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NOVEL H5 PROTEINS, NUCLEIC ACID MOLECULES AND VECTORS
ENCODING FOR THOSE, AND THEIR MEDICINAL USE

FIELD OF THE INVENTION

The present invention relates to the field of medicine, preferably to the field of infectious
diseases. In paticular the present invention relales to influenza proteins, nucleic acid
molecules and vectors encoding those profeins, and vaccines. Most particulardy, the
present invention relates to the use of any of such proteins, nucleic acid molecules,
vectors or vaccines for the treatment and prevention of influenza infections, furthermore
for the prevention of intra- and inter-species transmission of infiuenia virus.

BACKGROUND OF THE INVENTION

Influenza infection remains an important infection in’ animals and humans. Influenza is
caused by viruses ihat undergo confinuous antigenic changes/modifications and that
possess an animal reserveir. Thus new epidemics and pandemics may occur in the future,
and eradication of the disease will be difficult to achieve. Influenza viruses are well known
in the art and described more in detail for example by P. Palese, Nalure Medicine, vol. 10.
no. 12, pp. S B2 to S 86 of Decamber 2004, with further references. Briefly, the genome of
the influenza A virus consists of eight single-stranded segments, and the viral particles
has two major glycoproteins on its surface: hemagglutinin (H) and neuraminidase {N).
With at least 16 different hemaggiutinin (H1 to H16) and 8 different neuraminidase (N1 to
NG} subtypes, ihere is a considerabie antigenic variation among influenza viruses.

Influenza virus of fype HSN1 Fowl Plague virus has been demonstrated to infect bouitry,
pigs and man, The viruses can also be transmitted directly from avian species to humans
{Claas et al., Lancat 1998, 351; 472; Suarez et al., J. Virol. 1998, 72: 8678, Subbarao ef
al., Science 1998, 279: 393; Shortridge, Vaccine 1999, 17 (Suppl. 1) $26-829). Mortality
in known human clinical cases approaches about 50%.

Over the last century pigs have been an important vector for influenze pandemics. Pigs,
camels, and seals, preferably pigs, can serve as a ‘mixing chamber for avian influenza
viruses, and therefore represent a potential risk factor for overcoming the species hurdles
from poultry, the naturally reserveir of influenza virfuses, to mammals. This normally
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veeurs by double infections of the susceptible animals, e.g. pig, with both, an established
rmarnmalian (porcine), as well as an avian influenza virus. This double infection may
create new recombinant viruses that may be the cause of human or porcine pandemics,
Recent evidence would, however, indicate that a recombination of current avian H5
sirains with mammatian influenza viruses will not result in highly virulent recombinants, On
the other hand, avian influenza virus can infect pigs and by spontaneous mutations can
become adapted to pigs. The crifical hurdle will be overcome as soon as the vinus can
catse horizontal infections within & pig {or other mammalian} poputation.

Yet, a major part of Southeast Asian pigs have been infecled with avian (H5) influenza
virus strains originating from neighbouring poultry husbandry. As those infections have so
far been sub-clinical, they can only be diagnosed by laboratory methods and thus are
frequently ovetiooked, There is a high risk that those sub-clinically-infected pigs will serve
as an opportunity for the virus to adept to the mammalian system, spread within the
porcine pepulation, and also infect human beings.,

Current infitenza vaccines include a subunit vaceine {Babal ot al, Vaccine 1999, 17(5~
10):3223-1238 Crawford ef el., Vaccine 1998, 17(18).2265-2274; Johansson el al,
Vaccine 1999, 17(15-16):2073-2080) attenuated vaccine {Horimote et al., Vaccine 2004,
22(1 7-18):2244.2247), DNA vaccine (Watabe ol al., Vaccine 2001, 19(31}:4434-4444)
and inactivated influenza vaccine {Cao et &f., Vaccine 1992, 10(4):2:3&242}‘ with the latter
being the most widely used on a commercial scale {Upafov el al, J Viro/ 2004,

POl T OOES
e !]-835"%59).

Subunit vaccines, recombinant hemagglutinin and neuraminidase {Babai of al, Vacdine
1999, $17/9-10):1223-1238 Crawford of gl Vaccine 1998, 17(18):2285-2274, Johansson
el al, Vaccine 1999, 17(15-16).2073-2080) n"tay be an aftractive alternafive to the
inaclivated vaccine, although none are currently in use as commercial vacsines. The
preparation of such vaccines is obviously safer than for an inactivated vaccine, Moreovert,
subunit vaccines do not generate antibody responses to internal influenza viral proteing
and thus allow distinction between vaccinated and infected animals (Crawford &l al,,
Vacting 1998, 17¢18).2265-2274).
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Hemagglutinin protein is the receptor-binding and membrane fusion glycoprotein of
influenza virus and the target for infectivity-neutralizing antibodies. The entire
hemagglutinin protein (HA) from the H5N1 is composed of 568 amino acids, with a
molecular weight of 56 kDa. The HA molecule consists of HA1 and HA2 subunits, with the
HA1 subunit mediating initial contact with the cell membrane and HAZ2 being responsible
for membrane fusion (Chizmadzhev, Bioelectrochemistry 2004, 63(1-2):129-136).

Baculovirus/insect cell systems have been used to express hemagglutinin genes isolated
from avian infiaénza subtypes (Babai et al., Vaccine 1999, 17(9-10):1223-1238; Crawford
et al., Vaccine 1999, 17(18):2265-2274; Johansson et al., Vaccine 1999, 17(15-16):2073-
2080); Nwe et al., BMC Mircobiology 2006, 6(16):doi:10.1186/1471-2180-6-16). However,
the those recombinant proteins seems not to be protective in any case, or only less
effective at least for some species (Treanor et al., Vaccine 2001, 19: 1732-1737).

Thus, there is a need to increase availability of improved vaccines and new vaccination
approaches to provide better approaches to control influenza infections and to have a

positive impact on disease load.

- SUMMARY

In a first aspect, there is provided a haemagglutinin protein of influenza virus subtype 5
(H5 protein) comprising an amino acid sequence of SEQ ID NO: 1, wherein the amino
acid sequence of SEQ ID NO: 1 is modified in the H5 protein to include an amino acid
223N and a modification 328K+, wherein the modification 328K+ means that at amino
acid position 328 of H5 protein a second Lysine (K+) is inserted.

In a second aspect, there is provided a nucleic acid molecule, coding for the H5 protein as
defined herein.

In a third aspect, there is provided a vector comprising the nucleic acid molecule as
defined herein.
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In a fourth aspect, there is provided a method for producing the H5 protein as defined
herein, wherein said method comprises the steps:

a. isolating or amplifying the nucleic acid that codes for such H5 protein;

b.  cloning the H5 encoding nucleic acid in an expression vector;

C.  expressing the H5 protein.
In a fifth aspect, there is provided the H5 protein as defined herein for use as a medicine.

in a sixth aspect, there is provided the nucleic acid molecule as defined herein for use as

a medicine.
In a seventh aspect, there is provided the vector as defined herein for use as a medicine.

In an eighth aspect, there is provided the use of the H5 protein as defined herein for the
preparation of a pharmaceutical composition for the prophylaxis or treatment of infections

caused by viral influenza.

in a ninth aspect, there is provided the use of the nucleic acid molecule as defined herein
for the preparation of a pharmaceutical composition for the prophylaxis or treatment of
infections caused by viral influenza.

in a tenth aspect, there is provided the use of the vector as defined herein for the
preparation of a pharmaceutical composition for the prophylaxis or freatment of infections

caused by viral influenza.

In an eleventh aspect, there is provided a kit of parts, comprising:
a. the Hb5 protein as defined herein, the nucleic acid molecule as defined herein, or
the vector as defined herein; and
b. a package leaflet indicating the use of such H5 protein, nucleic acid molecule, or
vector of a) for the treatment or prophylaxis of infections caused by influenza virus.
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DESCRIPTION OF THE INVENTION

Before the embodiments of the present invention it shall be noted that as used herein and
in the appended claims, the singular forms "a", "an", and "the" include plural reference
unless the context clearly dictates otherwise. Thus, for example, reference fo "a
preparation” includes a plurality of such preparations; reference to the "carrier" is a
reference to one or more carriers and equivalents thereof known to those skilled in the art,
and so forth. Unless defined otherwise, all technical and scientific terms used herein have
the same meanings as commonly understood by one of ordinary skill in the art to which
this invention belongs. All given ranges and values may vary by 1 to 5 % unless indicated
otherwise or known othérwise by the person skilled in the art, therefore, the term “about”
was omitted from the description. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present
invention, the preferred methods, devices, and materials are now described. All
publications mentioned herein are incorporated herein by reference for the purpose of
describing and disclosing the substances, excipients, carriers, and methodologies as
reported in the publications which might be used in connection with the invention. Nothing
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herein is to be construed as an admission that the invention is not entitled to antedate

such disclosure by virtue of prior invention.

The solution to the above technical problem is achieved by the description and the
embodiments chatacterized in the claims.

influenza proteins and nueleic acid molecules coding for those
The present invention relates to a H5 protein of influenza virus, wherein the H5 protein

having the amino acid 223N and the modification 328K+, wherein numbering of the amino
acid positions of the H3 protein refers to the amino acid basition as exemplarily given in
SEQ D NO:1 and wherein the modification 328K+ means that at amino acid position 328
of HME& protein a second Lysine (K+} is inserted. Preferably, such M5 protein and any .
further HS protein according tc'z' the invention is an isolated HS profein. i has been

. surprisingly found, that M5 proteins, having the modifications describéd above, are highly

antigenic as compared to HE proteins that do not have the corresponding amino acids at
position 223 and 328/329.

The term “hemaggiutinin § (H8) or “H5 55 avien influenza virus®™ or HS protein” as used
herein means, but is not limited fo any naturally occurring HS profein and any modified
forms of HS protein, including any deistion, substitution andior insertion mutant of HS
protein, wherein those H5 proteins having thé amino acid 223N and the modification
328K+,

The numbering of the amine acid positions of the H5 protein as used herein refers fo the
amino acid position as exemplarily given in SEQ ID NO:1. SEQ D RO;1 represents the
amino sequence of the hemaggiutinin of sirain duck/China/t315-2/03 bul lacking the

amino terminal signat peptide. in other words, if reference is made to the amino acid at
pcs;iticn 223 {amino acid 223), the amino acid residue is meant which corresponds to
amine acid 223 of SEQ 1D NO:1. However, this does not mean that the HE profeins
according fo the invention have the identical amino acid sequence with SEQ 1D NO:1. it
only says, that the comresponding amino acids of the M5 proteins according to the
inventions code for the amino acid residue, as explicitty mentioned, in the current case,
amino acid 223 wauld be Serine (S). The terms "223N°, or “I1585N" exemplarily mean, that

the amino acid at positions 223 and 155, respectively — numbering dccording to the amino
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acid positions of SEQ 10 NO:1 -that shall code for the amine acid Asparagine (N}. In
other words, if reference is made to “HS5 protein having the amino acid 223N, a HE amino
acid moiecute that normally codes for Serine at amino .acici position 223 - numbering
according fo the amino acid positions of SEQ ID NQ:t — that amino acid shall be
substituted by an Asparagine (N). The term "328K+" or "modification 32BK+" means, that
at amino acid position 328 of M5 protein - numbering according to the aminc acid
positions of SEQ 1D NO:1 ~, a second Lysine (K+) is inserted. In cases were amino acids
sequences at positions 328 and 329 naturally codes for Lysine-Lysine, no further Lysine
(K)'shal! be inserted. However, most of the Known HS sequénces code at amino acid
pesitions 328 and 320 for Lysine-Arginine. in any such cases, the term 328K+
modification means, that a second Lysine (K) shall be inserted between Lysine at position
328 and Arginine at position 329. The modified sequence would read then Lysine-Lysine.
Arginine {(KKR).

Thus, the present invention refates to H5 protein and any modified forms of H5 protein,

including any deletion, substitution and/or insertion mutant of H5 protein, wherein those
HS proteins having the amino acid 223N and the modification 328K+, wherein numbering
of the amino acid positions of the HE protein refers to the amino acid position as
exemplarily given in SEQ 1D NO:1 and wherein the modification 328K+ means that at
amino acid position 328 of HS protein a second Lysine {K+) is insertsd. It is self-
explanatory, that any of the HD proteins as provided herewith are antigenic, which mean
they show antigenic properties in an standard hemagglutinin inhibition assay for influenza
viruses.

