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(57) ABSTRACT 

Disclosed herein is the ?nding that baculovirus display of 
multiple in?uenza virus hemagglutinin (HA) proteins elicits 
broadly reactive immune responses against in?uenza. Thus 
provided herein are recombinant baculovirus vectors having a 
?rst, second, third and fourth nucleic acid sequence, each 
encoding an in?uenza hemagglutinin (HA) fusion protein. 
The ?rst, second, third and fourth nucleic acid sequences each 
encode an in?uenza HA With a different amino acid sequence. 
Also provided are recombinant baculoviruses displaying a 
?rst, second, third and fourth in?uenza virus HA fusion pro 
tein in the baculovirus envelope, Wherein each HA fusion 
protein comprises a different HA amino acid sequence. Tet 
ravalent in?uenza virus vaccines comprising the recombinant 
baculoviruses disclosed herein are further provided. In addi 
tion, methods of immunizing a subject against in?uenza virus 
using the tetravalent in?uenza virus vaccines are provided. In 
particular examples of the compositions and methods dis 
closed herein, the HA polypeptides are from H5N1 in?uenza 
virus. 

19 Claims, 13 Drawing Sheets 
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TETRAVALENT INFLUENZA VACCINE AND 
USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 61/382,766, ?led Sep. 14, 2010, Which is 
herein incorporated by reference in its entirety. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

This invention Was made With government support under 
grant number U01AI077771, awarded by the National Insti 
tutes of Health. The government has certain rights in the 
invention. 

FIELD 

This disclosure concerns tetravalent in?uenza vaccines 
using baculovirus display, and methods of their use 

BACKGROUND 

Each year, seasonal in?uenza causes over 300,000 hospi 
talizations and 36,000 deaths in the US alone (Simonsen et 
al., Lancet Infect Dis 71658-66, 2007). The emergence ofthe 
novel H1N1 in?uenza virus in 2009 demonstrated hoW 
quickly a neW in?uenza pandemic can sWeep across the 
World. The spread of highly pathogenic H5N1 viruses inbirds 
and coincident infections in humans have raised the concerns 
that H5N1 viruses may cause a neW pandemic in humans. 
Vaccination is an effective method to prevent in?uenza infec 
tion. There are tWo in?uenza vaccine approaches licensed in 
the United States; the inactivated, split vaccine and the live 
attenuated virus vaccine. Inactivated vaccines can ef?ciently 
induce humoral immune responses but generally only poor 
cellular immune responses. 

Baculoviruses are a family of large rod-shaped enveloped 
viruses With a large circular double-stranded DNA genome 
(80-200 kb). Baculoviruses infect some insects, but not mam 
mals (Blissard, Cytotechnology 20:73-93, 1996).Autographa 
californica multiple nucleopolyhedrovirus (AcMNPV) is the 
most Well studied baculovirus and most extensively used for 
protein expression because the polyhedrin (PH) and p10 pro 
moters are e?icient promoters (McMichael et al., N Engl J 
Med 309: 13-17, 1983). Compared to other protein expression 
approaches, the baculovirus expression vector system 
(BEVS) produces abundant protein yields With appropriate 
eukaryotic glycosylation and other modi?cations. This sys 
tem has also been used for virus-like particle (VLP) produc 
tion for vaccines against HIV, HPV and in?uenza (Gheysen et 
al., Cell 591103-112, 1989; Kirnbauer et al., J Vll’Ol 6716929 
6936, 1993; Latham et al.,JI/irol7516154-6165, 2001). HoW 
ever, the baculovirus (BV)-derived VLPs are alWays accom 
panied With BV contamination. Therefore, separating VLPs 
from contaminating BV is an obstacle that needs to be over 
come. 

Due to its loW cytotoxicity and absence of pre-existing 
antibodies (Kost et al., Nat Biotechnol 231567-575, 2005; 
Strauss et al., Mol Ther 151193-202, 2007), AcMNPV has 
emerged as a potent vaccine vector (Fan et al., J Vll’Ol Methods 
150121-26, 2008; Feng et al., DNA Cell Biol 251668-673, 
2006; Lin et al., Vaccine 2616361 -6367, 2008; Prabakaran et 
al., Virology 3801412-420, 2008; Yoshida et al., Infect Immun 
7711782-1789, 2009). Foreign immunogens or peptides can 
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2 
be displayed on the envelope of AcMNPV by fusion With the 
baculovirus major envelope protein gp64 (Boublik et al., 
Biotechnology (NY) 1311079-1084, 1995; Oker-Blom et al., 
BriefFunct Genomic Proteomic 21244-253, 2003). 

