
Substituted oxazole derivatives and their use as
tyrosine kinase inhibitors The present invention is
concerned with substituted oxazole derivatives that
selectively modulate, regulate, and/or inhibit signal
transduction mediated by certain native and/or mutant
tyrosine kinases implicated in a variety of human and
animal diseases such as cell proliferative, metabolic,
allergic, and degenerative disorders. More
particularly, these compounds are potent and selective
c-kit, bcr-abl and Flt-3 inhibitors. Tyrosine kinases
are receptor type or non-receptor type proteins, which
transfer the terminal phosphate of ATP to tyrosine
residues of proteins thereby activating or
inactivating signal transduction pathways. These
proteins are known to be involved in many cellular
mechanisms, which in case of disruption, lead to
disorders such as abnormal cell proliferation and
migration as well as inflammation. As of today, there
are about 58 known receptor tyrosine kinases. Included
are the well-known VEGF receptors (Kim et al., Nature
362, pp. 841-844, 1993), PDGF receptors, c-kit, Flt-3
and the FLK family. These receptors can transmit
signals to other tyrosine kinases including Src, Raf,
Frk, Btk, Csk, AbI, Fes/Fps, Fak, Jak, Ack, etc. Among
tyrosine kinase receptors, c-kit is of special
interest. Indeed, c-kit is a key receptor activating
mast cells, which have proved to be directly or
indirectly implicated in numerous pathologies for
which the Applicant filed WO 03/004007, WO 03/004006,
WO 03/003006, WO 03/003004, WO 03/002114, WO
03/002109, WO 03/002108, WO 03/002107, WO 03/002106,
WO 03/002105, WO 03/039550, WO 03/035050, WO
03/035049, US 60/359,652, US 60/359651 and US
60/449861.It was found that mast cells present in
tissues of patients are implicated in or contribute to
the genesis of diseases such as autoimmune diseases
(rheumatoid arthritis, inflammatory bowel diseases
(EBD)) allergic diseases, bone loss, cancers such as
solid tumors, leukaemia and GIST, tumor angiogenesis,
inflammatory diseases, interstitial cystitis,
mastocytosis, graft-versus-host diseases, infection
diseases, metabolic disorders, fibrosis, diabetes and
CNS diseases, hi these diseases, it has been shown
that mast cells participate in the destruction of
tissues by releasing a cocktail of different proteases
and mediators such as histamine, neutral proteases,
lipid-derived mediators (prostaglandins, thromboxanes
and leucotrienes), and various cytokines (IL-I, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-8, TNF-a, GM-CSF, MIP-Ia,
MIP-Ib, MIP-2 and IFN-g) . The c-kit receptor also can
be constitutively activated by mutations leading to
abnormal cell proliferation and development of
diseases such as mastocytosis (D816V mutation) and
various cancers such as GIST (c-kitD27, a
juxtamembrane deletion). Sixty to 70% of patients
presenting with AML have blasts which express c-kit,
the 



receptor for stem cell factor (SCF) (Broudy, 1997).
SCF promotes growth of hematopoietic progenitors, and
act as a survival factor for AML blasts hi some cases
( 1 to 2%) of AML, a mutation in a conserved residue
of the kinase domain (Kit816) resulting in
constitutive activation of c-kit has been described
(Beghini et al., 2000; Longley et al., 2001). This
gain of function mutation (Asp to Val/Tyr
substitution) has been identified in mast cell
leukemic cell lines and in samples derived from
patients with mastocytosis (Longley et al., 1996).
Preliminary results show that this mutation is
expressed in most cases of systemic mastocytosis ([~
60%], P Dubreuil, APIRMM, study in progress on about
300 patients). For this reason, it has been proposed
to target c-kit to deplete the mast cells responsible
for these disorders.The main objective underlying the
present invention is therefore to find potent and
selective compounds capable of inhibiting wild type
and/or mutated c-kit. Many different compounds have
been described as tyrosine kinase inhibitors, for
example, bis monocyclic, bicyclic or heterocyclic aryl
compounds (WO 92/20642), vinylene-azaindole
derivatives (WO 94/14808),
l-cyclopropyl-4-pyridyl-quinolones (US 5,330,992),
styryl compounds (US 5,217,999), styryl-substituted
pyridyl compounds (US 5,302,606), selenoindoles and
selenides (WO 94/03427), tricyclic polyhydroxylic
compounds (WO 92/21660), benzylphosphonic acid
compounds (WO 91/15495), pyrimidine derivatives (US
5,521,184 and WO 99/03854), indolinone derivatives and
pyrrole-substituted indolinones (US 5,792,783, EP 934
931, US 5,834,504, US 5,883,116, US 5,883,113, US 5,
886,020, WO 96/40116 and WO 00/38519), as well as bis
monocyclic, bicyclic aryl and heteroaryl compounds (EP
584 222, US 5,656,643 and WO 92/20642), quinazoline
derivatives (EP 602 851, EP 520 722, US 3,772,295 and
US 4,343,940) and aryl and heteroaryl quinazoline (US
5,721,237, US 5,714,493, US 5,710,158 andWO 95/15758),
However, none of these compounds have been described
as potent and selective inhibitors of c-kit or of the
c-kit pathway. hi connection with the present
invention, we have discovered that compounds
displaying specific substitutions in oxazole
derivatives are potent and selective inhibitors of
c-kit, bcr-abl, Flt-3 or c-kit pathway. These
compounds are good candidates for treating diseases
such as autoimmunes diseases, inflammatory diseases,
cancers and mastocytosis. Description Therefore, the
present invention relates to compounds belonging to
the substituted oxazole derivatives. These compounds
are capable of selectively inhibiting
signaltransduction involving the tyrosine
phosphokinase c-kit, bcr-abl, Flt-3 and mutant forms
thereof. In a first embodiment, the invention is aimed
at compounds of formula I, which may 



represent either free base forms of the substances or
pharmaceutically acceptable salts thereof : FORMULA I
wherein substituents A, B, B', Q and Rl - R5 in
Formula I are defined as follows: A and B1is one of
the following: i) (R6)N(CH2)n where n is 0 or 1 ii)
O(CH2)n where n is 0 or 1 iii) S(CH2)n where n is 0 or
1 iv) (CH2)n where n is 0, 1 or 2 v) C(O)(CH2)n where
n is 0 or 1 or when A and B' each are a nitrogen, they
may be taken together to form a bivalent radical of
formula : -(CH2)s-Xl-(CH2)t- (a)where s and t each
independently is 1 or 2 and Xl being O, S5NRlO,
N[C(K))RlO] or (CH2)n where n is 0 or 1, and wherein
each hydrogen in said formula (a) may be substituted
with halo or C1-4alkyl. B is one of the following: i)
(R6)N ii) Oxygen iii) S(O)n where n is 0, 1 or 2 . iv)
CH(R6)(R7) v) C=d, where d is oxygen, sulfur, NH or
N-CN vi) C(R6)=C(R7) vii) N=C(R6) R6 and R7 each
independently are hydrogen, C1-4alkyl, C2-6alkenyl,
C2-6alkynyl, C3- 7cycloalkyl, C1-4haloalkyl, Q^alkoxy,
C1-4hydroxyalkyl, C alkylamino. Rl is selected from:
i) hydrogen, halogen (selected from F, Cl, Br or I),
or ii) an alkyl1 group defined as a linear, branched
or cycloalkyl group containing from 1 to 10 carbon
atoms and optionally substituted with one or more
hetereoatoms such as halogen (selected from F, Cl, Br
or I), oxygen, and nitrogen (the latter optionally in
the form of a pendant basic nitrogen functionality);
as well as trifluoromethyl, carboxyl, cyano, nitro,
formyl; as well as CO-R, COO-R, CONH-R, SO2-R, and
SO2NH-R wherein R is a linear or branched alkyl group
containing 1 to 10 carbon atoms and optionally
substituted with at least one heteroatom, notably a
halogen (selected from F, Cl, Br or I), oxygen, and
nitrogen, the latter optionally in the form of a
pendant basic nitrogen functionality ; as well as a
cycloalkyl or aryl1 or heteroaryl 1 group optionally
substituted by a pendant basic nitrogen functionality,
or 



iii) an aryl1 group defined as phenyl or a substituted
variant thereof bearing any combination, at any one
ring position, of one or more substituents such as-
halogen(selected from I, F, Cl or Br); - an alkyl1
group; - a cycloalkyl, aryl or heteroaryl group
optionally substituted by a pendant basic nitrogen
functionality; - trifluoromethyl, O-alkyl1, carboxyl,
cyano, nitro, formyl, hydroxy, NHalkyl1, NCalkyl^alkyl
1), and amino, the latter nitrogen substituents
optionally in the form of a basic nitrogen
functionality; - NHCO-R or NHCOO-R or NHCONH-R or
NHSO2-R or NHS02NH-R or CO-R or COO-R or CONH-R or
S02-R or SO2NH-R wherein R corresponds to hydrogen,
alkyl1, aryl or heteroaryl, or iv) a heteroaryl 1
group defined as a pyridyl, pyrimidinyl, pyrazinyl,
pyridazinyl, thienyl, thiazolyl, imidazolyl,
pyrazolyl, pyrrolyl, furanyl, oxazolyl, isoxazolyl ,
triazolyl, tetrazolyl, indolyl, benzimidazole,
benzoxazole, benzothiazole, quinolinyl group, which
may additionally bear any combination, at any one ring
position, of one or more substituents such as -
halogen (selected from F, Cl, Br or I); - an alkyl1
group; a cycloalkyl, aryl or heteroaryl group
optionally substituted by a pendant basic nitrogen
functionality, - trifluoromethyl, O-alkyl1, carboxyl,
cyano, nitro, formyl, hydroxy, NHalkyl1, N(alkyl
1)(alkyl1), and amino, the latter nitrogen
substituents optionally in the form of a basic
nitrogen functionality; - NHCO-R or NHCOO-R or
NHCONH-R or NHSO2-R or NHS02NH-R or CO-R or COO-R or
CONH-R or S02-R or SO2NH-R wherein R corresponds to
hydrogern, alkyl1, or v) an O-aryl1, or NH-aryl 1, or
O-heteroaryl1 or NH-heteroaryl 1 group vi)
trifluoromethyl, O-alkyl1, carboxyl, cyano, nitro,
formyl, hydroxy, NH-alkyl1, N(alkyl1)(alkyl1), and
amino, the latter nitrogen substituents optionally in
the form of a basic nitrogen functionality, orvi)
NHCO-R or NHCOO-R or NHCONH-R or NHSO2-R or NHSO2NH-R
or CO-R or COO-R or CONH-R or S02-R or SO2NH-R wherein
R corresponds to hydrogen, alkyl1, aryl1 orheteroaryl
1. R2, R3, R4 and R5 each independently are selected
from hydrogen, halogen (selected from F, Cl, Br or I),
a linear or branched alkyl group containing from 1 to
10 carbon atoms and optionally substituted with one or
more hetereoatoms such as halogen (selected from F,
Cl, Br or I), oxygen, and nitrogen, the latter
optionally in the form of a pendant basic nitrogen
functionality; as well as trifluoromethyl,
C1-6alkyloxy, amino, 



C1-6alkylamino, di(Ci-6alkyl)amino, carboxyl, cyano,
nitro, formyl, hydroxy, and COR, COO-R, CONH-R, S02-R,
and SO2NH-R wherein R corresponds to hydrogen, alkyl1,
aryl or heteroaryl. and wherein Q is selected from: i)
Alkyl 1 ii) Aryl1 iii) Heteroaryl1 as defined above.
In one particular embodiment, group Q is a substituted
alkyl, aryl or heteroaryl group bearing a pendant
basic nitrogen functionality represented for example
by the structures a to m shown below, wherein the wavy
line and the arrow line correspond to the point of
attachment to core structure of formula I .111 Also,
for g to m, the arrow may include a point of
attachment to the core structure via a phenyl group.
Furthermore, among the preferred compounds of formula
I, II, III and IV, the invention concerns the
compounds in which Rl is pyridyl or benzonitrile which
may additionally bear any combination, at any one ring
position, of one or more substituents such as
hydrogen; - halogen (selected from F, Cl, Br or I); -
an alkyl1 group; an aryl1 group; trifluoromethyl,
O-alkyl , carboxyl, cyano, nitro, formyl, hydroxy,
NHalkyl1, N(alkyl1)(alkyl1), and amino, the latter
nitrogen substituents optionally in the form of a
basic nitrogen functionality; - NHCO-R or NHCOO-R or
NHCONH-R or NHSO2-R or NHSO2NH-R or CO-R or COO-R or
CONH-R or S02-R or SO2NH-R wherein R corresponds to
hydrogern, alkyl1or aryl1 group.Unless stated
otherwise, for the purpose of the present invention,
the term "alkyl group" is intended to mean any linear
or branched, substituted or unsubstituted, Cl- ClO
alkyl group, such as C1-C4 or C1-C6, in particular a
methyl, ethyl group, propyl group, preferably methyl.
The term "alkenyl" as used in the present invention
refers to C1-C6, in particular C1-C4, straight or
branched chain substituted or unsubstituted alkenyl
radicals containing from 1 to 30 carbon atoms
including, but not limited to, ethenyl, propenyl,
butenyl, pentenyl, hexenyl and the like. The term
"alkoxy group" is intended to mean any alkoxy group
having 1 to 6 linear or branched, substituted or
unsubstituted, carbon atoms, in particular the group
OCH3. The term "aryl group" is intended to mean one or
more aromatic rings having 5 to 6 carbon atoms, which
may 



be joined or fused, and substituted or unsubstituted.
hi particular, the aryl groups may be phenyl or
pyridyl and the substituents may be halogen atoms,
cyano, amino, alkoxy groups as defined above, alkyl
groups as defined above or a nitro group. An example
of preferred compounds of the above formula is
depicted below: 001 :
iV-[4-Methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-pheny
l]-C-phenyl-methane sulfonamide m.p. =2580C 002 : 4-
{2-[5-(Benzooxazol-2-ylamino)-2-methyl-phenylamino]-ox
azol-5-yl}- benzonitrilem.p. = 2360C 003 :
4-{2-[5-(Benzothiazol-2-ylammo)-2-methyl-phenylamino]-
oxazol-5-yl}- benzonitrile m.p. = 216-220C 004 : M
-Benzooxazol-2-yl-4-methyl-N3-(5-pyridin-3-yl-oxazol-2
-yl)-benzene-l ,3- diamine m.p. = 238C 005 :
M-(5-Chloro-benzooxazol-2-yl)-4-methyl-
3-(5-ryridin-4-yl-oxazol-2-yl)- benzene-1,3-diamine
m.p. =229C 006 :
M-(6-Chloro-benzooxazol-2-yl)-4-methyl-iV3-(5-pyridin-
4-yl-oxazol-2-yl)- benzene-1,3-diaminem.r. >260C 007
:Nl -(5-Ethanesulfonyl-benzooxazol-2-yl)-4-methyl-
3-(5-pyridin-4-yl-oxazol-2- yl)-benzene-l,3-diainine
m.p. =252C 008 :
4-Methyl-Nl-(5-methyl-benzooxazol-2-yl)-
N3-(5-pyridin-4-yl-oxazol-2-yl)- benzene- 1,3-diamine
1H NMR (DMSO-/, 300MHz) d = 2.25 (s, 3H) ; 2.50 (s,
3H) ; 6.91 (d, J = 8.1, IH) ; 7.14 (s, IH) ; 7.20 (d,
J = 8.4, IH) ; 7.33 (d, J 8.1, IH) ; 7.47-7.53 (m, 3H)
; 7.79 (s, IH) ; 8.13 (d, J = 2.1, IH) ; 8.53 (s, IH)
; 8.55 (s, IH) ; 9.60 (s, IH) ; 10.53 (s, IH). 009 :
Nl -(5-Fluoro-benzooxazol-2-yl)-4-methyl-
N3-(5-pyridin-4-yl-oxazol-2-yl)- benzene-
1,3-diaminem.p. =170C 010 :
M-(6-Fluoro-benzooxazol-2-yl)-4-methyl-iV3-(5-pyridin-
4-yl-oxazol-2-yl)- benzene- 1,3-diamine m.p. =260C
Among the particular compounds of formula I, the
invention is directed to compounds of the following
formula II: FORMULA II Wherein Y is oxygen, sulfur, NH
or N-CN, Z is oxygen, sulfur, N(R6) or (CH2)D 



where n is 0, 1 or 2. L is selected from Alkyl1, Aryl1
or Heteroaryl1 as defined above.Rl, R2, R3, R4, R5 and
R6 have the meaning described above. An example of
preferred compounds of the above formula is depicted
below: 0 11 :
4-(2-{5-[3-(3-Fluoro-phenyl)-2-oxo-imidazolidin-l-yl]-
2-methyl-phenylamino}- oxazol-5-yl)-benzonitrile m.p.
=221C 012 :
4-(2-{5-[3-(3-cyano-phenyl)-2-oxo-imidazolidin-l-yl]-2
-methyl-phenylamino}- oxazol-5-yl)-benzonitrile m.r.
>260C 013 :
4-(2-{5-[3-(3-Fluoro-phenyl)-2-oxo-imidazolidin-l-yl]-
2-methyl-phenylamino}- oxazol-5-yl)-benzamide m.r.
>260C014 :
1-(4-Fluoro-phenyl)-3-[4-methyl-3-(5-pyridin-4-yl-oxaz
ol-2-ylamino)-phenyl]- imidazolidin-2-one 015 :
l-[4-Methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-phenyl
]-3-(3-trifluoromethylphenyl)- imidazolidin-2-one m.p.
=198-200C 016 :
l-(4-Fluoro-phenyl)-3-[4-methyl-3-(5-pyridin-4-yl-oxaz
ol-2-ylamino)-phenyl]- tetrahydro-pyrimidin-2-one
Among the particular compounds of formula I, the
invention is directed to compounds of the following
formula III:FORMULA III With n being an integer of 0,
1 or 2. M is oxygen, sulfur or (CH2)n where n is 0, 1
or 2. P is selected from N(R8)(R9), Alkyl1, Aryl1 or
Heteroaryl 1. R8 and R9 each independently is
hydrogen, Alkyl1, Aryl1 or Heteroaryl1. R8 and R9 may
be taken together to form a bivalent radical of
formula : -(CH2)V-X2-(CH2)W- (b) where v and w each
independently is 1 or 2 and X2 being CH2, O, S, NRlO
or N[C(=O)R10] and wherein each hydrogen in said
formula (b) may be substituted with halo or C1-4alkyl.
RlO is hydrogen, C1-4alkyl, C2-6alkenyl, C2-6alkynyl,
C3-7cycloalkyl, C1-4haloalkyl, C1- 6alkoxy,
C1-4hydroxyalkyl. Rl, R2, R3, R4 and R5 have the
meaning described above. Examples : 017:
1-[4-Methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-phenyl
]-3-phenyl-propan- 1- onem.p =138C 018:
4-[2-(5-Acetyl-2-methyl-phenylamino)-oxazol-5-yl]-benz
onitrile m.p. =240C 



019: 4-(2-{5-[3
-(4-Fluoro-phenyl)-propionyl]-2-methyl-phenylamino
}-oxazol-5-yl)- benzonitrile m.p. =175C 020:
4-{2-[2-Methyl-5-(3-phenyl-propionyl)-phenylamino]-oxa
zol-5-yl}-benzonitrile m.p. =138C 02 1: 4-(2- {5-[3
-(3-Fluoro-phenyl)-propionyl]-2-methyl-phenylamino
}-oxazol-5-yl)- benzonitrilem.p. =157C 022:
4-[2-(5-Acetyl-2-methyl-phenylamino)-oxazol-5-yl]-benz
amide Among the particular compounds of formula I, the
invention is directed to compounds of the following
formula IV: FORMULA IV G is oxygen, sulfur, N(Rl 1) or
(CH2)n where n is 1 or 2. H is oxygen, N(Rl 1) or
(CH2)n where n is 1 or 2. J is selected from
N(R12)(R13), Alkyl1, Aryl1 or Heteroaryl1. Rl2 and R13
each independently is hydrogen, Alkyl1, Aryl1 or
Heteroaryl1.Rl 2 and Rl 3 may be taken together to
form a bivalent radical of formula :
-(CH2)V-X2-(CH2)W- (c) where v and w each
independently is 1 or 2 and X2 being CH2, O, S, NRl 4
or N[C(=O)R14] and wherein each hydrogen in said
formula (c) may be substituted with halo or Ci-4alkyl.
R I l and Rl 4 each independently is hydrogen,
C1-4alkyl, C2-6alkenyl, C2-6alkynyl, C3- 7cycloalkyl,
C1-4haloalkyl, C1-6alkoxy, Ci^hydroxyalkyl. Rl, R2,
R3, R4 and R5 have the meaning described above.
Examples: 023 :
1-(4-Fluoro-phenyl)-2-[4-methyl-3-(5-pyridin-4-yl-oxaz
ol-2-ylamino)- phenylaminoj-ethanone m.p. =202C 024:
1-(4-Fluoro-phenyl)-2-
{methyl-[4-methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-
phenyl]-amino }-ethanone m.p. =230C025:
4-({Methyl-[4-methyl-3-(5-pyridin-4-yl-oxazol-2-ylamin
o)-plienyl]-amino}- acetyl)-benzonitrile . m.p. =218C
026:
2-[4-Methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-phenyl
amino] -1-phenylethanone m.p. =152C 027:
4-(2-{5-[2-(4-Fluoro-phenyl)-2-oxo-ethylamino]-2-methy
l-phenylamino}- oxazol-5-yl)-benzonitrile m.p. =199C
028: 4-(2-
{5-[2-(4-Cyano-phenyl)-2-oxo-ethylamino]-2-chloro-phen
ylamino} -oxazol- 