According to & further embaodiment, the present invention aisc relates to any part of the H5
protein, which means any peplide-fregiment which shows antigenic propeities &n an
standard hemaggiutinin inhibition assay, having at least the amine acid 223N and the
modification 328K+, wherein numberng of the amino acid positions of the HS protein
refers to the amino acid position as exemptarily given in SEQ 1D NO:1 and wherein the
modification 328K+ means that at amino acid position 328 of HS protein a second Lysine

(K<) is inseried,

A MS protein shows anfigenic properties H it inhibits hemagglutination in 2 standard
hemagglutinin inhibition assay, for examples as described in Example 2, Normally said
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antigenic part of HS protein comprises 200, 180, 160, 150, 140, 130, 120, 110 or most
preferably 105 contiguous amino acids of the amino acid sequence that codes for the H5
protein as mentioned above, madified or non-modified, which shows anfigenic properties
in an standard hemagglutinin inhibition assay as described in Example 2. A standard
hemagglutinin inhibition assay for example is also deseribed in Stephenson et al, Virus
Research vol. 103, pp. 81-85 {2004) with further references. Howsver, the Hi assay as
described in Example 2 shall be understood fo be the relevant reference assay in
connection with ali aspects of the invention as described herein:

Briefly, Bl assay was performed to detect the presence of HA-specific antibodies. A
heterologous HEN2 vitus, AlchickeryMexico/232/04, was used at a concentration of four
hemagglutinating units {4 HA units} in the HI assay. in U-bottomed microtiter plates serial
two-fold serum dilutions in PES were subsequently mixed with equal volumes (25 ul)
containing 4 HA units of virus, and incubated at room temperature {about 25°C) for 30
min. Chicken red blood cells, at a concentration of 0.5% in PBS, were added to the
serum-virus containing wells and incubated for 40 min at room temperature. The Hi fiters
were determined as reciprocals of the highest serum dilutions in which .inhibition of
hemagghufination was observed.

Of note, Haessbrouck and Pensaert {1886) found "that there may exist & comelation
between the Hi fiters ageinst the challenge virus and protection from chalienge”.
Haessbrouck and Pensaert (1986) also determined that pigs with HI titers of >40 were
"completely resistant to challenge and no replication of the virus ocourred in the
respiratoty tract ot chalienge®, Thus, the development of HI titers =40 in the vaccinated
swing would correlate to protecﬁon'. (F. Hassebrouck and M.B. Pensaert, 1586). Effect of
intratrachez! challenge of faftening pige proviougly Immunized with an Inactivated
influenza H1N1 vaccine (Veterinary Microbivlogy, 11 (1986) 239-249. It has {o assume
that equivalent or at least hearly equivalent H5 Hl titers will aiso resut in a complete
immune protection of swine against avian influenza virus, Lower tters, at least result in a
seroconversion of the vaccinated animals and resuft in partiat immune protection of those
animals, which also can dramatically reduce the risk of a pandemics.

Moreover, an antigenic part of the H5 protein according to the invention includes, but is
not fimited to deletion mutants of H5 protein, which comprises:
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at feast 35, 30, 25, 20, 18, 15, 13, 10, 9, or most preferably B contiguous amino’
acids of the amino acid sequence that surrounds and includes the amino acid
223N; and

ii. atleast 35, 30, 25, 20, 18, 15, 13, 10, 9, or most preferably 8 contiguous amino

acids of the amino acid sequence that surrounds and includes the amino acid
modificetion 328K+, and '

wherein any of such antigenic part of H5 protein shows hemaggiutinin inhibition in
a siandard hemagglufinin inhibition assay as described in Example 2.

Preferably, those surrounding amino acids of amino acid 223N and/or 328K+ aré encoded
by SEQ ID NO:1 or SEQ D NO4.

Furthermore preferred HS proteins according to the invention are;

i

L

iii.

any of those rentioned above having the amino acid 223N and the modification
328K+,

any of those mentioned above having the amino acid S4N/223N and the
modification 328K+, .

any HE protein of avien origin having the amino acid 223N, and the madification
328K+, wherein avian origin means that the H5 sequence derived form a virus
isolate that was originally isolated from a poultry infected with avian influenza virus
type §; or

. any HS5 prolein of avian origin having the amino acids 94N/223N and the

modification 328K+, wherein avian origin means that the RS sequence derived
from a virus isolate that was originally isolated from poultry infected with avian
influenza virus type 5; or

any H5 protein of avian origin having the amino acids 155N/223N and the
modification 328K+, wherein avian origin means thal the HS sequence derived
from a virus isolate that was originally isolated from poultry infected with avian

influenza virus type §; or

. any H5 protein of avian origin having the amino acid 120N/155N/223N and the

modification 328K%, wherein avian origin means that the HS sequence derived

- from a virus isolate that was originally isolated from poultry infected with avien

influenza virus type 5, or
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vii. any H5 protein having the modifications 94N/223N and the modification 328K+; or

vill.any H5 protein having the modifications 94N/1SSN/Z23N and the madification
328K+; or,

ix. any H5 protein having the modifications 94N/120N/S5NZZ3N and the
modification 328K+; or

X. any H5 protein having the modifisetions 223N, the medification 328K+, and one or
more of the foliowing amine acid clusters selected from the group consisting of

ag 83 - 85 ONF

aa 123-125  8sDH

aa 128 ~130;  S8G

aa 138- 140: GSS

aa 226- 228. MDF

aa 270-272: EVE

a3 308 -311. NKL.or

xi. any H5 protein having the aming acid 223N, and the modification 328K+, and one
or more of the following amino acid clusters selected from the group consisting of.
a. za 93 - 95  GNF
b. a3 128-13G: S8G
¢. 83138~ 140:  GSSor

xil. any HS protein having the amino acid sequence of SEQ ID NO:4,

@ = 0 8 00

Fusthermore preferred HS proteins as provided herewith include the H5 proteins as
described by Hoffmann et al, PNAS, vol. 106, no.36, pp. 12915-12820 of Seplember 8,
2005, wherein that HS proteins inclizdes one or more of the modifications as described
above, at least the amino acid 223N and the modification 328K+, wherein numbering of
the amingc acid positions of the H5 protein refers to the amino acid posifion as exemplarily
given in SEQ 1D NO:1 and wherein the modification 328K+ means that at amino acid
position 328 of HS protein a second Lysine (K+) is inserted. The disclosure of this
reference shall be entirely included herein by reference.

Furthermore preferred M5 protgins as .provided herewith include H5 proteins which
comprise a peptide that comprses the amino acid 223N and the modification 328K+,
wherein numbering of the amino acid positions of the HS protein refers to the amino acid
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position as exemplarily given in SEQ {0 NO:1 and wherein the modification 328K+ means
that at amino acid position 328 of H5 protein & second Lysine {(K+) is inserted, and:

the amino acid sequences of SEQ (D NO:1, SEQ (D NO:2, SEQ 1D RC:3; SEQ 1D
NO:4; SEQ ID NO5 or SEQ ID NOB or;

any peptide that has at least B5% sequence homology, more preferably at least
about 80% sequence homology, still more preferably at least about 95% sequence
homology, even more preferably at least about 7% sequence homology, stilf even
moré preferably al least about 88% sequence homology, and even more
preferably at least about 88% sequence homgclogy io the polypeplide of i} that
comprises hemagglutinin inhibitien in- a standard hemaggiutinin inhibition as

* described above; or

.

Vi

any antigenic part of the polypeptides of i) or #f) comprising at least 35, 30, 25, 20,
18, 15, 13, 10, 9, or most preferably 8 configuous aming acids of any of peptides

-of i) or i),

any peptides of i}, i) or iii) having the amino acids 36T, 36K, 83A, 83T, 83D, BBA,
8BV, 120N, 1208, 155N, 1558, 156A, 158T, 188R, 180K, 212K, 212R, 212E,
223N, 223N, o 120N/155N.

any pephide of 1), il}, iil} or ¥) having one or more of the following amino acid
clusters selected from the group consisting of.

a. aa 83 - 95  GNF

b a3 123-125. SDH
C. 2a128~130: S8G
d. aa138- 140: GSS
€. aaZ26- 228  MDF
f 8a270-272 EVE
g. a8 308~-311: NKL or

any peptide of i), ii} iii} or iv} having one or more of the following amino acid
clusters selected from the group consisting of:

a. aa 93 - 85 OGNF '

b. aa 128 - 130 888G

c.- as 138- 140; G8s.
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“Sequence homology”, as used herein, refers.to & methot of determining the relatedness
of two sequences. To determine sequence homology, two of moreé sequences are
optimally ailigned, and gaps are introduced if necessary. In contrast to sequence identity,.
conservative amino acid substitutions are counted as a maich when determining
sequence homoiogy. In other words, to obtain 3 polypeptide or palynutiectide having
85% seguence homology with a reference sequence, 85%, preferably 80%, even more
preferably 85% of the amino acid residues or nuclectides in the reference sequence must
match or comprise a conservative substitution with ancther amino acid or nuclectide, of 2
number of amino acids or nucleotides up to 15%, preferably up to 10%, even more
preferably up to 5% of the total amino acid residues or nucleolides, not including
conservative substitutions, in the reference sequence may be inseried into the reference
sequence. Preferably the homolog sequence comprises at least a stretch of 50, even
more preferred of 100, even more preferred of 250, even more preferred of 500
nucleotides. Upon such alignment, sequence homology Is ascertained on a position-by-
position basis, e.g., the sequenceé are “homolog” at a particular position it at that position,
the nucleotides or aminoc acid residues are igentical. The fotal number of such position
identities is then divided by the total number of nucleotides or amino acid residues in the
refersnce sequence o give % sequence homology., Sequence homology can be readily
calculated by known methods, including but not Hmited fo, those described in
Computational Molecular Biclogy, Lesk, A. N., 8d., Oxford University Press, New York

{1988}, Biocomputing: informatics and Genome Projects, Smith, D.W., ed., Academic

Press, New York {1983), Computer Analysis of Sequence Data, Part |, Griffin, AM., and
Griffin, H. G., eds., Humana Press, New Jersey (1894), Sequence Analysis in Molecular
Biology, von Heinge, G., Academic Press (1987}, Sequenge Analysis Primer, Gribskov, M.
and Devereux, J., eds., M. Stockton Press, New York {1891}, and Carillo, H., and Lipman,
., SIAM J. Applisd Nath,, 48. 1073 {1888}, the teachings of which are incorporated
herein by reference. Preferred methods to determine the sequence homology are
designed to give the largest match between the sequences tested. Mathods to determine
sequence homplogy are cadified in publicly available computer programs which determine
sequence identily between given sequences. Exampies of such programs include, but
are not fimited fo, the GCG program package {Devereux, J., ef al, Nucleic Acids
Research, 12(1):.387 (1984)), BLASTP, BLASTN and FASTA {(Altschul, 5. F. et al,, J
Molec. Biol., 215:403-410 (1890}, The BLASTX program is pubficly available fram NCB!
and other sources (BLAST Manual, Altschul, S. et al, NCVI NLM NiH Bethesda, MD
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20894, Altschul, 8. F. et al, J. Molec. Biol,, 215:403-410 (1890), the teachings of which
are incorporated herein by reference), These programs optimally align sequences using

default gap weights in order to produce the highest level of sequence homology between

the given'and reference sequences.

Furthermore preferred HS proteins inclutde HS proteins which comprise the 328Ky
modification as mentiched above, and the amino acid sequence provided in TABLE 1, or

any immunogenic part thereof.

