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A VACCINE COMPOSITION AND USES THEREOF

TECHNICAL FIELD

[0001] The present invention relates generally to a vaccine composition comprising
fragments of the cancer-related protein Her2/neu, methods of preparing such composition,
and uses thereof for the prevention or treatment of a cancer characterized by the expression

or over-expression of the Her2/neu protein.

BACKGROUND

[0002] The Her2/neu tumor antigen, encoded by the erbB2/neu protooncogene, is a 185
kDa protein that belongs to the human epidermal growth factor receptor family. It consists
of a cysteine-rich extracellular domain (ECD, from amino acids 23 to 652) with several
glycosylation sites, a hydrophobic transmembrane domain (from amino acids 653 to 675)
and an intracellular tyrosine kinase domain (from amino acids 676 to 1255). The Her2/neu
receptor is expressed on the cell membrane of a variety of epithelial cell types and

regulates aspects of cell growth and division through binding of specific growth factors.

[0003] Her2/neu is expressed at low levels in many normal cells, but is over-expressed in a
variety of cancers, including breast, ovarian, endometrial, gastric, pancreatic, prostate and
salivary gland cancers. For example, approximately 30% of metastatic breast cancers have
been shown to over-express Her2/neu. This over-expression is associated with a poor
prognosis for the breast cancer patient, as it corresponds to decreased relapse-free periods
and shortened survival time. Currently, the most common forms of treating breast cancer
involve surgery, chemical intervention and/or radiotherapy. Unless the cancer is restricted
to a defined area, surgery alone cannot eliminate the cancer. Moreover, radiation treatment

as well as chemotherapy may entail severe negative side effects.

[0004] In view of the disadvantages associated with the current therapies, attempts have
been made to find additional approaches for treating proliferative disorders such as breast

cancer, including immunotherapy.

[0005] The clinical implications of Her2/neu over-expression in tumors have made
Her2/neu an attractive target for antibody-mediated immunotherapy, alone or as an adjunct

to conventional chemotherapy. For example, the monoclonal antibody (mAb) 4D5 has
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been shown to reduce the growth of Her2/neu expressing tumours in mice by direct and
indirect mechanisms such as apoptosis, antibody-dependent cell-mediated cytotoxicity
(ADCC) or complement-dependent cytotoxicity (CDC). Based on these results, a
humanized form of this antibody, Trastuzumab (Herceptin®), was tested in clinical trials.
Increased overall survival of patients with breast tumors overexpressing Her2/neu was
observed following cytotoxic treatment plus Herceptin®, as compared to chemotherapy or
Trastuzumab alone. Herceptin® is now used as monotherapy but shows even higher
efficacy in combination with cytotoxic chemotherapy. It is to be noted, however, that
Trastuzumab is generally only effective in breast cancer where the Her2/neu receptor is
over-expressed. Furthermore, multiple infusions are typically required, resulting in high

treatment costs.

[0006] An alternative approach to the treatment or prevention of Her2/neu-associated
cancers using passive immunotherapy with monoclonal antibodies such as Trastuzumab is
based on the induction of tumour-specific humoral and/or cellular immune responses and
the identification of antigens recognized by human B- and T-lymphocytes. For example,
numerous antibodies directed against the extracellular domain (ECD) of Her2/neu have
been generated by immunizing mice with cells expressing Her2/neu. The biological effect
of these antibodies appears to be epitope-specific; that is, it is based on specific recognition
of a short subsequence within the Her2/neu ECD. However, some antibodies have no

effect or even actively stimulate tumour growth.

[0007] Such vaccine immunotherapy for cancer has been based on antigens against which
humoral and/or cellular responses are elicited. These antigens should ideally be expressed
or over-expressed exclusively by tumour cells, often referred to as tumour-associated
antigens (TAAs). One of the first TAAs described for breast cancer was Her2/neu.
Meanwhile, various TA As representing different epitopes have been tested, but so far none

have successfully made their way into clinical practice.

[0008] Depending on the type of immune response intended (i.e., B cell or T cell
response), different strategies are typically applied. For instance, to induce a B cell (i.e.
antibody) response, the antigens should comprise a B cell epitope. As generally understood
in the art, a B cell epitope is a part of an antigen that is recognized and bound by a B cell
receptor. Lipids, polysaccharides and proteins/peptides may contain B cell epitopes which,

upon introduction into an organism of choice, cause B cells to produce antibodies which
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specifically bind to the introduced epitope.

[0009] Individual fragments of the ECD of Her2/neu, including B cell epitopes, are known
in the art. For example, WO 2002/068474 describes a vaccine that comprises a peptide of
9-25 amino acids which sequence occurs in the extracellular part of the Her2/neu protein.
Further, WO 2007/118660 describes a multi-peptide vaccine comprising a specific
combination of peptides presenting different amino acid sequences as occur in the
extracellular part of the Her2/neu protein. These peptides may be administered individually
or in combination, in the form of multiple discrete peptides, each preferably conjugated
separately to a delivery system. In yet another example, WO 2011/020604 describes
fusion peptides comprising multiple Her2/neu B cell epitopes coupled to a virosome
delivery system. These virosomes were shown to a induce a higher antibody titre against a
single B cell epitope as compared to the same fusion peptides formulated with

Montanide™ or an ISCOM-based delivery system.

[0010] Despite several attempts to develop a suitable vaccine for inducing immunity
against Her2/neu, there is still no effective vaccine in clinical use. It is an aim of the
present invention to provide an improve composition suitable for use as a vaccine for
treating or preventing a condition such as cancer that is characterized by the expression or

over-expression of Her2/neu.

SUMMARY OF THE INVENTION

[0011] The present specification described a vaccine composition comprising:

(1) anadjuvant; and

(i1) at least one fusion peptide conjugated to a carrier protein,
wherein the carrier protein is the diphtheria toxin variant CRM-197 (GenBank Accession
No. 1007216A; SEQ ID NO:61) and wherein the at least one fusion peptide comprises two
or more non-contiguous B cell epitopes of Her2/neu selected from the group consisting of
SEQ ID Nos:1-7 and 15-60 and amino acid sequences that have at least 85% identity to

any of the foregoing.

[0012] The present specification also describes a pharmaceutical composition comprising

the vaccine composition as herein described and a pharmaceutically acceptable carrier.
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[0013] The present specification also describes a method of treating or preventing a cancer
characterized by expression or over-expression of Her2/neu in a patient in need thereof, the
method comprising the step of administering to said patient an effective amount of the
vaccine composition as herein described or the pharmaceutical composition as herein

described.

[0014] The present specification also describes use of the vaccine composition as herein
described in the manufacture of a medicament for treating or preventing a cancer

characterized by expression or over-expression of Her2/neu in a patient in need thereof.

[0015] The present specification also discloses the vaccine composition or pharmaceutical
composition as herein described for use in treating or preventing a cancer characterized by

expression or over-expression of Her2/neu in a patient in need thereof.
BRIEF DESCRIPTION OF THE FIGURES

[0016] Figure 1 shows anti-P4 antibody titres in serum samples obtained after the fourth
immunisation with either virosomes incorporating the P467 or P647 fusion peptides or

CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0017] Figure 2 shows anti-P6 antibody titres in serum samples obtained after the fourth
immunisation with either virosomes incorporating the P467 or P647 fusion peptides or

CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0018] Figure 3 shows anti-P7 antibody titres in serum samples obtained after the fourth
immunisation with either virosomes incorporating the P467 or P647 fusion peptides or

CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0019] Figure 4 shows anti-P467 antibody titres in serum samples obtained after the fourth
immunisation with either virosomes incorporating the P467 or P647 fusion peptides or

CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0020] Figure 5 shows anti-P647 antibody titres in serum samples obtained after the fourth
immunisation with either virosomes incorporating the P467 or P647 fusion peptides or

CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0021] Figure 6 shows anti-P467 antibody titres in serum samples obtained two weeks
after the second (BA1; 1* blood draw), third (BA2; 2" blood draw) and fourth (BA3; 3"

blood draw) immunisation with either virosomes incorporating the P467 or P647 fusion
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peptides or CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0022] Figure 7 shows anti-P647 antibody titres in serum samples obtained two weeks
after the second (BA1; 1* blood draw), third (BA2; 2" blood draw) and fourth (BA3; 3"
blood draw) immunisation with either virosomes incorporating the P467 or P647 fusion

peptides or CRM197-fusion protein conjugates (CRM). Data are presented as OD values.

[0023] Figure 8 shows that antibodies from serum samples obtained two weeks after the
second (BA1; 1* blood draw) and third (BA2; 2" blood draw) immunisation with either
virosome formulations incorporating the P467 or P647 fusion peptides (15, 30, 50 pg) or
CRM197-fusion protein conjugates (CRM; 30ug) are capable of binding to a recombinant
ECD of Her2/neu. Data are presented as OD values.

[0024] Figure 9 shows recombinant Her2/neu specific antibodies from serum samples
obtained two weeks after the second (BAI; 1* blood draw) immunisation with either
virosome formulations incorporating the P467 or P647 fusion peptides (15, 30, 50 pg) or
CRM197-fusion protein conjugates (CRM; 30ug). Data are presented as OD values.

[0025] Figure 10 shows recombinant Her2/neu specific antibodies from serum samples
obtained two weeks after the fourth (BA3; 3™ blood draw) immunisation with either
virosome formulations incorporating the P467 or P647 fusion peptides (15, 30, 50 pg) or
CRM197-fusion protein conjugates (CRM; 30ug). Data are presented as OD values.

[0026] Figure 11 shows the kinetics of recombinant Her2/neu specific antibody titres after
the second, third and fourth immunisations with CRM197-fusion protein conjugates
(CRM; 30ug) comprising the P467 or P647 fusion peptides. Sera were assayed at a dilution
of 1:4,000. Data are presented as OD values.

[0027] Figure 12 shows a direct comparison of antibody titres after the 2nd, 3¢ and 4%
immunisation with the P467 fusion peptide conjugated to virosomes or to CRM197 at a
concentration of 30 pg. From left to right in each group: Pre Pool (blood drawn prior to
immunisation); TIRIV (empty virosome); P467-30mg/mouse (virosome conjugated);
P467-30mg/mouse-CRM (CRM197 conjugated). All sera were assayed at the same

dilution. Data are presented as OD values.

[0028] Figure 13 shows a direct comparison of antibody titres after the 2nd, 3% and 4%
immunisation with the P647 fusion peptide conjugated to virosomes or to CRM197 at a

concentration of 30 pg. From left to right in each group: Pre Pool (blood drawn prior to
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immunisation); TIRIV (empty virosome); P647-30mg/mouse (virosome conjugated);
P647-30mg/mouse-CRM (CRM197 conjugated). All sera were assayed at the same

dilution. Data are presented as OD values.

[0029] Figure 14 shows immunisation with either virosomes incorporating the P467 or
P647 fusion peptides or CRM197-fusion protein conjugates (CRM) induced antibodies that
are capable of binding to native Her2/neu expressed on the surface of SKBR-3 breast

cancer cells. Data are presented as OD values.

[0030] Figure 15A shows the anti-P467 IgG antibody titre in mice following three doses
of the P467-CRM197 fusion protein at 10pug, 25ug and 50ug, administered alone (P467-
CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva (P467-
CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). Antibody titres were
compared to levels seen in control animals administered with P467 peptide alone (P467;
25ug), Alum from Brenntag (Alum (Brenntag)) or CRM197 alone (CRM). Data are
presented as OD values; *p<0.05, **p<0.01 and ***p<0.001.

[0031] Figure 15B shows the anti-P467 IgG1 antibody titre in mice following three doses
of the P467-CRM197 fusion protein at 10ug, 25ug and 50pLg, administered alone (P467-
CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva (P467-
CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). Antibody titres were
compared to levels seen in control animals administered with P467 peptide alone. Data are

presented as OD values; *p<0.05, **p<0.01 and ***p<0.001.

[0032] Figure 15C shows the anti-P467 IgG2a antibody titre in mice following three doses
of the P467-CRM197 fusion protein at 10ug, 25ug and 50pLg, administered alone (P467-
CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva (P467-
CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). Antibody titres were
compared to levels seen in control animals administered with P467 peptide alone (P467;
25ug), Alum from Brenntag (Alum (Brenntag)) or CRM197 alone (CRM). Data are
presented as OD values; *p<0.05, **p<0.01 and ***p<0.001.

[0033] Figure 16A shows the anti-extracellular Her2/neu IgG antibody titre in mice
following three doses of the P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
administered alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
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CRM+Montanide). Antibody titres were compared to levels seen in control animals
administered with P467 peptide alone (P467; 25ug), Alum from Brenntag (Alum
(Brenntag)) or CRM197 alone (CRM). Data are presented as OD values; *p<0.05,
*#p<0.01 and ***p<0.001.

[0034] Figure 16B shows the anti-extracellular Her2/neu IgG1 antibody titre in mice
following three doses of the P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
administered alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM+Montanide). Antibody titres were compared to levels seen in control animals
administered with P467 peptide alone (P467; 25ug), Alum from Brenntag (Alum
(Brenntag)) or CRM197 alone (CRM). Data are presented as OD values; *p<0.05,
*#p<0.01 and ***p<0.001.

[0035] Figure 17A shows IL-2 production by CRM197-activated splenocytes derived
from mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
administered alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM+Montanide). IL-12 levels (pg/ml) were compared to IL-2 levels seen in CRM197-
activated splenocytes derived from control animals administered with Alum alone (Alum
(Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM). Data are presented

as pg/ml; **p<0.01 and ns = not statistically significant.

[0036] Figure 17B shows IL-2 production by P467-activated splenocytes derived from
mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50pLg, administered
alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). IL-12 levels
(pg/ml) were compared to IL-2 levels seen in P467-activated splenocytes derived from
control animals administered with Alum alone (Alum (Brenntag)), Montanide alone
(Montanide) or CRM197 alone (CRM). Data are presented as pg/ml; *p<0.05, **p<0.01

and ns = not statistically significant.

[0037] Figure 18A shows IFNy production by CRM197-activated splenocytes derived
from mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
administered alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with
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Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM+Montanide). IFNy levels (pg/ml) were compared to IFNy levels seen in CRM197-
activated splenocytes derived from control animals administered with Alum alone (Alum
(Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM). Data are presented

as pg/ml; *p<0.05 and ns = not statistically significant.

[0038] Figure 18B shows IFNy production by P467-activated splenocytes derived from
mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50pg, administered
alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). IFNy levels
(pg/ml) were compared to IFNy levels seen in P467-activated splenocytes derived from
control animals administered with Alum alone (Alum (Brenntag)), Montanide alone
(Montanide) or CRM197 alone (CRM). Data are presented as pg/ml; ns = not statistically

significant.

[0039] Figure 19A shows IL-5 production by CRM197-activated splenocytes derived
from mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
administered alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM+Montanide). IL-5 levels (pg/ml) were compared to IL-5 levels seen in CRM197-
activated splenocytes derived from control animals administered with Alum alone (Alum
(Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM). Data are presented
as pg/ml; *p<0.05, **p<0.01 and ns = not statistically significant..

[0040] Figure 19B shows IL-5 production by P467-activated splenocytes derived from
mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50pLg, administered
alone (P467-CRM), with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). IL-5 levels
(pg/ml) were compared to IL-5 levels seen in P467-activated splenocytes derived from
control animals administered with Alum alone (Alum (Brenntag)), Montanide alone
(Montanide) or CRM197 alone (CRM). Data are presented as pg/ml; ns = not statistically

significant.

[0041] Figure 20A shows the distribution of CD3+CD4+ splenocytes (T lymphocytes) at
sacrifice in mice immunized with P467-CRM197 fusion protein at 10ug, 25ug and 50ug,
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administered with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). The percentage
of CD3+CD4+ splenocytes was compared to the percentage of CD3+CD4+ splenocytes
seen in control animals administered with Alum alone (Alum (Brenntag)), Montanide
alone (Montanide) or CRM197 alone (CRM). Data are presented as a percentage of total

cell number; ns = not statistically significant.

