HU000028085T2
X

3 (19) HU (11) Lajstromszam: E 028 085 (13) T2
SN\ MAGYARORSZAG
\\\\\ Szellemi Tulajdon Nemzeti Hivatala

SZOVEGENEK FORDITASA

(21) Magyar igyszam: E 10 724879 1) Int.cl. A61K 391/55  (2006.01)
(22) A bejelentés napja: 2010. 06. 24. CO7K 141/35 (2006.01)
(96) Az europai bejelentés bejelentési szama: (86) A nemzetkdzi (PCT) bejelentési szam:

EP 20100724879 PCT/EP 10/059008
(97) Az eurdpai bejelentés kozzétételi adatai: (87) A nemzetkdzi kbzzétételi szam:

EP 2445526 A1 2010.12. 29. WO 10149745
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai:

EP 2445526 B1 2016. 05. 11.
(30) Elsébbségi adatok: (73) Jogosult(ak):

219964 P 2009. 06. 24. us GlaxoSmithKline Biologicals S.A., 1330

334568 P 2010. 05. 13. us Rixensart (BE)

ID Biomedical Corporation of Quebec, Ste

(72) Feltalalo(k): Foy, Quebec (CA)

BAUDOUX, Guy Jean Marie Fernand Pierre, 1330

Rixensart (BE)

BLAIS, Normand, Laval, Quebec H7V 3S8 (CA) (74) Képviselé:

CYR, Sonya L, Laval, Quebec H7V 3S8 (CA) Danubia Szabadalmi és Jogi Iroda Kft.,

RHEAULT, Patrick, Laval, Quebec H7V 3S8 (CA) Budapest

RUELLE, Jean Louis, 1330 Rixensart (BE)

(54)

Rekombinans RSV-antigének

Az eurdpai szabadalom ellen, megadasanak az Eurépai Szabadalmi K6zlonyben valé meghirdetésétdl szamitott kilenc hdnapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. torvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 445 526 B1

(12)

(49)

Eurcpdisches
Patentarmt

Eurcpean
Patent Office

Office européen
des brevets

NMTNNIRTEAR TR

(11) EP 2 445 526 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
11.05.2016 Bulletin 2016/19

(51

Int CI.:

AG61K 39/155 (2006.01) CO7K 141135 (2006.01)

(86) International application number:
(21) Application number: 10724879.1 PCT/EP2010/059008
(22) Date of filing: 24.06.2010 (87) International publication number:
WO 2010/149745 (29.12.2010 Gazette 2010/52)

(54) RECOMBINANT RSV ANTIGENS

REKOMBINANTE RSV-ANTIGENE

ANTIGENES RECOMBINANTS DU VRS
(84) Designated Contracting States: (56) References cited:

(72)

(74)

AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO SE SI SK SM TR

Designated Extension States:

BA ME RS

Priority: 24.06.2009 US 219964 P
13.05.2010 US 334568 P

Date of publication of application:
02.05.2012 Bulletin 2012/18

Proprietors:

GlaxoSmithKline Biologicals S.A.
1330 Rixensart (BE)

ID Biomedical Corporation of Quebec
Laval, QC H7V 3S8 (CA)

Inventors:

BAUDOUX, Guy Jean Marie Fernand Pierre
1330 Rixensart (BE)

BLAIS, Normand

Laval, Quebec H7V 3S8 (CA)
CYR, Sonya L

Laval, Quebec H7V 3S8 (CA)
RHEAULT, Patrick

Laval, Quebec H7V 3S8 (CA)
RUELLE, Jean Louis

1330 Rixensart (BE)

Representative: Dalton, Marcus Jonathan William
GlaxoSmithKline

Global Patents (CN925.1)

980 Great West Road

Brentford, Middlesex TW8 9GS (GB)

WO0-A1-02/42326 WO0-A1-2009/079796
MARTIN DIANA ET AL: "Sequence elements of
the fusion peptide of humanrespiratory syncytial
virus fusion protein required for activity." June
2006 (2006-06), THE JOURNAL OF GENERAL
VIROLOGY JUN 2006 LNKD- PUBMED:16690930,
VOL. 87, NR. PT 6, PAGE(S) 1649 - 1658 ,
XP002600413 ISSN: 0022-1317 abstract;
introduction;; page 87; figure 1
GONZALEZ-REYES L ET AL: "Cleavage of the
human respiratory syncytial virus fusion protein
at two distinct sites is required for activation of
membrane fusion." 14 August 2001 (2001-08-14),
PROCEEDINGS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE UNITED STATES OF
AMERICA 14 AUG 2001 LNKD-
PUBMED:11493675, VOL. 98, NR. 17, PAGE(S)
9859 - 9864 , XP002600414 ISSN: 0027-8424
abstract;; page 9862

YIN HSIEN-SHENG ET AL: "Structure of the
parainfluenza virus 5 F protein in its metastable,
prefusion conformation.” 5 January 2006
(2006-01-05), NATURE 5 JAN 2006 LNKD-
PUBMED:16397490,VOL.439,NR.7072, PAGE(S)
38 - 44 , XP002600415 ISSN: 1476-4687 abstract,
introduction; page 38; figure 1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 2 445 526 B1

¢ SCHMIDT A C ET AL: "Mucosal immunization of

Rhesus monkeys against respiratory syncytial
virus subgroups A and B and human
parainfluenza virus type 3 by using a live
cDNA-derived vaccine based on a host
range-attenuated bovine parainfluenzavirus type
3 vector backbone"” JOURNAL OF VIROLOGY,
THE AMERICAN SOCIETY FORMICROBIOLOGY,
US LNKD-
DOI:10.1128/JV1.76.23.12355-12359.2002, vol. 76,
no. 3, 1 February 2002 (2002-02-01), pages
1089-1099, XP002978183 ISSN: 0022-538X
HUANG YAN ET AL: "Modulation of protective
immunity, eosinophilia, and cytokine responses
by selective mutagenesis of a recombinant G
protein vaccine against respiratory syncytial
virus." April 2005 (2005-04), JOURNAL OF
VIROLOGY APR 2005 LNKD- PUBMED:15767454,
VOL. 79, NR. 7, PAGE(S) 4527 - 4532,
XP002600416 ISSN: 0022-538X the whole
document

TANG RODERICK S ET AL: "Parainfluenza virus
type 3 expressing the native or soluble fusion (F)
Protein of Respiratory Syncytial Virus (RSV)
confers protection from RSV infection in African
green monkeys." October 2004 (2004-10),
JOURNAL OF VIROLOGY OCT 2004 LNKD-
PUBMED:15452239, VOL. 78, NR. 20, PAGE(S)
11198-11207 ,XP002600417 ISSN: 0022-538X the
whole document

VALARCHER J-F ET AL: "Bovine respiratory
syncytial virus lacking the virokinin or with a
mutation in furin cleavage site RA(R/K)R109
induces less pulmonary inflammation without
impeding the induction of protective immunity in
calves.” June 2006 (2006-06), THE JOURNAL OF
GENERAL VIROLOGY JUN 2006 LNKD-
PUBMED:16690931, VOL. 87, NR. PT 6, PAGE(S)
1659 - 1667 , XP002600418 ISSN: 0022-1317
abstract;figure 1

VAN DRUNEN LITTEL-VAN DEN HURK S ET AL:
"Immunopathology of RSV infection: prospects
for developing vaccines without this
complication” REVIEWS IN MEDICAL
VIROLOGY, CHICHESTER, GB LNKD-
DOI:10.1002/RMV.518, vol. 17, no. 1, 1 January
2007 (2007-01-01), pages 5-34, XP002510797
ISSN: 1052-9276 [retrieved on 2006-09-27]

OLSON MATTHEW R ET AL: "Pulmonary
immunity and immunopathology: lessons from
respiratory syncytial virus" EXPERT REVIEW OF
VACCINES, FUTURE DRUGS, LONDON, GB, vol.
7, no. 8, 1 October 2008 (2008-10-01) , pages
1239-1255, XP009138398 ISSN: 1476-0584
SINCLAIR ANGUS M ET AL: "Glycoengineering:
the effect of glycosylation on the properties of
therapeutic proteins", JOURNAL OF
PHARMACEUTICAL SCIENCES, AMERICAN
PHARMACEUTICAL ASSOCIATION,
WASHINGTON, US, vol. 94, no. 8, 1 August 2005
(2005-08-01) , pages 1626-1635, XP002559550,
ISSN: 0022-3549

TIAN, S.: "A 20 residue motif delineates the furin
cleavage site and its physical properties may
influence viral fusion"”, BIOCHEMISTRY
INSIGHTS, vol. 2, 8 April 2009 (2009-04-08), pages
9-20,

ELLIOTT STEVE ET AL: "Enhancement of
therapeutic protein in vivo activities through
glycoengineering", NATURE BIOTECHNOLOGY,
NATURE PUBLISHING GROUP, NEW YORK, NY,
US, vol. 21, no. 4,1 April 2003 (2003-04-01), pages
414-421, XP002354911, ISSN: 1087-0156, DOI:
10.1038/NBT799

Stryer, L.: "Biochemistry, 3rd ed.”, 1988 ISBN:
0-7167-1920-7 pages 18-20,

Melero, J.A.: "Molecular Biology od Respiratory
Syncytial Virus" In: Cane, Particia: "Respiratory
Syncytial Virus", 2007, Elsevier ISBN:
978-0-444-52030-2 pages 1-42,

HARRISON ROBERT L ET AL: "Protein
N-glycosylation in the baculovirus-insect cell
expression system and engineering of insect
cells to produce "mammalianized" recombinant
glycoproteins.", ADVANCES IN VIRUS
RESEARCH 2006, vol. 68, 2006, pages 159-191,
ISSN: 0065-3527

Remarks:

Thefile contains technical information submitted after
the application was filed and not included in this
specification




10

15

20

25

30

35

40

45

50

55

EP 2 445 526 B1
Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of the earlier filing dates of United States Provisional Applications 61/334,568,
filed 13 May 2010 and 61/219,964, filed 24 June 2009.

