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HIV PEPTIDE VAULTS AND METHODS OF MAKING AND USING THEREOF

REFERENCE TO A SEQUENCE LISTING SUBMITTED VIA EFS-WEB

The content of the ASCII text file of the sequence listing named
“20160429 034044 164P1 seq ST25” which is 11.3 kb in size was created on April 25,
2016, and electronically submitted via EFS-Web herewith the application is incorporated

herein by reference in its entirety.
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BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

The present invention relates to vaccines against human immunodeficiency virus.

2. DESCRIPTION OF THE RELATED ART

To date, vaccine designs to elicit CTL responses (predominately other viruses
modified as vectors to deliver HIV-1 protein genes) have failed in human trials. They
have either been weakly immunogenic for CTLs (e.g., canarypox vectors) or otherwise
modestly immunogenic for responses that fail to prevent infection or reduce viremia in
people who got infected after vaccination (e.g., recombinant adenovirus-5 vectors). To
date, all of the HIV-1 vaccine designs that have advanced to human efficacy trials have
failed. At least four problems explain these failures: 1) interference with developing
immune responses against the delivered HIV-1 antigens due to competition by immune
responses against the vector, 2) poorly efficient delivery of HIV-1 antigens, 3) inability to
generate CTL responses at the mucosal surfaces where HIV-1 transmission occurs, and 4)
mutational escape of HIV-1 from the CTL responses generated by the vaccine.

Thus, a need still exists for effective vaccines against HIV-1.

SUMMARY OF THE INVENTION

In some embodiments, the present invention provides an HIV peptide vault which
comprises a vault particle comprising a complex of MVP proteins and at least one HIV
peptide bound or genetically linked to at least one MVP protein or packaged within an
internal cavity of the vault particle. In some embodiments, the at least one HIV peptide is

an HIV epitope and/or has a sequence that is a consensus sequence, an ancestral sequence,
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or a mosaic sequence. In some embodiments, the at least one HIV peptide is a conserved
region of a human immunodeficiency virus. In some embodiments, the at least one HIV
peptide is a conserved region of Gag, a conserved region of Env, or a conserved region of
Nef of a human immunodeficiency virus. In some embodiments, the at least one HIV
peptide is a consensus sequence, an ancestral sequence, or a mosaic sequence of a
conserved region of a human immunodeficiency virus, such as a conserved region of Gag,
a conserved region of Env, or a conserved region of Nef of a human immunodeficiency
virus. In some embodiments, an HIV peptide vault comprises two or more different HIV
peptides. In some embodiments, the HIV peptide comprises a sequence having at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to a sequence selected from the group consisting of: SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16. In some embodiments, the
HIV peptide consists of a sequence having at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% sequence identity to a sequence selected from the group
consisting of: SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, and
SEQ ID NO: 16. In some embodiments, the HIV peptide consists of a sequence having
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, or SEQ ID NO: 16.
In some embodiments, the HIV peptide is selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16. In some
embodiments, the HIV peptide is bound to the N-terminus of the at least one MVP protein.
In some embodiments, the HIV peptide is genetically linked to the at least one MVP
protein or to a mINT domain. In some embodiments, the HIV peptide is genetically linked
to the N-terminus of the at least one MVP protein. In some embodiments, the HIV peptide
is genetically linked to the at least one MVP protein via a flexible linker. In some

embodiments, the HIV peptide is packaged within the internal cavity of the vault particle
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[0014]

by, for example, the method according to WO 2016/049122, which is herein incorporated
by reference in its entirety.

In some embodiments, the present invention provides a composition comprising at
least one HIV peptide vault as described herein, e.g., paragraph [0012]. In some
embodiments, the composition comprises two or more different types of HIV peptide
vaults. In some embodiments, the composition comprises the at least one HIV peptide
vault in an immunogenic amount. In some embodiments, the composition comprises the
at least one HIV peptide vault in a therapeutically effective amount. In some
embodiments, the composition further comprises a pharmaceutically acceptable carrier. In
some embodiments, the composition further comprises an adjuvant. In some
embodiments, the composition is a pharmaceutical composition. In some embodiments,
the composition is a vaccine.

In some embodiments, the present invention provides a method of inducing an
immune response in a subject, which comprises administering to the subject an
immunogenic amount of one or more HIV peptide vaults as described herein, e.g.,
paragraph [0012], or a composition according to the present invention, e.g., as described in
paragraph [0013]. In some embodiments, the present invention provides a method for
treating or inhibiting an HIV infection in a subject, which comprises administering to the
subject a therapeutically effective amount or an immunogenic amount of one or more HIV
peptide vaults as described herein, e.g., paragraph [0012], or a composition according to
the present invention, e.g., as described in paragraph [0013]. In some embodiments, the
therapeutically effective amount or the immunogenic amount is administered as single
dose. In some embodiments, the therapeutically effective amount or the immunogenic
amount is administered as a series of several doses, e.g., two or more vaccinations
separated by a given span of time. In some embodiments, the therapeutically effective
amount or the immunogenic amount is administered as three vaccinations, each two weeks
apart. In some embodiments, the route of administration is by subcutaneous injection. In
some embodiments, the route of administration is by intranasal instillation. In some
embodiments, a subject is treated before becoming infected by or exposed to an HIV virus.
In some embodiments, the subject to be treated is at risk of being infected by an HIV
virus. A subject at risk of being infected by an HIV infection is one who may be or has
been exposed to an HIV virus. In some embodiments, the subject to be treated has been
infected with an HIV virus. In some embodiments, the HIV virus is HIV-1. In some

embodiments, the subject is a non-human primate. In some embodiments, the subject is a