SUMMARY 

Disclosed herein is the ?nding that baculovirus display of 
multiple in?uenza virus hemagglutinin (HA) proteins elicits 
broadly reactive immune responses against in?uenza. Thus, 
provided herein are recombinant baculovirus vectors having 
multiple different HA nucleic acid sequences, for example, at 
least tWo, at least three or at least four such sequences. In a 
disclosed embodiment, the recombinant baculovirus vector 
has a ?rst, second, third and fourth nucleic acid sequence, 
each encoding an in?uenza hemagglutinin (HA) fusion pro 
tein. The ?rst, second, third and fourth nucleic acid sequences 
each encode an in?uenza HA With a different amino acid 
sequence. In some embodiments, each in?uenza HA fusion 
protein includes a baculovirus gp64 signal peptide; an HA 
ectodomain and transmembrane domain; and a baculovirus 
gp64 cytoplasmic tail domain. Also provided are insect cells 
containing the disclosed baculovirus vectors and recombi 
nant baculoviruses produced by transfection of insect cells 
With the provided vectors. 

Further provided are recombinant baculoviruses display 
ing multiple different in?uenza virus HA fusion proteins in 
the baculovirus envelope. For example, the recombinant 
baculovirus displays a ?rst, second, third and fourth in?uenza 
virus HA fusion protein in the baculovirus envelope, Wherein 
each HA fusion protein comprises a different HA amino acid 
sequence. In some embodiments, each HA fusion protein 
includes a baculovirus gp64 signal peptide; an HA 
ectodomain and transmembrane domain; and a baculovirus 
gp64 cytoplasmic tail domain. Also provided are composi 
tions that include the recombinant baculoviruses disclosed 
herein. 

Multivalent in?uenza virus vaccines comprising the 
recombinant baculoviruses disclosed herein are further pro 
vided. In addition, methods of immunizing a subject against 
in?uenza virus using the multivalent, for example tetravalent, 
in?uenza virus vaccines are provided. Also provided are 
methods of eliciting an immune response against in?uenza 
virus by administration of a recombinant baculovirus (or 
composition thereof) or multivalent in?uenza virus vaccine, 
as disclosed herein. 

In particular examples of the compositions and methods 
disclosed herein, the HA polypeptides are from H5N1 in?u 
enza virus. 

The foregoing and other objects and features of the disclo 
sure Will become more apparent from the folloWing detailed 
description, Which proceeds With reference to the accompa 
nying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1B1 Schematic illustration of the HA-pseudot 
yped baculovirus. (A) Modi?ed transfer vector With signal 
peptide (SP), transmembrane (TM), cytoplasmic tail (CT) 
domain sequences of gp64. The nucleotide sequence of the 
multiple-cloning site is set forth herein as SEQ ID NO: 18. 
(B) Schematic diagram of chimeric HA constructs. All com 
ponents derived from HA are shoWn in dark gray While those 
from gp64 are shoWn in shadoW. 

FIGS. 2A-2C1 Construction of the four-unit transfer vector 
pHA1.0/2.1/2.2/2.3. (A) Dual-PH promoter transfer vector 
With SP of gp64 and tWo multiple cloning sites. (B) StepWise 



US 8,513,006 B2 
3 

construction of pHA1.0/2.1/2.2/2.3. (C) Schematic showing 
the baculovirus transfer vector for the tetravalent H5N1 vac 
cine. 

FIGS. 3A-3C: Western-blot assay of HA-displayed bacu 
lovirus. (A) Supernatants from infected Sf9 cells probed With 
HA and vp39 antibodies. (B) Pelleted rBV by ultracentrifu 
gation probed With HA and vp39 antibodies. (C) Supernatants 
after ultracentrifugation of recombinant baculovirus (rBV) 
probed With HA antibody. 

FIG. 4: Hemagglutination-inhibition (HAI) titers. Mice 
(n:15/group) immunized intramuscularly With live/inacti 
vated Bac-spHAct, Wt BV, VLPs or mock vaccination. Week 
2 (W2), and Week 5 (W5) serum HAI antibody responses 
Were assessed against PR8 virus. Bars indicate geometric 
mean titer (GMT)+/—SEM. 

