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(57) Abstract: This invention provides immunogenic compositions com-
prising an immune stimulant and an respiratory syncytial virus (RSV) oli-
gopeptide or an unglycosylated RSV polypeptide. The RSV oligopeptides
are shown in SEQ ID NO: 3-33. The unglycosylated RSV polypeptide may
consist essentially of the ectodomain of an RSV G protein, such as that
shown in SEQ ID NO: 2 or the ectodomain of an RSV F protein such as the
ectodomain of the F protein shown in SEQ ID NO: 39.
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IMMUNOGENIC RSY POLYPEPTIDES

CROSS-REFERENCES TO RELATED APPLICATIONS

[6061] This application claims priority to US Application No. 62/139,993, filed March 30,
2015, which 1s related to US Application No. 61/910,623, filed December 2, 2013, and
International Application No. PCT/US14/68144, filed December 2, 2014, all of which are

meorporated herein by reference.

FIELD OF THE INVENTION
[6062] This invention relates to immunogenic polypetides from human respiratory syncytial

virus (RSV} and their use to prevent, treat and diagouose RSV infection.

BACKGROUND OF THE INVENTION
[6063] Human respiratory syncytial virus (RSV) is the most important cause of virus mediated
lower respiratory tract 1llness (LRI} in infants and children worldwide. In mfants, ~ 2,345 per
100,000 hospitalizations are attributable to RSV infection in the United States annually and RSV
15 one of the leading causes of morbidity/mortality second only to influenza virus {1}, Although
traditionally regarded as a pediatric pathogen, RSV can cause life-threatening pulmonary disease
in bone marrow transplant recipients and immunocompromused patients (2, 3}, Most RSV
mediated severe disease and mortality occurs in infants vounger than 2 vears (4. Among the
elderly, RSV 1s also a common cause of severe respiratory mfections that requires hospitalization

(4),

[8004]  Although the importance of RSV as a respiratory pathogen has been recognized for
over 50 years, a vaceine is not yet available because of several problems inherent in RSY
vaccine development including the very young age of the target population, recurrent infections

in spite of prior exposure, and history of enhanced disease 1n young children that were
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immunized with a formaldehyde inactivated RSV (FI-RSV) vaccine in the 1960s (3, 5).
Nubsequent studies with samples from these children showed poor functional antibody responses
with low neutralization or fusion-inhibition titers (6, 7). There was also evidence for deposition
of immune complexes in the small airways (8), however the mechanism of the FI-RSV vaccine
induced enhanced disease is poorly understood. Animal models of the FI-RSV vaccine
associated enhanced respiratory disease (VAERD) suggested a possible combination of poor
functional anttbody responses and Th2-biased hyper cytokine release leading to eosinophilic

nfiltration in the lungs {9, 10).

[6005] RSV hve-attenuated vaccines {LAV) have a good safety record in infants. However, a
recent RSY LAY candidate (rA2¢cp248/404/1030deltaSH) was found to be safe in infants but
poorly immunogenic (11). New vaccine development efforts are now under way, using
recombinant technologies, different cell substrates, and structure-based vaccine design (3). The
RSV F glycoprotein (PTP-2) formulated in alum was evaluated n clinical trials and found to be
well tolerated but only modestly immunogenic i adulis, pregnant women, and in the elderly
(12). A mixture of F, G, and M recombinant proteins was tested in subjects >65 years and was
found to induce >4-fold increase in serum neutralizing activity in 58% of subjects with low pre-
vaccine titers (13). Recently the structures of the F protective targets recognized by MAbs
palivizumab and 101F, as well as the pre-fusion form of the F protein trimer were resolved,
leading to structure based design of new F-based vaccines (14-16). A subunit vaccine based on
the central conserved region of the G attachment surface glycoprotein was also developed as a
RSV polypeptide with the albumin-binding domain from streptococcal proten G, produced n
prokarvotic cells and formulated with an alum-based adjuvant. Despite promusing results in
murine models, challenge studies in thesus macaques showed no reduction of viral loads, and
studies in adults showed a relatively low capacity for inducing neutralizing antibodies (17, 13}
An optimally effective RSV vaccine must protect agamst antigenically divergent groups A and B

RSV strains.

[6066] Despite advances in the development of subunit vaccines, a need still exsts to produce
RSV vaccines that will provide protective immunity without the potential for disease

enhancement. The present invention addresses these and other needs.
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BRIEF SUMMARY OF THE INVENTION
{6087} This invention provides immunogenic compositions comprising an immune stimulant
and an RSV oligopeptide from the RSV F protein or G protein or a multimer thereof. In other
embodiments, the composition may comprise an unglycosylated RSV polypeptide. Usually, the
unglycosylated RSV polypeptide consists essentially of the ectodomain of an RSV G protein,
such as one that is at least about 95% identical to that shown 1in SEQ 1D NG: 2{RSV-A2) or SEQ
1D NQO: 42 (RSV-B1). Alternatively, the unglycosylated RSV polypeptide consists essentially of
the ectodomain of an RSV F protein, such as one that is at least about 95% identical to the
ectodomain of the F protein sequence shown in SEQ ID NO: 40. The unglycosylated RSV
polypeptide can be made using a number of methods known i the art. In a typical embodiment,

it 1s recombinantly expressed in a prokaryotic cell.

[B008] I the immunogenic composition comprises an RSV oligopeptide of the invention, the
oligopeptide may be one or more of SEQ ID NO: 3-33. Thus, the composition of the invention
may comprise SEQ ID NO: 3; alternatively, it may comprise SEQ ID NO: 4; alternatively, it may
comprise SEQ ID NO: 5; alternatively, it may comprise SEQ ID NQ: 6; alternatively, it may
comprise SEQ ID NO: 7; alternatively, it may comprise SEQ ID NO: 8; alternatively, it may
comprise SEQ ID NO: 9; alternatively, it may comprise SEQ ID NO: 10; alternatively, it may
comprise SEQ ID NO: 11; alternatively, it may comprise SEQ ID NO: 12; alternatively, it may
comprise SEQ ID NO: 13; alternatively, it may comprise SEQ ID NO: 14; alternatively, it may
comprise SEQ ID NO: 15; alternatively, it may comprise SEQ ID NQO: 16; alternatively, it may
comprise SEQ ID NO: 17; alternatively, it may comprise SEQ ID NO: 18, alternatively, it may
comprise SEQ ID NO: 19; alternatively, it may comprise SEQ ID NQO: 20; alternatively, it may
comprise SEQ ID NO: 21; alternatively, it may comprise SEQ ID NO: 22; alternatively, it may
comprise SEQ ID NO: 23; alternatively, it may comprise SEQ ID NO: 24; alternatively, it may
comprise SEQ ID NO: 25; alternatively, it may comprise SEQ ID NO: 26; alternatively, it may
comprise SEQ ID NO: 27; alternatively, it may comprise SEQ 1D NO: 28; alternatively, it may
comprise SEQ 1D NO: 29; alternatively, it may comprise SEQ ID NO: 30; alternatively, 1t may
comprise SEQ ID NO: 31; alternatively, it may comprise SEQ 1D NO: 32; alternatively, it may
comprise or SEQ 1D NO: 33,

(V8]
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{B009] The invention also provides methods of inducing a protective immune response against
RSV infection in a subject. The methods comprise administering to the subject an
immunologically effective amount of the immunogenic composition of the invention. Usually,
the immunogenic composition 1s administered intramuscularly. The subject will typically be an

infant, a pregnant mother, female of child bearing age, or an elderly person.

{8010} The invention further provides methods of detecting an immune response against RSV
in a subject. The methods comprise contacting a biological sample from the subject with an
RSV oligopeptide selected from SEQ [D NO: 3-33 and detecting an immune response. The
immune response can be detected by detecting binding of antibodies in the biological sample to

the RSV oligopeptide or by detecting a cellular immune response.

DEFINITIONS
{8011} The terms “adjuvant” and "immune stimulant” are used interchangeably herein, and are
defined as one or more substances that cause stimulation of the immune system. The stimulation
will augment or modify the immune response, e.g., by mtensifying or broadening the specificity
of either or both the antibody and the cellular immune response to the RSV polypeptide. In this
context, an adjuvant or immune stirnulant 1s used in the immunogenic compositions of the
ivention to enhance an immune response to RSV proteins. In the case where the RSV

polyeptide ts expressed in a viral vector, the viral vector can act as the immune stimulant.

{6012] Theterm “expression vector” refers to a linear or circular DNA molecule that
comprises a segment encoding a polypeptide of interest (e.g., an RSV protein of the invention)
operably hinked to additional segments that provide for its transcription. Such additional
segments include promoter and ternunator sequences, and may also include one or more origins
of replication, one or more selectable markers, an enhancer, a polyadenvlation signal, and the
like. Expression vectors are generally denived from bactenal or viral DNA, and may contain
elements of both.

{B013] TThe terms "identical” or percent "identity,” n the context of two or more nucleic acids
or polypeptide sequences, {e.g., RSV proteins/peptides of the mvention and polynucleotides that
encode them) refer to two or more sequences or subsequences that are the same or have a

specified percentage of amino acid restdues or nucleotides that are the same, when compared and
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aligned for maximum correspondence, as measured using one of the following sequence

comparison algorithms or by visual inspection.

{0014] The phrase "substantially identical,” in the context of two nucleic acids or polypeptides
of the invention, refers to two or more sequences or subsequences that have at least 50%, more
preferably 65%, even more preferably 70%, still more preferably 75%, even more preferably
80%, and most preferably 90-95% nucleotide or aming acid residue identity, when compared and
aligned for maximum correspondence, as measured using one of the following sequence
comparison algorithms or by visual inspection. Preferably, the substantial identity exists overa
region of the sequences that 1s at least about 10 or 50 residues in length, more preferably overa
region of at least about 100 residues, and most preferably the sequences are substantially
identical over at least about 150 residues. In a most preferred embodiment, the sequences are

substantially identical over the entire length of the coding regions.

{6015] For sequence comparison, typically one sequence acts as a reference sequence {(e.g.,
SEQ ID NO: 2), to which test sequences are compared. When using a sequence comparison
algorithim, test and reference sequences are nput mto a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent sequence identity for the test

sequence(s) relative to the reference sequence, based on the designated program parameters.

[6016] Optimal alignment of sequences for comparison can be conducted, e.g., by the local
homology algorithm of Smiuth & Waterman, Adv. Appl. Math. 2.482 (1981), by the homology
alignment algorithm of Needleman & Wunsch, J. Mol. Biol 48443 (1970), by the search for
sinilarity method of Pearson & Lipman, Proc. Nait'l. Acad. Sci. US4 85:2444 (1988), by
computerized implementations of these algorithis (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr,
Madison, W1}, or by visual mspection (see generally, Current Protocols in Molecular Biology,
FM. Ausubel et al, eds., Current Protocols, a jomt venture between Greene Publishing

Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement) (Ausubel)).

[B017] Examples of algorithms that are suitable for determining percent sequence dentity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described i Altschud

et o (1990) J. Mol Biol 215: 403-410 and Altschul er af. (1977} Nucleic 4cids Res. 25: 3389-
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3402, respectively. Software for performing BLAST analyses 1s publicly available through the
National Center for Biotechnology Information (http://www.nchinim nih.gov/). This algorithm
mvolves first identifyving high scoring sequence pairs (HSPs) by identifying short words of
length W in the query sequence, which either match or satisty some positive-valued threshold
score T when aligned with a word of the same length in a database sequence. T 1s referred to as
the neighborhood word score threshold (Altschul ef af, supra). These mitial neighborhood word
hits act as seeds for inttiating searches to find longer HSPs containing them. The word hits are
then extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score for
rismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative~-scoring
residue alignments; or the end of either sequence 1s reached. The BLAST algorithm parameters
W, T, and X deternune the sensitivity and speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5,
N=-4, and a comparison of both strands. For amino acid sequences, the BLASTP program uses
as defaults a wordlength (W) of 3, an expectation (£} of 10, and the BLOSUMG2 scoring matrix
(see Hentkoft & Hemkoff, Proc. Natl Acad Sci. 1VSA4 8§9:10915 (1989}).

