Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2547635 C 2016/02/09

(11)(21) 2 547 635

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2004/12/10

(87) Date publication PCT/PCT Publication Date: 2005/06/30
(45) Date de délivrance/lssue Date: 2016/02/09

(85) Entree phase nationale/National Entry: 2006/05/29

(86) N° demande PCT/PCT Application No.: US 2004/041921
(87) N° publication PCT/PCT Publication No.: 2005/058937
(30) Priorité/Priority: 2003/12/12 (US60/529,329)

51) Cl.Int./Int.Cl. C72N 15/72(2006.01),
A61K 38/17(2006.01), A6TK 39/00(2006.01),
A61P 35/00(2006.01), A671FP 37/04(2006.01),
COrK 14/705(2006.01), C12N 15/70(2006.01),
C12N 15/85(2006.01), C72Q 1/02(2006.01),
C72Q 1/68(2006.01)

(72) Inventeurs/Inventors:
SCHLOM, JEFFREY, US;
TSANG, KWONG-YOK, US

(73) Proprietaire/Owner:

(54) Titre : EPITOPE DE LYMPHOCYTE T CYTOTOXIQUE HUMAIN ET SON EPITOPE AGONISTE ISSUS DU NOMBRE
NON VARIABLE DE SEQUENCES REPETEES EN TANDEM DE MUC-1

54) Title: A HUMAN CYTOTOXIC T-LYMPHOCYTE EPITOPE AND ITS AGONIST EPITOPE FROM THE NON-
VARIABLE NUMBER OF TANDEM REPEAT SEQUENCE OF MUC-1

(57) Abregé/Abstract:

Novel MUC-1 epitopes outside the VNTR region are identified. In addition, the first agonist epitope of MUC-1 Is described. The
employment of agonist epitopes Iin peptide, protein and vector-based vaccine may well aid in the development of effective vaccines

for a range of human cancers.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

SN 4

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

OPIC - CIPO 191

“y 3Ty d A, . S S \
L RSN
4
3




(73) Proprietaires(suite)/Owners(continued):
GOVERNMENT OF THE UNITED STATES OF AM

OF HEALTH AN
(74) Agent: ROBIC

D HUMAN S

—RVICES, US

=RICA, AS REP

CA 2547635 C 2016/02/09

(11)(21) 2 547 635

RESENTED BY THE SECRETA

RY, D

—PARTM

13) C

=ENT



CA 02547635 2006-05-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
30 June 2005 (30.06.2005) PCT WO 2005/058937 A2
(51) International Patent Classification’: CO7K  (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
PCT/US2004/041921 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(22) International Fi]ing Date: KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, M A, MD,
10 December 2004 (10.12.2004) MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
. _ PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
(25) Filing Language: K glinh TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
60/529,329 12 December 2003 (12.12.2003) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant (for all designated States except US): GOV- 7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
ERNMENT OF THE UNITED STATES OF AMER- European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
ICA, as represented by THE SECRETARY, DEPART- FR. GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
MENT OF HEALTH AND HUMAN SERVICES SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
[US/US] (US). GQ, GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and Published:

(75) Inventors/Applicants (for US only): SCHLOM, Jellrey
[US/US]; 10301 Sorrel Avenue, Potomac, MD 20854
(US). TSANG, Kwong-Yok [US/US]; 5420 York Lane,
Bethesda, MD 20814 (US).

—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
(74) Agent: PATTON, Stephana, E.; Edwards & Angell, LLP, ance Notes on Codes and Abbreviations" appearing at the begin-
P.O. Box 55874, Boston, MA 02205 (US). ning of each regular issue of the PCT Gazette.

5/0589377 A2 0V A0 D000 A RFR 0 AR L

- (54) Title: AHUMAN CYTOTOXIC T-LYMPHOCYTE EPITOPE AND ITS AGONIST EPITOPE FROM THE NON-VARIABLE
e NUMBER OF TANDEM REPEAT SEQUENCE OF MUC-1

2

(57) Abstract: Novel MUC-1 epitopes outside the VNTR region are identified. In addition, the first agonist epitope of MUC-1 is
described. The employment of agonist epitopes in peptide, protein and vector-based vaccine may well aid in the development of
effective vaccines for a range of human cancers.

O
=




CA 02547635 2012-10-01

A Human Cytotoxic T-Lymphocyte Epitope and its Agonist Epitope from the
Non-Variable Number of Tandem Repeat Sequence of MUC-1

FIELD OF THE INVENTION

CTL epitope sequences outside traditional MUC-1 immunogenic tumor
antigens and HLA-~anchor residues have been identified. In particular, the mvention
describes a method for T-cell activation by modifying HLA-anchor residues to
provide a stronger immune response to native antigens associated with solid tumors,

leukemzas, or lymphomas.

BACKGROUND OF THE INVENTION

The tumor-associated antigen MUC-1, or DF-3/MUC-1, is overexpressed on
the cell surface of many human adenocarcinomas such as ovarian, breast, pancreas,
colorectal and prostate carcinoma, and hematological malignancies including
multiple myeloma and some B-cell non-Hodgkin lymphomas. While MUC-1 is
expressed on some normal epithelial tissue on lumenal surfaces, it has been
demonstrated that the apical localization of MUC-1 is lost in tumor tissues. In
addition, MUC-1 1s under-glycosylated in human adenocarcinomas as compared with
normal tissues and thus the antigenic epitopes of the protein core are more exposed.
A high level of MUC-1 expression and secretion has also been shown to be
associated with poor prognosis and high metastatic potential. It was initially
demonstrated that histocompatibility complex (MHC)-unrestricted cytotoxic T cells
could be established from subjects with pancreatic carcinoma, ovarian cancer and
multiple myeloma; these T cells were shown to recognize the MUC-1 protein core in

the 20 amino acid variable number of tandem repeat (VNTR)® region. While the
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VN'TR region 1s immunogenic for MHC non-restricted CTL as well as for the
production of MUC-1 specific antibodies, relatively limited information is available

with respect to the immunogenicity of the region outside the VNTR.

Current treatment of cancers include radiation therapy and chemotherapy,

which have particularly adverse effects on a subject undergoing such therapies.

Accordingly, there is a need for improved, safer treatments that have long-
lasting protective effects for the prevention and treatment of tumors. In particular,
there 1s a need for treatments that are more specific and less toxic than the currently

available therapeutic agents.

SUMMARY OF THE INVENTION

The 1nvention describes the identification and characterization of anti-tumor
cytotoxic T lymphocyte (CTL) epitopes. In particular, MUC-1 CTL epitopes in the
non- variable number of tandem repeat (VNTR) region extracellular region of MUC-
1 are described. The VNTR is not a region of MUC-1, which is traditionally known
to have immunogenic epitopes. The invention also describes the generation of
enhancer agonist epitopes which generate stronger immune cell reaction than native

peptides.

In a preferred embodiment, the invention provides an isolated nucleic acid
molecule which encodes an agonist polypeptide antigen derived from a tumor
antigen, such as for example, MUC-1, wherein the agonist polypeptide stimulates a

stronger immune response as compared to a native polypeptide.

In another preferred embodiment, the agonist polypeptide binds to HLA
molecules with a high avidity as compared to native polypeptides. Preferably, the
agonist polypeptide has a higher association constant (K,) for HLA molecules than a
native polypeptide. Also preferably, the agonist polypeptide has a lower dissociation
constant (Kq) for HLA molecules than a native polypeptide.

In another preferred embodiment, the nucleic acid molecule encodes an
agonist polypeptide up to about 12 amino acids in length. Preferably, the agonist

polypeptide 1s derived from a mucin tumor antigen.
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In another preferred embodiment, the agonist polypeptide 1s derived from a

non-variable number of tandem repeats region of MUC-1. Preferably, the agonist

polypeptide generates an immune response.

In one aspect of the invention, the generated immune response 1s a cellular

immune response. Cellular immune responses include cytotoxic T cell responses, T

helper cell responses, and B cell immune responses.

In another preferred embodiment, the invention provides a nucleic acid

molecule comprising a nucleic acid sequence corresponding to (i.e. that can code for)
any one of the amino acid sequences as identified by SEQ ID NO: 1 through 19,
fragments or variants thereof. SEQ ID NO: 1 through 19 are identified by:

SEQ ID Peptide Nucleotide sequence SEQ
NO sequence ID NO
 (peptide) (n.t.)
1 ATWGQDVTSV | GCC/ACC/TGG/GGA/CAG/GAT/GTC/ACC/TCG/GTC 20

2 ALWGQDVTSV | GCC/CTG/TGG/GGA/CAG/GAT/GTC/ACC/TCG/GTC 21

3 ALLVLVCVLV | GCC/CTG/CTG/GTC/CTG/GTC/TGC/GTC/CTG/GTC 22

4 TISDVSVSDV | ACC/ATC/TCG/GAT/GTC/TCG/GTC/TCG/ GAT/GTC 23

5 ALAIVYLIAL | GCC/CTG/GCC/ATC/GTC/TAC/CTG/ATC/GCC/CTG 24

6 VLVALAIVYL | GTC/CTG/GTC/GCC/CTG/GCC/ATC/GTC/TAC/ICTG 25

7 YLIALAVCQC | TAC/CTG/ATC/GCC/CTG/GCC/GTC/TGC/CAA/TGC 26

8 WGQDVTSVPV | TGG/GGA/CAG/GAT/GTC/ACC/TCG/GTC/CCA/GTC 27
5 | REGTINVADV | AGA/GAA/GGT/ACC/ATC/AACIGTCICAC/GATIGIC | 28
10 GTQSPFFLLL | GGC/ACC/CAG/TCT/CCT/TTC/TTC/CTG/CTG/CTG 29
11 LAFREGTINV | CTG/GCC/TTC/AGA/GAA/GGT/ACC/ATC/AAC/GTC 30
12 TLASHSTKTD | ACT/CTG/GCC/TCG/CAC/ITCG/ACC/AAG/ACC/GAT 31

13 | LORDISEMFL | CTG/CAA/AGA/GAT/ATC/TCG/GAA/ATG/TTC/CTG 32

14 AIWGQDVTSV | GCC/ACT/TGG/GGA/CAG/GAT/GTC/ACC/TCG/GTC 33

15 ALWGQDVTSL | GCC/CTG/TGG/GGA/CAG/GAT/GTC/ACC/ITCG/CTG 34
16 éMWGQ"f)VTS GCC/ATG/TGG/GGA/CAG/GAT/GTC/ACC/TCG/GTC 35
17 AMWGQDVTSL | GCC/ATG/TGG/GGA/CAG/GAT/GTC/ACC/TCG/CTG 36
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)

18 AIWGQDVTSL | GCC/ACT/TGG/GGA/CAG/GAT/GTC/ACC/TCG/CTG 37

19 ALWGQDVTSV

In another preferred embodiment, the invention provides for a vector

comprising an isolated nucleic acid molecule expressing any one of amino acids

identified by SEQ ID NO: 1 through 19.

1In another preferred embodiment, the vector comprises nucleic acid

molecules encoding immune cell co-stimulatory molecules, such as for example, B7-

1, ICAM-1 and LFA-331.

In yet another preferred embodiment, the invention provides for the
transduction of dendritic cells with a vector comprising any one of the molecules as

identified by SEQ ID NO: 1 through 19, fragments or variants thereof, and

optionally, immune cell co-stimulatory molecules, such as for example, B7-1,

ICAM-1 and LFA-3.35.

In one aspect of the invention, dendritic cells transduced with the vector
comprising any one of the molecules as identified by SEQ ID NO: 1 through 19,
fragments or variants thereof, and optionally, immune cell co-stimulatory molecules,

generates an immune response, such as activation of a cytotoxic T cell response.

In another preferred embodiment, the invention provides a nucleic acid vector
comprising one or more nucleic acid sequences encoding polypeptides as identified
by any one of SEQ ID NO: 1 through 19, fragments or variants thereof, operably

linked to an inducible promoter.

In another preferred embodiment the nucleic acid vector is a viral vector,
plasmid and the like. Preferably the nucleic acid vector comprises an inducible
promoter which is tissue specific, and optionally, immune cell co-stimulatory

molecules.

In another preferred embodiment, the vector comprising a nucleic acid
sequence encoding any one of the polypeptides identified by SEQ ID NO: 1 through
19.

In another preferred embodiment, the vector codes for any one of the

polypeptides identified by any one of SEQ ID NO: 1 through 19 having a sequence
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identity to any one one of SEQ ID NO: 1 through 19 of at least about 10%, more
preferably, 25%, even more preferably a sequence identity of about 40%, 50%, 60%,

70%, 80%, 90%, or 99.9% to any of the SEQ ID NO: 1 through 19.

In another preferred embodiment, the vector contains a sequence identified by
any one of SEQ ID NO: 20 through 37 having a sequence 1dentity to anyone one of
SEQ ID NO: 20 through 37 of at least about 10%, more preferably. More preferably,
25%, even more preferably about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%
sequence 1dentity to any one of SEQ ID NO: 30 - 37.

In another preferred embodiment, the invention provides a host cell
expressing the polypeptide products of the vector as identified by any one of SEQ ID
NO: 1 through 19 having a sequence 1dentity to anyone one of SEQ ID NO: 1
through 19 of at least about 10%, more preferably, 25%, even more preferably about
40%, 50%, 60%, 70%, 80%, 90%, or 99.9%. Preferably the host cell is an antigen
presenting cell, such as for example, a monocyte/macrophage, dendritic cell or the

like.

In another preferred embodiment, the invention provides a method for
treating a subject suffering from or susceptible to a MUC-1 tumor comprising
administering to a subject any one of the peptides identified by SEQ ID NO: 1
through 19, fragments or variants thereof.

In another preferred embodiment, the invention provides a method for
treating a subject suffering from or susceptible to a MUC-1 tumor comprising
administering to a subject any one of the nucleic acids identified by SEQ ID NO: 20
through 37, fragments or variants thereof.

In another preferred embodiment, the invention provides a method for
generating an immune response to a MUC-1 tumor antigen comprising administering
an 1solated nucleic acid molecule in a therapeutically effective dose sufficient to
generate a cellular immune response, wherein the isolated nucleic acid molecule
encodes any one of polypeptides identified by SEQ ID NO: 1 through 19, fragments
or variants thereof, and optionally immune cell co-stimulatory molecules.

Preferably, the vector can express polypeptides as identified by any one of SEQ ID
NO: 1 through 19 having a sequence identity to anyone one of SEQ ID NO: 1 .
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through 19 of at least about 10%, more preferably, 25%, even more preferably about
40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

In another preferred embodiment, the invention provides for a method for
treating a subject suffering from or susceptible to a MUC-1 tumor comprising
1solating dendritic cells from a subject suffering from cancer; and, treating the
dendritic cells with one or more of the polypeptides identified by SEQ ID NO: 1
through 19; fragments, and variants thereof. Preferably, the treated dendritic cells are

administered to the subject.

In another preferred embodiment, the invention provides a method for
generating an immune response to a weakly immunogenic antigen comprising

administering to an subject a polypeptide with a high avidity for HLA fused to the

weak immunogen.

In one aspect of the invention, the polypeptide comprises the HLA binding
fragment of SEQ ID NO: 19.

In another aspect of the invention, the weak immunogen is a differentiation

antigen, or a tumor antigen.

In another preferred embodiment, the HLLA binding fragment of SEQ ID NO:

19 1s fused to a carcinoembryonic antigen, tumor antigen, self antigen, viral antigen
and the like.

In another preferred embodiment, the invention provides for an isolated

polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 1 through

19, fragments or variants thereof.

In another preferred embodiment, the invention provides for a polypeptide
1dentified by any one of SEQ ID NO: 1 through 19 having a sequence identity to
anyone one of SEQ ID NO: 1 through 19 of at least about 10%, more preferably,
25%, even more preferably about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

In one aspect of the mvention, the polypeptide comlgrises SEQ ID NO: 19.
Preferably, the polypeptide binds to HLA molecules with a high avidity and has a
higher association constant (K;) for the HLA than a native polypeptide and/or a lower
dissociation constant (Kq) for the HLA than a native polypeptide.
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In another aspect of the invention, the polypeptide is derived from a mucin
tumor antigen, preferably, the polypeptide is derived from a non-variable number of

tandem repeats region of MUC-1.

In another aspect of the invention, antigen presentation, by antigen presenting
cells of the polypeptides induces an immune response, preferably a cellular immune
response. For example, the cellular immune response is a cytotoxic T cell response, a

T helper cell response, or a B cell immune response.

In another preferred embodiment, the invention provides for an agonist
polypeptide comprising an amino acid sequence which is at least about 60% 1dentical
to the amino acid sequence of SEQ ID NO: 1 through 19, fragments, or variants
thereof, more preferably, the agonist polypeptide comprises an amino acid sequence
which is at least about 80% 1identical to the amino acid sequence of SEQ ID NO: 1
through 19., more preferably, the égonist polypeptide comprises an amino acid
sequence which 1s at least about 90%, 95%, or 99.9% identical to the amino acid
sequence of SEQ ID NO: 1 through 19.

In another preferred embodiment, a method of treating a subject suffering
from or susceptible to a MUC-1 tumor is disclosed. The method may include the
1solating dendritic cells from a subject suffering from cancer, treating the dendritic
cells with one or more of polypeptides 1dentified by SEQ ID NO: 1 through 19,

activating peripheral blood mononuclear cells with the treated dendritic cells, and

administering the activated PBMC cells to the subject.

Other aspects of the mvention are described infra.

The present invention provides a polypeptide up to 12 amino acids in

length comprising the amino acid sequence of SEQ ID NOs: 1, 4, 8, 10, 12 to 16,
18, or 19.

The present invention also provides a nucleic acid molecule consisting

of a nucleic acid sequence that encodes the polypeptide as defined herein.
/
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The present invention aiso provides a vector comprising one or more of the nucleic

acld molecules as defined herein.

The present invention also provides a host cell comprising the vector as defined

herein.

The present invention also provides a use of one or more of the nucleic acid
molecules as defined herein for the manufacture of a medicament wherein said

medicament generates an immune response to a MUC-1 tumor antigen.

The present invention also provides a use of one or more of the nucleic acid
molecules as defined herein to generate an immune response to a MUC-1 tumor

antigen.

The present invention also provides a use of one or more of the polypeptides as
defined herein for the manufacture of a medicament to treat or prevent a MUC-1

tumor.

The present invention also provides a use of one or more of the polypeptides as

defined herein to treat or prevent a MUC-1 tumor.

The present invention also provides an in vitro method for treating dendritic cells of

a subject suffering from or susceptible to a MUC-1 tumor comprising:

treating the dendritic cells with one or more of the polypeptides as defined

herein.

The present invention also provides an in vitro method for treating dendritic cells of
a subject suffering from or susceptible to a MUC-1 tumor comprising:

treating the dendritic cells with one or more of the polypeptides as defined
herein; and

/a
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activating peripheral blood mononuclear cells with the treated dendritic cells.

The present invention also provides a use of one or more of the polypeptides as
defined herein, fused to a weak immunogen for the manufacture of a medicament

to generate an immune response.

The present invention also provides a use of one or more of the polypeptides as

defined herein, fused to a weak immunogen to generate an immune response.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A and 1B are graphs showing binding of MUC-1 peptide P-92 and
the agonists P-93L and P-93I to HLA-A2 molecule. Figure 1A is a graph showing
use of peptides at concentrations of 0-50 pg/ml. Figure 1B is a graph showing use of
peptides at concentrations of 0-12.5 pg/ml. P-92 MUC-1 peptide (open square), P-
93L (closed square), P-93I (closed triangle). Results are expressed in mean

fluorescence intensity (MFI).

Figure 2 is a graph showing the comparison of the stability of the complex of
the P-92, P-93L or P-93I peptide with HLA-A2. T2 cells were incubated overnight

/b
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with P-92 (open square), P-93L (closed square) or P-931 (closed triangle) peptide at a
concentration of 50pg/ml and then washed free of unbound peptide and incubated
with brefeldin-A to block delivery of new class I molecules to the cell surface. At
the indicated times, cells were stained for the presence of surface peptide-HLA-A2

complexes. Results are expressed in relative percentage of binding compared with

100% at tume O.

Figure 3 is a graph showing the ability of autologous B cells pulsed with
native MUC-1 peptide P-92 (open square), P-93L peptide (closed square) and P-931
peptide (closed triangle) to induce IFN-y production by MUC-1-specific T cells.

Peptides were used at concentrations of 0-6.25 ug/ml. Results are expressed in
pg/ml.

Figure 4 1s a graph showing the cytotoxicity of the MUC-1-specific T-cell
lines against C1R-A2 cells pulsed with P-92 and P-93L peptide. T-1191-P-93L
against C1R~A2 pulsed with P-93L peptide (closed square), T-1191-P-93L against
CIR-A2 pulsed with P-92 peptide (open square), T-1191-P-93L against C1R-A2
pulsed with CAP1-6D peptide (closed circle), T-1191-P-92 against C1R-A2 pulsed
with P-93L peptide (closed triangle), T-1191-P-92 against C1R-A2 pulsed with P-92
peptide (open triangle), T-1191-P-92 against C1R-A2 pulsed with CAP1-6D peptide
(open circle). E: T ratio = 25:1 and 12.5:1 in a 16-h '''In release assay. Bars = SD.

Figure 5 shows a schematic representation of certain viral constructs.

Figure 6 1s a graphical representation of a flow cytometric analysis of surface
marker expression on human DCs uninfected, infected with control vector (V-WT),
or infected with r'V-CEA/MUC/TRICOM. DCs (1 x 10°) were incubated in 1 ml of
Opti-MEM medium at 37°C with rV-CEA/ MUC/TRICOM or control vector (V-
WT) for 1 hour, at an MOI of 5:1. The infected DCs were suspended in 10 ml of
fresh, warm complete medium containing 100 ng/ml of thGM-CSF and 20 ng/ml of
thil-4, and then cultured for 24 hours. Numbers in each histogram indicate the

percentage of positive cells and the mean fluorescence intensity (in parentheses).

Figure 7 1s a graphical representation of a flow cytometric analysis of surface
marker expression on human DCs uninfected, infected with control vector (FP-WT),
or infected with tF-CEA/MUC/TRICOM. DCs (1 x 10°) were incubated in 1 ml of
Opti-MEM medium at 37°C with rF-CEA/ MUC/TRICOM or control vector (FP-
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WT) for 2 hours, at an MOI of 40:1. The infected DCs were suspended in 10 ml of
fresh, warm complete medium containing 100 ng/ml of thGM-CSF and 20 ng/ml of

rhIL-4, and then cultured for 24 h. Numbers in each histogram indicate the

percentage of positive cells and the mean fluorescence intensity (in parentheses).

Figure 8 shows an immunoblotting analysis of human DCs uninfected or
infected with tF-CEATRICOM, rF-MUC-1-TRICOM, 1F-CEA/MUC/TRICOM and

'V-CEA/MUC/TRICOM. Monoclonal antibodies COL-1 and DF-3 were used for the
detection of CEA and MUC- 1, respectively.

Figure 9 is the nucleotide sequence of the wMUC-1(6) vector.

Figure 10 is the amino acid sequence of WMUC-1(6).

DETAILED DESCRIPTION OF THE INVENTION

We describe herein, inter alia, the identification of a novel class I HLA~A2
epitopes of MUC-1 that reside outside of the variable number of tandem repeat
(VNTR) region that are important for immune based therapies in the treatment of
cancer. We have demonstrated the ability of these epitopes to activate human T cells
as measured by IFN-y production. In particular, one epitope, ATWGQDVTSV (SEQ
ID NO: 1), at amino acid position 92-101 and designated P-92), demonstrated the
highest level of binding the HLA-A2 and which induced the highest level of IFN-y in
human T cells. The invention also provides for the generation of enhancer agonist
epitopes, as identified by epitope, ALWGQDVTSV, (SEQ ID NO: 19; designated P-
93L).

(

Virtually all tumors express multiple tumor-associated antigens and the vast
majority of them are heterogeneously expressed in tumor masses. This has been
shown to be attributable to inherent antigenic heterogeneity, environmental factors in
the tumor milieu such as spatial configuration, or antigenic drift due to therapeutic
intervention. Thus, vaccines expressing multiple transgenes may well help to
alleviate this obstacle of antigenic heterogeneity. CEA is expressed on the vast

majority of colorectal, pancreatic, and gastric tumors, and in approximately 70% of

9
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non-small-cell lung cancers, 50% of breast cancers, as well as other tumor types such
as head and neck carcinoma and subsets of ovarian carcinoma (Thompson JA,

Grunert F, Zimmermann, W. Carcinoembryonic antigen gene family: molecular

biology and clinical perspectives. J Clin Lab Anal 1991;5:344-66; and Robbins PF,
Eggensperger D, Q1 CF, Schlom J. Definition of the expression of the human
carcinoembryonic antigen and non-specific cross-reacting antigen in human breast
and lung carcinomas. Int J Cancer 1993;53:892-7). MUC-1, on the other hand, is
overexpressed on the vast majority of colorectal, pancreatic, breast and ovarian
cancers as well as other carcinoma types (Kufe D, Inghirami G, Abe M., Differential
reactivity of a novel monoclonal antibody (DF3) with human malignant versus
benign breast tumors. Hybridoma 1984;3:223-32; Burchell J, Gendler S, Taylor-
Papadimitriou J, et al. Development and characterization of breast cancer reactive
monoclonal antibodies directed to the core protein of the human milk mucin. Cancer
Res 1987;47: 5476-82; Zotter S, Hageman PC, Lossnitzer A, Moor WJ, Hilgers J.
Tissue and tumor distribution of human polymorphic epithelial mucin. Cancer Rev
1988;11-12: 55-101; Kotera Y, Fontenot JD, Pcher G, Metzgar RS, Finn OJ.
Humoral immunity against a tandem repeat epitope of human mucin MUC-1 in sera
from breast, pancreatic, and colon cancer patients. Cancer Res 1994;54:2856-60; and
Goydos JS, Eler E, Whiteside TL, Finn OJ, Lotze MT. A phase I trial of a synthetic
mucin peptide vaccine. Induction of specific immune reactivity in patients with
adenocarcinoma. J Surg Res 1996;63:298-304). Thus, either individual or multi-
targeting of these two antigens may prove advantageous for those cancer types

expressing both antigens.

In certain embodiments the nucleic acid molecule does not have a
sequence as described in Figure 9.

In certain embodiments the peptide does not have a sequence as
described in Figure 10.

10
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In certain embodiments the nucleic acid molecule has a sequence as described

in Figure 9.

In certain embodiments the peptide has a sequence as described in

Figure 10.

In certain embodiments the nucleic acid molecule does not have about a
30 nucleotide portion of consecutive nucleotides of a sequence as described in

Figure 9.

In certain embodiments the peptide does not have about a 30 amino acid

portion of consecutive amino acids of a sequence as described in Figure 10.

r 8 of T Applicaﬁen: PCT[USMB?SIQ, ad N
, filed November 12, 2004
the nucleic acid molecule doe

certain embodiments the nucleic acid molecule has a sequence as described
n PCT/US04/37810, filed November 12, 2004 or PCT/US04/38643, filed Novembe
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gene transfer and/or gene expression in a cell. The nucleic acid delivery vector may
be provided as naked nucleic acids or in a delivery vehicle associated with one or

more molecules for facilitating entry of a nucleic acid into a cell. Suitable delivery
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vehicles include, but are not limited to: liposomal formulations, polypeptides;
polysaccharides; lipopolysaccharides, viral formulations (e.g., including viruses, viral

particles, artificial viral envelopes and the like), cell delivery vehicles, and the like.

As used herein, the term “administering a molecule to a cell” (e.g., an
expression vector, nucleic acid, cytokines, a delivery vehicle, agent, and the like)
refers to transducing, transfecting, microinjecting, electroporating, or shooting, the
cell with the molecule. In some aspects, molecules are introduced into a target cell
by contacting the target cell with a delivery cell (e.g., by cell fusion or by lysing the

delivery cell when it 1s in proximity to the target cell).
The term “or” may be inclusive or exclusive.

A “genetic modification” refers to any addition, deletion or disruption to a
cell’s normal nucleotides. Any method which can achieve the genetic modification
of APCs are within the spirit and scope of this imvention. Art recognized methods
include viral mediated gene transfer, liposome mediated transfer, transformation,

transfection and transduction.

The terms “nucleic acid molecule” or “polynucleotide” will be used
interchangeably throughout the specification, unless otherwise specified. As used
herein, “nucleic acid molecule” refers to the phosphate ester polymeric form of
ribonucleosides (adenosihe, guanosine, uridine or cytidihe; “RNA molecules™) or
deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or
deoxycytidine; “DNA molecules™), or any phosphoester analogues thereof, such as
phosphorothioates and thioesters, in either single stranded form, or a double-stranded
helix. Double stranded DNA--DNA, DNA-RNA and RNA--RNA helices are
possible. The term nucleic acid molecule, and 1n particular DNA or RNA molecule,
refers only to the primary and secondary structure of the molecule, and does not limat
it to any particular tertiary forms. Thus, this term mmcludes double-stranded DNA
found, inter alia, 1n linear or circular DNA molecules (e.g., restriction fragments),
plasmids, and chromosomes. In discussing the structure of particular double-
stranded DNA molecules, sequences may be described herein according to the
normal convention of giving only the sequence in the 5° to 3’ direction along the

nontranscribed strand of DNA (1.e., the strand having a sequence homologous to the
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mRNA). A “recombinant DNA molecule” is a DNA molecule that has undergone a

molecular biological manipulation.

It must be noted that as used herein and in the appended claims, the singular
forms “a,” “an,” and “the” include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to “a host cell” includes a plurality of such
host cells, reference to the “antibody” is a reference to one or more antibodies and

equivalents thereof known to those skilled in the art, and so forth.

As used herein, the term “fragment or segment,” as applied to a nucleic acid
sequence, gene or polypeptide, will ordinarily be at least about 5 contiguous nucleic
acid bases (for nucleic acid sequence or gene) or amino acids (for polypeptides),
typically at least about 10 contiguous nucleic acid bases or amino acids, more
typically at least about 20 contiguous nucleic acid bases or amino acids, usually at
least about 30 contiguous nucleic acid bases or amino acids, preferably at least about
40 contiguous nucleic acid bases or amino acids, more preferably at least about 50
contiguous nucleic acid bases or amino acids, and even more preferably at least about
60 to 80 or more contiguous nucleic acid bases or amino acids 1n length.
“Overlapping fragments” as used herein, refer to contiguous nucleic acid or peptide
fragments which begin at the amino terminal end of a nucleic acid or protein and end
at the carboxy terminal end of the nucleic acid or protein. Each nucleic acid or
peptide fragment has at least about one contiguous nucleic acid or amino acid
position in common with the next nucleic acid or peptide fragment, more preferably
at least about three contiguous nucleic acid bases or amino acid positions in common,
most preferably at least about ten contiguous nucleic acid bases amino acid positions

1N COMmon.

A significant “fragment” in a nucleic acid context is a contiguous segment of
at least about 17 nucleotides, generally at least 20 nucleotides, more generally at least
23 nucleotides, ordinarily at least 26 nucleotides, more ordinarily at least 29
nucleotides, often at least 32 nucleotides, more often at least 35 nucleotides, typically
at least 38 nucleotides, more typically at least 41 nucleotides, usually at least 44
nucleotides, more usually at least 47 nucleotides, preferably at least 50 nucleotides,
more preferably at least 53 nucleotides, and in particularly preferred embodiments

will be at least 56 or more nucleotides.
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A “vector” 1s a composition which can transduce, transfect, transform or
infect a cell, thereby causing the cell to express nucleic acids and/or proteins other
than those native to the cell, or 1n a manner not native to the cell. A cell is
“transduced” by a nucleic acid when the nucleic acid is translocated into the cell from
the extracellular environment. Any method of transferring a nucleic acid into the cell
may be used; the term, unless otherwise indicated, does not imply any particular
method of delivering a nucleic acid into a cell. A cell is “transformed” by a nucleic
acid when the nucleic acid 1s transduced into the cell and stably replicated. A vector
includes a nucleic acid (ordinarily RNA or DNA) to be expressed by the cell. A
vector optionally includes materials to aid in achieving entry of the nucleic acid into
the cell, such as a viral particle, liposome, protein coating or the like. A “cell
transduction vector” is a vector which encodes a nucleic acid capable of stable

replication and expression in a cell once the nucleic acid is transduced into the cell.

“Transcriptional regulatory sequence” 1s a generic term used throughout the
specification to refer to DNA sequences, such as initiation signals, enhancers,
promoters, silencing elements, which induce, inhibit or control transcription of

protein coding sequences with which they are operably linked.

As used herein, the term “downstream” when used in reference to a direction
along a nucleotide sequence means in the direction from the 5° to the 3’ end.

Similarly, the term “upstream’ means in the direction from the 3° to the 5’ end.

As used herein, the term “gene” means the gene and all currently known

variants thereof and any further variants which may be elucidated.

The term “variant,” when used in the context of a polynucleotide sequence,
may encompass a polynucleotide sequence related to a wild type gene. This
definition may also include, for example, “allelic,” “splice,” “species,” or
“polymorphic” variants. A splice variant may have significant identity to a reference
molecule, but will generally have a greater or lesser number of polynucleotides due
to alternate splicing of exons during mRNA processing. The corresponding
polypeptide may possess additional functional domains or an absence of domains.
Species variants are polynucleotide sequences that vary from one species to another.
Of particular utility in the invention are variants of wild type target genes. Variants

may result from at least one mutation in the nucleic acid sequence and may result in
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altered mRNAs or in polypeptides whose structure or function may or may not be
altered. Any given natural or recombinant gene may have none, one, or many allelic
forms. Common mutational changes that give rise to variants are generally ascribed
to natural deletions, additions, or substitutions of nucleotides. Each of these types of
changes may occur alone, or in combination with the others, one or more times 1n a

given sequence.

As used herein, “variant” of polypeptides refers to an amino acid sequence
that is altered by one or more amino acid residues. The variant may have
“conservative” changes, wherein a substituted amino acid has similar structural or
chemical properties (e.g., replacement of leucine with isoleucine). More rarely, a
variant may have “nonconservative” changes (e.g., replacement of glycine with
tryptophan). Analogous minor variations may also include amino acid deletions or
insertions, or both. Guidance in determining which amino acid residues may be
substituted, inserted, or deleted without abolishing biological activity may be found

using computer programs well known in the art, for example, LASERGENE software
(DNASTAR).

The resulting polypeptides generally will have significant amino acid 1dentity
relative to each other. A polymorphic variant is a variation in the polynucleotide
sequence of a particular gene between subjects of a given species. Polymorphic
variants also may encompass “single nucleotide polymorphisms” (SNPs,) or single

base mutations in which the polynucleotide sequence varies by one base.

The terms, “complementary” or “complements™ are used interchangeably
throughout and mean that two sequences are complementary when the sequence of
one can bind to the sequence of the other in an anti-parallel sense wherein the 3”-end
of each sequence binds to the 5°-end of the other sequence and each A, T(U), G, and
C of one sequence is then aligned with a T(U), A, C, and G, respectively, of the other
sequence. Normally, the complementary sequence of the oli gonucleotide has at least
80% or 90%, preferably 95%, most preferably 100%, complementarity to a defined
sequence. Preferably, alleles or variants thereof can be identified. A BLAST

program also can be employed to assess such sequence identity.

The term “complementary sequence” as it refers to a polynucleotide

sequence, relates to the base sequence in another nucleic acid molecule by the base-
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pairing rules. More particularly, the term or like term refers to the hybridization or
base pairing between nucleotides or nucleic acids, such as, for instance, between the
two strands of a double stranded DNA molecule or between an oligonucleotide
primer and a primer binding site on a single stranded nucleic acid to be sequenced or
amplified. Complementary nucleotides are, generally, A and T (or A and U), or C
and G. Two single stranded RNA or DNA molecules are said to be substantially
complementary when the nucleotides of one strand, optimally aligned and compared
and with appropriate nucleotide insertions or deletions, pair with at least about 95%
of the nucleotides of the other strand, usually at least about 98%, and more preferably
from about 99 % to about 100%<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>