FIGS. 5A-5B: Virus titers in lungs at day 3 and 6 post 
challenge. Mice (n:5/group) immunized intramuscularly 
With live/ inactivated Bac-spHAct, Wt BV, VLPs or mock vac 
cination. At Week 3 after the ?nal immunization, immunized 
mice Were intranasally infected With a lethal dose of mouse 
adapted PR8 virus (10 LDSO). Mice Were sacri?ced on day 3 
(A) and day 6 (B) post-challenge and lungs Were collected for 
plaque assay. 

FIGS. 6A-6D: Protection of mice from lethal PR8 chal 
lenge. At Week 3 after the ?nal immunization, immunized 
mice (n:5/group) Were intranasally infected With a lethal 
dose of mouse-adapted PR8 virus (10 LDSO). Mice Were 
monitored daily for 14 days. (A) Body Weight changes of 
mice immunized With live Bac-spHAct, Wt BV, VLP or PBS. 
(B) Percent survival of mice immunized With live Bac 
spHAct, Wt BV, VLP or PBS. (C) Body Weight changes of 
mice immunized With B-propiolactone (BPL)-inactivated 
Bac-spHAct, Wt BV, VLP or PBS. (D) Percent survival of 
mice immunized With BPL-inactivated Bac-spHAct, Wt BV, 
VLP or PBS. 

FIG. 7: Hemagglutination-inhibition (HAI) titers against 
H5N1 viruses. Mice (n:36/group) Were immunized intra 
muscularly With Bac-HA2.2, Bac-4HA or Wt BV. Week 5 
serum HAI antibody responses Were assessed against VN/04, 
IN/05, WS/05 and AH/05 viruses. Bars indicate geometric 
mean titer (GMT)+/—SEM. 

FIGS. 8A-8B: Protection of mice from lethal H5N1 virus 
challenge. At Week 3 after the ?nal immunization, immunized 
mice (n:5/group) Were intranasally infected With a lethal 
dose of VN/04, IN/05 or WS/05 virus. Mice Were monitored 
daily for 13 days. ShoWn are body Weight changes (A) and 
percent survival (B) after challenge. 

FIG. 9: Virus titers in lungs at day 3 post-challenge. Mice 
(n:5/ group) Were immunized intramuscularly With Bac 
HA2.2, Bac-4HA or Wt BV. At Week 3 after the second immu 
nization, immunized mice Were intranasally infected With a 
lethal dose of VN/04, IN/05 or WS/05. Mice Were sacri?ced 
on day 3 post-challenge and lungs Were collected for plaque 
assay (*p<0.05, **p<0.01). 

FIG. 10: IFNy-ELISPOT assays. Splenocytes Were col 
lected on day 6 and 9 post-infection With IN/05. Each sample 
Was stimulated With HA533, NP 147, and Ova peptides. 

FIGS. 11A-11D: Expressed HA anchoring on the infected 
insect cells by hemadsorption assay. ShoWn are uninfected 
Sf9 cells (A), Sf9 cells infected With Bac-spHAct (B), Sf9 
cells infected With Bac-4HA (C) and Sf9 cells infected With 
BV Without HA (D). Light arroWs indicate the redblood cells; 
dark arroWs indicate Sf9 cells. 

FIGS. 12A-12B: MHC class I pentamer staining. Lung 
lymphocytes Were collected on day 6 (A) and day 9 (B) 
post-infection With IN/06. One sample from a non-vacci 
nated, non-infected mouse Was used as a background control. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Each sample Was stained With HA- and NP-pentamer, CD3, 
CD8 and CD19 antibodies. Cells Were acquired using a LSRII 
?oW cytometer. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shoWn using standard letter 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as de?ned in 37 C.F.R. 1.822. Only one strand of 
each nucleic acid sequence is shoWn, but the complementary 
strand is understood as included by any reference to the 
displayed strand. The Sequence Listing is submitted as an 
ASCII text ?le, created on Sep. 6, 2011, 58.4 KB, Which is 
incorporated by reference herein. In the accompanying 
sequence listing: 
SEQ ID NOs: 1-9 are the nucleotide sequences of primers 

used to construct recombinant baculoviruses. 
SEQ ID NOs: 10 and 1 1 are the nucleotide and amino acid 

sequences, respectively, of the chimeric VN/04 HA. 
SEQ ID NOs: 12 and 13 are the nucleotide and amino acid 

sequences, respectively, of the chimeric IN/05 HA. 
SEQ ID NOs: 14 and 15 are the nucleotide and amino acid 

sequences, respectively, of the chimeric WS/05 HA. 
SEQ ID NOs: 16 and 17 are the nucleotide and amino acid 

sequences, respectively, of the chimeric AH/05 HA. 
SEQ ID NO: 18 is the nucleotide sequence of a multiple 

cloning site in a baculovirus transfer vector. 