[6018] Inaddition to calculating percent sequence dentity, the BLAST algorithm also
performs a statistical analysis of the similarity between two sequences (see, e g, Karlin &
Altschul, Proc. Nar'l. Acad. Sci. US4 90:5873-5787 (1993}). One measure of similarity
provided by the BLAST algorithin 15 the smallest sum probability (P{(N}), which provides an
mdication of the probability by which a match between two nucleotide or amino acid sequences
would occur by chance. For example, a nucleic acid 1s considered similar o a reference
sequence if the smallest sum probability in a comparison of the test nucleic acid to the reference
nucleic acid is fess than about 0.1, more preferably less than about 0.01, and most preferably less

than about 0.001.
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{0019] A further indication that two nucleic acid sequences or polypeptides of the invention
are substantially identical 1s that the polypeptide encoded by the first nucleic acid s
immunologically cross reactive with the polypeptide encoded by the second nucleic acid, as
described below. Thus, a polypeptide 1s typically substantially identical to a second polypeptide,
for example, where the two peptides differ only by conservative substitutions. Another
indication that two nucleic acid sequences are substantially identical is that the two molecules

hybridize to each other under stringent conditions, as described below.

{0028] “Operably linked” indicates that two or more DNA segments are joined together such
that they function in concert for their intended purposes. For example, coding sequences are
operably hinked to promoter in the correct reading frame such that transcription tnitiates in the

promoter and proceeds through the coding segment(s) to the termunator.

{8021} A “polynuclectide” 15 a single- or double-stranded polymer of deoxyribonucleotide or
ribonucleotide bases typically read from the 5 to the 3" end. Polynucleotides include RNA and
DNA, and may be isolated from natural sources, synthesized in vitro, or prepared from a
combination of natural and synthetic molecules. When the term 15 applied to double-stranded
molecules it 1s used to denote overall length and will be understood to be equivalent to the term

“base paus”.

[8022] A “polypeptide” is a polymer of amino acid residues joined by peptide bonds, whether
produced naturally or synthetically. Polypeptides of less than about 75 amino acid residues are

also referred to here as peptides or oligopeptides.

{6023] Theterm “promoter” ts used herein for its art-recognized meaning to denote a portion
of a gene containing DNA sequences that provide for the binding of RNA polymerase and
mitiation of transcription of an operably hinked coding sequence. Promoter sequences are

typically found in the 57 non-coding regions of genes.

BRIEF DESCRIPTION OF THE DRAWINGS
{6024] Figure 1 shows purification of recombinant G protein from /. coli and 293 cells. (A)
Schematic representation of the RSV G protein. RSV G protein purified from £ coli (REG)

mclusion bodies 1s lacking the cytoplasmic and transmembrane domains {CT-TM} and 1s not

~1
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glycosylated, while the RSV (G protein secreted from 293-Flp-In cells (RMG) 1s glycosylated.
N-linked glycosylation sites, as predicted by NetNGlyc 1.0 software, are represented above the
bar and predicted O-linked glycosylation sites, as predicted by NetOGlyce 4.0 software, are
represented below the bar i the full length RSV G and RMG proteins. REG was purtfied from
. coli inclusion bodies as described in materials and methods. RMG was purified from the
clarified supernatant of 293-Flip-In cells stably expressing the RSV G protein. Both REG (B}
and RMG (C) were purified through a Ni-NTA column and the final products were detected as a
single band m SDS PAGE under reducing conditions (D} SPR interaction profile of REG and
RMG binding to the protective MAb 131-2G that targets the central conserved domain of RSV
G. (E-F) Superdex $-200 gel filtration chromatography of RSV G protein produced in bacterial
systern {REG) (E) and mammalian systero (RMG) (F). The pauvels present superimposed elution

profiles of purified RSV G proteins (red lines) overlaid with calibration standards {grey lines).

[6025] TFigure 2 18 a schematic representation of mice immunization and challenge schedule.
BALB/c mice were imamunized 1.mu with 5 ug of REG, RMG or F proteins of RSV-A2 virus
strain with Emulsigen adjuvant, or with PBS control, on days 0 and 20. Ten days after the
second immunization, blood was collected from the tail veins. 14 days after the second
immunization, mice were challenged intranasally with 10° pfu of either RSV-AZ or RSV-B1
viral strains (6-11 muce per group). Mice were sacrificed on days 2 or 4 post-challenge wherein

tungs and blood were collected.

[3026] Figure 3 shows a neutralizing antibody response following RSV G (REG, RMG) and F
protein immunization. Serum from individual muce collected on day 10 post second
immunization was tested for neutralization 1o a plaque reduction veutralization test (PRNT)
against the homologous RSV-AZ2 strain (A) or heterologous RSV-B1 strain (B). Neutralizing
antibody titers represent 50% inhibition of plaque numbers. The average for each group is
represented with a horizontal hine. Pre-vaccination (day 0) serum samples from all the amumals
tested negative in PRNT (data not shown). 7/11 arumals vaccinated with unglycosylated G
ectodomamn {REG) generated good neutralization titers against the RSV A2 strain. No amimals
vaccinated with the glycosylated G ectodomain (RMG) generated neutralizing antibodies against
RSV A2, Statistical signmificance was tested with one-way ANOVA and Bonferroni multiple

comparisons tests. ##% p <0.0001, ** p < 0.001, *p <0.05.

SUBSTITUTE SHEET (RULE 26)



10

15

20

30

WO 2016/160166 PCT/US2016/018530

{0027 Figure 4 shows surface plasmon resonance analysis of post-vaccination sera to REG,
RMG and different antigenic regions within RSY G. {A-B) The same individual post-
vaccination mice sera from Fig. 3 were tested for total antibody binding to the REG protein (A)
or RMG protein (B) by Surface Plasmon Resonance (SPR). {C) Antigenic peptides representing
amino acids 66-90, 90-110, 148-178, 169-207 and 236-263 of the RSV G protein were
chemically synthesized and tested for binding to serum antibodies from REG or RMG
immunized mice in a real time SPR kinetics experiment. Total antibody binding is represented as
SPR resonance units. Sera from REG vaccinated mice showed >10 fold higher antibody binding
to either REG protein {panel A} or to the glvcosylated (RMG) G protein {panel B}, peptide
scanning showed more diverse repertoire for the REG vaccinated animals (panel C). Statistical
significance was tested with one-way ANOV A and Bonferroru multiple comparisons tests, *#*

<0.0001, #* p < 0.001, *p < 0.05.

p

[6028] Figure 5 shows that immunization with REG protects against homologous and
heterclogous RSV challenge. Mice immunized twice with PBS, REG, RMG, or F protein were
challenged intranasaly (i.n.) with I x 10° pfu of RSV-AZ (A) or RSV-B1 (B) 14 days after the
second immunization. Four days post virus challenge, mice lungs were collected and
homogenized as described in materials and methods, and lung viral loads were determined by
plague assay. Statistical significance was tested with one~-way ANOVA and Bonferrons multiple
comparisons tests, *p < 0.05. (C) Relationship between the total anti-G antibody binding n
post- vaccination sera (in Fig. 4A) and lung viral load at 4 days post-challenge with RSV-A2 (in
Fig. SA) was analyzed and Spearman’s correlation was calculated. Total antibody binding to
REG 18 represented n resonance units and fung viral loads are represented as pfu per gram lung
weight. p-values less than 0.05 were considered significant. Most animals that were immunized
with REG effectively elimunated virus from the hungs after challenge with homologous (panel A}

or heterologous (panel B ) viruses. Most of the RMG immunized arumals did not clear virus.

[B029] Figure 6 shows histopathology analysis of lungs from REG and RMG immunized mice
after virus challenge: REG immunization protected from lung disease, while RMG immumization
resulted in perivasculitis and hung cellular infiltrates after challenge (enhanced
disease/pathology). Lungs collected 2 days post-challenge with RSV-AZ or RSV-B1 were

stained with hematoxylin and eosin (H-E) and scored for inflammation in bronchioles, near veins

9
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{vascular), and alveoli. {A} Lung histology scores represent the average of 2 slides per mouse
and 3 mice per group. Neutralizing antibody titers represent 50% inhibition of plague numbers as
measured by PRNT against the respective RSV strains for the 3 mice per group. 0, no lesions; 1,
minimal; 2, mild; 3, modest; 4, severe. {B) 400X magnification images of H-E stained sectioned

tungs

{8030} Figure 7 shows RMG (but not REG) immunization induces high levels of Th2
cytokines and chemokines following RSV 1.n challenge. (A-H) Cytokines in lung homogenates
from day 2 post challenge were measured in a Bio-Plex Pro™ Mouse Cytokine assay. Values
represent the concentration in pg/mL of 3 mice per group. The box extends from the 25% to the
75% percentile and the error bars represent the lowest and highest values. Values below the
assay’s limit of detection were assigned a number according to the minimum detection limuit of
the cytokine. The mean for each group are represented. (1) Ratio of the observed concentration of
Th2 vs Thi cvtokines as measured by IL4/IFN-y. Statistical significance was analyzed using a
one~-way ANOVA and Bonferront multiple comparisons tests. *¥% p < 0.0001, ** p <0.001, *p <
0.05. High Th2 chemokine levels in the lung were associated with eosinophilic infiltration and

sever lung pathology after challenge with RSV,

{6031} Figure 8 shows an alignment of the full-length G protein amino acid sequence from
four different RSV strains: A2 (SEQ ID NO: 34), A-Long (SEQ ID NO: 35), B-18537 (SEQ ID
NO: 36), and Bl (SEQ ID NO: 37).

DETAILED DESCRIPTION
[6632] The present invention provides unglycosylated RSV polypeptides that are useful as
mmmunogens to induce protective immune response against RSV infection. In a typical
embodiment, the RSV polypeptide comprises a RSV G protein ectodomain {corresponding to
amino acids 67-298 of SEQ 1D NO: 34) produced as an unglycosylated protein in a prokaryotic
expression system. The present invention also provides shorter RSV polypeptides (i.e.,
oligopeptides) that can be used m mmmunogenic compositions of the mvention to nduce

protective mumune responses.

RSV POLYEPTIDES

[6633] The genome of RSV 15 a single, negative-sense strand of RNA of 15.2 kilobases that 1s

transcribed by the viral polymerase into 10 mRNAs by a sequential stop-start mechamsm that

10
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initiates at a single viral promoter at the 3” end of the genome. Each mRNA encodes a single
major protein, with the exception of the M2 mRNA, which has two overlapping open reading
frames that encode two separate proteins. The 11 RSV proteins are: the RNA-binding
nucleocapsid protein (N), the phosphoprotein (P), the large polymerase protein (L}, the
attachment glycoprotein (G), the fusion protein (F), the small hydrophobic (SH) surface
glycoprotein, the internal matrix protein (M), the two nonstructural proteins NS1 and NS2, and

the M2-1 and M2-2 proteins encoded by the M2 mRNA.

{8034} One of skill will recognize that any RSV protein could be used as an immunogen in the
immunogenic compositions of the invention. In a typical embodiment, RSV polypeptides of the

invention will be derived from either the F protein or the G protein.

{6035] The RSV G protein comprises a hydrophobic region near the N-terminus that serves as
a membrane anchor, the transmembrane domain, and a C-terminal portion of the molecule
exposed on the exterior side of the membrane, the ectodomain {see Figure 1), Those of skill can
readily identify the domains of a G protein using standard sequence alignments to identify
corresponding residues in G proteins isolated from different RSV strains. Such an alignment 1s
provided in Figure 8. For example, the ectodomain of the RSV-AZ strain, which 15 exemplified
below, extends from residues 67-298 of SEQ ID NO: 34). Using standard sequence alignment
techniques, one of skill can readily determine the corresponding residues in other RSV strains,
For example, to determine which amino acid of a first protein “corresponds” to the position of an
amino acid 1n a second protein, the amino acid sequences of the two proteins are optimally

aligned {e.g., using a BLAST algorithm),

[0036] The RSV polypeptides of the mvention are typically fragments of a native RSV protein,
such as an F protein or a G protein. In a typical embodiment, the RSV polypeptide is from about
10 amino acids to about 75 amino acids in length {also be referred to as RSV oligopeptides).

