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Description

FIELD OF THE INVENTION

[0001] The invention relates to proteins and composi-
tions for preventing or treating human rhinovirus infec-
tion.

BACKGROUND OF THE INVENTION

[0002] Human rhinoviruses (HRVs) represent the sin-
gle most important etiological agents of the common cold
(Arruda et al., J. Clin. Microbiol. 35:2864-2868 (1997);
Couch, "Rhinoviruses." In: Fields, B.N., Knipe, D.M.
(Eds.), Virology. Raven Press, New York, 607-629
(1990); Turner, Antivir. Res. 49(1):1-14 (2001)). HRVs
causing about one-third of the outbreaks of the common
cold are represented by about 100 serotypes, the con-
valescent sera from patients infected with which are not
fully cross-neutralizing. Although HRV-induced upper
respiratory illness is often mild and self-limiting, the so-
cioeconomic impact caused by missed work or school is
enormous and the degree of inappropriate antibiotic use
is significant. It has been estimated that upper respiratory
disease accounts for at least 25 million absences from
work and 23 million absences of school annually in the
United States (Anzueto et al., Chest 123(5):1664-1672
(2003); Rotbart, Antivir. Res. 53:83-98 (2002)).

[0003] There is increasing evidence of a link between
HRYV infection and more serious medical complications.
For example, HRV-induced colds are the important pre-
disposing factors to acute otitis media and sinusitis, and
are major factors in the induction of exacerbations of
asthma in adults and children. HRV infections are also
associated with lower respiratory tract syndromes in in-
dividuals with cystic fibrosis, bronchitis, and other under-
lying respiratory disorders (Gern, Pediatr. Infect. Dis. J.
23:S78-S86  (2004); Anzueto et al, Chest
123(5):1664-1672 (2003); Gern et al., Clin. Microbiol.
Rev. 12(1):9-18 (1999); Pitkaranta et al., J. Clin. Micro-
biol. 35:1791-1793 (1997); Pitkaranta et al., Pediatrics
102:291-295 (1998); Rotbart, Antivir. Res. 53:83-98
(2002)).

[0004] To date, no effective antiviral therapies have
been approved for either the prevention or treatment of
diseases caused by HRV infection. Thus, there exists a
significant unmet medical need to find agents that can
prevent HRV infection, shorten the duration of HRV-in-
duced illness, lessen the severity of symptoms, minimize
secondary bacterial infections and exacerbations of un-
derlying disease, and reduce virus transmission. A pro-
phylactic HRV vaccine should be protective against a
wide variety of serotypes to reduce the number of HRV
infections and their clinical impact.

[0005] Attempts to make HRV vaccines based on syn-
thetic peptides corresponding to conserved regions of
structural proteins alone (McCray et al., Mature
329:736-738 (1987)) or as a part of biological fusions
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(Brown et al., Vaccine 9:595-601 (1991); Francis et al.,
Proc. Natl. Acad. Sci. U.S.A. 87:2545-2549 (1990)) have
had limited success, due to low immunogenicity of cho-
sen peptides, which may be partially explained by their
low exposure on the virus surface (limited access to an-
tibodies) or conformational constraints.

[0006] The presentinvention overcomes these limita-
tions and features a vaccine that elicits a protective se-
rotype cross-reactive neutralizing antibody response to
prevent and treat HRV infection.

SUMMARY OF THE INVENTION

[0007] The invention provides immunogenic proteins
capable of inducing an immune response to a rhinovirus
in a subject, the protein comprising an isolated rhinovirus
neutralizingimmunogen IV (NimIV) peptide, wherein said
NimlV peptide consists of a sequence selected from the
group consisting of: PVIKKRE or an 8-30 amino acid frag-
ment of the C-terminal end of virus structural protein 1
(VP-1) of a human rhinovirus comprising PVIKKRE, and
said protein does not comprise additional flanking se-
quence with which said NimlV peptide is contiguous in a
naturally occurring virus.

[0008] The invention also includes isolated nucleic ac-
id molecules encoding a protein of the invention or com-
plements thereof. Further, the invention includes vectors
(e.g., HRV 14 vectors) including the nucleic acid mole-
cules of the invention. The vectors can be, for example,
human rhinovirus vectors, e.g., human rhinovirus vectors
of a serotype different from that of the human rhinovirus
from which the NimlV peptide is derived. In one example,
the NimlV peptide or nucleic acid molecule is present in
said human rhinovirus vector in place of NimlV sequenc-
es originally present in said vector. In other examples,
the human rhinovirus from which the NimlV peptide is
derived is human rhinovirus 6 (HRV6) or human rhinovi-
rus 72 (HRV72). The latter peptides may be included in,
e.g., a human rhinovirus 14 (HRV14) vector. US5541100
discloses such recombinant HRV14 rhinoviruses ex-
pressing a heterologous immunogenic peptide. In other
examples, the VP1 protein or nucleic acid molecule of
the vector is replaced with the VP 1 protein or nucleic acid
of the human rhinovirus from which the NimlV peptide is
derived. In additional examples, the vector includes an
inactivated human rhinovirus, to which the NimIV peptide
is cross-linked, or a hepatitis B core sequence to which
NimlV sequences are fused (see, e.g., Fiers et al., Virus

Res. 103:173-176, 2004, WO 2005/055957; US
2003/0138769 A1; US 2004/0146524A1; US
2007/0036826 A1).

[0009] The invention further includes pharmaceutical

compositions including the_ proteins, nucleic acid mole-
cules, and vectors of the invention. Optionally, the phar-
maceutical compositions also include one or more of a
pharmaceutically acceptable diluents, excipients, carri-
ers, and/or adjuvants. Exemplary adjuvants include chitin
microparticles and aluminum compounds. Further, the
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compositions can optionally include one or more addi-
tional human rhinovirus neutralizing immunogens.
[0010] Also included in the invention are the proteins
or nucleic acid molecules of the invention for use in meth-
ods of inducing an immune response to a rhinovirus in a
subject. These methods involve administering to the sub-
ject the protein or nucleic acid molecule. In some exam-
ples, the subjects does not have but is at risk of devel-
oping rhinovirus infection. In other examples, the subject
has rhinovirus infection.

Definitions

[0011] By "administration" or "administering" is meant
a method of giving a dosage of a composition of the in-
vention to a mammal (e.g., a human), where the method
is, e.g., intranasal, topical, systemic, inhalation, oral, in-
travenous, sub-cutaneous, intravascular, intra-arterial,
intratumor, intraperitoneal, intraventricular, intraepidural,
nasal, rectal intrascleral, ophthalmic, intraocular, or in-
tramuscular. The preferred method of administration can
vary depending on various factors, e.g., the components
of the pharmaceutical composition, site of the potential
or actualdisease (e.g., the location of a tumor or vascular
condition to be treated) and the severity of disease.
[0012] By "human rhinovirus" (HRV) is meant any
member of the family Picornaviridae genus Rhinovirus.
HRV can be classified by serotype, of which approxi-
mately 100 are known to exist. For example, HRV14,
HRV6, HRV37, and HRV92 refer to human rhinoviruses
of serotypes number 14, 6, 37, and 92 respectively.
[0013] By "pharmaceutically acceptable carrier" is
meant a carrier that is physiologically acceptable to a
treated mammal, while retaining the prophylactic or ther-
apeutic properties of the compound with which it is ad-
ministered. One exemplary pharmaceutically acceptable
carrier is physiological saline. Other physiologically ac-
ceptable carriers and their formulations are known to
those skilled in the art and examples are described, for
example, in Remington’s Pharmaceutical Sciences,
(18th edition), ed. A. Gennaro, 1990, Mack Publishing
Company, Easton, PA.

[0014] By "neutralizing immunogen" (Nim) is meant a
human rhinovirus (HRV) sequence that, upon introduc-
tion into a human, elicits anti-HRV neutralizing antibod-
ies. In the case of recombinant HRV vaccines as de-
scribed herein, the NimlIV serotype is placed in super-
script to specifically describe the source of the Nim (e.g.,
NimIVHRVE refers to a NimlV sequence derived from the
HRV®6 serotype).

[0015] A '"neutralizing immunogen IV peptide" or
"NimlV peptide" is a peptide having a sequence from the
carboxyl terminal region (e.g., amino acids 274-289, us-
ing HRV 14 (NTEPVIKKRKGDIKSY; SEQ ID NO:10) as
areference; see Fig. 12B) of a rhinovirus virus structural
protein 1 (VP1). NimlV peptides can include the specified
sequences, additional flanking sequences, or only a core,
conserved sequence, as described below. In addition,
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the peptides may be unmodified, and thus be identical
to naturally occurring NimlV sequences, or may include
one or more substitutions, deletions, insertions, or other
modifications (e.g., 1,2, 3,4,5,6,7, 8,9, 10, 11,12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 substitu-
tions, deletions, or insertions), provided that immuno-
genicity of the peptide is substantially maintained. Fur-
ther, the NimlV peptides may comprise L or D amino
acids, or mixtures thereof.

