively, of the HIV-1 rev gene have now been made, the product of which
blocks HTLV-I, HTLV-II or, respectively, HIV-1l replication. Furthermore,
the product of some of these engineered transdominant versions of the rex or
rev gene blocks both HTLV-I (and in some instances HTLV-II) and HIV-1
(and in some instances HIV-2 and SIV) replication.

This appears to be the first reported occurrence of the
preparation of viral repressors acting in more than one viral species, i.e.
of transdominant gene products repressing the phenotypic expression of
functionally equivalent genes of more than one viral species.

The invention thus concerns genes coding for proteins which
transdominantly repress the phenotypic expression of functionally equivalent
genes of more than one viral species and thus block replication of more than
one viral species, particularly the mutant genes in pcRexM2, pcRexM7 and
pcRexM8; M6, M7 and M13; and pM10, disclosed hereunder.

It also concerns genes coding for proteins which transdominantly
repress the phenotypic expression of the rex gene of HTLV-I and/or BILV-II
and genes coding for proteins which transdominantly repress the phenotypic
expression of the rev gene of HIV-1 and/or HIV-2 and/or SIV, particularly
the mutant genes in pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex134l15;
pM10, p&9/14, pal0/14, pM21, pM22, pM27, pM28, pM29 and pM32; and M6, M7 and
M13, disclosed hereunder.
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Regarding the structural locations in the Rex protelLn where these corrponent
activities of the conplete Rex function reside (i.

dormai ns), all that was known prior to the present HhJ% CORST @Hﬁmm

positively charged peptide domain in the first twe __Q_ifé‘&ﬁf@s at {

amno termnus of Rex is required for nucleolar |ocalization ) ¢ et

al., Cell 55 [1988] 197-209). As nentiongd above both the rex gengrpggﬂyct
ep

for HTLV-1 and the rev gene product for H V-1 are required for | catl on
of the virus (see e.g. for HHV E. Terwilliger et al., J. Virol. 62, [1988]

655). The cruci al '”EQrél%BC@oIQErE@)é pPékeB8VEdLS tu@qﬁessgmdnbuf tehesd ehed hat

in spite of theiy diff B,rlrrarly str cturel thegy terel ed

funct i onaJF@Ppréﬁin4fE q e correspon ildtype gene from an appropriate
expression system, puttlng this gene into an appropriate cloning system,

introducing the desired mutation into the gene and recovering the resultant
mutant gene from the clones having the desired mutation. It also concerns a
process for the preparation of proteins as defined above which comprises
expressing and amplifying a mutant gene as defined above in an appropriate
expression and amplification system and recovering the expressed product
therefrom. .

It also concerns proteins which transdominantly repress the
phenotypic expression of functionally equivalent genes of more than one
viral species and thus block replication of more than one viral species, in
particular the mutant proteins of pcRexM2, pcRexM7 and pcRexMB8; M6, M7 and
M13; and pM10, disclosed hereunder.

It also concerns proteins which transdominantly repress the
phenotypic expression of the rex gene of HTLV-I and/or HTLV-II, and proteins
vhich transdominantly repress the phenotypic expression of the rev gene of
HIV-1 and/or HIV-2 and/or SIV, in particular the mutant proteins of pcRexM2,
pcRexM7, pcRexM8, pcRexM17 and pcRex13415; pM10, pA9/14, pal0/14, pM21,
pM22, pM27, pM28, pM29 and pM32; and M6, M7 and M13, disclosed hereunder.

It also concerns a vector, e.g. a retroviral or plasmid vector
containing a gene as defined above in a form suitable for achieving delivery
in a functional state into a target mammalian cell in vivo or in vitro.

It also concerns a pharmaceutical composition containing a gene
or protein as defined above in a form suitable for achieving the desired
prophylactic or therapeutic effect, together with a pharmaceutically
accepfable carrier or diluent, e.g. in the form of cells taken from a
patients’s body and treated in vitro prior to reinsertion.
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is able to exert its function in the other vipal species, i.e. in HV-1 (L.
Rinsky et al., Nature 335 [1988] 738): thus eﬂ ;Qough *:ﬁéﬁr*‘d Rex do
e(ﬂ wel P l

not share any significant honol ogy on the nud Tdeas’ A FERY on t he
am no acid level, - the nucl eotide sequences ﬁﬂd stenland"LQo it ruct ures
of the RRE differ fromthose of the RexRE (RRX) in HTLV-1, S4- -
conput er - gener at ed prediction of secondaBy structures of the Rex %9Rd93S

It also concerns a method of treatment of viral infections
comprising administering a gene or protein as defined above in a form
suitable for achieving the desired prophylactic or therapeutic effect to a
subject in need of such treatment, e.g. in the form of cells taken from a
patient’s body and treated in vitro prior to reinsertion.

Under "treatment" is to be understood the prophylactic as well
as the curative treatment of viral infections, whereby "“curative" includes
the stabilization of a viral infection at a stage of latenéy.

It also concerns the genes, proteins and DNA segments defined

herein for use as a pharmaceutical.

The invention also concerns the genes and proteins defined above
in the form of functional fragments or derivatives, i.e. fragments or
derivatives which are functionally equivalent. Under "functional fragment
or derivative" is to be understood a fragment or derivative haVing a
pharmacological activity which is qualitatively identical with the
pharmacological activity of the intact mutant gene or protein and is
quantitatively the same or different, i.e. either greater or smaller, than
the pharmacological activity of the intact mutant gene or protein, e.g. from
about 1 X to about 10000 X, particularly from about 10 X to about 1000 X.

The invention also concerns inhibitors derived from the genes,
proteins and DNA segments defined herein and able to mimic the
transdominant, i.e. primarily the RNA-binding domain in a mutant Rex or Rev
protein as defined above, such as low molecular weight inhibitors or
neutralizing monoclonal antibodies. Low molecular weight means herein a
molecular weight below about 10 kD, especially below about 1 kD.
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proteins reveal no significant simlarities and_-_the Rex protein does not
appear to bind to the sane part of the RRE as t §Hﬁ§¥ Pproterndoey, it is
nevert hel ess possible to substitute the Rev pr ‘tﬁ:*ﬁé@#ﬂ teinin
the HHV-1 system and further, it has very recdntl .”fgghd t hdt HTLV- |
Rex and H V-1 Rev can substltute for HV-2 Rev (REVZ) “and tRat HTILV-1 Rex
can al so substitute for the anal ogous HEBV-11 regul atory protein.900:0579
conplenmentation is sufficient to rescue e.g. a rev-deficient H V-1 provirus
provi di ng functional Rex protein in trans. On the other hand the reverse
substitution to rescBurther easpdets which thElinvienpian iconserms adxmasi bistledRev
protein dogselRdesseeMto be feasible. Thus there is no conplete symretry in

- A trans-dominant repressor of HIV-1 Rev function comprising a first and a
second domain, the first domain having substantially the specific binding
functions of wild-type HIV-1 Rev and the second domain not having the
activation functions of wild-type HIV-1l Rev, the second domain being
modified from wild-type HIV-1 Rev by one or more mutations; preferably the
first domain comprises from about amino acid position 10 to about amino
acid position 68 of wild-type Rev and the modified Second domain is
derived from about amino acid position 68 to about amino acid position 90
of wild-type Rev; especially, the above one or more mutations are missense
or deletion mutations which occur between about amino acid position 68 and
about amino acid position 90, preferably from about 78 to about 86,
especially from about 78 to about 83 or 84 of wild-type Rev, the specific
binding functions of the first domain of wild-type HIV-1 Rev remaining
substantially functionally intact; particularly the repressors pM10, pM21,
pM22, pM27, pM28, pM29 and pM32 disclosed hereunder or a functional
fragment or derivative thereof;

- a trans-dominant repressor of HIV-1 Rev function comprising a first domain
having substantially the specific binding functions of wild-type
HIV-1 Rev, this transdominant repressor not having the activation
functions of wild-type HIV-1 Rev; preferably the first domain comprises
from about amino acid position 10 to about amino acid position 68 of
wild-type Rev and the transdominant repressor lacks from about amino acid
position 68 to at least about amino acid position 90 of wild-type Rev;
particularly the repressors pd9/14 and p810/14 disclosed hereunder or a
functional fragment or derivative thereof;

- a DNA segment that encodes a trans-dominant repressor of the function of
the HTLV-I Rex protein, the repressor being modified from a wild-type form
of the Rex protein by at least one trans-dominant negative mutation in the

This Sheet Has Been Replaced




. . . . .T—.--:T__——\'
this respect. The basis for this lack of reciprogalil$$-isT ek yet, y

understood, but it probably relates to differendges in é&dfesfyncti ongl
aspects of these proteins that are required for targetr—RNASS

recognition. Mutations in regulatory proteins nmay yield a gene product with
a dom nant negative phenotype over the wild-type function (I. Herskowtz,
Nature 329 [1987] 317). Dom nant negati \ygolutant proteins, known agp.9579
trans-dom nant repressors, a snmall group of which have been di scovered
recently in several unrelated viruses, represent a novel class of

anti-viral 3ggeide dbBaiiepetite HRI-LFPS ReRepiitey tHdt oditibstsiIthet &fFeR o Ch
cause a dimnution o

mut ati ons ar®$*t¥iYe® héigsg?’gi?éﬁfgig{']ﬁtéﬁi%QE&];re%sggqgﬁé%%gggé}fgg%:%g have

not been nucleolar localization activity of the wild-type form of the Rex protein;
preferably such a DNA segment in which the peptide domain of the wild-type
Rex protein comprises from about amino acid position 59 to about amino
acid position 121, especially in any one of the following amino acid
positions: 59, 60, 64, 65, 119, 120 and 121; particularly a DNA segment
comprising any of the following mutant rex genes: M6, M7, M13 and
variants and derivatives thereof which exhibit trans-dominant repression
of HTLV-I Rex protein function;

- a corresponding trans-dominant repressor of the function of the HTLV-I Rex
protein so modified from a wild-type form, preferably having the ability
to repress either the function of the HIV-1 Rev protein or the function of
the HTLV-II Rex protein;

- a method for identifying a specific inhibitor of the gene activation
function of the Rex protein comprising the steps of:
i) providing a genetic system comprising:

- a DNA segment encoding an mRNA which comprises a regulatory
response element that is recognized by the Rex protein, and at
least one unused splice site (i.e. a region or intron that is
bounded by splice recognition sequences but that has not been
spliced out of the mRNA);

~ a DNA segment encoding a rex gene that is capable of being
expressed to produce a protein product which induces export of the
mRNA from the nucleus;

- a host cell transformed by the DNA segment encoding the rex gene
and by the DNA segment encoding the mRNA and having fhe capability
to express the protein product of the rex gene and to express the
mRNA;

ii) contacting a culture comprising the cells of this genetic system with
an agent suspected of being a specific inhibitor of the Rex protein
under conditions such that the agent enters the cells;
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nmut ated (i

.e. which have the wild type sequence), from functioning
properly. On the other hand recessive negative
wi-l d-type counterparts. Further, sone dom nant

| nhi bi t

genes only when the mutant and mnld type genes e | ocat€d:on the [sanme
chronpsone (DNA or RNA nolecule). In this case the |nh|b|t|ﬂg=ﬂutét|on S

said to be

correspondi ng wi | d-type gene even when |7

"cis-acting". Alternatively, gedon1nant mutation may in bh%7the

ated on a separate chro

This type is classified as a "trans-acting" dom nant nutation or, nore
simply, as & iiRhogadom AR e/ 62kt of this agent on export from the nucleus of

the mRNA that comprises the unused splice site; and

iv) determining the effect of the agent on export from the nucleus of a

spliced form of the mRNA in which the splice site has been used;

vhereby a decrease in the export of the mRNA that comprises the unused
splice site together with no decrease in the export of the spliced form of
the mRNA indicates that the agent is a specific inhibitor of an activity
of the HTLV-I rex gene or of an activity of a product of the rex gene; the
mRNA regulatory element that is recognized by the Rex protein preferably
being derived from an mRNA of a virus selected from BETLV-I, HTLV-IT and
HIV-1;

- an identification method as defined above wherein the decrease in the

export of the mRNA that comprises the unused splice site is preferably
detected by determining the level of production of a first protein,
encoded by the mRNA that comprises the unused splice site, and the
increase in export of the spliced form of the mRNA is preferably
detected by determining the level of production of a second protein,
encoded by the spliced form of the mRNA;

an identification method as defined above wherein the mRNA comprising
the regulatory response element and the splice site is encoded by a
plasmid comprising the 3’ end of an HTLV-I provirus including the coding
regions for the Rex and Tax proteins, the complete env gene, the Rex
response element and the entire 3’ LTR; preferably by plasmid pgTAX-LTR
disclosed hereunder; and the rex gene preferably is provided on

plasmid pRex;

- plasmid pgTAX-LTR;
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-5- A few of these so-called transdom nant genes have been descri bed,
concerni ng genes for eukaryotic or Herpes virus t ot (r.A
Hope and K. Struhl, Cell 46 [19861 885; R Gentz . SHiS iehd 8EEM3| [ 1989]
1695; S.J. Triezenberg et al., Gen. & Devel. 2 [1988] 7i8/-AGED Friegman et
al ., Nature 335 [1988] 452). Thus, when overexpressed some det&tTom hutants
of the Herpes sinplex virus trans-activajpr VP16 inhibit VP16 fungphh iz

t hereby precluding replication of HSV-1 I'n normally perm ssive ceIPs. ls

regards retroviruses, transdom nant nutants have al so been described, e.g.

for the Tax_pf ofegkbnPlkitTiof bérdeingd'aglAt@Rocidettify a specific inhibitor of

the gene activation function of the Rex protein according to the above

identification method, comprising:

- a DNA segment encoding an mRNA which comprises a regulatory response
element that is recognized by the Rex protein, and at least one unused
splice site;

- a DNA segment encoding a rex gene that is capable of being expressed
to produce a protein product which induces export of the mRNA from the
nucleus; and

- a container containing a host cell transformed by the DNA segment
encoding the rex gene and by the DNA segment encoding the mRNA, the
cell having the capability to express the protein product of the rex
gene and the mRNA;

- a method of inhibiting replication of HIV-1, HTLV-I or HTLV-II
comprising introducing a DNA segment as defined above into a cell having
the ability to replicate one of these viruses and to express the DNA
segment to produce a transdominant repressor of HTLV-I Rex function; and

- a method of inhibiting HIV-1, HIV-2 and SIV, especially HIV-1
replication comprising introducing into a cell infected with HIV-1 a
trans-dominant repressor of HIV-1 Rev function.
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Sci ence 235 [1987] 674) and, after the priority d ﬁ@u Q[_“
invention, for the HHV-1 tat (M Geen et al. 5 TFi?SquZlﬁ%J nd gag
(D. Trono et al., Cell 59 [1989] 113) genes. The i ;Qgéﬁﬁ & in
conposi tions and functions of these two regul atory proteins
conpari son of Rex structure with that of the Rev protein or its known

mut ants of fers no guidance at all for selectlng mut ati ons that m-ght
produce trans-dom nant repressors of thel¥tral proteins. A therapelf0-8379
application of the above concepts would involve the inhibition of
production or gverproduction of ad I-ter ouc% Ey mani pul ati on
of the gen@-tog gatel duM hanl® Nege S

t hat

4.,1. for 5.1. and 6.1.:

FPigure 1: Nucleotide and amino acid sequence of HTLV-I rex [the amino acid
positions substituted by oligonucleotides (1) (amino acid positions 87, 88,
89) and (2) (position 94) are marked, as well as positions 82, 90, 91

and 97. The full sequence contains 56f nucleotides, coding for 189 amino
acids.

Figure 1A: Location of the 29 mutations introduced into the BTLV-I rex
gene. The ETLV-I rex gene encodes a 189 amino acid protein. Using
site-directed mutagenesis, missense substitutions were introduced at defined
amino acid residues (indicated by boxes) and are named according to their
location within the rex gene.

Figure 2A: Rex immunoprecipitation:

SDS/polyacrylamide gel electrophoretic analysis of 7 of the 30 rex mutants

after Rex immunoprecipitation (shows that pcRexM2, pcRexM7, pcRexM8,

pcRexM13, pcRexMl4, pcRexM17 and pcRex13415 are still producing Rex

protein):

A: pgtat (negative control for Rex antibody)

B: pcRex

C: pcRexM2

D: pcRexM7

E: pcRexM8

F: pcRexM13

G: pcRexMl4

H: pcRexM17 (the lower molecular weight in this lane is possibly due
to a change in the modification of this protein by,
e.g., phosphorylation)

I: pcRex13415
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the resultant gene is encoding mutant regulatory proteins which when
expressed disrupt the activity of the wild-type f Her skow t z,
Nature 329 [1987] 219). In the situation of virall TRiOs£6IL0Q
infections it thus appears highly desirable to p OV|depﬁgfr§$ &FENN
transdom nant repressors of virus function by the~consts ﬂﬁtlaﬁ_ f_siimlar
inhibitors of essential regulatory genes jg. 9. inhibitors of the re rgpoqﬁ75ex
gene. This approach would provide the requisite tools for "intracellular

I muni zation", an approach to the treatnment of viral infections first
proposed in 1988 (D. Baltinore, Nature 335 [1988] 395).

Figure 2B: Biological phenotype of the mutants:

As for Figure 2A, after Tat immunoprecipitation:
A: pgtat + pXF3

B: pgtat + pcRev

C: pgtat + pcRex

D: pgtat + pcRexM2

E: pgtat + pcRexM?

F: pgtat + pcRexM8

G: pgtat + pcRexM13
H: pgtat + pcRexMl4
I: pgtat + pcRexM17
K: pgtat + pcRexl3Al5

Figure 2C: As for Figure 2B (shows that some of the Rex mutants are
transdominant over wildtype Rex, namely pcRexM2, pcRexM7, pcRexM8, pcRexM14,
pcRexM17 and pcRex13415):

A: pgtat + pXF3 + pXF3

B: pgtat + pcRex + pXF3

C: pgtat + pcRex + pcRexM2

D: pgtat + pcRex + pcRexM7

E: pgtat + pcRex + pcRexM8
pgtat + pcRex + pcRexM13

G: pgtat + pcRex + pcRexMl4

H: pgtat + pcRex + pcRexM17

I: pgtat + pcRex + pcRex13415

This Sheet Has Been R eplace

L i




-6- 3. SUMMARYOF THE | NVENTI1 ON Engineered transdom nant
versions of the HTLV-1 rex and, respectively, of H V-1 rev gene have

now been nade, the product of whi ch' bl ocks HTLV. | 71 =11
respectively, HV-1 replication. Furthernore, tfe prodygﬁ',iéffs 8(351& f these
engi neered transdom nant yersions of the rex or e Bt'odks bdth HTLV- I
(and in sone instances HTLV-11) and HV-1 (and in sone |nsf*n | V-2 and

SIV) replication. This appears to be t hel®qr st reported occurrenc@08f93Me
preparation of viral repressors acting in nore than one viral species, i.e.

Figure 2D: As for Figure 2B (shows that some of the Rex mutants are
transdominant over wildtype Rev, namely pcRexM2, pcRexM7, pcRexM8 and
pcRexM13 partially):

A: pgtat + pXF3 + pXF3

B: pgtat + pcRev + pXF3

C: pgtat + pcRev + pcRexM2
pgtat + pcRev + pcRexM?
pgtat + pcRev + pcRexM8

F: pgtat + pcRev + pcRexM13

G: pgtat + pcRev + pcﬁé;nl4
pgtat + pcRev + pcRexM17

I: pgtat + pcRev + pcRex13Al5
Figure 3: Rex mutants which have been constructed

Figure 4: Sequence of the 29 oligonucleotides synthesized to mutagenize the
rex coding sequence.
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of transdonmi nant gene products repressing the phenotypic expression of
functionally equival ent genes of nore than one Vi e_invention
t hus concerns genes coding for proteins which tr
phenot ypi ¢ expression of functionally equival ent
viral species and thus block replication of nore t ,
particularly the nutant genes in pcRexM2,.pcRexM/ and pcRexMB; NB,(%ﬂgéﬂF
ML3; and pMLO, disclosed hereunder. It al'so concerns genes coding %
proteins which transdom nantly repress the phenotypic expression of the rex
gene of Fﬂ}\&l fod/s0n HIluVgl4 .and genes coding for proteins which

t ransdoni nant’| y=Tepress ttre-—phenot ypi ¢ expression of the rev gene of H V-1
and/or H V-2 and/or SIV, particularly

n&idiSra wamt i s EEPL,E
eneshiob: n@w% EQ

Figure 5: Location of mutations introduced into the HIV-1 rev gene. The
HIV-1 rev gene encodes a 116 amino acid protein with the predicted sequence
shown. The border between the two coding exons of rev is indicated (SP).
Clustered point (pM) mutations were introduced by oligonucleotide-directed
mutagenesis, as indicated by the boxed residues. These mutations were named
according to their location within Rev, with pMl1 the most N-terminal and
pMl4 the most C-terminal. All introduced mutations affected from two to
four adjacent amino acids and all (except pM7) introduced a unique BglII
site into the rev gene sequence. These introduced sites facilitated the
subsequent construction of N- and C-terminal deletion (pd) mutants. The

pA mutants are named for the extent of the deletion, e.g. p8l1/14 is deleted
between the introduced pMll and pMl4 mutations.

Figure 5A: Location of further missense and deletion mutations introduced
into the HIV-1 rev gene (- = deleted amino acid).

Figure 6: DNA and corresponding amino acid sequence of pcREV.

Figure 7: DNA sequence corresponding to mutation sites M1-Ml4.

Figure 8: Immunoprecipitation of the HIV-1 rev and tat trans-activators.
Figure 9: HIV-1 proviral rescue assay.

Figure 10: Subcellular localization of Rev and selected Rev mutants by
indirect immunofluorescence.

hERY

Figures 11A and 11B: Analysis of Rev mutants for a dominant negative
phenotype.
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the mutant genes in pcRexM2, pcRexM/, pcRexMB, pcRexML7 and pcRexi13[err]15;
pH10, p[err]9/14, p[err] 10/ 14, pM1l, pM2, pM7, pM8, pM9 and pM32; and
M6, Mr and ML3, discl osed hereunder. -7- process for
the preparation of these genes conprising i I5ﬂ$ﬁﬁ?%ﬁéA§dﬂﬁﬁs ondi ng

wi | dt ype gene from an appropriate expressio Léﬁf?ﬁ@ﬁﬁ ng tfis gene into
an appropriate cloning system introduci g the desired m | Yop-63R
gene and recovering the resultant i B

Pigure 12: Competitive inhibition of Rev function.

Figure 12A: Domain structure of the HIV-1 rev trans-activator. The
116 amino acid full-length protein is encoded by two exons
separated by an intron largely corresponding to the viral env
gene. The "binding" and "activation" domains are shown as
hatched boxes encompassing residues 23-56 (approx.) and 78-83,
respectively. S = splice junction; NL = highly basic region
important for nuclear localization that shares considerable
identii&‘with the "Arg-rich" RNA binding motif.
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mut ant gene fromthe clones having the desired Lon. 1t also concerns a

process for the preparation of proteins as def
expressing and anplifying a nutant gene as def
expression and anplification system and recove

ropriate
r oduct

exXPLe
therefrom It also concerns proteins which transdon1nant|y repress the
phenot ypi ¢ expression of functionally eqggval ent genes of nore thagpgns79
viral species and thus block replication of nore than one viral species, in
particular the mutant proteins of pcRexM2, pcRexM/ and pcRexMB; M5, M/ and

ML3; and pMI3,

#bs @.@5eghdner®under. It al so concerns proteins which

transdom nantly repress the

Figure 13:

(4)

(B)

Amino acid sequence of the HTLV-I Rex protein and location

of each of the 25 point mutations introduced. Nucleotides encoding
each of the boxed amino acids were removed and replaced in-frame by an
oligonucleotide encoding the aspartic acid-leucine dipeptide.
Structure of the Rex-responsive pgTAX-LTR expression vector. The

3’ end of the CR-1 HTLV-I provirus from the HindIII site at map
position 5013 (M. Seiki et al., Proc. Nat. Acad. Sci. USA 80 [1983]
3618-3622) through the 3’ LTR, was inserted into the pBCl12/CMV
expression vector. This fragment contains the two coding exons for Tax
(vhite boxes), the complete env gene and the entire 3’ LTR of HTLV-I
including the RexRE (RRX) (S.M. Hanly et al., Genes Develop. 3 [1989]
1534-1544).

Figure 14:

(4)

(B)

Rex, but not Rev or IL-2, activates the expression of HTLV-I Env
protein by the pgTAX-LTR vector. Subconfluent cultures of COS cells
vere cotransfected with pgTAX-LTR and pREX (L. Rimsky et al., Nature
[1988] 738), pREV (M.H. Malim et al., Nature 335 [1988] 181-183) or
pCMV-IL-2 (B.R. Cullen, Cell 46 [1986] 973-982). 1In the final lane,
cells were transfected with pREX in the absence of pgTAX-LTR. Env
protein production was analyzed by immunoprecipitation and gel
electrophoresis. The migration of known molecular weight standards is
indicated on the left.

Analysis of Rex function of rex mutants. After insertion into the

pBC12/CMV expression vector, each of the 25 rex mutants (designated

M1-M18 and M21-M27, see Fig. 13A; mutants designated M19 and M20 have
not been constructed) was cotransfected with pgTAX-LTR, and the
cultures were analyzed for Rex-dependent HTLV-I Env protein expression
as described in Example 12.
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phenot ypi ¢ expression of the rex gene of HTLV-}-_and/lor HILV-11. and
proteins which transdom nantly repress the phe{qﬁy@ho~ﬁxpr%§§hgp of the rev

gene of HIV-1 and/or H V-2 and/or SIV, in partjlcul ar;t: A ant  @rot ei ns of
pcRexM2, pcRexM/, pcRexMB, pcRexML7 and pcRexl 15 pMiO.—pleérr] 9/ 14,
p[err] 10/ 14, pM1l, pM2, pM27, pH28, pM29 and pM32; and M6, M/ and ML3,

di scl osed hereunder It al so concerns a VRetor, e.g. a retroviral Fép 9
plasm d vector containing a gene as def iTied above in a form sui t abP&Pdf

achieving delivery in a functional state into a target mammalian cell in
Vivo or i npyjnided15! t sahItabeOLaRS1 RN 684 piGAPAP ok RiLyEe i &, e 0l0
a gene or prb¥e| n as defi r?ed above y%e lWorm r @%‘T ?gr achi evi ng e

desired pr8phieXceretedps (iReCo% cailie “é’FFﬂﬁfectﬂbé’#h@mMﬂm and Vectors for
pharrnacegﬂ thélindctive (M1, M2, M6, M7, M13) or impaired (M15) Rex mutants or the

wild-type pREX, pREV and pCMV-IL-2 vectors. (A) Env production; (B) Tax
production; (C) VWild-type and mutant Rex protein production.

Figure 16: Subcellular localization of HTLV-I Rex mutants by
immunofluorescence. The wild type, M6, M7 and M13 Rex proteins are
localized in the nucleoli and nuclei of expressing cells. In contrast, the
M1 Rex protgih is detected only in the cytoplasm while the M2 protein is
distributed throughout the cell. The M15 mutant is localized in the nuclei
of expressing cells but, in contrast to the wild-type Rex protein, appears
to be excluded from the nucleoli.

Figure 17: .

(A) Analysis of the ability of rex mutants to inhibit function of the
wild-type Rex protein. Each culture was cotransfected with pgTAX-LIR,
PREX and either one Rex mutant (Lanes 1-6), pREX (Lane 7),

PREV (Lane 8) or pCMV-IL-2 (Lane 9). HTLV-I Env production was
analyzed as in Fig. 14.

(B) The HTLV-I rex transdominant mutants inhibit the function of HIV-I Rev
protein. Cells were cotransfected with pgTAT, pREV and pBC/CMV-IL-2 or
the M6, M7 and M13 transdominant Rex mutants and assayed for
Rev-induced production of the truncated 72 amino acid form of the Tat
protein (Lane 2). M6, M7 and M13 (Lanes 3-5) completely inhibited the
HIV-1 Rev protein as only the full-length 86 amino acid form of the Tat
protein was detected.

(C) The HTLV-I transdominant Rex mutants block Rex rescue of the

_replication of Rev-deficient HIV-1 provirus. Cells were cotransfected
;ith a rev-deficient HIV-1 proviral plasmid and pREX in the presence of
the indicated fold excess of the M1, M6, M7 and M13 mutants.
Supernatant levels of HIV-1 p24 Gag protein were measured.
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acceptable carrier or diluent, e.g. in the formof cells taken fron1a
patients's body and treated in vitro prior to %+6ﬁ—~”_”gj3 It al so

concerns a method of treatment of viral infecl|iBii§ Sowpriss RgE ni stering
a gene or protein as defined above in a forn1$U|tabfé £0F=dchi evilng the
desired prophylactic or therapeutic effect to subj ect 1n need of such
treatnent, e.g. in the formof cells takfd'n froma patient's body %88—9579
treated in vitro prior to reinsertion.

5. DETAILED DESCRIPTION

The procedures and techniques to be used in employing the
present invention are known in the art.

Viral species is herewith to be understood as being a
taxonomically distinct species such as HTLV-I, HTLV—II, SIV, HIV-1 and
HIV-2. The invention concerns in particular the field of retroviruses,
especially human retroviruses.

The genes the expression of which it is a goal of the invention
to repress are preferably genes coding for an undesirable property, such as
a function resulting in activation of the provirus and maturation into
infective particles., e.g. rev of HIV-1 and HIV-2.

rev and Rev as used herein mean HIV-1 rev and HIV-1 Rev,
respectively, unless specified otherwise. Thus the equivalent rev and Rev
of other viral species, such as HIV-2, are specified as "HIV-2 rev (rev2)"
and "HIV-2 Rev (Rev2)", respectively, etc.

Insofar as their preparation is not particularly described
herein, the compounds, vectors, cell-lines, etc. used as starting materials
or reagents are known and publicly available or may be obtained in
conventional manner from known and publicly available materials, or
equivalent materials may be prepared in conventional manner from known and
publicly available materials. Thus e.g. the Rex gene may be recovered from
any isolate of HTLV-I and the Rev gene from any isolate of HIV-I and
pPgTAX-LTR may be recovered e.g. from HUT102 or MT1l. Alternatively, genes
may be created by chemical synthesis according to the genetic code to
produpg a protein having the required amino acid sequence. A transdominant
repressor of Rex or Rev function is made by standard recombinant DNA methods
or by standard chemical methods for peptide synthesis, or by a combination
of these methods, all of which are conventional.
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Under "treatnent"” is to be understood the prophylactlc as well as the

curative treatnent of viral infections, wherg ‘fVGL—FHbLﬂdeS t he
stabilization of a viral infection at a stage fﬁ$9tency« jo concerns
the genes, proteins and DNA segnents defined lherei A6 ué@ as ¢

pharmaceutical . The invention also concerns the genes and protei ns defined
above in the formof functional fragnents,,or derlvatlves I.e. fra&ﬂyggs or
derivatives which are functionally equival'ent. Under "funct i onal f ragne ?
or derivative" is to be understood a fragnent or derivative having a

phar macol ogi gal activity which is qualitatively identical with the

phar macol ogi cal activity of the intact nutant gene or protein and is

The invention in one approach concerns transdominant repressors
of the Rex function in HTLV-I, especially transdominant repressors of the

Rex function in HTLV-I which are also active on the functionally equivalent
but structurally unrelated Rev function in EIV-1l.

) Specifically, modified rex coding sequences were constructed and
expressed and found to possess the above property.

The wildtype rex coding sequence (see Figure 1) was changed
using a purchasable mutagenesis system in accordance with '
"O0ligonucleotide-directed in vitro mutagenesis system Version 2",

Amersham, England (1988), Code RPN.1523, hereinafter shortened as "Amersham

protocol”. The construction of the final expression vectors was carried out

in stages entailing in succession:

1) preparation of a bacteriophage M13 vector carrying the rex coding
sequence,

2) mutagenesis of the rex coding sequence and

3) recloning of the mutated gene into mammalian expression plasmids.

30 mutants were constructed, including one deletion mutant. The
position and nature of the 29 site-directed mutations is indicated in
Figure 3. The corresponding oligonucleotides used for mutagenesis are
listed in Figure 4. They all carry a BglII restriction site.

The rex coding sequence was isolated from plasmid pcRex (= pRex)
(L. Rimsky et al., Nature 335 [1988] 738). Other sources for the wildtype
rex gene are available. Thus the rex gene may be cloned e.g. in analogous
manner to that described for the gag, pol, env and tax genes of HTLV-I in
B.K. De and A. Srinivasan, Nucl. Ac. Res. 17 No. 5 (1989) 2142, out of the
vhole genome of established HTLV-I-infected cell lines such as HUT102
(TIB 162) and MT2 (J.G. Sodroski et al., Science 225 [1984] 381; I. Miyoshi
et al., Nature 294 [1981] 770; V. Manzari et al., PNAS 80 [1983] 1574),
using e.g. the polymerase chain reaction.
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gquantitatively the sane or different, i.e. either greater or smaller, than
t he pharnmacol ogical activity of the intact -gepe-orprotein, e.g.
fromabout 1 %to about 10000 % parti cul ar]jyTHis @m=abots 48N [f 0 about 1000
Z. The invention also concerns inhibitors dgrivedEriomtie gergs, proteins
and DNA segnents defined herein and able to nnant, i
primarily the RNA-binding domain in a nﬁgant Rex or Rev protein dg%hp
above, such as |ow nol ecul ar weight inAifitors or neutralizing no al
anti bodi es. Low nol ecul ar wei ght neans herein a nol ecul ar wei ght bel ow

about 10 kB, especi QLL ytal%e &N rgp :uJig ksl:e)quences vere isolated from plasmids
pgTat and pcRev (M.H. Malim et al., Nature 335 [1988] 181). They may

alternatively be isolated e.g. from a HIV proviral clone such as AHXBZ

(Catalog No. 70, AIDS Research and Reference Reagent Program, June 1989,
NIH).

The biological activity of the various rex genes obtained was
tested in a sensitive assay for the action of the HIV-1 rev and the HTLV-I
rex gene products by expression of the different genes in -COS cells (Gluzman
et al., Cell 23 [1981] 175. As well as initiating the synthesis of viral
structural proteins, the Rev and the Rex proteins both induce the production
of a truncated form of the HIV-1 Tat regulatory protein (M.H. Malim et al.,
Nature 335 [1988] 181-183; L. Rimsky et al., Nature 335 [1988] 738-740).
Coexpression of a genomic HIV-1 tat gene together with a functional HIV-1
rev or a HTLV-I rex gene leads to the cytoplasmic expression of an unspliced
tat mRNA encoding a truncated one-exon form of Tat that is 72 amino acids in
length. The absence of a functional Rev or Rex protein will allow the
expression of a full length Tat protein of 86 amino acids, corresponding to
the two-exon form of Tat. Thus the presence of an active trans-repressor of
the rev or rex function leads to reduced or abolished production of the 72
amino acids Tat protein. This difference can readily be visualized upon
immunoprecipitation analysis.

As shown in Figure 2C, 6 out of 30 mutants were found, namely
pcRexM2, pcRexM7, pcRexMB, pcRexMl4, pcRexM17 and pcRex13Al5, which had a
trans-dominant Rex repressor. The same pattern also was found with pcRev
(see Figure 2D), namely for pcRexM2, pcRexM7, pcRexM8 and partially
pcRexM13, indicating that transdominancy is not limited to the HTLV-I gene,
and that some of the mutants are transdominant for both genes, namely, in
this particular instance, pcRexM2, pcRexM7 and pcRexM8.
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-9- Further aspects which the invention concerns are as |isted hereunder: A

trans-dom nant repressor of H V-1 Rev functi
second domai n, the first donmain havi ng subst

functions of wild-type H V-1 Rev and the secg

activation functions of wild-type H V-1 Rev,
nodified fromw | d-type H V-1 Rev by oneég{
first domain conprises from about am no d

"n l‘f\m\]’l(‘l nn 'J 'Fll’

sm‘rm{aISﬁC"-trheA$ pEEN f
nd doRBFieged havi

st and a

¢ bi ndi ng
Lg t he
bei ng

nore nutations; preL?rgﬁé_ry?éwe

position 10 to abo

acid position 68 of wild-type Rev and the nodified second donmain is
WVhile some of the results first obtained indicated that the most
successful mutations were located between amino acid position 87 and 94, and

it thus appeared that a portion of the rex/rev gene lying between about

amino acid position B2 and about position 97 was of particular significance

in the engineering of trans-dominant Rex/Rev repressors, further testing has

shown that the range for preferred positions of the mutations on the Rex

protein is broader, i.e. that they may lie at least as near the N-terminus

as amino acid position 22 and at least as far toward the C-terminus as amino

acid position 101.
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derived from about am no acid position 68 to about am no acid position 90
of wild-type Rev; especially, the above one or nore nutations are m ssense
or deletion nutations which occur between about am no acid position 68 and
about am no acid position 90, preferably from about 78 to about 86,
especially fromabout 78 to about 83 or 84pE=wd—type—Rev;the specific
bi ndi ng functions of the first domain of FIEH$y%éfﬁHV¥iBﬁév emai pid
substantially functionally intact; particujfarly ?ﬁ%’?%ﬁ?essor, gb %R&%
pM22, pM27, pM28, pM29 and pM32 di scl osed hereunder oF‘ﬁ‘TUﬁttlonal
fragment og glerivative thereof; - a trans-dom nant repressor of H V-1 Rev
function conpr|5|ng a first donaln havi ng substantlally the specific

bi ndi ng functions of wild-type

In a further approach focussing on the Rev function in HIV-1,

transdominant rev repressors have also been found. It is possible that some
of these at least also inhibit the Rex function in HTLV-I or HTLV-II, but
this has not been tested here.

On the other hand it has been found that some of these at least
also inhibit the Rev function in HIV-2 and SIV,,c- e

Extensive mutational analysis further has led to the delineation
of at least tvo distinct functional domains within rev that appear to be
essential for trans-activation. These domains are envisioned as comprising
a "binding domain" which directs the Rev protein to its appropriate target
substrate, and an "activation domain" which permits the functional
consequences of the binding event, transcriptional activation, to be
displayed.

Consequently, two functional domains within rev have been
defined: a binding domain likely to direct the Rev protein to its cellular
target, and an activation domain permitting the nuclear export of the
incompletely spliced RNAs that encode the structural proteins Gag and Env.
Mutation of the activation domain of Rev results in the expression of
defective Rev protein which acts as transdominant inhibitor of Rev function.
Such mutants markedly inhibit HIV-1 replication when expressed in
transfected cells in culture and are thus also transdominant, as are the
mutants obtained under 5.1.
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H V-1 Rev, this transdom nant repressor not having the activation functions
of wild-type HV-1 Rev; preferably the firsi_daomain conprd rom about

am no acid position 10 to about am no acid Pogitisprrt3;,ef swiN drt ype Rev and
t he transdom nant repressor |acks from aboufl am ne=@Giakiposi tifon 68 to at

| east about am no acid position 90 of wld- —partiewarly the
repressors p[err]9/14 and p[err]10/14 digxcl osed hereunder or a fugﬁaidg9él
fragnent or derivative thereof; - a DNA%egnent that encodes a -
trans-dom nant repressor of the function of the HTLV-1 Rex protein, the

repressor belng Mmdiet £t ek’ Hecmltidh LeRRrhMd"eRls AR LpBESISH Bs WsB!

| east one trans-dom nant negative mnmuta
apparent from 6.2. hereunder. The transdominant mutants found thereby are

designated as pM10, pA9/14 and pAl10/14 (see Examples 4 to 11) and pM21,
pM22, pM27, pM28, pM29 and pM32 (see Examples lla and 11b), whereby pM10 was
found to be effective in inhibiting not only HIV-1 rev gene function but
HIV-2 rev and SIV,,. rev gene function as well.

Preferred under the above 9 transdominant mutants are pM10, pM21
and pM32, especially pM10.
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-10- peptide domain of the wild-type Rex protein that exhlblts the effector
activity of the Rex protein, this repressor havi iy t he

nucl eol ar localization activity of the wild- ﬂﬂﬂﬁAQﬂéaﬁ pr ot ein;
preferably such a DNA segnent in which the p ﬁﬁﬁaeﬁdgnawhlof t w | d-type
Rex protein conprises from about am no acid —8g=tG5 about am no acid
position 121, especially in any one of t{he followng amno acid pg&é td 9gs:
59, 60, 64, 65, 119, 120 and 121; particUlarly a DNA segnment conpfisi'ng” any
of the follow ng nutant rex genes: M, M/, M3 and

5.3.

-C‘B“X"

In a yet further approach focussing on the Rex function in
HTLV-I similarly to 5.1., transdominant rex repressors have also been found

and a method developed that permits detection of Rex activities and is
useful for the identification of specific inhibitors of Rex function which
do not interfere generally with other viral or host cell functions. This
Rex inhibitor detection method utilizes a genetic system comprising a
Rex-responsive "reporter" gene that encodes an unspliced form of an mRNA
that includes a regulatory element, a RexRE (RRX) for instance. In this
system, a protein providing Rex function induces the export of this
unspliced mRNA from the cell nucleus to the cytoplasm. In the absence of
Rex function, this mRNA is spliced before export to the cytoplasm, as
indicated above. Upon contacting cells comprising this genetic system with
an agent suspected of being an inhibitor of Rex function, specific
inhibition of HTLV-I Rex function by that agent is indicated by a decrease
in nuclear export of the unspliced form of this particular mRNA, together
with no decrease in nuclear export of the spliced form of this same mRNA.
This method is useful for detecting, for example, chemical inhibitors of the
HTLV-I Rex protein, e.g. inhibitors able to mimic the transdominant domain
in a mutant Rex or Rev protein, e.g. low molecular weight chemical
inhibitors, as well as transdominant mutant forms of Rex that act as
repressors of Rex.

To identify transdominant negative mutations of the rex gene,
again a series of point mutations were produced that altered segments of two
or three amino acids at various sites throughout the linear sequence of the
Rex protein, and several transdominant repressors of HTLV-I Rex protein
function identified among these mutants, several of which additionally
transdominantly repressed the HTLV-II Rex and/or the HIV-1 Rev protein
function and are thus, analogously to some of the mutants found under 5.1.,
also repressing the phenotypic expression of functionally equivalent genes o
one viral species.
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vari ants and derivatives thereof which exhibit trans-dom nant repression of
HTLV-1 Rex protein function; a correspondi ng trans-dom nant repressor

the function of the HTLV-1 Rex protein so nodifi¢d H%P Ag %F e forn1
preferably having the ability to repress either tjh E %F -M%E P ehHIV—
Rev protein or the function of the HILV-11 Rex pr eln.—a

identifying a specific inhibitor of the gene activation “function of the Rex
protein conprising the steps of: i) préd¥rding a genetic system 900-9
conprising: - a DNA segnent encodi ng an nRNA mhlch conprises a regulatory
response el ement thay LS eE0IMES dnttndlsh S BABIL %0 HSelod for

identifying a specific inhibitor of the gene activation function of the Rex

protein, comprising the several steps defined under 3. above. As noted
above the HTLV-I Rex protein is able to replace the function of the HIV-1
Rev protein. In addition it has now been found that Rex also can substitute
for the analogous HTLV-II regulatory protein. Thus mRNAs from at least any
of these three viruses, which have a response element that is recognized by
Rex and at least one appropriate unused splice site, can be used in this
method.

Preferably the mRNA comprising the response element and the
splice site is encoded by a plasmid comprising the 3’ end of an HTLV-I
provirus including the coding regions for the Rex and Tax proteins, the
complete env gene, the Rex response element RexRE (RRX) and the entire
3’ LTR. An example of such a plasmid is pgTAX-LTR. For convenience in
mutant analyses that require controlling the ratio of copies of a mutant rex
gene to wild-type rex gene copies, the rex gene on pgTAX-LIR is inactivated
by a recessive negative mutation and in this system, the active rex gene is
provided on the separate plasmid designated pREX. However, for testing
chemicals, for instance, the active rex gene could be provided on the same
plasmid or other vector DNA as the required mRNA of this system. Further,
this active rex gene might comprise a natural sequence variant isolated from
a strain of HTLV-I other than that used in the present invention, or any
other mutant form of rex gene that is capable of being expressed to produce
a protein product which provides the gene activation function of the Rex
protein, including induction of export of the above mRNA from the nucleus.

The elements of the genetic system listed above could also be
provided by using a DNA segment encoding the entire functional genome of a
retrovirus as a part of this genetic system; it can be applied to infected
cells. However, for safety reasons as well as convenience, this genetic
system preferably is unable to produce any infectious virus. This is
accomplished by design into the system of a genetic defect that prevents
expression of at least one viral activity which is essential for production
of any infectious virus from vhich some genetic element is used. For
example, this may be done by omitting from the system at least a part of
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| east one unused splice site (i..e. aregion or intron that is bounded by
splice recognition sequences but that has ngi—heen spliced out of the
nMRNA) ; - a DNA segnent encoding a rex gene ,hﬁhs Tpabte—of .
expressed to produce a protein product whi : é%meﬁsmﬁ
fromthe nucleus; - a host cell transfornmedby=the_ ‘{ﬁ%egnen/
rex gene and by the ‘DNA segnent encodi ng hhe MRNA and havtg %Niﬁdty
to express the protein product of the rex gene and to express the
contacting a culture conpr|3|ng the cells of this genetlc systemw th

one viral gene or by some other mutation.

t he nMRNA
encoding t he

Preferably the host cell transformed by the rex gene and by the
DNA segment encoding the mRNA is exemplified by COS cells which have been
transfected by the plasmid vectors described above. Thus the term
"transformation" as used herein encompasses the term "transfection" and
indicates a genetic transformation involving a vector DNA that encodes an
infectious agent, particularly a virus. After transfection such a vector
can then spread from the minority of transformed cells in the culture to the
majority of other cells by means of infectious virus particles, thereby
providing a larger sample of host cells expressing the genes of interest.

In addition the transformation of the host cells in the present genetic
system need not result in stable constructs; either stable or transient gene
expression systems may be used to provide the required mRNA and rex gene.
Thus a wide variety of known expression systems may be employed in
identifying inhibitors according to the present method.