TABLE 1 H5 antigens

; Amino acid positions®
Sequence name Basic- s
sequence | 3s | g3 | 88 | 120 | 155 | 156 | 180 | 212 | 223 | 263
ZTINIBOBK+ ay HAFSE | - | - 1 - | - | -1 « 1 - I NJ -
36TI223NIE28K anyHAHS | T - | - | - - -1 -1 - PN -
SBKI223NA28k+ anyHAMS 1K - 1 ~ 1 - 1 -1 « | - | - I NT-
BIA22IN/I28k+ | any HAHS -1 A - - - - - - N -
83T/223N/328k+ anyHARS | - 1 T | - - - - - - N -
B3DI22IN/328k+ any HAME | - D - - - - ~ - N -
BEAIZZ3N/32BE+ sy HAMS | - | - 1 AL - | - b « b . 1T N T -
BEVI223N/328k+ anyHAHS | - | - IV -} - - - T -FTNT-
1 20N/ Z23N328k+ anyHAMB | - ] « | - | N | - ST TN .
1202 23N 28K+ anyHAHS | ~ 1§ « | « | S | « | « T - <1 N1 -
155N/Z2INII2BK+ any MAHS | - - - - N - - - N -
155812 Z3N/328k+ sy HAHS | « | - | = | « 1 8§ - | -1 - 1 N -
186A/223NI328%+ anyHAHS | - - - - - A - - N -
1 56T/223N/328k+ anyHAHS | « | - 1 « | - | - T TV - T TN -
189R/2TINIZZBK+ oy HAHS | - 1 - | - | - | -1 <« TR - I N -
{8OKI2Z3NI3 28K+ anyRAHS | « | « | - | = | ~ | « T KR{ - [ N ~
212KI223NI328k+ any MAHS | « | - - - - - - K1 N -
212RIZ23NI3281c+ anyHAHS | - | - | = | = | =1 «t « | RINTI-
21 2E/223NI328k+ anyHAHS | - | - | ~ | - | - | -1 - EINT -
IDANIIBIAIZIBKE any HAHS | - | - e -1 - - I N A
22ANI2E3TIa28k+ sy MAHS | - | - 1 - | - | - -l -1 - INTT
120N/i55NZ2INMB28k+ | anyHAHS | - | - | - I N [N T -} - - T NT -
Adduck/Chinal/E318-
203328k AARSGE28 | T 1 A A s G A R 4 hY A
Adduck/China/E319-
iy AaRE9E28 [ T{AJA | S | DI A|RIK|N|A
AlduckiGhinaf/E 319
203 obtimaaramare | AAREE28 | T1 AL AL NI D I AIR]K|IN]A
e s | ARESE28 | T A LA S N AR K|N]|A
oy uckIOhInalES1S | aarmezs [Tl A A ls NI NIR|[K|N]A
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HAMK/213/03/328k+ AY518362

HANIstnam/1203/04

HANetnam/1203/04
223N/B28k+

HAINietnam/3046/04
223N/328Kk+

HANistnam/3062/04
223NI328k+

Fpjchicken/Vietmami
3G/04_223INI2BK+

FAffalcon/HK-
D0028/04_223N/328ks+

HA/duek/Singapors/3/8T
_223N7328k+

adf A | A | -] ® X

PLO P |2 |22~ P
rle|ri<|<|<|<i<i»
wiolwijolo|lonlovloz
wzloljo|olon|oloz
Pyl >
Axlisix]|x|x]x]|xw
mimim|o|o|w]|w{ppx
zlzlziz|z|=z]|=z|zz

| RARK/1 580877328k

P AP A I IR

tf\e aming acid positions given in TABLE 1 refers to the positions as exemplarily defined in
SEQ (D NC:1. in other words amino acid 223 of TABLE 1 refers to the amino acid 223 of the
sequence of SEQ 1D NO:.

- means that the amino acids at this positions are variable 3s compared 1o the reference
ssquence.

Furthermore, the present invention alse relates to H5 proteins having at least the amino
acid 223N and the modification 328K+, wherein numbering of the amino acid positions of
the M3 protein refers to the amino acid position as exempiarily given in BEQ D NO and
wherein the modification 328K+ means that at amino scid position 328 of H5 protein a
second Lysine {(K+) is inseried, and comprises.

i. a pepfidge having the sequences of NCBJ Accession No. AATEE208, CAJ3I2586,
ABCA7655, CAF21874, CAF21870, AACSBY98, AACS8997, AACHB99E,
AACS8804, AACSBES3, AACS8992, AACSESU1, AACSBOG), AACES995,
AASA5134, AAN1T270, AAN17269, AAN17268, AAN1I7267, AAN1T26E,
AANATZ6S, AAN1T2684, AANTTZ63, AANTT262, AANIT261, AAN1T728Q,
AANT7258, AAN1T7257, AAN17256, AAN17255, AAN17254, AAA43083,
AAAA30B2, AABISOTS, BAE48595, BAER4BGE3, - BAE48698, BAE48685,
BAE48604, BAE48592, BAE48B691, BAE48690, BAE48688, BAE4BSSE,
BAE48667, BAEA48686, BAE48685, DAE48684, BAE48683, AACS8999,
ABCT72082, AAVE1148, AAPT1883, AAPTI882,. AARTI081, AAP71990,
AAPT710B8, AAPRT2011, AAPT72010, AAPT72008, AAPT2008, AAPT2007,
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V.

V.

AAPT2000, AAPT2005, AAPT2004, AAPT2003, AAPT72002, AAPT2001,
ARPT2000, AAP71990, AAPT71098, AAPT10G7, AAPT71086, AAPT71995,
AAPT1894, AAFDR718, ABF58B47, AAG38334, AAC32102, AAL32068,
AALTEBAT, AAC32101, AAC32088, AAC32088, AAC32078, AARSQE628,
AAC32100, AAMAYSS5, AAL75843, AAL75838, AAD13573, AAD13568,
AAFD4720, AAF04718, AAC34263, AAR16155, AAD1I3E74, AAD13ET0,
AAD13575, AAD13572, AAD13565, AAD13S67, AAD13S66, AAKS7S08,
AAGD1225, AAGD1218, AAGO1205, AAGD1185, or ABDB3813 modified in a
manner described above, which means that those sequences include thé above-
mentioned modifications 223N and 328 K+ which are not part of the wild-type
seguences; of

any peplide that has at least 85% sequence hpmology, mare preferably at least
about 80% sequence homoiogy, still moré preferably at least about 85% sequence
homology, even more preferably at least about §7% sequence homoiogy, still even
more preferably at least about 98%  sequence homology, and even more
preferably at least about 89% sequence homology to the polypeptide of i} and that
show herraggiutinin inhibition in a standard hemagglutinin inhibition as described
above;

fi. any of the peplides of i} or i) baving the amino acids 367, 36K, 83A, 83T, 83D,

864, 88V, 120N, 1208, 155N, 1558, 1864, 186T, 189R, 188K, 212K, 212R, 212E,
2B3A, 2637, or 120N/155N; or -

any of such peptides of'i), i), of iii) having one or more of the following amino acid
clusters selected from the group consisting of,

aa 93 - G5 GNRF

aa 123 — 125 SDH

aa 126 - 130: 8SG

aa 138 - 140: GSS

aa 226 - 228: MDF

aa 270 ~ 272, EVE

g. &a 309 ~ 311 NKL; or

o

~ e a0

any peptide of 1), i} iii} or iv} having one or more of the following amino acid

clusters selected from the group consisting of:
a. aa 93 « 95:GNF
b. aa 128 -~ 130: §SG
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c. aa {38~ 140:G588

According to @ further embediment, the present invention alse relates to nucleic acid
molecules, which code for any of the HS proteins as desecribed supra. Preferably, those
nucleic acid molecules are RNA, DNA or copy {c)DNA molecules. Thus, the present
invention relates tv a nucleic acid molecule, preferably a ¢cDNA molecule coding fora K5
protein or any modified forms of HS protein, inclu&ing any deletion, substitution and/or
insertion mutant of M5 protein, wherein those M5 proteins having the amine acid 223N and
the modification 328K+, wherein numbering of the amino acid positions of the H5 protein
refers to the amino acid position as exemplarily given in SEQ 1D NO:41 and wherein the
ﬁwodiﬁcat‘mn 328K+ means that at amino acid position 328 of H5 protein a second Lysine
{K+}is inserted.

Ageording to a further embodiment, the present invention also relates to a nucleic acid
molecule, preferably 2 cDNA molecule coding for any part of the HS protein, which means
encoding for any pepfide-fragment which shows antigenic properties in an standard
hemagglutinin inhibition assay es described supra, and having at least the aminc acid
223N and the modification 328K+, whergin numbering of the amino acid positions of the
HS5 profein refers to the amine acid position as exemplarly given in SEQ 1D NOi1 and
wherein the modification 328K+ means that at amino acid position 328 of H5 protein a
second Lysine (K+} is inserted. Normally such nucleic acid molecules, which code for an
antigenic part of H5 protein, comprise 600, 540, 480, 450, 420, 330, 38C, 330 or most
preferably 315 contiguous nucleotides of the nucleotide sequence that codes Vor the HS
protein as mentioned above, modified or non-modified, and which shows antigenic
properties in a2n standard hernagglutinin inhibition assay as described herein.

Further embodiments of antigenic parts of the HS protein are described supra. I is in the
common knowledge of a person skilled in the art to construct any such nucleic acid
molecules, preferably cDNA molecules which codes for the ant‘tgen-ic part of the H5
protein as described swpra. This also include but is not fimited to the construction of
nucleic acid molecules, preferably of ¢DNA molecules, which codas for antigenic pans of
the HS protein as mentioned above including deletion mutants of H5 protein, which -
comprises:
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iii,

at least 105, 80, 75, 60, 48, 45, 38, 30, 27, or most preferably 24 contiguous amino
nucleotides of the nucieotide sequence that surrounds and inciudes the coding
sequence that eodes for amino acid 223N; and

at feast 105, 80, 75, 60, 48, 45, 39, 30, 27. or most preferably 24 contiguous amine
nucleofides of the nuciectide sequence that surrounds and includes the coding
sequence that codes for modification 328K+, and

wherein any of such antigenic pari of HS protein show hemaggiutinin inhibifion in 2
standard hernagglutinin inhibition assay as described in Example 2.

Preferably, those surrounding nucleotides of the nuclectides, which code for amino acids
223N andfor 328K+, coding for SEQ 1D NCO:1 or SEQ ID NO4.

Furthermore preferred nucleic acid molecuies encoding for the HE protein according to the
invention are;

i

i

any of those mentioned supra encoding for the amino scid 223N and the
modification 3281+;

any of those mentioned supra encoding for the amino acid 94N/223N and the
madification 328K+,

any nucleic acid molecules of avian origin encoding for the amino acid 223N, and
the modification 328K+, wherein avian origin means that the HS sequence derived
from & virus isolate that was originally isolated from poultry infected with avian
influenza virus type 5; or

any nugieic acid meolecules of avian oiigin encoding for the amine acids 94N223N
and the modification 328K+, wherein avian origin means that the HS sequence
derived from a virus isolate that was originally isolated from poultry infected with
avian influenza virus type 5, or,

any nucleic acid motecules of avian origin encoding for the amino acids
185N/223N and the modification 328K+, wherein avian origin means that the HS
sequence derived from a virus isolate that was originally isolated from poultry
infecteq with avian infiuenza virus type 5; or

. any nugieic acid motecule encoding for HS protein of avian origin having the amino

acid 120N/185N2Z23N and the modification 328K+, wherein avian origin means
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that the M5 sequence derived from a virus isolate that was originally isolated from

poultry infected with avian influenza virus type 3; or

vil. any nucleic acid molecule encoding for M5 protein having the modifications
B4N/223N and the modification 328K+, or
viil.any nucleic acid molecuie encoding for M5 protein having the modifications
94AN/15ENI223N and the modification 328K+; or,
ix. any nucleic acid molecule encoding for HE protein having the modifications
G4NI20N/1 55Nf223!; and the modification 328K+, or
" X. any nucleic acid molecule encoding for HS protein having the modifications 223N,

the modification 328K+, and one or more of the following amino acid clusters

selected from the gro&p consisting of:

a.

154

~ e a0

g.

aa 93 - 95
aa 123 - 125
23 128 - 130:
az 138 - 140
aag 226 - 228
aa 270 — 272
aa 309 = 311,

GNF
SOH
S8G
GSss
MDF
EVE |
NKL; or

xi. any nucleic acid molecuie encoding for H5 protein having the amino acid 223N,
the modification 328K+, and one or more of the following amine acid clusters

selected from the group consisting of:

4 aa 93 - 85
b. aa 128 ~ 130:
. aa138- 140

GNF
388G
G888, or

xil. any nucieic acid molecuie encoding for HS5 protein having the amino acid

sequence of SEQ ) NO4,

Furthermore preferred HS5 proteins as provided herewith include the HS proteins as
described by Hoffmann et &, PNAS, vol. 106, n0.36, pp. 12915-12820 of September 6,
2005, wherein that M5 proteins includes one or more of the modifications as described
above, at least the amino acid 223N and the modification 328K+, wherein numbering of

the amino acld positions of the HS protein refers to the amine acid position as exemplarily
given in SEQ 1D NO:1 and wherein the modification 328K+ means that at amino acid
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position 328 of HE profein a second Lysiné {K+} is insérted. The disclosure of this
reference shail be entirely included herein by reference. Thus according to 2 further
embodiments, the present invention also relates to any nucleic acid molecule, preferably a
cDNA melecuie coding for any of such proteins described by Hoffmann et al, PNAS, vol,

- 106, no,36, pp. 1291812820 of September 6, 2005, wherein that H5 proteins includes

one or more of the modifications as described above, at least the amino acid 223N and

~ the modification 328K+, wherein numbering of the amino asid positions of the H5 protein

refers to the amino acid position as exemplatily given in SEQ 1D NO:1 and wherein the
modification 328K+ means that at amino acid position 328 of H5 protein & second Lysine
{K+} iz inserted.

