
SUBSTITUTED 2-QUINOLYL-OXAZOLES USEFUL AS PDE4
INHIBITORS FIELD OF THE INVENTION The present
invention relates to substituted 2-quinolyl-oxazoles,
thiazoles, imidazoles and pyrazoles, pharmaceutical
compositions comprising them, and their use as PDE4
inhibitors for treating a variety of diseases such as
allergic and inflammatory diseases, CNS diseases and
diabetes. Combinations with other agents useful in the
treatment of several diseases are also claimed.
BACKGROUND Phosphodiesterases are known to regulate
cyclic AMP, and phospho diesterase 4 (PDE4) has been
shown to be the predominant regulator of cyclic AMP in
respiratory smooth muscle and inflammatory cells.
Inhibitors of PDE4 are useful in treating a variety of
diseases, including allergic and inflammatory
diseases, diabetes, central nervous system diseases,
pain, and viruses that produce TNF. Amino-substituted
quinolyl PDE4 inhibitors are disclosed in US
5,804,588; sulfonamide-substituted quinolyl PDE4
inhibitors are disclosed in US 5,834,485; and
(benzo-fused)heteroaryl-substituted PDE4 inhibitors
are disclosed in US 6,069,151 . SUMMARY OF THE
INVENTION The present invention relates to a compound
having the structural formula Ior a pharmaceutically
acceptable salt or solvate thereof, wherein R is H or
alkyl; X is 0 or S; R1 is H, alkyl, cycloalkyl,
cycloalkyl(C r C4)alkyl-, -CH2F, -CHF2, -CF3,
-C(O)alkyl Or -C(O)NR 18R19; R3 and R4 are
independently selected from the group consisting of H,
alkyl, hydroxyalkyl and -C(O)Oalkyl; R5 and R6 are
independently selected from the group consisting of H,
alkyl, hydroxyalkyl, alkoxyalkyl, mercaptoalkyl,
-CH2F, -CHF2, -CF3, -C(O)OH, -C(O)Oalkyl and -C(O)NR
43R44; t is 1 or 2; R7 is H, alkyl, alkenyl,
hydroxyalkyl, cycloalkyl, alkoxyalkyl, aminoalkyl,
(R17-phenyl)alkyl or -CH 2-C(O)-O-alkyl; R8 is H,
alkyl, alkenyl, alkoxy, alkoxyalkyl, hydroxyalkyl,
dihydroxyalkyl, alkyl-NR18R19, cyanoalkyl, haloalkyl,
R23-heteroaryl, R23-heteroarylalkyl,
R36-heterocycloalkyl, (R36-heterocycloalkyl)alkyl,
R17-phenyl, (R17-rhenyl)alkyl, R17-naphthyl,
(R17-narhthyl)alkyl, R17-benzyloxy, -alkyl-C(O)-NR
18R19, -alkyl-C(O)-N(R30)-(R23-heteroaryl),
-alkyl-C(O)-(R 17-phenyl), -alkyl-C(O)-(R36
heterocycloalkyl); -alkyl-N(R30)-C(O)Oalkyl,
-alkyl-N(R30)-C(O)-NR 18R19,-alkyl-N(R30)-C(O)alkyl,
-alkyl-N(R-,3Ou)-C(O)-(fluoroalkyl),
-alkyl-N(R3CuK)-C(O)-(R,39acycloalkyl),
-alkyl-N(R30)-C(O)-(R17-phenyl),
-alkyl-N(R30)-C(O)-(R23-hqteroaryl),
-alkyl-NCR^-Cpj-alkylene-CR^-h qteroaryl),
-alkyl-NH-SO2-NR18R19, -alkyl-N(R, 3(uX)-(R17-phenyl),
-alkyl-N (R-.30 -(R23-heteroaryl), -alkyl-O-(R
1'7-phenyl), -alkyl-O-(R23-heteroaryl),
-alkyl-N(R30)-SO2-alkyl, alkylthioalkyl-,
alkyl-SO2-alkyl-, (R,35 -phenylalkyl)-S-alkyl-,
(hydroxyalkyl)-S-alkyl-, (alkoxyalkyl)-S-alkyl-,
-alkyl-CO2-alkyl, R45-hydroxyalkyl, dihydroxyalkyl
substituted by R1h7'-benzyloxy, dihydroxyalkyl
substituted by R17-phenyl, alkoxyalkyl substituted by
R17-phenyl, (R17- phenyl)alkyl substituted by -CO
2alkyl, (R17-phenyl)alkyl substituted by -C(O)N(R
30)2, alkyl substituted by (R23-heteroaryl) and
-C(O)NR 37R38, haloalkyl substituted by CO2alkyl,
R12-cycloalkyl, (R12-cycloalkyl)alkyl, or R7 and R8
and the nitrogen to which they are attached together
form a ring system selected from the group consisting
of, wherein R35 comprises an R35-substituted 5 or
6-membered heteroaryl group fused to the piperidinyl
or pyrrolidinyl ring; p is 0 or 1; q is Oor i ; the
dotted line represents an optional double bond; R9 is
H, halo, alkyl, cycloalkyl, -CH2F, -CHF2 or CF3; R10,
R11 , and R13 are independently selected from the
group consisting of H and halo; R12 is 1-3
substituents independently selected from the group
consisting of H, alkyl, hydroxy, alkoxy, hydroxyalkyl,
alkoxyalkyl, -C(G)Oalkyl,
-(CH2)n-N(R30)-C(O)~cycloalkyl,
-(CH2)n-N(R30)-C(O)alkyl, -(CH2)n-N(R30)-C(O)Oalkyl,
-(CH2)n-N(R30)- (R23-heteroaryl),
-(CH2)n-N(R30)-C(O)-NR 18R19, -(CHg)n-C(O)-NR 18R19,
R17-phenyl, R35- heteroarylalkyl, R35-heteroaryloxy,
-C(O)-heterocycloalkyl, -O-C(O)-heterocycloalkyl, -
0-C(O)-NR 18R19, -NH-SO2-alkyl, -NH-C(=NH)NH 2, or two
R12 substituents on the same carbon form =O, =NOR30 or
=CH2; R14 is 1 or 2 substituents independently
selected from the group consisting of H, OH, halo,
alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, -CF3, CN,
R17-phenyl, (R17-phenyl)alkyl, -NR18R19, alkyl-NR
18R19, -(CH2)n-C(O)OH, -(CH2)n-C(O)Oalkyl,
-(CH2)n-C(O)alkyl, -(CH2)n-C(O)(R 35-phenyl),
-(CH2)n-C(O)(R23-heteroaryl) -(CH2)n-C(O)NR18R19,
-(CH2)n-C(O)N(R30)-(CH2)n-(R23-heteroaryl),
-(CH2)n-N(R30)-C(O)alkyl,
-(CH2)n-N(R30)-C(O)-(fluoroalkyl),
-(CH2)n-N(R30)-C(O)- (cycloalkyl),
-(CH2)n-N(R30)-C(O)(R 35-phenyl),
-(CH2)n-N(R30)-C(O)(R 23-heteroaryl),
-(CH2)n-N(R30)C(O)NR 18R19 ,
-(CH2)n-N(R30)-C(O)Oalkyl, -(CH2)n-N(R30)cycloalkyl J
-(CH2)n-N(R30)(R17-phenyl),
-(CH2)n-N(R30)(R23-heteroaryl),
-(CH2)n-N(R18)SO2alkyl,
-(CH2)n-N(R20)SO2-(R17-phenyl), -(CH2)n-N(R30)SO2-CF3,
-CH2S(O)0-2(R35-phenyl), -(CH2)n-OC(O)N(R 30)alkyl,
R23-heteroaryl, (R23-heteroaryl)alkyl,
(R23-heteroaryl)oxy, (R23-heteroaryl)amino, -CH(OH)-(R
17-phenyl), -CH(OH)-(R 23-heteroaryl), -C(=NOR 30)-(R
17-phenyl), -C(=NOR 30)-(R23-heteroaryl), morpholinyl,
thiomorpholinyl,w is 0 or 1; or two R14 substituents
and the carbon to which they are both attached form
-C(=NOR 30)- or -C(O)-; each n is independently 0, 1,
2 or 3; R15 is H, alkyl, cycloalkyi,
(cycloalkyl)alkyl, hydroxyalkyl, alkoxyalkyl,
haloalkyl, -C(O)Oalkyl, -C(O)O(R30-cycloalkyl),
-alkyl-C(O)O-alkyl, -C(O)O-alkylene- (R35-phenyl),
R17-phenyl, (R17-phenyl)alkyl, -CH-(R17-phenyl)2,
R23-heteroaryl, -(CHa)n-C(O)NR18R19, -SO2-alkyl,
-SO2-cycloalkyl, -SO2-CF3, -SO2-(R35-phenyl),
-SO2-NR18R19 , -C(O)aikyl, -C(O)-(fluoroalkyl),
-C(O)-C(CH3)(CF3)2, -C(O)-(R 17-phenyl), -C(O)-(R
23-heteroaryl), -C(O)-hydroxyalkyl, -C(O)-alkoxyalkyl,
-C(O)-(R39-cycloalkyl), -C(O)-alkylene-(R 17-phenyi),
-C(O)-alkylene-(R 23-heteroaryl),
-C(O)-alkyiene-S-C(O)alkyl, -C(=S)-(R 17-phenyl),
hydroxyalkyl substituted by R17-phenyl, hydroxyalkyl
substituted by R23-heteroaryl, alkoxyalkyl substituted
by R17-phenyl, alkoxyalkyl substituted by
R23-heteroaryl, 1 or 2 ; R16 is 1 to 4 substituents
independently selected from the group consisting of H,
alkyl, R17-phenyl, (R17-phenyl)alkyl,
(R23-heteroaryl)alkyl, hydroxyalkyl, alkoxyalkyl and
-C(O)Oalkyl, or two R16 groups and the carbon to which
they are both attached form -C(O)-; R17 is 1 to 3
substituents independently selected from the group
consisting of H, halo, alkyl, cycloalkyi, -OH,
hydroxyalkyl, alkoxy, alkoxyalkyl, -CN, -CF3, -OCF3,
-OCHF2, -OCH2F, -C(O)OH, -C(O)Oalkyl,
-C(O)O-(R35-phenyl), -C(O)alkyl, -C(O)-(R35-phenyl),
-SOalkyl, -SO2alkyl, -SO2-CF3, alkylthio, -NR43R44,
-alkyl-NR43R44, R35-phenyl, R35-phenoxy,
R35-heteroaryl, R35-heteroaryloxy,
R36-heterocycloalkyl, -C(O)-(R 3S-heterocycloalkyl),
hydroxyalkyl-NH-, -C(O)N(R 30)2,
-N(R43)-(R35-cycloalkyl) and -C(=NOR30); or two R17
substituents on adjacent carbon atoms together form
-0-CH 2-O-, -O-(CH2)2-O-, -(CH2 2-O- Or -O-CH
2-O-CH2-; R18 and R19 are independently selected from
the group consisting of H, alkyl, hydroxyalkyl,
alkoxyalkyl, haloalkyl, R17-phenyl, (R17-phenyl)alkyl,
naphthyl and cycloalkyi;R20 is H, alkyl, or
cycloalkyl; R22 is 1 to 4 substituents independently
selected from the group consisting of H, alkyl,
hydroxy, alkoxy, halo, -CF3, -NH 2 and R35-phenyl; R23
is 1 to 4 substituents independently selected from the
group consisting of H, alkyl, hydroxy, alkoxy, halo,
-CF3, -NR 18R19, -CN, -C(O)Oalkyl, -SO2-alkyl,
-NHSO2-alkyl, R35-phenyl, R35-heteroaryl, morpholinyl,
and -(CH 2)n-C(O)-N(R30)2; R24 is H, OH or alkoxy; or
when the optional double bond is present, R24 and the
adjacent carbon atom form the double bond; R25 is H or
R35-phenyl; R27 is 1 to 3 substituents independently
selected from the group consisting of H, halo, OH,
alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, haloalkyl,
-CN, -C(O)OH, -C(O)Oalkyl, -C(O)N(R30)(R18) ,
-C(O)-(R36 hetercycloalkyl), R17-phenyl, (R17-phenyl)-
alkyl, R23-heteroaryl, (R23-heteroaryl)alkyl,
(R23-heteroaryl)oxy, (R23-heteroaryl)amino NR18R19,
NR18R19-alkyl, -(CH2)n-N(R30)-C(O)alkyl,
-(CH2)n-N(R30)-C(O)-(fluoroalkyl),
-(CH2)n-N(R30)-C(O)alkoxyalkyl,
-(CH2)n-N(R30)-C(O)(cycloalkyl), -(CH2)n-N(R30)-(R23-
heteroaryl), -(CH2)n-N(R30)-C(O)-(R 23-heteroaryl)
-(CH2)n-N(R30)-C(O)O-alkyl,
-(CH2)n-N(R30)-C(O)O-(CF3-alkyl),
-(CH2)n-N(R30)-C(O)O-(R 39 cycloalkyl),
-(CH2)n-N(R30)-C(O)O-alkylene-cycloalkyl
-(CH2)n-N(R30)-C(O)-N(R 30)(R20),
-(CH2)n-N(R30)-SO2-alkyl, -(CH2)n-N(R30)-SO2-CF3,
-(CH2)n-N(R30)-SO2-N(R30)2 and or two R27 groups and
the carbon to which they are both attached form
-C(=NOR 30)- or -C(O)-; R28 is H, alkyl, R35-benzyl or
-alkyl-C(O)O-alkyl; R29 is alkyl, haloalkyl,
-C(O)Oalkyl, -C(O)alkyl, -C(O)CF 3, -C(O)-(R
12-cycloalkyl), -C(O)-(R 17-phenyl),
-C(O)-(R23-heteroaryl), -C(O)-(R 36 hetercycloalkyl),
-SO2-alkyl, -SO2-(R35-phenyl), -C(O)NR 18R19,
R35-phenyl, (R35-phenyl)alkyl or R23-heteroaryl; R30
is independently selected from the group consisting of
H, alkyl, R35-benzyl and R35-phenyl; R3 1 is H, alkyl,
R35-benzyl or phenoxyalkyl; R33 is H, OH or alkoxy;
R34 is H, alkyl, hydroxyalkyl, alkoxyalkyl or
-C(O)Oalkyl;R35 is 1 to 3 substituents independently
selected from the group consisting of H, halo, alkyl,
OH, -CF3, alkoxy, -CO2alkyl and -N(R 43)(R44); R36 is
1 or 2 substituents independently selected from the
group consisting of H, alkyl, R17-phenyl, -OH,
hydroxyalkyl, alkoxyalkyl, -C(O)Oalkyl and -NR 18R19;
or two R36 groups and the carbon to which they are
both attached form -C(=NOR 30)- or -C(O)-; R37 and R38
are independently selected from the group consisting
of H and alkyl, or R37 and R38 together are -(CH 2)3-
or-(CH 2)4-, and together with the nitrogen to which
they are attached, form a ring; R39 is H, OH1 alkyl,
alkoxy, or CF3; R40 is -OR 30 or -NHC(O)alkyl; R4 1 is
H or -SO 2alkyl; R42 is -(CH 2)n-(R35-phenyl), -(CH
2)n-(R23-heteroaryl), -C(O)Oalkyl or -C(O)alkyl; R43
and R44 are independently selected from the group
consisting of H and alkyl; and R45 is 1 or 2
substituents independently selected from the group
consisting of halo, alkoxyalkyl, -COaalkyl,
R17-phenyl, R23-heteroaryl and cycloalkyl. This
invention also provides a method of treating diseases
mediated by PDE 4, including allergic and inflammatory
diseases, CNS diseases, and diabetes comprising
administering an effective amount of at least one
compound of formula I to a patient in need of such
treatment. In particular, this invention also provides
a method of treating a PDE4 mediated disease or
condition selected from the group consisting of: pain
(e.g., acute pain, acute inflammatory pain, chronic
inflammatory pain, and neuropathic pain), acute
inflammation, chronic inflammation, rheumatoid
arthritis, psoriasis, atopic dermatitis, asthma, COPD,
adult respiratory disease, arthritis, inflammatory
bowel disease, Crohn's disease, ulcerative colitis,
septic shock, endotoxic shock, gram negative sepsis,
toxic shock syndrome, stroke, ischemia reperfusion
injury, renal reperfusion injury, glomerulonephritis,
Parkinson's disease, Alzheimer's disease, mild
cognitive impairment (MCI), depression, anxiety, graft
vs. host reaction (i.e., graft vs. host disease),
allograft rejections (e.g., acute allograft rejection,
and chronic allograftrejection), acute respiratory
distress syndrome, delayed type hypersensitivity
reaction, atherosclerosis, cerebral ischemia,
osteoarthritis, multiple sclerosis, angiogenesis,
osteoporosis, gingivitis, respiratory viruses, herpes
viruses, hepatitis viruses, HIV, Kaposi's sarcoma
associated virus (i.e., Kaposi's sarcoma), meningitis,
cystic fibrosis, pre-term labor, cough, pruritis,
multi-organ dysfunction, psoriatic arthritis, herpes,
encephalitis, traumatic brain injury, CNS tumors,
interstitial pneumonitis, hypersensitivity, crystal
induced arthritis, acute pancreatitis, chronic
pancreatitis, acute alcoholic hepatitis, necrotizing
enterocolitis, chronic sinusitis, ocular inflammation,
corneal neovascularization, polymyositis, acne,
esophagitis, glossitis, airflow obstruction, airway
hyperresponsiveness (i.e., airway hyperreactivity),
bronchiectasis, bronchiolitis, bronchiolitis
obliterans (i.e., bronchiolitis obliterans syndrome),
chronic bronchitis, dyspnea, emphysema, hypercapnea,
hyperinflation, hypoxemia, hyperoxia-induced
inflammations, hypoxia, pulmonary fibrosis, pulmonary
hypertension, peritonitis associated with continuous
ambulatory peritoneal dialysis (CAPD), granulocytic
ehrlichiosis, sarcoidosis, small airway disease,
ventilationperfusion mismatching, wheeze, colds, gout,
alcoholic liver disease, lupus, periodontitis, cancer,
transplant reperfusion injury, early transplantation
rejection (e.g., acute allograft rejection), airway
hyperreactivity, allergic contact dermatitis, allergic
rhinitis, alopecia areata, autoimmune deafness
(including, for example, Meniere's disease),
autoimmune hemolytic syndromes, autoimmune hepatitis,
autoimmune neuropathy, autoimmune ovarian failure,
autoimmune orchitis, autoimmune thrombocytopenia,
chronic inflammatory demyelinating polyneuropathy,
cirrhosis, dermatomyositis, diabetes, drug-induced
autoimmunity, endometriosis, fibrotic diseases,
gastritis, Goodpasture's syndrome, Graves' disease,
Gullain-Barre disease, Hashimoto's thyroiditis,
hepatitis-associated autoimmunity, HIV-related
autoimmune syndromes and hematologic disorders,
hypophytis, interstitial cystitis, juvenile arthritis,
Langerhans' cell histiocytes, lichen planus,
metal-induced autoimmunity, myocarditis (including
viral myocarditis), myositis, neuropathies (including,
for example, IgA neuropathy, membranous neuropathy and
idiopathic neuropathy), nephritic syndrome, optic
neuritis, pancreatitis, post-infectious autoimmunity,
primary biliary cirrhosis, reactive arthritis,
ankylosing spondylitis, Reiter's syndrome, reperfusion
injury, scleritis, scleroderma, secondary hematologic
manifestation of autoimmune diseases (such as
anemias), silicone implant associated autoimmune
disease, Sjogren'ssyndrome, systemic lupus
erythematosus, transverse myelitis, tubulointerstitial
nephritis, uveitis, and vitiglio in a patient in need
of such treatment comprising administering to said
patient an effective amount of at least one compound
of formula I , or a pharmaceutically acceptable salt
or solvate thereof. Compounds of formula I are
preferably useful in treating pain (e.g., acute pain,
acute inflammatory pain, chronic inflammatory pain,
and neuropathic pain), acute inflammation, chronic
inflammation, rheumatoid arthritis, psoriasis, atopic
dermatitis, asthma, COPD, arthritis, inflammatory
bowel disease, Crohn's disease, ulcerative colitis,
septic shock, endotoxic shock, gram negative sepsis,
toxic shock syndrome, stroke, ischemia reperfusion
injury, glomerulonephritis, Parkinson's disease,
Alzheimer's disease, mild cognitive impairment,
depression, anxiety, graft vs. host reaction (i.e.,
graft vs. host disease), allograft rejections (e.g.,
acute allograft rejection, and chronic allograft
rejection), delayed type hypersensitivity reaction,
osteoarthritis, multiple sclerosis, angiogenesis,
osteoporosis, HIV, cough, psoriatic arthritis, CNS
tumors, necrotizing enterocolitis, airflow
obstruction, airway hyperresponsiveness (i.e., airway
hyperreactivity), bronchiolitis, chronic bronchitis,
emphysema, pulmonary fibrosis, pulmonary hypertension,
small airway disease, wheeze, lupus, cancer,
transplant reperfusion injury, early transplantation
rejection (e.g., acute allograft rejection), airway
hyperreactivity, allergic contact dermatitis, allergic
rhinitis, diabetes, juvenile arthritis, reactive
arthritis, ankylosing spondylitis, reperfusion injury,
and systemic lupus erythematosus. More preferably,
compounds of formula I are useful for treating COPD,
asthma, IBD, dermatitis, MS, arthritis, Parkinson's
disease, Alzheimer's disease, mild cognitive
impairment, depression and anxiety. Preferred
veterinary uses for compounds of formula I include the
treatment of dermatitis in dogs and the treatment of
recurrent airway disease in horses. This invention
also provides a method of treating a PDE4 mediated
disease or condition in a patient in need of such
treatment comprising administering to said patient at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one other medicament (e.g., a drug,
agent or therapeutic) selected from the group
consisting of: a) disease modifying antirheumatic
drugs; b) nonsteroidal antiinflammatory drugs;c) COX-2
selective inhibitors; d) COX-1 inhibitors; e)
immunosuppressives; f) steroids; g) biological
response modifiers; h) other anti-inflammatory agents
or therapeutics useful for the treatment of chemokine
mediated diseases; and i) other agents or therapeutics
useful for the treatment of depression, anxiety,
Alzheimer's Disease or Parkinson's Disease. This
invention also provides a method of treating a
pulmonary disease (e.g., 



COPD, asthma or cystic fibrosis) in a patient in need
of such treatment comprising administering to said
patient a therapeutically effective amount of at least
one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of: glucocorticoids, 5-lipoxygenase
inhibitors, b-2 adrenoceptor agonists, muscarinic M1
antagonists, muscarinic M3 antagonists, muscarinic M2
agonists, NK3 antagonists, LTB4 antagonists, cysteinyl
leukotriene antagonists, bronchodilators, PDE4
inhibitors, PDE inhibitors, elastase inhibitors, MMP
inhibitors, phospholipase A2 inhibitors, phospholipase
D inhibitors, histamine H1 antagonists, histamine H3
antagonists, dopamine agonists, adenosine A2 agonists,
NK1 and NK2 antagonists, GABA-b agonists, nociceptin
agonists, expectorants, mucolytic agents,
decongestants, antioxidants, anti-IL-8 anti-bodies,
anti-IL-5 antibodies, anti-lgE antibodies, anti-TNF
antibodies, IL-10, adhesion molecule inhibitors, and
growth hormones. This invention also provides a method
of treating multiple sclerosis in a patient in need of
such treatment comprising administering to said
patient, a therapeutically effective amount of at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of glatiramer acetate, glucocorticoids,
methotrexate, azothioprine, mitoxantrone, chemokine
inhibitors, and CB2-selective agents. This invention
also provides a method of treating multiple sclerosis
in a patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one compound of formula
I, or a pharmaceuticallyacceptable salt or solvate
thereof, in combination with at least one compound
selected from the group consisting of: methotrexate,
cyclosporin, leflunimide, sulfasalazine, b-methasone,
b-interferon, glatiramer acetate, and prednisone. This
invention also provides a method of treating
rheumatoid arthritis in a patient in need of such
treatment comprising administering to said patient a
therapeutically effective amount of at least one
compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of COX-2 inhibitors, COX inhibitors,
immunosuppressives (e.g., methotrexate, cyclosporin,
leflunimide and sulfasalazine), steroids (e.g.,
betamethasone, cortisone and dexamethasone),
anti-TNF-a compounds, MMP inhibitors, glucocorticoids,
chemokine inhibitors, CB2-selective inhibitors, and
other classes of compounds indicated for the treatment
of rheumatoid arthritis. This invention also provides
a method of treating stroke and ischemia reperfusion
injury in a patient in need of such treatment
comprising administering to said patient a
therapeutically effective amount of at least one
compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of thrombolitics (e.g., tenecteplase, TPA,
alteplase), antiplatelet agents (e.g., gpllb/llla),
antagonists (e.g., abciximab and eftiifbatide),
anticoagulants (e.g., heparin), and other compounds
indicated for the treatment of rheumatoid arthritis.