' In this method a decrease in the export of the mRNA that
comprises the unused splice site together with no decrease in the export of
the spliced form of this mRNA indicates that the agent is a specific
inhibitor of an activity of the HTLV-I rex gene or of an activity of a
product of the rex gene. For the case of a chemical agent that is found to
be a specific inhibitor by use of the present method, the mode of action, in
principle, could include specific inhibition of transcription or translation
of the mRNA. More likely modes of action, however, include specific
inhibition of one or more activities of the Rex protein, including nucleolar
localization, recognition of the Rex response element, or the Rex effector
function. -

'Advantageously, the decrease in the nuclear export of the mRNA
that comprises the unused splice site is detected by determining the level
of production of a first protein, this first protein being encoded by the
mRNA that comprises the unused splice site (i.e., only the unspliced form of
the mRNA encodes this first protein); and the increase in the nuclear export
of the spliced form of the mRNA is detected by determining the level of
production of a second protein, this second protein being encoded by the
spliced form of this mRNA.
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an agent suspected of being a specific inhibitor of the Rex protein under
condi tions such that the agent enters the_cells; = 1ii) determning the
effect of this agent on export fromthe fJuet, =he-nRNA t hat conpri ses
t he unused splice site; and iv) determ njing ﬁ%*@ﬂhﬂﬁiBeéNthe agent on
export fromthe nucleus of a spliced foriag PP ifoen ch the splice
site has been used; whereby a decrease in the expo e MRNA t hat

conpri ses the unused splice site togeth@P=-with no decrease in t heD09xBI%X of
the spliced form of

Preferably the mRNA, in the unspliced form, encodes the HTLV-I
Env protein. Splicing of this mRNA results in a shorter mRNA that encodes
another HTLV-I protein, Tax. In e.g. Examples 12 and 13 below, the nuclear
export of the unspliced mRNA having an RexRE (RRX) element is detected by
expression of the Env protein. Further, .inhibition of such export of the
unspliced mRNA, which results from inhibition of Rex function, is detected
by a decrease in production of the Env protein. Hovéver, since this
decrease might also result from some general toxicity of an agent to the
virus or the host cell, specific inhibition of rex gene function is

. ;‘.i.‘
3

indicated by a decrease in Env expression together with no decrease in

[ export of the spliced form of the mRNA, as reflected in no decrease in

' production of the HTLV-I Tax protein. Thus preferably simultaneous analysis
of HTLV-I Env, Tax and Rex protein expression is effected.

In e.g. Examples 12 and 13 below the expression of the Env and

Tax proteins is determined by immunoprecipitation with appropriate
antibodies and electrophoretic analysis of the resulting precipitates.
Alternatives for, e.g., large scale screening of samples for specific
inhibition of Rex function include for instance enzyme-linked immunoassay
(ELISA) methods for Env and Tax, or alteration of the mRNA by genetic
engineering to provide some other, more convenient products for indicating
expression of the spliced and nonspliced forms. For example, the mRNA could
be altered to encode an enzyme that can be detected by addition of a
colorless substrate which produces a color upon hydrolysis, such as E. coli

({ | B-galactosidase. If the gene for this enzyme is inserted in place of the
env gene, the unspliced mRNA form would produce this enzyme while the
spliced form would not. A second similarly convenient indicator gene could
also be encoded in the mRNA so that it would be expressed in the spliced
mRNA form, for example, by fusion to the Tax sequences. Further variations
on the above approaches for rapid and efficient mass screening would be
readily apparent to the man of the art.
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the nRNA indicates that the agent is a specific inhibitor of an activity of

the HTLV-1 rex gene or of an activity of a progect—eof=the—tex-gene; the
MRNA regul atory el enent that is recogni zed hy THi®SREXT piretesigy pr ef er abl y
bei ng derived froman nRNA of a virus sel ectjed fr@RAHRENAHY , HTEV-11 and

H V-1; - an identification nmethod as defi ned apove whér ~‘decrease in
the export of the nRNA that conprises thg_unused splice site is pygie6ael Y
detected by determining the |level of production of a first protein, encoded
by the nRNA that conprises the unused splice site, and the increase in

export of the splicay fgyciepfaspeet RN invenRisH Gedltes ¥6t£TelFerdY kit for

determning the | evel of production of se rotein,
sgreening agents toPi entify a specf%ic §§H¥%ieor [\) ghe-gene activation

function of the Rex protein according to the method above, comprising the
components listed under 3. above. This kit optionally further comprises any
of the following: media that are used in the culturing of cells; reagents
that are used in determining the level of nuclear export of either the
spliced or the unspliced form of the reporter mRNA, either directly by
nucleic acid hybridization, for example, or indirectly by immunological
detection, for instance, of the protein products of the spliced and
unspliced forms of this mRNA; and instructions for usguaf any of the above
. components of this kit for practising the method of the invention.

The above method has been used for screening various rex gene
mutants for dominant negative mutations. When these rex gene mutants vere
coexpressed with the plasmid pgTAX-LTR in the Rex inhibitor detection system
of the invention, a class of mutations was found, similarly as under 5.1.,
comprising amino acid substitutions in the Rex protein';t position 59-60,
64-65 and 119-121, which resulted in proteins that not only lacked Rex
function but also acted as transdominant repressors of the function of the
wild-type Rex protein and which also acted as transdominant repressors of
the function of the wild-type Rev protein. .

This mutational analysis also produced a seéond class of
negative mutants comprising substitutions at Rex amino acid positions 5-7
and 14-15 vhich lacked Rex function. These mutant proteins were neither
appropriately targeted to the cell nucleus nor transdominant. Further, a
third class of negative mutants, exemplified by a single mutant which has
substitutions at Rex amino acid positions 141-143, retains partial Rex
function and was targeted to the nucleus but failed to localize in the
nucleolar region of the nucleus; this mutant protein was also not a
transdominant. repressor of HTLV-I Rex function. These results raise the
possibility that the nucleolar localization activity may involve sequences
other than the positively charged residues identified at the amino terminus
(H. Siomi et al. Cell 55 [1988] 197-209). In addition, the findings suggest
that for a Rex protein mutant to serve as a transdominant repressor of Rex
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encoded by the spliced formof the nRNA;, -
defi ned above wherein the nRNA conprising t 7}@§8Héfopxbgg%$p se el enent
and the splice site is encoded by a plasmd]co rﬁ&Pﬂgthe nd of an
HTLV-1 provirus including the coding regions Tor X proteins,
the conplete env gene, the Rex response el enent and the entlre 3" LTR
preferably by plasm d pgTAX-LTR di scl osed,hereunder; and the rex 9668-9579
preferably is provided on plasmd pRex; ﬁﬂ asm d pgTAX—LTR; -

catlion nethod as

function, that mutant may need to have not only a nuclear targeting activity
but also a distinct nucleolar localization activity of the Rex protein.
These findings on the Rex mutants here also define approximate
bounds of at least two functionally distinct peptide domains within the Rex
protein, a first one involved in nuclear and nucleolar targeting and a
second involved in effector activity. The Rex mutants deficient in nuclear
targeting are located in the positively charged peptide domain at the amino
terminus of Rex that has been previously shown to function as a nucleolar
localization signal; when a peptide comprising the amino terminal twenty
amino aceds was attached to another protein by recombinant DNA means, this
;o domain induced both nuclear targeting and nucleolar localization of that
R protein in a pattern similar to that observed for Rex (H. Siomi et al.
[1988] supra). Thus it is not likely that the mutant at Rex amino acid
positions 141-143 lies in a region that is required for nucleolar
localization, even though this mutant was targeted to the nucleus but failed
to localize in the nucleolar region of the nucleus. Rathef, the alteration
in this mutant most likely affects the Rex nucleolar localization function
in the amino terminal domain indirectly, for instance, through interference
with proper protein folding.

. x,._
»

The second major functionally distinct domain of Rex encompasses
amino acids 59-60 (tyrosine-isoleucine), 64-65 (tyrosine-tryptophan) and
119-121 (threonine-phenylalanine-histidine). An alteration at each of these
discrete sites (M6, M7 aﬁd M13 mutants) leads to the production of a Rex
( protein that both lacks biological activity and displays transdominant

. inhibitory properties. Five different mutations having no effect on Rex
function separate the region of M6 and M7 from that of M13 in the linear
sequence of the Rex protein, indicating that the interaction of these two
discrete regions within this functional domain may require proper protein
folding. Thus the entire linear portion of the Rex protein encompassing
these two regions of amino acids that are most critical for Rex effector
function appears to contribute to the effector function of the Rex protein

and, therefore, represents the domain to be mutated to produce transdominant
repressors of Rex.
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-12- a reagent kit for screening agents to identify a specific inhibitor of
the gene activation function of the Rex prgtets 0 dIQQ*LQ_the above
identification nmethod, conprising: - a DNA Q@wggﬁtr?p oqu an nRNA whi ch
conprises a regulatory response el enment t 7€ y| t he Rex
protein, and at |east one unused splice site=——a—PNA_S ! encoding a
rex gene that is capable of being expres§ﬁd to produce a protein [gdangig
whi ch induces export of the nRNA from t hé“nhucl eus; and

The present findings do not address the domain of Rex in which
is located the activity required for recognition of the RexRE (RRX) in an
mRNA. Accordingly, it is not known whether to serve as a transdominant
repressor of Rex function a mutant rex protein must retain the ability to
bind (directly or indirectly) to the RexRE, or to the recognition element of
some other virus that is recognized by Rex.

Another aspect of the invention relates to a DNA segment that
encodes a transdominant repressor of the function of the HTLV-I Rex protein,
as well as such a transdominant repressor. Th?;grepressor is a protein that
is modified from a wild-type form of the Rex protein by at least one
mutation that negatively affects the effector activity of the Rex protein.
This represssor also has substantially the nucleolar localization activity
of the wild-type form of the Rex protein. In particular, the negative
mutation of this repressor is one that affects an amino acid in the peptide
domain of the wild-type Rex protein that comprises from about amino acid
position 59 to about amino acid position 121, more particularly in any of
the following positions: 59, 60, 64, 65, 119, 120 and 121. The DNA segment

~encoding the Rex repressor is exemplified by any of the following mutant rex
genes: M6, ﬁ?, M13 and variants and derivatives thereof which exhibit
transdominant repression of HTLV-I Rev protein function.

The sequence of this DNA segment is derived from the Rex gene of
any isolate of HTLV-I (L. Rimsky et al., Nature 335 [1988] 738-740; M. Seiki
et al., Science 227 [1985] 1227-1229) or is created by chemical synthesis.
The transdominant repressor of Rex function is made by standard recombinant
DNA methods or by standard chemical methods for peptide synthesis or by a
combination of these methods, all of which are well-known in the art of -
genetic engineering.

The mutations that negatively affect the effector activity of
the Rex protein are exemplified as described herein. However other types of
mutations designed to produce localized effects on the protein structure at
or close to these same amino acid positions also are highly likely to
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- a container containing a host cell transfornmed by the DNA segnent
encodi ng the rex gene and by the:DNA segment encoding the nRNA, the cel

HTLV- 1 |
' havi ng
the ability to replicate one of these vﬁr£§es and to express

segnent to produce a transdoni nant repressor of HTLV-I Rex functioﬁbmgaaga
met hod of inhibiting HHV-1, H V-2 and SIV, especially H V-1 replication

?Zg‘r’reisii)?g 8}&:%{%"?&%&3* lrjﬁr?gt ﬁ%ﬁ‘%'a':ﬂé}f GEURE Vhidh BknivhteldndBoadant nant
rebression of HTLV-I Rexlprotein function according to the present
invention. Such localized defects include, for example, deletions or
insertions of single amino acids or substitutions of chemically or
structurally similar amino acids. On the other hand, more extensive
deletions or insertions, or substitutions that disrupt secondary structure
(e.g., a proline in a B-sheet region) are highly likely to have effects on
distant parts of the protein through influence on protein folding;

therefore, such mutations at the indicated positions within the domain

)
"

‘required for Rex effector function are not likely to produce mutant Rex
proteins that retain substantially the nucleolar localization activity of
the wild-type form of the Rex protein.

The transdominant Rex mutants of 5.3. above were also tested for
inhibition of Rev function and found to be repressors of HIV-1 Rev as well.
The anti-viral potential of this class of transdominant Rex mutants has been
demonstrated using an assay for inhibition of HIV-1l replication.

In addition and as already mentioned above it has now been
discovered that HTLV-I Rex can also functionally substitute for the
analogous HTLV-II regulatory protein, even though the nucleotide sequence of
the corresponding response element in HTLV-II has a somevhat different stem
and loop structure from that of the RexRE (RRX) in HTLV-I.

The invention thus further relates to a method of inhibiting
replication of HIV-1, HTLV-I and RTLV-IX compfising introducing a DNA
segment as defined above which encodes a transdominant repressor of Rex
function into a cell having the ability to replicate one of these viruses.
This, cell also has the ability to express the DNA segment to produce the
transdominant repressor. This céll may be one that was previously infected
by one or more of these viruses or this cell may be an uninfected target
cell for one or more of these viruses.
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189 am no aci ds.

For the prefefred embodiment of the genetic system mentioned
above a Rex responsive reporter plasmid, pgTAX-LTR wds prepared (Fig. 13B).
Briefly, the pgTAX-LTR vector contains the two protein coding exons of the

tax gene separated by the HTLV-I env gene and a complete HTLV-I 3’ LIR

containing the RexRE (RRE). Expression of these HTLV-I sequences is
promoted by the immediate early region of the human cytomegalovirus and
additional polyadenylation sequences are provided by the 3’ region of the
rat preproinsulin gene (B.R. Cullen, Cell 46 [1986] 973-982). This vector
produces Env only in the presence of Rex, however Tax is synthesized in the

.presence or absence of Rex. This vector does not itself produce Rex due to

the introduction of a mutation at the Sphl site which is coincident with the
Rex translation initiation codon. In the absence of Rex, pgTAX-LTR produces
Tax protein reflecting translation of the spliced mRNA species from this
vector that lacks virtually all of the env sequences. However, vhen
pgTAX-LTR is cotransfected with the rex expression plasmid pREX, synthesis
of the HTLV-I Env protein is activated. This 62-68 kD protein is readily
identified as evidenced by immunoprecipitation with the anti-HTLV-I envelope
monoclonal antibody 0.5 alpha (S. Matsushita et al., Proc. Natl. Acad. Sci.
USA 83 [1986] 2672-2676) (Fig. 14A, Lane 1). In contrast, no HTLV-I Env
protein is detected when pREX is replaced by either pREV (Lane 2) or
pCMV-IL-2 (Lane 3), which encode respectively the HIV-1 Rev protein and
human IL-2 polypeptide. Similarly, no Env protein is identified when cells
are transfected with PREX in the absence of pgTAX-LTR (Lane 4).

Thus in the genetic system defined above HTLV-I Env expression
by pgTAX-LTR is specifically induced in the presence of a protein having the
gene activation function of the wild-type Rex protein. In the system
including a gene that provides a protein having Rex function, if contact
with an agent inhibits Rex function, Tax protein continues to be produced
unless that agent affects some viral or cellular activity that is not
related to the expression of the gene or the product of the gene that -
provides Rex function, i.e. unless the agent is not a specific inhibitor of
that gene or its product. Thus, as indicated in Example 12 and Figure 15,
advantageously the exemplary method for identifying specific inhibitors of
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Figure 1A: Location of the 29 nutations introduced into the HILV-1 rex
gene. The HTLV-1 rex gene encodes a 189 am no acid proteln Lblng
site-directed nmutagenesis, m ssense substitutions_were introd: rced

defined am no acid residues (indicated by boxes) aﬂgsﬁgﬁ‘ﬂamﬁﬂséﬁﬁ
their location within the rex gene. Figure 2A: Rg |nnnpgpAeE3p|tat'
SDS/ pol yacryl ami de gel el ectrophoretic anal ysis qf—=oft=the EX nutants
after Rex imunoprecipitation (shows thar3§J'CRexMz pcRexM/, pcRexl\/Qoo'”"9
pcRexML3, pcRexML4, pcRexML7 and pcRexl13[err]15 are still producing Rex

A |, for R i
protein): A pgtat,(hegative gontrol for Rex antibodykn: v 1 env, Tax and Rex

protein expression. _
It may be noted that in the case of specific inhibition of Rex

function by transdominant repressors described below and in Figure 15 the
productibn of HTLV-I Tax protein evidenfly increases. This is probably a
result of an increase in the nuclear export of the spliced form of the Env
mRNA that is not exported prior to splicing due to a lack of Rex function.
However, in principle a specific inhibitor of Rex function may prevent
splicing of the mRNA but not induce export of the unspliced RNA.
Accordingly, the present method for identifying specific inhibitors of Rex

IS function requires only that there be no decrease in the nuclear export of

| the spliced mRNA that, in the present situvation, produces the Tax protein.

The use of this system is exemplified in Example 12 below. 1In

this mutational analysis again oligonucleotide-directed mutagenesié, in the
M13 bacteriophage, was employed to alter the primary sequence of the rex
gene, at 25 discrete éites (Fig. 13A). The boxed amino acids were replaced
by the dipeptide aspartic acid-leucine by insertion of an in-frame
oligonucleotide duplex which also contained the diagnostic BglII restriction
site. Each of these rex mutants was then inserted into the pBC12/CMV
eucaryotic expression vector.(B.R.'Cullen, Cell 46 [1986] 973-982) and the
mutations were verified by DNA sequencing.

Each of the rex mutations was examined for biological activity
by cotransfection with the pgTAX-LTR vector. While nineteen of these rex
Q mutants displayed a wild-type phenotype, five mutants (M1, M2, M6, M7 and
M13) lacked apparent env gene activation activity and one mutant (M15)
displayed only partial function (Fig. 14B). COS cells were next
cotransfected with these six rex defective mutants and the pgTAX-LTR vector,
folloved by simultaneous analysis of HTLV-I Env, Tax and Rex protein
expression as described in Example 12 (see also Fig. 15 A-C). While HTLV-I
- Env was only detected in the presence of the wild-type Rex protein
(Fig. 15A, Lane 7) or the partially active M15 mutant (Fig. 15A, Lane 6),
the 40 kD Tax protein was detected in all of the cultures (Fig. 15B). Thus
the lack of env gene expression observed with the M1, M2, M6, M7 and M13
mutants is due to the specific loss of Rex biological activity rather than
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non-specific, toxic effects of these proteins in the transfected COS
cultures. Each of the mutant Rex proteins was also identified in these
cultures indicating that all of the mutants were expressed in a stable
manner (Fig. 15C). The M2, M6 and M13 mutants migrated in a manner that was
indistinguishable from the wild-type Rex protein (Fig. 15C, Lanes 2, 3, 5
and 7), wvhereas the M7 and M15 proteins exhibited a smaller apparent
molecular weight (Lanes 4 and 6) and the M1 mutant yielded an
electrophoretic doublet of proteins (Lane 1). Sequencing of the protein
coding regions in the M1, M7 and M15 mutants failed to reveal any changes
other than the specific mutations introduced. Thus the biochemical basis

a for these apparent differences in size likely reflects altered

| post-translational processing of these mutant Rex proteins.

Like the wild-type Rex protein, in situ immunofluorescent .
staining of cells transfected with the biologically inactive M6, M7 or M13
Rex mutants, as detailed in Example 12, revealed normal targeting to the
nucleoli and nuclei of expressing cells (Fig. 16). In sharp contrast the Ml
mutant protein was detectable only in the cytoplasmic compartment, while the
M2 Rex mutant was distributed in an approximately homogeneous manner
throughout the cell. Consistent with these findings is the fact that the Ml
and M2 mutations altered basic amino acid residues located within the
positively charged peptide domain that functions as a nucleolar localization
signal. The partially active M15 mutation lead to a pattern of nuclear
localization of mutant Rex protein, but unlike the wild-type Rex protein the

i M15 protein did not localize further within the nucleolar region of the
nucleus and, in fact, M15 appeared to be excluded from the nucleoli
(Fig. 16). These results suggest that residues away from the basic amino
acids at the N-terminus may be involved in or contribute to the nucleolar
localization of Rex.

The rex mutants were also examined for their capacity to block
the biological action of the wild-type HTLV-I Rex protein and the wild-type
HIV-1 Rev protein (Fig. 17). Vhen cotransfected with pgTAX-LTIR and pREX in
COS cells (Panel A), a 10fold molar excess of the M6, M7 and M13 mutants
displayed a dominant negative phenotype in that the action of the wild-type
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-14- Figure 2B: Biological phenotype of the nutants: As for Figure 2A,
after Tat imunoprecipitation: A pgtat + pXF3 B: pgtat + pcRev C. pgtat +
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Rex protein was markedly inhibited (Lanes 3-5). In contrast, the M1, M2 and
M15 proteins acted as recessive negative mutants since the action of the
wild-type protein was not altered (Lanes 1, 2, 6). Similarly, the Rev
protein of HIV-1 did not interfere with the action of the Rex protein

(Lane 8) nor did IL-2 (Lane 9).

The capacity of the trans-dominant Rex mutants to block the
function of Rev in the HIV-1 system was examined next (Fig. 17B). Vhen
cotransfected with pgTAT and pREV'in C0S cells, a 10-fold molar excess of
M6, M7 or M13 Rex mutants inhibited the action of the Rev protein (Lanes 3,

/ 4, 5) as evidenced by diminished expression of the 72 amino acid form of the

R Tat protein. The ability of these transdominant Rex mutants to block BIV-1
viral replication was also studied (Fig. 17C). Replication of a
Rev-deficient HIV-1 provirus, pHXB2-Bam-p3 (L. Rimsky et al., Nature 335
[1988] 738) in the presence of Rex and graded amounts of transdominant Rex
mutants was studied by transfection of COS cells with these plasmids. As
indicated by synthesized levels of the HIV-1 p24 Gag protein in culture
supernatants, the transdominant Rex mutants (M6, M7 and M13) produced
dose-related inhibition of HIV-1 replication. In contrast, the recessive
negative M1 mutant of Rex was without significant effect on HIV-1
replication.

Together, these findings with the various rex mutants of

( Examples 12 and 13 hereunder indicate the approximate boundaries within the

' . Rex protein of at least two different structural domains having different
activities. Thus one domain is defined by the M1 and M2 mutationms, is
‘located at the N-terminus, involves amino acids 5-~7 and 14-15 and appears to
play a role in targeting of the protein to the nucleus and thence to the -
nucleolus. This positively charged domain may also be involved in Rex
binding either directly to the RexRE (RRX) or to other proteins that’
directly contact this RNA element. The second domain, which has been
described above, is critical for the Rex effector function and, therefore,
can be mutated to produce transdominant repressors.

'___—_—______________________————
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G pgtat + pcRexML3 H. pgtat + pcRexML4 |: pgtat + pcRexML7 K: pgtat +

pcRex13[err] 15 Figure 2C. As for Figure 2B (shows that sone of the Rex

mut ants are transdom nant over w | dtype Rex, Ly_pcRexMP, pcRexM,

pcRexMB, pcRexML4, pcRexML7 and pcRexlB[err] 1 S:—é%gﬁ @IAS BEFE(PJ_ + pXF3
i’iRe

B: pgtat + pcRex + pXF3 C. pgtat + pcRex + pcRex +

pcRex M/ 900-9579

5.4-

Summarizing the findings under 5.1., 5.2. and 5.3. above, it is
concluded that:

a) a_generally 'gpplicable principle has been found for producing viral
inhibitors by mutating a critical regulatory proteim, such as Rex
or Rev;

b) this principle appears applicable to the production of lutaht
regulatory proteins acting on a plurality of viral species; and

c) the specific transdominant mutants wvhich have been constructed and
identified are: :

~ HTLV-I Rex mutants effective in inhibiting HTLV-I rex gene function:
- pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex13AlS
(see 5.1. and Examples 1-3);
~ M6, M7 and M13 (see 5.3. and Examples 12-13);

- HIV-1 Rev mutants effective in inhibiting HIV-1 rev gene function:
- pM10, p89/14 and pAl0/14 (see 5.2. and Examples 4-11);
- pM21, pM22, pM27, pM28, pM29 and sz
(see 5.2. and Examples 1lla and 11b);

- HTLV-I Rex mutants effective in inhibiting HTLV-I rex gene function
and also effective in inhibiting HIV-1 rev gene function:
- pcRexM2, pcRexM7 and pcRexM8 (see 5.1. and Example 3);
- M6, M7 and M13 (see 5.3. and Examples 12-13);

i ThlS Sheet Has Been Repl
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E: pgtat + pcRex + pcRexMB F:

transdom nant over w | dtype Rev,
pcRexML3 partially):

pgtat + pcRex + peRes '

+ pcRexML4 H pgtat + pcRex + pcRexML7 |: pgt. tTFHSF&-R@??H*Aspg
Figure 2D: As for Figure 2B (shows that some of }jthe Rmp;m{;@
nanely pcRexM;

tat + pcRex

-39~ | 900-9579

~ HTLV-I Rex mutants effective in inhibiting HTLV-I and HTLV-II rex
and HIV-I rev gene function:

- M6, M7 and M13

(see 5.3. and Examples 12¥13);

~ HIV-1 Rev mutant effective in inhibiting HIV-1 rev gene function and
also effective in inhibiting HIV-2 rev and SIV,,. rev gene function:

- pM10

(see 5.2. and Example 11b).

/-
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A:  pgtat + pXF3 + pXF3 B:
pcRexM2 D. pgtat + pcRev + pcRexM/ E:
pcRev + pcRexML3 G

| pgtat + pcRev + pcRex13[err] 15 Figure 3:

constructed Figure 4: Sequence of the 29 olig

nmut ageni ze t he

6.

6.1.

;o Example 1:

40—

EXAMPLES

pgtat + pcRev + pXF3 C. pgtat + pcRev + -
pgtat + pcRev + pcRexM8 F. pgtat +

pgtat + pcRev + pcRexMl4_H. __ pgtat_ + pcRev..+ pcRexML7

-?e%”?gt,g@% S AN gave been

bnuc qm;ggi_gg@fg@ynth sized to

900-9579

The following Examples illustrate the invention. They are not
to be viewed as being limitative.

Tt

Construction of a transdominant HTLV-I rex gene

1. Cloning of the rex coding sequence into the RF-DNA of
bacteriophage M13

for 3 hours.

5 ug pcRex DNA were treated with 10 units each of restriction
enzymes HindIII and EcoRI in 20 ul restriction enzyme incubation buffer (10
mM Tris-HC1l ph 7.5; 10 mM MgCl,; 50 mM NaCl; 1 mM Dithiothreitol) at 37°C

The reaction mixture was directly loaded onto a 1 X agarose

gel (Seakem FMC Inc., Rockland, ME, USA) containing 1 ug/ml ethidium bromide
and subjected to electrophoresis at 50 V; 25 mA for 4 hours in Tris-acetate
buffer (T. Maniatis et al., Molecular Cloning, A Laboratory Manual [1982],

\ Cold Spring Harbor Laboratory, New York, p. 156). The separated DNA was
visualized on a 366 nm UV-lamp and an appropriate gel slice containing the

1.5 kb rex fragment was excised.

This gel section was placed in a dialysis

bag containing 500 ul Tris-borate buffer (Maniatis, p. 156). The DNA was
electroeluted into the buffer and precipitated at -20°C with ethanol.

5 ug of bacteriophage M13mplO RF-DNA vere treated with the
restriction enzymes HindIII and EcoRI and the 7.2 kb vector M13 fragment was
isolated from a 1 X agarose gel in the same wvay.

Y

__________________._'____—--
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rex c¢odi ng sequence. -16- 4.2. For 5.2. and 6.2.: Figure 5: Location of
mut ati ons introduced into the H V-1 rev gene. The HIV-1 rev gene encodes a

116 amino acid protein with the predicted se “WT rder

bet ween the two coding exons of rev is indicgt ‘gg% §§€§Ne poi nt (pM
mut ati ons were introduced by oligonucl eotideiidirec LﬁﬁF is, as

I ndi cated by the boxed residues. These rru£ ations were named 900-9579

200 ng phage DNA and 1 ug cRex DNA were mixed in 20 ul ligation
buffer (50 mM Tris-HC1 pH 7.4; 10 mM MgCla; 10 mM Dithiothreitol; 1 mM ATP)
with 1 unit of T4-DNA-ligase and incubated for 15 hours at 16°C. This
reaction mixture was used directiy to transform and plate out E. coli strain
TGl (Amersham protocol, p. 16-18).

The DNA of appropriate phage plaques was checked by endonuclease
cleavage with the restriction enzymes HindIII and EcoRI, followed by
analytical gel electrophoresis through a 1 X agarose gel containing 10 ug/ml
ethidium bromide in Tris-acetate buffer. A bacteriophage carrying the rex
coding sequence vas identified and designated mplOrex.

Single-stranded mplOrex DNA was isolated using a large scale
preparation protocol (Amersham protocol p.24-25).
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according to their location within Rev, With pML the nost N-term nal and

pML4 the nost C-terminal. Al introduced nmutatigns affected fromtwo to
four adjacent am no acids and all (except pM/) |i duced errererg: Byl |
site into the rev gene sequence. These introdudg S .'ﬁqﬁaNud t he

subsequent construction of N and G term nal deFetiea-Lf ) ants. The

p[err] nutants are nanmed for the extent Q5 t he del eti on,
is del eted between the introduced pML1l and pML4 nut ati ons. F|gure
Location of further nmissense and deletion nutations introduced into t he

i o acl oo fucipsnedfs SEZhs FeR taih)s sequiﬂ’c%?‘?é’sﬁgﬁéfﬁgc’?? "
nmut ation sites M- ML4. :
As a prerequisite of the mutagenesis it was necessary to
synthesize appropriate single-stranded DNA molecules.'29 oligonucleotides
(see Figure 4) were made, which eventually led to 30 mutants, of which the
following seven oligonucleotides led directly or (see Example 2) indirectly
to the mutants which wvere found to be successful in terms of transdominant
phenotype: '

(1) 5'- TG GAC AGA GTC TTA GAT CTG GAT ACC CAG TCT -3’
; BglII

(2) 5’'- AC TAT GTT CGG CCA GAT CTC ATC GTC ACG CCC -3’
BglII

(3) 5'- CC TAC ATC GTC ACA GAT CTC TGG CCA CCT GIC
Bgllil

3!
(4) 5’- TCG GCT CAG CTC TTA GAT CTC TTA TCC CTC GA -3’
BgliI

(5) 5’- AG CTC TAC AGT TCA GAT CTC CTIC GAC TCC CCT -3’
BglII

(6) 5’- GT TCC TTA TCC CTA GAT CTC CCT CCT TCC CCA -3’
BglII

3'

(7) 5’- CT CCT TCC CCA CCA GAT CTA CCT CTA AGA CCC
. : BglII

Oligonucleotide (1) is substituting the amino acid residues phenylalanine
(position 30), phenylalanine (position 31) and serine (position 32) in the
Rex protein by the amino acids leucine (position 30), aspartic acid
(position 31) and leucine (position 32).
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Figure 8: | nmunoprecipitation of the HV-1 rev.and tat trans-activators.

Figure 9. H V-1 proviral rescue assay. Figure Fe-ar—d.gcal i zati on
of Rev and selected Rev nutants by indirect i € JH/gures 11A
and 11B: Analysis of Rev nutants for a doninan A é -17-

K-17-
~43- 900-9579

Oligonucleotide (2) is substituting the amino acid residues alanine
(position 58) and tyrosine (position 59) in the Rex protein by the amino
acids aspartic acid (position 58) and leucine (position 59).

Oligonucleotide (3) is substituting the amino acid residues proline
(position 63) and tyrosine (position 64) in the Rex protein by the amino
acids aspartic acid (position 63) and leucine (position 64).

Oligonucleotide (4) is substituting the amino acid residues tyrosine
(position 87), serine (position 88) and serine (position 89) in the Rex
{ protein by the amino acids leucine (position 87), aspartic acid (position
' 88) and leucine (position 89).

Oligonucleotide (5) is substifuting the amino acid residues leucine
(position 90) and serine (position 91) by the amino acids aspartic acid
(position 90) and leucine (position 91).

Oligonucleotide (6) is substituting the amino acid residue serine (position
94) by the amino acid leucine.

Oligonucleotide (7) is substituting the amino acid residues arginine
(position 100) and glutamic acid (position 101) in the Rex protein by the
amino acids aspartic acid (position 100) and leucine (position 101).

All oligonucleotides are introducing BglII restriction sites in
frame of the rex coding sequence.

The oligonucleotides have been synthesized on solid support on
an Applied Biosystems 380A synthesizer using ﬂ-cyano-ethylphosphoamidite
chemistry. Purification was done by 8 X polyacrylamide gel electrophoresis,
folloved by elution of the main product and ethanol precipitation.
Phosphorylation of the oligonucleotides using ATP and polynucleotide kinase
vas carried out as described in the Amersham protocol, p. 13. The
oligonucleotide-directed mutagenesis reaction was effected according to the
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Figure 12: Conpetitive inhibition of Rev function. Figure 12A: Domain
structure of the HIV-1 rev trans-activator. ThHe=#36_anino acid fuII-Iength
protein is encoded by two exons separated by a }
corresponding to the viral env gene. The "bind
are shown as hatched boxes enconpa55|ng resi dues ‘ :
respectively. S ='splice junction; NL = highly basic reé?Bﬁ‘"“"@utant for
nucl ear | ocalization that shares consi de4bl e identity with the "/QQ?‘P?E%
RNA bi ndi ng notif.

Amersham protocol, p. 13-16. This was followed by transformation and
plating out of E. coli strain TGl as described on pages 16-18. The DNA of
different plaques was screened by restriction endonuclease analysis using
the enzymes BglII and EcoRI.

From all seven mutations one clone was identified carrying the
introduced mutation in the rex coding sequence. These clones have been
designated mplOrexM2, mplOrexM7, mplOrexM8, mplOrexM13, mplOrexMi4,
mplOrexM16 and mplOrexMl7. .A further clone, mplOrexM1l5, was used in the
construction of the deletion mutggs (see Example 2).

3. Recloning of the mutated rex genes into mammalian expression
plasmids

The mutated rex genes were moved back from the bactetiophége M13
vectors into the original expression plasmid. 5 ug pcRex DNA were incubated
"~ with 10 units HindIII and 10 units EcoRI restriction endonuclease at 37°C
for 3 hours. The reaction mixture was loaded directly onto a 1 X agarose
gel containing 10 ug/ml ethidium bromide and subjected to electrophoresis in
Tris-acetate buffer at 50 V; 25 mA for 4 hours. The HindIII-EcoRI vector
fragment was electroeluted out of the approbriate gel slice and precipitated
wvith ethanol. _ '
S5 ug of the mutants obtained under 2. were treated in the same
\ way and fragments containing the rex coding sequence were isolated. |
" 200 ng of the isolated vector fragment and 1 ug of the isolated
rex sequences were mixed together separately in 20 ul of ligation buffer in
the presence of 1 unit of T&-DNAQIigase_and incubated at 16°C for 15 hours.
The resultant reaction mixtures were directly used to transform E. coli
strain HB101. The DNAs of different bacterial colonies were analysed using
the restriction endonucleases HindIII, Asp718 and BglII, followed by
analytical gel electrophoresis through a 1 X agarose gel. Plasmids
identified in this way carrying the rex genes were designated pcRexM2,
pcRexM7, pcRexM8, pcRexM13, pcRexMl4, pcRexM15, pcRexM16 and pcRexM17,
respectively. '
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-18- 4.3. For -5.3. and 6.3.: Figure 13: (A) Am no acid sequence of the
HTLV-1 Rex protein and | ocation of each of t 5NQ“nt mut at i ons

i ntroduced. Nucl eoti des encodi ng each of the [pgx o—aelds were renoved
and replaced in-frane by an oligonucl eotide ¢
aci d-leucine dipeptide. (B) Structure of th&=Rex
expression vector. The 3' end of the CR-1 HTLV-I
site at map position 5013 (M Seiki et afo= Proc. Nat.
[ 1983]

Acad. SC|.

Example 2: Construction of a deletion mutation in the rex coding
sequence

5 ug of pcRexM13 DNA vere treated with 10 units each of the
restriction enzymes BglII and EcoRI. The larger DNA fragment, containing
the vector backbone and the 5’ portion of the rex coding sequence was
isolated as described above. In parallel 5 ug of pcRexM15 DNA treated in
analogous manner and the smaller DNA fragment, containing the 3’ portion of
the rex coding sequence was isolated.

200 ng of the isolated pcRexM13 DNA fragment were mixed with
1 ug of the isolated pcRexM15 DNA fragment and incubated in 20 ul of
ligation buffer in the presence of 'l unit of T4-DNA ligase at 16°C for
15 hours. This manipulation led to a rex coding sequence where amino acid
positions 87, 88 and 89 are identical with those in clone pcRexM13 and
position 90-94 are deleted.

The reaction mixture was then directly used to transform E. coli
strain HB10l. The DNA of different clones was screened by restriction
endonuclease digestion employing the enzymes HindIII, Asp718 and BglII. A
positive clone was identified and designated pcRex1341S5.
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3618-3622) through the 3' LTR, was inserted into the pBCl2/ CW expression
vector. This fragment contains the two coding exons for Tax (white boxes),
the conplete env gene and the entire 3' LTR offfArev=tnecluding the RexRE
(RRX) (S.M Hanly et al., Genes Develop. 3 [1{8d4iSIFME11544 - kT Bure 14:
(A) Rex, but not Rev or IL-2, activates the e«oressﬂﬁﬂLgﬁcﬁﬂE

protein by the pgTAX-LTR vector. Subconfl uent CUTTUTeS—oF—=CaS<
cotransfected with pgTAX-LTR and pREX (t*ﬂRlany et al., hbture [1@@%?579
738), pREV (MH. Milimet al., Nature 335 [1988] 181-183) or pCW-IL-2

(B.R Cull %xmp(ieel 5 4%&%%6 937(:?1’:1v:?tg In the fi_nal | ane,

a) Biological activity of the mutant genes in la-ialian cells

0.25 ug of the rex wildtype and each mutant rex gene expression
vector was mixed with 0.25 ug of the genomic tat (trans-activator)
expression vector pgtat (M.H. Malim et al., Nature 335 [1988] 181) and
transfected into the Cos cell line as described in B.R. Cullen,

Meth. Enzymol. 152 (1987) 684-703 At 60 hours post-transfection cultures
were labeled for 3 hours with 300 uCi/ml of 35S-cysteine and analyzed for

‘ expression of the HIV-1 Tat and the HTLV-I Rex protein by

- immunoprecipitation analysis. A rabbit anti-peptide antibody directed
against amino acid residues 1-61 of Tat and a rabbit anti-peptide antibody
directed against amino acid residues 173-189 of Rex were used in this
experiment as described in B.R. Cullen, J. Virol. 62 (1988) 2498-2501.
Precipitated proteins were resolved on SDS/polyacrylamide gels and

visualized by autoradiography.

The rex mutani genes encoded in the vectors pcRexM2, pcRexM7,
pcRexM8, pcRexMi4, pcRele?-aﬂd pcRex13415 yielded a negative phenotype for
rex action in this assay system (see Figure 2B, Lanes D, E, F, H, I and K)
vhereas controls (Lanes B and C) and other mutants (Lane G) yielded a
positive phenotype.

All of these phenotypically negative Rex mutant clones are able
to produce a Rex-specific protein recognized by the polyclonal anti-Rex
antibody described above (Figure 2A, Lanes C to E and G to I). In contrast,
the mutation in clone pcRexM16 resulted in a protein undetectable by the
Rex-specific antibody; this is believed to be due to a decreased protein
half-life (not shown).
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cells were transfected with pREX in-'the abs:
production was anal yzed by i nmunopreci pit§
m gration of known nol ecul ar wei ght standgr
Anal ysis of Rex function of rex nutants. && F the pBCl12/ CW
expression vector, each of the 25 rex nutants ( ML8 and

M21- M27, see Fig. 13A; nutants designategsM9 and I\/IZO have not beeghg._g9579
constructed) was cotransfected with pgTAX-LTR, and the cultures were

anal yzed for Rex-dependent HTLV-1I Env protein expression as described in

Exanpl € 12p) Transdominant repression of wildtype HIV-1 rev and/or HTLV-I rex

function by pcRexM2, pcRexM7, pcRexM8, pcRexH13, pcRexM14, pcRexM17
and pcRex13415

ence of pgTAX—LTR Env protein
oget—g -ctrophore5|s The
gh the left. (B)

The same experimental set-up was used to examine the ability of.
the rex mutants to inhibit in trans the function of the wildtype Rev and Rex
protein. 0.25 ug of the genomic tat expression vector pgtat, 0.25 ug of the
wildtype rev (pcRev) or the wvildtype rex (pcRex) expression plasmid and an
excess of each rex mutant expression plasmid (5 ug) were mixed separately
and transfected into Cos cells. The influence of the mutants on the i
wildtype Rev or Rex function was measured by Tat-specific
immunoprecipitation as described above.

The result of this experiment shows that the six rex mutants
pcRexM2, pcRexM7, pcRexMB8, pcRexM1l4, pcRexMl7 and pcRex13415 have the
ability to inhibit the wildtype rex-mediated trans-activation (see Figure
2c, Lanes C, D, E, G, H and I), that the four rex mutants pcRexM2, pcRexM7,
pcRexM8 and (partially) pcRexM13 have the ability to inhibit the wildtype
rev-mediated trans-activation (see Figure 2D, Lanes C, D, E and F), vhile
some of the mutants, namely, in this instance, pcRexM2, pcRexM7 and pcRexM8,
are able to inhibit both the wildtype rex- and the wildtype rev-mediated
trans-activation.

This set of experiments demonstrates on the protein level the

transdominant repression of Rev and/or Rex function by the above rex
{ mutants.

-
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-19- Figure 15: Simultaneous anal yses by i munoprecipitation of HTLV-I Env,
Tax and Rex proteins in COS cells cotransfected w th pgTAX-LTR and vectors
for the inactive (M, M, M, M/, M3) or - LT ET hut ants or the
wi | d-type pREX, pREV and pCW-1L-2 vectors §jE“ 1ﬁ Bﬁ%eﬁmc ; (B) Tax
production; (C Wild-type and nutant Rex pjlotein: Droducflg I gure 16:
Subcel lul ar | ocalization of HILV-1 Rex ants by |nnunoquoresce .95 he
wild type, M5, M7 and ML3 Rex proteins are |ocalized in the nuclegﬁﬁ— g '
nucl ei of expressing cells. In contrast, the

The results from Examples 1 to 3 also seem to indicate the
existence of two functional domains in the HTLV-I Rex protein. Towards the
amino terminus there are two mutants (pcRexM7, amino acid positions 58,59
and pckexna, amino acid positions 63,64) that are transdominant over both
Rev and Rex proteins. A second cluster, containing mutants transdominant
only over the Rex protein, is located in the middle of the coding sequence.
The additional rev/rex transdominant mutant (pcRexM2, amino acid

positions 30-32) located between the nuclear localization signal and the

- cluster comprised of mutants 7 and 8 could be part of a third functional
domain or alternatively the introduced amino acid change might disturb the
tertiary structure of the protein, resulting in the observed transdominant
phenotype.
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ML Rex protein is detected only in the cytoplasmwhile the M2 protein-is

di stributed throughout the cell. The ML5 nutarit:-is |l ocalized in the nuclei
of expressing cells but, in contrast to thefWrit=tyg protein, appears
to be excluded fromthe nucleoli. Figure 17} Fi=tshe ability of
rex nutants to inhibit function of the wl =N, fjEach cul ture
was cotransfected with pgTAX-LTR, pREX a e ”ént ( ns§79
1-6), pREX (Lane 7), pREV (Lane 8) or Z1L-2 (Lane 9) LV-1

production was analyzed as in Fig. 14. (B) The HILV-1 rex transdon1nant
mutants ingipit the function of H V-1 Rev

Example 4: Clustered point and deletion mutations in Rev

The Rev protein is phosphorylated at serine in vivo and is
localized predominantly to the cell nucleus where it is concentrated in the
nucleoli. The mutational analysis described below addresses, among other
factors, the relevance of these properties to the function of Rev as a
trans-activator of HIV-1 structural gene expression. 2

Clustered point mutations (pM) were introduced into the HXB-3
strain of HIV-1 Rev by, again, oligonucleotide directed mutagenesis, as
described by Taylor et al., Nucleic Acids Res. 13 (1985) 8765-8785.
Specifically, a bacteriophage M13 mutagenesis system (Amersham Corp.,
Arlington Heights, IL, USA) vas employed to introduce targeted nucleotide
substitutions into full-length cDNA copies rev encoded by the expression
vector pcREV (Malim et al., Nature 335 [1988] 181-183). The DNA and
corresponding amino acid sequences of pcREV appear in Figure 6.

A series of clustered point mutations were introduced into Rev

(see M1-M14, Fig. 5), cloned, and their sequences confirmed using a
dideoxynucleotide sequencing system (Stratagene, La Jolla, CA, USA). The
mutations were generally spaced evenly throughout Rev and served to target
each of the 11 serine residues therein. The DNA sequence at and surrounding
{ each mutation (pM1-pMl14) are provided in Pigure 7, with the altered
' nucleotides being underlined.
Most of the noted mutations resulted in codons for aspartic acid
(Asp) and leucine (Leu) replacing the residues "boxed” in Figure 5. For
ease of reference the mutations have been designated according to their
location within Rev, e.g. pMl being the most N-terminal mutation and pMl4
the most C-terminal mutation.
Vhile the precise structure of the various pM mutants is shown
in Figure 7, the majority of mutations affected only two codons. Exceptions
to this generalization include M4.and- M13 which affected three codons and M6
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pr ot ein.