DETAILED DESCRIPTION 

I. Abbreviations 
AcMNPV: Aulographa californica multiple nucleopoly 

hedrovirus 
BEVS: baculovirus expression vector system 
BPL: [3-propiolactone 
BV: baculovirus 
CT: cytoplasmic tail 
CTL: cytotoxic T lymphocytes 
DBV: displayed baculovirus 
HA: hemagglutinin or hemagglutination assay 
HAI: hemagglutination inhibition 
hRBC: horse red blood cell 
IFU: infectious unit 
MOI: multiplicity of infection 
PFU: plaque form unit 
PH: polyhedrin 
rBV: recombinant baculovirus 
RDE: receptor destroying enzyme 
SP: signal peptide 
TM: transmembrane 
tRBC: turkey red blood cell 
VLP: virus-like particle 

II. Terms and Methods 
Unless otherWise noted, technical terms are used according 

to conventional usage. De?nitions of common terms in 
molecular biology may be found in Benjamin LeWin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); KendreW et al. (eds.), The Encyclopedia of 
Molecular Biology, published by BlackWell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate revieW of the various embodiments of 
the disclosure, the folloWing explanations of speci?c terms 
are provided: 
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Adjuvant: A substance or vehicle that non-speci?cally 
enhances the immune response to an antigen. Adjuvants can 
include a suspension of minerals (alum, aluminum hydrox 
ide, or phosphate) on Which antigen is adsorbed; or Water-in 
oil emulsion in Which antigen solution is emulsi?ed in min 
eral oil (for example, Freund’s incomplete adjuvant), 
sometimes With the inclusion of killed mycobacteria (Fre 
und’s complete adjuvant) to further enhance antigenicity. 
Immunostimulatory oligonucleotides (such as those includ 
ing a CpG motif) can also be used as adjuvants (for example, 
see US. Pat. Nos. 6,194,388; 6,207,646; 6,214,806; 6,218, 
371; 6,239,116; 6,339,068; 6,406,705; and 6,429,199). Adju 
vants also include biological molecules, such as costimula 
tory molecules. Exemplary biological adj uvants include IL-2, 
RANTES, GM-CSF, TNF-ot, IFN-y, G-CSF, LEA-3, CD72, 
B7-1, B7-2, OX-40L and 41 BBL. 

Administer: As used herein, administering a composition 
(such as a vaccine) to a subject means to give, apply or bring 
the composition into contact With the subject. Administration 
can be accomplished by any of a number of routes, such as, for 
example, topical, oral, subcutaneous, intramuscular, intrap 
eritoneal, intravenous, intrathecal and intramuscular. 

Antibody: An immunoglobulin molecule produced by B 
lymphoid cells With a speci?c amino acid sequence. Antibod 
ies are evoked in humans or other animals by a speci?c 
antigen (immunogen). Antibodies are characterized by react 
ing speci?cally With the antigen in some demonstrable Way, 
antibody and antigen each being de?ned in terms of the other. 
“Eliciting an antibody response” refers to the ability of an 
antigen or other molecule to induce the production of anti 
bodies. 

Antigen: A compound, composition, or substance that can 
stimulate the production of antibodies or a T-cell response in 
an animal, including compositions that are injected or 
absorbed into an animal. An antigen reacts With the products 
of speci?c humoral or cellular immunity, including those 
induced by heterologous immunogens. In some embodiments 
of the disclosed compositions and methods, the antigen is an 
in?uenza HA protein or chimeric HA protein. 

Attenuated: In the context of a live virus, the virus is 
attenuated if its ability to infect a cell or subject and/or its 
ability to produce disease is reduced (for example, elimi 
nated) compared to a Wild-type virus. Typically, an attenuated 
virus retains at least some capacity to elicit an immune 
response folloWing administration to an immunocompetent 
subject. In some cases, an attenuated virus is capable of 
eliciting a protective immune response Without causing any 
signs or symptoms of infection. For example, the ability of an 
attenuated virus to cause disease in a subject can be reduced 
at least about 10%, at least about 25%, at least about 50%, at 
least about 75% or at least about 90% relative to Wild-type 
virus. 