This invention also provides a method of treating
stroke and ischemia reperfusion injury in a patient in
need of such treatment comprising administering to
said patient a therapeutically effective amount of at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of tenecteplase, TPA, alteplase, abciximab,
eftiifbatide, and heparin. This invention also
provides a method of treating psoriasis in a patient
in need of such treatment comprising administering to
said patient a therapeutically effective amount of at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, in combination
with at least one compound selected from the group
consisting of immunosuppressives (e.g., methotrexate,
cyclosporin, leflunimide andsulfasalazine), steroids
(e.g., b-methasone) and anti-TNF-a compounds (e.g.,
etonercept and infliximab). This invention also
provides a method of treating COPD in a patient in
need of such treatment comprising administering to
said patient a therapeutically effective amount of at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating arthritis in a
patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one compound of formula
I, or a pharmaceutically acceptable salt or solvate
thereof. This invention also provides a method of
treating osteoarthritis in a patient in need of such
treatment comprising administering to said patient a
therapeutically effective amount of at least one
compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating acute pain, acute
inflammatory pain, chronic inflammatory pain, or
neuropathic pain in a patient in need of such
treatment comprising administering to said patient a
therapeutically effective amount of at least one
compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating pain in a patient
in need of such treatment comprising administering to
said patient a therapeutically effective amount of at
least one compound of formula I, or a pharmaceutically
acceptable salt or solvate thereof, and administering
a therapeutically effective amount of at least one
medicament selected from the group consisting of:
NSAIDs, COXIB inhibitors, antidepressants, and
anti-convulsants. This invention also provides a
pharmaceutical composition comprising at least one
(e.g., 1-3, usually 1) compound of formula I, or a
pharmaceutically acceptable salt or solvate thereof,
and a pharmaceutically acceptable carrier. Preferred
are oral dosage forms and dosage forms suitable for
inhalation. This invention also provides a
pharmaceutical composition comprising at least one
(e.g., 1-3, usually 1) compound of formula I, or a
pharmaceutically acceptable salt or solvate thereof,
and at least one (e.g., 1-3, usually 1) other agent,
medicament, antibody and/or inhibitor disclosed above,
and a pharmaceutically acceptable carrier.DETAILED
DESCRIPTION Preferred compounds of formula I are those
wherein the quinolyl portion has the structure More
preferred are compounds wherein R10 , R11 and R13 are
each H. Also preferred are compounds wherein R1 is H,
alkyl, cycloalkyl or CF3; more preferably, R1 is
alkyl, especially methyl. Also preferred are compounds
wherein R9 is H, alkyl or -CF 3, more preferably -CF
3. In compounds of formula I, X is preferably O. In
compounds of formula I, is preferably oxazolyl, more
preferably In compounds of formula I, R3 is preferably
H, alkyl, hydroxalkyl or -C(O)Oalkyl, and R4 is H or
alkyl. More preferably, R3 and R4 are each
independent!; H or alkyl. In compounds of formula I,
R5 is preferably H, and R6 is preferably H, alkyl or
hydroxyalkyl. When R6 is alkyl, it is preferably
methyl, ethyl or isopropyl, more preferably methyl;
when it is hydroxyalkyl, it is preferably
hydroxymethyl or hydroxyethyl (i.e., -(CH2)2q H Or
-CH(OH)CH 3) . In a more preferred embodiment, R5 is H
and R6 is H, methyl or hydroxymethyl. Preferably, t is
1. When t is 2, preferably both R5 substituents and
one R6 substituent are H and one R6 substituent is H
or methyl. Preferably, R5 and R6 have the following
stereochemistry (i.e., R6 is "S"):When R7 and R8 do
not form a ring, the following definitions are
preferred. R7 is preferably H, alkyl, cycloalkyl,
hydroxyalkyl o r alkoxyalkyl. More preferably, R7 is
H, alkyl, hydroxyalkyl, especially wherein alkyl is
methyl o r ethyl, and hydroxyalkyl is hydroxyethyl.
Especially preferred are compounds wherein R7 is H o r
alkyl, especially H, methyl o r ethyl, with H being
most preferred. R8 is preferably R12-cycloalkyl,
(R12-cycloalkyl)alkyl, R45-hydroxyalkyl, R17-phenyl,
(R17-phenyl)alkyl, R23-heteroaryl,
(R23-heteroaryl)alkyl, -alkyl-N(R 30)-C(O)-NR 18R19,
-alkyl-N(R 30)-C(O)alkyl, -alkyl-N(R 30)-C(O)-(R
17-phenyl), -alkyl-N(R 30)-C(O)-(R 23-heteroaryl) I
-alkyl-N(R 30)-(R 23-heteroaryl), f-(CH2)nHjJp R- (>R"
G p , " P o r p . More preferably, R8 is R12-
cycloalkyl, R45-hydroxyalkyl, (R17-phenyl)alkyl,
R23-heteroaryl, (R23-heteroaryl)alkyl, -alkyl-N(R
30)-(R 23-heteroaryl), -alkyl-N(R 30)-C(O)alkyl,
(especially where p is 1). Especially preferred are
compounds wherein R8 is R12-cycloalkyl,
R45-hydroxyalkyl, (R17-phenyl)alkyl,
(R23-heteroaryl)alkyl, -alkyl-N(R 30)-C(O)-alkyl,
-alkyl-N(R 30)-(R 23-heteroaryl) When R8 comprises
R12-cycloalkyl, R12 is preferably OH, -(CH 2)n-N(R
30)-C(O)- cycloalkyl or -(CH 2)n-N(R 30)-(R
23"heteroaryl), especially OH. When R8 is R30 is
preferably H. Preferred heteroaryl groups include
pyrimidyl, benzothienyl, benzofuranyl, indolyl,
pyridyl and pyrazinyl. Especially preferred are
compounds of formula I wherein R7 is H and R8 is
(R17-phenyl)alkyl, (R23-heteroaryl)alkyl,
R45-hydroxyalkyl, -alkyl-N(R 30)-(R 23-heteroaryl)or
R17 is preferably 1-3 substituents selected from the
group consisting of halogen, OH, alkoxy and alkyl; R23
is preferably 1 or 2 substituents independently
selected from the group consisting of H, alkyl, alkoxy
and halogen; R45 is preferably R17-phenyl, wherein R17
is 1-3 substituents selected from the group consisting
of halogen, OH, alkoxy and alkyl; heteroaryl is
pyrimidyl, benzothienyl, benzofuranyl, indolyl,
pyridyl or pyrazinyl, and R30 is H. Also preferred are
compounds of formula I wherein R7 and R8 and the
nitrogen to which they are attached form In the
preferred compounds where R7 and R8 form - , the
optional double bond preferably is not present (i.e.,
a single bond is present). R14 is preferably selected
from H, OH, alkoxy, -(CH2)n-N(R30)(R23-heteroaryl),
R23-heteroaryl or (R23- heteroaryl)-alkyl. In a
further preferred embodiment, one R14 is OH and the
other R14 is R23-heteroaryl; in another embodiment,
one R14 is H and the other is (R23- heteroaryl)-alkyl
or -(CH2)n-N(R30)(R23-heteroaryl) (especially wherein
n is 1). In the preferred compounds where R7 and R8 q
js preferably 1. R27 is preferably 1-3 substituents
independently selected from the group consisting of H,
OH, alkyl, alkoxy, alkoxyalkyl, R17-phenyl, -C(O)OH,
-C(O)Oalkyl, R23- heteroaryl, (R23-heteroaryl)amino
and -(CH2)n-N(R30)-C(O)(cycloalkyl), wherein n is O.
In the preferred compounds where R7 and R8 R15 is
preferably alkyl, R17-phenyl, R23-heteroaryl,
-C(O)alkyl, -C(O)(fluoroalkyl),
-C(O)-(R23-heteroaryl), -C(O)-alkoxyalkyl,
-C(O)-(R38-cycloalkyl), -SO2-alkyl,-SO2-NR18R19 Or .
R16 is preferably H, alkyl, or two R16 groups and the
carbon to which they are attached form -C(O)-. In the
preferred compounds where R and R form preferably p is
0, R34 is hydrogen, and R35 is 1 or 2 substituents
independently selected from H, OH, halo and alkyl. In
the preferred compounds where R7 and R8 form
preferably p is 0, ring B is a pyrazolyl or thiazolyl
ring, and R35 is 1 or 2 substituents independently
selected from H and alkyl. As used above, and
throughout the specification, the following terms,
unless otherwise indicated, shall be understood to
have the following meanings: "Patient" includes both
humans and animals. "Mammal" means humans and other
mammalian animals. "Alkyl" means an aliphatic
hydrocarbon group which may be straight or branched
and comprising about 1 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkyl chain. Non-limiting examples of
suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl and n-pentyl. "Alkenyl"
means an aliphatic hydrocarbon group containing at
least one carbon-carbon double bond and which may be
straight or branched and comprising about 2 to about 6
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkenyl chain.
Non-limiting examples of suitable alkenyl groups
include ethenyl, propenyl, nbutenyl,
3-methylbut-2-enyl and n-pentenyl. "Alkylene" means a
difunctional group obtained by removal of a hydrogen
atom from an alkyl group that is defined above.
Non-limiting examples of alkylene include methylene
(i.e., -CH2-), ethylene (i.e., -CH -CH2-) and branched
chains such as -CH(CHs)-CH2- ."Heteroaryl" means a
single ring, bicyclic or benzofused heteroaromatic
group of 5 to 10 atoms comprised of 2 to 9 carbon
atoms and 1 to 4 heteroatoms independently selected
from the group consisting of N, O and S, provided that
the rings do not include adjacent oxygen and/or sulfur
atoms. N-oxides of the ring nitrogens are also
included. Examples of single-ring heteroaryl groups
are pyridyl, oxazolyl, isoxazolyl, oxadiazolyl,
furanyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl,
tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyrazinyl, pyrimidyl, pyridazinyl and triazolyl.
Examples of bicyclic heteroaryl groups are
naphthyridyl (e.g., 1,5 or 1J), imidazopyridyl,
pyridopyrimidinyl and 7-azaindolyl. Examples of
benzofused heteroaryl groups are indolyl, quinolyl,
isoquinolyl, phthalazinyl, benzothienyl (i.e.,
thianaphthenyl), benzimidazolyl, benzofuranyl,
benzoxazolyl, benzisoxazolyl, benzothiazolyl and
benzofurazanyl. All positional isomers are
contemplated, e.g., 2- pyridyl, 3-pyridyl and
4-pyridyl. The term R23-heteroaryl refers to such
groups wherein substitutable ring carbon atoms have a
substituent as defined above. When the heteroaryl
group is a benzofused ring, the substituents can be
attached to either or both the phenyl ring portion and
the heteroaromatic ring portion, and the heteroaryl
group can be attached to the rest of the molecule
either through the phenyl ring portion or the
heteroaromatic ring portion. "Cycloalkyl" means a
non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms,
preferably about 3 to about 6 carbon atoms.
Nonlimiting examples of suitable monocyclic
cycloalkyls include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloalkyls include
1-decalin, norbomyl, adamantyl and the like.
Monocyclic rings are preferred. "Halo" means fluoro,
chloro, bromo, or iodo groups. Preferred are fluoro,
chloro or bromo, and more preferred are fluoro and
chloro. "Haloalkyl" means an alkyl as defined above
wherein one or more hydrogen atoms on the alkyl is
replaced by a halo group defined above; in particular,
fluoroalkyl refers to an alkyl chain substituted by
one or more fluoro atoms. "Aminoalkyl" means an alkyl
as defined above wherein a hydrogen atom on the alkyl
is replaced by an amino (i.e., -NH2) group.
"Heterocycloalkyl" means a non-aromatic saturated
monocyclic or multicyclic ring system comprising about
3 to about 10 ring atoms, preferably about 5 to about
10ring atoms, in which one or more, preferably 1, 2, 3
or 4, of the atoms in the ring system is independently
selected from an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or in
combination. There are no adjacent oxygen and/or
sulfur atoms present in the ring system. Preferred
heterocycloalkyls contain 5 to 6 ring atoms. The
prefix aza, oxa or thia before the heterocycloalkyl
root name means that at least a nitrogen, oxygen or
sulfur atom respectively is present as a ring atom.
The nitrogen or sulfur atom of the heterocyclyl can be
optionally oxidized to the corresponding N-oxide,
S-oxide or S-dioxide. Non-limiting examples of
suitable monocyclic heterocyclyl rings include
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. The
heterocycloalkyl group can be attached to the parent
moiety through a ring carbon or a ring nitrogen.
"(Heterocycloalkyl)alkyl" means a
heterocycloalkyl-alkyl group in which the
heterocycloalkyl and alkyl groups are as defined
above. The bond to the parent is through the alkyl.
"(Heteroaryl)alkyl" means a heteroaryl-alkyl- group in
which the heteroaryl and alkyl are as previously
described. Non-limiting examples of suitable
heteroarylalkyl groups include pyridylmethyl,
2-(furan-3-yl)ethyl and quinolin-3-ylmethyl. The bond
to the parent moiety is through the alkyl.
"(Phenyl)alkyl and "(naphthyl)alkyl similarly mean
phenyl-alkyl and naphthylalkyl groups wherein the bond
to the parent moiety is through the alkyl.
"Hydroxyalkyl" means a HO-alkyl- group in which alkyl
is as previously defined. Non-limiting examples of
suitable hydroxyalkyl groups include hydroxymethyl and
2- hydroxyethyl. Similarly, "dihydroxyalkyl" refers to
a straight or branched alkyl chain substituted by two
hydroxy groups. "Alkoxy" means an alkyl-O- group in
which the alkyl group is as previously described.
Non-limiting examples of suitable alkoxy groups
include methoxy, ethoxy, n-propoxy, isopropoxy and
n-butoxy. The bond to the parent moiety is through the
ether oxygen. "Alkylthio" means an alkyl-S- group in
which the alkyl group is as previously described.
Non-limiting examples of suitable alkylthio groups
include methylthio, ethylthio and isopropylthio. The
bond to the parent moiety is through the
sulfur."Hqteroarylamino" means an heteroaryl-NH- group
in which the heteroaryl group is as previously
described. Non-limiting examples of suitable
heteroarylamino 



groups include pyrimidinyl-amino and pyrazinyl-amino.
The bond to the parent moiety is through the amino
nitrogen. "Heteroaryloxy" means an heteroaryl-O- group
in which the heteroaryl group is as previously
described. Non-limiting examples of suitable
heteroaryloxy groups include pyrimidinyi-O- and
pyrazinyl-O-. The bond to the parent moiety is through
the ether oxygen. The term "hydroxyalkyl substituted
by CO2alkyl" means an alkyl chain substituted by a
hydroxy group and a CO2alkyl group. Similarly, terms
such as "hydroxyalkyl substituted by R17-phenyl" means
an alkyl chain substituted by a hydroxy group and a
R17-phenyl group; "hydroxyalkyl substituted by
R17-phenyl and alkoxy" means an alkyl group
substituted by a hydroxy group, a R17-phenyl, and an
alkoxy group. In each of these substituents and other
similar substituents listed in the definitions, the
alkyl chains can be branched. Examples of moieties
formed when two adjacent R17 groups form a ring with
the carbons on the phenyl ring to which they are
attached are: 14 When R7 and R8 together form - , the
dotted line indicates an optional double bond as
defined above. When the double bond is absent, i.e.,
when a single bond is present, the one or two R14
substituents can be attached to the same or different
ring carbons. When the double bond is present, only
one R14 substituent can be attached to a carbon that
is part of the double bond. When R7 and R8 together
form the dotted line indicates an optional double bond
as defined above. When the double bond is absent,
i.e., when a single bond is present, R24 can be H, OH
or alkoxy and R25 can be H or R35-phenyl, but when the
double bond is present, R24 forms the double bond with
the adjacent carbon and R25 is H or R35-phenyl. That
is, the moiety has the structural formulaWhen R7 and
R8 together , it means that an optionally substituted
fused bicyclic ring is formed, wherein the R35 portion
comprises an R35-substituted 5 or 6-membered
heteroaryl group fused to the piperidinyl ring.