Cells were cotransfected with pgTAT, pREV and pBC/CW-I1L-2 or the

M6, M/ and ML3 transdom nant Rex nutants and assayed for Rev-induced

production of the truncated 72 amino acid form
M6, M7 and ML3 (Lanes 3-5) conpletely inhibited

croteln (Lane 2).
hei' n as

only the full-length 86 amino acid formof the o f% eflect ed.
(O The HTLV-1 transdom nant Rex nutants_bl ock Rex=resete

replication of Rev-deficient H V-1 provrﬁﬁs. Cells were cotransfeép@d9§ﬁ%|1
a rev-deficient HV-1 proviral plasmd and pREX in the presence of the

| ndi cat ed Lol 0 exese Gh,Lhe i VB, M P00 M3 IR0 S AR hnl V!

arose from a two-amino acid missense mutation, hovever, in pM6, Asp and Leu
replaced four arginine residues, thereby resulting in a two amino acid
deletion, while both pH4 and pM13 containSan additional adjacent single
amino acid substitution not observed in the parental REV, In—pna—;he
substitution involves the replacement of aspartic acid for tyrosine at
position 23,-vhile—iﬁ~pﬂ13=valine=replacesnisoleqéine~at—posit%en—%OQT-
These additional changes arose from single base errors in the
s1ng1e-stranded DNA oligonucleotide primer used in the mutagenesis protocol.

-1 point mutations resulted in the formation of unique BglII
sites; except pM7 which was constructed by the simple deletion of two
adjacent serine residues (see Fig. 5). The BglII sites were all inserted in
the same translational frame, thereby facilitating the subsequent
construction of N-terminal and C-terminal deletion mutants (pd) of Rev. The
pA mutants are desighated by the location of deletion, e.g. pAll/14 has a
deletion between the introduced pMll and pMl4 mutations.
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-20- 5. DETAI LEDDESCRI PTI1 ON The procedures and techniques
to be used in enploying the present invention-are known in the art. Viral

species is herewith to be understood as being T ‘i nct
speci es such as HTLV-1, HTLV-11, SIV, H V-1 and[ kl\s 8=EThEAR on
concerns in particular the field of retrovirus , esmﬂﬁuﬂQ'
retroviruses. -

-51- 900-9579

Example 5: Expression of Rev mutants

The parental cytomegalovirus. immediate early promotor based

vector pBC12/CMV (B.R. Cullen, Cell 46 [1986] 973-982) was used as a
negative control. Also employed herein were the genomic tat gene expression
vector pgTAT, and the secreted alkaline phosphatase gene expression vector
pBC12/RSV/SEAP (Malim et al., supra, and Berger et al., ggg_ 66 [1988] 1-10,
. respectively). _

I The expression vector pcREV was modified to express the pM and

' pA rev mutants described herein. Again, a qualitative assay involving the
co-transfection into COS cells of the modified pcREV together with pgTAT was
used to assay the expression of HIV-1 rev and tat in the mutants (Malim et
al., supra, and Malim et al., Nature 338 [1989] 254-57). Specifically, COS
cell cultures (35 mm) vere co-transfected by DNA-mediated transfections as '
described by Cullen (Meth. Enzymol. 152 {1987] 684-703) using 0.25 ug of
pgTAT and 0.25 ug of the wild-type or a modified pcREV expression vector
with DEAE-dextran and chloroquine.

Sixty hours post-transfection, the cultures were labelled with

{35S]-cysteine and [32P]-inorganic phosphate ([32P]-Pi) in parallel as
described by Malim et al., 1988, supra, and Bauber et al., J. Virol.
62 [1988] 4801-04. The cells then were lysed with RIPA buffer and the

i relative level of rev and tat expression in the cultures assayed by
immunoprecipitation analysis using rabbit polyclonal antipeptide antisera
(Malim et al., [1988], supra, and Cullen et al., J. Virol. 62 [1988]
2498-2501). More specifically, antisera to Rev amino acid residues 1-20
(REV1/20) was used for immunoprecipitation of the mutant proteins encoded by
pM5 -and pM6, while antisera to Rev amino acid residues 27-51 (REV27/51) was
used for immunoprecipitation of all remaining mutant proteins.
Immunoprecipitation analysis of tat expression was performed using rabbit
polyclonal antipeptide antisera to Tat amino acid residues 1-61 (TAT1/61).

-
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The genes the expression of which it is a goal of the invention to repress

are preferably genes coding for an undesirable =sHeh.as _a function
resulting in activation of the provirus and ma uT*él'iS#fEETn%,-@g@@,@ tive
particles., e.g. rev of HV-1 and HV-2. rev RevRERLAGHasl herdl n nmean

H V-1 rev and H V-1 Rev, respectively, unless speciti e5di. Thus the
equi valent rev and Rev of other viral spegjies, such as H V-2, are %@ﬁ%giéed
as "H V-2 rev (rev2)" and "H V-2 Rev (Re ", respectively, etc. IRSO as

their preparation is not particularly described herein, the conmpounds,

vectors, cell-lines, T%ECimdﬁﬁﬁﬁkﬁgigfﬁé}%gLé#ﬁt%?ﬁéa%E@L5&4@61&é3389rEf%c@E&bﬂS?&HY&

and publicly avail abl e or nag
on 14 X discontinous SDS-acrylamide gels and visualized by autoradiography.

The results of these experiments are depicted in Figure 8, wherein the
relative migration of known protein molecular weight markers is depicted to
the right of the figure.

Immunoprecipitation of the [35S}-cysteine and [32P]-Pi labelled
cultures with anti-Rev antisera are depicted in Figures 8A and 8C,
respectively. Immunoprecipitation of the [3%S]-cysteine labelled cultures
resulted in the majority of missense (pM) mutants yielding bands of an
inteégity and mobility comparable to the wild-type (Fig. 8A, lanes 1-14).

[ Exceptions to this generalization include mutant pM6, which yielded an
o intense band of slightly faster mobility (M; ~ 18 kD) and pMl, vhich yielded
a faint band of significantly slower mobility.

Immunoprecipitation analysis of tat expression using anti-Tat
antisera provided a qualitative assay for rev function using pgTAI as'a
model indicator. As indicated above, absent rev, pgTAT expresses a fully
spliced cytoplasmic tat mRNA which encodes the 86 amino acid (aa) two exon
form of tat protein exclusively. In the presence of rev, however, pgTAT
induces the .cytoplasmic expression of an unsplicedf;gg mRNA that encodes a
truncated, one exon form of the protein 72 aa long.

Vild-type rev migrates at a relative molecular mass (M.) of
19 kilodaltons (kD) and is readily detected in Figure 8 (lane 0), while the
86 aa and the 72 aa forms of tat migrate at 15.5 kD and 14 kD, respectively.

(. Mock-transfected cultures yield no specific signal under these assay
conditions (Malim et al., 1988, supra), while inspection of Figure 8B
reveals that comparable levels of total tat protein vere synthesized in both

the cultures transfected with the mutant expression vectors and those
co-transfected with the indicator construction pgTat. This suggests that
none.of the mutant Rev proteins were toxic to the transfected cells.

This analysis also demonstrates that 5 of the missense mutants
and 2 of the deletion mutants of Rev were inactive (Lanes 4-7, 10, 16
and 20), while all other Rev mutants appeared fully able to induce 72 aa Tat

-expression. Four of the inactive missense mutations are clustered between
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conventional manner from known and publicly available materials, or
equi valent materials may be prepared in conventional manner from known and
publicly available materials. Thus e.g. the Rex gene may_be uacovered from

any isolate of HTLV-1 and the Rev gene from ) Léﬂ'?—ﬁ%fBéﬂ and
PgTAX-LTR may be recovered e.g. from HUT102 r %'.ﬁl‘}u ativ Iy, genes
may be created by chem cal synthesis acco e

produce a protein having the required ant aC| d sequence. A transab%%‘aﬁt
r epr essor of Rex or Rev function i s made by standard reconbi nant DNA

Conbi nat | o SRS a8 ceRBHEN2S snd S O, rh P COALEC iy AR B ' shac blvedufhne
(leO) is separated by tvo fully functional mutants and affects residues
78 and 79. Deletion of either the 4 residues near the N-terminus (pAal/2) or
the 21 residues near the C-terminus of Rev (pAll/14) had little or no effect
on rev function. In contrast, deletion of additional sequences between
residues 9 and 17 (pal/3) resulted in loss of rev function. |

i,
"
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-21- 5.1. The invention in one approach conc doni nant repressors
of the Rex function in HILV-I, especially trdg e55gr s of the
Rex function in HTLV-1 which are al so activejon thagbuna y equi val ent
but structurally unrelated Rev function in HIV- peet:-11Ca nodi fi ed
rex codi ng sequences were constructed and expressed and found T possess

t he above property. The wi |l dtype rex codipg sequence (see Figure
changed 255S bholBsve

Example 6: Trans-activation capacity of rev mutants

In order to more rigorously evaluate the trans-activation
capability of the rev mutants, their ability to rescue, in trams, a
replication defective rev mutant of HIV-1 vas tested. For purposes of this
analysis, the rev HIV-1 provirus of vector pHIV-1lArev (designated
pHXB2Bam-p3 by Feinberg et al., Cell 46 [1986] 807-17) was used, wvhich
contains a frame-shift mutation in the second coding exon of rev at
amino acid 59 that renders the provirus incapable of replicationm, i.e.,
Eﬁ;ble to produce a functional Rev protein when transfected into COS cells,

P absent co-transfection with a vector capable of expressing HIV-1 rev in
trans (Rimsky et al., Nature 335 [1989] 738-40). The ability of the mutants
to rescue the rev provirus was analyzed as depicted in Figure 9, with viral
replication being measured by quantitative assay of the level of HIV-1 p24
Gag protein (pg/ml) released into the culture supernatant using an ELISA
assay system for soluble p24 Gag expression (DuPont-NEN Inc., Billerice,

MA, USA), with standards supplied by the manufacturer.

For purposes of control, transfection efficiency was monitored
by co-transfection of the cultures with the Rev non-responsive vector
pBC12/RSV/SEAP (12.5 ng/culture), a secreted alkaline phosphatase (SEAP)
gene expression vector. Conveniently, SEAP levels were measured in parallel
with supernatant p24 Gag levels. Additionally, some cultures were also
co-transfected with 125 ng of either the negative control vector pBC12/CMV

g' (NEG) or a wild-type rev gene expression vector (pcREV).

i | COS cells cultures (35 mm) were co-transfected with 250 ng of
pHIV-larev and 125 ng of a control vector or one of the modified
mutant-containing vectors. Supernatant media were sampled 65 hours after
transfection and assayed for p24 Gag protein expression levels. SEAP levels
vere. peasured in parallel. The resulting values are recited in Figure 9,
with correction for the slight variability observed in supernatant SEAP
levels (with mean SEAP activity set at 1.00 units, the observed standards
deviation was : 0.14 and the range 1.30 to 0.73).

This Sheet Has Been Replaced -

T



u5|ng a purchasabl e nutagenesis systemin accordance with
"Adigonucleotide-directed in vitro nutagene '
Engl and '(1988), Code RPN. 1523, hereinafter ahpﬂSéhEﬁTéyﬁ' am
protocol ". The construction of the final exfressiBfRFy¥E df carried out
In stages entailing in succession: 1) prepaL: . bact eri ophage ML3
vector carrying the rex codi ng sequence, Zp.nutagenesis -of the rex qpdosd
sequence and 3) recloning of the nmutated gene into mammal i an expression

pl asm ds. 30 nutants were constructed, including one deletion nutant. The
position and nature oLitflR ¥&riaitién din’ &6 @lpéRilathn©leveE ofNSRLRaeEivity was

seen in this experiment, thus demonstrating equivalent transfection

2" Amer sham

efficiency and confirming the lack of mutant induced cellular toxicity.
Transfection of pHIV-lArev alone resulted in no detectable p24 Gag protein
in the culture supernatant (Lane NEG), while co-transfection with a
wild-type rev gene expression vector effectively complemented the ability of
pHIV-1ARev to induce the secretion of p24 Gag (Lane pcREV). -
Additionally, all Rev mutants testing positive in the pgTAT
based assay visualized in Figure 8B achieved a level of activity between
50 and 100 % of that noted for the vild-type rev construction:in rescue
I assay, with the exception of M1, which achieved -30 ¥ activity, a reduction
- which may reflect the decreased in vivo stability of the M1l mutant. All
mutants that were scored as negative in Figure 8B were fully negative in the
rescue assay (i.e., € 10 pg/ml of p24 Gag), with the exception of M7 which
yielded a barely detectable level of supernatant p24 Gag protein.

Example 7: Rev phbsphogylation not required for biological activity

The HIV-1 Rev protein is phosphorylated at one or more serine

residues when expressed in vivo. The mutations delineated in Figure 5

{ affect each of the 11 serine residues whithin the rev coding sequence.
Thus, the immunoprecipitated [32P]-Pi labelled Rev proteins transiently
expressed in transfected COS cell cultures were monitored in order to
identify the in vivo phosphorylation sites of the HIV-1 rev (Fig. 8C). A
comparison of the level of [32P]-Pi incorporation into rev with the level of
[35S]~cysteine incorporated in a culture transfected in parallel (Fig. 8A)
vas used to assess the effect of individual mutations on the level of
phosphate incorporation. The results of this comparison are depicted in
Table 1:
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Fi gure 3. The correspondi ng ol igonucl eotides used for nutagenesis are-

listed in Figure 4. They all carry a Bglll r --Lption site The rex coding
sequence was isolated fromplasm d pcRex (= Ry aI , Nature
335 [1988] 738). Ot her sources for the wldt : 4
Thus the rex gene may be cloned e.g. in anal*geus éEDto tht descrl bed

for the gag, pol, env and tax genes of HTLV-I ‘in B. K oA Sriniv
Nucl . Ac. Res. 17 No. 5 (1989) 2142, out =8f-t he whol e genone of estggrgéﬁed
HTLV-1-infected cell lines such as HUT102 (TIB 162) and M2 (J. G Sodrosk
et al., Science 225 [1984] 381; |I. Myoshi et al., Nature 294 [1981] 770;

V. Manzari et al., PNAS 80 [19831 1574), using e.g. the polynerase chain
reaction. Table 1

Phenotypic analysis of HIV-1 rev gene mutants

Rev? Phosphorylation® Sub-cellular® Trans-dominant<
Clone function localization repression
wild-type ++ -+ N
gt Ml + ++ : ?
M2 ++ + N
[ M3 ++ ++ : N>C
e M4 - ++ NC -
M5 Co- + CON -
M6 - - CON -
M7 - 4 N>C -
M8 ++ e+ N>C
M9 ++ ++ N
M10 : - ++ N ++
M1l ++ ++ N
M12 4+ + N
M13 R Y ++ N
M14 oS s N
a1/2 ++ Y N
41/3 - ' - N>C -
89/14 - nd nd +
410/14 - + N +
al1/14 ++ + N
a12/14 ++ + N
813/14 ++ ++ N

* 4+, 50-100 X wild-type (wt); +, 5-50 X wt; -, < 5 X wt;

b .., comparable to wt; +, 30-60 ¥ wt; &, 5-20 ¥ wt
-, no detectable phosphorylation; nd, not done;

¢ 7, not detected by immunofluorescence; nd, not done;

4 44+, highly trans-dominant; +, moderately trans-dominant;
~, not detectably trans-dominant
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pcRev (MH Mlimet al., Nature 335 [1988] 181). ¥ B Fet-n3 Jely be

isolated e.g. froma HV proviral clone such as | 70,
Al DS Research and Reference Reagent Program June=%€

bi ol ogi cal activity of the various rex genes obt ai ned was testessi
sensitive assay for the action of the H*At rev and the HTLV-I 900-9579

The analysis summarized in Table 1 identified four missense
mutations which resulted in diminished phosphorylation. Of these, M2 and
M12 had a moderate effect on phosphate .incorporation (-30 X and
-60 % inhibition, fespectively) vhile M5 and M6 dramatically reduced the
level of phosphate incorporation. The possible reasons for the dramatic
effect of the M5 and M6 mutations (which do not affect any serine residues)
on phosphorylation of Egg'will be discussed in more detail below.

To further localize the phosphate receptor serine residues in
Rev, a study of the level of phosphorylation of the deletion mutants (pa)
(Fig. 8C, lanes 15-20) was performed. This analysis revealed that the
pAl3/14 mutation was normally phosphorylated while the p4l2/14 &eletion, and
the larger C-terminal deletions, displayed only a low level of
phosphorylation (-90 X inhibition). Similarly, the pAl/2 Rev mutant, which
was effectively labelled with [3%S])-cysteine, also displayed a low level of
[32P]-Pi incorporation (-90 X inhibition). :

It is unclear why deletions that extend to the site of the M2
and M12 mutations had a more drastic effect on the level of phosphorylation
than the missense mutations themselves. However, these results are
consistent with the hypothesis that the Rev protein contains two primary
sites of serine phosphorylation, one located at residue 8 (M2) and the
second at residue 99 (M12). In any case, the mutants vhich lack these
residues (i.e., pM2, pAl/2, pMl12, pAl2/14) display approximately wild-type
levels of Rev activity (Fig. 8B, Fig. 9). It is therefore concluded that
i phosphorylation of Rev is not essential for the trams-activation function of

the HIV-1 regulatory protein in transfected cells.
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rex gene products by expression of the different genes in COS cells
(AQuzman et al., Cell 23 [1981] 175. As well |n|t|at|ng the synt hesi s of

viral structural proteins, the Rev and the Re}{ RQFfQTel TS both—Rd ,ce‘the
production of a truncated formof the H V-1 ) fn (MH.
Malimet al., Nature 335 [1988] 181-183; L. B e 335

[ 1988] 738-740). Coexpression of a genonisg.H V- 1 tat gene ETHer gphldy79

functional H V-1 rev or a HILV-1 rex gene leads to the cytoplasnc
expression of an unspliced tat nRNA encoding a truncated one-exon form of
Tat that | ExdfipkarBao Nuelesr ilocakizgtion dfcRebsence of a functlona! Rev or
Rex protein wll allow the expression of a full length Tat protein of 86
am no aci ds, corresponding to the two-exon formof Tat. Thus the presence
of an active trans-rdimssther Re¥ protein is predominantly localized to the nuclei,

particularly the nucleoli of expressing cells, was confirmed by analysis of
the mutants using indirect immunofluorescence. The resulting phase contrast
and corresponding immunofluorescence photographs of fixed, transfected COS
cell cultures are shown in Figure 10.

The technique of indirect immunofluorescence used to localize
the Rev protein within the transfected COS cell was that described in
B.R. Cullen, Meth. Enzymol. 152 [1987] 684 and B.R. Cullen, Jj. Virol.

62 [1988] 2498 except that a modified paraformaldehyde-based cell fixation
procedure was employed (Ruben et al., J. Virol. 53 [1989] 1-8).
Specifically, the cells were treated with rabbit polyclonal anti-Rev peptide
antiserum followed by rhodamine conjugated goat anti-rabbit IgG.

The primary rabbit anti-Rev antibody was used at a 1:800
dilution. REV1/20 antibody was used for analysis of the majority of Rev
mutants, with the exception of cu;tures transfected with the pM1, pM2, pM3,
p4dl/2 and pAl/3 vectors. REV27/51 antibody wvas used for these. The second
antibody, rhodamine-conjugated goat anti-rabbit IgG (Boehringer Mannheim
Biochemicals, Indianapolis, IN, USA), was used at a 1:50 dilution.

The Rev mutants displayed four categories of subcellular
localization as indicated in the Figure. The categories were:

N, nuclear/nucleolar with no detectable cytoplasmic expresion;

( N > C, slight cytoplasmic expression; N > C, clear cytoplasmic expression

B vith some nuclear concentration; C > N, random distribution within the cell.
Representative examples of these distributions are shown in the Figure with
the Rev proteins depicted being indicated in the upper right corner of the
lover panel of pictures. The localization of each Rev mutant detected by
this assay is set-forth in Table 1.

As shown, the majority of mutants displayed a fully wild-type
subcellular localization (N), including the trans-activation negative clone
pM10 (Fig. 10D). However, several mutants yielded a very low but detectable
level of cytoplasmic fluorescence as typified by pM4 (Fig. 10F). This

This Sheet Has Been Replaced

Tl




the rev or rex function |leads to reduced or abolished production of the 72
am no acids Tat protein. This difference can readily be visualized upon

I mrunopreci pitation analysis. As shown in FigFf“‘ 0

were found, nanely pcRexM2, pcRexM, pcRexNB,[p

pcRex: 13[err] 15, which had a trans-dom nant %
al so was found with pcRev (see Figure 2D), ===
pcRexMB and partially pcRexML3, indicati r§9+ hat transdon1nancy s 900-9579
limted to the HTLV-1 gene, and that sone of the mutants are transdom nant

for both genes, nanely, in this particular instance, fcRexNQ, pcRezM/ and
pcRexMB. phenotype did not clearly correlate with biologica activity, as both active

mutants (pM3, pM8) and inactive mutants (pM4, pM7) displayed this property.
Additionally, one fairly extensive deletion mutant, pAl/3, displayed a
subcellular localization intermediate between the wild-type pattern and the
pattern induced by mutations in the basic domain of Rev (N > C, Fig. 10H).
This deletion is, however, not located close to the basic domain. While the
reason for this aberrant localization is unclear, it does correlate with the
lack of biological activity observed for pAl/3.
Mutation of the arginine rich domain of Rev (pM5, pM6) which
displays homology to known nuclear localization signals, resulted in a high
(' level of cytoplasmic Rev protein (C > N). These proteins, however, were not
' excluded from the cell nucleus (Fig. 10J), suggesting that the basic domain
of Rev is, in fact, a nuclear localization signal.

_ It is of interest to recall that pM5 and pM6 were not
significantly phosphorylated in vivo despite retaining the sites proposed
above as acceptors for phosphorylation. This may be because the kinase
responsible for the phosphorylation of Rev is confined to the cell nucleus.
Thus, it appears possible that inappropriate subcellular localization of the
pMS5 and pM6 Rev mutants is responsible fof their low level of
phosphorylation.
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-23- Wile sone of the results first obtained indicated that the nost
successful mutations were |ocated between am no acid position 87 and 94,

and it thus appeared that a portion of the re t ween about
ani no acid position 82 and about position 97 I§SHFETtHAIBBEN S| gni i cance
i n the engi neering of trans-dom nant Rex/ Rev | R %écﬁmwtherLtestlng
has shown that the range for preferred positions of the TotacEess on t he

Rex protein is broader, i.e. that they m#P-lie at |east as near tH00-9579
N-term nus as am no acid position 22 and at |east as far toward the

C-term nus_as am no
Example 9: Trans-dominant repression of Rev function

Rev mutants which had lost the ability to trans-activate HIV-1
structural gene expression were examined for their ability to inhibit in
trans the function of the wild-type Rev protein.

COS cells (35 mm) were co-transfected with 250 ng of the
indicator construction pgTAT and: 290 ng pBC12/CMV (negative control)

. (Fig. 11A, lane 1); 40 ng pcREV (low level), 250 ng pBC12/CMV (lane 2);
290 ng pcREV (hlgh level) glane 3); 40 ng pcREV, 250 ng pM4 (lane 4);
40 ng pcREV, 230 ng pM?7 (Lane 3); 40 ng pcREV, 250 ng pM10 (lane 6).
Sixty hours after transfection, the cultures were labelled with
[35S]-cysteine and subjected to immunoprecipitation analysis using rabbit
anti-Tat antisera. '

As shown in Figure 11A, pM4 (lane 4) and pM7 (lane 5) had ‘little
effect on the activity of the wild-type Rev protein as measured by the

" induction of 72 aa Tat expression, whereas pM10 (lane 6) appearéd to
completely inhibit Rev function. This suggests that pM10 encodes a specific
inhibitor of HIV-1 rev gene function.

In order to demonstrate that pMl0 indeed acts by specifically
preventing the cytoplasmic expression of the unspliced HIV-1 mRNA which
encodes the 72 aa form of tat, the S1 nuclease protection assay of Malim
et al., (1988), supra was employed. This-assay (Fig. 11B) quantitates the
level of spliced (S) and unspliced (U) tat mRNA expressed in the cytoplasm

C of COS cells (100 mm) transfected with: 2.75 ug pBC12/CMV + 2.5 ug pcREV
(Lane 1); 2.5 ug pgTAT + 2.75 ug pBC12/CMV (Lane 2); 2.5 ug pgTAT
+ 0.25 ug pcREV + 2.5 ug pBC12/CMV (Lane 3); 2.5 ugpgTAT + 2.75 ug pcREV
(Lane 4); 2.5 ug pgTAT + 0.25 ug pcREV + 2.5 ug pM10 (Lane 5); 2.5 ug pgTAT
+ 0.25 ug pcREV + 2.5 ug pAl0/14 (Lane 6). As shown, total input DNA was
maintained at a total of 5.25 ug by inclusion of the parental expression
vector pBCl2/CMV as a negative control.

At 60 hours after transfection, cytoplasmic RNA was harvested
for analysis and 5 ug gliquots vere used in the S1 nuclease protection
assay. The DNA probe used herein was a 798 basepair probe end-labelled at
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acid position 101. -24- 5.2. In a further approach focu55|ng on the Rev
\

function in H V-1, transdom nant rev repressorg € aund. It is
possi bl e that sone of these at |east also inhilji h in
HTLV-1 or HTLV-11, but this has not been testelzhe BiA hand it
has been found that some of these at |east

-61- 900-9579

an XhoIIl site located within the first coding exon of tat using Klenow DNA
polymerase (Malim et al. [1988] supra). The probe (I) was designed to .
quantitate the level of both unspliced (U) and spliced (S) cytoplasmic tat
mRNA in the transfected COS culture. Using this probe, spliced (S) tat)
mRNA is predicted to rescue a 202 nt probe fragment while unspliced (U) tat
mRNA is predicted to rescue a 506 nt fragment. The relative level of
-unspliced RNA in each lane was quantitated by densitometry using an LKB soft
laser scanner. The results, as visualized in Figure 11B, are:
Lane 2: 14 % unspliced; Lane 3: 63 X unspliced; Lane 4: 82 X unspliced; g
Lane 5: 22 X unspliced; Lane 6: 24 X unspliced.

i As expected spliced tat mRNA predominates in the cytoplasm of

s cells transfected with pgTAT alone (Fig. 11B, Lane 2) while unspliced
tat mRNA is the dominant cytoplasmic species in the cytoplasm of cells that
coexpress the HIV-1 Rev protein (Figure 11B, Lanes 3 and 4). However,
doexpréssion of pgTAT with both pcREV and pM10 restored the cytoplasmic
predominance of the spliced form of tat mRNA (Figure 11B, Lane 5).

Although the total level of RNA loaded in Lanes 5 and 6 appear
somevhat low, it is thus nevertheless apparent that pMl10 (Lane 5) was able
to selectively inhibit the Rev induced cytoplasmic expression of unspliced
tat mRNA from the pgTAT vector. Indeed, the relative level of unspliced tat
mRNA detected in the presence of both pcREV and pM10 is comparable to the
level observed in the absence of Rev.
The same pattern is apparent for pAl0/14 (Fig. 11B, Lane 6).

L These results additionally demonstrate that a rev gene deletion extending 3’
to the M10 mutation (pAl0/14) also encodes a trans-repressor of Rev
function. A more extensive deletion which extends through the site of the
M10 mutation, termed pA9/14, also displayed a dominant negative phenotype
(Table 1). However, a deletion which extended to the site of the M8
mutation was no longer trandominant (data not shown). '

_____________’________
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al so inhibit the Rev function in H V-2 and SIV[err] Ext ensi ve mnut ati onal
analysis further has led to the delineation o two distinct
functional domains within rev that appear to
trans-activation. These domains are envision ] $ i ndi ng
domai n" which directs the Rev protein to its Fat-a- 1 et jisubstrate,
and an "activation domain" which permts he functi onal cdﬁ§€ﬁUen (g t he
bi ndi ng event, transcriptional activatid¥~to be displ ayed. Consegf(éé‘h? 79,
two functional dommins within rev have been defined: a bi ndi ng domai n

likely to gl rei‘t ;to rotejn to its celtitéli% itnﬁiﬁ]fttor gpc{e%nﬂ%cc Lvation

domai n pe e

The experimental results presented in Figure 11A and 11B
demonstrate that pM10 can repress wild-type Rev function when present in
trans. However, these experiments were performed in the presence of a large
excess of pM10. To more accurately quantitate the effectiveness of the
trans-inhibition of Rev function, the ability of increasing levels of pM10
to inhibit the rescue of the pHIV-lArev provirus mutant by a single level of
pcREV was analyzed. This experiment also tested the effect of increasing
levels of ‘the pM4 and pAl0/14 Rev mutants, as well as the effect of simply

( increasing the level of expression of wild-type Rev itself.

COS cell cultures (35 mm) were co-transfected with 25 ng of
pHIV-1Arev and 50 ng of pcREV, with an increasing fold molar excess of
either pcREV (w), pM4& (8), pAl0/14 (o) or pMlO (m), as indicated in
Figure 12, i.e., 10 fold means co-transfection of 500 ng of the indicated
plasmid construction. Total input DNA was maintained at a total of 587.5 ng
by inclusion of the parental expression vector pBC12/CMV as a negative
control. A SEAP gene expression vector was co-transfected as an internal
control (12.5 ng/culture). The supernatant media were sampled at 65 hours
and assayed by measurement of the level of supernatant p24 Gag expression.

The results of this assay are presented in Figure 12 relative to
the level of p24 expression obtained in the absence of any competing ES!
vector, a level defined as 1.00. All values are expressed relative to the

(. p24 Gag expression level observed in the culture transfected with 25 ng

" pHIV-1Arev, 50 ng pcREV, 12.5 ng pBC12/RSV/SEAP and 500 ng pBC12/CMV. This
control culture (e), which forms the basal value against which the
competitive effects of the added Rev mutants were measured, was arbitrarily
assigned a level of 1.00 unit of p24 Gag expression. The values presented
hereip‘are corrected for the slight variability observed in supernatant SEAP
levels (mean SEAP activity was 1.00 ¢ 0.27 with a range of 1.28 to 0.72).

As depicted, increasing the level of transfection of the
vild-type rev expression vector pcREV was found to exert a mildly positive
effect on viral replication, leading maximally to an -70 X increase in the
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éi Env.
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i nconpl etely spliced RNAs that encode the structi .
Mut ati on of the activation donain of Rev resultsi ‘%ﬂﬁﬁ@%ﬁEEN
def ective Rev protein which acts as transdom nan FEOrCBP Rev
function. Such nutants markedly inhibit H V-1 replication when expréssed in
transfected cells in culture and are thus al so transdom nant, as are the
nmut ant s obt ai ned under 5. 1. -25- Det aié3ed i nformati on concer ni ngoé @5%
second approach is al so T -

—"

releasé of p24 Gag into the media. Co-transfection of the pM10 vector, in
coﬁtrast, had a dramatically inhibitory effect on HIV-1 structural gene
expression. The pattern of inhibition obtained is that expected for a
competitive inhibitor of Rev function which dispiays the same affinity as
wild-type Rev for its biological target. Thus, an equimolar amount of pM10
reduced p24 Gag expression -2 fold, a 2fold excess of pM10 reduced
expression -3 fold, a 5fold excess -6 fold while a 10fold excess reduced p24
Gag expression by -93 X%.

In addition to pM10, co-transfection of pAl0/14 also reduced p24
Gag expression, however, this large deletion mutant of Rev was not as
effective an inhibitor as pM10. It appears likely that the severely
truncated protein expressed by pal0/14 is a less effective competitor
because it lacks sequences which enhance the binding of Rev to its
biological target.

Finally, co-transfection of pM4 also had an inhibitory effect,
although it was slight, less than two fold (32 %), at the maximum dose used.
This effeect is thought to arise from an activity (squelching) unrelated to
RRE binding.
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apparent from 6.2. hereunder. The transdom nant nutants found thereby are
desi gnated as pMLO, p[err]9/14 and p[err]10/14 (see Exanples 4 to 11) and

pM21, pM22, pW7, pM28, pM29 and pM32 (see E[a_b_{]u €S Tro—ane—idh) , whereby

PMLO was found to be effective in inhibitinglinBtScH{EETHAS BEERY, gene

function but HHV-2 rev and SIV[err] rev gene,LunQ_ﬂy HeERwe | . referred
under the above 9 transdom nant nutants are pMLO, pMZT ana pivB2, especially
pMLO. - 26- -64-_ 900-9579

Example 11: Domain structure of the HIV-1 Rev trans-activator

As discussed above, transient gene expression analysis in
transfected cells to assess the biological activity of a series of missense
and deletion mutants of the BIV-1 trans-acting gene product Rev was used.
These results evidence the possible existence of two functional domains
within Rev, as depicted schematically in Figure 12A, wherein S constitutes a
splice site. Moreover, these two domains could be essential for
trans-activation (cross-hatched).
= The first of these domains (the RNA binding domain) defined by

¢ the four missense mutants pM4, pM5, pM6 and pM7, extends over about a 35

| amino acid region between about amino acid position 10 and about amino acid
position 68 of wild-type Rev and contains a highly basic sequence element
which is essential for the nuclear localization of Rev. It also contains a
nuclear localization (NL) signal (shaded). Mutants altered in this domain
display a recessive negative phenotype. '

In contrast, mutations within the second domain (the activation '
domain), which is centered approximately on amino acid residue 79, and
defined i.a. by the missenée mutant pM10 and the deletion mutants pA9/14 and
pdl10/14, also result in a loss of Rev function but, remarkably, the negative
phenotype displayed by these mutants is trans-dominant. Two regions of Rev
(hatched in Figure 12A) appear to be dispensable for protein function. As
depicted herein, mutations in the Rev activation domain render Rev defective

(_ and result in the production of proteins which competitively inhibit
wild-type Rev function. This trans-repression is sufficient to markedly
reduce or suppress the replication of HIV-1 in transfected cells. The
molecular basis for the dominant negative phenotypes displayed by pM10 and
the related deletion mutants is not known yet. However, the observation
that.both missense (M10) and deletion (49/14, 410/14) mutants are able to
inhibit Rev function in trans does suggest that the loss, rather than the
acquisition, of an attribute is responsible. One possibility is that
defective Rev protein molecules might be able to form mixed multimers with
vild-type Rev protein subunits and hence inhibit the function of the
wild-type protein in a transdominant manner. It is not, however, currently
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5.3. In a yet further approach focussing on the Rex function in HTLV-I
simlarly to 5.1., transdom nant rex represgprs=have _al so been found and a
met hod devel oped that permts detection of JefHéb$$Ngﬁl- arek=;s useful for
the identification of specific inhibitors ofl_Rex Pancggp SwENch do not
interfere generally with other viral or host ceé et lons. I S Rex

I nhi bi tor detectlon met hod utilizes a genetic systenlconprl g 61900
Rex-responsi ve "reporter"” gene that encoggs an unspliced formof an n?gﬁ?
that includes a regulatory element, a RexRE (RRX) for instance. In this

system a protel . Aevi sl B0 Btnl UACL! SbhonBP U5 Ts N Gub KRG 181vYB S an

unspliced. he cé nucrl eus 't e cytoplasm absence of
alternative hypothesis, based on earlier vork involving the functional

dissection of a number of prokaryotic and eukaryotic transcription factors,
is that transcriptional trans-activators bear two distinct functional
domains, a specific "binding domain" that directs the protein to its
appropriate target substrate, and an "activation domain" that permits the
functional consequence of the binding event, in this case transcriptional
activation, to be displayed. In several systems, the binding domain has
been shown to consist of a sequence-specific DNA binding g}gment; however,
in at. least one case, that of the herpex simplex virus tyﬁz‘l (HSV-1)

( trans-activator VP16, it appears that the binding domain instead mediates a
specific interaction with a cellular transcription factor which in turn
binds to target sequences in the HSV-1 genome. Importantly, mutation of the
binding domain tends to result in a negative phenotype which is recessive at
moderate levels of expression. In contrast, mutation or deletion of the
activating domain of a transcription factor may result in mutants with a
dominant negative phenotype. These mutants, which retain an intact binding
domain, are believed to compete with the wild-type trans-activator for
binding to the appropriate cellular target, yet are incapable of activating
transcription once binding has occurred. In the case of the HSV-1 VP16
protein, overexpression of such a transdominant mutant has been shown to
inhibit wild-type VP16 function effectively, and hence to preclude
replication of HSV-1 in normally permissive cells.

( Although the rev gene product is a posttranscriptional
trans-regulator of gene expression it appears reasonable that the concept of
two distinct functional domains should also be applicable in this case. In
particular, Rev functions in a highly sequence-specific manner, via a direct
interaction (M.H. Malim et al., Cell 60 [1990] 675-683) with its RNA target
sequence, the RRE, and must therefore contain sequences that confer this
specificity. Once binding has occurred, this event must be translated into
an activation event, in this case nuclear export of the incompletely spliced
RNAs that encode the HIV-1 structural proteins. Mutations in this latter
domain might thus result in competitive inhibitors of wild-type Rev
function. This is the phenotype obsefved for the pM10 and pAl0/14 mutants
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Rex function, this nRNA is spliced before export to the cvtoplasn] as
I ndi cat ed above. Upon contacting cells conpri si temw th
an agent suspected of being an inhibitor of Re nﬁﬂ%%i Eﬁu,gigﬁ?ﬁj

i nhibition of HTLV-1 Rex function by that agen _m_m;eQ:Q¥__ decrease
I n nucl ear export of the unspliced formof this particul ar nRNA together
with no decrease in nuclear export of the spliced formof this sane

This nethod is useful for detecting, for-&rcanple, chenical |nh|b|t89@rﬂ§?9
the HTLV-1 Rex protein, e.g. inhibitors able to nminic the transdoni nant
domain in a _nutant Rex or Rev protejn ow .ol ecul ar ight chenj ca

i nhi bi t or s °fa&eYapd ﬁ’s.esﬁr%ﬂ&%@&ninﬂ;ﬁ?%ttmo‘?%tﬁ?cﬁég ‘E\Igls Lete agtivation

repr essor s demafiiX. Conversely, the second, more N-terminal essential region of the Rev

protein defined by this mutational analysis may serve the same function as
the "binding domains" defined in several transcription factors. Mutants
altered in this domain (e.g., pM4, pM7) do in fact display a generally
recessive negative phenotype, although a low but significant inhibition is
observed at high expression levels. Further transdominant mutants have also
been found (see Figure SA and Examples lla and 11b) which allow the
localization of the Rev activation domain to be refined as extending from
about amino acid position 68 to about amino acid position 90, particularly

i from about position 78 to about position 86 and especially from about
' position 78 to about position 83 or 84 of wild-type Rev.
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To identify transdom nant negative nmutations of the rex gene, again a

series of point nutations were produced that d segnents of two or
three am no acids at various sites throughout |t nggl 4;ne S ce of the
Rex protein, and several transdomni nant represfors og-iil protein
function identified anmong these mitants, seveta=ef—ih %dditionally
transdom nantly repressed the HTLV-II Re and/or the H V-

function and are thus, anal ogously to sO of the mutants found un erg}’g 1.

al so repressing the phenotyplc expression of functionally equival ent genes
0 one Vi r%:amgfc'ﬁa- Further transdominant HIV-1 Rev mutants

Further HIV-1 rev mutants have been prepared analogously to the
procedures described above under 6.2. They are designated and characterized
as appears in Figure 5A and in Table 2. The in vivo phenotype has been
determined according to M.H. Malim et al., Cell 58 [1989] 205-214 (all
assays were internally controlled for. transfection efficiencies).

In addition to those found as described under Examples 4 to 11
above, the following further mutants have been found to transdominantly

(.'.‘ inhibit the wild-type HIV-1 Rev function: pM21, pM22, pM27, pM28, pM29 and
. pM32. |
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-27- Accordingly,

the invention also relates to a nethod for identifyi ng a

specific inhibitor of the gene activation funper=ef_the Rex protein,
conprising the several steps defined under 3.)j dbi&/8HEASHASL jove t he
HTLV-1 Rex protein is able to replace the furcti onReEPLrbesH V- 1} Rev
protein. In addition it has now been found t stitute for

t he anal ogous HTLV-11 regulatory protein. _Thus nRNAs from at Ieastgz(@ng {y
these three viruses, which have a respon: m88-el ement that is recogni d %

Rex and at | east one appropriate unused splice site, can be used in this

net hod.

Table 2

Phenotypic analysis of further HIV-1 rev gene mutants

Clone Phenotype* Transdominant repression®
pBC12/CMV (vector alone) 0
pM15 ++
pM16 ++
pM17 ++

( pM18 +

) pM19 ++
pM20 ++
pM21 - 97
pM22 - 93
pM23 ++
pM24 ++
pM25 ++
pa9/19 -
pA18/19 +
pal8/23 -
pa22/14 -
pA23/14 + :
pM27 - 92
pM28 - 92
pM29 - 91
pM32 - 97
pM33 ++
pM34 ++

‘ pM35 ++

- pM36 +

a 44+ 40-100 X (relative to wild-type Rev activity)
+ 5-39 %
- <5 %X

b as % inhibition of wild-type Rev function, with a 10fold excess

of mutant Rev over wild-type Rev
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Preferably the nRNA conprising the response elenent and the splice site is
encoded by a plasmd conprising the 3' end of ap HILV-I provirus including
the coding regions for the Rex and Tax proteins ﬁﬁ% T v=gene, the
Rex response el ement RexRE (RRX) and the entireff3’

a plasmd is pgTAX-LTR For conveni ence in nut akt=—anal VSB* kD gqui re
controlling the ratio of copies of a rrutagé rex gene to wld-ty "rgp %Be
copi es, the rex gene on pgTAX-LTR is inactivated by a recessive nea T
mutation and in this system the active rex gene is provided on the

separate p'ﬁéﬂ; gs' 488l grﬁkg& Bﬁ%@ﬁ%’ iegz éé!ﬁtii?!ﬁg chenmicals, for
I nst ance, r . e sane plasmd or
ot her vector DNA as the required nmRNA of this system Further,

The multivalent potential of the transdominant HIV-1 rev gene
mutants of Example 4 to 11 has been analyzed using the methodology already
described above under 6.2. and in M.H. Malim et al., Proc.Natl.Acad.Sci.USA
86 [1989] B222-8226. The results obtained show that at least mutant pM10
has the éapability of transdominantly inhibiting not only the phenotypic
expression of the HIV-1 rev gene, but additionally also HIV-2 rev and SIV.,.
rev gene function, as shown, e.g. for HIV-2 rev, by strong inhibition of
HIV-2 Rev function when an excess of pM10 fs texpr:esse?d together with

. wild-type HIV-2 rev gene, through inhibition of unspliced mRNA and of l-exon
tat expression in the cytoplasm.
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this active rex gene m ght conprise a natural sequence variant isol ated
froma strain of HILV-1 other than that used . |nvent|on or
any other nutant formof rex gene that is capp
produce a protein product which provides the
the Rex protein, including induction of expor
nucl eus. The el enents of the genetic syss mlisted above coul d als
provi ded by using a DNA segnent encodi ng ﬁﬁe entire functional genonme of a
retrovirus as a part of this genetic system it can be applied to infected
cells. m?éf for safety reasons as well as convenience, this genetic
system preféetably is unable to produce any infectious virus. This is
acconpl i shed by design into the system of a genetic defect that prevents

Example 12: Analyses of Rex fumction

For testing rex mutants for Rex function (Fig. 14), each mutant
DNA was cotransfected with pgTAX-LTR into COS cells using DEAE-dextran
(B.P. Cullen, Meth. Bnzymol. 152 [1987] 692-693). All plasmids were added
at a concentration of 1.25 ug/ml. Forty;eight'hours after transfection, the

cells were metabolically labelled with 35S-cysteine for 2 hours, cellular
extracts prepared, and the samples were immunoprecipitated with the
0.5 alpha human monoclonal antibody that specifically reacts with the HTLV-I
envelope protein. Immunoprecipitates were analyzed on
SDS-10 X polyacrylamide gels.
For simultaneous analysis of HTLV-I Env, Tax and Rex protein
production (Fig. 15), COS cells were cotransfected with pgTAX-LTR
(0.1 ug/ml) and the vectors encoding the mutant Rex proteins (1 ug/ml) or
the wild-type pREX, pREV and pCMV-IL-2 vectors (1 ug/ml).
Immunoprecipitation analyses of HTLV-I proteins used the following
antibodies: Env, 0.5 alpha antibody; Tax, Tax-specific anti-peptide rabbit
antisera (prepared by one of the inventors; can also be prepared according
to W. Wachsman et al., Science 235 [1987] 674-677); Rex, Rex-specific
anti-peptide rabbit antisera (prepared by one of the inventors; can also be
i prepared aecording to H. Siemi et al., Cell 55 [1988] 197-209). In each
case, the radiolabeled cellular extract was used for the three
immunoprecipitations and electrophoretic analyses; only the relevant region
of each of the resultant autoradiograms is presented in each panel of
Fig. 15. |
. For subcellular localizationof HTLV-I Rex mutants by
immunofluorescence (Pig. 16), COS cells were transfected with the indicated
expression plasmids and fixed with paraformaldehyde 48 hours later. The
cells vere then sequentially stained with rabbit ant-Rex peptide antiserum
(1:100 dilution) and goat anti-rabbit IgG conjugated to rhodamine as
previously described (B.R. Cullen [1987] supra).
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expression of at least one viral activity which is essential for production
of any infectious virus fromwhich sone geneti s _used. For
exanple, this may be done by onmitting fromthe s?BBqnn&&F, T—&=part of
-28- one viral gene or by sone other nutation. PrefEﬁEﬁ{Ahégl“ cel |
transformed by the rex gene and by the DNA seg S

exenplified by COS cells which have been<iransfected by the p as*' rs
descri bed above. Thus the term L7l §00857¢

Example 13: Inhibition of Rex and Rev function

For analysis of the ability of rex mutants to inhibit function
of the wild-type Rex protein (Fig. 17A), COS cultures were cotransfected
vith three plasmids including pgTAX-LTR (1.25 ug/ml), pREX (0.1 ug/ml) and
1 ug/ml of the Rex mutants (Lanes 1-6), pREX (Lane 7), pREV (Lane 8) or
pCMV-IL-2 (Lane 9). Env production was analyzed by immunoprecipitation with
the 0.5 alpha monoclonal antibody and electrophoresis through SDS-10 X poly-
acrylamide gels. For analysis of inhibition:bf the function of HIV-1 Rev
protein, COS cells were cotransfectedzgﬁth pgTAT, pREV and a 10-fold molar
excess of pBC/CMV-IL-2 or the M6, M7 and M13 transdominant Rex mutants.
After 48 hours of culture and biosynthetic labeling with 33S-cysteine,
cellular extracts were assayed by immunoprecipitation for Rev-induced
production of the truncated 72 amino acid form of the Tat protein (Lane 2).
At a 10:1 molar ratio, the M6, M7 and M13 (Lanes 3-5) mutants completely
inhibited the action of the HIV-1 Rev protein as only the full-length
86 amino acid form of the Tat protein vas detected. For analysis of
inhibition of replication of HIV-1, COS cells were cotransfected with the
rev-deficient HIV-1 proviral plasmid pEXB2-Bam-p3 (M.R. Feinberg et al.,
Cell 46 [1986] 807-817) and pREX in the presence of the indicated fold
excess of the M1, M6, M7, and M13 mutants. Total DNA concentration in the
transfection cocktail vas maintained at a constant level by the addition of
varying amounts of the pBC/CMV-IL-2 parental vector. Three days after
( transfection, supernatant levels of the HIV-1 p24 Gag protein were measured
. by ELISA (Coulter Immunology kit). The M6, M7 and M13 mutants produced

dose-related inhibition of HIV-1 p24 production while the recessive negative
M1 mutant did not.
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“transformation” as used herein enconpasses the term"transfection" and
indicates a genetic transformation involving a vector DNA that encodes an

i nfectious agent, particularly a virus. After a vector
can then spread fromthe mnority of transforlreeissHEST HAStHENC lture to
the mpjority of other cells by neans of infe;t|0u5FEwmn$Enartlc es, thereby
providing a-larger sanple of host cells g—fﬂ€~gﬁﬂeﬁ—+ﬂaﬂ YRLESF9
In addition the transformation of the hos? cells in the present geneflc
system need not result in stable constructs; either stable or transient
gene expression systens may be used to provide the required nRNA and rex

gene. Thus a w de varlety of known expreSS|on systens nay be enployed in
i denti fying.inhi BiE & h o : A R CoT

HIV-1 is the predominant etiologic agent of AIDS; HTLV-I'is
causing i.a. ATL; HTLV-II is etiologically related to some cases of variant
T-cell hairy cell leukemia. The HIV-1 Rev and the HTLV-I Rex
trans-activators have been shown to be essential for viral replication in
culture and Rev and Rex are fherefore pogéhtial targets for chemotherapeutic
intervention in afflicted patients. ‘

( | Described herein are mutant forms of Rev and/or Rex that act as
effective competitive inhibitors of wild-type Rev and/or Rex function in
cells transfected with wild-type Rev or Rex and which, therefore, also
function as effective inhibitors of HIV-1 and/or HTLV-I and/or BTLV-II
replication. These mutants could thus be used to protect the lymphoid cells
of patients exposed to infection. An indication that this approach can be
expected to be practicable is the observation that expression of an
anélogoué transdominant derivative of the essential VP16 trans-activator of
HSV-1 can effectively confer resistance to HSV-1 infection on a normally
susceptible cell population (A.D. Friedman et al., Nature 335 [1988]

. 452-454). Further, corresponding transgenic mice appear to be immune to
infection with HSV-1.