5-yl)-benzonitrile029:
N-[4-Methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-benzyl
]-benzamide 1H NMR (DMSO-/, 300MHz) d = 2.25 (s, 3H) ;
4.45 (d, J = 5.7, 2H) ; 6.99 (d, J = 7.2, IH) ; 7.17
(d, J 7.2, IH) ; 7.45-7.52 (m, 5H) ; 7.72 (s, 2H) ;
7.88 (d, J = 7.2, 2H) ; 8.49 (d, J = 5.1, 2H) ; 9.05
(t, J = 5.7, IH) ; 9.54 (s, IH). 030: 2-
{Methyl-[4-methyl-3-(5-pyridin-4-yl-oxazol-2-ylamino)-
phenyl] -amino }-1- phenyl-ethanone 1H NMR (DMSO-/,
300MHz) d = 2.14 (s, 3H) ; 3.00 (s, 3H) ; 4.96 (s, 2H)
; 6.37 (d, J = 9.2, IH) ; 6.95 (d, J = 8.4, IH) ; 7.13
(s, IH) ; 7.42 (d, J = 5.4, 2H) ; 7.52-7.65 (m, 4H) ;
7.99 (d, J = 7.2, 2H) ; 8.51 (d, J = 5.7, 2H) ; 9.37
(s, IH). The compounds of the present invention may be
prepared using the general protocole as follows:
Compounds of formula 4 can be prepared by the
condensation of an azide of general formula 1 with an
isocyanate of the type 2 or an isothiocyanate of the
type 3.Group E in formula 2 and 3 corresponds to
nitro, cyano, CH2OH, CO2CH3, CONH2, COCH3 or to
A-B-B'-Q group. A-B-B'-Q group is as described in
formula I. The reaction of 1 either with 2 or 3 in a
solvent such as methylene chloride or dioxane in the
presence of triphenylphosphine, leads to an
oxazole-type product of formula 4. Rl, R2, R3, R4 and
R5 have the meaning described above. The following
example is intended to illustrate the present
invention. Example of Compound Synthesis General: All
chemicals used were commercial reagent grade products.
Solvents were of anhydrous commercial grade and were
used without further purification. Dioxane isfreshly
distilled under a stream of argon before use. The
progress of the reactions was monitored by thin layer
chromatography using precoated silica gel 6OF 254,
Merck TLC plates, which were visualized under UV
light. Multiplicities in 1H NMR spectra are indicated
as singlet (s), broad singlet (br s), doublet (d),
triplet (t), quadruplet (q), and multiplet (m) and the
NMR spectrum were realized on a 300 MHz Bruker
spectrometer. Preparation of
4-Azidoacetyl-benzonitrile To a solution of the
commercially available 4-bromoacetyl-benzonitrile (5
g, 22.32 mmol) in 150 mL of methanol was added sodium
azide (1.74 g, 26.78 mmol) and the contents stirred at
room temperature for 2h. After removal of the solvent,
the residue was treated with water (50 mL) and
extracted with dichloromethane (3x50 mL). The combined
organic layers were dried over MgSO4 and concentrated
to give a yellow solid (3.90 g, 94%). This compound
was used for the next step without any further
purification. Preparation of
4-[2-(2-Methyl-5-nitro-phenylamino)-oxazol-5-yl]-benzo
nitrileTo a solution of 4-Azidoacetyl-benzonitrile
(1.5 g, 8.06 mmol) in dioxane 25 niL was added
2-methyl-5-nitrophenyl isocyanate (1.43 mg, 8.06 mmol)
(commercially available), and triphenylphosphine (2.11
g, 8.06 mmol). The reaction mixture was 



placed in an oil bath preheated to 100C and stirred
for 30 min. After evaporation of the solvent under
reduced pressure, the solid residue was recrystallized
from ethanol to give the title compound as yellow
micro crystals (1.16 g, 45%). m.p. > 2600C Preparation
of
4-[2-(5-Amino-2-methyl-phenylamino)-oxazol-5-yl]-benzo
nitrile To a solution of
4-[2-(2-Methyl-5-nitro-phenylamino)-oxazol-5-yl]-benzo
nitrile (500 mg, 1.56 mmol) in ethanol (15 mL) was
added tin(II) chloride dihydrate (677 mg, 3 mmol). The
reaction mixture was heated under reflux for 4h. The
mixture was then concentrated, saturated aqueous
NaHCO3 was added and the resultant suspension was
extracted with ethyl acetate (3x15 mL). The combined
organic layers were washed with brine (30 mL), dried
over anhydrous MgSO4 and concentrated. The residue was
alumina column chromatographed
(dichloromethane/ethanol : 99/1). 4-[2-(5-Amino-
2-methyl-phenylamino)-oxazol-5-yl]-benzonitrile was
obtained as pale yellow powder (172 mg, 38%). m.p. =
2360C1H NMR (DMSO-/) d = 2.14 (s, 3H) ; 4.91 (br s,
2H) ; 6.25 (dd, J = 7.8-1.9, IH) ; 6.82 (d, J = 8.0,
IH) ; 7.01 (d, J = 2.4, IH) ; 7.68 (m, 3H) ; 7.84 (d,
J 8.5, 2H) ; 9.22 (S, IH). Preparation of
4-(2-{5-[2-(4-Fluoro-phenyl)-2-oxo-ethylamino]-2-methy
l-phenyl amino }-oxazol-5-yl)-benzonitrile To a
solution of
4-[2-(5-Amino-2-methyl-phenylamino)-oxazol-5-yl]-benzo
nitrile (60 mg, 0.207 mmol) in dimethylacetamide (3
mL) was added 4-fluorophenacyl bromide (45 mg, 0.207
mmol), NaHCO3 (18 mg, 0.207 mmol). The mixture was
stirred at room temperature for 2h. After removal of
the solvent, the residue was treated with saturated
aqueous NaHCO3 (10 mL) and extracted with ethyl
acetate (3x10 mL). The combined organic layers were
washed with brine (20 mL), dried over MgSO4 and
concentrated.
4-(2-{5-[2-(4-Fluoro-phenyl)-2-oxo-ethylamino]-2-methy
l-phenyl amino }-oxazol-5-yl)-benzonitrile was
obtained after silica gel column chromatography
(dichloromethane/ethanol : 98/2) (38 mg , 43%) as
beige solid m.p. = 199 0C 1H NMR (DMSO-/) d = 2.12 (s,
3H) ; 4.62 (d, J = 4.8, 2H) ; 5.81 (t, J = 4.8, IH) ;
6.37 (d, J = 6.0, IH) ; 6.91 (d, J = 8.1, IH) ; 7.08
(s, IH) ; 7.37 (m, 2H) ; 7.67 (m, 3H) ; 7.83 (d, J =
8.4, 2H) ; 8.14 (m, 2H) ; 9.30 (s, IH). Preparation of
4-[2-(5-Acetyl-2-methyl-phenylamino)-oxazol-5-yl]-benz
onitrileIn a similar manner as described for the
preparation of 4-[2-(2-Methyl-5-nitrophenylamino)-
oxazol-5-yl]-benzonitrile, from
4-Azidoacetyl-benzonitrile (2.70 g, 14.5 mmol) and
l-(3-Isothiocyanato-4-methyl-phenyl)-ethanone (2.22 g,
11.6 mmol) was obtained the title compound (1.43,
31%), as a yellow solid. 1H NMR (DMSO-/) d = 2.41 (s,
3H) ; 2.59 (s, 3H) ; 7.41 (d, J = 7.8, IH) ; 7.67 (dd,



J = 7.8-1.6, IH) ; 7.75 (s, IH) ; 7.79 (d, J = 8.4,
2H) ; 7.72 (d, J = 8.4, 2H) ; 8.51 (d, J = 1.6, IH) ;
9.73 (s, lH). Preparation of
4-{2-[2-Methyl-5-(3-phenyl-propionyl)-phenylamino]-oxa
zol-5-yl}- benzonitrile To a stirred solution of
4-[2-(5-Acetyl-2-methyl-phenylamino)-oxazol-5-yl]-
benzonitrile (100 mg, 0.315 mmol) and benzaldehyd (
0.035 mL, 0.35 mmol) in ethanol, was added dropwise at
O0C, 1 mL of aqueous NaOH 30%. After the mixture was
stirred at room temperature for 16h and poured into
ice water (ca. 10 mL). The precipitate was filtred,
washed diethyl ether and dried under vacuum. The
yellow solid obtained was dissolved in ethanol (2 mL)
and THF (2 mL), traited with palladium on carbon (10%,
20 mg) and hydrogenated. The catalyst was removed by
filtration throught a pad of celite. The filtrate was
evaporated under reduce pressure to give the title
compound (77 mg, 60%) as yellow powder.1H NMR
(DMSO-c?6) d = 2.41 (s, 3H) ; 2.98 (t, J 7.7, 2H) ;
3.36 (t, J = 7.7, 2H) ; 7.23 (m, IH) ; 7.32 (m, 4H) ;
7.40 (d, J = 7.8, IH) ; 7.69 (dd, J = 7.8-1.6, IH);
7.72 (s, IH) ; 7.89 (d, J =8.4, 2H) ; 7.94 (d, J =
8.4, 2H) ; 8.52 (d, J = 1.6, IH) ; 9.73 (s, IH).
Preparation of 4-Bromoacetylpyridine, HBr salt HBr
Bromine (24 g, 150 mmol) in 4 mL of 45% HBr was added
drop wise under vigorous stirring to a solution at 70C
of 4-acetyl-pyridine (18 g, 148 mmol) in acetic acid
containing 45% of HBr (165 mL). The vigorously stirred
mixture was kept at 700C for 3h. The mixture was
cooled and the precipitate collected by filtration and
washed with petroleum ether(40-65C)/methanol (1/1, 100
mL) to give 35.8 g of a white crystals of (85%).
Preparation of
2-Methyl-5-nitro-phenyl)-(5-pyridin-4-yl-oxazol-2-yl)-
amine To a solution of 4-bromoacetylpyridine
hydrobromide (5 g, 17.8 mmol) in 8OmL of water was
added sodium azide (1.16 g, 17.8 mmol) and the
contents stirred at room temperature for 30 min. The
reaction mixture was cooled to O0C, treated slowly
with saturated aqueous NaHCO 3 until pH=6-7, extracted
with dichloromethane (3x3OmL) and the combined organic
phases were dried over MgSO4, concentrated at room
temperature under reduced pressure to a final volume
of 25 mL, and diluted with dioxane (30 mL). The
resulting solution was concentrated to remove the
remaining(lower boiling) dichloromethane. To the final
volume (25 mL) was added at O0C, 2-
methyl-5-nitrophenyl isocyanate (1.58 g, 8.9 mmol)
(commercially available) and portion wise
triphenylphosphine (2.62 g, 8.9 mmol). The reaction
mixture was then stirred for 1 h at room temperature
and heated for an additional 2 h at 100C. After
evaporation of the solvent under reduced pressure the
residue was crystallized in dichloromethane/ethanol
(10mL/5mL), to give the title compound as yellow
crystals (0.9 g, 34%). 



m p > 220 C Preparation of
(2-Methyl-5-amino-phenyl)-(5-pyridin-4-yl-oxazol-2-yl)
-amine A solution of
(2-methyl-5-nitro-phenyl)-(5-pyridin-4-yl-oxazol-2-yl)
-amine ( 1 g, 3.39 mmol) in ethanol (50 mL) was
treated with 10% Pd/C (120 mg) and hydrazine hydrate
(3.50 mL, 112.5 mmol) was added drop wise over 10 min.
The reaction mixture was stirred at room temperature
for 30 min and then refluxed for 2 h. The hot solution
was filtered through a short pad of Celite, and the
catalyst was washed with hot ethanol. The filtrates
were concentrated under reduced vacuum to give the
crude pruduct. This was silica gel column
chromatographed (dichloromethane/ethanol : 97/3). 720
mg (80%) of
(2-methyl-5-amino-phenyl)-(5-pyridin-4-yl-oxazol-2-yl)
-amine was obtained as pale yellow powder. m p l58 C
1H NMR (DMSO-/) d = 2.14 (s, 3H) ; 4.96 (bs, 2H) ;
6.30 (dd, J = 8.1-2.1, IH) ; 6.87 (d, J = 8.1, IH) ;
7.04 (d, J = 2.1, IH) ; 7.50 (d, J = 6.0, 2H) ; 8.58
(d, J = 6.0, 2H) ; 7.76 (s, IH) ; 9.28 (s, IH).
Preparation of
(5-Isothiocyanato-2-methyl-phenyl)-(5-pyridin-4-yl-oxa
zol-2-yl)-amineTo a solution of
(2-Methyl-5-amino-phenyl)-(5-pyridin-4-yl-oxazol-2-yl)
-amine (500 mg, 1.88 mmol) in dichloromethane (70 mL)
was added l,r-Thiocarbonyldi-2(l/i)- pyridine (525 mg,
2.26 mmol).The mixture was stirred at room temperature
overnight. After evaporation of the solvent under
reduced pressure, the residue was silica gel column
chromatographed (ethyl acetate/heptane : 50/50) to
give 528 mg (91%) of the title compound as a beige
solid. 1H NMR (DMS(W 5) d = 2.36 (s, 3H) ; 7.10 (dd, J
= 8.1-2.1, IH) ; 7.32 (d, J = 8.1, IH) ; 7.56 (d, J =
6.0, 2H) ; 7.86 (s, IH) ; 8.08 (d, J = 2.1, IH) ; 8.62
(d, J 6.0, 2H) ; 9.80 (s, IH). Preparation of M
-(5-Chloro-benzooxazol-2-yl)-4-methyl-N3-(5-pyridin-4-
yl-oxazol- 2-yl)-benzene- 1,3-diamine To a solution of
(5-Isothiocyanato-2-methyl-phenyl)-(5-pyridin-4-yl-oxa
zol-2-yl)- amine (120 mg, 0.39 mmol) in DMF (8 mL),
was added 2-Amino-4-chloro-phenol (61 mg, 0.43 mmol).
The mixture was stirred at room temperature overnight
and yellow Mercury (II) oxide (72 mg, 0.39 mmol) was
added. The mixture was stirred at room temperature Ih
the precipitate was filtred through a short pad of
Celite. The filtrate was concentrated under reduced
vacuum to give the crude product. This was silica gel
column chromatographed (dichloromethane/ethanol :
95/5) to give 112 mg (69%) of the title compound as a
yellow solid.1H NMR (DMSO-/) d = 2.26 (s, 3H) ; 7.14
(dd, J 8.7-2.1, IH) ; 7.22 (d, J = 8.7, IH) ; 7.40 (d,
J = 2.1, IH) ; 7.47-7.53 (m, 4H); 7.79 (s, IH) ; 8.12
(d, J = 2.1, IH) ; 8.53 (s, IH) ; 8.55 (s, IH) ; 9.61
(s, IH) ; 10.77 (s, IH). Preparation of
4-(2-{5-[3-(3-Fluoro-phenyl)-2-oxo-imidazolidin-l-yl]-
2-methylphenylamino 



}-oxazol-5-yl)-benzonitrile To a solution of
4-[2-(5-Amino-2-methyl-phenylamino)-oxazol-5-yl]-benzo
nitrile (558 mg, 2 mmol) and chloroacetaldehyde (50
wt. % in water, 628 mg, 4 mmol) in acetonitril (60
mL), was added at RT NaBH3CN (253 mg, 4 mmol) and
dropwise acetic acid (0.4 mL). The mixture was stirred
at room temperature Ih. Ethyl acetate (50 mL) and
saturated aqueous NaHCO3 (50 mL) were added. The
organic layer was washed with brine (20 mL), dried
over MgSO4 and concentrated to give a yellow solid.
This was dissolved in toluene (40 mL) and treated with
l-Fluoro-3-isocyanatobenzene (274 mg, 2 mmol) at
reflux for 2h. After evaporation of solvent under
reduced vacuum, the crude product was dissolved in
isopropanol (60 mL) and treated with potassium
tert-butoxide (1.8 g, 16 mmol) at RT for 5 h. Water
(20 mL) was added , the organic layer was separated
dried over MgSO4 and concentrated. The crude product
was silica gel column chromatographed
(dichloromethane/ethanol : 95/5) to give 408 mg (45%)
of the title compound as a beige solid. 1H NMR
(DMSO-/) d = 2.26 (s, 3H) ; 3.98 (s, 4H) ; 6.90 (t, J
9.0, IH) ; 7.20 (bs, 2H) ; 7.33-7.42 (m, 2H) ;
7.65-7.85 (m, 6H) ; 8.19 (s, IH) ; 9.82 (s, IH).
Preparation of
4-(2-{5-[3-(3-Fluoro-phenyl)-2-oxo-imidazolidin-l-yl]-
2-methylphenylamino
}-oxazol-5-yl)-benzonitrileCompound
4-(2-{5-[3-(3-Fluoro-phenyl)-2-oxo-imidazolidin-l-yl]-
2-methyl-phenyl amino}-oxazol-5-yl)-benzonitrile (30
mg, 0.066 mmol), was treated in EtOH (2 mL) with 3N
NaOH (1 mL). The resulting mixture was stirred at
reflux for 3h. After cooling to RT, IN HCl was added
until pH=6-7 and the precipitate filtred to give the
title compound as a yellow solid (9 mg, 29%). ES/MS :
/z = 471 [M-H] . In a second embodiment, the invention
relates to a pharmaceutical composition comprising a
compound as depicted above. Such medicament can take
the form of a pharmaceutical composition adapted for
oral administration, which can be formulated using
pharmaceutically acceptable carriers well known in the
art in suitable dosages. Such carriers enable the
pharmaceutical compositions to be formulated as
tablets, pills, dragees, capsules, liquids, gels,
syrups, slurries, suspensions, and the like, for
ingestion by the patient hi addition to the active
ingredients, these pharmaceutical compositions may
contain suitable pharmaceutically-acceptable carriers
comprising excipients and auxiliaries which facilitate
processing of the active compounds into preparations
which can be used pharmaceutically. Further details on
techniques for formulation and administration may be
found in the latest edition of Remington's
Pharmaceutical Sciences (Maack Publishing Co., Easton,
Pa.). The composition of the invention can also take
the form of a pharmaceutical or 