BACKGROUND

[0002] This disclosure concerns the field of immunology. More particularly this disclosure relates to compositions and
methods for eliciting an immune response specific for Respiratory Syncytial Virus (RSV).

[0003] Human Respiratory Syncytial Virus (RSV) is the most common worldwide cause of lower respiratory tract
infections (LRI) in infants less than 6 months of age and premature babies less than or equal to 35 weeks of gestation.
The RSV disease spectrum includes a wide array of respiratory symptoms from rhinitis and otitis to pneumonia and
bronchiolitis, the latter two diseases being associated with considerable morbidity and mortality. Humans are the only
known reservoir for RSV. Spread of the virus from contaminated nasal secretions occurs via large respiratory droplets,
so close contact with an infected individual or contaminated surface is required for transmission. RSV can persist for
several hours on toys or other objects, which explains the high rate of nosocomial RSV infections, particularly in paediatric
wards.

[0004] Theglobalannualinfectionand mortality figures for RSV are estimated to be 64 million and 160,000 respectively.
Inthe U.S. alone RSV is estimated to be responsible for 18,000 to 75,000 hospitalizations and 90 to 1900 deaths annually.
Intemperate climates, RSV is welldocumented as a cause of yearly winter epidemics of acute LRI, including bronchiolitis
and pneumonia. In the USA, nearly all children have been infected with RSV by two years of age. The incidence rate of
RSV-associated LRI in otherwise healthy children was calculated as 37 per 1000 child-year in the first two years of life
(45 per 1000 child-year in infants less than 6 months old) and the risk of hospitalization as 6 per 1000 child-years (per
1000 child-years in the first six months of life). Incidence is higher in children with cardio-pulmonary disease and in those
born prematurely, who constitute almost half of RSV-related hospital admissions in the USA. Children who experience
a more severe LRI caused by RSV later have an increased incidence of childhood asthma. These studies demonstrate
widespread need for RSV vaccines, as well as use therof, in industrialized countries, where the costs of caring for patients
with severe LRI and their sequelae are substantial. RSV also is increasingly recognized as an important cause of morbidity
from influenza-like illness in the elderly.

[0005] Various approaches have been attempted in efforts to produce a safe and effective RSV vaccine that produces
durable and protective immune responses in healthy and at risk populations. However, none of the candidates evaluated
to date have been proven safe and effective as a vaccine for the purpose of preventing RSV infection and/or reducing
or preventing RSV disease, including lower respiratory infections (LRIs).

SUMMARY

[0006] The presentinvention relates to a recombinant respiratory syncytial virus (RSV) antigen comprising an RSV F
protein polypeptide without a transmembrane domain, comprising an F, domain and an F; domain of an RSV F protein
polypeptide, wherein the F protein polypeptide comprises at least one modification that increases glycosylation, which
at least one modification that increases glycosylation comprises a substitution wherein amino acids corresponding to
positions 500-502 of SEQ ID NO:2 are selected from: NGS; NGT, to an immunogenic composition comprising the
recombinant RSV antigen, a recombinant nucleic acid encoding the recombinant RSV antigen and the use of any of
these as a medicament. As such, this disclosure concerns recombinant respiratory syncytial virus (RSV) antigens. More
specifically, this disclosure concerns antigens including a recombinant F protein that has been modified to stabilize the
trimeric prefusion conformation. The disclosed recombinant antigens exhibit superiorimmunogenicity, and are particularly
favorably employed as components of immunogenic compositions (e.g., vaccines) for protection against RSV infection
and/or disease. Also disclosed are nucleic acids that encode the recombinant antigens, immunogenic compositions
containing the antigens, and methods for producing and using the antigens.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]
FIG. 1A is a schematic illustration highlighting structural features of the RSV F protein.

FIG. 1B is a schematic illustration of exemplary RSV Prefusion F (PreF) antigens.
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FIG. 2 is aline graph illustrating representative results of asymmetrical field flow fractionation (AFF-MALS) analysis
of PreF.

FIG. 3 is a bar graph showing neutralization inhibition of human serum by PreF antigen.

FIGS. 4A and B are bar graphs showing serum IgG titers elicited in mice in response to PreF antigen.

FIGS. 5A and B are bar graphs illustrating titers of neutralizing antibodies specific for RSV elicited by PreF antigen.
FIGS. 6A and B are graphs indicating protection against challenge provided by the RSV PreF antigen in mice.
FIG. 7 is a graph evaluating BAL leukocytes following immunization and challenge.

FIG. 8 is a bar graph illustrating serum IgG elicited following immunization with PreF formulated with dilutions of an
oil-in-water emulsion (AS03).

FIG. 9is a bar graphillustrating neutralizing antibody titres following immunization with PreF formulated with dilutions
of an oil-in-water emulsion (AS03)

FIG. 10is a graph illustrating protection against challenge following immunization with PreF formulated with dilutions
of an oil-in-water emulsion (AS03).

DETAILED DESCRIPTION
INTRODUCTION

[0008] DevelopmentofvaccinestopreventRSV infection has been complicated by the factthathostimmune responses
appear to play a role in the pathogenesis of the disease. Early studies in the 1960s showed that children vaccinated
with a formalin-inactivated RSV vaccine suffered from more severe disease on subsequent exposure to the virus as
compared to unvaccinated control subjects. These early trials resulted in the hospitalization of 80% of vaccinees and
two deaths. The enhanced severity of disease has been reproduced in animal models and is thought to result from
inadequate levels of serum-neutralizing antibodies, lack of local immunity, and excessive induction of a type 2 helper
T-cell-like (Th2) immune response with pulmonary eosinophilia and increased production of IL-4 and IL-5 cytokines. In
contrast, a successful vaccine that protects against RSV infection induces a Th1 biased immune response, characterized
by production of IL-2 and y-interferon (IFN).

The present invention relates to a recombinant respiratory syncytial virus (RSV) antigen comprising an RSV F protein
polypeptide without a transmembrane domain, comprising an F, domain and an F4, domain of an RSV F protein polypep-
tide, wherein the F protein polypeptide comprises at least one modification that increases glycosylation, which at least
one modification that increases glycosylation comprises a substitution wherein amino acids corresponding to positions
500-502 of SEQ ID NO:2 are selected from: NGS; NGT. The present disclosure concerns recombinant respiratory
syncytial virus (RSV) antigens that solve problems encountered with RSV antigens previously used in vaccines, and
improve the immunological as well as manufacturing properties of the antigen. The recombinant RSV antigens disclosed
herein involve a Fusion (F) protein analog that include a soluble F protein polypeptide, which has been modified to
stabilize the prefusion conformation of the F protein, that is, the conformation of the mature assembled F protein prior
to fusion with the host cell membrane. These F protein analogs are designated "PreF" or "PreF antigens", for purpose
of clarity and simplicity. The PreF antigens disclosed herein are predicated on the unforeseen discovery that soluble F
protein analogs that have been modified by the incorporation of a heterologous trimerization domain exhibit improved
immunogenic characteristics, and are safe and highly protective when administered to a subject in vivo.

Details of the structure of the RSV F protein are provided herein with reference to terminology and designations widely
accepted in the art, and illustrated schematically in FIG. 1A. A schematic illustration of exemplary PreF antigens is
provided in FIG. 1B. It will be understood by those of skill in the art that any RSV F protein can be modified to stabilize
the prefusion conformation according to the teachings provided herein. Therefore, to facilitate understanding of the
principles guiding production of PreF antigens, individual structural components will be indicated with reference to an
exemplary F protein, the polynucleotide and amino acid sequence of which are provided in SEQ ID NOs:1 and 2,
respectively. Similarly, where applicable, G protein antigens are described in reference to an exemplary G protein, the
polynucleotide and amino acid sequences of which are provided in SEQ ID NOs:3 and 4, respectively.

[0009] With reference to the primary amino acid sequence of the F protein polypeptide (FIG. 1A), the following terms
are utilized to describe structural features of the PreF antigens.
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The term FO refers to a full-length translated F protein precursor. The FO polypeptide can be subdivided into an F2
domain and an F1 domain separated by an intervening peptide, designated pep27. During maturation, the FO polypeptide
undergoes proteolytic cleavage at two furin sites situated between F2 and F1 and flanking pep27. For purpose of the
ensuing discussion, an F2 domain includes as much as all, of amino acids 1-109, and a soluble portion of an F1 domain
includes up to all, of amino acids 137-526 of the F protein. As indicated above, these amino acid positions (and all
subsequent amino acid positions designated herein) are given in reference to the exemplary F protein precursor polypep-
tide (FO) of SEQ ID NO:2.