Mutant rex and rev genes encoding transdominant repressors of

L Rex or Rev are thus indicated for use as "intracellular immunogens" for the
treatment of diseases caused by HTLV-I or by HTLV-II or, respectively, of
HIV-1-induced diseases including AIDS and ARS (ARC). Further, since at
least some of the transdominant Rex mutant proteins of the invention have
the particular attribute of being able to inhibit both HTLV-I Rex and HIV-1
Rev protein action, they are thus indicated for use in the treatment of
infections by both virus types. This property may be of particular value in
patients coinfected with more than one of these viral pathogens or in those
vhose infection has not been distinguished between these two agents.

I
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In this method a decrease in the export of the nRNA that conprises the
unused splice site together with no decrease i 2 _export of the spliced
formof this nRNA indicates that the agent is A~':j‘—-"4;eL;.r of an
activity of the HTLV-I rex gene or of an actipi < “the rex
gene. For the case of a chemi cal agent that i ific

i nhi bitor by use of the present nethod, the node of . r|§&5%h29
coul d include specific inhibition of transcription or translation 0rt
MRNA. More |ikely nodes of action, however, include specific inhibition of
one or nore activiti o) e | LN ' ol ar

| ocal i zati on; recognﬁ?‘leoénx%? g?%e6&%#%&%&%&%“3%2%&%#& g TR (talﬁneg?%r
functi on. viral species appears to have been novhere disclosed prior to the present

invention. In view of its broad applicability the above concept appears to
be indicated not only in the therapy of the diseases caused by viral species
encoding Rev and Rex but also in further viral diseases caused by organisms
having genes similarly regulated.

The invention is thus indicated for use in the prophylaxy and
therapy of viral, particﬁlarly ;gtrovital diseases such as ATL (adult T-cell
leukemia), AIDS (acquired immﬁﬁ%ﬁeficiency syndrome), ARS or ARC

0 (AIDS-related syndrome or complex), SIV (simian immunodeficiency virus) such
as SIVpac,» FIV (feline immunodeficiency virus), EIAV (equine infectious
anemia virus), visna virus and bovine immunodeficiency virus infections,
especially human retroviral diseases, more especially human retroviral
diseases caused by pathogens regulated by the rex or rev gene or equivalents
thereof, such as ATL, AIDS and ARS (ARC).

Of particular benefit is thereby the multivalent aspect of the
repressor effect since it is of advantage in the treatment of multiple,
especially double infection by virus, such as is often seen in i.v. drug
users coinfected by HIV-1 and HTLV-I, or in treatment in situations of
single infection with increased risk of further infection, such as in
HIV infection, or in prophylaxy in situations where it is desired to protect
against infection by a spectrum of different viral species.

L This multivalent aspect, vhile normally expected to be most
effective in the inhibition of somewhat related viruses of one particular
type, e.g. retroviral viruses, is not necessarily restricted to closely
related viruses, such as either DNA virus or RNA (retro-)virus: interactions
are known to exist in levels of infectivity between DNA viruses and
retroviruses, such as between HIV-1 and JC virus, a human papovavirus
(H. Gendelman et al., Proc.Natl.Acad.Sci.USA 83[1986]9759-9763; H. Tada
et al., ibid. 87 [1990] 3479-3483) and common regulatory mechanisms may thus
well be at work in phylogenically more distant viral species on which the
above principles of multivalent transdominancy could be applied.

e
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Advant-ageously, the decrease in the nucl ear export of the nRNA that

conpri ses the unused splice site is detected by 49_%3 %ﬁEl vel of
production of a first protein, this first protejn %ylthe MRNA
that conprises the unused splice site (i.e., onlky fh m of the
MRNA encodes this first protein); and the increase in the nuclear export of
the spliced formof the nRNA is detected_gy. determ ning the |evel 950 579
production of a second protein, this second proteln bei ng encoded by t%e
spliced formof this nmRNA

The therapeutic potential of the invention is immediately
apparent, since the repression of e.g. the Rex function of HTLV-I and the
Rev function of HIV-1 blocks viral replication, thus preventing the

formation of infective virus particles, and is thus expected to perpetuate
the latent stage of infection. Thus the cells of subjects already infected
with the HIV-1 virus but also having, integrated into their genome, the gene
for a transdominant repressor would remain functional and the subjects
indefinitely free of symptoms of disease, without the need for long-term
therapy.
Viewed in this light the genes according to the invention are

( . pharmaceuticals in themselves, for single or multiple administration either
directly in vivo or indirectly in vitro, preferably as part of a vector,
e.g. a retroviral or plasmid vector, in a form suitable for achieving
delivery in a functional form into target mammalian cells; for example
insertion of genes that encode such transdominant inhibitors of viral
replication may be effected in vitro into cells of patients by direct
implantation into the genome of lymphoid cells derived from infected
individuals and these cells may be administered to the donor patient after
insertion has been effected. Since HTLV-I and HTLV-II as well as HIV-1
replicate in various types of T-cells, the diseases they cause would appear
to be particularly suited.

One application of this would thus parallel the gene therapy -

{ concept disclosed in e.g. T. Friedmann, Science 244 (16 June 1989) 1275 or
P.M. Lehn, Bone Marrow Transplant 1 (1987) 243: hematopoietic stem cells
are extracted from e.g. AIDS/ATL patients and cultivated in vitro, the
mutated gene according to the invention, coding for a transdominant
repressor for the function to be repressed, such as the Rev/Rex function, is
implanted into these cells using retroviral vectors; the now viral-resistant
progeny-producing stem cells are returned to. the immune system of the
original patient, where they are expected to proliferate in view of their
acquired selective advantage over non-treated stem cells; in due time the
population of hematopoietic cells will consist entirely of cells producing
the transdominant factor and be virus-resistant.
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-29- Preferably the nRNA, in the unspliced form encodes the HTLV-1 Env
protein. Splicing of this mRNA results in a shorter nRNA that encodes _
anot her HTLV-1 protein, Tax. In e.g. Exanpl_e 2_and 13 bel ow, the nuclear
export of the unspliced nRNA havi ng an Rexq é'“ﬁ g 15)* det ect ed by
expression of the Env protein. Further, inHi . ‘ ort of the
unspliced mRNA, which results frOﬁllnthI% 88 : gsbqﬁhsd
by a decrease in production of the Env pr Fbwever si nce th| '
decrease mght also result from sone general tOXICIty of an agent to the
virus or the host cel f h of3, sQf lsQn
I ndi cated by a decrea%eethigggéln h@( trgeésgetgh P‘ﬁ g)ral\gmg S@té?eg{sezaf%’

see e.g. USP 4868116. Vectors, e.g. retroviral or plasmid vectors for

delivering the mutated genes according to the invention into target
mammalian cells such as bone marrov cells are disclosed or referred to in,
e.g., Science 244 (16 June 1989) 1275. Thus, for example, various Rev
and/or Rex transdominant genes are cloned into retroviral vector systems.
After retroviral-mediated gene delivery into e.g. HIV-infected human cell
lines the inhibitory effect of the transdominant mutants is readily
ascertained by inhibition of viral production.

The above therapeutic concept is an example of intracellular

i immunization as envisaged in D. Baltimore, Nature 335 (1988) 395. In brief,

the concept involves insertion of a gene that encodes a repressor of some
vital function of a selected virus into the particular target cells which
that virus infects (e.g., certain T-cells in the case of the virus causing
AIDS). Application of this approach to therapy with a transdominant
repressor of any virus is conditional upon establishment that potential
vectors for genes encoding such ﬁutant proteins and possible methods of

inserting these vectors into the proper cells, vhich have been identified in

model systems, constitute effective and safe intracellular delivery systems
for human or animal applications. The concept can thus be put to the test
of experimental verification only with difficulty in view of the ethical
barriers presently preventing gene therapy. However the first such genetic
experimenté have just started, with non-therapeutic goals. It is to be

(_ expected that very shortly after the innocuity of the procedure has been
demonstrated these pioneer experiments will be followed by similar trials
with therapeutic goals, first in life-threatening conditions such as AIDS
disease, and the present invention would appear to be well suited for early
use in such trials (see T. Friedmann, Science 244 [16 June 1989] 1279,
second column, "Infectious diseases").
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i.n_no_decrease in

export of the spliced formof the nRNA as refl _ |
" bl ASRERRS] anal ysi s

production of the HTLV-1 Tax protein. Thus prefeé
of HTLV-1 Env, Tax and Rex protein expression ig effegkpdanth €. JExaanes
12 and 13 bel ow the expression of the Env and T . ' it M ned by
| mmunopreci pitation with appropriate anti bodi es and el ectrophoretic
analysis of the resulting precipitates. Alternatives for, e.g., large scale
screeni ng of sanples for specific i nhi bi t76n of Rex function inclu

i nstance enzyne-1linked i nmunoassay (ELISA) nethods for Env and Tax, or
alteration of the nRNA b eneti c engi neerjng to provide sone, othey, nore
conveni ent products f#rf rﬁ%?’&&?ﬁﬁg"é?ﬁ'!ﬂsﬁ‘%%"ﬂﬁ“ jop ipgludes Hﬁ&rﬁ{ﬂ\%ﬁﬁ &g

forms. For &xgbiigl but bca FEplesdsoul protein according to the invention into target
cells. Administration e.g. orally or parenterally is effected in

conventional manner in a form allowing intracellular penetration, such as by
liposome-mediated delivery. '

For these uses the exact dosage will of course vary dépending
upon the compound employed, mode of administration and treatment desired;
ascertaining the most suitable dosage in a'particular situation is within
the skill of the man of the art. '
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be altered to encode an enzyme that can be detedfed ~preteh=t-hon

col orl ess substrate which produces a col or upon ' TSHAS BEBN E. coli
[err]-gal actosidase. If the gene for this enzyng |ﬁ %m¢@5b|n pljpce of
the env gene, the unspliced nRNA form woul d produce t ye—wHl | e t he

spliced formwould not. A second simlarly conveni ent |nd|cator gene could
al so be encoded in the nRNA so that it wagpd be expressed in the spoocesho
nMRNA form for exanple, by fusion to the Tax sequences. Further variations
on the above approaches for rapid and efficient mass screening would be
readi |y apparent to tTiee diavemtfiot his futther indicated for use in the design and

engineering of anti-viral drugs based on transdominancy. A means has now
been found for manipulating viral gene function which appears to be of
general applicability for several viral species, although the structural
basis therefor varies widely in the various viruses. This unexpected
finding opens the way for studies aimed at designing further specific,
possibly low molecular weight, possibly non-peptidic transdominant
inhibitors of viral replication, in particular the design of inhibitors able
to mimic the transdominant, i.e. primarily the RNA-binding domain in the
mutant Rev or Rex protéins, such as low molecular weight inhibitors or
neutralizing monoclonal antibodies.

It is to be understood that various combinations or changes in
form and detail can be made to the invention as described above without
departing ‘from the scope of the present invention.

It is also to be understood that further mutants as described
above, including mutants among the specific mutants already constructed and
disclosed herein but which have not been characterized but may be
characterized upon more detailed investigation as being transdominantly
inhibitory and/or multivalent, and further mutants in accordance with the
principles described above but not specifically disclosed herein, also fall
within the scope of the present invention. |
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-30- In another aspect the.invention relates to a reagent kit for screening
agents to identify a specific inhibitor of the—gene activation function of
t he Rex proteln according to the method above

_ i T onents
i sted under ﬂmﬂl m'lunum tionally fu.t her@%i%mfgsggﬁgrgf t he
fol | owi ng: nedla uﬂMthe cultun --------- s that are
used in determning the tevel ®of *nucl ear export of either the spliced or

the unspliced formof the reporter nRNA-78+t her directly by nucl ei 90e93V9
hybri di zati on, for exanple, or indirectly by inmunol ogi cal detection, for

I nstance, of the protein products of the spliced and
CLAINMNS:

1. A gene coding for a protein which transdominantly represses the
phenotypic expression of functionally equivalent genes of more than one
viral species and thus blocks replication of more than one viral
species; or a functional fragment or derivative thereof.

2. A protein vhich transdominantly represses the phenotypic expression of
functionally equivalent genes of more than one viral species and thus
(- blocks replication of more than one viral species; or a functional
fragment or derivative thereof.

3. A gene according to claim 1 or a protein according to claim 2, whereby
the repressed genes are selected from twvo or more of HTLV-I 535,
HTLV-II rex, HIV-1 rev, BIV-2 rev, SIV rev, EIAV rev, visna virus rev
and bovine immunodeficiency virus rev; or

a gene according to claim 1 or a protein according to claim 2, whereby
the repressed genes are HTLV-I rex and HIV-1 rev; or

a gene according to claim 1 or a protein according to claim 2, whereby
the repressed genes are HIV-1 rev and HIV-2 rev; or

a gene according to claim 1 coding for an HTLV-I Rex protein or a
protein according to claim 2 which is an HTLV-I Rex protein, having a
mutation between about amino acid positions 22 and 101 of the wild-type
Rex protein, preferably betwveen about 82 and about 97, especially

- between about 87 and about 94; or

e —
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unspliced forms of this mRNA; and instructioffs Th@rgss s 8 g%’t\' the above

conponents of this Kit—for—practising the me hod o EPDEERVE ifn. The
above net hodLﬂﬁmm'E screeni ng vark s for
dom nant neg mmm "’(/\hen t hese rex gene nut ants were coexpressed
with the plasmi dpgTAR L'FR kN the Rex inhibitor detection systemof the

I nvention, a class of nutations was found, simlarly as under 5.1.
conprising am no acid substitutions in t+9-Rex protein at position '90D-8579
64-65 and 119-121, which resulted in proteins that not" only | acked Rex

function but also acted as transdom nant repressors of the function of the
wi | d-type Rex ageneiaccardinghtei¢laimd geding fer an BB Yok RehProtgineeE @ s of

the function Qfrobbfn WebskditipCrd eYafll 2t $hith is an HTLV-I Rex protein, having a
mutation between about amino acid positions 59 and 121 of the wild-type
Rex protein, preferably at about position 59, 60, 64, 65, 119, 120 or
121; or :

a gene accdrding to claim 1 coding for an HIV-1 Rev protein or a protein
according to claim 2 which is an HIV-1 Rev protein, having a mutation
between about amino agid positions 68 and 90 of the wild-type Rev
protein, preferably i:;tween about 78 and about 86, espe_cially between

( about 78 and about 83 or 84; or '

a gene according to claim 1 or a protein accordi'ng to claim 2 selected
from the gene or protein of or derived from pcRexM2, pcRexM7 and -
pcRexM8; M6, M7 and M13; and pM10; or

a functional fragment or derivative thereof.

S
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ThIS nut ational_anal ysis al so produced a second class of negatlve mut ant s
onprising substitutions at. Rex ami no acid pos « whi ch

Iacked Rex functu II”H ME"I pr ot ei ns Were ag/ﬁrso%ﬁﬁf‘étel y
targeted to the t ransdom nant . |L

BYhird ¢l ass of
negative nutants, exenp i fi ed by a single mutant which has substitutions at
Rex am no acid positions 141-143, retainsggartial Rex function and 998-9579
targeted to the nucleus but failed to localize in the nucl eol ar regi on of
the nucleus; this nmutant protein was also not a transdom nant repressor of
HTLV-1 Rex 4.unAtgeme. caddiageforcauptoteinicxeat prnteds sihichi transédadinahelynveprasisas
| ocal i zation a e h he_po
char ged resi dugl];éé *@%ﬁ?@eﬁ&%%%@aa?#%gtﬁ#gﬂ o ﬁﬁ,vt 6r & ?hﬁéé’i%ﬂl
fragment or derivative thereof.

5. A gene or protein according to claim 4, whereby HTLV-I rex gene
phenotypic expression is repressed; or

a gene according to claim 4 coding for an HTLV-I Rex protein or a
profein according to claim 4 which is an HTLV-I Rex protein, having a
mutation between about amino acid positions 22 and 101 of the wild-type*
[ : Rex protein, preferably between about 82 and about 97, especially
' between about 87 and about 94; or

a gene according to claim 4 coding for an HTLV-I Rex protein or a
protein according to claim 4 which is an HTLV-I Rex protein, having a
mutation between about amino acid positions 59 and 121 of the wild-type
Rex protein, preferably at about position 59, 60, 64, 65, 119, 120 or
121; or

a gene or protein according to claim 4 selected from the gene or protein
of or derived from pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex13415;
apd M6, M7 and M13; or

g; a functional fragment or derivative thereof.

—_—
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(H Siom et al. Cell 55 [ 19881 197-209). In addition, the findings suggest
that for a Rex protein nutant to serve as a L.un;UV“'P"“* repressor of Rex
-31- function, that nutant may need to have |ndtHISoPHEETaHAS EEER! | t ar get i ng

activity but al S0 a distinct nu ol ar | ocalli zati BEBPRACERI ty off the Rex
protein. These flnmmml‘ ﬁ mutants h roxi mat e
bounds of at | eas y: di stinct peptide donalns within the Rex

protein, a first ofe f nvol ved i n nucleqmland nucl eol ar targetlng GpB-9579

6. A gene coding for a protein or a protein which transdominantly represses
the phenotypic expression of the rev gene of HIV-1, HIV-2, SIV, EIAV,
visna virus or bovine immunodeficiency virus; or.a functional fragment
or derivative thereof.

7. A gene or protein according to claim 6, whereby HIV rev gene phenotypic
expression is repressed; or

a gene or protein-according to claim 6, whereby HIV-1 rev gene
phenotypic expression is repressed; or

a gene according to claim 6 coding for an HIV-1 Rev protein or a protein
according to claim 6 which is an HIV-1 Rev protein, having a mutation
between about amino acid positions 68 and 90 of the wild-type Rev
protein, preferably between about 78 and about 86,'espécially betwveen
about 78 and about 83 or 84; or

a gene or protein according to claim 6 selected from the gene or protein
of or derived from pM10, p49/14 and pAl0/14; and pM21, pM22, pM27, pM28,
pM29 and pM32; or

a gene or protein according to claim 6 selected from the gene or protein
of or derived from pM10, pM21 and pM32; or

a functional fragment or derivative thereof.
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second involved in effector activity. The Rex mutants deficient in nuclear
targeting are located in the:ipositively charged '

t S i iﬁﬂi ge 7it he am no
term nus of Rex tThigShegeldas B feREEG | oyus] y shown %@T?BHA§§E§Nn cl eol ar
| ocal i zati on signa |ide conpri sing a f;gfﬁépninalxtmenty

am no aceds was at iher: protein by reconbi nant DNA mEans, this
domai n i nduced both nuclear targeting and nucl eol ar | ocalization of that
protein in a pattern simlar to that obs#2ved for Rex (H Siom et %0~9579
[1988] supra). Thus it is not-likely that the nutant at Rex ami no acid

positions 141-143 lies in a region that is required for nucleol ar
| ocal i zat i &n, AcDih segmenih that enpedesna txansdemigent (repressor nfictheufurintion of

failed to | ocahbZerivDI IREk ProYeSR) Ahe’ PEHrelstY belfy Moalfikd £FH RCU11d Gpe

alteration form of the'Rex protein by at least one transdominant negative mutation
in the peptide domain of the wild-type Rex protein that exhibits the
effector activity of the Rex protein, the repressor having substantially

the nucleolar localization activity of the wild-type form of the Rex
protein.

9. A transdominant repressor of the function of the HTLV-I Rex protein, the
repressor being modified from a wild-type form of the Rex protein b& at
( least one transdominant negative mutation in the peptide domain of the
wild-type Rex protein that exhibits the effector activity of the Rex
protein, the repressor having substantially the nucleolar localization
activity of the wild-type form of the Rex protein.

10. A transdominant repressor of HIV-1 Rev function comprising a first and a
second domain, the first domain having substantiélly the specific
binding function of wild-type HIV-1 Rev and the second domain not having
the activation functions of wild-type HIV-1 Rev, the second domain being
modified from wild-type HIV-1 Rev by one or more mutations.

11. A transdominant repressor of HIV-1 Rev function comprising a first
domain having substantially the specific binding functions of
wild-type Rev, said transdominant repfessor not having the activation
functions of wild-type HIV-1 Rev.

L O



in this mutant nost likely affects the Rex nucle | ocal i zation function
in the amno termnal domain indirectly, fpr_instwﬂqé_ S -rference
Wi th proper protein folding. The second major fu .

of Rex enconpasses “3@ no (tyrosi ne-i sokay : 65
(tyrosine-tryptop Hm“gmmllaﬂ I t hr eoni ne- phenyl aI SR ). An
alteration at each ¢ hese"di Scréte sites (M, M/ and M3 nutants) | eads
to the production of a Rex protein that-&bth | acks bi ol ogi cal acti 90039529d
di spl ays transdom nant inhibitory properties. Five different mutations
havi ng no effect on Rex function separate the region of Mo and M/ from t hat

of M3 in llaeA |RTREEYS SoFUecRreMRratkionRes 3 geneiaccordimigcte iany onmoft he
interaction oéldiReSE, %4\end 6 which comprises isolating the corresponding wvildtype

gene from an appropriate expression system, putting this gene into an
appropriate cloning system, introducing the desired mutation into the
gene and recovering the résultant mutant gene from the clones having the
desired mutation.

13. A process for the preparation of a protein according to any one of
claims % 4 and 6 vhich comprises expressing and amplifying a mutant
gene according to any one of claims 1, 4 and 6 in an appropriate

(- expression and amplification system and recovering the resultant product
therefrom.l

14. A pharmaceutical composition comprising a gene according to any one of
claims 1, 4 and 6 or a protein according to any one of claims 2, 4 and 6
or a functional fragment or derivative thereof in a form suitable for
achieving the desired prophylactic or therapeutic effect, together with
a pharmaceutically acceptable carrier or diluent.

15. A method of treatment of a viral infection which comprises administering
a gene according to any one of claims 1, 4 and 6 or a protein according
to any one of claims 2, 4 and 6 or a functional fragment or derivative
thereof in a form suitable for achieving the desired prophylactic or
therapeutic effect, to a subject in need of such treatment.

16. A method of inhibiting replication of HIV-1, HTLV-I or HTLV-II
comprising introducing a DNA segment according to claim 8 into a cell
having the ability to replicate one of these viruses and to express the
DNA segment to produce a transdominant repressor of HTLV-I Rex function.

17. A method of inhibiting HIV-1 replication comprising introducing into a
cell infected with HIV-1 a transdominant repressor of HIV-1 Rev

function. .
e
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discrete regions within this functional domain nay require proper protein

fol di ng.  Thus the entlre | I.near

i on of the=Rex—preternr—ercefnpassi ng
t hese two regions m‘“tl Uﬂ N‘I t are nost TEIS SHEEN HABBERMX |jef f ect or
function appears t e effectqr fun@EPOACED the Rex protein

and, therefore, represents the domai n to be muEated to produce
transdoninant repressors of Rex. -32- The present findings do not
address the domain of Rex in which -84~ 900-9579

18.

19.

20.

21'

A gene according to any one of claims 1, 4 and 6 or a protein according
to any one of claims 2, 4 and 6 or a functional fragment or derivative
thereof for use as a pharmaceutical. '

A vector containing a gene according to any one of claims 1, 4 and 6 or
a functional fragment or derivative thereof in a form suitable for
achieving delivery in a functional form into a target mammalian cell.

An inhibitor able to mimic the transdominant domain in a mutant
Rex or Rev protein according: to claim 3, 5 or 7.

A method for identifying a specific inhibitor of the gene activation
function of the Rex protein comprising the steps of:
i) providing a genetic system comprising:

- a DNA segment encoding an mRNA which comprises a regulatory
response element that is recognized by the Rex protein, and at
least one unused splice site; .

- a DNA segment encoding a rex gene that is capable of being
expressed to produce a protein product which induces export of the
mRNA from the nucleus;

- a host cell transformed by the DNA segment encoding the rex gene

T and by the DNA segment encoding the mRNA and having the capability

to express the protein product of the rex gene and to express the
mRNA; '

ii) contacting a culfurg comprising the cells of this genetic system
vith an agent suspected of being a specific inhibitor of the Rex
protein under conditions such that the agent enters the cells;
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I's located the act|V|ty required for-recognition of the RexRE (RRX) in an
MRNA. AccordlngLy-—+%—+s—ﬁe%—kﬂeﬂﬁ—mhether to serve as a transdon nant
repressor of Rex rex protein ity to
bind (directly or i‘u“m}lmmmm“‘m RexRE, or |f el enent
of sone other virus thattistrecogni zed by Rex. o) Lhe

I nvention relates to a DNA segnent that 9codes a transdom nant

of the function of the HTLV-1 Rex proteifiy_ as well -as such a. transgéﬁﬁﬁgét

;epres?or This repressor is a protein that is nmodified froma w ld-type
o of Lo I, gk Shllabl Thal Sk P b AP o BkndiSORL A Shy RELESS B
substantial |y the theciRNAl ehatl compriises itive umisedi splice site; and
iv) determining the effect of the agent on export from the nucleus of a
spliced form of the mRNA in which the splice site has been used;
vhereby a decrease in the éxpoft of the mRNA that comprises the unused

splice site together vith no decrease in the export of the spliced form
of the mRNA indicates that the agent is a specific inhibitor of an
activity of the HTLV-I rex gene or of an activity of a paroduct of the

rex gene.
rex

s

{ 22. A reagent kit for screening agents to identify a specific inhibitor of
the gene activation function of the Rex protein according to the method
of claim 21, comprisingz
- a DNA segment encoding an mRNA vhich comprises a regulatory response

element that is recognized by the Rex protein, and at least one unused
splice site; -

- a DNA segment encoding a rex gene that is capable of being expressed
to produce a protein product which induces export of the mRNA from the
nucleus; and

- a container containing a host cell transformed by the DNA segment
encoding the rex gene and by the DNA segment encoding the mRNA, the
cell having the capability to express the protein product of the rex
gene and the mRNA.

6300/VA
1506 VASP13/VASP23
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of the wild-type formof the Rex protein. In particular, the negative
mutation of this repressor is one-:that affects an amno acid in the peptide
domai n of the wild-type Rex protein that corrpr| : a-alk
position 59 to about am no acid position 121, T’éibwma E
the follow ng positions: 59, 60, 64, 65, 119, {20 anﬂE&Q&cgg e
encodi ng the Rex repressor is exenplified by any
rex genes: Ms, M/, ML3 and variants and derivatives thereof Whl ch exhibit
transdom nant repression of HILV-1 Rev protein function. The sequence of
this DNA segnent is derived fromthe Rex gene of any isolate of HTLV-1 (L.

Ri nsky et : tRaee 3F2 [1988] 738-740; M Seiki et al., Science 227
[ 1985] 122%59\?—“Tcreat ed by chem cal synthesis.

any of

MOLTIVALENT REPRESSOR OF GENE FUNCTION

Transdominant repressors of viral gene phehcl:ypic expression
derived from the rev gene product of HIV-1 or the rex gené product of HTLV-1
and corresponding mutated genes aré described, having the capability of
repressing the Rev function in HIV-1 and/or the Rex function in HTIV-I and
HTIV-II. Transient gene expression analysis of a series of missense and
deletion mutants has been used.

Some of the mutants found repress both the Rev and the Rex
function and are thus active in more than one viral species.

Transdominant viral mutants represent a promising new class of
anti-viral agents. Cellular expression of these transdcminant inhibitors
may be used in such therapeutic approaches as intracellular immunization in
order to protect cells against the deleterious effects of viral, e.g.

HIV-1 infection.
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repressor of Rex function is made by standard.reconbi nant
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by standard chem ca

protein structure at or
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activity of the Rex protein are exenplified as desc
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-33- produce variants and derivatives of Rex which exhibit transdom nant

repression of HILV-1 Rex protein function accqreieg=ta the present
i nvention. Such |ocalized defects include, fo it etFoRg or
insertions of single am no acids or substituti _%EEEy pT
structurally simlar amno acids. On the ot hertan 32 ve

del etions or insertions, or substitutions that dlsrupt y
(e.g., aproline in a [err] sheet regiorp-are highly likely to hd00-857%ct s
on distant parts of the protein through influence on protein folding;
therefore, such nmutations at the indicated positions within the domain
required for Rex effector function BB &GUtRIB keld to produce nutant Rex

2/24

1 MPKTRRRPRRSQRKRPPTPWP‘QG 25

( 26 LDRVEEIDT-TCL-VYKATGA-so
51 LGD.VRP-IVTHWPPV-I-PG 75

M9 M10 .
75 T-MDA-AQLYSSL LSlLo[SlPP PP 99
M1l Mi2 - M13 Mi4 Mi§ ™o
100[REIPLRP[SRS|ILPR[GS|LIQPP TFHP P[S 5)125
M13 M8 M1 M20
1269PCANTP-EMDTWNPPLGmQPC150
M2t M22
151LFQTPD[S)JGPKTCT[PSIGEJAP[LSIACT 174
M23 M2n M25 M26
175[S T S|F P P|P sipelpsjcp T 189

M2§ . M28 M29
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proteins that retain substantially the nucl eol ar Iocallzatlon act|V|ty of
the wld-type formof the Rex protein. The tF i
5.3. above were also tested for inhibition'o‘1RmysHEEE&ﬁ%RBEﬁM
repressors of HI'V-1 Rev as well. The anti-vi PORERHACED of t

T anm assay

transdom nant Rex nutants has been denobnstra

ound to be
| s cl ass of

inhibition of HIV-1 replication. In additjon and as already nentigned above
it has now been di scovered that HTLV-1 . ReX can al so functionally 08570t e
for the anal ogous HTLV-11 regul atory protein even though the nucl eotide
sequence of the corresponding respo HTLV-11 has a sonmewhat
Q?ﬁlgﬂggFgf Fﬁe RexRE (RRX) in HTLV-I
3/72%

different stemand | oop structure f
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The invention thus further relates to a nethod of inhibiting replication of
H V-1, HTLV-1 and HTLV-11 conprising introducing a DNA segnent as defined
above whi ch encodes a transdom nant represso

Xx_function into a cel
having the ability to replicate one of these'vmnygﬁ&57 i al so has
the ability to express the DNA segnment to pr duce nant
repressor. This cell may be one that was,pré€ FYpp-957910r €

of these viruses or this cell may be an unlnfected target ce
nore of these viruses.

for one or

FIGURE 2B

4/24%
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-34- For the preferred enbodi ment of the genetic. systems renttoned above a
Rex responsive reporter plasmd, pgTAX-LT \Aﬁ,ﬁsgpggam EEEiNg 13B).

Briefly, the pgTAX-LTR vector caontains the tvvo mrqumcrEmom ngt exons of the
tax gene separated by the HTLV-I env gene | -1 3 LTR
contai ning the RexRE (RRE). Expression of these HTLV- | sequences i s
pronoted by the i medi ate early regi on e$-t’he human cytonegal ovi r909-95n9
addi ti onal pol yadenyl ati on sequences are provided by the 3' region of the
rat preproinsulin gene (B.R Cullen, Cell 46 [1986] 973-982). This vector
produces Env only in the presence of IR6xU lMiEweVv2d Tax is synthesized in the
presence or absence of Rex. This vector does not itself produce Rex dLﬁz_]tO

S

ect Has Been Replaced

\\ll\l\\ [



the introduction of a nutation at the Sphl sige=nhi
the Rex translation initiation codon. In the’-ﬁHﬁnQ@Eg
produces Tax protein reflecting translation if then&a ' RNA speC|es
fromthis vector that lacks virtually all of T =S

when pgTAX-LTR is cotransfected with the rex expre55|on p A
synthesis of the HILV-1 Env protein is acfivated. This 62-68 kD p Bb%ﬁ?
readily identified as evidenced by |nnund%re0|p|tat|on with the anti E
envel ope nonocl onal anti body 0.5 al pha (S. Nhtsushlta et al., Proc. Natl.
Acad. Sci. USA 83 [1986] 2672-2676) %ﬂ%ﬁ ligne 1). In contrast, no
HTLV-1 Env protein is detected when ?s replaced by either pREV (Lane
2) or pCW-1L-2 (Lane 3), which encode respectively the H V-1 Rev protéVﬁ
and

is CO|nC|dent Wwith

|

|

I
I
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human | L-2 pol ypeptide. Similarly, no Env protein is identified when cells
ul _ Thus in the
genetic system defined above HTLV-I Env expre8shol ATETRS S
specifically induced in the presence of a profei i
activation function of the wild-type Rex protlet Fncluding a
gene that provides a protein having Rex iﬂpction, I f contac ‘h saﬁggsnt

i nhibits Rex function, Tax protein continues to be produced unl esd

agent affects sone viral or cellular activity that is not related to the
expression of the gene or the produg ;0§ ¢ eggene that provides Rex

function, i.e. unless the agent is not a specific inhibitor of that gezézgr
its product—Thus _as indicated in Fxanple 12 and Figure 15,
Mutant Target sequence : = Amino acid Mutant sequence
No. : position No.
1 Thr-Ser 22-23 Asp-Leu
2 Phe-Phe-Ser 30-31-32 - Leu-Asp-Leu
3 Gln-Ser 35-36 Asp-Leu
4 Glu-Thr 40-41 Asp-Leu
5 Pro-Ser ' 49-50 Asp-Leu
/ 6 Tyr 54 Leu
7 Ala-Tyr 58-59 Asp-Leu
8 Pro-Tyr 63-64 Asp-Leu
9 Gln-Ser 69-70 Asp-Leu
10 Arg-Ser 72-73 Asp-Leu
11 Pro-Ser 77-78 Asp-Leu
12 Leu-Ser 82-83 Asp-Leu
13 Tyr-Ser-Ser 87, 88, 89 Leu-Asp-Leu
14 Leu-Ser 90-91 Asp-Leu
15 Ser 94 Leu
16 Pro-Ser 96-97 Asp-Leu
17 Arg-Glu 100-101 Asp-Leu
18 Ser-Arg-Ser 106, 107, 108 Leu-Asp-Leu
' 19 Gln-Ser 112-113 Asp-Leu
20 Ser-Ser 124-125 Asp-Leu
21 Pro-Ser 133-134 Asp-Leu'
22 Ser-Thr-Ser 145, 146, 147 Gly-Asp-Leu
23 Ser 157 Leu
.. 24 Pro-Ser 164-165 Asp-Leu
25 Gly-Glu 166-~167 Asp-Leu
26 Leu-Ser 170-171 Asp-Leu
27 Ser-Thr-Ser 175, 176, 177 Leu-Asp-Leu
28 Pro-Ser 181-182 Asp-Leu
29 Pro-Ser 185-186 Asp-Leu
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advant ageously the exenpl ary met hod for |dent|f i ng specific i nhi bitors of

-35- Rex functlon i ncl udes;: the si mul t aneous a §76F=F|?E!9t:t:£av Tax and

Rex prot ei.n mlj B@PrquPi"“ y be noted that ifn SlblHAS BEENC| fi C

i nhi bition o by t ransdomi nant r ' LAEEBY i bgﬁibel ow and

|n Figure 15 of HTLV-1 Tax protein evidently T ases. This
pr obably a resu t of an I ncrease in fhe nuclear export of th@oapégﬁed

formof t he Env N

FIGURE 4 |
#| | 8/24
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MRNA thaL_ustx;49qx#4{%Fﬁ++or to splicing due to a lack of Rex function. =

However , r ncr I %Eﬁﬁff'c I nhi bitor of x_function nmay prevent
spI|C|ng of i nduce export off 4
Accordrngly thod for identifyi

function req there be no decrt cl ear export of
the spliced nRNA that |n the present srtuatron pr oduces 8rotein.
The use of this systemis exenplified ir9Exanple 12 below. In th|99 -9579
mut at i onal. anal ysi s agai n ol i gonucl eoti de-directed nutagenesrs in the NﬂB

a 25 PR ORAST O S RIC R OEAATOTIRCT CAdrele TG

di peptide aspartic acid-1leucine by insertion of an |n frane

ﬁﬁEerors of Rex

&13 'rceL e_c:r cAa A% TTA aM' CTC TTA TCC cl'c &A

4 AQ crc-r&c kCiT TGA GAT c:'rC AN @_&c Icc, CccT

#1S: GT-TCC TrETco c;'TA GAT orc c;c'r CCT- ch ‘c.t,« |

«t»«a .QO CJC__G.&C TCC CCA &AT cJ'c QQA ccc &QEQ.&A,_'.

{:ﬁ- CI' coT TG CCA c,c,t\ G,AT' c.'rA Ccr- cr;\ &G.A [ AP

'_M’ cer: c,n\ h&.}; 't;c:r: 'rrA G.&T' c,rc rrr\ c,cc CeC cA .

* lﬂ 616. TOC TTEKCCC CC{A G.IrT GTA cTC- AT’A C/cA cCo

#20 CA- TTC, CAC COT _004 & AT C;ro Zo’.a c.c& IGC 6&4

'*QA G6C G,cr\ Am' Aor CCh GkT ETC 6»\"\- A'rﬁ 6&7‘404

%22, CA c,c,c, t‘TG G.G,c GGA GAT CTC o&& CCOUOTEATCTT

3. TT: Trc c»\ﬁ kcc CCA: GM‘ cTe Gac cece .MA ACC

’k-.'l'-t cc MA /\oc, TQT ACA G,kT‘c,T"r Gac. GAG Gor CCG _




ol i gonucl eoti de dupl ex which al so contained the diagnostic Bglll
restriction site. Each of these rex nutants was then inserted into the
pBCl12/ CW eucaryoti c expression vector (B. R QrH:Le_gL Cell 46 [1986]
973-982) and the nutations were verified by DNkﬁiﬂg%- . Imof the rex
mut ati ons was exam ned for biological activityjjby cogg m%?“s | ith the
pPgTAX-LTR vector. Wile nineteen of the rex | - . Igg-%ype
phenotype, five nmutants (ML, M, M, M/ and ML3) | acked apparent m‘ g e
activation activity and one nutant (ML5) displayed only partial function
(Fig. 14B). COS cells were next cotransfected with these six rex defective
mut ants and the pgTAX-LTR vector, followed by sinultaneous anal ysis of
HTLV-1 Env, Tax and Rex protein

25 COTGT ACA CLe TCA-GAT-CTG GCT-CCGTTG TCT

¥L: CT- GGG GAG GCT- CEA'GAT- CTT-GEA TG T-ACC-TCT

#£2F CT-GCATGT Acc;_T'TA' QAT-CTC-TTIT-CecCCLLCLLA.

#2§; COAGC TTT CLL CLAGAT-CTACLT-66 ¢ CLO TCC

$20: CL LA TCA LT GAA GAT-CTC TARL CLU ACETRA
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expression as described in Exanple 12 (see al so Fig. 15 A-C). Wile HTLV- |
Env was only detected in the presence of the n (Fig.
15A, Lane 7) or the partially active M5 nutar THE gHEEPAASERR §), the 40
kD Tax protein was detected in all of the cultures GlEPgAcLﬁB) Thus the

| ack of env gene expression observed with the?* VM ekt ML 3
mutants is due to the specific |loss of Regj_biol ogl cal act|V| ty ratm.gsmn
-36- non-specific, toxic effects of these proteins in the transfected COS

P ———

PIGURE 5 :
9/24
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cultures. Each of the nutant Rex proteins was also identified in these
cultures indicating that all of the nutants were g 35S in_a stable
manner (Fig. 15C). The M2, M6 and ML3 nmutants m ¢ ;
was indistinguishable fromthe wild-type Rex protgi ' Neg 2, 3,
5 and 7), whereas the M/ and ML5 proteins exhi bi t &6 S ‘
nol ecul ar wei ght (Lanes 4 and 6) and the ML nutant vyi el ded an
el ectrophoretic doublet of proteins (Lard24). Sequenci ng of the pri®0e®Iv9
coding regions in the ML, M7 and ML5 nutants failed to reveal any changes
ot her than the specific nutations introduced. Thus the bi ochem cal basis
for these apparent differences in SiEE Ui RSBy rdklects altered

post-transl ati onal processing of these nutant Rex proteins. 10/24

- 67 8 83 86 92 131
SAEPVPLQLPPLERLTLDCNEDCGTS ........SGAKE.

. Mutant

pM1S DL
pM16 DL
. PM17 DL
I pM1B DL
pM19 D
pM20 DL
p M2l ) DL
pH22 DL
pM23 .
pM24
P M25
pA9/19 D= e e e e ]
PA18/19 D=« :
rA18/23 D e e eee = - - =
FA22I14 . D + T,
pA23/14 _ ' EDec mcc oo
Puz? . A .., -
P M28 A
A

5,
L]

* L] . L] [ ] L) - » L 4 L

L * - L] L] L] L * a L

pM29
f M32 A .
pM33 ' : NS
*M34 Y
M35 _
p 36
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MLS protein did not localize further within the nucleolar regi on of the
nucl eus and, in fact, ML5 appeared to be excluded fr¢ _ .
16). These results suggest t hat residues away fromtreT'Bgs i at
the N-term nus may be involved in or contribute to t
| ocal i zation of Rex. The rex nutants were al so exanined for their capacity
to block the biological acti'on of the wlgztype HTLV-1 Rex protein gbe
wld-type HHV-1 Rev protein (Fig. 17). ﬁ—cotransfect ed with pgT L%
and pREX in CCS cells (Panel A), a 10fo| d nol ar excess of the M5, M/ and
ML3 nut ants displayed a dom nant neg@ti\@upﬁeg\ot ype in that the action of

th | d-t
o . 12724

M1 CCT ATG GCA GGA GAT CTC GGA GAC AGC GA

M2 GA AGA AGC GGA GAA_GAT CTC GAA GAC CTC CTC
M3  C CTG.AAG GCA GTAGAT CIC ATC AAG TTT C

M4 AG TTT CTC TAT CAA GAT CTC CCA CCT CCC A
M5 G ACC CGA CAG GCA GAT CTG AAT AGA AGA AG
M6 G GCC CGA AGG AAA_GAT CTG TGG AGA GAG AGA C
M7 G AGA CAG ATC CAT ATT GAA CGG ATC CTT AGC
M8 GT GAA CGG ATC CTA_GAT CIT TAT CTG GGA CC
M9 TAT CTG GGA CGA_GAT CTG GAG CCT GTG ¢€C

M10 CAG CTA CCA CCA GAT CTG AGA CTT ACT CIT
M1l GAG GAT TGT GGA_GAT CIT GGG ACG CAG GG
M12 CAG GGG GTG GGA_GAT CTT CAA ATA TTG GTC
M13 CAA ATA TTG GTG GAA_GAT CTT ACA GTA TTG GAG
M14 CT ACA GTA TTG GAA_GAT CTA GCT AAA GAA TAG

e
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In contrast, the ML,

-37- Rex protein was markedly inhibited (Lanes 3-5).
M2 and ML5 proteins acted as recessive negati vh .,ré[H

the wild-type protein was not altered (Lanes 1
8) nor di = ane 9). The capacity of the trans- dom nant Rex-nutants to

protein of HHV-1 did not interfere with the ac

bl ock the fyi0giidsBéenReplackh the HI V-1 system was exami ned next (§gglosy'B) -
When cotrans ““\ﬁ“‘“\\“‘m““TAT and pREV in COS cells, a 10-fold nolar “excess
of
FIGURE 8 .
13/24

Q
o2}
@
r~
g .
0
‘ <
}
I
‘ =
Q
1
.’m
f -~
©
SRR o)
' .
i ™
\ ' N |
s:_' o
la

#



M6, M7/ or ML3 Rex mut ant s dnhibited the actlon

> Rev-proterw: (Lanes 3,
4, 5) as evidenced by di m ni shed expression of t e it or m of
the Tat protein. The ability of these transdom:aani bl ock
H V-1 viral replication was al so studied (Fig. 17C). Repli cati of a

Rev-deficient H V-1 provirus, pHXB2-Bam p3 (L. Rinsky et al., Nature 335

[1988] 738) in the presence of Rex and graded anounts of transdonj eX
mut ants was studi ed by transfection of %és cells with these pl as%@g%lg

i ndi cated by synthesized levels of the HV-1 p24 Gag protein in cultﬂre

supernatants, the transdom nant Rex éjﬁ‘s (NB M/ and -ML3) produced
dose-related inhibition of H V-1 I’pr'[l of. contrast, the recessive

negative ML nutant of Rex was w thout signifi cant effect on H V-1 14/24

HIV-1 p24 Gag Expreasion (pg/mi)
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replication. Together thesefindings with the varigus. rex nutants_of
Exanpl es 12 .and 13 hereﬂqgﬁ&mhadicate the approxi rty o,

Rex protein of ThS fferent structural
activities. Thus , \ﬁmhdefined by the Ml als=bf- $
| ocated at the | vés am no acids 5-7 and 14-15 and appears
to play arole in targeting of the protetﬁ_to t he nucl eus and theggngﬁgthe
nucl eolus. This positively charged domarh"may al so be invol ved i n”Rex
binding either directly to te RexRE (RRX) or to other proteins that
directly contact this RNA el enent. P S@q€ed dgmai n, which has been
descri bed above, is gaplbical for 1 X el fect g Inction _and therefg;;i
. 15724

"C>N

Nz=C




-38- 5.4,

can be nutated to produce transdom nant repressors.