Examples are: The term "optionally substituted" means
optional substitution with the specified groups,
radicals or moieties, in available position or
positions. With reference to the number of moieties
(e.g., substituents, groups or rings) in a compound,
unless otherwise defined, the phrases "one or more"
and "at least one" mean that there can be as many
moieties as chemically permitted, and the
determination of the maximum number of such moieties
is well within the knowledge of those skilled in the
art. As used herein, the term "composition" is
intended to encompass a product comprising the
specified ingredients in the specified amounts, as
well as any product which results, directly or
indirectly, from combination of the specified
ingredients in the specified amounts. The wavy line r
>- r n a s a bond generally indicates a mixture of, or
either of, the possible isomers, e.g., containing (R)-
and (S)- stereochemistry. For example, means
containing both and Lines drawn into the ring systems,
such as, for example:indicate that the indicated line
(bond) may be attached to any of the substitutable
ring carbon atoms. As well known in the art, a bond
drawn from a particular atom wherein no moiety is
depicted at the terminal end of the bond indicates a
methyl group bound through that bond to the atom,
unless stated represents It should also be noted that
any carbon or heteroatom with unsatisfied valences in
the text, schemes, examples, structural formulae, and
any Tables herein is assumed to have the hydrogen atom
or atoms to satisfy the valences. Prodrugs and
solvates of the compounds of the invention are also
contemplated herein. The term "prodrug", as employed
herein, denotes a compound that is a drug precursor
which, upon administration to a subject, undergoes
chemical conversion by metabolic or chemical processes
to yield a compound of formula I or a salt and/or
solvate thereof. A discussion of prodrugs is provided
in T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems (1987) Volume 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in
Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, both of
which are incorporated herein by reference thereto.
"Solvate" means a physical association of a compound
of this invention with one or more solvent molecules.
This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen
bonding. In certain instances the solvate will be
capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal
lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is
O. "Effective amount" or "therapeutically effective
amount" is meant to describe an amount of compound or
a composition of the present invention effective in
inhibiting PDE 4 and thus producing the desired
therapeutic effect in a suitable patient. The
compounds of formula I form salts which are also
within the scope of this invention. Reference to a
compound of formula I herein is understood to
includereference to salts thereof, unless otherwise
indicated. The term "salt(s)", as employed herein,
denotes acidic salts formed with inorganic and/or
organic acids, as well as basic salts formed with
inorganic and/or organic bases. In addition, when a
compound of formula I contains both a basic moiety,
such as, but not limited to a pyridine or imidazole,
and an acidic moiety, such as, but not limited to a
carboxylic acid, zwitterions ("inner salts") may be
formed and are included within the term "salt(s)" as
used herein. Pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts
of the compounds of the formula I may be formed, for
example, by reacting a compound of formula I with an
amount of acid or base, such as an equivalent amount,
in a medium such as one in which the salt precipitates
or in an aqueous medium followed by lyophilization.
Acids (and bases) which are generally considered
suitable for the formation of pharmaceutically useful
salts from basic (or acidic) pharmaceutical compounds
are discussed, for example, by S. Berge et al, Journal
of Pharmaceutical Sciences ( 1977) 66(1) 1- 19; P.
Gould, International J. of Pharmaceutics (1986) 33 201
-21 7; Anderson et al, The Practice of Medicinal
Chemistry (1996), Academic Press, New York; in The
Orange Book (Food & Drug Administration, Washington,
D.C. on their website); and P. Heinrich Stahl, Camille
G. Wermuth (Eds.), Handbook of Pharmaceutical Salts:
Properties, Selection, and Use, (2002) Int'l. Union of
Pure and Applied Chemistry, pp. 330-331 . These
disclosures are incorporated herein by reference
thereto. Exemplary acid addition salts include
acetates, adipates, alginates, ascorbates, aspartates,
benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates,
ethanesulfonates, fumarates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates,
hexanoates, hydrochlorides, hydrobromides,
hydroiodides, 2-hydroxyethanesulfonates, lactates,
maleates, methanesulfonates, methyl sulfates,
2-naphthalenesulfonates, nicotinates, nitrates,
oxalates, pamoates, pectinates, persulfates,
3-phenylpropionates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates,
sulfonates (such as those mentioned herein),
tartarates, thiocyanates, toluenesulfonates (also
known as tosylates,) undecanoates, and the like.
Exemplary basic salts include ammonium salts, alkali
metal salts such as sodium, lithium, and potassium
salts, alkaline earth metal salts such as calcium
andmagnesium salts, aluminum salts, zinc salts, salts
with organic bases (for example, organic amines) such
as benzathines, diethylamine, dicyclohexylamines,
hydrabamines (formed with
N,N-bis(dehydroabietyl)ethy!enediamine),
N-methyl-Dglucamines, N-methyl-D-glucamides, t-butyl
amines, piperazine, phenylcyclohexylamine, choline,
tromethamine, and salts with amino acids such as
arginine, lysine and the like. Basic
nitrogen-containing groups may be quartemized with
agents such as lower alkyl halides (e.g. methyl,
ethyl, propyl, and butyl chlorides, bromides and
iodides), dialkyl sulfates (e.g. dimethyl, diethyl,
dibutyl, and diamyl sulfates), long chain halides
(e.g. decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides), aralkyl halides (e.g. benzyl
and phenethyl bromides), and others. All such acid
salts and base salts are intended to be
pharmaceutically acceptable salts within the scope of
the invention and all acid and base salts are
considered equivalent to the free forms of the
corresponding compounds for purposes of the invention.
Compounds of formula I, and salts, solvates and
prodrugs thereof, may exist in their tautomeric form
(for example, as an amide or imino ether). All such
tautomeric forms are contemplated herein as part of
the present invention. All stereoisomers (for example,
geometric isomers, optical isomers and the like) of
the present compounds (including those of the salts,
solvates and prodrugs of the compounds as well as the
salts and solvates of the prodrugs), such as those
which may exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may
exist even in the absence of asymmetric carbons),
rotameric forms, atropisomers, and diastereomeric
forms, are contemplated within the scope of this
invention. Individual stereoisomers of the compounds
of the invention may, for example, be substantially
free of other isomers, or may be admixed, for example,
as racemates or with all other, or other selected,
stereoisomers. The chiral centers of the present
invention can have the S or R configuration as defined
by the IUPAC1974 Recommendations. The use of the terms
"salt", "solvate" "prodrug" and the like, is intended
to equally apply to the salt, solvate and prodrug of
enantiomers, stereoisomers, rotamers, tautomers,
racemates or prodrugs of the inventive
compounds.Polymorphic forms of the compounds of
Formula I, and of the salts, solvates and prodrugs of
the compounds of Formula I, are intended to be
included in the present invention. This invention also
includes the compounds of this invention in isolated
and pure form. Compounds of formula I can be prepared
by known methods from starting materials either known
in the art or prepared by methods known in the art.
Nonlimiting examples of suitable methods are
illustrated in the following schemes. In the schemes,
the quinolyl portion is shown as the preferred
structure, but those skilled in the art will recognize
that other substitutions on the quinolyl portion can
be made by these procedures. Also, one skilled in the
art will recognize that the schemes show the
significant steps of the procedures, and that the
synthesis of compounds of formula I may require the
need for the protection of certain functional groups
during the preparation of the compounds; the synthesis
of compounds also may require the reduction of a
reducible functional group or the oxidation of an
oxidizable functional group.Step a Formation of the
oxazole ring can be accomplished by a number of
methods including, but not limited to the
following.ethod 1 R1= H, COOR2 Method 3 Method 4 Ref:
1. U. Grabowska, et. al., J. Comb. Chem., 2000, 2,
475-490 2. E. Mann and H. Kessler, Org. Lett., 2003,
5, 4567-4570. Using the appropriate starting
materials, both the amine and ester functional groups
can be incorporated when the oxazole ring is
synthesized.Introduction of the ester moiety COOR2 can
be accomplished stepwise by reaction with phosphorous
oxychloride and subsequent oxidation of the
intermediate aldehyde to the carboxylic acid and
further esterification. Alternatively, reaction at
this position can proceed with a Lewis acid such as
zinc triflate and an acid chloride. Step c
Introduction of the R moiety can be accomplished by
deprotonation with a strong base such as n-butyl
lithium, sec-butyl lithium, lithium diisopropylamine
or lithium hexamethyldisilazide, followed by addition
of an aldehyde or alkyl halide. This reaction can use
a variety of solvents including diethyl ether, THF,
dioxane, hexane, toluene, HMPA, DMPU and TMEDA. Step d
Activation of the R moiety in (3) can be accomplished
by several different methods. If R is an alkyl moiety,
halogenation, for example with bromine or
N-bromosuccinimide and an initiator such as benzoyl
peroxide, AIBN or light in carbon tetrachloride as the
solvent provides (5) as a halide. If R incorporates an
ester or alcohol functional group, through appropriate
oxidation or reduction reactions, the aldehyde or
ketone functional group can be obtained for further
reaction in Step e through a reductive amination
reaction. If R incorporates an ester, ketone, or
aldehyde functional group, appropriate reduction
reaction with a hydride such as NaBH , UBH4, UAIH4, or
diisobutylaluminum hydride will provide the alcohol
moiety. This alcohol can be activated by conversion,
for example, to the corresponding mesylate, tosylate,
chloride, bromide or iodide. Step e Introduction of
the amine moiety in (6) can be accomplished by an
alkylation reaction on (5) if X is a leaving group
such as chloride, bromide, mesylate or tosylate. This
reaction can use a variety of bases including TEA,
DIPEA, N-methyl morpholine, pyridine,
dimethylaminopyridine, imidazole, K2CO3, Cs2CO3,
potassium t-butoxide, and NaOH, and can be done in a
variety of solvents including DMF, dimethylacetamide,
THF, dioxane, CH3CN, toluene, CH2CI2 and
dichloroethane. Alternatively, if the -C(X)(R 5)(R6)
moiety incorporates a ketone or aldehyde functional
group, the amine moiety can be introduced through a
reductive amination reaction. Suitable reducing
reagents for this reaction include NaBH CN,
sodiumtriacetoxyborohydride in a mixture of solvents
including THF, dioxane, CH3CN, toluene, CH2CI2,
dichloroethane, methanol, ethanol, trifluoroethanol.
The reductive amination reaction may require the
addition of a drying agent such as sieves or MgSO4, or
azeotropic removal of water or the addition of a Lewis
acid such as titanium isopropoxide. In addition, the
ketone or aldehyde moiety can be converted into an
oxime with hydroxylamine and a variety of bases such
as pyridine, TEA, sodium acetate, and Na2CO3. The
oxime can be reduced to an amine. Step f Hydrolysis of
ester (6) to acid (7) can be accomplished with a
suitable base such as NaOH, LiOH, sodium methoxide,
sodium ethoxide, K2CO3, Cs2CO , BCI3, potassium
t-butoxide, TEA, DBU and DIPEA in a mixture of
solvents including water, methanol, ethanol,
isopropanol, CH2CI2, THF, diethyl ether and dioxane.
Step q Amide bond formation to obtain (8) can be
accomplished by formation of the acid chloride, a
mixed anhydride, or activated ester and addition of
the appropriate amine. A variety of suitable amide
bond coupling reagents such as HATU, CDI, EDC, DCC,
PyBOP, polymer supported CDI, polymer supported EDC
and the like, with or without HOBt, can be used. These
coupling reagents can be used with a suitable base
such as TEA, DIPEA, N-methyl morpholine, pyridine,
dimethylaminopyridine, DBU, imidazole and the like in
a mixture of solvents including DMF,
dimethylacetamide, THF, dioxane, CH3CN ,
N-methylpyrrolidine, CH2CI2, and dichloroethane.
Abbreviations used in the above general schemes and in
the following examples, as well as throughout the
specification, are as follows: Me (methyl); Bu
(butyl); Et (ethyl); Ac (acetyl); Boc or BOC
(f-butoxycarbonyl); DMF (dimethylformamide); THF
(tetrahydrofuran); DIPEA (diisopropylethylamine); RT
(room temperature); HOBt (hydroxybenzotriazole); TFA
(trifluoroacetic acid); TEA (triethyl amine); KHMDS
(potassium bis(trimethylsilyl)amide); TLC (thin layer
chromatography); EDC (
1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide
hydrochloride); HMPA (hexamethylphosphoramide); DMPU (
1,3-dimethyl-3,4,5,6- tetrahydro-2(1 H)-pyrimidinone);
TMEDA (N,N,N\N'-tetramethyletheylenediamine); HATU
(O-^-azabenzotriazol-i-yO-N.N.N'.N'-tetramethyl
uranium hexafluorophosphate); NBS
(N-bromosuccinimide); DCC (1
.S-dicyclohexylcarbodiimide); DEC(
1,2-diethylaminoethyl chloride hydrochloride); TMSCN
(trimethylsilylcyanide); CDI (carbonyldiimidazole);
PyBOP (benzotriazol-1 -yloxytripyrrolidinophosphonium
hexafluorophosphate). Example 1 Step 1: SOCb (26.7 ml,
367 mmol) was added to a mixture of compound 1 (40 g,
147 mmol) in dry toluene (300 ml) and DMF (0.4 ml).
The mixture was heated at 70 0C for 2 h, then the
excess of SOCI2 and solvents were evaporated to
dryness to obtain compound 2 as an off white solid (41
g). Step 2: A solution of compound 2 (41 g,141 mmol)
in CH2CI2 (200 ml) was added slowly to a solution of
L-threonine methyl ester HCI salt (29 g, 170 mmol) in
CH2CI2 (200 ml) and DIPEA (38 g, 296 mmol) at 0 0C.
The solution was stirred at 0 0C, then warmed to RT
over 3 h. After 3 h at RT, the mixture was washed with
aqueous NH4CI solution, then the solid was
precipitated in the organic layer and filtered off to
give 



compound 3 (54 g) as a white solid. MS: Ci7H17F3N2O5
[M+1]+ 387.1 . Step 3: SOCI2 ( 76.8 ml, 645 mmol) was
added through a syringe to a suspension of compound 3
(50 g, 129 mmol) in dry CH2CI2 (500 ml) cooled to -45
0 0C. The mixture was stirred at -45 0C for 1 h, then
warmed up to RT slowly. After the reaction was
complete, solvent and excess SOCI2 were evaporated.
The residue was dissolved in CH2CI2 (800 ml) and
washed with saturated NaHCO3 solution (3 x 600 ml),
dried (Na2SO4) , filtered and concentrated to give
compound 4 as a beige solid (43 g, 120 mmol, 93 %).
MS: C17Hi 5F3N2O4 [M+1]+ 369.1 . Step 4: DBU (13.9 ml,
93 mmol) was added via a syringe to a solution of
compound 4 (31 g, 84 mmol) in dry CH2CI2 (300 ml) at 0
0C, followed by the addition of BrCCI3 (9.1ml, 93
mmol). The mixture was stirred at O0C for 2 h, then at
RT overnight. The reaction was quenched with 0.15 N
HCI (400 ml) and extracted with CH2CI2 (2 x 100 ml).
The organic layer was dried with Na2SO4, filtered and
concentrated to give crude title compound 5 (35 g).
The crude material was triturated with MeOH (200 ml)
and 23.5 g of compound 5 was collected as a pale
yellow solid. MS: C17Hi 3F3N2O [M+1]+ 367.1 . Step 1:
NBS (23.5 g, 132 mmol) and benzoyl peroxide (1 .4 g,
5.75 mmol) were added to a mixture of compound 5 (42
g, 115 mmol) in dry CCI4 (550 ml). The mixture was
refluxed for 3 h, then concentrated by evaporating off
most of the solvent. Saturated NH4CI solution was
added and the product was extracted from the aqueous
layer with CH2CI2 (2 x 300 ml). The organic fractions
were combined, dried (Na2SO ) , filtered and
evaporated. The crude material was triturated with
MeOH to give compound 6 as a white solid (49.5 g, 110
mmol, 96 %). MS : C17H12F3BrN2O4 [M+1]+Br79'8 1 445.1
, 447.1 . Step 2: Potassium phthalimide (20.6 g, 111
mmol) was added to a solution of compound 6 (49.5 g,
111 mmol) in dry DMF (650 ml) at RT. After stirring at
RT for 2 h, the reaction mixture was poured into an
ice water bath (1 .5 L). The resultant yellow
precipitate was collected, washed with water, and
dried at 45 0C under vacuum to give compound 7 as a
yellow solid (56 g,1 10 mmol). MS : C2SHi 6F3N3O6
[M+1]+ 512.0. Step 3: BCI3 ( 1 M in CH2CI2, 78 ml, 78
mmol) solution was added to a solution of compound 7
(1O g, 19.57 mmol) in dry CH2CI2 (400 ml) at -15 0C.
After the addition of BCI3, the mixture turned yellow
and precipitate started to form. The reaction
waswarmed to 0 0C. After the reaction was complete
(checked by TLC), the mixture was poured into
ice-water (600 ml). The yellow precipitate was
filtered, washed with water, and dried (Na2SO to give
the title compound 8 as a yellow solid (8.5 g, 17.1
mmol, 87 %). MS : C24Hi 4F3N3O6 [M+ I ]+ 498.1 .
Example 3 Step 1: To a suspension of compound 8 (0.35
g, 0.7 mmol) in dry DMF ( 16 ml), compound 9
(3-aminomethyl benzothiophene) (0.1 1 g, 0.7 mmol),
DIPEA (0.18 g, 1.4 mmol) and HATU (0.53 g, 1.4 mmol)
were added at RT. After 30 min, the reaction mixture
was poured into cold water (30 ml). The precipitate
was filtered, washed with water and dried under vacuum
to give crude compound 10 (0.45 g, 0.7 mmol) as a
yellow solid. Step 2: The crude material of compound
10 (0.45 g, 0.7 mmol) was treated with absolute EtOH
(15 ml) and 98 % hydrazine (0.22 g, 7 mmol) at RT
overnight. The reaction mixture was evaporated and
purified on a Biotage (40 M) system, eluting with 3 %
NH4OH:CH3OH ( 1:9)/97 % CH2CI2. Compound 11 was
obtained as a pure yellow solid (0.22 g, 0.43 mmol, 6
1 % yield) which was converted to its HCI salt by
treatment with 1.2 equivalent of 4 N HCI/dioxane in
CH2CI2. Compound 12 was obtained by evaporating off
solvents and excess acid. MS (M+1): m/e 513. Example 4
A series of aromatic or heteroaromatic amide analogs
(compound 13) was made by methods analogous to those
described for compound 12 in Example 3 or via an
alternative coupling method by treatment of compound 8
(0.2 mmol) either with aromatic or heteroaromatic
amine reagent (0.2 mmol), DEC (0.24 mmol), HOBT (0.24
mmol), and TEA (0.24 mmol) in DMF (2.5 ml) at RT
overnight. Water (3 ml) wasadded to the reaction and
precipitate was collected, rinsed with water, and
vacuum dried at 40 0C. The phthalamido protecting
group of the coupled product was removed with 98 %
hydrazine in EtOH (as in step 2 of Example 3) and
purified by silica gel chromatography [5% NH4OH-CH3OH
(1 :9) in 95 % CH2CI2] or by preparative Gilson Prep
column (XTerra RP Ci 8, 5 mm) chromatography, gradient
eluted with 0.5 % TFA in (9:1) (H2O-CH3CN) to 0.5% TFA
in CH3CN:H2O (8:2). Compound 13 was obtained as free
form or as a TFA salt, depending on the method of
purification. The free form of compound 13 was treated
with 1.2 equivalent of HCI to give compound 13 as a
HCI salt. The data for compound 13 analogs are listed
as follows: or TFAINFLUENZA VIRUS VACCINE COMPOSITION
AND METHODS OF USE BACKGROUND OF THE INVENTION [0001]
The present invention relates to influenza virus
vaccine compositions and methods of treating or
preventing influenza infection and disease in
mammals.- Influenza is an acute febrile illness caused
by infection of the respiratory tract. There are three
types of influenza viruses: A, B, and C "IAV," "IBV"
or "IAC," respectively, or generally "IV". Type A,
which includes several subtypes, causes widespread
epidemics and global pandemics such as those that
occurred in 1918, 1957 and 1968. Type B causes
regional epidemics. Type C causes, sporadic cases and
minor, local outbreaks. These virus types are
distinguished in part on the basis of differences in
two structural proteins, the nucleoprotein, found in
the center of the virus, and the matrix protein, which
forms the viral shell. [0002] The disease can cause
significant systemic symptoms, severe illness
requiring hospitalization (such as viral pneumonia),
and complications such as secondary bacterial
pneumonia. More than 20 million people died during the
pandemic flu season of 1918/1919, the largest pandemic
of the 20th century. Recent epidemics in the United
States are believed to have resulted in greater than
10,000 (up to 40,000) excess deaths per year and
5,000-10,000 deaths per year in non-epidemic years.
