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VACCINES AGAINST ANTIGENS INVOLVED IN THERAPY RESISTANCE
AND METHODS OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This patent application claims the benefit of priority of United States Provisional
Patent Application No. 61/588,449, filed January 19, 2012, which s incorporated herein

by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with United States government support awarded by the
National Cancer Institute grant numbers P50 CAB9496-01, PSSO CA008438 and RO
CA95447 and by Departmment of Defense grant number BC050221. The United States

has certain rights in this rovention,

INTRODUCTION

This application relates to a cancer vaceine, specifically a vaccine against antigens
that are expressed in response to resistance to therapeutic intervention to cancer (or pre-
cancers), with a proof of principle antigen, HER3, as an example. Methods of using the
vaceines and methods of developing vaceines capable of blocking the development of
resistance to cancer therapies are also provided.

Cancer vaccines target antigens expressed by tumors, but application of these
vaceines has not been as effective as once hoped due to induction of immune tolerance by
chronic overexpression of the targeted protein in the absence of co-stimulatory molecuies
and the induction of an immunomodulatory environment. Preventative cancer vaccines
may be more promising, but cancers are highly variable, with multiple genetic changes,
but few tnudy universal changes. Thus, it is difficult to predict what antigens will be
overexpressed on any specific cancer or whether an individual should be vaccinated and
if so, with what antigens. In contrast, a strategy is proposed here in which vaceination
against the antigen(s} that will predictably be overexpressed in resposnse to a therapy, but
prior to that antigen’s over-expression by the cancer cells is used to induce a robust anti-

CAncer HNIMUNEe response.
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SUMMARY

Provided herein is a mechanism of revolutionizing cancer therapy or prevention
by preventing the development of resistance to cancer therapeutic or cancer prevention
agents by identifying which antigens are likely to be expressed in a cancer or precancer in
response to treatment with a cancer therapeutic or prevention agent and thus which
antigens may be targeted with a vaccine in patients. Also provided is a vaccine targeting
a specific antigen involved in a resistance mechanism, namely HER3, and methods of
using the vaccine. In one aspect, the vaccine includes a polynucleotide encoding a HER3
polypeptide. For example, a HER3 polypeptide of SEQ ID NO: 1 or 2 may be included
in a vaceine.

it another aspect, methods of treating & cancer or precancer or reducing the
likelihood of the cancer or precancer to develop resistance to a cancer therapeutic or
prevention agent by administering the vaccine provided herein to a subject with cancer or
precancer are provided. The vaceine may be administered before, concurrently with or
after administration of the cancer therapeutic or prevention agent.

In yet another aspect, methods of reducing the likelihood of a cancer or precancer
developing resistance to a cancer therapeutic or prevention agent by administering the
cancer therapeutic or prevention agent and a vaccine to the subject are provided. The
vaccine includes a polynucleotide encoding a polypeptide whose expression or activation
correlates with development of resistance of the cancer or precancer to the cancer
therapeutic or prevention agent. Co-administration of the cancer therapeutic or
prevention agent and the vaccine inhibits the generation of resistance to the cancer
therapeutic or prevention agent and increases the therapeutic potential of the cancer

therapeutic agent and the prevention potential of the cancer prevention agent.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a set of figures showing HER3 specific T cell and B cell responses to
Ad-HER3 in vivo. Figure 1A is a graph showing the number of TFN-y secreting
splenocytes by ELISPOT after 6-8 week old BALB/¢ mice were immunized once with
2.6 x 10'° Ad-HER3 or Ad-GFP via bilateral subcutaneous footpad injections. Two

weeks following the vaccination mice were euthanized and splenocyvies collected for
o o
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analysis in an Interferon-gamma ELISPOT assay. Splenocyies from Ad-HER3
vaccinated and not or Ad-GFP vaccinated {control) mice recognized HER3 intracelinlar
domain {1CD) and extraceliular domain (ECD) peptide libraries and the mixture of both
librartes {Mix)} in interferon-gamma ELISPOT assays. The mean from 5 mice per group
is shown with error bars denoting standard deviation. CT-; splenocytes alone. CT+;
Splenocytes phus PMA (50 ng/mL) and lonomycin (1 ng/l} as a control for the assay.
Figure 1B is a set of FACS analysis histograms of peripheral blood serum from the mice
was tested for the presence of antibodies capable of binding to tumor cell-expressed
HER3, Flow cytometric analysis was used and histograms denote binding of HER3-
vaccine induced antibodies (HER3-VIA) in serum to human breast cancer cell line
BT474, Figure 1C is a graph showing the mean fluorescence infensity which was
calculated for the binding of HER3-VIA against a panel of homan breast cancer cell lines
with dilutions of the serum. Figure 1D shows the results of epitope mapping of HER3-
VIA using spotted 1Smer peptide arrays and revealed recognition of 18 different

epitopes.

Figure 2 is a set of figures showing that HER3-VIA mediate multiple mechanisms
of action on human breast fumor cell lines in virro. Figore 2A 18 a sef of graphs showing
that HER-3 VIA mediate complement dependent cytotoxicity {CDC) against HER3-
exprossing (BT474, T47D, MDA-MB-468, BT474M1) human breast cancer cell lines but
not against the HER3-negative cell line (MDA-MB-231). Black bars, HER3-VIA; white
bars, GFP-VIA; grey bars, Trastuzumab. Trastuzumab does not mediate CDC. Figure
2B is a graph showing that HER-3 VIA mediate antiproliferative activity againgt HER3-
expressing (BT474, T47D, MDA-MB-468, BT474M 1} human breast cancer cell lines but
not against the HER3-negative cell line (MDA-MB-231) in a 72 hour assay. The
antiproliferative effect implied receptor modulation and Figure 2C is a set of photographs
showing that binding of HER3-VIA results in rapid internalization of endogenous HER3

receptor expressed on the surface of human breast cancer cell lines.

Figure 3 is a set of figuwres showing the in vivo effects of HER3-VIA on
BT474M1 human breast tumor xenografts. Figure 3A is a cartoon showing the
experiment schema, HER3-VIA or control GFP-VIA wers transferred via tail vein
injections. Figure 3B i3 a graph showing that HER3-VIA retarded the growth of

3
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established BT474M1 breast cancers (p <0.005 at #) Figure 3C is g set of photographs
showing immunohistochemisiry analysis of HER3 protein expression in excised tumors
and revealed a dramatic loss of HER3 protein in the HER3-VIA-treated mice compared
to GFP-VIA ireated mice. GFP-VIA-freated mouse tumors retained HER3 protein levels
seen in tumors from mice “treated” with saline. Figure 3D is a set of photographs of
Western blot analysis of excised tumors for expression of the indicated proteins,

g

Figure 4is a set of figures showing the in vivo effects of HER3-VIA in lapatinib-
refractory rBT474 SCID tumor xenografts. Figure 4A is a graph showing that passive
transfer of HER3-VIA retarded the growth of established lapatinib-refractory BT474
tumors in SCID mice demonstrating that anti-HER3 immunity can treat therapy resistant
tumors {p < 0.025 at *). Figure 48 is a set of photographs showing Western blot analysis
of excised tumors to perform pathway analysis. Figure 4C is a set of photographs
showing immunohistochemical analysis of excised temors and revealed no significant

change in HER3 levels compared to controls.

Figure 5 is a schematic representation of the primer binding sites on the human
Her3 full lenpth cDNA.

Fipure 6 is a graph showing that Ad-HER3 vaccine inhibits JC-HERS tumor
growth. Balb/c mice were vaccinated twice {day-18, day-4} via footpad injection with
Ad-GFP or Ad-hHERZ vectors (2.6 x 10°® particles/ mouse). Four days after boosting, at
day 0, each mouse was implanted with 1,000,000 JC-HER3 mouse mammary tumnor cells
expressing human HER3. Tumor volume was measured, once it became palpable, every

3 days using calipers and is reported.