The RSV oligopeptides may also be less than about 50 amino acids 1o length, Exemplary RSV
oligopeptides of the invention are provided in SEQ ID NQOs: 3-33. Peptides of particular interest

meclude the following peptides.

i1
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{B037] RSV-F Peptide Sequences:

101-157 PATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVG
SAIASGVAVSKYV (SEQ ID NO: 5)

195-240 LENYIDKQLLPIVNKQSCSISNIETVIEFQOKNNRLLEITREFSYN
(SEQ ID NO: 12)

425-450 SNKNRGHKTFSNGCDYVSNKGVDTV (SEQ ID NO: 19)

443-461 SNEGVDTVSVGNTLYYVNK (SEQ ID NO: 20)

[6038] RSV-G Peptide Sequences:

129-152  TIVETRENTTTTQTOPSKPTTRORQ (SEQ ID NG: 28)

169-207 NEFVPCSICSNNPTCWAICKRIPNEKKPGKEKTTTKPTEKPT (SEQ 1D NO: 30)
263-298 ETFHSTSS EGNPSPSQVS TTSEYPSQPS SPPNTPRQ (SEQ ID NG: 33)

[6039] The RSV polypeptides of the invention may be multimeric and comprise more than one
of the RSV oligopeptides of the invention in a single polypeptide chain. Such multimeric
polypeptides may, for example, comprise multiple coptes of a single oligopeptide or may
comprise different oligopeptide sequences. The multimeric RSV polypeptides may also
comprise oligopeptide sequences from other pathogens so that immune protection against
multiple pathogens is provided in a single composition. The multimeric RSV polypeptides will

typically be from about 50 to about 300 anuno acids in length.

[8048]  In other embodiments, the RSV polypeptides of the imvention are about 75 to about 250
amino acids n length and are dentved from the ectodomamn of an RSV G or F protein. More
typically, the RSV polypeptide 15 from about 150 to about 230 amuno acids in tength. In these
embodiments, the RSV polypeptide will consist essentially of the ectodomain of a G protem
{e.g., those residues corresponding to residues 67-298 of the RSV-A2 stramn G protein, SEQ ID
NG 34 or 67-299 of the RSV-B1 strain G protein, SEQ ID NO: 373 Alternatively, the RSV
polypeptide of the mvention may consist essentially of the ectodomain of an F protein {e. g,
those residues corresponding to residues 23-524 of the RSV-A2 strain F protein, SEQ 1D NO:
39). In such an embodiment, the RSV polypeptide consisting essentially of the ectodomain of a

G or F protein may comprise, for example, an epitope tag or other short sequence to facilitate
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purtfication of the polypeptide (e.g., a polyhistidine tag). An RSV polypeptide consisting
essentially of the ectodomain of a & or F protein may also comprise less than about 10 amino

acids, usually less than about 5 amino acids, from the G or F protein transmembrane domain.

{6041} 'The RSV polypeptide 1s typically ungiyvcosylated. An “unglycosylated RSV
polypeptide” is one that lacks at least about 95% of the sugar moieties that occur on the naturally
occurring RSV protein. Usually, the unglycosylated RSV polypeptide lacks at least about 99%
of the sugar moieties. In the most embodiments, the RSV polypeptide s completely
unglycosylated. In a typical embodiment, the unglycosylated RSV polypeptide is expressed ina
prokaryotic organism {e.g K. coli) that does not comprise the cellular machinery to glycosylate
proteins. The unglycosylated RSV polypeptide may also be chemically synthesized or expressed
in a glycosylation-deficient mammalian cell. Alternatively, appropriate enzymes may be used in

vitro to remove all or most of the sugar moieties from the polypeptide.

{6042] The RSV polypeptides of the invention can be used in immunogenic compositions, as
well a variety of other uses. For example, the polypeptides can be used in serclogical assays for
diagnosis of RSV, in analysis of immune sera from pre-clinical and clinical trials of RSV
vaccines, and i mapping of monoclonal and polyclonal antibodies against different RSV
proteins. The oligopeptides are also useful in studies designed to understand viral pathogenesis
and therefore useful in designing antiviral drugs or treatment. For example, the peptides can be

used to study viral protem-protein, viral RNA-protem and viral-host protein interactions.

[6043] The RSV polypeptides of the mvention can be made using standard methods well
known to those of skill in the art. For example, shorter polypeptides {i.e., oligopeptides) can be
made synthetically. For longer polypeptides, recombinant expression can be conveniently used.
Recombmant expression in a variety of host cells, including £. cofi, or other prokaryotic hosts

which lack the cellular machinery for glycosylation of protemns 15 well known in the art.

[8044] Polynucleotides encoding RSV polypeptides, recombmant expression vectors, and host
cells containing the recombinant expression vectors, as well as methods of making such vectors
and host cells by recombinant methods are useful to produce the polypeptides of the invention.

These methods are well are well known to those of skill in the art,

13
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{0045]  The polynucleotides encoding RSV polypeptides may be synthesized or prepared by
techniques well known in the art. Nuclestide sequences encoding the RSY polypeptides of the
disclosure may be synthesized, and/or cloned, and expressed according to techniques well known
to those of ordinary skill in the art. In some embodiments, the polynucleotide sequences will be
codon optimized for a particular recipient using standard methodologies. For example, a DNA
construct encoding a RSV polypeptide can be codon optimized for expression in prokaryotic

hosts, e.g., bacteria.

{8046] Examples of useful bacteria include, but are not linuted to, Escherichia, Enterobacter,
Azotobacter, Erwinia, Bacillus, Pseundomonas, Klebsielia, Proieus, Salmonella, Servatia,
Shigella, Rhizobia, Vitreoscilla, and Paracoccus. The nucleic acid encoding the RSV
polypeptide 1s operably linked to appropriate expression conirol sequences for each host. For .
cofi this includes a promoter such as the T7, trp, or lambda promoters, a ribosome binding site
and preferably a transcription termination signal. For eukarvotic cells, the control sequences will
mclude a promoter and preferably an enhancer derived from tmmunoglobulin genes, SV40,
cvtomegalovirus, efc., and a polyadenylation sequence, and may 1oclude splice donor and

acceptor sequences.

{6047] The RSV polypeptides may also be expressed in other cells that normally glycosylate
proteins, such as mammalian, insect, plants or yeast cells. In some embodiments, the polyeptide
is deglycosylated after expression. Removal of carbohvdrate moieties may be accomplished
chemically or enzymatically according to well-known techniques. Chenucal deglycosylation
typically involves contacting the polypeptide with trifluoromethanesulfonic acid, or an
equivalent compound. This treatment results in the cleavage of most or all sugars except the
hinking sugar {N-acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide
mtact. Enzymatic cleavage of carbohydrate moieties on proteins can be achieved by the use of a
variety of endo- and exo-glycosidases. Kits for enzymatic removal of carbohydrates are

commercially available,

[0048] Once expressed, the recombmant RSV polypeptides can be purified according to
standard procedures of the art, including ammoniom sulfate precipitation, affinity columns,
column chromatography, gel electrophoresis and the hike. In a typical embodiment, the

recombinantly produced RSV polypeptide 1s expressed as a fusion protein that has a “tag” at one

14
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end which facilitates purification of the polypeptide. Suitable tags inchide epitope tags, which
are aming acid sequences that are specifically recognized by an antibody. Epitope tags are
generally incorporated into recombinantly expressed proteins to enable the use of a readily
available antihody to detect or isolate the protein. Other suitable tags are known to those of skill
in the art, and include, for example, an affinity tag such as a polvhistidine tag which will bind to

metal 1ons such as nickel or cobalt 1ons.

IMMUNOGENIC COMPOSITIONS

{0049] The RSV polypeptides and oligopeptides of the invention may be formulated as a
vaccine (also referred to as an “immunogenic composition”} according to methods well known 1n
the art. Such compositions will typically include immune stimulants to enhance immune
responses. The optimal ratios of each component in the formulation may be determined by
techniques well known to those skilled in the art. The immunogenic compositions may be
administered to a patient or subject according to standard techniques well-known to those of skiil
n the art. The subject will typically be a human, or non-human animal {(e.g., cattle, horses, pigs,
dogs, and cats). The human patient or subject may be an adult and child. In a typical case the
subject will be an infant {e.g., a newborn), a young child, a pregnant mother, a woman of child

bearing age, or the elderly.

[8030] The immunogenic compositions may also comprise one or more of the RSV
oligopeptides shown i SEQ 1D NOs: 3-33 or a multimeric RSV polypeptide comprising one of
more the oligopeptide sequences. The oligopeptides or multimeric polypeptide may be
unglycosylated or glycosylated. For example, the composition may comprise only one of the
following oligopeptides: SEQ 1D NG: 3, SEQID NG: 4, SEQID NG 5, SEQID NG 6, SEQ ID
NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEGQ ID NO: 11, SEQ ID NO: 12, SEQ
I NG 13, SEQ ID NG: 14, SEQ ID NO: 15, SEQ 1D NO: 16, SEQ D NO: 17, SEQ 1D NO:
18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ
I NG: 24, SEQ ID NO: 25, SEQ 1D NO: 26, SEQ 1D NO: 27, SEQ 1D NO: 28, SEQ 1D NO:
20, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, or SEQ ID NG: 33, In some
embodiments, the composition will further comprise additional oligopeptides selected from the
same list of peptides. Alternatively, the oligopeptides may be included in a single, multimeric

RSV polyeptide.
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{0051} The preparation and use of immunogenic compositions are well known to those of skili
in the art. Liquid pharmaceutical compositions generally include a hiquid carrier such as water,
petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution,
dextrose or other saccharide solution or glycols such as ethylene glycol, propylene glycol or

polyvethylene glycol may be included.

{0052] Polynucleotides encoding the RSV polypeptides of the invention can also be
administered to the subject. Typically, an expression cassette suitable for driving expression in
human cells 1s prepared. This approach is described, for instance, in Wolff (1990} Science

247:1465-1468; U.S. Patent Nos. 5,580,859 and 5,589,466.

{8053} The RSV polypeptides (e.g., multimeric RSV polypeptides) may also be expressed in
replication deficient or competent viral vectors that comprise nucleic acids encoding them. Such
viral vectors include, for example, adenoviral vectors, vaccinia virus vectors, avipox vector such
as fowlpox or canarypox, herpes virus vectors, a vesicular stomatitis virus vectors, or alphavirus
vectors. One of skill will recognize that the immunogenic compositions of the mvention may
comprise multiple antigens and vectors. In such embodiments, the viral vector can act as an
mmmune stimulant. Thus, the immune stimulant of the immunogenic compositions of the
mvention will be the vector itself and addition of further immune stimulants may not be

necessary.

[6054] The RSV polypeptides {e.g., multimeric RSV polypeptides and RSV oligopeptides)
may also be administered in combination with nanoparticles (7.e., particulate material with size
1-1000 nm). A great variety of matenals can be used to prepare nanoparticles useful in the
mmmunogenic compositions of the invention. For example, synthetic polymers such as poly(d }-
lactide-co-glycolide) (PLG), poly(d,I-lactic-coglyeolic acid){PLGA), poly(g-glutamic acid) (g-
PGA), poly{ethylene glycol} (PEG) and polystyrene can be conveniently used. Polymeric
nanoparticles entrap the RSV polypeptides for delivery to certain cells or sustain antigen release
as a result of their slow biodegradation rate. Natural polymers based on polysaccharide may also
be used. Examples include pullolan, algmate, iouhin and chitosan. Inorganic nanoparticles
useful in the mvention include gold nanoparticles, which can be surface-modified with

carbohydrates, carbon nanoparticles or sihica-based nanoparticles.
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{B085]  The compositions are suttable for single administrations or a series of administrations.
When given as a series, inoculations subsequent to the initial administration are given to boost
the immune response and are typically referred to as booster inoculations. The compositions of
the invention can be used as a boosting composition primed by antigen using any of a variety of
different priming compositions, or as the priming composition. Thus, one aspect of the present
invention provides a method of inducing and/or boosting an immune response to an antigen in an

mdividual.

{8056] The timing of the administration of boosting compositions 1s well within the skill in the
art. Boosting composition are generally administered weeks or months after admimstration of
the priming composition, for example, about 2-3 weeks or 4 weeks, or 8 weeks, or 16 weeks, or

20 weeks, or 24 weeks, or 28 weeks, or 32 weeks.

{8057} The compositions of the invention may comprise other RSV immunogens or the
priming or boosting noculations may comprise other immunogens. The other immunogens used
in combination with the RSY polypeptides of the invention are not critical to the invention.
Examples of such immunogens include those from Influenza, Hepatitis and other childhood

nfectious diseases.