[0003] The best strategy for prevention of morbidity
and mortality associated with influenza is
vaccination. Vaccination is especially recommended for
people in high-risk groups, such as residents of
nursing or residential homes, as well as for diabetes,
chronic renal failure, or chronic respiratory
conditions. [0004] Traditional methods of producing
influenza vaccines involve growth of an isolated
strain in embryonated hens' eggs. Initially, the virus
is recoveredfrom a throat swab or similar source and
isolated in eggs. The initial isolation in egg is
difficult, but the virus adapts to its egg host and
subsequent propagation in eggs takes place relatively
easily. It is widely recognized, however, that the
egg-derived production of IV for vaccine purposes has
several disadvantages. One disadvantage is that such
production process is rather vulnerable due to the
varying (microbiological quality of the eggs. Another
disadvantage is that the process completely lacks
flexibility if demand suddenly increases, i.e., in
case of a serious epidemic or pandemic, because of the
logistical problems due to the non-availability of
large quantities of suitable eggs. Also, vaccines thus
produced are contra-indicated for persons with a known
hypersensitivity to chicken and/or egg proteins.
[0005] The influenza vaccines currently in use are
designated whole virus (WV) vaccine or subvirion (SV)
(also called "split" or "purified surface antigen").
The WV vaccine contains intact, inactivated virus,
whereas the SV vaccine contains purified virus
disrupted with detergents that solubilize the
lipid-containing viral envelope, followed by chemical
inactivation of residual virus. Attenuated viral
vaccines against influenza are also in development. A
discussion of methods of preparing conventional
vaccine may be found in Wright, P.F. & Webster, R.G.,
FIELDS VIROLOGY, 4d Ed. (Knipe, D.M. et al. Ed.),
1464-65 (2001), for example. Virus Structures [0006]
An rv is roughly spherical, but it can also be
elongated or irregularly shaped. Inside the virus,
eight segments of single-stranded RNA contain the
genetic instructions for making the virus. The most
striking feature of the virus is a layer of spikes
projecting outward over its surface. There are two
different types of spikes: one is composed of the
molecule hemagglutinin (HA), the other of
neuraminidase (NA). The HA molecule allows the virus
to "stick" to a cell, initiating infection. The NA
molecule allows newly formed viruses to exit their
host cell without sticking to the cell surface or to
eachother. The viral capsid is comprised of viral
ribonucleic acid and several so called "internal"
proteins (polymerases (PBl, PB2, and PA, matrix
protein (Ml) and nucleoprotein (NP)). Because
antibodies against HA and NA have traditionally proved
the most effective in fighting infection, much
research has focused on the structure, function, and
genetic variation of those molecules. Researchers are
also interested in a two non-structural proteins M2
and NSl; both molecules play important roles in viral
infection. [0007] Type A subtypes are described by a
nomenclature system that includes the geographic site
of discovery, a lab identification number, the year of
discovery, and in parentheses the type of HA and NA it
possesses, for example, A/Hong Kong/156/97 (H5N1). If
the virus infects non-humans, the host species is
included before the geographical site, as in
A/Chicken/Hong Kong/G9/97 (H9N2). [0008] Virions
contain 7 segments (influenza C virus) to 8 segments
(influenza A and B virus) of linear negative-sense
single stranded RNA. Most of the segments of the virus
genome code for a single protein. For many influenza
viruses, the whole genome is now known. Genetic
reassortment of the virus results from intermixing of
the parental gene segments in the progeny of the
viruses when a cell is co-infected by two different
viruses of a given type. This phenomenon is
facilitated by the segmental nature of the genome of
influenza virus. Genetic reassortment is manifested as
sudden changes in the viral surface antigens. [0009]
Antigenic changes in HA and NA allow the influenza
virus to have tremendous variability. Antigenic drift
is the term used to indicate minor antigenic
variations in HA and NA of the influenza virus from
the original parent virus, while major changes in HA
and NA which make the new virions significantly
different, are called Antigenic shift. The difference
between the two phenomena is a matter of degree.
[0010] Antigenic drift (minor changes) occurs due to
accumulation of point mutations in the gene which
results in changes in the amino acids in the proteins.
Changes which are extreme, and drastic (too drastic to
be explainedby mutation alone) result in antigenic
shift of the virus. The segmented genomes of the
influenza viruses reassort readily in double infected
cells. Genetic reassortment between human and
non-human influenza virus has been suggested as a
mechanism for antigenic shift. Influenza is a zoonotic
disease, and an important pathogen in a number of
animal species, including swine, horses, and birds,
both wild and domestic. Influenza viruses are
transferred to humans from other species. [0011]
Because of antigenic shift and antigenic drift,
immunity to an IV carrying a particular HA and/or NA
protein does not necessarily confer protective
immunity against IV strains carrying variant, or
different HA and/or NA proteins. Because antibodies
against HA and NA have traditionally proved the most
effective in fighting IV infection, much research has
focused on the structure, function and genetic
variation of those molecules. Recent IV Vaccine
Candidates [0012] During the past few years, there has
been substantial interest in testing DNA-based
vaccines for a number of infectious diseases where the
need for a vaccine, or an improved vaccine, exists.
Several well-recognized advantages of DNA-based
vaccines include the speed, ease and cost of
manufacture, the versatility of developing and testing
multivalent vaccines, the finding that DNA vaccines
can produce a robust cellular response in a wide
variety of animal models as well as in humans, and the
proven safety of using plasmid DNA as a delivery
vector (Donnelly, J.J., et al., Annu. Rev. Immunol.
15:617- 648 (1997); Manickan, E., et al, Crit. Rev.
Immunol. i7(2):139-154 (1997); U.S. Patent No.
6,214,804). DNA vaccines represent the next generation
in the development of vaccines (Nossal, G., Nat. Med.
4(5 Supple):475-476 (1998)) and numerous DNA vaccines
are in clinical trials. The above references are
herein incorporated by reference in their entireties.
[0013] Studies have already been performed using
DNA-based vaccines in animals. Ulmer, J.B. et al,
Science 259:1745-9 (1993) revealed that micecould be
protected by an IV nucleoprotein DNA vaccine alone
against severe disease and death resulting from either
a homologous or a heterologous IV challenge. Further
studies have substantiated this model, and comparative
studies of live influenza vaccines versus DNA
influenza vaccines show them to be relatively
equivalent in immune induction and protection in the
murine model. [0014] WO 94/21797, incorporated herein
by reference in its entirety, discloses IV vaccine
compositions comprising DNA constructs encoding NP,
HA, Ml, PBl and NSl. WO 94/21797 also discloses
methods of protecting against IV infection comprising
immunization with a prophylactically effective amount
of these DNA vaccine compositions. [0015] The IV
nucleoprotein is relatively conserved (see Shu, LX. et
at, J. Virol. 67:2723-9 (1993)), but just as conserved
are the Ml matrix protein (which is a major T-cell
target), and the M2 protein, which are encoded by
separate reading frames of RNA segment 7. See
Neirynck, S. et at, Nat. Med. 5:1157-63 (1999); Lamb,
R.A. & Lai, CJ., Virology 112:746-51 (1981); Ito, T.
et at, J. Virol. 55:5491-8 (1991). Animal DNA vaccine
trials have been performed with DNA constructs
encoding these genes alone or in combination, usually
with success. See Okuda, K., et at, Vaccine 19:3681-91
(2001); Watabe, S. et at, Vaccine 19:4434-44 (2001).
Of interest, the M2 protein is involved as part of an
ion channel, is critical in resistance to the
antiviral agents amantadine and rimantidine, and
approximately 24 amino acids are extracellular (eM2).
See Fischer, W.B., Biochim Biophys Acta 1561:27-45
(2002); Zhong, Q., FEBS Lett 434:265-71 (1998).
Antibodies to this extracellular, highly conserved
protein (eM2), which is highly expressed in infected
cells (Lamb, R.A., et at, Cell 40:627-33 (1985)), have
been shown to be involved in animal models. Treanor,
JJ., J. Virol. 64:1375-7 (1990); Slepushkin, V.A. et
at, Vaccine 7.3:1399-402 (1995). An approach using a
conjugate hepatitis B core-eM2 protein has been
evaluated in an animal model and proposed as a
pandemic influenza vaccine. Neirynck, S. et at, Nat.
Med. 5:1157-63 (1999). However, in one study
vaccination of pigs with a DNAconstruct expressing
eM2-NP fusion protein exacerbated disease after
challenge with influenza A virus. Heinen, P.P., J.
Gen. Virol. 3:1851-59 (2002). All of the above
references are herein incorporated by reference in
their entireties. Heterologous "prime boost"
strategies have been effective for enhancing immune
responses and protection against numerous pathogens.
Schneider et al, Immunol. Rev. 170:29-38 (1999);
Robinson, H.L., Nat. Rev. Immunol. 2:239-50 (2002);
Gonzalo, R.M. et al, Vaccine 20:1226-31 (2002);
Tanghe, A., Infect. Immun. 69:3041-7 (2001). Providing
antigen in different forms in the prime and the boost
injections appears to maximize the immune response to
the antigen. DNA vaccine priming followed by boosting
with protein in adjuvant or by viral vector delivery
of DNA encoding antigen appears to be the most
effective way of improving antigen specific antibody
and CD4+ T-cell responses or CD8+ T-cell responses
respectively. Shiver J.W. et al, Nature 415: 331-5
(2002); Gilbert, S.C. et al, Vaccine 20:1039-45
(2002); Billaut-Mulot, O. et al, Vaccine 19:95-102
(2000); Sin, J.I. et al, DNA Cell Biol. 18:771-9
(1999). Recent data from monkey vaccination studies
suggests that adding CRLl 005 poloxamer (12 kDa, 5%
POE), to DNA encoding the HIV gag antigen enhances
T-cell responses when monkeys are vaccinated with an
HIV gag DNA prime followed by a boost with an
adenoviral vector expressing HIV gag (Ad5-gag). The
cellular immune responses for a DNA/poloxamer prime
followed by an Ad5-gag boost were greater than the
responses induced with a DNA (without poloxamer) prime
followed by Ad5-gag boost or for Ad5-gag only. Shiver,
J.W. et al. Nature 415:331-5 (2002). U.S. Patent Appl.
Publication No. US 2002/0165172 Al describes
simultaneous administration of a vector construct
encoding an immunogenic portion of an antigen and a
protein comprising the immunogenic portion of an
antigen such that an immune response is generated. The
document is limited to hepatitis B antigens and HIV
antigens. Moreover, U.S. Patent No. 6,500,432 is
directed to methods of enhancing an immune response of
nucleic acid vaccination by simultaneous
administration of a polynucleotideand polypeptide of
interest. According to the patent, simultaneous
administration means administration of the
polynucleotide and the polypeptide during the same
immune response, preferably within 0-10 or 3-7 days of
each 



other. The antigens contemplated by the patent
include, among others, those of Hepatitis (all forms),
HSV, HIV, CMV, EBV, RSV, VZV, HPV, polio, influenza,
parasites (e.g., from the genus Plasmodium), and
pathogenic bacteria (including but not limited to M.
tuberculosis, M. leprae, Chlamydia, Shigella, B.
burgdorferi, enterotoxigenic E. coli, S. typhosa, H.
pylori, V. cholerae, B. pertussis, etc.). All of the
above references are herein incorporated by reference
in their entireties. SUMMARY OF THE INVENTION The
present invention is directed to enhancing the immune
response of a vertebrate in need of protection against
IV infection by administering in vivo, into a tissue
of the vertebrate, at least one polynucleotide,
wherein the polynucleotide comprises one or more
nucleic acid fragments, where the one or more nucleic
acid fragments are optionally fragments of
codon-optimized coding regions operably encoding one
or more IV polypeptides, or fragments, variants, or
derivatives thereof. The present invention is further
directed to enhancing the immune response of a
vertebrate in need of protection against IV infection
by administering, in vivo, into a tissue of the
vertebrate, a polynucleotide described above plus at
least one isolated IV polypeptide or a fragment, a
variant, or derivative thereof. The isolated IV
polypeptide can be, for example, a purified subunit, a
recombinant protein, a viral vector expressing an
isolated IV polypeptide, or can be an inactivated or
attentuated rV, such as those present in conventional
IV vaccines. According to either method, the
polynucleotide is incorporated into the cells of the
vertebrate in vivo, and an immunologically effective
amount of an immunogenic epitope of the encoded IV
polypeptide, or a fragment, variant, or derivative
thereof, is produced in vivo. When utilized, an
isolated IV polypeptide or a fragment,variant, or
derivative thereof is also administered in an
immunologically effective amount. [0018] According to
the present invention, the polynucleotide can be
administered either prior to, at the same time
(simultaneously), or subsequent to the administration
of the isolated IV polypeptide. The IV polypeptide or
fragment, variant, or derivative thereof encoded by
the polynucleotide comprises at least one immunogenic
epitope capable of eliciting an immune response to
influenza virus in a vertebrate. In addition, an
isolated IV polypeptide or fragment, variant, or
derivative thereof, when used, comprises at least one
immunogenic epitope capable of eliciting an immune
response in a vertebrate. The IV polypeptide or
fragment, variant, or derivative thereof encoded by
the polynucleotide can, but need not, be the same
protein or fragment, variant, or derivative thereof as
the isolated IV polypeptide which can be administered
according to the method. [0019] The polynucleotide of
the invention can comprise a nucleic acid fragment,
where the nucleic acid fragment is a fragment of a
codon-optimized coding region operably encoding any IV
polypeptide or fragment, variant, or derivative
thereof, including, but not limited to, HA, NA, NP, Ml
or M2 proteins or fragments (e.g., eM2), variants or
derivatives thereof. A polynucleotide of the invention
can also encode a derivative fusion protein, wherein
two or more nucleic acid fragments, at least one of
which encodes an IV polypeptide or fragment, variant,
or derivative thereof, are joined in frame to encode a
single polypeptide, e.g., NP fused to eM2.
Additionally, a polynucleotide of the invention can
further comprise a heterologous nucleic acid or
nucleic acid fragment. Such heterologous nucleic acid
or nucleic acid fragment may encode a heterologous
polypeptide fused in frame with the polynucleotide
encoding the IV polypeptide, e.g., a hepatitis B core
protein or a secretory signal peptide. Preferably, the
polynucleotide encodes an IV polypeptide or fragment,
variant, or derivative thereof comprising at least one
immunogenic epitope of IV, wherein the epitope elicits
a B-cell (antibody) response, aT-cell (e.g., CTL)
response, or both.[0020] Similarly, the isolated IV
polypeptide or fragment, variant, or derivative
thereof to be delivered (either a recombinant protein,
a purified subunit, or viral vector expressing an
isolated IV polypeptide, or in the form of an
inactivated IV vaccine) can be any isolated IV
polypeptide or fragment, variant, or derivative
thereof, including but not limited to the HA, NA, NP,
Ml or M2 proteins or fragments (e.g., eM2), variants
or derivatives thereof. In certain embodiments, a
derivative protein can be a fusion protein, e.g.,
NPeM2. In other embodiments, the isolated TV
polypeptide or fragment, variant, or derivative
thereof can be fused to a heterologous protein, e.g.,
a secretory signal peptide or the hepatitis B virus
core protein. Preferably, the isolated IV polypeptide
or fragment, variant, or derivative thereof comprises
at least one immunogenic, epitope of IV, wherein the
antigen elicits a B-cell antibody response, a T-cell
antibody response, or both. [0021] Nucleic acids and
fragments thereof of the present invention can be
altered from their native state in one or more of the
following ways. First, a nucleic acid or fragment
thereof which encodes an IV polypeptide or fragment,
variant, or derivative thereof can be part or all of a
codon-optimized coding region, optimized according to
codon usage in the animal in which the vaccine is to
be delivered. In addition, a nucleic acid or fragment
thereof which encodes an TV polypeptide can be a
fragment which encodes only a portion of a full-length
polypeptide, and/or can be mutated so as to, for
example, remove from the encoded polypeptide
non-desired protein motifs present in the encoded
polypeptide or virulence factors associated with the
encoded polypeptide. For example, the nucleic acid
sequence could be mutated so as not to encode a
membrane anchoring region that would prevent release
of the polypeptide from the cell as with, e.g., eM2.
Upon delivery, the polynucleotide of the invention is
incorporated into the cells of the vertebrate in vivo,
and a prophylactically or therapeutically effective
amount of an immunologic epitope of an IV is produced
in vivo. [0022] Similarly, the proteins of the
invention can be a fragment of a fulllength IV
polypeptide and/or can be altered so as to, for
example, removefrom the polypeptide non-desired
protein motifs present in the polypeptide or virulence
factors associated with the polypeptide. For example,
the polypeptide could be altered so as not to encode a
membrane anchoring region that would prevent release
of the the polypeptide from the cell. [0023] The
invention further provides immunogenic compositions
comprising at least one polynucleotide, wherein the
polynucleotide comprises one or more nucleic acid
fragments, where each nucleic acid fragment is a
fragment of a codon-optimized coding region encoding
an IV polypeptide or a fragment, a variant, or a
derivative thereof; and immunogenic compositions
comprising a polynucleotide as described above and at
least one isolated IV polypeptide or a fragment, a
variant, or derivative thereof. Such compositions can
further comprise, for example, carriers, excipients,
transfection facilitating agents, and/or adjuvants as
described herein. [0024] The immunogenic compositions
comprising a polynucleotide and an isolated IV
polypeptide or fragment, variant, or derivative
thereof as described above can be provided so that the
polynucleotide and protein formulation are
administered separately, for example, when the
polynucleotide portion of the composition is
administered prior (or subsequent) to the isolated IV
polypeptide portion of the composition. Alternatively,
immunogenic compositions comprising the polynucleotide
and the isolated IV polypeptide or fragment, variant,
or derivative thereof can be provided as a single
formulation, comprising both the polynucleotide and
the protein, for example, when the polynucleotide and
the protein are administered simultaneously. In
another alternative, the polynucleotide portion of the
composition and the isolated IV polypeptide portion of
the composition can be provided simultaneously, but in
separate formulations. [0025] Compositions comprising
at least one polynucleotide comprising one or more
nucleic acid fragments, where each nucleic acid
fragment is optionally a fragment of a codon-optimized
coding region operably encoding an IV polypeptide or
fragment, variant, or derivative thereof together with
and one or more isolated IV polypeptides or fragments,
variants or derivatives thereof(as either a
recombinant protein, a purified subunit, a viral
vector expressing the protein, or in the form of an
inactivated or attenuated IV vaccine) will be referred
to herein as "combinatorial polynucleotide (e.g., DNA)
vaccine compositions" or "single formulation
heterologous prime-boost vaccine compositions." The
compositions of the invention can be univalent,
bivalent, trivalent or mulitvalent. A univalent
composition will comprise only one polynucleotide
comprising a nucleic acid fragment, where the nucleic
acid fragment is optionally a fragment of a
codon-optimized coding region encoding an IV
polypeptide or a fragment, variant, or derivative
thereof, and optionally the same IV polypeptide or a
fragment, variant, or derivative thereof in isolated
form. In a single formulation heterologous prime-boost
vaccine composition, a univalent composition can
include a polynucleotide comprising a nucleic acid
fragment, where the nucleic acid fragment is
optionally a fragment of a codon-optimized coding
region encoding an IV polypeptide or a fragment,
variant, or derivative thereof and an isolated
polypeptide having the same antigenic region as the
polynucleotide. A bivalent composition will comprise,
either in polynucleotide or protein form, two
different IV polypeptides or fragments, variants, or
derivatives thereof, each capable of eliciting an
immune response. The polynucleotide(s) of the
composition can encode two IV polypeptides or
alternatively, the polynucleotide can encode only one
TV polypeptide and the second IV polypeptide would be
provided by an isolated TV polypeptide of the
invention as in, for example, a single formulation
heterologous prime-boost vaccine composition. In the
case where both IV polypeptides of a bivalent
composition are delivered in polynucleotide form, the
nucleic acid fragments operably encoding those IV
polypeptides need not be on the same polynucleotide,
but can be on two different polynucleotides. A
trivalent or further multivalent composition will
comprise three IV polypeptides or fragments, variants
or derivatives thereof, either in isolated form or
encoded by one or more polynucleotides of the
invention.[0027] The present invention further
provides plasmids and other polynucleotide constructs
for delivery of nucleic acid fragments of the
invention to a vertebrate, e.g., a human, which
provide expression of IV polypeptides, or fragments,
variants, or derivatives thereof. The present
invention further provides carriers, excipients,
transfection-facilitating agents,
immunogenicity-enhancing agents, e.g., adjuvants, or
other agent or agents to enhance the transfection,
expression or efficacy of the administered gene and
its gene product. [0028] In one embodiment, a
mulitvalent composition comprises a single
polynucleotide, e.g., plasmid, comprising one or more
nucleic acid regions operably encoding IV polypeptides
or fragments, variants, or derivatives thereof.