Methods, of how to introduce any of the above-mentioned modifications within thé
nuclectide sequence, including the encoding sequence of the HE protein of an influenza
virus, are well known in the art. The genomic sequence of the entire influenza virus can be
modified according to the invention, for example according to the methods described in
US 6,851,754, with further references.

Furthermore, thers may be employed conventional molecular biology, microbiclogy, and
recombinant DNA technigues within the skill of the art to modify a nucieic acid sequence
coding for an antigen as described herein. Such techniques are explained fully in the
literature. See, e.4., Sambrock et al., Molscular Cloning: A Laboratory Mapual, Second
Editlon {1988} Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., DNA
Cloning: A Practical Approach, Volumes | and Il (D. N. Glover ed. 1985); Oligonucieciide -
Synthesis (M. J. Gaif ed. 1884); Nucleic Acid Hybrdization {8, [0. Hames & S. J. FHigging
odfs.(1985)) Transcription And Translation [B. D. Hames & S. J. Higgins, eds. {1884},
Animai Ceff Cufture IR, 1, Freshney, ed, (1988} immobilized Cefls And Enzymes JIRL
Press, (1986)] B. Perbal, A Practical Guide To Molecuar Cloning (1984); F. M. Ausubel
of af. (eds.}, Current Profocols in Molecular Biology, John Wiley & Sons, inc, 1994},

According to & further embodiment, the present invention aiso relates to a vector that
comprises any of such nucieic acid molecules as described supra. In other words, the
pfesent invention refates to a vector, that includes the coding seguence of any such HS
protein, or part thereof a¢ desciibed supra. Preferably, sald vector is an expression vector,
which affows the expression of any such H5 protein or parn thereof as described supra.
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Vectors sceording o the invention are those which are suitable for the transfection or
infection of bacterial, yeast or animat celfs, in Wtro or in vivo.

Yectors and methods for making andfor using vectors (or recombinants) for expression
can be by or analogous to the methods disclosed it UG, Patent Nos. 4,603,112
4,769,330, 5,174,893, 5,505,941, 5,338,883, 5,494,807, 4,722,848, 5,942,235, 5,364,773,
5,762,838, 5,770,212, 5,842,235, 382,425, PCT pubiications WO 94/16716, WO
96/39481, WO 95/30018, Paoietti, “Applications of pox virys vectors to vaccination: An
update, "PNAS USA 83; 11349-11353, Oclober 1986, Moss, "Genetically enginesred
poxviruses for recombinant gene expression, vaccinafion, and safety,” PNAS USA 83
11341-11348, October 1898, Smith et al, U. S. Patent No. 4,745,061, {recombinant
baculovirus), Richardson, C.D. {Editor), Methods in Molecular Biology 38, "Baculovirus
Expression Protocols” (1885 Humana Press Inc.}, Smith et al., "Production of Human Bete
interferon in Insect Cells infected with 2 Baculovirus Expression Vector”, Molecular and
Cellular -Bioiogy, Dec., 1983, Vol 3, No. 12, p. 2156-2168; Pennock et all' “Strong and
Regulated Expression of Escherichis coli B-Galactosidase in Infect Cells with 2
Baculovirus vector, "Molecular and Celiular Biology Mar. 1884, Vol. 4, No. 3, p. 388-406,
EPAD 370 573, U. 5. spplication Neo. 820,167, filed October 16,1988, EP Patent
publication No. 265785, U. 8. Patent No. 4,768,331 {recombinant hetpesvirus), Roizman,
"The function of hemes simplex virus genes: A primer for genetic engineering of novel
vectors,” PNAS USA 83:11307-11312, October 19986, Andreansky et al., "The application
of genetically engineered herpes simplex viruses o the treaiment of experimental brain
wmors,” PNAS USA 83 11313~11318, Ociober 1896, Roberison &t al. "Epsteln-Barr virus
vectors for gene delivery 1o B lymphocytes”, PNAS USA 83! 11334-11340, October 1996,
Frolov et al., “Alphavirus-based expression vectors: Strategies and applications,” PNAS
USA 83 1137111377, Octeober 1896, Kitsan et al, J. Virol. 853068.-3075,1991; U. S.
Patent Nos. 5,591,439, 5,552,143, WO 8800168, allowed U. 8. applications Setial Nos..
08/675,556, and 08/675,586 both filed July 3,1998 (recombinant adenovirus), Grunhaus
et al, 1982 "Adenovirus as ciening vectors,” Seminars in Virology (Vol. 3) p. 237-562,-
1883, Ballay ef al. EMBO Joumal, vol. 4, p. 3861.85 Graham, Tibtech 8,85-87, Aprit,
1980, Prevec et al, J. Gen Virol. 70,42434, PCT WO 81/11525, Felgner ef al. {1894}, J.
Biol. Chem. 2869,2550-2561, Science, 259 1745-48,1883 and McClements et al,
“Iminunization with DNA vaccines encoding glycoprotein D or glycopretein B, alone or in
combination, induceé pfbtective immunity in animal models of hefpes simplex virus2
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disease”, PNAS UBA 83 11414-11420, October 1996, and U. 8, Patent Nos, 5,581,638,
5,580 4668, and 5,580,859, as well as WO 80/11092, WOS3/19183, WOB4/21797,
WQOBS/11307, WOS5/206860, Tang et al, Nature and Furth et al. Analylical Biochemistry,
refating to DNA expression vectors, inter alia. See also WO 88/33510; Ju e al,
Diabetologia, 41! 736-739,1998 (lentiviral expression system); Saniord et ai, U. 8. Patent
Né. 4,945,050, Fischbachet al. (Intracel), WO 80/01543; Robinson af al, seminars in
Immunology vol. 8, pp. 271-283 (1887}, (DNA vector systems); Szoka et al, U. . Patent
No. {method of inserting DNA info living celis); McCormick et al, U. §. Patent No.
5,677,178 {use of cylopathic viruses), and U. 8. Patent No. 5,828,813 (vectors for gene
delivery), as well as other documents cited herein.

A virat vector, for instance, selected from pig herpes viruses, such as Aujeszky's disease
virys, porcine adenovirus, poxviruses, especially vaccinia virus, avipox virus, canarypox
virus, and swinepox virus, as well as DNA vectors {DNA plasmids) are advantageously
émployed in the practice of the invention,

Methods of producing the HS proteins according to the present invention

According to enother aspedt, the present invention provides msthods of producing andfor

recovering high amounts of recombinant H5 brotein: i} by permitting infection of
susceplible celis in culture with a recombinant viral vector containing H5 DNA coding
sequences, wherein H5 profein is expressed by the recombinant viral vector, and ii)
thereafier recovering the HS protein from cel} culture. High amounts of H5 protein means,
but are not limited to, more than about 20 pgiml cell culture, preferably more than about
25 pgfmL, even more preferred more than about 30 pgiml, even more preferred more
than about 40 pg/ml, even moré preferred more than about 50 pg/ml, even more
prefarred more than about 80 pgfml, even mors preferred more than about 80 pogfml,

even meore preferred more than about 100 pg/ml., even more preferred than about 150

" pgiml, most prefersed more than about 190 pg/mL.

According to a preferred embodiment, the HS protein is recovered by harvesting the whoie
(i.e. intact) SF+ celis expressing the HS protein,

Preferred cells are those susceptible for infection with an appropriate recombinant viral
vector, containing a HS DNA and expressing the HS protein. Praferably the cells are
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insect cells, and more preferably, they include the insect celis sold under the tradernark
SF+ insect cells (Protein Sciences Corporation, Meriden, CT). Preferred celf cultures have
a cell count between about 0.3 - 2,0 x 10° celis/ml., mare preferably from about 0.35- 1.8
x 10° celis/ml, still more preferably from about 0.4 - 1.8 x 10° celis/ml, even more
preferably from about 0.45 - 1.7 x 10° celis/ml., and most preferably from about 0.5 - 1.5 x
10° celisimL.

Preferred viral vectors include baculovirus such as BaculoGold (BD Biosciences
Pharmingen, San Diego, CA}, in particular provided that the production cells are insect
cells. Although the baculovirus expréssion system is preferred, it is understéod by those
of skill in the ant that other expression systems will work for purposes of the present
invention, namely the expression of H5 into the supernatant of 2 celf culture. Such other
expression systems may require the use of a signal sequence in order to cause HS
expression into the media, '

Appropriate growth media will aslso be determinable by those of skill in the art with a
preferred growth media being serum-free insect cell media such as Excell 420 {(JRH
Biosciences, Inc., Lenexa, KS) and the like,

The recombinant viral vector containing the H5 DNA sequences has a preferred
multiplicity of infection (MO1} of between about 0.03 - 1.5, more preferably from about 0.05
- 1.3, stilt more preferably from about 0.89 - 1.1, and most preferably from abowt 0.1 - 1.0,
when used for the infection of the susceptible cells, Preferably the MOis mentioned above
relates to one mi. of cell culture fluid. Preferably, the method described herein comprises
the infeAciion of 0.35 - 1.8 x 10° celis/mL, still more preferably of about 0.4 - 1.6 x 10°

.

15/] preferably of about 0.45 - 1.7 X 10® celis/ml., and most preferably of

celisfiml, &ven mors
about 0.5 - 1.5 x 10° celis/mL with a recombinant viral vector containing a H5 DNA and
expressing the M5 protein having a MO {muliiplicity of infection} of between about 0.03 -
1.5, more preferably from about 0.05 - 1.3, stili more preferably from about 0.09 - 1.1, and

most preferably from about 0,1 - 1.0

The infected cells are then incubaied over a peticd of up 1o ten days, more preferably
from about two days to about ten days, still more preferably from about four days to about
nine days, and most preferably from about five days to about eight days. Preferred
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incubation conditions include 3 temperature between about 22 - 32°C, more preferably
from about 24 - 30°C, still more preferably from about 25 - 28°C, even more preferably
from about 26 - 28°C, and most preferably about 27°C. Preferably, the SF+ celis are
observed foliowing inoculation for characieristic baculovirus-induced changes, Such
observation may include monitoring cell density trends and the decrease in viability during
the postninfectiori period. It was found that peak viral titer is observed 3-§ days after
infection and peak H5 protein expression in the celis is obtained between days 5 and 8,
and/or when cell viability decreases to less than 10%.

Thus, one aspect of the present invention provides a method of producing andfor
recovering recombinant H5 protein, preferably in amounts described above, by i)
permitting infection of a number of susceptible celis (see above) in culure with 2
recombinant viral vestor with 2 MOl as defined above, ii} expressing M5 protein by the
recombinant viral vector, and it} thareafter recovering the H5 protein from the celis
obtained between days 5 and 8 after infection and/or cell viability decreases to less then
10%. Preferably, the recombinant viral vector is a recornbinant baculovirus containing H5

- DNA coding sequences and the cells are SF+ cells. Additionally, it is preferred that the

culture be periodically examined for macroscopic and microscopic evidence of
contamination or for atypicat changes in cell morphelogy during the post-infection period,
Any culiure exhibiting any contamination should be discarded.

For recovery of HS protein that will be used in an immunogenic or immunological
composition such as a vaccine, the inclusion of an inactivation step is preferred In order to
inactivate the viral vector.