WO 2017/192459 PCT/US2017/030442

human. In some embodiments, the subject is administered one or more antiretroviral
therapeutic such as Abacavir (ZIAGEN), Atazanavir (REYATAZ), ATRIPLA (efavirenz, FTC,
tenofovir), Darunavir (PREZISTA), DESCOVY (tenofovir alafenamide, emtricitabine),
Dolutegravir (TTVICAY), Efavirenz (SUSTIVA), Elvitegravir (VITEKTA), Emtricitabine
(FTC, EMTRIVA), Etravirine (INTELENCE), EVIPLERA (rilpivirine, emtricitabine, and
tenofovir), EVOTAZ (atazanavir and cobicistat), Fosamprenavir (TELZIR), GENVOYA
(elvitegravir, cobicistat, emtricitabine, tenofovir alatenamide (TAF)), KIVEXA
(abacavir/3TC), KIVEXA (lamivudine, abacavir), Lamivudine (3TC, EPIVIR), KALETRA
(lopinavir, ritonavir), Maraviroc (CELSENTRI), Nevirapine (VIRAMUNE), Odefsey
(rilpivirine, emtricitabine, tenofovir alafenamide (TAF)), Raltegravir (ISENTRESS),
Rezolsta (darunavir, cobicistat), Rilpivirine (EDURANT), Ritonavir (NORVIR), STRIBILD
(elvitegravir, emtricitabine, tenofovir disoproxil, cobicistat), Tenofovir (VIREAD), Triumeq
(dolutegravir, abacavir, lamivudine), Truvada (tenofovir, FTC), Zidovudine (AZT,

RETROVIR), and the like.

[0015] DESCRIPTION OF THE DRAWINGS

[0016] This invention is further understood by reference to the drawings wherein:

[0017] Figure 1 is a micrograph of vault particles composed of human MVP proteins
having an HIV-1 antigenic peptide genetically linked to the N-terminus of the MVP
proteins.

[0018] Figure 2 schematically shows the structure of a vault shell, comprised of the major
vault protein (MVP) in 78 repeating units, with N-termini facing inside the vault particle at
the waist, and C-termini at the outer poles. The line through the first N drawn to the
second N indicates a genetically linked extension of the N-terminus with an antigenic
peptide.

[0019] Figure 3 shows four conserved regions and three exemplary mosaic representations
of each conserved region. For each conserved region, the three exemplary mosaic
versions (generated using all curated HIV-1 M-group sequences and the Mosaic Vaccine
Tool at the Los Alamos National Laboratory HI'V Database) are aligned against reference
clade B consensus sequences. Numbering is per the HXB2 location. As shown, the
sequences from top to bottom are: SEQ ID NO: 1 (reference subtype B consensus HIV-1
sequence for a conserved Gag region (cGagl)), SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4, SEQ ID NO: 5 (reference subtype B consensus HIV-1 sequence for a second
conserved Gag region (cGag2)), SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID

NO: 9 (reference subtype B consensus HIV-1 sequence for an Env conserved region
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[0021]

[0022]

[0023]

(cEnv)), SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13 (reference
subtype B consensus HIV-1 sequence for a Nef conserved region (cNef)), SEQ ID NO:
14, SEQ ID NO: 15, and SEQ ID NO: 16. Mosaic methods in the art could be used to
make one or more mosaic sequences for these conserved regions or others.

Figure 4 shows electron micrographs of vaults containing conserved regions of
HIV-1. The indicated HIV peptides were genetically linked to the N-terminus of human
major vault protein (MVP) via a linker sequence (GGGGSGGGGSGGGGS, SEQ ID NO:
17). These nucleotide sequences encoding the HIV-M VP fusion proteins were delivered
via baculovirus vector to S9 insect cells for expression and the engineered vault particles
were purified from cell lysates using sucrose gradient purification methods known in the
art. From left to right, these vaults contain SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 7,
SEQ ID NO: 10 bound to the N-termini of their MVP proteins.

Figure 5 are graphs showing the uptake of fluorescent labeled recombinant human
unmodified vaults by antigen-presenting cells. These were added to human peripheral
blood mononuclear cells (PBMCs) for 2 hours, followed by flow cytometry. Microscopy
showed endosomal uptake and rapid escape into cytoplasm (not shown).

Figure 6 to Figure 8 are graphs evidencing that vault particles having HIV-1
peptides bound thereto yield systemic and mucosal polyfunctional T cell responses. Mice
(C57BL6) were given subcutaneous injections (SC) or intranasal instillations (IN) of
human recombinant vaults (100 ug) with or without the cGag-1 sequence (SEQ ID NO: 2)
at weeks 0, 2, and 4, followed by harvesting of splenic and mesenteric T cells at week 6.
Figure 6 is an example of intracellular cytokine staining flow cytometry after stimulation
of mesenteric CD8™ T cells with overlapping 15-mer peptides spanning the stretch in Gag.
Figure 7 is a graph showing the percentages of CD4" and CD8" T cells producing
interferon-y in response to these HIV-1 peptides plotted as means and standard deviations
(three mice per group). Figure 8 is a graph showing the percentages of CD4" and CD8" T
cells producing interferon-y and interleukin-2 in response to these HIV-1 peptides plotted
as means and standard deviations (three mice per group).