Figure 7 is a graph showing Ad-hHERD3 vaccine indaced HER3 specific T cell
response. Splenoccytes (500,000 cells/well} from vaccinated Balb/e mice in Figure 6 (x-
axis}) were collected at day 28 and stimulated with HER3 peptide mix (hHER3 peptides)
{Tug/mi was nsed; JPT, Acton, MA} or HIV peptide mix (BD Bioscience) as a negative

control {Negative CT) and analyzed in a interferon-gamma ELISpot assay.

Figure 8 is 2 set of photographs showing that Ad-hRHER3 vaccination causes
degradation of HER3 opn JC-hHER3 tumor. Tumors were isolated from vaccinated and

control Balb/e mice (as indicated on figure) and immediately flash frozen. Tissue
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extracts were prepared by homogenization in RIPA buffer. Equal amounts of protein

rom each sample were used to visualize the indicated molecules by immunoblotting.

Figure 9 is a set of FACS histograms showing that Ad-hHER3 vaccination
decreases HER3 expression on JC-hHER3 tumor cells. JC-HER3 tumors were collected
from vaccinated and control Balb/e mice (as indicated on figure} at day 28 and pooled by
group. The tissues were minced and digested with an enzymatic cocktail {(Hyaluronalse,
DNAse, and Collagenase) overnight. After 3 days culture, the cells were harvested and

HERS3 expression determined by flow cvtometry using PE-anti-hHER3S antibody.

DETAILED DESCRIPTION

As a novel alternative to vaccines targeting well established tumor antigens, we
hypothesized that the antigen-specific immune non-responsiveness to conventional
tumor-associated antigens may be avotded by targeting tumor antigens that are induced
after exposure to a cancer therapeutic or prevention agent as a mechanism of developing
therapeutic resistance. Although there may be many potential antigens overexpressed m
response to a cancer therapeutic or prevention agent, those antigens that are likely critical
components of specific therapeutic resistance mechanisms would be attractive targets, as
immunologic ablation of clones expressing such antigens should eliminate the clinical
recurrence of therapy resistant tumor cells. One such antigen thooght to be essential to
therapeutic resistance is a member of the HER family of receptor tyrosine kinases

{RTKs), and to endocrine therapies, HER3,

HER3, although lacking catalytic kinase activity, is thought to function as a
signaling substrate for other HER proteins with which i heterodimerizes. Although not
ransforming by itself, HER3 has tumor promoting functions in some cancers, including a
role as a co-receptor for amplified HER2 with which it is synergistically co-transforming
and rate-Hmiting for transformed growth. Treatment of HER2-amplified breast cancers
with HER 2-targeting tyrosine kinase inhibitors (TXIs) leads to an increase in HER3

expression and downstream signaling that results in therapeutic resistance.
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The pivotal role of HER3 as a hub for HER family signaling has made it an
attractive therapeutic target, but its” lack of kinase activity prevents small molecule
HER3 specific TKis from being generated. Nonetheless, HER3 may be targeted with
antibodies which have diverse functional conseguences depending on their binding site.
For example, the anti-HER2 monoclonal antibody pertuzumab disrupts neuregulin-
induced HER2-HER3 dimerization and signaling; however, it is less effective at
disrupting the elevated basal state of ligand-independent HER2-HERS3 interaction and
signaling in HER2-overexpressing tumor cells. Other HER3-specific anttbodies under
development bind to, and cause internalization of, HER3, inhibiting downstream
signaling. As an alternative to monocional antibodies, we have recently demonstrated
that polyclonal antibodies induced by vaceination against receptors sach as HERZ2 can
mediate profound receptor interalization and degradation, providing a therapeutic effect
in vitro and in vivo {Ren ot al., Breast cancer Research 2012 14: R89).

Therefore, we generated a recombinant adenoviral vector expressing human
HER3 (Ad-HER3) and demonstrated that it elicited HER3 specific B and T cell immune
responses as shown in the Examples. Furthermore, we demonstrated that HER3 specific
antibodies recognized multiple HER3 epitopes, bound to tumor membrane expressed
HER3, mediated complement dependent Iysis and altered downstream signaling mediated
by receptor heterodimers involving HER3. In addition, we found that HER3 specific
polvcional antisera had specific activity in mediating HER3 internalization and
degradation. Finally, we demonstrated that HER3 specific polyclonal antisera was well
folerated when transferred to tumor bearing animals, yet retarded tumor growth in vive,
including retarding the growth of HER2 therapy-resistant tumors. These data suggest
that Ad-HER3 is an effective vaccine which should be tested for therapeutic efficacy in
clinical trials targeting cancers that overexpress HER3S in response to a targeted therapy.
The general application of this vaccination strategy can be applied to other antigens
expressed in HER therapy resistant tumors, as well as antigens induced by other
resistance mechanisms, and represents g new conceptual framework for cancer
immunotherapv.

As described in the appended examples, generation of resistance to cancer

therapeutic or prevention agents is a common problem in the treatment of cancer or
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precancer and in several cases the mechanism of resistance to the therapeutic agent is
known. Resistance is often the result of changes in gene expression (over-expression or
blocked expression of a protein), change in the gene by mutation, or altered sequences by
altered splicing or translocation or altered activation of a protein in the cells {over-
activation or blocked activation of a protein).

In those cases where pver-expression or over-activation of a protein, or a new

sequence in the protein is responsible for increasing the resistance of the cancer or

precancer cells fo the therapeutic or prevention agemnt, we report a method for reducing

the likelthood that the cancer or precancer will develop resistance to the cancer
therapeutic or prevention agent. As used herein, resistance to a cancer therapeutic or
prevention agent indicates that the cancer therapeutic or prevention agent is not as
effective at inhibiting the growth of, or killing, cancer or precancer cells in response to
the cancer therapeutic or prevention agent. The method may even block the development
of vesistance to the cancer therapeutic or prevention agent or may reverse resistance to the
cancer therapeutic or prevention agent after it has developed. The methods include
administering the cancer therapeutic or prevention agent and administering a vaceine o
the subject in need of treatment for a cancer. The vaccing comprises a polynucieotide
encoding a polypeptide whose expression or activation is correlated with or results in
development of resistance of the cancer or precancer to the cancer therapeutic or
prevention agent.

The vaccine may be administered hefore, during or after treatment with the cancer
therapeutic or prevention agent or may be administered simultancousty with the cancer
therapeutic or prevention agent. The administration of the vaccine and the cancer
therapeutic or prevention agent to the subject reduces the likelihood that the subject’s
cancer or precancer will develop resistance to the therapeutic or prevention agent as
compared to a control subject with a similar cancer oy precancer not administered the
vaccine or as compared to the general likelihood of a population of subjects having the
cancer or precancer. In some embodiments, the cancer or precancer in individuals
administered hoth the vaccine and the therapeutic or prevention agent does not develop
resistance to the cancer therapeutic or prevention agent and is {reated. Alternatively, the

growth of the cancer or precancer may be inhibited or the growth rate reduced. The
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adminisiration of the vaceine and cancer therapeuntic or prevention agent may also reverse
resistance o the cancer therapeutic or prevention agent if the cancer or precancer is
already resistant to the cancer therapeutic or prevention agent. In some embodiments,
administration of the vaccine is sufficient to treat the cancer or inhibit the growth or kil
the cancer. In other embodiments, the vaccine must be administered in conjunction with
the cancer therapeutic or prevention agent or prior to development of resistance to the
cancer therapeutic or prevention agent by the cancer.