The prefusion F (or "PreF") antigen is a soluble (that is, not membrane bound) F protein analog that includes at least
one modification that stabilizes the prefusion conformation of the F protein, such that the RSV antigen retains at least
one immunodominant epitope of the prefusion conformation of the F protein. The soluble F protein polypeptide includes
an F2 domain and an F1 domain of the RSV F protein (but does not include a transmembrane domain of the RSV F
protein). In exemplary embodiments, the F2 domain includes amino acids 26-105 and the F1 domain includes amino
acids 137-516 of an F protein. Similarly, polypeptides that include additional structural components so long as the
additional components do not disrupt the three-dimensional conformation, or otherwise adversely impact stability, pro-
duction or processing, or decrease immunogenicity of the antigen. The F2 and F1 domains are positioned in an N-
terminal to C-terminal orientation designed to replicate folding and assembly of the F protein analog into the mature
prefusion conformation. To enhance production, the F2 domain can be preceded by a secretory signal peptide, such as
a native F protein signal peptide or a heterologous signal peptide chosen to enhance production and secretion in the
host cells in which the recombinant PreF antigen is to be expressed.

PreF antigens can be stabilized (in the trimeric prefusion conformation) by introducing one or more modifications, such
as the addition, deletion or substitution, or one or more amino acids. One such stabilizing modification is the addition of
an amino acid sequence comprising a heterologous stabilizing domain. In exemplary embodiments, the heterologous
stabilizing domain is a protein multimerization domain. One particularly favorable example of such a protein multimeri-
zation domain is a coiled-coil domain, such as an isoleucine zipper domain that promotes trimerization of multiple
polypeptides having such a domain. An exemplary isoleucine zipper domain is depicted in SEQ ID NO:11. Typically,
the heterologous stabilizing domain is positioned C-terminal to the F1 domain.

Optionally, the multimerization domain is connected to the F1 domain via a short amino acid linker sequence, such as
the sequence GG. The linker can also be a longer linker (for example, including the sequence GG, such as the amino
acid sequence: GGSGGSGGS; SEQ ID NO:14). Numerous conformationally neutral linkers are known in the art that
can be used in this context without disrupting the conformation of the PreF antigen.

Another stabilizing modification is the elimination of a furin recognition and cleavage site that is located between the F2
and F1 domains in the native FO protein. One or both furin recognition sites, located at positions 105-109 and at positions
133-136 can be eliminated by deleting or substituting one or more amino acid of the furin recognition sites, such that
the protease is incapable of cleaving the PreF polypeptide into its constituent domains. Optionally, the intervening pep27
peptide can also be removed or substituted, e.g., by a linker peptide. Additionally, or optionally, a non-furin cleavage
site (e.g., a metalloproteinase site at positions 112-113) in proximity to the fusion peptide can be removed or substituted.
Another stabilizing mutation can include the addition or substitution of a hydrophilic amino acid into a hydrophobic domain
of the F protein. Typically, a charged amino acid, such as lysine, will be added or substituted for a neutral residue, such
as leucine, in the hydrophobic region. For example, a hydrophilic amino acid can be added to, or substituted for, a
hydrophobic or neutral amino acid within the HRB coiled-coil domain of the F protein extracellular domain. In one
embodiment, a charged amino acid residue, such as lysine, can be substituted for the leucine present at position 512
of the F protein. Alternatively, or in addition, a hydrophilic amino acid can be added to, or substituted for, a hydrophobic
or neutral amino acid within the HRA domain of the F protein. Thus, in a further embodiment one or more charged amino
acids, such as lysine, can be inserted at or near position 105-106 (e.qg., following the amino acid corresponding to residue
105 of reference SEQ ID NO:2, such as between amino acids 105 and 106) of the PreF antigen). Optionally, hydrophilic
amino acids can be added or substituted in both the HRA and HRB domains. Alternatively, one or more hydrophobic
residues can be deleted, so long as the overall conformation of the PreF antigen is not adversely impacted.

According to the present invention, one or more modification is made, which increases the glycosylation state of the
PreF antigen. Amino acids in a glycosylation site present in a native RSV F protein, at amino acid residue 500 (as
compared to SEQ ID NO:2) are substituted to increase the glycosylation status of the PreF antigen. Thus the amino
acids corresponding to positions 500-502 of SEQ ID NO:2 can be selected from: NGS;; NGT. Thus, in certain embodi-
ments, the PreF antigens include a soluble F protein polypeptide comprising an F2 domain (e.g., corresponding to amino
acids 26-105 of SEQ ID NO:2) and an F1 domain (e.g., corresponding to amino acids 137-516 of SEQ ID NO:2) of an
RSV F protein polypeptide, in which at least one modification that alters glycosylation has been introduced. The RSV
PreF antigen, typically includes an intact fusion peptide between the F2 domain and the F1 domain. Optionally, the PreF
antigen includes a signal peptide.

As disclosed above, such F protein polypeptides can include at least one modification selected from: (i) an addition of
an amino acid sequence comprising a heterologous trimerization domain (such as a isoleucine zipper domain); (ii) an
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amino acid addition, deletion or substitution that eliminates a furin cleavage site at a position corresponding to amino
acids 105-109, a position corresponding to amino acids 133-136, or at both positions corresponding to amino acids
105-109 and 133-136 of the reference F protein precursor (F) of SEQ ID NO:2; (iii) a deletion of one or more amino
acids of the pep27 domain; and (iv) at least one substitution or addition of a hydrophilic amino acid in a hydrophobic
domain of the F protein extracellular domain by substitution of lysine for the leucine present at position 512 or addition
of a lysine following the amino acid corresponding to residue 105 of reference SEQ ID NO:2. As disclosed above, such
glycosylation modified RSV PreF antigens assemble into multimers, e.g., trimers.

In exemplary embodiments, the glycosylation modified PreF antigens are selected from the group of: a) a polypeptide
comprising or consisting of SEQ ID NO:22; b)

a polypeptide encoded by SEQ ID NO:21 or by a polynucleotide sequence that hybridizes under stringent conditions
over substantially its entire length to SEQ ID NO:21; c) a polypeptide with at least 95% sequence identity to SEQ ID NO:22.
[0010] Any and/or all of the stabilizing modifications can be used individually and/or in combination with any of the
other stabilizing modifications disclosed herein to produce a PreF antigen. In exemplary embodiments the PreF protein
comprising a polypeptide comprising an F2 domain and an F1 domain with no intervening furin cleavage site between
the F2 domain and the F1 domain, and with a heterologous stabilizing domain (e.g., trimerization domain) positioned
C-terminal to the F1 domain. In certain embodiments, the PreF antigen also includes one or more addition and/or
substitution of a hydrophilic residue into a hydrophobic domain as stated above. Optionally, the PreF antigen has a
modification of at least one non-furin cleavage site, such as a metalloproteinase site.

[0011] Optionally, any PreF antigen described above can include an additional sequence that serves as an aid to
purification. One example, is a polyhistidine tag. Such a tag can be removed from the final product if desired.

When expressed, the PreF antigens undergo intramolecular folding and assemble into mature protein that includes a
multimer of polypeptides. Favorably, the preF antigen polypeptides assemble into a trimer that resembles the prefusion
conformation of the mature, processed, RSV F protein.

Any of the PreF antigens disclosed herein can be favorably used in immunogenic compositions for the purpose of eliciting
a protective immune response against RSV. Such immunogenic compositions typically include a pharmaceutically ac-
ceptable carrier and/or excipient, such as a buffer. To enhance the immune response produced following administration,
the immunogenic composition typically also includes an adjuvant. In the case of immunogenic compositions for eliciting
a protective immune response against RSV (e.g., vaccines), the compositions favorably include an adjuvant that pre-
dominantly elicits a Th1 immune response (a Th1 biasing adjuvant). Typically, the adjuvant is selected to be suitable
for administration to the target population to which the composition is to be administered. Thus, depending on the
application, the adjuvant is selected to be suitable for administration, e.g., to neonates or to the elderly.

The immunogenic compositions described herein are favorably employed as vaccines for the reduction or prevention
of infection with RSV, without inducing a pathological response (such as vaccine enhanced viral disease) following
administration or exposure to RSV.

[0012] Optionally, the immunogenic compositions can also include at least one additional antigen of a pathogenic
organism other than RSV. For example, the pathogenic organism is a virus other than RSV, such as Parainfluenza virus
(PIV), measles, hepatitis B, poliovirus, or influenza virus. Alternatively, the pathogenic organism can be a bacterium,
such as diphtheria, tetanus, pertussis, Haemophilus influenzae, and Pneumococcus.

Recombinant nucleic acids that encode any of the PreF antigens are also a feature of this disclosure. The polynucleotide
sequence of the nucleic acid that encodes the PreF antigen of the nucleic acid is may be optimized for expression in a
selected host (such as CHO cells, other mammalian cells, or insect cells). Accordingly, vectors, including expression
vectors (including prokaryotic and eukaryotic expression vectors) are a feature of this disclosure. Likewise, host cells
including such nucleic acids, and vectors, are a feature of this disclosure. Such nucleic acids can also be used in the
context of immunogenic compositions for administration to a subject to elicit an immune response specific for RSV.
The PreF antigens are favorably used for the prevention and/or treatment of RSV infection. Thus, another aspect of this
disclosure concerns a method for eliciting an immune response against RSV. The method involves administering an
immunologically effective amount of a composition containing a PreF antigen to a subject (such as a human or animal
subject). Administration of an immunologically effective amount of the composition elicits an immune response specific
for epitopes present on the PreF antigen. Such an immune response can include B cell responses (e.g., the production
of neutralizing antibodies) and/or T cell responses (e.g., the production of cytokines). Favorably, the immune response
elicited by the PreF antigen includes elements that are specific for at least one conformational epitope present on the
prefusion conformation of the RSV F protein. The PreF antigens and compositions can be administered to a subject
without enhancing viral disease following contact with RSV. Favorably, the PreF antigens disclosed herein and suitably
formulated immunogenic compositions elicit a Th1 biased immune response that reduces or prevents infection with a
RSV and/or reduces or prevents a pathological response following infection with a RSV.