Reducing the number of polynucleotides, e.g., plasmids
in the compositions of the invention can have
significant impacts on the manufacture and release of
product, thereby reducing the costs associated with
manufacturing the compositions. There are a number of
approaches to include more than one expressed antigen
coding sequence on a single plasmid. These include,
for example, the use of Internal Ribosome Entry Site
(IRES) sequences, dual promoters/expression cassettes,
and fusion proteins. [0029] The invention also
provides methods for enhancing the immune response of
a vertebrate to IV infection by administering to the
tissues of a vertebrate one or more polynucleotides
each comprising one or more nucleic acid fragments,
where each nucleic acid fragment is optionally a
fragment of a codon-optimized coding region encoding
an IV polypeptide or fragment, variant, or derivative
thereof; and optionally administering to the tissues
of the vertebrate one or more isolated FV
polypeptides, or fragments, variants, or derivatives
thereof. The isolated IV polypeptide can be
administered prior to, at the same time
(simultaneously), or subsequent to administration of
the polynucleotides encoding IV polypeptides. [0030]
In addition, the invention provides consensus amino
acid sequences for rV polypeptides, or fragments,
variants or derivatives thereof, including, but not
limited to the HA, NA, NP, Ml or M2 proteins or
fragments (e.g. eM2),variants or derivatives thereof.
Polynucleotides which encode the consensus
polypeptides or fragments, variants or derivatives
thereof, are also embodied in this invention. Such
polynucleotides can be obtained by known methods, for
example by backtranslation of the amino acid sequence
and PCR synthesis of the corresponding polynucleotide
as described below. BRIEF DESCRIPTION OF THE FIGURES
[0031] Figure 1 shows an alignment of nucleotides
46-1542 of SEQ ID NO:1 (native NP coding region) with
a coding region fully codon-optimized for human usage
(SEQ ID NO:23). [0032] Figure 2 shows the protocol for
the preparation of a formulation comprising 0.3 mM
BAK, 7.5 mg/ml CRL 1005 and 5 mg/ml of DNA in a final
volume of 3.6 ml, through the use of thermal cycling.
[0033] Figure 3 shows the protocol for the preparation
of a formulation comprising 0.3 mM BAK, 34 mg/ml or 50
mg/ml CRL 1005 and 2.5 mg/ml DNA in a final volumne of
4.0 ml, through the use of thermal cycling. [0034]
Figure 4 shows the protocol for the simplified
preparation (without thermal cycling) of a formulation
comprising 0.3 mM BAK, 7.5 mg/ml CRL 1005 and 5 mg/ml
DNA. [0035] Figure 5 shows the anti-NP antibody
response three weeks after a single administration of
a combinatorial prime-boost vaccine formulation
against the influenza virus NP protein. [0036] Figure
6 shows the anti-NP antibody response twelve days
after a second administration of a combinatorial
prime-boost vaccine formulation against the influenza
virus NP protein. [0037] Figure 7 shows the CD8+ T
Cell response to a combinatorial primeboost vaccine
formulation against the influenza virus NP protein.
[0038] Figure 8 shows the CD4+ T Cell response to a
combinatorial primeboost vaccine formulation against
the influenza virus NP protein.[0039] Figures 9A and
9B show the results of a two dose mouse immunization
regimen study with plasmid DNA encoding IAV HA (H3).
[0040] Figures 1OA and 1OB show the in vitro
expression of Ml and M2 from segment 7 and an M1M2
fusion. [0041] Figures H A and HB show the in vitro
expression of eM2-NP and codon-optimized influenza
virus NP protein. [0042] Figure 12 shows the influenza
A NP protein consensus amino acid sequence aligned
with 22 full length NP sequences. [0043] Figure 13 is
a schematic diagram of various vectors encoding
influenza proteins described herein. [0044] Figure 14
are the results of western blot experiments as
described in Example 13, Experiment 3. The blots show
lysates of VM92 cells transfected with plasmids which
express M2 or NP to compare expression of the
influenza protein from different expression vectors.
[0045] Figure 15 are the results of western blot
experiments as described in Example 13, Experiment 3.
The blots show lysates of VM92 cells transfected with
plasmids which express Ml, M2 or NP to compare
expression of the influenza protein from expression
vectors. DETAILED DESCRIPTION OF THE INVENTION [0046]
The present invention is directed to compositions and
methods for enhancing the immune response of a
vertebrate in need of protection against rV infection
by administering in vivo, into a tissue of a
vertebrate, at least one polynucleotide comprising one
or more nucleic acid fragments, where each nucleic
acid fragment is optionally a fragment of a
codon-optimized coding region operably encoding an IV
polypeptide, or a fragment, variant, or derivative
thereof in cells of the vertebrate in need of
protection. The present invention is also directed to
administering in vivo, into a tissue of the vertebrate
the above described polynucleotide and at least one
isolated IV polypeptide, or a fragment, variant, or
derivative thereof. The isolated IVpolypeptide or
fragment, variant, or derivative thereof can be, for
example, a recombinant protein, a purified subunit
protein, a protein expressed and carried by a
heterologous live or inactivated or attentuated viral
vector expressing the protein, or can be an
inactivated IV, such as those present in conventional,
commercially available, inactivated IV vaccines.
According to either method, the polynucleotide is
incorporated into the cells of the vertebrate in viva,
and an immunologically effective amount of the
influenza 



protein, or fragment or variant encoded by the
polynucleotide is produced in vivo. The isolated
protein or fragment, variant, or derivative thereof is
also administered in an immunologically effective
amount. The polynucleotide can be administered to the
vertebrate in need thereof either prior to, at the
same time (simultaneously), or subsequent to the
administration of the isolated IV polypeptide or
fragment, variant, or derivative thereof. Non-limiting
examples of IV polypeptides within the scope of the
invention include, but are not limited to, NP, HA, NA,
Ml and M2 polypeptides, and fragments, e.g., eM2,
derivatives, e.g., an NP-eM2 fusion, and variants
thereof. Nucleotide and amino acid sequences of TV
polypeptides from a wide variety of IV types and
subtypes are known in the art. The nucleotide
sequences set out below are the wild-type sequences.
For example, the nucleotide sequence of the NP protein
of Influenza A/PR/8/34 (HlNl) is available as GenBank
Accession Number M38279.1, and has the following
sequence, referred to herein as SEQ ID NO:1 :
AGCAAAAGCAGGGTAGATAATCACTCACTGAGTGACATCAAATCATGGCGTCTC
AGGCACC
AAACGATCTTACGAACAGATGGAGACTGATGGAGAACGCCAGAATGCCACTGAA
ATCAGAGCA
TCCGTCGGAAAATGATTGGTGGAATTGGACGATTCTACATCCAAATGTGCACCG
AACTCAAA
CTCAGTGATTATGAGGGACGGTTGATCCAAAACAGCTTAACAATAGAGAGAATG
GTGCTCTCT
GCTTTTGACGAAAGGAGAAATAAATACCTTGAGAACATCCCAGTGCGGGGAAGA
TCCTAAG
AAAACTGGAGGACCTATATACAGGAGAGTAAACGGAAAGTGGATGAGAGAACTC
ATCCTTTAT
GCAAAGAGAAATAAGGCGATCTGGCGCCAGCTAATAATGGTGACGATGCAACGG
CTGGT
CTGACTCACATGATGATCTGGCATTCCAATTTGAATGATGCAACTTATCAGAGG
ACAAGAGCT
CTTGTTCGCACCGGAATGGATCCCAGGATGTGCTCTCTGATGCAAGGTTCAACT
CTCCCTAGG
AGGTCTGGAGCCGCAGGTGCTGCAGTCAAAGGAGTTGGAACAATGGTGATGGAA
TTGGTCAGA
ATGATCAAACGTGGGATCAATGATCGGAACTTCTGGAGGGGTGAGAATGGACGA
AAAACAAGA
ATTGCTTATGAAAGAATGTGCAACATTCTCAAAGGGAAATTTCAAACTGCTGCA
CAAAAAGCA
ATGATGGATCAAGTGAGAGAGAGCCGGAACCCAGGGAATGCTGAGTTCGAAGAT
CTCACTTTT
CTAGCACGGTCTGCACTCATATTGAGAGGGTCGGTTGCTCACAGTCCTGCCTGC
CTGCCTGT
GTGTATGGACCTGCCGTAGCCAGTGGGTACGACTTTGAAAGGGAGGGATACTCT
CTAGTCGGA
ATAGACCCTTTCAGACTGCTTCAAACAGCCAGTGTACAGCCTAATCAGACCAAA
TGAGAT
CCAGCACACAAGAGTCAACTGGTGTGGATGGCATGCCATTCTGCCGCATTTGAA
GATCTAAGAGTATTAAGCTTCATCAAAGGGACGAAGGTGCTCCCAAGAGGGAAG
CTTTCCACTAGAGGAGTT
CAAATTGCTTCCAATGAAAATATGGAGACTATGGAATCAAGTACACTTGAACTG
AGAAGCAGG
TACTGGGCCATAAGGACCAGAAGTGGAGGAAACACCAATCAACAGAGGGCATCT
GCGGGCCAA
ATCAGCATACAACCTACGTTCTCAGTACAGAGAAATCTCCCTTTTGACAGAACA
ACCGTTATG
GCAGCATTCAGTGGGAATACAGAGGGGAGAACATCTGACATGAGGACCGAAATC
ATAAGGATG
ATGGAAAGTGCAAGACCAGAAGATGTGTCTTTCCAGGGGCGGGGAGTCTTCGAG
CTCTCGGAC
GAAAAGGCAGCGAGCCCGATCGTGCCTTCCTTTGACATGAGTAATGAAGGATCT
TATTTCTTC
GGAGACAATGCAGAGGAATACGATAATTAAAGAAAAATACCCTTGTTTCTACT
[0048] The amino acid sequence of the NP protein of
Influenza A/PR/8/34 (HlNl), encoded by nucleotides
46-1494 of SEQ ID NO:1 is as follows, referred to
herein as SEQ ID NO:2: MASQGTKRS
YEQMETDGERQNATEIRASVGKMIGGIGRFYIQMCTELKLSDYEGRLIQNSLTI
ERMVLSAFDERRNKYLEEHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIR
RIWRQAHNG
DDATAGLTHMMIWHSNLNDATYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAG
AAVKGVGTM
VMELVRMIKRGINDRNFWRGENGRKTRIAYERMCNILKGKFQTAAQKAMMDQVR
ESRNPGNAE
FEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGIDPFRL
LQNSQVYSL
IRPNENPAHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLSTRGVQIASNE
NMETMESST
LELRSRYWAIRTRSGGNTNQQRASAGQISIQPTFSVQRNLPPDRTTVMAAFSGN
TEGRTSDMR
TEIIRMMESARPEDVSFQGRGVFELSDEKAASPIVPSFDMSNEGSYFFGDNAEE
YDN [0049] Segment 7 of the IAV genome encodes both Ml
and M2. Seqment 7 of Influenza A virus (A/Puerto
Rico/8/34/Mount Sinai (HlNl)), is available as GenBank
Accession No. AF389121.1, and has the following
sequence, referred to herein as SEQ ID NO:3:
AGCGAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAGGTCGAAACGTA
CGTACTCTC
TATCATCCCGTCAGGCCCCCTCAAAGCCGAGATCGCACAGAGACTTGAAGATGT
CTTTGCAGG
GAAGAACACTGATCTTGAGGTTCTCATGGAATGGCTAAAGACAAGACCAATCCT
GTCACCTCT
GACTAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGG
ACTGCAGCG
TAGACGCTTTGTCCAAAATGCCCTTAATGGGAACGGGGATCCAAATAACATGGA
CAAAGCAGT
TAAACTGTATAGGAAGCTCAAGAGGGAGATAACATTCCATGGGGCCAAAGAAAT
CTCACTCAG
TTATTCTGCTGGTGCACTTGCCAGTTGTATGGGCCTCATATACAACAGGATGGG
GGCTGTGAC
CACTGAAGTGGCATTTGGCCTGGTATGTGCAACCTGTGAACAGATTGCTGACTC
CCAGCATCG
GTCTCATAGGCAAATGGTGACAACAACCAATCCACTAATCAGACATGAGAACAG
AATGGTTTT
AGCCAGCACTACAGCTAAGGCTATGGAGCAAATGGCTGGATCGAGTGAGCAAGC
AGCAGAGGC
CATGGAGGTTGCTAGTCAGGCTAGACAAATGGTGCAAGCGATGAGAACCATTGG
GACTCATCC
TAGCTCCAGTGCTGGTCTGAAATGATCTTCTTGAAAATTTGCAGGCCTATCAGA
AACGAAT
GGGGGTGCAGATGCAACGGTTCAAGTGATCCTCTCGCTATTGCCGCAATATCAT
TGGGATCT
TGCACTTGACATTGTGGATTCTTGATCGTCTTTTTTTCAAATGCATTTACCGTC
GCTTTAAAT
ACGGACTGAAAGGAGGGCCTTCTACGGAAGGAGTGCCAAAGTCTATGAGGGAAG
AATATCGAA
AGGAACAGCAGAGTGCTGTGGATGCTGACGATGGTCATTTTGTCAGCATAGAGC
TGGAGTAAA AAACTACCTTGTTTCTACT [0050] The amino acid
sequence of the Ml protein of Influenza A/Puerto
Rico/8/34/Mount Sinai(HlNl), encoded by nucleotides 26
to 784 of SEQ ID NO:3 is as follows, referred to
herein as SEQ ID
NO:4:MSLLTEVETYVLSIIPSGPLKAEIAQRLEDVFAGKNTDLEVLMEWLKTR
PILSPLTKGIL
GFWTLTWSERGLQRRRFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEIS
L SYSAGALASCMGLrrRMGAVTTEVAFGLVCATCEQL
DSQHRSHRQMVTTTNPLIR
HENRMVLASTTAKAMEQMAGSSEQAAEAMEVASQARQMVQAMRTIGTHPSSSAG
L KNDLLENLQAYQKRMGVQMQRFK [0051] The amino acid
sequence of the M2 protein of Influenza A/Puerto
Rico/8/34/Mount Sinai (HlNl), encoded (in spliced
form) by nucleotides 26 to 51 and 740 to 1007 of SEQ
ID NO:3 is as follows, referred to herein as SEQ ID
NO:5: MSLLTEVETPIRNEWGCRCNGSSDP
LAIAANHGILHLTLWILDRLFFKCIYRRFKYGLK
GGPSTEGVPKSMREEYRKEQQSAVDADDGHFVSIELE [0052] The
Extracellular region of the M2 protein (eM2)
corresponds to the first 24 amino acids of the
N-terminal end of the protein, and is underlined
above. See Fischer, W.B. et al, Biochim. Biophys.
Acta. 1561:27-45 (2002); Zhong, Q. et al, FEBS Lett.
434:265-11 (1998). [0053] A derivative of NP and eM2
described herein is encoded by a construct which
encodes the first 24 amino acids of M2 and all or a
portion of NP. The fusion constructs may be
constructed with the eM2 sequences followed by the NP
sequences, or with the NP sequences followed by the
eM2 sequences. Exemplary fusion constructs using the
NP and M2 sequences from Influenza A/PR/8/34 (HlNl)
are set out below. A sequence, using the original
influenza virus nucleotide sequences, which encodes
the first 24 amino acids of M2 fused at its 3' end to
a sequence which encodes NP in its entirety eM2-NP is
referred to herein as SEQ ID NO:6: 1 ATGAGTCTTC
TAACCGAGGT CGAAACGCCT ATCAGAAACG AATGGGGGTG CAGATGCAAC
61 GGTTCAAGTG ATATGGCGTC TCAAGGCACC AAACGATCTT
ACGAACAGAT GGAGACTGAT 121 GGAGAACGCC AGAATGCCAC
TGAAATCAGA GCATCCGTCG GAAAAATGAT TGGTGGAATT 181
GGACGATTCT ACATCCAAAT GTGCACCGAA CTCAAACTCA GTGATTATGA
GGGACGGTTG 241 ATCCAAAACA GCTTAACAAT AGAGAGAATG
GTGCTCTCTG CTTTTGACGA AAGGAGAAAT 301 AAATACCTTG
AAGAACATCC CAGTGCGGGG AAAGATCCTA AGAAAACTGG AGGACCTATA
361 TACAGGAGAG TAAACGGAAA GTGGATGAGA GAACTCATCC
TTTATGACAA AGAAGAAATA 421 AGGCGAATCT GGCGCCAAGC
TAATAATGGT GACGATGCAA CGGCTGGTCT GACTCACATG 481
ATGATCTGGC ATTCCAATTT GAATGATGCA ACTTATCAGA GGACAAGAGC
TCTTGTTCGC 541 ACCGGAATGG ATCCCAGGAT GTGCTCTCTG
ATGCAAGGTT CAACTCTCCC TAGGAGGTCT 601 GGAGCCGCAG
GTGCTGCAGT CAAAGGAGTT GGAACAATGG TGATGGAATT GGTCAGAATG
661 ATCAAACGTG GGATCAATGA TCGGAACTTC TGGAGGGGTG
AGAATGGACG AAAAACAAGA 721 ATTGCTTATG AAAGAATGTG
CAACATTCTC AAAGGGAAAT TTCAAACTGC TGCACAAAAA 781
GCAATGATGG ATCAAGTGAG AGAGAGCCGG AACCCAGGGA ATGCTGAGTT
CGAAGATCTC 841 ACTTTTCTAG CACGGTCTGC ACTCATATTG
AGAGGGTCGG TTGCTCACAA GTCCTGCCTG 901 CCTGCCTGTG
TGTATGGACC TGCCGTAGCC AGTGGGTACG ACTTTGAAAG GGAGGGATAC
961 TCTCTAGTCG GAATAGACCC TTTCAGACTG CTTCAAAACA
GCCAAGTGTA CAGCCTAATC 1021 AGACCAAATG AGAATCCAGC
ACACAAGAGT CAACTGGTGT GGATGGCATG CCATTCTGCC1081
GCATTTGAAG ATCTAAGAGT ATTAAGCTTC ATCAAAGGGA CGAAGGTGCT
CCCAAGAGGG 1141 AAGCTTTCCA CTAGAGGAGT TCAAATTGCT
TCCAATGAAA ATATGGAGAC TATGGAATCA 1201 AGTACACTTG
AACTGAGAAG CAGGTACTGG GCCATAAGGA CCAGAAGTGG AGGAAACACC
1261 AATCAACAGA GGGCATCTGC GGGCCAAATC AGCATACAAC
CTACGTTCTC AGTACAGAGA 1321 AATCTCCCTT TTGACAGAAC
AACCGTTATG GCAGCATTCA GTGGGAATAC AGAGGGGAGA 1381
ACATCTGACA TGAGGACCGA AATCATAAGG ATGATGGAAA GTGCAAGACC
AGAAGATGTG 1441 TCTTTCCAGG GGCGGGGAGT CTTCGAGCTC
TCGGACGAAA AGGCAGCGAG CCCGATCGTG 1501 CCTTCCTTTG
ACATGAGTAA TGAAGGATCT TATTTCTTCG GAGACAATGC AGAGGAATAC
1561 GATAAT [0054] The amino acid sequence of the
eM2-NP fusion protein of Influenza A/PR/8/34/ (HlNl),
encoded by nucleotides 1 to 1566 SEQ ID NO:6 is as
follows, referred to herein as SEQ ID NO:7 (eM2 amino
acid sequence underlined):
MSLLTBATETPIRKrEWGCRCNGSSDMASQGTKRSYEQMETDGERQNATEIRAS
VGKMIGGIGRF
YIQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLEEHPSAGKDPKKTG
GPIYRRVNG
KWMRELILYDKEEIRRIWRQANNGDDATAGLTHMMIWHSNLNDATYQRTRALVR
TGMDPRMCS
LMQGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRGINDRNFWRGENGRKTRIAY
ERMCNILKG
KFQTAAQKAMMDQVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACVYG
PAVASGYDF
EREGYSLVGIDPFRLLQNSQVYSLIRPNENPAHKSQLVWMACHSAAFXDLRVLS
FIKGTKVLP
RGKLSTRGVQIASNENMETMESSTLXLRSRYWAIRTRSGGNTNQQRASAGQISI
QPTFSVQRN
LPFDRTTVMAAFSGNTEGRTSDMRTEIIRMMESARPEDVSFQGRGVFXLSDEKA
ASPIVPSFD MSNEGSYFFGDNAEEYDN [0055] A sequence, using
the original influenza virus nucleotide aequences,
which encodes NP in its entirety fused at its 3' end
to the first 24 amino acids of M2 fused to a sequence
which encodes NP in its entirety is referred to herein
as SEQ ID NO:8:
ATGGCGTCTCAAGGCACCAAACGATCTTACGAACAGATGGAGACTGATGGAGAA
CGCCAGAATGCCACTG
CAAACTCAGTGATTATGAGGGACGGTTGATCCAAAACAGCTTAACAATAGAGAG
AATGGTGCTCTCTGCT
TTTGACGAAAGGAGAAATAAATACCTTGAAGAACATCCCAGTGCGGGGAAAGAT
CCTAAGAAAACTGGAG
GACCTATATACAGGAGAGTAAACGGAAAGTGGATGAGAGAACTCATCCTTTATG
ACAAAGAAGAAATAAG
TCCAATTTGAATGATGCAACTTATCAGAGGACAAGAGCTCTTGTTCGCACCGGA
ATGGATCCCAGGATGT
GCTCTCTGATGCAAGGTTCAACTCTCCCTAGGAGGTCTGGAGCCGCAGGTGCTG
CAGTCAAAGGAGTTGG
AACAATGGTGATGGAATTGGTCAGAATGATCAAACGTGGGATCAATGATCGGAA
CTTCTGGAGGGGTGAG
AATGGACGAAAAACAAGAATTGCTTATGAAAGAATGTGCAACATTCTCAAAGGG
AAATTTCAAACTGCTG
CACAAAAAGCAATGATGGATCAAGTGAGAGAGAGCCGGAACCCAGGGAATGCTG
AGTTCGAAGATCTCAC
TTTTCTAGCACGGTCTGCACTCATATTGAGAGGGTCGGTTGCTCACAAGTCCTG
CCTGCCTGCCTGTGTG
TATGGACCTGCCGTAGCCAGTGGGTACGACTTTGAAAGGGAGGGATACTCTCTA
GTCGGAATAGACCCTT
TCAGACTGCTTCAAAACAGCCAAGTGTACAGCCTAATCAGACCAAATGAGAATC
CAGCACACAAGAGTCA
ACTGGTGTGGATGGCATGCCATTCTGCCGCATTTGAAGATCTAAGAGTATTAAG
CTTCATCAAAGGGACG
AAGGTGCTCCCAAGAGGGAAGCTTTCCACTAGAGGAGTTCAAATTGCTTCCAAT
GAAAATATGGAGACTA
TGGAATCAAGTACACTTGAACTGAGAAGCAGGTACTGGGCCATAAGGACCAGAA
GTGGAGGAAACACCAA
TCAACAGAGGGCATCTGCGGGCCAAATCAGCATACAACCTACGTTCTCAGTACA
GAGAAATCTCCCTTTT
GACAGAACAACCGTTATGGCAGCATTCAGTGGGAATACAGAGGGGAGAACATCT
GACATGAGGACCGAAA
TCATAAGGATGATGGAAAGTGCAAGACCAGAAGATGTGTCTTTCCAGGGGCGGG
GAGTCTTCGAGCTCTC
GGACGAAAAGGCAGCGAGCCCGATCGTGCCTTCCTTTGACATGAGTAATGAAGG
ATCTTATTTCTTCGGA
GACAATGCAGAGGAATACGATAATATGAGTCTTCTAACCGAGGTCGAAACGCCT
ATCAGAAACGAATGGG GGTGCAGATGCAACGGTTCAAGTGAT[0056] The
amino acid sequence of the NP-eM2 fusion protein of
Influenza A/PR/8/34/ (HlNl), encoded by nucleotides 1
to 1566 of SEQ ID NO:8 is as follows, referred to
herein as SEQ ID NO:9 (eM2 amino acid sequence
underlined):
MASQGTKRSYXQMETDGERQNATEIRASVGKMIGGIGRFYIQMCTELKLSDYEG
RLIQNSLTI
ERMVLSAFDERRNKYLEEHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKXXIR
RIWRQANNG
DDATAGLTHMMIWHSNLHDATYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAG
AAVKGVGTM
VMELVRMIKRGINDRNFWRGENGRKTRIAYERMCNILKGKFQTAAQKAMMDQVR
ESRNPGNAE
FEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGIDPFRL
LQNSQVYSL
IRPNENPAHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLSTRGVQIASNE
NMETMESST
LELRSRYWAIRTRSGGNTNQQRSAGQISIQPTFSVQRNLPFDRTTVMAAFSGNT
EGRTSDMR
TEIIRMMESARPEDVSFQGRGVFELSDEKASPIVPSFDMSNEGSYFFGDNAEEY
DNMSLLTE VETPIRNEWGCRCNGSSD [0057] The construction of
functional fusion proteins often requires a linker
sequence between the two fused fragments, in order to
adopt an extended conformation to allow maximal
flexibility. We used program LINKER (Chiquita J.