Figure 9 are plots comparing the results from subcutaneous injection versus
intranasal instillation vaccination methods. These plots show data from 4 separate
experiments where Gag-1 vaults were given as subcutaneous injection (first column) or
intranasal vaccinations (second column) in doses ranging from 1 to 100 ug to C57B6 mice
as before (three vaccinations separated by 2 weeks each). Each point is the mean response

of 3 mice at two weeks after the third dose. Three readouts are shown in terms of cytokine
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production in response to Gag-1 peptides (three rows: interferon gamma alone, interleukin
2 alone, or production of both). Solid dots indicate CD4+ T cells and open triangles
indicated CD8+ T cells responding to Gag-1. In each plot, the percentage of responding
cells is indicated for mesenteric lymph nodes (Y axis) and spleen (X axis).

Figure 10 are graphs showing the percent of cells responding to Gag-1 vaults in
response to subcutaneous and intranasal vaccination. These plots show an experiment
where mice were vaccinated with different doses of Gag-1 vaults, 3, 10, and 30 pug doses
each two weeks apart. The graphs indicate the percentage of cells responding to Gag-1
measured by interferon gamma and IL-2 co-production. Each point is the mean of 3 mice
after the third dose; error bars are 1 S.D. The results show that maximal effect is probably
achieved between 3 and 10 pg dose per mouse.

Figure 11 are graphs showing that the percent of responding cells in response to
vaccination dose numbers. These plots show an experiment where mice were vaccinated
with different numbers of doses each two weeks apart, from one to three doses. Each
point is the mean of three mice at two weeks after the last dose; error bars are 1 S.D.

Figure 12 schematically shows the protocol for a vaccine immunogenicity and
safety test of the Gag-1 vault in macaques that is underway. Gag-1 vaults and empty
vaults (control) have been purified by HPLC. A test group of three animals will receive
the Gag-1 vaults and a control group of three animals will receive control (control vaults).
The vaults will be administered subcutaneously to animals in three doses, two weeks apart
each, and each dose will be 3 mg (proportional to 10 pug dose in a mouse) of vault. Then
the animals belonging to the control group will be vaccinated with the Gag-1 vaults, two

orally and one intranasally.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to pharmaceutical compositions, including
vaccines, for preventing, treating, inhibiting, or reducing by a Human Immunodeficiency
Virus types 1 or 2 (HIV-1 or HIV-2, respectively). In some embodiments, the
pharmaceutical composition according to the present invention is a vaccine directed
against HIV-1. In some embodiments, the pharmaceutical composition according to the
present invention is a vaccine directed against HIV-2. As disclosed herein, compositions
according to the present invention comprise a vault particle having at least one HIV
peptide bound or genetically linked to at least one MVP protein of the vault particle or
packaged within its internal cavity. As used herein, an “HIV peptide vault” refers to a

vault particle having at least one HIV peptide bound or genetically linked to at least one
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MYVP protein of the vault particle or packaged within its internal cavity. In some
embodiments, the at least one HIV peptide is bound or genetically linked to the N-
terminus of the at least one MVP protein. In some embodiments, the at least one HIV
peptide is packaged within the internal cavity of the vault particle cell-free methods known
in the art. In some embodiments, the at least one HIV peptide is indirectly bound to the at
least one MVP protein by being genetically linked to a mINT domain that interacts with
the at least one MVP protein. In some embodiments, the at least one HIV peptide is
genetically linked, either directly or through a linker, to the at least one MVP protein,
preferably at its N-terminus. In some embodiments, the linker is a flexible linker known
in the art. In some embodiments, the HIV peptide is an HIV-1 peptide or an HIV-2
peptide, preferably the HIV peptide is an HIV-1 peptide.

As used herein, an “HIV peptide” includes HIV-1 peptides and HIV-2 peptides and
refers a protein encoded by an HIV nucleotide sequence and includes peptides from any
proteomic region of HIV such as conserved regions, in versions such as consensus,
ancestral, or mosaic sequences. Mosaic sequences may be obtained using methods known
in the art. See, e.g., Fischer, et al. (2007) Nat Med 13(1):100-106, which is herein
incorporated by reference in its entirety. In some embodiments, the HIV nucleotide
sequence is obtained or derived from nucleic acids of HIV-1. In some embodiments, the
HIV nucleotide sequence is obtained or derived from nucleic acids of HIV-2. In some
embodiments, the HIV nucleotide sequence is obtained or derived from an HIV type 1
virus. In some embodiments, the HIV nucleotide sequence is obtained or derived from an
HIV type 2 virus. HIV peptides encoded by HIV nucleotide sequences obtained or
derived from nucleic acids of HIV-1 and/or HIV-1 viruses are “HIV-1 peptides”. HIV
peptides encoded by HIV nucleotide sequences obtained or derived from nucleic acids of
HIV-2 and/or HIV-2 viruses are “HIV-2 peptides”. In some embodiments, the HIV
peptide is a fragment of a Gag protein (e.g., Gag-1 or Gag-2), an Env (gp160) protein, or a
Nef protein of HIV. In some embodiments, the HIV peptide is a consensus sequence, an
ancestral sequence, or a mosaic sequence of the fragment. In some embodiments, the HIV
peptide comprises or consists of a sequence selected from the group consisting of:
¢ SPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMOMLKETINEEAA

EWDR (SEQ ID NO: 1);

e TPRTLNAWVKVVEEKAFSPEVIPMFTALSEGATPSDLNTMLNTIGGHQAAMOMLKDTINEEAA
EWDR (SEQ ID NO: 2);

e SARTLNAWVKVVEEKGENPEVIPMESALSEGATPODLNTMLNTVGGHQAAMOMLKETINEEAA
EWDR (SEQ ID NO: 3);
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e SPRTLNAWVKVIEEKAFSPEVIPMESALAEGATPODLNMMLNIVGGHQAAMOMLKDTINDEAA
EWDR (SEQ ID NO: 4);

e NPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDREYKTLRAEQASQEVKN
WMTETLLVQNANPDCKTILKALG (SEQ ID NO: 5);

e NPPIPVGDIYKRWIILGLDKIVRMYSPTSILDIRQGPKEPFRDYVDREFKVLRAEQATQDVKN
WMTDTLLVQNANPDCKTILRALG (SEQ ID NO: 6);

e NPPVPVGEIYKRWIVLGLNKIVRMYSPVSILDIRQGPKESFRDYVDREYKTLRAEQASQDVKN
WMTETLLVQNSNPDCKTILKALG (SEQ ID NO: 7);

e NPPIPVGEIYKRWIILGLNKIVRMYSPVSILDIKQGPKEPFRDYVDREFKTLRAEQATQEVKN
WMTETLLVQNANPDCKSILKALG (SEQ ID NO: 8);

e GFLGAAGSTMGAASMTLTVQARQLLSGIVQOONNLLRATEAQOHLLOLTVWGIKQLOARVLAV
ERYLKDQQLLGIWGCSGKLICTT (SEQ ID NO: 9);

e GFLGVAGSTMGAASITLTVQARQLLSGIVQOOSNLLRATEAQOHLLKLTVWGIKQLOTRVLAT
ERYLKDQQLLGLWGCSGKLICPT (SEQ ID NO: 10);

e GFLGTAGSTMGAASLTLTVQARQVLSGIVQOONNLLRATEAQQHMLOLTVWGIKQLOARVLAV
ERYLKDQQLLGIWGCSGKIICTT (SEQ ID NO: 11);

e GFLGAAGSTMGAASMTLTVQARLLLSGIVQOQQOSNLLKATEAQOHLLOLTVWGIKQLOARILAV
ERYLRDQQLLGIWGCSGKLICTT (SEQ ID NO: 12);

¢ RODILDLWVYHTQGYFPDWONYTPGPGIRYPLTFGWCFKLVPV (SEQ ID NO: 13);
¢ RQOEILDLWVYHTQGFFPDWONYTPGPGIRYPLTFGWCYKLVPV (SEQ ID NO: 14);

e RKDILDLWVYNTQGYFPDWHNYTPGPGTRFPLTFGWCFKLVPV (SEQ ID NO: 15);
and

e RODILDLWVYHTQGYFPDWQONYTPGPGVRYPLTFGWCFELVPV (SEQ ID NO: 16).

In some embodiments, the HIV peptide comprises or consists of a sequence having at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to a sequence selected from the group consisting of: SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16. In some embodiments, the
HIV peptide comprises or consist of a sequence having at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to a sequence selected
from the group consisting of: SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16. In some embodiments, the HIV
peptide comprises or consists of a sequence having at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to a sequence selected
from the group consisting of: SEQ ID NO: 1, SEQ ID NO: 5, SEQ ID NO: 9, and SEQ ID
NO: 13.
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As used herein, the term percent sequence “identity” refers to two or more
sequences or subsequences that have a specified percentage of nucleotides or amino acid
residues that are the same, when compared and aligned for maximum correspondence, as
measured using one of the sequence comparison algorithms described below (e.g.,
BLASTP and BLASTN or other algorithms available to persons of skill) or by visual
inspection. Depending on the application, the percent “identity” can exist over a region of
the sequence being compared, e.g., over a functional domain, or, alternatively, exist over
the full length of the two sequences to be compared.

For sequence comparison, typically one sequence acts as a reference sequence to
which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are input into a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent sequence identity for the test
sequence(s) relative to the reference sequence, based on the designated program
parameters.

Optimal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by
the search for similarity method of Pearson & Lipman, PNAS USA 85:2444 (1988), by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, WI), or by visual inspection.

One example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity is the BLAST algorithm, which is described in Altschul ef
al., J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information
(ncbi.nlm.nih.gov).

As used herein, an “HIV epitope” refers to an antigenic determinant of a human
immunodeficiency virus and includes those known in the art.