Baculovirus: DNA viruses in the family Baculoviridae. 
Baculoviruses are a family of large rod-shaped enveloped 
viruses With a large circular double-stranded DNA genome 
(80-200 kb). Baculoviruses have a narroW host-range that is 
limited primarily to Lepidopleran species of insects (butter 
?ies and moths), and baculoviruses do not infect mammals 
(Blissard, Cytolechnology 20:73-93, 1996).Aul0grapha cali 
fornica multiple nucleopolyhedrovirus (AcMNPV) is the 
most Well studied baculovirus and most extensively used for 
protein expression because the polyhedrin (PH) and p10 pro 
moters are e?icient promoters (McMichael et al., N Engl J 
Med 309:13-17, 1983). 

The baculovirus gp64 protein is a homotrimeric membrane 
glycoprotein. Generally, gp64 is 512 amino acids in length 
With four glycosylation sites at asparagine residues. This 
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glycoprotein also has an N-terminal signal peptide, oligomer 
ization and fusion domains, a hydrophobic transmembrane 
domain and a cytoplasmic tail domain. gp64 is essential for 
e?icient budding of the virion and for the cell-to-cell trans 
mission during the infection cycle as Well as binding to the 
host cell surface. In some embodiments of the compositions 
and methods disclosed herein, the gp64 signal peptide is at 
least 95%, at least 96%, at least 97%, at least 98%, at least 
99% or 100% identical to amino acid residues 1-38 of SEQ ID 
NO: 11. In particular examples, the gp64 signal peptide com 
prises, or consists of, residues 1-38 of SEQ ID NO: 11. In 
some embodiments herein, the gp64 cytoplasmic tail domain 
is at least 95%, at least 96%, at least 97%, at least 98%, at least 
99% or 100% identical to amino acid residues 589-595 of 
SEQ ID NO: 11. In particular examples, the gp64 signal 
peptide comprises, or consists of, residues 589-595 of SEQ 
ID NO: 11. 
The polyhedrin gene is present as a single copy in the 

baculovirus genome. Because the polyhedrin gene is not 
essential for virus replication in cultured cells, it can be 
readily modi?ed to express foreign genes. The foreign gene 
sequence can be inserted into the polyhedrin gene 3' to the 
polyhedrin promoter sequence such that it is under the tran 
scriptional control of the polyhedrin promoter. Baculovirus 
expression vectors (including those comprising the polyhe 
drin promoter for heterologous gene expression) are Well 
knoWn in the art and are commercially available (such as from 
Life Technologies, Carlsbad, Calif.). 

Chimeric: A molecule (such as a polypeptide or polynucle 
otide) composed of portions having different origins. As used 
herein, a “chimeric HA” is an in?uenza HA having a portion 
of its sequence derived from in?uenza HA and at least one 
additional portion from another protein, such as baculovirus 
gp64. In particular embodiments, the chimeric HA comprises 
the HA ectodomain and transmembrane domain and the 
baculovirus gp64 signal peptide and gp64 cytoplasmic tail 
domain. Such chimeric HA proteins are also referred to 
herein as “HA fusion proteins.” 

Clade: Refers to the different categorizations of the knoWn 
in?uenza viruses, such as in?uenza A H5N1 viruses. Viruses 
in an H5N1 clade are genetically related, but do not share the 
exact viral genome. There are at least ten different clades of 
H5N1 subtypes designated in the art: clade 0 clade 1, clade 2, 
clade 3, clade 4, clade 5, clade 6, clade 7, clade 8 and clade 9 
(Abdel-Ghafar et al., N Engl J Med 358:261-273, 2008). 
Clade 2 is further divided into subclades (including clade 2.1, 
clade 2.2, clade 2.3, clade 2.4 and clade 2.5). 

Different: As used herein, in?uenza HA proteins having 
“different” amino acid sequences refers to HA proteins that 
differ by at least one amino acid residue, such as at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at 
least 8, at least 9 or at least 10 amino acid residues. In some 
embodiments, the HA proteins having “different” amino acid 
sequences have sequences that are no more than 50%, no 
more than 60%, no more than 70%, no more than 80%, no 
more than 90%, no more than 95%, no more than 98% or no 

more than 99% identical. In particular examples, the “differ 
ent” HA proteins are each from a different clade, sub-clade, 
subtype, or any combination thereof. 

Display/Displaying: As used herein, baculovirus “display” 
of a protein (such as HA) refers to expression of the protein in 
the baculovirus envelope. The recombinant baculovirus vec 
tors disclosed herein encode four different chimeric in?uenza 
HA proteins, and upon transfection of the baculovirus vector 
into a host cell, each chimeric HA is expressed and translo 
cated to the cell membrane. The recombinant baculoviruses 
produced from the transfected host cells incorporate the chi 
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meric HAs into the viral envelope, thus “displaying” the 
chimeric HAs on the surface of the baculovirus virion. 