An “immuncgenic of immunciogice! composition” refers fo a composition of matter that
comprises at least one antigen which elicits an immunological response in the host of 2
celtutar and/ or antibbdwmediated immune response to the composition or vaccine of
interest. Usually, an "immunological response” includes but is not limited to one or more of
the following éffects: the production or activation of antibodies, B celis, helper T cells,
suppressor T cells, andfor cytotoxic T cells andfor gamma-delia T cells, directed
specifically to an antigen or antigens included in the composition or vaccine of interest,
Preferably, the host will display either a therapeutic or protective immunclogical response
such that resistance to new infection will Be enhanced and/or the clinical severity of the



10

20

30

22

disease reduced. Such protection will be demonstrated by either a reduction or fack of
symptoms normazlly displayed by an infected host, a quicker recovery fime andfor a
towered viral titer in the infected host,

Thus, the present invention also retates to a method of produsing andfor recovering
recormbinant HS protein, preferably in amounts described above, by i} permitting infection
of 2 number of susceptible cells {see above) in culture with a recombinant viral vector with
a MOl as defined above, i} expressingAHS protein by the recombinant viral vector, iii}
recovering the HS expressed in cells obtained between days § and 8 after infection and/or
cell viability" decreases {o less then 10%, and iv) inactivating the recombinant viral vector,

Preferably, this inactivation is done either just before or just after the filtration step, with
after the filtration step being the preferred time for inactivation. Any conventional
inactivation method can be used for purposes of the prasent invention. Thus, inactivation
tan be performed by chemical and/or physical trestments. in preferred forms, the volume
of harvest fluids is determined and the temperature is brought to between about 32 -
42°C, more preferably between about 34 - 40°C, and most preferably between about 25 -
38°C. Preferred inactivation methods include the addifion of cyclized binary ethylenimine
(BEL, preferably in a concentration of about 1 to about 20 mM, preferably of about 2 to
about 10 mM, still more preferably of about 2 to about & mM, stil more preferably. of about
3 to about 7 mM, most preferably of about 5 mM. For example the inactivation inciudes
the addition of 2 saluion of 2—bromoefhyleneamine hydrobromide |, preferably of about
G.4M, which has been eyciized to 0.2M binary effilenimine (BET} in 0.3N NaOH, o the
fluids to give a final conceniration of about SmM BE) Preferably, the fluids are then
stirred continuously for 72 - 86 hours and the inactivated harvest fiuids can be stored
frozen at -40°C or below or batween about 1 - 7°C. ARer inactivetion is completed a
sodium thiosulfete solution, preferably at 1.0M is added o neulralize any residual BEL
Preferably, the sodium thiosulfate is added in equivalent amount as compared {o the BE!
added prior to for inactivation. For example, in the event BEl is added to a final
concentration of SmM, a 1.0M sodium thiosuifate solution is added to give 2 final minimum
concentration of 5 mM to neutralize any residual BEL

© Thus, one further aspect of the present invenlion relates t¢ a method of producing

recombinant HS protein, preferably in amounts described above, by i) permitting Infettion
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of a number of susceptible cells {see above) in culture with 8 recombinant viral vector with
a2 MOI as defined above, ii) expressing H5 protein by the recombinant viral vector, iii)
recovering the HE expressed in the celis oblained between days § and 8 afier infection
and/or celt viabifity decreases to less then 10%, and iv} inactivating the recombinant viral
vector, Preferably, the recombinant viral vector is a baculovirus containing HS DNA coding
sequences and ihe celis are SF+ celis, Preferred inactivation steps are those described
above. Preferably, inactivation is performed between about 35 - 38°C and in the presence
of 2 to 8 mM BE], still more preferred in the presence of about § mM BEL

According {o one further aspect of the present invention, the method described above also
includes a neutralization step after step iv). This step v} comprises adding of an
eguivalent amount of an agent that neutralizes the inactivation agent within the solution,
Preferably, if the inactivation agent is BEl, addition of sodium thiesulfate to an equivslent
amount is preferred, Thus, according to a further aspect, step v) comprises adding of 2
sodium thiosulfate solution to a final concentration of about 1 to about 20 mM, preferably
of about 2 to about 10 miM, still more preferably of about 2 to about 8 m, still more
preferably of about 3to about 7 hM most preferably of about 5§ mM, when the inactivation
agent is BEL

It preferred forms and especially in forms that will use the recombinant HS protein in an
immunogenic composition such as a vaccine, Aeach iot of harvested HS protein wiil be
tested for inactivation by passage in the anchorage dependent, baculovirus susceptible
insect celis, such as S5 cells. in a preferred form of this testing, 150 om? of appropriate
cell culture monolayer is inoculated with 1.0 mb of inactivated HS fluids and maintained at
25 - 28°C for 14 days with at least two passages. At the end of the maintenance pericd,
the cell monclayers are exammined for oylopathogenic effect {CPE) typical of HS
baculovirus. Preferably, pusitive virus controls are also used, Such controls can consist
of one culture of Sf9 celis inoouiated with & non-inactivated reference HS baculovirus and
one fiask of S cells that remain non-inoculated. Afer jncubation and passage, the
absence of virus-infected cells in the BEI treated viral fluids would constitute a satisfactory
inactivation test, The contro! cells inccutated with the reference virus should exhibit CPE
typical of HS baculovirus and the non-inoculated flask should not exhibit any evidence of
H5 baculovirus CPE. Allernatively, at the end of the maintenance period, the supernatant
samplies could be colfecfed and inoculated onto a2 Sf@ 86 well plate, which has been
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loaded with S cells, and then maintained at 25 - 26°C for 5 - 6 days. The plale is then
fixed and stained with anti-H5 antibody conjugated to FITC or any labeled antibody
directed to baculovirus specific proteins (i.e. gpf4). The absence of CPE, HS expression,
of expression of baculovirus specific proteins (i.e. gpb4) in the BEI treated viral fiuids
constitutes a satisfectory Inactivation test. The contral cells inoculated with the reference
virus should exhibit CPE and IFA activity and the non-inocutated flask shouid not exhibit
any evidence of M5 baculovirus CPE and contain no IFA activity.

Thus 2 further aspect described herein, relates to an inactivation test for determining the
effectiveness of the inactivation of the recombination viral veczor‘expressing HS protein,
comprises the steps: i} contacting at ieast a portion of the culture fluid containing the
recombinant viral vector with an inactivating agent, preferably as described above, if}
adding a neutralization agent io neutralize the inactivation agent, preferably as described
above, and iii} determining the residual infectivity by the assays as described above,

After inactivation, the relative amount of recombinant HS protein in a sample can be
determined in a number of ways. Preferred methods of quantitation include SDS-PAGE
densitometry, ELISA, and animal vaceination studies that comelate known quantities of
vaccine with clinical outcomes {serology, eicl. Wnen SDS-PAGE is ufilized for
quantitation, the sample material containing an unknown amount of recombinant H5
protein is run on & gel, togethar with samples that contain different known amounts of
recombinant HS protein. A standard curve can then be produced based on the known
samplies and the emount of recombinant HS in the unknown sample can be determined by
comparison with this standard curve. Because ELISAs are generally recognized as the
industry standard for anfigen quantitation, they are preferred for guantitation.

Vagcines comprising M5 proteins or nucleic acid molecules or vectors coding for those
According to a further aspect, the present invention relates to vaccines or pharmaceutical

compositions in general, that comprises,
i. one or mare of the H5 proteins as described herein;
ii. one or more of the nucleic acid molecules as described herein, coding for any
such H5 proteins ; andéor
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ii. ona or more of the vectors as deseribed herein, including any such nucleic acki
molecules and coding for any such HES proteins as described harein; and

iv. a pharmaceutical acceptable carrier andior excipient.

The term “pharmaceutical composition” ‘Phammaceuticalivaccine compesition” as
described heroin, includes but is not limited to, vaccines for the reduction or prevention of

an infection or to a composition of matter for the treatment and lessening of an infection.

The preparation of nucieic acid based vaccines, preferably cDNA vaccines, coding for
influenza hemagglutinin are described for example in Deck et al, Vacoine 1997; 16(1):71-
78; Uimer et &l., Science 1983; 259:1745-1749; Ulmer of al, Vaccine 1954;12(16).15¢41-
1544. Any of those methods can be used for the production of nucleic .acid based
vaccines, preferably cONA vaccines, coding for an influenza H5 protein as described
herein,

Moreover, & vaccine, which comprises H5 protein or parts thereof as described hersin,
can be produced by conventiona! approaches, e.g, by recombinant expression techniques
or by biochemical purification and separation technigues. Recombinadt expression
techniques, including the expression in insect celis are well known in the art, and
described for exa‘.mpie in Sambrook et al., Motecular Cloning. A Laboratory Manual,
Second Edition (1988) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.;
DNA Cloning: A Prectical Approach, Volumes ! and il (D. N. Glover ed. 1888);
Cligonuclestide Synthesis (M. J. Gait ed. 1884); Nuclsfc Acid Hybridization [B. D. Hames
& 8. J. Higgins eds.(1985)]; Transcripiion And Translation [B. D. Hames & S. J. Higgins,
eds. (1984)]; Animal Cedl Culture [R. 1. Froshney, ed, (1986)l Immobilized Ceils And
Enzymes [IRL Prass, {1986} 8. Perbal, A Practive! Gulds To Molecular Cloning 1584y
F. #. Ausubel ot al. (eds.), Current Protocois in Molecutar Biology, John Wiley & Sons,
inc. 1994). Further examples of well established recombinant expression systems are
bacterial expression systems such as E. coff or 8. subfifis, yeast-based expression
systems such as S. ceravisias or 5. pombe, or mammalian cell expression systems such
as the BHK-, CHO- andfor N80-based expression systems. Such systerns are well known
in the arnt and generally available, e.g. commercially through Clontech Laboratories, Inc.
4030 Fabian Way, Palo Alte, Celifornia 84303-4807, USA. Further expression strafegies
are for example described in Lischow ef al., Viaccine no. 18 (2001}, pp. 4249-4258, or
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Veit ot af, PNAS vol. 103 (2006), pp. 8187-8202. Furthermmore, recombihant adeno-
associated virus systems are well established and for exampie. described in US 5,438,146
or WO200203872 with further references. Moreover, vaccinia {pox} virus based
expression systems, for exampie as described in US 6,265,183 with further references,
are also well estabiiéhed and suitable to produce recombinant antigen(s), antigenic
compuosition{s) as used according fo the invention. Further suitable expression systems
make use of recombinant popova viruses, such as $V40, fowl pox virus, pseudorabies

viruses and retroviruses,

The relevant pharmaceuticalivaccine compositions as described bherein, can atso
comprise inactivated virus which comprises HS protein as described herein, an
apathogsnic version of a live virug comprising M5 protein as described herein, preparation
andjor fragments of a virus, wherein said preparation andfor fragment comprise the H5
protéin as described herein.

The skilled person knows additional componenté which may be comprised in said
compositionsivaccines together with antigen (see for exampie, Remington's
Pharmaceutical Scisnces. (19%80). 18th ed. Mack Fubl., Easton}. The expert may use
known injectable, physiologically acceptable sterie solutions. For preparing a ready-to-
use solution, agueocus isotonic solutions, sui:h as e.g. saline or corresponding plasma
protein sblutions are readily available. The pharmaceutical compositionfvaccine may be
present as lyophylisates or dry preparations, which can be reconstituled with a known
injectable solution directiy before use under sterile conditions, e.g. 8 3 kit of paris.

In addition the pharmaceuticalivaccine compeositions of the present invention can include
one or more veternary-accepiable camiers, As used hereln, "a velerinary-accepiabie
carrigr” includes but is not fimited to any and all soivenis, dispersion media, coatings,
adjuvants, statilizing agents, diluents, preservatives, sntibacierial and antifungal agents,
isotonic agents, adsorplion deleying agents, and the like.

Diluents can include waler, saline, dextrose, ethanol, glycerol, and the like. {sotonic
agents can include sodiurn chiloride, dextrose, mannitol, sorbitol, and iactose, among
others. Stabilizers include albumin and alkall salts of ethylendiamintetracetic acid, among
wthers.
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A preservative as used herein, refers fo an anti-microbiological active agent, such as for
example Gentamycin, Merthiolate, and the like. in particular adding of a preservative is
most preferred for the preparation of 2 multi-dose composition. Those anti-microbiological
active agents are added in concentrations effective to prevent the composition of interest
for any microblological contamination or for inhibition of any microbiciogicat growth within
the composition of interest.

“Ad;'w'ants' as used herein, can include aluminurn hydroxide and aluminurn phosphate,
saponins e.g., Qui A, Q8-21 {Cambridge Biolech inc, Cambridge MA), GPIO100
(Gaienica Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, of-in-water
emudsion, water-in-pil-in-water emulsion.