{6058] The immunogens in the respective priming and boosting compositions (however many
boosting compositions are employed) need not be identical, but should share epitopes. The
immunogen may correspond to a complete antigen in a target pathogen or cell, or a fragment
thereot. Peptide epitopes or artificial strings of epitopes may be employed, more efficiently
cutting out unnecessary protein sequence in the antigen and encoding sequence in the vector or
vectors. For example, one or more additional epitopes may be included, for instance epitopes
which are recognized by T helper cells, especially epitopes recognized in individuals of different

HLA types.

[6059]  As noted above, the immunogenic compositions of the invention may comprise an
mmmune stimulant {also referred to as an adjuvant). In those embodiments in which the RSV
polveptide 1s expressed in a viral vector, the imunune stimulant is typically the viral vector, itself
Adjuvants suitable for co-adnunistration in accordance with the present invention should be ones

that are potentially safe, well tolerated and effective in people mcluding QS-21, Detox-PC, MPL-
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SE, MoGM-CSF, TiterMax-G, CRL- 1005, GERBU, TERamide, PSC97B, Adjumer, PG-026,
GSK-I, GeMAF, B-alethine, MPC-026, Adjuvax, CpG ODN, Betafectin, Alum, and MF59.

{0060] Other immune stimulants that may be administered include lectins, growth factors,
cvtokines and lymphokines such as alpha-interferon, gamma interferon, platelet derived growth
factor (PDGF), granulocyte-colony stimulating factor (GCSF), granulocyte macrophage colony
stimulating factor (GMCSF), tumor necrosis factor (TNF), epidermal growth factor (EGF), IL-1,
{L-2, 114, IL-6, 1L-8, 1L-10, and 1L-12 or encoding nucleic acids therefore.

[0061] As noted above, the compositions of the mvention may comprise a pharmaceutically
acceptable excipient, carrier, buffer, stabilizer or other matenials including particles {e.g.,
nanonparticles) well known to those skilled in the art. Such materials should be non-toxic and
should not interfere with the efficacy of the active ingredient. The precise nature of the carrier or
other material may depend on the route of administration, e.g , oral, intravenous, cutaneous or
subcutaneous, itramucosal {e.g., gut), intranasal, intramuscular, or intraperitoneal routes.

Administration is typically intradermal, e.g., subcutaneous or intramuscular.

{6062] Intramuscular admimstration of the immunogenic compositions may be achieved by
using a needle to inject a suspension of the RSV polypeptide or nucleic acid encoding it. An
alternative 1s the use of a needless injection device to administer the composition (using, e.g.,

Biojector('TM)) or a freeze-dried powder containing the vaccine.

{6063] For intravenous, cutanecus or subcutaneous injection, or injection at the site of
affliction, the RSV polypeptide will be in the form of a parenterally acceptable aqueous solution
which 15 pyrogen-free and has suitable pH, 1sotonicity and stability. Those of skill in the art are
well able to prepare suitable solutions using, for example, 1sotonic vehicles such as Sodium
Chloride Injection, Ringer's Tnjection, Lactated Ringer's Injection. Preservatives, stabilizers,
buffers, antioxidants and/or other additives may be included, as required. A slow-release

formulation may also be employed

[0064] Typically, admunistration will have a prophylactic aim to generate an immune response
against a RSV antigen before infection or development of symptoms. Diseases and disorders

that may be treated or prevented in accordance with the present ivention include those 1in which
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an immune response may play a protective or therapeutic role. In other embodiments, the RSY

polypeptides can be administered for post-exposure prophylactics.

{00658]  The immunogenic compositions containing the RSV polypeptide or polynucleotides
encoding them are administered to a subject, giving rise to an anti-RSV immune response in the
subject. An amount of a composition sufficient to in induce a detectable immune response is
defined to be an “immunoclogically effective dose.” As shown below, the immunogenic
compositions of the invention induce an antibody response, as well as a CDE+ T cell immune

response. In a typical embodiment the immune response is a protective inumnune response.

{6066] The actual amount admunistered, and rate and time-course of administration, will
depend on the nature and severity of what is being treated. Prescription of treatment, e g.,
decisions on dosage etc., is within the responsibility of general practitioners and other medical
doctors, or in a veterinary context a veterinarian, and typically takes account of the disorder to be
treated, the condition of the individual patient, the site of delivery, the method of administration
and other factors known to practitioners. Examples of the techniques and protocols mentioned

above can be found in Remington's Pharmaceutical Sciences, 16th edition, Osol, A ed., 1980

{8067} In one exemplary regimen, the RSV polypeptide is administered (e.g., mtramuscularly}
at a dose of 10 micrograms to 1 nulligram/injection. A boost can be adnunistered up to 4 weeks
later. The composition may, if desired, be presented in a kit, pack or dispenser, which may
contain one or more unit dosage forms containing the active ingredient. The kit, for example,
may comprise metal or plastic foil, such as a blister pack. The kit, pack, or dispenser may be

accompanied by mstructions for adnunistration.

[0068] The compositions of the invention may be admimstered alone or in combination with
other treatments, either simultaneously or sequentially dependent upon the condition to be

treated.

DETECTION OF IMMUNE RESPONSES

[8069] The RSV polypeptides (particularly ohigopeptides) of the invention are useful in the
detection of RSV infection. Methods for detecting humoral or cellular immune responses m
biological samples are well known in the art.  As used herein, a "biological sample" 1s any

lymphocyte or antibody-containung sample obtained from a patient. For example, the sample can
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be whole blood, sputum, serum, plasma, saliva cerebrospinal fluid or urine. The polypeptides of
the invention are used in an assay, for example as described below, to determine the presence or
absence of antibodies or immune cells {e.g., lymphocytes, CD4+ T-cells, CD8+ T-cells, B-cells,
NK cells, mast cells, antigen presenting cells} or cytokines induced by RSV antigens. The
presence of such antibodies or immune cells indicates previous sensitization to RSV antigens

which may be indicative of RSV infection.

{6070] There are a variety of assay formats known to those of ordinary skill i the art for using
one or more oligopeptides to detect antibodies in a sample. For example, the assay may imvolve
the use of an RSV polypeptide immobilized on a solid support to bind to and remove the
antibodies from the sample. The assay may also involve the capture of the RSV polypeptide by
an antibody or binding protein (e.g., protein A, protein G, protein A/G, avidin, streptavidin, etc.)
bound to a solid support. The assay may involve the labeling of the RSV polypeptide with small
molecules such as biotin, enzymes, or fluorophores. Alternatively, antibodies from patients
could be bound to a solid phase using binding proteins or type specific antibodies {e. g., anti-
human fgM or IgG antibodies), tollowed by treatment with the labeled or unlabeled RSV
polypeptides, and finally detecting the bound RSV polypeptide with a conjugated antibody
and/or a binding protein (e.g., avidin-FITC, avidin-peroxidase, etc.). The bound antibody may
then be detected using a detection reagent that contains a reporter group. Suitable detection
reagents nclude antibodies that bind to the solid phase bound RSV polypeptide or
antibody/polypeptide complex or to free polypeptide labeled with a reporter group fe.g, in a
semi-competitive assay ). Alternatively, a competitive assay may be utidized, in whach an
antibody that binds to the polypeptide 1s labeled with a reporter group and allowed to bind to the
mmmobilized antigen after incubation of the antigen with the sample. The extent to which
components of the sample mhibit the binding of the labeled antibody to the polypeptide 15
mdicative of the reactivity of the sample with the immobilized polypeptide. In certain
embodiments, the assay is an enzyme linked immunosorbent assay (ELISA), chemiluminescent

assay, or fluorescence assay.

[B071] Methods for detecting cellular immune responses are also well known. In such assays
. . . - + » Lo \ Sy s
antigen presenting cells, immune cells {e.g., (D8 T-cells, CD4+ T-cells, B-cells, etc.)} and RSV

polypeptides of the invention are incubated under appropriate conditions to induce proliferation
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or activation of immune effector cells (e.g.,CD&" T-cells, CD4+ T-cells, B-cells, NK and iNKT
cells, ete) specific to RSV, The antigen-specific responses of induced immune effector cells
{(e.g., helper T-cells, CTLs, B-cells, NK, NKT, etc.} can be detected by a number of techniques
{e.g., by a *'Cr release assay, “H-thymidine incorporation, CFSE and other FACS-analysis
proliferation assays, cytokine intracellular staining and FACS analysis, ELISPOT, detection of

secreted cytokines such as INF-v).

EXAMPLES

The following examples are offered to illustrate, but not to limit the claimed
mvention
EXAMPLE 1
[6072] We have performed a large scale analysis of epttopes recognized by post-RSY
vaccination sera that identified multiple protective vaccine targets against RSV, These peptide
epttopes were chemically synthesized, tested for antibody binding. This was carried out using a
“Whole Genome Phage Display Library” (GFPDL) expressing all the possible peptides from the
RSV G and F protein and screening with polyclonal immune sera from immunized rabbits
mmmunized with unglycosylated F and G proteins of RSV, Fach phage in the library expresses
on its surface a fragment of the RSV membrane proteins in fusion with the phage ¢lif protein.
The antibody bound phages were amphified and the inserts are sequenced. Unlike the native
RSV G and F proteins, which s heavily glycosylated, the phage library expresses only
unglycosylated peptides. The peptides identified in the screen were then used to immumize
rabbits using standard technmiques. Following immunization these animal sera were tested in
multiple RSV neutralization assays. The results, shown i Table 1, show that most of these
peptides generated neutralizing antibodies against RSV, Those peptides that generated
neutralizing antibodies are shown in SEQ 1D NOs: 3-33. These peptides can be an important
target for development of peptide based RSV diagnosis, treatment and vaccines aganst RSV

mfection and disease.
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Rabbit

PN
Dera

Neutralizatic

ALA Seguenac n titers
1-34 MELLILEKANAITTILTAVTFCFASGONITEEFYC (SEQ ID NO: 3) 24
101-121 PATNNRARRELPRFMNYTLNN (SEQ ID NO: 7} 13
174-203 TNKAVVSLSNGVSVLTSKVLDLKNYIDKQL (SEQ ID NO: 9) 13
195-240 LXNYIDKQLLPIVNKOSCSISNIETVIEFQOKNNRLLEITREFEVN
(SEQ ID NC: 12) 17
234-287 TREFSVNAGVITPVSTYMLTNSELLSLINDMPITNDQRKKLMSNNVQIVROOSY
(SEQ ID NO: 14) 14
250-273 YMLTNSELLSLINDMPITNDQKKI, (SEQ ID NO: 15} 12
425-450 SNXNRGIIKTFSNGCDYVSNKGVDTYV (SEQ ID NC: 19) 59
443461 SNKGVDTVSVENTLYYVNK (SEQ ID NO: 20} 96
471 -433 GEPTINFYDPLVFPSDEFDASTIS (8EQ ID NC: 22} 18
552-572 ARSTPVTLSKDQLESGINNIAF (SEQ ID NC: 24) 13
G-peptides
ALA. Sequence
33-61 LNLKSVAQITLSILAMITISTSLIIAAIIEF (SEQ ID NO: 25)
66-90 NHEKVTPTTAIIQDATSQIXNTTPTY (SEQ ID NO: 26) 24
0-11¢ YLTONPQLGISPENPSEITSO (SEQ ID NC: 27} 16
129-152 TTVKTRKNTTTTQTQPSKPTTRQRC (SEQ ID NO: 28) 28
148-178 TTKORONKPPS K PNNDFHFEVFNEFVPCEICS (SEQ ID RO: 29) 47
NFVPCSICSRNPTCWATCKRIPNKKPEGKKTTTKRTKKET (SEQ ID NO:
162-207  30) 683
236-263 INTTKTNIITTLLTSNTTGNPELTEQME (SEQ ID NC: 31) is

EXAMPLE 2
10073]

New efforts are under way to develop vaccines against RSV that will provide protective

immunity without the potential for disease enhancement. The G attachment protein represents an

important candidate for inclusion i an effective RSV vaccine. In the current study, we

evaluated the safety and protective efficacy of RSV A2 recombinant unglycosylated G protein

ectodomain produced in E. coli (REG) vs. glycosylated G produced in mammalian cells (RMG)

i a mouse RSV challenge model (A2 and B1 strains). The unglycosylated G generated high

protective immunity and no lung pathology even in animals that lacked anti-RSV neutralizing

antibodies prior to RSV challenge. Control of viral loads correlated with antibody binding to the

b2
A9
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(; protein. In contrast, the glycosvylated G protein provided poor protection and enhanced lung
pathology after RSV challenge. Therefore, bacterially produced unglycosylated G protein

presents an economical approach for protective vaccing against RSV,
MATERIAL AND METHODS
Cell, Viruses and Plasmids

{0074] Vero cells ({CCL-81) and AS549 cells (CCL-185) were obtained from the ATCC 293-
Flp-in cells (R750-07} were obtained from Invitrogen. Vero cells, AS49 cells and 293-Flp-In
cells were grown in EMEM medium, F12K medium and D-MEM (hugh glucose) respectively.
Al cell lines were supplemented with 10% heat inactivated fetal bovine serum (FBS}and 1X
Penicillin/Streptomycin (P/S) and L-glutanune and maintained in an incubator at 37°C and 5%

CO..