[0016] Examples of NimlV peptide sequences are list-
ed below. The peptides can be, for example, 5-30, 8-25,
10-20, 14-19, 15-18, or 16-17 amino acids in length. The
peptides may include a core NimlV sequence and, op-
tionally, be flanked with additional NimlV sequences or
linker sequences (e.g.,1,2,3,4,5,6,7, 8,9, or 10 amino
acids on amino and/or carboxyl terminal ends). Examples
of core NimlV sequences include PVIKKR (SEQ ID
NO:1), PVIKKRK (HRV14; SEQ ID NO:2), PVIKKRE
(HRV6 and HRV72; SEQ ID NO:3), PVIKKRS (HRV92;
SEQ ID NO:4), PVIEKRT (HRV83; SEQ ID NO:5), PKI-
IKKR (HRV86; SEQ ID NO:6), PVIKRRE (HRV35; SEQ
ID NO:7), PIIAKRE (HRV79; SEQ ID NO:8), TIIKKRT
(HRV3; SEQ ID NO:9), TIVKKRT (HRV3; SEQ ID
NO:11), TAIVTRP (HRV2; SEQ ID NO:12), VAIRPRT
(HRV16; SEQ ID NO: 13), TAIVRRN (HRV1A; SEQ ID
NO:14), NTEPVIKKRKGDIKSY (HRV14; SEQ ID
NO:10), as well as other HRV sequences that align with
these sequences (see, for example, Fig. 11). The core
sequence may be defined, for example, by the formula
A-X1-Xo-1-X3-X4-R-X5-B, where X; =P or T; X, =V, K,
orl; X3=K,E,l,orA; X, =KorR; X5=S,E,D, T,R, T,
or K; A = 0-10 additional amino acids; and B = 0-10 ad-
ditional amino acids (SEQ ID NO:41). The sequence of
A and/or B can be naturally occurring NimIV/VP1 se-
quences, artificial sequences (e.g., linker sequences), or
mixtures thereof.

[0017] A "neutralizing immunogen IV nucleic acid mol-
ecule" or "NimlV nucleic acid molecule" is a nucleic acid
molecule encoding a NimlV peptide as defined herein or
the complement thereof.

[0018] ANimlV peptide or nucleic acid moleculeis "iso-
lated" if it does not include flanking sequences with which
itis contiguous in naturally occurring virus. Such peptides
or nucleic acid molecules may be limited by, for example,
the full-length sequence of VP1, the carboxyl terminal
half of VP1, the carboxyl terminal quarter of VP1, or the
carboxyl terminal 15-30 amino acids of VP1, or corre-
sponding regions of nucleic acid sequences (see, e.g.,
Laine et al., J. Gen. Virol. 87:129-138, 2006).

[0019] A NimlV peptide "consists essentially of" a
specified sequence, if it includes only that sequence, as
well as possibly a minimal amount of flanking sequences
(e.g., 1-10, 2-9, 3-8, 4-7, or 5-6 amino acids), on amino
and/or carboxyl terminal ends, which may be naturally
occurring sequences, artificial sequences (e.g., linkers),
or combinations thereof. Such sequences can be present
in the context of larger sequences (e.g., heterologous
virus or other vector sequences).
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[0020] A NimlV nucleic acid molecule "consists essen-
tially of" a specified sequence, if it includes only that se-
quence, as well as possibly minimal amount of flanking
sequences (e.g., 3-30, 6-27, 9-24, 12-21, or 15-18 nu-
cleotides), on 5’ and/or 3’ ends, which may be naturally
occurring sequences, artificial sequences (e.g., linkers),
orcombinations thereof. Such sequences can be present
in the context of larger sequences (e.g., heterologous
virus or other vector sequences).

[0021] Otherfeatures and advantages of the invention
will be apparent from the following Detailed Description,
the Drawings, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a diagram of the structural region of CR6
genome (lower panel) and amino acid alignment of-
NimlV sequences of HRV6 (SEQ ID NO:18) and
HRV14 (SEQ ID NO:10) (upper panel).

Figs. 2A and 2B are graphs showing the results of
plaque reduction neutralization assays of CR6 (a chi-
mera including HRV14 sequences, with the excep-
tion ofNimlV sequences, which are HRV6 sequenc-
es; also referred to herein as CR®6; the right-hand
bar of each pair (green)) and HRV14 (the left-hand
bar of each pair (brown)) with guinea pig polyclonal
antibodies anti-HRV14 (Fig. 2A) and anti-HRV6
(Fig. 2B). 20K, 40K, 60K, 80K correspond to titers
of antibodies 2x10%4, 4x10%4, 6x104, and 8x10% re-
spectively. The upper (green) and lower (brown)
dashed lines indicate 50 % reduction of plaque
number for HRV14 and HRV®6, respectively.

Figs. 3A-3D are three-dimensional models of HRV
14 and CR6. Figs. 3A and 3B are 3D models of an
HRV14 virus particle designed on the basis of known
crystal structure (Che et al., J. Virol. 72:4610-4622
(1998)) using Chimera software (ht-
tp://lwww.cgl.ucsf.edu/chimera/). VP1,Vp2, and VP2
are shown in dark blue, magenta, and grey colors,
respectively. The HRV14 particle is presented as
spacefill model, where Nims are color-coded onto its
Van-der-Vaals surface. Green, blue, and magenta
wired surfaces depict Nimlll, NimlV, and Nimll, re-
spectively. Contact of NimlV with Nimlll is shown to
be provided through K287. Note that Niml on this
model is covered by Niml-specific Fab17 shown by
dark green.

Figs. 3C and 3D are 3D models prepared using Ac-
celrys Discovery Studio v1.5.1 (Accelrys Software,
Inc.). Fig. 3C - Spacefill model of Niml, Nimll, Nimll,
and NimlV of HRV 14 particle. Amino acid residues
of Nims are depicted by Van Der Vaals solid surfac-
es. Positively and negatively charged surfaces are
shown in blue and red, respectively. Fig. 3D - Com-
parison of spacefill models of HRV 14 and CR6 vi-
ruses (Nimlll and NimlIV are only shown). The struc-
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ture of CR6 was predicted on the basis of known
crystal structure (see above) and information on pro-
tein sequence CRG6 (see Fig. 1). Note: close contact
of positively charged K287 from NimlV of HRV14
with negative residues ofNimlll, whereas in CR6 due
to K287T substitution this connection is abrogated.
Fig. 4 shows the results of neutralization of CR6 with
mouse anti-HRV37, anti-HRV92, and anti-HRV®6 se-
ra. Fig. 4Ais an alignment of NimlIV for HRV14 (SEQ
ID NO:10), HRV37 (SEQID NO:21), HRV6 (SEQ ID
NO:18), and HRV92 (SEQ ID NO:20). Amino acids
are numbered (below) according to an HRV14 tem-
plate. Identical regions are shown in the rectangles
(blue). Fig. 4B is a series of graphs showing the re-
sults of plaque reduction neutralization test (PRNT)
studies of HRV14 (the left-hand bar of each pair;
brown) and CR6 (the right-had bar of each pair;
green)with anti-HRV37, anti-HRV92, and anti-HRV6
mouse antibodies generated against corresponding
purified viruses. 50% neutralization titers are shown
by either dashed lines on the graphs or numerically
(50% NUT) in the boxed panel of the picture beneath
correspondent graphs.

Fig. 5 shows experimental data based on
NimIVHRVE_ and NimIVHRV14_gpecific synthetic pep-
tides. Fig. 5A is a Western blot of KLH-linked pep-
tides H6 (NimIVHRV6) and H14 (NimIVHRV14) detect-
ed by guinea pig anti-HRV14 (GP14) and anti-HRV6
(GP6) polyclonal antibodies. Fig. 5B is a Western
blot of free H6 and H14 peptides detected with the
same antibodies; lane (1) - protein weight marker,
lane (2) - H6-KLH (A) or H6 (B), lane (3) - H14-KLH
(A) or H14 (B). Fig. 5C is a graph showing the results
of ELISA analysis of H6 and H14 with GP6 and
GP14.

Fig. 6 is a graph showing the results of plaque re-
duction neutralization test (PRNT) studies of HRV
14 and HRV6 with mouse anti-HRV14-Nim|VHRV6
serum. These data show immunodominance of
NimIVHRV® in the background of HRV 14 capsid.
Fig. 7 is a graph showing the results of plaque re-
duction neutralization test (PRNT) studies of HRV
14 and CR6, which shows that a Nimlll monoclonal
antibody (Mab5)) neutralized CR6 abouttenfold less
than HRV14.

Fig. 8 is a graph showing the results of plaque re-
duction neutralization test (PRNT) studies of HRV
14 and CR6, which shows that a Nimll monoclonal
antibody (Mab16) neutralized CR6 about five fold
more than HRV14.

