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IBDENTIFICATION OF IMMUNOGENIC MHC CLASS IE PEPTIDES FOR
IMMUNE-BASED THERAPY

{CROSS-REFERENCE TO RELATED APPLICATIONS

This is a continuation-in-part of application Serial No.
PCT/US16/21042 filed March 4, 2016, which in tarn is a continuation-in-part of
PCT/USTS/41034 filed July 17, 2015, which in tumn claims prionity and benefit from
U.S. Provisional Application Senial No. 62/076,789 filed November 7, 2014, and U.S.
Provisional Application Serial No. 62/025,681 filed July 17, 2014, the contenis of

each of which are mncorporated by reference herein i their entireties.

SEQUENCE LISTING
The mstant application contains a Sequence Listing which has been
submutted electroracally m ASCH format and 1s hereby incorporated by reference 1n
its entirety. Said ASCH copy, created on June 14, 2016, 1s named 319-

003 PCT _CIP2 SL.txt and 13 2,666 bytes m size.

BACKGROUND
In 25-30% of breast cancers, amplification and overexpression of the

growth factor receptor gene HER2 (human epidermal growth factor receptor-2, also
known as new/erbB2} is associated with enhanced tumor aggressiveness and a high
risk of relapse and death (Slamon, D, et al., 1987, Science 235:177; Yarden, Y,
2001, Oncology 1:1). This oncogene encodes a 185 kilodalton (kDa) transmembrane

eceptor tyrogine kinase ("RTK”). As one of the four members of the human
epidermal growth factor receptor ("EGFR™) famuly, HERZ distinguishes itself in
several ways. First, HER2 1s an orphan receptor. No high-alfimily ligand has been
identified. Second, HERZ 15 a preferred partner for other EGFR family members
(HERI/EGFR, HER3, and HER4) for the formation of heterodimers, which show
high ligand affinity and superior signaling activity. Third, full-length HER2
undergoes proteolytic cleavage, releasing a soluble extracellular domain (“"ECD”).
Shedding of the ECD has been shown to represent an alternative activation
mechanism of full-length HERZ both m vitro and 1n vivo, as it leaves a membrane-
anchored fragroent with kinase activity. The central role of HERZ2 in EGFR famuly

signaling correlates with its involvement in the oncogenesis of several types of
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cancers, such as breast, ovartan, colon, and gastric cancers, regardless of 1is
expression level {(Slamon, D, et al., 1989, Science 244:707; Hynes, N., et al,, 1994,
Biochem. Biophys. Acta. 1198:165). HERZ may also render turnor cells resistant to
certain chemotherapeutics (Pegramy, M., et al, 1997, Oncogene 15:5337). Given its
vital role in tumongenesis, HER?2 1s an important target for cancer therapeutics.

The human EGF receptor (“"HER™) family of RTKs regulates a targe
vanety of biological processes including cell proliferation, -migration, -invasion and -
survival. The family consists of four members: EGFR (HER1), HERZ2 {new or
ErbB2), HER3 (ErbB3) and HER4 (ErbB4). To date, eleven higands have been
reported mcluding epidermal growth factor ("EGF”), heparin-binding EGF-like
erowth factor ("HB-EGF™). transforming growth factor alpha. (TGFg), amphiregulin
{AR), eprreguiin, betacellulin and the heregulins. These ligands bind directly to their
cognaie receptors, which leads to the formation of receptor homo- or heterodimers
that trigger the activation of nultiple signaling pathways. Dysregulation of members
of the HER-family either by activating muations, receptor over expression or aberrant
Higand release leads to the development of a vanety of human tumors. HER3 15 over
expressed in breast-, ovanan- and lung cancer and this genetic feature has been
correlated with poor prognosis. Upon activation by hereguling, HER3 dimerizes with
HER?Z2 and EGFR to form potent oncogenic recepior heterodimers. Within this
complex, HER3 preferentially recrunis PI3 kinase (o its cytoplasmic docking siles
thereby regulating cell proliferation and ~survival. So far it was assurned that HER3
is kinase-inactive due to apparently aberrant sequence characteristics in its kinase
domain and that 1t requires heterodimerization with a kinase-intact member of the
HER-famulv in order to imtiate signaling events. Consistent with this, it was shown
that HER? requires HER3 to drive breast tumor cell proliferation. However, recent
findings of showed that HERS is able to phosphorviate Pyk2 which results in the
activation of the MAPK pathway i luman ghoma cells. Furthermore, monocional
antibodies specific for HER3 can inhibit the proliferation and magration of cancer cell
lines. Interestingly. it was shown recently that cancer cells escape HER-family
inhibttor therapy by up-regulation of HER3 signaling and that HER3 inhibition
abrogates HER 2-driven famoxifen resistance in breast cancer cells. Moreover,
resistance to Gelitmib (Iressa) therapy, an EGFR small molecule inhibitor, was shown

to be connected to HER3 signal activation.

2
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HERS3 s a receptor protein that plays an important role in regulating
normal cell growth, HER3 lacks an intninsic kinase activity and relies on the presence
of HERZ to transduce signals across the cell membrane. As mitially transcribed, the
pre-mRNA for HER3 contains 28 exons and 27 introns. The fully spliced HER3
5 mRNA from which the introns have been spliced out is composed of 28 exons.
Targeted therapy has emerged as the comnersione of cancer therapeutics
in the last decade. Members of the EGF receptor fanily - namely EGFR (or HERD)
and ErbB2 (or HER2/neu }- have evolved as particularly atiractive targets, since these
RTKs are deregulated 10 a mudtitude of cancers. The oncogenic functions of another
10 member of the EGF receptor famuly - ErbB3 or HER3- have only been recently
scrutinized due its major role i roediating resistance to HERZ2 and PI3K pathway-
directed therapies. Activating mutations in and/or overexpresston of HER3 has been
identified in a namber of different tumor types, including breast, gastrie, colon,
bladder cancer, and melanoma, and portend a worse overall prognosis in these tumors.
15 Despite advances m the field. it is still uncertain whether effective
immune responses can be generated i humans using cell- or protem-based vaccine
strategies targeting HER3. Accordingly, there is a need in the art to have additional
immunotherapeutic approaches for treating or preventing breast cancer and other
malignancies with which overexpression of the HER3 protein is associated. The

20 present embodiments fulfill this need

BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of preferred embodiments of the
invention will be better understood when read in comunction with the appended
25 drawings. For the purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred. 1t should be undersiood,
however, that the invention 1s not limited to the precise arrangements and
instrumentalities of the embodiments shown 1n the drawings.
Figure 1 shows immunogenic peptides from HERS that exhibit the
30 ability to activate CD4 T cells across many patients (SEQ 1D NOS 1-3, respectively,
in order of appearance).
Figure 2 shows a HER3 global screen with groups of 10 peptide
fragments. Figure 2 also shows HER3 screen with single peptides {SEQ 1D NOS 4-7,

respectively, in order of appearance).

Lo
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Figure 3 shows a HER3 global screen with groups of 10 peptide
fragmenis. Figore 3 also shows HER3 screen with single peptides (SEQ ID NOS 4
and 7, respectively, o order of appearance).

Figure 4 shows a HER3 global screen with groups of 10 peptide
fragments. Figure 4 also shows HER3 screen with single peptides (SEQ 1D NOS 1.3,
respectively, in order of appearance).

Figure 5 shows IFN-y production from different HER3 peptides.

Figure 6 shows IFN-y production from different HERS3 peptides.

Figure 7 shows IFN-y production from a “REVERSE” screen, starting
with previously identified peptides, sensttizing to peptides and HER3 extracellular
domain.

Figure 8 shows IFN-y production from a “REVERSE” screen, starting
with previously identified peptides, sensitizing to peptides and HER3 extracellular
domain.

Figure 9 shows IFN-y production from a “REVERSE” screen ina
patient not previcusly sensitized with HER extracellular domam, starting with
peptides, sensitizing to peptides and HER3 extracellular domain.

Figure 10 shows IFN-y production from a "REVERSE” screen in a
patient not previously sensitized with HER extracellular domain, starting with whole
peptide library, sensttizing {o peptides and HER3 extracellular domain.

Figure 11 shows IFN-y production from a “REVERSE” screenin a
patient not previously sensitized with HER extracellular domain, starting with whole
peptide hbrary, sensitizing to peptides and HER3 extracellular domain.

Figure 12 shows IFN-y production from a "REVERSE” screenin a
patient not previously sensitized with HER exiracellular domain, starting with
peptides, sensitizing to peptides and HER3 extraceliular domain,

Figure 13 shows a sequential peptide screen in donor # UPCC 15107-
24,

Figure 14 shows a sequential peptide screen 1o donor # UPCC 15107-
38.

Figure 15 shows “REVERSE” sensitization in donor # UPCC 15107
38 and UPCC 15107-24.

SUBSTITUTE SHEET (RULE 26)
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Figure 16 shows that imnmunogenic HER3 epitope-pulsed DC1
sensitized CD4+ Thi and overcame anti-HER3 immune tolerance i donor # UPCC
15107-30 and UPCC 15107-32 (both patients with known anti-HER3 non-reactivity
to identified HER3 peptides and/or native HER3 ECD)..

Figure 17 shows immumogenic CD4+ HER3 epitopes demonstrate
MHC class I promuscuity.

Figure 18 shows that when activated HER3 CD4+ cells are placed next
to HER3 expressing cells in a chamber, the HER3 CD4+ cells cause apoptosis or
death of HER3 expressing cells breast cancer cells.

Figure 19 shows methods for identification of inwmunogemc Class i-
promiscuous HER3 CD4+ peptides using the ECD of HER3 as a tumor antigen in
order to generate anti-HER3 Thi cellular immunity.

Figure 20 shows confirmation of immunogenicity of identified CD4+
HER3 ECD epitopes by “reverse” sensitization. A HER3 ECD screen was performed
with single peptides shown.

Figure 21 shows additional results of confirmation of itmmunogenieity
of identified CD4+ HER3 ECD epitopes by “reverse” sensitization.

Figure 22 shows photographs of immunohistochemistry scoring of
HER staining.

Figures 23 A and 23B are histograms showing raie of HER family
overexpression in Barrelt's esophagus with low-grade dysplasia (LGD) or high-grade
dysplasia (HGD) (Figure 23A} , and high-grade dvsplastic Barrett’s lesions with
(HGD with carcinoma)) or without associated mvasive cancer (HGD) (Figure 23B).

Figures 24A-24C show anti-HER3 CD4 Thi cell responses dechine
from HDs (healthy donors} to ER IBC/ERP®IBC {estrogen receptor positive invasive
breast cancer (“IBC™)) and TN IBC (triple negative IBC). The figures show
histograms (left panels) of IFN-y ELISpot analysis of systemic CD4" Thi cell
response. Patient groups studied were: HD; BD (benign breast biopsy); DCIS (HER2
positive (“HER2P*”Y ductal carcinoma in situ), HERZ IBC/HER2M IBC: ER
IBC/ERP IBC (estrogen receptor positive IBCY, and TN IBC (iriple negative IBC).
Corresponding tables to the right of the respective hustograms are individual
comparisons by student’s t-test between two groups at a time. One-way ANOVA
tests were performed on all groups. Figure 24A shows cumulative anti-HER3 CD4

Teell response as measured by IFN-y spots per rullion cells via ELISpot assay

SUBSTITUTE SHEET (RULE 26)
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declined sigmficantly going from HDs to BDs to DCES to HERZP 1B to ERP IBC
and finally to TN IBC (90 versus 80 versas 66 versus 79 versus 48 versus 40, p=0.01,
respectively ). Figure 24B shows repertotre, or the number of HER3 peptides with a
positive £D4 Thi response, declined significantly going from HDs to BDs to DCIS fo

5  HERZMIBC to ERP IBC and finally to TN IBC (1.0 versus €.6 versus 0.8 versus 0.8
versus 0.5 versus 0.3, p=0.003, respectively). Figure 24C shows responsivity, the
percent of subjects responding to at least | peptide, declined significantly going from
HDs to BDs to DCIS to HER2P® IBC to ERY IBC and finally to TN IBC (76.7%
versus 63.6% versus 33.8% versus 66, 7% versus 45.0% versus 33.3%, p=0.02,

10 respectively).

Figures 25A and 25B show loss of CD4 T cell response 1s specific to
HERS3 as there are no differences in tetatnus or anti-CHD3/CD28 stimulation between
{ested patient groups. The figures show histograms (left panels) of IFN-y ELISpot
analysis of systemic CD4" Thi cell response. Patient groups studied were: HD: BD;

IS DCIS; HER2 IBC/HERZP {BC; ER IBC/ERM™ IBC; and TN IBC. Corresponding
tables to the right of the respective histograms are individoal compasisons by
student’s t-test between two groups at a time. One-way ANOV A tests were
performed on all groups. Figure 25A shows there were no statistically significant
differences mn fetanus response as measured by IFN-y spots per 200,000 cells via

20 ELISpot assay between HDs, BDs, DCIS, HERZ IBC/HER2Y IBC, ER IBC/ERP™
IBC or TN IBC (37 versus 30 versus 19 versus 34 versus 24 versus 29, p=0.65,
respectively). Figure 25B shows there were no statistically significant differences in
anti-CD3/anti-CD28 polyclonal stimulation as measured by IFN-y spots per 200,000
cells via ELISpot assay between HDs, BDs, DCIES, HER2 IBC/HERZF™ IBC, ER

25  IBC/ER™IBC or TN IBC (688 versus 549 versus 804 versus 699 versus 629 versus
675, p=0.68, respectively ).

Figures 26A-26C show anti-HER3 CD4 Teell responses correlate with
recurrence and response to nec-adjuvant chemotherapy, but not with lviph node
meetastasis. Figure 26A has four histograms comparing IBC patients” iminune

30 responses by lymph node status at itial surgery (bymph node positive (“LN-+"or
“LINPY) versus Iymph node negative ("LN-" or “LIN"")}showing there were no
statistically significant differences i cumulative response {top panel} (40 versus 56,
p=(0.12, respectively), repertoire {second panel) (0.4 versus (.6, p=0.08, respectivelv),

sesponsivity (third panel) (35.7% versus 54.8%, p=0.19, respectively) or tetanus
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response {bottom panel) (22 versus 29, p=0.35, respectively ) between LN and LN"2
IBC patienis. Figure 26B has four histograms comparing IBC patients” momune
responses by recurrence versus non-recurrence {disease-free) in patients who were at
least 1 vear our from diagnosis had significantly lower cumulative response (top
panel} (17 versus 66, p=0.04, respectively}, repertoire (second panel} (0.0 versus 0.6,
p<0.05, respectively ) and responsivity (third panel) (0% versus 55.6%, p=0.01,
respectivelv). There was no difference in tetanus response between recurrent and
non-recurrent IBC patients (bottom panel} (27 versus 35, p=(0.63, respectively}.
Figure 26C has four histograms comparing IBC patients” immune responses by
response to neo-adjuvant chemotherapy (pathologic complete response ("pCR™)
versus residual disease ("<pCR™)). Of patients receiving neo-adjuvant chemotherapy.
those with a pCR, compared to those with <pCR, displayed significantly higher
cumulative response (top panel) (144 versus 32, p=0.004, respectively) and repertoire
{second panel} (0.8 versus 0.4, p=0.05, respectively). There was no difference in
responsivity {third panel} {80.0% versus 27 3%, p=0.10, respectivelv) or tetanus
response (bottom panel} (17 versus 59, p=0.15, respectively) between pCR and <pCR
patient imniune responses.

Figures 27A-27D show anti-HER3 CD4 T cell responses are
significanily higher in post-menopausal HDs/BDs but do not differ by age, race or
pregnancy history. Figure 27 A has four histograms comparing HD palients” immane
responses by age (<50 years old (“vo”) versus >530 years old). There were no
statistically significant differences by age in cumulative response {top panel) (77
versus 103, p=0.25, respectively}, repertoire {second panel) (0.8 versus 1.1, p=0.38,
respectively ), responsivity {third panel} (72.0% versus 75.0%, p=1.0, respectively) or
tetanus response { bottom panel} (39 versus 30, p=0.40, respectively). Figure 278 has
four histograms comparing HD patients” immume responses by race (Caucastan versus
African American versos Other).. There were no statistically significant differences
by race in cumulative response (top panel) (87 versus 83 versus 93, p=0.96,
raspectively), repertoire (second panel) (0.9 versus 0.7 versus 1.4, p=0.31,
respectively), responsivity {third panel} (69.0% versus 71.4% versus 100%, p=0.353,
respectively ) or tetanus response (bottom panel) {33 versus 51 versus 26, p=0.30,
respectively ). Figure 27C has four histograms comparing HD patients” immune
esponses by pregnancy history/parity {0 pregnancies versus 1 or more pregnancies}

There were no statistically sigmficant differences by pregnancy history i cumulative
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response (top panel) (82 versus 91, p=0.71, respectively), repertoire {(second panel}
{1.0 versus 0.9, p=0.62, respectively) or responsivity {third panel} (76.5% versus
70.8%, p=0.74, repectively). Of mnterest, tetanus response (bottorn panel) was
significantly higher in nulliparous females compared to those with at least one
pregnancy {47 versus 27, p=0.04, respectivelv). Figure 27D has four histograms
comparing HD patients” immune responses by menopausal status {pre-menopausal
versus post-menopausal). Post-menopausal HDs/BDs, compared to pre-menopausal
HDs/BDs, displayed stgnificantly higher cumulative response (top panel} (136 versus
70 spots per mitlion cells, p=0.005, respectively) and repertoire (second panel) (1.4
versus 0.8 peptides, p=0.03, respectively). There was no difference between post- and
pre-menopausal HD/sBDs by responsivity (third panel} (90.9% versus 66.7%,
p=(0.23, respectively) or tetanus response {bottom panel} (38 versus 28, p=0.37,
respectively).

Figure 28 1s a graph of ELISpot lineanty determination. ELISpot
assays were deternmuned to be linear and precise under the operator who performed all
assays for this study by serial dilution of a known anti-HER3 CB4 T cell responder
into media. Curoulative response followed a linear regression curve going froma
dilution of 1.010 0.1 t0 0.01 t0 0,001 (230 10 35 t0 12 10 5 spots per mullion cells,

p<0.0001, > = .88, respectively).

DETAILED DESCRIPTION

The present embodiments provide isolated peptides of the HER family
of protems as well as other RTKs. In one embodiment, there are isolated peptides of
one or more of HER1, HER3, and ¢-MET protein. In one embodiment, a peptide

epresents an epitope of HERL. In one embodiment, the peptide represents an eptiope
of HER3. In one embodiment, the peptide represents an epttope of ¢-MET.

In some embodiments, the epitope of the corresponding HER family of
proteins as well as other RTKs 1s immunogenic. The present embodiments
additionallv provide compositions that include one or more peptides of the
embodiments. In one embodiment, there is provided a chimeric peptide, wherein the
chimeric pepitde comprises one or more pepitdes of the embodiements.

Une embodiment includes a composition comprising a multivalent
peptide. The multivalent peptide includes two or more of the peptides of the

mnvention.
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Methods of stimmilating an immune response and methods of treating

cancer in a subject are additionally provided. Vaccines are also provided for
therapeutic and prophylactic use. The peptides of the embodiments, erther alone or in
the context of chimeric peptides, as described herein, are capable of mvoking an

5 wmmune response. In one embodiment, the immune response is a humoral response.
In another embodiment, the immune response 1s a cell-mediated response. According
to some embodiments, the peptides of the invention confer a protective effect,

In another embodiment HER3 expression can be used as a marker of tumor

progression in premadignant lesions of the gastroesophageal junction.

10 In another embodiment anti-HER3CD4 Thi loss is determined comprising use

of HER3 MHC Class H inununogenic peptides.

Definitions
Unless defined otherwise, all technical and scientific terms used herein
15 have the same meaning as commonly understood by one of ordinary skill i the art to
which this invention belongs. Atthough any methods and matenials stilar or
equivalent to those described herein can be used in the practice or testing of the
present inventiion, the preferred methods and materials are described.
Generally, the nomenclature used herein and the faboratory procedures
20 incell culture, molecular genetics, organic chemustry, and nucleic acid chemistry and
hybnidization are those well-known and commonly emploved in the art.
Standard techniques are used for nucleic acid and peptide synthesis.
The technigues and procedures are generally performed according to conventional
methods 1o the art and vanous general references {e.g., Sarobrook and Russell, 2012,
25  Molecular Cloning, A Laboratory Approach, Cold Spring Harbor Press, Cold Spring
Harbor, NY, and Ausubel et al | 2012, Current Protocols in Molecular Biology, John
Wiley & Sons, NY), which are provided throughout this document.
The nomenclature used herein and the laboratorv procedures used in
analytical chemistry and organic syntheses described below are those well-known and
30 commonty employed in the art. Standard techniques or modifications thereof are used
for chemucal syntheses and chemical analyses.
As used herein, each of the following terms has the meaning associated

with it in this section.
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The articles “a” and “an” are used herein to refer o one or to more
than one {i.e., to at least one) of the grammatical object of the article. By way of
exarnple, “an element” means one element or more than one element.

“About” as used herein when referring to a measurable value such as
an amount, a temporal duration, and the like, 1s meant to encompass vartations of
+20%, or 10%, or £5%, or £1%, or +0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods.

The term “abnormal” when used in the context of organisms, tissues,
cells or components thereof, refers to those organisms, tissues, cells or components
thereof that differ in at least one observable or detectable charactenistic {e.g., age.
treatment, time of day, etc.) from those organisms, tissues, cells or componenis
thereof that display the “normal™ (expected} respective characteristic. Characteristics
which are normal or expected for one cell or tissue type, might be abnormal for a
different cell or tissue type.

“Adjuvant therapy” for breast cancer as used herein refers to any
treatment given after privnary therapy (1.e., surgery) to increase the chance of long-
terro survival. “Neoadjuvant or neo~adjuvant therapy” or is treatroent given before
primary therapy.