Summari zing the findings under 5.1., 5.2. and 5. 3 - | uded
that: a) a generally applicable principle has beenTHﬁlﬁU?EBHAgraﬁﬁhb Ing
viral inhibitors by mutating a critical regul atorjy prof&PRACERh as[lRex or
Rev; '
-18- 900-9579
FIGURE 11A
16724

25.7—

-184—
14.3— D dh e QPO SuD-gng —~86aa

6.2—
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b) this principle appears applicable to the production of nutant regul atory
proteins acting on a plurality of viral species; | the s Er : _
t ransdom nant nutants whi ch have been construct ed.éfﬂrtﬂsﬁﬁ"éﬁ{i ar e
HTLV-1 Rex nmutants effective in inhibiting HTLV-1§rex Jef-AYRIL L i on]
pcRezM2, pcRexM/, pcRexMB, pcRezML7 and pcRex13[ert[15 (see 5.1. and

——ae " a8

Exanples 1-3); - M5, M/ and ML3 -19- (see 5.3. and Exanj00e9579
12-13); - HIV-1 Rev nutants effective inTinhibiting HHV-1 rev gene
function: - pl0, p[err]9/14 and p[err] 10/ 14 (see 5.2. and Exanpl es

4-11); - pM1l, pM2, pM27, pMS, q;lvgg(;emq{ BEM32118
13/24

| 23456
_ - —1
| e —u
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(see 5.2. and Exanples 1la and 11b); - HTLV-1 Rex nutants effective in

i nhibiting HTLV-1 rex gene function and al so “efffF&ct IVE T Tnihrorting H V-1
rev gene function: - pcRexM2, pcRexM’ and pcRexMBT& F'e};') h"‘”%' E»?anpl e 3);
- M5, M7 and ML3 (see 5.3. and Bxanpl S&F15CER) .

t-39-" -
HTLV-1 Rex nutants effective in inhibiting HTLV-I and HTLV-TT rex and HI V-1
rev gene function: -20- 900-9579
FIGURE 12
18/24
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o
2 o030}
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- Mp, M7 and ML3 (see 5.3. and

Exanpl es 12-13); - HI V-1 Rev

mut ant effective in inhibiting HV-1 rev gene ¥ fective
ininhibiting HHV-2 rev and SIV[err] rev gene [|uitBiSoirET - HASBEEN
(see 5.2. and Exanple 11b). - 40- 6. E X A MP BEEASHH efol‘owlng
Examples illustrate the invention. They are no e Viewed as bei ng
limtative. _21- 900-9579
FIGURE 12A
19/24
{20 .40 60 80 100 6
I - ! I l ! ! |
( _ - :
NL
e Yo . i
RNA BINDING ACTIVATION
- DOMAIN DOMAIN
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6.1. Exanple 1: Construction of a transdom nant HTLV-I

rex gene 1. C oning

of the rex coding sequence into the RF-DNA of bacteriophage ML3 5 [err]g

pcRex DNA were treated with 10 units each of restriction-

sgaaHi ndl | |

and EcoRl in 20 [err]l
ph 7.5 10 nM MyC [err]; 50 MM NaCl; 1 nmM DitH

restriction enzyme i ncUpatjonmbef fes BEES!
ot hr@am:@k‘p*a:t 37]

Tri s- EA
rr]C for 3

hours. The reaction m xture was di rectly | oad
(Seakem FMC I nc.

-:'\.u ot

se gel

i i /U

Rockl and, Mg, USA) corm@ni ng 1 [err]g/ m et hidi %00-9579

brom de and subj ected to eI ectrophoresis at 50 V; 25 mA for 4 hours in

Tri s-acetate buffer

T. I ati : I I I n AL
( Mani atis et Fa& " UNR F‘.eculg}r Cl oni ng, aboratory

Manual [1982],
20/24
=]

. MuoM Maa M2 M23 May Mas Mag M3 Mé M2 4
mpk[T[RRAIPRREQSKRlPPTAWPTS[aGlLOJr V[F FlspTals JcL &
41 Ms e ‘ M7 M8 m
TVIWKIATGAPSLGDYVRPAIYIIVTPIYWPPVQSI|IRS|IPGTPSMD
' 126
. Ms M10 M11 M12 M13
aALsAQLiYssltsLDosPPsPPR|IZEPILRPISRS|ILPIRAQS|LtQPP|TE
121 M4 M15 M1E  1g0
HPPSSRPCANTPPISEMDTWNPPILGS|TSQPCLFQTP|IDSG|PK

151 M17 M18 189

TCTIPSGEAPLSACTSTSFPPP[SPIGPSCPT

>
SD
; o env  SA L. 3iTR
CMV Immediate Early
Promoter
Svap PGTAX-LTR
orn
Ampicillin®
pBR 322 _

ori e S
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Cold Spring Harbor Laboratory, New York, p. 156). The separated DNA was
visualized on a 366 nm UV-lanp and an appropriate_gel _slice containing the
1.5 kb rex fragment was excised. This gel section ijal ysi s
bag containing 500 [err]| Tris-borate buffer (Mn ﬁ%%kgffﬂ?%%?@:@;e DNA
was electroeluted into the buffer and precipitat at——=220et
ethanol. 5 [err]g of bacteriophage ML3npBO RF-DNA were treat ed vmgob-gm
restriction enzymes H ndlll and EcoRl and the 7.2 kb vector M3 fragnent
was isolated froma 1 % agarose gel in the sane way.

- FIGURE 14

21/24
B
-HTLV-|
Env
(.
*=HTLV-I
Env
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-41- 200 ng phage DNA and 1 [err]g cRex DNA were_mxed in 20 'err]la
ligation buffer (50 nM Tris-HO pH 7.4; 10 mM My l}see M, )
Dithiothreitol; 1 MM ATP) with 1 unit of T4- DNA- @@%i@%&ﬁ@%ﬁ%‘? for 15
hours at 16[err]C. This reaction m xture was use ' byt f orm and
plate out E. coli strain TGL (Anersham protocol, p. 16-18). The DNA of
appropri ate phage pl aques was checked hygiendonucl ease cl eavage wi 209-058
restriction enzynmes Hindlll and EcoRlI, followed by anal ytical gel

el ectrophoresis through a 1 % agarose gel containing 10 [err]g/m ethidium
bromide in Tris-acetate buffer. A Fart@ti BphagdScarrying the rex coding
sequence was identified and desi gnated nplOrex. 21724

 «<HTLV- Env

B
- «—HTLV-]l Tax
C «—HTLV-! Rex
%
%
{ L‘/
4
©
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Si ngl e-stranded npl Orex DNA was isolated using a | arge scal e preparation
prot ocol (Amersham protocol p.24-25). -42- 2. Mitagenesis of the rex
codi ng sequence in nplOrex As a prerequisite of the
necessary to synthesi ze appropriate single-stranded
ol i gonucl eoti des (see Figure 4) were made, which eveaty

- mutants, of which the follow ng seven M|éynuwleot|des | ed
. Exanple 2) indirectly

FIGURE 16

23724

Mi3

M1S

/

is Sheet Has Been Replaced

T L



to the mutants which were found to be successful in terns of transdom nant

phenotype: (1) 5'- TG GAC AGA GIC TTA GAT .CTG GAT ACC CAG TQI__-.S" Bglll (2)
5'- AC TAT GIT CGG CCA GAT CTC ATC GIC ACG CGE—=3~_Bu Wl CC TAC

ATC GIC ACA GAT CTC TGG CCA CCT GIC -3' Bgll I3 (TJD)‘SE}H- e ‘

GAT CTC TTA TCC CTC GA -3' Bglll (5) 5 - AG GJC TAC

TCC CCT - 3'
—26- 900-9579

FIGURE 17
24/24

3123456789
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Bglll (6) 5'- ‘GT TCC TTA TCC CTA GAT CTC CCT CCT TCC CCA -3' Bglll (7) 5'-
_CT CCT TCC:CCA CGA GATCTA CCT CTA:AGA CCC -3' Bglll Aigonucleotide (1) |sq
substituting the am no acid residues phenyl al ani ne (position.3Q). _ H
phenyl al ani ne (position 31) and serine (position 32) |nREPpAﬁ§y§_ HERTHY
the anino acids |eucine (position 30),-adpartic acid (pog+t+en ’;?Eog EET

| euci ne (position 32). 0 6 DEC 1996

MULTIVALENT REPRESSOR OF GENE FUNCTION

1. FIELD

The invention concerns the field of viral gene expression, more
particularly the phenotypic expression of the rex (regulator of
virion-protein expression) gene of HTLV-I and its equivalents in other

retroviral species, such as rev of HIV-1.

2. BACKGROUND

Viruses, particularly human retroviruses like the human
immunodeficiency virus type 1 (HIV-1) or the human leukemia virus type I
(HTLV-I) are the causative agents for very serious diseases. This is in the
case of HIV-1 the Acquired Immune Deficiency Syndrome (AIDS) and in the case




-43- digonucleotide (2) is substituting the am no a¢RHFIASEMESE BHERT pe
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some cases of variant T-cell hairy cell leukemia. Both virus groups are '
dividing their replication cycle, similarly to the DNA viruses, in an
"early" and a "iate” stage of gene expression. The "early" phase of gene
expression is characferized by the expression of the regulatory proteins,
while in the "late" phase the structural proteins are synthesized.

The HTLV-I genome is coding for an activator of viral
transcription termed Tax. The equivalent of Tax in HIV-1 is termed Tat.

Tax and Tat appear to act primarily on the retroviral LTR (long terminal
repeat) for viral gene expression. In addition, HTLV-I encodes an activator
of viral structural gene expression termed Rex. A functional Rex protein is
responsible for the increased transport of unspliced viral mRNA out of the
nucleus into the cytoplasm of the infected cell. There these mRNA species
are constituting the viral genome and encoding the structural proteins.
Human Immunodeficiency Virus Type 1 (HIV-1) encodes a homologous protein
termed Rev. The rev gene product is, as Rex in the HTLV-I systenm,
absolutely required for the expression of the HIV-1 structural proteins.

The underlying reason for this is that the product of the rev
gene (and its equivalents in other viral species) is having a dramatic
effect on the selection of the splicing mode for the viral mRNA transcripts
in infected cells. This effect is achieved in the case of Rev and Rex by
posttranscriptional regulation, namely by enhancement of the transport into
the cytoplasm of full-length mRNA transcripts, vhereby expression of viral
structural proteins such as Gag and Env for HIV-1 is initiated and
expression of regulatory proteins is concomitantly suppressed (see e.g. for
Rex M. Hidaka et al., EMBO J. 7 [1988] 519) or modulated (see e.g. for Rev
M.H. Malim et al., Nature 335 [1988] 181). Thus Rev is not required for the
expression of the fully spliced ﬂIV—l mRNAs encoding the viral regulatory
proteins, including Tat and Rev.

In HIV-1 the selectivity of the induction noted above is due to

an RNA target sequence required for Rev function termed Rev Response Element
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present within the HIV-1 env gene. The equivalent structure in HTLV-I is

termed Rex Response Element (RexRE or RRX). Rev appears to be the first

protein which has been shown to regulate the nuclear export of RNA in a
sequence specific manner.

Taking Rex as an illustration, the complete function of the Rex
protein in regulating expression of the HTLV-I gag and env genes requires at
least three functionally distinct component activities: nuclear and
nucleolar localization, i.e. the capacity to be transported from the
cytoplasmic site of synthesis of all proteins to the nucleus and there to be
concentrated in the nucleolar region; specific recognition (directly or
indirectly) of the RexRE (RRX) sequence in viral RNAs; and Rex effector
activity, the presently still unknown activity of this regulatory protein
wvhich actually mediates export from the nucleus to the cytoplasm of
partially spliced viral mRNA species that include the RexRE sequence.

Regarding the structural locations in the Rex protein where
these component activities of the complete Rex function reside (i.e. the
functional domains), all that was known prior to the present invention is
that a positively charged peptide domain in the first twenty amino acids at
the amino terminus of Rex is required for nucleolar localization (H. Siomi
et al., Cell 55 [1988] 197-209).

As mentioned above both the rex gene product for HTLV-I and the
rev gene product -for HIV-1 are required for replication of the virus (see
e.g. for HIV E. Tervilliger et al., J. Virol. 62, [1988] 655). The crucial
importance of Rex and Rev is underscored by the fact that in spite of their
different primary structures, they are related functionally, and HTLV-I Rex
is able to exert its function in the other viral species, i.e. in HIV-1
(L. Rimsky et al., Nature 335 [1988] 738): thus even though
- Rev and Rex do not share any significant homology on the nucleotide as

vell as on the amino acid level,
- the nucleotide sequences and stem and loop structures of the RRE differ
from those of the RexRE (RRX) in HTLV-I,
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- computer-generated prediction of secondary structures of the Rex and Rev
proteins reveal no significant similarities and
- the Rex protein does not appear to bind to the same part of the RRE as the
Rev protein does,
it is nevertheless possible to substitute the Rev protein by the Rex protein
in the HIV-1 system, and further, it has very recently been found that
"HTLV-I Rex and HIV-1 Rev can substitute for HIV-2 Rev (Rev2) and that HTLV-I
Rex can also substitute for the analogous HTLV-II regulatory protein. This
complementation is sufficient to rescue e.g. a rev-deficient HIV-1 provirus
providing functional Rex protein in trans. On the other hand the reverse
substitution to rescue a rex-deficient HTLV-I provirus by functional Rev
protein does not seem to be feasible. Thus there is no complete symmetry in
this respect. The basis for this lack of reciprocality is not yet
understood, but it probably relates to differences in the functional aspects

of these proteins that are required for target RNA sequence recognition.

Mutations in regulatory proteins may yield a gene product with a
dominant negative phenotype over the wild-type function (I. Herskowitz,
Nature 329 [1987] 317). Dominant negative mutant proteins, known as
trans-dominant repressors, a small group of which have been discovered
recently in several unrelated viruses, represent a novel class of anti-viral
agents. In genetic analyses, negative mutations are those which cause a
diminution or loss of a function of a gene. Dominant negative mutations are
those that prevent other copies of the same gene, which have not been
mutated (i.e. which have the wild type sequence), from functioning properly.
On the other hand recessive negative mutations do not so inhibit wild-type
counterparts. Further, some dominant mutations inhibit wild-type genes only
when the mutant and wild-type genes are located on the same chromosome (DNA
or RNA molecule). In this case the inhiﬁiting mutation is said to be
"cis-acting". Alternatively, a dominant mutation may inhibit the
corresponding wild-type gene even when located on a separate chromosome.
This type is classified as a "trans-acting" dominant mutation or, more

~simply, as a transdominant mutation.
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A fev of these so- transdominant genes have been
described, concerning genes for eukaryotic or Herpes virus transcription
factors (I.A. Hope and K. Struhl, Cell 46 [1986] 885; R. Gentz et al.,
Science 243 [1989] 1695; S.J. Triezenberg et al., Gen. & Devel. 2 [1988]
718; A.D. Friedman et al., Nature 335 [1988] 452). Thus, when overexpressed

some deletion mutants of the Herpes simplex virus trans-activator VP16

inhibit VP16 function, thereby precluding replication of HSV-1l in normally
permissive cells. As regards retroviruses, transdominant mutants have also
been described, e.g. for the Tax protein of HILV-II (V. VWachsman et al.,
Science 235 [1987] 674) and, after the priority date for the present
invention, for the HIV-1 tat (M. Green et al., Cell 58 [1989] 215) and gag
(D. Trono et al., Cell 59 [1989] 113) genes.

These differences in compositions and functions of these two
regulatory proteins indicate that comparison of Rex structure with that of
the Rev protein or its known mutants offers no guidance at all for selecting
mutations that might produce trans-dominant repressors of the viral

proteins.

A therapeutic application of the above concepts would involve
the inhibition of production or overproduction of a deleterious gene product
by manipulation of the gene to create dominant negative mutations whereby
the resultant gene is encoding mutant regulatory proteins which when
expressed disrupt the activity of the wild-type function (I. Herskowitz,
Nature 329 [1987] 219). In the situation of viral, e.g. retroviral
infections it thus appears highly desirable to provide corresponding
transdominant repressors of virus function by the construction of similar
inhibitors of essential regulatory genes, e.g. inhibitors of the rev or -
rex gene. This approach would provide the requisite tools for
"intracellular immﬁnization”, an approach to the treatment of viral
infections first proposed in 1988 (D. Baltimore, Nature 335 [1988] 395).
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Engineered transdominant versions of the HTLV-I rex and,
respectively, of the HIV-1 rev gene have now been made, the product of which
blocks HTLV-I, HTLV-II or, respectively, HIV-1 replication. Furthermore,
the product of some of these engineered transdominant versions of the rex or
rev gene blocks both HTLV-I (and in some instances HTLV-II) and HIV-1
(and in some instances HIV-2 and SIV) replication.

This appears to be the first reported occurrence of the
preparation of viral repressors acting in more than one viral species, i.e.
of transdominant gene products repressing the phenotypic expression of
functionally equivalent genes of more than one viral species.

The invention thus concerns genes coding for proteins which
transdominantly repress the phenotypic expression of functionally equivalent
genes of more than one viral species and thus block replication of more than
one viral species, particularly the mutant genes in pcRexM2, pcRexM7 and
pcRexM8; M6, M7 and M13; and pM10, disclosed hereunder.

It also concerns genes coding for proteins which transdominantly
repress the phenotypic expression of the rex gene of HTLV-I and/or HTLV-II
and genes coding for proteins which transdominantly repress the phenotypic
expression of the ég! gene of HIV-1 and/or HIV-2 and/or SIV, particularly
the mutant genes in pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex13415;
pM10, pA9/14, pAl0/14, pM21, pM22, pM27, pM28, pM29 and pM32; and M6, M7 and
M13, disclosed hereunder. '



rex sequences were m xed together separately in 20
buffer in the presence of 1 unit of T4-DNA-I|igase
for 15 hours. The resultant reaction m xtures wer

AR B B Tlo er 1] ©

I rectly uSed 1o

8 land

transformE. coli strain HB101. The DNAs of differjent dl dni es
R DL B94 "

wer e anal ysed using the restriction endonucl eases [Hijnd
Bgl1'l, followed by analytical gel electfephoresis |t

jariose

gel . Plasmids identified in this way carrying the Jrex genes were deglgnated

pcRexM2,
pcRexML7,

pcRexM/, pcRexMB, pcRexML3, pcRexML4, pcRex P d
respecti VE{ plso concerns a process for the preparatzon of these genes

comprising isolating the corresponding wildtype gene from an appropriate
expression system, putting this gene into an appropriate cloning system,
introducing the desired mutation into the gene and recovering the resultant
mutant gene from the clones having the desired mutation. It also concerns a
process for the preparation of proteins as defined above which comprises
expressing and amplifying a mutant gene as defined above in an appropriate
expression and amplification system and recovering the expressed product

therefrom.

It also concerns proteins which transdominantly repress the
phenotypic expression of functionally equivalent genes of more than one
viral species and thus block replication of more than one viral species, in
particular the mutant proteins of pcRexM2, pcRexM7 and pcRexM8; M6, M7 and
M13; and pM10, disclosed hereunder. '

It also concerns proteins wvhich transdominantly repress the
phenotypic expression of the rex gene of HILV-I and/or HTLV-II, and proteins
vhich transdominantly repress the phenotypic expression of the rev gene of
HIV-1 and/or HIV-2 and/or SIV, in particular the mutant proteins of pcRexM2,
pcRexM7, pcRexM8, pcRexM17 and pcRex13415; pM10, pA9/14, pal0/14, pM21,
pM22, pM27, pM28, pM29 and pM32; and M6, M7 and M13, disclosed hereunder.

It also concerns a vector, e.g. a retroviral or plasmid vector
containing a gene as defined above in a form suitable for achieving delivery
in a functional state into a target mammalian cell in vivo or in vitro.

It also concerns a pharmaceutical composition containing a gene
or protein as defined above in a form suitable for achieving the desired
prophylactic or therapeutic effect, together with a pharmaceutically
acceptable carrier or diluent, e.g. in the form of cells taken from a
patients’s body and treated in vitro prior to reinsertion.
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It also concerns a method of treatment

of viral infections

comprising administering a gene or protein as defined above in a form

suitable for achieving the desired prophylactic or therapeutic effect to a

subject in need of such treatment, e.g. in the form of cells taken from a-

patient’s body and treated in vitro prior to reinsertion.

Under "treatment" is to be understood the prophylactic as well

as the curative treatment of viral infections, whereby "curative" includes

the stabilization of a viral infection at a stage of latency.

It also concerns the geﬁe;, proteins and DNA segments defined

herein for use as a pharmaceutical.

The invention also concerns the genes and proteins defined above

in the form of functional fragments or derivatives,

i.e. fragments or

derivatives which are functionally equivalent. Under "functional fragment

or derivative" is to be understood a fragment or derivative having a

pharmacological activity which is qualitatively identical with the

pharmacological activity of the intact mutant gene

or protein and is

quantitatively the same or different, i.e. either greater or smaller, than

' the pharmacological activity of the intact mutant gene or protein, e.g. from
about 1 % to about 10000 ¥, particularly from about 10 X to about 1000 X.

The invention also concerns inhibitors derived from the genes,

proteins and DNA segments defined herein and able to mimic the

transdominant, i.e. primarily fhe RNA-binding domain in a mutant Rex or Rev

protein as defined above, such as low molecular weight inhibitors or

‘neutralizing monoclonal antibodies. Low molecular weight means herein a

molecular weight below about 10 kD, especially below about 1 kD.
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Further aspects which the invention concerns are as listed

hereunder:

- A trans-dominant repressor of HIV-1 Rev function comprising a first and a
second domain, the first domain having substantially the specific binding
functions of wild-type HIV-1 Rev and the second domain not having the
activation functions of wild-type HIV-1 Rev, the secondldomain being
modified from wild-type HIV-1 Rev by one or more mutations; preferably the
first domain comprises from about amino acid position 10 to about amino
acid position 68 of wild-type Rev and the modified second domain is
derived from about amino acid position 68 to about amino acid position 90
of wild-type Rev; especially, the above one or more mutations are missense
or deletion mutations which occur between about amino acid position 68 and
about amino acid position 90, preferably from about 78 to about 86,
especially from about 78 to about 83 or 84 of wild-type Rev, the specific
binding functions of the first domain of wild-type HIV-1 Rev remaining
substantially functionally intact; particularly the repressors pM10, pM21,
pM22, pM27, pM28, pM29 and pM32 disclosed hereunder or a functional
fragment or derivative thereof;

- a trans-dominant repressor of HIV-1 Rev function comprising a first domain
having substantially the specific binding functions of wild-type
HIV-1 Rev, this transddminant repressor not having the activation
functions of wild-tipé HIV-1 Rev; preferably the first domain comprises
from about amino acid position 10 to about amino acid position 68 of
wild-type Rev and the transdominant repressor lacks from about amino acid
position 68 to at least about amino acid position 90 of wild-type Rev;
particularly the repressors p49/14 and pAl0/14 disclosed hereunder or a
functional fragment or derivative thereof;

- a DNA segment that encodes a trans-dominant repressor of the function of
the HTLV-I Rex protein, the repressor being modified from a wild-type form
of the Rex protein by at least one trans-dominant negative mutation in the



-46- Exanple 3: Biological activity a) Biol ng cal activity of the nutant
genes in manmalian cells 0.25 [err]g of the régXw ne and each mut ant
rex gene expression vector was mxed with 0.2 i omc tat
(trans-activator) expression vector pgtat (M H. g
[1988] 181) and transfected into the Cos cell descrl bd in B.R

Cul l en, Meth. Enzynol. 152 (1987) 684-703. At}6p REGAR9s t | ahsfection
cultures were |abeled for 3 hours with_390 [efr erry §cysteine
and anal yzed for expression of the H V-1 Tat Jand the HTLV-I protein by

peptide domain of the wild-type Rex protein that exhibits the effector
activity of the Rex protein, this repressor/having substantially the
nucleolar localization activity of the wild-type form of the Rex protein;
preferably such a DNA segment in which the peptide domain of the wild-type
Rex protein comprises from about amino acid position 59 to about amino
acid position 121, especially in any one of the following amino acid
positions: 359, 60, 64, 65, 119, 120 and 121; particularly a DNA segment
compfising any of the following mutant rex genes: M6, M7, M13 and
variants and derivatives thereof which exhibit trans-dominant repression

of HTLV-I Rex protein function;

- a corresponding trans-dominant repressor of the function of the HTLV-I Rex
protein so modified from a wild-type form, preferably having the ability
to repress either the function of the HIV-1 Rev protein or the function of
the HTLV-II Rex protein;

- a method for identifying a specific inhibitor of the gene activation
function of the Rex protein comprising the steps of: |
i) providing a genetic system comprising:

- a DNA segment encoding an mRNA which comprises a regulatory
response element that is recognized by the Rex protein, and at
least one unused splice site (i.e. a region or intron that is
bounded by splice recognition sequences but that has not been
spliced out of the mRNA);

- a DNA segment encoding a rex gene that is capable of being -
expressed to produce a protein product which induces export of the
mRNA from the nucleus;

- a host cell transformed by the DNA segment encoding the rex gene
and by the DNA segment encoding the mRNA and having fhe capability
to express the protein product of the rex gene and to express the
mRNA;

ii) contacting a culture comprising the cells of thié genetic system with
an agent suspected of being a specific inhibitor of the Rex protein
under conditions such that the agent enters the cells;



i munopreci pitation analysis. A rabbit anti-pepti by
unopr ecipitation analy pep mgw.;g%bﬂgg

agai nst am no acid residues 1-61 of Tat and a rakl
directed agai nst am no acid residues 173-189 of Red were used in :
experinment as described in B.R Cullen, J. Virol.} 2 J@%&)C'PQQ&Z 01.
Precipitated proteins were resol ved on SDS/ pol yagr il e gel's

vi sual i zed by autoradi ography. The rexldntant gerles—enceded—imtte |vectors
pcRexM2, pcRexM7, pcRexMB, pcRexML4, pcRexML7 and pcRexlS[err]lS yielded a
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mut ants (Lane G)e WRNA ke t acqupsisesy eh@hmoséd 3plice site; and

iv) determining the effect of the agent on export from the nucleus of a

spliced form of the mRNA in which the splice site has been used;
whereby a decrease in the export of the mRNA that comprises the unused

splice site together with no decrease in the export of the spliced form of
the mRNA indicates that the agent is a specific inhibitor of an activity
of the HTLV-I rex gene or of an activity of a product of the rex gene; the
mRNA regulatory element that is recognized by the Rex protein preferably
being derived from an mRNA of a virus selected from HTLV-I, HTLV-II and
HIV-1;

- an identification method as defined above wherein the decrease in the
export of the mRNA that comprises the unused splice site is preferably
detected by determining the level of production of a first protein,
encoded by the mRNA that comprises the unused splice site, and the
increase in export of the spliced form of the mRNA is preferably
detected by determining the level of production of a second protein,
encoded by the spliced form of the mRNA;

- an identification method as defined above vherein the mRNA comprising
the regulatory response element and the splice site is encoded by a
plasmid comprising the 3’ end of an HTLV-I provirus including the coding
regions for the Rex and Tax proteins, the complete env gene, the Rex
response element and the entire 3’ LTR; preferably by plasmid pgTAX-LTR
disclosed hereunder; and the rex gene preferably is provided on
plasmid pRex;

- plasmid pgTAX-LTR;
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- a reagent kit for screening agents to identify a specific inhibitor of

the gene activation function of the Rex protein according to the above

- identification me;hod, comprising:

- a DNA segment encoding an mRNA which comprises a regulatory response
element that is recognized by the Rex protein, and at least one unused
splice site;

- a DNA segment encoding a rex gene that is capable of being expressed
to produce a protein product which induces export of the mRNA from the
nucleus; and ' .

- a container containing a host cell transformed by the DNA segment
encoding the rex gene and by the DNA segment encoding the mRNA, the
cell having the capability to express the protein product of the rex
gene and the mRNA;

a method of inhibiting replication of HIV-1, HTLV-I or HTLV-II
comprising introducing a DNA segment as defined above into a cell having
the ability to replicate one of these viruses and to express the DNA

segment to produce a transdominant repressor of HTLV-I Rex function; and

a method of inhibiting HIV-1, HIV-2 and SIV, especially HIV-1
replication comprising introducing into a cell infected with HIV-1 a
trans-dominant repressor of HIV-1 Rev function.
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4.1. for 5.1. and 6.1.:

Figure 1: Nucleotide and amino acid sequence of HTLV-I rex [the amino acid
positions substituted by oligonucleotides (1) (amino acid positions 87, 88,
89) and (2) (position 94) are marked, as well as positions 82, 90, 91

and 97. The full sequence contains 567 nucleotides, coding for 189 amino

acids.

FPigure 1A: Location of the 29 mutations introduced into the BTLV-I rex
gene. The HTLV-I rex gene encodes a 189 amino acid protein. Using
site-directed mutagenesis, missense substitutions were introduced at defined
amino acid residues (indicated by boxes) and are named according to their

location within the rex gene.

Figure 2A: Rex immunoprecipitation:

SDS/polyacrylamide gel electrophoretic analysis of 7 of the 30 rex mutants

after Rex immunoprecipitation (shows that pcRexM2, pcRexM7, pcRexM8,

pcRexM13, pcRexM14, pcRexM17 and pcRex13415 are still producing Rex

protein): '

A: pgtat (negative control for Rex antibody)

B: pcRex

C: pcRexM2

D: pcRexM?7

E: pcRexM8

F: pcRexM13

G: pcRexH14

H: pcRexM17 (the lower molecular weight in this lane is possibly due
to a change in the modification of this protein by,
e.g., phosphorylation)

I: pcRex13415
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pcRexMB, are able to inhibit both the wldtype reﬁ- ﬁﬁd—+h@_MLLd1ype

rev-nedi ated trans-activation. This set of experinents dennnstrates

i gure
cRexM/,

whi | e

1

on the

protein |level the transdom nant repression of Rev and/ or Rex—fthett
t he above FigwrendBanpiological phenotype of the mutants:

As for Figure 2A, after Tat immunoprecipitation:
A: pgtat + pXF3

B: pgtat + pcRev

C: pgtat + pcRex
pcRexM7
pcRexM8

G: pgtat + pcRexMl13
H: pgtat + pcRexMl4
I: pgtat + pcRexM17
K: pgtat + pcRex13415

4+
D: pgtat + pcRexM2
E: pgtat +

+

F: pgtat

Figure 2C: As for Figure 2B (shows that some of the Rex mutants are

n by

transdominant over wildtype Rex, namely pcRexM2, pcRexM7, pcRexM8, pcRexMl4,

pcRexM17 and pcRex13A415):
A: pgtat + pXF3 + pXF3

B: pgtat + pcRex + pXF3

C: pgtat + pcRex + pcRexM2

D: pgtat + pcRex + pcRexM?7

E: pgtat + pcRex + pcRexM8

F: pgtat + pcRex + pcRexM13
G: pgtat + pcRex + pcRexMl4
H: pgtat + pcRex + pcRexM17
I: pgtat + pcRex + pcRex13A4l5



-48- The results from Exanples 1 to 3 al so see
of two functional domains in the HTLV-I Rex pr
termnus there are two nutants (pcRexM/, am noj a
pcRexMB, am no acid positions 63,64) that are
and Rex proteins. A second cluster, containing
over the Rex protein, is located in theldmddl e
addi tional rev/rex transdom nant mutant (pcRex

to indicate the

exi st ence

trans m nant over
n DEG B96dani

o] the codi ng_sieq

M2, am no acid

o eattl HERR S5 2o

bot h Rev
nant only
uence. The

Figure 2D: As for Figure 2B (shows that some of the Rex mutants are

transdominant over wildtype Rev, namely pcRexM2, pcRexM7, pcRexM8 and

pcRexM13 partially):
A: pgtat + pXF3 + pXF3
B: pgtat + pcRev + pXF3

C: pgtat + pcRev + pcRexM2
D: pgtat + pcRev + pcRexM7
E: pgtat + pcRev + pcRexM8
F: pgtat + pcRev + pcRexM13
G: pgtat + pcRev + pcRexMl4
H: pgtat + pcRev + pcRexM1?7

I: pgtat + pcRev + pcRex134l15

FPigure 3: Rex mutants which have been constructed

Figure 4: Sequence of the 29 oligonucleotides synthesized to mutagenize the

rex coding sequence.



positions 30-32) |ocated between the nucl ear |ocalization signal and the
cluster conprised of nutants 7 and 8 could be-part of a third functional
dormain or alternatively the.introduced am no acid change m ght disturb the
tertiary structure of the protein, resulting inj# d_transdom nant
phenot ype. -49- 6.2. Exanple 4: Custered po’ tations
in Rev -16- {

4.2. For 5.2. and 6.2.:

FPigure 5: Location of mutations introduced into the HIV-1l rev gene. The
HIV-1 rev gene encodes a 116 amino acid protein with the predicted sequence
shown. The border between the two coding exons of rev is indicated (SP).
Clustered point (pM) mutations were introduced by oligonucleotide-directed
mutagenesis, as indicated by the boxed residues. These mutations were named
according to their location within Rev, with pMl the most N-terminal and
pM14 the most C-terminal. All introduced mutations affected from two to
four adjacent amino acids and all (except pM7) introduced a unique BglII
site into the rev gene sequence. These introduced sites facilitated the
subsequent construction of N- and C-terminal deletion (p4) mutants. The

pd mutants are named for the extent of the deletion, e.g. pAll/l4 is deleted
between the introduced pMll and pM1l4 mutatioms.

Figure 5A: Location of further missense and deletion mutations introduced
into the HIV-1 rev gene (-~ = deleted amino acid).

Pigure 6: DNA and corresponding amino acid sequence of pcREV.

Figure 7: DNA sequence corresponding to mutation sites M1-Ml4.

Figure 8: Immunoprecipitation of the HIV-1 rev and tat trans-activators.
Figure 9: HIV-1 proviral rescue assay.

Figure 10: Subcellular localization of Rev and selected Rev mutants by

indirect immunofluorescence.

Pigures 11A and 11B: Analysis of Rev mutants for a dominant negative
phenotype.



The Rev protein is phosphorylated at serine in vivo and is |ocalized
predom nantly to the cell nucleus where it is concentrated in the nucleoli.
The nutational anal ysis described bel ow addresses, apong.Qther factors, the

rel evance of these properties to the function of Revﬁﬁ?ﬁg@§y§%ﬁ1 it tor
of H'V-1 structural gene expression. Custered point -at+eas—Lner e

introduced into the HXB-3 strain of H V-1 Rev by, adaijn, .ol i gonucl egtijde

di rected nutagenesis, as described by Tayher et al., ucpéIBEBbDﬂs e$. 13
(1985) 8765-8785. Specifically, a bacteriophage ML3 nesis syste
(Amrersham Corp., Arlington Heights, IL, USA) was enpl oyed to introduc
targeted nupifeki iR Stdiipeki tiveOthibiktfod Wl RCREALLI enfoded

by the expression

Figure 12A: Domain structure of the HIV-1l rev trans-activator. The
116 amino acid full-length protein is encoded by two exons
separated by an intron largely corresponding to the viral env
gene. The "binding" and "activation" domains are shown as
hatched boxes encompassing residues 23-56 (approx.) and 78-83,
respectively. S = splice junction; NL = highly basic region
important for nuclear localization that shares considerable
identity with the "Arg-rich" RNA binding motif.



vector pcREV (Malimet al., Nature 335 [1988] 181-183). The DNA and
correspondi ng am no aci d sequences of pcREV appear..i.n.Figuce. 6. A_series of.

clustered point nutations were introduced into Revii(sée ML

Mt SIFIRE

5),

cloned, and their sequences confirned using a d|dapxyﬂuc4eﬁF+de~sequenC|ng

systen1(Stratagene La Jolla, CA USA $e mut at iions were
evenly throughout Rev and served to targ%

provi ded |,p Fi €5, Wiy khe altered nucl eotide
of the note ed in codons for asp

each of the 0@ 1996
therein. The DNA sequence at and surrounding each thaLLQn,Lphﬂ_phmé) are
s| bei ng underli ned.

ener al

| eucine (Leu) replacing the residues "boxed" in Figure 5. For

Figure 13:

(A) Amino acid sequence of the HTLV-I Rex protein and location

I% spaced
i ddes

Most

.....

of each of the 25 point mutations introduced. Nucleotides encoding

each of the boxed amino acids were removed and replaced in-frame by an

oligonucleotide encoding the aspartic acid-leucine dipeptide.

(B) Structure of the Rex—responsive pgTAX-LTR expression vector.

The

3’ end of the CR-1 HTLV-I provirus from the HindIII site at map
position 5013 (M. Seiki et al., Proc. Nat. Acad. Sci. USA 80 [1983]

3618-3622) through the 3’ LTR, was inserted into the pBC12/CMV
expression vector. This fragment contains the fvo coding exons for Tax
(vhite boxes), the complete env gene and the entire 3/ LIR of HTLV-I
including the RexRE (RRX) (S.M. Hanly et al., Genes Develop. 3 [1989]

1534-1544).

Figure 14:

(A) Rex, but not Rev or IL-2, activates the expression of HTLV-I Env
protein by the pgTAX-LTR vector. Subconfluent cultures of COS cells
were cotransfected with pgTAX-LTR and pREX (L. Rimsky et al., Nature
[1988] 738), pREV (M.H. Malim et al., Nature 335 [1988] 181-183) or
pCMV-IL-2 (B.R. Cullen, Cell 46 [1986] 973-982). 1In the final lane,
cells were transfected with pREX in the absence of pgTAX-LTR.

protein production was analyzed by immunoprecipitation

and gel

Env

electrophoresis. The migration of known molecular weight standards is

indicated on the left.

(B) Analysis of Rex function of rex mutants. After insertion into the

pBC12/CMV expression vector, each of the 25 rex mutants (designated
M1-M18 and M21-M27, see Fig. 13A; mutants designated M19 and M20 have
not been constructed) was cotransfected wvith pgTAX-LTR, and the

cultures vere analyzed for Rex-dependent HTLV-I Env protein expression

" as described in Example 12.



ease of

reference the nutations have been dESiglaLpu;guC qgggrh? their
| ocation within Rev, e.g. pML being the nost N-tj@&rr.nad~ Hat

nd . pML4

the nost C-termnal nutation. Wile the precise sgPucture of theg Yarious pM

mutants is shown in Figure 7, the majority of mut

codons.

Exceptions to this generalization include

®osed qnly two
;NM an 3 whijch} af.f ect ed

t hree codons and Mb -50- which af fect¥®# four lcodoms—tmTost ¢ ses, the

am no acid substitutions

Figure 15: Simultaneous analyses by immunoprecipitation of HTLV-I Env, Tax
and Rex proteins in COS cells cotransfected with pgTAX-LTR and vectors for
the inactive (M1, M2, M6, M7, M13) or impaired (M15) Rex mutants or the
wild-type pREX, pREV and pCMV-IL-2 vectors. (A) Env production; (B) Tax
production; (C) Wild-type and mutant Rex protein production.

Figure 16: Subcellular localization of HTLV-I Rex mutants by
immunofluorescence. The wild type, M6, M7 and M13 Rex proteins are
localized in the nucleoli and nuclei of expressing cells. In contrast, the
M1 Rex protein is detected only in the cytoplasm while the M2 protein is
distributed throughout the cell. The M15 mutant is localized in the nuclei
of expressing cells but, in contrast to the wild-type Rex protein, appears
to be excluded from the nucleoli.

Figure 17:

(A) Analysis of the ability of rex mutants to inhibit function of the
wild-type Rex protein. Each culture was cotransfected with pgTAX-LIR,
PREX and either one Rex mutant (Lanes 1-6), pREX (Lane 7),
pREV (Lane 8) or pCMV-IL-2 (Lane 9). HTLV-I Env production was
analyzed as in Fig. 14.

(B) The HTLV-I rex transdominant mutants inhibit the function of HIV-I Rev
protein. Cells were cotransfected with pgTAT, pREV and pBC/CMV-IL-2 or
the M6, M7 and M13 transdominant Rex mutants and assayed for
Rev-induced production - of the truncated 72 amino acid form of the Tat
protein (Lane 2). M6, M7 and M13 (Lanes 3-5) completely inhibited the
HIV-1 Rev protein as only the full-length 86 amino acid form of the Tat
protein was detected.

(C) The HTLV-I transdominant Rex mutants block Rex rescue of the
replication of Rev-deficient HIV-~1 provirus. Cells were cotransfected
with a rev-deficient HIV-1 proviral plasmid and pREX in the presence of
the indicated fold excess of the M1, M6, -M7 and M13 mutants.
Supernatant levels of HIV-1 p24 Gag protein were measured.



arose froma two-am no acid m ssense nutation, however, in pMs, Asp and Leu
replaced four arginine residues, thereby resulting iin.a.two amno acid

- deletion, while both pM4 end pML3 contai ns an additFQ

am no acid substitution not observed in the parental

substitution involves the replacenent of, aspartic a¢
position 23, while in pML3 valine repl &%s isol euci pe
These additional changes arose from single base errpr

single-stgand%pgqpﬁ QI' Bucl?pkig Rt Er $95°8% | 0 [ he nutagenesTs
protocol . Al | i ' or maten-of—uni que_Bgljl |

’-Tai,é@gmc&ﬂ% oHRpl e

“EdheciRe ]

for tyrosinejaj
at0 PABEC99 1D9

5 in the

sites, except pM/ which was constructed by the sinple deletion of two
adj acent serine residues (see Fig. 5). The Bglll sites were all inserted in

The procedures and techniques to be used in employing the

present invention are known in the art.

Viral species is herewith to be understood as being a
taxonomically distinct species such as HTLV-I, HTLV-II, SIV, HIV-1 and
HIV-2. The invention concerns in particular the field of retroviruses,

especially human retroviruses.

The genes the expression of which it is a.goal of the invention

to repress are preferably genes coding for an undesirable property, such as

a function resulting in activation of the provirus and maturation into

infective particles., e.g. rev of HIV-1 and HIV-2.

rev and Rev as used herein mean HIV-1 rev and HIV-1 Rev,

respectively, unless specified otherwise. Thus the equivalent rev and Rev

of other viral species, such as HIV-2, are specified as "HIV-2 rev (rev2)"

and "HIV-2 Rev (Rev2)", respectively, etc.

Insofar as their preparation is not particularly described

herein, the compounds, vectors, cell-lines, etc. used as starting materials

or reagents are known and publicly available or may be obtained in

conventional manner from known and publicly available materials, or

equivalent materials may be prepared in conventional manner from known and

publicly available materials. Thus e.g. the Rex gene may be recovered from

any isolate of HTLV-I and the Rev gene from any isolate of HIV-I and

PETAX-LIR may be recovered e.g. from HUT102 or MT1.

Alternatively, genes

may be created by chemical synthesis according to the genetic code to

produce a protein having the required amino acid sequence. A transdominant

repressor of Rex or Rev function is made by standard recombinant DNA methods

or by standard chemical methods for peptide synthesis, or by a combination

"of these methods, all of which are conventional.



the sane translational franme, thereby facilitating the subsequent
construction of NNtermnal and C-termnal deletion nutants (p[err]) of Rev.
The p[err] nmutants are designated by the | ocation (ﬁg@f FrI o6
p[err]11/ 14 has a del etion between the introduced pi: léajgd'/@ :4':@53[! ons.
-51- Exanple 5: Expression of Rev nutants The pareht al cytonmegarovjrps
| mredi ate early pronotor based vector p%blZ/CM\/ (B %Im,lﬁ%ll 46
[ 1986] 973-982) was used as a

5-1-

The invention in one approach concerns transdominant repressors

of the Rex function in HTLV-I, especially transdominant repressors of the
Rex function in HTLV-I which are also active on the functionally equivalent

but structurally unrelated Rev function in HIV-1.

Specifically, modified rex coding sequences were constructed and
expressed and found to possess the above property.

The wildtype rex coding sequence (see Figure 1) was changed
using a purchasable mutagenesis system in accordance with
"0ligonucleotide~directed in vitro mutagenesis system Version 2",

Amersham, England (1988), Code RPN.1523, hereinafter shortened as "Amersham

protocol”. The construction of the final expression vectors was carried out

in stages entailing in succession:

1) preparation of a bacteriophage M13 vector carrying the rex coding
sequence,

2) mutagenesis of the rex coding sequence and

3) recloning of the mutated gene into mammalian expression plasmids.

30 mutants were constructed, including one deletion mutant. The
position and nature of the 29 site-directed mutations is indicated in
Figure 3. The corresponding oligonucleotides used for mutagenesis are
listed in Figure 4. They all carry a BgllII restriction site.