Fig. 9 is a graph showing the results of plaque re-
duction neutralization test (PRNT) studies of HRV
14 and CR6, which shows that a Niml monoclonal
antibody (Mab17) neutralized CR6 about 1.5 fold
less than HRV14.

Fig. 10 is a table showing that Nim IV affects Niml,
Nimll, and Nimlll (50% neutralization titer).

Fig. 11 shows an alignment of Nimlll and NimlIV se-
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quences (SEQ ID NOS:10, 18, and 20-37), as well
as the position of these sequences in the HRV struc-
tural proteins.

Fig. 12A is an alignment of VP1 sequences (SEQ
ID NOS:38-40) of CR6 and CR72 chimeras. Fig. 12B
is a schematic representation of HRV genome, with
alignment ofNimlVs of HRV6 (SEQ ID NO:18),
HRV72 (SEQ ID NO:32) and HRV 14 (SEQ ID
NO:10).

Fig. 13is apair of graphs showing that NimIV confers
unto chimeric recombinant the neutralization char-
acteristics of the donor serotype. Fig. 13A shows
neutralization titers of CR72 (open bars) and HRV14
(black bars) with GP72 antibodies. Fig. 13B shows
neutralization titers of CR6 (open bars) and HRV14
(black bars) with GP6 antibodies. Note: GP6 and
GP72= guinea pig polyclonal antibodies (ATCC)
against HRV6 and HRV72, respectively.

Fig. 14 is a table showing the effect of NimIV re-
placement on other Nims of an HRV 14 backbone
(Niml, 1, Il Mabs against HRV 14, CR6 and CR72
(neutralization)).

Fig. 15 is a table showing the 50% neutralization
titers of anti-CR6 and anti-CR72 mouse antiserums
against HRV14, HRV6, HRV72, CR6, and CR72.

DETAILED DESCRIPTION OF THE INVENTION

[0023] In general, the invention relates to a novel im-
munogenic locus of human rhinovirus (HRV) and its use
in vaccines to prevent or treat HRV infection. The inven-
tion is based on our discovery of a new HRV neutralizing
immunogen (Nim), NimlIV, which can be used as a vac-
cine. This vaccine, as described below, comprises sev-
eral embodiments. These include single or multiple re-
combinant HRVs displaying heterologous NimlV anti-
gens, synthetic NimIV peptides alone or in the context of
virus, protein, or chemically-linked carriers, and mixtures
of biological or chemical fusions of serotype-diverse
NimIV peptides in the context of biological carriers. Such
HRV vaccines, which elicit NimlV-specific immune re-
sponses to a broad array of HRV serotypes, are useful
for both prophylactic and therapeutic treatment of HRV
infection. The NimlV antigen, vaccine compositions in-
cluding NimlIV, and methods of using such compositions
are described further, as follows.

Neutralizing Inmunogen IV (NimlV)

[0024] Three major surface Neutralizing Immunogens
(Niml, Nimll, and Nimlll) of rhinoviruses (HRVs) elicit
highly specific neutralizing immune responses. Nim-spe-
cific antibodies block virus attachment to the cell receptor
(ICAM-1). The present invention is based on the discov-
ery of a novel Nim (NimlV), encompassing a stretch of
about 17-25 amino-acid sequences at the C-terminal end
of structural protein VP1, and identified by molecular ev-
olution experiments. We demonstrate that NimlV is ex-
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changeable between different HRV serotypes. For ex-
ample, when NimlV of a donor serotype HRV (e.g., HRV6
or HRV72) is introduced into another serotype host virus
(e.g., HRV14), it confers on the resulting chimeric recom-
binant neutralization characteristics of the donor sero-
type, significantly changing the neutralizing characteris-
tics of the host virus. The incorporation of NimlV into re-
combinant HRV vaccines will result in serotype cross-
reactive immune responses directed against a broad ar-
ray of HRV serotypes.

Recombinant HRV vaccine utilizing chimeric NimIV
antigens

[0025] One characteristic of an ideal HRV vaccine is
the ability to protect a human at risk of HRV infection from
a broad range of HRV serotypes. The vaccines of the
present invention feature the ability to elicit protective
and therapeutic immune responses against a large
number of HRV serotypes (e.g., a majority or, more ide-
ally, all HRV serotypes) that cause disease in humans.
This can be accomplished by the use of multiple NimIV
sequences in a vaccine, which can involve, for example,
the addition of NimIV antigens from donor serotypes into
asmall group of host serotype HRVs. As we show below,
the transferred NimlV antigen provokes strong neutral-
izing antibody responses that are serotype specific. In
the context of chimeric or recombinant vaccines, the
combination of a first serotype NimlV antigen into a sec-
ond serotype host HRV elicits neutralizing antibodies di-
rected against both HRV serotypes, thus broadening the
protective or therapeutic benefit over a vaccine not chi-
meric at the NimlV locus. For example, replacement of
NimIVHRV14 (j e., the NimlIV antigen in HRV serotype 14)
of HRV 14 with NimIVHRVE yields the HRV vaccine CR6
(discussed further below). This vaccine induces gener-
ation of neutralizing antibodies directed against both
HRV14 and HRV6 serotypes. In another example, re-
placement of NimIVHRV14 of HRV 14 with NimIVHRV72
yields the HRV vaccine CR72 (discussed further below).
This vaccine generates neutralizing antibodies directed
against both HRV14 and HRV72 serotypes. A mixture of
recombinant HRVs, thus constructed, that comprise a
large number of donor serotype NimlV antigens and a
limited number of host serotype HRV combinations rep-
resents an ideal vaccine for the prevention or treatment
of HRV infection.

NimlV peptides

[0026] A second embodiment of the invention relates
to the use of synthetic or naturally-derived NimlV pep-
tides that correspond to the amino acid sequence of the
NimlV genetic locus. Examples of such peptides are pro-
vided elsewhere herein (see, e.g., the Summary of the
Invention and the Experimental Examples). The admin-
istration of a mixture of peptides, pooled from a broad
range of HRV serotypes, elicits a broadly protective neu-
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tralizing antibody response for the prevention or treat-
ment of HRV infection. The administration of a mixture
of NimlV peptides can occur alone or in combination with
pharmaceutically acceptable adjuvants or stimulants of
the immune system (see below).

NimlV fusion molecules

[0027] Another aspect of the invention relates to the
chemical or biological fusion of NimlV antigens to a bio-
logical carrier to be used as an HRV vaccine. In this con-
text, NimlV peptides, derived from single or multiple se-
rotypes, are bound to a suitable biological carrier (e.g.,
a hepatitis B core antigen) to improve degradation half-
life, tissue penetrance and specificity, detection, or im-
munogenecity of the NimlV peptides. Mixtures of such
NimlIV fusion molecules, drawn from many HRV sero-
types, are then used to vaccinate a human to prevent or
treat HRV infection. In other examples, NimlV peptides
(which may be from many different serotypes) are cross-
linked to HRV carriers.

Administration and Dosage

[0028] The present invention also provides composi-
tions that include prophylactically or therapeutically ef-
fective amounts of one or more human rhinovirus vac-
cine, as described herein. The mixtures of HRV vaccines
may be presentin the same pharmaceutical composition
(a single dosage form) or separate pharmaceutical com-
positions (separate dosage forms), which are adminis-
tered concomitantly or at different times. The composi-
tions can be formulated for use in a variety of drug delivery
systems. One or more physiologically acceptable excip-
ients or carriers can also be included in the compositions
for proper formulation. The viruses can be in lyophilized
form or dissolved in a physiologically compatible solution
or buffer, such as saline or water. Standard methods of
preparation and formulation can be used as described,
for example, in Remington’s Pharmaceutical Sciences
(18th edition), ed. A. Gennaro, 1990, Mack Publishing
Company, Easton, PA.

[0029] The compositions are intended for intranasal,
parenteral, topical, oral, or local administration for pro-
phylactic and/or therapeutic treatment. Typically, the
compositions are administered intranasally (e.g., by aer-
osol inhalation or nose drops), parenterally (e.g., by in-
tramuscular, subcutaneous, or intravenous injection), or
by oral ingestion, or by topical application or intraarticular
injection. Additional routes of administration include in-
travascular, intra-arterial, intratumor, intraperitoneal, in-
traventricular, intraepidural, as well as ophthalmic, intras-
cleral, intraorbital, rectal, or topical administration. Sus-
tained release administration is also specifically included
in the invention, by such means as depot injections or
erodible implants or components. Thus, the invention
provides compositions for mucosal or parenteral admin-
istration that include the above-mentioned agents dis-
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solved or suspended in an acceptable carrier, preferably
an aqueous carrier, e.g., water, buffered water, saline,
PBS, and the like. The compositions may contain phar-
maceutically acceptable auxiliary substances as re-
quired to approximate physiological conditions, such as
pH adjusting and buffering agents, tonicity adjusting
agents, wetting agents, detergents and the like. The in-
vention also provides compositions for oral delivery,
which may contain inert ingredients such as binders or
fillers for the formulation of a tablet, a capsule, and the
like. Further, this invention provides compositions for lo-
cal administration, which may contain inert ingredients
such as solvents or emulsifiers for the formulation of a
cream, an ointment, and the like.