Figure 1 shows a micrograph of representative HI'V peptide vaults according to the
present invention and Figure 2 schematically shows the structure of an HIV peptide vault.
As used herein, a “vault particle” refers to a complex of MVP proteins arranged to form a
structure having ovoid shape and an internal cavity. The vault particles additionally

comprise one or more VPARP proteins, one or more TEP1 proteins, and/or RNA. As used
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herein, an “MVP protein” refers to a protein that has 90-100%, preferably 95-100%,
sequence identity to a major vault protein and is capable of forming a part of a vault.
Examples of major vault proteins are provided in the NCBI protein database (available on
the Internet, ncbi.nlm.nih.gov/protein) and include GI: 41055865 (rat), GI: 239052674
(mouse), and GI: 15990478 (human). MVP proteins can be synthetic, mutated, modified,
human, animal (e.g., rat MVP), etc. In some embodiments, the one or more MVP proteins
of the vault particles according to the present invention have 90-100%, 95-100%, 97-99%,
or 100% sequence identity to GI: 15990478 (human). As used herein, a “VPARP protein”
refers to a protein that has 90-100%, preferably 95-100%, sequence identity to a vault poly
ADP-ribose polymerase and is capable of forming a part of a vault. Examples of VPARP
proteins are provided in the NCBI protein database (available on the Internet,
ncbi.nlm.nih.gov/protein) and include GI: 149064059 (rat), GI: 281485553 (mouse), and
GI: 112789550 (human). VPARP proteins can be synthetic, mutated, modified, human,
animal (e.g., rat VPARP), etc. In some embodiments, the one or more VPARP proteins of
the vault particles according to the present invention have 90-100%, 95-100%, 97-99%, or
100% sequence identity to GI: 112789550 (human). As used herein, a “TEP1 protein”
refers to a protein that has 90-100%, preferably 95-100%, sequence identity to a
telomerase/vault associated protein 1 and is capable of forming a part of a vault.

Examples of TEP1 proteins are provided in the NCBI protein database (available on the
Internet, ncbi.nlm.nih.gov/protein) and include GI: 12018250 (rat), GI: 6678285 (mouse),
and GI: 21536371 (human). TEP1 proteins can be synthetic, mutated, modified, human,
animal (e.g., rat TEP1), etc. In some embodiments, the one or more TEP1 proteins of the
vault particles according to the present invention have 90-100%, 95-100%, 97-99%, or
100% sequence identity to GI: 21536371 (human). As used herein, a “mINT domain”
refers to the major vault protein interaction domain (mINT) of a VPARP protein or portion
thereof that is capable of interacting with MVP proteins of naturally occurring vaults. The
vault particles may be made using cell-based methods or cell-free methods known in the
art. In some embodiments, the vault particles are made using cell-free methods, see, for
example, WO 2016/049122, which is herein incorporated by reference in its entirety.

As disclosed herein, HIV peptide vaults are highly immunogenic and result in
systemic and mucosal immunity in subjects when administered thereto. Therefore, the
present invention provides immunogenic compositions and vaccine compositions which
comprise a vault particle having at least one HIV peptide bound to at least one MVP

protein of the vault particle.
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Compositions of the present invention, including pharmaceutical compositions and
vaccines, may include one type of HIV peptide vault or two or more different types of
HIV peptide vaults, e.g., HIV peptide vaults having different HIV peptides, or HIV
peptide vaults having the same HIV peptide but some having the HIV peptide genetically
linked to the MVP proteins and some having the HIV peptide genetically linked to mINT
domains, etc.

The term “pharmaceutical composition” refers to a composition suitable for
pharmaceutical use in a subject. A pharmaceutical composition generally comprises an
effective amount of an active agent, e.g., an HIV peptide vault according to the present
invention, and a pharmaceutically acceptable carrier, e.g., a buffer, adjuvant, and the like.
The term “effective amount” refers to a dosage or amount sufficient to produce a desired
result. The desired result may comprise an objective or subjective improvement in the
recipient of the dosage or amount, e.g., long-term survival, decrease in viremia, effective
prevention of a disease state, and the like.

One or more HIV peptide vaults according to the present invention may be
administered, preferably in the form of pharmaceutical compositions, to a subject.
Preferably the subject is mammalian, more preferably, the subject is human. Preferred
pharmaceutical compositions are those comprising at least one HIV peptide vault in an
immunogenic amount or a therapeutically effective amount, and a pharmaceutically
acceptable vehicle.

Vaccines according to the present invention provide a protective immune response
when administered to a subject. As used herein, a “vaccine” according to the present
invention is a pharmaceutical composition that comprises an immunogenic amount of at
least one HIV peptide vault and provides a protective immune response when
administered to a subject. The protective immune response may be complete or partial,
e.g., areduction in symptoms as compared with an unvaccinated subject.

As used herein, an “immunogenic amount” is an amount that is sufficient to elicit
an immune response in a subject and depends on a variety of factors such as the
immunogenicity of the given HIV peptide vault, the manner of administration, the general
state of health of the subject, and the like. The typical immunogenic amounts for initial
and boosting immunizations for therapeutic or prophylactic administration may range
from about 120 pg to 8 mg per kilogram of body weight of a subject. For example, the
typical immunogenic amount for initial and boosting immunization for therapeutic or

prophylactic administration for a human subject of 70 kg body weight ranges from about
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8.4 mg to about 560 mg, preferably about 10-100 mg, more preferably about 10-20 mg,
per about 65-70 kg body weight of a subject. Examples of suitable immunization
protocols include an initial immunization injection (time 0), followed by booster injections
at 4, and/or 8 weeks, which these initial immunization injections may be followed by
further booster injections at 1 or 2 years if needed.