The immunogenic compositions can be administered via a variety of routes, including routes, such as intranasal, that
directly place the PreF antigen in contact with the mucosa of the upper respiratory tract. Alternatively, more traditional
administration routes can be employed, such an intramuscular route of administration.
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Thus, the use of any of the disclosed RSV antigens (or nucleic acids) in the preparation of a medicament for treating
RSV infection (for example, prophylactically treating or preventing an RSV infection) is also contemplated. Accordingly,
this disclosure provides the disclosed recombinant RSV antigens or the immunogenic compositions for use in medicine,
as well as the use thereof for the prevention or treatment of RSV-associated diseases.

Additional details regarding PreF antigens, and methods of using them, are presented in the description and examples
below.

TERMS

[0013] In order to facilitate review of the various embodiments of this disclosure, the following explanations of terms
are provided. Additional terms and explanations can be provided in the context of this disclosure.

[0014] Unless otherwise explained, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs. Definitions of common terms in molecular
biology can be found in Benjamin Lewin, Genes V, published by Oxford University Press, 1994 (ISBN 0-19-854287-9);
Kendrew et al. (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN
0-632-02182-9); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a Comprehensive Desk Reference,
published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8).

[0015] The singularterms "a," "an," and "the" include plural referents unless context clearly indicates otherwise. Sim-
ilarly, the word "or" is intended to include "and" unless the context clearly indicates otherwise. The term "plurality" refers
to two or more. Itis further to be understood that all base sizes or amino acid sizes, and all molecular weight or molecular
mass values, given for nucleic acids or polypeptides are approximate, and are provided for description. Additionally,
numerical limitations given with respect to concentrations or levels of a substance, such as an antigen, are intended to
be approximate. Thus, where a concentration is indicated to be at least (for example) 200 pg, it is intended that the
concentration be understood to be at least approximately (or "about" or "~") 200 pg.

[0016] Although methods and materials similar or equivalent to those described herein can be used in the practice or
testing of this disclosure, suitable methods and materials are described below. The term "comprises" means "includes."
Thus, unless the context requires otherwise, the word "comprises," and variations such as "comprise" and "comprising"
will be understood to imply the inclusion of a stated compound or composition (e.g., nucleic acid, polypeptide, antigen)
or step, or group of compounds or steps, but not to the exclusion of any other compounds, composition, steps, or groups
thereof. The abbreviation, "e.g."” is derived from the Latin exempli gratia, and is used herein to indicate a non-limiting
example. Thus, the abbreviation "e.g.” is synonymous with the term "for example."

[0017] Respiratory syncytial virus (RSV) is a pathogenic virus of the family Paramyxoviridae, subfamily Pneumovirinae,
genus Pneumovirus. The genome of RSV is a negative-sense RNA molecule, which encodes 11 proteins. Tight asso-
ciation of the RNA genome with the viral N protein forms a nucleocapsid wrapped inside the viral envelope. Two groups
of human RS8V strains have been described, the A and B groups, based on differences in the antigenicity of the G
glycoprotein. Numerous strains of RSV have been isolated to date. Exemplary strains indicated by GenBank and/or
EMBL Accession number can be found in WO2008114149, disclosing the nucleic acid and polypeptide sequences of
RSV F and G proteins suitable for use in PreF antigens (including chimeric PreF-G antigens), and in combinations with
PreF antigens. Additional strains of RSV are likely to be isolated, and are encompassed within the genus of RSV.
Similarly, the genus of RSV encompasses variants arising from naturally occurring (e.g., previously or subsequently
identified strains) by genetic drift, or artificial synthesis and/or recombination.

[0018] The term "F protein" or "Fusion protein" or "F protein polypeptide" or Fusion protein polypeptide" refers to a
polypeptide or protein having all or part of an amino acid sequence of an RSV Fusion protein polypeptide. Numerous
RSV Fusion proteins have been described and are known to those of skill in the art. WO2008114149 sets out exemplary
F protein variants (for example, naturally occurring variants) publicly available as of the filing date of this disclosure.
[0019] A "variant" when referring to a nucleic acid or a polypeptide (e.g., an RSV F protein nucleic acid or polypeptide,
or a PreF nucleic acid or polypeptide) is a nucleic acid or a polypeptide that differs from a reference nucleic acid or
polypeptide. Usually, the difference(s) between the variant and the reference nucleic acid or polypeptide constitute a
proportionally small number of differences as compared to the referent.

[0020] A "domain" of a polypeptide or protein is a structurally defined element within the polypeptide or protein. For
example, a "trimerization domain" is an amino acid sequence within a polypeptide that promotes assembly of the polypep-
tide into trimers. For example, a trimerization domain can promote assembly into trimers via associations with other
trimerization domains (of additional polypeptides with the same or a different amino acid sequence). The term is also
used to refer to a polynucleotide that encodes such a peptide or polypeptide.

[0021] The terms "native" and "naturally occurring” refer to an an element, such as a protein, polypeptide or nucleic
acid, that is present in the same state as it is in nature. That is, the element has not been modified artificially. It will be
understood, that in the context of this disclosure, there are numerous native/naturally occurring variants of RS V proteins
or polypeptides, e.g., obtained from different naturally occurring strains or isolates of RSV.
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[0022] The term "polypeptide" refers to a polymer in which the monomers are amino acid residues which are joined
together through amide bonds. The terms "polypeptide" or "protein" as used herein are intended to encompass any
amino acid sequence and include modified sequences such as glycoproteins. The term "polypeptide" is specifically
intended to cover naturally occurring proteins, as well as those which are recombinantly or synthetically produced. The
term "fragment," in reference to a polypeptide, refers to a portion (that is, a subsequence) of a polypeptide. The term
"immunogenic fragment" refers to all fragments of a polypeptide that retain at least one predominant immunogenic
epitope of the full-length reference protein or polypeptide. Orientation within a polypeptide is generally recited in an N-
terminal to C-terminal direction, defined by the orientation of the amino and carboxy moieties of individual amino acids.
Polypeptides are translated from the N or amino-terminus towards the C or carboxy-terminus.

[0023] A "signal peptide" is a short amino acid sequence (e.g., approximately 18-25 amino acids in length) that direct
newly synthesized secretory or membrane proteins to and through membranes, e.g., of the endoplasmic reticulum.
Signal peptides are frequently but not universally located at the N-terminus of a polypeptide, and are frequently cleaved
off by signal peptidases after the protein has crossed the membrane. Signal sequences typically contain three common
structural features: an N-terminal polar basic region (n-region), a hydrophobic core, and a hydrophilic c-region).
[0024] The terms "polynucleotide" and "nucleic acid sequence" refer to a polymeric form of nucleotides at least 10
bases in length. Nucleotides can be ribonucleotides, deoxyribonucleotides, or modified forms of either nucleotide. The
term includes single and double forms of DNA. By "isolated polynucleotide" is meant a polynucleotide that is not imme-
diately contiguous with both of the coding sequences with which it is immediately contiguous (one on the 5’ end and
one on the 3’ end) in the naturally occurring genome of the organism from which it is derived. In one embodiment, a
polynucleotide encodes a polypeptide. The 5’ and 3’ direction of a nucleic acid is defined by reference to the connectivity
of individual nucleotide units, and designated in accordance with the carbon positions of the deoxyribose (or ribose)
sugar ring. The informational (coding) content of a polynucleotide sequence is read in a 5’ to 3’ direction.

[0025] A "recombinant” nucleic acid is one that has a sequence that is not naturally occurring or has a sequence that
is made by an artificial combination of two otherwise separated segments of sequence. This artificial combination can
be accomplished by chemical synthesis or, more commonly, by the artificial manipulation of isolated segments of nucleic
acids, e.g., by genetic engineering techniques. A "recombinant" protein is one that is encoded by a heterologous (e.g.,
recombinant) nucleic acid, which has been introduced into a host cell, such as a bacterial or eukaryotic cell. The nucleic
acid can be introduced, on an expression vector having signals capable of expressing the protein encoded by the
introduced nucleic acid or the nucleic acid can be integrated into the host cell chromosome.

[0026] The term "heterologous" with respect to a a nucleic acid, a polypeptide or another cellular component, indicates
that the component occurs where it is not normally found in nature and/or that it originates from a different source or
species.

[0027] The term "purification” (e.g., with respect to a pathogen or a composition containing a pathogen) refers to the
process of removing components from a composition, the presence of which is not desired. Purification is a relative
term, and does not require that all traces of the undesirable component be removed from the composition. In the context
of vaccine production, purification includes such processes as centrifugation, dialization, ionexchange chromatography,
and size-exclusion chromatography, affinity-purification or precipitation. Thus, the term "purified" does not require ab-
solute purity; rather, it is intended as a relative term. Thus, for example, a purified nucleic acid preparation is one in
which the specified protein is more enriched than the nucleic acid is in its generative environment, for instance within a
cell or in a biochemical reaction chamber. A preparation of substantially pure nucleic acid or protein can be purified such
that the desired nucleic acid represents at least 50% of the total nucleic acid content of the preparation. In certain
embodiments, a substantially pure nucleic acid will represent at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, or at least 95% or more of the.total nucleic acid or protein content of the preparation.