The vaceine may include a polynuncleotide encoding a HER3 polypeptide. The
mature HER3 protein sequence is provided in SEQ 1D NO: 1 and the complete HER3
protein precursor sequence is provided in SEQ ID NO: 2. Polynucleotide sequences for
HER3 are provided in SEQ ID NO:3 (mRNA) and SEQ 1D NO: 4 (DNA}. The vaccine
may comprise full-length HER3 or portions thereof. For example, the vaceine may
conmprise only the extracellalar domain or the extracellular domain plus the
ransmembrane domain or other portions of the HER3 polypeptide. Suitably the vaccine
is capable of eliciting an immune response to HER3 in a subject administered the
vaceine. The immune response may be a B cell or T cell response. Suitably the immume
response includes an antibody response directed to HER3. The immune response may be
a polyclonal antibody response in which multiple epitopes of HER3J are recoguized by
antibodies.

As reported in the examples, in a mouse model a HER3 vaccine was able to
generate a robust polyclonal antibody response fo HER3 and several epitopes were
identified. Sce Figure 1D. The epitopes identified in Figure 1D include the polypeptides
identified in SEQ D NOs: 5-22, which represents portions of SEQ ID NO:2. ftis
expected that some of these epitopes may be immunogenic in humans as well. Those of
skill in the art will appreciate that a vaccing including polynucleotides encoding only
portions of full-length HER3, ic. antigenic epitopes, may be used in the vaccines
described herein.

The vaccine may include a vaccine veetor. The vaceine vector may be a bacterial,
veast, viral or liposomal vaccine vector. The vaccine may be a DNA vaccine as well and
not include a vaceine vector. The vaccine vector may be an adenovirus or adeno-

associated virus, Tu the Examples an adenovirus was used as the vaccine vector. The
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vaceing vector may contain the HER3J polynucleotide or portions thereof. The vaccine
vector may contain the HER3 polypeptide or portions thereof, The vaccine vector may
express the HER3 polypeptide or portions thereof, HER3 polypeptide or portions thereof
may be expressed on the swrface or interior of the vacceine vector. HER3 polynucleotide
or portions thereof may be carried within the vaceine vector and the HER3 polypeptide or
portions thercof may be expressed only after vaccination. HER3J polypeptides or portions
thereof may be expressed as a fusion protein or in conjunction with adjuvants or other
immunostimulatory molecules to further enhance the immune response o the
polypeptide.

Methods of treating & cancer or precancer, or of reducing the tikelihood of the
cancer or precancer developing resistance to a cancer therapeutic or prevention agent, are
also provided. The methods include administering the vaceine as described above to a
subject having cancer or precancer. The subject may be any mammal, suitably a human,
domesticated animal such as a dog or cat, or a mouse or rat. A cancer therapeutic or
prevention agent may be administered concurrently with, before or after administration of
the vaceine.

The cancer therapeutic or prevention agents may be any agent capable of treating
the cancer or inhibiting growth of cancer cells. Suifable agents incluade those which
target HER2, HER I/EGFR, estrogen receptor or IGFIR. The therapeutic agent may be
trastuzumab, lapatinib, pertuzumab or another HERZ targeting therapeutic agent or it may
be an EGFR targeting therapeutic agent such as cetuximab or erlotanib, or it may be an
antiestrogen, or an agent that prevents estrogen synthesis such as an aromatase inhibitor.
in particular, the Examples demonstrate that ¢ HER3 vaccine can {reat a HER2 positive
cancer when used in combination with a therapeutic agent targeting HER2. Cancer cells
often develop resistance to HERZ targeting therapeutic agents. Addition of vaceination
with a HER3 vaccine or passively transferred polyclonal antibodies specific for HER3
resulted in blocking resistance, inhibited cancer cell growth and resulted i treatment of
the cancer.

Suitably the vaccinated subject develops an mnmune response to HER3 in
response fo administration of the vaceine. The immune response may be an antibody or

T cell immune response. For example the immune response may include antibody-
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dependent cellular cytotoxicity, polyclonal antibody vesponse, complement dependent
cellular cytotoxicity, celiular cytotoxicity, disruption of ligand binding, disruption of
dimerization, mimicking ligand binding causing internalization of HER3, or degradation
of HER3. The fmmune response miay comprise an antibody response directed to at least
one of SEQ ID NOQOs: 5-22. As shown in the Examples, transfer of HER3S specific
antibodies was sufficient to treat the cancer and inhibit the development of resistance to
the therapeutic agent.

Reduction of the development of resistance can be measured in several ways, The
resistance of the vaceinated subject may be compared to a similar subject that was not
vaccinated as in the Examples. Alternatively, the reduction may be measured based on
statistics gencrated regarding the likelihood of an individual being treated with the
therapeuntic agent to develop resistance versus that of individuals treated with the

i
%

therapeutic agent and vaccinated with HER3. The reduction in the likelthood of
resistance of the cancer may also be measared by measuring the level of HER3
expression on the surface of cancer cells, HER3 expression is reduced on cancer cells
after effective admipistration of the vaccine. The effectiveness of the vaccine in treating
the cancer or reducing the likelihood of resistance can be measured by tracking the
growth of the tumor or the prowth rate of the tumor or cancer cells. A decrease in tumor
size or in the rate of tumor growth is indicative of treatment of the cancer.

The cancer may be selected from any cancer capable of developing resistance to a
therapeutic agent by increasing expression or activation of a profein by the cancer cells.
In particelar the cancer may be any cancer capable of developing resistance to a
therapeutic agent which targets a HER family tyrosine kinase, suitably HER2 or EGFR or
the estrogen receptor, suitably anti-estrogens. The cancer may develop resistance by
increasing the expression of HER3, which although not a kinase, will dimerize with
another HER family kinase and allow for signaling to oceur. Suifably the cancers are
selected from breast, prostate, Jung, ovarian, colon, rectal, pancreas, bladder, head and
neck or liver cancers or precancers. The resistance may be due to 8 single or multiple
changes, and the vaceine can target one or more of these changes, and/or include multiple

antigens likely found in resistance cells, but not necessarily in all resistance cells.
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Treating cancer includes, but is not limited to, reducing the number of cancer cells
or the size of a tumor in the subject, reducing progression of a cancer {o a more
aggressive form {Le. maintaining the cancer in a form that is susceptible to a therapeutic
agent), reducing proliferation of cancer cells or reducing the speed of tamor growth,
killing of cancer cells, reducing metastasis of cancer cells or reducing the likelthood of
repurrence of a cancer in a subject. Treating a subject as used berein refers to any type of
treatment that imparts a benefit to a subject afflicted with cancer or at risk of developing
cancer or facing a cancer recurrence. Treatment includes improvement in the condition
of the subject {e.g., in one or more symptoms), delay in the progression of the disease,
delay in the onset of symptoms or slowing the progression of symptoms, etc,

Co-adminisiration, or administration of more than one composition {i.e. 8 vaccine
and a therapeutic agent) to a subject, indicates that the compositions may be administered
in any order, at the same time or as part of a unitary compesition. The two compositions
may be administered such that one is administered before the other with a difference in
administration time of | hour, 2 hours, 4 hours, 8 hours, 12 howrs, 16 hours, 20 hours, |
day, 2 days, 4 days, 7 days, 2 weeks, 4 weeks or more.

An effective amount or a therapeutically effective amount as used herein meaus
the amount of a composition that, when administered to a subject for treating a state,
disorder or condition is sufficient to effect a treatment (as defined above). The
therapeutically effective amount will vary depending on the compound, formulation or
composition, the disease and its severity and the age, weight, physical condition and
responsiveness of the subject to be treated.