As used herein, a “therapeutically effective amount” refers to an amount that may
be used to treat, prevent, or inhibit a given condition, such as an HIV infection, in a
subject as compared to a control. Again, the skilled artisan will appreciate that certain
factors may influence the dosage required to effectively treat a subject, including the
degree of exposure to HIV, previous treatments, the general health and age of the subject,
and the like. A therapeutically effective amount may be readily determined by
conventional methods known in the art. It should be noted that treatment of a subject with
a therapeutically effective amount or an immunogenic amount, may be administered as a
single dose or as a series of several doses.

The compositions of the present invention may include an adjuvant. As used
herein, an “adjuvant” refers to any substance which, when administered with or before a
pharmaceutically active agent, such as a HIV peptide vault according to the present
invention, aids the pharmaceutically active agent in its mechanism of action. Thus, an
adjuvant in a vaccine according to the present invention is a substance that aids the at least
one HIV peptide vault in eliciting an immune response. Suitable adjuvants include
incomplete Freund’s adjuvant, alum, aluminum phosphate, aluminum hydroxide, N-
acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-
D-isoglutamine (CGP 11637, nor-MDP), N-acetylmuramyl-Lalanyl-D-isoglutaminyl-L-
alanine-2-(1°-2’-dipa-Imitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP
19835A, MTP-PE), and RIBI, which comprise three components extracted from bacteria,
monophosphoryl lipid A, trehalose dimycolate and cell wall skeleton (NPL+TDM+CWS)
in a 2% squalene/Tween 80 emulsion. The effectiveness of an adjuvant may be
determined by methods in the art.

Pharmaceutical compositions of the present invention may be formulated for the
intended route of delivery, including intravenous, intramuscular, intra peritoneal,
subcutaneous, intraocular, intrathecal, intraarticular, intrasynovial, cisternal, intrahepatic,
intralesional injection, intracranial injection, infusion, and/or inhaled routes of
administration using methods known in the art. Pharmaceutical compositions according to

the present invention may include one or more of the following: pH buftfered solutions,
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adjuvants (e.g., preservatives, wetting agents, emulsifying agents, and dispersing agents),
liposomal formulations, nanoparticles, dispersions, suspensions or emulsions as well as
sterile powders for reconstitution into sterile injectable solutions or dispersions. The
compositions and formulations of the present invention may be optimized for increased
stability and efficacy using methods in the art. See, e.g., Carra et al. (2007) Vaccine
25:4149-4158, which is herein incorporated by reference.

The compositions of the present invention may be administered to a subject by any
suitable route including oral, transdermal, subcutaneous, intranasal, inhalation,
intramuscular, and intravascular administration. It will be appreciated that the preferred
route of administration and pharmaceutical formulation will vary with the condition and
age of the subject, the nature of the condition to be treated, the therapeutic effect desired,
and the particular polypeptide, polynucleotide, or antibody used.

As used herein, a “pharmaceutically acceptable vehicle” or “pharmaceutically
acceptable carrier” are used interchangeably and refer to and include any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like, that are compatible with pharmaceutical administration and
comply with the applicable standards and regulations, e.g., the pharmacopeial standards
set forth in the United States Pharmacopeia and the National Formulary (USP-NF) book,
for pharmaceutical administration. Thus, for example, unsterile water is excluded as a
pharmaceutically acceptable carrier for, at least, intravenous administration.
Pharmaceutically acceptable vehicles include those known in the art. See, e.g.,
REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY. 20% ed. (2000) Lippincott
Williams & Wilkins. Baltimore, MD, which is herein incorporated by reference.

The pharmaceutical compositions of the present invention may be provided in
dosage unit forms. “Dosage unit form” as used herein refers to physically discrete units
suited as unitary dosages for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated to produce the desired therapeutic
effect in association with the required pharmaceutically acceptable carrier. The
specification for the dosage unit forms of the invention are dictated by and directly
dependent on the unique characteristics of the active compound and the particular
therapeutic effect to be achieved, and the limitations inherent in the art of compounding
such an active compound for the treatment of individuals.

Toxicity and therapeutic efficacy of the HIV peptide vaults according to the instant

invention and compositions thereof can be determined by standard pharmaceutical
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procedures in cell cultures or experimental animals. For example, one may determine the
lethal dose, LCso (the dose expressed as concentration x exposure time that is lethal to
50% of the population) or the LDso (the dose lethal to 50% of the population), and the
EDso (the dose therapeutically effective in 50% of the population) by conventional
methods in the art. The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LDso/EDso. HIV peptide vaults which exhibit
large therapeutic indices are preferred. While HIV peptide vaults that exhibit toxic side
effects may be used, care should be taken to design a delivery system that targets such
compounds to the site of affected tissue in order to minimize potential damage to
uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDso with little or
no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the method
of the invention, a therapeutically effective amount and/or dose can be estimated initially
from cell culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the ICso (i.e., the concentration of the
test compound which achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Such information can be used to more accurately determine useful doses in
humans. Levels in plasma may be measured, for example, by high performance liquid
chromatography. Additionally, a suitable dosage for a given subject can be determined by
an attending physician or other qualified medical personnel, based on various clinical
factors.