[0028] An"isolated" biological component (such as a nucleic acid molecule, protein or organelle) has been substantially
separated or purified away from other biological components in the cell of the organism in which the component naturally
occurs, such as, other chromosomal and extra-chromosomal DNA and RNA, proteins and organelles. Nucleic acids and
proteins that have been "isolated" include nucleic acids and proteins purified by standard purification methods. The term
also embraces nucleic acids and proteins prepared by recombinant expression in a host cell as well as chemically
synthesized nucleic acids and proteins.

[0029] An "antigen" is a compound, composition, or substance that can stimulate the production of antibodies and/or
a T cellresponse inan animal, including compositions that are injected, absorbed or otherwise introduced into an animal.
The term "antigen" includes all related antigenic epitopes. The term "epitope" or "antigenic determinant" refers to a site
on an antigen to which B and/or T cells respond. The "dominant antigenic epitopes" or "dominant epitope" are those
epitopes to which a functionally significant host immune response, e.g., an antibody response or a T-cell response, is
made. Thus, with respect to a protective immune response against a pathogen, the dominant antigenic epitopes are
those antigenic moieties that when recognized by the host immune system result in protection from disease caused by
the pathogen. The term "T-cell epitope” refers to an epitope that when bound to an appropriate MHC molecule is
specifically bound by a T cell (via a T cell receptor). A "B-cell epitope" is an epitope that is specifically bound by an
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antibody (or B cell receptor molecule).

[0030] An "adjuvant" is an agent that enhances the production of an immune response in a nonspecific manner.
Common adjuvants include suspensions of minerals (alum, aluminum hydroxide, aluminum phosphate) onto which
antigen is adsorbed; emulsions, including water-in-oil, and oil-in-water (and variants therof, including double emulsions
and reversible emulsions), liposaccharides, lipopolysaccharides, immunostimulatory nucleic acids (such as CpG oligo-
nucleoctides), liposomes, Toll-like Receptor agonists (particularly, TLR2, TLR4, TLR7/8 and TLR9 agonists), and various
combinations of such components.

[0031] An "immunogenic composition" is a composition of matter suitable for administration to a human or animal
subject (e.g., in an experimental setting) that is capable of eliciting a specific immune response, e.g., against a pathogen,
such as RSV. As such, an immunogenic composition includes one or more antigens (for example, polypeptide antigens)
or antigenic epitopes. An immunogenic composition can also include one or more additional components capable of
eliciting or enhancing an immune response, such as an excipient, carrier, and/or adjuvant. In certain instances, immu-
nogenic compositions are administered to elicit an immune response that protects the subject against symptoms or
conditions induced by a pathogen. In some cases, symptoms or disease caused by a pathogen is prevented (or reduced
or ameliorated) by inhibiting replication of the pathogen (e.g., RSV) following exposure of the subject to the pathogen.
In the context of this disclosure, the term immunogenic composition will be understood to encompass compositions that
are intended for administration to a subject or population of subjects for the purpose of eliciting a protective or palliative
immune response against RSV (that is, vaccine compositions or vaccines).

[0032] An "immune response"” is a response of a cell of the immune system, such as a B cell, T cell, or monocyte, to
a stimulus. An immune response can be a B cell response, which results in the production of specific antibodies, such
as antigen specific neutralizing antibodies. An immune response can also be a T cellresponse, such as a CD4+ response
or a CD8+ response. In some cases, the response is specific for a particular antigen (that is, an "antigen-specific
response"). If the antigen is derived from a pathogen, the antigen-specific response is a "pathogen-specific response."
A "protective immune response” is an immune response that inhibits a detrimental function or activity of a pathogen,
reduces infection by a pathogen, or decreases symptoms (including death) that result from infection by the pathogen.
A protective immune response can be measured, for example, by the inhibition of viral replication or plaque formation
in a plaque reduction assay or ELISA-neutralization assay, or by measuring resistance to pathogen challenge in vivo.
[0033] A "Th1" biased immune response is characterized by the presence of CD4+ T helper cells that produce IL-2
and IFN-y, and thus, by the secretion or presence of IL-2 and IFN-y. In contrast, a "Th2" biased immune response is
characterized by a preponderance of CD4+ helper cells that produce IL-4, IL-5, and IL-13.

[0034] An "immunologically effective amount" is a quantity of a composition (typically, an immunogenic composition)
used to elicit an immune response in a subject to the composition or to an antigen in the composition. Commonly, the
desired result is the production of an antigen (e.g., pathogen)-specific immune response that is capable of or contributes
to protecting the subject against the pathogen. However, to obtain a protective immune response against a pathogen
can require multiple administrations of the immunogenic composition. Thus, in the context of this disclosure, the term
immunologically effective amount encompasses a fractional dose that contributes in combination with previous or sub-
sequent administrations to attaining a protective immune response.

[0035] The adjective "pharmaceutically acceptable” indicates that the referent is suitable for administration to a subject
(e.g., ahuman or animal subject). Remington’s Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton,
PA, 15th Edition (1975), describes compositions and formulations (including diluents) suitable for pharmaceutical delivery
of therapeutic and/or prophylactic compositions, including immunogenic compositions.

[0036] Theterm "modulate" inreference to aresponse, such as animmune response, means to alter or vary the onset,
magnitude, duration or characteristics of the response. An agent that modulates an immune response alters at least
one of the onset, magnitude, duration or characteristics of an immune response following its administration, or that alters
at least one of the onset, magnitude, duration or characteristic as compared to a reference agent.

[0037] The term "reduces" is a relative term, such that an agent reduces a response or condition if the response or
condition is quantitatively diminished following administration of the agent, or if it is diminished following administration
of the agent, as compared to a reference agent. Similarly, the term "prevents" does not necessarily mean that an agent
completely eliminates the response or condition, so long as at least one characteristic of the response or condition is
eliminated. Thus, animmunogenic composition thatreduces or prevents an infection or aresponse, such as a pathological
response, e.g., vaccine enhanced viral disease, can, but does not necessarily completely eliminate such an infection or
response, so long as the infection or response is measurably diminished, for example, by at least about 50%, such as
by at least about 70%, or about 80%, or even by about 90% of (that is to 10% or less than) the infection or response in
the absence of the agent, or in comparison to a reference agent.

[0038] A "subject"is a living multi-cellular vertebrate organism. In the context of this disclosure, the subject can be an
experimental subject, such as a non-human animal, e.g., a mouse, a cotton rat, or a non-human primate. Alternatively,
the subject can be a human subject.
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PreF ANTIGENS

[0039] Innature,the RSV F protein is expressed as asingle polypeptide precursor 574 amino acids in length, designated
FO. In vivo, FO oligomerizes in the endoplasmic reticulum and is proteolytically processed by a furin protease at two
conserved furin consensus sequences (furin cleavage sites), RARR199 (SEQ ID NO:15) and RKRR36 (SEQ ID NO:16)
to generate an oligomer consisting of two disulfide-linked fragments. The smaller of these fragments is termed F2 and
originates from the N-terminal portion of the FO precursor. It will be recognized by those of skill in the art that the
abbreviations FO, F1 and F2 are commonly designated Fg, F; and F in the scientific literature. The larger, C-terminal
F1 fragment anchors the F protein in the membrane via a sequence of hydrophobic amino acids, which are adjacent to
a 24 amino acid cytoplasmic tail. Three F2-F1 dimers associate to form a mature F protein, which adopts a metastable
prefusogenic ("prefusion") conformation that is triggered to undergo a conformational change upon contact with a target
cell membrane. This conformational change exposes a hydrophobic sequence, know as the fusion peptide, which as-
sociates with the host cell membrane and promotes fusion of the membrane of the virus, or an infected cell, with the
target cell membrane.

The F1 fragment contains at least two heptad repeat domains, designated HRA and HRB, and situated in proximity to
the fusion peptide and transmembrane anchor domains, respectively. In the prefusion conformation, the F2-F1 dimer
forms a globular head and stalk structure, in which the HRA domains are in a segmented (extended) conformation in
the globular head. In contrast, the HRB domains form a three-stranded coiled coil stalk extending from the head region.
During transition from the prefusion to the postfusion conformations, the HRA domains collapse and are brought into
proximity to the HRB domains to form an anti-parallel six helix bundle. In the postfusion state the fusion peptide and
transmembrane domains are juxtaposed to facilitate membrane fusion.

Although the conformational description provided above is based on molecular modeling of crystallographic data, the
structural distinctions between the prefusion and postfusion conformations can be monitored without resort to crystal-
lography. For example, electron micrography can be used to distinguish between the prefusion and postfusion (alterna-
tively designated prefusogenic and fusogenic) conformations, as demonstrated by Calder et al., Virology, 271:122-131
(2000) and Morton et al., Virology, 311:275-288. The prefusion conformation can also be distinguished from the fusogenic
(postfusion) conformation by liposome association assays as described by Connolly et al., Proc. Natl. Acad. Sci. USA,
103:17903-17908 (2006). Additionally, prefusion and fusogenic conformations can be distinguished using antibodies
(e.g., monoclonal antibodies) that specifically recognize conformation epitopes presenton one or the other of the prefusion
or fusogenic form of the RSV F protein, but not on the other form. Such conformation epitopes can be due to preferential
exposure of an antigenic determinant on the surface of the molecule. Alternatively, conformational epitopes can arise
from the juxtaposition of amino acids that are non-contiguous in the linear polypeptide.