[0042] Figure 20B shows the distribution of CD3+CD8+ splenocytes (T lymphocytes) at
sacrifice in mice immunized with P467-CRM197 fusion protein at 10pg, 25ug and 50ug,
administered with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). The percentage
of CD3+CD8+ splenocytes was compared to the percentage of CD3+CD8+ splenocytes
seen in control animals administered with Alum alone (Alum (Brenntag)), Montanide
alone (Montanide) or CRM197 alone (CRM). Data are presented as a percentage of total

cell number; ns = not statistically significant.

[0043] Figure 20C shows the distribution of CD3-CD19+ splenocytes (B cells) at sacrifice
in mice immunized with P467-CRM197 fusion protein at 10pug, 25ug and 50ug,
administered with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). The percentage
of CD3-CD19+ splenocytes was compared to the percentage of CD3-CD19+ splenocytes
seen in control animals administered with Alum alone (Alum (Brenntag)), Montanide
alone (Montanide) or CRM197 alone (CRM). Data are presented as a percentage of total

cell number; ns = not statistically significant.

[0044] Figure 20D shows the distribution of CD335+ splenocytes (natural killer (NK)
cells) at sacrifice in mice immunized with P467-CRM197 fusion protein at 10pg, 25¢1g and
50ug, administered with Alum from Brenntag (P467-CRM+Alum), with Alum from Serva
(P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). The percentage
of CD335+ splenocytes was compared to the percentage of CD335+ splenocytes seen in
control animals administered with Alum alone (Alum (Brenntag)), Montanide alone
(Montanide) or CRM197 alone (CRM). Data are presented as a percentage of total cell

number; *p<0.05 and ns = not statistically significant.

[0045] Figure 21A shows the distribution of CD3+CD4+IFNy+ splenocytes (IFNy-
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producing T cells) at sacrifice in mice immunized with P467-CRM197 fusion protein at
10ug, 25ug and 50ug, administered with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM-+Montanide). The percentage of CD3+CD4+IFNvy+ splenocytes was compared to the
percentage of CD3+CD4+IFNy+ splenocytes seen in control animals administered with
Alum alone (Alum (Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM).

Data are presented as a percentage of total cell number; ns = not statistically significant.

[0046] Figure 21B shows the distribution of CD3+CDS8+IFNy+ splenocytes (IFNy-
producing T cells) at sacrifice in mice immunized with P467-CRM197 fusion protein at
10ug, 25ug and 50ug, administered with Alum from Brenntag (P467-CRM+Alum), with
Alum from Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-
CRM-+Montanide). The percentage of CD3+CD8+IFNy+ splenocytes was compared to the
percentage of CD3+CD8+IFNy+ splenocytes seen in control animals administered with
Alum alone (Alum (Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM).
Data are presented as a percentage of total cell number; *p<0.05 and ns = not statistically

significant.

[0047] Figure 21C shows the distribution of CD335+IFNy+ splenocytes (IFNy-producing
T cells) at sacrifice in mice immunized with P467-CRM197 fusion protein at 10ug, 25ug
and 50pg, administered with Alum from Brenntag (P467-CRM+Alum), with Alum from
Serva (P467-CRM+Alum (Serva)) or with Montanide (P467-CRM+Montanide). The
percentage of CD335+IFNy+ splenocytes was compared to the percentage of
CD335+IFNy+ splenocytes seen in control animals administered with Alum alone (Alum
(Brenntag)), Montanide alone (Montanide) or CRM197 alone (CRM). Data are presented

as a percentage of total cell number; *p<0.05 and ns = not statistically significant.

[0048] Figure 22 shows P467 peptide-specific IgG antibody titres at 3 weeks (BA2), 8
weeks (BA3), 16 weeks (BA4) and 6 months (BAS) after the last dose of P467-CRM
peptide construct administered at 10pug, 25ug and 50pg with either Alum (P467-
CRM+Alum) or Montanide (P467-CRM+Montanide). Data are presented as OD values.
From left to right in each cluster: BA2, BA3, BA4, BAS and pre-bleed.

[0049] Figure 23 shows Her2/neu-specific IgG antibody titres at 3 weeks (BA2), 8 weeks
(BA3), 16 weeks (BA4) and 6 months (BAS) after the last dose of P467-CRM peptide
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construct administered at 10pg, 25ug and 50ug with either Alum (P467-CRM+Alum) or
Montanide (P467-CRM+Montanide). Data are presented as OD values. From left to right
in each cluster: BA2, BA3, BA4, BAS and pre-bleed.

DETAILED DESCRIPTION

[0050] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. Unless defined otherwise, all
technical and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the present disclosure belongs. Any
materials and methods similar or equivalent to those described herein can be used to
practice the present invention. Practitioners may refer to Sambrook er al., (1989)
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Press, Plainsview,
N.Y., and Ausubel e al. (1999) Current Protocols in Molecular Biology (Supplement 47),
John Wiley & Sons, New York, Murphy er al. (1995) Virus Taxonomy Springer
Verlag:79-87, for definitions and terms of the art and other methods known to the person

skilled in the art.

[0051] Throughout this specification, unless the context requires otherwise, the word
"comprise”, or variations such as "comprises"” or "comprising”, will be understood to imply
the inclusion of a stated element or integer or group of elements or integers but not the

exclusion of any other element or integer or group of elements or integers.

[0052] By "consisting of” is meant including, and limited to, whatever follows the phrase
"consisting of". Thus, the phrase "consisting of" indicates that the listed elements are
required or mandatory, and that no other elements may be present. By "consisting
essentially of" is meant including any elements listed after the phrase, and limited to other
elements that do not interfere with or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase "consisting essentially of” indicates
that the listed elements are required or mandatory, but that other elements are optional and
may or may not be present depending upon whether or not they affect the activity or action

of the listed elements.

[0053] As used herein the singular forms "a", "an" and "the" include plural aspects unless

the context clearly dictates otherwise. Thus, for example, reference to "a cell" includes a
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single cell, as well as two or more cells; reference to "an organism" includes one organism,

as well as two or more organism; and so forth.

[0054] Nucleotide and amino acid sequences are referred to by sequence identifier
numbers (SEQ ID NO:). The SEQ ID NOs: correspond numerically to the sequence

identifiers <400>1, <400>2, etc. A summary of sequence identifiers is provided herein.

[0055] The present disclosure is predicated, at least in part, on the inventors’ surprising
finding that a vaccine composition comprising (i) an adjuvant and (ii) a fusion peptide of
multiple B cell epitopes derived from the extracellular domain (ECD) of Her2/neu
conjugated to the non-toxic diphtheria toxin variant CRM-197 (GenBank Accession No.
1007216A), can elicit an antigen-specific antibody response that is far superior to that

achievable by using a delivery system such as virosomes.

[0056] Thus, in one aspect, there is provided a vaccine composition comprising:
(i) an adjuvant; and

(i) at least one fusion peptide conjugated to a carrier protein,

wherein the carrier protein is the diphtheria toxin variant CRM-197 (GenBank Accession
No. 1007216A; SEQ ID NO:61) and wherein the at least one fusion peptide comprises two
or more non-contiguous B cell epitopes of Her2/neu selected from the group consisting of
SEQ ID Nos:1-7 and 15-60 and amino acid sequences that have at least 85% identity to

any of the foregoing.

B Cell Epitopes

[0057] As used herein, the term “B cell epitope” refers to a part of a molecule that is
recognized by a B cell receptor (antibody). Thus, a “B cell epitope” is to be understood as
being a small subsequence of an antigen, said epitope subsequence capable of being
recognized by an antibody. An antigen may contain multiple B cell epitopes, and therefore
may be bound by multiple distinct antibodies, but any given epitopic fragment of this

antigen will typically be bound by only one antibody.

[0058] As used herein, the terms “peptide” and “polypeptide” are used in their broadest
sense to refer to a molecule of two or more amino acid residues, or amino acid analogs.
The amino acid residues may be linked by peptide bonds, or alternatively by other bonds,

e.g. ester, ether etc., but in most cases will be linked by peptide bonds.



WO 2016/164980 PCT/AU2016/050275
13

[0059] As used herein, the terms “amino acid” or “amino acid residue” encompass both
natural and unnatural or synthetic amino acids, including both the D- or L-forms, and
amino acid analogs. An “amino acid analog” is to be understood as a non-naturally
occurring amino acid differing from its corresponding naturally occurring amino acid at

one or more atoms. For example, an amino acid analog of cysteine may be homocysteine.

[0060] Persons skilled in the art will know how to determine whether or not a peptide is a
B cell epitope of Her2/neu. In an illustrative example, a peptide may be identified with a
high degree of accuracy as being, or comprising, a B cell epitope by using established
computer programs that compare the sequence of the peptide in question with a database of
known sequences and/or partial sequences known to be recognized by antibodies encoded
by the human or mouse germline. Alternatively, a B cell epitope within a given peptide or
polypeptide may be identified by computer-aided analysis using various combinations of
correlates of antigenicity such as surface accessibility, chain flexibility,
hydropathy/hydrophilicity profiles, predicted secondary structure, efc. Alternatively, a
peptide in question may be identified as being, or comprising, a B cell epitope by
immunizing an animal with the peptide in question at least once, allowing an immune
response to mount and then testing the serum of the animal for antibodies that specifically
bind to at least a part of the administered peptide using, for example, an enzyme linked
immunosorbant assay (ELISA), a radioimmunoassay, a Western blot analysis or a spot-blot
analysis. A more detailed description of how to determine whether or not a peptide in

question is a B cell epitope is provided herein below in Examples 6 and 7.

[0061] Table 1, below, sets out the amino acid sequences of the B cell epitopes of the

extracellular domain of Her2/neu, including derivatives thereof:

Table 1:

B cell epitope SEQ ID NO:
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B cell epitope SEQ ID NO:
IIRVLQGLPREYVNARHS 1
IlYMPIWKFPDEEGAC 2
IIPESFDGDPASNTAPLQP 3
IIPESFDGDPASNTAPLQPGGGGGC 4
IIRVLQGLPREYVNARHC 5
IIPESFDGDPASNTAPLQP 15
lICAHYKDPPFCVARCPS 16
IIYGLGMEHLREVRAVTS 17
IILGSGLALIHHNTHLCE 18
IIEVTAEDGTQRCEKCSK 19
IIGASCVTACPYNYLSTD 20
I[AAGCTGPKHSDCLACL 21
IICEEITGYLYISAWPDS 22
IMOQRCEKCSKPCARVCY 23
IIGHCWGPGPTQCVNCSQ 24
IIMPTWKFPDEEGACQPC 25
IIPASNTAPLQPEQLQVF 26
IIPEGRYTFGASCVTACP 27
I[ASTQVCTGTDMKLRLP 28
I[ACHPCSPMCKGSRCWG 29
llODTILWKDIFHKNNQL 30
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B cell epitope SEQ ID NO:
IIGPEADQCVACAHYKDP 31
IISRCWGESSEDCQSLTR 3
IIPASPETHLDMLRHLYQ 33
IV VNARHCLPCHPECQP 34
IIHSDCLACLHFNHSGIC 35
I[ALTLIDTNRSRACHPC 36
I[ALAVLDNGDPLNNTTP 37
I[ALVTYNTDTFESMPNP 38
IIRCKGPLPTDCCHEQCA 39
llQPCPINCTHSCVDLDD 40
IIVARCPSGVKPDLSYMP 41
IIVHTVPWDQLFRNPHQA 42
IV ISAWPDSLPDLSVEQ 3
lICKKIFGSLAFLPESFD 44
IINGDPLNNTTPVTGASP 45
IILQDIQEVQGYVLIAHN 46
IIVCAGGCARCKGPLPTD 47
IIHPECQPQNGS VTCEGP 48
lIlGVLIQRNPQLCYQDTI 49
IILQVIRGRILHNGAYSL 50
IIESFDGDPASNTAPLQP 51
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B cell epitope SEQ ID NO:
I[ACPYNYLSTDVGSCTL 52
IIPVTGASPGGLRELQLR 53
llCVDLDDKGCPAEQRAS 54
IINHSGICELHCPALVTY 55
llGSVICFGPEADQCVAC 56
IIWGLLLALLPPGAASTQ 57
IIFLRGQECVEECRVLQG 58
lIGTQLFEDNYALAVLDN 59
lIlGVKPDLSYMPIWKFPD 60

[0062] In an embodiment disclosed herein, the two or more B cell epitopes are selected
from the group consisting of SEQ ID Nos:1-7 and 15-60, as shown in Table 1 and 2, and
amino acid sequences that have at least 85% identity to any of the foregoing (i.e., that have
at least 85% sequence identity to any one of SEQ ID Nos:1-7 and 15-60). In another
embodiment disclosed herein, the two or more B cell epitopes are selected from the group
consisting of SEQ ID Nos:1-7 and amino acid sequences that have at least 85% identity to
any of the foregoing; that is, that have at least 85% sequence identity to any one of SEQ ID
Nos:1-7. It is to be noted that none of these B cell epitopes are contiguous in native

Her2/neu.

[0063] Amino acid sequences that have at least 85% sequence identity to any one of SEQ
ID Nos:1-7 and 15-60 include derivatives that result from substituting at least one amino
acid in a native (i.e. naturally occurring) B cell epitope of the Her2/neu ECD with another
amino acid not present at that position of Her2/neu such that the amino acid substitution
remains conservative. Derivatives may be made in order to increase the stability of the
fusion peptide in the intermediate and/or end products or to increase the solubility of the
fusion peptide in the intermediate and/or end products or to increase the immunogenicity

of fusion peptides. Methods for preparing suitable derivatives will be known to persons
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skilled in the art. Illustrative examples include the synthesis of derivatives or its
recombinant production using a mutated nucleic acid molecule. Further, a derivative will
typically retain its quality as a B cell epitope as described elsewhere herein. Thus, also
disclosed herein are “functional” derivatives in which an amino acid substitution to the
native sequence does not, or does not completely, abolish the capacity of the derivative to

function as a B cell epitope.

[0064] The identification of additional or optimized immunostimulatory fusion peptides
may also include the step of comparing the stimulation of B cells by the fusion peptide and
the stimulation of B cells by the derivative as a determination of the effectiveness of the
stimulation of immune effector cells by the derivative. By comparing the derivative with a
known fusion peptide, peptides with increased immune cell stimulatory properties can be

prepared.

[0065] As used herein, a “conservative substitution” refers to changing amino acid identity
at a given position to replace with an amino acid of approximately equivalent size, charge
and/or polarity. Examples of natural conservative substitutions of amino acids include the
following 8 substitution groups (designated by the conventional one-letter code): (1) M, I,

LV:QFEY.W; 3K R 4A,G;(5S,T; (6)Q,N; (7)E,D; and (8) C, S.

[0066] A derivative may also result from amino acid substitutions which are functionally
equivalent. As used herein, these are to be understood as amino acid substitutions which,
when effected, result in a fusion peptide which will give an identical or comparable (e.g.,
within 10%) ELISA reading based on serum from an animal to which the fusion peptide
comprising a derivatized epitopic fragment or derivatized epitopic fragments has/have
been administered, as compared to a fusion peptide without corresponding derivatizations.
The antigenicity of a fusion peptide may, for example, be determined by measuring the
titre of antibodies elicited by immunisation of animals by ELISA, as is described, for
example, in Examples 6 and 7. An analogous process can be used to assay for the
functional equivalence of an amino acid substitution, conservative or otherwise. For
example, the immune response elicited by a fusion peptide comprising a non-derivatized,
“parental” fragment is compared—using the same assay—to that elicited by a fusion
peptide comprising the derivatized fragment. If the immune response elicited by the fusion
peptide comprising the derivatized fragment is as strong as that elicited by the fusion

peptide with the non-derivatized fragment, then the amino acid substitution can be



WO 2016/164980 PCT/AU2016/050275
18

regarded as functionally equivalent. If the derivatized immune response is superior to the

non-derivatized one, then the amino acid substitution can be regarded as improved.