Fusion protein: A protein (such as an HA fusion protein) 
generated by expression of a nucleic acid sequence engi 
neered from nucleic acid sequences encoding at least a por 
tion of tWo different (heterologous) proteins. To create a 
fusion protein, the nucleic acid sequences are in the same 
reading frame and contain no internal stop codons. In particu 
lar embodiments, the HA fusion protein comprises the HA 
ectodomain and transmembrane domain and the baculovirus 
gp64 signal peptide and gp64 cytoplasmic tail domain. Such 
HA fusion proteins are also referred to herein as “chimeric 
HA proteins.” 

Hemagglutinin (HA): An in?uenza virus surface glycopro 
tein. HA mediates binding of the virus particle to a host cells 
and subsequent entry of the virus into the host cell. HA (along 
With NA) is one of the tWo major in?uenza virus antigenic 
determinants. The nucleotide and amino acid sequences of 
numerous in?uenza HA proteins are knoWn in the art and are 
publically available, such as those deposited With GenBank. 
In some embodiments of the compositions and methods dis 
closed herein, the HA is an H1, H2, H3, H4, H5, H6, H7, H8, 
H9, H10, H11, H12, H13, H14, H15 or H16 HA. In some 
embodiments, the HA is from an H5N1 in?uenza virus iso 
late. In particular examples in Which the HA is from an H5N1 
virus, the HA can be from clade 0, clade 1, clade, 2.1, clade 
2.2, clade 2.3, clade 2.4, clade 2.5, clade 4, clade 4, clade 5, 
clade 6, clade 7, clade 8 or clade 9. The recombinant bacu 
loviruses disclosed herein display multiple HA proteins, each 
having a different amino acid sequence. Generally, the HA 
proteins are each from a different clade, sub-clade or subtype 
and thus have a different amino acid sequence (such as an 
amino acid sequence that is no more than 50%, no more than 
60%, no more than 70%, no more than 80%, no more than 
90%, no more than 95% or no more than 99% identical to the 
other displayed HA proteins). 
Immune response: A response of a cell of the immune 

system, such as a B-cell, T-cell, macrophage or polymorpho 
nucleocyte, to a stimulus such as an antigen. An immune 
response can include any cell of the body involved in a host 
defense response, including for example, an epithelial cell 
that secretes an interferon or a cytokine. An immune response 
includes, but is not limited to, an innate immune response or 
in?ammation. As used herein, a protective immune response 
refers to an immune response that protects a subject from 
infection (prevents infection or prevents the development of 
disease associated With infection). Methods of measuring 
immune responses are Well knoWn in the art and include, for 
example, measuring proliferation and/or activity of lympho 
cytes (such as B or T cells), secretion of cytokines or chemok 
ines, in?ammation, antibody production and the like. 

Immunogen: A compound, composition, or substance 
Which is capable, under appropriate conditions, of stimulat 
ing an immune response (such as an in?uenza virus vaccine), 
such as the production of antibodies or a T-cell response in an 
animal, including compositions that are injected or absorbed 
into an animal. As used herein, as “immunogenic composi 
tion” is a composition comprising an immunogen (such as an 
HA polypeptide). An “immunogen” is also referred to as an 
“antigen.” 

Immunize: To render a subject protected from an infectious 
disease, such as by vaccination. 

In?uenza virus: A segmented negative-strand RNA virus 
that belongs to the Orthomyxoviridae family. There are three 
types of In?uenza viruses, A, B and C. In?uenza A viruses 
infect a Wide variety of birds and mammals, including 
humans, horses, marine mammals, pigs, ferrets, and chick 
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8 
ens. In animals, mo st in?uenzaA viruses cause mild localized 
infections of the respiratory and intestinal tract. HoWever, 
highly pathogenic in?uenza A strains, such as H5N1, cause 
systemic infections in poultry in Which mortality may reach 
100%. H5N1 is also referred to as “avian in?uenza.” 

Isolated: An “isolated” biological component (such as a 
nucleic acid, protein or virus) has been substantially sepa 
rated or puri?ed aWay from other biological components 
(such as cell debris, or other proteins or nucleic acids). Bio 
logical components that have been “isolated” include those 
components puri?ed by standard puri?cation methods. The 
term also embraces recombinant nucleic acids, proteins or 
viruses, as Well as chemically synthesized nucleic acids or 
peptides. 