The PreF antigens disclosed herein are designed to stabilize and maintain the prefusion conformation of the RSV F
protein, such that in a population of expressed protein, a substantial portion of the population of expressed protein is in
the prefusogenic (prefusion) conformation (e.g., as predicted by structural and/or thermodynamic modeling or as as-
sessed by one or more of the methods disclosed above). Stabilizing modifications are introduced into a native (or
synthetic) F protein, such as the exemplary F protein of SEQ ID NO:2, such that the major immunogenic epitopes of the
prefusion conformation of the F protein are maintained following introduction of the PreF antigen into a cellular or
extracellular environment (for example, in vivo, e.g., following administration to a subject).

[0040] First, a heterologous stabilizing domain can be placed at the C-terminal end of the construct in order to replace
the membrane anchoring domain of the FO polypeptide. This stabilizing domain is predicted to compensate for the HRB
instability, helping to stabilize the -prefusion conformer. In exemplary embodiments, the heterologous stabilizing domain
is a protein multimerization domain. One particularly favorable example of such a protein multimerization domain is a
trimerization domain. Exemplary trimerization domains fold into a coiled-coil that promotes assembly into trimers of
multiple polypeptides having such coiled-coil domains. One favorable example of a trimerization domain is an isoleucine
zipper. An exemplary isoleucine zipper domain is the engineered yeast GCN4 isoleucine variant described by Harbury
et al. Science 262:1401-1407 (1993). The sequence of one suitable isoleucine zipper domain is represented by SEQ
ID NO:11, although variants of this sequence that retain the ability to form a coiled-coil stabilizing domain are equally
suitable. Alternative stabilizing coiled coil trimerization domains include: TRAF2 (GENBANK® Accession No. Q12933
[0i:23503103]; amino acids 299-348); Thrombospondin 1 (Accession No. PO7996 [gi:135717]; amino acids 291-314);
Matrilin-4 (Accession No. 095460 [gi:14548117]; amino acids 594-618; CMP (matrilin-1) (Accession No. NP_002370
[9i:4505111]; amino acids 463-496; HSF1 (Accession No. AAX42211 [gi:61362386]; amino acids 165-191; and Cubilin
(Accession No. NP_001072 [gi:4557503]; amino acids 104-138. It is expected that a suitable trimerization domain results
in the assembly of a substantial portion of the expressed protein into trimers. For example, at least 50% of a recombinant
PreF polypeptide having a trimerization domain will assemble into a trimer (e.g., as assessed by AFF-MALS). Typically,
at least 60%, more favorably at least 70%, and most desirably at least about 75% or more of the expressed polypeptide
exists as a trimer.

In order to stabilize HRB even more, the leucine residue located at position 512 (relative to the native FO protein) of the
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PreF can be substituted by a lysine (L482K of the PreF antigen polypeptide of SEQ ID NO:6). This substitution improves
the coiled coil hydrophobic residue periodicity. Similarly, a lysine can be added following the amino acid at position 105.
Secondly, pep27 can be removed. Analysis of a structural model of the RSV F protein in the prefusion state suggests
that pep27 creates a large unconstrained loop between F1 and F2. This loop does not contribute to stabilization of the
prefusion state, and is removed following cleavage of the native protein by furin.

Third, one or both furin cleavage motifs can be deleted. With this design, the fusion peptide is not cleaved from F2,
preventing release from the globular head of the prefusion conformer and accessibility to nearby membranes. Interaction
between the fusion peptide and the membrane interface is predicted to be a major issue in the prefusion state instability.
During the fusion process, interaction between the fusion peptide and the target membrane results in the exposure of
the fusion peptide from within the globular head structure, enhancing instability of the prefusion state and folding into
post-fusion conformer. This conformation change enables the process of membrane fusion. Removal of one or both of
the furin cleavage sites is predicted to prevent membrane accessibility to the N-terminal part of the fusion peptide,
stabilizing the prefusion state. Thus, in exemplary embodiments disclosed herein, removal of the furin cleavage motifs
results in a PreF antigen that comprises an intact fusion peptide, which is not cleaved by furin during or following
processing and assembly.

Optionally, at least one non-furin cleavage site can also be removed, for example by substitution of one or more amino
acids. For example, experimental evidence suggests that under conditions conducive to cleavage by certain metallo-
proteinases, the PreF antigen can be cleaved in the vicinity of amino acids 110-118 (for example, with cleavage occurring
between amino acids 112 and 113 of the PreF antigen; between a leucine at position 142 and glycine at position 143
of the reference F protein polypeptide of SEQ ID NO:2). Accordingly, modification of one or more amino acids within
this region can reduce cleavage of the PreF antigen. For example, the leucine at position 112 can be substituted with
a different amino acid, such as isoleucine, glutamine or tryptophan (as shown in SEQ ID NO:20). Alternatively or addi-
tionally, the glycine at position 113 can be substituted by a serine or alanine.

According to the present invention, a recombinant RSV F protein polypeptide includes one or more modifications that
alters the glycosylation pattern or status (e.g., by increasing the proportion of molecules glycosylated at one the glyco-
sylation sites present in a native F protein polypeptide. The native F protein polypeptide of SEQ ID NO:2 is predicted to
be glycosylated at amino acid positions 27, 70 and 500 (corresponding to positions 27, 70 and 470 of the PreF antigen
of SEQ ID NO:8). According to the invention, a modification is introduced in the glycosylation site at amino acid position
500 (designated N470)-502 that increases glycosylation efficiency at this glycosylation site. Examples of suitable mod-
ifications include at positions 500-502, the following amino acid sequences: NGS; NGT. Interestingly, it has been found
that modifications of this glycosylation site that result in increased glycosylation also result in substantially increased
PreF production. Thus, in certain embodiments, the PreF antigens have a modified glycosylation site at the position
corresponding to amino acid 500 of the reference PreF sequence (SEQ ID NO:2), e.g., at position 470 of the PreF
antigen of SEQ ID NO:6). Suitable, modifications include the sequences: NGS;; NGTat amino acids corresponding to
positions 500-502 of the reference F protein polypeptide sequence. The amino acid of an exemplary embodiment that
includes an "NGT" modification is provided in SEQ ID NO:18. One of skill in the art can easily determine similar modi-
fications for corresponding NGS, , modifications. Such modifications are favorably combined with any of the stabilizing
mutations disclosed herein (e.g., a heterologous coiled-coil, such as an isoleucine zipper, domain and/or a modification
in a hydrophobic region, and/or removal of pep27, and/or removal of a furin cleavage site, and/or removal of a non-furin
cleavage site, and/or removal of a non-furin cleavage site). For example, in one specific embodiment, the PreF antigen
includes a substitution that eliminates a non-furin cleavage site and a modification that increases glycosylation. An
exemplary sequence is provided in SEQ ID NO:22 (which exemplary embodiment includes an "NGT" modification and
the substitution of glutamine in the place of leucine at position 112).

More generally, any one of the stabilizing modifications disclosed herein, e.g., addition of a heterologous stabilizing
domain, such as a coiled-coil (for example, an isoleucine zipper domain), preferably situated at the C-terminal end of
the soluble PreF antigen; modification of a residue, such as leucine to lysine, in the hydrophobic HRB domain; removal
of pep27; removal of one or both furin cleavage motifs; removal of a non-furin cleavage site; and/or modification of a
glycosylation site can be employed in combination with any one or more (or up to all-in any desired combination) of the
other stabilizing modifications. For example, a heterologous coiled-coil (or other heterologous stabilizing domain) can
be utilized alone or in combination with any of: a modification in a hydrophobic region, and/or removal of pep27, and/or
removal of a furin cleavage site, and/or removal of a non-furin cleavage site, and/or removal of a non-furin cleavage
site. In certain specific embodiments, the PreF antigen includes a C-terminal coiled-coil (isoleucine zipper) domain, a
stabilizing substitution in the HRB hydrophobic domain, and removal of one or both furin cleavage sites. Such an antigen
includes the intact fusion peptide that is not removed by furin cleavage. In one specific embodiment, the PreF antigen
also includes a modified glycosylation site at amino acid position 500.

The native F protein polypeptide can be selected from any F protein of an RSV A or RSV B strain, or from variants
thereof (as defined above). In certain exemplary embodiments, the F protein polypeptide is the F protein represented
by SEQ ID NO:2. To facilitate understanding of this disclosure, all amino acid residue positions, regardless of strain, are
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given with respect to (that is, the amino acid residue position corresponds to) the amino acid position of the exemplary
F protein. Comparable amino acid positions of any other RSV A or B strain can be determined easily by those of ordinary
skill in the art by aligning the amino acid sequences of the selected RSV strain with that of the exemplary sequence
using readily available and well-known alignment algorithms (such as BLAST, e.g., using default parameters). Numerous
additional examples of F protein polypeptides from different RSV strains are disclosed in WO2008114149. Additional
variants can arise through genetic drift, or can be produced artificially using site directed or random mutagenesis, or by
recombination of two or more preexisting variants. Such additional variants are also suitable in the context of the PreF
antigens disclosed herein.