The emulsion can be based in perticular on fight liquid paraffin oil {European
Pharmacopoela type); isaprenoid olf such as squalane or squalene ; oil resulting from the
oligometization Aof alkenes, in particular of isobutene or decene; esters of acids or of
alcohols containing & finear atkyl group, more parficularly plant oils, ethyl oleate,
propylene glycol di-{caprylate/caprate), giveery! tri-{caprylate/Caprate) or propyiene glycol
dioleate; esters of hranched fatty acids or aicohols, in particular isostearic acld esters. The
ofl is used in combination with emuisifiers to form the emulsion. The emulsifiers are
preferably nonionic surfactants, in particular esters of sorbitan, of mannide (e.q.
anhydromannitol oleate), of plycol, of polygiycerol, of propyfene glycol and of oleic,
isostearie, ricincleic or hydroxystearic acid, which are opticnally ethoxylated, and
polyoxypropylene-polyoxyethylene copolymer biocks, in particular the Pluronic products,
especially L1121, See Hunter et al, The Theory and Practical Application of Adjuvants
(Ed.Stewart-Tull, D, E, S.}, John Wiley and Sons, NY, pp51-84 (1085} and Tedd et 2i,
Vaccine 15:564-570 (1887). Examples for suitable oil-in water emuisions are Emulsigen-
based adjuvants, such as EMULSIGEN®, EMULSIGEN-D®,  EMULSIGEN-P®,
EMULSIGEN-73® (MVP Laboratories, inc. Omaha, NE, USA). it has been surprisingly
found, that pharmaceuticalfvaccine compositions that comprise HS protein, preferably
recombinant HE protein as described herein, have been effeclively adjuvanted with oll-in
water emulsions, preferably with such Emulsigen-based adiuvants, more preferably with
EMULSIGEN® and EMULSIGEN-D®.
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Moreover, it is possibie fo use the SPT emuision descriped on page 147 of "Vaccine
Design, The Subunit and Adjuvant Approach” edited by M. Powell and M. Newman,
Plenum Press, 1995, and the emulsion MF59 described on page 183 of this same book.

A further instance of an edjuvant is @ compound chosen from the polymers of acrylic or
methacrylic acid and the copolymers of maleic anhyz_in‘de and alkenyt derivative.
Advantageous adjuvant compounds are the polymers of écrylic or methacrylic acid which
are crossslinked, especially with polyalkenyl ethers of sugars orpolyaicohols. These
coinpounds are known by the term carbomer (Phameuropa Vol 8, No. 2, June 1896).
Persans skilled in the art can also refer to U, S. Patent No. 2,908,462 which describes
such acrylic polymers cross-linked with a polyhyéroxylated compound having at least 3
hydroxyl groups, preferably not more than 8, the hydrogen atoms of at least three
hydroxyls being replaced by unsaturated sliphatic radicals having at least 2 carbon atoms.
The preferved radicals are those containing from 2 to 4 carbon atoins, e.g. vinyls, allyls
and other ethylenically unsaturated groups. The unsaturated radicals may themselves
contain other substitvents, such as methyl. The products sold under the name Carbopol ;
(BF Goodrich, Ohio, USA) are particularly appropriate. They are cross-linked with an eityl
sucrose or with aliyl pentaerythritol. Among then, there may be mentioned Carbopol 874P,
934P and S71P. Most preferred is the use of Carbopol 971P, Among the capolymers of
mialeic anhydride and alkenyl derivetive, the copolymers EMA (Monsanto) which are
copolymers of maleic anhydride and ethylene. The dissolution of these polymers in water
leads to an acid solution that will be neutralized, preferably to physiotogical pH. in order to
give the adjuvant solution into which the immunogenic, immunoiogical or vaccine

compuosition itself witl be incorporated.

Further guitable adiuvants include, but are not fimited to, the RIBI adiuvant syster (Ribi
Ing.), Biock co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryvilie CA),
monaphosphoryl lipid A, Avridine lipid-amine adjuvant, heat-iabile enterotoxin from £. cofi
{recombinant or- otherwise), cholera toxin, of muramy! dipeptide armong many others.

Preferably, the adjuvant is added in an amount of about 100 ug to about 10 mg per dose.
Even more preferred the adjuvant is added in an amount of about 100 g to. sbout 10 mg
per dose. Even more preferred the adjuvant is added in an amount of about 500 g to
about 5 mg per doss. Even more preferred the adjuvant is added in an amount of about
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750 pg o about 2,5 mg per dose. Most preferred the adjuvant is added in an amount of
about 1 mg per dose, '

The pharmaceuticalivactine compositions, can further include one of more other
immunomodulatory agenis such as, e. g., interleuking, interferons, or other cytokines. The
pharmaceuticalivaceing compositions can aiso include Gentamicin and Merthiolate. While
the amounts and concentrations of adjuvants and additives useful in the context of the
present invention can readily be determined by the skilled artisan, the present invention
contemplates compositions comptising from about 50 pg o about 2000 pg of adjuvant
and prefersbly about 250 ug/t mi dose of the vaccine composition. in another preferred
embodiment, the present invention contemplates vaccine compositions comprising from
about 1ug/mi! to about B0 pgimi of antibiotics, and more preferably less than about 30
wg/ml of antibiotics.

Thus, secording to a further embodiment, the present invention aisc relates to &
pharmaceuticalivactine composition comprising
i. @ therapeutically effective amount of any one of the M5 proteins of influenza virus
as described herein, wherein the M5 protein having the amino acid 223N and the
modification 328K+, wherein numbering of the amine escid posilions of the HS
protein refers io the amino acid position as exernplarily given in SEQ D NO:t and
whereln the modification 328K+ means that at amine acid position 328 of HS
protein a second Lysine (K+) is inserted; and
iil. & pharmaceutically acceptabie adjuvants as desciibed above.

Preferably, the adjuvant is selected from the group consisting of .

aj EMULBIGEN®, 3 oil-in-water emitision {o/w);

b} EMULSIGEN-D®, & oil-in-water {olw) with dimethyldioctadecylammmonum bromide
(DDAY, '

¢} & Polygen, a copolymer :

d) EMULSIGEN-P® a oikin-water (o/w) with a propristary immunostimulant

@) Carbigen is a cross-linked polymer

f} EMULSIGEN-75% a double adjuvants compfise of a oikin-water {ofw) with a cross-
linked polymer

g} ISA 70 s a water-in-oil {w/o}
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Most prele;ably, the adjuvants is a oil-in-water emulsion such as an emuisigen-based
adjuvant selected from the group consisting of EMULSIGEN®, EMULSIGEN-D®,
EMULSIGEN-P®, EMULSIGEN-75%, EMULSIGEN® and EMULSIGEN-P®. Most preferably
EMULSIGEN® and EMULSIGEN-P® are used in the formuiation of the current invention.

According to a further aspect, the pharmaceuticalivaccine compositions as provided
herewith, comprise one or more antigen. Preferably, that further antigen is an anfigen of 2
poultry or mammalian pathogen. According to a further embodiments, that additional
antigen is an further influenza antigen such as hemagglutinin H3, H7, H8, or any other
hermagglutinin of influenza virus, The additional antigen{s} can be added in a purified form,
as part of an antigenic preparation, in form of a killed microorganism of in form of a

muodified live microorganism.

The term “anfigen”, as used herein means, but is not limited to, peplides, polypeptides,
aiycopeplides, or polysaccharides. which are capable of specifically interacting with an
antigen recognition molecule of the immune system, such as an immunoglobulin
{antibody} or T cell antigen recepior in order to elick, activate or stimulate an immune
response directed to said aniigen in 2 host to which said antigen is administered, The
term *antigen” aiso refers to nucleic acid molecules, preferably DNA- or RNA~molecules,
each of which codes for and express a peptlide, polypeptide, or glycopeptide that is
capable of specifically interacting with an antigen recognition molecule of the immune
sysiem, such as an immunogliobuiin {anfibody} or T cell antigen receptor in order to elicit,

- aetivate or stimulate an immune response agalnst the antigen that is coded by the nucleic

acid molecuta. The antigen used for the preparation of the pharmaceutical composition
which is used according to the invention is 2 microorganism or an antigenic part andlor
preparation of said microorganism. In this connection, the term “immunization”, as used
herein, means but is not limited to, any cause or enhancernent of an immune response.
The term “immune response” is already described supra.

* Administration strategies for infiuenza vaccines are well known in the art Mucosal

vaccination strategies for inactivated and attenuated virus vaccines are contemplated.
While the mucosa can be targeted by Iocal delivery of a vaccine, various strategies have

been employed {6 deliver immunogenic proteins to the mucosa.
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In a specific embodiment, the vaccine can be administered in an admixture with, or as &
conjugate or chimeric fusion protein with, cholera toxin, such as chotera toxin B or 3
cholera toxin A/B chimera {Hafishengallis , J Immunol., 154:4322-32, 1985; Jobling and
Holmes, Infect immun,, 60:4915-24, 1992). Mucosal vaccines based on use of the cholara

- toxin B subunit have been described (Lebens and Holmgren, Dev Biof Stand 82.215-27,

1384). In ancther embodiment, an admixture with heat labile enterotoxin (LT} can be
prepared for mucosal vaccination,

Other mucosal immunization strategies include encabsuiating the virus in microcapsules
(US 5,075,108, US 5,820,883, and US 5,853,763) and using an immunopotentiating
membranous carrier (WO 98/0558). Immunogenicity of orally administered immunogens
can be enhanced by using red blood cells {rbe) of rbe ghosts {US 5,843,577}, or by using
blue tongue antigen (US 5,690,838). ’

According fo another aspect, the present invention refates to a8 method for preparing a
phammaceutical Aaccine composition as described above, preferably a method for
producing a vaccing which comprises a recombinant, baculovirus expressed H5 protein as
described supra. Generally, this method includes the steps of transfecling 2 construct into
a virus, wherein the construct comprises 1) recombinant H5 ¢cDNA as described herein, if)
infecting cells in growth metlia with the transfected virus, i) caué‘mg the virus 1o express%
the recombinant H5 protein as described herein iv) recovering the expressed M5 protein
from the culture v} ahd preparing the composition by blending the sxpressed H5 protein
with & suitable adjuvant and/or other phar}naceutically acceptable carrier.

4 <4 u
Proforred adjuvents are these described above. Th

ove, Thus actoerding to s furthe the

3 vt Nl .?.S{}..m, an
method for preparing an anfigenic composition, such as for example & vaccine, for
invoking an immune response against influenza infections comprises t} preparing and

recavering HE protein, and it) admixing this with & suitable adjuvants.

in addition, the vaccine composition of the present invention can also include diluents,
isotoniC agents, stabilizers, anjor preservatives. Diluents can include wates, saline,
dextrose, ethanol, glycerol, and the like. isotonic agents can inciude anorgénic or organic
salts, e.g. sodium chioride, dextrose, mannitol, sorbitol, and lactose, sacchardes,
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trehalose, mannitol, saccharose among others. Stabilizers include albumin and alkali salts
of ethylendiamintetracetic acid, among others. Suitable adjuvants, are those described
above,

Medicinal use of any of such HE profeins, nucleic acid molecules, vectors and vaccines
The M5 proteins as provided herewith, the nucleic acid molecules coding for any such HS5

proteins, the vectors comprising any such nucleic acid molecules coding for any such HS
proteins as described herein, and any pharmaceuticalivaccine compositien comprising
any of such H5 protein, nucleic acid molecule or vector can be used as a medicine,
preferably for the treatment end prophylaxis of infections, caused by influenza virus, most
preferably by influenza A virus, The HS5 proteins as provided herewith, the nucleic acid
molecules gncoding for any such H5 proteins, the vectors comprising any such nucleie
acid molecules encoding for any such HS proteins as described herein, and any
pharmaceuticalivaccine composition comprising any of such HS protein, nucleic acid
molecute or vector, as described herein, can be used for the tréaiment or prophyiaxis of
human beings as well as in veterinary medicine. When used in veterinary medicine, the
treatment of poullry, preferably bird, chicken, duck, turkey and the like as well as
mammais, preferably pigs, cattle, horses, seals, camels, dogs, cats, hamsters, mice and
the like, is preferred.

Thus, acconding to another aspect the present invention relates to the use of M5 proteins
as provided herewith, the nucleic acid molecuies encoding for any such H5 proteing, the
vectors comprising any such nucleic acid molecules encoding for any such H5 proteing as
described herein and any pharmaceuticalivaccine compositions comprising any of such
HS protein, nucleic acid molecule or vector as described hersin, can be used as a

medicing, preferably as a medicine for human beings andfor as veterinary medicine

" Moreover, H5 proteins as provided herswith, the nucleic acid molecules coding for any

such H§ proteins, the vectors comprising any such nucleic acld molecules coding for any
such H5 protein, as described hersin, can be used for the preparation of a phammaceutical
composition, as described herein, for the prophylaxis or treatment of infections caused by
viral influenza. As mentioned above, those phaﬁnaceutical compositionsivaccine
compositions can be used for the treatment and/or prophylaxis of buman beings as well
as for the treatment and/or prophytaxis of animals, such as poultry, preferably bird,
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chicken, duck, turkey and the fike as well as mammais, preferably pigs, cattle, horses,
seals, camels, dogs, cals, hamsters, mice and the like.