The compositions {i.e. the vaccines and the therapeutic agents) deseribed herein
may be administered by any means known to those skilled in the art, including, but not
limited to, oral, topical, intranasal, intraperitonesl, parenteral, intravenous, intramuscular,
subcutaneous, intrathecal, transcutaneous, nasopharyngeal, or transmucosal absorption.
Thus the compositions may be formulated as an ingestable, injectable, topical or
suppository formulation, The compositions may also be delivered with 1n a liposomal or
time-release vehicle. Administration of the compositions to a subject in accordance with
the invention appears 1o exhibit beneficial effects in a dose-dependent manner. Thus,

within broad limits, administration of larger quantities of the compositions is expected to
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achieve increased beneficial biological effects than administration of a smaaller amount.
Morcover, efficacy is also contemplated at dosages below the level at which toxicity is
seen.

it will be appreciated that the specific dosage administered in any given case will
be adjusted in accordance with the composition or compositions being administered, the
disease to be treated or inhibited, the condition of the subject, and other relevant medical
factors that may modify the activity of the compositions or the response of the subject, as
is well known by those skilled in the art, For example, the specific dose for a particular
subject depends on age, body weight, general state of health, diet, the timing and mode of
administration, the rate of excretion, medicaments used in combination and the severity
of the particular disorder to which the therapy i applied. Dosages for a given patient can
be determined using conventional considerations, €.2., by customary comparison of the
differential activities of the compositions described herein and of a known agent, such as
by means of an appropriate conventional pharmacological or prophylactic protocol.

The maximal dosage for a subject is the highest dosage that does not cause
undesirable or infolerable side effects. The number of variables in regard to an individual
prophylactic or treatment regimen is large, and a considerable range of doses is expected.
The route of administration will also impact the dosage requirements. 1t is anticipated
that dasages of the compositions will reduce the growth of the cancer at least 10%, 20%,
3095, 40%, 50%, 60%, 70%, 80%., 90%, 100% or more as compared fo no treatment or
treatment with only the therapeutic agent. 1t is specifically contemplated that
pharmaceutical preparations and compositions may palliate, block further growth or
alleviate symptoms associated with the cancer without providing a cure, or, i some
embodiments, may be used to cure the cancer and rid the subject of the disease,

The effective dosage amounts deseribed herein refer to total amounts
administered, that is, if more than one composition is administered, the effective dosage
amounts correspond to the total amouont administered. The compositions can be
administered as a single dose or as divided doses. For example, the composition may be
administered two or more times separated by 4 hours, 6 hours, 8 hours, 12 hours, a day,

two days, three days, four days, one week, two wecks, or by three or more weeks.
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The vaceine vector may be administered one time or more than one time to the
subject to effectively boost the imunune response against HER3. If the vaccine 18
provided as a vaceine vector, the vaceine vector may be administered based on the
number of particles delivered to the subject (i.e. plague forming units or colony forming
units). The subject may be administered 1017 108, 10", 10%, 168, 107 or 10° particles,

The examples provided herein are meant only to be illustrative and are not meant
as Himitations on the scope of the invention or of the appended claims. All references

cited herein are hereby incorporated by reference in their entireties,

EXAMPLES
Materials and Methods

Cell Bnes and cell culture reagents.

The human breast cancer cell lines BT474, MCFE-7, MDA-MB-231, MDA-MB-
468, SKBR3, and T47D were obtained from the ATCC and grown in recommended
media, The BT474M1 human breast tumor cell line was a gift from Dr. Mien-Chie Hung
at The University of Texas M. D. Anderson Cancer Center and was grown in DMEM/F12
with 10% FBS. Laptinib-resistant BT474 {yBT474) were generated as previously
described. Xia et al. A model of acquired autoresistance to a potent ErbB2 tyrosine
kinase inhibitor and a therapeutic strategy to prevent its onset in breast cancer. Proc Natl
Acad Sci U 8 A 2006,103:7795-800, Trastuzumab {Herceptmw, Genentech, San

Francisco, CA) was purchased fror the Duke Pharmacy.
Adenovirus vecior preparation,

The human HER3 ¢DNA was excised from a pCMV Sport6-HER3-
HsIMAGES147464 plasmid (cDNA clone MGC:88033/IMAGE:6147464) from the
ATCC (Manassas, VA) , and construction of first-generation [Ei-, E3-] Ad vectors
containing homan full length HER3 wnder control of human CMV promoter/enhancer
elements was performed using the pAdEasy system {Agilent technologies, Santa Clara,
CA) as previously described, Morse et al. Synergism from combined immunologic and
pharmacologic inhibition of HERZ2 in viveo. Int J Cancer 2010;126:2893-903; Amalfitano

et al. Production and characterization of improved adenovirus vectors with the E1, E2b,
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and B3 genes deleted. } Virol 1998;72:926-33; Harfman et al. An adenoviral vaccine
encoding full-length inactivated homan Her2 exhibits potent immunogenicty and
enhanced therapeutic efficacy without oncogenieity. Clin Cancer Res 2010;16:1466-77,
and He et al. A simplified system for generating recombinant adenoviruses. Proc Natl
5  Acad Sci US A 1998;95;2509-14.
Mice,
BALB/c and NOD.CB17-Pridc™“/} mice were purchased from Jackson Labs

(Bar Harbor, ME). All work was conducted in accordance with Duke IACUC-approved
protocols. Induction of VIA: BALB/c mice were vaccinated on day (0 and day 14 via

10 {footpad injection with Ad-GFP, or Ad-HER3 vectors (2.6x1 ot particles/ mouse).
Fourteen days after the second vaccination, mice were euthanized and sera were collected

and stored at -80°C.
MTT assay to deteet cell proliferation.

The effect of VIA-HER3 on the proliferation of human breast cancer cell lines

was measured as previously described. Morse et al. Synergism from combined

Pt
4

immunologic and pharmacologic inhibition of HER2 in vivo, IntJ Cancer
2010;126:2893-903. Briefly, 5000 cells per well in a 96-well plate were cultured with
HER3-VIA (1:33 ditution) or control serum GFP-VIA (1:33 dilution) or Trastuzumab 20

ug/mi for 3 days and proliferation was assessed by MTT assay.
20 Western blotting to analyze pathway inhibition.

Twmors were isolated from euthanized mice and immediately flash frozen. Tissue
extracts were prepared by homogenization in RIPA buffer as previously described by
Morse et al. 2010. Equal amounts of proteins (50 ug) were resolved by 4-15% gradient
SDS PAGE After transfer membranes were probed with specific antibodies recognizing

25 target proteins: pTyr (Sigma), ErbB2, ExbB3, Akt, pAktd73, Erk 1/2, pHrk1/2, (Cell
Signaling, Beverly, MA) survivin, and actin (Sigma, St. Louis, MO), 4EBP-1, p4EBP-1,
36, ps6 (Santa Cruz Biotech.,Santa Cruz, CA) and IRDye 800 conjegated anti-rabbit or
mouse 1gG or Alexa Fluor 680 anti-rabbit 1gG and were visualized using the Odyssey

Infrared Imaging System (LI-COR, Lincoln, NE}.
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ELESPOY analysis.

IFN-gamma BELISPOT assays (Mabtech, Cincinnati, OH} performed as previously
described by Morse et al, 2010, HER3 peptide mix {1 meg/mL was used; Jerini Peptide
Technologies, Berlin, Germany), HiVgag peptide mix (BI Bioscience), or a mixture of
PMA (50 ng/mL) and lonomycin (I ng/mL) were used. Six replicate wells for each
condition were scored using the K§ ELISPOT Reader with the K5 ELISPOT 4.9
Software (Carl Zeiss, Mitnchen-Hallbergmoos, Germany), reporting responses as the

mean of the replicate 6 wells.
Analysis of anti-HER3S antibody binding by Flow cytometry.