cosmetic composition for topical administration.Such
compositions may be presented in the form of a gel,
paste, ointment, cream, lotion, liquid suspension
aqueous, aqueous-alcoholic or, oily solutions, or
dispersions of the lotion or serum type, or anhydrous
or lipophilic gels, or emulsions of liquid or
semi-solid consistency of the milk type, obtained by
dispersing a fatty phase in an aqueous phase or vice
versa, or of suspensions or emulsions of soft,
semi-solid consistency of the cream or gel type, or
alternatively of microemulsions, of microcapsules, of
microparticles or of vesicular dispersions to the
ionic and/or nonionic type. These compositions are
prepared according to standard methods. The
composition according to the invention comprises any
ingredient commonly used in dermatology and cosmetic.
It may comprise at least one ingredient selected from
hydrophilic or lipophilic gelling agents, hydrophilic
or lipophilic active agents, preservatives,
emollients, viscosity enhancing polymers, humectants,
surfactants, preservatives, antioxidants, solvents,
and fillers, antioxidants, solvents, perfumes,
fillers, screening agents, bactericides, odor
absorbers and coloring matter. As oils which can be
used in the invention, mineral oils (liquid paraffin),
vegetable oils (liquid fraction of shea butter,
sunflower oil), animal oils, synthetic oils, silicone
oils (cyclomethicone) and fluorinated oils may be
mentioned. Fatty alcohols, fatty acids (stearic acid)
and waxes (paraffin, carnauba, beeswax) may also be
used as fatty substances. As emulsiflers which can be
used in the invention, glycerol stearate, polysorbate
60 and the PEG-6/PEG-32/glycol stearate mixture are
contemplated. As hydrophilic gelling agents,
carboxyvinyl polymers (carbomer), acrylic copolymers
such as acrylate/alkylacrylate copolymers,
polyacrylamides, polysaccharides such as
hydroxypropylcellulose, clays and natural gums may be
mentioned, and as lipophilic gelling agents, modified
clays such as bentones, metal salts of fatty acids
such as aluminum stearates and hydrophobic silica, or
alternatively ethylcellulose and polyethylene may be
mentioned.As hydrophilic active agents, proteins or
protein hydrolysates, amino acids, polyols, urea,
allantoin, sugars and sugar derivatives, vitamins,
starch and plant extracts, in particular those of Aloe
vera may be used. As lipophilic active, agents,
retinol (vitamin A) and its derivatives, tocopherol
(vitamin E) and its derivatives, essential fatty
acids, ceramides and essential oils may be used. These
agents add extra moisturizing or skin softening
features when utilized. hi addition, a surfactant can
be included in the composition so as to provide deeper
penetration of the compound capable of depleting mast
cells, such as a tyrosine kinase inhibitor, preferably
a c-kit and / or a bcr-abl inhibitor. Among the
contemplated ingredients, the invention embraces
penetration enhancing agents selected for example from
the group consisting of mineral oil, water, ethanol, 



triacetin, glycerin and propylene glycol; cohesion
agents selected for example from the group consisting
of polyisobutylene, polyvinyl acetate and polyvinyl
alcohol, and thickening agents. Chemical methods of
enhancing topical absorption of drugs are well known
in the art. For example, compounds with penetration
enhancing properties include sodium lauryl sulfate
(Dugard, P. H. and Sheuplein, R. J., "Effects of Ionic
Surfactants on the Permeability of Human Epidermis: An
Electrometric Study," J. Ivest. Dermatol., V.60, pp.
263-69, 1973), lauryl amine oxide (Johnson et. al, US
4,411,893), azone (Rajadhyaksha, US 4,405,616 and
3,989,816) and decylmethyl sulfoxide (Sekura, D. L.
and Scala, J., "The Percutaneous Absorption of
Alkylmethyl Sulfides," Pharmacology of the Skin,
Advances hi Biolocy of Skin, (Appleton-Century Craft)
V. 12, pp. 257-69, 1972). It has been observed that
increasing the polarity of the head group in
amphoteric molecules increases their
penetration-enhancing properties but at the expense of
increasing their skin irritating properties (Cooper,
E. R. and Berner, B., "Interaction of Surfactants with
Epidermal Tissues: Physiochemical Aspects,"Surfactant
Science Series, V. 16, Reiger, M. M. ed. (Marcel
Dekker, Inc.) pp. 195- 210, 1987). A second class of
chemical enhancers are generally referred to as
co-solvents. These materials are absorbed topically
relatively easily, and, by a variety of mechanisms,
achieve permeation enhancement for some drags. Ethanol
(Gale et. al., U.S. Pat. No. 4,615,699 and Campbell
et. al., U.S. Pat. Nos. 4,460,372 and 4,379,454),
dimethyl sulfoxide (US 3,740,420 and 3,743,727, and US
4,575,515), and glycerine derivatives (US 4,322,433)
are a few examples of compounds which have shown an
ability to enhance the absorption of various
compounds. The pharmaceutical compositions of the
invention can also be intended for administration with
aerosolized formulation to target areas of a patient's
respiratory tract. Devices and methodologies for
delivering aerosolized bursts of a formulation of a
drug is disclosed in US 5,906,202. Formulations are
preferably solutions, e.g. aqueous solutions, ethanoic
solutions, aqueous/ethanoic solutions, saline
solutions, colloidal suspensions and macrocrystalline
suspensions. For example aerosolized particles
comprise the active ingredient mentioned above and a
carrier, (e.g., a pharmaceutically active respiratory
drug and carrier) which are formed upon forcing the
formulation through a nozzle which nozzle is
preferably in the form of a flexible porous membrane.
The particles have a size which is sufficiently small
such that when the particles are formed they remain
suspended in the air for a sufficient amount of time
such that the patient can inhale the particles into
the patient's lungs. The invention encompasses the
systems described in US 5,556,61 1: 



- liquid gas systems (a liquefied gas is used as
propellent gas (e.g. low-boiling FCHC or propane,
butane) in a pressure container, - suspension aerosol
(the active substance particles are suspended in solid
form in the liquid propellent phase),- pressurized gas
system (a compressed gas such as nitrogen, carbon
dioxide, dinitrogen monoxide, air is used. Thus,
according to the invention the pharmaceutical
preparation is made in that the active substance is
dissolved or dispersed in a suitable nontoxic medium
and said solution or dispersion atomized to an
aerosol, i.e. distributed extremely finely in a
carrier gas. This is technically possible for example
in the form of aerosol propellent gas packs, pump
aerosols or other devices known per se for liquid
misting and solid atomizing which in particular permit
an exact individual dosage. Therefore, the invention
is also directed to aerosol devices comprising the
compound as defined above and such a formulation,
preferably with metered dose valves. The
pharmaceutical compositions of the invention can also
be intended for intranasal administration. In this
regard, pharmaceutically acceptable carriers for
administering the compound to the nasal mucosal
surfaces will be readily appreciated by the ordinary
artisan. These carriers are described in the
Remington's Pharmaceutical Sciences" 16th edition,
1980, Ed. By Arthur Osol, the disclosure of which is
incorporated herein by reference. The selection of
appropriate carriers depends upon the particular type
of administration that is contemplated. For
administration via the upper respiratory tract, the
composition can be formulated into a solution, e.g.,
water or isotonic saline, buffered or unbuffered, or
as a suspension, for intranasal administration as
drops or as a spray. Preferably, such solutions or
suspensions are isotonic relative to nasal secretions
and of about the same pH, ranging e.g., from about pH
4.0 to about pH 7.4 or, from pH .6.0 to pH 7.0.
Buffers should be physiologically compatible and
include, simply by way of example, phosphate buffers.
For example, a representative nasal decongestant is
described as being buffered to a pH of about 6.2
(Remington's, Id. at page 1445). Of course, the
ordinary artisan can readily determine a suitable
saline content and pH for an innocuous aqueous carrier
for nasal and/or upper respiratory
administration.Common intranasal carriers include
nasal gels, creams, pastes or ointments with a
viscosity of, e.g., from about 10 to about 3000 cps,
or from about 2500 to 6500 cps, or greater, may also
be used to provide a more sustained contact with the
nasal mucosal surfaces. Such carrier viscous
formulations may be based upon, simply by way of
example, alkylcelluloses and/or other biocompatible
carriers of high viscosity well known to the art (see
e.g., Remington's, cited supra. A preferred
alkylcellulose is, e.g., methylcellulose in a
concentration ranging from about 5 to about 1000 or
more mg per 



100 ml of carrier. A more preferred concentration of
methyl cellulose is, simply by way of example, from
about 25 to about mg per 100 ml of carrier. Other
ingredients, such as art known preservatives,
colorants, lubricating or viscous mineral or vegetable
oils, perfumes, natural or synthetic plant extracts
such as aromatic oils, and humectants and viscosity
enhancers such as, e.g., glycerol, can also be
included to provide additional viscosity, moisture
retention and a pleasant texture and odor for the
formulation. For nasal administration of solutions or
suspensions according to the invention, various
devices are available in the art for the generation of
drops, droplets and sprays. A premeasured unit dosage
dispenser including a dropper or spray device
containing a solution or suspension for delivery as
drops or as a spray is prepared containing one or more
doses of the drug to be administered and is another
object of the invention. The invention also includes a
kit containing one or more unit dehydrated doses of
the compound, together with any required salts and/or
buffer agents, preservatives, colorants and the like,
ready for preparation of a solution or suspension by
the addition of a suitable amount of water. Another
aspect of the invention is directed to the use of said
compound to manufacture a medicament. In other words,
the invention embraces a method for treating a disease
related to unregulated c-kit transduction comprising
administeringan effective amount of a compound as
defined above to a mammal in need of such treatment.
More particularly, the invention is aimed at a method
for treating a disease selected from autoimmune
diseases, allergic diseases, bone loss, cancers such
as leukemia and GIST, tumor angiogenesis, inflammatory
diseases, inflammatory bowel diseases (IBD),
interstitial cystitis, mastocytosis, infections
diseases, metabolic disorders, fibrosis, diabetes and
CNS disorders comprising administering an effective
amount a compound depicted above to a mammal in need
of such treatment. The above described compounds are
useful for manufacturing a medicament for the
treatment of diseases related to unregulated c-kit
transduction, including, but not limited to: -
neoplastic diseases such as mastocytosis, canine
mastocytoma, solid tumours, human gastrointestinal
stromal tumor ("GIST"), small cell lung cancer,
nonsmall cell lung cancer, acute myelocytic leukemia,
acute lymphocytic leukemia, myelodysplastic syndrome,
chronic myelogenous leukemia, colorectal carcinomas,
gastric carcinomas, gastrointestinal stromal tumors,
testicular cancers, glioblastomas, solid tumors and
astrocytomas. - tumor angiogenesis. metabolic diseases
such as diabetes mellitus and its chronic
complications; 



obesity; diabete type II; hyperlipidemias and
dyslipidemias; atherosclerosis; hypertension; and
cardiovascular disease. - allergic diseases such as
asthma, allergic rhinitis, allergic sinusitis,
anaphylactic syndrome, urticaria, angioedema, atopic
dermatitis, allergic contact dermatitis, erythema
nodosum, erythema multiforme, cutaneous necrotizing
venulitis and insect bite skin inflammation and blood
sucking parasitic infestation. - interstitial
cystitis. - bone loss (osteoporosis).inflammatory
diseases such as rheumatoid arthritis, conjunctivitis,
rheumatoid spondylitis, osteoarthritis, gouty
arthritis and other arthritic conditions. - autoimmune
diseases such as multiple sclerosis, psoriasis,
intestine inflammatory disease, ulcerative colitis,
Crohn's disease, rheumatoid arthritis and
polyarthritis, local and systemic scleroderma,
systemic lupus erythematosus, discoid lupus
erythematosus, cutaneous lupus, dermatomyositis,
polymyositis, Sjogren's syndrome, nodular
panarteritis, autoimmune enteropathy, as well as
proliferative glomerulonephriti s graft-versus-host
disease or graft rejection in any organ
transplantation including kidney, pancreas, liver,
heart, lung, and bone marrow. - Other autoimmune
diseases embraced by the invention active chronic
hepatitis and chronic fatigue syndrome. subepidermal
blistering disorders such as pemphigus. - Vasculitis.
- HIV infection. - melanocyte dysfunction associated
diseases such as hypermelanosis resulting from
melanocyte dysfunction and including lentigines, solar
and senile lentigo, Dubreuilh melanosis, moles as well
as malignant melanomas. In this regard, the invention
embraces the use of the compounds defined above to
manufacture a medicament or a cosmetic composition for
whitening human skin. CNS disorders such as
psychiatric disorders, migraine, pain, memory loss and
nerve cells degeneracy. More particularly, the method
according to the invention is useful for the treatment
of the following disorders: Depression including
dysthymic disorder, cyclothymic disorder, bipolar
depression, severe or "melancholic" depression,
atypical depression, refractory depression, seasonal
depression, anorexia, bulimia, premenstrual syndrome,
postmenopause syndrome, other syndromes such as mental
slowing and loss of concentration, pessimistic worry,
agitation, self-deprecation, decreased libido, 



pain including, acute pain, postoperative pain,
chronic pain, nociceptive pain, cancer pain,
neuropathic pain, psychogenic pain syndromes, anxiety
disordersincluding anxiety associated with
hyperventilation and cardiac arrhythmias, phobic
disorders, obsessive-compulsive disorder,
posttraumatic stress disorder, acute stress disorder,
generalized anxiety disorder, psychiatric emergencies
such as panic attacks, including psychosis, delusional
disorders, conversion disorders, phobias, mania,
delirium, dissociative episodes including dissociative
amnesia, dissociative fugue and dissociative identity
disorder, depersonalization, catatonia, seizures,
severe psychiatric emergencies including suicidal
behaviour, self-neglect, violent or aggressive
behaviour, trauma, borderline personality, and acute
psychosis, schizophrenia including paranoid
schizophrenia, disorganized schizophrenia, catatonic
schizophrenia, and undifferentiated schizophrenia, -
neurodegenerative diseases including Alzheimer's
disease, Parkinson's disease, Huntington's disease,
the prion diseases, Motor Neurone Disease (MND), and
Amyotrophic Lateral Sclerosis (ALS). - substance use
disorders as referred herein include but are not
limited to drug addiction, drug abuse, drug
habituation, drug dependence, withdrawal syndrome and
overdose. Cerebral ischemia Fibrosis - Duchenne
muscular dystrophy Regarding mastocytosis, the
invention contemplates the use of the compounds as
defined above for treating the different categories
which can be classified as follows: The category I is
composed by two sub-categories (IA and IB). Category
IA is made by diseases in which mast cell infiltration
is strictly localized to the skin. This category
represents the most frequent form of the disease and
includes : i) urticaria pigmentosa, the most common
form of cutaneous mastocytosis, particularly
encountered in children, ii) diffuse cutaneous
mastocytosis, iii) solitary mastocytoma and iv) some
rare subtypes like bullous, erythrodermic and
telangiectatic mastocytosis. These forms are
characterized by their excellent prognosis
withspontaneous remissions in children and a very
indolent course in adults. Long term survival of this
form of disease is generally comparable to that of the
normal population and the translation into another
form of mastocytosis is rare. Category IB is
represented by indolent systemic disease (SM) with or
without cutaneous involvement. These forms are much
more usual in adults than in children. The course of
the disease is often indolent, but sometimes signs of
aggressive or malignant mastocytosis can occur,
leading to progressive impaired organ function. The
category II includes mastocytosis with an associated
hematological disorder, 



such as a myeloproliferative or myelodysplastic
syndrome, or acute leukemia. These malignant
mastocytosis does not usually involve the skin. The
progression of the disease depends generally on the
type of associated hematological disorder that
conditiones the prognosis. The category III is
represented by aggressive systemic mastocytosis in
which massive infiltration of multiple organs by
abnormal mast cells is common, hi patients who pursue
this kind of aggressive clinical course, peripheral
blood features suggestive of a myeloproliferative
disorder are more prominent. The progression of the
disease can be very rapid, similar to acute leukemia,
or some patients can show a longer survival time.
Finally, the category IV of mastocytosis includes the
mast cell leukemia, characterized by the presence of
circulating mast cells and mast cell progenitors
representing more than 10% of the white blood cells.
This entity represents probably the rarest type of
leukemia in humans, and has a very poor prognosis,
similar to the rapidly progressing variant of
malignant mastocytosis. Mast cell leukemia can occur
either de novo or as the terminal phase of urticaria
pigmentosa or systemic mastocytosis.The invention also
contemplates the method as depicted for the treatment
of recurrent bacterial infections, resurging
infections after asymptomatic periods such as
bacterial cystitis. More particularly, the invention
can be practiced for treating FimH expressing bacteria
infections such as Gram-negative enterobacteria
including E. coli, Klebsiella pneumoniae, Serratia
marcescens, Citrobactorfreudii and Salmonella
typhimurium. In this method for treating bacterial
infection, separate, sequential or concomitant
administration of at least one antibiotic selected
bacitracin, the cephalosporins, the penicillins, the
aminoglycosides, the tetracyclines, the streptomycins
and the macrolide antibiotics such as erythromycin;
the fluoroquinolones, actinomycin, the sulfonamides
and trimethoprim, is of interest. In one preferred
embodiment, the invention is directed to a method for
treating neoplastic diseases such as mastocytosis,
canine mastocytoma, solid tumours, human
gastrointestinal stromal tumor ("GIST"), small cell
lung cancer, non-small cell lung cancer, acute
myelocytic leukemia, acute lymphocytic leukemia,
myelodysplastic syndrome, chronic myelogenous
leukemia, colorectal carcinomas, gastric carcinomas,
gastrointestinal stromal tumors, testicular cancers,
glioblastomas, and astrocytomas comprising
administering a compound as defined herein to a human
or mammal, especially dogs and cats, in need of such
treatment. In one other preferred embodiment, the
invention is directed to a method for treating
allergic diseases such as asthma, allergic rhinitis,
allergic sinusitis, anaphylactic syndrome, urticaria,
angioedema, atopic dermatitis, allergic contact
dermatitis, 



erythema nodosum, erythema multiforme, cutaneous
necrotizing venulitis and insect bite skin
inflammation and blood sucking parasitic infestation
comprising administering a compound as defined herein
to a human or mammal, especially dogs and cats, in
need of such treatment. In still another preferred
embodiment, the invention is directed to a method for
treating inflammatory diseases such as rheumatoid
arthritis, conjunctivitis, rheumatoidspondylitis,
osteoarthritis, gouty arthritis and other arthritic
conditions comprising administering a compound as
defined herein to a human in need of such treatment.
In still another preferred embodiment, the invention
is directed to a method for treating autoimmune
diseases such as multiple sclerosis, psoriasis,
intestine inflammatory disease, ulcerative colitis,
Crohn's disease, rheumatoid arthritis and
polyarthritis, local and systemic scleroderma,
systemic lupus erythematosus, discoid lupus
erythematosus, cutaneous lupus, dermatomyositis,
polymyositis, Sjogren's syndrome, nodular
panarteritis, autoimmune enteropathy, as well as
proliferative glomerulonephritis comprising
administering a compound as defined herein to a human
in need of such treatment. In still another preferred
embodiment, the invention is directed to a method for
treating graft-versus-host disease or graft rejection
in any organ transplantation including kidney,
pancreas, liver, heart, lung, and bone marrow
comprising administering a compound as defined herein
to a human in need of such treatment. Example : in
vitro TK inhibition assays  Procedures o C-KitWT and
mutated C-Kit fJM and Kinase domain 816) assay
Proliferation assays Cells were washed two times in
PBS before plating at 5 x 104 cells per well of
96-well plates in triplicate and stimulated either
with hematopoietic growth factors (HGF) or without.
After 2 days of. culture, 37 Bq (1.78 Tbq/mmol) of
[3H] thymidine (Amersham Life Science, UK) was added
for 6 hours. Cells were harvested and filtered through
glass fiber filters and [3H] thymidine incorporation
was measured in a scintillation counter. For
proliferation assay, all drugs were prepared as 2OmM
stock solutions in DMSO and conserved at -8O0C. Fresh
dilutions in PBS were made before each experiment.
DMSO dissolved drugs were added at the beginning of
the culture. Control cultureswere done with
corresponding DMSO dilutions. Results are represented
in percentage by taking the proliferation without
inhibitor as 100%. Cells ' Ba/F3 murine kit and human
kit, Ba/F3 mkitD27 (juxtamembrane deletion), and
hkitD816V are derived from the murine IL-3 dependent
Ba/F3 proB lymphoid cells. The FMA3 and P815 cell
lines are mastocytoma cells expressing endogenous
mutated 