[0030] These compositions may be sterilized by con-
ventional sterilization techniques, or may be sterile fil-
tered. The resulting aqueous solutions may be packaged
for use as is or lyophilized, the lyophilized preparation
being combined with a sterile aqueous carrier prior to
administration. The pH of the preparations typically will
be between 3 and 11, e.g., between 5 and 9, 6 and 8, or
7 and 8, such as 7 to 7.5. The resulting compositions in
solid form may be packaged in multiple single dose units,
each containing a fixed amount of the above-mentioned
agent or agents, such as in a sealed package of tablets
or capsules. The compositions can also include the active
ingredient(s) in lyophilized form, which is reconstituted
for administration.

[0031] The compositions containing an effective
amount of vaccine can be administered for prophylactic
and/or therapeutic treatments. In prophylactic applica-
tions, compositions can be administered to a subject
(e.g., a human subject) with increased susceptibility to
HRYV infection. Compositions of the invention will be ad-
ministered to the subject (e.g., a human) in an amount
sufficient to delay, reduce, or prevent the onset of clinical
or subclinical disease. In therapeutic applications, com-
positions are administered to a patient (e.g., a human)
already suffering from HRV infection in an amount suffi-
cient to cure or at least partially arrest the symptoms of
the condition and its complications. An amount adequate
to accomplish this purpose is defined as a "therapeuti-
cally effective dose." Determination of an appropriate
dosage amount and regimen can readily be determined
by those of skill in the art. Amounts effective for this use
may depend on the severity of the disease or condition
and the weight and general state of the patient, but gen-
erally range from about 0.5 mg to about 3000 mg of the
agent or agents per dose per patient. The vaccines can
be administered one time only or in prime/boost regi-
mens. Suitable regimens for initial administration and
booster administrations are typified by an initial admin-
istration followed by repeated doses at one or more hour-
ly, daily, weekly, or monthly intervals by a subsequent
administration. The total effective amount of an agent
present in the compositions of the invention can be ad-
ministered to a mammal as a single dose, either as a
bolus or by infusion over a relatively short period of time,
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or can be administered using a fractionated treatment
protocol, in which multiple doses are administered over
a more prolonged period of time (e.g., a dose every 4-6,
8-12, 14-16, or 18-24 hours, or every 2-4 days, 1-2
weeks, once a month).

[0032] The therapeutically-effective amount of one or
more agents present within the compositions of the in-
vention and applied to mammals (e.g., humans) can be
determined by the those of skill in the art with consider-
ation of individual differences in age, weight, immune
system integrity, and the condition of the mammal. The
agents of the invention are administered to a subject (e.g.
amammal, such as human, mouse, livestock (e.g., cattle,
sheep, or pigs), domestic pet (e.g., cat or dog)) in an
effective amount, which is an amount that produces a
desirable result in a treated subject (e.g., the prevention
of HRV infection in a susceptible individual or the less-
ening of symptoms in an infected individual). Such ther-
apeutically effective amounts can be determined empir-
ically by those of skill in the art.

[0033] The vaccines of the invention can be used in
combination with other vaccination approaches, as well
as other approaches to treatment (e.g., small molecule-
based approaches). For example, the viruses can be ad-
ministered in combination with other recombinant vac-
cines including the same or different antigens. The com-
bination can include co-administration of vaccines of the
invention with other forms of the antigen. Alternatively,
the vaccines of the presentinvention can be used in com-
bination with other approaches (such as subunit or HBc

approaches (HBc-M2e; Fiers et al., Virus Res.
103:173-176, 2004; WO  2005/055957; us
2003/0138769 A1; US 2004/0146524A1; US

2007/0036826 A1)) in a prime-boost strategy, with either
the vaccines of the invention or the other approaches
being used as the prime, followed by use of the other
approach as the boost, or the reverse. Described herein
are prime-boost strategies employing the vaccine of the
present invention as both prime and boost agents.
[0034] The vaccines of the invention can be adminis-
tered to subjects, such as mammals (e.g., human sub-
jects) using standard methods. In the case of intranasal
administration, the vectors can be administered in the
form of nose-drops or by inhalation of an aerosolized or
nebulized formulation.

[0035] The vectors of the invention can be adminis-
tered to subjects, such as humans, as live or killed vac-
cines. The live vaccines can be administered intranasally
using methods known to those of skill in the art (see, e.g.,
Grinberg et al., Am. J. Respir. Crit. Car. Med.
156:609-616, 1997). Appropriate dosage amounts and
regimens can readily be determined by those of skill in
the art. As an example, the dose range can be, e.g., 103
to 108 pfu per dose. The vaccine can advantageously be
administered in a single dose, however, boosting can be
carried outas well, if determined to be necessary by those
skilled in the art. As to inactivated vaccines, the virus can
be killed with, e.g., formalin or UV treatment, and admin-
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istered intranasally at about 108 pfu per dose, optionally
with appropriate adjuvant (e.g., chitin or mutant LT; see
above). In such approaches, it may be advantageous to
administer more than one (e.g., 2-3) dose.

[0036] The size of the protein that is included in a vac-
cine of the invention can range in length from, for exam-
ple, from 3-1000 amino acids, for example, from 5-500,
10-100, 20-55, 25-45, or 35-40 amino acids, as can be
determined to be appropriate by those of skill in the art.
Thus, proteins in the range of 7-25, 12-22, and 15-20
amino acids in length can be used in the invention. Fur-
ther, the proteins noted herein can include additional se-
quences or can be reduced in length, also as can be
determined to be appropriate by those skilled in the art.
The proteins listed herein can be present in the vectors
of the invention as shown herein, or can be modified by,
e.g., substitution or deletion of one or more amino acids
(eg.,1,2,3,4,5,6,7,8,9, 10, or more amino acids),
as long as they are within the scope of the claims. In
addition, the peptides can be present in the vaccine in
the context of larger peptides. Optionally, peptides such
as those described above and elsewhere herein include
additional sequences on the amino and/or carboxyl ter-
minal ends, wherein such sequences are not naturally
associated with the peptide sequences (i.e., the se-
quences with which the peptides are contiguous in the
influenza virus genome), e.g., synthetic linker sequenc-
es. The peptides can thus include, e.g., 1-25, 2-20, 3-15,
4-10, or 4-8 amino acid sequences on one or both ends.
As a specific example, the peptide may include 1-3 linker
sequences at amino and/or carboxyl terminal ends.

Adjuvants

[0037] For vaccine applications, optionally, adjuvants
that are known to those skilled in the art can be used.
Adjuvants are selected based on the route of adminis-
tration. In the case of intranasal administration, chitin mi-
croparticles (CMP) can be used (Asahi-Ozaki et al., Mi-
crobes and Infection 8:2706-2714, 2006; Ozdemir et al.,
Clinical and Experimental Allergy 36:960-968, 2006;
Strong et al.,, Clinical and Experimental Allergy
32:1794-1800, 2002). Other adjuvants suitable for use
in administration via the mucosal route (e.g., intranasal
or oral routes) include the heat-labile toxin of E. coli (LT)
or mutant derivatives thereof. In the case of inactivated
virus, parenteral adjuvants can be used including, for ex-
ample, aluminum compounds (e.g., an aluminum hydrox-
ide, aluminum phosphate, or aluminum hydroxyphos-
phate compound), liposomal formulations, synthetic ad-
juvants, such as (e.g., QS21), muramyl dipeptide, mono-
phosphoryl lipid A, or polyphosphazine. In addition,
genes encoding cytokines that have adjuvant activities
can be inserted into the vectors. Thus, genes encoding
cytokines, such as GM-CSF, IL-2, IL-12, IL-13, or IL-5,
can be inserted together with foreign antigen genes to
produce a vaccine that results in enhanced immune re-
sponses, or to modulate immunity directed more specif-
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ically towards cellular, humoral, or mucosal responses.
Alternatively, cytokines can be delivered, simultaneously
or sequentially, separately from a recombinant vaccine
virus by means that are well known (e.g., direct inocula-
tion, naked DNA, in a viral vector, etc.).

Experimental Examples
Identification of NimIV

[0038] We have discovered aneutralizingimmunogen,
NimIV, which encompasses a 17-25 amino acid long,
non-conserved sequence of the C-terminus of virus
structural protein 1 (VP1). This epitope can be ex-
changed between HRYV serotypes. If substituted, NimIV
confers its neutralization characteristics to the heterolo-
gous HRV. Synthetic peptides corresponding to NimIV
were shown to be recognized by virus-specific antibodies
in ELISA and Western blot experiments.