Linker: One or more amino acids that serve as a spacer 

betWeen tWo polypeptides of a fusion protein. 
Multivalent: In the context of the present disclosure, “mul 

tivalent” refers to a composition, such as a recombinant bacu 
lovirus or in?uenza vaccine, having multiple different anti 
genic determinants, such as multiple (e.g., tWo, three, four, 
?ve or six) different HA polypeptides. 

Operably linked: A ?rst nucleic acid sequence is operably 
linked With a second nucleic acid sequence When the ?rst 
nucleic acid sequence is placed in a functional relationship 
With the second nucleic acid sequence. For instance, a pro 
moter is operably linked to a coding sequence if the promoter 
affects the transcription or expression of the coding sequence. 
Generally, operably linked DNA sequences are contiguous 
and, Where necessary to join tWo protein-coding regions, in 
the same reading frame. 
ORF (open reading frame): A series of nucleotide triplets 

(codons) coding for amino acids Without any termination 
codons. These sequences are usually translatable into a pep 
tide. 

Pharmaceutically acceptable vehicles: The pharmaceuti 
cally acceptable carriers (vehicles) useful in this disclosure 
are conventional. Remington ’s Pharmaceutical Sciences, by 
E. W. Martin, Mack Publishing Co., Easton, Pa., 15th Edition 
(1975), describes compositions and formulations suitable for 
pharmaceutical delivery of one or more therapeutic compo 
sitions, such as one or more in?uenza vaccines, and additional 
pharmaceutical agents. 

In general, the nature of the carrier Will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
?uids that include pharmaceutically and physiologically 
acceptable ?uids such as Water, physiological saline, bal 
anced salt solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For solid compositions (for example, poWder, pill, 
tablet, or capsule forms), conventional non-toxic solid carri 
ers can include, for example, pharmaceutical grades of man 
nitol, lactose, starch, or magnesium stearate. In addition to 
biologically-neutral carriers, pharmaceutical compositions to 
be administered can contain minor amounts of non-toxic 
auxiliary substances, such as Wetting or emulsifying agents, 
preservatives, and pH buffering agents and the like, for 
example sodium acetate or sorbitan monolaurate. 

Plasmid: A circular nucleic acid molecule capable of 
autonomous replication in a host cell. 

Polypeptide: A polymer in Which the monomers are amino 
acid residues Which are joined together through amide bonds. 
When the amino acids are alpha-amino acids, either the L-op 
tical isomer or the D-optical isomer can be used. The terms 
“polypeptide” or “protein” as used herein are intended to 
encompass any amino acid sequence and include modi?ed 
sequences such as glycoproteins. The term “polypeptide” is 
speci?cally intended to cover naturally occurring proteins, as 
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Well as those Which are recombinantly or synthetically pro 
duced. The term “residue” or “amino acid residue” includes 
reference to an amino acid that is incorporated into a protein, 
polypeptide, or peptide. 

Conservative amino acid substitutions are those substitu 
tions that, When made, least interfere With the properties of 
the original protein, that is, the structure and especially the 
function of the protein is conserved and not signi?cantly 
changed by such substitutions. Examples of conservative 
substitutions are shoWn beloW. 

Original Residue Conservative Substitutions 

Ala Ser 
Arg Lys 
Asn Gln, His 
Asp Glu 
Cys Ser 
Gln Asn 
Glu Asp 
His Asn; Gln 
Ile Leu, Val 
Leu Ile; Val 
Lys Arg; Gln; Glu 
Met Leu; Ile 
Phe Met; Leu; Tyr 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Val Ile; Leu 

Conservative substitutions generally maintain (a) the struc 
ture of the polypeptide backbone in the area of the substitu 
tion, for example, as a sheet or helical conformation, (b) the 
charge or hydrophobicity of the molecule at the target site, or 
(c) the bulk of the side chain. 
The substitutions Which in general are expected to produce 

the greatest changes in protein properties Will be non-conser 
vative, for instance changes in Which (a) a hydrophilic resi 
due, for example, seryl or threonyl, is substituted for (or by) a 
hydrophobic residue, for example, leucyl, isoleucyl, pheny 
lalanyl, valyl or alanyl; (b) a cysteine or proline is substituted 
for (or by) any other residue; (c) a residue having an electrop 
ositive side chain, for example, lysyl, arginyl, or histadyl, is 
substituted for (or by) an electronegative residue, for 
example, glutamyl or aspartyl; or (d) a residue having a bulky 
side chain, for example, phenylalanine, is substituted for (or 
by) one not having a side chain, for example, glycine. 