We have adapted a methodology reported by Plechocki et al. to measure anti-
HERS vaccing induced antibodies in vaccinated mouse serum by flow cytometry.
Hartman et al. An adenoviral vaccine encoding full-length inactivated human Her2
exhibits potent immunogeniety and enhanced therapeutic efficacy without oncogenicity.
Clin Cancer Res 2010;16:1466-77 and Piechockiet al. Quantitative measurement of anti-
ErbB-2 antibody by flow cytometry and ELISA. § Immunol Methods 20602;259:33-42.
Briefly, 3 x 10° human breast cancer cells were incubated with diluted (1:100 to
1:51,200) mouse serum antibodies (HER3-VIA or GFP-VIA) for th at 4°C and then
washed with 1% BSA-PBS. The cells were further stained with PE-conjugated anti-
mouse IgG (Dako, Cat # RO480) for 30 minutes at 4°C, and washed again, Samples were
analyzed on a BD LSRII flow cytometer (Becton Dickenson, San Jose, CA} and mean
fluorescence intensity (MFI} reported,

Complement dependent cytotoxicity assay.

We performed complement dependent eytotoxicity assays using our previously
published protocol in Morse et al. 2010, Briefly, target cells were incubated with rabbit
serum {1:100) as a source of complement and the HER3-VIA or GFP-VIA in sera from
mice immunized as above diluted (1:100), or Trastuzomab (20 meg/mi} at 37°C for 2 hrs.
After incubation, cytotoxicity was measured using the CytoTox 96 Nonradioactive
Cytotoxicity Assay (Promega: per manufacturer’s instractions) to measuve LDH release

in the culture media as evidence of cytotoxicity.
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Assessment of HERD internalization

Human HER3+ breast cancer cells (SKBR3 and BT474M 1)} were incubated with
1:100 HER3-VIA or GFP-VIA at 37°C for 60 minutes. Afier washing, fixation with 4%
PFA, and permeabilization with permeabilizing solution 2 {Becton Dickenson),
nonspecific binding was blocked with 2.5% Goat Serum at 37°C for 30 min. Cells were
incubated with 1:100 Red™-conjugated anti-mouse IgG (H+L) (Jackson
ImmunoResearch Laboratories Inc. West Grove, PA) in a dark chamber for | hour at
room temperature and washed with PBS. Slides were mounted in VectaShueld contaimng
DAPI (Vector Laboratories, Burlingame, CA) and images acquired using a Zeiss Axio
Observer widefield fluorescence microscope {Carl Zeiss, Milnchen-Hallbergmoos,
(Germany).
Treatment of established HER3+ BT474M1 human tumor xenografts by passive

transfer of vaccine induced antibodies.

Eight to 10 week old NOD.CB17-Prkdc™ “} mice (Jackson Labs., Bar Harbor,
ME) were implanted in the back with 17 Beta-Estradiol pellets (0.72 mg 60day
continucus refease pellets; nnovative Research of American, Sarasota, FL) two days
prior to tumor implantation. Five million BT474M1 tumor cells in 50% Matrigel were
injected into the mammary fat pad. Tumors were allowed to develop for 14 days and
then mice were randomized to receive iv injection of either GFP-VIA or HER3-VIA (5

ce per group). 100-150 microliters of VIA was injected at 2-3 day intervals for a total

of 10 administrations. Tumor growth was measured in two dimensions using calipers

and tumor volume determined using the formula volume = 1 [(width)’ x (length)].

Treatment of established HER3 lapatinib-resistant ¥BT474 human tumor

senografts by passive transfer of vaccine induced antibodies.

Eight to 10 week old NOD.CB1 7-Pridc™™®13 mice (Jackson Labs., Bar Harbor,
ME) were implanted in the mammary fat pad with 1 million lapatinib-resistant rtBT474
tumor cells in 50% Matrigel. Tumors were allowed to develop for two months and then
mice were randomized {o receive iv injection of either GFP-VIA or HER2-VIA {5 mice
per group). 100-150 microliters of VIA was injected at 2-3 day intervals for a total of 10

administrations. Tomor growth was measured as described above.
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Statistival anslyses.

Tumor volume measurements for in vive models were analyzed under a cubic root
fransformation fo stabilize the variance as in Morse et al, 2010, Welch t-tests were used
to assess differences between mice injected with HER3-VIA or control GFP-VIA.
Analyses were performed using R version 2.10.1. For all tests, statistical significance was

set at p < 0,03,
Besults
Ad-HERS elicits anti-HER3 T cell and antibody responses in vive

We developed a recombinant El-, E3- adenovirus serotype 5 vector (Ad-HER3)

vaccinated with Ad-HER3, splenocytes from vaceinated mice were harvested and
demonstrated by ELISPOT to specifically recognize HER3 using an overlapping human
HER3 peptide mix as a source of antigens, whereas splenoceytes from mice receiving
control Ad-GFPP vaccing or saline showed no reactivity to the HER3 peptide mix (Fig,
1AY. To detect HER 3-specific antibodies capable of defecting membrane agsociated
HERG3, binding of vaccine induced antibodies {VIA]} in mouse serum was tested using a
serics of unan HERJ expressing breast tumor cells lines, including the high HER3
expressing BT474M1, BT474, SKBR3 andT47D and the low to negatively expressing
MDA-231 tumor cell Hine (Fig. I8 and 1), The serum of mice vaccinated with the Ad-
HERS3 had binding titers of »1:800, whereas the serum of mice receiving the control Ad-
LacZ vaceine showed only background levels of binding, Thus, HER3-VIA are able to

bind to endogenous HER3 expressed on human breast cancer lines.

To confirm that multiple HER3 epitopes were recognized, we demonstrated VIA
binding o a series of HER3 peptides. The HER3-VIA recognized at least 18 epitopes in
both the intraceliviar and extraceliular domain, demonstrating that the antibody responses
are polyclonal (Fig. 1D and SEQ ID NOs: 5-22). Ut should be noted that peptide arrays
do not recapitulate conformationaily correct protein structure, so they often underestimate

the true number of epitopes recognized.
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HER3S specific antibodies induced by vaceination (HER3-VIA) mediate complement

dependent lysis of HER3+ breast tumor cell lines in vitro

Direct antibody-mediated tumor cell killing is a powerfud potential mechanism of
action of antibodies induced by vaccination. We evaluated the capacity HER3-VIA to
mediate complement-dependent cytotoxicity (T}, HER3I-VIA exhibited strong CHC
against HER3-expressing human breast tumor cells but not the HER3 negative MDA-231
cell ine, while control GFP-VIA showed no effect (Fig. 24). Trastuzumab is known not

1o mediate CDC and this was confirmed in our assays.
Anti-proliferative effects of BER3 VIA in vitre

Although immunization with Ad-HER3 was able to efficiently induce humoral
immunity in vive and mediate complement dependent tumor cell cytotoxicity, we also
wished to determine whether these antibodies could inhibit tumor cell proliferation. We
found that when HER3-expressing human breast cancer cells were cultured with HER3-
VIA from the scra of Ad-HERS3 vaccinated mice, their proliferation was significantly
inhibited compared with cells cultured with control GFP-VIA (¥Fig, 28). Of interest,
despite the much high levels of HER2 expressed on these tumnor cells, compared to
HERS3, the inhibition of tumor cell proliferation mediated by HER3-VIA was stmilar to

the effects of the clinically effective monoclonal antibody trastuzumab.
Loss of HERDJ expression on tumor cell Hines mediated by HERI-VIA in vitro