forms of Kit, i.e., frame deletion in the murine
juxtamembrane coding region of the receptor-codons 573
to 579. The human leukaemic MC line HMC-I expresses a
double point mutation (i.e. mutations JM-V560G and the
kinase domain mutation kitD816V), whereas the HMCl
subclone al55 expresses only the mutation JMV560G.
Immunoprecipitation assays and western blotting
analysis For each assay, 5.106 Ba/F3 cells and
Ba/F3-derived cells with various c-kit mutations were
lysed and immunoprecipitated as described (Beslu et
al., 1996), excepted that cells were stimulated with
250 ng / ml of rmKL. Cell lysates were
immunoprecipitated with rabbit immunsera directed
against the KIT cytoplasmic domain either with an anti
murine KIT (Rottapel et al, 1991) or an anti human KIT
(Santa Cruz),. Western blot was hybridized either with
the 4G10 anti-phosphotyrosine antibody (UBI) or with
the appropriate rabbit immunsera anti KIT or with
different antibodies (described in antibodies
paragraph). The membrane was then incubated either
with HRP-conjugated goat anti mouse IgG antibody or
with HRP-conjugated goat anti rabbit IgG antibody
(Immunotech), Proteins of interest were then
visualized by incubation with ECL reagent (Amersham).
Experimental results The experimental results for
various compounds according to the invention using
above-described protocols are set forth at Table 1:
Table 1 : in vitro inhibitions of various compounds
against c-Kit WT, c-Kit JMD27 and c-Kit D816V.HIV Vif
Field of the Invention The present invention relates
to a lentiviral vector and its use in a method of
imparting resistivity to infection by HIV, including
superinfection by HIV. Background of the Invention
AIDS is one of the leading causes of death in the
developing world, its spread reaching pandemic
proportions. However, eradication of HIV-I is far from
being accomplished. Currently, the highly active
anti-retroviral therapy (HAART) is the only
efficacious treatment to reduce progression and spread
of AIDS, although its long-term use is associated with
drawbacks and limitations such as adherence to a
complex dosing regimen, side effect toxicity and
elevated cost (Richman et al, 2001). The great
intraand inter-subtype genetic and antigenic
variability of HIV-I, stemming from the high mutation
rate of its genome, together with inadequate
compliance, is responsible for resistance to HAART
drugs, as well as for the repeated failure in
developing a multiple clades-based preventive vaccine
(Ho et al, 2002). On this basis, development of
alternative and/or additional therapeutic strategies
against AIDS are mandatory. Many years of pre-clinical
investigation have shown that the HIV-I life cycle can
be 



interfered with at many levels, and proved at least
the concept of anti-HIV gene therapy (Buchschacher et
al, 2001). Hematopoietic stem cells (HSCs), T-cell
precursors or T lymphocytes can be genetically
modified with, for example, genes encoding ribozymes,
decoys, antisense and small interfering RNA (siRNA)
molecules directed against viral and cellular genes
(Buchschacher et al, 2001; Jacque et al, 2002; Novina
et al, 2002; Lee et al, 2002; Coburn et al, 2002; Qin
et al, 2003), or proteins such as intrakines, toxins
and single chain antibodies. However, early clinical
trials with T lymphocytes transduced with retroviral
vectors expressing transdominant mutants of viral
proteins or anti-HIV- 1 rybozimes have been
disappointing (Woffendin et al, 1996; Ranga et al,
1998; Wong-Staal et al, 1998) mainly due to low
genetransfer efficiency, insufficient engraftment and
short in vivo persistence of the genetically modified
T cells. Most of the pre-clim'cal and clinical studies
carried out so far have been based on the use of
retroviral vectors derived from the Moloney murine
leukemia virus (MLV) to transduce HSCs or T-cells.
However, MLV-derived vectors have shown major
limitations for clinical applications, such as poor
efficiency in transducing non-dividing HSCs and
T-cells, insufficient expression of potentially
therapeutic anti-HIV products, and propensity to
induce neoplasia by insertional activation of
oncogenes (Baum et al, 2003). Among the possible
targets of anti-HIV gene therapy is the product of the
viral infectivity factor (yif) gene, vif is one of the
4 accessory genes of HIV-I, expressed at a late phase
during virus replication in a Rev-dependent manner
(Cullen et al, 1998; Frankel et al, 1998). The Vif
protein is required for high viral infectivity in the
socalled 'non-permissive' cells, which include the
natural targets of HIV-I (T-cells and macrophages) and
some T-cell lines, for example, CEM, H9, and HUT 78
(Fisher et al, 1987; Fouchier et al, 1996; Gabuzda et
al, 1992; Sheehy et al, 2002; Simon et al, 1996; von
Schedler et al, 1993). This requirement depends on the
ability of Vif to counteract the action of the
recently identified CEM15/APOBEC-3G protein (Sheehy et
al, 2002) which confers innate immunity to HIV-I.
Thus, disabling, or interfering with, the function of
Vif could represent an alternative anti-HIV- 1
therapeutic approach. F12-vz/ is a natural mutant of
vif, carrying 15 unique amino acid substitutions,
originally discovered in the F12 non-producer variant
of HIV-I (Federico et al, 1989; Carlini et al, 1992;
Carlini et al, 1996). The F12 non-producer HIV induces
a block in the replication of superinfecting HIV and
F12-Vif may play a role in the reduced infectivity of
this producer. However, there is a need to provide
further vif mutants with anti-HIV activity, and to
provide effective delivery systems for these mutants.
The present invention seeks to overcome these
problems.Summary of the Invention We have developed
novel mutants of vif that are highly effective in
inhibiting HIV-I 



replication in vitro in T cell lines infected with
HIV-I. In particular, we have found that a Vif protein
which comprises replacement amino acids at the amino
acids corresponding to positions 127, 128, 130, 131,
132 and 142 of the wild-type sequence is sufficient
for exerting antiviral effect against HIV. Moreover,
we show that a 45 amino acid region of F12-Vif
(Chim3), carrying only 6 unique amino acid
substitutions, embedded in a WT-Vif context, protects
human T-lymphocytes from HIV-I infection. Furthermore,
we show that in contrast to F12-Vif, Chim3 cannot
rescue the replication of Vif deficient virions (Avif
HIV-I) in non-permissive cells, making the use of this
mutant much safer in situations wherein it encounters
Avif HLY- 1 quasispecies silently harboured in a
patient. An advantage associated with one embodiment
of the present invention is that the mutant Vif
transgene is under the transcriptional control of a
Tat-dependent, wild-type HIV-I LTR, which is activated
only in HIV-I -infected cells, thus avoiding
unnecessary expression of a foreign antigen in
transduced HSCs and their progeny i.e., expression of
HIV-I is under HIV-I inducible control. Statements of
the Invention According to a first aspect of the
present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions
127, 128, 130, 131, 132 and 142 of the sequence in
Figure IA are replaced with another amino acid (i.e.
the amino acids are not H, I, S, P, R and V
respectively) and wherein the nucleotide sequence does
not encode the amino acid sequence in Figure 2.
According to another aspect of the present invention
there is provided a polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 127, 128, 130,
131, 132 and 142 of the sequence in FigureIA are
replaced with another amino acid and wherein one or
more of the amino acids corresponding to positions 22,
29, 41, 48, 66, 80, 109, 185 and 186 are not I3 1, K,
N5 V N, R5R and N respectively. Preferably all of the
amino acids corresponding to positions 22, 29, 41, 48,
66, 80, 109, 185 and 186 are not I, I, K5N5V5N, R, R
and N respectively. In one embodiment each of the
amino acids corresponding to positions 127, 12S, 130,
131, 132 and 142 of the sequence in Figure IA are
replaced with another amino acid and all of the amino
acids corresponding to positions 22, 29, 41, 66, 80,
109, 185 and 186 are not I, I5K, V5N, R, R and N
respectively. Preferably all of the amino acids
corresponding to positions 127, 128, 130, 13 1, 132
and 142 are replaced with N, V, R, L, S and I
respectively. In one embodiment the amino acid
corresponding to position 48 is N. Preferably the
amino acids corresponding to positions 22, 29, 41, 48,
66, 80, 109, 185 



and 186 are those present in a naturally occurring
Vif, such as, but not limited to, HXB2 ace. #K03455,
BRU acc.# K02013, SF2 accJ K02007, PV22 acc.# K02083,
MN acc.#M17449 and NL4-3 ace. # Ml 9921 (see Figures
IA, IB and 1C). Suitable amino acids for these
positions are, but not limited to, 22 (K), 29 (M), 4 1
(R), 48 (N or H), 66 (T), 80 (H) 109 (L), 185 (G), 186
(S). According to another aspect of the present
invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions
127, 128, 130, 131, 132, 142 and 185 of the sequence
in Figure IA are replaced with another amino acid
(i.e. the amino acids are not H, I, S5P, R, V and G
respectively) and wherein one or more of the amino
acids corresponding to positions 22, 29, 41, 48, 66,
80, 109 and 186 are not I, I, K, N, V, N, R and N
respectively.Preferably all of the amino acids
corresponding to positions 22, 29, 41, 48, 66, 80, 109
and 186 are not I, I, K, N, V, N5R and N respectively.
In one embodiment each of the amino acids
corresponding to positions 127, 128, 130, 131, 132,
142 and 185 of the sequence in Figure IA are replaced
with another amino acid and all of the amino acids
corresponding to positions 22, 29, 41, 66, 80, 109 and
186 are not I, I, K, V5N, R and N respectively.
Preferably the amino acids corresponding to positions
127, 128, 130, 131, 132, 142 and 185 are replaced with
N, V, R, L, S, I and R respectively. In one embodiment
the amino acid corresponding to position 48 is N.
Preferably the amino acids corresponding to positions
22, 29, 41, 48, 66, 80, 109 and 186 are those present
in a naturally occurring Vif, such as, but not limited
to, HXB2 ace. #K03455, BRU acc.# K02013, SF2 accJ
K02007, PV22 acc.# K02083, MN acc.#M17449 and NL4-3
ace. # M19921 (see Figures IA, IB and 1C). Suitable
amino acids for these positions are, but not limited
to, 22 (K), 29 (M), 4 1 (R), 48 (N or H), 66 (I), 80
(H), 109 (L), 186 (S). According to another aspect of
the present invention there is provided a
polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132,
142, 185 and 186 of the sequence in Figure IA are
replaced with another amino acid (i.e. the amino acids
are not H, I, S, P, R, V, G or S respectively) and
wherein one or more of the amino acids corresponding
to positions 22, 29, 4 1 48, 66, 80 and 109 are not I,
I, K, N, V, N and R respectively. Preferably all of
the amino acids corresponding to positions 22, 29, 4 1
48, 66, 80 and 109 are not I, I5K, N5V,N and R
respectively. In one embodiment each of the amino
acids corresponding to positions 127, 128, 130,131,
132, 142, 185 and 186 of the sequence in Figure IA are
replaced with another amino acid and all of the amino
acids corresponding to positions 22, 29, 41, 66, 80
and 



109 are not I, I, K, V, N and R respectively.
Preferably the amino acids corresponding to positions
127, 128, 130, 131, 132, 142, 185 and 186 are replaced
with N5V, R L, S, I, R and N respectively. In one
embodiment the amino acid corresponding to position 48
is N. Preferably the amino acids corresponding to
positions 22, 29, 41, 48, 66, 80, 109 are those
present in a naturally occurring Vif, such as, but not
limited to, HXB2 ace. #K03455, BRU acc.# K02013, SF2
acc.# K02007, PV22 accJ K02083, MN acc.#M17449 and
NL4-3 ace. # Ml 9921 (see Figures IA, IB and 1C).
Suitable amino acids for these positions are, but not
limited to, 22 (K), 29 (M), 4 1 (R), 48 (N or H), 66
(I), 80 (H), 109. According to another aspect of the
present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions
109, 127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid (i.e. the amino acids are not L, H, I, S, P, R,
V, G or S respectively) and wherein one or more of the
amino acids corresponding to positions 22, 29, 41, 48,
66 and 80 are not I, I, K, N, V and N respectively.
Preferably all of the amino acids corresponding to
positions 22, 29, 41, 48, 66 and 80 are not I, I, K,
N, V and N respectively. In one embodiment each of the
amino acids corresponding to positions 109, 127, 128,
130, 131, 132, 142, 185 and 186 of the sequence in
Figure IA are replaced with another amino acid and all
of the amino acids corresponding to positions 22, 29,
41, 66 and 80 are not I, I, K, V and N
respectively.Preferably the amino acids corresponding
to positions 109, 127, 128, 130, 131, 132, 142, 185
and 186 are replaced with R, N, V, R, L, S, I, R and N
respectively. In one embodiment the amino acid
corresponding to position 48 is N. Preferably the
amino acids corresponding to positions 22, 29, 41, 48,
66, 80 are those present in a naturally occurring Vif,
such as, but not limited to, HXB2 ace. #K03455, BRU
acc.# K02013, SF2 accJ K02007, PV22 accJ K02083, MN
acc.#M17449 and NL4-3 ace. # Ml 9921 (see Figures IA,
IB and 1C). Suitable amino acids for these positions
are, but not limited to, 22 (K), 29 (M), 4 1 (R), 48
(N or H), 66 (I), 80 (H). According to another aspect
of the present invention there is provided a
polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 80, 109, 127, 128, 130,
131, 132, 142, 185 and 186 of the sequence in Figure
IA are replaced with another amino acid (i.e. the
amino acids are not H, L, H, I, S, P, R, V, G and S
respectively) and wherein one or more of the amino
acids corresponding to positions 22, 29, 41, 48 and 66
are not I, I, K, N and V respectively. 



Preferably all of the amino acids corresponding to
positions 22, 29, 41, 48 and 66 are not I515K N and V
respectively. In one embodiment each of the amino
acids corresponding to positions 80, 109, 127, 128,
130, 131, 132, 142, 185 and 186 of the sequence in
Figure IA are replaced with another amino acid and all
of the amino acids corresponding to positions 22, 29,
41, and 66 are not I, I, K and V respectively.
Preferably the amino acids corresponding to positions
80, 109, 127, 128, 130, 131, 132, 142, 185 and 186 are
replaced with N, R3N, V, R, L, S, I, R and N
respectively. In one embodiment the amino acid
corresponding to position 48 is N.Preferably the amino
acids corresponding to positions 22, 29, 41, 48 and 66
are those present in a naturally occurring Vif, such
as, but not limited to, HXB2 ace. #K03455, BRU acc.#
K02013, SF2 acc.# K02007, PV22 acc.# K02083, MN
acc.#M17449 and NL4-3 ace. # Ml 9921 (see Figures IA,
IB, and 1C). Suitable amino acids for these positions
are, but not limited to, 22 (K), 29 (M), 4 1 (R)548 (N
or H), 66 (I). According to another aspect of the
present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions 66,
80, 109, 127, 128, 130, 131, 132, 142, 185 and 186 of
the sequence in Figure IA are replaced with another
amino acid (i.e. the amino acids are not I, H, L, H,
I, S P, R V, G and S respectively) and wherein one or
more of the amino acids corresponding to positions 22,
29, 4 1 and 48 are not I, I, K and N respectively.
Preferably all of the amino acids corresponding to
positions 22, 29, 4 1 and 48 are not I, I, K and N
respectively. In one embodiment each of the amino
acids corresponding to positions 66, 80, 109, 127,
128, 130, 131, 132, 142, 185 and 186 of the sequence
in Figure IA are replaced with another amino acid and
all of the amino acids corresponding to positions 22,
29 and 4 1 are not I, I and K respectively. Preferably
the amino acids corresponding to positions 66, 80,
109, 127, 128, 130, 131, 132, 142, 185 and 186 are
replaced with V, N, R, N, V, R, L, S, I, R and N
respectively. In one embodiment the amino acid
corresponding to position 48 is N. Preferably the
amino acids corresponding to positions 22, 29, 4 1 and
48 are those present in a naturally occurring Vif,
such as, but not limited to, HXB2 ace. #K03455, BRU
acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083, MN
acc.#M17449 andNL4-3 ace. # M19921 (see Figures IA, IB
and 1C). Suitable amino acids for these positions are,
but not limited to, 22( K), 29 (M), 4 1 (R), 48 (N,
H). According to another aspect of the present
invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions 48,
66, 80, 109, 127, 128, 130, 131, 132, 142, 185 and 186



of the sequence in Figure IA are replaced with another
amino acid (i.e. the amino acids are not H, I, H, L,
H, I, S, P, R, V, G and S respectively) and wherein
one or more of the amino acids corresponding to
positions 22, 29 and 4 1 are not I, I and K
respectively. Preferably all of the amino acids
corresponding to positions 22, 29 and 4 1 are not I, I
and K respectively. Preferably the amino acids
corresponding to 48, 66, 80, 109, 127, 128, 130, 131,
132, 142, 185 and 186 are replaced with N, V, N, R, N,
V, R, L, S, I5R and N respectively. Preferably the
amino acids corresponding to positions 22, 29 and 4 1
are those present in a naturally occurring Vif, such
as, but not limited to, HXB2 ace. #K03455, BRU accJ
K02013, SF2 accJ K02007, PV22 acc.# K02083, MN
acc.#M17449 and NL4-3 ace. # Ml 9921 (see Figures IA,
IB and 1C). Suitable amino acids for these positions
are, but not limited to, 22( K), 29 (M), 4 1 (R).
According to another aspect of the present invention
there is provided a polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 41, 48, 66, 80,
109, 127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid (i.e. the amino acids are not R, H, I, H, L, H,
I, S, P, R, V, G and S respectively) and wherein at
least one of the amino acids corresponding to position
22 and 29 is not I .Preferably the amino acids
corresponding to 41, 48, 66, 80, 109, 127, 128, 130,
131, 132, 142, 185 and 186 are replaced with K5 N, V,
N5 R5 N5 V5 R5 L5 S5 I5 R and N respectively.
Preferably the amino acids corresponding to positions
22 and 29, are those present in a naturally occurring
Vif, such as, but not limited to, HXB2 ace. #K03455,
BRU acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083,
MN acc.#M17449 andNL4-3 ace. # M19921 (see Figures IA,
IB and 1C). Suitable amino acids for these positions
are, but not limited to, 22( K), 29 (M). Preferably
both of the amino acids corresponding to position 22
and 29 are not I. According to another aspect of the
present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions 29,
41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142, 185
and 186 of the sequence in Figure IA are replaced with
another amino acid (i.e. the amino acids are not M, R,
H, I, H, L, H5 15 S, P, R, V, G and S respectively)
and the amino acid corresponding to position 22 is not
I . Preferably the amino acids corresponding to
positions 29, 41, 48, 66, 80, 109, 127, 128, 13O5 131,
132, 142, 185 and 186 are replaced with I, K, N, V, N,
R, N5V, R, L, S5 I, R and N respectively. Preferably
the amino acid corresponding to position 22 is that
present in a naturally 



occurring Vif, such as, but not limited to, HXB2 ace.
#K03455, BRU accJ K02013, SF2 accJ K02007, PV22 acc.#
K02083, MN acc.#M17449 and NL4-3 ace. # M19921 (see
Figures IA, IB and 1C). A Suitable amino acid for this
position is, but not limited to, K (Lysine). According
to another aspect of the present invention there is
provided a polynucleotide comprising the nucleotide
sequence encoding a chimeric Vif protein comprising
amino acids 126 to 170 of the F12-Vif sequence in
Figure 2 embedded in a naturallyoccurring Vif
sequence, such as, but not limited to, HXB2 ace.
#K03455, BRU acc.# K02013, SF2 acc.# K02007, PV22
acc.# K02083, MN acc.#M17449 and NL4-3 ace. # M19921
(see Figures IA, IB, 1C and 2). In this regard, the
naturally occurring Vif sequence is not F12-Vif.
According to another aspect of the present invention
there is provided a polynucleotide comprising a
nucleotide sequence encoding a fragment of the Vif
polypeptide as defined above wherein the fragment
comprises at least amino acids corresponding to 126 to
170 of the sequence in Figure 2. Preferably the
fragment comprises at least amino acids 126 to 170 of
the sequence in Figure 2. In one embodiment the
fragment consists of amino acids 126 to 170 of the
sequence in Figure 2. According to another aspect of
the present invention there is provided a
polynucleotide comprising a nucleotide sequence
encoding a fragment of Vif polypeptide wherein said
fragment comprises replacement amino acids at the
amino acids corresponding to positions 127, 128, 130,
131, 132 and 142 of the wild-type sequence in Figure
IA. In one embodiment, the fragment encoded by the
polynucleotide further comprises a replacement amino
acid at the amino acid corresponding to position 185
of the wildtype sequence in Figure IA. In another
embodiment, the fragment encoded by the polynucleotide
further comprises a replacement amino acid at the
amino acid corresponding to position 186 of the
wildtype sequence in Figure IA. In another embodiment,
the fragment encoded by the polynucleotide further
comprises a replacement amino acid at the amino acid
corresponding to position 109 of the wildtype sequence
in Figure IA.In another embodiment, the fragment
encoded by the polynucleotide further comprises a
replacement amino acid at the amino acid corresponding
to position 80 of the wildtype sequence in Figure IA.
In another embodiment, the fragment encoded by the
polynucleotide further comprises a replacement amino
acid at the amino acid corresponding to position 66 of
the wildtype sequence in Figure IA. In another
embodiment, the fragment encoded by the polynucleotide
further comprises 