The rex coding sequence was isolated from plasmid pcRex (= pRex)
(L. Rimsky et al., Nature 335 {1988] 738). Other sources for the wildtype
rex gene are available. Thus the rex gene may be cloned e.g. in analogous
manner to that described for the gag, pol, env and tax genes of HTLV-I in
B.K. De and A. Srinivasan, Nucl. Ac. Res. 17 No. 5 (1989) 2142, out of the
vhole genome of established HTLV-I-infected cell lines such as HUT102
(TIB 162) and MT2 (J.G. Sodroski et al., Science 225 [1984] 381; I. Miyoshi
et al., Nature 294 [1981] 770; V. Manzari et al., PNAS 80 [1983] 1574),
using e.g. the polymerase chain reaction.




negative control. Al so enployed here| n were the gerRer-6 gene
vector pgTAT, and the secreted al kal i ne phosphata.ﬁjﬂgﬁﬁ*ﬁ AeESE
pBCl12/ RSV/ SEAP (Malimet al., supra, and Berger e -
1- 10, respectively). The expression vector pcREV W
the pMand p[err] rev nutants descri bed herein.

mutants (Malimet al., supra, and Malimet al. TE 39 54-57).
Specifically, COS c®hd tetlandr cev (ceglmjsemeédﬁrﬁamléé?@ Ry MRERIASIi at ed
transfect| ‘i!%ﬁEJ icRegl. g1 fvldeen (MRh bureFn7y Tabeg 112811 .198Kdy @8¢- 703)

using 0.2 err
J alternatlvely be isolated e.g. from a HIV proviral clone such as MHXBZ

(Catalog No. 70, AIDS Research and Reference Reagent Program, June 1989,
NIH). '

The biological activity of the various rex genes obtained was
tested in a sensitive assay for the action of the HIV-1 rev and the HTLV-I
rex gene products by expression of the different genes in COS cells (Gluzman
et al., Cell 23 [1981] 175. As well as initiating the synthesis of viral
structural proteins, the Rev and the Rex proteins both induce the production
of a truncated form of the HIV-1 Tat regulatory protein (M.H. Malim et al.,
Nature 335 [1988] 181-183; L. Rimsky et al., Nature 335 [1988] 738-740).
Coexpression of a genomic HIV-1 tat gene together with a functional HIV-1
rev or a HTLV-I rex gene leads to the cytoplasmic expression of an unspliced
EEE.mRNA encoding a truncated one-exon form of Tat that is 72 amino acids in
length. The absence of a functional Rev or Rex protein will allow the
expression of a full length Tat protein of 86 amino acids, corresponding to
the two-exon form of Tat. Thus the presence of an active trans-repressor of
the rev or rex function leads to reduced or abolished production of the 72
amino acids Tat protein. This difference can readily be visualized upon

immunoprecipitation analysis.

As shown in Figure 2C, 6 out of 30 mutants were found, namely
pcRexM2, pcRexM7, pcRexM8, pcRexM14, pcRexM17 and pcRex13415, which had a
trans-dominant Rex repressor. The same pattern also was found with pcRev
(see Figure 2D), namely for pcRexM2, pcRexM7, pcRexM8 and partially
pcRexM13, indicating that transdominancy is not limited to the HTLV-I gene,
and that some of the mutants are transdominant for both genes, namely, in
this particular instance, pcRexM2, pcRexM7 and pcRexM8.




i .
pdTAT and 0.25 [err]g of the wild-type or a nodified pcREV expression

vector w th DEAE-dextran and chl oroqui ne. Sixty hour?

the cultures were labelled with [[err]S]-cysteine ar

phosphate ([[err]P]-Pi) in.parallel as described by Vg
supra, and Hauber et al., J. Virol. 62 [1988] 4801-04.
3

|l ysed with RIPA buffer and the relative |evel of rev
the cultures assayed by i nmmunopreci pitaRBon anal ysi g

FES PR np

usSTng rabpbit
pol ycl onal antipeptide antisera (Malimet al., [1988],

STRFaRs I@RTgan,
£ 1 dni c
limet al., 1984,
Teb oEd $96hdn jwere
nd tat expresgign in

supra. and_Cul llen et

al., J. Virol. 62 [1988] 2498-2501). Mre specifically, antisera to Rev
am no aci d resi dueswhil20s¢nREVE/ @) reswl tgsEirstoebiainehdpdied tedt thatosheymoshe

mut ant pr&ﬁéﬂe@?f&f“ﬁ&fk?lopy wvere located between amino acid position 87 and 94, and

it thus appeared that a portion of the rex/rev gene lying between about

amino acid position 82 and about position 97 was of particular significance

in the engineering of trans-dominant Rex/Rev repressors, further testing has

shown that the range for preferred positions of the mutations on the Rex

protein is broader, i.e. that they may lie at least as near the N-terminus

as amino acid position 22 and at least as far toward the C-terminus as amino

acid position 101.




pMb and pM5, while antisera to Rev am no acid residues 27-51 (REV27/51) was
used for immunoprecipitation of all remaining nmutant proteins. ‘
| mrunopr eci pi tation analysis of tat expression was pgnEoer med:usin q#ﬁ%ﬁﬂt
pol ycl onal antipeptide antisera to Tat amino acid regi ques—ISBI I PAFAG1).
-52- The i mrunopreci pitated proteins mers resol ved by el ectrophoresi$ on 14 -
% di sconti nous SDS-acryl anmi de gels and Vv %Ualized by |ayt 0@ &dDBEGriepHy] The

results of these experinents are depicted in Figure &, {wherein the

5.2.

j
i

In a further approach focussing on the Rev function in HIV-1,

transdominant rev repressors have also been found. It is possible that some
of these at least also inhibit the Rex function in HTLV-I or HTLV-II, but
this has not been tested here.

On the other hand it has been found that some of these at least
also inhibit the Rev function in HIV-2 and SIV,,c.

Extensive mutational analysis further has led to the delineation
of at least two distinet functional domains within rev that appear to be
essential for trans-activation. These domains are envisioned as comprising
a "binding domain" which directs the Rev protein to its appropriate target
substrate, and an "activation domain" which permits the functional
consequences of the binding event, transcriptional activation, to be
displayed.

Consequently, two functional domains within rev have been
defined: a binding domain likely to direct the Rev protein to its cellular
target, and an activation domain permitting the nuclear export of the
incompletely spliced RNAs that encode the structural proteins Gag and Env.
Mutation of the activation domain of Rev results in the expression of '
defective Rev protein which acts as transdominant inhibitor of Rev function.
Such mutants markedly inhibit HIV-1 replication when expressed in
transfected cells in culture and are thus also transdominant, as are the
mutants obtained under 5.1. |



relative mgration of known protein nolecul ar wei ght ‘e:r*sm1-s~~éep+~<;tad to
the right of the figure. Imunoprecipitation of the [[ 133} ‘§*ﬁfgﬁﬁb
[[err]P]-Pi labelled cultures with anti-Rev antisera re deplcfeﬁ“fn“~
Figures 8A and 8C, respectively. |Imunoprecipitation h n@ﬁ g stjeifne
| abel l ed cultures resulted in the majority of m ssens N? P

yi el di ng bands of an intensity and nobility conparabl tu t-he—w-d=-tyjhe
(Fig. 8A, lanes 1-14). Exceptions to th?é—generallzatlon i ncl ude nutant
pM6, which yielded an intense band of slightly faster nmobi 1Ty (lv[cu 1 18
kD) and pML, which glelded a _faint band of significantly sl ower i||ty

| mrunopr eci pi t at i onPettdlediiafermatipon sogreaningthis; seeoqd; 2ePFgpch 5°a

apparent from 6.2. hereunder. The transdominant mutants found thereby are
designated as pM10, pA9/14 and pAl0/14 (see Examples 4 to 11) and pM21,
pM22, pM27, pM28, pM29 and pM32 (see Examples lla and 11b), whereby pM10 was
found to be effective in inhibiting not only HIV-1 rev gene function but

HIV-2 rev and SIV,,. rev gene function as well.

Preferred under the above 9 transdominant mutants are pM10, pM21

and pM32, especially pM10.



antisera provided a qualitative assay for rev function using pgTAT as a

nodel indicator. As indicated above, absent rev, pgTAT G%QLesseamg fullx

spliced cytoplasnic tat mRNA which encodes the 86 am noj&EFHA

formof tat protein exclusively. In the presence of rev

I nduces the cytoplasm c expression of an unspllced t at that encode A
truncated, one exon form of the protei 262 aa | ong. WIH-}yFeé r[éE/Crﬁ%ra es
at a relative nol ecul ar rmass (Merr]) of 19 kil odal tonsj ( and is readijy

detected in Figure 8 (lane 0), while the 86 aa and the {72 aa fornms of Tat

mgrate ad-35.5 kD and 14 kD, respectively. Mock-transfected—euttures yidl d
no specific signal under these assay conditions (Malimet al., 1988,

supra),

whi l e i nspection of Figure 8B

In a yet further approach focussing on the Rex function in

HTLV-I similarly to 5.1., transdominant rex repressors have also been found
and a method developed that permits detection of Rex activities and is
useful for the identification of specific inhibitors of Rex function which
do not interfere generally with other viral or host cell functions. This
Rex inhibitor detection method utilizes a genetic system comprising a
Rex-responsive "reporter" gene that encodes an unspliced form of an mRNA
that includes a regulatory element, a RexRE (RRX) for instance. In this
system, a protein providing Rex function induces the export of this
unspliced mRNA from the cell nucleus to the cytoplasm. In the absence of
Rex function, this mRNA is spliced before export to the cytoplasm, as
indicated above. Upon contacting cells comprising this genetic system with
an agent suspected of being an inhibitor of Rex function, specific
inhibition of HTLV-I Rex function by that agent is indicated by a decrease
in nuclear export of the unspliced form of this particular mRNA, together
with no decrease in nuclear export of the spliced form of this same mRNA.
This method is useful for detecting, for example, chemical inhibitors of the
HTLV-I Rex protein, e.g. inhibitors able to mimic the transdominant doﬁifﬁ“
in a mutant Rex or Rev protein, e.g. low molecular weight chemical
inhibitor;, as wvell as transdominant mutant forms of Rex that act as
repressors of Rex.

To identify transdominant negative mutations of the rex gene,
again a series of point mutations were produced that altered segments of two
or three amino acids at various sites throughout the linear sequence of the
Rex protein, and several transdominant repressors of HTLV-I Rex protein
function identified among these mutants, several of which additionally
transdominantly repressed the HTLV-II Rex and/or the HIV-1 Rev protein
function and are thus, analogously to some of the mutants found under 5.1.,
also repressing the phenotypic expression of functionally equivalent genes o
one viral species. |



reveal s that conparable levels of total tat protein were synthesized in
both the cultures transfected with the nutant expres ctars _and those
co-transfected with the indicator construction pgTat. QFHL§C§ngé§Fg“p@1t

none of the nutant Rev proteins were toxic to the trangfected~cetts— This
anal ysis al so denonstrates that 5 of the m ssense nugants nd 2 of the

del etion nutants of Rev were inactive (gdzanes 4-7, 10? 16 QRd EﬁﬂngW1l e al
other Rev nutants appeared fully able to induce 72 aa 'at expression! Four

of the inactive m ssense nutations are clustered between
Accordingly, the invention also relates to-a-method~for--—

identifying a specific inhibitor of the gene activation function of the Rex
protein, comprising the several steps defined under 3. above. As noted
above the HTLV-I Rex protein is able to replace thé function of the HIV-1
Rev protein. In addition it has now been found that Rex also can substitute
for the analogous HTLV-II regulatory protein. Thus mRNAs from at least any
of these three viruses, which have a response element that is recognized by
Rex and at least one appropriate unused splice site, can be used in this
method.

Preferably the mRNA comprising the response element and the
splice site is encoded by a plasmid comprising the 3’ end of an HTLV-I
provirus including the coding regions for the Rex and Tax proteins, the
complete env gene, the Rex response element RexRE (RRX) and the entire
3¢ LTR. An example of such a plasmid is pgTAX-LTR. For convenience in
mutant analyses that require controlling the ratio of copies of a mutant rex
gene to wild-type rex gene copies, the rex gene on pgTAX-LIR is inactivated
by a recessive negative mutation and in this system, the active rex gene is
provided on the separate plasmid designated pREX. However, for testing
chemicals, for instance, the active rex gene could be provided on the same
plasmid or other vector DNA as the required mRNA of this system. Further,
this active rex gene might comprise a natural sequence variant isolated from
a strain of HTLV-~I other than that used in the present invention, or any
other mutant form of rex gene that is capable of being expressed to produce
a protein product which provides the gene activation function of the Rex
protein, including induction of export of the above mRNA from the nucleus.

The elements of the genetic system listed above could also be
provided by using a DNA segment encoding the entire functional genome of a
retrovirus as a part of this genetic system; it can be applied to infected
cells. However, for safety reasons as well as convenience, this genetic
system preferably is unable to produce any infectious virus. This is
accomplished by design into the system of a genetic defect that prevents
expression of at least one viral activity which is essential for production
of any infectious virus from which some genetic element is used. For
example, this may be done by omitting from the system at least a part of
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one viral gene or by some other mutation.

Preferably the host cell transformed by the rex gene and by the
DNA segment encoding the mRNA is exemplified by COS cells which have been
transfected by the plasmid vectors described above. Thus the term
vetransformation" as used herein encompasses the term "transfection" and
indicates a genetic transformation involving a vector DNA that encodes an
infectious agent, particularly a virus. After transfection such a vector
can then spread from the minority of transformed cells in the culture to the
majority of other cells by means of infectious virus particles, thereby
providing a larger sample of host cells expressing the genes of interest.

In addition the transformation of the host cells in the present genetic
system need not result in stable éonstructs; either stable or transient gene
expression systems may be used to provide the required mRNA and rex gene.
Thus a wide variety of known expression systems may be employed in
identifying inhibitors according to the present method.

In this method a decrease in the export of the mRNA that
comprises the unused splice site together with no decrease in the export of
the spliced form of this mRNA indicates that the agent is a specific
inhibitor of an activity of the HTLV-I rex gene or of an activity of a
product of the rex gene. For the case of a chemical agent that is found to
be a specific inhibitor by use of the pfesent method, the mode of action, in
principle, could include specific inhibition of transcription or tramslation
of the mRNA. More likely modes of action, however, include specific
inhibition of one or more activities of the Rex protein, including nucleolar
localization, recognition of the Rex response element, or the Rex effector
function.

Advantageously, the decrease in the nuclear export of the mRNA
that comprises the unused splice site is detected by determining the level
of production of a first protein, this first protein being encoded by the
mRNA that comprises the unused splice site (i.e., only the unspliced form of
the mRNA encodes this first protein); and the increase in the nuclear export
of the spliced form of the mRNA is detected by determining the level of
produétion of a second protein, this second protein being encoded by the
spliced form of this mRNA.
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Env protein. Splicing of this mRNA results in a shotrter mRNA that encodes
another HTLV-I protein, Tax. In e.g. Examples 12 and 13 below, the nuclear
export of the unspliced mRNA having an RexRE (RRX) element is detected by
expression of the Env protein. Further, .inhibition of such export of the
unspliced mRNA, which results from inhibition of Rex function, is detected
by a decrease in production of the Env protein. However, since this
decrease might also result from some general toxicity of an agent to the
virus or the host cell, specific inhibition of rex gene function is
indicated by a decrease in Env expression together with no decrease in
export of the spliced form of the mRNA, as reflected in no decrease in
production of the HTLV-I Tax protein. Thus preferably simultaneous analysis
of HTLV-I Env, Tax and Rex protein expression is effected.

In e.g. Examples 12 and 13 below the expression of the Env and
Tax proteins is determined by immunoprecipitation with appropriate
antibodies and electrophoretic analysis of the resulting precipitates.
Alternatives for, e.g., large scale screening of samples for specific
inhibition of Rex function inélude for instance enzyme-linked immunoassay
(ELISA) methods for Env and Tax, or alteration of the mRNA by genetic
engineering to provide some other, more convenient products for indicating
expression of the spliced and nonspliced forms. For example, the mRNA could
be altered to encode an enzyme that can be detected by addition of a
colorless substrate which produces a color upon hydrolysis, such as E. coli
B-galactosidase. If the gene for this enzyme is inserted in place df the
env gene, the unspliced mRNA form would produce this enzyme while the
spliced form would not. A second similarly convenient indicator gene could
also be encoded in the mRNA so that it would be expressed in the spliced
mRNA form, for example, by fusion to the Tax sequences. Purther variations
on the above approaches for rapid and efficient mass screening would be
readily apparent to the man of the art.
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ng of eitBerednifg N@ents U CdENtiey &/ SpbOIfiRBiabdbEMEt of the gene activation
function of the Rex protein according to the method above, comprising the

components listed under 3. above. This kit optionally further comprises any
of the following: media that are used in the culturing of cells; reagents’
that are used in determining the level of nuclear export of either the
spliced or the unspliced form of the reporter mRNA, either directly by
nucleic acid hybridization, for example, or indirectly by immunological
detection, for instance, of the protein products of the spliced and
unspliced forms of this mRNA; and instructions for use of any of the above
components of this kit for practising the method of the invention.

The above method has been used for screening various rex gene
mutants for dominant negative mutations. When these £g§'gene mutants were
coexpressed with the plasmid pgTAX-LTR in the Rex inhibitor detection system
of ‘the invention, a class of mutations was found, similarly as under 5.1.,
comprising amino acid substitutions in the Rex protein at position 59-60,
64~65 and 119-121, which resulted in proteins that not only lacked Rex
function but also acted as transdominant repressors of"the function of the
wild-type Rex protein and vhich also acted as transdominant repressors of
the function of the wild-type Rev protein. _

This mutational analysis also produced a second class of
negative mutants comprising substitutions at Rex amino acid positions 5-7
and 14-15 which lacked Rex function. These mutant proteins were neither
appropriately targeted to the cell nucleus nor transdominant. Further, a
third class of negative mutants, exemplified by a single mutant which has
substitutions at Rex amino acid positions 141-143, retains partial Rex
function and was targeted to the nucleus but failed to localize in the
nucleolar region of the nucleus; this mutant protein was also not a
transdominan; repressor of HTLV-I Rex function. These results raise the
possibility that the nucleolar localization activity may involve sequences
other than the positively charged residues identified at the amino terminus
(H. Siomi et al. Cell 35 [1988] 197-209). In addition, the findings suggest
that for a Rex protein mutant to serve as a transdominant repressor of Rex
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function, that mutant may need to have not only a nuclear targeting activity -

but also a distinet nucleolar localization activity of the Rex protein.

These findings on the Rex mutants here also define approximate

bounds of at least two functionally distinct peptide domains within the Rex

protein, a first one involved in nuclear and nucleolar targeting and a

second involved in effector activity. The Rex mutants deficient in nuclear

targeting are located in the positively charged peptide domain at the amino

terminus of Rex that has been previously shown to function as a nucleolar

localization signal; when a peptide comprising the amino terminal twenty

amino aceds was attached to another protein by recombinant DNA means, this

domain induced both nuclear targeting and nucleolar localization of that

protein in a pattern similar to that observed for Rex (H. Siomi et al.
{1988] supra). Thus it is not likely that the mutant at Rex amino acid
positions 141-143 lies in a region that is required for nucleolar

localization, even though this mutant was targeted to the nucleus but failed

to localize in the nucleolar region of the nucleus. Rather, the alteration

in this mutant most likely affects the Rex nucleolar localization function

in the amino terminal domain indirectly, for instance, through interference

with proper protein folding.

The second major functionally distinct domain of Rex encompasses

amino acids 59-60 (tyrosine-isoleucine), 64-65 (tyrosine-tryptophan) and
119-121 (threonine-phenylalanine-histidine). An alteration at each of these

discrete sites (M6, M7 and M13 mutants) leads to the production of a Rex

protein.that both lacks biological activity and displays transdominant

inhibitory properties. Five different mutations having no effect on Rex

function separate the region of M6 and M7 from that of M13 in the linear

sequence of the Rex protein, indicating that the interaction of these two

discrete regions within -this functional domain may require proper protein

folding. Thus the entire linear portion of the Rex protein encompassing

these two regions of amino acids that are most critical for Rex effector

function appears to contribute to the effector function of the Rex protein

and, therefore, represents the domain to be mutated to produce transdominant

repressors of Rex.
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mRNA. Accordingly, it is not known whether to serve as a transdominant
repressor of Rex function a mutant rex protein must retain the ability to
bind (directly or indirectly) to the RexRE, or to the recognition element of

some other virus that is recognized by Rex.

Another aspect of the invention relates to a DNA segment that
encodes a transdominant repressor of the function of the HTLV-I Rex protein,
as well as such a transdominant repressor. This repressor is a protein that
is modified from a wild-type form of the Rex protein by at least one
mutation that negatively affects the effector activity of the Rex protein.
This represssor also has substantially the nucleolar localization activity
of the wild-type form of the Rex protein. In particular, the negative
mutation of this repressor is one that. affects an amino acid in the peptide
domain of the wild-type Rex protein that comprises from about amino acid
position 59 to about amino acid position 121, more particularly in any of
the following positions: 59, 60, 64, 65, 119, 120 and 121. The DNA segment
encoding the Rex repressor is exemplified by any of the following mutant rex
genes: M6, M7, M13 and variants and derivatives thereof which exhibit

transdominant repression of HTLV-I Rev protein function.

The sequence of this DNA segment is derived from the Rex gene of
any isolate of HTLV-I (L. Rimsky et'al., Nature 335 [1988] 738-740; M. Seiki
et al., Science 227 [1985] 1227-1229) or is created by.chemical synthesis.
The transdominant repressor of Rex function is made by standard recombinant
DNA methods or by standard chemical methods for peptide synthesis or by a
combination of these methods, all of which are well-known in the art of

genetic engineering.

The mutations that negatively affect the effector activity of
the Rex protein are exemplified as described herein. However other types of
mutations designed to produce localized effects on the protein structure at

. or close to these same amino acid positions also are highly likely to
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invention. Such localized defects include, for example, deletions or

insertions of single amino acids or substitutions of chemically or
structurally similar amino acids. On the other hand, more extensive
deletions or insertions, or substitutions that disrupt secondary structure
(e.g., a proline in a B-sheet region) are highly likely to have effects on
distant parts of the protein through influence on protein folding;
therefore, such mutations at the indicated positions within the domain
required for Rex effector function are not likely to produce mutant Rex
proteins that retain substantially the nucleolar localization activity of

the wild-type form of the Rex protein.

The transdominant Rex mutants of 5.3. above were also tested for
inhibition of Rev function and found to be repressors of HIV-1 Rev as well.

The anti-viral potential of this class of transdominant Rex mutants has been

demonstrated using an assay for inhibition of HIV-1 replication.

In addition and as already mentioned above it has now been
discovered that HTLV-I Rex can also functionally substitute for the
analogous HTLV-II regulafory protein, even though the nucleotide sequence of
the corresponding response element in HTLV-II has a somewvhat different stem
and loop structure from that of the RexRE (RRX) in HTLV-I.

The invention thus further relates to a method of inhibiting
replication of HIV-1, HTLV-I and BTLV-II comprising introducing a DNA
segment as defined above which encodes a transdominant repressor of Rex
function into a cell having the ability to replicate one of these viruses.
This cell also has the ability to express the DNA segment to produce the
transdominant repressor. This cell may be one that was previously infected
by one or more of these viruses or this'céll may be an uninfected target

cell for one or more of these viruses.
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For the preferred embodiment bf the genetic system mentioned
above a Rex responsive reporter plasmid, pgTAX-LTR wds prepared (Fig. 13B).
Briefly, the pgTAX-LTR vector contains the two protein coding exons of the
tax gene separated by the HTLV-I env gene and a complete HTLV-I 3’ LTR
containing the RexRE (RRE). " Expression of these HTLV-I sequences is
promoted by the immediate early region of the human cytomegalovirus and
additional polyadenylation sequences are prdvided by the 3’ region of the
rat preproinsulin gene (B.R. Cullen, Cell 46 [1986] 973-982). This vector
produces Env only in the presence of Rex, however Tax is synthesized in the
presence or absence of Rex. This vector does not itself produce Rex due to
the introduction of a mutation at the SphI site which is coincident with the
' Rex translation initiation codon. In the absence of Rex, pgTAX-LTR produces
Tax protein reflecting translation of the spliced mRNA species from this
vector that lacks virtually all of the env sequences. However, when
pgTAX-LTR is cotransfected with the rex expression plasmid pREX, synthesis
of the HTLV-I Env protein is activated. This 62-68 kD protein is readily
identified as evidenced by immunoprecipitation with the anti-BTLV-I enveldpe
monoclonal antibody 0.5 alpha (S. Matsushita et al., Proc. Natl. Acad. Sci.
UsA 83 [1986] 2672-2676) (Fig. 14A, Lane 1). In contrast, no HTLV-I Env
protein is detected when pREX is replaced by either pREV (Lane 2) or
pCMV-IL-2 (Lane 3), which encode respectively the HIV-1 Rev protein and
human IL-2 polypeptide. Similarly, no Env protein is identified when cells
are transfected with pREX in the absence of pgTAX-LTR (Lane 4).

Thus in the genetic system defined above HTLV-I Env expfession

by pgTAX-LTR is specifically induced in the presence of a protein having the
gene activation function of the wild-type Rex protein. In the system
including a gene that provides a protein having Rex function, if contact
with an agent inhibits Rex function, Tax protein continues to be produced
unless that agent affects some viral or cellular activity that is not
related to the expression of the gene or the product of the gene that
provides Rex function, i.e. unless the agent is not a specific inhibitor of
that gene or its product. Thus, as indicated in Example 12 and Figure 15,
advantageously the exemplary method for identifying specific inhibitors of
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Rex function includes the simultaneous analysis of HTLV-I Env, Tax and Rex
protein expression.

It may be noted that in the case of specific inhibition of Rex
function by transdominant repressors described below and in Figure 15 the
production of HTLV-I Tax protein evidently increases. This is probably a
result of an increase in the nuclear export of the spliced form of the Env
mRNA that is not exported prior to splicing due to a lack of Rex function.
However, in principle a specific inhibitor of Rex function may prevent
splicing of the mRNA but not induce export of the unspliced RNA.
Accordingly, the present method for identifying specific inhibitors of Rex
function requires only that there be no decrease in the nuclear export of
the spliced mRNA that, in the present situation, produces the Tax protein.

The use of this system is exemplified in Example 12 below. In
this mutational analysis again oligonucleotide-directed mutagenesis, in the
M13 bacteriophage, was employed to alter the primary sequence of the rex
gene, at 25 discrete sites (Fig. 13A). The boxed amino acids were replaced
by the dipeptide aspartic acid-leucine by insertion of an in-frame
oligonucleotide duplex which also contained the diagnostic BglII restriction
site. Each of these rex mutants was then inserted into the pBC12/CMV
eucaryotic expression vector (B.R. Cullen,-gg;l 46 [1986] 973-982) and the
mutations were verified by DNA sequencing.

Each of the rex mutations was examined for biological activity
by cotransfection with the pgTAX-LTR vector. Vhile nineteen of these rex
mutants displayed a wild-type phenotype, five mutants (M1, M2, M6, M7 and
M13) lacked apparent env gene activation activity and one mutant (M15)
displayed only partial function (Fig. 14B). COS cells were next
cotransfected with these six rex defective mutants and the pgTAX-LIR vector,
followved by simultaneous analysis of HTLV-I Env, Tax and Rex protein
expression as described in Example 12 (see also Fig. 15 A-C). While HTLV-I
Env was only detected in the presence of the wild-type Rex protein
(Fig. 15A, Lane 7) or the partially active M15 mutant (Fig. 15A, Lane 6),
the 40 kD Tax protein was detected in all of the cultures (Fig. 15B). Thus
the lack of env gene expression observed with the M1, M2, M6, M7 and M13

mutants is due to the specific loss of Rex biological activity rather than
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" cultures.

non-specific, toxic effects of these proteins in the transfected COS
Each of the mutant Rex proteins was also identified in these
cultures indicating that all of the mutants were expressed in a stable
manner (Fig. 15C). The M2, M6 and M13 mutants migrated in a manner that was
indistinguishable from the wild-type Rex protein (Fig. 15C, Lanes 2, 3, 5
and 7), whereas the M7 and M15 proteins exhibited a smaller apparent
molecular weight (Lanes 4 and 6) and the M1 mutant yielded an
electrophoretic doublet of proteins (Lane 1). Sequencing of the protein
coding regions in the M1, M7 and M15 mutants failed to reveal any changes
other than the specific mutations ihtroduced, Thus the biochemical basis
for these apparent differences in size likely reflects altered
post-translational processing of these mutant Rex proteins.

' Like the wild-type Rex protein, in situ immunofluorescent
staining of cells transfected with the biologically inactive M6, M7 or M13
Rex mutants, as detailed in Example 12, revealed normal targeting to the
nucleoli and nuclei of expressing cells (Fig. 16). In sharp contrast the M1
mutant protein was detectable only in the cytoplasmic compartment, while the
M2 Rex mutant was distributed in an approximately homogeneous manner
throughout the cell. Consistent with these findings is the fact that the M1
and M2 mutations altered basic amino acid residues located within the
positivély charged peptide domain that functions as a nucleolar localization
signal. The partially active M15 mutation lead to a pattern of nuclear
localization of mutant Rex protein, but unlike the wild-type Rex protein the
M15 protein did not localize further within the nucleolar region of the
nucleus and, in fact, M15 appeared to be excluded from the nucleoli
(Fig. 16).

acids at the N-terminus may be involved in or contribute to the nucleolar

These results suggest that residues away from the basic amino
localization of Rex.

The rex mutants were also examined for their capacity to block
the biological action of the wild-type HTLV-I Rex protein and the wild-type
HIV-1 Rev protein (Fig. 17). When cotransfected with pgTAX-LTR and pREX in
COS cells (Panel A), a 10fold molar excess of the M6, M7 and M13 mutants
displayed a dominant negative phenotype in that the action of the wild-type
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Rex protein was markedly inhibited (Lanes 3-5). In contrast, the M1, M2 and
M15 proteins acted as recessive negative mutants since the action of the
wild-type protein was not altered (Lanes 1, 2, 6). Similarly, the Rev
protein of HIV-1 did not interfere with the action of the Rex protein

(Lane 8) nor did IL-2 (Lane 9).

The capacity of the trans-dominant Rex mutants to block the
function of Rev in the HIV-1 system was examined next (Fig. 17B). Vhen
cotransfected with pgTAT and pREV'in COS cells, a 10-fold molar excess of
M6, M7 or M13 Rex mutants inhibited the action of the Rev protein (Lanes 3,
4, 5) as evidenced by diminished expression of the 72 amino acid form of the

Tat protein. The ability of these transdominant Rex mutants to block HIV-1
viral replication was also studied (Fig. 17C). Replication of a
Rev-deficient HIV-1 provirus, pHXB2-Bam-p3 (L. Rimsky et ai., Nature 335
[1988] 738) in the presence of Rex and gradéd amounts of transdominant Rex.
mutants was studied by transfection of COS cells with these plasmids. As
indicated by synthesized levels of the HIV-1 p24 Gag protein in culture
supernatants, the transdominant Rex mutants (M6, M7 and M13) produced
dose-related inhibition of HIV-1 replication. In contrast, the recessive

negative M1 mutant of Rex was without significant effect on HIV-1

replication.

Together, these findings with the various rex mutants of
Examples 12 and 13 hereunder indicate the approximate boundaries within the
Rex protein of at least two different'structural domains having different
activities. Thus one domain is defined by the M1 and M2 mutations, is
located at the N-terminus, involves amino acids 5-7 and 14-15 and appears to
play a role in targeting of the protein to the nucleus and thence to the
nucleolus. This positively charged domain may also be ihvolved in Rex
binding either directly to the RexRE (RRX) or to other pfoteins that
directly contact this RNA element. The second domain, which has been
described above, is critical for the Rex effector function and, therefore,
can be mutated to produce transdominant repressors.
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5.4.

Summarizing the findings under 5.1., 5.2. and 5.3. above, it is
concluded that:

a) a generally applicable principlé has been found for producing viral
inhibitors by mutating a critical regulatory protein, such as Rex

or Rev;

b) this principle appears appliéable to the production of mutant

. regulatory proteins acting on a plurality of viral species; and

¢) the specific transdominant mutants vhich have been constructed and

identified are:

- HTLV-I Rex mutants effective in inhibiting HTLV-I rex gene function:
- pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex13Al15
- (see 5.1. and Examples 1-3);
- M6, M7 and M13 (see 5.3. and Examples 12-13);

- HIV-1 Rev mutants effective in inhibiting HIV-1 rev gene function:
- pM10, pA9/14 and pAl0/14 (see 5.2. and Examples 4-11);
- pM21, pM22, pM27, pM28, pM29 and pM32
' (see 5.2. and Examples 1lla and 11b);

- HTLV-I Rex mutants effective in inhibiting HTLV-I rex gene function
and also effective in inhibiting HIV-1 rev gene function:
-~ pcRexM2, pcRexM7 and pcRexM8 (see 5.1. and Example 3);
- M6, M7 and M13 ) (see 5.3. and Examples 12-13);



Rev, a study of the |evel of phosphorylation of the_del eti on nutants
(p[err]) (Fig. 8C, |anes 15-20) was perforned. This;&@ a t hat
the p[err]13/14 nutation was normal |y phosphoryl at ed g4 plie Eﬁ12/14
deletion, and the larger C-term nal deletions, displ aiyed onI y a Io lHevel
of phosphorylation (-90 % inhibition). Sinilarly, tihe pDQﬁTﬁ%# ut ant ,
which was effectively labelled with [[err]S]-cysteijng, al so disp a eq_a |l ow
| evel of [[err]P]-Pi incorporation (-90 %inhibitiqgn). TT TS unctedar mhy
del etions that extend to the site of tA¥-V2 and ML itations had a frore
drastic effect on the | evel of phosphorylation than the m ssense mutati ons
t hensel ves. However, these results are consistent with the Q¥€othesis t hat
the Rev prot ei FL¥ohtRexnmutapss pifpetive in inhibiting HTLV-I and -II rex

and HIV-I rev gene function:
- M6, M7 and M13 (see 5.3. and Examples 12-13);

- ’-E)

- HIV-1 Rev mutant effective in inhibiting HIV-1 rev gene function and
also effective in inhibiting HIV-2 rev and SIV,,. rev gene function:
- pM10 (see 5.2. and Example 11b).



sites of serine phosphorylation, one |located at residue 8 (M) and the
second at residue 99 (M2). In any case, the nutants which |ack these

residues (i.e., pM2, pl[err]1/2, pM2, pl[err]1l2/14) a
wild-type levels of Rev activity (Fig. 8B, Fig. 9).

roxi mately

| REP]

trans-activation function of the HIV-1‘ﬁ%guIatory profein in transfiecked

cel | s.

concl uded that phosphorylation of Rev is_not essent a£¥¥ég§*ﬁﬁiﬁﬁ§ﬁT
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6. EXAMPLES [’

The following Examples illustrate the invention. They are not

to be viewed as being limitative.

6.1.

Example 1: Construction of a transdominant HTLV-I rex gene

1. Cloning of the rex coding sequence into the RF-DNA of
bacteriophage M13

5 ug pcRex DNA were treated with 10 units each of restriction
enzymes HindIII and EcoRI in 20 ul restriction enzyme incubation buffer (10
mM Tris-HC1l ph 7.5; 10 mM MgCl,; SO mM NaCl; 1 mM Dithiothreitol) at 37°C
for 3 hours. The reaction mixture was directly loaded onto a 1 X agarose
gel (Seakem FMC Inc., Rockland, ME, USA) containing 1 ug/ml ethidium bromide
and subjected to electrophoresis at 50 V; 25 mA for 4 hours in Tris-acetate
buffer (T. Maniatis et al., Molecular Cloning, A Laboratory Manual [1982],"
Cold Spring Harbor Laboratory, New York, p. 156). The separated DNA was

visualized on a 366 nm UV-lamp and an appropriate gel slice containing the
1.5 kb rex fragment was excised. This gel section was placed in a dialysis
bag containing 500 pyl Tris-borate buffer (Maniatis, p. 156). The DNA was
electroeluted into the buffer and precipitated at -20°C with ethanol.

5 ug of bacteriophage M13mpl0 RF-DNA were treated with the
restriction enzymes HindIII and EcoRI and the 7.2 kb vector M13 fragment was
isolated from a 1 X agarose gel in the same way.



That the Rev protein is predomnantly localized to the n
the nucleoli of expressing cells, was confirned by anal Lﬂf@@h,r
usi ng i ndirect inmunofluorescence. The resulting phase Ztrﬂsii” “1-15
correspondi ng i munof | uorescence phot ographs of fi xed, nsf ect ed
cultures are shown in Figure 10. The technique of indir ct ECTQ

i mmunof | uorescence used to |localize the Rev protein mﬁtmlthng_%&gg;+? t
CCS cell was that described in B.R Cul Lgn, Mth. Enzy 152

and B.R Cullen, J. Virol. 62 [1988] 2498 except that a

par af or mal dehyde-based cell fixation procedure was enpl oyed (Ruben €

J. | Vi Irol | 53 [1989] 7boBhg phage iDNACAMd M. ug iRek AINAS veld @ikéEaherd WLt i gaalpbii t
pol yclonal, anti ’('?‘8".:::??-?15- €1 pH 7.4; 10 mM MgCl,; 10 mM Dithiothreitol; 1 mM ATP)
with 1 unit of T4-DNA-ligase and incubated for 15 hours at 16°C. This

articularly

d

reaction mixture was used directly to transform and plate out E. coli strain
TGl (Amersham protocol, p. 16-18).

The DNA of appropriate phage plaques was checked by endonuclease
cleavage with the restriction enzymes HindIII and EcoRI, followed by
analytical. gel electrophoresis through a 1 X agarose gel containing 10 ug/ml
ethidium bromide in Tris-acetate buffer. A bacteriophage carrying the rex
coding sequence was identified and designated mplOrex.

Single-stranded mplOrex DNA was isolated using a large scale
preparation protocol (Aﬁersham protocol p.24-25).



antiserum fol |l owed by rhodam ne conjugated goat anti-rabbit 1gG The
prinmary rabbit anti-Rev antibody was used at a 1:800 dilution. REV1/20

anti body was used for analysis of the majority of Rev nutants, wiih the
exception of cultures transfected with the pML, pM2, p /RE.EEEEQGWS?WET

p[err]1/3 vectors. REV27/51 anti body was used for thesdq:

anti body, rhodam ne-conjugated goat ‘anti-rabbit 1gG (Bgef

Bi ochem cal s, Indianapolis, IN, USA), w42-used at a 1:40

nmut ant s di spl ayed four cat egori es of subcel lul ar | ocal i{zdti on _as_indi cat ¢
in the Figur The cat eqgor LSS el nucl ear/nugb ar wth no detect al
ﬂs ‘% bFedsion, N [err} G
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cl ear cytopl asm c expression

As a prerequisite of the mutagenesis it was necessary to

synthesize appropriate single-stranded DNA molecules. 29 oligonucleotides

(see Figure 4) vere made, which eventually led to 30 mutants, of which the

following seven oligonucleotides led directly or (see Example 2) indirectly

to the mutants which were found to be successful in terms of transdominant

phenotype:

(1) 5’- TG GAC AGA GTC TTA GAT CTG GAT ACC CAG TCT -3
BglIl

(2) 5’- AC TAT GTIT CGG CCA GAT CTC ATC GTC ACG CCC -3’
BglIX

(3) 5’- CC TAC ATC GTC ACA GAT CTC TGG CCA CCT GTC -3’.

BglII

(4) 5’'- TCG GCT CAG CTC TTA GAT CTC TTA TCC CIC GA -é'
BglIiI

(5) 5’- AG CTC TAC AGT TCA GAT CTC CTC GAC TCC CCT -3’
BglII

(6) 5’- GT TCC TTA TCC CTA GAT CTC CCT CCT TCC CCA -3’
BglIiI

(7) 5’- CT CCT TCC CCA CCA GAT CTA CCT CTA AGA CCC -3’
BglII

Oligonucleotide (1) is substituting the amino acid residues phenylalanine

(position 30), phenylalanine (position 31) and serine (position 32) in the

Rex protein by the amino acids leucine (position 30), aspartic acid

(position 31) and leucine (position 32).



wi th sonme nucl ear concentration; C > N, random di stubu-t-l—en-_ﬂ'm
cel . Representative exanples of these distributionRiEH¢\(FHouNTi SHER
Figure with the Rev proteins depicted being indicatedrimtte-upper rijght

corner of the | ower panel of pictures. The localizati \Mpoé Dﬁf@? t ant
detected by this assay is set-forth in Table 1. As gh t rfi tly of
However,

mut ants di splayed a fully wild-type subé&® | ul ar | ochl
the trans-activation negative clone pMLO (Fig. 10D)
mut ants yi el ded a very | ow but detectable | evel of

as typif i Qdgbyugientide §2) fiGryubstityting the amino acid residues alanine

(position 58) and tyrosine (position 59) in the Rex protein by the amino

acids aspartic acid (position 58) and leucine (position 59).

.~ Oligonucleotide (3) is substituting the amino acid residues proline
(position 63) and tyrosine (position 64) in the Rex protein by the amino
acids aspartic acid (position 63) and leucine -(position 64).

Oligonucleotide (4) is substituting the amino acid residues tyroéine
(position 87), serine (position 88) and serine (position 89) in the Rex
protein by the amino acids leucine (position 87), aspartic acid (position

88) and leucine (position 89).

Oligonucleotide (5) is substituting the amino acid residues leucine
(position 90) and serine (position 91) by the amino acids aspartic acid

(position 90) and leucine (position 91).

Oligonucleotide (6) is substituting the amino acid residue serine (position

94) by the amino acid leucine.

Oligonucleotide (7) is substituting the amino acid residues arginine
(position 100) and glutamic acid (position 101) in the Rex protein by the
amino acids aspartic acid (position 100) and leucine (position 101).

All oligonucleotides are introducing BglII restriction sites in

frame of the rex coding sequence.

The oligonucleotides have been synthesized on solid support on
an Applied Biosystems 380A synthesizer using B-cyano-ethylphosphoamidite
chemistry. Purification was done by 8 X polyacrylamide gel electrophoresis,
followed by elution of the main product and ethanol precipitation.
Phosphorylation of the oligonucleotides using ATP and polynucleotide kinase
was carried out as described in the Amersham protocol, p. 13. The
oligonucleotide-directed mutagenesis reaction was effected according to the
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plating out of E. coli strain TG1 as described on pages 16 18. The DNA of
different plaques was screened by restriction endonuclease analysis using
the enzymes BglII and EcoRI.

From all seven mutations one clone was identified carrying the
introduced mutation in the rex coding sequence. These clones have been
designated mplOrexM2, mplOrexM7, mplOrexM8, mplOrexM13, mplOrexMl4,

mplOrexM16 and mplOrexM17. A further clone, mplOrexM15, was used in the

construction of the deletion mutant (see Example 2).

3. Recloning of the mutated rex genes into mammalian expression
plasmids

The mutated rex genes vere moved back from the bacteriophage M13
vectors into the original expression plasmid. 5 ug pcRex DNA were incubated
with 10 units HindIII and 10 units EcoRI restriction endonuclease at 37°C
for 3 hours. The reaction mixture was loaded directly onto a 1 % agarose
gel containing 10 ug/ml ethidium bromide and subjected to electrophoresis in
Tris-acetaté buffer at 50 V; 25 mA for 4 hours. The HindIII-EcoRI vector
fragment was electroeluted out of the appropriate gel slice and precipitated
with ethanol.

S ug of the mutants obtained under 2. were treated in the same
wvay and fragments containing the rex coding sequence were isolated.

200 ng of the isolated vector fragment and 1 ug of the isolated
rex sequences were mixed together separately in 20 ul of ligation buffer in
the presence of 1 unit of T4-DNA-ligase and incubated at 16°C for 15 hours.
The resultant reaction mixtures were directly used to transform E. coli
strain HB101l. The DNAs of different bacterial colonies were analysed using
the restriction endonucleases HindIII, Asp718 and BglII, followed by
analytical gel electrophoresis through a 1 X agarose gel. Plasmids
identified in this way carrying the rex genes vere designated pcRexM2,
pcRexM7, pcRexM8, pcRexM13, pcRexMl4, pcRexM15, pcRexM16 and pcRexM17,
respectively.




di spl ays honol ogy to known nuclear |ocalization signals, resulted in a high

|l evel of cytoplasmc Rev protein (C> N). These prot
excluded fromthe cell nucleus (Fig. 10J), suggesti
of Rev is, in fact, a nuclear |ocalization signal.

despite retaining the sites proposed above as acceptjoris

phosphoryl ation. This nmay be because thetSd nase. responsi bl e Tor—th
phosphoryl ation of Rev is confined to the cell nucl

e not
_iﬁﬁﬁa%‘ﬁonai n
i s of interesf
recall that pMb and pMs were not significantly phos hcryPaﬁ eEo 9981 \

or
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us—Thus, it appesrs

possi bl e that inappropriate subcellular |ocalization of the pMo and pM6 Rev

mut ant s | Exampleodsi Gpestructiomiof a gleletion mutationsinh dhel xex cnding
sequence

5 ug of pcRexM13 DNA were treated with 10 units each of the

restriction enzymes BglII and EcoRI. The larger DNA fragment, containing

the vector backbone and the 5’ portion of the rex coding sequence was

isolated as described above. In parallel 5 ug of pcRexM15 DNA treated in

analogous manner and the smaller DNA fragment, containing the 3’ portion of

the rex coding sequence was isolated.

200 ng of the isolated pcRexM13 DNA fragment were mixed with

1 ug of the isolated pcRexM15 DNA fragment and incubated in 20 ul of

ligation buffer in the presence of 1 unit of T4-DNA ligase at 16°C for

15 hours. This manipulation led to a rex coding sequence where amino acid

positions 87, 88 and 89 are identical with those in clone pcRexM13 and

position 90-94 are deleted.

The reaction mixture was then directly used to transform E. coli

strain HB10l. The DNA of different clones was screened by restriction

endonuclease digestion employing the enzymes HindIII, Asp718 and BglII. A

positive clone was identified and designated pcRex13415.