[0067] As used herein, the terms “native” and “natural” refer to the form of a molecule as
normally occurring in nature. As such, the “native” sequence of the ECD of Her2/neu
refers to amino acid residues 23-652 of the previously published Her2/neu amino acid
sequence (Swiss-Prot database accession number P0O4626; ERBB2_HUMAN). Conversely,
a “non-native” sequence, including a “non-native linker” is any amino acid sequence not
belonging to native sequence of the ECD of Her2/neu. Thus, in an embodiment disclosed
herein, a peptidic “non-native linker” does not represent an extension of either of the

Her2/neu fragments to which it connects into the adjoining native sequence of Her2/neu.

Fusion Peptides

[0068] The design of immunopreventive and/or immunotherapeutic vaccine compositions
for Her2/neu-expressing or Her2/neu-over-expressing cancers based on multiple
epitopes/peptides has entailed administration of such peptides as discrete (i.e., separate)
peptides. This has certain implied disadvantages. For example, simultaneous
administration of multiple peptides within the same composition runs the risk that these
peptides will aggregate, thereby decreasing their intended availability to the host immune
system. In extreme cases, the solubility of such aggregates may decrease such that the
aggregates precipitate, becoming unavailable to the host immune system. At the same time,
separate administration of such peptides in different solutions and at different time points
decreases the likelihood that the immunogenic effects of such peptides may combine in an

advantageous manner.

[0069] Further difficulties arise when multiple single epitopes are used with certain types
of delivery systems, such as virosomes, liposomes or virus-like particles (VLPs). To allow
reproducible vaccine production, it is advantageous to present the epitopes in defined
concentrations. However, when coupling (i.e. covalently associating) multiple peptide
fragments to a single delivery system, such as a virosome or liposome, it is difficult to
ensure that the same number of epitopes is coupled to each delivery system. Fluctuations in
coupling number per delivery system invariably exist. While one can be relatively certain
that each viable delivery system will be coupled to, say, each of epitopes A and B, some

delivery systems will be associated with slightly more of epitope A than intended, while
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epitope B will slightly exceed intended amounts in others. While the Gaussian distribution
of epitopes A and B will tend to center on the intended ratio of fragments A:B, any
Gaussian distribution by definition contains outliers, and it is these outliers which
potentially detract from maximal immunogenic efficacy, and which become increasingly
costly and laborious to exclude as the requirements for maintaining the intended epitope
ratio in the delivery system become more stringent. Similar concerns apply when
combining delivery systems such as virosomes associated with different epitope fragments

in an attempt to realize a desired ratio of one Her2/neu ECD fragment to another.

[0070] Disclosed herein is an approach that overcomes or at least partially alleviates the
above disadvantages. By linking at least two non-contiguous B cell epitopes from the
ECD of Her2/neu, or derivatives thereof, in a single fusion peptide, a homogeneous
formulation can be achieved in which only one kind of fusion peptide is present. The
elements of the fusion peptide (i.e. the epitopes of the ECD of Her2/neu which in the
native ECD are non-contiguous) are the same in every peptide, and can be chosen (or
chosen and modified) such that undesired intra- and inter-polypeptide interactions are
minimized.

[0071] In an embodiment described herein, the vaccine composition will comprise a single
type of fusion peptide. Accordingly, the ratio of B cell epitopes present is ultimately
dictated by the ratio of these fragments in the fusion peptide. This means that any desired
ratio for eliciting an immunogenic response can be easily and reliably fixed at the level of

fusion peptide construction and design.

[0072] Finally, when using the non-toxic diphtheria toxin variant CRM-197 as the carrier
protein to deliver the fusion peptides described herein, variability relating to the relative
distribution of each Her2/neu B cell epitope in the vaccine composition can be minimised
or avoided because the ratio of one Her2/neu B cell epitope to any other natively non-
contiguous B cell epitope thereof will remain constant regardless of how many fusion
peptides are bound to the carrier protein since, as mentioned above, this ratio is determined

at the level of a single fusion peptide.

[0073] In other embodiments disclosed herein, the vaccine composition will comprise

more than one type of fusion peptide.
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[0074] The vaccine composition disclosed herein elicits an antigen-specific antibody
response in a host to which it is administered. Surprisingly, the antigen-specific response
that is elicited by the vaccine composition is orders of magnitude greater that the immune
response obtainable using Her2/neu B cell epitopes individually or using alternative
delivery systems such as virosomes. Thus, the present invention avoids or at least
minimises the drawbacks of complex manufacturing processes for incorporating peptides
into virosomes, the variability that is often associated with trying to incorporate multiple
individual peptides into a delivery system and the possible adverse interactions between
separate B cell epitope fragments that could degrade the efficacy of the resulting vaccine

composition.

[0075] As used herein, the term “fusion peptide” refers to a non-native peptide composed
of two or more non-contiguous B cell epitopes of the ECD of Her2/neu (e.g,, 2, 3, 4, 5, 6,
7, 8,9, 10, 11 or more non-contiguous B cell epitopes of the ECD of Her2/neu), linked to
one another, e.g. via peptide (amide) bonds. In an embodiment disclosed herein, the two or
more B cell epitopes of the ECD of Her2/neu are non-contiguous in their native state; that

is, in the ECD of native Her2/neu.

[0076] In an embodiment disclosed herein, the fusion peptide comprises at least three non-
contiguous B cell epitopes of the ECD of Her2/neu. In an embodiment, the fusion peptide
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 8-

14 and amino acid sequences that have at least 85% identity to any of the foregoing.

[0077] Table 2, below, provides a list of selected B cell epitopes, as well as fusion peptides

according to some of the embodiments disclosed herein:
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Peptide/
Amino acid sequence SEQ ID NO:
Fragment
P6 RVLQGLPREYVNARHS 1
P7 YMPIWKFPDEEGAC 2
P4 PESFDGDPASNTAPLQP 3
P3 PESFDGDPASNTAPLQPGGGGGC 4
P5 RVLQGLPREYVNARHC 5
P8 YMPIWKFPDEEGAS 6
P9 PESFDGDPASNTAPLQPC 7
P67 PESFDGDPASNTAPLQPRVLQGLPREYVNARHSLP g
YMPIWKFPDEEGAC
P647 RVLQGLPREYVNARHSPESFDGDPASNTAPLQPYM 0
PIWKFPDEEGAC
PAGTR PESFDGDPASNTAPLQPRVLQGLPREYVNARHSYM 0
PIWKFPDEEGAC
PAgS PESFDGDPASNTAPLQPYMPIWKFPDEEGASRVLQ "
GLPREYVNARHC
63 RVLQGLPREYVNARHSYMPIWKFPDEEGASPESFD i
P
GDPASNTAPLQPC
P8AS YMPIWKFPDEEGASPESFDGDPASNTAPLQPRVLQ 3
GLPREYVNARHC
P60 YMPIWKFPDEEGASRVLQGLPREYVNARHSPESFD 4
GDPASNTAPLQPC
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[0078] In an embodiment disclosed herein, the fusion peptide comprises an amino acid
sequence of SEQ ID NO: 8 (designated fusion peptide P467) or SEQ ID NO:9 (designated
fusion peptide P647) or an amino acid sequence that has at least 85% identity to SEQ ID
NO: 8 or SEQ ID NO:9, as shown in Table 2, above.

[0079] Also contemplated herein are fusion peptides comprising two or more B cell
epitopes of the ECD of Her2/neu selected from the group consisting of SEQ ID NOs: 1-7
and 15-60, or amino acid sequences that have at least 85% identity to any of the foregoing,
concatenated two or more times in tandem repeat. For example, fusion peptides
contemplated herein may comprise two or more tandem repeats of SEQ ID NO:1, two or
more tandem repeats of SEQ ID NO:2, two or more tandem repeats of SEQ ID NO:3, two
or more tandem repeats of SEQ ID NO:4, two or more tandem repeats of SEQ ID NO:5,
and so on. It will be understood, however, that incorporating two or more different B cell
epitopes into the fusion peptide is more likely to generate a more beneficial immune
response by eliciting antibodies that specifically recognise multiple B cell epitopes of the
ECD of Her2/neu. Thus, in an embodiment disclosed herein, the fusion peptide comprises
at least two different B cell epitopes of the ECD of Her2/neu selected from the group
consisting of SEQ ID NOs: 1-7 and 15-60, or amino acid sequences that have at least 85%

identity to any of the foregoing.

[0080] In an embodiment disclosed herein, the fusion peptide consists of an amino acid
sequence selected from the group consisting of SEQ ID NOs: 8-14. In yet another
embodiment, the fusion peptide consists of an amino acid sequence of SEQ ID NO: 8

(designated fusion peptide P467) or SEQ ID NO:9 (designated fusion peptide P647).

[0081] In the individual B cell epitopes of SEQ ID NOs:3 and 4, as set out above in Table
2, SEQ ID NO:4 comprises an additional C-terminal linker ending in Cys (i.e., GGGGGC)
not found in SEQ ID NO:3. This C-terminal linker in SEQ ID NO:4 itself ends in Cys,
which allows this single epitope to be coupled to the carrier protein, as illustrated in some
of the Examples set out hereinbelow. When used as part of the fusion peptide of the
invention, the B cell epitope of SEQ ID NO:4 is present in this fusion peptide in the form
of SEQ ID NO:3. In the experiments in which the B cell epitope of SEQ ID NO:4 is
employed, it is the portion of SEQ ID NO:4 corresponding to SEQ ID NO:3 that functions
as the B cell epitope.



WO 2016/164980 PCT/AU2016/050275
23

[0082] Suitable methods of preparing a fusion peptide as herein described would be
familiar to persons skilled in the art. An illustrative example includes peptide synthesis
that involves the sequential formation of peptide bonds linking each B cell epitope to its
respectively neighboring B cell epitope, as described elsewhere herein, and recovering said
fusion peptide. Suitable peptide synthesis methods will be known in the art. llustrative
examples include the methods described in “Amino Acid and Peptide Synthesis” (Oxford
Chemistry Primers; by John Jones, Oxford University Press). Synthetic peptides can also
be made by liquid-phase synthesis or solid-phase peptide synthesis (SPPS) on different
solid supports (e.g. polystyrene, polyamide, or PEG). SPPS may incorporate the use of F-
moc (9H-fluoren-9-ylmethoxycarbonyl) or t-Boc (tert-Butoxycarbonyl). Custom peptides

are also available from a number of commercial manufacturers.

[0083] Alternatively, the fusion peptide may be prepared by recombinant methodology.
For example, a nucleic acid molecule comprising a nucleic acid sequence encoding the
fusion peptide can be transfecting into a suitable host cell capable of expressing said
nucleic acid sequence, incubating said host cell under conditions suitable for the
expression of said nucleic acid sequence, and recovering said fusion peptide. Suitable
methods for preparing a nucleic acid molecule encoding the fusion peptide(s) of interest
will also be known to persons skilled in the art, based on knowledge of the genetic code,
possibly including optimizing codons based on the nature of the host cell (e.g.
microorganism) to be used for expressing and/or secreting the recombinant fusion
peptide(s). Suitable host cells will also be known to persons skilled in the art, illustrative
examples of which include prokaryotic cells (e.g., E. coli) and eukaryotic cells (e.g., P.
pastoris). Reference is made to “Short Protocols in Molecular Biology, 5th Edition, 2
Volume Set: A Compendium of Methods from Current Protocols in Molecular Biology”
(by Frederick M. Ausubel (author, editor), Roger Brent (editor), Robert E. Kingston
(editor), David D. Moore (editor), J. G. Seidman (editor), John A. Smith (editor), Kevin
Struhl (editor), J Wiley & Sons, London).

[0084] As used herein, the terms "encode," "encoding" and the like refer to the capacity of
a nucleic acid to provide for another nucleic acid or a polypeptide. For example, a nucleic
acid sequence is said to "encode" a polypeptide if it can be transcribed and/or translated,
typically in a host cell, to produce the polypeptide or if it can be processed into a form that

can be transcribed and/or translated to produce the polypeptide. Such a nucleic acid
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sequence may include a coding sequence or both a coding sequence and a non-coding

non

sequence. Thus, the terms "encode," "encoding" and the like include an RNA product
resulting from transcription of a DNA molecule, a protein resulting from translation of an
RNA molecule, a protein resulting from transcription of a DNA molecule to form an RNA
product and the subsequent translation of the RNA product, or a protein resulting from
transcription of a DNA molecule to provide an RNA product, processing of the RNA
product to provide a processed RNA product (e.g., mRNA) and the subsequent translation
of the processed RNA product. In some embodiments, the nucleic acid sequence encoding
the B cell epitopes or fusion peptides herein described are codon-optimised for expression
in a suitable host cell. For example, where the fusion peptide is to be used for inducing an
immune response against Her2/neu in a human subject, the nucleic acid sequences can be
human codon-optimised. Suitable methods for codon optimisation would be known to

persons skilled in the art, such as using the “Reverse Translation” option of ‘Gene Design”

tool located in “Software Tools” on the John Hopkins University Build a Genome website.

[0085] The two or more non-contiguous B cell epitopes of Her2/neu, as herein described,
can be linked to one another within the fusion peptide by any means known to persons
skilled in the art. The terms “link” and “linked” include direct linkage of two non-
contiguous Her2/neu B cell epitopes via a peptide bond; that is, the C-terminus of one
Her2/neu epitope is covalently bound via a peptide bond to the N-terminal of another,
natively non-contiguous epitope. The terms “link” and “linked” also include within their
meaning the linkage of two natively non-contiguous Her2/neu epitopes via an interposed

linker element.

[0086] In an embodiment disclosed herein, at least two of said B cell epitopes or

derivatives thereof are linked to one another via a non-native linker peptide sequence.

[0087] As used herein, the term “linker” refers to a short polypeptide sequence interposed
between any two neighboring Her2/neu B cell epitopes or derivatives thereof within the
fusion peptide. In an embodiment, the linker is a polypeptide linker of 1-10, preferably 1,
2, 3, 4 or 5 naturally or non-naturally occurring amino acids. In an embodiment, the linker
is a carbohydrate linker. Suitable carbohydrate linkers will be known to persons skilled in
the art. In another embodiment disclosed herein, the fusion peptide comprises one or more
peptidic or polypeptidic linker(s) together with one or more other non-peptidic or non-

polypeptidic linker(s). Further, different types of linkers, peptidic or non-peptidic, may be
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incorporated in the same fusion peptide as deemed appropriate. In the event that a peptidic
or polypeptidic linker is used to join two respective B cell epitopic fragments from the
ECD of Her2/neu, the linker will be advantageously incorporated such that its N-terminal
end is bound via a peptide bond to the C-terminal end of the one epitopic fragment, and its
C-terminal end via a peptide bond to the N-terminal end of the other fragment. The
individual B cell epitopic fragments within the fusion peptide may also have one or more
amino acids added to either or both ends, preferably to the C-terminal end. Thus, for
example, linker or spacer amino acids may be added to the N- or C-terminus of the
peptides or both, to link the non-contiguous peptides and to allow for convenient coupling
of the peptides to each other and/or to a delivery system such as a virosome via a lipid
molecule in the virosome serving as an anchor. An illustrative example of a suitable

peptidic linker is LP (leucine-proline), as shown, for example, in SEQ ID NO:8.

[0088] It will be understood by persons skilled in the art that, where coupling of the a
fusion peptide to the carrier protein is via a linker, it is preferable to effect such linker-
mediated coupling from the C-terminus of the fusion peptide, since linker coupling from
the N-terminus may, in some instances, have a negative influence on the desired immune

response to be elicited.

Sequence Identity and Sequence Similarity

[0089] Reference to "at least 85%" includes 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity or similarity, for
example, after optimal alignment or best fit analysis. Thus, in preferred forms of the
present invention, the sequence has at least 85%, preferably at least 86%, preferably at
least 87%, preferably at least 88%, preferably at least 89%, preferably at least 90%,
preferably at least 91%, preferably at least 92%, preferably at least 93%, preferably at least
94%, preferably at least 95%, preferably at least 96%, preferably at least 97%, preferably
at least 98%, preferably at least 99% or preferably 100% sequence identity or sequence
homology with the sequences identified herein, for example, after optimal alignment or
best fit analysis.