[0039] Two viable chimeras HRV14-NimIVHRV6 (CR6)
and HRV14-NimIVHRV72 (CR72) were isolated during a
molecular evolution experiment (VP 1 gene shuffling) per-
formed as described below. As shown in the alignment
presented in Fig. 12A, VP1 sequences of CR6 and CR72
included several individual amino acid substitutions as
well as replacements of NimIVHRV14 to Nim|VHRV6 gnd
NimIVHRV72ijn CR6 and CR72 respectively. NimIVs align-
ment (Fig. 12B) showed that all NimlV viruses contain
conservative central domain (PVIKKRK/E; SEQ ID
NOS:2 and 3), while flanking regions were varied. Inter-
estingly, amino acids at positions 279 and 282 were
shown to be fully conserved or similar within all HRV se-
rotypes (RM2506). CR6 and CR72 chimeras were shown
to be strongly neutralized with polyclonal guinea pig an-
tibodies GP6 and GP72 (ATCC), while neither of these
antibodies neutralized backbone virus (HRV14; Fig. 13).
Mouse polyclonal antibodies derived against HRV6 and
HRV72 were also shown to neutralize CR6 and CR72 at
10 fold lower titer then GP6 or GP72. evidenced that
NimIV determinants in CR6 and CR72 are surface ex-
posed and in favorable conformation for neutralizing an-
tibody binding. Conformation of these epitopes in chime-
ras most possibly corresponds to thatin wild type viruses.

DNA shuffling as a method of isolation of NimlV replace-
ment

[0040] Discovery of NimlV was possible after the gen-
eration of HRV chimera CR6 carrying the replacement
of 18 amino acids of the C-terminus part of VP1 with the
corresponding 17 amino acid region of HRV6 (see Fig.
1). This sequence was obtained by DNA shuffling (for
method review see Patten et al., "Applications of DNA
shuffling to pharmaceuticals and vaccines," Curr Opin
Biotechnol 8:724-733 (1997); examples of use include
Zhang et al., "Broadly cross-reactive mimotope of hyper-
variable region 1 of hepatitis C virus derived from DNA
shuffling and screened by phage display library," J Med
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Virol 71:511-517 (2003), Castle, et al., "Discovery and
directed evolution of a glyphosate tolerance gene," Sci-
ence 304:1151-1154 (2004), Pekrun et al., "Evolution of
a human immunodeficiency virus type 1 variant with en-
hanced replication in pig-tailed macaque cells by DNA
shuffling," J Virol 76:2924-2935 (2002), Toth et al., "Im-
provement of the movement and host range properties
of a plant virus vector through DNA shuffling," Plant J
30:593-600 (2002), Kaper et al., "DNA family shuffling of
hyperthermostable beta-glycosidases," Biochem J
368:461-470 (2002). Wang et al., "Directed evolution of
substrate-optimized GroEL/S chaperonins,"” Cell
111:1027-1039 (2002), and Hurt et al., "Highly specific
zinc finger proteins obtained by directed domain shuffling
and cell-based selection," Proc Natl Acad Sci U.S.A
100:12271-12276 (2003)), followed by cloning this frag-
ment back into HRV14 infectious clone. Approximately
100 VP1 sequences were included in the DNA shuffling
experiment (Ledford etal., "VP1 sequencing of allhuman
rhinovirus serotypes: insights into genus phylogeny and
susceptibility to antiviral capsid-binding compounds,” J
Virol 78:3663-3674 (2004)).

CRE6 is neutralized by both GP6 and GP14

[0041] The neutralization specificity of the CR6 chime-
ra was shown to be different from parental HRV14 vector
(PWR3.26 infectious clone). In addition to neutralization
detected with HRV14-specific polyclonal guinea pig Abs
(GP14;Fig. 2A) we found neutralization of CR6 with guin-
ea pig HRV6-specific antibodies (GP6; Fig. 2B), whereas
the parental HRV14 is not neutralized with GP6 (Fig. 2).
This indicates that the C-terminus domain of HRVG6 is
immunogenic and neutralizing.

CRE6 is strongly neutralized by NimlI- and NimlI-, but not
by Nimlll-specific mAbs

[0042] The presence of NimIVHRVE in HRV14 back-
ground (CR6) changes NA of other Nims (HRV14). PRN-
Ts with NimHRV14_specific mAbs revealed that CR6 Niml-
lI-specific neutralization was decreased (~10 fold; Fig.
7), whereas Nimll-specific NA was increased (5 fold; Fig.
8); Niml-specific neutralization was only slightly affected
(1.5fold; Figs. 9 and 16). These findings are summarized
in Fig. 10.

Effect of Niml\/HRV6 and HRV72 on neutralizing potency of
backbone Nims

[0043] To study effect ofNimlV replacements on neu-
tralizing characteristics of backbone Nims a panel of HRV
14 Nim-specific mouse monoclonal antibodies were used
against CR6 and CR72 (Fig. 14). Neutralizing ability of
Niml of both chimeras was only slightly if at all affected,
whereas Nimll and Nimlll of CR6 demonstrated 5 fold
higher and 10 fold lower neutralization rates, respective-
ly. In contrast Nimlll-dependent neutralization of CR72
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was not affected. Unfortunately neutralization of CR72
with Nimll-specific antibodies was not studied since of
limit of antibody supply. These data evidenced for strong
interaction between NimlIV and Nimlll domains which are
consistent with crystallography and previously obtained
mutagenesis data.

Modeling of interactions of NimlV with other Nims within
CR6 and HRV14

[0044] These results demonstrate the importance of-
NimIV HRV6 for conformational integrity of CR6. 3D mod-
eling was performed on the basis of known crystal struc-
ture (Che et al., "Antibody-mediated neutralization of hu-
man rhinovirus 14 explored by means of cryoelectron
microscopy and X-ray crystallography of virus-Fab com-
plexes," J Virol 72:4610-4622 (1998) revealed a close
contact of Nimlll with NimlV in HRV14, but not in CR6
particles (Fig. 3B, D). This contact in HRV14 was asso-
ciated with positive charge of K287 of VP1 through which
it interacted with negatively charged residues ofNimlll
(Fig. 3B, D). In CR6, mutation to T 287 abrogates this
connection (Fig. 3D). Interestingly, the negative effect of
mutation at K287 on Nimlll-specific neutralization was
documented previously (Sherry et al., "Use of mono-
clonal antibodies to identify four neutralization immuno-
gens on a common cold picornavirus, human rhinovirus,"
J Virol 57:246-257 1986)), but the authors claimed that
C-terminal region of VP1 was not a neutralizing immu-
nogen (Nim) due to the absence of escape mutants to
neutralization with monoclonal antibodies specific to that
region. NimIVHRVE in CR6 only slightly affects Niml-spe-
cific neutralization, which could be partially explained by
bigger distance of this epitope from NimlV (Fig. 3C).
[0045] A unique feature of CR6 is its 5 fold higher sen-
sitivity to Nimll-specific neutralization (Fig. 14). This en-
hancement could not be explained by direct physical con-
tact of NimIVHRV6 and NimIIHRV14_ 3D modeling revealed
distant localization of these Nims in virus particle (Figs.
3A-C). Most likely this phenomenon could be explained
by conformational changes in VP2, which possibly led to
more favorable to monoclonal antibody binding exposure
ofNimll on the surface of virus particle.

Cross-neutralization profile of CR6

[0046] The alignment of NimIVHRVE with NimIV of all
100 serotypes identified its two closest matches: C-ter-
minal ends of HRV37 and HRV92 (see Fig. 4A). Analysis
revealed the presence of three regions within NimlIV: con-
servative (core) region consisting of 6 AA (P-V-I-K-K-R;
SEQ ID NO:1) and two regions upstream and down-
stream from core. Core was also detected in NimlIVs of
7 closely related viruses (HRV14, HRV72, HRV83,
HRV86, HRV35, HRV79, and HRV3; see Fig. 11). It is
worth to note here that R282 was found to be conserva-
tive among all 100 HRV serotypes. As is shown in Fig.
4A, 6 AA of downstream regions of NimIVHRV6 and
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NimIVHRV37 gre almost identical (D/E-N-I-T-T-Y; SEQID
NO:42), whereas corresponding sequence of HRV92 is
quite different (S-L-I-T-N-Y; SEQ ID NO:43) from them.
Upstream regions of NimIVHRVE and NimlVHRV92 have
two identical amino acids, whereas the corresponding
region of NimIVHRV37 exposes no apparent similarity with
NimIVHRVE_ This difference between NimlVs provided an
opportunity to assess which portion of the epitope is im-
portant for neutralization of CR6 virus. To study this we
generated mouse convalescent sera against all three se-
rotypes and tested them for neutralization of CR6 (Fig.
4B). In spite of extensive homology between downstream
regions of NimIVHRV6 and NimIVHRV37 anti-HRV37, sera
revealed no neutralization, confirming the insignificance
of the downstream region for neutralization. Conversely,
anti-HRV92 sera demonstrated only slightly decreased
NA than anti-HRV6. None of these three sera samples
was able to neutralize HRV14. These results represent
a functional dissection ofNimlIV, providing evidence for
higher cross-neutralization activity of upstream versus
core and downstream regions. To answer the question
of whether differential recognition of these viruses by
mouse antibodies reflects their real interaction with
NimlIV-specific sequences, we synthesized Nim|VHRV14
and NimIVHRV6 _specific peptides and performed West-
ern and ELISA assays with the same set of antibodies.