-60- Exanple 9: Trans-dom nant repre55|on of Rev functlon Rev nutants
which had lost the ability to trans-activate H V-1 SI._ .

expression were exam ned for their ability to inhibi il
of the wild-type Rev protein. COS cells (35 nm werejc -transrecte t h
250 ng of the indicator construction pgTAT and: 290 1g£

control)

(lane 2);

pgfgéhgg%i %;tive

(Fig. 11A lane 1); 40 ng pcRE%é(Iow | evel )

Example 3: Biological activity

a) Biological activity of the mutant genes in mammalian cells

0.25 ug of the rex wildtype and each mutant rex gene expression
vector was mixed with 0.25 pg of the genomic tat (trans-activator)
expression vector pgtat (M.H. Malim et al., Nature 335 [1988] 181) and
transfected into the Cos cell line as described in B.R. Cullen,

Meth. Enzymol. 152 (1987) 684-703. At 60 hours post-transfection cultures
were labeled for 3 hours with 300 uCi/ml of 35S-cysteine and analyzed for

expression of the HIV-1 Tat and the HTLV-I Rex protein by
immunoprecipitation analysis. A rabbit anti-peptide antibody directed
against amino acid residues 1-61 of Tat and a rabbit anti-peptide antibody
directed against amino aéid residues 173-189 of Rex were used in this
experiment as described in B.R. Cullen, J. Virol. 62 (1988) 2498-2501.
Precipitated proteins were resolved on SDS/polyacrylamide gels and
visualized by autoradiography.

The rex mutant genes encoded in the vectors pcRexM2, pcRexM7,
pcRexM8, pcRexM14, pcRexM17 and pcRex13Al5 yielded a negative phenotype for
rex action in this assay system (see Figure 2B, Lanes D, E, F, H, I and K)
whereas controls (Lanes B and C) and other mutants (Lane G) yielded a
positive phenotype. |

All of these phenotypically negative Rex mutant clones are able
to produce a Rex-specific protein recognized by the polyclonal anti-Rex
antibody described above (Figure 2A, Lanes C to E and G to I). In contrast,
the mutation in clone pcRexM16 resulted in a protein undetectable by the
Rex-specific antibody; this is believed to be due to a decreased protein
half-life (not shown).



290 ng pcREV (high level) (lane 3); 40 ng pcREV, 250 vk ;
pcREV, 250 ng pM/ (Lane 5); 40 ng pcREV, 250 ng pMUTHHAEMYNT SHENThour s
after transfection, the cultures were |abelled w't B35S CystereTand

subj ected to i nmunoprecipitation analysis using rabpitf gzéi ET {l nti sjer a.
As shown in Figure 11A, pM4 (lane 4) and pM/ (Il ane {5){ h D éigg efif dct on
the activity of the wild-type Rev protein as neasurjed-by—the—nductli dn of
72 aa Tat expression, whereas pMLO (Ian% 6) appeard€d to conpletely inhibit
Rev function. This suggests that pMLO e'n<,76des a specrirc imibrtor—ef H V-1
rev gene function. In order to denonstrate that pMLO indeed acts by

specif1 CaL$3/Transdominant repression of wildtype HIV-1 rev and/or HTLV-I rex
function by pcRexM2, pcRexM7, pcRexM8, pcRexM13, pcRexM14, pcRexM17
and pcRex13415 :

40 ng

—

The same experimental set-up was used to examine the ability of
the rex mutants to inhibit in trans the function of the wildtype Rev and Rex
protein. 0.25 ug of the genomic tat expression vector pgtat, 0.25 ug of the
wildtype rev (pcRev) or the wildtype rex (pcRex) expression plasmid and an
excess of each rex mutant expression plasmid (5 ug) vere mixed separately
and transfected into Cos cells. The influence of the mutants on the
wildtype Rev or Rex function was measured by Tat-specific
immunoprecipitation as described above.

The result of this experiment shows that the six rex mutants
pcRexM2, pcRexM7, pcRexM8, pcRexM14, pcRexM17 and pcRex13Al5 have the
ability to inhibit the wildtype rex-mediated trans-activation (see Figure
2C, Lanes C, D, E, G, B and I), that the four rex mutants pcRexM2, pcRexM7,
pcRexM8 and (partially) pcRexM13 have the ability to inhibit the wildtype
rev-mediated trans-activation (see Figure 2D, Lanes C, D, E and F), while’
some of the mutants, namely, in this instance, pcRexM2, pcRexM7 and pcRexM8,
are able to inhibit both the wildtype rex- and the wildtype rev-mediated

trans-activation.

This set of experiments demonstrates on the protein level the
transdominant repression of Rev and/or Rex function by the above rex
mutants.



preventing the cytoplasm c expression of the unspliced

encodes the 72 aa formof tat, the S1 nucl ease protectépnm [
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amino terminus there are two mutants (pcRexM7, amino acid positions 58,59

and pcRexM8, amino acid positions 63,64) that are transdominant over both

Rev and Rex proteins. A second cluster, containing mutants transdominant

only over the Rex protein, is located in the middle of the coding sequence.

The additional rev/rex transdominant mutant (pcRexM2,

amino acid

positions 30-32) located between the nuclear localization signal and the

cluster comprised of mutants 7 and 8 could be part of

a third functional

domain or alternatively the introduced amino acid change might disturb the

tertiary structure of the protein, resulting in the observed transdominant

phenotype.



At 60 hours after transfection, cytoplasm c RNA was harvested for anal ysis
and 5 [err]g aliquots were used in the S1 nucl ease protection assay. The
DNA probe used herein was a 798 basepair probe end-| abelled at -61- an

Xhol |

site located within the first codi ng exon of tat T ro v —DiAn
pol ynmerase (Malimet al. [1988] supra).,6 Jhe probe (1) &ggﬂiﬁﬁﬁﬁgﬁé SHEET
quantitate the |level of both unspliced‘f%D and spliced (jS) cytoplasmd tjat
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Example 4: Clustered point and deletion mutations in Rev

The Rev protein is phosphorylated at serine in vivo and is
localized predominantly to the cell nucleus where it is concentrated in the
nucleoli. The mutational analysis described below addresses, among other
factors, the relevance of these properties to the function of Rev as a
trans-activator of HIV-1 structural gene expression.

Clustered point mutations (pM) were introduced into the HXB-3
strain of EIV-l Rev by, again, oligonucleotide directed mutagenesis, as
described by Taylor et al., Nucleic Acids Res. 13 (1985) 8765-8785.
Specifically, a bacteriophage M13 mutagenesis system (Amersham Corp.,

Arlington Heights, IL, USA) was employed to introduce targeted nucleotide

substitutions into full-length cDNA copies rev encoded by the expression

vector pcREV (Malim et al., Nature 335 [1988] 181-183). The DNA and

corresponding amino acid sequences of pcREV appear in Figure 6.

A series of clustered point mutations were introduced into Rev
(see M1-M14, Fig. 5), cloned, and their sequences confirmed using a
dideoxynucleotide sequencing system (Stratagene, La Jolla, CA, USA). The
mutations were generally spaced evenly throughout Rev and served to target
each of the 11 serine residues therein. The DNA sequence at and surrounding
each mutation (pMl-pMl4) are provided in Figure 7, with the altered
nucleotides being underlined.

, Most of the noted mutations resulted in codons for aspartic acid
(Asp) and leucine (Leu) replacing the residues "boxed" in Figure 3. For
ease of reference the mutations have been designated according to their
location within Rev, e.g. pMl being the most N-terminal mutation and pMl4
the most C-terminal mutation. |

WVhile the precise structure of the various pM mutants is shown
in Figure 7, the majority of mutations affected only two'codons. Exceptions
to this generalization include M4, and-Mi3-which affected three codons and Mé



MRNA is predicted to rescue a 202 nt probe fragment while unspliced (U) tat
MRNA i s predicted to rescue a 506 nt-fragment. The rdhal %,g“ it
unspliced RNA in each | ane was quantitated by densit ¢n Mé;gétﬁj SiFEERB
igf; Lase{_scgnner. The results, as visualized in Figuge 11B, are:

o unspliced; Lane 3: 63 % unspliced; Lane 4: 82 %uRis
% unspliced; Lane 6: 24 % unspliced. As expected splic dp?gfgﬁgﬁa??
predoni nates in the cytopl asm of cell s3@+ansfected t N pgTAT ~atome—~ H g.
11B, Lane 2) while unspliced tat nRNA is the dom nant_cytoplasm c_specj es
in the cytoplasmof cells that coexpress the H V-1 Rev proteip (Figuare 11B,
Lanes 3 wwichBffeptadefour codongr B RnstoeasegTare Apire B6if SYOREVALEG™HMLO

restored,j,0e £6hoP! @30hfino acid missense mutation, however, in pM6, Asp and Leu
replaced four arginine residues, thereby resulting in a two amino acid
deletion, while both pM4 and pM13 containSan additional adjacent single
amino acid substitution not observed in the parental REV. In--pM4 the
substitution involves the replacement of aspartic acid for tyrosine at
position 23, -while in-pM13 valine replaces-isoleucine-at position 109
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These additional changes arose from single base errors in the
single-stranded DNA oligonucleotide primer used in the mutagenesis protocol.

A1l point mutations resulted in the formation of unique BglII
sites; except pM7 which vas constructed by the simple deletion of two
adjacent serine residues (see Fig. 5). The BglII sites were all inserted in
the same translational frame, thereby facilitating the subsequent
construction of N-terminal and C-terminal deletion mutants (p4) of Rev. The
pd mutants are designated by the location of deletion, e.g. pAll/l4 has a
deletion between the introduced pMll and pMl4 mutationms.
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The parental cytomegalovirus immediate early promotor based

vector pBC12/CMV (B.R. Cullen, Cell 46 [1986] 973-982) was used as a

negative control. Also employed herein were the genomic tat gene expression

vector pgTAT, and the secreted alkaline phosphatase gene expression vector
pBC12/RSV/SEAP (Malim et al., supra, and Berger et al., gene 66 [1988] 1-10,

respectively).

The expression vector pcREV was modified to express the pM and

p4 rev mutants described herein. Again, a qualitative assay involving the
co-transfection into COS cells of the modified pcREV together with pgTAT was
used to assay the expression of HIV-1 rev and tat in the mutants (Malim et
al., supra, and Malim et al., Nature 338 [1989] 254-57). Specifically, COS
cell cultures (35 mm) were co-transfected by DNA-mediated transfections as
described by Cullen (Meth. Enzymol. 152 [1987] 684-703) using 0.25 pg of
pgTAT and 0.25 ug of the wild-type or a modified pcREV expression vector

with DEAE-dextran and chloroquine.

Sixty hours post-transfection, the cultures were labelled with

[35S]-cysteine and [32P]-inorganic phosphate ([32P]-Pi) in parallel as

described by Malim et al., 1988, supra, and Hauber et al., J. Virol.
62 [1988] 4801-04. The cells then were lysed with RIPA buffer and the

relative level of rev and tat expression in the cultures assayed by

immunoprecipitation analysis using rabbit polyclonal antipeptide antisera.

(Malim et al., [1988], supra, and Cullen et al., J. Virol. 62 [1988]

2498-2501). More specifically, antisera to Rev amino acid residues 1-20

(REV1/20) was used for immunoprecipitation of the mutant proteins encoded by

pM5 and pM6, while antisera to Rev amino acid residues 27-51 (REV27/51) was

used for immunoprecipitation of all remaining mutant proteins.

Immunoprecipitation analysis of tat expression was performed using rabbit

polyclonal antipeptide antisera to Tat amino acid residues 1-61 (TAT1/61).
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The immunoprecipitated proteins were resolved by electrophoresis
on 14 % discontinous SDS-acrylamide gels and visualized by autoradiography.
The results of these experiments are depicted in Figure 8, wherein the
relative migration of known protein molecular weight markers is depicted to
the right of the figure.

Immunoprecipitation of the [33S]-cysteine and [32P]-Pi labelled
cultures with anti-Rev antisera are depicted in Figures BA and 8C,
respectively. Immunoprecipitation of the [33S]-cysteine labelled cultures
resulted in the majority of missense (pM) mutants yielding bands of an
intensity and mobility comparable to the wild-type (Fig. 8A, lanes 1-14).
Exceptions to this generalization include mutant pM6, which yielded an
intense band of slightly faster mobility (M; ~ 18 kD) and pMl, which yielded
a faint band of significantly slover mobility.

Immunoprecipitation analysis of tat expression using anti-Tat
antisera provided a qualitative assay for rev function using pgTAT as a
model indicator. As indicated above, absent rev, pgTAT expresses a fully
spliced cytoplasmic tat mRNA vhich encodes the 86 amino acid (aa) two exon
form of tat protein exclusively. In the presence of rev, however, pgTAT
induces the cytoplasmic expression of an unspliced tat mRNA that encodes a
truncated, one exon form of the protein 72 aa long.

Wild-type rev migrates at a relative molecular mass (M;) of
19 kilodaltons (kD) and is readily detected in Figure 8 (lane 0), while the
86 aa and the 72 aa forms of tat migrate at 15.5 kD and 14 kD, respectively.
Mock-transfected cultures yield no specific signal under these assay
conditions (Malim et al., 1988, supra), vhile inspection of Figure 8B
reveals that comparable levels of total tat protein were synthesized in both
the cultures transfected with the mutant expression vectors and those
co~-transfected with the indicator construction pgTat. This suggests that
none of the mutant Rev proteins were toxic to the transfected cells.

This analysis also demonstrates that 5 of the miésense mutants
and 2 of the deletion mutants of Rev were inactive (Lanes 4-7, 10, 16
and 20), while all other Rev mutants appeared fully able to induce 72 aa Tat
expression. Four of the inactive missense mutations are clustered between



excess of pMLO. To nore accurately quantitate the effectlveness of the
trans-inhibition of Rev function, the ability of incnh
to inhibit the rescue of the pHIV-1[err]rev provirus |REPBA Fb@“ﬁf@ﬁ@ﬁ«
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itself. COS cell cultures (35 M) were co-transfectegl wWth-25-ng of
pH V-1[err]rev and 50 ng of pcREV, wi tk33n increasing fold nolar excesp of
either pcREV ([err]), pM4 ([err]), p[err]10/14 (o) or p™Mo—ferri)—as
indicated in Figure 12, i.e., 10 fold neans co-transfection of 500 ng of
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total of BffoP fUseparated by two fully functional mutants and affects residues

78 and 79. Deletion of either the 4 residues near the N-terminus (pal/2) or
the 21 residues near the C-terminus of Rev (pAll/14) had little or no effect

on rev function. In contrast, deletion of additional sequences between
residues 9 and 17 (p8l/3) resulted in loss of rev function.



by inclusion of the parental expression vector pBCl2/CW as a negative
control. A SEAP gene expression vector was co-transfecte .ot ernal
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conpetitive effects of the added Rev nutants were neasured, was arbitrarily

In order to more rigorously evaluate the trans-activation
capability of the rev mutants, their ability to rescue, in trams, a
replication defective rev mutant of HIV-1 was tested. For purposes of this
analysis, the rev HIV-1 provirus of vector pHIV-larev (designated
pHXB2Bam-p3 by Feinberg et al., Cell 46 [1986] 807-17) was used, which
contains a frame-shift mutation in the second coding exon of rev at
amino acid 59 that renders the provirus incapable of replication, i.e.,
unable to produce a functional Rev protein when transfected into COS cells,
absent co-transfection with a vector capable of expressing HIV-1 rev in
trans (Rimsky et al., Nature 335 [1989] 738-40). The ability of the mutants
to rescue the rev provirus was analyzed as depicted in Figure 9, with viral
replication being measured by quantitative assay of the level of HIV-1 p24
Gag protein (pg/ml) released into the culture supernatant using an ELISA
éssay system for soluble p24 Gag expression (DuPont-NEN Inc., Billerica,

MA, USA), with standards supplied by the manufacturer.

For purposes of control, transfection efficiency was monitored
by co-transfection of the cultures with the Rev non-responsive vector
pBC12/RSV/SEAP (12.5 ng/culture), a secreted alkaline phosphatase (SEAP)
gene expression vector. Conveniently, SEAP levels were measured in parallel
with supernatant p24 Gag levels. Additionally, some cultures were also
co-transfected with 125 ng of either the negative control vector pBC12/CMV
(NEG) or a wild-type rev gene expression vector (pcREV).

COS cells cultures (35 mm) were co-transfected with 250 ng of
pHIV-lArev and 125 ng of a control vector or one of the modified
mutant-containing vectors. Supernatant media were sampled 65 hours after
transfection and assayed for p24 Gag protein expression levels. SEAP levels
were measured in parallel. The resulting values are recited in Figure 9,
with correction for the slight variability observed in supernatant SEAP
levels (with mean SEAP activity set at 1.00 units, the observed standards
deviation was + 0.14 and the range 1.30 to 0.73).
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Little variation in the supernatant level of SEAP activity was

seen in this experiment, thus demonstrating equivalent transfection

efficiency and confirming the lack of mutant induced cellular toxicity.

Transfection of pHIV-1lArev alone resulted in no detectable p24 Gag protein

in the culture supernatant (Lane NEG), while co-transfection with a

wild-type rev gene expression vector effectively complemented the ability of

pHIV-14Rev to induce the secretion of p24 Gag (Lane pcREV).

Additionally, all Rev mutants testing positive in the pgTAT

based assay visualized in Figure 8B achieved a level of activity between

50 and 100 X of that noted for the wild-type rev comstruction in rescue

assay, with the exception of M1, which achieved -30 X activity, a reduction
All

mutants that were scored as negative in Figure 8B were fully negative in the

which may reflect the decreased in vivo stability of the Ml mutant.

rescue assay (i.e., £ 10 pg/ml of p24 Gag), with the exception of M7 which

yielded a barely detectable level of supernatant p24 Gag protein.

Example 7: Rev phosphorylation not required for biological activity

The HIV-1 Rev protein is phosphorylated at one or more serine

residues when expressed in vivo. The mutations delineated in Figure

5

affect each of the 11 serine residues vhithin the rev coding sequence.

Thus, the immunoprecipitated [32P]-Pi labelled Rev proteins transiently

expressed in transfected COS cell cultures vere monitored in order to

identify the in vivo phosphorylation sites of the HIV-1 rev (Fig. 8C).

A

comparison of the level of [32P]-Pi incorporation into rev with the level of

[35S]-cysteine incorporated in a culture transfected in parallel (Fig. 8A)

wvas used to assess the effect of individual mutations on the level of

phosphate incorporation. The results of this comparison are depicted in

Table 1:
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Phenotypic analysis of HIV-1 rev gene mutants

Rev? Phosphorylation® Sub-cellular® Trans-dominant?

Clone function localization repression
wild-type ++ ++ : N

Ml + +4 ?

M2 ++ + N

M3 ++ ++ N>C

M4 - ++ N>C -

M5 - + C>N -

Mé - - C>N -

M7 - ++ N>C -

M8 ++ ++ N>C

M9 +4 ++ N

M10 - ++ N ++

M1l ++ ++ N

M12 ++ + N

M13 ++ ++ N

M1l4 ++ ++ N

41/2 ++ + N

a1/3 - - N>C -

A9/14 - nd nd +

4210714 - * N +

811/14 ++ + N

412/14 ++ + N

Al3/14 +b ++ N

*  ++, 50-100 X wild-type (wt); +, 5-50 % wt;

-y <5 % wt;

b 4+, comparable to wt; +, 30-60 ¥ wt; &, 5-20 % wt
-, no detectable phosphorylation; nd, not done;

€ ?, not detected by immunofluorescence; nd, not done;

4 ++, highly trans-dominant; +, moderately tréns—dominant;

-, not detectably trans-dominant
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The analysis summarized in Table 1 identified four missense
mutations which resulted in diminished phosphorylation. Of these, M2 and
M12 had a moderate effect on phosphate incorporation (-30 X and
-60 % inhibition, respectively) while M5 and M6 dramatically reduced the
level of phosphate incorporation. The possible reasons for the &ramatiq
effect of the M5 and M6 mutations.(which do not affect any serine residues)
on phosphorylation of rev will be discussed in more detail below.

To further localize the phosphate receptor serine residues in
Rev, a study of the level of phosphorylation of the deletion mutants (p4)
(Fig. 8C, lanes 15-20) was performed. This analysis revealed that the
pAl3/14 mutation was normally phosphorylated while the pAl2/14 deletion, and
the larger C-terminal deletions, displayed only a low level of
phosphorylation (~90 X inhibition). Similarly, the pAl/2 Rev mutant, which
was effectively labelled with [35S]-cysteine, also displayed a low level of
[32P]-Pi incorporation (-90 X inhibition).

It is unclear why deletions that extend to the site of the M2

and M12 mutations had a more drastic effect on the level of phosphorylation

than the missense mutations themselves. However, these results are

consistent with the hypothesis that the Rev protein contains two primary
sites of serine phosphorylation, one located at residue 8 (M2) and the
second at residue 99 (M12). In any case, the mutants which lack these
residues (i.e., pM2, pAl/2, pM12, pA8l12/14) display approximately wild-type
levels of Rev activity (Fig. 8B, Fig. 9). It is therefore concluded that
phosphorylation of Rev is not essential for the trans-activation function of
the HIV-1 regulatory protein in transfected cells.

i
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That the Rev protein is predominantly localized to the nuclei,
particularly the nucleoli of expressing cells, was confirmed by analysis of
the mutants using indirect immunofluorescence. The resulting phase contrast
and corresponding immunofluorescence photographs of fixed, transfected COS
cell cultures are shown in Figure 10.

The technique of indirect immunofluorescence used to localize
the Rev protein within the transfected COS cell was that described in
B.R. Cullen, Meth. Enzymol. 152 [1987] 684 and B.R. Cullen, J. Virol.

62 [1988] 2498 except that a modified paraformaldehyde-based cell fixation
procedure was employed (Ruben et al., J. Virol. 33 [1989] 1-8).
Specifically, the cells were treated with rabbit polyclonal anti-Rev peptide

antiserum followed by rhodamine conjugated goat anti-rabbit IgG.

The primary rabbit anti-Rev antibody was used at a 1:800
dilution.. REV1/20 antibody was used for analysis of the majority of Rev
mutants, with the exception of cultures transfected with the pMl, pM2, pM3,
p4l/2 and pAl/3 vectors. REV27/51 antibody was used for these. The second
antibody, rhodamine-conjugated goat anti-rabbit IgG (Boehringer Mannheim
Biochemicals, Indianapolis, IN, USA), was used at a 1:50 dilution.

- The Rev mutants displayed four categories of subcellular
localization as indicated in the Figure. The categories were:
N, nuclear/nucleolar with no detectable cytoplasmic expresion;
N > C, slight cytoplasmic expression; N > C, clear cytoplasmic expression
wvith some nuclear concentration; C > N, random distribution within the cell.
Representative examples of these distributions are shown in the Figure with
the Rev proteins depicted being indicated in the upper right corner of the
lower panel of pictures. .The localization of each Rev mutant detected by
this assay is set-forth in Table 1.

As shown, the majority of mutants displayed a fully wild-type
subcellular localization (N), including the trans-activation negative clone
pM10 (Fig. 10D). However, several mutants yielded a very low but detectable
level of cytoplasmic fluorescence as typified by pM4 (Fig. 10F). This
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nucl ear | ocalization (NL) signal (shaded). Mitants alteret-+n-t-his..doognin

di splay a recessive negative phenotype. In contrast, rupRdtH Uﬁﬁﬁﬂﬂﬂw WTﬂﬂyF
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mutants (pM3, pM8) and inactive mutants' (pM4, pM7) d1sp1ayed this property.

Additionally, one fairly extensive deletion mutant, pal/3, displayed a
subcellular localization intermediate between the wild-type pattern and the
pattern induced by mutations in the basic domain of Rev (N 2 C, Fig. 10H).
This deletion is, however, not located close to the basic domain. While the
reason for this aberrant localization is unclear, it does correlate with the
lack of biological activity observed for pal/3.

Mutation of the arginine rich domain of Rev (pM5, pM6) which
displays homology to known nuclear localization signals, resulted in a high
level of cytoplasmic Rev protein (C > N). These proteins, however, were not
excluded from the cell nucleus (Fig. 10J), suggesting that the basic domain
of Rev is, in fact, a nuclear localization signal.

It is of interest to recall that pM5 and pM6é were not
significantly phosphorylated in vivo despite retaining the sites proposed
above as acceptors for phosphorylation. This may be because the kinase |
responsible for the phosphorylation of Rev is confined to the cell nucleus.
Thus, it appears possible that inappropriate subcellular localization of the
pM5 and pM6é Rev mutants is responsible for their low level of
phosphorylation.
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Rev mutants which had lost the ability to trans-activate HIV-1
structural gene expression were examined for their ability to inhibit in
££§§§ the function of the wild-type Rev protein.

COS cells (35 mm) were co-transfected with 250 ng of the
jndicator construction pgTAT and: 290 ng pBC12/CMV (negative control)
(Fig. 11A, lane 1); 40 ng pcREV (low level), 250 ng pBC12/CMV (lane 2);
290 ng pcREV (high level) (lane 3); 40 ng pcREV, 250 ng pM4 (lane 4);

40 ng pcREV, 250 ng pM7 (Lane 5); 40 ng pcREV, 250 ng pM10 (lane 6).
Sixty hours af;er transfection, the cultures were labelled with
[35S]-cysteine and subjected to immunoprecipitation analysis using rabbit
anti-Tat antisera. '

As shown in Figure 11A, pM4 (lane 4) and pM7 (lane 5) had little
effect on the activity of the wild-type Rev protein as measured by the
" induction of 72 aa Tat expression, whereas pM10 (lane 6) appeared to
completely inhibit Rev function. This suggests that pM10 encodes a specific
inhibitor of HIV-1 rev gene function.

In order to demonstrate that pMl0 indeed acts by specifically
preventing the cytoplasmic expression of the unspliced HIV-1 mRNA which
encodes the 72 aa form of tat, the S1 nuclease protection assay of Malim
et al., (1988), supra was employed. This assay (Fig. 11B) quantitates the
level of spliced (S) and unspliced (U) tat mRNA expressed in the cytoplasm
of COS cells (100 mm) transfected with: 2.75 ug pBC12/CMV + 2.5 ug pcREV
(Lane 1); 2.5 ug pgTAT + 2.75 ug pBC12/CMV (Lane 2); 2.5 ug pgTAT
+ 0.25 ug pcREV + 2.5 ug pBC12/CMV (Lane 3); 2.5 ugpgTAT + 2.75 ug pcREV
(Lane 4); 2.5 ug pgTAT + 0.25 ug pcREV + 2.5 ug pM10 (Lane 5); 2.5 ug pgTAT
+ 0.25 ug pcREV + 2.5 ug pAl0/14 (Lane 6). As shown, total input DNA vas
maintained at a total of 5.25 ug by inclusion of the parental expression
vector pBC12/CMV as a negative control.

At 60 hours after transfection, cytoplasmic RNA was harvested
for analysis and 5 ug aliquots were used in the S1 nuclease protection
assay. The DNA probe used herein was a 798 basepair probe end-labelled at
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an XhoIl site located within the first coding exon of tat using Klenow DNA
polymerase (Malim et al. [1988] supra). The probe (I) was designed to
quantitate the level of both unspliced (U) and spliced (S) cytoplasmic tat
mRNA in the transfected COS culture. Using this probe, spliced (S) tat)
mRNA is predicted to rescue a 202 nt probe fragment while unspliced (U) tat
mRNA is predicted to rescue a 506 nt fragment. The relative level of

-unspliced RNA in each lane was quantitated by densitometry using an LKB soft

laser scanner. The results, as visualized in Figure 11B, are:
Lane 2: 14 % unspliced; Lane 3: 63 X unspliced; Lane 4: 82 X unspliced;
Lane 5: 22 % unspliced; Lane 6: 24 X unspliced.

As expected spliced tat mRNA predominates in the cytoplasm of
cells transfected with pgTAT alone (Fig. 11B, Lane 2) while unspliced
tat mRNA is the dominant cytoplasmic species in the cytoplasm of cells that
coexpress the HIV-1 Rev protein (Figure 11B, Lanes 3 and 4). However,
coexpression of pgTAT with both pcREV and pM10 restored the cytoplasmic
predominance of the spliced form of tat mRNA (Figure 11B, Lane 5).

Although the total level of RNA loaded in Lanes 5 and 6 appear
somevhat low, it is thus nevertheless apparent that pM10 (Lane 5) was able
to selectively inhibit the Rev induced cytoplasmic expression of unspliced
tat mRNA from the pgTAT vector. Indeed, the relative level of unspliced tat
mRNA detected in the presence of both pcREV and pM10 is comparable to the
level observed in the absence of Rev.

The same pattern is apparent for pAl0/14 (Fig. 11B, Lane 6).
These results additionally demonstrate that a rev gene deletion extending 3’
to the M10 mutation (pAl0/14) also encodes a trans-repressor of Rev

function. A more extensive deletion which extends through the site of the
M10 mutation, termed pA9/14, also displayed a dominant negative phenotype
(Table 1). However, a deletion which extended to the site of the M8
mutation was no longer trandominant (data not shown).
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The experimental results pfesented in Figure 11A and 11B
demonstrate that pM10 can repress wild-type Rev function when present in
trans. However, these experiments were performed in the presence of a large
excess of pM10. To more accurately quantitate the effectiveness of the
trans-inhibition of Rev function, the ability of increasing levels of pM10
to inhibit the rescue of the pHIV-lArev provirus mutant by a single level of
pcREV.was analyzed. This experiment also tested the effect of increasing
levels of the pM4 and pAl0/14 Rev mutants, as wvell as the effect of simply
increasing the level of expression of wild-type Rev itself.

_ COS cell cultures (35 mm) were co-transfected with 25 ng of
pHIV-lArev and 50 ng of pcREV, with an increasing fold molar excess of
either pcREV (w), pM4 (4), p8l0/14 (o) or pMlO (m), as indicated in
Figure 12, i.e., 10 fold means co-transfection of 500 ng of the indicated
plasmid construction. Total input DNA was maintained at a total of 587.5 ng

by inclusion of the parental expression vector pBCl2/CMV as a negative
control. A SEAP gene expression vector was co-transfected as an internal
control (12.5 ng/culture). The supernatant media were sampled at 65 hours
and assayed by measurement of the level of supernatant p24 Gag expression.

The results of this assay are presented in Figure 12 relative to
the level of p24 expression obtained in the absence of any competing rev
vector, a level defined as 1.00. All values are expressed relative to the
p24 Gag expression level observed in the culture transfected with 25 ng
pHIV-lArev, 50 ng pcREV, 12.5 ng pBC12/RSV/SEAP and 500 ng pBC12/CMV. This
control culture (@), which forms the basal value against which the
competitive effects of the added Rev mutants were measured, was arbitrarily
assigned a level of 1.00 unit of p24 Gag expression. The values presented
herein are corrected for the slight variability observed in supernatant SEAP
levels (mean SEAP activity was 1.00 x 0.27 with a range of 1.28 to 0.72).

As depicted, increasing the level of transfection of the
wild-type rev expression vector pcREV was found to exert a mildly positive
effect on viral replication, leading maximally to an -70 ¥ increase in the
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contrast, had a dramatically inhibitory effect on HIV-1 structural gene

a

expression. The pattern of inhibition obtained is that expected for a
competitive inhibitor of Rev function which displays the same affinity as
wild-type Rev for its biological target. Thus, an equimolar amount of pM10
reduced p24 Gag expression -2 fold, a 2fold excess of pM10 reduced
expression -3 fold, a Sfold excess -6 fold while a 10fold excess reduced p24
Gag expression by -93 X.

In addition to pM10, co-transfection of p4l0/14 also reduced p24
Gag expression, however, this large deletion mutant of Rev was not as
effective an inhibitor as pM10. It appears likely that the severely
truncated protein expressed by p4l10/14 is a less effective competitor
because it lacks sequences which enhance the binding of Rev to its
biological target.

Finally, co-transfection of pM4 also had an inhibitory effect,
although it was slight, less than two fold (32 X), at the maximum dose used.
This effect is thought to arise from an activity (squelching) unrelated to
RRE binding.
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Example 11: Domain structure of the HIV-1 Rev trans-activator

As discussed above, transient gene expression analysis in
transfected cells to assess the biological activity of a series of missense
and deletion mutants of the HIV-1 trans-acting gene product Rev was used.
These results evidence the possible existence of two functional domains .. .
vithin - Rev, as depicted schematically in Figure 12A, wherein S constitutes a
splice site. Moreover, these two domains could be essential for
trans-activation (cross-hatched).

The first of these domains (the RNA binding domaln) defined by
the four missense mutants pM4, pM5, pM6 and pM7, extends over about a 35
amino acid region betveen about amino acid pdsition 10 and about amino acid
position 68 of wild-type Rev and contains a highly basic sequence element
which is essential for the nuclear localization of Rev. It also contains a

" nuclear localization (NL) signal (shaded). Mutants altered in this domain
display a recessive negative phenotype.

In contrast, mutations within the second domain (the activation
domain), which is centered approximately on amino acid residue 79, and
defined i.a. by the missense mutant pM10 and the deletion mutants pA9/14 and
p810/14, also result in a loss of Rev function but, remarkably, the negative
phenotype displayed by these mutants is trans-dominant. Two regions of Rev
(hatched in Figure 12A) appear to be dispensable for protein function. As
depicted herein, mutations in the Rev activation domain render Rev defective
and result in the production of proteins which competitively inhibit
wild-type Rev function. This trans-repression is sufficient to markedly
reduce or suppress the replication of HIV-1 in transfected cells. The
molecular basis for the dominant negative phenotypes displayed by pM10 and
the related deletion mutants is not known yet. However, the observation
that both missense (M10) and deletion (A9/14, A410/14) mutants are able to
inhibit Rev function in trans does suggest that the loss, rather than the
acquisition, of an attribute is responsible. One possibility is that
defective Rev protein molecules might be able to form mixed multimers with
wild-type Rev protein subunits and hence inhibit the function of the
wild-type protein in a transdominant manner. It is not, however, currentiy
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alternative hypothesis, based on earlier work involving the functional

dissection of a number of prokaryotic and eukaryotic transcription factors,

is that transcriptional trans-activators bear two distinct functional

domains, a specific "binding domain” that directs the protein to its

. appropriate target substrate, and an "activation domain" that permits the
functional consequence of the binding event, in this case transcriptional
activation, to be displayed. In several systems, the binding domain has

been shown to consist of a sequence-specific DNA binding element; however,

in at least one case, that of the herpex simplex virus type 1 (HSV-1)

trans-activator VP16, it appears that the binding domain instead mediates a

k4
T

specific interaction with a cellular transcription factor which in turn

binds to target sequences in the HSV-1l genome. Importantly, mutation of the
binding domain tends to result in a negative phenotype which is recessive at
moderate levels of expression. In contrast, mutation or deletion of the
activating domain of a transcription factor may result in mutants with a
dominant negative phenotype. These mutants, which retain an intact binding

domain, are believed to compete with the wild-type trans-activator for

binding to the appropriate cellular target, yet are incapable of activating

transcription once binding has occurred. In the case of the HSV-1 VP16

protein, overexpression of such a transdominant mutant has been shown to

inhibit wild-type VP16 function effectively, and hence to preclude

replication of HSV-1 in normally permissive cells.

Although the rev gene product is a posttranscriptional

trans-regulator of gene expression it appears reasonable that the concept of
tvo distinct functional domains should also be applicable in this case.
particular, Rev functions in a highly sequence-specific manner, via a direct
interaction (M.H. Malim et al., Cell 60 [1990] 675-683) with its RNA target
sequence, the RRE, and must therefore contain sequences that confer this
specificity. Once binding has occurred, this event must.be translated into
an activation event, in this case nuclear export of the incompletely spliced
RNAs that encode the HIV-1 structural proteins. Mutations in this latter

domain might thus result in competitive inhibitors of

function. This is the phenotype observed for the pM10 and pA10/14 mutants

wild-type Rev

on 90, particularjy
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for transfection efficiencies). In addition to those fpu d as_descri bed
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pH27, pM28, pM29 and

of Rev and these mutants may indicate the existence of a discrete activation
domain. Conversely, the second, more N-terminal éssential region of the Rev
protein defined by this mutational analysis may serve the same function as
the "binding domains" defined in several transcription factors. Mutants
altered in this domain (e.g., pHé, pM7) do in fact display a generally
recessive negative phenotype, although a low but significant inhibition is
observed at high expression levels. Further transdominant mutants have also
been found (see Figure 5A and Examples 1la and 11b) which allow the
localization of the Rev activation domain to be refined as extending from

about amino acid position 68 to about amino acid position 90, particularly

from about position 78 to about position 86 and especially from about

position 78 to about position 83 or 84 of wild-type Rev.
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Example 1lla: Further transdominant HIV-1 Rev mutants

Further HIV-1 rev mutants have been prepared analogously to the
procedures described above under 6.2. They are designated and characterized
as appears in Figure 5A and in Table 2. The in vivo phenotype has been
determined according to M.H. Malim et al., Cell 58 [1989] 205-214 (all
assays were internally controlled for transfection efficiencies).

In addition to those found as described under Examples 4 to 11

above, the following further mutants have been found to transdominantly
inhibit the wild-type HIV-1 Rev function: pM21, pM22, pM27, pM28, pM29 and

pM32.
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Table 2
Phenotypic analysis of further HIV-1 rev gene mutants
Clone Phenotype? Transdominant repression®
pBC12/CMV (vector alone) 0
pM15 ++
pM16 ++
pM17 ++
pM18 +
pM19 ++
pM20 -+ :
pM21 - _ : 97
pM22 - - 93
pM23 ++
pM24 ++
pM25 ++
p49/19 -
pAl8/19 +
pAl8/23 -
pA22/14 -
pa23/14 +
pM27 - 92
pM28 - 92
‘pM29 - 91
pM32 - 97
pM33 ++
pM34 ++
pM35 ++
pM36 +
2 4+ 40-100 X (relative to wild-type Rev activity)
+ 5-39 X
- <5 %

b a5 ¥ inhibition of wild-type Rev function, with a 10fold excess
of mutant Rev over wild-type Rev
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92 pM29
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92 p\28 |
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++ pM36 +
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Example 11b: Effect on HIV-2 and SIV Rev fumction

The multivalent potential of the transdominant HIV-1 rev gene
mutants of Example 4 to 11 has been analyzed using the methodology already
described above under 6.2. and in M.H. Malim et al., Proc.Natl.Acad.Sci.USA
86 [1989] 8222-8226. The results obtained show that at least mutant pM10

has the capability of transdominantly inhibiting not only the phenotypic
expression of the HIV-1 rev genme, but additionally also HIV-2 rev and SIV..c
rev gene function, as shown, e.g. for HIV-2 rev, by strong inhibition of

HIV-2 Rev function when an excess of pM10 is expressed together with
wild-type HIV-2 rev gene, through inhibition of unspliced mRNA and of l-exon

tat expression in the cytoplasm.



[err] ++ 40-100 % (relative to wld-type Rev activity) + 5-39 % - <5
as %inhibition of wild-type Rev function, with_g_10fol d excess of

% [err]

nmut ant Rev over wild-type Rev -69- Exanple 11b: Ef{BEds
Rev function The nultival ent potential of the transdoningst 2% Skl N

h

NN ¢ B

-70- 5 06 DEC 1996

6-3.

Example 12: Analyses of Rex function

For testing rex mutants for Rex function (Fig. 14), each mutant
DNA was cotransfected with pgTAX-LTR into COS cells using DEAE-dextran
(B.P. Cullen, Meth. Enzymol. 152 [1987] 692-693). All plasmids were added

at a concentration of 1.25 ug/ml. Forty-eight hours after transfection, the

cells were metabolically labelled with 33S-cysteine for 2 hours, cellular
extracts prepared, and the samples were immunoprecipitated -with the

0.5 alpha human monoclonal antibody that specifically reacts with the HTLV-I
envelope protein. Immunoprecipitates were analyzed on

SDS-10 % polyacrylamide gels.

For simultaneous analysis of HTLV-I Env, Tax and Rex protein
production (Fig. 15), COS cells were cotransfected with pgTAX-LTR
(0.1 ug/ml) and the vectors encoding the mutant Rex proteins (1 ug/ml) or
the wild-type pREX, pREV and pCMV-IL-2 vectors (1 ug/ml).
Immunoprecipitation analyses of HTLV-I proteins used the following
antibodies: Env, 0.5 alpha antibody; Tax, Tax-specific anti-peptide rabbit
antisera (prepared by one of the inventors; can also be prepared according
to W. Wachsman et al., Science 235 [1987] 674-677); Rex, Rex-specific
anti-peptide rabbit antisera (prepared by one of the inventors; can also be
prepared according to H. Siemi et al., Cell 55 [1988] 197-209). In each
case, the radiolabeled cellular extract was used for the three _
immunoprecipitations and electrophoretic analyses; only the relevant region
of each of the resultant autoradiograms is presented in each panel of
Fig. 15.

For subcellular localizationof HTLV-I Rex mutants by
immunofluorescence (Fig. 16), COS cells were transfected with the indicated
expression plasmids and fixed with paraformaldehyde 48 hours later. The
cells were then sequentially stained with rabbit ant-Rex peptide antiserum

(1:100 dilution) and goat anti-rabbi; IgG conjugated to rhodamine as

previously described (B.R. Cullen [1987] supra).

|V
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Example 13: Inhibition of Rex and Rev function

For analysis of the ability of rex mutants to inhibit function
of the wild-type Rex protein (Fig. 17A), COS cultures were cotransfected
with three plasmids including pgTAX-LTR (1.25 ug/ml), pREX (0.1 ug/ml) and
1 pg/ml of the Rex mutants (Lanes 1-6), pREX (Lane 7), pREV (Lahe 8) or
pCMV-IL-2 (Lane 9). Env production was analyzed by immunoprecipitation with
the 0.5 alpha monoclonal antibody and electrophoresis through SDS-10 % poly-
acrylamide gels. For analysis of inhibition of the function of HIV-1 Rev
protein, COS cells were cotransfected with pgTAT, pREV and a 10-fold molar
excess of pBC/CMV-IL-2 or the M6, M7 and M13 transdominant Rex mutants.
After 48 hours of culture and biosynthetic labeling with 355-cysteine,
cellular extracts were assayed by immunoprecipitation for Rev-induced
production of the truncated 72 amino acid form of the Tat protein (Lane 2).
At a 10:1 molar ratio, the M6, M7 and M13 (Lanes 3-5) mutants completely
inhibited the action of the HIV-1 Rev protein as only the full-length
86 amino acid form of the Tat protein was detected. For analysis of
inhibition of replication of HIV-1, COS cells were cotransfected with the
rev-deficient HIV-1 proviral plasmid pHXB2-Bam-p3 (M.R. Feinberg et al.,
Cell 46 [1986] 807-817) and pREX in the presence of the indicated fold
excess of the M1, M6, M7, and M13 mutants. Total DNA concentration in the
transfection cocktail was maintained at a constant level by the addition of
varying amounts of the pBC/CMV-IL-2 parental vector. Three days after
transfection, supernatant levels of the HIV-1 p24 Gag protein were measured
by ELISA (Coulter Immunology kit). The M6, M7 and M13 mutants produced
dose-related inhibition of HIV-1 p24 production vhile the recessive negative
M1 mutant did not. '
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7. PHARMACOLOGICAL ASPECTS

HIV-1 is .the predominant etiologic agent of AIDS; HTLV-I is
causing i.a. ATL; HTLV-II is etiologically related to some cases of variant
T-cell hairy cell leukemia. The HIV-1 Rev and the HTLV-I Rex
trans-activators have been shown to be essential for viral replication in
culture and Rev and Rex are therefore potential targets for chemotherapeutic
intervention in afflicted patients. .

Déscribed herein are mutant forms of Rev and/or Rex that act as
effective competitive inhibitors of wild-type Rev and/or Rex function in
cells transfected with wild-type Rev or Rex and which, therefore, also
function as effective inhibitors of HIV-1 and/or HTLV-I and/or HTLV-II
replication. These mutants could thus be used to protect the lymphoid cells
of patients exposed to infection. An indication that this approach can be
expected to be practicable is the observation that expression of an
analogous transdominant derivative of the essential VP16 trans-activator of
HSV-1 can effectively confer resistance to HSV-1 infection on a normally
susceptible cell population (A.D. Friedman et al., Nature 335 [1988]
452-454). Further, corresponding transgenic mice appear to be immune to
infection with HSV-1. '

Mutant rex and rev genes encoding transdominant repressors of
Rex or Rev are thus indicated for use as "intracellular immunogens" for the
treatment of diseases caused by HTLV-I or by HTLV-II or, respectively, of
HIV-1-induced diseases including AIDS and ARS (ARC). Further, since at
least some of the transdominant Rex mutant proteins of the invention have
the particular attribute of being able to inhibit both HTLV-I Rex and HIV-1
Rev protein action, they are thus indicated for use in the treatment of
infections by both virus types. This property may be of particular value in
patients coinfected with more than one of these viral pathogens or in those

vhose infection has not been distinguished between these two agents.
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invention. In view of its broad applicability the above concept appears to
be indicated not only in the therapy of the diseases caused by viral species
encoding Rev and Rex but also in further viral diseases caused by organisms

having genes similarly regulated.

The invention is thus indicated for use in the prophylaxy and
therapy of viral, particularly retroviral diseases such as ATL (adult T-cell
leukemia), AIDS (acquired immunodeficiency syndrome), ARS or ARC
(AIDS-related syndrome or complex), SIV (simian immunodeficiency virus) such
as SIVpacs FIV (feline immunodeficiency virus), EIAV (equine infectious
anemia virus), visna virus and bovine immunodeficiency virus infectionms,
especially human retroviral diseases, more especially human retroviral
diseases caused by pathogens regulated by the rex or rev gene or equivalents
thereof, such as ATL, AIDS and ARS (ARC).

0f particular benefit is thereby the multivalent aspect of the
repressor effect since it is of advantage in the treatment of multiple,
especially double infection by virus, such as is often seen in i.v. drug
users coinfected by HIV-1 and HTLV-I, or in treatment in situations of
single infection with increased risk of further infection, such as in
HIV infection, or in prophylaxy in situations where it is desired to protect
against infection by a spectrum of different viral species.