HE proteins as provided herewith, the nucteic acid molecules coding for any such H5
proteins, the vectors comg;ﬁsing any such nucleic acid molecules coding for any such M5
proteins, as described herein, can be used for the preparatioa of & pharmaceutical
corhpesiﬁon, as described herein, are suitabie for the treatment and prophylaxis of viral
influenza infection, which preferably are caused by avian, swine or human influenza virus
or any combination of hybrid therent.

Agcording to a further aspect, the present invention also relates to a method for the
treatment or prophylaxis of influenza virus infections, wherein the method comprising
administration of a therapeutically effective amount of the HS protein as describe hes;ein,
o & subject in need of such & treatment, Morsover, the present invention also refates fo a
method for the treatment or prophylaxis of influenza virus infections, wherein the method
comprising administration of & therapeuiically effective amount of any HS nucleic acid
molecule or vector as described herein, that codes for any HE protein as described herein,
o a subject in need of such a treatment. Furthermore; the present invention also relates to
a method for the treatment or prophylaxis of influenza virus infections, wherein the method
comprising administration of a therapeutically effective amount of the vaccine comprising
any such ME protein, nucleic acid molecule or vector, as described herein, fo a subject in
need of such 2 freatment. The subject in need thereof can be-a himan being as well as
an animat, preferably pouliry, even more preferably bird, chicken, duck, turkey or a
marwmal, preferably pig, cattle, horse, seal, camel, dog, cat, hamster, mouse and the fike.

Preferably, -when chicken are vaccinated, the HS protein as described herein can be used
for vaccination at day 1 of age or later, e.g. at day 10, or at day 1 to 10, or at day 10 or
tater, ’

Preferably the influenza infection that can be treated by the administration of any H5
protein, the nucleic acid molecule or vector encoding for any such HS protein, or any
pharmaceutical / vaccing compositions as described herein, is caused by avian, swine or

human influenza virus or any combination or hybrid thereof.
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According to another aspect, the present invention relates o a kit of parts, that comprises
i} any of such HS protein as described herein, the nucleic acid molecule or veclior
encoding for any such H5 protein, or any pharmaceutical / vaccing composition
comprising any of such HS protein, nucieic acid rmolecule or vector as deseribed herein,
and ii} a package leaflet indicating the use of such M5 protein, nucleic acid molecule,
vecttor or vaccine for the treatrnent or prophylaxis of infections caused by influenza virus.
When chicken ére vaccinated, the HS protein as described herein can be used for

vaccination at day 1 on age or later.

According to a further embodiment, that kit in parts comprises af least one further antigen
of a poultry or mammalian pathogen and the information indication the medicinal, human
or veterinary use of that additional antigen.

EXAMPLES
The following examples set forth preferred materdals and procedures in acoordance with

- the present }nventiba. It is to be understood, however, that these examples are provided

by Way of #ustration only, and nothing therein should be deemed a fimitation upon the
overall scope of the invention.

EXAMPLE 1
Construction of a recombinant baculoviruses coding for and expressing HA M5 antigens

The recombinant baculovirus containing the H5 HA antigen was generated as follows: the
coding sequences of the H6 HA (SEQ ID NO:2} was chemically synthesized and
subcloned into the fransier vector pVL 1382 (BD Biosdiences Pharmingen, San Didgo,
CA). The H5 HA MuUtK+ (SEQ ID NO4) was generated by using oligonutieotide primers
and the QuikChange® Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) and
subcioned inte the transfer vector pVL 1382 {BD Bijosciences Pharmingen, San Diego,
CA}. The pVL1392 plasmids containing the genes coding for H5 HA antigen (SEQ ID
NO:2) and H5 HA Mutk+ (SEQ 1D NQ:4) were then co-transfected with D?amcndBac@
{Sigma) bacutovirus DNA into 818 insect cells {BD Biosciences Pharmingen) to generate
the recombinant baculovirus contalning the genes H5 HA coding for SEQ ID NO:2 and K5
HA mutk+ coding for SEQ ID NO:4, The recombinant bacutoviruses containing the genes



1w

e

20

25

33

coding for H5 HA (SEQ ID NO:2) and H5 HA MutiK+ (SEQ 1D NO:4) were plaque-purified
and Master Seed Viruses (MSVs) were propagated an the SF+ cell line, aliquoted, and
stored at -70°C. Insect cells infected with M58 HA baculoviruses &s described above to
generate MSY or Working Seed Viruses express HS HA antigen (SEQ ID NO:2) and H5
HA Mutk+ {(SEQ ID NO4) anfigen as detected by polycional serum or monocional
antibodies in an indirect fluorescent antibody assay or Western biot.

After being seaded with the appropriste amounts of recombinant baculovituses (H5 HA
and H5 HA Mutii+ respectively), spinner flasks contdining SF+ cells (Protein Sciences,
inc., Meriden, CT) were then incubated at 27 = 2°C for 7 days and with stirfing 100rpm
during that fime. The fiasks used ventilated caps to allow for air flow. The crude whole
celt culture containing baculovirus infected SF+ celis and the cell culture supernatents of
each culture were harvested. '

EXAMPLE 2
Preparation of pharmaceutical compositions {veceines) comprising HA HS5 antigens

The crude whole call HS HA protein and H5 HA Mutk+ protein expressed in insect cells by
baculovitus-based expression systern were harvested, Baculoviruses were inactivated in
the presence of 5 mM cyclized binary ethylenimine (BE1) {final concentration) between
about 32 and 39°C for 72 to 96 hours. After inactivation is completed a 0.3 M sodium
thicsutiate selution was added to 2 final concentration of SmM to neutralize any residual
BEL After neutralization various adjuvants were added and the following vaceine/
pharmaceutical compositions were generated.

VACCINES

Generic product

| Rame 501

Antigen Crude whoie-cell H5 HA protein expressed in insect cells by

z baculovirus-based expression system.

An experimental vaceine comprised of cultured insect cells

Formulation and supernatant expressing recombinant M5 HA. The

vaceine was adjuvanted with Emuisigen,
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Generic product

name 02
. Crude whole-cell H5 HA protein expressed in insect cells by
Antigen . N
a baculovirus-based expression system.
' H i s T i
Eormulation An experimental vaceine comprised of cultured insect cells

and supernatant expressing regombinant H5 HA. The
vaccine was adiuvanted with Emulsigen-0,

Generic product
name

503

Antigen

Crude whole-call H5 HA protein expressed in insect cells by
2 baculovirus-based expression system.

Fbrmulaﬁon

An experimental vaceine comprised of cultured insect cells
and supernatant expressing recombinant HS HA. The
vaceine was adjuvanted with Polygen.

Generic product
name

504

Antigen

Crude whole-celt HE HA protein expressed in insect cells by
2 bacutovirus-hased expression system.

Formedation

An experimenial vaccine comprised of cuftured insect celis
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Emulsigen-P.

Generic product
game

508

Antigen

Crude whole~cell H5 HA protein expressed in insect cells by
a baculpvirus-based expression system.

Formulation

An experimentat vaccine comprised of cuitured insect cells
and supernatant expressing recombinant HS HA. The
vaceine was adjuvanied with Carbigen.

Generic product
name

506

Antigen

Crude whole-celt M5 HA protein axpressed in inseci cells by
a baculovirus-based expression system,

Formulation

An experimental vaccine comprised of cultured insect celis
and supemnatant expressing recombinant HS HA, The
vaccine was adjuvanted with Emulsigen-75.

Generic product
name

307




Antigen

Crude whole-cel HS HA protein expressed in insect celis by
a baculovirus-based expression system,

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatan! expressing recombinant H5 HA. The
vaccine was adjuvanted with 1SA 70.

Generic product
Bame

508

Antigen

Crude whole-cell HS HA mutK+ protein expressed in insect
cells by 8 baculovirus-based expression system,

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The

vaccine was adjuvanted with Emulsigen.

Geferic product
name

509

Antigen

Crude whole-cell H5 MA mutK+ protein expressed in insect
cells by g baculovirus-based expression system,

Formufation

An experimental vaccine comprised of cultured insect cells
and supematant expressing recombinant H5 HA. The
vaccine was adiuvanted with Emuisigen-D.

Generic product
name

51D

Antigen

Crude whole-cell HS HA muit+ protein expressed in insect
cells by & bacutlovirus-based expression system.

Formutation

An experimental vaccine comprised of cultured insect cells
and superatant expressing recombinant H5 HA. The
vaceaine was adjuvanted with Polygen.

Generic product
aame

511

Antigern

Crude whole-cell H5 HA mutK+ protein expressed in insect

Formulation

An experimental vaccine comprised of cuttured insect cells
and supernatant expressing recombinant H8 MA, The
vaccine was adiuvanted with Emulsigen-P.

Generic product
name

512

Antigen

Crude whole-cell HS HA mutK+ pratein expressed in insect
celis by 3 baculovirus-based expression system.

Formutation

An experimental vaceine comprised of cultured insect celis
and supernatant expressing recombinant M5 HA. The
vaccing was adjuvanted with Carbigen.
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Generic product

pame ’ 513

Antigen Crude whole-cell H5 HA muti+ protein expressed in insect
celis by a baculovirus-based expression system

Eormulation An experimental vaceine comprised of cultured insect cells

and supernatant expressing recombinant HS HA. The
vaccine was adjuvanted with Emulsigen-75.

Generic produst 514

iname
Crude whole-cell H5 HA K+ protein expressed in insect cells
Antigen X - ,
by a baculovirus-based expression system. ,
Eormuiation An experimental vaccine comprised of cultured insect cells

and supernatant expressing recompinant H5 HA, The
vaccine was adjuvanted with ISA 70.

EXAMPLE 3
Vaceination of swine (pigs) against avian influenza

1. INTRODUCTION
The purpose of this study was 1o determine the abllity of experimental vaccines containing

. a crude extract of recombinant HS hemaggiutinin (HA) antigen to induce hemagglutination

inhibition {HI) titers in swine, Various adjuvants were evaluated with the HS HA antigens.

The HA HS prototypes evalusted in this study contained anfigen from either conventional
HE HA or HS HA Mutk+. Conventional H5 HA was derived from A/duck/China/E318-2/03,
whiereas HS HA MutK+ cansists of conventional HS HA which was engineered fo centain
thee specific amind acid changes at S120N, Di50N, S223N and 328mutk+. it also
contains amino acid 94N, The particular amino acid changes in HS HA Mut K+ resultin a
HS HA that more closely resembles the HA of A/HKZ13/03. The amino acid composition
of the HE HA of AJHKI/213/03 is currently thought to aid in antibody recognition of the HS

HA,
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2 STUDY DESIGN:
Tabie 1. Study Overview,

Group | Numbet Vaccine Day 0 Day 21 Day 35
of Pigs Prototype
1 S 501
2 5 502
-3 § 503
4 5 504
5 5 505 Bleed and Bieed and
8 5 506 Vaccinate Yaccinate
7 5 507 Intramusculedy | Intramuscularly | Bieed and
) 5 508 (brachiocephafic { (brachiocephalic | Terminate
I 5 508 group) by group).by Study
10 5 510 sdeministrgtion of § administration of
11 3 €11 1 mi in the LEFT 1 ml in the
12 5 z15 side of the RIGHT side of
13 5 513 neck.} the neck.)
14 S 514 .
15 5 None Blzed Bleed

The piglsts were 3 weeks £ 5 gays of age af the beginning of the stuagy. The piglets warg
clinically healthy at the beginning of the study. Blood samples were obtained on Study
Dayg 0, 21, and 35, .

All study animals were observed daily on Study Days 1 through 35 in regard to the
general healih status. For seven days foflowing each vaccination, injection sites were
investigated daily and visible reactions were recorded. At the conclusion of the animal
phase of the study on Study Day 35, all animals were humanely euthanized.