a replacement amino acid at the amino acid
corresponding to position 48 of the wildtype sequence
in Figure IA. In another embodiment, the fragment
encoded by the polynucleotide further comprises a
replacement amino acid at the amino acid corresponding
to position 4 1 of the wildtype sequence in Figure IA.
In another embodiment, the fragment encoded by the
polynucleotide further comprises a replacement amino
acid at the amino acid corresponding to position 29 of
the wildtype sequence in Figure IA. Preferably the
amino acid at position 22 of the wild-type sequence in
Figure IA is altered to I. Preferably the amino acid
at position 29 of the wild-type sequence in Figure IA
is altered to I . Preferably the amino acid at
position 4 1 of the wild-type sequence in Figure IA is
altered to K. Preferably the amino acid at position 48
of the wild-type sequence in Figure IA is altered to
N.Preferably the amino acid at position 66 of the
wild-type sequence in Figure IA is altered to V
Preferably the amino acid at position 80 of the
wild-type sequence in Figure IA is altered to N.
Preferably the amino acid at position 109 of the
wild-type sequence in Figure IA is altered to R.
Preferably the amino acid at position 127 of the
wild-type sequence in Figure IA is altered to N.
Preferably the amino acid at position 128 of the
wild-type sequence in Figure IA is altered to V.
Preferably the amino acid at position 130 of the
wild-type sequence in Figure IA is altered to R.
Preferably the amino acid at position 131 of the
wild-type sequence in Figure IA is altered to L.
Preferably the amino acid at position 132 of the
wild-type sequence in Figure IA is altered to S.
Preferably the amino acid at position 142 of the
wild-type sequence in Figure IA is altered to I.
Preferably the amino acid at position 185 of the
wild-type sequence in Figure IA is altered to
R.Preferably the amino acid at position 186 of the
wild-type sequence in Figure IA is altered to N.
According to another aspect of the present invention
there is provided a polynucleotide 



consisting of or comprising a nucleotide sequence
encoding the amino acid sequence shown in Fig 4A.
According to another aspect of the present invention
there is provided a polynucleotide consisting of or
comprising a nucleotide sequence encoding the amino
acid sequence shown in Fig 5A. According to another
aspect of the present invention there is provided a
polynucleotide consisting of or comprising a
nucleotide sequence as shown in Fig 15 or 16.
According to another aspect of the present invention
there is provided Vif polypeptides and Vif polypeptide
fragments encoded by the polynucleotides of the
present invention. According to another aspect of the
present invention there is provided a polypeptide
comprising or consisting of the amino acid sequence
shown in Fig 4A or 4B. According to another aspect of
the present invention mere is provided a vector
comprising a polynucleotide of the present invention.
Preferably, the vector is a recombinant lentiviral
vector. Preferably, the lentiviral vector is derivable
from HIV. Preferably, the vector encodes a
polynucleotide of the present invention which is
operably linked to a viral LTR. Preferably the
expression of the polynucleotide is tat and rev
dependent.Preferably the vector of the present
invention does not comprise the tat and rev genes.
Preferably the vector of the present invention is
capable of expressing the mutant Vif or mutant Vif
fragment under HIV-I inducible control. Preferably the
vector of the present invention lacks the gag,pol and
env genes. In one embodiment, the vector of the
present invention further comprises a polynucleotide
sequence encoding a selection marker gene. Preferably
the vector of the present invention further comprises
a polynucleotide sequence encoding at least part of
the low affinity nerve growth factor receptor (LNGFR).
In another embodiment, the vector of the present
invention is in the form of an integrated provirus.
According to another aspect of the present invention
there is provided a retroviral particle obtainable
from the vector of the present invention. Preferably
the retroviral particle is pseudotyped. Preferably the
polynucleotide encoding the mutant Vif is operably
linked to a viral long terminal repeat (LTR).
According to another aspect of the present invention
there is provided a retroviral production system for
producing the retroviral particle of the present
invention comprising the vector of the present
invention and retroviral gag-pol and retroviral or 



non retroviral env. In particular, the concept of
pseudotyping is well known in the art and may be used
in the present invention.Preferably the retroviral
gag-pol and env are on different vectors. Preferably
the envelope protein is selected from the group
consisting of RDl 14-TR, VSV-G, GALV and 4070A.
According to another aspect of the present invention
there is provided cell comprising a polynucleotide of
the present invention. According to another aspect of
the present invention there is provided a cell
infected or transduced with a vector or the retroviral
particle of the present invention. Preferably the cell
is a T-cell. Preferably the cell is a monocyte,
macrophage or lymphocyte. Preferably the cell is a
hematopoietic CD34+ precursor cell or a hematopoietic
cell. Preferably the cell of the present invention
expresses mutant Vif under HIV-I inducible control.
According to another aspect of the present invention
there is provided a polynucleotide, a polypeptide, a
vector, a retroviral particle or a cell of the present
invention for use in medicine. According to another
aspect of the present invention there is provided a
pharmaceutical composition comprising a
polynucleotide, a polypeptide, a vector, a retroviral
particle or a cell of the present invention and a
pharmaceutically acceptable carrier, diluent or
excipient. According to another aspect of the present
invention there is provided use of a polynucleotide, a
polypeptide, a vector, a retroviral particle, a cell
or a pharmaceutical composition of the present
invention for the preparation of a medicament for
treatmentor prevention of HIV infection or related
conditions, The HIV infection may represent
superinfection. Thus, the present invention provides a
method of treating or preventing HIV infection or
related conditions comprising administering to a
patient in need of the same an effective amount of a
polypeptide, a polynucleotide, a vector, a retroviral
particle, a cell or a pharmaceutical composition of
the present invention. According to a further aspect
of the present invention there is provided a method of
treating or preventing HIV infection or a related
condition comprising infecting or transducing a cell
with a vector or a retroviral particle of the present
invention In one embodiment the infecting or
transducing is carried out ex vivo and the cell is
introduced in a patient. Description of the Figures
Figure IA shows the consensus WT amino acid sequence
generated by 5 amino acid sequences of Vif (HXB2 accJ
K03455, BRU accJ K02013, SF2 accJ K02007, PV22 accJ
K02083, MN acc.# Ml 7449). The accession numbers refer
to NCBI Genbank 



(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=sea
rch&DB= :nucleotide ) . Figure IB shows the alignment
of the 5 amino acid sequences of Vif, the consensus
sequence generated and the F12-Vif sequence. Figure 1C
shows the WT Vif amino acid sequence of NL4-3. Figure
2 shows the HIV F12-Vif polypeptide sequence (NCBI
accession number: Zl 1530) from HIVl F12. The unique
amino acid substitutions are shown in bold.Figure 3A
shows the Chiml polypeptide sequence. Amino acids in
bold represent replacement amino acids relative to
wild type Vif (NL4-3). Figure 3B highlights the
portions of Chim 1 that correspond to F12-Vif
(italics) and to wild type Vif. Figure 4A shows the
Chim2 polypeptide sequence. Amino acids in bold
represent replacement amino acids relative to wild
type Vif (NL4-3). Figure 4B highlights the portions of
Chim 2 that correspond to F12-Vif (italics) and to
wild type Vif. Figure 5A shows the Chim3 polypeptide
sequence. Amino acids in bold represent replacement
amino acids relative to wild type Vif (NL4-3). Figure
5B highlights the portions of Chim 3 that correspond
to F12-Vif (italics) and to wild type Vif. Figure 6
shows a schematic representation of the HIV-I -based
PDN, WT-VifPDN, F12-VifPDN, Chiml -PDN, Chim2-PDN and
Chim3-PDN lentiviral vectors in their proviral form.
Figure 7 shows analysis of the expression of Chiml,
Chim2 and Chim3 in comparison with the WT- and F12-Vif
full-length proteins by western blot assay. Figure 8
shows the antiviral activity of the chimeric proteins
in T cell lines. A. NP CEM A3.0 1 mock-transduced
(Mock) and F12-Vif- and Chim3PDN-transduced cells were
infected with the X4 molecular clone HIV-I NL4-3 at
the MOI of 0.1. The mean of triplicate values measured
at the peak of a kinetic of infection (day 15) by RT
assay are shown. B. Kinetic of infection of permissive
mock-transduced and LV-transduced CEMss cells infected
with the X4 HIV-I NL4-3 at the MOI of 0.1. C.
Permissive SupT-1 mock-transduced and LV-transduced
cells infected with the X4 HIV-I NL4-3at the MOI of
0.1. D. Non permissive mock-transduced and
Chirn3PDN-transduced PMl cells were infected with the
R5 HIV-I AD8 at the MOI of 0.1 and RT activity
measured at 6 days post infection. Figure 9 shows the
antiviral activity of Chim3 in CD4+ T lymphocytes.
Cord blood derived CD4+ T lymphocytes mock transduced
and LVs-transduced were infected with either the X4
HIV-I NL4-3 (A) or R5 molecular clone HIV-I AD8 at the
MOI of 0.1 (B). Figure 10 shows the kinetics of HIV-I
replication in CEM A3.0 1 cells transduced with the
indicated lentiviral vectors and then infected with
HIV-1 L4-3 t the MOI of 0.1. 



Figure 11 shows that Chim3 does not rescue the
replication of X4 and R5 AvifHIV-I in CD4+ T
lymphocytes. CD4+ T lymphocytes mock-transduced or
LVs-transduced were infected with the X4 Dvz/-HIV (A)
and R5 HIV-I AD-lvr/(B) molecular clones at the MOI of
0.1. HIV-I growth was followed for 39 and 29 days,
respectively. Figure 12 shows the selective advantage
of F12-Vif- and Chim3-transduced over mock-transduced
cells after HIV-I infection. CEM A3.0 1 cells
LVs-transduced and mock-transduced were mixed and
cultivated at the ratio of 50:50 and then infected
with the X4 HIV-I NL4-3 at the MOI of 0.01. The
percentage of increment of transduced cells (NGFR+
cells) was calculated at day 20 p.i. between infected
and non infected cells. Figure 13 shows the lower
expression of Chim2 and Chim3 compared to WT-Vif and
that Chim3 is degraded by proteasome more efficiently
in non permissive than in permissive cells. A. Western
blot analysis of the basal level of Vif and hA3G
proteins in mock and LV-transduced either non
permissive CEM A3.0 1 or permissive SupT-1 cells. B.
Western blot analysis of whole cell extracts derived
from either uninfected permissive (SurT-1) or non
permissive (CEM A3.01) cells treated for 18 hours with
the proteasome inhibitor MGl 32. Filters were probed
sequentially with the anti-Vif, anti-hA3G (only in non
permissive cells) and anti-actin Abs. C. Fold of
increment ofVif proteins were calculated by measuring
the intensity of the bands with or without MGl 32
treatment and normalising for equal amount of protein
with the actin bands. Quantifications have been done
on three independent experiments. Figure 14 shows the
accumulation of Chim3 mRNA after cycloheximide
treatment in non permissive cells. A. Total RNA (10
mg) was extracted from non permissive CEM A3.0 1 cells
and fractionated RNA was then hybridized with the NGFR
probe. B. Total RNA was extracted from non permissive
CEM A3.0 1 cells either treated or not with
cycloheximide (10 mg/ml) for 8 hours and fractionated
RNA was then hybridized with the NGFR probe. C. Fold
of increment of Vif mRNA was calculated by
Phosphorimager quantification of the relative bands
normalized on the NGFR bands. Figure 15 shows the
Chim3 polynucleotide sequence. Figure 16 shows Chim2
polynucleotide sequences. Figure 17 shows the WT Vif
polynucleotide sequence of NL4-3. Figure 18 shows
F12-Vif polynucleotide sequence. Detailed description
Various preferred features and embodiments of the
present invention will now be described by way of
non-limiting example. The practice of the present
invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular
biology, microbiology, recombinant DNA and immunology,
which are within the capabilities of a person of
ordinary skill 



in the art. Such techniques are explained in the
literature. See, for example, J . Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning: A
Laboratory Manual, Second Edition, Books 1-3, Cold
Spring Harbor Laboratory Press; Ausubel, F.M. et al.
(1995 and periodic supplements; Current Protocols in
Molecular Biology,ch. 9, 13, and 16, JoIm Wiley &
Sons, New York, N.Y.); B. Roe, J. Crabtree, and A.
Kahn, 1996, DNA Isolation and Sequencing: Essential
Techniques, John Wiley & Sons; J. M. Polak and James
O'D. McGee, 1990, In Situ Hybridization: Principles
and Practice; Oxford University Press; M. J. Gait
(Editor), 1984, Oligonucleotide Synthesis: A Practical
Approach, IrI Press; and, D. M. J. Lilley and J . E.
Dahlberg, 1992, Methods of Enzymology: DNA Structure
Part A: Synthesis and Physical Analysis of DNA Methods
in Enzymology, Academic Press. Each of these general
texts is herein incorporated by reference. Target cell
The polypeptides, polynucleotides, vectors, retroviral
particles, cells or pharmaceutical compositions of the
present invention may be delivered to a target cell.
Preferably, the cell is a cell of the immune system,
e.g., a T-cell. Preferably the cell is a cell of the
human immune system. Even more preferably the cell is
a cell which is capable of being infected by HIV, i.e.
an HIV permissive cell. Cells into which the
recombinant lentiviral vector or particle of the
present invention may be introduced include peripheral
blood lymphocytes, monocytes, macrophages, astrocytes.
Viral Infectivity Factor (Vif) It should be noted that
in this application amino acid positions are
identified by those 'corresponding' to a particular
position in the consensus sequence of Figure IA. This
is not to be interpreted as meaning the sequences of
the present invention must include sequences present
in Figure IA. A skilled person will readily appreciate
that Vif sequences vary among different HIV strains.
Reference to this figure is used merely to enable
identification of a particular amino acid location
within any particular Vif protein. Such amino acid
locations can be routinely identified using sequence
alignment programs, the use of which are well known in
the art. Lentiviruses such as HIV-I encode a number of
accessory genes in addition to the structural gag,
pol, and env genes that are expressed by all
replication-competentretroviruses. One of these
accessory genes, vif (viral infectivity factor), is
expressed by all known lentiviruses except equine
infectious anemia virus. Vif protein is a highly
basic, 23-kDa protein composed of 192 amino acids.
Sequence analysis of viral DNA from HIV-I
-infected-individuals has revealed that the open
reading frame of Vif remains intact. (Sova, et al,
1995; Wieland et al, 1994; Wieland et al, 1997). In
relatively native conditions, Vif proteins form
multimers in vitro, including dimers, trimers or
tetramers. It has also been demonstrated that Vif
proteins may interact with each other within a cell.
Further studies have indicated that the domain
affecting Vif 



self-association is located at the C-terminus of this
protein, especially the prolineenriched 151-164 region
(Yang et al, 2001). Deletion of the vif gene
dramatically decreases the replication of simian
immunodeficiency virus (SIV) in macaques and HIV-I
replication in SCID-hu mice (Aldrovandi, G. M. & Zack,
J . A., J . Virol. 70:1505-1511, 1996; Desrosiers, R.
C , et al, J . Virol. 72:1431-1437, 1998), indicating
that it is essential for the pathogenic replication of
lentiviruses in vivo. Previous findings have supported
a role of Vif in proviral DNA integration (Simon et
al, 1996; von Schwedler et al, 1993; Sova et al,
2001). It has also been shown that Vif interacts with
either the genomic RNA (Zhang et al, 2000; Dettenhofer
et al, 2000) or viral and cellular proteins such as
the HP-68- Gag complex, which is involved in the late
phase of capsid assembly (Zimmerman et al, 2002).
Vif-enhanced infectivity is conferred in the
virus-producing cell yet only manifests itself in the
target cell, vif proviruses can therefore be
complimented in trans in virusproducing cells but not
in target cells. Furthermore, the requirement for Vif
is cell type-specific. The vif ~ viruses exhibit a
negative phenotype when produced from primary
T-lymphocytes, terminally differentiated macrophages,
or a few T-lymphoid cell lines, such as H9. These
cells are referred to as "nonpermissive" cells. In
some Tcell lines such as SupTl, C8166, and other
non-T-cells such as HelaCD4 cells, however, productive
replication of vif ~ HIV-I viruses can be achieved.
These cell lines are referred to as "permissive" cells
(Gabuzda et al, 1992; von Schwedler et al, 1993;
Gabuzda et ah, 1994). This requirement depends on the
ability of Vif to counteract the action of the
recently identified CEM15/APOBEC-3G protein (Sheehy et
al, 2002) which is selectively expressed in
non-permissive cells, and which confers innate
immunity to HIV-I. APOBEC-3G is a cytidine deaminase
cell protein incorporated into the vif deficient
virions (Avif HIV-I) during viral production, which
induces massive G-to-A hyper mutation in the nascent
plus strand cDNA during reverse transcription in
infected cells leading to a strong inhibition of Avif
HIV- 1 variant replication (Lecossier et al., 2003;
Harris et al., 2003; Mariani et al., 2003; Goff et
al.5 2003). While the original founding member of the
gene family, APOBEC3 acts on RNA and deaminates only a
single cytosine residue in its target apolipoprotein B
mRNA to regulate its expression (Teng et al., 1998),
APOBEC-3G is instead active on single-stranded DNA and
is much more potent. As a result of its activity,
about 1% to- 2% of all the cytosine residues in the
viral DNA are converted to uracil. After the attack by
APOBEC-3G, deamination either generates a highly
mutated DNA incapable of viral expansion or, by
triggering a uracil-based excision pathway, prevents
the accumulation of cDNA into target cells.
Alternatively, the increased number of uracils in the
minus strand could impair the initiation of
plus-strand synthesis. 