The term “antigen” or “ag” as used herein 15 defined as a molecule that
provokes an immune response. This immune response may involve either antibody
production, or the activation of specific immunologically-competent cells, or both.
The skilled artisan will understand that any macromolecule, including virtually all
proteins or peptides, can serve as an antigen. Furthermore, antigens can be derived
from recombinant or genonuc DNA. A skilled artisan will understand that any DNA,
which comprises a nucleotide sequences or a partial nucleotide sequence encoding a
protein that elicits an immune response therefore encodes an “antigen™ as that term 1s
used heremn. Furthermore, one skilled in the art will understand that an antigen need
not be encoded solely by a full length nucleotide sequence of a gene 1t is readily
apparent that the present invention includes, but is not limited to, the use of partial
nucleotide sequences of more than one gene and that these nucleotide sequences are
arranged i various combinations to elicit the desired immune response. Moreover, a
skilled artisan will understand that an antigen need not be encoded by a “gene” at all.

It is readily apparent that an antigen can be generated synthesized or can be derived

1o
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from a biological sample. Such a biological sample can include, but is not imited to a
tissue sample, a tumor sample, a cell or a biologieal fhud.

“An antigen presenting cell” ("APC”) 15 a cell that are capable of
activating T cells, and includes, but is not linuted to, monocytes/macrophages, B cells
and dendritic cells {DCs).

“Antigen-loaded APC” or an “antigen-pulsed APC” includes an APC,
which has been exposed to an antigen and activated by the antigen. For example, an
APC may become Ag-loaded in vifro, e.g., during culture in the presence of an
antigen. The APC may also be loaded in vive by exposure {0 an antigen. An
“anfigen-loaded APC” is traditionally prepared in one of two wavs: {1) small peptide
fragments, known as antigenic peptides, are “pulsed” directly onto the outside of the
APCs; or (2) the APC 15 incubated with whole proteins or protein particles which are
then mgesied by the APC. These proteins are digested into small peptide fragments
by the APC and are eventually transported to and presented on the APC surface. In
addition, the antigen-loaded APC can also be generated by mtroducing a
polynucleotide encoding an antigen nto the cell.

“Anti-HER3 response,” “anti-HER3 CD4 Thl response” “anti-HER3
CD4 T cell response’™ and the like refer to the immune response specifically against
HERS protein.

The term “anti-tumor effect” as used herein, refers to a biological
effect which can be manifested by a decrease in fumor volume, a decrease in the
number of tumor cells, a decrease in the number of metastases, an increase in life
expectancy, or amelioration of various physiclogical symptoms associated with the
cancerous condition. An “anti-turnor effect” can also be manifested by the abihity of
the peptides, polvnuclectides, cells and antibodies of the invention in prevention of
the occurrence of tumor in the first place.

The term “autormnune disease” as used heremn 1s defined as a disorder
that results from an autoimmune response. An autoimmune disease 1s the result of an
inappropriate and excessive response o a self-antigen. Examples of autoimnune
diseases include but are not Himited to, Addision’s disease, alopecia areata, ankylosing
spondvlitis, autotmunune hepatitis, autoimmune parotitis, Crohn’s disease. diabetes
{Type 1), dystrophic epidermolysis bullosa, epididymutis, glomerulonephritis, Graves’
disease, Guillain-Barr syndrome, Hashimoto™s disease, hemolytic anemia, systemic

fupus erythematosus, multiple sclerosis, myasthenia gravis, pemphigus vulgaris,
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psoriasis, theumatic fever, theumatoid arthritis, sarcoudosis, scleroderma, Sjogren’s
syndrome, spondvloarthropathies, thyroiditis, vasculitis, vitihigo, mvxedema,
pernicious anerma, ulcerative colitis, among others.

As used herein, the term “autologous™ 1s meant to refer to any material

5 ertved from the same individual to which it 1s later to be re-introduced into the
individual.

The term B cell” as used herein is defined as a cell derived from the
bone marrow and/or spleen. B cells can develop mto plasma cells which produce
anttbodies.

10 The term “cancer” as used herein s defined as a hyperproliferation of
cells whose unique trait--loss of normal control--results in unregulated growth, lack of
differentiation, local tissue mvasion, and/or metastasis. Examples include but are not
himited {o, breasi cancer, prostate cancer, ovarian cancer, cervical cancer, skin cancer,
pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer,

15 lymphona, leukemia, lung cancer, germ-cell tumors. and the like.

“CDd+ Thi cells,” “Thi cells,” “CD4+ T-helper type lcells,” “CD4+
T cells,” and the like are defined as a subtype of T-helper cells that express the
surface protein CD4 and produce high levels of the cyiokine IFN-y, See also, “T-
helper cells.”

20 “Cumulative response” means the combined immune response of a
patient group expressed as the total sum of reactive spots (spot-fornung cells “SFC”
per 10° cells from IFN-y ELISpot analysis) from all MHC class 11 binding peptides
from a given patient group.

“DC vaccmation,” “DC mununization,” “DC1 immunization,” and the

25 like refer to a strategy using autologous dendritic cells to hamess the immune system
to recognize specific molecules and mount specific responses against them.

The term “dendritic cell” or “BC™ 13 an antigen presenting cell existing
i1 vivo, in Vitro, ex vivo, or in a host or subject, or which can be derived from a
hematopotetic stem cell or a monocyte. Dendritic cells and their precursors can be

30 isolated from a variety of lymphoid organs, e.g., spleen, lymph nodes, as well as from
bone marrow and peripheral blood. DCs have a characteristic morphology with thin
sheets {lamellipodia) extending in multiple directions away from the dendritic cell
body. Typically, dendritic cells express high levels of MHC and costinmdatory (e.g.,

B7-1 and B7-2) molecules. Dendrilic cells can indace antigen specific differentiation
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of T cells n vitro, and are able fo initiate primary T cell responses in vitro and m vivo.
In the coniext of vaccine production, an “activated DC” 15 a DC that has been exposed
to a Toll-like receptor agonist such as hipopolvsacchande “LPS.” An activated DC
may or may not be loaded with an antigen.

A “disease” 1s a state of health of an animal wherein the animal cannot
maintain homeostasis, and wherein if the disease 1s not ameliorated then the animal’s
health continues to deteriorate.

A “disorder” in an animal 15 a state of health in which the animal 15
able 1o maintain homeostasis, but tn which the animal’s state of health is fess
favorable than 1t would be 1n the absence of the disorder. Left untreated, a disorder
does not necessarily cause a further decrease in the animal’s state of health.

A disease or disorder is “alleviated™ if the severity or frequency of at
least one sign or symptom of the disease or disorder experienced by a patient is
reduced.

“Effective amount” or “therapeutically effective amount” are used
interchangeably herein, and refer to an amoont of a compound, {formudation, material,
or composition, as described herein effective to achueve a particular biological result.
Such results may include, but are not limited to, the inhibition of virus infection as
determined by any means suitable in the art.

As used herein “endogenous” refers to any material from or produced
inside an organism, cell, tissus or system.

As used herein, the term “exogenous” refers to any matenial introduced
from or produced outside an organism, cell, tissue or system.

A “HER receptor” 1s a receptor protein tyrosine kinase which belongs
to the HER receptor family and inchudes EGFR (ErbB1, HER1) HERZ (ErbB2),
HER3 (ErbB3) and HER4 {ErbB4) receptors. The HER receptor will generally
comprise an extraceliular domanm, which may bind an HER higand and/or dimerize
with another HER receptor nmolecule; a lipophilic transmembrane domain; a
conserved intracellular tyrosine kinase domatn; and a carboxyl-terminal signaling
domain harboring several tvrosine residues which can be phosphorviated. The HER
receptor may be g “native sequence” HER receplor or an “amino acid sequence
variant” thereof. Preferably the HER receptor is a native sequence human HER

receptor.
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The “HER pathway ™ refers to the signaling network mediated by the
HER receptor family.

“HER activation” refers to activation, or phosphorviation, of any one
or more HER receptors. Generally, HER activation results in signal transduction (e.3.
that caused by an intracellular kinase domain of a HER receptor phosphorylating
tyrosine residues in the HER receptor or a substrate polypeptide). HER activation may
be mediated by HER ligand binding to a HER dimer comprising the HER receptor of
inferest. HER ligand binding to a HER dimer may activate a kinase domain of one or
more of the HER recepiors in the dimer and thereby results in phosphorylation of
tyrosine residues i one or more of the HER receptors and/or phosphorviation of
tyrosine residues in additional substrate polvpeptides(s). such as Akt or MAPK
mntracellular kinases.

“HER2” 1s a member of the haman epidermal growth factor receptor
(“EGFR”) fanuly. HERZ is overexpressed in approximately 20-25% of human breast
cancer and 15 expressed in many other cancers.

“HER2P 1 the classification or molecolar subtype of a type of breast
cancer as well as numerous other types of cancer. HERZ positivity is currently
defined by gene amplification by FISH (fluorescent in situ hybridization) assay and
2+ or 3+ on intensity of pathological staining,

“HER2™#” 15 delined by lack of gene amplification by FISH, and can
encompass a range of pathologic staining form 0 to 2+ 1n most cases.

“HER3” and “ErbB3" refer to the receptor polypeptide as disclosed,
for example, in U.S. Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus et al. PNAS
(1/SA) 86:9193-9197 (1989).

“HER3 extracellular domain™ or "HER3ECD refers to a domain of
HERS3 that 1s outside of a cell, either anchored 10 a cell membrane, or in circulation,
including fragments thereof. In one embodiment, the extracellular domain of HER3
may comprise four domains: Domain I, Domain [, Doroain [H, and Domain 1V. In
one embodiment, the HER3ECD comprises amino acids 1-636 (numbering including
signal peptide). In one embodiment, HER3 domain I comprises amino acids 328-
332 (numbering including signal peptide).

“HER3 immunogenic peptides,” HER3 binding peptides,” “HER3 epitopes™
and the like as used herein refer to MHC Class I peptides derived from or based on

the sequence of the HER3 protein, specifically HER3ECD, and their equivalents.
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HER3 peptides can activate (D4 T cells across many patients. The peptides can be
used to pulse dendritic cells and educate T cells 1o recognize HER3. HER3 15
expressed in triple negative breast cancer and can impart resistance to anti-estrogen i
ERP breast cancers. HER3 is also expressed in other cancers, including melanoma,
tung, colon, prostate cancer, and metastatic brain tumors. According to a preferred
embodiment four HER3 immunogenic peptides (epitopes) or binding peptides have
been 1dentified as follows:

pi2 (Peptide 56-70) CEVVMGNLEIVLTGH (SEQ ID NO: 4,

p8l (Peptide 401-413), SWPPHMHNFSVFANL (SEQID NG: 5):

p84 (Peptide 416-430) TTIGGRSLYNRGFSL (SEQ D NO: 6); and

pO1 (Peptide 451-465): AGRIYISANRQLCYH (SEQ 1D NO: 7).

“Homologous™ as used herein, refers to the subunit sequence simlarity
between two polymeric molecules, e.g., between two nucleic acid molecules, e g, two
DNA molecules or two RNA molecules, or between two polypeptide molecules.
When a subunit position in both of the two molecules 13 occupied by the same
monomeric subunit, e.g., if a position in each of two DNA molecules 1s occupied by
adenine, then they are completely or 100% homologous at that position. The percent
homology between two sequences is a direct function of the number of matching or
homologous positions, e.g., if half {e.g., five positions n a polvimer ten subuniis in
length} of the positions in two compound sequences are homologous then the two
sequences are 509% identical, if 90% of the positions, e.g., 9 of 10, are matched or
homologous, the two sequences share 90% homology. By way of example, the DNA
sequences STATTGCCS and S'TATGGCS' share 50% homology.

In addition, when the terms “homology™ or “identity” are used herein
to refer to the nucleic acids and proteins, it should be construed to be applied to
homology or identity at both the nucleic acid and the amino acid sequence levels.

The term “hyperproliferative disease” is defined as a disease that
results from a hyperproliferation of cells. Exemplary hyperproliferative diseases
include, but are not limited to, cancer or autoimmune diseases. Othe
hyperproliferative diseases may include vascular occlusion, restenosis,
atherosclerosis, or inflammatory bowel disease, for example.

As used herein, an “instructional material” mcludes a publication, a

recording, a diagram, or any other medium of expression which can be used o

Ju—
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communicate the usefulness of the compositions and methods of the invention. The
instractional material of the kit of the mvention may, for example, be affixed to a
container which contains the nucleic acid, peptide, and’or composition of the
invention or be shipped together with a container which contains the nucleic acid,

5 peptide, and/or composition. Alternatively, the instructional material may be shipped
separately from the container with the intention that the instructional material and the
compound be used cooperativelv by the recipient,

“Immmne response” as used herein means the activation of a host’s
immune system, e.g., that of a mammal, in response to the mtroduction of antigen.

10 The immune response can be in the form of a cellular or humoral response, or both,

“Isolated” means altered or removed from the natural state. For
example, a nucleic acid or a peptide naturally present in a iving animal 1s not
“isolated,” but the same nucleic acid or peptide partially or completely separated from
the coexisting materials of its natural state 15 “isolated.” An isolated nucleic acid or

15 protein can exist in substantially purified form, or can exist in a non-native
enviromment such as, for example, a host cell.

By the term “roodulating.” as used herein. is meant mediating a
detectable increase or decrease in the level of a response in a subject compared with
the fevel of a response in the subject in the absence of a treatment or compound,

20 and/or compared with the level of a response in an otherwise 1dentical bui unireated
subject. The term encompasses perturbing and/or affecting a native signal or response
thereby mediating a beneficial therapeutic response in a subject. preferably, a human.

“Metrics” of CD4+ Thl responses or “metrics of immune responses”
are defined for each subject group analyzed for anti-HER3 D4+ Thi mmmume

25 response: (a) overall anti-HERS3 responsivity {expressed as percent of subjects
responding to >1 immunogenic peptide); (b) response repertotre {expressed as mean
number of immunogenic peptides (n) recognized by each subject group}; and {¢)
cumulative response (expressed as total sum of reactive spots (spot-forming cells
“SFC” per 10° cells from [FN-y ELISpot analysis) from 4 MHC Class ITHER3

30 ummunogenic peptides from each subject group.

A “peptide.” “protein,” or “polvpeptide” as used herein can mean a
linked sequence of amino acids and can be natural, synthetic, or a modification or

combination of natural and synthetic.
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As used herein, a “population” includes reference fo an tsolated culture
comprising a homogenous, a substaniially homogenous, or a heterogeneous culture of
cells. Generally, a “population” may also be regarded as an “1solated” cultare of cells.
Receptor tyrosine kinases (“RTKs"} are the high-affinity cell surface
5 receptors for many polvpeptide growth factors, evtokines, and hormones. The human
EGF receptor ("HER”) family of RTKs regulates a large variety of biclogical
processes including cell proliferation, nugration, invasion, and swvival, The family
consists of four members: HER1 (ErbB1), HER2 (neu or ErbB2), HER3 (ErbB3), and
HER4 (ErbB4).
10 As used herein, a “recombinant cell” 1s a host cell that comprises a
ecombinant polynucleotide.

“Responsivity” or “anti-HER3 responsivity” are used interchangeably
herein fo mean the percentage of subjects responding to at least T of 4 HER3
immunogenic peptides.

i5 “Response repertoire” 1s defined as the mean number ("n”) of HER3
immunogenic peptides recognized by each subject group.

“Sample” or “biological sample” as used herein roeans a biological
material from a subject, including but is not limited to organ, tissue, exosome, blood,
plasma, saliva, urine and other body fluid. A sample can be any source of material

20 obtained from a subject.

“Signal 17 as used herein generally refers to the {irst biochemical
signal passed from an activated DC to a T cell. Signal 1 is provided by an antigen
expressed at the surface of the BC and 1s sensed by the T cell through the T cell

eceptor.
25 “Signal 27 as used herein generally refers to the second signal provided
by DCs to T cels. Signal 2 15 provided by “costinnulatory™ molecules on the activated
DC, usually CD80 and/or CD86 (although there are other co-stimulatory molecules
known), and is sensed by the T cell through the surface receptor CD28.

“Signal 3" as used herein generally refers to the signal generated from

30 soluble proteins (usually cytokines) produced by the activaied DC. These are sensed
through recepiors on the T lymphocyte. The 3™ signal mstructs the T cell as to which
phenotypical or functional features they should acquire {o best deal with the current

threat.
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By the term “specifically binds,” as used herein. 15 meant a molecule,
such as an antibody, which recognizes and binds to another molecule or feature, but
does not substantially recognize or bind other molecules or features 1n a sample.

2Y wd

The terms “subject,” “patient,” “individual,” and the like are used
5 mterchangeably herein, and refer to any anmmal, or cells thereof whether in vifro or in
situ, amenable to the methods described heren. In certain non-hmiting embodiments,
the patient, subject or individual is a human,
The term “largeted therapies™ as used herein refers to cancer treatments
that use drags or other substances that interfere with specific target molecules
10 wmvolved in cancer cell growth usuallv while doing little damage to normal cells to
achieve an anti-tumor effect. Traditional cytotoxic chemotherapy drugs, by contrast,
act against all actively dividing cells. In breast cancer treatment monoclonal
antibodies, specifically trastuzumab/HERCEPTIN® targets the HERZ/neu receplor.
The terms “T cell” or T-cell” as used herein 1s defined as a thymus-
15 dertved cell that participates in a varniety of celi-mediated immwume reactions.

The term “T-helper” as used herein with reference to cells mdicates a
sub-group of lymphocytes (a type of white blood cell or leukocyie) including different
cell tvpes identifiable bv a skilled person. In particular, T-helper cell according to the
present disclosure include effector Th cells (such as Thi, Th2 and Th17). These Th

20 cells secrete cytokines, proteins or peptides that stimulate or interact with other
leukocytes.

The terms “T-helper cells,” “helper T cells,” “Th cells,” and the like
are used herein with reference to cells mmdicates a sub-group of lymphocytes (a type of
white blood cell or leukocyte} including different cell types identifiable by a skilled

25 erson in the art. In particular, T-helper cells are effector T cells whose primary
function s to promote the activation and functions of other B and T fymphocytes
and/or macrophages. Helper T cells differentiate iuto two major subtypes of cells
known as “Thi” or “Type 1”7 and “Th2” or “Tvpe 2" phenotypes. These Th cells
secrete cytokines, proteins. or peptides that stimulate or interact with other leukocytes.

30 “Thi cell,” “CD4+ Thi cell,” “CD4+ T-helper typel cell,” “CD4+ T
cell” and the like as used herein refer to a mature T-cell that has expressed the surface
glycoprotein U4, CD4+ T-helper cells become activated when they are presented
with peptide antigens by MHC class I molecules which are expressed on the surface

of antigen-presenting peptides ("APCs”) such as dendritic cells. Upon activation of a
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CD4+ T helper cell by the MHC-antigen complex, it secretes high levels of cytokines
such as iderferon-y ("IFN-y™). Such cells are thought to be highly effective against
certain disease-causing microbes that live inside host cells, and are crinical 1o
antitumor response in human cancer against certain disease-causing microbes that hive

5 inside host cells, and cancer as well.

“Th17 T cell” as used herein refers (o a T cell that produces high levels
of the cytokines 1L-17 and 1L-22 and 15 thought to be highly effective aganst disease-
causing microbes that live on mucousal surfaces.

“Therapeutically effective amount” 15 an amount of a compound of the

10 invention, that when admunustered 1o a patient, ameliorates a symptom of the disease.

The amount of a compound of the invention which constitutes a “therapeutically
effective amount”™ will vary depending on the compound, the disease state and ifs
severtty, the age of the patient to be treated, and the like. The therapeutically
effective arnount can be determined routinely by one of ordinary skill in the art having

15 regard to his own knowledge and to this disclosure.

The terms “treat,” “treating,” and “treatment,” refer to therapeutic or
preventative measures described herein. The methods of “treatment” employ
administration to a subject, in need of such treatment, a composition of the present
inveniion, for example, a subject afflicted a disease or disorder, or a subject who

20 ultimately may acquire such a disease or disorder, in order to prevent, cure, delay,

reduce the severity of, or ameliorate one or more svmptoms of the disorder or
recurring disorder, or in order to prolong the survival of a subject beyond that
expected in the absence of such treatment.

“Triple negative” and “TN" breast cancer refer to any breast cancer

25 cells that test negative for estrogen receptor {"ER”}, progesterone receptor ("PR”) and

HERZ.

The term “vaccine” as used herein 1s defined as a material used to
provoke an immune response after administration of the maternial to an arimal,
preferably a mammal, and more preferably a human. Upon introduction into a

30 subiect, the vaccine is able 1o provoke an immune response inchuding, but not limited

to, the production of antibodies. cytokines and/or other cellular responses.

“Variant” with respect to a peptide or polypeptide that differs in amino
acid sequence by the insertion, deletion, or conservative substitution of amino acids,

but retain at least one biological achivity. Variant can also mean a protein with an
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amino acid sequence that is substantially identical to a referenced protein with an
amino acid sequence that retains at least one biological activity. A conservative
substitution of an amino acid, 1., replacing an amino acid with a different anuno acid
of simular properties (e.¢., hvdrophilicity, degree and distribution of charged regions)
5 isrecognized i the art as typically involving a minor change. These minor changes
can be identified, in part, by considering the hydropathic index of amino acids, as
understood n the art, Kvieetal.. J. Mol Biol, 157:105-132 (1982). The hydropathic
index of an amino acid is based on a consideration of its hydrophobicity and charge.
It 1s known in the art that amine acids of stmilar hydropathic indexes can be
10 substituted and still retain protein function. In one aspect, amino acids having
hydropathic indexes of £2 are substituted. The hvdrophilicity of amino acids can also
be used to reveal substitutions that would result in proteins retaining biological
function. A consideration of the hydrophilicity of amino acids in the context of a
peptide perouts calculation of the greatest local average hvdrophilicity of that peptide,
15 auseful measure that has been reported to correlate well with antigenicity and
immunogenicity. U.S. Patent No. 4,554,101, incorporated fully hereim by reference.
Substitution of amino acids having sumlar hydrophilicity values can result in peptides
etaining biological activity, for example immunogenicity, as is understood in the art,

Substitutions can be performed with amino acids having hydrophilicity values within

20 £2 of each other. Both the hyvrophoebicity mdex and the hydrophilicity value of amine
acids are influenced by the particular side chain of that amino acid. Consistent with
that observation, amino acid substitutions that are compatible with biclogical function
are understood to depend on the relative similanty of the amino acids, and particalarly
the side chamns of those amino acids, as revealed by the hydrophobicity,

25 hydrophilicity, charge, size, and other properties.