[0090] The terms “identity”, “similarity”, “sequence identity”, “sequence similarity”,
“homology”, “sequence homology” and the like, as used herein, mean that at any particular

amino acid residue position in an aligned sequence, the amino acid residue is identical
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between the aligned sequences. The term “similarity” or “sequence similarity” as used
herein, indicates that, at any particular position in the aligned sequences, the amino acid
residue is of a similar type between the sequences. For example, leucine may be
substituted for an isoleucine or valine residue. This may be referred to as conservative
substitution. In an embodiment, the amino acid sequences may be modified by way of
conservative substitution of any of the amino acid residues contained therein, such that the
modification has no effect on the binding specificity or functional activity of the modified

polypeptide when compared to the unmodified polypeptide.

[0091] In some embodiments, sequence identity with respect to a polypeptide relates to the
percentage of amino acid residues in the candidate sequence which are identical with the
residues of the corresponding polypeptide after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percentage homology, and not considering any
conservative substitutions as part of the sequence identity. Neither N- or C- terminal
extensions, nor insertions shall be construed as reducing sequence identity or homology.
Methods and computer programs for performing an alignment of two or more amino acid
sequences and determining their sequence identity or homology are well known to persons
skilled in the art. For example, the percentage of identity or similarity of two amino acid
sequences can be readily calculated using algorithms, for example, BLAST, FASTA, or
the Smith-Waterman algorithm. The present invention extends to sequences having at
least 70%, 75%, 80%, 85%, 90%, 93%, 95%, 96%, 97%, 98% or 99% sequence identity or
sequence homology with the sequences identified herein, and to use of same in the

methods described herein.

[0092] In some embodiments, sequence identity with respect to a polynucleotide relates to
the percentage of nucleotides in the candidate sequence which are identical with the
nucleotides of the corresponding polynucleotide after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percentage homology, and not
considering any conservative substitutions as part of the sequence identity. Methods and
computer programs for performing an alignment of two or more polynucleotide or nucleic
acid sequences and determining their sequence identity or homology are well known to

persons skilled in the art.

[0093] Techniques for determining an amino acid sequence "similarity" are well known to

persons skilled in the art. In general, "similarity" means an exact amino acid to amino acid
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comparison of two or more polypeptides or at the appropriate place, where amino acids are
identical or possess similar chemical and/or physical properties such as charge or
hydrophobicity. A so-termed "percent similarity” then can be determined between the
compared polypeptide sequences. Techniques for determining nucleic acid and amino acid
sequence identity also are well known in the art and include determining the nucleotide
sequence of the mRNA for that gene (usually via a cDNA intermediate) and determining
the amino acid sequence encoded thereby, and comparing this to a second amino acid
sequence. In general, "identity" refers to an exact nucleotide to nucleotide or amino acid to

amino acid correspondence of two polynucleotides or polypeptide sequences, respectively.

[0094] Two or more polynucleotide sequences can also be compared by determining their
"percent identity”. Two or more amino acid sequences likewise can be compared by
determining their "percent identity". The percent identity of two sequences, whether
nucleic acid or peptide sequences, may be described as the number of exact matches
between two aligned sequences divided by the length of the shorter sequence and
multiplied by 100. An approximate alignment for nucleic acid sequences is provided by
the local homology algorithm of Smith and Waterman, Advances in Applied Mathematics
2:482-489 (1981). This algorithm can be extended to use with peptide sequences using the
scoring matrix developed by Dayhoff, Atlas of Protein Sequences and Structure, M. O.
Dayhoff ed., 5 suppl. 3:353-358, National Biomedical Research Foundation, Washington,
D.C., USA, and normalized by Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986).
Suitable programs for calculating the percent identity or similarity between sequences are

generally known in the art.

[0095] An illustrative example for determining nucleic acid sequence identity uses a
subject nucleic acid sequence to search on a nucleic acid sequence database, such as the
GenBank database (accessible at http://www.ncbi.nln.nih.gov/blast/), using the program
BLASTN version 2.1 (based on Altschul et al. (1997) Nucleic Acids Research 25:3389-
3402). This program can be used in the ungapped mode. Default filtering is used to
remove sequence homologies due to regions of low complexity. The default parameters of
BLASTN can be used. An illustrative example for determining amino acid sequence
identity, an amino acid sequence is used to search a protein sequence database, such as the
GenBank database (accessible at web site http://www.ncbi.nln.nih.gov/blast/), using the

BLASTP program. The program can be used in the ungapped mode. Default filtering is
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used to remove sequence homologies due to regions of low complexity. The default
parameters of BLASTP are utilized. Filtering for sequences of low complexity may use

the SEG program.

[0096] Optimal alignment of sequences for aligning a comparison window may be
conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics Computer
Group, 575 Science Drive Madison, WI, USA) or by inspection and the best alignment
(i.e., resulting in the highest percentage homology over the comparison window) generated
by any of the various methods selected. Reference also may be made to the BLAST family
of programs as for example disclosed by Altschul et al., 1997, Nucl. Acids Res.25:3389. A
detailed discussion of sequence analysis can be found in Unit 19.3 of Ausubel er al.,
"Current Protocols in Molecular Biology", John Wiley & Sons Inc, 1994-1998, Chapter
15.

Carrier Protein

[0097] CRM-197 (GenBank Accession No. 1007216A; SEQ ID NO:61) is an
enzymatically inactive and nontoxic form of diphtheria toxin that contains a single amino
acid substitution (Gly-Glu) at amino acid residue 52. A single GCA mutation that leads to
the Glu52 substitution distinguishes CRM-197 from its wild-type species. The absence of
toxicity of CRM-197 appears to be due to the loss of enzymatic activity of its fragment A,
which in the wild-type species catalyzes the chemical modification of elongation factor 2
(translocase) in infected cells that is essential for protein synthesis. This non-toxic property

makes CRM-197 a suitable carrier protein for the preparation of conjugated vaccines.

SEQ ID NO:61 (CRM-197; GenBank Accession No. 1007216A)

GADDVVDSSKSFVMENFSSYHGTKPGY VDSIQKGIQKPKSGTQGNYDDDWKEFY
STDNKYDAAGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGL
SLTEPLMEQVGTEEFIKRFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEI
NFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIES
LKEHGPIKNKMSESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAG
ANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHHNTEEIVA
QSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQVVHNSYNRPAYSPGHKTQ
PFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVN
KSKTHISVNGRKIRMRCRAIDGD VTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIH
SNEISSDSIGVLGYQKTVDHTKVNSKLSLFFEIKS
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[0098] Methods by which a fusion peptide can be coupled to CRM-197 are known to

persons skilled in the art.

[0099] Illustrative examples include those described by Chang et al. (1998, FEBS Letters,
427:362-366) and Berti et al. (2004, Biophysical Journal, 86:3-9), as well as those set out

hereinbelow in Example 1, hereinbelow.

[0100] Conjugation of a fusion peptide, as herein described, to CRM-197 is typically
achieved through activation of the lysyl residues using suitable crosslinkers. Since CRM-
197 contains 40 lysines residues, and many of them are available for crosslinking, the end
products of CRM-197 conjugation are invariably heterogeneous. Without being bound by
theory or a particular mod of action, it is generally understood that the ratio of fusion
peptide: carrier protein depends on the size or molecular weight of the fusion peptide. For
instance, where the fusion peptide is relatively small (e.g., about 10 amino acids in length),
it may be possible to produce a carrier protein that is conjugated with 20-39 fusion
peptides. Conversely, for a larger fusion peptide, the carrier protein may be conjugated
with up to, or fewer than, 20 fusion peptides. In an embodiment described herein, the
carrier protein comprises from 2 to 39 fusion peptides. In another embodiment, the carrier
protein comprises at least 20 fusion peptides. In yet another embodiment, the carrier

protein comprises from 6 to 12 fusion peptides.

[0101] The fusion peptide is typically coupled to the carrier protein by a covalent bond.
However, in some embodiments, the fusion peptide may be coupled to the carrier protein
by a non-covalent association. Where the fusion peptide is non-covalently associated with
the carrier protein, the non-covalent association will typically involve an electromagnetic
interaction between one or more atoms of the fusion peptide with one or more atoms of the
carrier protein. Illustrative examples include ionic bonding (i.e., the attraction formed
between two oppositely charged ions by virtue of this opposite charge), Van der Weals
forces (i.e., forces between permanent and/or induced dipoles of existing covalent bonds
within the fusion peptide and the carrier protein) and/or hydrophobic interactions (i.e.,
forces resulting from the tendency of hydrophobic/aliphatic portions within the fusion

peptide(s) herein described to associate with hydrophobic portions of the carrier protein).
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Adjuvants

[0102] As used herein, the term “adjuvant” typically refers to a class of substance that
can increase the magnitude of the immune response elicited by the fusion peptide-carrier
protein conjugate beyond that which would be expected, either from the fusion peptide
alone or from the fusion peptide-carrier protein conjugate as herein described in the

absence of an adjuvant.

[0103] Suitable adjuvants will be known to persons skilled in the art. Non-limiting
examples of suitable adjuvants include aluminium salts (e.g. aluminium hydroxide,
aluminium phosphate and potassium aluminium sulfate (also referred to as Alum)),
liposomes, virosomes, water-in-oil or oil-in-water emulsions (e.g. Freund's adjuvant,
Montanide®, MF59® and AS03), 3-O-desacyl-4’-monophosphoryl lipid A (MPL) and
adjuvants containing MPL (e.g. ASO1, ASO2 and AS04) and saponin-based adjuvants.
Saponin-based adjuvants include saponins or saponin derivatives from, for example,
Quillaja saponaria, Panax ginseng Panax notoginseng, Panax quinquefolium, Platycodon
grandiflorum, Polygala senega, Polygala tenuifolia, Quillaja brasiliensis, Astragalus
membranaceus and Achyranthes bidentata. Exemplary saponin-based adjuvants include
iscoms, iscom matrix, ISCOMATRIX™ adjuvant, Matrix M™ adjuvant, Matrix C™
adjuvant, Matrix Q™ adjuvant, AbISCO®-100 adjuvant, AbISCO®-300 adjuvant,
ISCOPREP™, an ISCOPREP™ derivative, adjuvant containing ISCOPREP™ or an
ISCOPREP™ derivative, QS-21, a QS-21 derivative, and an adjuvant containing QS-21 or
a QS21 derivative. The vaccine composition as herein described can also be associated
with immumodulatory agents, including, for example, cytokines, chemokines and growth
factors. Mixtures of two or more adjuvants within the same vaccine composition are also

contemplated herein.

[0104] In an embodiment, the adjuvant is aluminium hydroxide. In another embodiment,

the adjuvant is Montanide.

[0105] In an embodiment disclosed herein, the vaccine composition further comprises a
checkpoint inhibitor. The term "checkpoint inhibitor" will be understood by persons
skilled in the art as meaning molecules that inhibit, reduce or otherwise interfere with or
modulate one or more checkpoint proteins, either totally or partially. Illustrative examples

of suitable checkpoint inhibitors include antibodies and antigen-binding fragments thereof
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(e.g., Fab fragments). Suitable checkpoint proteins will be known to persons skilled in the
art, illustrative examples of which include CTLA-4 and its ligands CD80 and CD86; PDI
and its ligands PDLI and PDL2; OX40 and its ligand OX40L; LAG-3 and its ligand MHC
class I or II; TIM-3 and its ligand GAL-9; and B- and T-lymphocyte attenuator (BTLA)
and its ligand herpes virus entry mediator (HVEM).

Pharmaceutical Composition

[0106] The present specification also describes a pharmaceutical composition comprising
the vaccine composition as herein described and a pharmaceutically acceptable carrier.
Suitable pharmaceutically acceptable carriers (e.g. excipients, diluents, etc.). will be
known to persons skilled in the art. For example, a variety of aqueous (pharmaceutically
acceptable) carriers may be used, such as buffered water, 0.4% saline, 0.3% glycine,
hyaluronic acid and the like. These compositions may be sterilized by conventional, well
known sterilization techniques or may be sterile-filtered. The resulting aqueous solutions
may be packaged for use as is or lyophilized, the lyophilized preparation being combined
with a sterile solution prior to administration. The compositions may further comprise
pharmaceutically acceptable auxiliary substances as required to approximate physiological
conditions, such as pH-adjusting and buffering agents, tonicity-adjusting agents, wetting
agents and the like, for example sodium acetate, sodium lactate, sodium chloride,
potassium chloride, calcium chloride, sorbitan monolaurate, triethanolamine oleate,
sucrose or other carbohydrates, among many others. Suitable methods for preparing
parenterally administrable compounds will be known or apparent to those skilled in the art
and are described in more detail in, for example, A. Gennaro (2000) "Remington: The
Science and Practice of Pharmacy", 20th edition, Lippincott, Williams, & Wailkins;
Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H. C. Ansel ef al., eds
7.sup.th ed., Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical Excipients
(2000) A. H. Kibbe et al., eds., 3.sup.rd ed. Amer. Pharmaceutical Assoc.

[0107] The pharmaceutical composition may be in a form suitable for parenteral
administration (e.g., subcutaneous, intramuscular or intravenous injection) or in an aerosol
form suitable for administration by inhalation, such as by intranasal inhalation or oral

inhalation.
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[0108] The pharmaceutical compositions described herein may also be provided in a Kkit.
The kit may comprise additional components to assist in performing the methods as herein
described, such as administration device(s), excipients(s), and/or diluent(s). The kits may
include containers for housing the various components and instructions for using the kit

components in such methods.

[0109] In an embodiment disclosed herein, the pharmaceutic composition further

comprises a checkpoint inhibitor, as described elsewhere herein.

Uses and Methods for Treating or Preventing Cancer

[0110] Also disclosed herein is a method of treating or preventing a cancer characterized
by expression or over-expression of Her2/neu in a patient in need thereof, the method
comprising the step of administering to said patient an effective amount of the vaccine

composition as herein described, or the pharmaceutical composition as herein described.

[0111] The present disclosure also extends to use of the vaccine composition, as herein
described, in the manufacture of a medicament for treating or preventing a cancer

characterized by expression or over-expression of Her2/neu in a patient in need thereof.

[0112] The present disclosure also extends to the vaccine, as herein described, or the
pharmaceutical composition, as herein described, for use in treating or preventing a cancer

characterized by expression or over-expression of Her2/neu in a patient in need thereof.

[0113] Persons skilled in the art will be familiar with the type of cancers that are
characterised by the expression or over-expression of Her2/neu protein. Illustrative
examples include breast cancer, ovarian cancer, endometrial cancer, gastric cancer,
pancreatic cancer, prostate cancer and salivary gland cancer. In an embodiment, the cancer

is breast cancer. In another embodiment, the cancer is gastric cancer.

[0114] The vaccine or pharmaceutical compositions, as described herein, are typically
administered in an "effective amount”; that is, an amount effective to elicit any one or
more inter alia of a therapeutic or prophylactic effect. Persons skilled in the art would be
able, by routine experimentation, to determine an effective, non-toxic amount to include in
a pharmaceutical composition or to be administered for the desired outcome. In general,
the vaccine and/or pharmaceutical compositions, as disclosed herein, can be administered

in a manner compatible with the route of administration and physical characteristics of the
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recipient (including health status) and in such a way that it elicits the desired effect(s) (i.e.
therapeutically effective, immunogenic and/or protective). For example, the appropriate
dosage of a composition may depend on a variety of factors including, but not limited to, a
subject’s physical characteristics (e.g., age, weight, sex), whether the composition is being
used as single agent or as part of adjunct therapy, the progression (i.e., pathological state)
of any underlying cancer, and other factors that may be recognized by persons skilled in
the art. Other illustrative examples of general considerations that may be considered when
determining, for example, an appropriate dosage of the compositions are discussed by
Gennaro (2000, "Remington: The Science and Practice of Pharmacy”, 20th edition,
Lippincott, Williams, & Wilkins; and Gilman et al., (Eds), (1990), "Goodman And

Gilman's: The Pharmacological Bases of Therapeutics", Pergamon Press).

[0115] It is expected that the amount will fall in a relatively broad range that can be
determined through methods known to persons skilled in the art, having regard to some of

the considerations outlined above.