The mechanism of action by which Vif blocks APOBEC-3G
is not yet completely clear. However, it has been
shown that Vif significantly reduces the level of
APOBEC- 3G protein encapsulated in virons. To exclude
APOBEC-3G from virions, Vif could mask the domain of
APOBEC-3G that interacts with the assembling virions;
could direct APOBEC-3G away from the site in the cell
where the virus assembles; or could induce APOBEC-3G
degradation. There is evidence to suggest that the
major role of Vif is to induce the
proteasome-dependent degradation of APOBEC3G and
thereby to allow HIV-I replication (Navarro et al,
2004; Trono, 2004). Degradation of APOBEC-3G is
secondary to its ubiquitination by Vif, which forms a
functional bridge between APOBEC-3G and an E3
ubiquitin ligase complex through the Cterminal SOCS
box (Addo et al., 2003, and Harris et al., 2003). The
expression of viral components, including viral
proteins and nucleic acids, is not altered in the
virions produced from nonpermissive cells. (Fouchier
et al., 1996;Gabuzda et al., 1992; von Schwedler et
al, 1993). Deletion of the vif gene, however, results
in alterations of virion morphology (Borman et al,
1995; Bouyac et al 1997; Hoglund et al, 1994). A
natural mutant of Vif (F12-Vif), carrying 15 unique
amino acid substitutions, originally identified in the
F12 HIV-I variant (Federico et al, 1989), a
non-producer provirus cloned from HUT 78 cells
infected with a primary HIV-I isolate shows anti-
HIV-I activity (D'Aloja et al, 1998). We have
developed novel mutants of vif that are highly
effective in inhibiting HIV-I replication in vitro in
T cell lines infected with HIV-I. More specifically,
we have found that the full-length sequence of F12-Vif
is not necessary to protect against HIV infection.
Indeed, we have shown that a 45 amino acid region of
F12-Vif (F12-Vif- Chim3), carrying only 6 unique amino
acid substitutions, embedded in a WT-Vif context,
protects human T-lymphocytes from HIV-I infection. In
various aspects of the present invention, the Vif
protein may be a chimer of F12-Vif and a second Vif
protein, the second Vif protein preferably being a
naturally occurring Vif protein. For example, the
second Vif protein may be HXB2 ace. #K03455, BRU aceJ
K02013, SF2 accJ K02007, PV22 accJ K02083, MN
acc.#M17449 or NL4-3 ace. # M19921 Vif (see Figures
IA, IB and 1C). In one embodiment the second Vif
protein used to make the chimer has none of the
conserved 15 amino acid substitutions (i.e. at
positions 22, 29, 41, 48, 66, 80, 109, 127, 128, 130,
131, 132, 142, 185 and 186) present in F12-Vif.
Preferably the portions of the chimer which requires
the F12-Vif specific substitutions are derived from
the F12-Vif protein, the remainder being derived from
the second Vif protein. For example, if Fl 2-Vif
specific substitutions are required at positions 127,
128, 130, 131, 132 and 142 (that is to say the amino
acids at these points are N, V, R, L, S and I
respectively), but not at positions 22, 29, 41, 48, 



66, 80, 109, 185 and 186, then the portion of the
chimer comprising at least amino acids 22 to 186 may
be derived from F12-Vif, the remainder being derived
form the second Vif protein.In various aspects of the
present invention, the Vif protein of the present
invention may be produced by making point mutations at
the required amino acids positions. For example, if
F12-Vif specific substitutions are required at
positions 127, 128, 130, 131, 132 and 142 (that is to
say the amino acids at these points are N, V, R, L, S
and I respectively), then such site-specific mutations
(e.g. using the PCR overlapping technique (Taddeo et
ah, 1996)) may introduced to a naturally occurring Vif
(e.g. NL4-3) at these positions. Preferably the Vif
protein of the present invention is a mutated Vif
protein or fragment thereof, which when expressed in
target cells, reduces or inhibits replication of HIV-I
. The mutant Vif of the present invention may be
mutated using standard mutagenesis techniques. By
mutagenesis we also include deletion or substitution.
In a particularly preferred embodiment, site-specific
mutations are introduced using the PCR overlapping
technique (Taddeo et ah, 1996). The ability of mutant
Vif to impart at least some resistance or
super-resistance to HIV infection may be determined by
analysing viral replication. Such assays are known to
those skilled in the art and are described in D'Aloja
2001. Alternatively a mutant HIV Vif may be reverted
to wildtype and the resulting products transfected
into HIV-permissible cells. Such a method would enable
the identification of further useful mutations thereby
enabling the identification of further mutants useful
in the present invention. HIV As used herein HIV
encompasses all designations assigned to those viruses
implicated as causative agents of acquired
immunodeficiency syndrome (AIDS) and AIDS-related
complex (ARC), such as HIV, e.g. HIV-I and HIV-2, and
HTLV, e.g. HTLV-III. Of the two major HIV types, HIV-I
and HIV-2, HIV-I is the predominant species around the
world. To date, two major groups of HIV-I exist, "M"
and 11O". The viruses which cause the great majority
of HIV-I infections are in the M group. The O group
isolates are genetically quite distant from the M
group. HIV-I subtypes of the M group include subtypes
A-J.Polynucleotides Polynucleotides of the present
invention may comprise DNA or RNA. They may be
single-stranded or double-stranded. It will be
understood by a skilled person that numerous different
polynucleotides can encode the same polypeptide as a
result of the degeneracy of the genetic code. In
addition, it is to be understood that skilled persons
may, using routine techniques, make nucleotide
substitutions that do not affect the polypeptide
sequence encoded by the polynucleotides used in the
invention to reflect the codon usage of any particular
host organism in which the polypeptides are to be 



expressed. The polynucleotides may be modified by any
method available in the art. Such modifications may be
carried out in order to enhance the in vivo activity
or life span of polynucleotides of the invention.
Polynucleotides such as DNA polynucleotides may be
produced recombinantly, synthetically, or by any means
available to those of skill in the art. They may also
be cloned by standard techniques. Longer
polynucleotides will generally be produced using
recombinant means, for example using PCR (polymerase
chain reaction) cloning techniques. This will involve
making a pair of primers (e.g. of about 15 to 30
nucleotides) flanking a region of the DNA targeting
sequence which it is desired to clone, bringing the
primers into contact with mRNA or cDNA obtained from
an animal or human cell, performing a polymerase chain
reaction under conditions which bring about
amplification of the desired region, isolating the
amplified fragment (e.g. by purifying the reaction
mixture on an agarose gel) and recovering the
amplified DNA, The primers may be designed to contain
suitable restriction enzyme recognition sites so that
the amplified DNA can be cloned into a suitable
cloning vector. Protein As used herein, the term
"protein" includes single-chain polypeptide molecules
as well as multiple-polypeptide complexes where
individual constituent polypeptides arelinked by
covalent or non-covalent means. As used herein, the
terms "polypeptide" and "peptide" refer to a polymer
in which the monomers are amino acids and are joined
together through peptide or disulfide bonds. The terms
subunit and domain may also refer to polypeptides and
peptides having biological function. Variants,
Derivatives, Analogues, Homologues and Fragments In
addition to the specific proteins and nucleotides
mentioned herein, the present invention also
encompasses variants, derivatives, analogues,
homologues and fragments thereof. In the context of
the present invention, a variant of any given sequence
is a sequence in which the specific sequence of
residues (whether amino acid or nucleic acid residues)
has been modified in such a manner that the
polypeptide or polynucleotide in question retains at
least one of its endogenous functions. A variant
sequence can be modified by addition, deletion,
substitution modification replacement and/or variation
of at least one residue present in the
naturally-occurring protein. The term "derivative" as
used herein, in relation to proteins or polypeptides
of the present invention includes any substitution of,
variation of, modification of, replacement of,
deletion of and/or addition of one (or more) amino
acid residues from or to the sequence providing that
the resultant protein or polypeptide retains at least
one of its endogenous functions. 



The term "analogue" as used herein, in relation to
polypeptides or polynucleotides includes any mimetic,
that is, a chemical compound that possesses at least
one of the endogenous functions of the polypeptides or
polynucleotides which it mimics. Typically, amino acid
substitutions may be made, for example from 1, 1 or 3
to 10 or 20 substitutions provided that the modified
sequence retains the required activity or ability.
Amino acid substitutions may include the use of
non-naturally occurring analogues.Proteins of the
present invention may also have deletions, insertions
or substitutions of amino acid residues which produce
a silent change and result in a functionally
equivalent protein. Deliberate amino acid
substitutions may be made on the basis of similarity
in polarity, charge, solubility, hydrophobicity,
hydrophilicity, and/or the amphipathic nature of the
residues as long as the transport or modulation
function is retained. For example, negatively charged
amino acids include aspartic acid and glutamic acid;
positively charged amino acids include lysine and
arginine; and amino acids with uncharged polar head
groups having similar hydrophilicity values include
leucine, isoleucine, valine, glycine, alanine,
asparagme, glutamine, serine, threonine,
phenylalanine, and tyrosine. Conservative
substitutions may be made, for example according to
the Table below. Amino acids in the same block in the
second column and preferably in the same line in the
third column may be substituted for each other:
"Fragments" are also variants and the term typically
refers to a selected region of the polypeptide or
polynucleotide that is of interest either functionally
or, for example, in an assay. "Fragment" thus refers
to an amino acid or nucleic acid sequence that is a
portion of a full-length polypeptide or
polynucleotide.Such variants may be prepared using
standard recombinant DNA techniques such as
site-directed mutagenesis. Where insertions are to be
made, synthetic DNA encoding the insertion together
with 5' and 3' flanking regions corresponding to the
naturallyoccurring sequence either side of the
insertion site. The flanking regions will contain
convenient restriction sites corresponding to sites in
the naturally-occurring sequence so that the sequence
may be cut with the appropriate enzyme(s) and the
synthetic DNA ligated into the cut. The DNA is then
expressed in accordance with the invention to make the
encoded protein. These methods are only illustrative
of the numerous standard techniques known in the art
for manipulation of DNA sequences and other known
techniques may also be used. Polynucleotide variants
will preferably comprise codon optimised sequences.
Codon optimisation is known in the art as a method of
enhancing RNA stability and therefor gene expression.
The redundancy of the genetic code means that several
different codons may encode the same amino-acid. For
example, Leucine, Arginine and Serine are each encoded
by six different codons. Different organisms show
preferences in 



their use of the different codons. Viruses such as
HIV, for instance, use a large number of rare codons.
By changing a nucleotide sequence such that rare
codons are replaced by the corresponding commonly used
mammalian codons, increased expression of the
sequences in mammalian target cells can be achieved.
Codon usage tables are known in the art for mammalian
cells, as well as for a variety of other organisms.
Preferably, at least part of the sequence is codon
optimised. Even more preferably, the sequence is codon
optimised in its entirety.Vectors As it is well known
in the art, a vector is a tool that allows or
facilitates the transfer of an entity from one
environment to another. In accordance with the present
invention, and by way of example, some vectors used in
recombinant DNA techniques allow entities, such as a
segment of DNA (such as a heterologous DNA segment,
such as a heterologous cDNA segment), to be
transferred into a host and/or a target cell for the
purpose of replicating the vectors comprising the
nucleotide sequences used in the invention and/or
expressing the proteins used in the invention.
Examples of vectors used in recombinant DNA techniques
include but are not limited to plasmids, chromosomes,
artificial chromosomes or viruses. Polynucleotides of
the invention are preferably incorporated into a
vector. Preferably, the polynucleotide is operably
linked to a control sequence that is capable of
providing for the expression of the coding sequence by
the host cell, i.e. the vector is an expression
vector. The term "operably linked" means that the
components described are in a relationship permitting
them to function in their intended manner. A
regulatory sequence "operably linked" to a coding
sequence is ligated in such a way that expression of
the coding sequence is achieved under conditions
compatible with the control sequences. The control
sequences may be modified, for example by the addition
of further transcriptional regulatory elements to make
the level of transcription directed by the control
sequences more responsive to transcriptional
modulators. The vectors of the present invention may
be for example, plasmid or virus vectors provided with
an origin of replication, optionally a promoter for
the expression of a polynucleotide and optionally a
regulator of the promoter. The vectors may contain one
or more selectable marker genes, and/or a traceable
marker such as GFP. Vectors may be used, for example,
to transfect or transform a host cell. Control
sequences operably linked to sequences encoding
proteins of the presentinvention include
promoters/enhancers and other expression regulation
signals. These control sequences may be selected to be
compatible with the host cell for which the expression
vector is designed to be used in. The term "promoter"
is well-known in the art and encompasses nucleic acid
regions ranging in size and complexity from minimal
promoters to promoters including upstream elements and
enhancers. 



The promoter is typically selected from promoters
which are functional in mammalian cells, although
prokaryotic promoters and promoters functional in
other eukaryotic cells may be used. The promoter is
typically derived from promoter sequences of viral or
eukaryotic genes. For example, it may be a promoter
derived from the genome of a cell in which expression
is to occur. With respect to eukaryotic promoters,
they may be promoters that function in a ubiquitous
manner (such as promoters of a-actin, b-actin,
tubulin) or, alternatively, a tissue-specific manner
(such as promoters of the genes for pyruvate kinase).
Viral promoters may also be used, for example the
Moloney murine leukaemia virus long terminal repeat
(MMLV LTR) promoter, the rous sarcoma virus (RSV) LTR
promoter or the human cytomegalovirus (CMV) IE
promoter. It may also be advantageous for the
promoters to be inducible so that the levels of
expression of the heterologous gene can be regulated
during the life-time of the cell. Inducible means that
the levels of expression obtained using the promoter
can be regulated. In addition, any of these promoters
may be modified by the addition of further regulatory
sequences, for example enhancer sequences. Chimeric
promoters may also be used comprising sequence
elements from two or more different promoters
described above. The vector of the present invention
may be a retrovirus based vector which has been
genetically engineered so that it can not replicate
and produce progeny infectious virus particles once
the virus has entered the target cell.Retroviruses A
large number of different retroviruses have been
identified. Examples include: murine leukemia virus
(MLV), human immunodeficiency virus (HIV), simian
immunodeficiency virus, human T-cell leukemia virus
(HTLV). equine infectious anaemia virus (EIAV), mouse
mammary tumour virus (MMTV), Rous sarcoma virus (RSV),
Fujinami sarcoma virus (FuSV), Moloney murine leukemia
virus (Mo-MLV) 3 FBR murine osteosarcoma virus (FBR
MSV), Moloney murine sarcoma virus (Mo- MSV), Abelson
murine leukemia virus (A-MLV), Avian myelocytomatosis
virus r29 (MC29), and Avian erythroblastosis virus
(AEV). A detailed list of retroviruses may be found in
Coffin et al., 1997, "Retroviruses", Cold Spring
Harbour Laboratory Press Eds: JM Coffin, SM Hughes, HE
Varmus pp 758-763. Details on the genomic structure of
some retroviruses may be found in the art. By way of
example, details on HIV and Mo-MLV may be found from
the NCBI Genbank (Genome Accession Nos. AF033819 and
AF033811, respectively). Retroviruses may be broadly
divided into two categories: namely, "simple" and
"complex". Retroviruses may even be further divided
into seven groups. Five of these groups represent
retroviruses with oncogenic potential. The remaining
two groups are 



the lentiviruses and the spumaviruses. A review of
these retroviruses is presented in Coffin etal., 1997
(ibid). Each retroviral genome comprises genes called
gag, pol and em which code for virion proteins and
enzymes. In the provirus, these genes are flanked at
both ends by regions called long terminal repeats
(LTRs). The LTRs are responsible for proviral
integration, and transcription. LTRs also serve as
enhancer-promoter sequences and can control the
expression of the viral genes. Encapsidation of the
retroviral RNAs occurs by virtue of &psi sequence
located at the 5' end of the viral genome. The LTRs
themselves are identical sequences that can be divided
into three elements, which are called ID, R and U5. U3
is derived from the sequence unique to the 3' endof
the RNA. R is derived from a sequence repeated at both
ends of the RNA and U5 is derived from the sequence
unique to the 5' end of the RNA. The sizes of the
three elements can vary considerably among different
retroviruses. The basic molecular organisation of an
infectious retroviral RNA genome is (5') R - U5 - gag,
pol, env - U3-R (3'). In a defective retroviral vector
genome gag, pol and env may be absent or not
functional. The R regions at both ends of the RNA are
repeated sequences. U5 and U3 represent unique
sequences at the 5 and 3' ends of the RNA genome
respectively. Host range and tissue tropism varies
between different retroviruses. In some cases, this
specificity may restrict the transduction potential of
a recombinant retroviral vector. For this reason, many
gene therapy experiments have used MLV. A particular
MLV that has an envelope protein called 4070A is known
as an amphotropic virus, and this can also infect
human cells because its envelope protein "docks" with
a phosphate transport protein that is conserved
between man and mouse. This transporter is ubiquitous
and so these viruses are capable of infecting many
cell types. In some cases however, it may be
beneficial, especially from a safety point of view, to
target specifically restricted cells. Replacement of
the env gene with a heterologous env gene is an
example of a technique or strategy used to target
specifically certain cell types. This technique is
called pseudotyping. The term "recombinant retroviral
vector" (RRV) refers to a vector with sufficient
retroviral genetic information to allow packaging of
an RNA genome, in the presence of packaging
components, into a viral particle capable of infecting
a target cell. Infection of the target cell includes
reverse transcription and integration into the target
cell genome. The RRV in use typically carries
non-viral coding sequences which are to be delivered
by the vector to the target cell. An RR.V is incapable
of independent replication to produce infectious
retroviral particles within the final target cell. The
"recombinant retroviral vector" of the present
invention is derived from a lentiviralvector. Put
another way, the recombinant retroviral vector of the
present invention is a "recombinant lentiviral
vector". 



In a typical recombinant retroviral vector for use in
gene therapy, at least part of one or more of the gag,
pol and env protein coding regions essential for
replication may be removed from the virus. This makes
the retroviral vector replication-defective. The
removed portions may then be replaced by the
polynucleotide of the present invention to generate a
virus capable of integrating its genome into a host
genome but wherein the modified viral genome is unable
to propagate itself due to a lack of structural
proteins. When integrated in the host genome,
expression of the polynucleotide occurs - resulting
in, for example, a therapeutic and/or a diagnostic
effect. Thus, the transfer of a polynucleotide into a
site of interest is typically achieved by: integrating
the polynucleotide into the recombinant viral vector;
packaging the modified viral vector into a virion
coat; and allowing transduction of a target cell.
Replication-defective retroviral vectors are typically
propagated, for example to prepare suitable litres of
the retroviral vector for subsequent transduction, by
using a combination of a packaging or helper cell line
and the recombinant vector. That is to say, that the
three packaging proteins can be provided in trans. A
"packaging cell line" contains one or more of the
retroviral gag, pol and env genes. The packaging cell
line produces the proteins required for packaging
retroviral DNA but it cannot bring about encapsidation
due to the lack of apsi region. However, when a
recombinant vector carrying a polynucleotide and apsi
region is introduced into the packaging cell line, the
helper proteins can package the recombinant vector to
produce the recombinant virus stock. This virus stock
can be used to transduce cells to introduce the
polynucleotide into the genome of the target cells.
The recombinant virus whose genome lacks all genes
required to make viral proteins can transduce only
once and cannot propagate. These viral vectors which
are only capable of a single round of transduction of
target cells are known as replication defective
vectors. Hence, the polynucleotide is introduced into
the host/target cellgenome without the generation of
potentially harmful retrovirus. A summary of the
available packaging lines is presented in Coffin et
ah, 1997 (ibid). Retroviral packaging cell lines in
which the gag, pol and env viral coding regions are
carried on separate expression plasmids that are
independently transfected into a packaging cell line
are preferably used. This strategy, sometimes referred
to as the three plasmid transfection method (Soneoka
et ah, 1995), reduces the potential for production of
a replication-competent virus since three recombinant
events are required for wild type viral production. As
recombination is greatly facilitated by homology,
reducing or eliminating homology between the genomes
of the vector and the helper can also be used to
reduce the problem of replication-competent helper
virus production. An alternative to stably transfected
packaging cell lines is to use transient transfected 



cell lines. Transient transfections may advantageously
be used to measure levels of vector production when
vectors are being developed. In this regard, transient
transfection avoids the longer time required to
generate stable vector-producing cell lines and may
also be used if the vector or retroviral packaging
components are toxic to cells. Components typically
used to generate retroviral vectors include a plasmid
encoding the gag/pol proteins, a plasmid encoding the
env protein and a plasmid containing the
polynucleotide. Vector production involves transient
transfection of one or more of these components into
cells containing the other required components. One
approach to control expression of the polypeptide of
the present invention is to use the retroviral 5' LTR.
The polynucleotide sequence may also be operably
linked to an internal heterologous promoter. This
arrangement permits flexibility in promoter selection.
The lentivirus group can be split into "primate" and
"non-primate". Examples of primate lentiviruses
include human immunodeficiency virus (HIV)5the
causative agent of human auto-immunodeficiency
syndrome (AIDS), and simian immunodeficiency virus
(SrV). The non-primate lentiviral group includes the
prototype "slow virus"visna/maedi virus (VMV), as well
as the related caprine arthritis-encephalitis virus
(CAEV), equine infectious anaemia virus (EIAV) and the
more recently described feline immunodeficiency virus
(FIV) and bovine immunodeficiency virus (BIV).
Preferably the retroviral vector of the present
invention is derivable from HIV. A distinction between
the lentivirus family and other types of retroviruses
is that lentiviruses have the capability to infect
both dividing and non-dividing cells. In contrast,
other retroviruses - such as MLV - are unable to
infect non-dividing cells such as those that make up,
for example, muscle, brain, lung and liver tissue.
Even if the infection of non-dividing cells is a
peculiar feature of lentivirus vectors, specific
conditions may be provided for a both stable and
efficient transduction. These include the expression
of HIV-I Vpr (Subbramanian et al., 1998; Vodicka et
al, 1998), the presence of sequences from the HIV-I
pol polypurine tract (PPT) (Follenzi et al, 2000), and
the activation state of monocyte/macrophages cultures
(Re and Luban, 1997). A significant reduction in the
constitutive expression of vectors may be achieved by
desensitizing them to the TNFa stimulation, for
instance by deleting/mutating the TNFa responsive
sequences (i.e. NF-kB binding sites) in the vector
HIV-I LTR promoter. A more direct dependence on HIV-I
expression may also be accomplished by designing a
vector whose transcripts undergo nuclear retention and
degradation in the absence of the Rev/RRE interaction
(Emerman et al, 1989; Malim et al, 1989). Furthermore,
as already described for retrovirus vectors (Grignani
et al, 1998), the use 