Crasto CJ. and Feng, J. Protein Engineering 73:309-312
(2000), program publicly available at
http://chutney.med.yale.edu/liriker/linker.html
(visited April 16, 2003)), that can automatically
generate a set of linker sequences, which are known to
adopt extended conformations as determined by X-ray
crystallography and NMR. Examples of suitable linkers
to use in various eM2-NP or NP-eM2 fusion proteins are
as follows: 1 . GYNTRA (SEQ ID NO: 10) 2 . FQMGET (SEQ
ID NO: 11) 3 . FDRVKHLK (SEQ ID NO: 12) 4 . GRNTNGVIT
(SEQ ID NO: 13) 5 . VNEKTIPDHD (SEQ ID NO: 14) [0058]
The nucleotide sequence of the NP protein of Influenza
B/LEE/40 is available as GenBank Accession Number
KO1395, and has the following sequence, referred to
herein as SEQ ID NO: 15: 1 ATGTCCAACA TG6ATATTGA
CAGTATAAAT ACCGGAACAA TCGATAAAAC ACCAGAAGAA 61
CTGACTCCCG GAACCAGTGG GGCAACCAGA CCAATCATCA AGCCAGCAAC
CCTTGCTCCG 121 CCAAGCAACA AACGAACCCG AAATCCATCT
CCAGAAAGGA CAACCACAAG CAGTGAAACC 181 GATATCGGAA
GGAAAATCCA AAAGAAACAA ACCCCAACAG AGATAAAGAA GAGCGTCTAC
241 AAAATGGTGG TAAAACTGGG TGAATTCTAC AACCAGATGA
TGGTCAAAGC TGGACTTAAT 301 GATGACATGG AAAGGAATCT
AATTCAAAAT GCACAAGCTG TGGAGAGAAT CCTATTGGCT 361
GCAACTGATG ACAAGAAAAC TGAATACCAA AAGAAAAGGA ATGCCAGAGA
TGTCAAAGAA 421 GGGAAGGAAG AAATAGACCA CAACAAGACA
GGAGGCACCT TTTATAAGAT GGTAAGAGAT 481 GATAAAACCA
TCTACTTCAG CCCTATAAAA ATTACCTTTT TAAAAGAAGA GGTGAAAACA
541 ATGTACAAGA CCACCATGGG GAGTGATGGT TTCAGTGGAC
TAAATCACAT TATGATTGGA601 CATTCACAGA TGAACGATGT
CTGTTTCCAA AGATCAAAGG GACTGAAAAG GGTTGGACTT 661
GACCCTTCAT TAATCAGTAC TTTTGCCGGA AGCACACTAC CCAGAAGATC
AGGTACAACT 721 GGTGTTGCAA TCAAAGGAGG TGGAACTTTA
GTGGATGAAG CCATCCGATT TATAGGAAGA 781 GCAATGGCAG
ACAGAGGGCT ACTGAGAGAC ATCAAGGCCA AGACGGCCTA TGAAAAGATT
841 CTTCTGAATC TGAAAAACAA GTGCTCTGCG CCGCAACAAA
AGGCTCTAGT TGATCAAGTG 901 ATCGGAAGTA GGAACCCAGG
GATTGCAGAC ATAGAAGACC TAACTCTGCT TGCCAGAAGC 961
ATGGTAGTTG TCAGACCCTC TGTAGCGAGC AAAGTGGTGC TTCCCATAAG
CATTTATGCT 1021 AAAATACCTC AACTAGGATT CAATACCGAA
GAATACTCTA TGGTTGGGTA TGAAGCCATG 1081 GCTCTTTATA
ATATGGCAAC ACCTGTTTCC ATATTAAGAA TGGGAGATGA CGCAAAAGAT
1141 AAATCTCAAC TATTCTTCAT GTCGTGCTTC GGAGCTGCCT
ATGAAGATCT AAGAGTGTTA 1201 TCTGCACTAA CGGGCACCGA
ATTTAAGCCT AGATCAGCAC TAAAATGCAA GGGTTTCCAT 1261
GTCCCGGCTA AGGAGCAAGT AGAAGGAATG GGGGCAGCTC TGATGTCCAT
CAAGCTTCAG 1321 TTCTGGGCCC CAATGACCAG ATCTGGAGGG
AATGAAGTAA GTGGAGAAGG AGGGTCTGGT 1381 CAAATAAGTT
GCAGCCCTGT GTTTGCAGTA GAAAGACCTA TTGCTCTAAG CAAGCAAGCT
1441 GTAAGAAGAA TGCTGTCAAT GAACGTTGAA GGACGTGATG
CAGATGTCAA AGGAAATCTA 1501 CTCAAAATGA TGAATGATTC
AATGGCAAAG AAAACCAGTG GAAATGCTTT CATTGGGAAG 1561
AAAATGTTTC AAATATCAGA CAAAAACAAA GTCAATCCCA TTGAGATTCC
AATTAAGCAG 1621 ACCATCCCCA ATTTCTTCTT TGGGAGGGAC
ACAGCAGAGG ATTATGATGA CCTCGATTAT 1681 TAA [0059] The
amino acid sequence of the NP protein of IBV B/LEE/40,
encoded by nucleotides 1-1680 of SEQ ID NO:1 is as
follows, referred to herein as SEQ ID NO: 16:
MSNMDIDSINTGTIDKTPEELTPGTSGATRPIIKPATLAPPSNKRTRNPSPERT
TTSSET
DIGRKIQKKQTPTEIKKSVYKMWKLGEFYNQMMVKAGLNDDMERNLIQNAQAVE
RILLA
ATDDKKTEYQKKRNARDVKEGKEEIDHNKTGGTFYKMVRDDKTIYFSPIKITFL
KEEVKT
MYKTTMGSDGFSGLNHIMIGHSQMNDVCFQRSKGLKRVGLDPSLISTFAGSTLP
RRSGTT
GVAIKGGGTLVDEAIRFIGRAMADRGLLRDIKAKTAYEKILLNLKNKCSAPQQK
ALVDQV IGSRNPGIADIEDLTLLARSMWVRPSVASKWLPI
SIYAKIPQLGFNTEEYSMVGYEAM
ALYNMATPVSILRMGDDAKDKSQLFFMSCFGAAYEDLRVLSALTGTEFKPRSAL
KCKGFH
VPAKEQVEGMGAALMSIKLQFWAPMTRSGGNEVSGEGGSGQISCSPVFAVERPI
ALSKQA
VRRMLSMNVEGRDADVKGNLLKMMNDSMAKKTSGNAFIGKKMFQISDKNKVNPI
EIPIKQ TIPNFFFGRDTAEDYDDLDY [0060] Non limiting
examples of nucleotide sequences encoding the IAV
hemagglutinin (HA) are as follows. It should be noted
that HA sequences vary significantly between IV
subtypes. Virtually any nucleotide sequence encoding
an IV HA is suitable for the present invention hi
fact, HA sequences included in vaccines and
therapeutic formulations of the present invention
(discussed in more detail below) might change from
year to year 



depending on the prevalent strain or strains of IV.
[0061] The partial nucleotide sequence of the HA
protein of IAV A/New_York/l/l 8(HlNl) is available as
GenBank Accession Number AFl 16576, and has the
following sequence, referred to herein as SEQ ID
NO:17: 1 atggaggcaa gactactggt cttgttatgt gcatttgcag
ctacaaatgc agacacaata 61 tgtataggct accatgcgaa
taactcaacc gacactgttg acacagtact cgaaaagaat121
gtgaccgtga cacactctgt taacctgctc gaagacagcc acaacggaaa
actatgtaaa 181 ttaaaaggaa tagccccatt acaattgggg
aaatgtaata tcgccggatg gctcttggga 241 aacccggaat
gcgatttact gctcacagcg agctcatggt cctatattgt agaaacatcg
301 aactcagaga atggaacatg ttacccagga gatttcatcg
actatgaaga actgagggag 361 caattgagct cagtgtcatc
gtttgaaaaa ttcgaaatat ttcccaagac aagctcgtgg 421
cccaatcatg aaacaaccaa aggtgtaacg gcagcatgct cctatgcggg
agcaagcagt 481 ttttacagaa atttgctgtg gctgacaaag
aagggaagct catacccaaa gcttagcaag 541 tcctatgtga
acaataaagg gaaagaagtc cttgtactat ggggtgttca tcatccgcct
601 accggtactg atcaacagag tctctatcag aatgcagatg
cttatgtctc tgtagggtca 661 tcaaaatata acaggagatt
caccccggaa atagcagcga gacccaaagt aagaggtcaa 721
gctgggagga tgaactatta ctggacatta ctagaacccg gagacacaat
aacatttgag 781 gcaactggaa atctaatagc accatggtat
gctttcgcac tgaatagagg ttctggatcc 841 ggtatcatca
cttcagacgc accagtgcat gattgtaaca cgaagtgtca aacaccccat
901 ggtgctataa acagcagtct ccctttccag aatatacatc
cagtcacaat aggagagtgc 961 ccaaaatacg tcaggagtac
caaattgagg atggctacag gactaagaaa cattccatct 1021
attcaatcca ggggtctatt tggagccatt gccggtttta ttgagggggg
atggactgga 1081 atgatagatg gatggtatgg ttatcatcat
cagaatgaac agggatcagg ctatgcagcg 1141 gatcaaaaaa
gcacacaaaa tgccattgac gggattacaa acaaggtgaa ttctgttatc
1201 gagaaaatga acacccaatt [0062] The amino acid
sequence of the partial HA protein of IAV
A/New_York/l/l 8(HlNl), encoded by nucleotides 1 to
1218 of SEQ ID NO: 17 is as follows, referred to
herein as SEQ ID NO: 18:
MEARLLVLLCAFAATNADTICIGYHA>WSTDTVDTVLEKNVTVTHSVNLLEDSH
NGK
LCKLKGIAPLQLGKCNIAGWLLGNPECDLLLTASSWSYIVETSNSENGTCYPGD
FIDY
EELREQLSSVSSFEKFEIFPKTSSWPNHETTKGVTAACSYAGASSFYKNLLWLT
KKGSS
YPKLSKSYVNNKGKEVLVLWGVHHPPTGTDQQSLYQNADAYVSVGSSKYNRRFT
PE
iAARpKVRGQAGRMNYYWTLLEPGDTiTFEATGNLiAPWYAFALNRGSGSGHTS
DAP
VHDCNTKCQTPHGAINSSLPFQNIHPVTIGECPKYVRSTKLRMATGLRNIPSIQ
SRGLF
GALAGFIEGGWTGMIDGW3/4GYHHQNEQGSGYAADQKSTQNAIDGITNKVNSV
IEKM NTQ [0063] The nucleotide sequence of the IAV
A/Hong Kong/482/97 hemagglutinin (H5) is available as
GenBank Accession Number AF046098, and has the
following sequence, referred to herein as SEQ ID NO:
19: 1 ctgtcaaaat ggagaaaata gtgcttcttc ttgcaacagt
cagtcttgtt aaaagtgatc 61 agatttgcat tggttaccat
gcaaacaact cgacagagca ggttgacaca ataatggaaa 121
agaatgttac tgttacacat gcccaagaca tactggaaag gacacacaac
gggaagctct 181 gcgatctaaa tggagtgaaa cctctcattt
tgagggattg tagtgtagct ggatggctcc 241 tcggaaaccc
tatgtgtgac gaattcatca atgtgccgga atggtcttac atagtggaga
301 aggccagtcc agccaatgac ctctgttatc cagggaattt
caacgactat gaagaactga 361 aacacctatt gagcagaata
aaccattttg agaaaattca gatcatcccc aaaagttctt 421
ggtccaatca tgatgcctca tcaggggtga gctcagcatg tccatacctt
gggaggtcct 481 cctttttcag aaatgtggta tggcttatca
aaaagaacag tgcataccca acaataaaga 541 ggagctacaa
taataccaac caagaagatc ttttggtact gtgggggatt caccatccta
601 atgatgcggc agagcagaca aagctctatc aaaatccaac
cacctacatt tccgttggaa 661 catcaacact gaaccagaga
ttggttccag aaatagctac tagacccaaa gtaaacgggc 721
aaagtggaag aatggagttc ttctggacaa ttttaaagcc gaatgatgcc
atcaatttcg 781 agagtaatgg aaatttcatt gccccagaat
atgcatacaa aattgtcaag aaaggggact 841 caacaattat
gaaaagtgaa ttggaatatg gtaactgcaa caccaagtgt caaactccaa
901 tgggggcgat aaactctagt atgccattcc acaacataca
ccccctcacc atcggggaat 961 gccccaaata tgtgaaatca
aacagattag ttcttgcgac tggactcaga aatacccctc 1021
aaagggagag aagaagaaaa aagagaggac tatttggagc tatagcaggt
tttatagagg 1081 gaggatggca gggcatggta gatggttggt
atgggtacca ccatagcaat gagcagggga1141 gtggatacgc
tgcagacaaa gaatccactc aaaaggcaat agatggagtc accaataagg
1201 tcaactcgat cattaacaaa atgaacactc agtttgaggc
cgttggaagg gaatttaata 1261 acttagaaag gagaatagag
aatttaaaca agaaaatgga agacggattc ctagatgtct 1321
ggacttacaa tgctgaactt ctggttctca tggaaaatga gagaactctc
gactttcatg 1381 actcaaatgt caagaacctt tacgacaagg
tccgactaca gcttagggat aatgcaaagg 1441 aactgggtaa
tggttgtttc gaattctatc acaaatgtga taatgaatgt atggaaagtg
1501 taaaaaacgg aacgtatgac tacccgcagt attcagaaga
agcaagacta aacagagagg 1561 aaataagtgg agtaaaattg
gaatcaatgg gaacttacca aatactgtca atttattcaa 1621
cagtggcgag ttccctagca ctggcaatca tggtagctgg tctatcttta
tggatgtgct 1681 ccaatggatc gttacaatgc agaatttgca
tttaaatttg tgagttcaga ttgtagttaa 1741 a [0064] The
amino acid sequence of the HA protein of IAV A/Hong
Kong/482/97 (H5), encoded by nucleotides 9 to 1715 of
SEQ ID NO: 19 is as follows, referred to herein as SEQ
ID NO:20:
MEKIVLLLATVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILERTHN
GKLCDLN GVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKASP
ANDLCYPGNFNDYEELKHLLS
RINHFEKIQPPKSSWSNHDASSGVSSACPYLGRSSFFRNVVWLIKKNSAYPTIK
RSYNNTNQ
EDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPEIATRPKVNGQS
GRMEFFW TILKPNDAINFESNGNFIAPEYAYKIVKKGDS
MKSELEYGNCNTKCQTPMGAINSSMPFH NIHPL
GECPKYVKSNRLVLATGLRNTPQRERRRKKRGLFGAIAGFIEGGWQGMVDGWY
GYHHSNEQGSGYAADKESTQKAIDGVTNKVNSIINKMNTQFEAVGREFNNLERR
IENLNK
KMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNG
CFEF
YHKCDNECMESVKNGTYDYPQYSEEARLNREEISGVKLESMGTYQILSIYSTVA
SSLALAI MVAGLSLWMCSNGSLQCRICI [0065} The nucleotide
sequence of the IAV A/Hong Kong/1 073/99(H9N2) is
available as GenBank Accession Number INA404626, and
has the following sequence, referred to herein as SEQ
ID NO:21 : 1 gcaaaagcag gggaattact taactagcaa
aatggaaaca atatcactaa taactatact 61 actagtagta
acagcaagca atgcagataa aatctgcatc ggccaccagt caacaaactc
121 cacagaaact gtggacacgc taacagaaac caatgttcct
gtgacacatg ccaaagaatt 181 gctccacaca gagcataatg
gaatgctgtg tgcaacaagc ctgggacatc ccctcattct 241
agacacatgc actattgaag gactagtcta tggcaaccct tcttgtgacc
tgctgttggg 301 aggaagagaa tggtcctaca tcgtcgaaag
atcatcagct gtaaatggaa cgtgttaccc 361 tgggaatgta
gaaaacctag aggaactcag gacacttttt agttccgcta gttcctacca
421 aagaatccaa atcttcccag acacaacctg gaatgtgact
tacactggaa caagcagagc 481 atgttcaggt tcattctaca
ggagtatgag atggctgact caaaagagcg gtttttaccc 541
tgttcaagac gcccaataca caaataacag gggaaagagc attcttttcg
tgtggggcat 601 acatcaccca cccacctata ccgagcaaac
aaatttgtac ataagaaacg acacaacaac 661 aagcgtgaca
acagaagatt tgaataggac cttcaaacca gtgatagggc caaggcccct
721 tgtcaatggt ctgcagggaa gaattgatta ttattggtcg
gtactaaaac caggccaaac 781 attgcgagta cgatccaatg
ggaatctaat tgctccatgg tatggacacg ttctttcagg 841
agggagccat ggaagaatcc tgaagactga tttaaaaggt ggtaattgtg
tagtgcaatg 901 tcagactgaa aaaggtggct taaacagtac
attgccattc cacaatatca gtaaatatgc 961 atttggaacc
tgccccaaat atgtaagagt taatagtctc aaactggcag tcggtctgag
1021 gaacgtgcct gctagatcaa gtagaggact atttggagcc
atagctggat tcatagaagg 1081 aggttggcca ggactagtcg
ctggctggta tggtttccag cattcaaatg atcaaggggt 1141
tggtatggct gcagataggg attcaactca aaaggcaatt gataaaataa
catccaaggt 1201 gaataatata gtcgacaaga tgaacaagca
atatgaaata attgatcatg aattcagtga 1261 ggttgaaact
agactcaata tgatcaataa taagattgat gaccaaatac aagacgtatg
1321 ggcatataat gcagaattgc tagtactact tgaaaatcaa
aaaacactcg atgagcatga 1381 tgcgaacgtg aacaatctat
ataacaaggt gaagagggca ctgggctcca atgctatgga 1441
agatgggaaa ggctgtttcg agctatacca taaatgtgat gatcagtgca
tggaaacaat 1501 tcggaacggg acctataata ggagaaagta
tagagaggaa tcaagactag aaaggcagaa1561 aatagagggg
gttaagctgg aatctgaggg aacttacaaa atcctcacca tttattcgac
1621 tgtcgcctca tctcttgtgc ttgcaatggg gtttgctgcc
ttcctgttct gggccatgtc 1681 caatggatct tgcagatgca
acatttgtat ataa [0066] The amino acid sequence of the
HA protein of IAV A/Hong Kong/1073/99 (H9N2), encoded
by nucleotides 32 to 1711 of SEQ ID NO:21 is as
follows, referred to herein as SEQ ID NO:22:
METISLILLVVTASNADKICIGHQSTNSTETVDTLTETNVPVTHAKELLHTEHN
GMLCATSLG
HPLILDTCTIEGLVYGNPSCDLLLGGREWSYIVERSSAVNGTCYPGNVENLEEL
RTLFSSASSYQ
WQIFPDTTWNVTYTGTSRACSGSFYRSMRWLTQKSGFYPVQDAQYTNNRGKSIL
FVWGIHHPP
TYTEQTNLYIRNDTTTSVTTEDLNRTFKPVIGPRPLVNGLQGRIDYYWSVLKPG
QTLRVRSNGN
LIAPWYGHVLSGGSHGRILKTDLKGGNCVVQCQTEKGGLNSTLPFHNISKYAFG
TCPKYVRVNS
LKLAVGLRNVPARSSRGLFGAIAGFIEGGWPGLVAGWYGFQHSNDQGVGMAADR
DSTQKAID
KITSKVNNIVDKMNKQYEIIDHEFSEVETRLNMINNKIDDQIQDVWAYNAELLV
LLENQKTLDE
HDANVNNLYNKVKRALGSNAMEDGKGCFELYHKCDDQCMETIRNGTYNRRKYRE
ESRLERQ
KIEGVKLESEGTYKILYSTVASSLVLAMGFAAFLFWAMSNGSCRCNICI
[0067] The present invention also provides vaccine
compositions and methods for delivery of IV coding
sequences to a vertebrate with optimal expression and
safety conferred through codon optimization and/or
other manipulations. These vaccine compositions are
prepared and administered in such a manner that the
encoded gene products are optimally expressed in the
vertebrate of interest. As a result, these
compositions and methods are useful in stimulating an
immune response against IV infection. Also included in
the invention are expression systems, delivery
systems, and codon-optimized IV coding regions. [0068]
In a specific embodiment, the invention provides
combinatorial polynucleotide (e.g., DNA) vaccines
which combine both a polynucleotide vaccine and
polypeptide (e.g., either a recombinant protein, a
purified subunit protein, a viral vector expressing an
isolated IV polypeptide, or in the form of an
inactivated or attenuated IV vaccine) vaccine in a
single formulation. The single formulation comprises
an IV polypeptide-encoding polynucleotide vaccine as
described herein, and optionally, an effective amount
of a desired isolated IV polypeptide or fragment,
variant, or derivative thereof. The polypeptide may
exist in any form, for example, a recombinant protein,
a purified subunit protein, a viral vector expressing
an isolated IV polypeptide, or in the form of an
inactivated or attenuated IV vaccine. The IV
polypeptide or fragment, variant, or derivative
thereof encoded by the polynucleotide vaccine may be
identical to the isolated IV polypeptide or fragment,
variant, orderivative thereof. Alternatively, the IV
polypeptide or fragment, variant, or derivative
thereof encoded by the polynucleotide may be different
from the isolated IV polypeptide or fragment, variant,
or derivative thereof. [0069] It is to be noted that
the term "a" or "an" entity refers to one or more of
that entity; for example, "a polynucleotide," is
understood to represent one or more polynucleotides.