[0116] An effective amount of fusion peptide (conjugated to the carrier protein), as
hereindescribed, will generally be in a range of from about 5 g to about 1.0 mg of fusion
peptide per subject, from about 10 pg to about 500 pg of fusion peptide per subject, or
from about 15 pg to about 60 g of fusion peptide per subject. An effective amount can be
ascertained, for example, by standard methods involving measurement of antigen-specific
antibody titres. The level of immunity provided by the compositions herein described can
be monitored to determine the need, if any, for boosters. For instance, following an
assessment of an antigen-specific antibody titre in the serum, typically days or weeks
following the first administration of the composition in a subject, optional booster
immunisations may be required and/or desired. The antigen-specific antibody titres are
likely to be enhanced by the use of multiple doses, as illustrated in the Examples

hereinbelow.

[0117] The vaccine and/or pharmaceutical compositions, as described herein, can be
administered to a subject in need thereof in isolation or in combination with additional
therapeutic agent(s); that is, as part of an adjunct therapy. In the context of adjunct therapy,
the administration may be simultaneous or sequential; that is, the vaccine and/or
pharmaceutical composition is administered first, followed by administration of the

additional therapeutic and/or prophylactic agent(s), or the vaccine and/or pharmaceutical
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composition is administered following the administration of the additional therapeutic
agent(s). Thus, where two or more entities are administered to a subject "in conjunction”,
they may be administered in a single composition at the same time, or in separate

compositions at the same time, or in separate compositions separated in time.

[0118] The additional therapeutic agent(s) may comprise a checkpoint inhibitor, as
described elsewhere herein. Thus, in an embodiment, the methods disclosed herein further
comprise the step of administering to said patient an effective amount of a checkpoint

inhibitor, as herein described.

[0119] It will be apparent to persons skilled in the art that the optimal quantity and
spacing of individual dosages, if required to induce the desired immune response, can be
determined, for example, by the form, route and site of administration, and the nature of
the particular subject to be treated, as is described elsewhere herein. Optimum conditions

can be determined using conventional techniques known to persons skilled in the art.

[0120] In some instances, it may be desirable to have several or multiple administrations
of the vaccine and/or pharmaceutical compositions, as herein described. For example, the
compositions may be administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more times. The
administrations may be from about one day intervals to about twelve week intervals, and in
certain embodiments from about one to about four week intervals. Periodic re-
administration may be required to achieve a desirable therapeutic result, such as a
reduction in tumour size and/or a reduction in the occurrence of metastases. It will also be
apparent to persons skilled in the art that the optimal course of administration can be
ascertained using conventional course of treatment or efficacy or immune status

determination tests.

[0121] It will be understood that "inducing" an immune or antigen-specific antibody
response, as contemplated herein, includes eliciting or stimulating an immune response
and/or enhancing a previously existing immune response to obtaining a desired physiologic
effect such as a reduction in tumour size and/or a reduction in the occurrence of
metastases. The effect can be prophylactic in terms of completely or partially preventing
the occurrence of the cancer, completely or partially preventing the occurrence of
metastases, and/or completely or partially preventing a symptom associated with said

cancer.
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[0122] As used herein, the terms “administration” or “administering” typically refer to
the step of introducing the vaccine and/or pharmaceutical compositions, as herein
described, into a patient’s body so that the patient's immune system mounts a response to
the multiple Her2/neu B cell epitopes within the fusion peptide(s). As used herein, a
“patient in need thereof” includes an individual who has been diagnosed with cancer,
wherein the cancer cells express or over-express the Her2/neu protein. It also includes
individuals who have not yet been diagnosed with cancer, such as those individuals who
have not presented with any symptoms, but who may have, for example, a family history
of cancer and therefore a suspected genetic predisposition to develop cancer. In its
broadest sense, the term “a patient in need thereof” therefore encompasses individuals with
an already present need, as well as individuals who are at risk of developing an Her2/neu

associated cancer.

[0123] As used herein, a medicament which “prevents” cancer will reduce an
individual’s risk of develop cancer, ideally down to zero. Furthermore, this term also refers
to the prevention of re-development of cancer, e.g. following surgery of a primary tumour.
As used herein, a medicament which “treats” cancer will ideally eliminate the disease
altogether by eliminating its underlying cause so that, upon cessation of administration of
the composition, the disease does not re-develop, but remains in remission. As used herein,
a medicament which “ameliorates” cancer does not eliminate the underlying cause of the
disease, but reduces the severity of the disease as measured by any established grading
system and/or as measured by an improvement in the patient's well-being, e.g. decrease in

pain and/or discomfort.

[0124] An “effective amount” is an amount of a pharmaceutical preparation that alone, or
together with further doses according to an established dosing regimen, effects the desired

prevention, treatment or amelioration, as discussed elsewhere herein.

[0125] The route and regimen of administration may vary depending upon the stage or
severity of the condition to be treated, and is to be determined by the skilled practitioner.
For example, a vaccine or pharmaceutical composition according to the present invention,
as herein described, may be administered in subcutaneous, intradermal, intralymphatic or
topical or mucosal (nasal), or intramuscular form. All of these forms are well known to

those of ordinary skill in the pharmaceutical arts.
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[0126] In certain embodiments, the compositions described herein can be administered in
intramuscular, subcutaneous, intralymphatic or intranasal routes known to those of

ordinary skill in the art.

[0127] As discussed elsewhere herein, the dosage regimen utilizing the compositions as
herein described is selected in accordance with a variety of factors, including, for example,
the age, weight, and medical condition of the patient, the stage and severity of the
condition to be treated, and the particular fusion peptide(s) intended for administration. A
physician of ordinary skill can readily determine and prescribe the effective amount of, for
example, the carrier protein (comprising a fusion peptide(s) coupled thereto) required to
prevent, treat or ameliorate the progress or severity of a malignancy. The dosage regimen
will also take into account the amount of adjuvant to be administered, which is expected to
varying depending on at least some of the factors that will govern the amount of carrier
protein/fusion peptide(s) to be administered to the subject, such as age, weight and medical
condition of the patient. Optimal precision in achieving a concentration of carrier
protein/fusion peptide(s) and/or adjuvant with the range that yields efficacy (i.e., an
effective amount) either without toxicity or with no more than acceptable toxicity, requires
a regimen based, at least in part, on the kinetics of the availability of the carrier
protein/fusion peptide(s) and/or adjuvant to the target site(s). This process will typically
involve a consideration of the distribution, equilibrium, and elimination of the carrier
protein/fusion peptide(s) and/or adjuvant, which will be within the ability of persons

skilled in the art.

[0128] All patents, patent applications and publications mentioned herein are hereby

incorporated by reference in their entireties.

[0129] Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications which fall
within the spirit and scope. The invention also includes all of the steps, features,
compositions and compounds referred to or indicated in this specification, individually or

collectively, and any and all combinations of any two or more of said steps or features.

[0130] Certain embodiments of the invention will now be described with reference to the
following examples which are intended for the purpose of illustration only and are not

intended to limit the scope of the generality hereinbefore described.
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EXAMPLES

[0131] The following examples are directed to the conjugation of two fusion peptides
(non-contiguous B cell epitopes derived from Her2/neu) to the recombinant detoxified
Diphtheria toxin, CRM197. Initial analysis of the fusion peptide-carrier protein conjugates
by SDS-PAGE and immunoblotting were performed. Finally, fusion peptide-carrier protein

conjugates were shipped to Austria for the initial immunogenicity study in animals.

Example 1 - Conjugation of Her2/neu peptide antigens to recombinant detoxified

diptheria toxin variant, CRM-197

[0132] The virosome-based breast cancer vaccine, PEV6A/B, has been tested
successfully in a clinical phase I trial (Wiedermann et al., Breast Cancer Res Treat. 2010).
However, this vaccine formulation featured substantial technical limitations with regard to
stability and component compatibility, best illustrated by the fact that two separate

injections were unavoidable.

[0133] The PEV6C approach overcomes the technical limitations of PEV6A/B. PEV6C
combines all three antigens (P6, P7, and P4; SEQ ID NOs:1-3; respectively) in a single
peptide chain (see also WO 2011/020604A1; Multi-epitope vaccine for her2/neu-
associated cancers) and can be formulated as a stable, lyophilizable single dose application

form.

Preparation and Results

[0134] The following fusion proteins were used for conjugation to the carrier protein

CRM-197:

Peptide 1: P467 (before conjugation):
H-Pro-Glu-Ser-Phe-Asp-Gly-Asp-Pro-Ala-Ser-Asn-Thr-Ala-Pro-Leu-Gln-Pro-Arg-Val-
Leu-GIn-Gly-Leu-Pro-Arg-Glu-Tyr-Val-Asn-Ala- Arg-His-Ser-Leu-Pro-Tyr-Met-Pro-Ile-
Trp-Lys-Phe-Pro-Asp-Glu-Glu-Gly-Ala-Cys acetate salt (SEQ ID NO:8); and
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Peptide 2: P647 (before conjugation):
H-Arg-Val-Leu-Gln-Gly-Leu-Pro-Arg-Glu-Tyr-Val-Asn-Ala- Arg-His-Ser-Pro-Glu-Ser-
Phe-Asp-Gly-Asp-Pro-Ala-Ser-Asn-Thr-Ala-Pro-Leu-GIn-Pro-Tyr-Met-Pro-lle-Trp-Lys-
Phe-Pro-Asp-Glu-Glu-Gly-Ala-Cys acetate salt (SEQ ID NO:9).

[0135] The conjugation reaction was performed in a PBS buffer at pH 7.4, using the
cross-linking agent Sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate
(Sulfo -SMCC). This reagent reacts first with the primary amines (i.e. lysine residues) on
the CRM-197 carrier protein before it is allowed to react with thiol groups (i.e. cysteine
residues). In CRM-197, 39 lysine residues were theoretically available for a reaction with
the cross-linking reagent. To reach a good distribution of the peptide antigen on the carrier
protein, the fusion peptide: carrier protein ratio was adjusted to achieve an average
conjugation of 20 fusion peptide molecules per molecule of CRM197. The reaction was

allowed to proceed for 45 min at room temperature (RT), as follows:
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Procedure

1. Remove fusion peptides from -20°C and let stand at room temperature (RT) for about 10

min, before opening the vials.
2. Weigh fusion peptides into 3 mL glass vials:
(a) P467, 7.8 mg, resuspended with 780 pL water for injection (WFI);
(b) P467, 7.1 mg, resuspended with 710 pL dimethylsulfoxide (DMSO);
(c) P647, 6.9 mg, resuspended with 690 pL WFI;
(d) P647, 9.0 mg, resuspended with 900 pL DMSO;
All solutions were readily resuspended, and no aggregates or turbidity was visible.

3. Dilute 20x phosphate buffered saline (PBS) to 1x PBS with Milli Q water, and add

ethylenediaminetetraacetic acid (EDTA) to a final concentration of 1 mM.

4. Reconstitute 6 vials of CRM197 with 0.5 mL WFI to 2 mg/mL. Pool 3 vials to result in
2 batches, and store at 4°C (1.5 mL per batch, each 3 mg).

5. Take one vial of Sulfo-SMCC (2 mg), and add 200 pL of PBS/ImM ETDA to it and

dissolve (10 mg/mL stock solution; solution remained turbid).

6. Add 75 pL of Sulfo-SMCC (10 mg/mL) to each vial of 3 mg CRM197. Total volume:
1.575 mL.

7. Incubate the vials for 45 mins at RT under slow mixing (rotating, 25 rpm). During that
time, equilibrate x2 Zeba Spin Desalting Columns with PBS/EDTA buffer.

8. After incubation step 7, the reaction is transferred to the equilibrated Zeba Spin Column

(1.5 mL) and 200 pL of PBS/EDTA is added, and then centrifuged at 1000 x g for 4 min.
9. 1.8 mL of each solution was recovered.
10. Add to a fresh 3 mL vial, as follows:

(a) Vial 1: 600 pL P467 (10 mg/mL in WFI); and
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(b) Vial 2: 600 uL P647 (10 mg/mL in WFI).
11. To each vial, add 50 pL of 20x PBS to raise the pH of the solution to approx. 7.
12. To each vial, add 1.8 mL of the desalted CRM197-SMCC.

13. Incubate the vials for 45 min at RT under slow mixing (rotating), then store the vials at
4°C until analysis. During incubation, it was noted that precipitates became visible in Vial

2. However, precipitates disappeared after warming of the solution.

Summary

[0136] Peptide P467-CRM197, ca. 2.449 mg/mL P467, ca. 1.22 mg/mL CRM197, ca.
2450 pL; in 1xPBS/1 mM EDTA, Lot 140829-1_am.

[0137] Peptide P647-CRM197, ca. 2.449 mg/mL P647, ca. 1.22 mg/mL CRM197, ca.
2450 pL; in 1xPBS/1 mM EDTA, Lot 140829-2_am.

[0138] It was observed that the P647-CRM197 peptide conjugate showed a tendency to
aggregate while the reaction proceeded. With the P467-CRM197 peptide conjugate, no

aggregation visible by eye.

Example 2 — Coomassie Blue stain and immunoblot of CRM197-antigen conjugates

using mouse antiserum E

[0139] The conjugate formulations were analyzed by SDS-PAGE and evaluated by
Coomassie Blue-staining of the gel and by immunoblotting, using a previously generated
mouse serum against the combination of peptide antigens P4, P6 and P7 conjugated to

tetanus toxoid (antiserum E).
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Procedure

Two SDS-PA gels were prepared as follows:

e (CRM197 (2 mg/mL) stock solution was diluted 1:10 in PBS pH 7.4

* Aanti-conjugate solutions were diluted 1:10 in PBS pH 7.4
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®  Unconjugated fusion peptides were prepared as stock solutions of 10 mg/mL and

diluted 1:20 in PBS pH 7.4

[0140] In total, 36 pL of every sample were prepared, and 15 pL were loaded per lane.
Two identical gels were prepared: Gel 1 was stained with Coomassie Blue, and Gel 2 was
used for the Western blot. The distribution of samples in Gel 1 and Gel 2 is summarised in

Table 5, below:

Table 5:
WE Probe insSdx [ . . .
Proben Bescheaibung Buffer f?;:ﬁ?f_}
ful} ful} fut) RS
3 | Freoision Pus Protein™ Dual Xirs - 16 - -
2 [CRRIIET ~ 6.25 ug [130] 2 3 & 1
3 CRMIBT - 8.5 ug {110 20 $ 8 i
4 [CRIMIST - 1.8 ug {110 14 12 g i
5 | PagF-CRENIST -~ 0258 ug {1110 322 AR G 1
& | P48T-CRMIST - 1.0 ug fundil] 45 15 8 3
[T [ FRaT-LRTOT — 025 ug 1110 P 38 g i
§ | Ped7-CRWIEY ~ 1.0 ug fundil ] 245 1.5 ] g
BEEEEITRE 248 2 a i
30 PAET - 1.0 ug {180 212 4.8 g 1
11| HELY - 025 ug {1020 248 1.2 4 i
12| PEET - 1.8 oy 1180 2 4.8 ] 1
Results

Gel 1 — Coomassie Blue stain

[0141] Gel 1 was immersed in Bio-Safe Coomassie Blue stain for 1 hr at RT under

shaking, and then rinsed with MilliQ water for 1 hr at RT.

Gel 2 — Western Blot

[0142] After electrophoresis, Gel 2 was removed from the cassette, and rinsed shortly in
Milli Q water. The transfer sandwich was then prepared according to the manufacturer’s
instructions (BioRad) and installed in a Turbo Transfer Blot machine. After the transfer,
the nitrocellulose membrane was controlled for the complete presence of the prestained
marker proteins. Only minimal amounts of marker remained visible in the SDS PA gel.
The membrane was then incubated in SuperBlock buffet for 1 hr at RT. Mice serum Pool E

was diluted 1:500 in SuperBlock, and incubated on the membrane for 2 hrs at RT. The
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membrane was then washed thrice with 1x PBS for 5 min each. The membrane was then
incubated with anti-mouse IgG (KPL, 074-1802; Ab20), diluted 1:5000 in SuperBlock, for
1 hr at RT. The membrane was then washed thrice with 1x PBS for 5 min each and
developed with 3,3',5,5"-Tetramethylbenzidine (TMB) for 5 min at RT.