Immunoreactivity of NimlV-specific peptides GP14 and
GP6 differentiate between serotype specific peptides

[0047] Gp6 and GP14 recognize specifically homolo-
gous NimlV-specific peptides in Western blot (Fig. 5A-
B)and ELISA (Fig. 5C) assays. Figs. 5A and 5B represent
Western blot results with KLH-bound materials and free
peptides respectively. Due to the high molecular weight
of KLH (~3x10% kDa) the protein bands on Fig. 5A appear
smeared. The immunoreactivity of given peptides are
very specific since no signals were detected with heter-
ologous combinations of peptide/antibody
(GP6/NimIVHRV14 or GP14/NimlIVHRVE), Traces of signal
in heterologous combinations in KLH-bound material are
attributed to features of KLH. These results are evidenc-
ing about linearity and high specificity ofNimIV epitopes
on the surface of HRV6 and HRV14 purified samples of
which were used for generating GP6 and GP14, respec-
tively. No apparent cross-reactivity between these pep-
tides witnessed about low immunogenecity of core part
of these Nims. If this statement were not true, high cross-
immunoreactivity should be seen in this experiment.
[0048] High specificity of recognition of these peptides
with GP6 and GP 14 is also confirmed by ELISA (Fig.
5C). Lower reactivity of H14 with GP14, then H6 with
GP6 could indicate on the difference in NimIV epitope
presentation on the surfaces of virus particles. These re-
sults are reciprocal to PRNT data described in Fig. 2. In
both experiments no apparent cross-reactivity between
HRV 14 and HRV®6 or their NimlV-specific peptides was
identified.
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In vivo studies: Anti-CR6 serum neutralizes HRV6

[0049] 11-12 week old female B1b/c mice were immu-
nized three times (ondays 1, 14, and 28) intraperitoneally
with either virus suspensions (105 pfu/ml) mixed with ad-
juvant (aluminum hydroxide), or mock (diluent), in a 100
wl volume. Mice were terminally bled on day 49. To test
for serum antibody levels, mice were bled prior to inoc-
ulation (baseline) and on day 30-40 after immunization
via the retro-orbital route under isofluorane inhalation an-
esthesia or via mandibular route without anesthesia (vol-
ume no more than 7.7pl/g body weight). PRNT assay
demonstrated specific neutralization of HRV6 with the
serum pool from 2 mice (Fig. 6). Italso showed decreased
neutralization of HRV 14 virus, which provides evidence
that NimIVHRV6 in CR6 is the immunodominant epitope.

Methods
Peptides and conjugates

[0050] Oligopeptides NimlIVHRVE  NimIVHRV72  gnd
NimIVHRV14 corresponding to C-terminal ends of struc-
tural regions of HRV6 (CKNIVPVIKKRENITTY; SEQ ID
NO:15), HRV14 (CNTEPVIKKRKGDIKSY; SEQ ID
NO:16) and HRV72 (CNPKPVIKKREGDIKTY; SEQ ID
NO:17) respectively were prepared by standard solid-
phase synthesis by Biosynthesis, Inc (Lewisville, TX).
Part of peptide materials were conjugated to a Hemocy-
anin from Concholepas concholepas (KLH) by use of
crosslinker succinimidyl-4-(p-maleimidophenyl)-bu-
tyrate (sMBS) and reducing agent TCEP-HCI Tris (2-car-
boxyethyl) phosphine hydrochloride (TCEP HCL).

Cell culture, viral propagation and reagents

[0051] HRV serotypes 6, 14, 35, 37, 72, 83, 86, 92
stocks (ATCC) were amplified to high titer by successive
infection of target H1 HeLa cells. HeLa cells (ATCC) were
maintained in Minimum Essential Medium (Invitrogen)
with 5% fetal bovine serum (JRH Biosciences, KS) for
routine propagation. Cells were maintained under sub-
confluent growth conditions during passage. After 48
hours at 34°C, viruses were released from the cells by
three freeze-thaw cycles at-80 and 37°C. The cell debris
was discarded, while supernatant containing amplified
virus was aliquoted and frozen at -80°C. Guinea pig an-
tiserum for HRV serotypes 6, 14, 72, 92, and 37 were
obtained from the ATCC.

VP1 gene shuffling virus libraries

[0052] DNA fragments of VP1 are amplified by RT-
PCR from RNA of HRV serotypes 6, 14, 35, 37, 72, 79,
83, 86, and 92. For the purpose of further cloning internal
Auvrll sites presented in VP 1 genes of HRV serotypes 83,
86, 92 are removed by virtue of recombinant PCR. All
PCR fragments are pooled together and shuffled, fol-

10

15

20

25

30

35

40

45

50

55

1"

lowed by cloning in modified HRV14 cDNA vector
pWR3.26 (ATCC). Briefly, two microgram of pooled PCR
fragments are treated with DNase | (Amersham Pharma-
cia Biotech, Inc) and a fraction of 50-100bp DNA frag-
ments is gel purified and subjected to 15-25 cycles of
PCR without primers at 94°C 30 sec, 50°C 1 min, 72°C
1min followed by 25 cycles PCR with cloning primers at
94°C 30sec, 55°C 30sec, 72°C 1min. Library of amplified
shuffled VP1 sequence are cloned into the modified
pWR3.26 plasmid at Xhol and Avrll site. For that purpose
HRV14 cDNA clone pWR3.26 is modified by inserting
Xhol site at 5’ site of VP1 sequence (Fig. 12). Xhol and
Auvrll sites are incorporated into VP 1 forward and reverse
cloning primers respectively.

[0053] VP1 shuffling plasmid DNA library is linearized
by Mlul digestion and transcribed in vitro by T7 transcrip-
tion kit (Epicentere, Inc). RNA is transfected into H1-Hela
cell (ATCC) by lipofectine (Invitrogen, Inc). Cells are har-
vested after incubation at 34°C for 2-4 days. Cell samples
are subjected to three freeze-thaw cycles and the super-
natantis used to infect monolayer of H1-Hela cells. Virus
library are stored at -80°C.

Isolation of HRV14-NimlIV recombinant viruses

[0054] HRV14-NimlVHRV6(CRG6)chimerais plaque pu-
rified from virus library described above. To isolate other
HRV14-NimIVHRVXrecombinants total RNA from virus li-
brary is used as a template for 8 different RT-PCR reac-
tions performed with 8 serotype-specific reverse primers
annealing to 3’-ends of VP1 gene. The same forward
primer complimentary to conservative region upstream
to VP1 gene was used in all of these reactions. Resulting
PCR fragments are cloned back into pWR3.26 plasmid
as described above for VP1 shuffliants. After transcrip-
tion and transfection into H1 Hela cells, individual viruses
are plaque purified and sequenced.

Animal protocols

[0055] 8 week old female Balb/c mice (10 mice per
group) are primed on day 0, then boosted on days 14
and 28 by intraperitoneal administration of filtered cell
culture medium containing ~1.0x108 pfu per dose of ei-
ther (1) HRV14-NimIVHRV6 (2) HRV14-NimIVHRV72  (3)
parental HRV14, or mock (culture supernatant) as a neg-
ative control, mixed with 100 pg of adjuvant (aluminum
hydroxide) in a 500 p.L volume.

[0056] NimIVHRV6 and NimIVHRVE, coupled (or not) to
KLH peptides are used for immunization of 8 week old
female Balb/c mice. Mice are primed on day 0 with 100
wl of 15 ug of KLH-bound peptide in Titermax Gold (1:1
emulsion) via the subcutaneous route and boosted twice
(on day 36 and day 49) by intraperitoneal administration
of 15 pg of "free" peptides dissolved in 100 pl of PBS.
[0057] NimlV-specific antibody titers in sera are deter-
mined by an established ELISA performed in microtiter
plates coated with corresponding synthetic NimlV pep-
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tides.
Plaque Reduction Neutralization Test (PRNT)

[0058] Approximately 50 pfu of studied HRV (in com-
plete MEM+5% FBS culture medium) is mixed with var-
ious dilutions of sample serum in a total volume of 300u.L
and incubated overnight at 4°C. One hundred microliters
of each mixture is used to infect one well of H1 Hela cells
in a 12 wells tissue culture plate (seeded at 6x105 H1-
HelLa cells per well and incubated overnight in a 37°C
incubator). After 1h incubation at 34°C, the cells are over-
laid with 1mL of 0.4% agarose in MEM, 10% FBS with
Pen/Strep and incubated at 34°C for approximately 3
days. The monolayers are then fixed with formaldehyde
(3.7% final concentration) and stained with 1% crystal
violet in 70% methanol.