As such, the terms "a" (or "an"), "one or more," and
"at least one" can be used interchangeably herein.
[0070] The term "polynucleotide" is intended to
encompass a singular nucleic acid or nucleic acid
fragment as well as plural nucleic acids or nucleic
acid fragments, and refers to an isolated molecule or
construct, e.g., a virus genome (e.g., a
non-infectious viral genome), messenger RNA (rnRNA),
plasmid DNA (pDNA), or derivatives of pDNA (e.g.,
minicircles as described in (Darquet, A-M et ah, Gene
Therapy 4:1341-1349 (1997)) comprising a
polynucleotide. A polynucleotide may comprise a
conventional phosphodiester bond or a nonconventional
bond (e.g., an amide bond, such as found in peptide
nucleic acids (PNA)). [0071] The terms "nucleic acid"
or "nucleic acid fragment" refer to any one or more
nucleic acid segments, e.g., DNA or RNA fragments,
present in a polynucleotide or construct. A nucleic
acid or fragment thereof may be provided in linear
(e.g., mRNA) or circular (e.g., plasmid) form as well
as double-stranded or single-stranded forms. By
"isolated" nucleic acid or polynucleotide is intended
a nucleic acid molecule, DNA or RNA, which has been
removed from its native environment. For example, a
recombinant polynucleotide contained in a vector is
considered isolated for the purposes of the present
invention. Further examples of an isolated
polynucleotide include recombinant polynucleotides
maintained in heterologous host cells or purified
(partially or substantially) polynucleotides in
solution. Isolated RNA molecules include in vivo or in
vitro RNA transcripts of the polynucleotides of the
present invention. Isolated polynucleotides or nucleic
acids according to the present invention further
include such molecules produced synthetically.[0072]
As used herein, a "coding region" is a portion of
nucleic acid which consists of codons translated into
amino acids. Although a "stop codon" (TAG, TGA, or
TAA) is not translated into an amino acid, it may be
considered to be part of a coding region, but any
flanking sequences, for example promoters, ribosome
binding sites, transcriptional terminators, and the
like, are not part of a coding region. Two or more
nucleic acids or nucleic acid fragments of the present
invention can be present in a single polynucleotide
construct, e.g., on a single plasmid, or in separate
polynucleotide constructs, e.g., on separate
(different) plasmids. Furthermore, any nucleic acid or
nucleic acid fragment may encode a single IV
polypeptide or fragment, derivative, or variant
thereof, e.g., or may encode more than one
polypeptide, e.g., a nucleic acid may encode two or
more polypeptides hi addition, a nucleic acid may
include a regulatory element such as a promoter,
ribosome binding site, or a transcription terminator,
or may encode heterologous coding regions fused to the
IV coding region, e.g., specialized elements or
motifs, such as a secretory signal peptide or a
heterologous functional domain. [0073] The terms
"fragment," "variant," "derivative" and "analog" when
referring to IV polypeptides of the present invention
include any polypeptides which retain at least some of
the immunogenicity or antigenicity of the
corresponding native polypeptide. Fragments of IV
polypeptides of the present invention include
proteolytic fragments, deletion fragments and in
particular, fragments of IV polypeptides which exhibit
increased secretion from the cell or higher
immunogenicity or reduced pathogenicity when delivered
to an animal. Polypeptide fragments further include
any portion of the polypeptide which comprises an
antigenic or immunogenic epitope of the native
polypeptide, including linear as well as
three-dimensional epitopes. Variants of rv
polypeptides of the present invention include
fragments as described above, and also polypeptides
with altered amino acid sequences due to amino acid
substitutions, deletions, or insertions. Variants may
occur naturally, such as an allelic variant. By an
"allelic variant" is intended alternate forms of a
gene occupying a given locus on a chromosome or genome
of an organism orvirus. Genes II, Lewin, B., ed., John
Wiley & Sons, New York (1985), which is incorporated
herein by reference. For example, as used herein,
variations in a given gene product. When referring to
IV NA or HA proteins, each such protein is a
"variant," in that native IV strains are distinguished
by the type of NA and HA proteins encoded by the
virus. However, within a single HA or NA variant type,
further naturally or non-naturally occurring
variations such as amino acid deletions, insertions or
substitutions may occur. Non-naturally occurring
variants may be produced using art-known mutagenesis
techniques. Variant polypeptides may comprise
conservative or non-conservative amino acid
substitutions, deletions or additions. Derivatives of
IV polypeptides of the present invention, are
polypeptides which have been altered so as to exhibit
additional features not found on the native
polypeptide. Examples include fusion proteins. An
analog is another form of an IV polypeptide of the
present invention. An example is a proprotein which
can be activated by cleavage of the proprotein to
produce an active mature polypeptide. [0074] The terms
"infectious polynucleotide" or "infectious nucleic
acid" are intended to encompass isolated viral
polynucleotides and/or nucleic acids which are solely
sufficient to mediate the synthesis of complete
infectious virus particles upon uptake by permissive
cells. Thus, "infectious nucleic acids" do not require
pre-synthesized copies of any of the polypeptides it
encodes, e.g., viral replicases, in order to initiate
its replication cycle in a permissive host cell.
[0075] The terms "non-infectious polynucleotide" or
"non-infectious nucleic acid" as defined herein are
polynucleotides or nucleic acids which cannot, without
additional added materials, e.g, polypeptides, mediate
the synthesis of complete infectious virus particles
upon uptake by permissive cells. An infectious
polynucleotide or nucleic acid is not made
"non-infectious" simply because it is taken up by a
non-permissive cell. For example, an infectious viral
polynucleotide from a virus with limited host range is
infectious if it is capable of mediating the synthesis
of complete infectious virus particles when taken up
by cells derived from a permissive host (i.e., a host
permissive for thevirus itself). The fact that uptake
by cells derived from a non-permissive host does not
result in the synthesis of complete infectious virus
particles does not make the nucleic acid
"non-infectious." In other words, the term is not
qualified by the nature of the host cell, the tissue
type, or the species taking up 



the polynucleotide or nucleic acid fragment. [0076] In
some cases, an isolated infectious polynucleotide or
nucleic acid may produce fully-infectious virus
particles in a host cell population which lacks
receptors for the virus particles, i.e., is
non-permissive for virus entry. Thus viruses produced
will not infect surrounding cells. However, if the
supernatant containing the virus particles is
transferred to cells which are permissive for the
virus, infection will take place. [0077] The terms
"replicating polynucleotide" or "replicating nucleic
acid" are meant to encompass those polynucleotides
and/or nucleic acids which, upon being taken up by a
permissive host cell, are capable of producing
multiple, e.g., one or more copies of the same
polynucleotide or nucleic acid. Infectious
polynucleotides and nucleic acids are a subset of
replicating polynucleotides and nucleic acids; the
terms are not synonymous. For example, a defective
virus genome lacking the genes for virus coat proteins
may replicate, e.g., produce multiple copies of
itself, but is NOT infectious because it is incapable
of mediating the synthesis of complete infectious
virus particles unless the coat proteins, or another
nucleic acid encoding the coat proteins, are
exogenously provided. [0078] In certain embodiments,
the polynucleotide, nucleic acid, or nucleic acid
fragment is DNA. In the case of DNA, a polynucleotide
comprising a nucleic acid which encodes a polypeptide
normally also comprises a promoter and/or other
transcription or translation control elments operably
associated with the polypeptide-encoding nucleic acid
fragment. An operable association is when a nucleic
acid fragment encoding a gene product, e.g., a
polypeptide, is associated with one or more regulatory
sequences in such a way as to place expression of the
gene product under the influence or control of the
regulatory sequence(s). Two DNA fragments (such as a
polypeptide-encoding nucleicacid fragment and a
promoter associated with the 5' end of the nucleic
acid fragment) are "operably associated" if induction
of promoter function results in the transcription of
mRNA encoding the desired gene product and if the
nature of the linkage between the two DNA fragments
does not (1) result in the introduction of a
frame-shift mutation, (2) interfere with the ability
of the expression regulatory sequences to direct the
expression of the gene product, or (3) interfere with
the ability of the DNA template to be transcribed.
Thus, a promoter region would be operably associated
with a nucleic acid fragment encoding a polypeptide if
the promoter was capable of effecting transcription of
that nucleic acid fragment. The promoter may be a
cell-specific promoter that directs substantial
transcription of the DNA only in predetermined cells.
Other transcription control elements, besides a
promoter, for example enhancers, operators,
repressors, and transcription termination signals, can
be operably associated with the polynucleotide to
direct cell-specific transcription. Suitable promoters
and other transcription control regions are disclosed
herein. [0079] A variety of transcription control
regions are known to those skilled in the art. These
include, without limitation, transcription control
regions which function in vertebrate cells, such as,
but not limited to, promoter and enhancer segments
from cytomegaloviruses (the immediate early promoter,
in conjunction with intron-A), simian virus 40 (the
early promoter), and retroviruses (such as Rous
sarcoma virus). Other transcription control regions
include those derived from vertebrate genes such as
actin, heat shock protein, bovine growth hormone and
rabbit b-globin, as well as other sequences capable of
controlling gene expression in eukaryotic cells.
Additional suitable transcription control regions
include tissue-specific promoters and enhancers as
well as lymphokine-inducible promoters (e.g.-,
promoters inducible by interferons or interleukins).
[0080] Similarly, a variety of translation control
elements are known to those of ordinary skill in the
art. These include, but are not limited to ribosome
binding sites, translation initiation and termination
codons, elements frompicornaviruses (particularly an
internal ribosome entry site, or IRES, also referred
to as a CITE sequence). [0081] A DNA polynucleotide of
the present invention may be a circular or linearized
plasmid or vector, or other linear DNA which may also
be non infectious and nonintegrating {i.e., does not
integrate into the genome of vertebrate cells). A
linearized plasmid is a plasmid that was previously
circular but has been linearized, for example, by
digestion with a restriction endonuclease. Linear DNA
may be advantageous in certain situations as
discussed, e.g., in Cherng, J.Y., et al, J. Control.
Release (50:343-53 (1999), and Chen, Z.Y., et al. MoI.
Ther. 3:403-10 (2001), both of which are incorporated
herein by reference. As used herein, the terms plasmid
and vector can be used interchangeably [0082]
Alternatively, DNA virus genomes may be used to
administer DNA polynucleotides into vertebrate cells
hi certain embodiments, a DNA virus genome of the
present invention is nonreplicative, noninfectious,
and/or nonintegrating. Suitable DNA virus genomes
include without limitation, herpesvirus genomes,
adenovirus genomes, adeno-associated virus genomes,
and poxvirus genomes. References citing methods for
the in vivo introduction of non-infectious virus
genomes to vertebrate tissues are well known to those
of ordinary skill in the art and are cited supra.
[0083] In other embodiments, a polynucleotide of the
present invention is RNA, for example, in the form of
messenger RNA (mRNA). Methods for introducing RNA
sequences into vertebrate cells are described in U.S.
Patent No. 5,580,859, the disclosure of which is
incorporated herein by reference in its entirety.
[0084] Polynucleotides, nucleic acids, and nucleic
acid fragments of the present invention may be
associated with additional nucleic acids which encode
secretory or signal peptides, which direct the
secretion of a polypeptide encoded by a nucleic acid
fragment or polynucleotide of the present invention.
According to the signal hypothesis, proteins secreted
by mammalian cells have a signal peptide or secretory
leader sequence which is cleaved from the
matureprotein once export of the growing protein chain
across the rough endoplasmic reticulum has been
initiated. Those of ordinary skill in the art are
aware that polypeptides secreted by vertebrate cells
generally have a signal peptide fused to the
N-terminus of the polypeptide, which is cleaved from
the complete or "full length" polypeptide to produce a
secreted or "mature" form of the polypeptide. In
certain embodiments, the native leader sequence is
used, or a functional derivative of that sequence that
retains the ability to direct the secretion of the
polypeptide that is operably associated with it.
Alternatively, a heterologous mammalian leader
sequence, or a functional derivative thereof, may be
used. For example, the wild-type leader sequence may
be substituted with the leader sequence of human
tissue plasminogen activator (TPA) or mouse
b-glucuronidase. In accordance with one aspect of the
present invention, there is provided a polynucleotide
construct, for example, a plasmid, comprising a
nucleic acid fragment, where the nucleic acid fragment
is a fragment of a codon-optimized coding region
operably encoding an IV-derived polypeptide, where the
coding region is optimized for expression in
vertebrate cells, of a desired vertebrate species,
e.g., humans, to be delivered to a vertebrate to be
treated or immunized. Suitable IV polypeptides, or
fragments, variants, or derivatives thereof may be
derived from, but are not limited to, the IV HA, NA,
NP, Ml, or M2 proteins. Additional IV-derived coding
sequences, e.g., coding for HA, NA, NP, Ml, M2 or eM2,
may also be included on the plasmid, or on a separate
plasmid, and expressed, either using native IV codons
or codons optimized for expression in the vertebrate
to be treated or immunized. When such a plasmid
encoding one or more optimized influenza sequences is
delivered, in vivo to a tissue of the vertebrate to be
treated or immunized, one or more of the encoded gene
products will be expressed, i.e., transcribed and
translated. The level of expression of the gene
product(s) will depend to a significant extent on the
strength of the associated promoter and the presence
and activation of an associated enhancer element, as
well as the degree of optimization of the coding
region.[0086] As used herein, the term "plasmid"
refers to a construct made up of genetic material
(i.e., nucleic acids). Typically a plasmid contains an
origin of replication which is functional in bacterial
host cells, e.g., Escherichia coli, and selectable
markers for detecting bacterial host cells comprising
the plasmid. Plasmids of the present invention may
include genetic elements as described herein arranged
such that an inserted coding sequence can be
transcribed and translated in eukaryotic cells. Also,
the plasmid may include a sequence from a viral
nucleic acid. However, such viral sequences normally
are not sufficient to direct or allow the
incorporation of the plasmid into a viral particle,
and the plasmid is therefore a non-viral vector. In
certain embodiments described herein, a plasmid is a
closed circular DNA molecule. [0087] The term
"expression" refers to the biological production of a
product encoded by a coding sequence. In most cases a
DNA sequence, including the coding sequence, is
transcribed to form a messenger-RNA (mRNA). The
messenger-RNA is then translated to form a polypeptide
product which has a relevant biological activity.
Also, the process of expression may involve further
processing steps to the RNA product of transcription,
such as splicing to remove introns, and/or
post-translational processing of a polypeptide
product. [0088] As used herein, the term "polypeptide"
is intended to encompass a singular "polypeptide" as
well as plural "polypeptides," and comprises any chain
or chains of two or more amino acids. Thus, as used
herein, terms including, but not limited to "peptide,"
"dipeptide," "tripeptide," "protein," "amino acid
chain," or any other term used to refer to a chain or
chains of two or more amino acids, are included in the
definition of a "polypeptide," and the term
"polypeptide" can be used instead of, or
interchangeably with any of these terms. The term
further includes polypeptides which have undergone
post-translational modifications, for example,
glycosylation, acetylation, phosphorylation,
amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, or modification by
non-naturally occurring amino acids.[0089] Also
included as polypeptides of the present invention are
fragments, derivatives, analogs, or variants of the
foregoing polypeptides, and any combination thereof.