[0143] The results showed a clear shift in molecular weight for each CRM197 conjugate
towards larger molecular weights, indicative of strong conjugation of the fusion peptides to
CRM197. The broad conjugate bands observed in both cases also suggested the relatively
large distribution of the fusion peptides on the carrier protein, as was expected from the
conjugation reaction. The results also suggested that there is no (or minimal) amount of
unconjugated CRM197 protein remaining. On the other hand, a minor fraction of fusion

peptides was observed, estimated to be <10% of the total fusion peptides used.
Conclusions

[0144] A clear shift in the CRM197 conjugates was observed, indicating the successful
conjugation of P467 and P647 fusion peptides to the CRM197 carrier protein.

[0145] There was no significant difference observable between the P467-CRM197 and
P647-CRM197 conjugates.

[0146] A limited amount of free fusion peptides was observed in both conjugation

reactions.

[0147] The immunoblot with the used antiserum demonstrated some cross-reactivity with
the CRM197 diphtheria toxin, although it was raised with tetanus toxoid peptide
conjugates. It confirms the shift of the CRM197 molecule after conjugation, but as this is
not specific for the two fusion peptides, its conjugation to the protein could not be
confirmed. The antiserum stains the free unconjugated fusion peptides, with P467 slightly

better than the P647.



WO 2016/164980 PCT/AU2016/050275

44

Example 3 -Immunoblot of CRM197-antigen conjugates using mouse antiserum D

[0148] The conjugate formulations were analyzed by SDS-PAGE and evaluated by
immunoblotting using a previously generated mouse serum against the combination of
peptide antigens P4, P6 and P7 conjugated to influenza virosomes (antiserum D). The

presence of the fusion peptides P467 and P647 on the CRMI197 carrier protein was

confirmed separately by an immunoblot using antiserum D.
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Procedure
[0149] One SDS-PA gel was prepared as follows:

[0150] All solutions comprising CRM197, fusion peptide-CRM197 conjugates or
unconjugated fusion peptides were diluted to 1 mg/mL in PBS at pH 7.4. In total, 36 pL of
every sample were prepared, and 15 pL were loaded per lane. The distribution of samples

in Gel 1 and Gel 2 is summarised in Table 7, below:

Table 7:
WEl Proba LGS 4% s
Proben Beschrelbung N N Buffar Aﬂeﬂucing
il | | pag | et B
1 | Pracision Plus Protein™ Duat Xia - 1Q ~ -
2 | CRMIST - 0.2 ug 2Bs 4.5 g 1
3 |CRAMISY - 04 ug 284 1.0 ] 1
4 |CRM18Y -8 ug 4.0 28 g 1
5 | PARF-CRMIOT -0 2 ug 255 8.8 8 |
§ | PAEY-CRAISY - 0.8 ug 240 4.0 g |
| PO 9Y 0.8 ug 85 Q.5 B 1
& | Pad WEEYT - 0.8 ug 240 20 g i
B | P48 02 g HE 1.5 8 |
10| P4E7 - 0.8 ug 240 20 g 1
[ R647F 0.2 ug HE Q.5 ] |
139847 - 3.8 ug 248 20 ] i

Results

[0151] Western Blot - After electrophoresis, the gel was removed from the cassette, and
rinsed shortly in Milli Q water. A transfer sandwich was prepared in accordance with the
manufacturer’s instructions (BioRad) and installed in a Turbo Transfer Blot machine.
Following transfer, the nitrocellulose membrane was controlled for the complete presence
of the prestained marker proteins. Only minimal amounts of marker remained visible in
the SDS PA gel. The nitrocellulose membrane was then incubated in 5% milk in

phosphate-buffered saline with Tween 20 (MPBST) for 1 hr at RT.

[0152] Mice serum Pool D was diluted 1:500 in MPBST, and incubated on the
membrane for 1 hr at RT. The membrane was then washed thrice with 1x MPBST for 5
min each and then incubated with anti-mouse IgG (KPL, 074-1802; Ab20), diluted 1:5000
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in MPBST, for 30 min at RT. The membrane was then washed thrice with 1x MPBST for
5 min each and developed with TMB solution for 10 min at RT.

Conclusions

[0153] The immunoblot with the used antiserum D showed reactivity with the CRM197-
fusion peptide conjugates only. No cross-reactivity was observed with unconjugated
CRM197. These results indicated that a significant amount of fusion peptide was
conjugated to the carrier protein, and confirm that the observed shift in migration in the gel
for the CRM197-fusion peptide conjugates is due to the conjugation of the fusion peptides
to the carrier protein, and not to CRM197 intermolecular cross-linking. A signal attributed
to free unconjugated fusion peptides was detected, either because the antiserum does not
react with them, or because the fusion peptides migrated to the bottom of the gel and were

not transferred to the nitrocellulose membrane.

[0154] Antiserum D reacted slightly stronger with the P647-CRM197 conjugate than
with the P467-CRM197 conjugate. The results suggested that the antiserum reacted

strongly with the conjugated fusion peptides than with the free fusion peptides.

Example 4 -P467-CRM197 and P647-CRM197 Spot Blot

[0155] The presence of the fusion peptides P467 and P647 on the CRM197 carrier

protein was also confirmed in a spot blot experiment using antiserum D.

Samples

e (CRM197, 1 mg/mL in PBS pH 7.4;

e P467 antigen, 1 mg/mL in PBS pH 7.4;

e P647 antigen, 1 mg/mL in PBS pH 7.4;

e P467-CRM197, 1 mg/mL in PBS pH 7.4 (calculated concentration); and
e P647-CRM197, 1 mg/mL in PBS pH 7.4 (calculated concentration).
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Procedure

[0156]

A pre-cut nitrocellulose membrane was used and lines were drawn with a pencil.

Two-fold dilutions of each sample were performed in PBS at pH 7.4 in Eppendorf tubes,

starting at 1 mg/mL (1 pg/uL). Theoretical concentrations per spot (1 pL) were 1 ng/ 500

ng / 250 ng / 125 ng / 62.5 ng / 31.25 ng. For each spot, approximately 1 pL of each

sample was transferred to the membrane (in duplicates), as outlined below:

¢ Line A CRM197;

e Line B P467 antigen (free fusion peptide without lipid conjugation);

e Line C P647 antigen (free fusion peptide without lipid conjugation);
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e Line D P467-CRM197 (starting with 1 pg of fusion peptide, and 0.5 pg of
CRM197); and
e Line E P647-CRM197 (starting with 1 pg of fusion peptide, and 0.5 pg of CRM197)

[0157] The membrane was allowed to dry on air for 10 min at RT and subsequently
blocked with 5% milk in PBST (MPBST) for 30 min at RT. The membrane was then
incubated with primary antibody (mouse antiserum Pool D, diluted 1:500 in MPBST) for 1
r at RT. The membrane was then washed thrice with MPBST for 5 min each and then
incubated with secondary antibody (anti-mouse IgG; KPL, 074-1802; Ab20; diluted
1:5000 in MPBST) for 30 min at RT. Following this incubation, the membrane was
washed thrice with MPBST for 5 min each and then incubated with TMB solution at RT

for approx 3 min, followed by a wash with Milli Q water before drying.

Conclusions

[0158] The spot blot with the mouse antiserum D showed reactivity with the CRM197-
fusion peptide conjugates only. There was minimal cross-reactivity with unconjugated
CRM197 protein. As the amount of CRM197 in the conjugates was about 50% compared
to the amount of fusion peptide, the minimal background in this sample was likely due to

the cross-reactivity with the diphtheria toxin variant.

[0159] The free (unconjugated) fusion peptides (fusion peptides without lipid conjugate)
gave a signal with the antiserum only in the case of P647, but not with P467. The reason
for this is not immediately clear. However, in the first sample dilutions of P647, the signal
was somewhat weaker than in the following dilutions. This may indicate the presence of
an inhibitor to the antibody binding site, or reduced binding to the nitrocellulose
membrane. The nature of this inhibitor is unknown, but it may be attributable to DMSO
that was originally used to prepare the high concentration stock of the fusion peptide (10

mg/mL).

[0160] The mouse antiserum D reacted very strong with the P467-CRM197 and P647-
CRM197 conjugates, confirming the conjugation of most of the fusion peptides to the

carrier protein.

[0161] Due to the unequal antiserum reactivity of the free fusion peptides as compared to
the fusion peptide-CRM197 conjugates, it was not possible to quantitate the amount of

antigen. However, as no purification steps were applied following the conjugation
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reaction, it is acceptable to calculate with the theoretical starting concentrations for the

fusion peptides.

[0162] In summary, the results suggest that the antiserum reacted strongly with the

conjugated fusion peptides than with the free fusion peptides.

Example 5 —Sample preparation for dose-titration studies in mice

[0163] The following describes the preparation of fusion peptide-CRM197 conjugates

for dose-titration experiments in mice.

Table 9: Material
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Procedure

[0164] For the preparation of samples for animal studies, the conjugate reaction solutions
were diluted to a defined target concentration. For the following preparations, it was

assumed that the conjugation efficiency of the peptide to the protein was at least 90%.

Sample preparation for the High Dose Groups (Group 1):

[0165] These samples were expected to contain approximately 420 pg of conjugated

fusion peptide per tube (1.2 mg/mL):
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Tube 1:
e 1045 pL of P467-CRM197
e 880uL of (1x) PBS pH 7.4

[0166] This solution was mixed well, and 350 pL was transferred to five glass vials (2.5
mL each) and labelled as follows: P467-CRM197; Group 1 — High Dose; Estimated P467
conc: ~1.2 mg/mL; Lot 140903-1_am.

Tube 2:

e 1045 pL of P647-CRM197 (strongly vortexed before pipetting)

e 880 uL of (1x) PBS pH 7.4

[0167] This solution was mixed well, and 350 pL was transferred to five glass vials (2.5
mL each) and labelled as follows: P647-CRM197; Group 1 — High Dose; Estimated P647
conc: ~1.2 mg/mL; Lot 140903-4_am.

Sample preparation for the Medium Dose Groups (Group 2):

[0168] These samples were expected to contain approximately 210 pg of conjugated
fusion peptide per tube (0.6 mg/mL):

Tube 1:

e 525 puL of P467-CRM197

e 1400 pL of (1x) PBSpH 7.4

[0169] This solution was mixed well, and 350 pL each was transferred to five 2.5 mL
glass vials and labelled as follows:P467-CRM197; Group 2 — Medium Dose; Estimated
P467 conc: ~0.6 mg/mL; Lot 140903-2_am.

Tube 2:

e 525 uL of P647-CRM197 (strongly vortexed before pipetting)

e 1400 pL of (1x) PBSpH 7.4

[0170] This solution was vortexed well, and 350 pLL was transferred to five 2.5 mL glass
vials and labelled as follows: P647-CRM197; Group 2 — Medium Dose; Estimated P647
conc: ~0.6 mg/mL; Lot 140903-5_am.
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Sample preparation for the Low Dose Groups (Group 3):

[0171] These samples were expected to contain approximately 105 pg of conjugated
fusion peptide per tube (0.3 mg/mL):

Tube 1:

e 262 nL of P467-CRM197

e 1663 uL of (1x) PBSpH 74

[0172] This solution was mixed well and 350 pL each was transferred to five 2.5 mL
glass vials and labelled as follows: P467-CRM197; Group 3 — Low Dose; Estimated P467
conc: ~0.3 mg/mL; Lot 140903-3_am.

Tube 2:

e 262 uL of P647-CRM197 (strongly vortexed before pipetting)

e 1663 uL of (1x) PBSpH 74

[0173] This solution was vortexed well, and 350 pL each was transferred to five 2.5 mL
glass vials and labelled as follows: P647-CRM197; Group 3 — Low Dose; Estimated P647
conc: ~0.3 mg/mL; Lot 140903-6_am.

Example 6 — Immunisation Studies

Peptide antigens

[0174] Two fusion peptides, P467 (SEQ ID NO:8) and P647 (SEQ ID NO:9) were
synthetized at Bachem (Switzerland). Both hybrids were coupled to virosomes (viral
envelopes from inactivated influenza virus A/Brisbane/59/2007) which are suitable as an
antigen delivery system and do not require additional adjuvants. Three concentrations,
calculated for the amount of the fusion peptide, were tested: 15pg, 30pg and 50 pg per
injection. For comparison, both fusion peptides were coupled to CRM197 and used in a
head-to-head experiment at a concentration 30ug per injection. All conjugation procedures

(CRM and virosomes) were carried out at Mymetics (Switzerland).

[0175] The virosomal formulations were delivered frozen and formed a cloudy

suspension after thawing.

[0176] After coupling, the CRM-P647 conjugate was received as a precipitated

formulation, whereas CRM-P467 remained soluble in water based buffer.
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[0177] The three Her-2/neu-derived B cell epitopes P4 (SEQ ID NO:3), P6 (SEQ ID
NO:1) and P7 (SEQ ID NO:2) were synthetized and coupled to KLH (keyhole limpet
hemocyanin) at piChem (Austria) and were used as coating antigens to evaluate antibody

responses to single peptides by ELISA.

[0178] To evaluate antibody responses directed to the unconjugated fusion peptides,

P467 and P647 were used as coating antigens in the ELISA assays.

Immunisation protocol

[0179] Female Balb/C mice were immunised subcutaneously in 2-3 weeks intervals

according to the following study design:

[0180] Groups receiving virosomal conjugates were primed once with inactivated
influenza virus (Inactivated A/Brisbane/59/2007). Immunisations with conjugated
constructs started 16 days after the priming. All virosomal formulations were delivered

ready to use and were applied without any additives 100ul per injection.

[0181] Stocks of CRM-fusion peptide conjugates were diluted with NaCl solution and
mixed with aluminium hydroxide gel suspension prior to administration by injection.

CRM-P647 (precipitated) was vortexed and the suspension was used in the same way as

CRM-P467.

[0182] Control groups received empty virosomes (TIRIV) or NaCl solution plus

aluminium hydroxide.

Animals

[0183] 60 female Balb/C mice, 6-8 weeks at delivery (29.10.2014), origin: Charles River,

Germany.

[0184] 10 groups: n=5 mice per group - Animal facility: General Hospital

Vienna/Biomedical Unit.

Groups
*  Group A - empty virosomes (TIRIV) -100ul/mouse;
®  Group B - P467-virosomes — 50pg/mouse in 100ul;
*  Group C - P467-virosomes — 30pg/mouse in 100ul;
®  Group D - P467- virosomes — 15pug/mouse in100ul;
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®  Group E - P647-virosomes — 50pg/mouse in 100ul;

®  Group F - P647-virosomes — 30pg/mouse in 100ul;

®  Group G - P647-virosomes — 15ug/mouse in 100ul;

®  Group H - NaCl + aluminium hydroxide (control) -100ul/mouse;

¢  GroupI- P467-CRM + aluminium hydroxide - 30pg/mouse in 150ul; and
*  GroupJ - P647-CRM + aluminium hydroxide - 30pg/mouse in 150pul.

[0185] Blood was taken prior to immunisation, three weeks after the ond immunisation,
two weeks after the 3™ immunisation and two weeks after the 4™ immunisation. The blood
samples were then analysed for:

¢  Peptide-specific antibody titres (IgG);

®  Construct specific antibody titres (IgG);

* Antibody titres specific to recombinant extracellular Her-2/neu (IgG); and

*  Specificity to the native Her-2/neu expressed in SKBR-3 cancer cells.

ELISA protocols

1) Peptide-specific ELISA

[0186] Microtitre plates were coated with KLH-fusion peptide conjugates at 0.5 pg/well.
For background estimation, wells were coated with KLH alone. After blocking, diluted
sera were added. Bound IgG was detected with HRP-labelled antibody (Rabbit anti mouse
IgG POX, Fc fragment specific, Nr: 315-035-008; Jackson Immuno Research) and

subsequent TMB staining. Plates were read after adding stop solution at 450 vs 630 nm.