ELISA

[0059] 96 well plates are coated with S5ug/ml ofNimIV-
specific peptides or purified HRV14 virus for overnight at
4°C. Plates are incubated with antiserum in different di-
lutions for 1 hr at 37°C followed with 1:1000 goat anti-
mouse IgG-AP conjugated ( Southern Biotech, Inc) for 1
hour at 37°C. Plates are developed in alkaline phos-
phatase substrate as described by vendor (Sigma, Inc).

Western blot

[0060] 20 g peptide are loaded on 10% tris-glycine
SDS gel (Novex, Invitrogen, Inc) after a shorttime of elec-
trophoresis running, peptide is transferred onto nitrocel-
lulose membrane (Bio-Rad, Inc). Non-specific binding to
membrane is achieved by soaking membrane in blocking
solution (5% non-fat milk in PBS/0.05%tween) for 1 hr at
room temperature. Membranes are incubated with guin-
ea pig anti-HRV®6 or anti-HRV14 polyclonal antibodies
(ATCC) at 1:1000 in blocking solution for overnight at
4°C. After three 15 minute washes in PBS/0.05% Tween,
membranes are incubated with goat anti-mouse 1gG -AP
conjugated antibody (Southern Biotech) in blocking so-
lution for 1 hr at room temperature. Membrane was de-
veloped in AP substrate (Sigma SIGMA FAST™
BCIP/NBT) for 10 minutes.

Claims

1.  Animmunogenic protein capable of inducing an im-
mune response to a rhinovirus in a subject, the pro-
tein comprising an isolated rhinovirus neutralizing
immunogen IV (NimlV) peptide, wherein said NimIV
peptide consists of a sequence selected from the
group consisting of: PVIKKRE or an 8-30 amino acid
fragment of the C-terminal end of virus structural pro-
tein 1 (VP-1) of a human rhinovirus comprising
PVIKKRE, and said protein does not comprise ad-
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ditional flanking sequence with which said NimlV
peptide is contiguous in a naturally occurring virus.

The protein of claim 1, wherein the NimlV peptide is
a human rhinovirus 6 (HRV 6) or human rhinovirus
72 (HRV 72) NimlV peptide.

The protein of claim 1 or 2, wherein the Nim|V peptide
comprises amino acids 275-285 of the carboxyl ter-
minal region of virus structural protein 1 (VP1) of a
human rhinovirus.

The protein of claim 1 or 2, wherein said NimlV pep-
tide consists of amino acids 277-283 of the carboxyl
terminal region of virus structural protein 1 (VP1) of
a human rhinovirus flanked with up to 10 additional
amino acids on the amino terminal and/or carboxyl
terminal ends.

The protein of any one of the preceding claims,
wherein said NimlV peptide is 8-25, 10-20, 14-19,
15-18 or 16-17 amino acids in length.

The protein of claim 1, wherein said protein is com-
prised within the context of a larger sequence.

The protein of claim 6, wherein the larger sequence
is a heterologous virus sequence.

The protein of claim 1, wherein said protein is chem-
ically or biologically fused to a biological carrier.

The protein of claim 8, wherein more than one NimIV
peptides derived from single or multiple human rhi-
novirus serotypes are bound to the carrier.

Anisolated nucleic acid molecule encoding a protein
or the complement thereof, wherein said protein is
as defined in any one of the preceding claims.

A vector comprising an isolated nucleic acid mole-
cule as defined in claim 10.

The vector of claim 11, wherein the vector is ahuman
rhinovirus vector.

The vector of claim 12, wherein the human rhinovirus
vector is of a serotype different from that of the hu-
man rhinovirus from which the NimIV peptide is de-
rived, optionally wherein the NimIV peptide or nucleic
acid molecule is present in said human rhinovirus
vectorinplace of NimlV sequences originally present
in said vector.

The vector of claim 12, wherein

(a) the human rhinovirus vector is a human rhi-
novirus 14 (HRV 14) vector; or
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(b) the human rhinovirus vector is a human rhi-
novirus 14 (HRV 14) vector and said human rhi-
novirus from which the NimIV peptide is derived
is human rhinovirus 6 (HRV6) or human rhino-
virus 72 (HRV72).

The vector of claim 11, wherein

(a) the human rhinovirus from which the NimIV
peptide is derived is human rhinovirus 6 (HRV6)
or human rhinovirus 72 (HRV72);

(b) the vector comprises an inactivated human
rhinovirus, to which the NimlV peptide is cross-
linked; or

(c) the vector comprises a hepatitis B core se-
quence to which NimlV sequences are fused.

The vector of claim 13, wherein the NimlV peptide
or nucleic acid molecule is present in said human
rhinovirus vector in place of NimlV sequences orig-
inally present in said vector and wherein the VP1
protein or nucleic acid molecule of said vector is re-
placed with the VP1 protein or nucleic acid of the
human rhinovirus from which the NimlV peptide is
derived.

A pharmaceutical composition comprising the pro-
tein of any one of claims 1 to 9, the nucleic acid mol-
ecule of claim 10, or the vector of any one of claims
11 to 16.

The pharmaceutical composition of claim 17, further
comprising

(a) one or more of a pharmaceutically accepta-
ble diluent, excipient, carrier, or adjuvant, op-
tionally wherein the adjuvant is selected from
the group consisting of a chitin microparticle and
an aluminum compound, or

(b) one or more additional human rhinovirus
neutralizing immunogens.

An isolated protein or nucleic acid molecule for use
in a method of inducing an immune response to a
rhinovirus in a subject, wherein said protein is as
defined in any one of claims 1 to 9 and said nucleic
acid is as defined in claim 10.

The protein or nucleic acid for the use of claim 19,
wherein

(a) the subject does not have but is at risk of
developing rhinovirus infection; or
(b) the subject has rhinovirus infection.
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Patentanspriiche

1.

10.

1.

Immunogenes Protein, das in der Lage ist, eine Im-
munantwort auf ein Rhinovirus in einem Patienten
zu induzieren, wobei das Protein ein isoliertes Rhi-
novirusneutralisierendes Immunogen-IV- (NimlIV)
Peptid umfasst, wobei das NimlV-Peptid aus einer
Sequenz besteht, die aus der Gruppe ausgewahlt
wird, die aus Folgendem besteht: PVIKKRE oder ei-
nem 8-30 Aminosaurefragment des C-terminalen
Endes des VirusStrukturproteins 1 (VP1) eines hu-
manen Rhinovirus, das PVIKKRE umfasst, und wo-
bei das Protein keine zusatzliche flankierende Se-
quenz umfasst, mit der das NimIV-Peptid in einem
natirlich vorkommenden Virus angrenzt.

Protein nach Anspruch 1, wobei das NimlV-Peptid
ein humanes Rhinovirus-6-(HRV 6) oder humanes
Rhinovirus-72- (HRV 72) NimlIV-Peptid ist.

Protein nach Anspruch 1 oder 2, wobei das NimIV-
Peptid die Aminosauren 275-285 der Carboxyl-ter-
minalen Region des Virusstrukturproteins 1 (VP1)
eines humanen Rhinovirus umfasst.

Protein nach Anspruch 1 oder 2, wobei das NimIV-
Peptid aus den Aminosauren 277-283 der Carboxyl-
terminalen Region des Virusstrukturproteins 1 (VP 1)
eines humanen Rhinovirus besteht, das mit bis zu
10 zusatzlichen Aminosduren an den Aminotermi-
nal- und/oder Carboxyl-terminalen Enden flankiert
ist.

Protein nach einem der vorhergehenden Anspriiche,
wobei das NimlV-Peptid 8-25, 10-20, 14-19, 15-18
oder 16-17 Aminosauren lang ist.

Protein nach Anspruch 1, wobei das Protein im Kon-
text einer gréReren Sequenz enthalten ist.

Protein nach Anspruch 6, wobei die gréRere Se-
quenz eine heterologe Virussequenz ist.

Protein nach Anspruch 1, wobei das Protein che-
misch oder biologisch mit einem biologischen Trager
fusioniert ist.

Protein nach Anspruch 8, wobei mehr als ein NimIV-
Peptid, das aus einzelnen oder mehreren humanen
Rhinovirus-Serotypen abgeleitet ist, an den Trager
gebunden ist.

Isoliertes Nukleinsauremolekdil, das ein Protein oder
dessen Komplement kodiert, wobei das Protein wie
in einem der vorhergehenden Anspriiche definiert
ist.

Vektor, der ein isoliertes Nukleinsauremolekl nach



12.

13.

14.

15.

16.

17.

18.

23
Anspruch 10 umfasst.

Vektor nach Anspruch 11, wobei der Vektor ein hu-
maner Rhinovirus-Vektor ist.