Polypeptides, and fragments, derivatives, analogs, or
variants thereof of the present invention can be
antigenic and immunogenic polypeptides related to IV
polypeptides, which are used to prevent or treat,
i.e., cure, ameliorate, lessen the severity of, or
prevent or reduce contagion of infectious disease
caused by the IV. [0090] As used herein, an "antigenic
polypeptide" or an "immunogenic polypeptide" is a
polypeptide which, when introduced into a vertebrate,
reacts with the vertebrate's immune system molecules,
i.e., is antigenic, and/or induces an immune response
in the vertebrate, i.e., is immunogenic. It is quite
likely that an immunogenic polypeptide will also be
antigenic, but an antigenic polypeptide, because of
its size or conformation, may not necessarily be
immunogenic. Examples of antigenic and immunogenic
polypeptides of the present invention include, but are
not limited to, e.g., HA or fragments or variants
thereof, e.g. NP, or fragments thereof, e.g., PBl, or
fragments or variants thereof, e.g., NSl or fragments
or variants thereof, e.g., Ml or fragments or variants
thereof, and e.g. M2 or fragments or variants thereof
including the extracellular fragment ofM2 (eM2), or
e.g., any of the foregoing polypeptides or fragments
fused to a heterologous polypeptide, for example, a
hepatitis B core antigen. Isolated antigenic and
immunogenic polypeptides of the present invention in
addition to those encoded by polynucleotides of the
invention, may be provided as a recombinant protein, a
purified subunit, a viral vector expressing the
protein, or may be provided in the form of an
inactivated IV vaccine, e.g., a live-attenuated virus
vaccine, a heat-killed virus vaccine, etc. [0091] By
an "isolated" IV polypeptide or a fragment, variant,
or derivative thereof is intended an IV polypeptide or
protein that is not in its natural form. No particular
level of purification is required. For example, an
isolated IV polypeptide can be removed from its native
or natural environment. Recombinantly produced IV
polypeptides and proteins expressed in host cellsare
considered isolated for purposed of the invention, as
are native or recombinant IV polypeptides which have
been separated, fractionated, or partially or
substantially purified by any suitable technique,
including the separation of IV virions from eggs or
culture cells in which they have been propagated. In
addition, an isolated IV polypeptide or protein can be
provided as a live or inactivated viral vector
expressing an isolated IV polypeptide and can include
those found in inactivated IV vaccine compositions.
Thus, isolated IV polypeptides and proteins can be
provided as, for example, recombinant IV polypeptides,
a purified subunit of IV, a viral vector expressing an
isolated IV polypeptide, or in the form of an
inactivated or attenuated IV vaccine. [0092] The term
"epitopes," as used herein, refers to portions of a
polypeptide having antigenic or immunogenic activity
in a vertebrate, for example a human. An "immunogenic
epitope," as used herein, is defined as a portion of a
protein that elicits an immune response in an animal,
as determined by any method known in the art. The term
"antigenic epitope," as used herein, is defined as a
portion of a protein to which an antibody or T-cell
receptor can immunospecifically bind as determined by
any method well known in the art. Immunospecific
binding excludes non-specific binding but does not
exclude cross-reactivity with other antigens. Where
all immunogenic epitopes are antigenic, antigenic
epitopes need not be immunogenic. [0093] The term
"immunogenic carrier" as used herein refers to a first
polypeptide or fragment, variant, or derivative
thereof which enhances the immunogenicity of a second
polypeptide or fragment, variant, or derivative
thereof. Typically, an "immunogenic carrier" is fused
to or conjugated to the desired polypeptide or
fragment thereof. An example of an "immunogenic
carrier" is a recombinant hepatitis B core antigen
expressing, as a surface epitope, an immunogenic
epitope of interest. See, e.g., European Patent No. EP
0385610 Bl, which is incorporated herein by reference
in its entirety. [0094] In the present invention,
antigenic epitopes preferably contain a sequence of at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, atleast 10, at least 15, at least 20,
at least 25, or between about 8 to about 30 amino
acids contained within the amino acid sequence of an
IV polypeptide of the invention, e.g., an NP
polypeptide, an Ml polypeptide or an M2 polypeptide.
Certain polypeptides comprising immunogenic or
antigenic epitopes are at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or
1OQ amino acid residues in length. Antigenic as well
as immunogenic epitopes may be linear, i.e., be
comprised of contiguous amino acids in a polypeptide,
or may be three dimensional, i.e., where an epitope is
comprised of non-contiguous amino acids which come
together due to the secondary or tertiary structure of
the polypeptide, thereby forming an epitope. [0095] As
to the selection of peptides or polypeptides bearing
an antigenic epitope (e.g., that contain a region of a
protein molecule to which an antibody or T cell
receptor can bind), it is well known in that art that
relatively short synthetic peptides that mimic part of
a protein sequence are routinely capable of eliciting
an antiserum that reacts with the partially mimicked
protein. See, e.g., Sutcliffe, J . G., et ah, Science
219:660-666 (1983), which is herein incorporated by
reference. [0096] Peptides capable of eliciting an
immunogenic response are frequently represented in the
primary sequence of a protein, can be characterized by
a set of simple chemical rules, and are confined
neither to immunodominant regions of intact proteins
nor to the amino or carboxyl terminals. Peptides that
are extremely hydrophobic and those of six or fewer
residues generally are ineffective at inducing
antibodies that bind to the mimicked protein; longer
peptides, especially those containing proline
residues, usually are effective. Sutcliffe et ah,
supra, at 661. For instance, 18 of 20 peptides
designed according to these guidelines, containing
8-39 residues covering 75% of the sequence of the IV
hemagglutinin HAl polypeptide chain, induced
antibodies that reacted with the HAl protein or intact
virus; and 12/12 peptides from the MuLV polymerase and
18/18 from the rabies glycoprotein induced antibodies
that precipitated the respective proteins.Codon
Optimization [0097] "Codon optimization" is defined as
modifying a nucleic acid sequence 



for enhanced expression in the cells of the vertebrate
of interest, e.g. human, by replacing at least one,
more than one, or a significant number, of codons of
the native sequence with codons that are more
frequently or most frequently used in the genes of
that vertebrate. Various species exhibit particular
bias for certain codons of a particular amino acid. '
[0098] In one aspect, the present invention relates to
polynucleotides comprising nucleic acid fragments of
codon-optimized coding regions which encode IV
polypeptides, or fragments, variants, or derivatives
thereof, with the codon usage adapted for optimized
expression in the cells of a given vertebrate, e.g.,
humans. These polynucleotides are prepared by
incorporating codons preferred for use in the genes of
the vertebrate of interest into the DNA sequence. Also
provided are polynucleotide expression constructs,
vectors, and host cells comprising nucleic acid
fragments of codon-optimized coding regions which
encode IV polypeptides, and fragments, variants, or
derivatives thereof, and various methods of using the
polynucleotide expression constructs, vectors, host
cells to treat or prevent influenza disease in a
vertebrate. [0099] As used herein the term
"codon-optimized coding region" means a nucleic acid
coding region that has been adapted for expression in
the cells of a given vertebrate by replacing at least
one, or more than one, or a significant number, of
codons with one or more codons that are more
frequently used in the genes of that vertebrate.
[0100] Deviations in the nucleotide sequence that
comprise the codons encoding the amino acids of any
polypeptide chain allow for variations in the sequence
coding for the gene. Since each codon consists of
three nucleotides, and the nucleotides comprising DNA
are restricted to four specific bases, there are 64
possible combinations of nucleotides, 6 1 of which
encode amino acids (the remaining three codons encode
signals ending translation). The "genetic code" which
shows which codons encode which amino acids is
reproducedherein as Table 1. As a result, many amino
acids are designated by more than one codon. For
example, the amino acids alanine and proline are coded
for by four triplets, serine and arginine by six,
whereas tryptophan and methionine are coded by just
one triplet. This degeneracy allows for DNA base
composition to vary over a wide range without altering
the amino acid sequence of the proteins encoded by the
DNA. TABLE 1: The Standard Genetic Code Many organisms
display a bias for use of particular codons to code
for insertion of a particular amino acid in a growing
peptide chain. Codon preference or codon bias,
differences in codon usage between organisms, is
afforded by degeneracy of the genetic code, and is
well documented among many organisms. Codon bias often
correlates with the efficiency of translationof
messenger RNA (mRNA), which is in turn believed to be
dependent on, inter alia, the properties of the codons
being translated and the availability of particular
transfer RNA (tRNA) molecules. The predominance of
selected tRNAs in a cell is generally a reflection of
the codons used most frequently in peptide synthesis.
Accordingly, genes can be tailored for optimal gene
expression in a given organism based on codon
optimization. Given the large number of gene sequences
available for a wide variety of animal, plant and
microbial species, it is possible to calculate the
relative frequencies of codon usage. Codon usage
tables are readily available, for example, at the
"Codon Usage Database" available at
http://www.kazusa.or.jp/codon/ (visited July 9, 2002),
and these tables can be adapted in a number of ways.
See Nakamura, Y., et al. "Codon usage tabulated from
the international DNA sequence databases: status for
the year 2000" Nucl. Acids Res. 28:292 (2000), which
is incorporated by reference. As examples, the codon
usage tables for human, mouse, domestic cat, and cow,
calculated from GenBank Release 128.0 (15 February
2002), are reproduced below as Tables 2-5. These
Tables use mRNA nomenclature, and so instead of
thymine (T) which is found in DNA, the Tables use
uracil (U) which is found in RNA. The Tables have been
adapted so that frequencies are calculated for each
amino acid, rather than for all 64 codons. TABLE 2:
Codon Usage Table for Human Genes {Homo
sapiens)PROCESS FOR COATING AND CLEANING METAL
SURFACES Field of the Invention This invention relates
to process for coating a metal surface, wherein said
process comprises contacting the metal surface with a
barrier coating comprising (a) an amine salt of a
fatty acid or an amine salt of a derivative of a fatty
acid, (b) a salt of a non polymeric aromatic acid, (c)
optionally, a nonionic or anionic surfactant, and (d)
water. The invention further comprises a process for
cleaning a metal surface containing residues, which
comprises contacting the metal surface, exposed to the
barrier coating, with water to remove residues that
have deposited after applying the barrier coating to
the metal surface. Background of the Invention
Residues such as cement, iron ore, sulfur, coal and
petroleum coke often develop on metal surfaces and
have to be removed. This is particular a problem in
the container and cargo industry. It is known that
such residues can be removed from metal surfaces by
the application of corrosive solvents, e.g. mineral
acids. It also known to apply barrier agents to the
metal surface once it has been cleaned in order to
keep from residues from being deposited again. Some of
the well-known barrier aids are a soya-based barrier
aid sold by RoBo Products/RBM, Stomme and a
silicone-based barrier aid sold by Dow Corning. One of
the problems with using these barrier aids is that
they require supplemental products to remove them
after they are applied. U.S. Patent 6,458,320 relates
to a corrosion inhibitor for galvanized steel
comprising (a) an amine salt of a fatty acid or an
amine salt of a derivative of a fatty acid, (b)
preferably a salt of a non polymeric aromatic acid,
and (c) preferably a nonionic or anionic surfactant,
and water, but not as a barrier coating composition,
or as part of a barrier coating process. The patent
does not teach or suggest that the composition can be
used as a coating that enables one to remove residues
such as cement, which has deposited on a metal
surface.All citations to prior art are incorporated by
reference. Summary of the Invention This invention
relates to process for coating a metal surface,
wherein said process comprises contacting a metal
surface with a barrier coating comprising: (a) an
amine salt of a fatty acid or an amine salt of a
derivative of a fatty acid; (b) a salt of a non
polymeric aromatic acid; (c) optionally, a nonionic or
anionic surfactant having an HLB of 1 to 20; and (d)
water. The barrier coating can be applied to any metal
surface, but is particularly useful for steel
surfaces, most particularly for carbon steel.
Preferably the metal surface should be clean or
substantially clean of residues such as cement, iron
ore, sulfur, coal, and petroleum coke when the barrier
coating is applied. It is believed that the barrier
coating will be effective when applied to metal
surfaces that are painted or otherwise coated. One of
the advantages of the process is that residue that
forms after the barrier coating is applied can removed
by washing with water. Thus, another aspect of the
invention relates to washing residues from the metal
surface with water after the barrier coating is
applied to the metal surface. The barrier coating is
allowed to become tacky or dry before loading the
cargo. Typically, a waiting period of at least two
hours is required before loading the cargo. Residues
of the cargo then loaded can be removed by water after
the cargo is unloaded. The thickness of the barrier
coating ranges from 0.5 mils to 5.0 mils., typically
0.8 mils to 3.0 mils.The barrier coating can be
applied in such a manner to obtain a reproducible
thickness. It can be applied by brushing, spraying, or
other means. A particularly useful application of the
process relates to the removal of residues form larger
bulk cargoes. Residues that accumulate on these
containers and vessels include powders and dusts, e.g.
dusts from larger bulk cargoes, such as dust form iron
ore pellets. The thickness of the residue can be
several inches, but the residue can still be removed
with washing if the barrier coating has been applied
to the metal surface containing the bulk cargo. When
the residue is thicker, i.e. an inch or more, it may
be necessary to use a high-pressure water jet to
create sufficient force to remove the residue from the
surface. Detailed Description of the Invention The
amine salts of fatty acids or the amine salts of
derivatives of fatty acids used in the barrier coating
are formed by neutralizing a carboxylic acid with an
amine. The carboxylic acid used may be a saturated or
unsaturated, mono-, di-, or polycarboxylic acid having
a least six carbon atoms per functional group.
Specific examples include, but are not limited to,
capric acid, lauric acid, and palmitic acid. Most
preferably used as the carboxylic acid are higher
fatty acids such as rosin acids, tall oil, and their
derivatives, most preferably a C 1 dicarboxylic acid,
DIACID 1550 sold by Westvaco. Other useful derivatives
include partial esters of maleated tall oil fatty
acid. The amine used to form the amine salt of a fatty
acid or derivative thereof can be any primary,
secondary, or tertiary aliphatic amine. Examples
include alkylamines, for instance methylamine,
ethylamine, propylamine, and butylamine;
alkanolamines, for instance as monoethanolamine,
diethanolamine, and triethanolamine; morpholine; and
cyclohexylamine. Preferably, the amine is
triethanolamine, or N, Ndiethylethanolamine,
dimethylamine, 1,2-diaminoethane, diaminopropane,
ethanolamine, 2-methyl-2-amino-l-propanol,
5-aminopentanol, methoxypropylamine.The amount of
carboxylic acid and amine used to form the amine
carboxylates can vary over wide ratios, but the amount
typically used is such that the ratio of carboxyl
groups of the carboxylic acid to amino groups of the
amine is from 4:1 to 1:4, preferably about 2:1 to 1:2,
most preferably about 1:1. Preferably used as the salt
of the non-polymeric aromatic acid are the alkali
metal salts of benzoic acid. The amount of salt of the
non polymeric aromatic acid used is from 1:5 to 5:1,
parts by weight, 0.5:1 to 3:1 parts by weight based
upon the total weight of the amine salt used, most
preferably from 1:1 to 2:1. An optional component of
the barrier coating is a nonionic or anionic
surfactant having hydrophilic-lipophilic balance (HLB)
of 1-20. Preferably the surfactant is a
polyoxyethylene- polyoxypropylene nonionic surfactant,
having an average molecular weight of about 1000 to
10,000, preferably from 3000 to 5000, and a hydrophobe
to hydrophile ratio of about 1:1 to 10:1, preferably
from 3:1 to 10:1. The amount of nonionic surfactant
use is from 1:30 to 2:1, preferably from 1:6 to 1:8,
based upon the total weight of the amine salt used.
Other useful surfactants include linear alcohol
ethoxylates, for example, one with 12 to 15 carbon
atoms and 9 moles of ethoxylation; and alkali metal
salts of fatty acids, for example, oleic acid. The
amount of the various components in the barrier
coating are within the following ranges: component (a)
is typically used in an amount of from 5 to 30 parts
by weight based upon the amount of barrier coating,
preferably 10 to 20 parts by weight, and most
preferably 15 to 20 parts by weight; component (b) is
typically used in an amount of from 10 to 40 parts by
weight based upon the amount of barrier coating,
preferably 20 to 40 parts by weight, and most
preferably 20 to 30 parts by weight; component (c) is
typically used in an amount of from 1 to 10 parts by
weight based upon the amount of barrier coating,
preferably 1 to 5 parts by weight, and most preferably
2 to 3 parts by weight; and the amount of water
typically used in the barrier coating is from 40 to 85
parts by weight based upon the amount of barrier
coating, preferably 40 to 60 parts by weight, and most
preferably 50 to 60 parts by weightThe barrier coating
is most conveniently formulated as an aqueous solution
of about 30 to 50 percent solids with a pH of about
7.0 to 8.0, preferably about 7.5. DEFINITIONS AND
ABBREVIATIONS TEA = triethanolamine. DIACID a C2,
diacid sold by WESTVACO as DIACID 1550. PP PLURONIC(r)
Polyol LlOl, a polyoxypropylenepolyoxyethylene
copolymer nonionic surfactant sold by BASF Corporation
having an HLB value of 1, and an average molecular
weight of about 3800, and hydrophobic and hydrophilic
segments where the weight ration of hydrophobe to
hydrophile is about 9 to 1. SALT salt of DIACID and
TEA. SBEN sodium benzoate EXAMPLES Example 1 A barrier
coating was formulated by mixing the components set
forth in Table I . The components were added by
continuous mixing in the following order: water, TEA,
DIACID, SBEN, and PP. The pH of the barrier coating
was about 7.5. TABLE I BARRIER COATING FORMULATIONMild
carbon steel panels were coated with the barrier
coating of Example 1 to a thickness of 0.81 mils and
2.88 mils using a RDS Coating Rod. The panels were
dried for two hours. Then one part of Portland cement
mixed with 0.5 parts of water and applied to the
treated steel panel and an untreated panel. The cement
was left to dry overnight. Then the panels were then
sprayed with water from an aspirator bottle. The
cement was easily removed from the treated panel, down
to bare metal. On the other hand, the cement remained
adhered to the untreated panel. Essentially none of
the cement was removed from the treated panel after
washing with water.Claims We claim: 1. A process for
coating a metal surface, wherein said process
comprises contacting the metal surface with a barrier
coating comprising: (a) an amine salt of a fatty acid
or an amine salt of a derivative of a fatty acid, (b)
a salt of a non polymeric aromatic acid, and (c)
water. 2. The process of claim 1 wherein the metal
surface coated is substantially free of residues. 3.
The process of claim 2 wherein component (b) is an
alkali metal benzoate. 4. The process of claim 3
wherein component (a) is the triethanolamine salt of a
C2 1 diacid. 5. The process of claim 4 wherein the
barrier coating is allowed to dry. 6. The process
claim 5 wherein the metal is carbon steel. 7. The
process of claim 7 wherein the metal surface is the
surface of a container or a cargo vessel. 8. The
process of claims 1, 2, 3, 4, 5, 6, or 7 wherein the
barrier coating also comprises a surfactant.9. The
process of claim 8 wherein the barrier coating
contains from 5 to 30 parts by weight of an amine salt
of a fatty acid, (b) 10 to 40 parts by weight of a
salt of a non polymeric aromatic acid, (c) from 1 to
10 parts by weight of a surfactant, and from 40 to 85
parts by weight of water, where said parts by weight
are based upon 100 parts by weight of barrier coating.
10. A process for removing deposits on a metal surface
comprising: A. contacting the metal surface with a
barrier coating comprising: (1) an amine salt of a
fatty acid or an amine salt of a derivative of a fatty
acid, (2) a salt of a non polymeric aromatic acid, and
(3) water; and B. contacting the coated metal surface
with water. 11. The process of claim 10 wherein the
metal surface coated is substantially free of
residues. 12. The process of claim 11 wherein
component (2) is an alkali metal benzoate. 13. The
process of claim 12 wherein component (1) is the
triethanolamine salt of a C2i diacid. 14. The process
of claim 13 wherein the barrier coating is allowed to
dry. 15. The process claim 14 wherein the metal is
carbon steel.16. The process of claim 15 wherein the
metal surface is the surface of a container or a cargo
vessel. 17. The process of claims 10, 11, 12, 13, 14,
15, or 16 wherein the barrier coating also comprises a
surfactant. 18. The process of claim 8 wherein the
barrier coating contains from 5 to 30 parts by weight
of an amine salt of a fatty acid, (b) 10 to 40 parts
by weight of a salt of a non polymeric aromatic acid,
(c) from 1 to 10 parts by weight of a surfactant, and
from 40 to 85 parts by weight of water, where said
parts by weight are based upon 100 parts by weight of
barrier coating. 19. The process of claim 18 wherein
water is sprayed onto the deposit-containing metal
surface in an amount sufficient to remove all or
substantially all of the deposits from the metal
surface. 