(2) Fusion peptide-specific ELISA

[0187] The non-modified fusion peptides P467 and P647 were used as coating antigens
at a concentration of 0.5pg/well in carbonate buffer. Diluted sera were then added and

analysed as described in the peptide-specific protocol, above.

(3) Extracellular Her-2/neu-specific-ELISA

[0188] A fusion protein comprising the recombinant extracellular domain of human Her-
2/neu (amino acid residues 23-652 of Her2/neu) and the Fc region of human IgGl
(ErbB2/Fc Chimera, cat. No # 1129-ER R&D Systems) was used as a coating antigen.
Plates were coated with 0.1 pg/well of protein and 0.1%BSA for background estimation.
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Diluted sera were then added and analysed, as described above, after subtracting the

background signal from the BSA-only wells.

(4) Her-2/neu-specific cell assay using SKBR3- cells

[0189] The human breast cancer cell line SKBR-3 (HTB30, ATCC, USA)
overexpressing Her-2/neu was used as a source of native Her2/neu protein. Cells were
harvested three days after passaging and stored at -80°C. Cell lysis was performed as
previously described in Godell V and Disis ML J. Immunol. Meth (2005), with some minor
modifications: Variant 1: plates were coated with the humanized anti-Her-2/neu antibody
Herceptin (provided by General Hospital Vienna); Variant 2: plates were coated with the
humanized anti-Her-2/neu antibody Perjeta (provided by General Hospital Vienna).
Protein content in cell lysates was quantified with the Pierce BCA Protein Assay Kit #
23227 directly before use. Lysates were diluted to a concentration 100pg/well in
1%BSA/PBS. After blocking, the cell lysates were added to the wells. To control for
individual background, BSA/PBS was added. For IgG detection, HRP-linked sheep anti-
mouse IgG (Amersham/GE Healthcare) was used. TMB staining was performed as above.
For each serum sample, the OD value was calculated as the difference between the OD

reading of SKBR-3-coated wells minus BSA-coated wells.

Example 7 - Peptide-specific antibodies

[0190] Sera from the final bleed (i.e., after four immunisations) were used. Different

dilutions were analysed from sera of virosome and CRM197 immunized mice, as follows:
¢  Groups treated with virosomal formulations: 1:5,000 dilution;

®  Groups treated with CRM-fusion peptide conjugates: 1:100,000 dilution.

[0191] Data were depicted in OD values. The background on KLH coated wells was
subtracted (see Figures 1-3).

Results

[0192] Antibodies against all three single peptides were elicited in all treatment groups
(Groups B-G and I-J). No peptide-specific antibodies were detected in the control groups

(Groups A and H). Remarkable differences in antibody titres were observed.
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[0193] Four immunisations with the CRM-fusion peptide conjugates induced
approximately ten-fold higher antibody titres to all three individual peptides as compared

to four immunisations with the corresponding virosomal formulations.

[0194] Both constructs (P467 and P647), regardless of coupling partner, induced the
highest antibody titre against the P7 B cell epitope (SEQ ID NO:2), while the lowest titres
were induced against the P4 B cell epitope (SEQ ID NO:3).

[0195] As shown in Figures 4 and 5, antibodies that bound to the fusion peptides were
also produced. These results were derived from experiments in which sera from the final
bleed after the fourth immunisation were used. For the groups immunised with virosomes,
the sera were diluted 1:5,000. For the groups immunised with the CRM197-fusion peptide
conjugates, the sera were diluted 1:100,000. The data depicted in Figures 4 and 5 are
given in OD values. In line with peptide-specific results shown in Figures 1-3,
approximately ten-fold higher antibody titres were observed in groups immunised with the
CRM197-fusion peptide conjugates as compared to those immunised with the
corresponding virosomal formulations. Generally, higher titres were observed for P647

than for P467.

Example 8 - Antibody Kinetics in course of immunisation with CRM-conjugates

[0196] Blood was taken two weeks after the 2nd, 3" and 4 immunisations and antibodies
specific to both fusion peptides (P467 and P647) were measured (sera were diluted
1:100,000). As shown in Figures 6 and 7, fusion protein-specific antibody titres were
already quite high after the 2" immunisation and increased slightly after the 3 and 4"
immunisations. The small increase in fusion protein-specific antibody titres after the 3
and 4" immunisations indicate that two or three immunisations (i.e., two or three
consecutive doses) with a CRM197-fusion peptide conjugate may be sufficient to generate
an effective immune response. (BA1- blood draw after two immunisations; BA2- blood

draw after three immunisations; BA2- blood draw after four immunisations).

Example 9 - Extracellular Her-2/neu-specific antibodies

[0197] Blood was taken at two time points; BA1 (blood drawn after two immunisations)
and BA2 (blood drawn after three immunisations). Different sera dilutions were analysed

— sera from groups immunised with virosomal formulations were diluted 1:400 and sera
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from groups immunised with CRM-fusion peptide conjugates were diluted 1:2,000. The
data depicted in Figure 8 are OD values.

[0198] As shown in Figure 8, both fusion peptide-constructs (virosome- and CRM197-
conjugated) induced antibodies binding to the recombinant extracellular Her-2/neu protein.
No significant Her-2/neu reactivity was observed in sham treated mice and pre-
immunisation sera. According to the peptide- and fusion peptide-specific results,
significantly higher Her-2/neu specific titres were observed in groups immunized with
CRM-fusion peptide conjugates in comparison to virosomal formulations at a 30pg
concentration. A significant antibody titre was also observed after the third immunisation
with virosomes. In mice already immunized with CRM-fusion peptide conjugates after the
2™ immunisation, the antibody titres were high, which did not markedly increased after the

3" immunisation.

[0199] Analysis of sera antibody titres after the 2nd, 3" and 4" immunisations revealed
different kinetics of antibody responses with virosome- as compared to CRM-conjugates.
After the 2™ immunisation (6 weeks after commencement of immunisation) higher
antibody titres were observed in animals immunised with CRM-fusion peptide conjugates
as compared to virosome conjugates (see Figure 9). After the 3™ immunisation with the
virosome conjugate, a significant increase in antibody titre was observed (see Figure 8).
After the 4™ immunisation, the Her-2/neu specific antibody titres were comparable
between virosome and CRM-immunised mice (see Figure 10). In mice immunised with
the CRM-fusion peptide conjugates, there was a small increase in antibody titre between
the 34 and 4™ immunisation, indicating strong immunogenicity after the 2™ immunisation,

with even stronger immunogenicity after the 3 immunisation (see Figure 11).

[0200] As shown in Figure 12, a comparison of the kinetics of antibody responses against
recombinant Her-2/neu after the 2", 3 and 4™ immunisation with 30 pg of the P467-
virosome conjugate or 30 pg of the P467-CRM conjugate reveals that, even after the o
immunisation, the anti-Her-2/neu antibody titre following immunisation with the CRM
conjugate (fourth column in each cluster) was significantly higher than the antibody titre
after immunisation with the corresponding virosome conjugate (third column in each
cluster). After the 4™ immunisation, both conjugates lead to comparable recombinant anti-

Her-2/neu antibody titres.
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[0201] As shown in Figure 13, a comparison of the kinetics of antibody responses against
recombinant Her-2/neu after the 2", 3 and 4™ immunisation with 30 pg of the P647-
virosome conjugate or 30 pg of the P647-CRM conjugate reveals that, even after the o
immunisation, the anti-Her-2/neu antibody titre following immunisation with the CRM
conjugate (fourth column in each cluster) was significantly higher than the antibody titre
after immunisation with the corresponding virosome conjugate (third column in each

cluster).

[0202] These results demonstrate the striking difference in the kinetics of Her-2/neu-
specific antibody titres using either virosomes or CRM197 as the delivery system for the
fusion peptides. The increase in antibody titres observed with virosome conjugates was
significantly slower than with the CRM conjugates and typically needed four
immunisations (in relation to fusion peptide P467) to reach similar levels as seen with
corresponding CRM immunisations. In relation to fusion peptide P647, the virosome
conjugates were inferior to the CRM conjugates, as they did not induce comparable

antibody titres even after the 4™ immunisation (Figure 13).

Example 10 - Specificity to native Her-2/neu protein

[0203] Sera derived from the final blood sample drawn after four immunisations were

analysed. The data are presented as OD values and all sera were diluted 1:100.

[0204] As shown in Figure 14, the generated antibodies recognised the native form of
Her-2/neu that is overexpressed in SKBR-3 breast cancer cells. The low sera dilutions
were necessary to work within the range of the ELISA with non-purified cell lysate and
were in line with the inventors’ previous data. Despite significantly lower antibody titres
against peptides and the recombinant extracellular Her-2/neu protein in groups immunized
with virosome conjugates, the OD values were comparable between virosome- and
CRM197-fusion peptide conjugates. These results might be explained by reactivity of
antibodies raised against lipid linkage or some parts of virosomes with components in
SKBR-3 cell lysates (e.g. cell membranes). This linkage is not present in the CRM197-

fusion peptide conjugates.
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Example 11 — Evaluation of immune responses after immunization with peptide

P467-CRM with Alum/Al(OH); or Montanide

Preparation of reagents

[0205] The fusion protein P467 (49 amino acids in length; synthetized at Bachem,
Switzerland) was coupled to CRM197 (diphtheria toxin mutant; PiChem/Graz/Austria) and
delivered at a stock concentration of 0.4 mg/ml. A P467-CRM-mediated immune response

was evaluated in mice in the presence or absence of three adjuvants:

1) ALHYDROGEL®*“85” (Aluminium hydroxide from Brenntag, Denmark; Aluminium
content 10 mg/ml, Batch no. 85563; used at the dilution of 1/10 in accordance with

manufacturer’s instructions);

2) Alu-Gel-S-Suspension (Aluminium hydroxide from Serva, Germany; 1.3% purity,
sterile, Aluminium content 5.9-7.1 mg/ml, catalogue no. 12261, Batch no. 111589;

used at the dilution of 1/3 in accordance with manufacturer’s instructions); and

3) Montanide ISA 51VG (from Seppic, France, Catalogue no. 36362ZFL2R3; Batch no.
2423395).

[0206] The immunization protocol is described in ‘Immunization Protocol’, below.
Briefly, three concentrations of peptide construct were tested: 10pg, 25ug and 50pug per
injection. Aluminium hydroxide from Serva, which had been used in the animal studies
outlined in the Examples above, was tested in two groups of mice (see ‘Immunization
Protocol’) and compared with the use of Aluminium hydroxide from Brenntag. The
amount of P467-CRM used with Aluminium hydroxide from Serva in these two groups

were 10pug and 25pg.

Emulsification of peptide construct with Montanide

[0207] Emulsification of P467-CRM, PBS or NaCl with Montanide was undertaken in
accordance with the manufacturer’s instructions (Seppic, France). The P467-CRM peptide
construct was mixed either with PBS (for Aluminium hydroxide, Brenntag) or NaCl (for

Aluminium hydroxide, Serva). The adjuvants were then added to the solution and vortexed
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thoroughly at room temperature. The mixtures were then kept at room temperature for a

minimum of 45 minutes prior to administration.

Immunization protocol

[0208] Female Balb/C mice (Charles River Germany, 6-8 weeks at delivery) were

immunized subcutaneously at 3 week intervals (n= 8 mice per group; control groups n=4).
Groups of mice, i.e., A to O, were immunized as follows:

Group A (P467-CRM, 10pg/Injection): 250ul of P467-CRM together with 1250ul NaCl
(1500ul). 150ul/mouse (=10pg/mouse)

Group B (P467-CRM, 25pug/Injection): 625ul of P467-CRM together with 875ul NaCl
(1500ul). 150ul/mouse (=25ug/mouse)

Group C (P467-CRM, SO0pg/Injection): 1250ul of P467-CRM together with 250ul
NaCl (1500ul). 150ul/mouse (=50pg/mouse)

Group D (P467-CRM-Alum Brenntag, 10pg/Injection): 250ul of P467-CRM together
with 175ul Alum Brenntag+1325ul PBS (1750ul). 175ul/mouse (=10pg/mouse)

Group E (P467-CRM-Alum Brenntag, 25pug/Injection): 625ul of P467-CRM together
with 175ul Alum Brenntag+950ul PBS (1750ul). 175ul/mouse (=25ug/mouse)

Group F (P467-CRM-Alum Brenntag , S0pg/Injection): 1250ul of P467-CRM together
with 175ul Alum Brenntag+325ul PBS (1750ul). 175ul/mouse (=50ug/mouse)

Group G (P467-CRM-Alum Serva, 10pg/Injection): 250l of P467-CRM together with
1000ul Alum Serva+250ul NaCl (1500ul). 150ul/mouse (=10pg/mouse)

Group H (P467-CRM-Alum Serva, 25pg/Injection): 625l of P467-CRM together with
1000ul Alum Serva (1625ul). 160ul/mouse (=10pg/mouse)

Group I (P467-CRM-Montanide, 10pg/Injection): 300ul of P467-CRM together with
300ul NaCl+600ul Montanide. 100ul/mouse

Group J (P467-CRM-Montanide, 25pg/Injection): 700ul of P467-CRM together with
700ul Montanide. 126ul/mouse

Group K (P467-CRM-Montanide, 50pg/Injection): 1300ul of P467-CRM together with
1300ul Montanide. 252ul/mouse
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Group L (P467-Monomer, 25pg/injection): 250ul of of P467-CRM together with 1250ul
NaCl. 150ul/mouse (=25ug/mouse)
Group M (Montanide): 1000ul NaCl+1000ul Montanide. 252ul/mouse

Group N (Alum Brenntag): 1575ul PBS+175ul Alum Brenntag. 175ul/mouse

Group O (CRM, 50pg/injection): Stock concentration: 2mg/ml. Diluted 1:4 in NaCl
(1504450 NaCl). 100ul/mouse

[0209] Control groups received either CRM, Aluminium hydroxide (Brenntag) or

Montanide alone.

[0210] Blood was collected from the animals prior the first dose (BAO), 20 days after the
2nd immunization (BA1) and 18 days after the 3™ immunization (BA2). For the evaluation

of antibody titre kinetics, blood was also taken at 8 weeks after the 3" immunization

(BA3).

[0211] In the remaining 4 mice from each group (except the control groups M, N, and O
where all the mice were sacrificed), antibody titres were further evaluation at 8 and 16
weeks after the 3" immunization (BA4 and BA3, respectively) to ascertain the antibody

kinetics and necessary booster intervals.

Spleen cell preparation and culture

[0212] The mice (n=4/group) were sacrificed and their spleens were removed under
aseptic conditions, minced and filtered through sterile filters. Cell suspensions were
prepared as previously described (Wiedermann et al, Int. Immunol. 1999; Oct;11(10):1717-
24). Splenocytes were plated at the concentration of 0.5x10° per well in 96-well round-
bottomed plates and stimulated with CRM or P467 at a concentration of 20ug/ml for 72
hours. Supernatants were stored at -20°C until analysis. Stimulation with ConA was

carried out as a control.
ELISA protocols

(i) Measurement of peptide-specific antibody levels

[0213] Unconjugated fusion peptide P467 (Bachem, Switzerland), diluted in carbonate
buffer, was used as coating antigen at a concentration of 0.5 pg/microtitre well. Sera

(n=8/group) were diluted, added to the wells and the bound IgG antibodies were detected
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with horse radish peroxidase (HRP)-labelled rabbit anti-mouse IgG POX (Fc fragment
specific, catalogue. no. 315- 035-008; Jackson Immuno Research) followed by the addition
of 3,3.5,5'-Tetramethylbenzidine (TMB). A stop solution was added and the plates were
read at 450 vs 630 nm.

[0214] For detection of IgG subsets IgG1 and IgG2a, the diluted sera were applied to the
antigen-coated wells of a microtitre plate, followed by either rat anti-mouse IgG1 or rat
anti-mouse IgG2a antibodies,. A secondary antibody HRP-labelled mouse anti-rat IgG was
then used for detection followed by TMB. A stop solution was added and the plates were
read at 450 vs 630 nm.