of a new generation of lentivirus vectors able to
express the transgene without integrating the host
genome could be of a valuable importance from a
biosafety point of view. The Tat protein regulates the
levels of lentiviral gene expression. Due to the weak
basal transcriptional activity of the long terminal
repeat (LTR), expression of theprovirus initially
results in small amounts of multiply spliced
transcripts coding for the Tat, Rev, and Nef proteins.
Tat increases dramatically transcription by binding to
a stem-loop structure (transactivation response
element [TAR]) in the nascent RNA5 thereby recruiting
a cyclin-kinase complex that stimulates
transcriptional elongation by the polymerase II
complex. Preferably, the polynucleotide encoding
mutant Vif is under the control of the HIV-I LTR,
which is activated by Tat and is therefore expressed
only when the cells are infected by HIV-I. This vector
design therefore allows minimizing expression of Vif
in non-infected cells, thereby reducing
immunogenicity, and induced at very high levels only
when cells are infected by HIV- 1. This confers a
better protection with respect to other vector
systems. In one embodiment, the lentiviral vector of
the present invention includes a selectable marker.
Preferably, the selectable marker is truncated low
affinity nerve growth factor receptor (DLNGFR). The
common neutrophin receptor, low affinity Nerve Growth
Factor Receptor gene (LNGFR) (also referred to as
p75NTR) is not expressed on the majority of human
hematopoietic cells, thus allowing quantitative
analysis of transduced gene expression by
immunofluorescence, with single cell resolution.
Fluorescence activated cell sorter analysis of
expression of LNGFR may be performed in transduced
cells to study gene expression. Thus LNGFR may be
utilised in the present invention as a selection
marker. Further details on analysis using LNGFR may be
found in Mavilio 1994. A truncated LNGFR DLNGFR, is
described in Mavilio 1994. The selectable marker may
be operably linked to an internal promoter or
expressed from the 5'LTR. The lentiviral vector of the
present invention may be delivered by cells such as
monocytes, macrophages, lymphocytes or hematopoietic
stem cells. In particular a cell-dependent delivery
system is used. In this system the lentiviral vector
is introduced into one or more cells ex vivo and the
cell(s) are then introduced into the patient.The
lentiviral vectors of the present invention may be
administered alone but will generally be administered
as a pharmaceutical composition. Treatment The present
invention relates to the treatment of HIV infection or
related conditions. It is to be appreciated that all
references herein to treatment include curative,
palliative and prophylactic treatment of HIV related
diseases. The treatment of mammals is 



particularly preferred. Both human and veterinary
treatments are within the scope of the present
invention. Thus, the present invention can be used to
effect intracellular immunisation so as to prevent, or
at least substantially inhibit, initial HIV infection
in an individual at risk from such an infection. It
can also be used in the therapeutic treatment of an
HIV positive patient by blocking, or at least slowing
the spread of the infection, and preventing or at
least delaying the onset of AIDS or ARC. In a
preferred embodiment of the present invention, there
is provided a method for imparting resistance to HIV
infection or superinfection comprising removing an
HIVpermissible cell from a patient, transducing the
cell with the lentiviral vector of the present
invention so as to achieve integration the HIV mutant
Vif and reintroducing the cell into a patient. Such ex
vivo methods are described in Ferrari et al., (1991).
Alternatively the retroviral vector may be delivered
to a cell in vivo. Integration of the lentiviral
vector into nuclear genomes of cells can be monitored
using, e.g. PCR in conjunction with sequencing or
Southern hybridisations. Pharmaceutical compositions A
pharmaceutical composition is a composition that
comprises or consists of a therapeutically effective
amount of a pharmaceutically active agent. It
preferablyincludes a pharmaceutically acceptable
carrier, diluent or excipients (including combinations
thereof). Acceptable carriers or diluents for
therapeutic use are well known in the pharmaceutical
art, and are described, for example, in Remington's
Pharmaceutical Sciences, Mack Publishing Co. (A. R.
Gennaro edit. 1985). The choice of pharmaceutical
carrier, excipient or diluent can be selected with
regard to the intended route of administration and
standard pharmaceutical practice. The pharmaceutical
compositions may comprise as - or in addition to - the
carrier, excipient or diluent any suitable binder(s),
lubricant(s), suspending agent(s), coating agent(s),
solubilising agent(s). Examples of pharmaceutically
acceptable carriers include, for example, water, salt
solutions, alcohol, silicone, waxes, petroleum jelly,
vegetable oils, polyethylene glycols, propylene
glycol, liposomes, sugars, gelatin, lactose, amylose,
magnesium stearate, talc, surfactants, silicic acid,
viscous paraffin, perfume oil, fatty acid
monoglycerides and diglycerides, petroethral fatty
acid esters, hydroxymethylcellulose,
polyvinylpyrrolidone, and the like. Where appropriate,
the pharmaceutical compositions can be administered by
any one or more of: inhalation, in the form of a
suppository or pessary, topically in the form of a
lotion, solution, cream, ointment or dusting powder,
by use of a skin patch, orally in the form of tablets
containing excipients such as starch or lactose, or in
capsules or ovules either alone or in admixture with
excipients, or in the form of elixirs, solutions 



or suspensions containing flavouring or colouring
agents, or they can be injected parenterally, for
example intracavernosally, intravenously,
intramuscularly or subcutaneously. For parenteral
administration, the compositions may be best used in
the form of a sterile aqueous solution which may
contain other substances, for example enough salts or
monosaccharides to make the solution isotonic with
blood. For buccal or sublingual administration the
compositions may be administered in the form of
tablets or lozenges which can be formulated in a
conventional manner. There may be different
composition/formulation requirements dependent on the
different delivery systems. By way of example, the
pharmaceutical composition of thepresent invention may
be formulated to be delivered using a mini-pump or by
a mucosal route, for example, as a nasal spray or
aerosol for inhalation or ingestable solution, or
parenterally in which the composition is formulated by
an injectable form, for delivery, by, for example, an
intravenous, intramuscular or subcutaneous route.
Alternatively, the formulation may be designed to be
delivered by both routes. Polynucleotides/vectors
encoding polypeptide components for use in affecting
viral infections may be administered directly as a
naked nucleic acid construct, preferably further
comprising flanking sequences homologous to the host
cell genome. When the polynucleotides/vectors are
administered as a naked nucleic acid, the amount of
nucleic acid administered may typically be in the
range of from 1 mg to 10 mg, preferably from 100 mg to
1 mg. Uptake of naked nucleic acid constructs by
mammalian cells is enhanced by several known
transfection techniques for example those including
the use of transfection agents. Example of these
agents include cationic agents (for example calcium
phosphate and DEAE-dextran) and lipofectants (for
example lipofectam(tm) and transfectam(tm)).
Typically, nucleic acid constructs are mixed with the
transfection agent to produce a composition. The
composition of the present invention may also be used
in conjunction with other antiretroviral drugs, in
particular anti-HIV treatments such as AZT and ddl.
The routes of administration and dosages described are
intended only as a guide since a skilled practitioner
will be able to determine readily the optimum route of
administration and dosage for any particular patient
and condition. Further preferred features and
embodiments of the present invention will now be
described by way of non-limiting examples. Example
1-Materials and MethodsCells CEM A3.0 1 is a
derivative clone of the T-lymphoblastoid CEM cell
line, highly susceptible to HIV-I cytopathic effect
(Folks et al., 1985). The CEM A3.01, CEMss (Nara et
al., 1988), Sup-Tl (Smith et al., 1984) and PMl cells
(Lusso et al.. 1995) were grown in RPMI 1640
supplemented with 10% FCS (EuroClone Ltd, UK) and a 



combination of penicillin streptomycin and glutamine
(PSG). The human kidney 293T cells were propagated in
Iscove's Modified Dulbecco's Medium (IMDM)
supplemented with 10% FCS and PSG. Human neonatal
leukocytes were purified from umbilical cord blood by
centrifugation on a Ficoll-Hypaque gradient
(Lymphoprep, Nycomed Pharma AS, Norway). CD4+ T cells
were isolated by negative selection using CD4+ T cell
isolation kit II (Miltenyi Biotec, Sunnyvale, CA,
USA). Purity (> 95%) and the nave phenotype were
confirmed by flow cytometry using the anti-CD4,
anti-CD45RA and anti-CD45RO Abs, respectively (BD
Pharmingen(tm)). CD4+ T lymphocytes were cultured for
3 days in X-VIVO-1 5 (BioWhittaker, Cambrex Bio
Science, Venders, Belgium) containing 10% human serum,
50 U/ml IL-2 (Chiron, Emeryville, CA), 25 U/ml of IL-7
(ImmunoTools, Germany) and in the presence of
Dynabeads CD3/CD28 T cell expander (Dynal Lake
Success, NY, USA) at the ratio of 0.5 beads/cell.
Plasmids The lentiviral vector PDN was generated by
cloning the PGK-DLNGFR cassette, (Bonini et al., 1997)
encoding a truncated form of the low affinity nerve
growth factor receptor (DLNGFR) under the control of
the phosphoglycerokinase (PGK) promoter, in the
ClaVSacll sites of the lentiviral vector pHR2 (Dull et
al., 1998). The F12- VifPDN and VifPDN vectors were
obtained by inserting a PCR-amplified, 6 11-bp
F12-vz/or wild-type (WT) vz/sequence respectively in
the CIaY site of the PDN vector. The WT HIV-W 3 (ace.
# M19921), and the F12-HIV-1 (ace. # Zl 1530) DNAs
were used as vifPCR. templates using the following
primers: for: 5'-GCAAAGAATCGATGGGATTATGGAAAACAG-S';
rev: 5'-CTCCTCTAATCGATGCTAGTGTCCATTCATTG-S' (CM
sequence in bold). All PCR-amplified fragments and
cloning junctions were folly sequenced. We generated,
starting from the previously described PDN lentiviral
vector (Vallanti et al, 2005), three vectors ChimlP
DN, Chin PDN and Chim3PDN carrying chimeric WT/F12 vif
genes. ChimlP DN encodes the first N-terminal 87 amino
acids of F12-vr/ and the remaining 106 amino acids of
WT-vif, Chim2PDN encodes a chimeric protein in which
the two domains have been swapped with respect to
ChimlP DN, and finally Chim3PDN encodes a chimeric
protein in which the amino acid region 126-170 of
F12-Vif has been inserted in a WT-Vif backbone. The
first two chimeric genes were obtained using as PCR
template the genome of two NL4-3 HIV-I molecular clone
mutants in which the BSpM-PflM (259 bp) and the
PflM-EcoRl (440 bp) fragments from the F12-HIV genome
were replaced, respectively. The third vector was
generated by DNA synthesis by Primm s.r.l (Milano,
Italy). The three chimeric genes were cloned into the
Clal site in the PDN empty vector. All PCR-amplified
fragments and cloning junctions were checked by
sequencing. The F12-VifPDN and the WT-VifPDN 



were previously described. The pCEM15:HA (Sheehy et
al., 2002) plasmid was a gift from M. Malim (King's
College, London, UK). Production of pseudo-typed
lentiviral vectors Pseudo-typed lentiviral vector
stocks were produced by transient co-transfection of
293T cells with the transfer vector, a 2nd generation
minimal packaging construct pCMVDR8.74, expressing
Gag, Pol, Tat and Rev, and the pMD.G plasmid encoding
the vesicular stomatitis envelope glycoprotein, VSV-G
(Zufferey et al., 1997). Cells were seeded at 0.4 x
106/ml 24 hours before transfection with the three
plasmids at the 2:1:3 ratio by Fugene(tm)6 (Roche
Diagnostics Corporation, Indianapolis, IN).
Supernatants were harvested 48-72 hours after
transfection, cleared by low speed centrifugation (10
min at 1,500 rpm), and filtered through a 0.45-mm
pore-size filter. Viral titers were calculated by
transduction of cells with serial dilution of the
viral stocks. Virus stock normalisation was achieved
using standardised RT assay and p24 Ag ELISA
procedures (Coulter Corporation, Westbrook, ME).
Transduction and DLNGFR immune selection of
cells.Cells were transduced by spinoculation. Briefly,
RT assay-normalised supernatants of each VSV-G
pseudo-typed vector were incubated with 1 x 106 cells
in a final volume of 2 ml (MOI from 0.5 to 5), and
centrifuged at 2,200 rpm for 1 hour in the presence of
polybrene (8 mg/ml). After 48 hours, cells were washed
with PBS and fresh complete medium was added.
Transduction efficiency was monitored at least one
week after spinoculation by flow cytometry analysis of
DLNGFR expression (FACScan, Becton Dickinson, Mountain
View, CA) using the anti-human p75-LNGFR monoclonal
antibody 20.4 (ATCC, Rockville, MD) and
R-phycoerythrin (RPE)-conjugated goat anti-mouse serum
(Southern Biotechnology Associates, Birmingham, AL).
Immune selection of ALNGFR + cells was obtained by
magnetic cell sorting using MiniMACS microbeads
(Miltenyi Biotec Inc., Sunnyvale, CA) according to the
manufacturer's instructions. ALNGFR + cell purity was
>92% by FACS staining. Primary T cells were transduced
by a modified spinoculation protocol (polybrene
concentration: 4 mg/ml; viral supernatant replaced
with fresh medium after overnight incubation). ALNGFR
+ T-lymphocytes were selected 3 days after
spinoculation as described for cell lines. Western
blot analysis Whole-cell protein extracts (40 mg) were
prepared as previously described (Bovolenta et al.,
2002), size-fractionated by 12.5% SDS-PAGE, and
transferred to Hybond ECL nitrocellulose membranes
(Amersham, Little Chalfont, UK) by electroblotting.
Membranes were blocked in 5% low-fat dry milk for 1
hour at room temperature, and then incubated overnight
at 4 0C with the appropriate primary Ab. HIV- 1HXB2
Vif rabbit antiserum (Goncalves et al., 1994) was
obtained from Dana Gabuzda through the AIDS Research
and Reference Reagent Program (Division of AIDS,
NIAID, NIH, 



Bethesda, MD), and used at 1:1,000 dilution. The
rabbit polyclonal Ab against human actin (Sigma
Chemical Corp., St. Louis, MO), was used at 1:250
dilution. A serum obtained from an AIDS patient,
recognising all the major HIV-I proteins, was used at
1:2,000 dilution. Ab binding was visualised by
horseradish peroxidase-conjugated secondary Ab,
anti-rabbit and anti-human Abs at a dilution of
1:10,000 (Amersham, Little Chalfont, UK) by an
enhanced chemiluminescence system (ECL,
Amersham).Northern blot analysis CEM A3.0 1 cells were
left untreated or treated with cycloheximide (10
mg/ml; Calbiochem(r)) for 8 hours. Total RNA was
extracted by Trizol Reagent (Life Technologies(tm)
Inc., Gaithersburg, MD) according to manufacturer's
instructions, run on 0.8% agarose-formaldehyde gels,
transferred onto Hybond-N membrane (Hybond- N,
Amersham) by capillary transfer, probed with 106
dpm/ml of a 32P-labelled 1-kb DLNGFR fragment in
PerfectHyb PLUS hybridization buffer (Sigma Chemical
Corp., St. Louis, MO), and exposed to X-ray films at
-70 0C (Fig. 14). HIV-I infection Cells were acutely
infected with the following HIV-I strains: the
laboratory adapted X4 HIV-I IIIB/LAI (ABI, Advanced
Biotechnologies, Columbia, MD), the molecular clones
X4 HIV-1NL4-3 nd its Avif derivative (Gibbs, 1994),
the molecular clones R5 HIV-I AD8 (ABI, Advanced
Biotechnologies, Columbia, MD) and the pADl vifl HIV
kindly donated by K. Peden (FDA, NIH, Bethesda, MD).
Viruses (MOI ranging from 0.01 to 1) were adsorbed to
the cells for 2-5 hours at 37C, men washed out twice
with PBS. Cells were eventually resuspended in
complete medium and seeded at 0.5-1 x 106 /ml in
triplicate in 96-well plate. Culture supernatants were
harvested every 4 days and stored at ~80C until tested
for Mg2+-dependent RT-activity assay or p24 ELISA
following standard procedures. Example 2 - Tat
dependent expression of mutant Vif We have shown that
the chimeric proteins are expressed in a Tat-dependent
manner in 293T cells co-transfected with the
lentiviral vectors encoding the Vif mutants and the
packaging construct (as a source of Tat) (Fig. 7).
Whole-cell extracts (WCE) were prepared as previously
described {Bovolenta, 2002 #205}. Proteins were
size-fractionated by SDS-PAGE, and transferred to
Hybond ECLnitrocellulose membranes (Amersham, Little
Chalfont, UK) by electroblotting. Membranes were
blocked in 5% low-fat dry milk, and then incubated
with the appropriate primary Ab. HIV-1H XB2 Vif rabbit
antiserum! Goncalves, 1994 #241} was obtained from
Dana Gabuzda through the AIDS Research and Reference
Reagent Program (Division of AIDS, NIAID, NIH,
Bethesda, MD), and used at 1:1,000 dilution, The
proteins have different intracellular stability, in
that F12-Vif (Fig. 2), Chim2 (Fig. 4A5B) and Chim3
(Fig. 5A5B) are no longer present, whereas WT-Vif
(Fig. 1C) and 



Chiml (Fig. 3A5B) are still accumulated at 72 hours
(Fig. 7). Example 3 - Mutant Vif constructs inhibits
replication of HIV-I in T cells We initially compared
the potential anti-viral activity of the three chimera
with that of F12-Vif by infecting mock-transduced and
LV-transduced CEMA3.01 cells with the X4 molecular
clone NL4-3 at the MOI of 0,1. Fig. 8A shows that
Chiml, which comprises the N-terminal region of
F12-Vif, has no antiviral activity, whereas both Chim2
and Chim3 (expressing C-terminal domains of F12-Vif)
inhibit HIV-I replication in a manner comparable to
that of F12-Vif. Although the sequence of F12- Vif is
shorter in Chim3 than in Chim2 (45 aa vs 104 aa
comprising 6 vs 9 unique aa substitutions,
respectively) its anti-viral activity is slightly
higher than that of Chim2. Therefore, from hereon we
report only the effect of Chim3 in comparison to that
of F12-Vif, omitting for simplicity that of Chim2
always paralleling that of Chim3. We verified the HIV
inhibitory activity of Chim3 in the CEMss (Fig. 8B)
and Sup-Tl (Fig. 8C) permissive cells by infecting
them with X4 NL4-3 HIV-I at the MOI of 0,1. In both
cases Chim3 inhibits HIV-I replication as efficiently
as F12-Vif. Finally, to test the inhibitory activity
of Chim3 against an R5 HIV-I strain, we used the PMl
cells as the only T cell line that can be infected
with an R5 HIV-I strain (Lusso et al., 1995).
Mock-transduced and Chim3PDN-transduced cells were
challenged with the HIV-I AD8 molecular clone at the
MOI of 0.1, and analyzed for viral production at day 6
post infection. As shown in Fig. 8D5 cells expressing
Chim3 show a four-fold less viral release over
mock-transduced cells.Example 4 - Chim3 inhibits the
replication of both X4 and R5 HIV-I strains in cord
blood derived CD4+ T lymphocytes Pre-activated CD4+ T
lymphocytes derived from cord blood of healthy normal
donors were transduced with the different LVs3 and
infected with the X4 HIV-I NL4-3 strain at the MOI of
0.1. In contrast to mock-transduced cells, T
lymphocytes carrying the integrated Chim3 gene control
HIV-I infection throughout the experiment as well as
F12-Vif (Fig. 9A). Similar results were obtained with
CD4+ T lymphocytes derived from a different donor and
infected with the R5 molecular clone HIV-I AD8 at the
MOI ofO,l (Fig. 9B). Example 5 - Chim3 does not rescue
the replication of Avif HIV-I in CB-derived CD4+ T
lymphocytes To investigate whether the F12-Vif, Chim2
and Chim3 inhibitory activity was dependent on the
presence of WT-Vif, we infected the non-permissive CEM
A3.0 1 mock- and vector-transduced cells with
Dvz/HIV-1 at the MOI of 0.1 (Fig. 10). As expected,
Avif HIV-I does not replicate in mock- and
PDN-transduced cells, while it efficiently grows in
cells in which WT-Vif is supplied in trans.
Remarkably, Avif HIV- 1 is released also from F12-Vif-
and Chim2-, but not from Chim3-expressing cells, 