Growth factor receptor mternalization, degradation, and down regulation has been
proposed as a mechanism for the inhibition of tumor growth mediated by monoclonal
antibodies. To ascertain whether receptor down regulation was caused by HER3-VIA as
a result of receptor internalization, we visualized cell membrane assogiated HER3
receptor on SKBR3 and BT474M1 tumor cells, When exposed to serum containing
HER3-VIA or GFP-VIA, dramatic internalization and aggregation of the receptor was
ohserved within | hr after exposure to HER3-VIA, but not with exposure to control GFP-
VIA (Fig. 2C).
inhibition of tumor growth by HER3Z VIA {# vive is associated with loss of HERS3

expression and anti-signaling effects
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After finding that HER3 specific antibodies conid inhibit HER 3+ tumor cell
proliferation in vitro, we sought to demonstrate the effects of HER3 VIA in vivo., At this
time, there are no murine breast tumors dependent on human HER3 for growth, and
attempts to establish 4T1 tumors expressing HER3 have been unsoccessful.
Conseguently, we employed a human xenograft model using the BT474M1 cell line that
expresses both HER2 and HER3, with adoptive transfer of antibodies to demonstrate the
in vivo activity of HER3-VIA. The stady design is iHlostrated i Fig. 3A. We found that
passive immunotherapy with HER3-VIA retarded the growth of established HER3+
BT474M1 human tumor xenografls in vive {(p<0.005 after Day 28) when compared to the
control GFP-VIA treated mice (Fig. 3B). At the termination of the study tumor size was

compared and was significanily reduced in the HER3-ViA-treated mice (p=0.005).

In addition fo demonstrating anti-tomor effects in vive, we also wanted to
document the anti-HER3 signaling effects of HER3 V1A in vive. Asnalysis of excised
tumors allowed us to determine HERZ expression following treatment in vivo., We found
that mice treated with HER3-VIA showed decreased levels of HER3 in their residual
tumor by immunohistochemistry (Fig. 3C), consistent with antigen downregulation as the
basis of immunologic escape. We also examined the impact of treatment with HER3-

HER3, and pErk1/2, compared to hunors treated with GFP-VIA (Fig. 3D).
Inhibition of therapy-vesistant tumor growth by HER3 VIA in vive

While the antitumor efficacy against established HER3+ BT474M1] tumors was
encouraging, we know that a major unmet need for breast cancer patients is for therapies
o overcome therapeutic resistance to HER? targeted therapiss. For example, therapeutic
resistance fo trastuzumab, can be overcome by treatment with a small molecule inhibitor
of HERZ, lapatinib, but patients whose tumors mitially respond nltimately experience
therapeutic resistance and disease progression. Of interest is the persistent
overexpression of HER? in the tumors from these patients, and the emerging recognition
that signaling from the HER2/HERS heterodimer, and other heterodimers wnvolving
HER3, was a significant resistance mechanism. Cousequently, we tested the effects of

HER3-VIA in a model of lapatinib resistance derived from the rBT474 cell line that we
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have previously reported. Xia et al. A model of acquired autoresistance to a potent
FErbB2 tyrosine kinase inhibitor and a therapeutic strategy to prevent its onset in breast
cancer. Proc Natl Acad Sci U S A 2006;103:7795-800. This rBT474 cell line expresses
HER2 and HER3 at similar levels to the BT474M1 tumor line. We demonstrate that the
HER3-VIA was effective at retarding the growth of established tumors (Fig. 4) {(p 0.025
for all time poinis from Day 4 to Day 23), confirming the therapeutic potential of an Ad-

HER3 vaccine for patients who have experienced disease progression on lapatinib.

Enhibition of lapatinib-resistant tumor growth by HER3 VIA in vive is associated
with Ioss of HER3 expression and broader anti-signaling effects than lapatinib-

sensifive Gumeors

Tumors excised from the mice at the termination of the study described above,
were examined for signaling pathway modulation. Whole tusor lysates from 5 mice per
group were studied, since we expected some mouse-to~-mouse variation and wanted fo
capture the spectram of responses (Fig. 4B}, Total HER2 and HER3 levels are decreased
in the HER3-VIA freated tumors, suggesting receptor degradation may be occurring.

plyr is also consequently reduced, indicating decreased HER2:HER3 signahing.

pAkt473(S473) and p86 are also decreased for the HER3-VIA treated tumors, as are

pErk1/2, pdEBP1, and survivin relative to the control GFP-VIA treated tumors. In
contrast to the data in the {apatinib-sensitive BT474M 1 tumors, immunolustochemistry
analysis of excised rBT474 tumors did not show a marked decrease in HER3J in tumers
treated with HER3-VIA compared to GFP-VIA controls (Fig. 4C), suggesting that HER3
degradation was more modest and anti-proliferative effects mediated through the HER3

heterodimers were therefore more prominent,

Generate AdS(EZb-JHERS and AdS(E2b-YHER3 C1C2 constructs (Y1, Q1-2)
Adenoviral vectors expressing HER3 using the AdS{E2b-) platform have been
constructed and have been used to generate virus. We now wanted to assess whether
other HER3 expressing adenovirus vectors would have stmilar effects. We have
modified the adenoviras construction methods to facilitate the construction of { E1-,

E2b-, E3-) AdS vector,
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The human HER3 full length ¢cDNA was obtained from OriGene (Rockviile,
MD). The truncated HER3 extraceliular domain (ECD) and HER3 ECD plus
transmembrane (TM) sequence were created using HER3S full length as templates i a

PCR reaction using primers (see Table 1 below} and Figure 5.

Table T: Primers used in construction of troncated AdS-human HERS3

Primer Sequence (SEQ 1D NO:)

hHER3-F S -cagggegeccgeaccatgaggpegaacgacgetet-37 (SEQ 1D NO: 23)
RHERZ-ECDTM-R 5’.acaagcggeegeagtinaasagigecgeecageatea-3"(SEQ ID NO: 24)
hHER3-ECD-R 3’-acaageggecgcattiatgteagatpggtitigecgate-3° {SEQ 1D NO: 25)
RHER3-ECDCIC2-R  §-acaageggecgeattgteagatgpettttgeeg-37 (SEQ ID NO: 26)

Briefly, full length HER3 ¢DNA and the PCR product are cut by restrict enzyme
Not I and subcloned into Not I digested pShuttle-CMV or pShuttteCMV-C1C2 plasmid.
Confirmation of correct insert of the full length and truncated DNA within pShuitle-CMV
or pShmitle-CMV-C1C2 was confirmed by DNA sequencing. The pShuttle-CMV-her3-
FL (full-length), pShuttle-Her3BCD, pShuitle-Her3ECDTM and pihuttle-
Her3ECDC 12 were then linearized using digestion with Pme /, recombined into
linearized (F1-,B2b-,E3-) serotype 5 pAd construct in BJ 5183 bacterial recombination-
based system (Stratagene), and propagated in XL10-Gold Ultracompetent cells
{Stratagene). Complementing C7 cell (which express E1 and E2b) were used to produce
high titers of these replication-deficient AdS vectors, and cesium chloride density
gradient was done to purify the AdS-vectors. All Ad vectors stocks were evaluated for
replication-competent adenovirus via PCR-based replication-competent adenoviras assay.
The next generation haman HER3 (E1-,E2b- , E3-) Adenovirus vectors are as
follows:
1. Ad5 (B2b-YHER3 FL; express human HER3 full length.
. AdS (E2b-)HER3ZECDTM; express human HER3 BCD and trans-membrane domain
. AdS (B2 HERIECD; express human HER3 ECD
AdS (B2b-HERZBCDCIC2; express human HER2 ECD and C1C2 domain

¥ jas

:L'.\

The ability of each vector to induce a HER3 specific immune responses will be

tested, but was expected based on the earlier results and epitopes identified above.

21



15

i~
LN

WO 2013/110030 PCT/US2013/022396

Human HER3 specific immune responses to the vectors will be measured in Balb/c mice

and in human HER3 transgenic mice.