(i) Measurement of Her-2/neu-specific antibody levels

[0215] The wells of a microtitre plate were coated with a fusion protein comprising the
recombinant extracellular domain of human Her-2/neu (amino acid residues 23-652)
conjugated to the Fc region of human IgG1. Each well was coated with 0.1 pg of the fusion

protein. Diluted mice sera were then analyzed, as described above.

[0216] For the detection of IgG subsets IgG1 and IgG2a, the diluted sera were applied to
the antigen-coated well, followed by the addition of either rat anti-mouse IgG1, or rat anti-
mouse IgG2a. A secondary HRP-labelled mouse anti-rat IgG (H+L) antibody was used of

detection.

(iii) Measurement of in vitro cytokine production - IL-2, IL-5 and I[FNy

[0217] Supernatants from CRM- or P467-stimulated splenocytes were collected and
analyzed for the concentration of IL-2, IL-5 and IFNy by ELISA in accordance with the
manufacturer’s instructions (Affymetrix eBioscience, USA). The supernatants were used

undiluted or diluted 1:10 - 1:20 prior to analysis.

Fluorescence-activated cell sorting (FACS) analyses

[0218] FACS was performed on freshly isolated spleen cells (2.5x10° cells/ml in 24 well
flat-bottom plates). The cells were incubated for 2 hours in the presence of phorbol
myristate acetate (PMA; 10ng/ml) and Ionomycin (1.25uM) and for an additional 4 hours
at 37°C in presence of Brefeldin A (10pg/ml). Cells were then kept at 4°C overnight and

stained the next morning with anti-mouse antibodies to the following targets:
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Antibody Color
Gh3 Fite
b4 Percp
CD8a ivm PE
IFNyhaB APC
Granzyme B Pe Cy7T
CD335 (NKp46) eFluords0
Coi4 APCeFluar780

(i) Staining protocol:

[0219] Cells were harvested and split into micronic tubes (1x10%cells per tube). Single

staining was performed for each mouse sample with the aforementioned antibody cocktail.

[0220] Cells were then washed, blocked with Fc block (anti-mouse CD16/32) and stained
with antibodies to CD3, CD4, CD8, CD19 and CD335, followed by fixation/

permeabilisation and intracellular staining for IFNy and Granzyme B.

[0221] Analyses were performed for the characterization of splenocyte populations - T
cells (CD3+CD4+ and CD3+CD8+), B cells (CD3-CD19+) and NK cells (CD3-CD335+).

The analyses also included detection of intracellular IFNy protein.

Statistical analyses

[0222] Unpaired t-test (Two tailed, Confidence Intervals of 95%) was applied on Prism
for analysis of the ELISA results. Significant differences are indicated by one or more
asterisks (* P value <0.05, ** 0.01<P value<0.001, *** P value <0.001). No significance is
indicated as ‘ns’. One way analysis of variance (ANOVA) was applied on Prism when
more than two groups were compared. Mann Whitney test (Two tailed, Confidence

Intervals of 95%) was applied on Prism for analysis of the FACS results.
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Results
Humoral responses

(1) Peptide-specific antibody levels

[0223] Sera derived from the final bleed after three immunizations, as well as pre-
immunisation sera, were diluted 1:100.000 (for IgG and IgGl) or 1:100 (for IgG2a).
Antibody titres for total serum IgG, IgG1l and IgG2a are shown in Figures 15A-C,

respectively.

[0224] In the figures, the following groups (framed) were compared with each other and
statistically evaluated:

e D, E, F: Alum: 10ug, 25ug, S0ug

e [ J, K: Montanide: 10ug, 25ug, 50ug

[0225] The data show that anti-P467 antibodies were elicited in all mice immunized with
P467-CRM. No antibody response was induced in the control animals or in mice
immunized with P467 alone. Compared with Alum (Brenntag), antibody levels for IgG,
IgG1 and IgG2a were significantly higher when P467-CRM was administered with
Montanide. The IgG2a titres were generally lower than for IgG1, although considerably

higher IgGG2a titres were evident in animals immunized with P467-CRM + Montanide.

(i1) Her-2/neu-specific antibody levels

[0226] Sera derived from the final bleed after three immunizations and pre-immunization
sera were diluted 1:2500 (to 10.000) (IgG), 1:10.000 (IgG1) and 1:100 (IgG2a). Antibody
titres for serum IgG, IgG1 and IgG2a are shown in Figures 16A-C, respectively.

[0227] High titres of anti-extracellular Her-2/neu IgG and IgG1 antibodies were evident
in all animals immunized with P467-CRM. No anti-Her-2/neu antibody response was
evident in the control groups or in mice immunized with P467 alone. Compared to Alum
(Brenntag), the IgG and IgG1 antibody titres were significantly higher when the P467-

CRM peptide construct was administered with Montanide.
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In vitro production of cytokines (IL-2, IFNy, IL-5)

(1) IL-2 production after stimulation with CRM or P467

[0228] IL-2 levels were higher in CRM-stimulated splenocytes derived from mice
immunized with P467-CRM in the presence of Montanide when compared to CRM-
stimulated splenocytes derived from mice immunized with P467-CRM in the presence of

Alum (see Figures 17A and 17B).

(i1) IFNv production after stimulation with CRM or P467

[0229] Figures 18A and 18B show the concentration of IFNy in the supernatant of
splenocytes that have been cultured in vitro in the presence of CRM (Figure 18A) or P467
(Figure 18B). In mice immunized with 25 pg of P467-CRM with Montanide, the level of
IFNy was out of range. The data from this mouse was excluded and additional analysis was
performed, as shown in Figure 18C (stimulation by CRM) and Figure 18D (stimulation by
P467).

[0230] IFNy production was induced by CRM stimulation in splenocytes derived from
all mice immunized with P467-CRM in the presence of Alum or Montanide. With
Montanide (in the 10ug group), IFNy levels were higher than in the corresponding group
immunized with P467-CRM in the presence of Alum (Brenntag). Upon stimulation with
the P467-CRM, IFNy levels were strongest in the Montanide group immunized with 50ug
P467-CRM.

(ii1) IL-5 production after stimulation with CRM or P467

[0231] Figures 19A and 19B show the concentration of IL-5 in the supernatant of
splenocytes that have been cultured in vifro in the presence of CRM (Figure 19A) or P467
(Figure 19B).

[0232] IL-5 levels were significantly higher in CRM-stimulated splenocytes derived
from mice immunized with P467-CRM in the presence of Montanide After stimulation
with the P467-CRM peptide construct, some IL-5 production was induced in Montanide
immunized mice, although the level IL-5 was about 10-fold lower when compared to

levels after CRM stimulation.
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Characterization of splenocytes by FACS analysis; intracellular staining of IFNy

production

[0233] In order to evaluate whether the use of different adjuvants (i.e., Alum versus
Montanide) alter the lymphocyte distribution, particularly CD8+ and CD4+ lymphocytes,
FACS analysis of splenocytes was carried out after immunization with different
concentrations of P467 in the presence of Montanide or Alum. Splenocytes were isolated
from the mice and analysed for percentages of T cells (CD3"CD4", Figure 20A, and
CD3*CD8", Figure 20B), B cells (CD3°CD19*, Figure 20C) and NK cells (CD3CD335",
Figure 20D).

[0234] The data show a significant reduction of NK cells in splenocytes derived from
mice that were immunised with higher doses of P467-CRM (i.e. 25 mg and 50 mg)

together with Montanide, when compared with Alum (Brenntag).

Detection of IF Ny-producing splenocytes by FACS analysis

[0235] To investigate whether immunization with the different adjuvants would lead to a
change in the distribution of IFNy-producing CD4+ or CD8+ cells, splenocytes of mice
from all groups were isolated and intracellular IFNy was measured in T cells (CD4",

Figure 21A, and CD8", Figure 21B) and NK cells (CD3°CD335", Figure 21C).

[0236] The data show that the CD4+ T cells produced IFNy, which was pronounced in
mice immunized with increasing concentrations of P467-CRM. All control groups (and
naive mice) showed similar IFNy levels. In contrast, IFNy levels were higher in in CD8+
T cells derived from mice immunized with 25ug P467-CRM with Montanide. The data
also show IFNy production by NK cells derived from mice immunized with P467-CRM +

Montanide.

Kinetics of anti-Her2 and P467 peptide antibody responses

[0237] To evaluate the kinetics of the antibody responses, blood samples were taken at 8
weeks, 16 weeks and 6 months after the last immunization. Blood samples were then
analysed for Her2/neu-specific and P467 peptide-specific antibody titres in accordance

with the methods disclosed herein.

[0238] As shown in Figure 22, P467 peptide-specific IgG antibody titres remained
elevated at 8 weeks (BA3), 16 weeks (BA4) and 6 months (BAS) after the last dose of
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P467-CRM peptide construct administered with either Alum or Montanide. Similarly, as
shown in Figure 23, Her2/neu-specific IgG antibody titres remained elevated at 8 weeks
(BA3), 16 weeks (BA4) and 6 months (BAS) after the last dose of P467-CRM peptide

construct administered with either Alum or Montanide.

Summary

[0239] Both CRM197-fusion peptide conjugates and virosomal formulations comprising
the fusion peptides generated antibodies specific to the single B cell epitopes (P4, P6 and
P7), as well as to the fusion peptides (P467 and P647). It is also to be noted that these
antibodies also bound to the recombinant extracellular domain of Her-2/neu and to the

native Her2/neu protein expressed on SKBR-3 breast cancer cells.

[0240] CRMI197-fusion peptide conjugates were more effective in inducing B cell
epitope- and Her2/neu-specific antibodies; that is, significantly higher antibody titres
(approx. 10- to 20-fold) were generated as compared to the corresponding virosomal

formulations.

[0241] Based on the antibody titres against recombinant Her-2/neu, there was a clear
difference in the kinetics of antibody responses in the course of immunisation, with the
results showing that CRM-conjugates lead to an earlier increase in antibody titres (already
after the 2" immunisation, with a peak after the 3t immunisation), while the increase in
antibody titres with virosome conjugates was slower and needed four immunisations to

reach levels seen in mice immunized with the corresponding CRM conjugates.

[0242] Virosomes are generally a suitable antigen delivery system. However, the results
disclosed herein clearly show a delayed increase in antibody titres following immunisation
with virosome conjugates, as well as the necessity of four immunisations to achieve similar
titres observed in animals immunized with corresponding CRM conjugates. Both time and
doses for optimal antibody responses are important factors to be considered for the clinical
application of the Her-2/neu vaccine compositions. Thus, these results show that CRM197
is a more suitable carrier protein for Her-2/neu fusion peptides in the context of vaccine

delivery.

[0243] Both Alum (Brenntag) and Montanide were shown to further increase the
aforementioned antibody responses to the P467-CRM peptide construct. Anti-P467-

specific IgG, as well as IgGl, antibody tires were significantly higher in all mice
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immunized with Montanide (in all doses) when compared to Alum. Anti-P467 IgG2a
antibody titres were also higher in mice immunized with Montanide (in all doses)
compared to Alum. Anti-Her-2/neu IgG and IgG1 antibody titres were significantly higher
in mice immunized with Montanide when co-administered with the peptide constructs at
all doses that were investigated. In contrast to the P467 peptide-specific antibodies, little or

no anti-Her-2/neu IgG2a antibodies were detected.

[0244] IFNy was produced in significantly higher amounts by splenocytes when the cells
were cultured in vifro in the presence of CRM, when compared to cells cultured in the
presence of P467. After stimulation with CRM, IFNy levels were significantly higher in
the groups administered with the lower doses of the peptide construct when applied with
Montanide, in comparison to the groups receiving the same doses of the construct when
applied with Alum (Brenntag). The data indicate that Montanide induces higher antibody

titres, but also higher cytokine levels than Alum.
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CLAIMS

1. A vaccine composition comprising:

(i) an adjuvant; and

(i) at least one fusion peptide conjugated to a carrier protein,
wherein the carrier protein is the diphtheria toxin variant CRM-197 (SEQ ID NO:61) and
wherein the at least one fusion peptide comprises two or more non-contiguous B cell
epitopes of Her2/neu selected from the group consisting of SEQ ID Nos:1-7 and amino

acid sequences that have at least 85% identity to any of the foregoing.

2. The vaccine composition of claim 1, wherein the fusion peptide comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 8-14 and amino acid

sequences that have at least 85% identity to any of the foregoing.

3. The vaccine composition of claim 1, wherein the fusion peptide comprises an amino

acid sequence that has at least 90% identity to any of SEQ ID NOs: 8-14.

4. The vaccine composition of claim 1, wherein the fusion peptide comprises an amino

acid sequence that has at least 95% identity to any of SEQ ID NOs: 8-14.

5. The vaccine composition of claim 1, wherein the fusion peptide comprises an amino

acid sequence that has at least 99% identity to any of SEQ ID NOs: 8-14.

6.  The vaccine composition of claim 2, wherein the fusion peptide comprises an amino
acid sequence of SEQ ID NO: 8 or SEQ ID NO:9 or an amino acid sequence that has at
least 85% identity to SEQ ID NO: 8 or SEQ ID NO:9.

7. The vaccine composition of claim 2, wherein the fusion peptide comprises an amino

acid sequence that has at least 90% identity to SEQ ID NO: 8 or SEQ ID NO:9.

8. The vaccine composition of claim 2, wherein the fusion peptide comprises an amino

acid sequence that has at least 95% identity to SEQ ID NO: 8 or SEQ ID NO:9.
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9.  The vaccine composition of claim 2, wherein the fusion peptide comprises an amino

acid sequence that has at least 99% identity to SEQ ID NO: 8 or SEQ ID NO:9.

10. The vaccine composition of claim 6, wherein the fusion peptide consists of an amino

acid sequence of SEQ ID NO: 8 or SEQ ID NO:9.

11. The vaccine composition of any one of claims 1 to 10, wherein the carrier protein

comprises from 2 to 39 fusion peptides.

12.  The vaccine composition of claim 11, wherein the carrier protein comprises from 6

to 12 fusion peptides.

13.  The vaccine composition of any one of claims 1 to 12, wherein the adjuvant is
selected from the group consisting of aluminium hydroxide, aluminium phosphate,
potassium aluminium sulfate, calcium phosphate hydroxide, Freund's complete adjuvant,
Montanide®, Freund's incomplete adjuvant, iscoms, iscom matrix, [SCOMATRIX™
adjuvant, Matrix M™ adjuvant, Matrix C™ adjuvant, Matrix Q™ adjuvant, AbISCO®-
100 adjuvant, AbISCO®-300 adjuvant, ISCOPREP™, an ISCOPREP™ derivative,
adjuvant containing ISCOPREP™ or an ISCOPREP™ derivative, QS-21, a QS-21

derivative, and an adjuvant containing QS-21 or a QS21 derivative.

14.  The vaccine composition of claim 13, wherein the adjuvant is aluminium hydroxide.

15. The vaccine composition of claim 13, wherein the adjuvant is Montanide.

16. The vaccine composition of any one of claims 1 to 15, further comprising a

checkpoint inhibitor.

17. A pharmaceutical composition comprising the vaccine composition of any one of

claims 1 to 16 and a pharmaceutically acceptable carrier.

18. A method of treating or preventing a cancer characterized by expression or over-

expression of Her2/neu in a patient in need thereof, the method comprising the step of
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administering to said patient an effective amount of the vaccine composition of any one of

claims 1 to 16 or the pharmaceutical composition of claim 17.

19.  The method of claim 18, wherein the cancer is breast cancer.

20. The method of claim 18, wherein the cancer is gastric cancer.

21.  Use of the vaccine composition of any one of claims 1 to 16 in the manufacture of a

medicament for treating or preventing a cancer characterized by expression or over-

expression of Her2/neu in a patient in need thereof.

22. Use of claim 21, wherein the cancer is breast cancer.

23.  Use of claim 21, wherein the cancer is gastric cancer.

24. The vaccine composition of any one of claims 1 to 16 or the pharmaceutical

composition of claim 17 for use in treating or preventing a cancer characterized by

expression or over-expression of Her2/neu in a patient in need thereof.

25. The vaccine composition of claim 24, wherein the cancer is breast cancer.

26. The vaccine composition of claim 24, wherein the cancer is gastric cancer.
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