Ranges: throughout this disclosure, various aspects of the mvention
can be presented in a range format. Tt should be understood that the description in
range format 1s merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a

30 range should be considered 1o have specifically disclosed all the possible subranges as

well as individual numerical values within that range. For example, description of g
range such as from | to 6 should be considered to have specifically disclosed

subranges such as from 1 to 3, from I to 4, from 1 to 5, from 2 to 4, from 2 1o 6, from

20
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3 to 6 etc., as well as mdividual numbers within that range. for example, 1, 2,27, 3,

>

4,5,53, and 6. This applies regardless of the breadth of the range.

Bescription

The embodiments provide an immumnological composition comprising
a peptide of a HER famuly of proteins as well as other RTKs. In one embodiment,
there are provided isolated peptides of one or more of HER 1, HER3, and ¢-MET
protein. In one embodiment, the peptides are useful in eliciting an immune response.
A composition comprising a peptide of the embodiments 1s useful as a prophvlactic
therapeutic agent for initial protection as well as useful as a therapeutic agent for
treatment of an ongoing condition.

The present invention also provides methods for treating or preventing
cancer. Such methods involve the step of admuinistering {o a subject in need thereof a
peptide or corabinations of peptides of the mvention. Admimstration of such
peptide(s) results in the induction of anti-tumor imnumnity. Thus, the present
wnvention provides methods for inducing anti-tumor tmmunity in a subject, such
methods involving the step of administering to the subject the peptide or combination
of peptides of the invention, as well as pharmaceutical compositions and cellular
compositions derived thereof.

The mvention encompasses a method for inducing a T cell response to
in a mammal. The method comprises administering an antigen presenting cell (APC)
that specifically induces proliferation of a T cell. In one embodiment, method
comprises administering a dendritic cell vaccine pulsed with a peptide of the
wnvention to thereby specifically induce prohiferation of a T cell against the antigen
corresponding to the peptide.

In one embodiment, APCs pulsed with the peptide of the invention can
be used to colture expand T cells. Once sufficient numbers of antigen-specific T cells
are obtained using the APC to expand the T cell, the antigen-specific T cells 50
obtained are administered to the mammal, thereby inducing an antigen specific T cell
response i the mamimal.

The mvention includes a preparation of activated DCs. In one
embodiment, the BC preparations are greater than 90% pure. In another embodiment,
the DC preparations are fully activated. For example, the DCs are activated with a

DC activation regimen comprising contacting the DC with a TLR agonist (e.g., LPS}).
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In another embodiment, the DCs are activated with a caleim mobilizing treatment in
conjunction with other DC activation regimens {e.g., aclivating agents) thai enhance
different 3° signal cytokines.

The present mvention includes mature, antigen loaded DCs activated

5 by any DC activation regimen. The DCs of the present invention produce desirable
levels of cyiokines and chernokines. Tn one embodiment, the mvention provides a
method to pulse and activate cells, whereby the cells maintain the active state
following cryopreservation. A benefit of the BC preparation of the mvention is that
the cells are efficiently crvopreserved from a single leukapheresis (patient collection)

10 into an matial vaceine plus multtiple “booster” doses {e.g.. 10 or more) that can be

thawed as needed at remote treatment locations without any specialized cell
processing facilities or further required quality control testing.

The present invention also relates to the cryopreservation of these
activated DCs 1n a manner that retains their potency and functionality in presenting

15 antigen as well as their production of various cyvtokines and chemokines after

thawing, such that the crvopreserved and subsequently thawed activated DCs are as
chnically effective as freshly harvested and activated DCs.

As contemplated herein, the present invention provides a method for
generating and eryopreserving DCs with supertor functionality in producing stronger

20 signals to T cells, and thus resulting in a more potent DC-based vaccine. By

effectively cryopreserving such cells, samples can be stored and thawed for later use,
thereby reducing the need for repeated pheresis and elutriation processes during
vaccine production. Being able to freeze DCs and then thaw them out later 1s an
advantage because it eans that a single round of vaccine production can be divided

25  into small parts, frozen away, and then administered one at a time o a patient over the

course of weeks, months, or years to give “booster” vaccinations that strengthen
fromumity.

The present embodiments also include use of HERS expression as a
marker of tumor progression in premalignant lesions of the gastroeophageal junction,

30 also known as Barrett’s esophagus. The marker has prognostic and therapeutic uses

in invasive esophagogastric carcinoma,

Composttions
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The present mvention provides isolated peptides of the HER famuly of
proteins as well as other RTKs. In one ernbodiment, the mvention provides isolated
peptides of one or more of HERY, HER3, and ¢-MET protein. In one embodiment,
the peptides of the invention represent epitopes of the corresponding HER or ¢-MET
protein. In some embodiments, the epitopes of the corresponding HER or e-MET
profein are immunogenic,

The present invention provides compositions that include one or more
peptides of the invention. The present invention also provides compositions that
include one or more chimeric peptides. In one embodiment, the chimeric pepiides
include one more of the epiiopes of the corresponding HER or ¢-MET protein

Additionally, compositions having one or more multivalent peptides
are provided. These multivalent peptides inchude two or more of the epitopes of the
mveniion,

Methods of stimulating an imnwmne response and methods of treating
cancer in 3 subject using the compositions of the invention are included in the
invention.  Vaccines are also provided for therapeutic and prophylactic use. The
epitopes of the invention, etther alone or in the contest of clumeric peptides, as
described herein, is capable of invoking an immune response. In one embodiment,
the immune response is a humoral response. In another embodiment, the immune
response is a cell mediated response. According to some embodiments, the eptiopes
or peptides of the invention confer a protective effect.

In one embodiment, the HER3 epitopes or otherwise peptides of the
invention include:
pl1-13 (Peptide 51-75) KLYERCEVVMGNLEIVETGHNADLSFLOW (SEQ 1D
NO: 1
p81-83 {Peptide 401-425}, SWPPHMHNFSVFSNLTTIGGRSLYN (SEQ ID NO: 2):
p84-86 {Peptide 416-440). TTIGGRSLYNRGFSLLIMKNENVTS (SEQ ID NO: 3)
pi2 (Peptide 56-70): CEVVMGNLEIVLTGH (SEQ ID NO: 4);
pR1 (Peptide 401-415): SWPPHMHNFSVFSNL (SEQ ID NOG: 3);
p84 (Peptide 416-430); TTIGGRSLYNRGFSL (SEQ ID NO: 6);
po1 (Peptide 451-465); AGRIYISANRQLCYH (SEQ ID NO: 7):

The HER3 peptides or any peptide of the invention may be cyclized or

linear. When cyclized, the epitopes may be cyclized in any suitable manner. For
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example, disuifide bonds may be formed between selected cvsteine (Cys) pairs in
order to provide a desired confirmation. It 1s believed that the formation of cychized
epitopes may provide conformations that improve the humoral response, thus
improving the protective effect.

The HER3 epitope dentified by SEQ ID NO: 4 represents positions
56-70 of the HER3 protein. The HER3 epitope identified by SEQ 1D NO: § represents
positions 401-415 of the HER3 protein. The HER3 epitope 1dentified by SEQ 1D NO;
6 represents posttions 416-430 of the HERS protein. The HER3 eptiope identified by
SEQ ID NO: 7 represents positions 451-463 of the HER3 protein.

As described herein, the HER3 epitopes of the mvention also
encompass peptides that are functional equivalents of the peptides identified by SEQ
ID NOs. Such functional equivalents have an altered sequence in which one or more
of the amino acids 1 the corresponding HER3 epitope sequence 1s substituied or in
which one or more amino acids are deleted from or added to the corresponding
reference sequence. For example [ to 3 amino acids may be added to the amino
terminus, carboxy terminus, or both. In some examples, the HER3 epitopes are
glycosylated.

In other examples, the HER3 epitopes may be the retro-inverso
tsomers of the HER3epitopes. The retro-inverso modification comprises the reversal
of alt amide bonds within the peptide backbone. This reversal may be achieved by
reversing the direction of the sequence and inverting the chirality of each anuno acid
residue by using D-amino acids instead of the L-amino acids. This retro-inverso
isomer form may retain planarity and conformation restriction of at least some of the
peptide bonds.

Non-conservative amino actd substitutions and/or conservative
substitutions may be made. Substitutions are conservative amino acid substitutions
when the substituted amino acid has similar structural or cherical properties with the
corresponding aroinoe acid in the reference sequence. By way of example,
conservative amino acid substitutions involve substitution of one aliphatic or
hydrophobic amino acids, e.g., alanine, valine, feucine and isoleucine, with another:
substitution of one hydroxyl-contaming amine acid, e.g., serine and threonine, with
another; substitution of one acidic residue, 2.g., glitanmic acid or aspartic acid, with
another; replacement of one amide-containing residue, e.g., asparagine and ghutamine,

with another; replacement of one aromatic residue, e.g., phenylalanine and tvrosine,
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with another; replacement of one basic residue, e g, lysine, arginine and histidine,
with another; and replacement of one small amimo acid, e g., alanine, sering,
threonine, roethionine, and glveine, with another.

In some examples, the deletions and additions are located at the amino

5 terminus, the carboxy terminus, or both, of one of the sequences of the peptides of the
imvention. For example, the HER3 epitope equivalent has an amino acid sequence
which 1s at least 70% 1dentical, at least 80% identical, at least 83% identical. at least
9(% 1dentical, at least 91%, at least 92%, af least 93%, at least 94%, at least 953%, at
least 96%, ai least 97%, at least 98%, or at least 99% identical to the corresponding

10 HER3 epilope sequences. Sequences which are at least 90% 1dentical have no more
than 1 alteration, 1.e, any combination of deletions. additions or substitutions, per 10
amino acids of the reference sequence. Percent identity is determined by comparing
the amino acid sequence of the vanant with the reference sequence using known or to
be developed programs in the art.

s For functional equivalents that are longer than a corresponding HER3
epitope sequence, the Runctional equivalent may have a sequence which 1s at least
90% 1dentical to the HER3 epitope sequence and the sequences which flank the HER3
epitope sequences in the wild-type HER3 protain,

Functional equuvalents of the HER3 epitopes mayv be identified by

20 modifying the sequence of the epitope and then assaying the resulting polypeptide for
the abiltty to stimulate an immune response, €.g., production of antibodies. Such
antibodies may be found in a variety of body fluids inchuding sera and ascites.

Briefly, a body fluid sample is isolated from a warm-blooded animal, such as a
human, for whom 1t is desired to determine whether antibodies specific for HER3

25 polypeptide are present. The body fluid is incubated with HER3 polypeptide under
conditions and for a time sufficient to permut immunocomplexes to form between the
polvpeptide and antibodies specific for the protein and then assayed, preferably using
an ELISA technigue.

In accordance with other embodiments of the present invention,

30 chimeric pepiides and compositions comprising one of more chimeric peptides are
provided. According to various embodinents, the chimeric peptides comprise a
HER3 epitope, another epitope, and a linker joining the HER3 epitope to the other
epitope. In one embodiment, the other epitope can include but 1S not limuited to another

HER3 epitope, a HERT epitope, a HERZ epitope, and a ¢-Met eptiope. It will be
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further understood that any suitable linker may be used. For example, depending upon
the epitope used, the HER3 epifope may be hinked {o either the amino or the carboxy
terroinus of the other epitope. The location and selection of the other epitope depends
on the structural characteristics of the HER3 epitope, whether alpha helical or beta-
tarn or strand.

In one embodiment, the linker may be a peptide of from about 2 to
about 15 amino acids, about 2 to about 10 amino acids, or from about 2 to about 6
amino acids i length. The chimeric peptides may be linear or cvclized. Additionally,
the HER3 epitopes, the other epilopes, and/or the hinker may be in retro-inverso form,
Thus the HER3 epitope along could be in retro inverso form. Alternatively, the HER3
epitope and the other epitope could be in retro inverso form. In another example, the
HERS3 epitope, the other epitope, and the linker could be in retro inverso form.

In another embodiment, the peptides of the invention canbe ina
maxture fogether instead of being in a form of a chimeric pephide. fn any event, the
compositions of the invention comprising the peptides may be useful agents to pulse
antigen presenting cells {e.g., dendritic cells) for the generation of cellular vaccies.
In another embodiment, the compositions of the invention comprising the peptides
may be usefil immunogens for inducing production of antibodies. The compositions
of the invention may also be used to immunize a subject and retard or prevent tumor
development. The compositions of the invention may be used in vaccines to provide
a protective effect.

In accordance with additional embodiments of the present invention,
compositions comprising a mixture of two or more of the peptides or chimeric
peptides of the invention are provided. In some examples, the HER3 epitope of each
of the two or more chimeric peptides are different. In other examples, one of the
HERS3 epitopes 1s selected from SEQ 1D NOs: 1-7.

Peptides, including chimeric peptides, of the present mvention can be
prepared using well known techniques. For example, the peptides can be prepared
synthetically, using either recombinant DNA technology or chemical synthesis.
Peptides of the present invention may be synthesized mndividually or as longer
polvpeptides composed of two or more peptides. The peptides of the present
invention are preferably isolated, 1.e., substantially free of other naturally occurring

host cell proteins and fragments thereof.
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The peptide and chimeric peptides of the invention may be synthesized
using comymercially available peptide synthesizers. For example, the chemical
methods described in Kaumaya et al., “De Novo” Engineerning of Peptide
Immunogenic and Antigenic Deternunants as Potential Vaceines, i Peptides, Design,
5 Synthesis and Biological Activity (1994}, pp 133-164, which is specifically
incorporated herein by reference, may be used. For example, HERS eptiopes may be
synthesized co-linearly with the other epitope to form a chimeric peptide. Peptide
synthesis may be performed using Fmoc/t-But chemistry. The peptides and chimeric
peptides may be cyclized in any suilable manner. For example, disulfide bonds may
10 ¢ achieved using differentially protecied cysteine residues, 1odine oxidation, the
addition of water to boost removal of Acm group and the concomitant formation of a
disulfide bond, and/or the silyl chlonde-sulfoxide method.
The peptides and chimeric peptides may also be produced using cell-
free translation systerns and RNA molecules derived from DNA constructs that
IS encode the epitope or peptide. Aliematively, the epiiopes or chimeric peptides are
made by transfecting host cells with expression vectors that comprise a DNA
sequence that encodes the respective epitope or chimeric peptide and then inducing
expression of the polypeptide in the host cells. For recombinant production,
recombinant constructs comprising one or more of the sequences which encode the
20 epilope, chimeric peptide, or a vanant thereol are introduced into host cells by
conventional methods such as calcium phosphate transfection, DEAE-dexiran
mediated transfection, microinjection, cationic lipid-mediated transfection,
electroporation, transduction, scrape lading, ballistic introduction or infection.
The peptides of the present mvention muay contain modifications, such
25  as glycosylation, side chain oxidation, or phosphorvlation; so long as the
modifications do not destroy the biological activity of the peptides. Other
modifications mclude mcorporation of D-amuno acids or other amino acid mimetics
that can be used, for example, 1o increase the serum half-life of the peptides.
The peptides of the invention can be prepared as a combination, which
30 includes two or more of peptides of the invention, for use as a vaccine for a disease,
e.g. cancers, The peptides may be in a cocktail or may be conjugated to each other
using standard techniques. For example, the peptides can be expressed as a single

polvpeptide sequence. The peptides in the combination may be the same or different.
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The present mvention should also be construed to encompass
“mutants,” “derivatives,” and “variants” of the pepiides of the invention {(or of the
DNA encoding the same) which mutants, derivatives and variants are peptides which
are altered in one or more amino acids {or, when referring to the nucleotide sequence
5 encoding the same, are altered in one or more base pairs) such that the resulting
peptide {or DNA} is not identical to the sequences reciied herein, but has the same
biological property as the peptides disclosed herein,
The invention also provides a polynucleotide encoding at least one
peptide selecied from a peptide having the sequence of any one or more of SEGQ 1D
10 NOs 1-7. The nucleic acid sequences include both the DNA sequence that is
transcribed into RNA and the RNA sequence that 15 translated inio a peptide.
According to other embodiments, the polvnucleotides of the invention are inferred
from the amino acid sequence of the peptides of the invention. As is known in the art
several alternative polynucleotides are possible due to redundant codons, while
IS retaining the biological activity of the transiated peptides.

Further, the mvention encompasses an isolated nucleic acid encoding a
peptide having substantial homology to the peptides disclosed herein. Preferably, the
nucleotide sequence of an isolated nucleic acid encoding a peptide of the invention is
“substantially homologous™, that 1s, 15 about 60% homologous, more preferably about

20 70% homologous, even more preferably about 80% homologous, more preferably
about 90% homologous, even more preferably, about 93% homologous, and even
more preferably about 99% homologous to a nucleotide sequence of an isolated
nucleic acid encoding a peptide of the mvention.

It 15 to be understood explicitly that the scope of the present invention

25 encompasses homologs, analogs, variants, derivatives and salts, including shorter and
longer peptides and polynucleotides, as well as peptide and polynucleotide analogs
with one or more amimo acid or nucleic acid substitution, as well as amino acid or
nucleic acid denivatives, non-natural amino or nucleic acids and synthetic amino or
nucleic acids as are known in the art, with the stipulation that these modifications

30 must preserve the biological activity of the onginal molecule. Specifically any active
fragments of the active peptides as well as exiensions, comjugates and mixiures are
disclosed according to the principles of the present invention.

The invention should be construed to include any and all isolated

nucleic acids which are homologous o the nucleic acids described and referenced
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herein, providad these homologous DNAs have the biological activily of the peptides
disclosed hereimn.

The skilled artisan would understand that the nucleic acids of the
invention encompass an RNA or a DNA sequence encoding a peptide of the

5 vention, and any modified forms thereof, including chemical modifications of the
DNA or RNA which render the nucleotide sequence more stable when it is cell free or
when it is associated with g cell. Chenucal modifications of nucleotides may also be
used o enhance the efficiency with which a nucleotide sequence is taken up by a cell
or the efficiency with which it 13 expressed in a cell. Any and all combinations of

10 modifications of the nucleotide sequences are contemplated in the present nvention

Further, any number of procedures may be used for the generation of
mutant, derivative or variant forms of a protein of the mvention using recombinant
DNA methodology well known 1 the art such as, for example, that desciibed in
Sambrook and Russell, supra. and Ausubel et al., supra. Procedures for the

15 miroduction of amino acid changes in a peptide or polypeptide by altering the DNA

sequence encoding the polypeptide are well known in the art and are also described in
these, and other, treatises.

The nucleic acids encoding the peptides of the invention can be
incorporated into suitable vectors e.g. retroviral vectors. These vectors are well known

20 inthe art. The nucleic acids or the vectors containing them uselully can be transferred

into a desired cell, which cell 1s preferably from a patient. Advaniageously. the
invention provides an off-the-shelf composition allowing rapid modification of a
patient’s own celis {or those of another mammal} to rapidly and easily produce

modified cells having excellent cancer cell killing properties.

25
Yectors
In other related aspects, the invention mcludes an isolaled nucleic acid
encoding one or more of peptides having a sequence selected from the group
consisting of SEQ ID NOs: 1-7.
30 In one embodiment, the invention includes a nucleic acid sequence

encoding one or more peptides of the invention operably linked to a nucleic acid
comprising a promoter/regulatory sequence such that the nucleic acid is preferably
capable of directing expression of the protein encoded by the nucleic acid. Thus, the

imvention encorpasses expression vectors and methods for the introduction of
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exogenous DNA into cells with concomitant expression of the exogenous DNA n the
cells such as those described, for example, in Sambrook ef al. (2012, Molecular
Cloning: A Laboratory Marual, Cold Spring Harbor Laboratory, New York), and in
Ausubel et al. (1997, Current Protocols in Molecular Biology, John Wiley & Sons,

5 New York}. The incorporation of a desired polynucleotide into a vector and the choice
of vectors is well-known in the art as deseribed n, for example, Sambrook et al.,
supra, and Ausubel et al, supra.

The polynucleotide can be cloned into a number of types of vectors.
However, the present imvention should not be construed to be limnited to any particular
10 vector Instead, the present invention should be construed to encompass a wide
plethora of vectors which are readily available and/or well-known in the art. For
example, the polynucleotide of the invention can be cloned into a vector including,
but not limited {o a plasmud, a phagemd, a phage derivative, an ammal virus, and a
cosmmd. Vectors of particular interest include expression vectors, replication vectors,

IS probe generation vectors, and sequencing vectors.

In speaific embodiments, the expression vector 18 selected from the
group consisting of a viral vector, a bacterial vector and a mammalian cell vector.
Numerous expression vector systems exist that comprise at least a part or all of the
compositions discussed above. Prokarvote- and/or eukarvote-vector based systems

20 can be employed for use with the present invention to produce polvnucleotides, or

their cognate polypeptides. Many such sysiems are commercially and widely
available.

Further, the expression vector may be provided to a cell in the form of
a viral vector. Viral vector technology 1s well known i the art and 15 described, for

25 example, in Sambrook et al. (2012), and in Ausubel et al. (1997}, and m other

virology and molecular biology manuals. Viruses, which are useful as vectors include,
bat are not Himated fo, retroviruses, adenoviruses, adeno-associated viruses, herpes
viruses, and lentiviruses. In general, a suitable vector contains an onigin of replication
fumctional in at least one organism, a promoter sequence, convenient restriction

30 endonuclease sites, and one or more selectable markers. (See, e.g., WO 01/96584,

WO 01/29038; and U.S. Pat. No. 6,326,193,

For expression of the desired nucleotide sequences of the mvention, at

least one module in each promoter functions to position the start site for RNA

synthesis. The best known example of this 15 the TATA box, but in some promoters
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facking a TATA box, such as the promoter for the mammalian terminal
deoxynucleotidyl transferase gene and the promoter for the SV40 genes, a discrele
element overlying the start site wself helps to fix the place of mtiation.