indicating that the Chim3 Vif is safer than Chim2 in
case it encounters Avif HIV-I quasispecies silently
harboured in a patient (Fig. 10). In a further
experiment we infected CD4+ T lymphocytes
mock-transduced, F12-Vifand Chim3-transduced cells
with vz defcient virus generated either in the context
of X4 or R5 tropism at the MOI of 0,1 and followed the
kinetic of infection for 39 days (X4 AvifUTV, Fig.
1IA) and 29 days (R5 AvifEIV, Fig. 1IB), respectively.
In contrast to what we have previously described (22)
and here confirmed on F12-Vif, Chim3 does not rescue
the replication of both vi/-deficient viruses although
a weak level of viral replication is observed with the
R5-tropic strain (Fig. 11B). Altogether theseresults
suggest that Chim3 not only inhibits HIV replication
at level similar to that reached by F12-Vif, but more
importantly, does not salvage the replication of
vifdeficient viruses. This therefore makes Chim3 a
better candidate for an anti-HIV gene therapy approach
compared to F12-Vif. Chim3 shows in fact a truly
dominant negative phenotype in regard to the effect of
Vif as counteracting factor of the HIV-I restriction
factor hHA3G. Example 6 - Chim3 confers survival
advantage to transduced compared to mock transduced
HIV-I infected cells To investigate whether
Chim3-transduced cells could show selective advantage
compared to the mock transduced counterparts, we mixed
CEMA3.01 LVs-transduced with mock-transduced cells in
equal proportion (50:50). Cells were then splitted in
two populations, one left unifected and the other one
infected with X4 HIV-I NL4-3 at the MOI of 0,01 .
Percentage of increment of NGFR+ infected over non
infected cells was calculated at day 20 of culture.
Expression of NGFR was monitored by FACS analysis.
Fig. 12 shows that in all cell types there is an
increment of NGFR+ cells after HIV-I infection.
However, the enhancement of Chim3- and
F12-Vif-transduced cells is from 2 to 5 higher
compared to the control cells, indicating that both
therapeutic genes confers a stronger selective
advantage to the genetically modified cells. Example 7
- Chim3 is preferentially degraded in the proteasome
only in non permissive cells and its level inversely
correlates with that of cellular factor human APOBEC3G
ChA3G) Based on the fact that Chim3, in contrast to
F12-Vif, behaves like a truly dominant negative
factor, we wondered what is the level of hA3G in Chim3
transduced cells. We initially analyzed the basal
level of expression of the chimera in uninfected
transduced non permissive CEM A3.0 1 and permissive
Sup-Tl cells. Strikingly, Chim2 and Chim3 expression
is much lower than that of the other Vifs (Fig. 13A)
suggesting a different stability or expression of the
two chimera.As Vif is degraded in non permissive HeLa
and 293T cells by the proteasome (Fujita et al.,
2004), we next interrogated the level of Vif proteins
in permissive and non permissive cells in the presence
or absence of the proteasome inhibitor MGl 32. As 



shown in the upper panel of Fig. 13B, the expression
of both Chim2 and Chim3 is lower than the other Vifs
also in Sup-Tl cells and the treatment with MGl 32
induces only weak accumulation of the proteins (Fig.
13C). In contrast, Chim3 accumulates after MG132
treatment about 3 times more than the other Vifs (Fig.
13B, lower panel and 13C). More importantly, hA3G is
detectable in western blot analysis only in Chim3
expressing cells and its level inversely correlates
with that of Chim3 in MG132 treated cells (Fig. 13B,
middle panel). These results indicate that Chim3 is
preferentially degraded in the proteasome only in non
permissive cells and its low level allows the normal
expression of hA3G. Example 8 - Chim3 is normally
expressed by the vector and its mRNA accumulates after
cycloheximide treatment To determine whether the low
expression of Chim3 depends also by low transcription,
we performed Northern blot analysis of total RNA
obtained from LV-transduced uninfected CEM A3.0 1
cells using the NGFR probe. The LVs transcribe three
different RNA species, the full length and the spliced
RNAs, which are driven by the 5'LTR of the vector, and
the constitutive PGK-DLNGFR mRNA (VaIlenti et al.,
2005). In uninfected cells, which lack Tat and Rev,
the 5'LTR indeed functions - the Vif proteins
accumulate - but weaker than in infected cells.
Therefore, the only two bands detected correspond to
the spliced RNA containing Vif and the constitutive
DLNGFR one. Surprisingly, the expression of Chim2 and
Chim3 LVs is stronger than the other LVs (Fig. 14A)
and inversely correlates with the level of protein
synthesized. To further investigate the reason of this
apparent discrepancy, we treated the cells for 8 h
with cycloheximide that blocks the protein synthesis.
Of note, the accumulation of Chim3 mRNA is higher than
the others Vifs (Fig. 14B and C). These results
suggest that the analyzed Vifs, but not Chim3,
regulate their own transcription by a negative
feed-back mechanism. Chim3 is normally transcribed and
its mRNA is poorly transcribed likely because the
protein is readily degraded by the proteasome.Example
9 - ImmunoRenicity By itself, Vif is one of the less
immunogenic among the HIV-I proteins (Addo et al.,
2003). The mutant Vif polypeptides of the present
invention are not expected to differ significantly
from WT-Vif under this respect, at least on the basis
of both BIMAS (http://bimas.cit.nih.gov/) and RANKPEP
(http://www. mifoundation.org/Tools/rankpep.html)
algorithms for predicting HLA-I binding peptides (data
not shown). Low immunogenicity and Tat-dependent
expression of mutant Vif should avoid or at least
minimize an immune response against uninfected
retroviral-transduced cells in vivo. On the other
hand, the wild-type HIV-I LTR guarantees very high
expression levels of the transgene in HIV-I infected
cells, a crucial requirement for the activity of a
trans-dominant mutant protein.References 
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Vallanti et al., 2005, MoI. Ther. 12:697-706Claims 1.
A polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132 and
142 of the sequence in Figure IA are replaced with
another amino acid and wherein the nucleotide sequence
does not encode the amino acid sequence in Figure 2.
2. A polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132 and
142 of the sequence in Figure IA are replaced with
another amino acid and wherein one or more of the
amino acids corresponding to positions 22, 29, 41, 48,
66, 80, 109, 185 and 186 are not I5 1, K, N, V, N, R,
R and N respectively. 3. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 2
wherein all of the amino acids corresponding to
positions 22, 29, 41, 48, 66, 80, 109, 185 and 186 are
not I, I, K, N, V, N, R, R and N respectively. 4. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to claim 2 wherein all of the
amino acids corresponding to positions 22, 29, 41, 66,
80, 109, 185 and 186 are not I, I, K, V, N, R, R and N
respectively. 5. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 1 to 4 wherein all of the amino acids
corresponding to positions 127, 128, 130, 131, 132 and
142 are replaced with N, V, R, L, S and I
respectively. 6. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any one
of claims 1, 2, 4 and 5 wherein the amino acid
corresponding to position 48 is N.7. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to any of claims 2 to 6 wherein the amino
acids corresponding to positions 22, 29, 41, 48, 66,
80, 109, 185 and 186 are those present in a naturally
occurring Vif. 8. A polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 127, 128, 130,
131, 132, 142 and 185 of the sequence in Figure IA are
replaced with another amino acid and wherein one or
more of the amino acids corresponding to positions 22,
29, 41, 48, 66, 80, 109 and 186 are not I, I, K, N, V,
N, R and N respectively. 9. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to claim 8 wherein all of the amino acids
corresponding to positions 22, 29, 41, 48, 66, 80, 109
and 186 are not I5 1, K N, V5N, R and N respectively.
10. A polynucleotide comprising a nucleotide sequence
encoding Vif according to claim 8 wherein all of the
amino acids corresponding to positions 22, 29, 41, 66,
80, 109 and 186 are not I, I, K5V5N R and N
respectively. 11. A polynucleotide comprising a
nucleotide sequence encoding Vif according to 



any of claims 8 to 10 wherein the amino acids
corresponding to positions 127, 128, 130, 131, 132,
142 and 185 are replaced with N, V, R, L, S, I and R
respectively. 12. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any one
of claims 8, 10, and 11 wherein the amino acid
corresponding to position 48 is N. 13. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any one of claims 8 to 12
wherein the amino acids corresponding to positions 22,
29, 41, 48, 66, 80, 109 and 186 are those present in a
naturally occurring Vif.14. A polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions
127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid and wherein one or more of the amino acids
corresponding to positions 22, 29, 4 1, 48, 66, 80 and
109 are not I, I, K, N, V N, and R respectively. 15. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to claim 14 wherein all of the
amino acids corresponding to positions 22, 29, 41, 48,
66, 80 and 109 are not I 15K, N5V, N and R
respectively. 16. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 14
wherein all of the amino acids corresponding to
positions 22, 29, 41, 66, 80 and 109 are not I, I, K,
V, N and R respectively. 17. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to any of claims 14 to 16 wherein the amino
acids corresponding to positions 127, 128, 130, 131,
132, 142, 185 and 186 are replaced with N, V, R, L, S,
I, R and N respectively. 18. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to any of claims 14, 16 and 17 wherein the
amino acid corresponding to position 48 is N. 19. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any of claims 14 to 18
wherein the amino acids corresponding to positions 22,
29, 41, 48, 66, 80, 109 are those present in a
naturally occurring Vif. 20. A polynucleotide
comprising a nucleotide sequence encoding Vif wherein
each of the amino acids corresponding to positions
109, 127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid and wherein one or more of the amino acids
corresponding to positions 22, 29, 41, 48, 66 and 80
are not I, I, K5N5V and N respectively.21. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to claim 20 wherein all of the
amino acids corresponding to positions 22, 29, 41, 48,
66 and 80 are not I, I, K5N, V and N respectively. 



22. A polynucleotide comprising a nucleotide sequence
encoding Vif according to claim 20 wherein all of the
amino acids corresponding to positions 22, 29, 41, 66
and 80 are not I515K, V and respectively. 23. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any of claims 20 to 22
wherein the amino acids corresponding to positions
109, 127, 128, 130, 131, 132, 142, 185 and 186 are
replaced with R,N, V, R, L, S, I, R and N
respectively. 24. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 20, 22 and 23 wherein the amino acid
corresponding to position 48 is N. 25. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any of claims 20 to 24
wherein the amino acids corresponding to positions 22,
29, 41, 48, 66, 80 are those present in a naturally
occurring Vif. 26. A polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 80, 109, 127,
128, 130, 131, 132, 142, 185 and 186 of the sequence
in Figure IA are replaced with another amino acid and
wherein one or more of the amino acids corresponding
to positions 22, 29, 41, 48 and 66 are not I5 15K, N
and V respectively. 27. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 26
wherein all of the amino acids corresponding to
positions 22, 29, 41, 48 and 66 are not I515K, N and V
respectively.28. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 26
wherein all of the amino acids corresponding to
positions 22, 29, 41, and 66 are not I, I, K and V
respectively. 29. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 26 to 28 wherein the amino acids corresponding
to positions 80, 109, 127, 128, 130, 131, 132, 142,
185 and 186 are replaced with N, R, N, V5 R, L, S, I,
R and N respectively. 30. A polynucleotide comprising
a nucleotide sequence encoding Vif according to any of
claims 26, 28 and 29 wherein the amino acid
corresponding to position 48 is N. 31. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any of claims 26 to 30
wherein the amino acids corresponding to positions 22,
29, 41, 48 and 66 are those present in a naturally
occurring Vif. 32. A polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 66, 80, 109,
127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid and wherein one or more of the amino acids
corresponding to 



positions 22, 29, 4 1 and 48 are not I, I, K and N
respectively. 33. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 32
wherein all of the amino acids corresponding to
positions 22, 29, 4 1 and 48 are not I, I, K and N
respectively. 34. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 32
wherein all of the amino acids corresponding to
positions 22, 29 and 4 1 are not I, I and K
respectively35. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 32 to 34 wherein the amino acids corresponding
to positions 66, 80, 109, 127, 128, 130, 131, 132,
142, 185 and 186 are replaced with V, N, R, N, V, R,
L, S, I, R and N respectively. 36. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to any one of claims 32, 34 or 35 wherein
the amino acid corresponding to position 48 isN. 37. A
polynucleotide comprising a nucleotide sequence
encoding Vif according to any one of claims 32 to 36
wherein the amino acids corresponding to positions 22,
29, 4 1 and 48 are those present in a naturally
occurring Vif. 38. A polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the
amino acids corresponding to positions 48, 66, 80,
109, 127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid and wherein one or more of the amino acids
corresponding to positions 22, 29 and 4 1 are not I, I
and K respectively. 39. A polynucleotide comprising a
nucleotide sequence encoding Vif according to claim 38
wherein all of the amino acids corresponding to
positions 22, 29 and 4 1 are not I, I and K
respectively. 40. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 38 or 39 wherein the amino acids corresponding
to positions 48, 66, 80, 109, 127, 128, 130, 131, 132,
142, 185 and 186 are replaced with N, V, N, R, N, V,
R, L, S, I, R and N respectively. 41. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to any of claims 38 to 40 wherein the amino
acids corresponding to positions 22, 29 and 4 1 are
those present in a naturally occurring Vif.42. A
polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 41, 48, 66, 80, 109, 127,
128, 130, 131, 132, 142, 185 and 186 of the sequence
in Figure IA are replaced with another amino acid and
wherein at least one of the amino acids corresponding
to position 22 and 29 is not I . 43. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to claim 42 wherein both of the amino acids
corresponding to position 22 and 29 



are not I . 44. A polynucleotide comprising a
nucleotide sequence encoding Vif according to any of
claims 42 or 43 wherein the amino acids corresponding
to 41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142,
185 and 186 are replaced with K, N, V, N, R, N, V5R5L,
S, I5R and N respectively. 45. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to claim 42 to 44 wherein the amino acids
corresponding to positions 22 and 29, are those
present in a naturally occurring Vif. 46. A
polynucleotide comprising a nucleotide sequence
encoding Vif wherein each of the amino acids
corresponding to positions 29, 41, 48, 66 80, 109,
127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure IA are replaced with another amino
acid and the amino acid corresponding to position 22
in Figure IA is not I. 47. A polynucleotide comprising
a nucleotide sequence encoding Vif according to claim
46 wherein the amino acids corresponding to positions
29, 41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142,
185 and 186 are replaced with I, K, N, V, N, R, N, V,
R, L, S5 1, R and N respectively.48. A polynucleotide
comprising a nucleotide sequence encoding Vif
according to claim 46 or 47 wherein the amino acid
corresponding to position 22 is that present in a
wild-type Vif. 49. A polynucleotide comprising the
nucleotide sequence encoding a chimeric Vif
polypeptide comprising amino acids 126 to 170 of the
F12-Vif sequence in Figure 2 embedded in a naturally
occurring Vif sequence. 50. A polynucleotide
comprising a nucleotide sequence encoding the amino
acid sequence shown in Figure 4A. 51. A polynucleotide
comprising a nucleotide sequence encoding the amino
acid sequence shown in Figure 5A. 52. A polynucleotide
comprising a nucleotide sequence shown in Figure 15.
53. A polynucleotide comprising a nucleotide sequence
shown in Figure 16. 54. A polynucleotide comprising a
nucleotide sequence encoding a fragment of the Vif as
defined in any one of claims 1 to 53 wherein said
fragment comprises at least amino acids corresponding
to 126 to 170 of the sequence in Figure 2. 55. A
polynucleotide comprising a nucleotide sequence
encoding a fragment of the Vif wherein said fragment
consists of amino acids 126 to 170 of the sequence in
Figure 2. 56. A polynucleotide according to any
preceding claim wherein the amino acid at position 22
is altered to I. 57. A polynucleotide according to any
preceding claim wherein the amino acid at 



position 29 is altered to I .58. A polynucleotide
according to any preceding claim wherein the amino
acid at position 4 1 is altered to K. 59. A
polynucleotide according to any preceding claim
wherein the amino acid at position 48 is altered to N.
60. A polynucleotide according to any preceding claim
wherein the amino acid at position 66 is altered to V.
61. A polynucleotide according to any preceding claim
wherein the amino acid at position 80 is altered to N.
62. A polynucleotide according to any preceding claim
wherein the amino acid at position 109 is altered to
R. 63. A polynucleotide according to any preceding
claim wherein the amino acid at position 127 is
altered toN. 64. A polynucleotide according to any
preceding claim wherein the amino acid at position 128
is altered to V. 65. A polynucleotide according to any
preceding claim wherein the amino acid at position 130
is altered to R. 66. A polynucleotide according to any
preceding claim wherein the amino acid at position 131
is altered to L. 67. A polynucleotide according to any
preceding claim wherein the amino acid at position 132
is altered to S. 68. A polynucleotide according to any
preceding claim wherein the amino acid at position 142
is altered to I .69. A polynucleotide according to any
preceding claim wherein the amino acid at position 185
is altered to R. 70. A polynucleotide according to any
preceding claim wherein the amino acid at position 186
is altered to N. 7 1. A Vif polypeptide or a fragment
thereof encoded by the polynucleotide of any preceding
claim. 72. A Vif polypeptide comprising the amino acid
sequence shown in Figure 4A. 73. A Vif polypeptide
comprising the amino acid sequence shown in Figure 5A.
74. A vector comprising a polynucleotide as defined in
any one of claims 1 to 69. 75. A vector according to
claim 74 wherein the vector is a retroviral or
lentiviral vector. 76. A vector according to claim 75
wherein the lentiviral vector is derivable from HIV.
77. A vector according to claim 75 or 76 wherein said
polynucleotide is operably linked to a viral LTR. 78.
A vector according to any one of claims 75 to 77
wherein expression of said 



polynucleotide is tat dependent. 79. A vector
according to any one of claims 75 to 78 lacking the
tat gene. 80. A vector according any one of claims 75
to 79 wherein expression of said polypeptide is under
HIV-I inducible control.81. A vector according to any
one of claims 76 to 80 lacking any one or more, or
all, of the gag, pol and env genes. 82. A vector
according to any one of claims 74 to 8 1 further
comprising a polynucleotide sequence encoding a
selectable marker gene. 83. A vector according to any
one of claims 74 to 82 further comprising a
polynucleotide sequence encoding at least part of the
p75 low affinity nerve growth factor receptor (LNGFR).
84. A vector according to any one of claims 75 to 83
in the form of an integrated provirus. 85. A
retroviral or lentiviral particle obtainable from the
vector of any one of claims 75 to 84. 86. A retroviral
or lentiviral particle according to claim 85 wherein
the particle is pseudotyped. 87. A retroviral or
lentiviral production system for producing the
retroviral or lentiviral particle of claim 85 or 86
comprising the vector of any of claims 75 to 84 and
retroviral or lentiviral gag-pol and retroviral or
lentiviral env or non retroviral or non-lentiviral
env. 88. A retroviral or lentiviral production system
according to claim 87 wherein the retroviral or
lentiviral gag-pol, and env are in different vectors.
89. A retroviral or lentiviral production system
according to claim 87 or 88 wherein env is selected
from RDl 14-TR, VSV-G, GALV or 4070A. 90. A cell
comprising a polynucleotide of any one of claims 1 to
70.9 1. A cell infected or transduced with a vector of
any one of claims 74 to 84 or the retroviral particle
of claim 85 or 86. 92. A cell according to claim 90 or
9 1 wherein the cell is a monocyte, macrophage or
lymphocyte. 93. A cell according to claim 92 wherein
the cell is a hematopoietic CD34+ precursor cell or a
hematopoietic cell. 94. A cell according to any one of
claims 90 to 93 wherein mutant Vif is under HIV-I
inducible control. 95. A pharmaceutical composition
comprising a polynucleotide of any one of claims 1 to
70, a polypeptide of any one of claims 7 1 to 73, a
vector of any of claims 74 to 84, a retroviral
particle of claim 85 or 86 or a cell of any one of
claims 90 to 94 and a pharmaceutically acceptable
carrier, diluent or excipient. 96. A polynucleotide of
any one of claims 1 to 70, a polypeptide of any one of



claims 7 1 to 73, a vector of any of claims 74 to 84,
a retroviral particle of claim 85 or 86 or a cell of
any one of claims 90 to 94 or a pharmaceutical
composition according to claim 95 for use in medicine.
97. Use of a polynucleotide of any one of claims 1 to
70, a polypeptide of any one of claims 7 1 to 73, a
vector of any of claims 74 to 84, a retroviral
particle of claim 85 or 86 or a cell of any one of
claims 90 to 94 or a pharmaceutical composition
according to claim 95 for the preparation of a
medicament for treatment or prevention of HIV
infection or related conditions. 98. Use according to
claim 97 wherein the HIV infection represents
superinfection. 