In some embodiments, the present invention is directed to kits which comprise one
or more HIV peptide vaults, optionally in a composition or in combination with one or
more additional therapeutic agents such as an antiretroviral therapeutic, packaged together
with one or more reagents or drug delivery devices for preventing, inhibiting, reducing, or
treating an HIV infection in a subject. Such kits include a carrier, package, or container
that may be compartmentalized to receive one or more containers, such as vials, tubes, and
the like. In some embodiments, the kits optionally include an identifying description or
label or instructions relating to its use. In some embodiments, the kits comprise the one or
more HIV peptide vaults, optionally in one or more unit dosage forms, packaged together

as a pack and/or in drug delivery device, e.g., a pre-filled syringe. In some embodiments,
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the kits include information prescribed by a governmental agency that regulates the
manufacture, use, or sale of compounds and compositions according to the present
invention.

The following examples are intended to illustrate but not to limit the invention.

EXAMPLES

Although SEQ ID NO:2 was used as the exemplary HIV peptide for the
immunogenic data provided herein, any peptide that results in an antibody response
against HIV by itself or with a vault particle as an HIV peptide vault may be used in

accordance with the invention.

Selection of Pepftides of the HIV-1 Proteome

Four candidate proteome regions of HIV-1 were obtained by scanning for amino
acid variability (Shannon Entropy) across all available M-group HIV-1 sequences in the
Los Alamos National Laboratory HIV Sequence Database. See Yang (2009) PLoS ONE
4(1):€7338, which is herein incorporated by reference. These regions included Gag 148-
214 (cGag-1), Gag 250-335 (cGag-2), Env 521-606 (cEnv), and Nef 106-148 (cNef).
Because these candidate peptides were not perfectly conserved across all HIV isolates, a
computing tool from the Los Alamos National Laboratory (Thurmond et al, 2008,
Bioinformatics 24 (14): 1639-1640) was used to create sets of three HIV mosaic sequences
for each of the above regions to maximize representation of all 9-mer sequences within a
broad set of HIV-1 sequences spanning virus variability across the world. These sets of
three mosaics per region (e.g., for cGag-1: versions cGag-1M1, cGag-1M2, cGag-1M3 are
shown in Figure 3. These computed sets of mosaic sequences provide coverage of over
90% of all possible stretches of 9-mer sequences within the HIV-1 sequences representing
virus variability across the world. Subsequently, these HIV peptide sequences were
shown to be highly immunogenic in rhesus macaques in a vaccination study using DNA
and viral vectors. See Yang, ef al. (2015) J Virol 89(2):1195-1204, which is herein

incorporated by reference in its entirety.

Generation of Human Vaults That Deliver Conserved Regions of the HIV-1 Proteome
HIV peptide vaults consisting of human MVP proteins having the HIV peptides
Figure 3 recombinantly linked to the N-terminus via a flexible linker
(GGGGSGGGGSGGGGS, SEQ ID NO: 17) of the MVP proteins were engineered using
methods in the art. The linker sequence enhanced the yield of the HIV peptide vaults,

presumably by reducing steric hindrance from the added sequences. Genetic constructs
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encoding the HIV-MVP fusion proteins were delivered to insect Sf9 cells using a standard
baculovirus vector and methods in the art for cell-based vault expression and purification

were used. Figure 4 shows electron micrographs of the HIV peptide vaults.

Uptake by Human Antigen Presenting Cells (APCs) Demonstrates Remarkably Lfficient
Uptake

Uptake and processing of proteins by antigen presenting cells (APCs) is crucial for
generating new immune responses, particularly T cell responses. Using methods in the
art, the HIV peptide vaults were taken up by human peripheral blood mononuclear cells.
The uptake of the HIV peptide vaults was assessed using fluorescent labels and flow
cytometry. As shown in Figure 5, the uptake was remarkably efficient in activated CD4*

T cells and myeloid dendritic cells, approaching 100% in a 2 hour incubation.

Vaccination Studies

Systemic and mucosal immune responses in mice vaccinated with HIV peptide
vaults (with HIV peptides having SEQ ID NO: 2 genetically linked to the MVP proteins of
vault particles) were compared to that of mice vaccinated with control vaults (vault
particle without any HIV peptide linked thereto). Three vaccinations separated by 2
weeks were given via subcutaneous injection or intranasal inoculation, and cellular
immune responses were assessed by intracellular cytokine staining and flow cytometry for
responses against the cGag-1 sequence delivered by the HIV peptide vault. The results of
Figure 6, Figure 7, and Figure 8 show remarkably high frequency of responding T cells in
both systemic (spleen) and mucosal (mesenteric) compartments from both inoculation
routes. Note that when measuring cellular immune responses in persons with HIV-1
infection, the magnitudes of responses against HIV-1 peptides are typically <1% and
measured as low as 0.005% of all T cells, while the observed frequencies of cells against
the peptides are 10-70% of all T cells.