3. VACCINES
Vaccines 501 to 514 as described in EXAMPLE 2 were used for the pig vaccination study,

4. HEMAGGLUTININ INHIBITION ASSAY

Swine were vaccinated with the H5 HA-containing prototypes on Days 0 and 21. Swine
sera were collected for éva%uatjon by hemaggiutination inhibition (Hl) assay on Days 0, 21,
35. The H! assay was performed to detect the presence of HA-specific antibodies. A
heterologous HEN2 virus, Afchicken/Mexico/232/84, was used at 2 concentration of four
hemagglutinating units [4 HA units} in the Hi assay. In U-bottomed microtiter plates serial
two-fold serum dilutions in PBS were subsegquently mixed with equal volumes (25 pL
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containing 4 HA units of virus, and incubated at room temperature {about 25°C) for 30
min.. Chicken red blood cells, at & concentration of 0.5% in PRS, were added to the
serum-~virus containing wells and incubated for 40 min at room temperature. The M titers
were determined as reciprocals of the highest serum dilutions in which inhibition of
hemayglutination was cbserved,

5. RESULTS
Hi test used the Mexican government official HSN1 antigen (Afchicken/Mexico/232/84) [4
HA Units] Vaccination regimen of 1 x 1 mb on Days 0 and 21.

Hi Titers
Dav 0 | Day21 | Day3s
501 HE - Emulsigen 0 [y 4
502 HS « Emulsigen-D 0 0 4
1803 H5 — Polygen "] 0 0
504 H5 - Emsigen-P o o F
505 HE — Carbigen [¢] [4] 4
506 HE - Emulsigen-T9 0 0 18
507 HSIBATO 0 0 16
508 | H5 K+ « Emulsigen ¢] 4] 128
509 H5 K+ -Emuisigen-D 0 0 84
510 HS K+ - Pofygen’ 0 1] 18
511 HS K+ - Emulsigen-P 0 0 0
512 H5 K+ « Carblgen 0 2] 9
513 H5 K+ - Emulsigen-75 8] 0 18
514 HS K+ - ISA 70 4] 4 <
Contol [ None [ o 1 o 1 @

BIV M {derived from tnfluenza A virus (AJduck/Chinal/E3195-2/03(H5N1))
BIV HS K+ {mutated BIV H5 to include $120N, D155N, SZ23N, and added 328K+)

The results demonstrate that most of the vaccine compositions elicit an immune response
in the vaccinated pigs. In parlicular, most of the vaccine composifions result in a
seroconversion, which means most of the vaccinated pigs developed specific antibodies
egainst the avian influenza virus used in the Hi assay. Alogether, the results clearly and
undoubtedly prove that the claimed inventive idea works very well. The risk of pandemic
infection of pigs (animal of a second species), with avian influenza virus (pathogen of g
first species) can dramatically be. reduced by the vaccination of pigs with a relevant
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antigen of avian influenza virus. This has been clearly demonstrated. Morsover, by this

‘vaceination eoncept, the transmission and adaptation of avian influenza virus to

mammals, including human beings is dramatically reduced, Pigs are one of the most
important reservoirs for avian pathogens, including avian influenza virus, If 'the virus
rephication in plgs and therefore the risk of adaptation of avian influenza to pigs is
dramatically reduesed and controlled, the rigk for any adaptation of avian influenza virus to
human beings is also dramatically reduced. [n case, where the administration of antigen
resutts in fower Hi titer, which means fiter lower than 30, further boosts with anfigen will be
requiréd to fuither improve the Hi tker and to enhance the immune profaction in the
vaccinated pigs. Therefore, low titer does not mean that no protection can be achieved it
only teach that further boosts seems to bé required to improve the immune response. The
fact, that an immune response could be measured in vaccinated pigs demonstrates that
the inventive idea underlying the present invention works very well. In other words, the
experiments provided herewith clearly and undoubtedly give evidence that the inventive
idea of the present invention works, ‘

EXAMPLE 4
Veccination of birds against avian influenza

1. INTRODUCTION

The purpose of this study was 1o determine the ability of experimental vaccines containing
a crude extract of recombinant Homutk+ hemaggiutinin (HS HA mutk+) antigen to induce
hemagglutination inhibition (M1} titers in chicken. in addition, & conventional recombinant
HS antigen {HS HA) as well as the inactivated vacéine Volvac® Al {Boehringer Ingelhetm
Vetmedica, Mexico} were used for confrol. Moreover, various adjuvants were evaluated
with the HS HA antigens.

2 STUDY DESIGN:

SPF birds {15-25) wete vaccinated independently with different experimental vaccines at
1 or 10 days of age by subcutaneous Youte with 0.5 mi in the back of the neck; all the
birds were maintained in isolators during the experiment. Feed and water were provided
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ad libftum,. Challenge was conductad 31 or 32 days post vaccination with HSN2 highly
pathogenic avian influenza strain.

Serurm samples were obtained by bleeding birds from the jugular vein at 15, 30 and days
post-vaccination. The serums obfained were stored fo .4"(: until running the
Hermagglutination Inhibition {H1) test, as described in Example 3, to obtain the antbodies

fiters.,

3. VACCINES and CHALLENGE VIRUS:
Four different formulations were evatuated independently:

1. Conventiona! ofl emulsion HSHA Mut k+: HS HA muik+ antigen was

formulated in ci_f emulsion based {Freund incomplete adjuvani) on
Boghringer tngelﬁeim Vetmedica procedures.

2. Seppic HSHA Mt k+: M5 HMA mutkt anfigen formulated with 2 non
conventional adjuvant (ISA 206, WIONWV, from Seppic) based on the
recommendation of the supplier. ‘ '

2. HEHA conveniional ol emulsion: H5 HA antigen was formulated in oil
emulsion based on Boghrnger ingelheim Vetmedics procedures
{Freund incomplete adjuvanty

4. Seppic HSHA; H5 HA antigen formulated with a non conventionai
adjuvant (ISA 208, W/O/MW, from Seppic} based on the
recommendation of the supplier.

An Avien Influenza Boebringer Ingetheim Vetmedica oil emulsion vaccine was used as
control Volvae® Al (Boehringer ingetheim Vetmedica, Mexico).

Challenge were conducted in vaccinated and non vaccinated chickens by inoculation by
intra-nasal route with 0.2 mi containing 10 57 CEID per bird of the HSN2 thallenge virus.
After the challenge, signs and mortality were recorded. Ten days post- inoculation all the
survivors chickens were euthanized according to animal lab. procedures.

4. RESULTS:
Results are described in the following tables:
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Vaccination 1 day old Vaceination 10 days old
Forrusation Challenge 31 days post Challenge 32 days post
vateination vageination
# Deaad Mortality % # Dead Mortality %
Seppic HEHA .
Mt e+ 825 32% 020 0%
Conventionat
oil emulsion 0/24 0% 0720 0%
HEHA Mut k+
Seppic HOHA 17126 68% 7418 36.8%
HSHA 4125 16% 2120 10%
conventionat
oif emulsion
Volvae Al KV - Q4 0%
Negative 10110 100% 14/14 100%
condrol
Vaccination 1 day old Vacceination 10 days-old
{0.5mby {0.5mi} .
Vacsing Ml fiters 30 % HI titers 30 % .
Formutation days post | Protection | days post | Protection
vaccination | after vaccination | after
(MG Log2} | Chatlenge {MGC Lag2) Chalienge
Seppic HEHA .56 88 2.5 100
Mut k+
1 Conventional 2.58 100 4.3 100
oit emutsion
HEHA Mut k+
Seppic H5HA 0.18 32 1.3 63.2
HEHA 0.7 84 1.6 100
conventional .
oil ernuision
Vaivae Al KV 8.8 100
Negative 0 0
conirol -

Positive serum titer is considered logs 4 according to OIE standards. Based on this
criterion seralogical resuits were negative, but some positive values were observed when
co;npared with the base fine. The best serological titers are observed in the vaccine
formulated with ol adjuvant and with the HSHA Mut k+ antigen, in birds vaccinated at 1
day of age or 10 days of age. The lowest serotogical titers were observed in the prototype
formulated with Seppic and the HSHA anfigen. In the chaltenge study & was observed,
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that vaccines prototypes confer protection, patticularly with the conventional oil emulsion
vaccine formulated with the HSHA Mut k+ antigen. The lowest protection in the challenge
study was observed with the Seppic HSHA with 68% of moriality. In contrast, the highest
servlogical titer were observed in birds vaccinated at 10 deys compared with birds

vaccinated at one day oid,
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CLAIMS:

5.

. A haemagglutinin protein of influenza virus subtype 5 (H5 protein) comprising an

amino acid sequence of SEQ ID NO: 1, wherein the amino acid sequence of SEQ ID
NO: 1 is modified in the H5 protein fo include an amino acid 223N and a modification
328K+, wherein the modification 328K+ means that at amino acid position 328 of H5
protein a second Lysine (K+) is inserted.

The H5 protein according to claim 1, wherein the modified SEQ D NO: 1 has the
amino acid 120N.

The H5 protein according to claim 1 or 2, wherein the modified SEQ ID NO: 1 has the
amino acid 155N.

The H5 protein according to any one of claims 1 to 3, wherein such H5 protein has one
or more of the following amino acid clusters selected from the group consisting of:

a. aa 93 - 95 GNF
b. aa 123 - 125: SDH
c. aa 128 -130: SSG
d. aa 138- 140: GSS
e. aa226- 228 MDF
f. aa270-272: EVE
g. aa308-311: NKL.

The H5 protein according to any one of claims 1 to 4, wherein such H5 protein

comprises a peplide that comprises:

the amino acid sequences of SEQ ID NO:4; SEQ ID NO:5 or SEQ ID NO:6; or
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any peptide that has at least 85% sequence homology to the polypeptide of i} and
that comprises hemagglutinin inhibition in a standard hemagglutinin inhibition assay;
or

any part of the polypeptides of i) or ii) comprising at least 8 contiguous aminc acids
of any of such peptides of i) or ii) and wherein any of such peptide comprises
hemagglutinin inhibition in-a standard hemagglutinin inhibition assay; or

any peptide of i}, i) or iii) having one of the amino acids 36T, 36K, 83A, 83T, 83D,
86A, 86V, 1208, 1558, 156A, 1567, 189R, 189K, 212K, 212R, 212E, 263A or 263T;
or

any peptide of i), ii), iit) or iv) having one or more of the following aminc acid clusters

selected from the group consisting of:

aa 93 - 95 GNF
aa 123 -125: SDH
aa 128 -130: SSG
aa 138 - 140: GSS
aa 226 - 228: MDF
aa 270-272: EVE
aa 309 -311: NKL.

@ ™o a0 T

. The H5 protein according to any one of claims 1 to 5, wherein such H5 protein is

originated from an avian influenza virus.

. The H5 protein according to anyone of claims 1 to 6, wherein such H5 protein

comprises the amino acid sequence of SEQ ID NO:4.

. An nucleic acid molecule, coding for the H5 protein according to any one of claims 1 to

7.

. An vector comprising the nucleic acid molecule according to claim 8.
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10. A method for producing the H5 protein of anyone of claims 1 to 7, wherein said method
comprises the steps:
a. isolating or amplifying the nucleic acid that codes for such M5 protein;
5 b. cloning the H5 encoding nucleic acid in an expression vector;

c. expressing the H5 protein

11. The method according to claim 10, wherein the expression vector is a recombinant
baculovirus.
10
12. The method according to claim 10 or 11, wherein the H5 protein is expressed in insect

cells.
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17.

18.

18.

48

The H5 protein according to any one of claims 1 to 7 for use as a medicine.

The nucleic acid molecule according to claim 8 for use as a medicine.

. The vector according to claim 9 for use as a medicine.

The use of the H5 protein according to any one of claims 1 to 7 for the preparation of a
pharmaceutical composition for the prophylaxis or treatment of infections caused by

viral influenza.

The use of the nucleic acid molecule according fo claim 8 for the preparation of a
pharmaceutical composition for the prophylaxis or treatment of infections caused by

viral influenza.

The use of the vector according to claim 9 for the preparation of a pharmaceutical

composition for the prophylaxis or treatment of infections caused by viral influenza.

The use according to any one of claims 16 to 18, wherein the viral influenza infection is

caused by avian, swine or human influenza virus or any combination or hybrid thereof.
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20. A kit of parts, comprising:
a. the H5 protein according to any one of claims 1 to 7, the nucleic acid molecule
according to claim 8, or the vector according to claim 9; and
b. a package leaflet indicating the use of such H5 protein, nucleic acid moiecule, or

vector of a) for the treatment or prophylaxis of infections caused by influenza virus.

21. The kit according to claim 20, wherein such kit comprises at least one further antigen
of pouliry or mammalian pathogen.