In selecting F2 and F1 domains of the F protein, one of skill in the art will recognize that it is not strictly necessary to
include the entire F2 and/or F1 domain. Typically, conformational considerations are of importance when selecting a
subsequence (or fragment) of the F2 domain. Thus, the F2 domain typically includes a portion of the F2 domain that
facilitates assembly and stability of the polypeptide. In certain exemplary variants, the F2 domain includes amino acids
26-105. However, variants having minor modifications in length (by addition, or deletion of one or more amino acids)
are also possible.

Typically, the F1 domain is selected and designed to maintain a stable conformation that includes immunodominant
epitopes of the F protein. For example, the F1 polypeptide domain includes epitopes recognized by neutralizing antibodies
in the regions of amino acids 262-275 (palivizumab neutralization) and 423-436 (Centocor’s ch101F MAb). Additionally,
desirable to include T cell epitopes, e.g., in the region of animo acids 328-355. Most commonly, as a single contiguous
portion of the F1 subunit (e.g., spanning amino acids 262-436). Thus, an F1 domain polypeptide comprises at least
about amino acids 262-436 of an RSV F protein polypeptide. In one non-limiting example provided herein, the F1 domain
comprises amino acids 137 to 516 of a native F protein polypeptide.

[0041] Favorably, the PreF antigens include a signal peptide corresponding to the expression system, for example, a
mammalian or viral signal peptide, such as an RSV FO native signal sequence (e.g., amino acids 1-25 of SEQ ID NO:2
or amino acids 1-25 of SEQ ID NO:6). Typically, the signal peptide is selected to be compatible with the cells selected
for recombinant expression. For example, a signal peptide (such as a baculovirus signal peptide, or the melittin signal
peptide, can be substituted for expression, in insect cells. Suitable plant signal peptides are known in the art, if a plant
expression system is preferred. Numerous exemplary signal peptides are known in the art, (see, e.g., see Zhang &
Henzel, Protein Sci., 13:2819-2824 (2004), which describes numerous human signal peptides) and are catalogued, e.qg.,
in the SPdb signal peptide database, which includes signal sequences of archaea, prokaryotes and eukaryotes (ht-
tp://proline.bic.nus.edu.sg/spdb/). Optionally, any of the preceding antigens can include an additional sequence or tag,
such as a His-tag to facilitate purification.

[0042] Withrespect to selection of sequences corresponding to naturally occurring strains, one or more of the domains
can correspond in sequence to an RSV A or B strain, such as the common laboratory isolates desighated A2 or Long,
or any other naturally occurring strain or isolate (as disclosed in the aforementioned W0O2008114149). In addition to
such naturally occurring and isolated variants, engineered variants that share sequence similarity with the aforementioned
sequences can also be employed in the context of PreF antigens. It will be understood by those of skill in the art, that
the similarity between PreF antigen polypeptide (and polynuclecotide sequences as described below), as for polypeptide
(and nucleotide sequences in general), can be expressed in terms of the similarity between the sequences, otherwise
referred to as sequence identity. Sequence identity is frequently measured in terms of percentage identity (or similarity);
the higher the percentage, the more similar are the primary structures of the two sequences. In general, the more similar
the primary structures of two amino acid (or polynucleotide) sequences, the more similar are the higher order structures
resulting from folding and assembly. Variants of a PreF polypeptide (and polynucleotide) sequences typically have one
or a small number of amino acid deletions, additions or substitutions but will nonetheless share a very high percentage
of their amino acid, and generally their polynucleotide sequence. More importantly, the variants retain the structural and,
thus, conformational attributes of the reference sequences disclosed herein.

Methods of determining sequence identity are well known in the art, and are applicable to PreF antigen polypeptides,
as well as the nucleic acids that encode them (e.g., as decribed below). Various programs and alignment algorithms
are described in: Smith and Waterman, Adv. Appl. Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 48:443,
1970; Higgins and Sharp, Gene 73:237, 1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpet et al., Nucleic Acids
Research 16:10881, 1988; and Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988. Altschul et al., Nature
Genet. 6:119, 1994, presents a detailed consideration of sequence alignment methods and homology calculations. The
NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J. Mol. Biol. 215:403, 1990) is available from several
sources, including the National Center for Biotechnology Information (NCBI, Bethesda, MD) and on the internet, for use
in connection with the sequence analysis programs blastp, blastn, blastx, tblastn and tblastx. A description of how to
determine sequence identity using this program is available on the NCBI website on the internet.

Modification of recombinant RSV F can include a deletion of one or more amino acids and/or an addition of one or more
amino acids. Indeed, if desired, one or more of the polypeptide domains can be a synthetic polypeptide that does not
correspond to any single strain, but includes component subsequences from multiple strains, or even from a consensus
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sequence deduced by aligning multiple strains of RSV virus polypeptides. In certain embodiments, one or more of the
polypeptide domains is modified by the addition of an amino acid sequence that constitutes a tag, which facilitates
subsequent processing or purification. Such a tag can be an antigenic or epitope tag, an enzymatic tag or a polyhistidine
tag. Typically the tag is situated at one or the other end of the protein, such as at the C-terminus or N-terminus of the
antigen or fusion protein.

NUCLEIC ACIDS THAT ENCODE PREF ANTIGENS

[0043] Another aspect of this disclosure concerns recombinant nucleic acids that encode PreF antigens as described
above. More explicitly, such nucleic acids encode polypeptides that include a soluble F protein polypeptide antigen that
includes an F2 domain and an F1 domain of an RSV F protein polypeptide, which includes at least one modification
selected from: (i) an addition of an amino acid sequence comprising a heterologous trimerization domain; (ii) an amino
acid addition, deletion or substitution that eliminates a furin cleavage site at a position corresponding to amino acids
105-109, a position corresponding to amino acids 133-136, or at both positions corresponding to amino acids 105-109
and 133-136 of the reference F protein precursor (Fg) of SEQ ID NO:2; (iii) a deletion of one or more amino acids of the
pep27 domain; and (iv) at least one substitution or addition of a hydrophilic amino acid in a hydrophobic domain of the
F protein extracellular domain by substitution of lysine for the leucine present at position 512 or addition of a lysine
following the amino acid corresponding to residue 105 of reference SEQ ID NO:2 The polynucleotide encodes a PreF
antigen with a modification in a glycosylation site. The nature and structural details of such polypeptides are disclosed
in detail above. One of skill in the art will readily be able to determine nucleotide sequences that encode any and all of
the described polypeptide sequences based on the teachings herein, including the exemplary sequences provided in
the sequence listing, and otherwise included in this disclosure.

[0044] The recombinant nucleic acids may be codon optimized for expression in a selected prokaryotic or eukaryotic
host cell. For example, SEQ ID NOs: 5, 12, 17, 19 and 21 are different illustrative, non-limiting, examples of sequences
that encode a PreF antigen, which have been codon optimized for expression in mammalian, e.g., CHO, cells. To facilitate
replication and expression, the nucleic acids can be incorporated into a vector, such as a prokaryotic or a eukaryotic
expression vector. Host cells including recombinant PreF antigen-encoding nucleic acids are also a feature of this
disclosure. Favorable host cells include prokaryotic (i.e., bacterial) host cells, such as E. coli, as well as humerous
eukaryotic host cells, including fungal (e.g., yeast) cells, insect cells, and mammalian cells (such as CHO, VERO and
HEK293cells).

[0045] To facilitate replication and expression, the nucleic acids can be incorporated into a vector, such as a prokaryotic
or a eukaryotic expression vector. Although the nucleic acids disclosed herein can be included in any one of a variety
of vectors (including, for example, bacterial plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived from
combinations of plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus, pseudorabies, ade-
novirus, adeno-associated virus, retroviruses and many others), most commonly the vector will be an expression vector
suitable for generating polypeptide expression products. In an expression vector, the nucleic acid encoding the PreF
antigen is typically arranged in proximity and orientation to an appropriate transcription control sequence (promoter, and
optionally, one or more enhancers) to direct MRNA synthesis. That is, the polynucleotide sequence of interest is operably
linked to an appropriate transcription control sequence. Examples of such promoters include: the immediate early pro-
moter of CMV, LTR or SV40 promoter, polyhedrin promoter of baculovirus, E. coli lac or trp promoter, phage T7 and
lambda P promoter, and other promoters known to control expression of genes in prokaryotic or eukaryotic cells or
their viruses. The expression vector typically also contains a ribosome binding site for translation initiation, and a tran-
scription terminator. The vector optionally includes appropriate sequences for amplifying expression. In addition, the
expression vectors optionally comprise one or more selectable marker genes to provide a phenotypic trait for selection
of transformed host cells, such as dihydrofolate reductase or neomycin resistance for eukaryotic cell culture, or such as
kanamycin, tetracycline or ampicillin resistance in E. coli.

[0046] The expression vector can also include additional expression elements, for example, to improve the efficiency
of translation. These signals can include, e.g., an ATG initiation codon and adjacent sequences. In some cases, for
example, a translation initiation codon and associated sequence elements are inserted into the appropriate expression
vector simultaneously with the polynucleotide sequence of interest (e.g., a native start codon). In such cases, additional
translational control signals are not required. However, in cases where only a polypeptide-coding sequence, or a portion
thereof, is inserted, exogenous translational control signals, including an ATG initiation codon is provided for translation
of the nucleic acid encoding PreF antigen. The initiation codon is placed in the correct reading frame to ensure translation
of the polynucleotide sequence of interest. Exogenous transcriptional elements and initiation codons can be of various
origins, both natural and synthetic. If desired, the efficiency of expression can be further increased by the inclusion of
enhancers appropriate to the cell system in use (Scharf et al. (1994) Results Probl Cell Differ 20:125-62; Bitter et al.
(1987) Methods in Enzymol 153:516-544).