The data summarized in Figure 9 suggest that (1) overall, the responses in the
mesenteric compartment are higher frequency than the splenic compartment for both
vaccination routes (compare numbers of dots below versus above the dotted lines); and (2)
intranasal vaccination may be more immunogenic for the mesenteric compartment than
subcutaneous vaccination for CD4+ T cell responses (compare left panels to right panels).
The data in Figure 10 indicate the percentage of cells responding to Gag-1 measured by
interferon gamma production and that the maximal effect is probably achieved between 3
and 10 pug dose per mouse. The data in Figure 11 indicate that the maximal effect is not

attained until at least three doses, although there are definite responses after the second
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dose that have magnitudes similar to the recombinant Adenovirus serotype 5 vaccine in
mice, which the Adenovirus serotype 5 vaccine was advanced to testing in macaques and

then humans.

All scientific and technical terms used in this application have meanings
commonly used in the art unless otherwise specified.

As used herein, the term “subject” includes humans and non-human animals. The
term “non-human animal” includes all vertebrates, e.g., mammals and non-mammals, such
as non-human primates, horses, sheep, dogs, cows, pigs, chickens, and other veterinary
subjects and test animals.

The use of the singular can include the plural unless specifically stated otherwise.
As used in the specification and the appended claims, the singular forms “a”, “an”, and
“the” can include plural referents unless the context clearly dictates otherwise. As used
herein, “and/or” means “and” or “or”. For example, “A and/or B” means “A, B, or both A
and B” and “A, B, C, and/or D” means “A, B, C, D, or a combination thereof” and said
“combination thereof” means any subset of A, B, C, and D, for example, a single member
subset (e.g., A or B or C or D), a two-member subset (e.g., A and B; A and C; etc.), or a
three-member subset (e.g., A, B, and C; or A, B, and D; etc.), or all four members (e.g., A,
B, C, and D).

The phrase “comprises or consists of” is used as a tool to avoid excess page and
translation fees and means that in some embodiments the given thing at issue comprises
something, and in some embodiments the given thing at issue consists of something. For
example, the sentence “In some embodiments, the composition comprises or consists of a
A” is to be interpreted as if written as the following two separate sentences: “In some
embodiments, the composition comprises A. In some embodiments, the composition
consists of A.” Similarly, sentence reciting a string of alternates is to be interpreted as if a
string of sentences were provided such that each given alternate was provided in a
sentence by itself. For example, the sentence “In some embodiments, the composition
comprises A, B, or C” is to be interpreted as if written as the following three separate
sentences: ““In some embodiments, the composition comprises A. In some embodiments,
the composition comprises B. In some embodiments, the composition comprises C.”

To the extent necessary to understand or complete the disclosure of the present

invention, all publications, patents, and patent applications mentioned herein are expressly
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incorporated by reference therein to the same extent as though each were individually so
incorporated.

Having thus described exemplary embodiments of the present invention, it should
be noted by those skilled in the art that the within disclosures are exemplary only and that
various other alternatives, adaptations, and modifications may be made within the scope of
the present invention. Accordingly, the present invention is not limited to the specific

embodiments as illustrated herein, but is only limited by the following claims.
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WHAT IS CLAIMED IS:

1. An HIV peptide vault which comprises a vault particle comprising a complex of MVP
proteins and at least one HIV peptide bound or genetically linked to at least one MVP protein or

packaged within an internal cavity of the vault particle.

2. The HIV peptide vault according to claim 1, wherein the at least one HIV peptide is an
HIV epitope and/or has a sequence that is a consensus sequence, an ancestral sequence, or a

mosaic sequence.

3. The HIV peptide vault according to claim 2, wherein the HIV peptide comprises a
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to a sequence selected from the group consisting of: SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16.

4. The HIV peptide vault according to claim 2, wherein the HIV peptide consists of a
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to a sequence selected from the group consisting of: SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16.

5. The HIV peptide vault according to claim 2, wherein the HIV peptide consists of a
sequence having SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, or SEQ ID NO: 16.

6. The HIV peptide vault according to any one of claims 1 to 5, wherein the HIV peptide is
bound to the N-terminus of the at least one MVP protein.

7. The HIV peptide vault according to any one of claims 1 to 5, wherein the HIV peptide is
genetically linked to the at least one MVP protein or to a mINT domain.

8. The HIV peptide vault according to any one of claims 1 to 5, wherein the HIV peptide is
genetically linked to the N-terminus of the at least one MVP protein.
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0. The HIV peptide vault according to claim 7 or 8, wherein the HIV peptide is genetically

linked to the at least one MVP protein via a flexible linker.

10. A composition comprising at least one HIV peptide vault according to any one of claims
1t09.
11. The composition according to claim 10, wherein the at least one HIV peptide vault is

present in an immunogenic amount.

12.  The composition according to claim 10 or claim 11, and further comprising a

pharmaceutically acceptable carrier.

13. A vaccine comprising at least one HIV peptide vault according to any one of claims 1 to
9.

14. The vaccine according to claim 13, and further comprising an adjuvant.

15. A method of inducing an immune response in a subject, which comprises administering

an immunogenic amount of the HIV peptide vault according to any one of claims 1 to 9, the

composition according to any one of claims 10 to 12, or the vaccine according to claim 13 or 14.
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“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
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“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13¢er. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

C. D furnished subsequent to the international filing date for the purposes of international search only:
I:l in the form of an Annex C/ST.25 text file (Rule 13ser.1(a)).
[:] on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. [:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K{ Claims Nos.: 9-15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:

1. EI As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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