Additional promoter elements, 1., enhancers, regulate the frequency
of transcriptional initiation. Typically, these are located in the region 30-110 bp
apstream of the start site, although a number of promoters have recently been shown
to contain functional elements downstrear of the start site as well, The spacing
between promoter elements frequently is flexible, so that promoter function is
preserved when elements are mveried or moved relative (o one another, In the
thynudine kinase {1k} promoter, the spacing between promoter elements can be
increased to S0 bp apart before activily begins to decline. Depending on the promoter,
it appears that individual elements can function either co-operatively or independently
to activaie transcription.

A promoter may be one naturallv associated with a gene or
polvnucleotide sequence, as may be obtained by isolating the 5’ non-coding sequences
located upstream of the coding segment and/or exon. Such a promoter can be referred
to as “endogenous.” Sinularly, an enhancer may be one naturally associated with a
polynucleotide sequence, focated either downstream or upstream of that sequence.
Alternatively, certain advantages will be gained by positioning the coding
polvnucleotide segment under the control of a recombinant or heterologous promoter,
which refers to a promoter that 13 not normally associated with a polynucleotide
sequence n its natural environment. A recombimant or heterologous enhancer refers
also 1o an enhancer not normally associated with a polvoucleotide sequence in its
natural environment. Such promoters or enhancers may include promoters or
enhancers of other genes, and promoters or enhancers isolated from any other
prokaryotic, viral, or eukarvotic cell, and promoters or enhancers not “naturally
occurring,” i.¢., containing different elements of different transcriptional regulatory
regions, and/or mutations that alter expression. In addition to producing nucleic acid
sequences of promoters and eshancers synthetically, sequences may be produced
using recombinant cloning and/or mucleic acid amplification technology. including
PCR™ in connection with the compositions disclosed herein (U.S. Patent 4,683,202,

U.S. Patent 5,928,906). Furthermore, it is contemplated the control sequences that
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direct transcription and/or expression of sequences within non-nuclear organelies such
as mitochondria, chioroplasts, and the like, can be emploved as well.

Naturally, it will be important to employ a promuoter and/or enhancer
that effectivelv directs the expression of the DN A segment in the cell type, organelle,
and organism chosen for expression. Those of skill in the art of molecular biclogy
generally know how to use promoters, enhancers, and cell type combinations for
protein expression, for example, see Sambrook et al. (2012), The promoters emploved
may be constitutive, tissue-specific, inducible, and/or useful under the appropriate
conditions to direct high level expression of the introduced DNA segment, such as 18
advantageous in the large-scale production of recombinant proteins and/or peptides.
The promoter may be heterologous or endogenous.

A promoter sequence exemplified in the expertmental examples
presented herein is the immediate early cytomegalovirus {(CMV) promoter sequence.
This promoter sequence 1s a strong constitutive promoter sequence capable of driving
high fevels of expression of any polynucleotide sequence operatively linked thereto.
However, other constitutive promoter sequences may also be used, mcluding, but not
limited to the sinuan virus 40 (SV40) early promoter, mouse mammary fumor virus
{(MMTV), human immunodeficiency virus (HIV) long terminal repeat (LTR)
promoter, Moloney virus promoter, the avian leukenua virus promoter, Epstein-Barr
virus immediate early promoter, Rous sarcoma virus promoter, as well as human gene
promoters such as, but not limited to, the actin promaoter, the myosin promoter, the
hemoglobin promoter, and the muscle creatine promoter. Further, the invention
should not be himited to the use of constitutive promoters. Inducible promoters are
also contemplated as part of the invention. The use of an inducible promoter n the
invention provides a molecular switch capable of turning on expression of the
polvnucleotide sequence which it 1s operatively linked when such expression is
desived, or turning off the expression when expression is not desired. Exarnples of
inducible promoters include, but are not limited to a roetallothionine promoter, a
glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter.
Further, the invention includes the use of a tissue specific promoter, which promoter
is active only in a desired tissue.

In order to assess the expression of the nucleotide sequences encoding
the peptides of the invention, the expression vector to be introduced mto a cell can

also contain either a selectable marker gene or a reporter gene or both to facilitate
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identification and selection of expressing cells from the population of cells sought to
be transfected or infected through viral vectors. In other embodiments, the selectable
marker may be carried on a separate piece of DNA and used 1o a co-transfection
procedure. Both selectable markers and reporter genes may be flanked with

5 appropriate regulatory sequences to enable expression in the host cells. Usefid
selectable markers are known in the art and include, for example, antibiotic-resistance
genes, such as neo and the like,

Reporter genes are used for identifving potentially transfected cells and
for evaluaiing the functionality of regulatory sequences. Reporier genes that encode

10 for easily assayable proteins are well known in the art. In general, a reporier gene s a

gene that is not present in or expressed by the recipient organisim or tissue and that
encodes a protein whose expression is manifested by some eastly detectable property,
e.g.. enzvroatic activity. Expression of the reporter gene 15 assayed at a suitable time
after the DNA has been mtroduced into the recipient cells.

s Suitable reporter genes may include genes encoding luciferase, beta-

galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or
the green fluorescent protein gene (see, e.g., Ui-Tei et al., 2000 FEBS Lett. 479:79-
82). Suitable expression systems are well known and may be prepared using well
known techniques or obtained commercially. Internal deletion constructs may be

20 generated using umique internal restriction sites or by partial digestion of non-~-unique

restriction sites. Constructs may then be transfected mto cells that display high levels
of siRNA polynucleotide and/or polvpeptide expression. In general, the construct with
the minimal 57 flanking region showing the highest level of expression of reporter
gene 15 wdentified as the promoter. Such promoter regions may be linked to a reporter

25 gene and used to evaluate agents for the ability to modulate promoter-driven

transcription.
Yaccine
In one embodiment, the present invention is directed o a vaccing
30 comprising a peptide of the invention. The vaccine of the invention can provide any
combination of particular peptides for the particular prevention or treatment of the
cancer of a subject that 15 in need of treatment.
The vaccine of the invention can induce antigen-specific T cell and/or

high titer antibody responses, thereby inducing or eliciting an irnmune response that is
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directed to or reactive against the cancer or tumor expressing the antigen. In some
embodiments, the mduced or elicited smmune response can be a cellalar, humoral, or
both cellular and humoral invmune responses. Tn some embodiments, the mduced or
elicited cetlular immune response can include induction or secretion of interferon-
gamma (IFN-v} and/or tumor necrosts factor alpha (TNF-a).

In one embodiment, the present invention is directed to an anti-cancer
vaccine, The vaccine can conprise one or more cancer antigens. The vaccine can
prevent tumor growth. The vaccine can reduce tumor growth. The vaccine can
prevent wetastasis of tumor cells. Depending upon the cancer antigen, the vaccing
can be targeted to treat breast cancer, liver cancer, prostate cancer, melanomas, blood
cancers, head and neck cancer, glioblastoma, recurrent respiratory papillomatosis,
anal cancer, cervical cancer, brain cancer, and the like.

In a particular embodiment, the vaccine can mediate clearance or
prevent growth of tumor cells by 1nducing (1) humoral immunity via B cell responses
to generate desirable antibodies; {2} increase cytotoxic T lvmphocvte such as CD8"
(CTL) to attack and kill tumor cells: (3) increase T helper cell responses: (4) and
increase inflanunatory responses via TFN-y and TFN-o or preferably all of the
aforementioned. The vaccine can increase tumor free survival by 30%, 31%, 32%,
33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, and 45%. The
vaccine can reduce tumor mass by 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%,
389%, 39%, 40%, 41%, 42%, 43%. 44%, 45%, 46%, 47%. 48%, 49%, 50%. 51%,
52%, 53%, 54%, 55%, 56%, 57%. 58Y%, 39%, and 60% after immunization.

The vaccine can increase a cellular immune response in a subject
adnunistered the vaccine by about 50-fold to about 65000-fold, about 50-fold 1o about
5500-fold, about 50-fold to about 5000-fold, about 50-fold to about 4500-fold, about
100-fold to about 6000-fold, about 150-fold to about 6000-fold, about 200-fold to
about 6000-fold, about 230-fold to about 6000-fold, or about 300-fold to about 6000-
fold as compared to a cellular immune response in a subject not adrotnistered the
vaccine. In some embodiments the vaccine can increase the cellular immune response
i the subject administered the vaccine by about 30-fold, 100-fold, 150-fold, 200-fold,
250-fold, 300-fold, 350-fold, 400-fold, 450-fold, 300-fold, 550-fold, 600-fold, 650-
fold, 700-fold. 750-fold. 800-fold, 850-fold, 900-fold, 950-fold, 1000-fold, 1100-fold,
1200-fold, 1300-fold, 1400-fold, 1500-fold, 1600-fold, 1700-fold, 1800-fold, 1900~
fold, 2000-fold, 2100-fold, 2200-fold, 2300-fold, 2400-fold, 2500-fold, 2600-fold,
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2700-fold, 2800-fold. 2000-fold, 3000-fold, 3100-fold, 3200-fold, 3300-fold, 3400-
fold, 3500-fold, 3600-fold, 3700-fold, 3800-fold, 3900-fold, 4000-fold, 4100-Told,
4200-fold, 4300-fold, 4400-fold, 4500-fold, 4600-fold, 4700-fold, 4800-fold, 4900-
fold, 5000-fold, 5100-fold, 3200-fold, 5300-fold, 5400-fold, 3500-fold, 3600-fold,
5700-fold, 5800-fold, 53900-fold, or 6000-fold as compared to the cellular immune
response in the subject not administered the vaccine.

The vaccine can increase interferon gamuna (IFN-y) fevels in a subject
administered the vaccine by about 50-fold to about 6000-fold, abowt 50-fold to about
5500-fold, about 50-fold to about 5000-fold, about 30-fold to about 4500-fold, about
100-fold to about 6000-fold, about 130-fold to about 6000-fold, about 200-fold to
about 6000-fold, about 250-fold to about 6000-fold, or about 300-fold to about 6000-
fold as compared to IFN-y levels in a subject not admunistered the vaccine. In some
embodiments the vaccine can mcrease IFN-y levels in the subject administered the
vaccine by about 50-fold, 100-fold, 150-fold, 200-fold, 250-fold, 300-fold, 350-fold,
400-fold, 450-fold, 500-fold, 550-fold, 600-fold, 650-fold, 700-fold, 750-fold, 800-
fold, 850-fold, 900-fold, 930-fold, 1000-{old, 1100-fold, 1200-fold, 1300-fold, 1400-
fold, 1500-fold, 1600-fold, {700-fold. 1800-fold, 1900-fold, 2000-fold, 2100-fold,
2200-fold, 2300-fold, 2400-fold, 2500-fold, 2600-fold, 2700-fold, 2800-fold, 2900-
fold, 3000-fold, 3100-fold, 3200-fold, 3300-fold, 3400-fold, 3500-fold, 3600-fold,
3700-fold, 3800-fold, 3900-fold, 4000-fold, 4100-fold, 4200-fold, 4300-fold, 4400-
fold. 4500-fold, 4600-fold, 4700-Told, 4800-fold, 4900-fold. 3000-fold, 5100-fald,
5200-fold. 5300-fold, 5400-Fold, 5500-fold, 5600-fold, 5700-fold, 5800-fold, 5900-
fold, or 6000-fold as compared to IFN-y levels in the subject not administered the
vaccine.

The vaccine of the present invention can have features required of
effective vaccines such as being safe so that the vaccine itself does not cause illness or
death; being protective aganst dlness; mducing neutralizing antibody; inducing
protective T cell responses; and providing ease of administration, few side effects,
biological stability, and low cost per dose. The vaccine can accomplish some or all of

these features by containing the cancer antigen as discussed below.

Generation of aloaded (pulsed) immune cell

The present mvention mcludes a cell that has been exposed or

otherwise “pulsed” with an antigen or otherwise a peptide of the invention. For
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example, an APC, such as a BC, may become Ag-loaded in vifro, e g . by culiure ex
vive in the presence of an antigen, or in vive by exposure to an antigen,

A person skilled 10 the art would also readidy understand that an APC
can be “pulsed” in a manner that exposes the APC to an antigen for a ime sufficient

5 to promote presentation of that antigen on the surface of the APC. For example, an
APC can be exposed to an antigen in the form of small peptide {ragments, known as
antigenic peptides, which are “pulsed” directly onto the outside of the APCs (Mehta-
Damant ef &/, 1994); or APCs can be incubated with whole proteins or protein
particles which are then mmgested by the APCs. These whole proteins are digested info

10 small peptide fragmentis by the APC and eventually carried to and presented on the

APC surface (Cohen ef o/, 1994} Antigen in peptide form may be exposed to the cell
by standard “pulsing” techniques described herein.

Without wishing to be bound by any particular theory, the antigen in
the form of a foreign or an autoantigen is processed by the APC of the mvention in

15 order to retain the immunogenic form of the antigen. The inynuncgenic form of the

antigen implies processing of the antigen through fragmentation to produce a form of
the antigen that can be recognized by and stimulate inyoune cells, for example T cells.
Preferably, such a foreign or an aufoantigen is a protein which is processed info a
peptide by the APC. The relevant peptide which is produced by the APC may be

20 extracted and purified for use as an immunogenic composition. Peptides processed by

the APC may also be used to mduce tolerance to the proteins processed by the APC.
The antigen-loaded APC, otherwise known as a “pulsed APC” of the
invention, 1s produced by exposwre of the APC to an antigen either in vifro or in vive.
In the case where the APC 1s pulsed in vifro, the APC can be plated on a culture dish
25 and exposed to an antigen in a sufficient amount and for a sufficient period of time o
allow the antigen to bind to the APC. The amount and time necessary to achieve
binding of the antigen to the APC may be determined by using methods known in the
art or otherwise disclosed herein.  Other methods known to those of skill i the art, for
example immunoassays or binding assavs, may be used to detect the presence of

30 antigen on the APC following exposure to the antigen.

In a turther embodiment of the invention, the APC may be transfected
with a vector which allows for the expression of a specific protein by the APC. The

protein which is expressed by the APC may then be processed and presented on the
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cell surface. The transfected APC may then be used as an immunogenic composttion
to produce an immune response to the protemn encoded by the vector,

As discussed elsewhere herein, vectors may be prepared to include a
spectfic polynucleotide which encodes and expresses a protein to which an
tmmunogenic response is desired. Preferably, retroviral vectors are used to infect the
cells. More preferably, adenoviral vectors are used to infect the cells.

In another embodiment, a vector mav be targeted to an APC by
modifying the viral vector to encode a protein or portions thereof that is recognized by
a recgplor on the APC, whereby occupation of the APC receptor by the vector will
initiate endocytosis of the vector, allowing for processing and presentation of the
antigen encoded by the nucleic acid of the viral vector. The nucleic acid which is
delivered by the virus may be native to the virus, which when expressed on the APC
encodes viral proteins which are then processed and presented on the MHC receptor
of the APC.

As contemplated herein, various methods can be used for transfecting 2
polynucleotide into a host cell. The methods mclude, but are not linuted to, caleium
phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, colloidal dispersion svsterns (i.e. macromolecule complexes,
nanocapsules, microspheres, beads, and lipid-based systems inchuding oil-in-water
emulsions, micelles, mixed micelles, and liposomes). These roethods are understood
in the art and are described in published literature so as {0 enable one skilled m the art
to perform these methads.

In another embodiment, a polynucleotide encoding an antigen can be
cloned nto an expression vector and the vector can be introduced into an APC to
otherwise generate a loaded APC. Various types of vectors and methods of
introducing nucleic acids into a cell are discussed i the available published literatwre.
For example, the expression vector can be transferred into a host cell by physical,
chemical or biological means. See, for example, Sambrook et al. (2012, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York), and in
Ausubel et al. (1997, Current Protocols in Molecular Biology, John Wiley & Sons,
New York). Itis readily understood that the introduction of the expression vector
comprising a polynucleotide encoding an antigen yields a pulsed cell.

The present invention includes vanous methods for pulsing APCs

including, but not bimited to, loading APCs with whole antigen in the formof a
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protein, cDNA or mRNA. However, the mvention should not be construed to be
limited to the specific form of the antigen used for pulsing the APC. Rather, the
nvention encompasses other methods known 1 the art for generating an antigen
loaded APC. Preferably, the APC is tranfected with mRNA encoding a defined
antigen. mRNA corresponding to a gene product whose sequence 1s known can be
rapidly generated in viro using appropnate primers and reverse transcriptase-
polvmerase chain reaction (RT-PCR) coupled with transeription reactions,
Transfection of an APC with an mRNA provides an advantage over other antigen-
loading techniques for generaling a pulsed APC. For example, the ability to amphiy
RNA from a microscopic amount of tissue, 1.¢. tumor tissue, extends the use of the
APC for vaccination to a large number of patients.

For an antigenic composition to be useful as a vaccine, the antigenic
composition must induce an immume response to the antigen in a cell, tissue or
manumal (2.2, a human). As used heremn, an “immunological composition” may
comprise an antigen (e g.. a peptide or polypeptide}. a nucleic acid encoding an
antigen (e.g., an antigen expression vector), or a cell expressing or presenting an
antigen or cellular component. In particular emobodiments the antigenic composition
comprises or encodes all or part of any antigen described herein, or an
tmmunologically functional equivalent thereof. In other embodiments, the antigenic
composition 1 in a mixiure that coraprises an additional immunostimulalory agent or
nuclere acids encoding such an agent. Immunostimulatory agents include but are not
fimited to an additional antigen, an immunomodulator, an antigen presenting cell or
an adjuvant. In other embodiments, one or more of the additional agent(s) 1s
covalently bonded to the antigen or an immunostimulatory agent, m any combination.
In certain embodiments, the antigenic composition 15 conjugated to or comprises an
HLA anchor motif amino actds.

A vaccne, as contermplated herein, may vary in its composition of
nucleic acid and/or cellular components. In a non-himiting example, a nucleic
encoding an antigen might also be formulated with an adjuvant. Of course, it will be
understood that various compositions described herein may further comprise
additional components. For example, one or more vaccing components may be
comprised in a lipid or liposome. In another non-limiting example, a vaccine may

comprise one or more adjuvants. A vaccine of the present invention, and s various
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components, may be prepared and/or admunistered by any method disclosed herein or
as would be known to one of ordinary skill 1 the art, in light of the present disclosure.

It 15 understood that an anfigemc corposition of the present invention
may be made by a method that is well known in the art, including but not limited to

5 chemical synthesis by solid phase synthesis and punfication away from the other
products of the chemacal reactions by HPLC, or production by the expression of a
nucleic acid sequence {e.g., a DNA sequence) encoding a peptide or polypeptide
comprising an antigen of the present invention in an iz vifre transkation system orina
living cell. In addition, an antigenic composition can comprise a cellular component

10 1solated from a biclogical sample. The antigenic composition isolated and extensively

dialyzed to remove one or more undesired small molecular weight molecules and/or
yophilized for more ready formulation into a desired vehicle. It ts further understood
that additional amino acids, mutations, chemical modification and sach hike, 1f any,
that are made in a vaccine component will preferably not substantially interfere with

15 the antibody recognition of the epitopic sequence.

Antigen Presenting Cell Therapy

The mvention encompasses a method of producing a population of

APCs {e.g., dendritic cells; D) that present the peptides of the invention on their

20 surface that may be subsequently used in therapy. Such a method may be carned out
ex vivo on a sample of ¢ells that have been obtained from a palient. The APCs
produced in this way therefore form a pharmaceutical agent that can be used in the
treatment or prevention of cancer. The cells should be accepted by the immune system
of the individual because they derive from that individual. Delivery of cells that have

25 been produced in this way to the individual from whom they were onginally obtained,
thus forms a therapeutic embodiment of the mvention.

DCs are derived from phiipotent monocyies that serve as antigen-
presenting cells (APCs). DCs are ubiquitous 1n peripheral tissues, where they are
prepared to capture antigens. Upon antigen capture, DCs process the antigen into

30 small peptides and move towards secondary lymphotd organs. K 1S within the
lymphotd organs that DCs present antigen peptides to naive T cells, thereby initiating
a cascade of signals that polarizes T cell differentiation. Upon exposure, DCs present
antigen molecules bound to erther MHC class I or class H binding peptides and
activate CD8" or (D4 T cells, respectively (Steiman, 1991, Amnu. Rev. Immunol,
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271-296; Banchereaw et al., 1998, Nature392,245-252; Steinman, et al., 2007,
Natare 449:419-426; Ginhoux et al., 2007, J. Exp. Med. 204:3133-3146,; Banerjee et
al., 2006, Blood 108:2635-2661; Sallusto etal., 1999, ] Exp. Med. 189:611-614;
Reid et al, 2000, Curr. Opin. Inwmunol 12:114-121; Bykovskaia et al., 1999, 1
Leukoc. Biol. 66:639-666; Claik et al., 2000, Microbes Infect. 2:257-272).

DCs are respounsible {or the induction, coordination and regulation of
the adaptive iromune response and also serve to orchestrate communication between
effectors of the innate arm and the adaptive arm of the immune system. These features
have made DCs strong candidates for immunotherapy. PCs have a unique capacity to
sample the environment through macropinocytosis and receptor-mediated endocytosis
{Gemer et al., 2008, J. Immunol. 181:155-164; Stottzner et al., 2008, Cancer
Immunol. Immumother 57:1665-1673; Lanzevecchia A, 1996, Cuir. Opin,

Imnunol &:348-354; Delamarre et al , 2005, Science, 307(5715):1630-1634).

DCs also require maturation signals to enhance their antigen-
presenting capacity. DCs upregulate the expression of surface molecules, such as
CD80 and CDE&G6 (also known as second signal molecules) by providing additional
maturation signals, such as TNF-o. CD40L or calcium signaling agents {Czernieck: et
al., 1997, J. Immunol, 159:3823-3837; Bedrosian et al. 2000, J. Immunother. 23311~
320; Mailliard et al., 2004, Cancer Res.64,5934-5937; Brossart et al., 1998, Blood
02:4238-4247; Jin et al,, 2004, Hum. Immunol. 65:93-103). It has been estabhished
that a mixture of cytokines, including TNF-q, 1L-1, IL-6 and prostaglandin E2
(PGE2), have the ahility to mature DC (Jonuleit, et al., 2000, Arch. Derm. Res.
292:325-332). DCs can also be matured with caletum ionophore prior to being pulsed
with antigen.

In addition to pathogen-recognition receptors, such as PKR and MDA-
5 (Kalali et al, 2008, J. Immunol. 181:2694-2704; Nallagatla et al., 2008, RNA Biol.
5(3):140-144), DCs also contain a sentes of receptors, known as Toll-hike receptors
{TLRs), that are also capable of sensing danger from pathogens. When these TLRs are
tiiggered, a series of activational changes are induced in DCs, which lead to
maturation and signaling of T cells (Boullart et al. 2008, Cancer Inumumol,
Imnwnother, 37(11):1589-1597; Kaisho et al., 2003, Curr. Mol Med. 3{(4):373-385;
Pulendran et al., 2001, Science 293(5528}:253-256; Napolitani et al., 2005, Nat.
Immunol. 6(8):769-776). DCs can activate and extend the various arms of the cell-

mediated response, such as natural killer y-0 T and o-p T cells and, once activated,
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DCs retain their inmuizing capactty {Stetnman, 1991, Annu. Rev. Inununol. 9:271-
296; Banchereau et al., 1998, Nature 392:245-252; Reid et al, 2000, Curr. Opin,
Imnumol. 12:114-121; Bvkovskaia et al., 1999, J. Leukoc. Biol.66:659-666; Clark et
al., 2000, Microbes Infect. 2:257-272).

The present invention also provides methods of inducing antigen
presenting cells (APCs) using one or more peptides of the invention. The APCs can
be induced by inducing dendritic cells from the peripheral blood monocytes and then
contacting (stimulating} them with one or more peptides of this invention in vifro, ex
vive or in vive, When peplides of the present invention are adninisierad to the
marnmal in need thereof, APCs that have the peptides of this invention immobilized
to them are induced in the body of the maramal. Alternatively, after immobilizing the
peptides of this invention to the APCs, the cells can be administered to the subject as
a vaccine. For example, the ex vivo adroinustration may mclode the steps of: collecting
APCs from a mammal, and contacting the APCs with a peptide of the present
mvention.

The present mvention also provides APCs presenting conmplexes
formed between HL A antigens and one or more peptides of this invention. The APCs,
obtained through contact with the peptides of this invention or the nucleotides
encoding such peptides, are preferably derved from subjects who are the target of
treatment and/or prevention, and can be admimstered as vaccines, alone or in
combination with other drugs. including the peptides, exosomes, or T cells of the
present mvention.

The present mvention provides compositions and methods for
stimulating APC, preferably DCs, 1n the context of immunotherapy to stumulate the
immune response in a mammal. DCs can be manipulated by stimulating them with a
peptide or combination of peptides of the invention and causing the DCs to mature so
that they stimulate anti~tumor immunity 10 a mammal 1 need thereof.

In one embodiment, the mvention includes a method for inducing a T
cell response in a mammal. The method comprising administering an APC, such as a
DC, wherein the APC has been activated by contacting the APC with a peptide or
combination of peptides of the mvention thereby generating a peptide-loaded APC.

In one embodiment, the invention relates to novel APCs produced and
methods for their use to, infer alia, expand a destred T cell, to activate T cells, to

expand specific T cell, as well as numerous therapeutic uses relating to expansion and
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stimulation of T cells using the peptide-load APC and pepiides of the invention. In
some instances, the OCT4 stimulated DCs can be used to expand peptide-specific T
cells,

The present mvention refates to the discovery that a DC contacted with

5 apeptide or combination of peptides of the invention can be used to mduce expansion
of peptide-specific T cells. A skilled artisan would recognize that the DCs contacted
with the peptides of the invention are considered primed or otherwise peptide-loaded.
The peptide-leaded DCs of the invention are useful for eliciting an immune response
against a desired antigen, for example HER3. Accordingly, the peptide-load DCs of

10 the invention can be used to treat a disease associated with unregulated expression of

HER3.

Methods {or Treating a Disease

The present mvention also encompasses methods of treatment and/or

15 prevention of a disease caused by pathogenic microorganisms, autoimmune disorder
and/or a hyperproliferative disease.

Diseases that may be treated or prevented by use of the present
invention include diseases caused by viruses, bacteria, veast, parasiies, protozoa,
cancer cells and the like. The pharmaceutical composition of the present invention

20 may be used as a generalized momune enhancer (DC activaling composition or
system) and as such has utility in treating diseases. Exemplary diseases that can be
treated and/or prevented utilizing the pharmaceutical composttion of the present
invention include, but are not imited to infections of viral etiology such as HIV,
influenza, Herpes, viral hepatitis, Epsten Bar, polio, viral encephalitis, measles,

25 chicken pox, Papilloma virus etc.; or infections of bacterial etiology such as
pneumonia, tuberculosis, syphilis, etc.; or infections of parasitic etiology such as
malaria, trypanosomiasis, leishmaniasts, trichomontasis, amoebiasis, etc.

Preneoplastic or hyperplastic states that mav be treated or prevented
using the pharmaceutical composition of the present invention (fransduced DCs,

30 expression vector, expression construct, etc.) of the present mvention include but are
not limited to preneoplastic or hyperplastic states such as colon polyps, Crohn’s
disease, ulcerative colitis, breast lesions and the like.

Cancers that may be treated using the composition of the present

mmvention of the present invention inchude, but are not limuted to primary or metastatic
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melanoma, adenocarcinoma, squamous cell carcinoma. adenosquamous cell
carcinoma, thvmoma, lymphoma, sarcora, tung cancer, hver cancer, non-Hodgkin's
lymphoma, Hodgkin’s lvmphoma, lenkemias, uterine cancer, breast cancer, prostate
cancer, ovarian cancer, pancreatic cancer, colon cancer, multiple myeloma,
newroblastoma, gastroimtestinal cancer, brain cancer, bladder cancer, cervical cancer
and the like.

Other hyperproliferative diseases that may be treated using DC
activation system of the present invention include, but are not limited o rheumatoid
arthnitis, mflammatory bowel disease, osteoarthriiis, leiomyomas, adenomas, lipomas,
hemangiomas. fibromas, vascular occlusion, restenosis, atherosclerosts, pre-neoplastic
lestons (such as adenomatous hyperplasia and prostatic intraepithelial neoplasia),
carcinoma in sitw, oral hairy leukoplakia, or psoriasis.

Autorrmune disorders that may be treated using the composition of
the present invention mclude, but are not hinuted to. AIDS, Addison’s disease, adult
respiratory distress syndrome, allergies, anemia, asthma, atherosclerosis, bronchitis,
cholecystitis, Crohm’s disease, ulcerative colifis, atopic dermatitis, dermatomyosttis,
diabetes mellitus, emphysema, ervthema nodosum, atrophic gastrifis,
elomerulonephritis, gout, Graves’ disease, hypereosinophilia, irritable bowel
syndrome, Tupus erythematosus, multiple sclerosts, myasthenta gravis, mvocardial or
pertcardial inflammation, osteoarthritis, osieoporosis, pancreatitis, polymyositis,
rheumatoid arthritis, scleroderma, Sjogren’s syndrome. and autoimmune thyroiditis;
complications of cancer. hemodialysis, and extracorporeal circulation; viral, bacterial,
fungal, parasitic, protozoal, and helminthic mfections; and travma.

In the method of treatment, the administration of the composition of
the mvention may be for either “prophylactic” or “therapeutic” purpose. When
provided prophylactically, the composition of the present invention 1s provided in
advance of any symptom, although m particular emnbodirsents the vaccine is provided
following the onset of one or more symptoms to prevent further symptoms from
developing or to prevent present symptons from becoming worse. The prophyviactic
adminisiration of composition serves to prevent or ameliorate any subsequent
infection or disease. When provided therapeutically, the pharmaceutical composition
is provided at or after the onset of a symptom of infection or disease. Thus, the
present invention may be provided either prior to the anticipated exposure to a

disease~causing agent or disease state or after the imtration of the infection or disease.
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An effective amount of the composition would be the amount that
achieves this selected resuli of enhancing the immune response, and such an amount
could be determined as a matter of routine by a person skilled in the art. For exarople,
an effective amount of for treating an immune system deficiency against cancer or
5  pathogen could be that amount necessary to cause activation of the immune svstem,
resulting in the development of an antigen specific imymune response upon exposure
to antigen. The termis also synonvmous with “sufficient amount.”
The effective amount for any particular application can vary depending
on such factors as the disease or condition being treated, the particular composiiion
10 being admimstered, the size of the subject, and/or the sevenity of the disease or
condition. One of ordinary skill in the art can empirically determine the effective
amount of a particular composition of the present invention without necessitating

undue experimentation,

15 Vaccne Formulations

The present mvention huwther mcludes vaceime formualations suitable
for use in immunotherapy. In certain embodiments, vaccine fornulations are used for
the prevention and/or treatment of a disease, such as cancer and mfectious diseases. In
one embodiment, the administration to a patient of a vaccine in accordance with the

20 present nvention for the prevention and/or treatment of cancer can take place before
or after a surgical procedure o remove the cancer, before or alter a chemotherapeutic
procedure for the treatment of cancer. and before or after radiation therapy for the
treatment of cancer and any combination thereof. In other embodiments, the vaccine
formulations may be adnunistrated to a patient 1n conjunction or combination with

25 another composition or pharmaceutical product. I should be appreciated that the
present mvention can also be used to prevent cancer i individuals without cancer, but
who might be at nisk of developing cancer.

The admimstration of a cancer vaccine prepared in accordance with the
present invention, is broadly applicable to the prevention or treatment of cancer,

30 determined in part by the selection of antigens forming part of the cancer vaccine.
Cancers that can be suitably treated i accordance with the practices of the present
invention include, without limutation, cancers of the lung, breast. ovary, cervix, colon,
head and neck, pancreas, prostate, stomach, bladder, kidney, bone, liver, esophagus,

bram, testicle, uterus and the vanous leukermias and lymphomas.
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In one embodiment, vaccines in accordance with this inveniion can be
derived from the tumor or cancer cells o be treated. For example, in the treatment of
lung cancer, the lung cancer cells would be treated as described hereinabove to
produce a lung cancer vaccine. Simularly, breast cancer vaccine, colon cancer vaccine,
5 pancreas cancer vaccine, stomach cancer vaccine, bladder cancer vaccine, kidney
cancer vaccine and the hike, would be produced and employed as immunotherapeutic
agents in accordance with the practices for the prevention and/or treatiment of the
tumor or cancer cell from which the vaccine was produced.
In another embodiment, vaccines in accordance with the present
10 wmvention could, as stated. also be prepared to treat vanous infectious diseases which
affect mammals, by collecting the relevant antigens shed imto a culture medium by the
pathogen. As there is heterogenecity m the type of immumnogenic and protective
antigens expressed by different varieties of organisms causing the same disease,
polvvalent vaccines can be prepared by preparing the vaccine from a pool of
15 organisms expressing the different antigens of importance.

In another embodiment of the present invention, the vaccine can be
adninistered by intranodal injection into groin nodes. Alternatively, and depending on
the vaccine target, the vaccine can be intradermally or subcutaneously administered to
the extremities, arms and legs, of the patients being treated. Although this approach is

20 generally satisfactory for melanoma and other cancers, including the prevention or
treatment of infectious diseases, other routes of admimistration, such as
intramuscularly or into the blood stream may also be used.

Additionally, the vaccine can be given together with adpuvants and/or
inrmuno~-modulators to boost the activity of the vaccime and the patient’s response.

25 Such adjuvants and/or immuno-modulators are understood by those skilled in the art,
and are readily described in available published hterature.

As contermplated herein, and depending on the type of vaceine being
generated, the production of vaccine can, if desired, be scaled up by culturing cells in
bioreactors or fermentors or other such vessels or devices suitable for the growing of

30 cells in bulk. In such apparatus, the culture medium would be collected regularly,
frequently or continuously 1o recover therefrom any materials or antigens before such
materials or antigens are degraded n the culture medium.

If desired, devices or compositions containing the vaccine or antigens

produced and recovered, in accordance with the present invention, and suitable for
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sustained or intermittent release could be, in effect, implanted in the body or topically
applied thereio for a relatively slow or iimed release of such materials into the body.

Other steps 1n vaccine preparation can be individualized to satisfy the
equirements of particular vaccines. Such additional steps will be understood by those

5 skilled in the art. For example, certain collected antigenic materials may be
concentrated and n some cases treated with detergent and ultracentrifuged to remove
transplantation alloantigens,

HERZ2 Expression as a Biomarker for Diaenosis and Treatement of Disease

In another embodiment HER3 expression can serve as 4 biomarker for

10 occult invasive disease i patients with Barrett’s esophagus and high-grade dysplasia
(HGD). Additionally contemplated herein are therapeutics for targeting HER3 or

CMET that may afford secondary prevention of gastroesophageal carcinoma in some

patients.

s These methods desciibed herein are by no means all-inclusive, and
further methods to swit the specific application will be apparent to the ordinary skilled
artisan. Moreover, the effective amount of the compositions can be further

approximated through analogy to compounds known to exert the desired effect.

20 EXPERIMENTAL EXAMPLES

The mvention 1s {urther described in detail by reference to the
following experimental examples. These examples are provided for purposes of
llustration only, and are not intended to be linuting unless otherwise specified. Thus,
the mvention should m no way be construed as being linuted to the following

25 examples, but rather, should be construed to encompass anv and all varations whic
become evident as a result of the teaching provided herein.

Without further deseription, 1t 18 believed that one of ordinary skill 1
the art can, using the preceding description and the following tlustrative examples,
make and utilize the present invention and practice the claimed methods. The

3¢ following working examples therefore, specifically poimnt out the preferred
embodiments of the present invention, and are not to be construed as limiting i any

way the remainder of the disclosure.
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EXAMPLE 1. Creatine Peptide Vaccines Acainst Other Recentor Tvrosine Kinases

{“RTKs™ That Cause Breast Cancer and Other Sohd Cancers

Experiments were designed to develop alternative therapies against
patients designated as BRCA mutation carriers. That is, there 1s an unmet need for
5 younger patients genetically at nisk for breast cancer who are seeking altematives to
bifateral mastectomy.
Women with the breast cancer gene mutations BRCAI/BRCAZ have a
70% lifetime nsk of developing breast cancer, and BRCA1 mutation carriers ofien
develop triple negative breast cancer. Experiments were designed io develop vaccines
10 for this group and evaluate their safely 10 an imnwune~-inducing trial, which s the first
attemipt ever at vaccination for primary prevention of breast cancer. BRCAZ mutation
carriers will also be included to see if estrogen receptor™s"¥* breast cancer can be
prevenied using the multivalent vaccine of the invention.
Experimenis were designed to studv RTK expression in breast cancers
15 and DCIS from BRCA mutation carriers. It was observed that tumors from the BRCA
mutation carriers frequently over-expressed the ¢-MET oncogene and HER3S early on
while the tumors from non-mutation or sporadic patients expressed HERZ and HERS.
This is important because targets for tumor immunotherapy that can be used to
develop vaceines for sporadic and BRCA mutation carriers it is now known based on
20 ihe disclosure presented herein. This is the first distinguishing feature that can be
targeted using immune response for prevention. Accordingly, the mvention includes
compaositions and methods for developing vaccines and uses thereof for prevention as

an alternative to bilateral mastectomies.

25  {reating peptide vaccines

The HER fanuly consists of fowr related signaling molecules-—HERI,
HER2, HER3, and HER4—that are involved 1n a vanety of cancers. 1t 1s known that
over-expression of HER2 1s found in 20% to 30% of breast cancers. The results
presented herein demonstrate that other HER fanuly members are involved in both

30 early and invasive breast cancer, as well as other cancers. For example, HERI 13
expressed on a small nurber of breast cancers, generally those thai are triple
egative. ¢-MET 15 a growth factor receptor involved in recurrence of many cancers

that activates HER3. HER3 15 over-expressed in colon, prostate, breast and

melanoma. HER3 1s expressed in a large number of DCIS lesions and breast cancers.
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HER3 can be detected in the residual DCIS at the time of surgery in sorme patients
who recetved a HER2 vaccine. As a resuli of these findings, the poteniial to target
these molecules i addition to HER2 in breast cancer 15 believed to be beneficial.

Immunogenic peptides from HER3 have been identified (Figures | and

5 2)as follows:
p11-13 (Peptide 31-75) KLYERCEVVMGNLEIVETGHNADLSFLOW (SEQ 1D
NO: 1y
p81-83 (Peptide 401-425) SWPPHMHNFSVFSNLTTIGGRSLYN (SEQ 1D NG 2);
p84-86 (Peptide 416-440) TTIGGRSLYNRGFSLLIMENLNVTS (SEQ ID NO: 3);

10 pl2 (Peptide 56-70) CEVVMGNLEIVLTGH (SEQ ID NO: 4);

p81 (Peptide 401-415). SWPPHMHNFSVFSNL (SEQ 1D NO: 5);
p84 (Peptide 416-430), TTIGGRSLYNRGFSL (SEQ ID NO: 6); and
p91 (Peptide 451-465); AGRIYISANRQLCYH (SEQ ID NO: 7).
The results presented herein demonsirate that these peptides can

15 activate (D4 T cells across many patients. The peptides can be used to pulse

dendritic cells and educate T cells 1o recognize HER3. HER3 15 expressed in triple-

POSIIVE hrogst

negative breast cancer and can impart resistance to anti-estrogen in ER
cancers. HER3 is also expressed in other cancers, including melanoma, lung, colon,
prostate cancer, and metastatic brain tumors. Without wishing to be bound by any
20 particular theory, peptides from the miracellalar part of the molecule may also be
advantageous.
Based on the disclosure presented herein, immunogenic peptides for
HERT and the ¢-MET RTK molecules can be screened and 1dentified based on the
procedure that identified imnumogenic peptides for HER3. The immunogenic
25 peptides of the mvention can be used to prepare a multivalent preventive vaccine for
breast cancer as well as other cancers.
The results presented herein show the wdentification of the role of
HERZ’s sister proteins in breast cancer. These sister proteins can be effectively
targeted and vaccines for other solid tumors can be developed. Peptides that can be
30 used to target HER1T and HERS have been developed. In DCIS specifically, specific
anti-HER1, HERZ, and HER3 responses in patients before and afler vaccination have
been identified, which provides support for the development of a multivalent vaccine
that can be used to prevent early cancer or treat women who have DCIS. The

compositions of the mvention 1s useful to freat other cancers including but not himited

48

SUBSTITUTE SHEET (RULE 26)



WO 2017/014816 PCT/US2016/0263542
to colon cancer, melanoma, brain tumors, lung cancer, ovarian cancer, and other

fumors.

Melanoma
5 Melanoma 1s an aggressive skin cancer that can be deadly 1f not caught
early. Experiments were conducted tn mice using a standard dendritic cell vaccine
wherein the dendritic cell was engineered to exhibit a mutated protein (BRAF) that
causes about 70% of melanomas. Vaccination with these dendritic cells protected the
mice from challenge with melanoma cells, demonsirating that i is possible to develop
10 vaccines for melanoma. Without wishing o be bound by any particular theory,
combinations of BRAF and HER3 targeting may be usefud for treating melanomas as
well as other cancers including but not limited to solid cancers, such as colon,
pancreatic, and hung cancers, and other gastrowniestinal tumors,
In addifion, it has been shown that melanoma tumors use B cells to
15 escape immume surveillance, and therefore 1t is believed that eliminating certain B
cells can umprove therapy. Experiroents can be designed to assess whether altering the
tumor mucroenvirorent to a Thi-type response can help to prevent escape.
In some instances, the vaccine of the invention can be used to treat
melanoma that has spread. In some instances, the invention provides therapies o

20 eliminate remaining cells that ofien become resistant to drug therapy.

EXAMPLE 2: Novel Strateey to Identify MHC Class H-Promiscuous CDB47 Peptides

from Tumor Antigens for Utilization in Vaccination

Although cytotoxic CD8+ T lymphocytes (CTL) were historically

25 considered primary effectors of antitumor immumnity, solely boosting CTL responses
with CD8+ vaccines i various tumor types has yielded unpredictable clinical results,
possibly because CTLs function suboptimally without adequate CD4+ T-lvmphocyie
help. CD4+ T-helper type | (Tht) cells secrete INF~y/TNF-a. inducing tumor
senescence and apoptosis. As such, successful incorporation of CD4+ epitopes into

30 cancer vaccine construction and generation of durable antigen-specific CD4+
immunity remains a challenge. Using the extracellular domain (ECD) of HER3 as a
candidate “oncodriver” tumor antigen, experiments were performed to identify
tmmunogenic HER3 CD4+ peptides that demonstrate Class I promiscuity and

generate anti-HER3 CD4+ oty for mclusion 1o a vaceine constract.
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The materials and methods employed in these experiments are now

described.

MATERIALS AND METHODS

Experiments were designed to tdentify immunogenic Class 11~
promiscaous HER3 CD4+ peptides using the ECD of HER3 as a tumor antigen in
order to generate anti-HER3 Thi cellular immunity.

Protocol Overview

A hibrary of 15-mer long peptides that overlap by S amino acids was creaied
from the HER3 ECD. These peptides were pulsed onto monocvie-derived DCs from
donors and were matured to type I-polarized (DC1; IL-12-secreting} phenotvpe. The
DC1s were harvested and co-cultured with purified CD4+ T cells from subjects who
had known anti-HER3 Th1 responses from our BCIS vaccine study. Large pools of
10 peptides were used and the 1dentification process was progressively narrowed
down to single reactive epitopes as measured by interferon gamna (IFN-y} secretion
of the CD4+ T cells. Upon screening 3-6 subjects, 4 peptides were identified that
seemed 1o react across most donors i.e., HER3s6.00 (SEQ ID NO: 4), HER 3405415 (SEQ
ID NO: 3), HER3416430 (SEQ 1D NO: 6), and HER 3451465 (SEQ 1D NO: 7). Subjects
with no evidence of reactivity to CD4+ T cell recognition of HER3 extracellular
domain were identified and their DCls were pulsed with the four HER3 peptides and
the pulsed DC1s were cultured with CD4 T cells for a week and then tested for
reactivity against HER2 peptide and reaction to extracellular HER3 protein. In all
cases, at least 1 peptide led to recognition of both the peptide pulsed on monoeytes
and the whole HER3 protein suggesting that priroary sensitization had taken place gx
vivo. [t was also shown that healthy donors can react fo these peptides and i triple
negative breast cancer patients where there 1s a loss of anti-HER3 Thi responses.
See, also, Gala, K., et al, Chn. Cancer Res 2014; 20: 1410-1416 and Datta, 1., et al
“Progressive Loss of Anti-HERZ CD4+ T-helper Type | Response in Breast
Tumorigenesis and the Potential for Immune Restoration”. Oncofmmunology {in
press).

Protocol Highlishts as further illustraied 1w Fioure 19

e Alibrary comprising 123 overlapping 15 anuno acid-long peptide fragments
that overlapped by 5 amino acids was generated from the HER3 extracellular
domain (ECD).
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s Autologous monocyte-derived dendritic cells (DC) from donors were rapidly
matured to atype T-polarized (DC1 — IL-12 secreting) phenotype via GM-
CSF, IFN«y and LPS, and pulsed with relevant peptides (e.g.. HER3 ECD or
HER3 CD4" peptides, where indicated). DC1 polarize Thi responses via

5 elaboration of IL-12,

s Harvested DC1s were allosensitized with purified (D47 T-cells in 8-10 day
co-cultores.

s Sensitized CD4+ T-cells (a large fraction of which are expected to become
antigen-specific) were restimulated against immature BCs (1DC) that were

10 pulsed with a specific UD4+ peptide of interest {e.g., HER3 library peptide
clusters) or wrelevant class I peptide control,

s The supernatant from these co-cultures were then harvested. Thi responses,
measured by IFN-y ELISA, were considered antigen-specific tf IFN-y
production was af least twice that of irrelevant control.

IS e HLA-DR, DP, D typing was performed on donors by the Chinical
Immunology laboratory at the Hosputal of the University of Pennsylvania in

order to assess MHC class 1T promiscuity of CD4" Thi responses.

A hibrary comprising 123 overlapping 15 amino acid-long peptide
20 {ragments was generated from the HER3-ECD. Autologous monocyte~-derived DCs
from donors were matured to DCls, and pulsed with HER3-ECD. Harvested DC1s
were co-cultured with purtfied CD4 T cells. After 10 days, sensitized CD4 T cells
were restimulated agamst immature DCs (1DC) that were pulsed with HER3 Uibrary
peptide clusters or irelevant CD4 control peptidel. Thi respounses, measured by [FN-y
25  ELISA, were considered antigen-specific if IFN~y produaction was at least twice that
of trrelevant control.

Experiments were perforroed in a 3-step process: 1) breast cancer
patients with fnown anti-HER3 ECD reactivity following HER2-pulsed DC1 vaccine
were obtained in order to identiy immunogenic CD4+ peptides; 2) the

30 mmmunogenicily of these peplides were confirmed in the same patients by a process of
“reverse” sensitization; 3) patients with known anti-HER3 ECD non-reactivity

following vaccination were obtained and used to identify CD4+ peptides to see if the

[y}
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cells were sensitized to the native HER3 ECD, thus overcoming/abrogating self-
antigen {1.e., HER3) tolerance.
The results of the experiments are now described.
Sequential screeming of HER3 ECD peptide library to identify inummogenic epitopes

5 ecoenized by HER3 ECD-sensitized CD4+ Thl cells

Thi sensitization was initially performed in 5 breast cancer patients
with known anti-HER3 ECD reactivity in order 1o identify single inununogenic HER3
CD4+ epitopes. To achieve this, HER3 ECD-sensitized CD4+ Thi were sequentially
restimulated against 10-peptide clusters (1-10, 11-20, .. ¢ic.), narrowed to 3-pephide

10 clusters (1-3, 3-6, 7-10, . efc ), and ultimately to single immunogenic HER3
peptides. Representative screens are shown in Figures 2, 13 and 14, Four
tmmunogenic peptides - HER3(56-70} (SEQ 1D NO: 4}, HER3(401-415) (SEQ ID
NO: 5). HER3(416-430} (SEQ 1D NO: 6), and HER3(451-465) (SEQ ID NO: 7) -
were reproducibly wdentified and pronuscuous across HLA-DR, DP, and DQ

15 subtypes. When Thi cells from 4 non-HER3 reactive donors were sensitized using
DC s pulsed with the four identified HER3 peptides, and subsequently challenged to
recognize HER3 ECD-pulsed 1DCs, all donors demonstrated successful sensitization
not only to individual immunogenic HER3 peptides, but also recognized native
HER3-ECD.

20 The resulls presenied herein demoensirate that DCI pulsed with an
overlapping tumor antigen-denved peptide library can identify promiscuous class I
peptides for CD4 T cell vaccine development. In this study, immunogenic HER3
D4 peptides effectively overcome immune tolerance to self-tumor antigens.
Utihzation of these HER3 CD4 peptides in vaccine construction can be apphied to

25 patients harboring HER3-overexpressing cancers. Additionally, these results
represent a novel strategy to rapidly and reproductbly identify class Il-promuscuous
smunogenic CD4 epitopes from any tumor antigen for cancer immumotherapy using
a DC1-Thi platform. Table 1 below shows imtial identification of imunogenic
CDd+ HER3 ECD peptides in patients with known anti-HER3 reactivity. Table 2

30 shows the amino acid sequences of the four immunogenic HER3 CD4+ epitopes

wdentified by the sequential screening.

Table 1 - Four immunogenic peptides — HER386-70 (SEQ} ID NG: 4), HER3401-
415 (SEQ ID NO: 5), HER3416-430 (SEQ 1D NO: 6), HER3451-465 (SEQ 1D

Uy
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NG: 73— were veproducibly identified across § donors previously sensitized to
HER3 ECD

Bonor # HER3so | HER3g1as | HER3yeq0 | HER3 51465
15107-38 v v

15107-24 v v J

15107-26 v v v J

26113-03 v v v v
15107-31 v y

Table 2 Amine acid seguences of immunoceniec HERS3 CD4+ epittopes
4] i

HER3s56.7 CEVVMGNLEIVLTGH (SEQ 1D NO: 4)
HER 341415 SWPPHMHNFSVFSNL (SEQ ID NO: 5)
HER35-130 TTIGGRSLYNRGFSL (SEQ ID NO. 6)
HER3 451465 AGRIYISANROLCYH (SEQ ID NO: 7)

Confirmation of immunogcenicity of identified CD4+ HER3 ECD epitopes by

“reverse” sensitization — Le. abilitv of mdividual entiope-sensitized CD4+ Thl o

recoemize native HER3 ECD

Figure 15 shows that in the donors with known HER3 ECD reactivity,
CDd+ T-cells were sensitized with respective donor-specific tmmunogeme HER3
epitope-pulsed DC s, and restinulated against 1DCs pulsed with respective HER3
epitope and native HER3 ECD,

Figures 20 and 21show additional resulis of “reverse” sensitization

CD4+ Thi sensitized with immunogemc HER3 epitope-nulsed DCT anpears to

abroeate anti-HER3 immune self-tolerance

As seen in Figure 16, when CD4+ Thi cells from four HER3 ECD

nonreactive donors were sensitized using DC1s pulsed with the four identified HER3

(U
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peptides, and subsequently challenged to recognize HER3 ECD-pulsed 1DCs, all
donors demonstrated successful sensitization not only to individual HER3 epiiopes,

but also recogmized native HER3 ECD.

C D4+ HER3 emitopes demonstrate MHC class 11 promiscuity

Using the extracellular domain (ECD) of HER3 as a candidate
“oncodriver” tumor antigen, experiments were performed to identify imnmumogenic
HER3 CD4+ peptides that demonstrate Class I promiscutty and generate anti-HER3

CD4+ immunity that can be used im a vaccine construct as seen in Figure 17.

Peptides From Tumor Anfizens

The results presented herein demonstrate that:

e DCI pulsed with an overlapping tumor antigen-derived peptide library can
identify promiscuous MHC class H peptides for CD4+ T-cell vaccine
development.

e Immunogenic HER3 CD4+ peptides effectively overcome immume tolerance
to self-tumor antigens.

e These results represent a novel stralegy to rapidly and reproducibly identify
class {{-promiscuous mmunogenic CD4+ epitopes from any tumor antigen for
cancer inununotherapy using a DC1-CD4+ Thl platform.

e Utilization of these HER3 CE4+ peptides in vaccine construction warrants

mvesiigation in patients harboring HER3-overexpressing cancers.

EXAMPLE 3. HER3 Expression 18 a Marker of Tumor Proeression in Premalisnant

Lestons of the Gastroesophageal Junction

Over-expression of RTRs including members of the HER fanuly, has
prognostic and therapeutic significance in invasive esophagogastric carcinoma. RTK
expression in premalignant gastroesophageal lesions has not been extensively
explored previously.

Barrett's esophagus, or the presence of roetaplastic colunmar epithelium in the
distal esophagus, predisposes to the development of esophageal adenocarcinoma,
(Cameron, Al et al., Gastroenierology 109(5).1541-6 {1995).) While the histologic

transition {rom dysplasia to mvasive mahignancy 1s well characterized, carcinogenests

[y}
£

SUBSTITUTE SHEET (RULE 26)



WO 2017/014816 PCT/US2016/026542
in metaplastic cells mvolves genetic alterations that are incompletely understood.
Several recent reports have 1dentified haman epidermal growth factor receptor 2
{HER2) expression in a subset of Barrett’s esophagus lesions with dysplasia
{Almhanna, K et al., Appl. Immunohistochem. Mol Morphol. July 16 2015}

5  {Almhanna, et al. }; Fassan, M., et al,, Histopathology 61(5). 769-76 (2012) (Fassan, et
al ¥, and Rossi, E, et al., J Cell Mol Med 13(9B)3826-33 (2009} (Rossi, et al ).}
Furthermore, the rate of HER2 expression correlates with degree of dysplasia,
implicating related pathways in tumorigenesis.

Over-gxpression of RTK molecules, including merabers of the HER family

10 (HERI, HERZ, and HER3) and ¢cMET, the mesenchymal-epithelial transition factor,
have been demonstrated in many of the more common malignancies, including breast,
hung, and gastromtestinal cancers (Yokata, I, etal, Lancet 1:765-767 (1986} as well
as n esophagogastric carcinomas . The wdentification of HERZ overexpression in a
subset of breast carcinomas, the association of HER2 overexpression with more

IS aggressive biology and effective targeting of HER2 with a monocional antibody were
ptvotal events i the evolution of targeted therapies for the treatment of solid tumors.
(Joensuu, H., etal, N. Eng. J Med 354(8):809-20 (2006).) This experience has
provided a foundation for further efforts to target RTK molecules in the treatment of
other malignancies.

20 HERZ2 overexpression has been demonsirated in a manority of gastric cancers
and has been targeted with trastuzumab in the metastatic setting with a modest impact
onoutcome. (Bang, Y.J. etal. Lancer 376(9742} 687-97 (2010) {Bang. et al }.)
HERZ overexpression is more frequently expressed i proximal gastric and
gastroesophageal junction compared to more distal gastric adenocarcinomas

25 {Rajagopal, L, et al., J Clin Diagn. Res. 93} EC06-10 (2015})) and has been targeted
with trastuzomab in the metastatic setting with a modest impact on cutcome. (Bang,
et al. and Fichter, C.D., et al, /ns. J Cancer 135(7%:1517-30 {2014} (Fichter, et al.}.}
HER1 and HER3 expression in gastric carcinomas have been associated with poor
prognosis in most studies. (Kandel, C | et al.. J Clin Pathol. 67(4):307-12 (2014)

30 and Hayashi, M., et al, Clin. Cancer Res. 14(233.7843-9 (2008).) Overexpression of
¢MET is associated with poor prognosis in esophageal adenocarcinoma and imhibition
of cMET-dependent signaling regulates the activity of HERT and HER3 {Liy, X, et
al., Clin. Cancer Res. 17{22%7127-38 (2011).) These data provide rationale for

farther efforts to characterize RTK expression in esophagogasiric cancers and

jy
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precursor lesions. The studies described below are aimed to characterize RTK
expression in dysplastic lesions of the gastroesophageal pmction 1n efforis to dentify

potential targets for treatment and primary prevention.

METHODS

Following approval by the Institutional Review Board of the University of
Pennsvivama, the chinical records and histologic specimens from 73 patients with
Barrett’s esophagus with dysplasia (low-grade dysplasia (EGD), n=32, or lugh-grade
dysplasia{HGD), n=59) were retrospectively reviewed. Formalin-fixed paraffin-
ermbedded tissue blocks from stored endoscopic biopsy and mucosal resection
specimens from 2003-2012 were sectioned at Sum on plus shides (Fisher Scientific,
Waltham, MA} and subsequently deparatfinized and rehvdrated. All biopsy malerials
were immunostained for HER1 (clone H11; 1:50; DAKO), HERZ (HercepTest,
DAKQ, Carpinteria, CA) and HER3 (clone RT1.2; 1:30; Santa Cruz Biotechnology,
Dallas, TX} {Leica Bond-l instrument) and evaluated under the muicroscope({Leica
Bond-H1}) by asingle pathologist. Membrane 3+ HER staining was considered
positive, as was membrane 2+ HER2 staining 10 >10% of tumor cells as seen m
Figure 22. ¢MET immunohistochemistry was performed i 42 cases when sufficient
tissue was available; moderate or strong membrancus staiming in >30% of tumor cells
was considered positive. RTK overexpression was correlated with clinical data to
evaluate for associations with invasive carcinoma, either patred dysplasia-
adenocarcinoma biopsy specirmens or the diagnosis of adenocarcinoma on subsequent
biopsy specimens.

Statistical Analysis

Two tailed tests were used for all analyses. Descriptive statistics are
presented as frequencies for categorical vanables and median (interquartile range
{(IQR) for continuous variables. Pearson’s y2 or Fisher's
exact tests and Wilcoxon rank-sumn test were used to analvze categorical and
continuous variables, respectively. P-values <0.05 were considered statistically
significant; all tests were two-sided. Analvses were carried out using SPSS v22.0

{(IBM, Armonk, NY).

RESULTS
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A total of 73 patients with Barreit’s esophagus with low-grade dysplasia
{n=32) or high-grade dysplasia (n=59) were identified and analyzed for HERI, HERZ,
HER3 and ¢MET expression by tromunohistochemustry. Median age of the cobort
was 65 yvears (IQR 60-73 vears); §1.9% were male and 87 5% were Caucasian. The
rate of alcohol use in the cohort was 14.3% and the rate of active cigarette use was
6.3%, vet 55.6% were former smokers. 26.4% had a famaly history of malignancy.
There were no significant differences between the LGD and HGD ¢ohorts in the

measured clinical and demographic variables as seen below in Table 3.
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Table 3 DBemographic and Clinical Characteristics of Cohort with Dysplastic
Barrett’s Esophagus, and Univariate Comparisen of Low-grade and High-grade

LGB HGD p-value

Median (IQR) or Median (IQR) or

no. of patients (%) | no. of patients (%)
Age, years 64.0 (60.0-77.5) 66.0 (63.0-72.0) 0.621
Sex. male 19(73.1) 41 (87.2) 0130
Caucasian race 23{95.8) 41 (93.2) 0.755
Cigarette use | Current 2{9.1) 2{4.8) 0.681

Former 13(59.1) 23 (54.8)

Alcohol use 2{9.1) 7(16.7) 0683
Positive fanuly lstory 6 {28.6) 13 (32.5) 0.753

Dysplastic Patients

High-grade dysplasia (HGD) was associated with overexpression of HER1

S (22.4% vs. 3.1%, p=0.016), HERZ (5.3% vs. 0.0%, p=0.187) and HER3 (45.6% vs.

9.4%, p<0.001) compared to low-grade dvsplasia (LGD).

Foct of invasive esophageal adenocarcinoma were associated with dysplastic

lesions in 6 cases, all of which arose in assoctation with HGD (HGD: 10.2% vs. LGD:

0.0%, p<0.001). An additional 9 patients were diagnosed with mvasive esophageal

10 adenocarcinoma on subsequent biopsy spectmens (HGD: 17.0% vs. LGD: 0.0%,

p=0.017). There was a significant association of HER3, but not HER1 or HER2

{increase in HER1T (26.7% vs. 20.5%, p=0.616} and HERZ2 (14.3% v

5. 2.3%,

p=0.077), overexpression i HGD lesions compares with those without foct of

invasive carcinoma (71.4% vs. 38.6%, p=0.032} as seen in Figures 23A and 23B.

15 Overexpression of cMET was observed in 18 of 42 (42.9%) evaluated

specimens and was increasingly observed m HGD compared to LGD specimens

(58.3% vs. 36.7%, p=0.200) and was most often co-expressed with HER3 (62.5% of

HER3-positive specimens vs. 38.2% of HER3-negative specimens (p=0.212}}.

Similar trends were not observed in HER I-positive (p=0.729) or HER2-positive

20 (p=NA)specimens. One of the 42 (5.6%}) patients had wvasive carcinoma wdentified;

cMET was overexpressed in this patient (p=0.243).
DISCUSSION:

This analysis of RTK expression in dvsplastic lesions of the gastroesophageal

junction confirms that (1) HER family proteins are upregulated in Barrett’s esophagus

25  with dysplasia; {2} the frequency of HER fanuly and cMET overexpression is

positively correlated with the degree of dysplasia; and (3) HER protein upregulation,

[,
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particularly in dysplastic lesions, 15 associated with an increased mncidence of
associated invasive cancer.

HER3 may therefore serve as a biomarker for occult mmvasive disease in
patients with Barrett's esophagus and HGD. Additionally, therapeutics targeting

5  HER3 or CMET may afford secondary prevention of gastroesophageal carcinoma m
subsets of patients.

Previous evaluations of HER expression in Barrett’s esophagus have been
fimited to an assessment of HER2, which is overexpressed in a minority of cases.
See, Almhanna, et al., Fassan, et al., and Rossi, et al. HERZ overexpression in this

10 study was present in 3.3% of hiopsy specimens, lower than the rate of HER1 or HER3
overgxpression. This pattern is consistent with HER family protein expression n
mvasive gastroesophageal junction cancers, where HER3 is overexpressed more
commonty than HER2 Fichter, et al. Increasing HER3 protemn overexpression with
progression from LGD to HGD and frequent overexpression of HER3 m particular,

15 represent novel, though not unanticipated findings. Homo- and hetero-dimerization of
HER receptors drive signal activation; clustered overexpression of multiple members
of the HER fanuly have been observed in other tumor types. In conjunction, activated
¢-MET positively regulates the activity of HER1 and HER3', Indeed, the interplay
between these receptors have provided rationale for multivalent therapeutic

20 approaches targeting multiple RTKs. (Baselga. J, etal, N. Eng. J Med. 366(2)109-
192012y, Waddell, T., et al., Lancet Oncol. 14{63:481-489 (2013))

The present data also suggest an opportunity for targeted secondarv prevention
of gastroesophageal carcinoma that has not vet been explored. Previously targeted
HER2 expression in ductal carcinoma in situ (DCIS) of the breast has been targeted

25 with pronusing results. See, U.S. Published Application US 2015/0323547 A1, US.
Ser. No. 14/985,303 filed December 30, 201., Datta, 1. et al., Oncolmmunoclogy 4.8
el022301 (2015) DOL 0. 1080/2162402X 2015 1022301, Datta, J., et al | Breass
Cancer Res. 1T{1}: 71 {2015). Such an approach remains a more distant goal for
gastrointestinal malignancies. Notwithstanding, current treatment options for

30 Barett's esophagus, including endoscopic resection and ablative modalities and
radical surgery all have significant limitations. Alternative strategies that spare
morbidity and mutigate the risk of invasive carcinoma are needed.  This analysis of
RTK expression in dysplastic lesions of the gastroesophageal junction confirms that

{1) HER fanmuly proteins are upregulated in Barrett’s esophagus with dvsplasia; (2) the
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frequency of HER famuly and ¢cMET overexpression is posttively correlated with the
degree of dysplasia; and (3) HER protein upregulation, particularly 1 dysplastic
lesions, 1s associated with an mcreased incidence of associated mnvasive cancer.

HER3 may therefore serve as a biomarker for occult invasive disease in
patients with Barrett's esophagus and HGD. Additionally, therapeutics targeting
HER3 or CMET may afford secondary prevention of gastroesophageal carcinoma in
subsets of patients,

In summary, the present data imndicate a relationship between frequent
overexpression of HER3 in high-grade dysplastic lesions of the gastroesophageal
junction, especially those with occult invasive carcinoma and malignant
transformation. These findimgs may justifv a more aggressive management approach
for HER3-expressing dvsplastic lesions and provide rationale for the future
application of HER3-targeted therapeutics m an early disease setling as will be readily
appreciated by those skilled in the art.

We have previously shown a progressive loss in the native anti-HER-2 CD4
Th1 during HER-2P* breast tumorigenesis. This loss of response was associated with
lack of pathologic complete response (“pCR™) 1o necadjuvant treatment, and
correlated with elevated risk of breast cancer recurrence and could be restored with
vaccination. Example 4 below explores whether there is a simular loss in anti-HER3

Thl response during breast tamorigenesis.

EXAMPLE 4: Loss of Anti-HER3 CP4 Thl Qccurs in Breast Tumorieenesis and is

Negativelv Associated with Quicomes

Overall Example 4 Sunymary

We have previously shown a progressive loss in the native anti-HERZ CD4
Thi during HERZP breast tumorigenests. This loss of response was associated with
lack of pathologic complete response (“pCR”) to necadjuvant treatment, and
correlated with elevated risk of breast cancer recurrence and could be restored with
vaccination. This Example explores whether there is a simular foss in anti-HER3 Thi
response during breast fumorigenesis.

Peripheral blood from 131 subjects, including healthy donors ("HDs™), benign
breast disease {"BD™), ductal carcinoma in situ {"DCIS™) and invasive breast cancer
{(“IBC”) patients was collected. Immune responses to four different HER3

immuanogenic peptides identified in Examples | and 2 above were tested via enzyroe
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finked immunosorbent {(ELISpot) assay and all metrics of inunune response were
analyzed.

There was a sigruficant dechine 1n the anti-HER3 response going from HDs to
IBC. Triple negative (TN} IBC had the lowest response across all three immune

5 parameters. HDs had significantly higher immune responses than both ER™ IBC and
TN IBC patients across all three immune parameters. Interestingly, HER2P [BC
displayed iromune responses stmilar to that of HDs and BDs. Patients with recurrent
breast cancer and lack of pCR to necadjuvant therapy had significantly lower anti-
HER3 CD4 Thi responses than patients with no subsequent recurrences or those

10 having a pCR to necadjuvant therapy.

Thus, it was found that CD4 Thl anti-HER3 are lost during breast
tumorigenesis, most notably in TN IBC, a group with limited treatment options and
markedly worse prognosis with HER3 overespression. These findings have
irplication for attempting to restore this response to prevent recurrence.

15 Background

Nearlv one in eight women will develop breast cancer in their hifetime. Of
those, cancers over-expressing HERZ are associated with a gher rate of distant
metastases and overall worse prognosis. The introduction of trastuzumab, a
monoclonal antibody against HERZ, has dramatically enhanced progression free

20 swrvival and overall survival n patientis with HERZ2 positive cancers, pointing to
HERZ's key role in modulating breast cancer progression. Giordano SH., etal, J
Clin. Oncol. (2014} JCO-2013 [Published online before print May 5, 2014,
dot:10.1200/JC0.2013.54. 0948}

The immune system plays a key role 1o modulating HERZ expressing tumors.

25 it has been previously shown there is a step-wise dechine in native anti-HERZ CD4 T
cell response going from healthy subjects to HER2PY BCIS to HER2P® IBC, but not
HER2™S IBC. Further, lower anti-HERZ rmomune responses correlated with
subsequent breast cancer recurrence while higher anti-HERZ immune responses
correlated with pathologic complete response to necadjuvant chemotherapy,

30 implicating the immune system’s role in HER2P™ tumorigenests. See, Datta, J., et al.,
Oncolmmunology 4(10%e1027474, DOL10.1080/2162402X 2015, 1022301 (2013
and U.5. Published Application US 2015/0323547 Al (collectively hereinaflier,
“Datta, et al.”). Our group has developed a HERZ pulsed dendritic cell vaccine that

sestores anti-HER2 CD34 and CD8 T cell responses in both DCIS and IBC panents.
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Sharma, A, et al., Cancer 118{17%:4354-4362 (2012); Koski, GK., etal , J
Immunother. 35(1):54-65 (2102); and U.S. Published Application US 2015/0323547
Al

HERZ 15 a member of the EGFR family, a group of RTKs that also include
HER1 and HER3. While it is well known that HERZ2 self-dimerizes, the role of HER3
in signaling is tess clear and it may act to dimerize both with itself and HERZ. HER3
dirnerizgtion with HERZ2 has been proposed as an escape mechanisn in breast cancer
palients treated with trastuzumab. Crzopek, [, et al, Contemp. Oncol. 17(3).446-9
(2013) ("Czopek, et al.”) and Bae, 8.Y ., et al., Breast Cancer Res. Trear. 139(3).741-
50{2013) ("Bae, et al. 7). Pertuzumab, a recent addition to the market and the first
oncology drug to receive accelerated FDA approval as necadjuvant treatment, inhibits
HER2HER3 dimerization and has been shown to have an overall survival benefit
when used tn combination with trastuzumab for breast cancer patients. Jhaver, K., et
al., J. Natl Compr. Canc. Netw. 12(4):591-8 (2014} and Harbeck, N, et al., Breast
Care 8(13:49-35 (2013).

HER3 expression s less clearly delineated among the sub~types of breast
cancer although there is overexpression seen in some ER-positive, HER2-positive and
triple negative (“TN”) subtypes. Moeder, C., et al., Cancer 115(11:2400-9 (2009). It
is of interest that while HER3 overexpression may be more common in HERZP IBC,
its prognostic value is more significant m TN IBC., While HER3 expression in
ERMSHER2P IBC did not impact disease-free survival (“DFS”) or overall survival
(“0O87), HER3 expression in TN IBC was correlated with both a worse S-year DFS
and 10-vear OS. Bae, et al. and Czopek, et al. Notably, the sizeable subset of TN
IBC patients with HER3 overespression, a group that by definition does not have any
of the classical treatment options, may benefit from a recognizable new target. It is
unknown whether the anti-HER3 D4 Th1 response exists in healthy donors and
whether this response changes during breast tumorigenesis. The present study seeks
answers to these guestions.

METHODS

Subiect enroliment

A total of 131 subjects met study criteria and were consecuftively
enrolled at the University of Pennsylvama with informed consent. This study was

approved by the Institutional Review Board of the University of Pennsylvarua and the

62

SUBSTITUTE SHEET (RULE 26)



WO 2017/014816 PCT/US2016/026542
Abramson Cancer Center prior to subject enrollment. Of 131 subjacts, nine had
insufficient peripheral blood monocytes to perform assays. leaving 122 subjects with
imrnune response data for review. CD4 T cell responses to four different HER3
immunogenic peptides were compared between healthy donors (HD, n=30), patients

5 with benign breast disease (BD, ne=11), DCIS (p=13}), HER2Y IBC {p=21), ER?®
invasive breast cancer (ERP® IBC, v:=20} and inple negative IBC (TN IBC, n=27}.

Peripheral blood monocyte collection

Peripheral blood was collected by venipuncture. Blood was diluted in
10 Hank’s buffer or PBS at a 1.1 ratio and lvmphocyie separation media was layered
below diluted blood in conical tubes. Blood was then separated by density
centrifugation at 1200 rpm for 30 nunutes. Monocyte layers were collected and
washed twice in Hank’s buffer or PBS. Cells were counted and resuspended at 10
million cells per milliliter and frozen at minus 80°C for 24-48 hours before being

15 transferred to minus 200°C, where cells remained stored until experimental assay.

Measurme anli-HER3 C4 Thi response

Anti-HER3 CD4 Thi cell response were measured by ELISpot assay,

according to the manufacturer’s protocol. Briefly, 96 well PVDF membrane plates

20 were activated with 70% ethanol, washed with PBS then coated with anti-IFN-gamma
{anti-IFN-v} antibody and incubated overnight at 4°C. 24 howss later, plates were
again washed with PBS then blocked with Iscove’s media with 10% human serum for
1 hour. Peripheral blood monocytes were thawed at 37°C, washed in PBS or Hank's

25 cells per well with one of four immumogenic HER3 peptides {p12 (Peptide 36-70):
CEVVMGNLEIVLTGH (SEQ 1D NO: 4); p81 (Peptide 401-415)
SWPPHMHNFSVFSNL (SEQ 1D NO: 5} p84 (Peptide 416-430):
TTIGGRSLYNRGFSL (S8EQ ID NO: 6): and 91 (Peptide 451-465):
AGRIYISANRQLCYH (SEQ ID NG: 73, anti-CD3/CD28 (poly cloncal stimulus,

30 positive control) tetanws toxoid (Santa Cruz Biotechnology, Dallas, TX) or nothung
(unstirmiated control). Assays were performed in triplicate. Plates were incubated at
38°C for 48 hours. After 48 howurs, plates were washed with PBS, biotinylated anti-

IFN- v antibody was then added and plates were incubated at 38°C for two hours.
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Plates were again washed with PBS, streptavidin-HRP was added and plates were
incubated at 38°C for one hour. Finally, plates were washed with PBS then TMB
substrate solution was added. Color development was stopped after five munutes by

"

washing extensively with tap water. Plates were dried overnmight at 4°C

Imrnune response ;mzﬂv 5is

Spots were counted via immunospot software. Three parameters or
metrics were quanitifed to determine imimune response: (1) cumulative response, or
the summed response to all four HERS immunogenic peptides in spots per million

10 cells, (2) repertoire, or the number of peptides per subject with 20 or more spots, and
{3) responsivity, or the percent of subjects responding to at least one peptide (defined
as a threshold of 20 or more spots). Tetanus response in spots per 200,000 cells and
anti-CD3/CD28 response in spots per 200,000 cells were also quantified as controls,

All timmune response metrics were analyzed in graphpad prism software.

RESULTS

Studv Subiect Characteristics

Atotal of 131 subjects met study criteria and were consecutively enrolled with
imformed consent at the Hospital of the University of Pennsylvania. Nine subjects had
20 mnsufficient cells for analysis, leaving 122 subjects. Of these, the mean age was 50,
ranging from 25 10 83. 72.1% were Caucasian, 18.0% African American and 9 8%
another race. Subjects fell into one of five groups: HDs (=30}, BDs (n=11), BCIS
(0=13), HER2P* IBC (n=21), ER™ [BC (n=20) or TN IBC (n=27). Of the 68 IBC
subjects, 35 {51.5%;) were Stage I, 22 (32.4%) were Stage 11, 9 (13.2%) were Stage Hl
25 and 2 (2.9%;) were Stage IV. 32 (76.5%) had undergone chemotherapy and/or
herceptin and/or tamoxifen treatroent, while 16 (23.5%) were treatment-naive. Three
DCIS patients and three HER 2P IBC patients received HER2 pulsed dendritic cell

vaccination. Other characteristics are reported in Table 4 below.
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Table 4 Characteristics of study subjects
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There 15 a Decline in £D4 Thl Cell Anti-HER3 Immune Responses {from Healthy
Donors 1o Subsets of Invasive Breast Cancer

Comparing HDs. BDs, DCIS, HER2P®IBC, ERP® IBC. and TN IBC,

(o

there was a decline in all three immune parameters, reaching the lowest point in TN
IBC: cumulative response (90 versus 80 versus 66 versus 79 versus 48 versus 40,
p=0.01, respectively, as shown in Figare 24A), repertoire (1.0 versus 0.6 versus 0.8
versus 0.8 versus 0.5 versus 0.3, p=0.003, respectively, as shown in Figure 24B) and
responsivity (76.7% versus 63.6% versus 53.8% versus 66.7% versus 45.0% versus
10 33.3%, p=0.02, respectively, as shown in Figure 24C). Nolably, these differences
were not only statistically significantly higher, but alse more than double, in HDs
compared to TN IBC patients across all three immune parameters: cumulative
response {90 versus 40, p=0.002), repertoire (1.0 versus 0.3, p=0.0004} and
sesponsivity (76.7% versus 33, 3%, p=0.001). Compared to TN IBC patienis, BDs
i5  had sigruficantly hugher cumudative response (40 versus 80, p=0.007, respectively),
DCIS patients had significantly higher repertoire (0.8 versus 0.3, p=0.04,
respectively ) and HER2P™ IBC had significantly higher repertoire (0.3 versus 0.8,
p=0.01) and responsivity (33.3% versus 66.7%, p=0.04, respectively). ERF®IBC
patients had the second lowest anti-HER3 CD4 T cell responses and displayed
20 statstically significantly lower responses compared to HDs across all three immune
parameters: cumulative response (48 versus 90, p=0.03, respectively), repertotre (0.3
versus 1.0, p=0.008, respeciively) and responsivity (45.0% versus 76.7%, p=0.03,

respectively). Of note is the fact that, HERZP IBC anti-HER3 responses did not vary

significantly from HDs, BDs or DCIS subjects.

25
Lower €4 Thi Cell Anti-HER3 Inunune Responses in Invasive Breast Cancer
Patients are Specific to HER3 and are Not Attributable to a Broad Deficiency in the
Immune Response

30 Tetanus responses and polvclonal stinwlation with anti-CD3/CD28 responses

were analyzed to compare and control for overall immume responsivenass. There was
no difference in D4 Thi cell anti-tetanus response, as measured via ELISpot assay
in spots per 200,000 cells, between HDs, BDs, DCIS, HERZP® IBC, ERF IBC or TN
IBC patients {37 versus 30 versus 19 versus 34 versus 24 versus 29, p=0.65,

35 respectively, as shown in Figure 25A). Importantly, anti-tetanus responses between

HDs and TN IBC patients, the groups with the most divergent anti-HER3 CD4 Thi
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cell responses, were similar (37 versus 29, p=0.37). Likewise, there was no difference
in polyclonal stimuolation with anti-CD3/CD2E, with the majonty of subjects in each
group having robust spot development that was too numerous to count. Of those that
were countable, there was no statistically significant difference between HDs, BDs,

5 DCIS, HER2Y™ IBC, ERP™ IBC or TN IBC patients (688 versus 549 versus 804

versus 699 versus 629 versus 6735, p=0.68, respectively, as shown in Figure 25B).

Invasive Breast Cancer Patients” Anti-HER3 CD4 Thi Cell Responses Correlate with
Prognoais and Charactensties of Tumor Aggraession

10
To determine whether anti-HER3 CD4 T cell responses correlated with

charactenistics of tumor aggression, IBC patients” immune responses were compared
by lymph node status at initial surgery (ymph node positive (“LN™") versus lymph
node negative (“LN™2Y), recurrence versus non-recurrence in patients who were at
15 least | vear out from diagnosis and response to necadjuvant chemotherapy
{pathologic complete response (“pCR™) versus residual disease ("<pCR™)). While
LNP* IBC patients (n=28) had overall lower immune responses compared to LN™®
patients (n=31}) across all three parameters, none were statistically significant:
curmulative response (40 versus 56, p=0.12, respectively), reperioire (0.4 versus 0.6,
20 p=0.08, respectively ) and responsivity {35.7% versus 54.8%, p=0.19, respectively) as
shown in Figure 26A. Of note, LNP* subjects included those with lymph node
metasiasis after neoadjuvant chemotherapy. Subjects who were LN™8 post-
neoadjuvant chemotherapy were excluded from analysis, given it was unknown
whether they may have had positive nodes prior to treatment. Of patients who were at
25 Jeastavear out from diagnosis, those with recurrent breast cancer {etther local or
distant metastasis, n=7} had significantly lower anti-HER3 responses across all three
immune parameters compared to those who remained disease-free (n=36}: cumulative
response (17 versus 66, p=(0.04, respectively), repertoire (0.0 versus 0.6, p<0.03,
respectively ) and responsivity (0% versus 55.6%, 1=0.01, respectively) as shown in
30 Figure 26B. Lastly, of patienis receiving necadjuvant chemotherapy (n=16), pCR
{n=5) compared to <pCR {n=11} had significantly higher cumulative response (144
versus 32, p=0.004, respectively) and repertoire (0.8 versus 0.4, p=0.03, respectively)
as shown in Figure 26C. There was no statistically significant difference in

responsivity between pCR and <pCR (80.0% versus 27.3%, p=0.19, respectively}. It
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is note, there were no differences in fetanus response between LNP® and LN™®
patients (22 versus 29, p=0.35, respectively}, recurrent versus non-recurreni patients
(27 versus 35, p=0.65, respectively) and pCR versus <pCR (17 versus 59, p=0.15,
respectively ). Thus, lower CD4 Thi cell responses in IBC patients with

characteristics of more aggressive tumors is specific to HER3.

Anti-HER3 €4 Thl Cell Responses by Healthy Donor Characteristics

Anti-HER3 CD4 Thi responses were coropared in HDs and BDs by age (<50
years {n=25} or =50 vears (n=16}}. race {Caucasian (n=29), African American (n=12}
or other (=3)}, pregnancy status (0 (n=17} or 1 or more pregnancies {(n=24}) and
menopaunsal status (pre-menopausal (=30} or post-menopausal {n=11}}. There were
no differences i cunulative peptide response, repertoire or responsivity by age
{(Figure 27A}, race (Figure 27B) or history of prior pregnancy (Figure 27C).
However, as seen in Figure 27D, post-mencpausal women, compared {o pre-
menopausal women, had significanily lgher curnulative response (136 versus 70
spots per mitlion cells, p=0.005 respectively) {top panel) and repertoire (1.4 versus
0.8 peptides, p=0.03, respectively) (second panel}. There was no statistically
significant difference m responsivity {(90.9% versus 66.7%, p=0.23, respectively)
{third panel). There was also no statistically significant difference i tetanus response
between pre- and post-menopausal women {bottom panel), indicating the difference in

tmmune response by menopausal status was specific to HER3.

ELISpot Assavs are Precise as Demonsirated by a Linearity Precision Assay

ELISpot assays have been previously validated in our laboratorv., To confirm
the precision of this assay under the operator who conducted all experiments for this
study, a linearity precision assay was performed with sertal difutions from a known
high anti-HER3 CD4 T cell responder. Penipheral blood monocyies were serially
diluted 1nto media from a concentration of 1.0 10 0.1 £o 0.01 t0 0.001 and cumulative
anti-HER3 1nunune response was measured in spots per million cells. Figure 28
shows there was a hnear decline n spots going from a cumulative value of 230 t0 35

to 12 to 5, respectively (p<0.0001, =0.88),
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BISCUSSION

Knowledge of the immune system’s role in cancer development, progression
and prognosis 1s rapidly expanding. ¥t is well established that imnumodeficient states
increase risk of cancer development, not ooly from tumors of viral origin but also
from tumors of non-viral origin. Boshoff, C | et al., Natwre Rev. Cancer 2:373-82
(2002); Shed, AG., World J. Surg. 10:389-96 {1986}; Penn, 1, Transplantation
61.274-78 (1996); and Penm, 1., Transplantaiion 60:1485-91 (1995}, Ttis also known
that certain mwmme phenotypes are associated with breast cancer; circulating
inflammatory cytokines TNF-o and 1L-6 are higher in breast cancer patients and low
CD4P/CDEP” T cell ratios are linked to more aggressive breast cancer phenotypes
while tumor infiltrating lvmphocytes are associated with a better prognosis in some
breast cancers. Alokail, M.S., et al., Med Oncol 31{8%.38 {2014) doi:
10.1007/s12032-014-0038-0; Ja1, Y, et al., Med. Oncol. 31:981 (2014); and
Matsumoto, H., et al., J. Clin. Pathol. dot: 101136/ clinpath-2615-202944. However,
evidence linking loss of immune recognition to spectfic molecular oncodrivers in
otherwise immunocompetent hosts ts refatively newer. Only recently has there been
shown 1o be a decline n native anti-HERZ CD4 Thi cell responses going from
healthy donors to HER2P® DCIS to HERZP® IBC, one of the first studies showing a
fost immune response to this specific oncodriver in breast tumorigenesis. Those
having ordinary skifl in the art will readily appreciate that the identification and
understanding of such specific losses will have much potential for specific immuno-
targeting therapy,

This study showed (1) there is a decline in the anti-HER3 CD4 Thicell
response gomg from HDs to ERP and TN IBC, (2) the anii-HER3 response correlates
with prognosis, specifically lower responses are associated with recurrence while
higher responses are associated with pCR to nec-adjuvant chemotherapy, and (3)
post-menopausal HDs have significantly higher anti-HERS tmumune responses.  All
of these findings will have diagnostic and clinical uses for anti-HET3 CD4 Thi cell
Esponse.

Anti-HER3 CD4 Thicell responses were highest in HDs and lowest in TN
IBC, a group whose prognosts 18 more severely impacied by HER3 overexpression
than other types of IBC. Bae, et al. and Czopek, J.. et al. While HER3 expression 15
unknown in the presently sutudied cohort of IBC patients, it may be that the TN IBC

6Y
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and ER™ IBC groups have hugher levels of HER3 expression compared to the
HERZP® IBC cohort, which displayed responses similar to that of HDs. Indeed, our
prior study showed the anti-HER2 CD34 Thi cell response correlated directly with
HER?2 expression; there was a significant decline in HER2P IBC but not in HER2™*

5 IBC. Notonly does HERS have a greater impact on prognosis of TN IBC compared
to receptor-expressing breast cancers, but even in TN IBC it may have a greater
irnpact on prognosis of HER2 (0) compared to HER2 (1+) tumors, Schnudt, G, et al.,
Arch. Gynecol. Obstet. 290:1221-29 (2014) This may in part explain the similarnty in
immune response between HER2P IBC and HDs, I the tumor 15 already

10 propogating due to HER2 overexpression, there 15 no drive for tumor evelution to
evade immunosurvetllance. I, however, the immune system 15 already recognizing
and targeting HER2, the tumor may adapt via HER3 overexpression, where immune
evasion becomes evolutionary advantageous {o tumor cell survival,

fnterestingly, ERP® IBC displayed anti-HER3 CD4 Tceell responses similar o

15 that of TN IBC and significantly lower than HDs or HERZP® IBC. While HER3
expression 13 less prognostically significant in ERP® IBC compared to TN IBC,
evidence indicates HER3 mRNA expression is positively correlated with ER
expression, Fujiwara, 8., et al., Breast Cancer 21:472-81 (2014) This may explain
the fower immune response seen in this subgroup of IBC.

20 Breast cancer patients with recurrent disease had lower anti-HER3 CD4 Thi
responses compared to patients who remained disease-free, indicating
immunoswrveillance may be an important mechanism for long-term therapeutic
success. 1tis also possible recurrent patients were more likely to have high HER3
expressing turnors, which itself correlates with tugher risk of recurrence, metastasis

25 and worse overall survival. L1, Q. et al,, Oncology Reports 30:2563-70 (2013);
Smirnova, T, et al., Oncogene 31:706-15 (2012}, and Ocana, A, etal, JN.C1
105(43.266-73 (2013). Moreover, immuno-editing has been proposed as an escape
mechanism whereby neoplastic cells are selectively eliminated by the ironune system
until they evolve to express molecular oncodrivers, such as HER3, that evade immune

3¢ recogmition. Dunn, G.P, et al., Nature Immunclogy 3{11).991-8 (2008). Thus, HER3
expression may be possible due to lack of immunosurveiliance, which then enhances
risk of recurrence. Interestingly, recent evidence suggests recurrent tumors may not
be pathologically identical to primary tumors. Discordant rates between primary and

secondary tumors are particularly high for progesterone recepior and discordance of
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any type points to worse prognosis of recwrent tumors. Idinsinghe, PK A et al,
Am. J. Clin. Pathol. 133:416-29 (2010}, Broom, R, et al | Anficancer Research
29:1557-62 (2009); and Liedtke, C., et al., Annals of Oncology 20:1953-58 (2009). |

is believed no studies to date have compared HER3 expression between primary and

e

secondary tumors; 1t 1s unknown whether HER3 expression is discordant between

primary and recurrent tumors and whether HER3 expression may represent an escape

mechanism for recurrence to occur. If 50, targeting patients with low anti-HER3 CD4

T cell responses may boost immunosurveillance and help prevent long-term

recurrence.