Vektor nach Anspruch 12, wobei der humane Rhi-
novirus-Vektor von einem Serotyp ist, der sich von
dem des humanen Rhinovirus unterscheidet, von
dem das NimlV-Peptid abgeleitet ist, wobei optional
das NimlV-Peptid- oder Nukleinsduremolekiilin dem
humanen Rhinovirus-Vektor anstelle von NimIV-Se-
quenzen vorhanden ist, die urspriinglich in dem Vek-
tor vorhanden sind.

Vektor nach Anspruch 12, wobei

(a) der humane Rhinovirus-Vektor ein humaner
Rhinovirus-14- (HRV 14) Vektor ist; oder

(b) der humane Rhinovirus-Vektor ein humaner
Rhinovirus-14- (HRV 14) Vektor ist und das hu-
mane Rhinovirus, von dem das NimlV-Peptid
abgeleitet ist, humanes Rhinovirus 6 (HRV6)
oder humanes Rhinovirus 72 (HRV72) ist.

Vektor nach Anspruch 11, wobei

(a) das humane Rhinovirus, vondem das NimIV-
Peptid abgeleitet ist, humanes Rhinovirus 6
(HRV6) oder humanes Rhinovirus 72 (HRV72)
ist;

(b) der Vektor ein inaktiviertes humanes Rhino-
virus umfasst, mit dem das NimlV-Peptid ver-
netzt ist oder

(c) der Vektor eine Hepatitis-B-Kernsequenz
umfasst, mit der NimlV-Sequenzen fusioniert
sind.

Vektor nach Anspruch 13, wobei das NimlV-Peptid-
oder Nukleinsauremolekil in dem humanen Rhino-
virus-Vektor anstelle von NimlV-Sequenzen vorhan-
den ist, die urspringlich in dem Vektor vorhanden
sind, und wobei das VP1-Protein oder Nukleinsau-
remolekil des Vektors durch das VP1-Protein oder
die Nukleinsaure des humanen Rhinovirus ersetzt
wird, von dem das NimlV-Peptid abgeleitet ist.

Pharmazeutische Zusammensetzung, die das Pro-
tein nach einem der Anspriiche 1 bis 9, das Nukle-
insauremolekil nach Anspruch 10 oder den Vektor
nach einem der Anspriiche 11 bis 16 umfasst.

Pharmazeutische Zusammensetzung nach An-
spruch 17, die ferner Folgendes umfasst:

(a) eines oder mehrere von Folgendem: ein
pharmazeutisch annehmbares Verdiinnungs-
mittel, einen Hilfsstoff, einen Trager oder ein Ad-
juvans, wobei das Adjuvans optional aus der
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19.

20.
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Gruppe ausgewahlt wird, die aus einem Chitin-
Mikropartikel und einer Aluminiumverbindung
besteht, oder

(b) ein oder mehrere zusatzliche humane Rhi-
novirus-neutralisierende Immunogene.

Isoliertes Protein oder Nukleinsduremolekdl zur Ver-
wendung in einem Verfahren zur Induktion einer Im-
munantwort auf ein Rhinovirus in einem Patienten,
wobei das Protein gemaR einem der Anspriiche 1
bis 9 definiert ist und die Nukleinsdure gemal An-
spruch 10 definiert ist.

Protein oder Nukleinsdure zur Verwendung nach
Anspruch 19, wobei

(a) der Patient keine Rhinovirus-Infektion auf-
weist, jedoch in Gefahr ist, eine Rhinovirus-In-
fektion zu entwickeln, oder

(b) der Patient eine Rhinovirus-Infektion auf-
weist.

Revendications

Protéine immunogene capable d’'induire une répon-
se immunitaire a un rhinovirus chez un sujet, la pro-
téine comprenant un peptide immunogene IV de
neutralisation (NimlV) de rhinovirus isolé, ledit pep-
tide NimlV étant constitué d’'une séquence choisie
dans le groupe constitué par : PVIKKRE ou un frag-
ment de 8 a 30 acides aminés de I'extréemité C ter-
minale de la protéine structurale de virus 1 (VP-1)
ou d’un rhinovirus humain comprenant PVIKKRE et
ladite protéine ne comprenant pas de séquence flan-
quante supplémentaire de laquelle ledit peptide Ni-
mlV est contigu dans un virus naturellement porteur.

Protéine selon la revendication 1, dans laquelle le
peptide NimIV est un peptide NimlV de rhinovirus
humain 6 (HRV6) ou de rhinovirus humain 72 (HRV
72).

Protéine selon la revendication 1 ou 2, dans laquelle
le peptide NimIV comprend les acides aminés 275
a 285 de larégion carboxyle terminale de la protéine
structurale de virus 1 (VP1) d’un rhinovirus humain.

Protéine selon la revendication 1 ou 2, dans laquelle
ledit peptide NimlV est constitué des acides aminés
277 a 283 de la région carboxyle terminale de la
protéine structurale de virus 1 (VP1) d’un rhinovirus
humain flanquant avec jusqu’a 10 acides aminés
supplémentaires sur les extrémités aminées termi-
nales et/ou carboxyles terminales.

Protéine selon 'une quelconque des revendications
précédentes, dans laquelle ledit peptide NimIV est
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longde 82 25,10a20,14 219,152 18 0u 16 217
acides aminés.

Protéine selon la revendication 1, ladite protéine
étant comprise dans le contexte d’'une séquence
plus grande.

Protéine selon la revendication 6, dans laquelle la
séquence plus grande est une séquence de virus
hétérologue.

Protéine selon la revendication 1, ladite protéine
étantfusionnée de chimiquement ou biologiquement
a un support biologique.

Protéine selon la revendication 8, dans laquelle plu-
sieurs peptides NimlV dérivés d’un ou plusieurs sé-
rotypes de rhinovirus humain sont liés au support.

Molécule d’acide nucléique isolée codant pour une
protéine ou complément de celle-ci, dans laquelle
ladite protéine est définie dans I'une quelconque des
revendications précédentes.

Vecteur comprenantune molécule d’acide nucléique
isolée telle que définie dans la revendication 10.

Vecteur selon la revendication 11, le vecteur étant
un vecteur de rhinovirus humain.

Vecteur selon la revendication 12, le vecteur de
rhinovirus humain étant d’un sérotype différent de
celui du rhinovirus humain dont le peptide NimlIV est
dérivé, le peptide NimlV ou la molécule d’acide nu-
cléique étant éventuellement présent dans ledit vec-
teur de rhinovirus humain au lieu des séquences Ni-
mlV initialement présentes dans ledit vecteur.

Vecteur selon la revendication 12, dans lequel

(a) le vecteur de rhinovius humain est un vecteur
du rhinovirus humain 14 (HRV 14) ; ou

(b) le vecteur de rhinovius humain est un vecteur
du rhinovirus humain 14 (HRV 14) et ledit rhino-
virus humain dont le peptide NimIV est dérivé
est le rhinovirus humain 6 (HRV6) ou le rhinovi-
rus humain 72 (HRV72).

Vecteur selon la revendication 11, dans lequel

(a) le rhinovirus humain dont le peptide NimIV
est dérivé est le rhinovirus humain 6 (HRV6) ou
le rhinovirus humain 72 (HRV72) ;

(b) le vecteur comprend un rhinovirus humain
inactivé, avec lequel le peptide NimlV est
réticulé ; et

(c) le vecteur comprend une séquence centrale
de I'hépatite B avec laquelle les séquences Ni-
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mlV sont fusionnées.

Vecteur selon la revendication 13, dans lequel le
peptide NimlV ou la molécule d’acide nucléique est
présent dans ledit vecteur de rhinovirus humain au
lieu des séquences NimlV initialement présentes
dans ledit vecteur et la protéine VP 1 ou la molécule
d’acide nucléique dudit vecteur étant remplacé par
la protéine VP1 ou l'acide nucléique du rhinovirus
humain dont le peptide NimlV est dérivé.

Composition pharmaceutique comprenant la protéi-
ne selon I'une quelconque des revendications 1 a 9,
lamolécule d’acide nucléique selon la revendication
10 ou le vecteur selon I'une quelconque des reven-
dications 11 a 16.

Composition pharmaceutique selon la revendication
17, comprenant en outre

(a) unou plusieurs diluants, excipients, supports
ou adjuvants pharmaceutiquement accepta-
bles, l'adjuvant étant éventuellement choisi
dans le groupe constitué par une microparticule
de chitine ou un composé d’aluminium, ou

(b) un ou plusieurs immunogénes supplémen-
taires de neutralisation de rhinovirus humain.

Protéine ou molécule d’acide nucléique isolée en
vue d’une utilisation dans un procédé d’induction
d’une réponse immunitaire a un rhinovirus chez un
sujet, ladite protéine étant telle que définie dans 'une
quelconque des revendications 1 a 9 et ledit acide
nucléique étant tel que défini dans la revendication
10.

Protéine ou acide nucléique en vue de I'utilisation
selon la revendication 19,

(a) le sujet n’ayant pas mais présentantle risque
de développer une infection a rhinovirus ; ou
(b) le sujet ayant une infection a rhinovirus.
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