Preventing, treating or ameliorating a disease: “Prevent 
ing” a disease refers to inhibiting the full development of a 
disease. “Treating” refers to a therapeutic intervention that 
ameliorates a sign or symptom of a disease or pathological 
condition after it has begun to develop. “Ameliorating” refers 
to the reduction in the number or severity of signs or symp 
toms of a disease. 

Promoter: A promoter is an array of nucleic acid control 
sequences Which direct transcription of a nucleic acid. A 
promoter includes necessary nucleic acid sequences near the 
start site of transcription. A promoter also optionally includes 
distal enhancer or repressor elements. A “constitutive pro 
moter” is a promoter that is continuously active and is not 
subject to regulation by external signals or molecules. In 
contrast, the activity of an “inducible promoter” is regulated 
by an external signal or molecule (for example, a transcrip 
tion factor). In some embodiments, of the present disclosure, 
the promoter used for expression of the HA fusion proteins is 
the baculovirus polyhedrin promoter. 
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10 
Puri?ed: The term “puri?ed” does not require absolute 

purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed peptide, protein, virus, or other active 
compound is one that is isolated in Whole or in part from 
naturally associated proteins and other contaminants. In cer 
tain embodiments, the term “substantially puri?ed” refers to 
a peptide, protein, virus or other active compound that has 
been isolated from a cell, cell culture medium, or other crude 
preparation and subjected to fractionation to remove various 
components of the initial preparation, such as proteins, cel 
lular debris, and other components. 

Recombinant: A recombinant nucleic acid, protein or virus 
is one that has a sequence that is not naturally occurring or has 
a sequence that is made by an arti?cial combination of tWo 
otherWise separated segments of sequence. This arti?cial 
combination is often accomplished by chemical synthesis or 
by the arti?cial manipulation of isolated segments of nucleic 
acids, for example, by genetic engineering techniques. 

Sequence identity: The similarity betWeen amino acid or 
nucleic acid sequences is expressed in terms of the similarity 
betWeen the sequences, otherWise referred to as sequence 
identity. Sequence identity is frequently measured in terms of 
percentage identity (or similarity or homology); the higher 
the percentage, the more similar the tWo sequences are. 
Homologs or variants of a given gene or protein Will possess 
a relatively high degree of sequence identity When aligned 
using standard methods. 

Methods of alignment of sequences for comparison are 
Well knoWn in the art. Various programs and alignment algo 
rithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. 
USA. 85:2444, 1988; Higgins and Sharp, Gene 73:237-244, 
1988; Higgins and Sharp, CABIOS 5:151-153, 1989; Corpet 
et al., Nucleic Acids Research 16:10881-10890, 1988; and 
Pearson and Lipman, Proc. Natl. Acad. Sci. USA. 85:2444, 
1988. Altschul et al., Nature Genet. 6:119-129, 1994. 
The NCBI Basic Local Alignment Search Tool 

(BLASTTM) (Altschul et al., J. Mol. Biol. 215:403-410, 1990) 
is available from several sources, including the National Cen 
ter for Biotechnology Information (NCBI, Bethesda, Md.) 
and on the Internet, for use in connection With the sequence 
analysis programs blastp, blastn, blastx, tblastn and tblastx. 

Subject: Living multi-cellular vertebrate organisms, a cat 
egory that includes both human and non-human mammals, 
such as non-human primates. In one example, a subject is one 
Who is infective With in?uenza, or is at risk for such infection. 

Tetravalent in?uenza virus vaccine: An in?uenza vaccine 
having four different antigenic determinants, such as four 
different HA polypeptides. In some embodiments, the tet 
ravalent in?uenza virus vaccine is a recombinant baculovirus 
displaying four different chimeric HA polypeptides. 

Therapeutically effective amount: A quantity of a speci?ed 
agent (such as a recombinant baculovirus displaying in?u 
enza HA polypeptides) suf?cient to achieve a desired effect in 
a subject being treated With that agent. For example, this may 
be the amount of an in?uenza virus vaccine useful for elicit 
ing an immune response in a subject and/or for preventing 
infection by in?uenza virus. Ideally, in the context of the 
present disclosure, a therapeutically effective amount of an 
in?uenza vaccine is an amount suf?cient to increase resis 
tance to, prevent, ameliorate, and/ or treat infection caused by 
in?uenza virus in a subject Without causing a substantial 
cytotoxic effect in the subject. The effective amount of an 
in?uenza vaccine useful for increasing resistance to, prevent 
ing, ameliorating, and/or treating infection in a subject Will be 


































