In some instances, the nucleic acid (such as a vector) that encodes the PreF antigen includes one or more additional
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sequence elements selected to increase and/or optimize expression of the PreF encoding nucleic acid when introduced
into a host cell. For example, in certain embodiments, the nucleic acids that encode the PreF antigen include an intron
sequence, such as a Human Herpesvirus 5 intron sequence (see, e.g., SEQ ID NO:13). Introns have been repeatedly
demonstrated to enhance expression of homologous and heterologous nucleic acids when appropriately positioned in
a recombinant construct. Another class of expression-enhancing sequences includes an epigenetic element such as a
Matrix Attachment Region (or MAR), or a similar epigenetic element, e.g., STAR elements (for example, such as those
STAR elements disclosed in Otte et al., Biotechnol. Prog. 23:801-807, 2007). Without being bound by theory, MARs are
believed to mediate the anchorage of a target DNA sequence to the nuclear matrix, generating chromatin loop domains
that extend outwards from the heterochromatin cores. While MARs do not contain any obvious consensus or recognizable
sequence, their most consistent feature appears to be an overall high A/T content, and C bases predominating on one
strand. These regions appear to form bent secondary structures that may be prone to strand separation, and may include
a core-unwinding element (CUE) that can serve as the nucleation point for strand separation. Several simple AT-rich
sequence motifs have been associated with MAR sequences: e.g., the A-box, the T-box, DNA unwinding motifs, SATB1
binding sites (H-box, A/T/C25) and consensus Topoisomerase |l sites for vertebrates or Drosophila. Exemplary MAR
sequences are described in published US patent application no. 20070178469, and in international patent application
no. WO02/074969. Additional MAR sequences that can be used to enhance expression of a nucleic acid encoding a
PreF antigen include chicken lysozyme MAR, MARp1-42, MARp1-6, MARp1-68, and MARpx-29, described in Girod et
al., Nature Methods, 4:747-753, 2007 (disclosed in GenBank Accession Nos. EA423306, DI107030, DI106196,
DI107561, and DI106512, respectively). One of skill will appreciate that expression can further be modulated be selecting
a MAR that produces an intermediate level of enhancement, as is reported for MAR 1-9. If desired, alternative MAR
sequences for increasing expression of a PreF antigen can be identified by searching sequence databases, for example,
using software such as MAR-Finder (available on the web at futuresoft.org/MarFinder), SMARTest (available on the
web at genomatix.de), or SMARScan | (Levitsky et al., Bioinformatics 15:582-592, 1999). In certain embodiments, the
MAR is introduced (e.g., transfected) into the host cell on the same nucleic acid (e.g., vector) as the PreF antigen-
encoding sequence. In an alternative embodiment, the MAR is introduced on a separate nucleic acid (e.g., in trans) and
it can optionally cointegrate with the PreF antigen-encoding polynucleotide sequence.

[0047] Exemplary procedures sufficient to guide one of ordinary skill in the art through the production of recombinant
PreF antigen nucleic acids can be found in Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold
Spring Harbor Laboratory Press, 1989; Sambrook et al., Molecular Cloning: Laboratory Manual, 3d ed., Cold Spring
Harbor Press, 2001; Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates, 1992 (and
Supplements to 2003); and Ausubel et al., Short Protocols in Molecular Biology: A Compendium of Methods from Currant
Protocols in Molecular Biology, 4th ed., Wiley & Sons, 1999.

[0048] Exemplary nucleic acids that encode PreF antigen polypeptides are represented by SEQ ID NOs: 17 nd 21.
Modification in a glycosylation site, at the amino acid corresponding to position 500 of SEQ ID NO:2 can be produced
by altering (e.g., mutating) the nucleotides in the vicinity of positions 1408-1414 (as compared, for example, to the
polynucleotide sequence of SEQ ID NO: 12, e.g., SEQID NOs: 17 and 21). Suitable sequences of nucleotides to encode
glycosylation variants (e.g., that increase glycosylation efficiency) include: aacgggt, aacaagt, aacggga, and aacaaga.
Alternative sequences, such as cagcagt, which eliminate a glycosylation site are also possible. Additional variants of
can be produced by assembling analogous F protein polypeptide sequences selected from any of the known (or sub-
sequently) discovered strains of RSV, e.g., as disclosed in WO2008114149. Additional sequence variants that share
sequence identity with the exemplary variants can be produced by those of skill in the art. It will be immediately understood
by those of skill in the art, that the polynucleotide sequences encoding the PreF polypeptides, can themselves share
less sequence identity due to the redundancy of the genetic code.

[0049] In addition to the variant nucleic acids previously described, nucleic acids that hybridize to one or more of the
nucleic acids represented by SEQ ID NOs:1, 3, 5, 7, 9, 12, 13, 17, 19 and/or 21 can also be used to encode PreF
antigens. One of skill in the art will appreciate that in addition to the % sequence identity measure discussed above,
another indicia of sequence similarity between two nucleic acids is the ability to hybridize. The more similar are the
sequences of the two nucleic acids, the more stringent the conditions at which they will hybridize. The stringency of
hybridization conditions are sequence-dependent and are different under different environmental parameters. Thus,
hybridization conditions resulting in particular degrees of stringency will vary depending upon the nature of the hybridi-
zation method of choice and the composition and length of the hybridizing nucleic acid sequences. Generally, the
temperature of hybridization and the ionic strength (especially the Na* and/or Mg** concentration) of the hybridization
buffer will determine the stringency of hybridization, though wash times also influence stringency. Generally, stringent
conditions are selected to be about 5°C to 20°C lower than the thermal melting point (T,,) for the specific sequence at
a defined ionic strength and pH. The T,, is the temperature (under defined ionic strength and pH) at which 50% of the
target sequence hybridizes to a perfectly matched probe. Conditions for nucleic acid hybridization and calculation of
stringencies can be found, for example, in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 2001; Tijssen, Hybridization With Nucleic Acid Probes, Part |I: Theory and
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Nucleic Acid Preparation, Laboratory Techniques in Biochemistry and Molecular Biology, Elsevier Science Ltd., NY, NY,
1993.and Ausubel et al. Short Protocols in Molecular Biology, 4th ed., John Wiley & Sons, Inc., 1999.

[0050] For purposes of the present disclosure, "stringent conditions" encompass conditions under which hybridization
willonly occur if there is less than 25% mismatch between the hybridization molecule and the target sequence. "Stringent
conditions" can be broken down into particular levels of stringency for more precise definition. Thus, as used herein,
"moderate stringency" conditions are those under which molecules with more than 25% sequence mismatch will not
hybridize; conditions of "medium stringency" are those under which molecules with more than 15% mismatch will not
hybridize, and conditions of "high stringency" are those under which sequences with more than 10% mismatch will not
hybridize. Conditions of "very high stringency" are those under which sequences with more than 6% mismatch will not
hybridize. In contrast, nucleic acids that hybridize under "low stringency conditions include those with much less sequence
identity, or with sequence identity over only short subsequences of the nucleic acid. It will, therefore, be understood that
the various variants of nucleic acids that are encompassed by this disclosure are able to hybridize to at least one of
SEQIDNOs: 1, 3,5,7,9,12, 13, 17, 19 and/or 21 over substantially their entire length.

METHODS OF PRODUCING RSV ANTIGENIC POLYPEPTIDES

[0051] The PreF antigens disclosed herein are produced using well established procedures for the expression and
purification of recombinant proteins. Procedures sufficient to guide one of skill in the art can be found in the following
references: Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY, 200; and Ausubel et al. Short Protocols in Molecular Biology, 4th ed., John Wiley & Sons, Inc., 999. Additional
and specific details are provided hereinbelow.

[0052] Recombinant nucleic acids that encode the PreF antigens are introduced into host cells by any of a variety of
well-known procedures, such as electroporation, liposome mediated transfection (e.g., using a commercially available
liposomal transfection reagent, such as LIPOFECTAMINE™2000 or TRANSFECTIN™), Calcium phosphate precipita-
tion, infection, transfection and the like, depending on the selection of vectors and host cells. Nucleic acids that encode
PreF antigens are disclosed in SEQ ID NOs:5, 7, 9,12, 13, 17, 19 and 21. One of skill in the art will appreciate that SEQ
IDNOs:5,7,9,12,13,17,19and 21 are illustrative and not intended to be limiting. For example, polynucleotide sequences
that encode the same proteins as SEQ ID NOs:5, 7 and 9, (e.g., represented by SEQ ID NOs: 6, 8 and 10), but that
differ only by the redundancy of the genetic code (such as by alternative codon optimization, as shown in SEQ ID NO:12),
can easily be used instead of the exemplary sequences of SEQ ID NOs:5, 7, and 9. The same is true of SEQ ID NOs: 17,
19and 21. Similarly, polynucleotide sequences thatinclude expression-enhancing elements, such asinternally positioned
introns (or by the addition of promoter, enhancer, intron or other similar elements), as illustrated in SEQ ID NO:13, can
be employed. One of ordinary skill in the art will recognize that combinations of such modifications are likewise suitable.
Similarly, homol