This multivalent aspect, while normally expected to be most
effective in the inhibition of somewhat related viruses of one particular
type, e.g. retroviral viruses, is not necessarily restricted to closely
related viruses, such as either DNA virus or RNA (retro-)virus: interactions
are known to exist in levels of infectivity between DNA viruses and
;etroviruses, such as between HIV-1 and JC virus, a human papovavirus
(H. Gendelman et al., Proc.Natl.Acad.Sci.USA 83[1986]9759-9763; H. Tada
et al., ibid. 87 [1990] 3479-3483) and common regulatory mechanisms may thus

well be at work in phylogenically more distant viral species on which the

above principles of multivalent transdominancy could be applied.
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Rev function of HIV-1 blocks viral replication, thus preventing the

formation of infective virus particles, and is thus expected to perpetuate
the latent stage of infection. Thus the cells of subjects already infected
with the HIV-1 virus but also having, integrated into their genome, the gene
for a transdominant repressor would remain functional and the subjects
indefinitely free of symptoms of disease, without the need for long-term
therapy.

Viewed in this light the genes according to the invention are
pharmaceuticals in themselves, for single or multiple administration either
directly in vivo or indirectly in vitro, preferably as part of a vector,
e.g. a retroviral or plasmid vector, in a form suitable for achieving
delivery in a functional form into target mammalian cells; for example
insertion of genes that encode such transdominant inhibitors of viral
replication may be effected in vitro into cells of patients by direct
implantation into the genome of lymphoid cells derived from infected
individuals and these cells may be administered to the donor patient after
insertion has been effected. Since HTLV-I and HTLV-II as well as HIV-1
replicate in various types of T-cells, the diseases they cause would appear

to be particularly suited.

One application of this would thus parallel the gene therapy
concept disclosed in e.g. T. Friedmann, Science 244 (16 June 1989) 1275 or
P.M. Lehn, Bone Marrow Transplant 1 (1987) 243: hematdpoietic stem cells
are extracted from e.g. AIDS/ATL patients and cultivated in vitro, the

mutated gene according to the invention, coding for a transdominant
repressor for the function to be repressed, such as the Rev/Rex function, is
implanted into these cells using retroviral vectors; the now viral-resistant
progeny-producing stem cells are returned to the immune system of the
original patient, where they are expected to proliferate in view of their
acquired selective advantage over non-treated stem cells; in due time the
population of hematopoietic cells will consist entirely of cells producing
the transdominant factor and be virus-resistant.
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Methods on how to effect this are already known in the art,
see e.g. USP 4868116. Vectors, e.g. retroviral or plasmid vectors for
delivering the mutated genes according to the invention into target
mammalian cells such as bone marrow cells are disclosed or referred to in,
e.g., Science 244 (16 June 1989) 1275. Thus, for example, various Rev
and/or Rex transdominant genes are cloned into retroviral vector systems.
After retroviral-mediated gene delivery into e.g. HIV-infected human cell
lines the inhibitory effect of the transdominant mutants is readily
ascertained by inhibition of viral production.

The above therapeutic concept is an example of intracellular
jmmunization as envisaged in D. Baltimore, Nature 335 (1988) 395. 1In brief,
the concept involves insertion of a gene that encodes a repressor of some
vital function of a selected virus into the particular target cells which
that virus infects (e.g., certain T-cells in the case of the.virus causing
AIDS). Application of this approach to therapy with a transdominant
repressor of any virus is conditional upon establishment that potential
vectors for genes encoding such mutant proteins and pdssible methods of
inserting these vectors into the proper cells, which have been identified in
model systems, constitute effective and safe intracellular delivery systems
for human or animal applications. The concept can thus be put to the test
of experimental verification only with difficulty in view of the ethical
barriers presently preventing gene therapy. However the first such genetic
experiments have just started, with non-therapeutic goals. It is to be
expected that very shortly after the innocuity of the procedure has been
demonstrated these pioneer experiments will be followed by similar trials
vith therapeutic goals, first in life-threatening conditions such as AIDS
disease, and the present invention would appear to be well suited for early
use in such trials (see T. Friedmann, Science 244 [16 June 1989] 1279,
second column, "Infectious diseases").
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a gene but of a repressor protein according to the invention into target
cells. Administration e.g. orally or parenterally is effected in
conventional manner in a form allowing intracellular penetration, such as
liposome-mediated delivery.

For these uses the exact dosage will of course vary depending
upon the compound employed, mode of administration and treatment desired;
ascertaining the most suitable dosage in a particular situation is within
the skill of the man of the art.

by



Cell 46 [1986] 807-817) and pREX in the presence-of the indicated fold
excess of the M, M5, M/, and ML3 nutants. Total

transfection cocktail was maintained at a constant
varyi ng anmounts of the pBC/ CW-IL-2 parental vector
transfection, supernatant |evels of the H V-1 p24
by ELISA (Coulter Inmunology kit). The M5, M/ and ﬂ ced
dose-related inhibition of H V-1 p24 prpduction whilie the
negative ML nutant did not.

The invention is further indicated for use in the design and
engineering of anti-viral drugs based on transdominancy. A means has now
been found for manipulating viral gene function which appears to be of
general applicability for several viral species, although the structural
basis therefor varies widely in the various viruses. This unexpected
finding opens the way for studies aimed at designing further specific,
possibly low molecular weight, possibly non-peptidic transdominant
inhibitors of viral replication, in particular the design of inhibitors able
to mimic the transdominant, i.e. primarily the RNA-binding domain in the
mutant Rev or Rex proteins, such as low molecular weight inhibitors or

neutralizing monoclonal antibodies.

It is to be understood ‘that various combinations or changes in
form and detail can be made to the invention as described above without
departing from the scope of the present invention.

It is also to be understood that further mutants as described
above, including mutants among the specific mutants already constructed and
disclosed herein but which have not been characterized but may be
characterized upon more detailed investigation as being transdominantly
inhibitory and/or multivalent, and further mutants in accordance with the
principles described above but not specifically disclosed herein, also fall
within the scope of the present invention.



-72- 7.

etiologically
The HI V-1 Rev
for
targets for chenot herapeutic lixgtervention in

essenti al
potenti al

Descri bed herein are nutant forns of Rev and/ or
conpetitive inhibitors of wild-type Rev and/or
transfect edLvd thMvg l:d-type Rev or

1.

PHARMACOL OGI
predomn nant etiologic agent of AlDS; HTLV-

ases of variant T-cell hdpryr gebhaheu
hjm I I}ﬂmlgx trans-activators have Ee)“,‘i‘.""" Eﬁmﬂ'lf ng':?
cephicati*on in culture and Rev and

CAL

Is causing i_a. ATL: HTLV-I

ASPECTS SHV-1is the

s

ex are thereforé

ff

Rex functiion in cells

| i QbeBERRIENE S
Rex that qct as effectivye

Rex and whi ch, theref l.so

A gene coding for a protein which transdominantly represses the
phenotypic expression of functionally equivalent genes of more than one
viral species and thus blocks replication of more than one viral

species; or a functional fragment or derivative thereof.

A protein which transdominantly represses the phenotypic expression of
functionally equivalent genes of more than one viral species and thus
blocks replication of more than one viral species; or a functional
fragment or derivative thereof.

A gene according to claim 1 or a protein according to claim 2, whereby
the repressed genes are selected from two or more of HTLV-I rex,
HTLV-II rex, HIV-1l rev, HIV-2 rev, SIV rev, EIAV rev, visna virus rev
and bovine immunodeficiencj virus rev; or

a gene according to claim 1 or a protein according to claim 2, whereby

the repressed genes are HTLV-I rex and HIV-1 rev; or -

a gene according to claim 1 or a protein according to claim 2, whereby
the repressed genes are HIV-1 rev and HIV-2 rev; or

a gene according to claim 1 coding for an HTLV-I Rex protein or a
protein according to claim 2 which is an HTLV-I Rex protein, having a

‘mutation between about amino acid positions 22 and 101 of the wild-type

Rex protein, preferably between about 82 and about 97, especially

between about 87 and about 94; or
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f’nction as effective inhibitors of H V-1 and/or HTLV-I and/or HTLV-II
replication. These mutants could thus be used to prg ord
of patients exposed—to—+nfeetien: An indication thatkﬁﬁtétﬁ ﬁ?%&éﬁhﬁ.
expected to be '“u the observation that gxgression of an

anal ogous tran ﬂ'lm:mm ﬂlllm“ ve of the essenti al VF’16 tg@ﬁﬁ 1@2 afor of
HSV-1 can effect*i vél ytcohf e¥ r*esi stance to HSV-1 i nfiegt g

suscepti bl e cell population (A D. Frieggan et al., Nat
452-454). Further, correspondi ng transgenic m ce apgear to be inmune
infection wwth HSV-1. Miutant rex and rev genes encoding transdom na

repressors afngQXamorRewg aoecldiasli coditgt fut RATHTLYET Aex pFévednchd 4l ar
i mmunogens'

pIé¥é1B according to claim 2 which is an HTLV-I Rex protein, having a
mutation between about amino acid positions 59 and 121 of the vild-type
Rex protein, preferably at about position 59, 60, 64, 65, 119, 120 or
121; or

a gene according to claim 1 coding for an HIV-1 Rev protein or a protein
according to claim 2 vhich is an HIV-1 Rev protein, having a mutation
between about amino acid positions 68 and 90 of the wild-type Rev
protein, preferably between about 78 and about 86, especially between
about 78 and about 83 or 84; or |

a gene according to claim 1 or a protein according to claim 2 selected
from the gene or protein of or derived from pcRexM2, pcRexM7 and

pcRexM8; M6, M7 and M13; and pM10; or

a functional fragment or derivative thereof.

* BEEN
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treatnment of diseases caused by—HFL\-1 or by HFLV- -II or, respectively, of

Hl V- 1-i nduced di seases |nclud|ng : Furwﬁer @”mTFT .ﬂq]
| east sone of the transdom nant: ns of te: iFhushtToA
the particular attribute of beinls bot h LV-1 Rex and HIjV-i1

Rev protein action, they are thus |nd|cated for use in thef t EQtDEOII6S
I nfections by both virus types. This property may be of particul ar val ug ijn
patients coinfected with nore than one ﬂé t hese viral pathogens or in those
whose infection has not been dIStIngUIS 'd bet ween theseltwn agents

4. A gene coding for a protein or a protein which transdominantly represses
the phenotypic expression of the rex gene of HTLV; or a functional

fragment or derivative thereof.

5. A gene or protein according to claim 4, whereby HTLV-I rex gene

phenotypic expression is repressed; or

a gene according to claim 4 coding for an HTLV-I Rex protein or a
protein according to claim 4 which is an HTLV-I Rex protein, having a
mutation between about amino acid positions 22 and 101 of the wild-type
Rex protein, preferably between about 82 and about 97, especially
between about 87 and about 94; or '

a gene according to claim 4 coding for an HTLV-I Rex protein or a
protein according to claim 4 which is an BTLV-I Rex protein, having a
mutation between about amino acid positions 59 and 121 of the wild-type
Rex protein, preferably at about position 59, 60, 64, 65, 119, 120 or
121; or

a gene or protein according to claim 4 selected from the gene or protein
of or derived from pcRexM2, pcRexM7, pcRexM8, pcRexM17 and pcRex13415;

and M6, M7 and M13; or

a functional fragment or derivative thereof.
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-73- The existence of therapeutic agents effective on nore than one viral

speci es appears to have been nowhere disclosed prior to
invention. l-a~viewof its broad applicability the above
be indicated not only in the therapy of the di seases cat
speci es encodqugl ﬁu "ﬂ'"ﬂ' t also in further viral (
organi sns havi ' y regul ated. The inventi g

for use in the prophyl axy *and t herapy of__viral, particul

BHEAGE) B ST THT

-

sdd By ViTat

1eoBR e

a

di seases such as ATL (adult T-cell IeuKﬁHFa), Al DS (acquired

y
cat ¢d

I munodefi ci ency syndrone), ARS or ARC (AIDS-rel ated syndrome or Tonptex),

SIV (sim gn | E‘JHQ%%SEA&%QC virus) such

protein of a protein which transdominantly represses

the phenotypic expression of the rev gene of HIV-1, HIV-2, SIV, EIAV,

visna virus or bovine immunodeficiency virus; or a functional fragment

or derivative thereof.

7. A gene or protein according to claim 6, whereby HIV rev gene phenotypic

expression is repressed; or

a gene or protein according to claim 6, whereby HIV-1 rev gene

phenotypic expression is repressed; or

a gene according to claim 6 coding for an HIV-1 Rev protein or a protein

according to claim 6 which is an HIV-1 Rev protein, having a mutation

between about amino acid positions 68 and 90 of the wild-type Rev

protein, preferably between about 78 and about 86, especially between

about 78 and about 83 or 84; or

a gene or protein according to claim 6 selected from the gene or protein
of or derived from pM10, pa9/14 and pAl0/14; and pM21, pM22, pM27, pM28,

pM29 and pHBZ;'or

a gene or protein according to claim 6 selected from the gene or protein

of or derived from pM10, pHZl and pM32; or

a functional fragment or derivative thereof.
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as SlV[err], FIV (feline i munodeficiency vitus); El AVRESHAHeiN f
anem a virus), visna virus and | ci.ency V+us .ﬁfcct
especially human retroviral mmm WEE“,C' al l'y jhyman retrovi
di seases caused by pat hogens regul ated By tshe*rex or ey gB8keDEC 1996
equi val ents thereof, such as ATL, AIDS and ARS (ARC). {Of_particular beénefit
I's thereby the nultivalent aspect of thgy repressor effiect since it is of
advantage in the treatment of nultiple, especially dotbte—i-ri-estionby
virus, such as is often seen in i.v. drug users coinfected by H V-1 and

| rHIT;?(/ y urtﬂ dmf At ehatSéﬁdéa&s QD r2Asdomidrf reﬁm@ommm fune t s off

nf'ection, such as in HV infection I ro in

situations wHi BTLE-T Rexidrpieid ¢ bhe, toPESYsor being Soui£3ed ' fok SUILa X he
form of the Rex protein by at least one transdominant negative mutation

in the peptide domain of the wild-type Rex protein that exhibits the

effector activity of the Rex protein, the repressor having substantially
the nucleolar localization activity of the wild-type form of the Rex

protein.

9. A transdominant repressor of the function of the HTLV-I Rex protein, the
_ repressor being modified from a wild-type form of the Rex protein by at
least one transdominant negative mutation in the peptide domain of the
wild-type Rex protein that exhibits the effector activity of the Rex
protein, the repressor having substantially the nucleolar localization
activity of the wild-type form of the Rex protein.

10. A transdominant repressor of HIV-1 Rev function comprising a first and a
second domain, the first domain having substantially the specific
binding function of wild-type HIV-1 Rev and the second domain not having
the activation functions of wild-type HIV-1 Rev, the second domain being
modified from wild-type HIV-1l Rev by one or more mutations.

11. A transdominant repressor of HIV-1 Rev function comprising a first
domain having substantially the specific binding functions of
wvild-type Rev, said transdominant repressor not having the activation

functions of wild-type HIV-1 Rev.

I THIS SHEET HAS BEEN ]\
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agai nst infection by a spectrum | specirggFat
mul tival ent aspect, while nornal i -nost ek
i nhi bition of somewhat related ticulaj fype, €.

retroviral viruses, is not necessarlly rEStr'Cted to clos Iy §e¢€éﬁ§béi
' r
Ad

D

viruses, such as either DNA virus or RNA (retro-)virus:ji
known to exist in levels of infectivityggetween DNA viszw A
retroviruses, such as between H V-1 and JC virus, a hunfn papovavirus (H
Gendel man et al., Proc.Natl.Acad. Sci . USA 83] 1986] 9759- 9763 H Tada—et—at. ,
i bid. 87 12.9%0prciess- &4-881)e prdparation ofcgugateoaycorddhginiosasy me ofius wel |

o ey ORI 2050aRR' ¢ YndBE Sollp Pl A0 (U@ REG) £l 16R $110:500C

pri nci pl es of tiva ransd ancy cou
gene from an approprlate expression system, puttlng this gene into an

appropriate cloning system, introducing the desired mutation into the
gene and recovering the resultant mutant gene from the clones having the

desired mutation.

13. A process for the preparation of a protein according to any one of
claims 2, 4 and 6 which comprises expressing and amplifying a mutant
gene according to any one of claims 1, 4 and 6 in an appropriate
expression and amplification system and recovering the resultant product

therefrom.

14. A pharmaceutical composition combrising a gene according to any one of
claims 1, 4 and 6 or a protein according to any one of claims 2, 4 and 6
or a functional fragment or derivative thereof in a form suitable for
achieving the desired prophylactic or therapeutic effect, together with
a pharmaceutically acceptable carrier or diluent.

15. A method of treatment of a viral infection which comprises administering
a gene according to any one of claims 1, 4 and 6 or a protein according
to any one of claims 2, 4 and 6 or a functional fragment or derivative
thereof in a form suitable for achieving the desired prophylactic or
therapeutic effect, to a subject in need of such treatment.

16. A method of inhibiting replication of HIV-1, HTLV-I or HTLV-II
comprising introducing a DNA segment according to claim 8 into a cell
having the ability to replicate one of these viruses and to express the
DNA segment to produce a transdominant repressor of HTLV-I Rex function.

17. A method of inhibiting HIV-1 replication comprising introducing into a
cell infected with HIV-1 a transdominant repressor of HIV-1 Rev
function. '
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-74- The therapeutic potential of the | I mmedi atel y apparent,
since the repression of e.g. the Qﬂhﬂmmﬁ{ﬂv and the Rev
function of H V-1 bl ocks viral re N reventpng»the,fornatlon
of infective virus particles, and is thus expected to pel] a'f*’ﬂﬁ Sw
stage of infection. Thus the cells of subjects already |nfee@""". St M

H V-1 virus but also having, integratedggbto their genode; the gene for |a
transdom nant repressor would renmain functional and theISlij 8¢ pEC 1994

18. A gene according to any one of claims 1, 4 and 6 or a protein according
to any one of claims 2, 4 and 6 or a functional fragment or derivative
thereof for use as a pharmaceutical.

19. A vector containing a gene according to any one of claims 1, 4 and 6 or
a functional fragment or derivative thereof in a form suitable for
achieving delivery in a functional form into a target mammalian cell.

20. An inhibitor able to mimic the transdominant domain in a mutant
Rex or Rev protein according to claim 3, 5 or 7.

21. A method for identifying a specific inhibitor of the gene activation
function of the Rex protein comprising the steps of:
i) providing a genetic system comprising:

- a DNA segment encoding an mRNA which comprises a regulatory
response element that is recognized by the Rex protein, and at
least one unused splice site;

- a DNA segment encoding a rex gene that is capable of being
expressed to produce a protein product which induces export of the.
mRNA from the nucleus;

- a host cell transformed by the DNA segment encoding the rex gene
and by the DNA segment encoding the mRNA and having the capability
to express the protein product of the rex gene and to express the
mRNA; '

ii) contacting a culture comprising the cells of this genetic system
vith an agent suspected of being a specific inhibitor of the Rex
protein under conditions such that the agent enters the cells;

" - This Sheet Has Been Replaced
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nLony )urly _"'l\\'{"?l @,rnv-sT
indefinitely free of i sease t e need fof ddtldr m
therapy. Viewed in th| s I i ghLlIIl mH " Et“dl ng td tjhe invention gre
pharmaceuticals in thensel ve mul ti plie adm@m@%or gi t her

directly in vivo or |nd|rectly in V|tro prefe_rably as part of a veqtgr,

e.g. aretroviral or plasmd vector, in a form suitgbl®for—achrevimng;
delivery in a functional forminto targﬂﬁ-mamralian cells; for exanpl g

i nsertion of genes that encode such transdom nant inhibitors of viral
replication may be effected in vitro into cells of patients by direct
i npl ant at i oniih) detenmigéng theotffleppifoithis cigent duy evparts £50@ ithe ciucdgus of

i ndividual s and tRgsfNactiat EBpliSesdWHeNbdedeepliRel HredORy Patient after

22.

iv) determining the effect of the agent on export from the nucleus of a
spliced form of the mRNA in which the splice site has been used;
whereby a decrease in the export of the mRNA that comprises the unused
splice site together with no decrease in the export of the spliced form
of the mRNA indicates that the agent is a specific inhibitor of an
activity of the HTLV-I rex gene or of an activity of a paroduct of the

rex gene.

A reagent kit for screening agents to identify a specific inhibitor of
the gene activation function of the Rex protein-according to the method
of claim 21, comprising: .

-~ a DNA segment encoding an mRNA which comprises a regulatory response
element that is recognized by the Rex protein, and at least one unused
splice site;

- a DNA segment encoding a rex gene that is capable of being expressed
to produce a protein product which induces export of the mRNA from the
nucleus; and

- a container containing a host cell transformed by the DNA segment
encoding the rex gene and by the DNA segment encoding the mRNA, the
cell having the capability to express the protein product of the rex
gene and the mRNA.
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i nsertion has been effected. Since HTLV-I and'HTLV-II as well as H V-1

replicate in various types of T-cel:ls, the di.seases they cause woul d appear
to be particularly suited. One application of this would thus parallel

gene therapy concept disclosed in e.g. T. Friednmann,
1989) 1275 or P.M Lehn, Bone Marrow Traepl ant 1 (19

stemcells are extracted frome.g. AIDS/ ATL patients
vitro, the nutated gene according to the invention, c

transdom nant repressor for the function to be repres , Suc

i
cultlvated I [

' “gofePPE% 1996

as t

r etrovrrat

Rev/ Rex function, is inplanted into these cells using

t he nom/véﬂﬂL_Ebgﬂﬁﬂézt progeny- produci ng stem cel |l s

veEll

Ir e returned to th

t he

i

i mmune system of the

MOLTIVALENT REPRESSCR OF GENE FUNCTION

Transdominant repressors of viral gene phenotypic expression

derived from the rev gene product of HIV-1 or the rex gene product of HILV-1
and corresponding mutated genes are described, having the capability of
repressing the Rev function in HIV-1 and/or the Rex function in HTLV-I and
HTLV-II. Transient gene expression analysis of a series of missense and

deletion mutants has been used.

Some of the mutants found repress both the Rev and the Rex

function and are thus active in more than one viral species.

Transdominant viral mutants represent a promising new class of

anti-viral agents. Cellular expression of these transdominant inhibitors
- may be used in such therapeutic approaches as intracellular immunization in
order to protect cells against the deleterious effects of viral, e.g.

'HIvﬂ.inﬂﬁximn.
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patient,
acquired sel ective advantage over

ori gi nal

popul ati on of henatopoietic cells wll

t he transdom nant factor

effect this are already known in the art,
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mammal i an cells such as bone marrow cells are disclosed or referred to in,

e.g., Science 244 (16 June 1989) 1275. Thus, for exa
and/ or Rex transdom nant genes are cloned into retrovj
After retroviral -nedi ated gene delivery into e.g. Hi
lines the inhibitory effect of the transdom nant mutantis igs fypgdd

ascertained by inhibition of viral production. The abovie therapeutic
concept is an exanple of intracellular inmunization ds envisaged—+i—.
Baltimore, Nature 335 (1988) 395. In brd2ef, the concgpt i nvolves insert

of a gene that encodes a repressor. of sone vital function of a seleCted
virus into the particular target cells which that virus infects (e.g.,
certain T-cells in the case of theFvIrQd Balusi by

1 MPKTRR_RPR-RSQRKRPPTPWPQG 25

26 LDRV[FFSIDT[ASITCLETVYKATGA[PS] 50
M2 M3 M4 MS
51 LaD[YJvRPAYivT[PYlWwPPV[QS|IRSIPG 75
" M8 M7 M8 M9

M10
75 TP SMDA[LSJAQLYSSILS|LD[S)PPSPP 99
M1 M12 M13 M14 Mi§ mMie
100[REJPLRP[SRS|ILPR[QS|LIQPP TFHPP[SS25
- M13 MI8 M1B M20
126 RPCANTPPSIEMDTWNPPLG[STS]QPC 150
M2¢ M22
51ILFQTPD[SJGPKTCT[PSIGEJAP[LSIACT 174
M23 M2n M25° M256

175 FPP|P SIP G|P S|C P T 189
M2F . M28 M29

LA % Ts‘ﬁ‘ﬁﬁiﬁm.

-iinfected human jcdl |
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repressor of any virus is conditional upon establishnent
vectors for genes encodi ng such nutant proteins and possi
inserting these vectors into the proper cells, which havg
in nodel systens, constitute effective and safe intracellufarggﬁbgé

systens for human or animal applications. The concept cap fhus
the test of experinental verification onlygith difficulfy
ethical barriers presently preventing gene therapy. Ho
genetic experinents have just started, with non-therapeutic goals: ' 0
be expected that very shortly after th& Erfh8iEty28f the procedure has been
denonstrated these pioneer experinments will be followed by simlar trials




with therapeutic goals, first in life-threatening conditions such as AIDS
di sease, and the present invention would appear to be well—suited for early

use in such trials (see T. Friedmann, Science 244 [16 JURBPLASENENAYQHE
I i Foicl AT

second columm, "Infectious di seases").

-76- A furthef pode—ot—dsA b
I nvention includes insertion not of a gene but of a repfjessor protein

Adni ni strat i or0 6. BECJP%H |

according to the invention into target cells,

parenterally is effected in
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conventional manner in a formallow ng intracellul ar_penetration,

by |i posone-nedi ated delivery. For these uses the e

(REPT SORRBSTSHRED
course vary dependi ng upon the conmpound enpl oyed, mjg ‘5§€§ﬁhﬁ.i H: ? on

and treatnment desired; ascertaining the nost suitab
particular situation is within the skill of the man
i nvention is further indicated for use in the desig
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engi neering of anti-viral drugs based on transdom nancy. A neans has now
been found for mani pulating viral gene function which appears to be of
general applicability for several viral species, although the structural
basis therefor varies widely in the various viruses. This ypexpeeted
findi ng opens the way for studies ained at designing furthdéREEDACEMENT SHEET!
possi bly | ow nmol ecul ar weight, possibly non-peptidic transgomnant

inhibitors of viral replication, in particylar the design of |;5|§5h%§r5
able to minmic the transdoninant, i.e. primarily the RNA-bi hdin EE 17960
the nutant Rev or Rex proteins, such as |ow nol ecul ar wei ght “+rh~bi-tors_or
neutral i zi ng nonocl onal anti bodies. | k i% hogtﬁe uggler st ood| t hat vari ous
conbi nati ons or changes in




formand detail can be nmade to the invention as descri bed above w t hout

departing fromthe scope of the present invention. It

is also to be

understood that further nmutants as descri bed above, i

the specific mutants already constructed and di scl osed
have not been characterized but may be characterized U
I nvestigation as being transdom nantly inhibitory and/
further nutants in accordance with the principles desa

specifically disclosed herein, also faII7mAthin t he sd
I nventi on. -r= _

REZLACEMENT

pdn nore det ai

orl nplé DreE 1996

rilbed above but {nda
op e préesent

FIGURE 3

Mutant Target sequence Amino acid Mutant sequence
No. position No.
1 Thr-Ser 22-23 Asp-Leu
2 Phe-Phe-Ser 30-31-32 Leu-Asp-Leu
3 Gln-Ser 35-36 Asp-Leu
4 Glu-Thr 40-41 Asp-Leu
5 Pro-Ser 49-50 Asp-Leu
6 Tyr 54 Leu
7 -Ala-Tyr 58-59 Asp-Leu
8 Pro-Tyr 63-64 Asp-Leu
9 Gln-Ser 69-70 Asp-Leu
10 Arg-Ser 72-73 Aspreu
11 Pro-Ser _ ' 77-78 Asp-Leu
12 Leu-Ser . 82-83 Asp-Leu
13 Tyr-Ser-Ser 87, 88, 89 Leu-Asp-Leu
14 Leu-Ser 90-91 . Asp-Leu
15 Ser : 94 Leu
16 Pro-Ser 96-97 Asp-Leu
17 Arg-Glu 100-101 Asp~Leu
18 Ser-Arg-Ser 106, 107, 108 Leu-Asp-Leu
19 Gln-Ser 112-113 Asp-Leu
20 Ser-Ser 124-125 Asp-Leu
21 Pro-Ser 133-134 Asp-Leu
22 Ser-Thr-Ser 145, 146, 147 Gly-Asp-Leu
23 Ser 157 Leu
24 Pro-Ser 164-165 Asp-Leu
25 Gly-Glu 166-167 Asp-Leu
26 Leu-Ser 170-171 Asp-Leu
27 Ser-Thr-Ser 175, 176, 177 Leu-Asp-Leu
28 Pro-Ser 181-182 Asp-Leu
29 Pro-Ser 185-186 Asp-Leu



"- 78 - Caims 1. A nutant rev gene coding for protein which transdom nantly
represses the phenotypic expression of the wild-type rev

whi ch protein conpriscs one or nore nmutations from am no j@ ﬂ‘{lﬁé} 4\‘1:1('-0?3{%'11
to amino acid position 90 of the wild-type Rev protein of HV-1. 2. A
mutant rev gene according to claim1 wherein the nutatiohs! a6 HESHYEE jor
deletion nutations. 3. A nutant rev gene according to claijm 2 wherein the
nmut ati ons are m ssense nutations. 4. A nutant rev gene gccording to tharmj|l
coding for a protein conprising nutations®at amino acid lpasitions 78 and 19
of the wild-type Rev protein of H V-1.

FIGURE 4
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5. A nmutant rev gene according to claim4 wherein the nutatlons arc
m ssensc nutations. 6. A nutant rev gene according to \ FIOG r&ﬁﬁ a
protein conprising Asp at position 78 and Leu at posit : £
wild-type Rev protein of HV-1. 7. A nutant rev gene dodi ng for a nutant
H V-1 Rev protein which transdorminantly represses thg gheB@& ppiccipog
expression of the wild-type rev gene of H V-1, which gutant H V-1 Rev
protein conprises a first domain and a second donain, {the TITST dOmMEMN
conprising fromabout amno acid 10 to abdﬁt am no acikd-68 gf the wld-fype
H V-1 Rev protein and the second dongj risin oyt am acl 8
to about anid: aCikt BE 6¢ ‘t'ﬁﬁ\/ﬁlfdctva)g LRQ/Q%;&O dﬁlﬁf Ggpﬁ'ndi 'g(c—
dormai n bei ng nodified by conprising one or nore nutations 8. A nmutant rev
gene according to claim7 wherein the nutations are missense or deletion

nmut at i ons.
| *Q3: Tce_ acT c&a CTCTTAGAT: GTGTU\ Te¢ GTC GA

4 AG crc,-TAc kG.T ‘rcA GAT- CTC CTe akc Ico TeT

#15: GT-TCC: TTJETc'c, CTA: a,A—( orc LCLT- c’oT TC(:EC,A( |

+1e QO c,_Tc__aAc, RyAE COA G.AT GJ"C. Accc kaiﬁ G,&A_'_

¢(} c,r CCT- TG CCA COA (,;,Al c.'r& ([CAx CTA &6«& .C—C.C/_.

'_i-lX cer: c,rk AGK c,'c:ct rrA G.A—T' crc TTA CCC CECCA

{-' ls &a ch, TT&'c,cc ca’.A G,A-T cm eTC ATA c/cA CLC

'#:zo CA TTC, CACTTTT CCA'GAT: cTo }&G cc& lG(. C\'CA-

‘4»0/\ GC 6~.CA MT AoT CCA G&T AR aM AT6 Gu\T' 464

22 CA CC¢ TTG as.c GGA GAT CTC OAA CCOTET-CTT

T* 3. TT: TTC cAcx kcc CEA: GM‘ cTC Gac HAY MA AcC

#:H ce MA ,\oc, TGT ACA akrc;rr aa& GAG GET-CCG _




9. A nutant rev gene according to claim7 selected fromthe group

consi sting of genes coding for nmutant proteins MO, [erf§}
[err]10/14. 10. A nutant rev gene coding for nutant pro WBVIENT SHERT
REPLACEMENT SHEET - 79 - 11. A nutant rev gene codi ng fpr{nmutant pr ote
MLO according to claim 10, which is the wild-type gene pf @ér@?€1 Ggsrg
nodi fied to code for Asp at position 78 and Leu at posifibn ?T
wi |l d-type Rev protein. "

«10-

¥25; LU TGAT- ACA cLc: fCA' GAT-CTGGLT-CCGTTG TCT

FL: CT-GGG GAG GCT- CLAGAT-CTT-GCATQRT-ACC-TCT

2% CT _G.cA- TAT-ACCUTTAGAT-CTCTII-CcCCLLCLLA.

28, COAGC TTT CLL cch-a‘ AT- c':TA- c"oT_-'Ga GCLo T

+9: U CLA TUA CLLT-GGA GArT' CTC T'G,(, cco ACGTQA




12. The mutant rev gene according to claim 11l conpri si
coding for Asp at position 78 and Leu at position 79 o
protein. 13. A process for the preparation of a mutant
to claim1 which conprises isolating the correspondi ng
an appropriate expression system inserting the isolat
appropriate cloning system introducing the desired nmu
and recovering the resultant nmutant rev gene fromthe
~desired mutation. 14. A process accordingjto claim13

ng nucleotides GATCTG
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of a gene coding for nutant protein MLO. 15. A process for the preparatlon
of a protein coded for by -a mutant rev gene according to claim1 which
conprises expressing and anplifyi ngpay iuyagtg r evs gene according to claiml
in an appropriate expression and anplification systemand recovering the
resul tant product therefrom 16. A process according to claim115 for the

preparation of nutant protein MO.
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17. A conposition conprising a nutant rev gene according to claim1l and a
carrier or diluent. 18. A conposition conprising a mut] rEV-OEne

according to claim7 and a carrier or diluent. 19. A vp HFA\ oV NESSHE’E
mut ant rev gene according to claim1. 20. A vector conprjsing a nutant} rjev

gene according to claim?7. 21. A vector pgcording to cla mU]@Sﬂ'@ i S 8
retroviral vector. 22. A vector according to claim 1901:\11 ch i gsni d
r i 0.

vector. 23. A vector conprising a nutant rev gene acc

24. A vector conprising the nmutant rev gene according fto claim11.
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rev, gene_coding for

25. Aretroviral vectov conprising a nutant
mut ant protein MLO. 26. A conposition conprising a nutant
according to claim10 and a carrier or diluent.
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30. A protein encoded by the nutant

encoded by the nmut ant

by the nutant

mutant rev gene according to claim7. _ 394 A protein en o-
rev gene according to claim8. 36. A protein encoded b
claim9. 37. A protein encoded by the nutan

according to
according to
according to
according to
according to

cl aim 10.
claim 11.
claim 12.
cl aim 27.

Ml
M2
M3
M4

M6

M8

M3

M10
M1l
M12
M13
M1l4

39: A protein encoded by the mut ant
40. A protein encoded by the nutant rev gene

FIGURE 7
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G ACC CGA CAG GCA GAT CTG AAT AGA AGA AG

G GCC CGA AGG AAA GAT CTG TGG AGA GAG AGA C
G AGA CAG ATC CAT ATT GAA CGG ATC CTT AGC
GT GAA CGG ATC CTA GAT CTT TAT CTG GGA CC
TAT CTG GGA CGA_GAT CTG GAG CCT GTG CC

CAG CTA CCA CCA GAT CTG AGA CTT ACT CTT
GAG GAT TGT GGA_GAT CTT GGG ACG CAG GG

CAG GGG GTG GGA_GAT CTT CAA ATA TTG GTC

CAA ATA TTG GTG GAA GAT CTT ACA GTA TTG GAG
CT ACA GTA TTG GAA GAT CTA GCT AAA GAA TAG

rev gene according to cIa|n13 31. A

protein encoded by the nutant rev gene according to cIngE. —Apratejn
rev gene according to claim5. 3 exiN ] SHE



REPLACEMENT SHEET - 81 - 41. A gene coding for a protein or a protein which
transdom nantly represses the phenotypic expression of t ene of
HTLV; or a functional fragnent or derivative thereof. 42.

according to claim41l, whereby II1TLV-1 rex gene phenot ypifc SO0 VIS,
repressed; or a gene according to claimégl_coding for an LV-1 Rex prot ¢i
or a protein according to claim41l which is an HILV-I Re rcﬁéimgch% n
nmut at i on bet ween about ami no acid positions 22 and 101 o e wld-type

protein, preferably between about 82 and about 97,
FIGURE 8
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especially between about 87 and about 94; or a gene according to-claimi4l
coding for an HILV-1 Rex protein or a protein according |
is an HTLV-1 Rex protein, having a nutation between abo ]
positions 59 and 121 of the wild-type Rex protein, prefer ~at-

position 59, 60, 64, 65, 119, 120 or 12%e or a gene or gr tceyrif,rg accordin o]
claim4l selected fromthe gene or protein of or derive r p'éﬁ%)?%
pcRexM7, pcRexMB, pcRexML7 and- pcRex13[err]15; and Mg, hd. M3, or
functional fragnent or derivative thereof. 43. A DNA segnent that encodey a

transdom nant repressor of the function of the HTLV-I ReX —
repressor being nodified froma wld-type formof the Rex protein by at
| east one transdom nant negative rru{,a#i 0@ ﬁre;‘: the9 pepti de domain of the
wi | d-type Rex protein that exhibits"t & Uik &tor activity of the Rex
protein, the repressor having substantially the nucleolar |ocalization
activity of the wild-type formof the Rex protein.
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44. A transdom nant repressor of the function of the HTL RIE

the repressor being nmodified froma wld-type form of thﬁPLﬁ@E -1 Wil
| east one transdom nant negative nutation in the peptidg dqonmain of the
Wil d-type Rex protein that exhibits the effector activity |of OChBERI96
protein, the repressor having substantd al{ y. t he nucl eol ar calization

Ty
=

activity of the wild-type formof the Rex protein. 45. A process for the
preparation of a mutant rex gene as clained in either clarm4i-—o0r42 wh”
expressi on system inggert .the |so t 0 an. a-;ro-rlate cl oni ng
system introducing tg R S ? ‘ R

A conposi tion conpri s 5 r,,g&jzﬁ; i . '7j  7 42 and a
carrier or diluent. i ST ' VSR

conprises isolating the correspondin #Mlgdéﬁpe ene from an appropriate
Sd’ dofie
»~13. ¥ ntjo e B

resul tant nmutant rev '

claim4l or 42.




48. A retroviral vector conprising a rex gene as clainmed in either claim4l

or 42
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FIGURE 13
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FIGURE 17
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Claims

1. A mutant rev genc coding for protein which transdominantly represses the phenotypic expression
of the wild-type rev gene of HIV-1 which protcin compriscs one or more mutations from amino acid
position 68 to amino acid position 90 of the wild-type Rev protein of HIV-1.

2. A mutant rev genc according to claim 1 whercin the mutations arc missensc or deletion
mutations.

3. A mutant rev gene according to claim 2 wherein the murations are missense mutations.

4. A murant rev gene according to claim 1 coding for a protein comprising murations at amino acid
positions 78 and 79 of the wild-type Rev protein of HIV-1.

5. A mutant rev genc according to claim 4 wherein the mutations arc missensc murtations.

6. A rputant rcv gene according to claim 4 coding for a protein comprising Asp at position 78 and
Len ar position 79 of the wild-type Rev protcin of HIV-1. '

7. A mutant rev gene coding for a mutant HIV-1 Rev protcin which transdominantly represscs the
phenotypic expression of the Qvild-typc rev gene of HIV-1, which mutant HIV-1 Rev protein
comprises a first domain and a second domain, the first domain comprising from abour amino acid
10 o about amind acid 68 of the wild-type HIV-1 Rev protein and the second domain comprising
from about amind acid 68 to about amino acid 90 of the wild-typc HIV Rev-1 prorein, said second

domain being modified by comprising one or more mutations.

8. A murant rev gene according to claim 7 wherein the mutations are missensc or deletion

mutations.

9. A mutant rev gene according to claim 7 selecred from the group consisting of genes coding for
mutant proteins M10, A9/14 and A10/14. '

10. A mutant rev gene coding for murant protein M10.

* ¢ L ‘M s * :
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11. A mutant rev gene coding for mutant protein M10 accordiné t5 claim 10, which is the wild-type
gene of Figure 6, as modified to code for Asp at position 78 and Leu at position 79 of the wild-type
Rev protcin, b

12. The murant rcv gene according to claim 11 comﬁrising nucleotides GATCTG coding for Asp at
position 78 and Leu ar position 79 of the wild-type Rev protein.

13. A process for the preparation of 2 mutant rev gene according to claim 1 which compriscs
isolating the corresponding wild-type gene from an appropriate expression system, inserting the
isolated gene into an appropriate cloning system, introducing the desired mutation into the gene and
recovering the resultant mutant rev genc from the clones having the desircd muration.

14. A process according to claim 13 for the preparation of a gene coding for mutant protcin M10.
15. A process for the preparation of a protein coded for by 2 mutant rev gene according to claim 1
which comprises expressing and amplifying a mutant rcv gene according to claim 1 in an
appropriate expression and amplification system and recovering the resultant producr thercfrom.
16. A process according to claim 15 for the preparation of mutant protein M10.

17. A composition comprising a mutant rev gene according to claim 1 and a carrier or diluent.

18. A composition comprising 2 mutant rev gene according to claim 7 and a carrier or diluent.

19. A vector comprising 2 mutant rev gene according to claim 1.

20. A vector comprising a mutant rev gene according to claim 7.

21. A vector aci:crding to claim 19 which is a retroviral vecror.

22. A vector according to claim 19 which is a plasmid vector.

23. A vector comprising 2 mutant rev genc according to claim 10.

24. A vector comprising the mutant rev gene according ro claim 11.

13 APR 1999
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235. A rctroviral vector corﬁii_rising a mutant rev gene coding for mucant prdtein Mio.
26. A composition comprising 2 mutant rev genc according to claim 10 and a carrier or dilucnt.
27. A mutant rev gene coding for a murant HIV-1 Rev prortein which transdominantly represscs the
phenotypic expression of the wild-type rev genc of HIV-1, which mutant HIV-1 Rev protein
comprises a first domain having substantially the specific binding functions of the wild-type HIV-1
Rev,and a second domain not having the activation functions of said wild-type HIV-1 Rev, said
second domain comprising from abour amino acid 68 to about amino acid 90 of the wild-typc HIV
Rev-1 protein, said second domain being modified by comprising one or more murations.
28. A protein encoded by the mutant rev gene according to claim 1.
29. A protcin encoded by the mutant rev gene according to claim 2.
30. A prorein encoded by the murant rev gene acﬁording to claim 3.
31. A protein encoded by the murant rev gene according to claim 4.

-32. A protein encoded by the murant rev genc according to claim S.
33. A protein encodcd by the murtant rev gene according to claim §.
34. A protein encoded by the mutant rev genc according to claim 7.
35. A protcin cncoded by the mutant rev gene according to claim 8.
36. A protein cncoded by the mutant rev gene according to claim 9.

" 37. A protein encoded by the mutant rev gene according to claim 10.

38. A protein encoded by the murant rev gene according to claim 11.

39. A protein encoded by the mutant rev gene according to claim 12.

40. A protein encoded by the rnufant rev gene according to claim 27.
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41. A geae coding for a protéin or a protein which transdominantly represscs the phenotypic
expression of the rex gene of HILV; or a functional fragment or derivative thereof.

42. A gene or protein according to-claim 41, whereby ITTLV-I rex gene phenotypic expression is
repressed; or a gene according to claim 41 coding for an HILV-I Rex protein or a protein according
to claim 41 which is an HTLV-I Rex protein, having a mutation betwecn about amino acid
positions 22 and 101 of the wild-type Rex protein, preferably between about 82 and abour 97,
especially berween abour 87 and about 94; or a gene according to claim 41 coding for an HILV-I
Rex protein or a protein according to claim 41 which is an HTLV-I Rex protein, having a mutarion
between about amino acid positions 59 and 121 of the wild-type Rex protein, preferably at about
position 59, 60, 64, 65, 119, 120 or 121; or a gene or protein according to claim 41 sclected from
the genc or protein of or derived from pcRexM2, pcRexM7, pcRexM8, pcRexM17 and
pcRex13A1S; and M6, M7 and M13; or a functional fragment or derivative thereof.

43, ADNA segment that encodes a transdominant repressor of the function of the HTLV-I Rex
protcin, the repressor being modificd from a wild-type form of the Rex protcin by ar least one
transdominant negative mutation in the peptide domain of the wild-type Rex protein that exhibits
the effecror acﬁvity of the Rex protein, the repressor having substantally the nucleolar localization
activity of the wild-type form of the Rex protein.

'44. A transdominant repressor of the function of the HTLV-I Rex protein, the repressor being
modified from a wild-type form of the Rex protein by at least one rransdominant negative mutation
in the peptide domain of the wild-type Rex protein that exhibits the effector activity of the Rex
protein, the repressor having substantially the nucleolar localization activity of the wild-type form of
. the Rex protein.

43. A process for the prcparation of a murant rcx gene as claimed in either claim 41 or 42, which
compriscs isolating the corresponding wild-typc gene from an appropriate expression system,
inserting the isclared gene into an appropriate cloning system, introducing the desired mutation into
the genc and recovering the resultant murant tev gene from the clones having the desired mutation.
46. A composition comprising a gene as claimed in cither claim 41 or 42 and a carrier or dilucat.

47. A vector comprising a sex gene as claimed in either claim 41 or 42.

48. A retroviral vector comprising a rex gene as claimed in either claim 41 or 42
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ABSTRACT:

MOLTIVALENT REPRESSOR OF GERE FUNCTION

Transdaﬁinant repressors of viral gene phenotypic expression
derived from the rev gene product of HIV-1 ortheggenepro&uctofmv-l
and corresponding mutated genes are described, having the capability of
repressing the Rev function in HIV-1 and/or the Rex function in HTIV-I and
HTLV-II. Transient gene expression analysis of a series of missense and

deletion mutants has been used. '

Same of the mutants found repress both the Rev and the Rex
function and are thus active in more than cne viral species.

Transdominant viral mutants represent a promising new class of
anti-viral agents. Cellular expression of these transdominant inhibitors
may be used in such therapeutic approaches as intracellular immmization in
order to protect cells against the deleterious effects of viral, e.g.

HIV-1 infection.

FIGRE 1A AND 5

{REPLACEMENT SHERT

1 3 APR 1999