{B078] RSV virus, strains AZ {NR-12149} and B1 {NR-4052) were obtained from BEI
Resources, NIAID, NIH. All virus stocks were prepared by infecting a sub-contluent A549 cell
monolavers with virus in F12K media with L-glotamine supplemented with 2 % FBS and 1X P/8
(infection media}. Virus was collected 3-5 days post-infection (dpt} by freeze-thawing cells twice
and combining with supernatant. Virus harvests were cleared of cell debris by centrifugation at
3,000 rpm for 15 min. Virus stocks to be used in challenged studies were pelleted by
centrifugation at 7,000 rpm overnight. Pelleted virus was resuspended m F12K media
supplemented with 50mM HEPES and 100mM MgSOy, aliquoted and frozen at -80°C until

needed. Virus titers were determuned by plaque assay 1 Vero cells.

[8076] Codon optimized RSV-G coding BDNA for . cofi and mammalbian cells were
chemically synthesized. A Nofl and Pacl site was used for cloning the RSV A2 G ectodomain
coding sequence {67-298) in the T7 based pSK expression vector (19} for bacterial expression
and the pSecR vector for mammalian expression (20) to express (3 protein in £. cofi and in

293F1p-In cells, respectively.

{6677} Purified RSV A2 F protemn encoding anuno acids 22-529 and fused to a polvhistidine
tag produced in insect cells with endotoxin levels <1 EU/pg of protein was obtained from Sino

biologicals.
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Production of Recombinant G protein from £ cofi (REG)

{B078] Recombinant RSY G 67-298 extracellular domain was expressed in . cofi
BL2H{DE3) cells (Novagen) and was purified as described previously (19, 21} Briefly, G
protein expressed and localized in £, coli inclusion bodies (IB) was isolated by cell lysis and
multiple washing steps with 1% Triton X-100. The pelleted IB containing G protein was
resuspended in denaturation buffer and centrifuged to remove debris. The protein supernatant
was renatured by slowly diluting the redox folding buffer. The renatured protein solution was
dialyzed against 20 mM Tris—HCI pH 8.0 to remove the denaturing agents. The dialysate was
filtered through a 0.45 pm filter and was purified through a HisTrap FF chromatography column
(GE Healthcare). Protein concentration was analyzed by BCA (Pierce) and purity of the purified
REG protein was determained by SDS-PAGE. Endotoxin levels of the purified protein were <i

EU/ug of protein
Production of Recombinant glycosvlated G protein using 293 Fip-In cells (RMG)

[B079] 293-Flp-In cells and pOG44 (plasnud expressing Fip-In recombinase) were obtained
from Invitrogen (Carlsbad, CA). The 293-Fip-In cell line stably expressing the RSV A2 G
protein was developed as described previously (20) . Briefly, 293-Flp-in cells were transfected
with the plasmids expressing Flp-in recombinase and the RSV A2 G ectodomain i DMEM
media {Invitrogen). Twenty four hours after transfection, culture medium was replaced with
fresh DMEM contaiming 150 pg/mL of hygromycin for selection of stably transfected cells.

For protein expression, cells were mamtamed in 293-Expression media (Invitrogen), and cell
supernatant was collected every 3-4 days. Supernatant was cleared by centrifugation and filtered
through a 0.45 pm filter before purification through a His-Trap FF column (GE healthcare).

Gel filtration chromatography

[6080] Proteins at a concentration of 5 mg/ml were analyzed on Superdex 8200 XK 16/60
colurmn {GE-Healthcare) pre-equulibrated with PBS, and the protein elution was monitored at
280 nm. Protein molecular weight marker standards (GE healthcare} were used for column
calibration and generation of standard curves to identify the molecular weights of the test protein

samples.
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Plague reduction neutralization test (PRNT)

{0081} For PRNT, heat-inactivated sera was diluted 4-fold and incubated with 20-60 pfu of
RSV from strain A2 or Bl for 1hr at 37 °C and 5 % (CO; and the assay was performed in
presence of 5% Guinea Pig complement as described previously (22). Briefly, Vero cells were
infected with sera:virus mix and incubated for Thr before removing the inoculum and adding an
overiay of 0.8 % methylcellulose in mfection media. Plates were incubated for 5-7 days and
plagues were detected by immunostaining. Neutralization titers were calculated by adding a
trend-line to the neutralization curves and using the following formula to calculate 50% end-

point titers: antilog of [(50 + y-intercept)/siope].
Mice immunization, RSV challenge and sample collection

{6082} All animal experiments were approved under animal protocol study number #2009-20
by the US FDA Institutional animal care and use committee. Four to six week old female
BALB/c mice were obtained from NCI (Frederick, MD}. Mice were immunized intramuscularly
at day 0 and day 20 with 5 pg of purified RSV protein combined with Emulsigen adjuvant.
Blood was collected by tail vein on days 0, 14 and 30. On day 34, mice were anesthetized with
ketamine/xylazine cocktail and infected intranasally (i.n.) with 10° pfu of RSV from strain A2 or
B1. Mice were sacrificed by CO; asphyxiation either two or four days post-RSY challenge,
wherein blood and lungs were collected. For histopathology analysis of lungs, the right lobe of
the lung was collected on days 2 and 4 post RSV challenge by inflation with 10% neutral
buffered formalin. For viral load determination and cytokine analysis the left lobe of the lung

was collected.
Lung viral load determination

{6083] Lungs were weighed and homogenized in F12K/2% FBS/1X P/S (5 mL media/gram of
lung) using Omnt tissue homogenizer (Kennesaw, GA}. The supernatant was cleared by
centrifugation at 3,000 rpm for 10 min and used immediately for viral titration with a plaque

assay as described above in Vero cells.
Measurement of cytokine levels in the lung

00841  All lungs were weighed and homogenized 1o Smlmedia/gram of lung, as described
i o o & o

above, to normalize amount of lung tissue used per sample. Homogenized lungs were further
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diluted in infection culture media containing 2X concentration of Complete-EDTA Free protease
inhibitor cocktail (Roche, Basel, Switzeriand) and used in a Bio-Plex Pro™ Mouse Cytokine 23-
plex assay following the manufacturers recommendations. Plates were read using a Bio-Plex 200

System {Biorad, Hercules, CA}.
Lung Histopathology

[6085] Lungs were fixed in sity with 10% neutral buffered formalin and removed from chest
cavity. Fixed lungs were embedded into a paraffin block, sectioned and stained with hematoxylin
and eosin (H&E) by Histoserv. Three mice per immunization and two slides per mouse were
analyzed for histopathology. The slides were reviewed with an Olympus BX41 microscope.
Photomicrographs were taken with the microscope, an Glympus DP71 digital camera and images
captured using Glympus cellSens software. Lung lesions in each mouse were graded (scored}
according to the severity of each category for following critenia: whole lung section, bronchiolar
lesions, vascular lesion and alveolar lesions. Severity score was 0, no lesions; 1, numumal lesions;

2, mild lesions; 3, moderate lesions; 4, severe lesions.
Surface Plasmon Resonance {SPR)

[0086] Steady-state equilibrium binding of post-vaccinated mouse sera was monitored at 25°C
using a ProteOn surface plasmon resonance biosensor (BioRad). The recombinant G proteins
from F. coli (REG) or 2937 cells (RMG) were coupled to a GLC sensor chip with amine
coupling with 500 resonance units (RU) in the test flow channels. Samples of 100 pl freshly
prepared sera at 10-fold dilution or Mabs (starting at I pg/ml) were injected at a flow rate of 50
ul/min (120 sec contact time) for association, and disassociation was performed over a 600
second interval Responses from the protemn surface were corrected for the response from a mock
surface and for responses from a buffer only iyection. Pre-vaccination mouse sera were used as
a negative control. Total antibody binding and data analysis results were calculated with BioRad

ProteOn manager software {version 2.0.1).
Statistical Analyses

[B087] The statistical sigmificances of group differences were determined using a one-way

ANGVA and Bonferromt multiple comparisons test. Correlations were calculated with a
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Spearman’s two-tailed test. p-values less than 0.05 were considered significant with a 95%

confidence imterval.

RESULTS
Expression and purification of glycosylated and non-glycosylated RSY & protein

[6088] The RSV G protein from the AZ strain is a heavily glycosylated protein of 298 amino
acids with several N-linked and O-linked glvcosylation sites in its native form (Figure 1A) (23).
To determine the impact of glycosylation on & protein immunogenicity, a non-glycosylated
extracellular domain of G protein from RSV-AZ2 strain was recombinantly produced in £. coli
and termed REG (Fig. 1A). Insoluble G protein was purified from £, coff inclusion bodies,
denatured, renatured under controlled redox refolding conditions and purified by Ni-NTA
chromatography as described in materials and methods. Purnified REG protein displayed a single
~36 kiDa molecular weight protein under reducing conditions in SDS-PAGE (Figure 1B) that
was recognized by rabbit anti—G antibodies when tested i western blot assay (data not shown).
To produce a native glycosylated extracellular G protein (Fig. 1A}, 293-Fip-In cells were stably
transfected with plasmid expressing the ectodomain of the RSV A2 (3 coding sequence and
secreted glycosylated G-protein in the mammalian cell culture supernatant was purified by Ni-
NTA chromatography and termed RMG. Purified glycosylated G protein (RMG) exists as a
single band of ~90kDa under reducing conditions (Figure 1C} similar to native viral G protein
that was recognized by rabbit anti-G polyclonal sera in a western blot {data not shown). In
addition, both G ectodomains were recognized equally by G-specific MAb 131-2G, which binds

to the central conserved region of the RSV G protein (24, 23) (Fig. 1D)

[6089] To deternune if these purified recombinant proteins contain higher order quaternary
forms, the purified RSV G proteins were subjected to size exclusion gel filtration
chromatography (Fig. 1E and F}. The in-virro refolded bacterially produced recombinant RSV G
(REG) extracellular domain (67-298) contained three molecular weight (MW) forms
representing approxumately equal amounts of monomers, tetramers and higher order oligomeric

form (Fig. 1E). In comparison, the glycosylated RSV G (RMG) extracellular domain (67-298)

b2
-~
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purified from proteins secreted in supernatant from 293-Flp-In mammalian cell colture contained
only oligomeric form (Fig. 1F}.

Immunization of mice with non-glycosylated REG protein generates higher binding and
neuiralizing antibody titers compared with glycosviated RM{G protein

{B096] The RSV G protein 13 one of the most immunogenic proteins of RSV (26, 27). To test
the antigenicity of glycosylated (RMG) versus non-glycosvlated (REG) G protein, BALB/c mice
were immunized twice, 20 days apart, with 5 pg of REG, RMG, or F protein from RSV A2 strain
adjuvanted with Emulsigen, or were mock vaccinated with PBS (Fig. 2). To test if immunization
with REG or RMG protects mice from RSV challenge, 14 days after the second immunization all
animals were challenged with either RSV AZ (vaccine strain) or with the heterologous RSV Bl
strain. Sera collected after the second immunization were tested for RSV-neutralizing activity in
plaque reduction neutralization test (PRNT). Pre-vaccination {day 0) serum samples from all the
animals tested negative in PRNT (data not shown). As expected, mice immunized with the F
protein had high levels of neutralizing antibodies against both RSV strains, while mice
immunized with PBS did not have detectable levels of anti-RSY neutralizing antibodies (Figure
3 A-B). In mice immunized with REG, 7 out 11 {67%) had neutralizing antibodies against
homologous RSV-A2 virus (Fig. 3A), but all had very weak or no measurable neutralizing
antibodies against heterologous RSV-B1 strain as measured by PRNT (Fig. 3B). Surprisingly,
mice vaccinated with the glycosylated RMG did not develop RSV-neutralizing antibodies

against either strain {as measured 1n the PRNT) after two mrounizations (Fig. 3 A and B).