To determine the preventive effect of HER3 vacecination, we have established a
HER3 prevention wodel asing JC-HER3 mouse mammary tumor cells in Balb/c mice.
As shown in Figure 6, only vaccination with the HER3 encoding vector prevented growth
of the hHER3 expressing tamors in vivo, We next sought to demonstrate development of

HER3 specific immune response by ELISPOT, Results are shown in Figure 7.

Due to the induction of HER3 specific immune responses, we sought evidence
whether those tumors that did grow in the HER3 vaceinated mice expressed HER3, In
other words, we sought evidence of loss of HERD in those tumors capable of growth in
the vaccinated mice. As shown in Figure 8, immunization with Ad-hHER3 led to a
reduction of HER3 expression in the tumors that did develop. Of interest, immunization

with Ad-GFP or Ad-hHER2 did not change HER3 expression.

We then tested for surface HER3 expression in the tumors that grew in the HER3
vaccinated mice. As demonstrated in Figare 9, the surface expression of HER3 was

dramatically reduced in the tumors that did grow in the HER3 vaccinated mice.

In summary, we created a HER3 vaccine by generating a recombinant adenovirus
encoding human HER3 (Ad-HER3). The Ad-HER3 was highly effective in eliciting
significant HER3 specific T-cell and polyclonal antibody responses in mouse models,
with the vaccine induced antibodies (VIA) binding multiple HER3 epitopes as well as
tumor-expressed HER3 and mediating complement dependent lysis. In addition, the
HER3-VIA caused HERS internalization and degradation, significantly inhibited
signaling mediated by receptor heterdimers involving HER3, and retarded tumor growth
in vitro and in vivo. Critically, we also showed that the HER3-VIA retarded the growth
of human breast cancer refractory to HERZ small molecule inhibitors (lapatimb) in SCID
xenografts, providing a compelling argument for the Ad-HER3 vaccine to be tested in
patients whose cancer has progressed on HERZ targeted therapy, and in combination with

HERZ targeted therapy.
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It is interesting to note that the lapatinib-resistant fB8T474 clone is much more
sensitive to HER3-VIA in vive than the lapatinib-sensitive BT474M1 clone yet they
express cquivalent levels of HER3 on the cell surface, which may be a result of increased
reliance on HER3 as a driver of tamor growth in the lapatinib resistant BT474 cells, In
fact, treatment of the lapatinib resistant BT474 cells leads to decreased HER3, pHER3
and pERK /2 as expected, but also decreased HER2, pAkt(8473), pS6, p4EPBI, and
survivin expression. In contrast, treatment of the lapatinib sensitive BT474 cells with
HER3 VIA decreases only HER3, pHER3 and pErkl/2, suggesting that HER3 VIA will
have more profound biologic and clinical effects in lapatinib refractory tumors, The
lapatinib-resistant BT474 cells also continue to express HER3J protein after freatment
with HER3-VIA in vivo, suggesting that antigen loss is not an escape mechanism for
lapatinib resistant tumors because HER3 is critical to the tumor survival, Thuas, persistent
expression of HER3 because of it’ role in lapatinib resistance, ensures that tumors will

remain targets for vaccine induced T cell and antibody response.

The decrease in the whibitor of apoptosis protein survivin suggests that a
mechanism of resistance to tamor cell killing is also being diminished. We observed
similar effects on the expression of survivin In the mouse 4T 1-HER2 tumor model which
is relatively resistant to trastuzumab, but relatively sensitive to lapatinib. When the 4T1-
HER2 expressing tumors were treated with lapatinib or HER2 VIA alone, we observed
no change in survivin expression, but when these tumors were treated with a combination
of lapatinib and HER2-VIA we observed a decrease in survivin expression, implying that
complete HER2 signaling blockade decreased survivin expression. In an analogous
fashion, it suggested that complete blockade of HER2:HERS signaling in lapatinib
refractory tumors is accomplished by treatment with HER3-VIA, resulting in the

decreased expression of survivin in these studies.

We believe our findings have relevance for counteracting the development of
resistance to HER2 targeted theraptes. Although HERJ is non-transforming alone, recent
data suggests that HER3 expression or signaling is associated with drug resistance fo
targeted therapies directed against other HER family members. 1n particular, the
acquired resistance to HER?Z inhibitors in HERZ2-amplified breast cancers, trastuzomab
resistance in breast cancer, with EGFR inhibitors in hung cancers, with pertuzumab
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resistance in ovarian cancers, and with EGFR inhibitors in head and neck cancers. The
overexpression of HER2:HER3 heterodimers is also negatively correlated with survival
in breast cancer. Our approach of targeting HER3 may also have advantages over other
HER family targeting strategics. For example, data suggest that trastuzumab is effective
against HER 1:HERZ heterodimers but not HER2HERS3 heterodimers. HER3 may play a
role in therapeutic resistance to other therapies including anti-estrogen therapies in ER
positive breast cancers, with hormone resistance in prostate cancers, and with IGFIR
inthibitors in hepatomas. Therefore, targeting HER3 may have relevance for

counteracting resistance to other pathway inhibitors.

These data suggest that it may be possible to begin a “resistance prophylaxis”
vaccination against overexpressed or mutated proteins that will predictably anise to
mediate therapeutic resistance, such as HER3. Immunization against these proteins prior
to their overexpression as a mediator of therapeutic resistance may avoid immune
tolerance induced by their prolonged expression in an immunosuppressive
microenvironment. The resulting pre-existing immune response would be much more
cffective in mediating anti-tumor responses to tumors overexpressing antigen, and/or

prevent these mediators from being expressed.
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CLAIMS

We clafin:

i
2.

6.

S'Z_"

A vaccine comprising a polynucleotide encoding a HERS polypeptide.

The vaceine of claim I, wherein the vaccine is capable of eliciting an immune
response (o a HER3 polypeptide when administered to a subject.

The vaceine of any one of claims 1-2, wherein the HER3 polypeptide comprises
SEQ NO: 1 or SEQ 1D NO: 2 or portions thereof.

The vaccine of claim 3, wherein the portion of the HER3 polypeptide comprises
the extracellular domain of HER3.

The vaceine of claim 3, wherein the portions of HER3 are selected from af least
one of SEQ D NOs; 5-22.

The vaccine of any one of claims 1-5, further comprising a vaceine vector.

The vaccing of claim 6, wherein the vaccine vector comprises the HER3
nolvpeaptide.

The vaccine of ¢claim 6 or 7, wherein the vaccine vector is selected from
adenovirus or adeno-associated virus (AAV).

A method of treating a cancer or precancer or of reducing the likelihood of the
cancer developing resistance to a cancer therapeutic or prevention agent
comprising administering the vaceine of any one of claims {-8 to a subject having
the cancer or precancer, wherein administration of the vaccine to the subject treats
the cancer or precancer, reduces the likelihood of the cancer or precancer
developing resistance to the cancer therapeutic or prevention agent or reverses

resistance of the cancer or precancer to the cancer therapeutic or prevention agent.

1. The method of claim 9, wherein the cancer is HER2 positive.

. The method of claim 9 or 10, wherein the vaccine ¢ admunistered concurrently

with, before or after administration of the cancer therapeutic or prevention agent.

. The method of claim 11, wherein the cancer therapeutic or prevention agent is an

agent targeting HER2, HER, estrogen receptor, EGFR, or IGFIR.

. The method of any one of claims 9-12, wherein the cancer or precancer is selected

from a breast, prostate, lung, ovarian, colon, rectal, pancreas, bladder, head and

neck or liver cancer or precancer.
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14, The method of any one of claims 9-13, wherein the subject develops an immune
response to HER3.