10 Also implicating the tmmune sysien’s role in prognosis, patients with pCR to

eoadjuvant chemotherapy had significantly higher anti-HER3 CD4 T cell responses
than patients with <pCR. HER3 signalling has been shown to mediate acquired
resistance to targeted therapies. Sergina, NV, et al., Nafure 445:437-41 (2007); and
Frogne, T, et al., Breast Cancer Res. Treat. 114:263-75 (2009). Here, it 1s implicated

15 notin acquired resistance but in initial resistance, making the anti-HER3 immune
response a potential progoostic marker of patients that would rmost benefit from neo-
adjuvant treatment. Further studies should elucidate whether the anti-HER3 inumnune
response is not only prognostic but can also be intervened upon to boost response to
ireatment.

20 In the present study a subset of HDs, specifically post-menopausal women,
demonstrated higher anti-HER3 responses. Unlike prior indings with anti-HER2
responses, however, there was no difference based on pregnancy history. While
biologically this higher anti-HERZ response could be attributed to breast involution
and the subsequent exposure of cellular proteins to innune surveirlance with

25  pregnancy, such changes in the breast parenchyma are less likely in menopause.
Press, MF., et al., Oncogene 5:953-62 (1990}, Changes in breast density with
hormonal changes (as 1n menopause) have been observed on imaging, which may
munic breast involution 1n pregnancy and fikewise expose cellular proteins that are
normally expressed in breast tissue to the inunune system. Clendenen, TV et al .

30 Magnetic Resonance Imaging 31:1-9 {2013}, An alternate explanation may atiribute

the higher anti-HER3 rmmune response in post-menopausal women to a difference in

risk. Expression of various breast cancer oncodrivers is clearly age dependent:

HER2P* IBC becomes less likely with age while ERP IBC becomes more likely.

Clark, GM., et al, ] Chn. Oncol. 2:1102-09 {1984}, Eppenberger-Caston, S., et al ,
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int J. Biochem. and Cell Biol 34:1318-30 (2002). Further, these two receptors are
not independent of each other as ER/PR expression with age is HERZ dependent and
vice versa. Neven, P, et al., Breast Cancer Res. Treat. 110:153-59 (2008). TN IBC
patients, a group with the lowest anti-HER3 inumune response and most senstiive
prognostically to HER3 overexpression, occurs more frequently in pre-menopausal
women. Bae, et al. and Howlander, N, et al, JN.C.L 106(5):1-8(2014). Thus, the
subset of pre-menopausal HDs represent a group at hugher risk of developmmg TN IBC
while the post-menopausal HDs represent a group that has already surpassed this
higher risk period and actually represent a group at lower risk of having both HER2
and HER3 overexpressing breast cancer. It is also notable that while TN IBC 15 more
common in vounger women, 1s occurrence in an older population portends a better
prognosis for unknown reasons. Aapro, M, et al., annals of Oncology 23(6):vi52-55
{2012).1 the higher anti-HER3 immume vesponse 1s ideed due to a biological
mechanism that occurs with menopause rather than a risk averse group, this may

partially explain the better prognosis of TN IBC m post-menopausal women.

CONCLUSION

This example demonstrated a decline n the anti-HER3 CD4 Teell
response going from HDs, BDs and BCIS to ERP™ and TN IBC. Furthermore, lower
anti-HER3 responses correlated with recurrence and <p{R to necadjuvant treatment,
indicating this immune response may also play a prognostic role in invasive breast
cancer. Most importantly, these results mirror those of the prior study showing a

ecline in the native anti-HERZ immune response going {rom HDs to HER2P DCIS
o HERZP® IBC. Such stmular results are promising in not only confirming prior
findings but also pointing to a larger role of the immumne system in patrolling
molecular oncodrivers. Interestingly, post-menopausal HDs had significantly higher
imnmne responses than pre-menopausal Hbs, a group that is generally at higher risk
of developing HER3 overexpressing breast cancer and potentially pownting fo a
mecharismo that mediates this risk. It will be important to determine whether HER3
pulsed DC1 vaccination can have a therapeutic and/or risk-modifying effect on the
development of HER3 overexpressing breast cancer. It will likewise be important to

continue to examine the imnwune system’s role in other oncodriver-specific cancers,
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Front of paper Conclusions: D4 Thi cell anti-HER-3 imnwne responses are
fost from healthy donors to invasive breast cancer, most notably in TN IBC, a group
with limited treatment options and markedly worse prognosis with HER-3
overexpression. Anti-HER3 imnmme responses also nutigate response to treatment

5 and prognosis, pointing to a potential immunotherapy target. Addition of HER3

immunogenic peptides to DC1 vaccine may increase the population of IBC patients
that could benefit from vaccination. Most importantly, these results mirror prior
findings and point to a larger role of the immune system in patrolling molecular
oncodrivers.

10 The findings i this Example, namely. that there 15 a significant loss of
antt-HER3 CD4+ Thl in breast tumorigenesis going from HDs to IBC can be
appreciated by those of ordmary skill in the art to be nseful in the diagnosts and
treatment of HER3-expressing cancers, in particular breast cancers and in particolar
iriple negative IBC. It is conternplated that blood tests can be developed to detect the

15 arculating anti-cancer CD4+ Thi response in subjects to take advantage of these
findings. Preferably such blood tests will employ HER3 immunogenic peptides such
as the 4 enumerated HER3 iromunogenic peptides emploved herein or any other MHC
class I imnunogenic peptides based on the type of cancer the patient is afflicted with
and which are capable of inducing an immune response in the patient. As a non-

20 himiting example, patients with recurrent breast cancer and lack of pCR to
neoadjuvant therapy can be monttored with such blood tests to deternune their anti-
HER3 CD4 Thi response and treated accordingly.

Low anti-HERS response detected by a patient blood test or other
means can be countered by restoration methods such as, for example, vaccines, and

25  preferably vaccines based on a patient’s monocyte-derived dendritic cells that are
pulsed/incubated with HER3 immunogentc peptides, such as, for example, the 4
HER3 immunogenic peptides used in the herein Example. Those of ordinary skill in
the art will readily appreciate there are other ways to restore patient tnunune response.
In particular, for TN IBC patients, a group that inherently has limited treatment

30 options, methods of measuring HER3 response, and if needed, methods to restore
such response viaa DC1 vaccine, may prove invaluable. Anti-HER3 monune
response can also be used as a potential prognostic biomarker of patients needing
neoadjuvant treatment. A HER3-pulsed DC1 vaccine or other suitable vaccine might

have a therapeutic and/or risk-modifyving effect on the development of HER3-

3
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gverexpressing breast cancers as well as other HER3-expressing cancers. The finding
herein can be appreciated to be useful for the development of an array blood tests and
assays as contemplated herein for diagnosis and/or therapy.

The disclosures of each and every patent, patent application, and

5 publication cited herein are hereby incorporated herein by reference in their entirety.
While this invention has been disclosed with reference to specific embodiments, it is
apparent that other embodiments and variations of this invention may be devised by
others skilled in the art without departing from the true spirtt and scope of the
invention. The appended claims are intended to be construed to include all such

10 embodiments and equivalent variations.
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{CLAIMS

What 18 claimed is:

I An isolated peptide selected from the group consisting of pi1-13
{Peptide 31-75) KLYERCEVVMGNLEIVLTGHNADLSFLOW (SEQ ID NO. 1),
p&1-83 (Peptide 401-425) SWPPHMHNFSVFSNLTTIGGRSLYN (SEQ ID NO. 2,
p84-86 (Peptide 416-440), TTIGGRSLYNRGFSLLIMKNENYTS (SEGQ 1D NQ. 3),
p12 (Peptide 56-70). CEVVMGNLEIVLTGH (SEQ ID NO. 4), p81 (Peptide 401-
415y, SWPPHMHNFSVEFSNL (SEQ ID NO. 3), p84 (Peptide 416-430).
TTIGGRSLYNRGFSL (SEQ {D NO. 6), and po1 {Peptide 451-465):
AGRIVISANRQLCYH (SEQ IDNO. 73,

2. An immunomodulating agent comprising one or more peptides of

1

3. A vaceine comprising one or more peptides of claim t and a

pharmaceutically acceptable sait.

4. The vaccine of claim 3 further coroprising an adjuvant.

5. A cell, wherein the cell has been contacted with one or more peptides
of claim 1.

6. The cell of claim 5, wherein said cell is an antigen presenting cell.

7. The cell of claim 5, wherein said cell isa T cell.

8. A method of eliciting an immune response in a subject comprising

adiministering to the subject the composition of claim 1.

g, A wethod of treating cancer in a subject comprising adnunisiering {0

the subject one or more peptides of claim 1.

10. The method of claim 9, wherein said subject 1s a human and has

Cancer.

1. The method of claim 10, wherein said cancer is selected from the

group consisting of breast cancer, ovarian cancer, lung cancer, prostate cancer, colon

-3
(i
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cancer, melanoma, pancreatic cancer, gastrointestinal cancer, brain cancer, and any

combination thereof

12, A wmethod of activaiing a cell comprising contacting said cell with one

&

or more pepiides of claim 1

13, The method of claim 12, wherein said cell 1s an antigen presenting cell.
14, The method of claim 12, wherein satd cell 1s a T cell.

15, A method of generating a peptide loaded, activated dendritic cells
{DC) for use in immunotherapy, comprising:
pulsing said DC with one or more peptide of claim 1;

activating said DC with at least one TLR agonist.
16, The method of claim 15 comprising contacting said DC with an agent
that elevates the intracellular calcium concentration in said DC.

17, The method of claim 15, wherein said agent comprises a calcium

ionophore.

I8, The method of claim 15, further comprising cryopreserving said DC,
wherein when said DC 13 thawed, and said DC produces an effective amount of at

least one cylokine to generate a T cell response.
19, A cell generated from the method of claim 15.
20. A vaccine compnising a cell generated from the method of claim 15

21, The vacane of claim 20, wherein sard vaccine 18 in a form of an

injectable multi-dose vaccine.

22, A method of eliciting an immune response in a mammal, compiising
administering a population of cells generated from the method of claim 2010 2

mammal 1 need thereof,

76
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23, A method of treating a disease or disorder in 3 mamimal, comprising
adminisiering a population of cells generated from the method of claim 2010 a

marnmal 11 need thereof

24, A bomarker for detecting tumor progression in premalignant lesions
of the gastroesophageal junction i a subject having Barrett's esophagus which

comprises detecting overexpression of HER3 in said subject.

25, A method of treating a patient who has lost anti-HER3 CD4+ Thi
comprising, admunistering to said patient at least one dose of an antigen-pulsed DC1
vaccine derived from said patient’s monocytic dendritic cell (DC) precursors which
are pulsed with HER3 MHC Class II immunogenic peptides wherein said peptides are
selected from the group consisting of pl2 (Peptide 56-70): CEVVMGNLEIVLTGH
(SEQ ID NO: 4). p81 (Peptide 401-415): SWPPHMHNFSVFSNL (SEQ ID NO: 5):
p84 (Peptide 416-430); TTIGGRSLYNRGFSL (SEQ 1D NO: 6); and p91 (Peptide
451-465). AGRIYISANRGLCYH (SEQ 1D NO: 7), and any combination thereof.

26.  The method of claim 25, wherein said patient has triple negative
vasive breast cancer.

27, A wethod of detecting anti-HER3 CD4+ Thl loss in a patient,
COMprising,

pulsing peripheral blood mononuclear cells derived from said patient with
HER3 MHC (Class II imnmumnogenic peptides wherein said peptides are selected from
the group consisting of pl2 (Peptide 56-70): CEVVMGNLEIVLTGH (SEQ 1D NO:
4y p81 (Peptide 401-415) SWPPHMHNFSVFSNL (SEQ ID NO: 5); p84 (Peptide
416-430): TTIGGRSLYNRGFSL (SEQ 1D NO: 6); and p91 {Peptide 451-465):
AGRIYISANROLCYH (SEQ ID NG: 7), and any combination thereof, and

detecting immune response generated thereby.

28 The method of claim 28, wherein said detecting of anti-HER3 CD4

Thi response is measured by IFN-y ELISpot assay

-3
-3
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US16/26542

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

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

b. D furnished together with the international application under PCT Rule 13¢er. L(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. |Z furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).

E] on paper or in the form of an image file (Rule 13fer.1(b) and Administrative lnétructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US16/26542

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. [:I Claims Nos.:

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

3. D Claims Nos.:

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

Box Nu. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

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

-***-Please See Supplemental Page-***-

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

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

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

1-24, SEQ ID NO: 1

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

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/26542

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61K 38/00, 38/16; CO7K 2/00, 16/28 (2016.01)
CPC - A61K 38/00, 38/16; CO7K 2/00, 16/28

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

CPC: A61K 38/00, 38/16, 39/00; CO7K 2/00, 16/28, 2317/34

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): A61K 38/00, 38/16, 39/00; A61P 35/00; CO7K 2/00, 16/28 (2016.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

vaccine

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); EBSCO Discovery; PubMed; Google; Google
Scholar; Google Patents; The Lens; ENA; NCBI Blast; KEYWORDS: peptide, immunomodulating, agent, adjuvant, dendritic cell,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2011/0269158 A1 (ZITZLER, S et al.) November 3, 2011; paragraphs [0051), [0064], [0114], (1

e [0182]; claim 1 -

Y 2-23

Y US 2008/0175855 A1 (HARDY, B et al.) July 24, 2008; paragraphs [0043], [0044], [0048], 2-14
[0069], [0108), [0114], [0117], [0122]; claims 5, 10

Y US 2013/0183343 A1 (CZERNIECKI, B et al.) July 18, 2013; paragraphs [0006], [0064], [0069], (15-23
[0077], [0079), [UVBU], [UTU/]-JUTVY), [UT15], [V12/]; claim 1

Y US 2010/0291573 A1 (COWENS, W et al.) November 18, 2010; abstract; paragraphs [0007), 24
[0023), [0036], [0053]

Y US 2013/0330324 A1 (NOVARTIS AG) December 12, 2013; abstract; paragraph [0365] 24

Y US 2014/0370053 A1 (NOVARTIS AG) July 8, 2014; abstract; paragraph {0008) 21

A US 2010/0112603 A1 (MOECKS, J et al.) May 6, 2010; entire document 1-23

I:] Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the internationat
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

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

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlicalion but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

01 November 2016 (01.11.2016)

Date of mailing of the international search report

29 NOV 2016

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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: . International application No.
Information on patent family members PP

PCT/US16/26542

-***.Continued from Box IlI-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+: Claims 1-23 and 25-28 are directed toward an isolated peptide selected from p11-13 (Peptide 51-75): CEVVMGNLEIVLTGH
(SEQ ID NO: 4) (synthetic peptide amino acid sequence); an immunomodulating agent; a vaccine; a cell; a method of eliciting an
immune response in a subject; a method of treating cancer in a subject; a method of activating a cell; a method of generating a peptide
loaded, activated dendritic cells (DC) for use in immunotherapy; a cell generated from a method; a vaccine comprising a cell generated
from a method; a method of eliciting an immune response in a mammal; a method of treating a disease or disorder in a mammal; a
method of treating a patient who has lost anti-HER3 CD4+ Th1; and a method of detecting anti-HER3 CD4+ Th1 loss in a patient.

The isolated peptide selected from p11-13 (Peptide 51-75): CEVVMGNLEIVLTGH (SEQ ID NO: 1) (first exemplary synthetic peptide); an
immunomodulating agent; a vaccine; a cell; a method of eliciting an immune response in a subject; a method of treating cancerin a
subject; a method of activating a cell; a method of generating a a peptide loaded, activated dendritic cells (DC) for use in
immunotherapy; a cell generated from a method; a vaccine comprising a cell generated from a method; a method of eliciting an immune
reponse in a mammal; a method of treating a disease or disorder in a mammal; a method of treating a patient who has lost anti-HER3
CD4+ Th1; and a method of detecting anti-HER3 CD4+ Th1 loss in a patient will be searched to the extent that they encompass SEQ ID
NO: 1 (synthetic peptide). Applicant is invited to elect additional peptide sequence(s), with specified SEQ ID NO(s): for each, to be
searched. Additional peptide sequence(s) will be searched upon the payment of additional fees. It is believed that Claims 1 (in-part), 2
(in-part), 3 (in-part), 4 (in-part), 5 (in-part), 6 (in-part), 7 (in-part), 8 (in-part), 9 (in-part), 10 (in-part), 11 (in-part), 12 (in-part), 13 (in-part),
14 (in-part), 15 (in-part), 16 (in-par), 17 (in-part), 18 (in-part), 19 (in-part), 20 (in-part), 21 (in-part), 22 (in-part) and 23 (in-part)
encompass this first named invention and thus these claims will be searched without fee to the extent that they encompass SEQ iD NO:
1 (synthetic peptide). Applicants must specificy the claims that encompass any additionally elected sequence(s). Applicants must
further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this
group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will resuit in only the first
claimed invention to be searched/examined. An Exemplary Election would be: SEQ ID NO: 2 (synthetic peptide amino acid sequence).

Group |l: Claim 24 is directed toward a biomarker for detecting tumor progression in premalignant lesions of the gastroesophageal
junction in a subject having Barrett's esophagus which comprises detecting overexpression of HER3 in said subject.

Groups I+-1l share the technical features including an isolated peptide selected from the group consisting of p11-13 (Peptide 51-75):
CEVVMGNLEIVLTGH (SEQ ID NO: 4); an immunomodulating agent; a vaccine; a cell; a method of eliciting an immune response in a
subject; a method of treating cancer in a subject; a method of activating a cell; a method of generating a peptide loaded, activated
dendritic cells (DC) for use in immunotherapy; a cell generated; a vaccine comprising a cell generated; a method of eliciting an immune
response in a mammal; a method of treating a disease or disorder in a mammal; a method of treating a patient who has lost anti-HER3
CD4+ Th1; and a method of detecting anti-HER3 CD4+ Th1 loss in a patient.

-***.Continued Within the Next Supplemental Box-"**-

Form PCT/ISA/210 (patent family annex) (January 2015)
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-***.Continued from Box |-***-

However, these shared technical features are previously disclosed by US 2014/0112931 A1 to Chardes, et al. (hereinafter ‘Chardes’) in
view of US 2013/0183343 A1 to Czerniecki, et al. (hereinafter ‘Czerniecki').

Chardes discloses an isolated peptide (Abstract) selected from the group consisting of p11-13 (Peptide 51-75): CEVVMGNLEIVLTGH
(SEQ ID NO: 4) (SEQ ID NO: 11 of the Chardes reference is 100% identical to SEQ ID NO: 4 of the instant PCT application; since the
structures of SEQ ID NO: 11 of the Chardes reference and SEQ ID NO: 4 of the instant PCT application are identical, SEQ ID NO: 11 of
the Chardes reference necessarily constitutes the structure of a p11-13 (Peptide 51-75) peptide); an immunomodulating agent
(immunotherapeutics; paragraph [0005]); a cell (host cell; paragraph [0054]); a method of eliciting an immune response in a subject
(stimulating an immune response; paragraph [0127]); a method of treating cancer in a subject (abstract); a method of activating a cell
(activation of cytoplasmic signalling pathways; paragraph [0002]); the use of HER3-targeted agents in immunotherapy
(immunotherapeutics; paragraph [0005]); a cell-generated antibody (Example 1; paragraph [0175]); a method of eliciting an immune
response in a mammal (sumuiating an Immune résponse In a Auman subject (a mammal); ant-human-HER3 monoclonal antibody;
paragraph [0127]); a method of treating a disease or disorder in a mammal (anti-human-HER3 antibodies or fragments thereof; useful for
the treatment of cancer in a human subject; abstract). Chardes does not disclose a vaccine; peptide loaded, activated dendritic cells, a
method of generating peptide loaded, activated dendritic cells (DC) for use in immunotherapy; a method of treating a patient who has
lost anti-HER3 CD4+ Th1; and a method of detecting anti-HER3 CD4+ Th1 loss in a patient. Czerniecki discloses a vaccine (abstract);
peptide laoded (antigen loaded DCs; abstract), activated dendritic cells (antigen loaded DCs activated by Toll-like receptor agonsists;
abstract), a method of generating peptide loaded, activated dendritic cells (DC) for use in immunotherapy (generating mature, antigen
loaded DCs activated by Toll-like receptor agonists that induce clinically effective immune responses; abstract); a method of treating a
patient (paragraph [0115]) who has lost CD4+ (reverse suppresion by immunoregulatory cells; paragraph [0060]) Th1 (DCs of the
present invention can secrete Th1 driving cytokines; treatment of cancer, targeting cancer stem cells; abstract; paragraph [0094]); and a
method of detecting CD4+ Th1 loss in a patient (reverse suppression by immunoregulatory cells; DCs of the present invention can
secrete Th1 driving cytokines; treatment of cancer in a human patient, targeting cancer stem cells; abstract; paragraphs [0060], [0094],
[0115)). It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have combined the previous
disclosure by Chardes of the use of anti-human HER3 antibodies for treating cancer in a patient with the previous disclosure of
Czerniecki of utilizing mature, antigen-loaded, activated dendritic cells for directly argeting molecules involved in carcinogenetic signaling
pathways and cancer stem cells, through routine experimentation and testing, for improving methods of treating cancer in a patient in
need thereof, specifically cancer patients characterized b y anti-HER3 CD4+ Th1 loss.

Since none of the special technical features of the Groups I+-1f inventions is found in more than one of the inventions, and since all of
the shared technical features are previously disclosed by a combination of the Chardes and Czerniecki references, unity of invention is
lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)
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