[6091] To get more complete information about the antibody responses to the two recombinant
G proteins in mice, total anti-G binding antibody titers were measured by surface plasmon
resonance based real-time kinetics assay (SPR) using REG or RMG proteins captured on SPR
chip surface (Fig. 4A and B, respectively). As can be seen, sera from the REG immunized mice
demonstrated high total binding antibodies to the REG (Fig. 4A, red dots). Importantly, strong
binding to the glycosylated RMG was also observed for the REG tmmunized mice sera (Fig. 48,
red dots}). However, sera from mice immunized with the adjuvanted glycosvlated RMG protein

gave >10 fold lower binding to both REG and RMG proteins in SPR (Fig. 4A and B, green dots).
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REG vaccination generates higher diversity of the antibody immune response compared te
RMEG vaccination

{#092] To test which antigenic regions are recognized by antibodies generated following REG
and RMG vaccination, a series of antigenic peptides derived from the N-terminus, CCD and C-
terminus of the G protein were designed and tested in SPR. Serum samples from REG vaccinated
mice showed strong binding to all G peptides, suggesting that REG induces a diverse antibody
immune response that encompasses most of the RSY G protein {(Figure 4C). In contrast, sera
from mice vaccinated with RMG generated antibodies that recognized peptides from the CCD
and C-terminus, but not the N-terminus of RSV-G protein. In addition, the RMG-induced
antibody titers were lower than those generated following REG vaccination for all peptides
tested. These data suggested that the non-glycosylated RSV G protein can induce strong binding
antibodies against more diverse epitopes of the G protein compared with the glycosylated RMG
immunogen.

REG immunization provides better protection than RMG against both homelogous and
heterclogous RSV challenge

{8093} To examine whether REG or RMG immunization could protect from homologous and
heterologous RSV viral challenge, mice were intra-nasally (i.n.) infected with 1x10° pfu of
either RSY A2 or RSV B1 virus strains 14 days after the second immunization with REG, RMG,
F {posttive control) and PBS (negative control} (Figure 5A-B). Since both viruses are not lethal
for mice, we measured viral loads in the lungs on day 4 post-chalienge. Two log reduction in
tung viral loads compared to mock (PBS) vaccinated control animals is considered good control
of virus replication. The majority of F-vaccinated animals reduced viral loads completely after
challenge with both RSV A2 and B1 strains (Fig. SA-B, purple symbols). Among the REG
vaccinated animals, seven out of eight mice completely protected from viral replication in the
tungs and the eighth animal in each group showed >2 fold reduction in viral loads following
challenge with either RSV A2 or Bl strains (Fig. SA-B, red symbols). In contrast, RMG
immunization conferred more variable protection and reduction of viral loads after homologous
RSV A2 (2/8 animals protected) or heterologous RSV Bl (4/8 protected) virus challenge (Fig. 5
A-B, green symbols).

[0094] The lack of detectable neutralizing antibodies 1n mice that were completely or partially

protected from challenge suggested that protection was mediated by immunological functions
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not captured in the traditional RSV-PRNT, unlike the case in RSV F-immunized animals. A
relationship plot between the individual mice anti-G binding serum antibody titers after the
second immunization and lung viral loads after RSV challenge, {(Figure 5C) showed that anti-G
binding antibody titers have statistically significant inverse correlation with lung viral loads
against the homologous RSV AZ strain (Fig. 5C) ( r=-0.6248; p= 0.00/4). In the case of RSV
B1, a weaker inverse correlation was found between anti-G binding antibodies and lung viral

loads (r=-0.3961; p=0.0613; data not shown).

{8095] Therefore, it was apparent that REG immunogen conferred better protective immunity
than RMG against both homologous and heterologous RSV challenge, but the mechanisms of
protection may include immune mechanisms not measured using a classical RSV PRNT.

Glycosylated RMG induces enhanced pathology in the lungs following virus infection,
while nonglycosyiated REG protein provides protection from lung pathology

[6096] Previous studies have suggested that vaccines based on RSV G protein can prime mice
for enhanced lung pathology following RSV challenge that was associated with increased
cytokine production and cellular infiltration due to eosinophils, neutrophils and NK cells (28-31)
(32). Therefore, we investigated whether REG or RMG muce immunization leads to enhanced
lung pathology following RSV challenge. The two RSV strains used i current study, RSV A2
and B1, are known to cause mild lung pathology in mice. Lungs were collected from RSV-
infected animals and were analyzed by histopathology as described in materials and methods. At
2 days following virus challenge, lungs from PBS (control} vaccinated mice showed mild lung
pathology after RSV infection (Fig. 6). Lungs from RMG-immunized mice demonstrated more
cellular infiltrates and higher scores of perivasculitis and interstitial pneumonia than placebo
(PBS) immunized mice following either homologous or heterologous RSV viral challenge. In
contrast, REG immunized mice showed lung pathology scores that were lower compared to PBS
immunized mice after infection with RSV A2, Surprisingly, scores were similarly low in REG
mmmunized nmice following challenge with RSV B1 virus even though these mice lacked serum
neutralizing antibodies against RSV as measured in PRNT (Figure 6A-B). In addition, cellular
mfiltrates in the lungs of PBS and REG immunized mice were composed mostly of lyrmphocytes
with few eosinophuls, while lungs m RMG immunized mice contained mostly eosinophils.

Similar lung pathology was observed in animals on day 4 following RSV challenge (data not

30
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shown). These results suggest that nonglycosylated REG immunogen provides good protection
from RSV mediated disease by control of lung viral loads and reduces lung disease, while the
glycosylated RMG counterpart induces enhanced pathology in the lungs following RSV

infection.
Cytokine profile in hings of REG and RMG immunized mice following virus challenge

{6097] A hallmark of RSV vaccine-induced enhanced pathology in mice is the increase in
cytokine expression and the development of a skewed Th2 response. Therefore, levels of Thi or
Th2 cytokines and chemokines were measured in lung homogenates of immunized mice
following RSV infection (Fig. 7). IL-4, known to be important for the development of a Th2
response, was >100-fold higher in the lungs of RMG immunized mice compared to placebo
(PBS), while IL-4 levels in REG immunized mice were comparable to the PBS control (Figure
7A). IFN-v, a Thi cytokine, was only ~2 fold higher in RMG immunized mice than placebo or
REG immunized mice (Figure 7E}. As a consequence, the ratio of Th2/Thl (IL-4/IFNy)
cytokines was significantly higher in the lungs of mice immunized with RMG immunogen
compared with placebo or REG immumized mice following RSV mfection (Figure 71). IL-5, and
IL-13, mvolved n eosinophil recrintment, airway hyper responsiveness and mucus production
(29, 33), were found at significantly elevated levels in mice immuonized with RMG compared to
placebo, while in lungs from REG immunized mice these cytokines were at sinmlar ranges as in
the placebo control lungs (Figure 7B-D). We also identified significant production of 1L-6, a
promnflammatory cytokine often associated with increased C-reactive protein (CRP)Y and
elevation in body temperature. The chemokines Eotaxin, MCP-1 and MIP-1¢, previously found
to be involved in RSV induced enhanced lung pathology (34}, were also observed at significantly
higher levels 1n the lungs of RSV-challenged RMG-immunized mice compared with the REG-
immunized or PBS control mice {(Figure 7F-H). The elevated levels of cyiokines and
chemokines in the RMG immunized mice following viral challenge seems to be immune
mediated and were independent of lung viral loads following RSV viral challenge since similar

or higher viral loads were observed in the PBS control mice (Fig. 5).

{6098] Together, this study demonstrated that RMG vaccination induced enhanced lung
cellular infiltration, as measured by both histopathology and cytokine levels after RSV challenge

and did not elictt strong protective immunity, while the REG vaccine did not induce enhanced

31

SUBSTITUTE SHEET (RULE 26)



10

15

20

30

WO 2016/160166 PCT/US2016/018530

pathology and conferred protection against both homologous and heterologous RSV strains even

in the absence of a neutralizing antibody response.

PISCUSSION

{6099] New efforts are under way to develop subunit vaccines against RSV that will provide
protective immunity without the potential for disease enhancement as was observed in infants
following vaccination with the formalin-inactivated RSV (FI-RSV) vaccine in the 1960s (5, 35-
37y, Most recent RSV vaccine development efforts are focused on the F protein, which s more
conserved among strains (3} and can be expressed in mammalian and insect cells (15, 16, 38,
39). The G attachment protein expressed on the virus surface also represents an important
candidate for inclusion in RSV vaccines. However, glycosylated G protein expressed in
mammalian cells or recombinant vaccima virus expressing G protein was shown in mouse
models to induce pulmonary eosinophilia upon RSV infection, mimicking the response seen with
FI-RSV vaccine (33, 40, 41). Therefore, we decided to evaluate side by side the immunogenicity
and safety of recombinant unglycosylated G protein ectodomain {amino acids 67-298) expressed
m F. coli (REG) and a fully glycosylated G ectodomain produced in 293-Flp-In mammalian cells
(RMG) in a mouse RSV-challenge model. The FI-RSV model was not included in the current
study since i1t has been documented i previous studies, wherein the effect in immune responses,
lung cytolanes and pathology can be influenced by multiple viral proteins. Mice were vaccinated
twice with low dose of REG or RMG (5 pg) i combination with the veterinary adjuvant
Emulsigen (Figs. 1-2). Two vaccinations with REG generated neutralizing antibodies against
RSV A2 i1n 7/11 animals in PRNT. In contrast, the glycosylated RMG did not elicit neutralizing
antibodies as measured in the PRNT (Fig. 3). Previous studies wherein glycosylated G protein
was shown to be protective in mice typically used three vaccinations with > 10 ug protein per
dose. In this study, we gave only two vaccinations of a lower dose of the G proteins (5 yg) to
differentiate the impact of glycosylation on virus neutralization and disease enhancement
phenomenon after RSV infection of G-vaceinated animals. Total binding antibodies against the
recombinant proteins (both REG and RMG) was measured by SPR and was found to be >10-foid
higher in the REG immunized mice sera compared with sera from RMG vaccinated animals.

Furthermore, REG immune sera contained antibodies against peptides spanning the entire (3
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ectodomain, while RMG sera recognized more restricted targets in central conserved domain

(CCD) and the C-terminus (Fig. 4C).

{0106] Homologous and heterologous protection was evaluated by measuring hung viral loads
on day 4 after challenge with either RSV A2 (homologous) or RSV B1 (heterologous) strains.
Complete control of viral loads was observed in the majority of animals vaccinated with
adjuvanted REG and challenged with either RSV strain. In contrast, the majority of RMG-
vaccinated animals did not control virus replication after homologous or heterologous virus
challenge (Fig. 5). The correlate of protection needs to be further investigated as classical PRNT
did not measure neutralizing antibodies in all animals that were subsequently protected against
challenge. There were animals with low or no serum neutralization titers that controlled lung
viral loads very well. This was most evident in animals challenged with the heterologous RSV
B1 strain. It has been shown before that anti-G antibodies may neutralize virus iz vive but not in
the in virro PRNT (23). Cell mediated immuruty may also play a role in virus clearance after
RSV challenge. However, previous studies showed that BALB/c mice immunized with either FI-
RSV or recombinant vaccinia virus that expresses the RSV G attachment protein generated RSV
specific CD4™ T cells but did not prime CD8™ T cells (42, 43). In our study, a strong inverse
correlation was observed between the total anti-G binding serum antibody titers (measured by
SPR} and lung viral loads after RSV challenge. Therefore, it 1s likely that some anti-G binding
antibodies that are protective i vivo do not neutralize RSV very well in the PRNT as was found

for anti-G MAb 131-2G (25).

{6161] An important safety aspect of subunit and non-rephicating candidate vaccines against
RSV 1s 1ts potential to enhance the occurrence of severe disease after infection. Elevated levels
of Th2 cytokines were implicated in the enhanced cellular infiltration predominated by
eostnophils. The RSY G glycoprotein in particular has been mmplicated as an RSV antigen that
promotes Th2 CD4" T lymphocytes and induces eosinophilic jnfiltrates in the lungs after RSV
challenge {28, 29, 33, 44-47). Therefore, lungs were 1solated two days or four days after RSV
challenge and evaluated by histopathology and quantification of cytokines and chemoknes. It
was observed that the glycosylated RMG vaceinated animals demonstrated significant lung
histopathology after either RSV-AZ2 or RSV-B1 challenge (Fig. 6). Furthermore, a Th2-domnant

cytokine response was measured in the lungs of all RMG vaccinated RSV-challenged animals,
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and chemokine levels (Eotaxin, MCP-1 and MIP-20) were elevated as well (Fig. 7). In addition,
elevated 1L-6, a known proinflammatory cytokine that 1s associated with upregulation of C-
reactive protein and fever was found in the lungs of RMG-vaccinated animals. Importantly, the
£ coli derived REG-vaccinated animals had no evidence of an increase in lung cellular
mnfiltrates compared with PBS control animals and no elevation of ThZ cytokines and
chemokines. The IL4/IFNY ratios were significantly higher in the RMG vaccinated group
compared with the PBS and REG vaccinated animals following virus challenge. The elevated
levels of cytokines and chemokines and enhanced lung pathology in the RMG immunized mice
following viral challenge seems to be immune mediated and was independent of lung viral loads
following RSV viral challenge. Similar or higher viral loads were observed i the PBS control
mice that showed lower cytokine levels and less lung pathology. The combination of low virus
neutralizing activity and enhanced lung pathology observed in the RMG vaccinated animals 1s
reminiscent of the findings in children and arumals vaccinated with FI-RSV. The lack of
enhanced lung pathology after REG vaccination is a very important finding that 1s an absolute

requirement for further development of any RSY G based vaccine.

{0102] Both purified recombinant G proteins were identical in terms of their primary amino
acid sequence and were administered in combination with the same adjuvant, Emulsigen.
Therefore, the observed increase in ThZ cytokines (1L-3, IL-5, 11.-13) and multiple chemokines
in the lungs of RMG-vaccinated animals (but not REG-vaccinated animals) after RSV challenge
could not be simply attributed to binding of the CX3C motif within CCD to the CX3CR1
(fractalkine receptor) on several cell types, as previously suggested (48). Instead, the enhanced
Th2 and chemokine levels could possibly be induced by the high level of O-linked sugars
characteristic of mammalian cell expressed glycosylated RMG and also of the native virus-
associated G attachment protein. A role for processing by different glycosylation specific antigen
presenting cell subsets that could influence the subsequent Th2 vs. Th1 cytokines has been

reported and should be further mvestigated (49, 50).

[0103] Our findings are in agreement with previous studies using . cofi produced fusion
protein, BBG2Na that contained the central conserved region of A2 G gene (anmino acids 130-
230) (G2Na) fused to the albumim-binding domain of streptococcal protein G protein (BB)

formulated with aluminom adjuvant (51-54). In comparison with BBGZNa, our REG encompass
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the entire G-ectodomain with no “foreign”™ sequences or fusion protein that may imfluence the
immune response to the irrelevant target (BB rather than G2Na) during vaccinations. Most of the
studies with BBG2Na used 20 ug of the vaccine in a series of three vaccinations. In contrast, in
our study, only two vaccinations with 5 pg REG protein/dose elicited strong protection. Also,
REG-imumumization induced antibodies with diverse epitope repertoire that recognized moultiple
targets in the G protein spanuning the N-terminus, central conserved domain, and C-terminus of
the protein (Fig. 4C and data not shown). We will continue to mvestigate the contribution of
antibodies against different parts of the G protein in homologous and heterologous protection

against RSV mfection.

[6104] Insuromary, our study for the first time compared side by side fully glycosviated and
unglvcosylated G proteins for immunogenicity and safety in a murine RSV challenge model Tt
also provided data supporting the feasibility of developing simple recombinant RSV G-based
vaccine produced in £ cofi expression system. This immunogen 1s unhikely to induce the
Th2/Th1 imbalance observed after vaccination with fully glycosylated G protein that resulted in
signtficant cellular infiltration and lung pathology. Moreover, when combined with the
appropriate adjuvant it elicits protective antibodies agamnst both homologous and heterclogous
RSV challenge. The bacterial expression system for G protein based vaccine provides
econonucal alternative to cell-based subunit vaccines as was previously demonstrated for
influenza HA1 proteins from multiple virus strains (21, 55-57), that should be evaluated alone or

m combination with F- subunit vaccines for effective protection against RSV disease.

{0105] 1t 1s understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application
and scope of the appended claims. All publications, patents, and patent applications cited herein

are hereby incorporated by reference in their entirety for all purposes.
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SEQUENCE LISTING
SEQ ID NO: 1 RSV-AZ ectodomain (67-298) codon optimized sequence for E. coli:
CATAAAGTCACCCCGACCACGGCEATTATCCAGGATGCCACCTCTCARATCAARAR
CACCACGCCGACGTACCTGACCCAGAATCCGCAACTGRECATTTCACCETCEAACCC
GTCAGAAAT CACCTCGCAGATTACCACGATCCTGRCARAGCACCACGCCGGETGTCA
AAAGCACGCTECAATCTACCACGATGARAACCARAAATACCACGACCACGCAGACT
CARCCGAGCAAACCGACCACGARACAGCATCARAATAAACCGCCGTCTARACCGAR
CAATGATTTTCACTTCGRAGTGTTTAACTTCGTTCCATGCAGTATTTAT TCCAACART
CCGACCTECTEGECCATTTAGTAAACGCAT CCCGAACARRARACCGGGCAAGAARAC
CACGACCARACCGACGAAAAAACCCGACCCTGAAAACGACCARAARAGACCCGAAA
CCGCAGACGACCARAAGCAAAGARGTGCCGACGACCARACCGACGEAAGAACCGA
CCATTAACACGACCAAAACCAATATTATCACGACCCTGCTGACCTCCARCACGACCE
GCAATCCGGAACTGACCTCACAGATGGARACGTTCCATTCRACCAGCTCTGAAGGT
BATCCGAGCCCGTCTCAGG TCAGCACGACCTCCGAATACCCGAGCCAGCCATCTTCT
CCGCCGAATACCCCGCGTCAG

SEQ ID NG: 2 RSV-A2 ectodomain (67-298) protein sequence:

HEKVIPTTAIIQDATSOIKNTTPTYLTONPOLGISPSNPSETITSQITTILASTTPGVKS TLOS TTVKTKNTTTTOTOPR
SKPTTRKORONKPPSKPNNDFHEFEVENEFVPCSICSNNPTCWALI CKRIP
NKKEPGKKTTTHKPTKKPTLEKTTKKDPKPOTTKSKEVPTTEKPTEERPTINTTKTNI ITTLLTSN

TTGNPELTSOMETFHSTSSEGNPSPSQVSTTSEYPSQPESPPNTPRY

REV-F PEPTIDE SEQUENCES
SEQ ID NO: Amine Acid No Sagquence

3 1-34 MELLILKANAITTILTAVTFCFASGONITEEFY(D

4 23-74 ASGONITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELENIKKNKCNGTDA
5 101-157 FPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRFLGFLLGVESATASGVAVSKY
& 82-115 ELDKYKNAVTELQLLMOSTPATNNREARRELPREM

7 101-121 PATNNRARRELFPREMNY TLNN

oo

137-155 FLGFLLGVGSATABGVAVSE
174 -203 TNKAVVELENGVSVLTSKVLDLENYIDKOL
0 176-240 KAVVSLENGVSVLTSKVLDLENYIDKOLLPIVNKQSCSIS
NIETVIEFQOKNNRLLEITREFSVN

SKVLDLENYIDKOLLPIVNKOSCSISNIETVIEFQOKNNRLLETL

fe]
1
L

LXNYIDKOLLPIVNKOSCSISNIETVIEFQOKNNRLLEITREFSVN

J
!
N
s
rp

NIEBTVIEFQOKNNRLLEITREFSVNAGVT

}...l
[\\
N bt b
)b WG W
[SH]
NS
S
[ RS
[

13 A 244

i4 234-287 TREFSVNAGVITTPVSTYMLTNSELLSLINDMPITNDOKKEMESNNVOIVROQOSYS
15 250-273 YMLTNSELLSLINDMPI TNDQKKI:

1& 310-368 DTPCWKLHTSPLOTTINTKEGSNICLTRTDRGWY CONAGSVSEFFPQAETCKVOSNEVECD
17 341-358 WYCDNAGSVSEFEFPQAETC

18 371-400 NSLTLPSEVNLONVDIPNPRYDCKIMTSKT

19 425-450 SNENRGITIKIFSNGCDYVSNKGVDTV

20 443-461 SNKGVDTVEVENTLYYVNK

21 475-521 INFYDPLVFPSDEFDASTSOVNEKINQSLAF IRKSDELLHNVNAVES

22 471-493 GEPLIINFYDPLVFPSDEFDASIS

23 497-521 EXINQSLAFIRKSDELLHENVNAVKS

24 552-572 ARSTRPVITLSKDQLSGINNIAY
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RSV~G PEPTIDE SEQUENCES
SEQ ID NO: Amino Acid No Sequence

25 33-61 LNLKSVAQITLSILAMITISTSLITAATTE

26 66-90 NEKVIPTTAIIODATSOIKNTTETY

27 90-11¢ YLTONPQLGISFSNPSEITSE

28 128-152 TTVKEKNETTE”””DSKPIIKQQQ

29 TTHORONKPPSKPNNDFHEFEVENEFVEC

30 NEVPCSICESNNPTCWALCKRIPNKKPG

31 236-263 INTTKTNIITTLLTSNTTGNPELTSOME

32 245-274 TTLLTSNTTGNPELTSOMETFHESTSSEGNP

33 263-2598 ETFHSTSSEGNPSPEQVSTTSEYRPSQPSSPEPNTP

SEQ ID NO: 38 RSV-A2 F codon optimized sequence for E. coli:

ATGGAACTGCTGATTCT
CAARATATCACGGAAGAA

.

-

TG

GAAAGCCAACGCAATTACCACGATTCTGACCGCTGTTACCTTCTGTTTCGCCTCGGGC
TTTTATCAGAGTACCTGCTCCGCAGTTTCAARAGGCTATCTGAGCGCTCTGCGTACC
GGTTGGTACACGETCEC ATCACCATTGAACTGAGCAACATTAAAAAGAACAAGTGTAATGGCACGGATGCTARA
ATCAAGCTGATTAAA GAACTGGACAAGTACAAGAACGCAGTTACCGAACTGCAGCTGCTCGATGCAAAGCACC
CCGGCAACGAACAATICGTGCTCGTCGCGAACTECCECGCTTCATGAACTACACCOTGAACAATGCTAAAAAGACC
AATG TTAO:’:’TG""C’ CARAAAAGCGCARACGTCGCTTTCTGGGCTTCCTGCTGEGTGTGGETAGCGCCATTGCCAGC
GGCGT GCATCTGCGAAGCTGAAGTTAACAARATCA ;}T”T GCTGCTGAGTACGAAC
BAAGC "*”T”G'T‘”l CTCARAAGTGCTGGATCTGAAC AAITA;ATCGAC
ARATAGC TG CTAACATC .AAL,C}GT’”"‘ T “‘}P\ATTmC*AG
ABAABCAAT X CZ ""’CGTG/’-\J&TTT GGTTAACGCCGGTGTCH
ATGCTGACCAATTCGGAACTGCTGAGCCTGATCAACGATATGCCGATTACCAATGACCAC :AAAAJA(-’f"I"’
AACAATCTTCAAATTGTCCGTCAGCARAAGT TACTCCATCATGAGCATTATCAAAGARAGAAGTTCTGGCG TAT» TC
GTGCAGCTGCCGCTGTACGGCEGTCATTGATACGCCGTGCTGGARGCTGCAL W/“-\C( TCTCCGCTGi TACCACGAAC
A’ LAMA IAAGGTAGT! T7\ “'.[‘”GC"‘”GACC(‘ "T/’\(‘(_w XTCCC'\J‘ CTX¢ "C‘n CGCG (:G"‘"'.['CAG”“].“""""‘

T'¢

C',C(~ T G /-\G'T‘C'
GATGTTAGCTCTA T
AAC.AAC’MT”GC‘”}GFATTATC.MAACCTT T(‘TAA"’GC‘ T TGC“P\TTAC’CT GTA
TCTGTGGGTAACACCCT CGTCAATAANCAGGAAGGCANGAG TAT
AACTTTTACGATCCGCTGGTCTTTCCGTCTGATGAAT T'“G]\C'\_,U&A L/\T’ ”C
CAATCCCTGGCTT T(‘P\IC‘”GTA‘&ATC‘AG AL \JAA”TQJL TGCATM (' TAAAAGCACCACGAATATC
TCGATTACCACGATTATCATTGTC ATTGT TGGGC TGCTGTATTGT
AAAGCTCGCTCAACGCC \}’FGAJCC"‘(:I\CA;A/&A ,C\CCA]\C'“G’IC GGGTATCAAT &aJZ\TL"" TTTAGCAAC

jG’TGZ&]‘&C'C‘. TT{&T\_
CAGGTGAACGAAAAGATTAAT

2

SEQ ID NO: 39 RSV-AZ2 F protein sequence:

MELLILKANATITTILTAVIFCFASGONITEEFYQE TCSAVSKGYLSALRTGWYTSVITIELENTKKNKC DAKTI

LIKQELDEYKNAVTELOLLMOS TPATNNRARRELPREMNY TLNNAKKTNVTLSKKRKRRFLGFLLGVGSATASGVAY
SKVLHLEGEVNKIKSALLSTRKAVVSLSNGVSVLTSKVLDLKNY IDKOLLPIVNKOSCSISNIETVIEFOORNNRLL

EITREFSVNAGVTTPVSTYMLTNSELLSLINDMPI TNDOKKLMSNNVOIVROQSYSIMS I IKEEVLAYVVOLPLYGEV

IDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGS VS FFPOARET CKVOSNRVECDTMNSLTLPSEVNLCNVD

IFNPRKYDCKIMTSKIDVSSSVITSLGAIVSOYGKTKCTASNKNRG I TKTFSNGCRYVENKGVDTVSVENTLY YVNIG

EGKSLYVEGEPLINFYDPLVERPSDEFDAS ISQVNEKINQSLAFIRKSDELLENVNAVKSTTNIMITTIIIVIIVILL

SLIAVGLLLYCKARSTPVILSKDOLSGINNIAFSN
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SEQ ID NO: 40 RSV-A2 F Ectodomain (23-524) protein sequence:

ASGONITEEFYQOSTCSAVSKGYLSALRTGWYTESVITIELSNI KKNKCNGTDAKTI KLI KOELDKYKNAVTELQLLMOS

TPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRREFLGFLLGVGSATASGVAVSKVLELEGEVNKIKSALLSTNK

AVVSLSNGVSVLTSKVLEDLKNY IDKOLLPIVNKQSCSISNIETVIEFQOKNNRLLEITREFSVNAGVTTPVETYMLT
NSELLSLINDMPITNDOKKLMSNNVOIVEQOSYEIMSTIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLOTTNTKEGS
NICLTRTDRGWYCDNAGSVERFPOARTCKVOSNRVECDTMNS LTLPSEVNLONVD IFNPRYDCKIMTSKTDVESEVT
TSLEGAIVESCYGKTKCTASNRKNRGI TKTFSNGCDYVENKGVDTVSVENTLYYVNKQEGKSLYVKGEPI INFYDPLVEP

SDEFDASISQOVNEKINQSLAFIRKSDELLHNVNAVKSTTN
SEQ I NO: 41 RSV-B1 ectodomain {67-299) codon optimized sequence for E. colt:

CATAAAGTTACCCTGACCACGGETGACGGTTCAGACCATTAAAAACCACACCGAGAARAAACAT CACCACGTACCTGALC
CCRAAGTTCCGECCGGAACGCETCAGCTCTAGTARACAGCCGACCACGACCAGCCCGATTCATACCAACTCAGCGACGA
CCTCGCCGAATACGAAATCTGAAACCCATCACACGACCGCCCAAACCAAAGGCCGTACGACCACGAGTACGCAGACC
AACAAACCETCCACCAAACCGCGCCTGAAAAATCCGCCGAAAAMACCGAAAGATGACTATCACTTCGAAGTCTTTAA
CTTCGTGCCETECAGCATTTGTGGTAACAATCAGCTETGCAAATCAATTTGTARAACCATCCCETCCAATARACCGA
AGAAAAAACCGACGATCAAACCGACCAACAAACCGACCACGAAAACCACGAATAAACGTGAT CCGAAAACCCCGGECA
AMAACCACCAAGAAAGAAACCACGACCAACCCGACGAAAARACCGACCCTEGACGACCACGGAACGCGATACGT CGAC
CAGCCAATCTACCGTCCTIGGACACCACGACCCTGGAACATACCATTCAGCAACAGAGT CTGCACT CCACGACCCCGE
AAAACACGUCEAATAGCACCCAGACCCCGACCGCAAGCEGAACCGAGCACCAGCARCTCCACCCARAMCACCCAATCC

A
Al

SEQ ID NG 42 RSV-B1 ectodomain {(67-299} protein sequence:
HKYTLITVIVOT T RNHTERNT TTYLTOVP PERVES SKOPTTT S PIHTNSATT S PNTKS ETHHTTAQTKGRTTTSTOT
NKPSTKPRLKNP PKKPKDDYHFEVFNFVPCS I CONNQLOKS T CKT I PSNKPKKKPTIKPTNKPTTKTTNKRDPKTPA

KITKKETTTNPTKKPTLITTERDTETSOSTVLDTTTLEHTIQOOS LEHSTTPENTPNSTOTPTASEPSTENSTONTOS
HA
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WHATIS CLAIMED IS:

1. An immunogenic composition comprising an immune stimulant and an

RSV scligopeptide selected from the group consisting of SEQ 1D NO: 3 t5 33 or a multimeric

RSV polypeptide comprising at least one sequence selected from the group consisting of SEQ ID

NO: 310 33,

2. The immunogenic composition of claim 1, wherein the composttion

comprises an RSV oligopeptide selected from the the group consisting of SEQ 1D NG: 3 t0 33,

3 The immunogenic composition of claim 2, further comprising a second

immunogen.

4. The immunogenic composition of claim 3, wherein the second

mmunogen is from RSV,

5 The immunogenic composition of claim 4, wherein the second

mmmunogen from RSV 1s selected from the group consisting of SEQ IB NO: 3 to 33,

6. The immunogenic composition of claim 3, wherein the second

mmunogen 1s from a virus other than RSV,

7. The immunogenic composition of claim 1, wherein the composition
comprises a multimeric RSV polypeptide comprising at least one sequence selected from the

group consisting of SEQ ID NO: 3 to 33,

8. The mmmunogenic composition of claim 7, wherein the multimeric RSV
polypeptide comprises two different sequences selected from the group consisting of SEQ 1D

NGO: 3 to 33,

9. An imimunogentic composition comprising an immune sttimulant and an

unglyvcosylated respiratory syneytial virus (RSV) polypeptide.

10. The immunogenic composition of claim 9, wherein the unglycosylated

RSV polypeptide consists essentially of the ectodomain of an RSV G protein.
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it The timmunogenic composition of claim 9 or 10, wherein the

unglvcosylated RSY polypeptide consists of the amino acid sequence shown in SEQ 1D NG: 2.

12, The immunogenic composition of claim 9, wherein the unglycosylated

RSV polypeptide consists essentially of the ectodomam of an RSV F protem.

3. The rmmunogenic composition of any of the proceeding claims, wherein

the unglycosylated RSV polypeptide 1s recombinantly expressed in a prokaryotic cell.

14 The rmmunogenic composition of any of the proceeding claims, further

comprising a second mmmunogen.

15. The mmmunogenic composition of claim 14, wherein the second

mmmunogen is from RSV,

16, The mmmunogenic composition of claim 14, wherein the second

immunogen 1s from a virus other than RSV,

17. A method of inducing a protective immune response against RSV
infection n a subject, the method comprising administering to the subject an immunologically

effective amount of the immunogenic composition of any one of claims 1 to 16.

18 The method of claim 17, wherein the immunogenic composition is

admunistered intramuscularly.

19. The method of claim 17, wherein the subject is an mfant.
20. A method of detecting an immune response against RSV in a subject, the

method comprising contacting a biological sample from the subject with an RSV oligopeptide

selected from SEQ ID NO: 3-33 and detecting an immune response.

21 The method of claim 20, wherein the step of detecting an immune
response inchudes the step of detecting binding of antibodies in the biological sample to the RSY

oligopeptide.
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22. The method of claim 21, wherein the step of detecting binding of

antibodies is carried by ELISA, a chenuluminescence assay, or a fluorescence assay.

23 The method of claim 20, wherein the step of detecting an immune

response includes the step of detecting a cellular immune response.
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3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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claims.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.3, its use as a vaccine
or in a method of detecting an immune response against RSV
and a multimeric RSV polypeptide comprising at least SEQ. ID
3 and its use as a vaccine

2. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.4, its use as a vaccine
or in a method of detecting an immune response against RSV,
and a multimeric RSV polypeptide comprising at least SEQ. ID
4 and its use as a vaccine

3. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.5, its use as a vaccine
or in a method of detecting an immune response against RSV,
and a multimeric RSV polypeptide comprising at least SEQ. ID
5 and its use as a vaccine

4. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is selected from SEQ.6 or 7,
its use as a vaccine or in a method of detecting an immune
response against RSV, and a multimeric RSV polypeptide
comprising at least one selected from SEQ. ID 6 or 7 and
its use as a vaccine

5. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.8, its use as a vaccine
or in a method of detecting an immune response against RSV,
and a multimeric RSV polypeptide comprising at least SEQ. ID
8 and its use as a vaccine

6. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.9, its use as a vaccine
or in a method of detecting an immune response against RSV,
and a multimeric RSV polypeptide comprising at least SEQ. ID
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9 and its use as a vaccine

7. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is selected from SEQ.ID 10, 11,
12 or 13, its use as a vaccine or in a method of detecting
an immune response against RSV, and a multimeric RSV
polypeptide comprising at least one sequence selected from
SEQ. ID 10,11,12 or 13 and its use as a vaccine

8. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is selected from SEQ.ID 14 or
15, its use as a vaccine or in a method of detecting an
immune response against RSV, and a multimeric RSV
polypeptide comprising at least one sequence selected from
SEQ. ID 14 or 15 and its use as a vaccine

9. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is selected from SEQ.ID 16 or
17 its use as a vaccine or in a method of detecting an
immune response against RSV, and a multimeric RSV
polypeptide comprising at least ine sequence selected from
SEQ. ID 16 or 17 and its use as a vaccine

10. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 18, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV polypeptide comprising at
least SEQ. ID 18 and its use as a vaccine

11. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is selected from SEQ.ID 19 or
20, its use as a vaccine or in a method of detecting an
immune response against RSV, and a multimeric RSV
polypeptide comprising at least a sequence selected from
SEQ. ID 19 or 20 and its use as a vaccine

12. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
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13.

14.

15.

16.

17.

18.

and a RSV oligopeptide which is selected from SEQ.ID 21, 22
or 23, its use as a vaccine or in a method of detecting an
immune response against RSV, and a multimeric RSV
polypeptide comprising at least a sequence selected from
SEQ. ID 21, 22 or 23 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 24, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV po]ypept1de comprising at
least SEQ. ID 24 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 25, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV polypeptide comprising at
least SEQ. ID 25 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 26, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV po]ypept1de comprising at
least SEQ. ID 26 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 27, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV polypeptide comprising at
least SEQ. ID 27 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 30, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV po]ypept1de comprising at
least SEQ. ID 30 and its use as a vaccine

claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
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and a RSV oligopeptide which is selected from SEQ.ID 28, 29,
31 or 32, its use as a vaccine or in a method of detecting
an immune response against RSV, and a multimeric RSV
polypeptide comprising at least a sequence selected from
SEQ. ID 28, 29, 31 or 32 and its use as a vaccine

19. claims: 1-8, 17-23(all partially)

An immunogenic composition comprising an immune stimulant
and a RSV oligopeptide which is SEQ.ID 33, its use as a
vaccine or in a method of detecting an immune response
against RSV, and a multimeric RSV polypeptide comprising at
least SEQ. ID 33 and its use as a vaccine

20. claims: 9-16(completely); 17-19(partially)

An immunogenic composition comprising an immune stimulant
and an unglycosylated respiratory virus (RSV) polypeptide
and its use as a vaccine
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