15, The method of claim 14, wherein the immune response comprises an antibody
response or a 1 cell mediated response.

5 16. The method of claim 13, wherein the immune response includes at least one of
antibody-dependent cellular cytotoxieity, polyclonal antibody response,
complement dependent cellular eytotoxicity, cellular cytotoxicity, disruption of
ligand binding, disruption of dimerization, mimicking ligand binding causing
internalization of HER3, or degradation of HER3.

i0 17. The method of claim 14, wherein the immune response comprises an antibody
response directed to at least one of SEQ ID NOs: 5-22.

18. The method of any one of claims 9-17, wherein administration of the vaccine
results in a reduction of HER3 expression on cancer or precancer cells after
administration of the vaccine as compared to the level of HER3 on the cells prior

15 to vaccination. |

19, The method of any one of claims 9-18, wherein administration results in
decreased tumor growth rate or decreased tumor size after administration as
compared o prior to administration.

20, The method of any one of claims 9-19, wherein the cancer therapeutic or

20 prevention agent is selected from trastuzumab, lapatinib, cetuximab, pertuzumab
and erfotanib,

21. A method of reducing the likelihood of a cancer or precancer developing

-

resistance to a cancer therapeutic or prevention agent comprising administering
the cancer therapeutic or prevention agent and @ VAcoIne comprising a
25 polynucleotide encoding a polypeptide whose expression or activation is
correlated with development of resistance of the cancer or precancer to the cancer
therapeutic or prevention agent to @ subject having a cacner or precancer.
22. The method of claim 21, wherein administration reduces the growth ot the cancer
Of precancer.
30 23, The method of claim 21 or 22, wherein the vaccine 18 the vaccine of any one of

claims -8,
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24. The method of any one of claims 21-23, wherein the cancer does not develop
resistance to the cancer therapeutic or prevention agent.
25. The method of any one of claims 21-24, wherein cancer or precancer that is
resistant to the cancer thereapeuntic or prevention agent becomes more sensitive to
5 the cancer thereapeutic or prevention agent after administration of the vaccine.
26. The method of any one of claims 21-25, wherein the vaceine is administered
concurrently with, before or after administration of the cancer therapeutic or

prevention agent

2
~%




WO 2013/110030

Fig. 1A

&3

3

o
]

(5]

€3

&
i

Mix
NCT(+)

£

3

&3
§

Number of IFN-wy
secreting splenocytes
Lo
L
o

200
100 -
0
Ad-HER3
Fig. 1C
700 -
£ 600 | ¢
1]
& ‘
& 500 -
=
@ 400 4
3
2 =0 .
=
2 400 -
- ..
&
&
=

-$00

1113

PCT/US2013/022396

——BT474M1HER3-VIA
i BT474MT GFP-VIA
i BT474 HER3-VIA
e BT 474 GFP-VIA
~g SKBR3 HER3-VIA
~{ P~ SKBR3 GFP-VIA
~®=-T47D HER3-VIA
=OmTATD GFP-VIA

== MDA-231 HER3-VIA
i MDA-231 GFP-VIA

-----------

Fold Dilution



PCT/US2013/022396

WO 2013/110030
2013
Fig. 1B
CT.001
300
2
isotype Control 2
J
%
L
0
10
PE
LacZ.002
300 ViA-LacZ.00
ViA-LacZ § v i
]
(W]
0 P ———
10 @ 102 103 104
PR
300, VIA-HER3.006
. § b .E 77777 3
VIA-HER3 3 |
=3
o 1
P | S & N
10 10! 10 103 404
PE
300 o anti-HERS3,005
Anti-HER3 MAb 3
R
O3
109 w?! 02 w0°% 104



WO 2013/110030 PCT/US2013/022396

313

Fig. 1D
HERS3-VIA Antibody epitopes
Epitope(s) position Protein region
101111 ECD
153-167 ECD
""" 185-191 ECD

209-223 ECD
369-375 ECD
501-511 | ECD
589-599 ECO
649-663 ™
681-691 ico
865-875 T
881.895 IcD
901-915 iCD

" 981-988 (cD

1037-1051 IcD

1105-1119 ico

1153-1163 TS

1240-1255 IcD

1268-1279 iCD




WO 2013/110030 PCT/US2013/022396

4113

Fig. 2A

B VIAMERI
VAL

Trastuzumab

Complement dependent
cell lysis (%)}

BT474 T47D MDA-MB-488 MDA-MB-231

#VIAMERS
IVIAGFP
B Trastuzumab

e 0 o

Complement dependent

BT47/4 BT4740M1



WO 2013/110030 PCT/US2013/022396

5113

Fig. 2B

40 - B VIAHERS
35 4 OVia-Lac
BTrastuzumab

wd b B
L2 N IS

Proliferation
Inhibition (%)

o
o

T ¥

BT474 1470 MDA-MB-468 MDAMB-231

48 - SVIA-HERS
OVIAGFP
BTrasturumasb

3
o
3

wde  Php Ead
& o WA
3 i i

Proliferation
inhibition (%)

ook
o
1

BY474 BT4740M1



WO 2013/110030

Fig. 2C

SKBR3 |

BT474M1

PCT/US2013/022396

H5 & &

A A &

& & & £o&H S A&
oo § ' P
I |
1 L i S : :

Day -2, Day 0,
178-Estradiol Tumor
pellet implantation

S T I
Day 14-33,
injection of HER3-VIA
or GFP-VIA



WO 2013/110030 PCT/US2013/022396

Pk
Fig. 3B
600+ N
e & GFP-VIA “
&
& % HER3I-VIA
E 400
&
&
=
3
=3
5 200~
E
=3
o
% 2 b ] 3 14
£ 10 26 38 48 S
Day
Fig. 3C
GFP-ViA-treated HER3ViA-treated

PBS treated mice Mouse tumor Mouse tumor




PCT/US2013/022396

e upoY
WAIAING
{c2psipivd
o MY 2N
o]
ziyuazd
A d
ziug
i e ) . et L i }
2 5 ¥ B C : ow “ ViASHaH  YiA-d4D

YiA-EH WiAd40

qs bid

WO 2013/110030



WO 2013/110030 PCT/US2013/022396

8/13

Fig. 4A
8&

5 = AJGFP-VIA
g & AdHER3-VIA
o

L=

@

=]

e

&

£

£

=

&

$ec

Q 8 k] R4
¢ 18 20 30
Day
Fig. 4C
GFPViA-treated HER3I-ViA-treated

Mouse tumor Mouse tumor




PCT/US2013/022396

WO 2013/110030
10443

HER3-VIA GFP-VIA

Akt
p-Akt (8473}
sg

psd

Actin

Erk1/2
pErk1/2

AEBP-1
p4EBP-1
Survivin]

Actin




WO 2013/110030 PCT/US2013/022396
M3

Fig. 5

Human Herd full length cONA

hﬁﬁ%‘ IF

Ay

RE3ECD-R fiHer E CTTIAR

e 3ECDCICAR
Fig. 6
TR}
soceqiteee SRR
144U s S IGF
. oo Scf-EIERD :
LG i Ach-HHERS _ *

Yumor volume mum3
Z

)
\\\\\\
7 12 17 22 kY a2

Cays post implantation



WO 2013/110030 PCT/US2013/022396

12013

©N Negative OF

)

- = hMERS peptides

Tor
[

w o

30 -

80

Mureher of Spots FNM

a0 -

o N

Ad-hH

Vaceine

CT_ Ad-GFP Ad-HER2 Ad-HER3
‘ 3 4 5 6 7 8

GAPDH

N



WO 2013/110030

1313

PCT/US2013/022396

o
N 5

3 N
ke &

w £

: 1

” : Y

X

* : X

3 : §

P

R %
~N

a\v\'

e

B




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings

