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

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2019/048928 Al
14 March 2019 (14.03.2019) W 1P O PCT

(51) International Patent Classification:
A61K 39/145 (2006.01) C07K 16/24 (2006.01)
A61K 39/00 (2006.01)

(21) International Application Number:
PCT/IB2018/0011 19

(22) International Filing Date:
07 September 2018 (07.09.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/555,305 07 September 2017 (07.09.2017) US

(71) Applicant: UNIVERSITY OF OSLO [NO/NO]; P.O. Box
1071, Blindern, NO-03 16 Oslo (NO).

(72) Inventors: BRAATHEN, Ranveig; C/o University Of
Oslo, P.O. Box 1071, Blindern, NO-03 16 Oslo (NO). BO-
GEN, Bjarne; C/o University Of Oslo, P.O. Box 1071,
Blindern, NO-03 16 Oslo (NO).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available) : AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available) : AR PO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
— with international search report (Art. 21(3))
— before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

— with sequence listing part of description (Rule 5 .2(a))

(54) Title: VACCINE MOLECULES

(57) Abstract: Provided herein is technology relating to vaccines and particularly, but not exclusively, to compositions, methods,
and uses of heterodimer vaccine molecules formed from monomers comprising a targeting unit and a variant antigenic unit joined by
heterodimerization units.



VACCINE MOLECULES

FIELD OF INVENTION

Provided herein is technology relating to vaccines and particularly, but not exclusively,

to compositions, methods, and uses of heterodimer vaccine molecules formed from monomers

comprising a variant targeting unit and a variant antigenic unit joined by heterodimerization

units.

BACKGROUND

Influenza A viruses circulate among human populations engender significant morbidity

and mortality. Most inactivated and live-attenuated vaccines against seasonal and pandemic

influenza are strain specific, requiring constant updating of the strains used in yearly multivalent

vaccine preparations. In addition, zoonotic infections, against which there is an absence of

immunity in the human population, occasionally result in the emergence of pandemic strains [1],

like the swine flu in 2009 [2]. Human infections by avian H5N1 and H7N9 viruses further

highlight the potential risk posed by animal reservoirs of influenza A viruses. Thus, there is an

urgent need for an influenza vaccine inducing broadly neutralizing antibodies towards optimally

all serotypes of influenza.

A well-known method to increase the immunogenicity of protein antigens in subunit

vaccines is to chemically [3-5] or genetically [6-9] incorporate the antigen into antibodies or

antibody fragments that target antigen presenting cells (APC). This principle has been extended

to DNA vaccination by constructing DNA plasmids that encode for APC-specific fusion

proteins. Thus, cells transfected in vivo by DNA vaccination secrete fusion proteins that enhance

delivery of antigen to APC, resulting in improved immune responses [10-14]. Electroporation of

the injection site of the DNA vaccine ensure efficient uptake and translation into vaccine protein

[12]. To increase the immunogenicity even further, Bogen and coworkers have developed a

dimeric targeted DNA vaccine [12, 13]. The dimeric version containing two targeting units and

two antigenic units increased the avidity. This bivalency in combination with xenogenic

sequences found in this homodimeric vaccine increased the antibody responses than for

monomeric equivalents in short term assays [15].

SUMMARY

Provided herein is technology relating to vaccines and particularly, but not exclusively,

to compositions, methods, and uses of heterodimer vaccine molecules formed from monomers



comprising a variant targeting unit and a variant antigenic unit joined by heterodimerization

units.

Accordingly, in some embodiments the present invention provides a DNA vaccine

comprising first and second nucleic acid constructs encoding first and second fusion proteins

comprising a targeting unit, a heterodimerization unit, and an antigenic unit in operable

association, wherein the antigenic unit for each of the first and second fusion proteins are variant

target antigenic proteins and wherein when the first and second nucleic acid constructs are

introduced into a cell the first and second fusion proteins are expressed and associate to form a

first heterodimeric protein via association of the heterodimerization units.

In some embodiments, the heterodimerization unit in one of the first and second nucleic

acid constructs is an ACID heterodimerization unit and the heterodimerization unit in the other

of the first and second nucleic acid constructs is a BASE heterodimerization unit that interact to

form an ACID/BASE heterodimerization domain is the first heterodimeric protein. In some

embodiments, the heterodimerization unit in one of the first and second nucleic acid constructs

is a barstar heterodimerization unit and the heterodimerization unit in the other of the first and

second nucleic acid constructs is a barnase heterodimerization unit that interact to form an

barstar/barnase heterodimerization domain is the first heterodimeric protein.

In some embodiments, the targeting units of the first and second fusion proteins are

identical. In some embodiments, the targeting units of the first and second fusion proteins are

different. In some embodiments, the targeting unit is an antigen binding protein. In some

embodiments, the antigen binding protein is a scFv. In some embodiments, the targeting unit is

an Antigen Presenting Cell (APC) targeting unit. In some embodiments, the APC targeting unit

binds to a target selected from the group consisting of MHC-II molecules, CD40, CD 11c, CD 14,

HLA-DP, Toll-like receptors, and chemokine receptors.

In some embodiments, the variant antigenic target proteins have greater than about 30%,

40%, 50%, 60%, 70%, 80%, 90% or 95% sequence identity or conserved regions of more than

8, 10, 12, 15, 20, 30, 40, 50 or 60 amino acids in length and up to 100 to 200 amino acids in

length within the variant antigenic target proteins have greater than about 30%, 40%, 50%, 60%,

70%, 80%, 90% or 95% sequence identity. In some embodiments, the different variant antigenic

target proteins are from different strains or serotypes of an organism. In some embodiments, the

organism is a pathogenic organism. In some embodiments, the organism is selected from the

group consisting of a virus, a bacterium, a fungus and a protozoan. In some embodiments, the

different variant antigenic target proteins are variants of hemagglutinin (HA). In some

embodiments, the vaccine comprises variants of HA from at least three, four, five or six and up



to 12 or 18 strains or serotypes of influenza viruses. In some embodiments, the influenza viruses

are selected from the group consisting of group 1 and group 2 influenza viruses. In some

embodiments, the group 1 influenza viruses are selected from the group consisting of H1, H2,

H5, H6, H8, H9, H11, H 12, H 13, H 16, H17 and H 18 and the group 2 influenza viruses are

selected from the group consisting of H3, H4, H7, H10, H14 and H15. In some embodiments,

the different variant antigenic target proteins are variants of a cancer antigen (e.g., neo-epitope).

In some embodiments, the DNA vaccine further comprises at least third and fourth

nucleic acid constructs encoding third and fourth fusion proteins comprising a targeting unit, a

heterodimerization domain, and an antigenic unit in operable association, wherein the antigenic

unit for each of the third and fourth fusion proteins are variant target antigenic proteins. In some

embodiments, expression of the third and fourth fusion proteins in a cell with the first and

second fusion proteins results in the production of a mixture of heterodimeric proteins. In some

embodiments, when the first and second nucleic acid constructs are expressed in a cell, the

production of the heterodimeric proteins is characterized by the substantial absence of the

production of homodimeric proteins comprising the same target antigenic protein. In some

embodiments, when the first and second nucleic acid constructs and the at least third and fourth

nucleic acid constructs are expressed in a cell, the production of the heterodimeric proteins is

characterized by the substantial absence of the production of homodimeric proteins comprising

the same target antigenic protein.

In some embodiments, the sequence encoding the fusion protein is operably linked to a

promoter, preferably an exogenous promoter.

In some embodiments, the present invention provides vaccine compositions comprising a

heterodimeric protein molecule, wherein the heterodimeric protein molecule comprises first and

second fusion protein monomers comprising a targeting unit, a heterodimerization unit, and an

antigenic unit in operable association, wherein the antigenic unit for each of the first and second

fusion protein monomers differ by encoding different variant target antigenic proteins, and

wherein the heterodimeric protein molecule comprises two of the monomers joined by

association of the dimerization domains.

In some embodiments, the heterodimerization unit in one of the first and second fusion

protein monomers is an ACID heterodimerization unit and the heterodimerization unit in the

other of the first and second fusion protein monomers is a BASE heterodimerization unit that

interact to form an ACID/BASE heterodimerization domain is the first heterodimeric protein. In

some embodiments, the heterodimerization unit in one of the first and second fusion protein

monomers is a barstar heterodimerization unit and the heterodimerization unit in the other of the



first and second fusion protein monomers is a barnase heterodimerization unit that interact to

form a barstar/barnase heterodimerization domain is the first heterodimeric protein.

In some embodiments, the targeting units of the first and second fusion proteins are identical. In

some embodiments, the targeting units of the first and second fusion proteins are different. In

some embodiments, the targeting unit is an antigen binding protein. In some embodiments, the

antigen binding protein is a scFv. In some embodiments, the targeting unit is an Antigen

Presenting Cell (APC) targeting unit. In some embodiments, the APC targeting unit binds to a

target selected from the group consisting of MHC-II molecules, CD40, CD11c, CD14, HLA-DP,

Toll-like receptors, and chemokine receptors.

In some embodiments, the different variant antigenic target proteins have greater than

about 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% sequence identity or conserved regions of

more than 8, 10, 12, 15, 20, 30, 40, 50 or 60 amino acids in length and up to 100 to 200 amino

acids in length within the variant antigenic target proteins have greater than about 30%, 40%,

50%, 60%, 70%, 80%, 90% or 95% sequence identity. In some embodiments, the different

variant antigenic target proteins are from different strains or serotypes of an organism. In some

embodiments, the organism is a pathogenic organism. In some embodiments, the organism is

selected from the group consisting of a virus, a bacterium, a fungus and a protozoan. In some

embodiments, the different variant antigenic target proteins are variants of hemagglutinin (HA).

In some embodiments, the vaccine comprises variants of HA from at least three, four, five or six

and up to 12 or 18 strains or serotypes of influenza viruses. In some embodiments, the influenza

viruses are selected from the group consisting of group 1 and group 2 influenza viruses. In some

embodiments, the group 1 influenza viruses are selected from the group consisting of H1, H2,

H5, H6, H8, H9, H11, H 12, H 13, H 16, H17 and H 18 and the group 2 influenza viruses are

selected from the group consisting of H3, H4, H7, H10, H14 and H15. In some embodiments,

the different variant antigenic target proteins are variants of a cancer antigen.

In some embodiments, the vaccine compositions further comprise at least third and

fourth fusion protein monomers comprising a targeting unit, a heterodimerization domain, and

an antigenic unit in operable association, wherein the antigenic units for each of the third and

fourth fusion protein monomers differ by encoding different versions of the variant target

antigenic protein. In some embodiments, the vaccine comprises a mixture of heterodimeric

proteins characterized in having all possible combinations of the first and second and at least

third and fourth monomers. In some embodiments, the vaccine composition is characterized by

the substantial absence of homodimeric proteins comprising the same target antigenic protein. In



some embodiments, the vaccine composition is characterized by the substantial absence of

homodimeric proteins comprising the same target antigenic protein.

In some embodiments, the present invention provides a pharmaceutical formulation

comprising the DNA vaccine or vaccine composition as described above and a pharmaceutically

acceptable carrier.

In some embodiments, the present invention provides a vaccine formulation comprising

a vaccine composition as described above and an adjuvant.

In some embodiments, the present invention provides a method of immunizing or inducing an

immune response to variant target antigenic proteins in a subject comprising administering to the

subject a DNA vaccine, vaccine composition, pharmaceutical formulation or vaccine

formulation as described above to a subject. In some embodiments, the method further

comprises a second administration to the subject of a DNA vaccine, vaccine composition,

pharmaceutical formulation or vaccine formulation as described above. In some embodiments,

the method further comprises administering to the subject a second DNA vaccine, vaccine

composition, pharmaceutical formulation or vaccine formulation comprising one or more non-

targeted variant target antigenic protein subunits.

In some embodiments, the present invention provides for use of a DNA vaccine, vaccine

composition, pharmaceutical formulation or vaccine formulation as described above to

immunize or induce an immune response in a subject in need thereof.

In some embodiments, the present invention provides for use of a DNA vaccine, vaccine

composition, pharmaceutical formulation or vaccine formulation as described above as a vaccine

to prevent or to treat infection by a pathogen.

In some embodiments, the present invention provides for use of a DNA vaccine, vaccine

composition, pharmaceutical formulation or vaccine formulation as described above as a vaccine

to prevent or to treat cancer.

Additional embodiments will be apparent to persons skilled in the relevant art based on

the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present technology will become better

understood with regard to the following drawings:

FIGS. 1A-E provide schematics and data related heterodimeric vaccine moelcules of the

present invention. A. The homodimeric targeting vaccine molecule is formed by two identical

chains consisting of a targeting unit binding specific binding to APC, a dimerization unit



connecting the targeting to the antigen and finally the antigenic unit. The dimerization unit

consists of a shorten hinge and CH3 from human IgG3 inducing disulfide bridges and

noncovalent interactions between the two chains. B. The ACID (A)/BASE (B) motif from a

modified leucine zipper subcloned with targeting units N-terminal and antigens C-terminal,

inducing formation of heterodimers. C. The Bamase (Bn) and Barstar (Bs) subcloned with

targeting units N-terminal and antigens C-terminal. In addition hi from the hinge in human IgG3

is added to the N-terminal of both barnase and barstar inducing stabilizing disulfidebridges.

Interaction between the bamase-barstar protein pair induces heterodimers. D. Schematic

depiction of gene constructs. E. ELISA results.

FIGS. 2A-D provide data related to expression of heterodimeric vaccine molecules of

the present invention. A . All ACID/BASE heterodimers are secreted at similar leves as the

homodimeric. B. The barnase-barstar heterodimers are also expressed but maybe at some

reduced levels compared to the homodimeric vaccine molecules. C and D.The same

supematants were analyzed in an ELISA measuring heterodimeric molecules from ACID/BASE

and bamase-barstar heterodimeric pair. MIPla-scFv315 is the positive control of the ELISA.

FIGS. 3A-B present schematics and data related to formation of heterodimeric vaccine

molecules of the present invention. A. Schematic showing heterodimers expressing both OVA

and mCherry as antigens and with either two XCL-1, two scFvantlNIP or one of each as targeting

units. B. The ELISA detects only fusionproteins containing both XCL-1 and mCherry. Results:

Fusionprotein of only ACID or BASE are equally expressed by HEK293 cells as well as

heterodimers of ACID/BASE. OVA as well as mCherry can be antigen both on ACID and

BASE, and similarly, the XCL-1 and scFva tl I can be expressed as targeting units of both

ACID and BASE.

FIGS. 4A-D present data related to vaccine molecules of the present invention with

different antigenic units. A. The ACID/BASE heterodimers subcloned to have monovalent

targeting of both MIP-l and scFvantiNIP expressing various antigens like ESAT (E), 85b

(Tuberculosis antigens), scFvantiM315 and hemagglutinin (HA). The secreted proteins were

detected in an ELISA specific for heterodimers, as only heterodimers expressing both antiNIP

and MIP-l is detected. B. The same supematants were also analyzed with specific antibodies

against HA. C. The ACID/BASE heterodimers subcloned to have monovalent targeting of both

ΜΙΡ-laor XCL-1 and scFvantiNIP expressing various antigens like ESAT (E), 85b

(Tuberculosis antigens), scFva tlM 15 and hemagglutinin (HA), and D. OVA, mCherry or

scFvantlM315(F). The secreted proteins were detected in an ELISA specific for heterodimers as the

coat is with mAb towards the ACID/BASE dimer.



FIGS. 5A-B present data related to the retention of chemotactic activity of an MlPla

targeting unit.

FIGS. 6A-B present data showing ACID/BASE heterodimer induce antigen specific

responses in vivo after vaccination in BALB/c mice.

FIG. 7 presents data showing that an ACID/BASE heterodimer of the present invention

induced protection against MOPC315 tumor cells after one vaccination.

FIGS. 8A-E present data relevant to design and characterization of heterodimeric

vaccine molecules. A. Schematic demonstration of heterodimeric vaccine proteins. B. Schematic

depiction of DNA cassettes for vaccine molecules of the present invention. C. ELISA analysis

of heterodimeric moelcules. D. Western blot of heterodimeric vaccine molecules. E. Flow

cytometry of heterodimeric proteins molecules specific binding to targeted receptor (I-

Ed/MHCII) expressed by fibroblasts.

FIGS. 9A-I present data showing bivalency of heterodimeric vaccine molecules

increases IgG titers in mice. A-I. ELISA results for mice vaccinated with vaccine constructs of

the present invention.

FIGS. 10A-E present data showing antibody titers after vaccination with heterodimeric

anti-tumor vaccines. A. Schematic of heterodimeric DNA vaccines with anti-tumor antigens. B-

E. ELISA results for immune response following vaccination in mice.

FIGS. 11A-F present data showing bivalent DNA vaccines completely protect mice

against homologous H1N1 influenza infection. Data are provided for mean weight loss (FIGS.

11 A, C and E) and survival after infection (FIGS. 11 B, D and F).

FIGS. 12A-C present data showing that bivalency of heterodimeric vaccine molecules

increases antigen specific germinal centers and B cell population in bone marrow. A. Dilution

curve of rHA probe fitted with non-linear regression. B. Representation of individual mice with

200 nM rHA probe. C. Cell suspensions from the bone marrow were analyzed with a B-cell

ELISPOT to detect PR8 or Cal07 specific B cells. *p<0.05 and **p<0.01, unpaired two tailed

student's t-test.

FIGS. 13A-D provide additional data related to vaccine molecules of the present

invention. A. Heterodimeric ACID/BASE targeting vaccine. B. Vaccination of balb/c mice gave

higher PR8-specific IgGl for bivalent molecules than monovalent molecules. C. Only bivalent

heterodimer induced full protection in a PR8 challenge. D. Competing ELISA. PR8 is used as

coat and the sera from vaccinated mice is competed with Cal07 (Cal07/PR8 inhibited more than

Cal07/Cal07) or with PR8 (Cal07/PR8 less inhibited than PR8/PR8).



FIGS. 14A-D provide a schematic model for induction of antibodies with targeted and

bivalent DNA vaccines.

FIG. 15 provides a sequence comparison of Cal07 (SEQ ID NO: 12) and PR8 (SEQ ID

NO: 13) from the hemagglutinin (HA) from H1: 81,5% identity.

FIG. 16 shows that ACID/BASE heterodimeric DNA vaccines induce protection against

bone marrow myeloma (MOPC.315.BM) tumor after a single vaccination in BALB/c mice.

Survival curves of the various vaccines compared to antigen control and NaCl vaccinated mice.

The tumor-specific antigen M315 is measured in sera and ACID/BASE vaccinated mice shows

significantly less M315 in sera then control vaccinated mice.

FIG. 17 shows that one targeting unit in the ACID/BASE heterodimeric vaccine is

sufficient for antigen-specific IgGl and IgG2a responses in vivo.

FIG. 18 shows that DNA vaccines with HA as antigen are functionally expressed in vitro

and in vivo (A) Representation of vaccine proteins. (B) Balb/c mice were vaccinated

intradermally with aMHCII-Hx bivalent dimers carrying HA from one of the 18 subtypes.

FIG. 19 shows that vaccination with a HA mix vaccine induces antibody against

heterologous HA strains (HA1 not included in the mix).

FIG. 20 shows that vaccination with HA mix (lacking HI) gives partial protection

against H I challenge.

It is to be understood that the figures are not necessarily drawn to scale, nor are the

objects in the figures necessarily drawn to scale in relationship to one another. The figures are

depictions that are intended to bring clarity and understanding to various embodiments of

apparatuses, systems, and methods disclosed herein. Wherever possible, the same reference

numbers will be used throughout the drawings to refer to the same or like parts. Moreover, it

should be appreciated that the drawings are not intended to limit the scope of the present

teachings in any way.

DETAILED DESCRIPTION

Provided herein is technology relating to vaccines and particularly, but not exclusively, to

compositions, methods, and uses of heterodimer vaccine molecules formed from monomers

comprising a variant targeting unit and a variant antigenic unit joined by heterodimerization

units.

The section headings used herein are for organizational purposes only and are not to be

construed as limiting the described subject matter in any way.



In this detailed description of the various embodiments, for purposes of explanation,

numerous specific details are set forth to provide a thorough understanding of the embodiments

disclosed. One skilled in the art will appreciate, however, that these various embodiments may

be practiced with or without these specific details. In other instances, structures and devices are

shown in block diagram form. Furthermore, one skilled in the art can readily appreciate that the

specific sequences in which methods are presented and performed are illustrative and it is

contemplated that the sequences can be varied and still remain within the spirit and scope of the

various embodiments disclosed herein.

All literature and similar materials cited in this application, including but not limited to,

patents, patent applications, articles, books, treatises, and internet web pages are expressly

incorporated by reference in their entirety for any purpose. Unless defined otherwise, all

technical and scientific terms used herein have the same meaning as is commonly understood by

one of ordinary skill in the art to which the various embodiments described herein belongs.

When definitions of terms in incorporated references appear to differ from the definitions

provided in the present teachings, the definition provided in the present teachings shall control.

Definitions

To facilitate an understanding of the present technology, a number of terms and phrases are

defined below. Additional definitions are set forth throughout the detailed description.

Throughout the specification and claims, the following terms take the meanings

explicitly associated herein, unless the context clearly dictates otherwise. The phrase "in one

embodiment" as used herein does not necessarily refer to the same embodiment, though it may.

Furthermore, the phrase "in another embodiment" as used herein does not necessarily refer to a

different embodiment, although it may. Thus, as described below, various embodiments of the

invention may be readily combined, without departing from the scope or spirit of the invention.

In addition, as used herein, the term "or" is an inclusive "or" operator and is equivalent

to the term "and/or" unless the context clearly dictates otherwise. The term "based on" is not

exclusive and allows for being based on additional factors not described, unless the context

clearly dictates otherwise. In addition, throughout the specification, the meaning of "a", "an",

and "the" include plural references. The meaning of "in" includes "in" and "on."

As used herein, the terms "subject" and "patient" refer to any animal, such as a mammal

like a dog, cat, bird, livestock, and preferably a human.



As used herein, the term "pharmaceutical composition" refers to the combination of an

active agent with a carrier, inert or active, making the composition especially suitable for

therapeutic use.

The terms "pharmaceutically acceptable" or "pharmacologically acceptable", as used

herein, refer to compositions that do not substantially produce adverse reactions, e.g., toxic,

allergic, or immunological reactions, when administered to a subject.

As used herein, the term "treating" includes reducing or alleviating at least one adverse

effect or symptom of a disease or disorder through introducing in any way a therapeutic

composition of the present technology into or onto the body of a subject. "Treatment" refers to

both therapeutic treatment and prophylactic or preventative measures, wherein the object is to

prevent or slow down (e.g., minimize or lessen) the targeted pathologic condition or disorder.

Those in need of treatment include those already with the disorder as well as those prone to have

the disorder or those in whom the disorder is to be prevented.

As used herein, the term "antibody" is used in its broadest sense to refer to whole

antibodies, monoclonal antibodies (including human, humanized, or chimeric antibodies),

polyclonal antibodies, and antibody fragments that can bind antigen (e.g., Fab', F' (ab)2, Fv,

single chain antibodies), comprising complementarity determining regions (CDRs) of the

foregoing as long as they exhibit the desired biological activity.

As used herein, "antibody fragments" comprise a portion of an intact antibody,

preferably the antigen binding or variable region of the intact antibody. Examples of antibody

fragments include Fab, Fab', F(ab¾, and Fv fragments; diabodies; linear antibodies (Zapata et

al., Protein Eng. 8(10): 1057-1062 (1995)); single-chain antibody molecules; and multispecific

antibodies formed from antibody fragments.

A molecule that "specifically binds to" or is "specific for" another molecule is one that

binds to that particular molecule without substantially binding to any other molecule.

As used herein the term, "in vitro" refers to an artificial environment and to processes or

reactions that occur within an artificial environment. In vitro environments may include, but are

not limited to, test tubes and cell cultures. The term "in vivo" refers to the natural environment

(e.g., an animal or a cell) and to processes or reactions that occur within a natural environment.

As used herein, the term "administration" refers to the act of giving a drug, prodrug,

antibody, vaccine, or other agent, or therapeutic treatment to a physiological system (e.g., a

subject or in vivo, in vitro, or ex vivo cells, tissues, and organs). Exemplary routes of

administration to the human body can be through the eyes (ophthalmic), mouth (oral), skin

(transdermal), nose (nasal), lungs (inhalant), oral mucosa (buccal), ear, by injection (e.g.,



intravenously, subcutaneously, intratumorally, intraperitoneally, etc.) and the like.

"Coadministration" refers to administration of more than one chemical agent or therapeutic

treatment (e.g., radiation therapy) to a physiological system (e.g., a subject or in vivo, in vitro, or

ex vivo cells, tissues, and organs). As used herein, administration "in combination with" one or

more further therapeutic agents includes simultaneous (concurrent) and consecutive

administration in any order. "Coadministration" of therapeutic treatments may be concurrent, or

in any temporal order or physical combination.

As used herein, "carriers" include pharmaceutically acceptable carriers, excipients, or

stabilizers which are nontoxic to the cell or mammal being exposed thereto at the dosages and

concentrations employed. Often the physiologically acceptable carrier is an aqueous pH-

buffered solution. Examples of physiologically acceptable carriers include buffers such as

phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular

weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or

immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as

glycine, glutamine, asparagine, arginine, or lysine; monosaccharides, disaccharides, and other

carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar

alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic

surfactants.

As used herein, the terms "protein," "polypeptide," and "peptide" refer to a molecule

comprising amino acids joined via peptide bonds. In general, "peptide" is used to refer to a

sequence of 20 or less amino acids and "polypeptide" is used to refer to a sequence of greater

than 20 amino acids.

As used herein, the term, "synthetic polypeptide," "synthetic peptide", and "synthetic

protein" refer to peptides, polypeptides, and proteins that are produced by a recombinant process

(i.e., expression of exogenous nucleic acid encoding the peptide, polypeptide, or protein in an

organism, host cell, or cell-free system) or by chemical synthesis.

As used herein, the term "protein of interest" refers to a protein encoded by a nucleic

acid of interest.

As used herein, the term "native" (or wild type) when used in reference to a protein

refers to proteins encoded by the genome of a cell, tissue, or organism, other than one

manipulated to produce synthetic proteins.

As used herein, "domain" (typically a sequence of three or more, generally 5 or 7 or

more amino acids) refers to a portion of a molecule, such as proteins or the encoding nucleic

acids, that is structurally and/or functionally distinct from other portions of the molecule and is



identifiable. For example, domains include those portions of a polypeptide chain that can form

an independently folded structure within a protein made up of one or more structural motifs

and/or that is recognized by virtue of a functional activity, such as proteolytic activity. As such,

a domain refers to a folded protein structure that retains its tertiary structure independently of the

rest of the protein. Generally, domains are responsible for discrete functional properties of

proteins, and in many cases may be added, removed or transferred to other proteins without loss

of function of the remainder of the protein and/or of the domain.

A protein can have one, or more than one, distinct domains. For example, a domain can

be identified, defined or distinguished by homology of the sequence therein to related family

members, such as homology to motifs that define a protease domain or a gla domain. In another

example, a domain can be distinguished by its function, such as by proteolytic activity, or an

ability to interact with a biomolecule, such as DNA binding, ligand binding, and dimerization. A

domain independently can exhibit a biological function or activity such that the domain

independently or fused to another molecule can perform an activity, such as, for example

proteolytic activity or ligand binding. A domain can be a linear sequence of amino acids or a

non-linear sequence of amino acids. Many polypeptides contain a plurality of domains. Some

domains are known and can be identified by those of skill in the art. It is to be understood that it

is well within the skill in the art to recognize particular domains by name. If needed, appropriate

software can be employed to identify domains.

As used herein, the term "host cell" refers to any eukaryotic cell (e.g., mammalian cells,

avian cells, amphibian cells, plant cells, fish cells, insect cells, yeast cells), and bacteria cells,

and the like, whether located in vitro or in vivo (e.g., in a transgenic organism). The term "host

cell" refers to any cell capable of replicating and/or transcribing and/or translating a

heterologous gene. Thus, a "host cell" refers to any eukaryotic or prokaryotic cell, whether

located in vitro or in vivo. For example, host cells may be located in a transgenic animal.

As used herein, the term "cell culture" refers to any in vitro culture of cells. Included

within this term are continuous cell lines (e.g., with an immortal phenotype), primary cell

cultures, finite cell lines (e.g., non-transformed cells), and any other cell population maintained

in vitro, including oocytes and embryos.

The term "isolated" when used in relation to a nucleic acid or polypeptide or protein

refers to a nucleic acid or polypeptide or protein sequence that is identified and separated from

at least one contaminant nucleic acid or polypeptide or protein with which it is ordinarily

associated in its natural source. Isolated nucleic acids or polypeptides or proteins are molecules

present in a form or setting that is different from that in which they are found in nature. In



contrast, non-isolated nucleic acids or polypeptides or proteins are found in the state in which

they exist in nature.

The term "antigen" refers to a molecule (e.g., a protein, glycoprotein, lipoprotein, lipid,

nucleic acid, or other substance) that is reactive with an antibody specific for a portion of the

molecule.

The term "antigenic determinant" refers to that portion of an antigen that makes contact

with a particular antibody (e.g., an epitope). When a protein or fragment of a protein is used to

immunize a host animal, numerous regions of the protein may induce the production of

antibodies that bind specifically to a given region or three-dimensional structure on the protein;

these regions or structures are referred to as antigenic determinants. An antigenic determinant

may compete with the intact antigen (e.g., the "immunogen" used to elicit the immune response)

for binding to an antibody. In some embodiments, the "antigenic determinant" or "epitope" is a

"neo-epitope" or new epitope.

The terms "protein" and "polypeptide" refer to compounds comprising amino acids

joined via peptide bonds and are used interchangeably. A "protein" or "polypeptide" encoded by

a gene is not limited to the amino acid sequence encoded by the gene, but includes post-

translational modifications of the protein.

Where the term "amino acid sequence" is recited herein to refer to an amino acid

sequence of a protein molecule, "amino acid sequence" and like terms, such as "polypeptide" or

"protein" are not meant to limit the amino acid sequence to the complete, native amino acid

sequence associated with the recited protein molecule. Furthermore, an "amino acid sequence"

can be deduced from the nucleic acid sequence encoding the protein.

The term "portion" when used in reference to a protein (as in "a portion of a given

protein") refers to fragments of that protein. The fragments may range in size from four amino

acid residues to the entire amino sequence minus one amino acid (for example, the range in size

includes 4, 5, 6, 7, 8, 9, 10, or 11 . . . amino acids up to the entire amino acid sequence minus

one amino acid).

As used herein, a "vaccine" comprises one or more immunogenic antigens intentionally

administered to induce acquired immunity in the recipient (e.g., a subject).

Embodiments of the technology

Although the disclosure herein refers to certain illustrated embodiments, it is to be understood

that these embodiments are presented by way of example and not by way of limitation.



In some embodiments, the present invention provides a DNA vaccine comprising at least

first and second nucleic acid constructs encoding at least first and second fusion proteins

comprising a targeting unit, a heterodimerization domain, and an antigenic unit in operable

association. In some embodiments, the antigenic unit for each of said first and second fusion

proteins are variant target antigenic proteins. In some embodiments, when said first and second

nucleic acid constructs are introduced into a cell the first and second fusion proteins are

expressed and associate to form a first heterodimeric protein via association of said

heterodimerization domains. This is shown schematically, for example, in FIGS. 1 and 8 . As

can be seen in these figures, introduction of the vaccine nucleic acid constructs into a host cell

results in the production of monomer units comprising a targeting unit (exemplified by scFv

such as anti-MHCII and anti-NIP), a heterodimerization unit (exemplified by ACID/BASE

domains and barstar/bamase domains), and different antigenic units (exemplified by Fv315, and

HA from PR8 and Cal07). Upon expression, monomers with the ACID domain pair with

mononers with the BASE domain and, likewise, monomers with the barstar domain pair with

mononers with the barnase domain to form heterodimeric protein molecules. Exemplary

sequences for fusion proteins of the present invention are provided herein. For example, SEQ

ID NOs: 1 and 2 provide the nucleic acid sequences for constructs encoding a fusion protein with

a MIP l a targeting unit and M315 antigenic unit separated by a hinge region and an ACID-ACID

domain. SEQ ID NO:3 provides the corresponding amino acid sequence for the fusion protein.

SEQ ID NOs:4 and 5 provide the nucleic acid sequences for constructs encoding a fusion protein

with a MIP l a targeting unit and M315 antigenic unit separated by a hinge region and an BASE-

BASE domain. SEQ ID NO:6 provides the corresponding amino acid sequence for the fusion

protein. It will be understood that the exemplified constructs and fusion proteins are modular

and that, for example, the exemplified targeting unit may be substituted with a different

targeting units as described in more detail herein, the exemplified antigenic units may be

substituted with different antigenic units as described in more detail herein, and the

heterodimerization domains may be substituted with different heterodimerization domains as

described in more detail herein. Additional antigenic units are exemplified by those provided as

SEQ ID NOs: 7-13.

It will be recognized that the constructs may also be used to produce polypeptide vaccine

compositions by expressing suitable expression vectors comprising the constructs in a host cell.

Accordingly, the present invention also provides vaccine compositions comprising one or more

heterodimeric protein molecules, wherein the heterodimeric protein molecules comprise at least

first and second fusion protein monomers comprising a targeting unit, a heterodimerization



domain, and an antigenic unit in operable association, wherein the antigenic unit for each of the

first and second fusion protein monomers differ by encoding different variant target antigenic

proteins, and wherein the heterodimeric protein molecule comprises two of the monomers joined

by association of the heterodimerization domains.

In preferred embodiments, the different antigenic units are variants of a target antigenic

protein, for example an antigenic protein from a pathogen such as a virus, bacterium, fungus or

protozoa, or a target cancer antigen. In some embodiments, the cancer antigen is a neo epitope,

which result from somatic or passenger mutations within the tumor that give rise to new epitopes

or neoepitopes. Neoepitopes are recognized by the adaptive immune system as 'mutated self

and serve as the means by which immune systems can differentiate cancer from normal cells.

Thus, neoepitopes may make strong candidates for personalized cancer immunotherapy

vaccines. In some embodiments, the variants of a target antigenic protein are variants of the

target antigenic protein from different strains of a target pathogen such as different strains of a

virus, bacterium, fungus, or protozoan. In some embodiments, the variants of a target antigenic

protein are variants of the target antigenic protein from different species or genera of a target

pathogen such as different species or genera of a virus, bacterium, fungus, or protozoan. In

some embodiments, the variants may be defined by the degree of identity of sequence shared by

the variants of the target antigenic protein. A high degree of sequence identity is not required as

variants target antigenic proteins from different strains of, for example, the same pathogenic

organism may be quite diverse in sequence. In some embodiments, the variants may have about

greater than 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence

identity. Accordingly, the DNA vaccine and vaccine compositions of the present invention may

comprise sequences encoding 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20

variant target antigenic proteins, or from 2 to 10, 2 to 20, 2 to 30, 2 to 50, 3 to 10, 3 to 20, 3 to

30, 3 to 50, 4 to 10, 4 to 20, 4 to 30, 4 to 50, 5 to 10, 5 to 20, 5 to 30, 5 to 50, 6 to 10, 6 to 20, 6

to 30, or 6 to 50 variant target antigenic proteins, or greater than 2, 3, 4, 5, 6, 7, 8, 9 or 10 variant

target antigenic proteins.

The present invention is not limited to a particular mechanism of action. Indeed, an

understanding of the mechanism of action is not necessary to practice the present invention.

Nevertheless, FIG. 14 provides a model for induction of an immune response with the vaccines

of the present invention. Referring to FIG. 14, after DNA vaccination followed by

electroporation, host cells can take up DNA and transcribe vaccine protein. See FIG. 14A.

Targeting units on the vaccine effectively bind and activate APCs and are internalized and

processed for display of antigen on MHCII to CD4+ T cells. Antigen specific BCRs recognize



epitopes on the antigenic unit, which will cause vaccine protein to be internalized and processed

by B cells. Display of antigen on MHCII of the B cell surface enables B cells to receive help

from CD4+ T cells, activating the B cell to differentiate into plasma cells and production of

antibodies. Additionally, targeted vaccine dimers could form a synapse between B cells and

APC. Bivalent targeted vaccines enable one BCR to bind two arms of the vaccine dimers. When

multiple APC bound vaccine dimers and BCR bind in tandem, as shown in (FIG. 14D), a

synapse may be formed in which the BCRs are immobilized relative to one another in the B cell

membrane. This forces the BCRs to remain close together in the membrane. This might amplify

BCR signaling, resulting in increased B cell activation and eventually increased secretion of

antigen specific antibodies. Monovalent targeted vaccines can promote the formation of a

synapse, as shown in (FIG. 14C), but are not able to form the same rigid binding formation with

the BCRs. The BCRs will be able to move in the membrane relative to one another (indicated by

the arrows), causing less restrained BCR proximity. Non-targeted vaccines will not stabilize a B

cell-APC synapse (FIG. 14B), and will likewise not be able to restrain the BCRs in the B cell

membrane.

The constructs, components of the constructs, vaccines and uses of the vaccines are

described in more detail below.

Antigenic units

The vaccine molecules of the present invention preferably comprise different antigenic

units that are variants of a target antigenic protein, for example an antigenic protein from a

pathogen such as a virus, bacterium, fungus or protozoa, or a target cancer antigen. As

described above, the variants may be defined by the degree of identity of sequence shared by the

variants of the target antigenic protein or conserved regions with a target antigenic protein. In

some embodiments, the variants may have about greater than 30%, 40%, 50%, 60%, 70%, 80%,

90%, 95%, 96%, 97%, 98% or 99% sequence identity. In still other embodiments, a conserved

regions within the target variant proteins of more than 8, 10, 12, 15, 20, 30, 40, 50 or 60 amino

acids in length and up to 100 to 200 amino acids in length may have greater than about 30%,

40%, 50%, 60%, 70%, 80%, 90% or 95% sequence identity. According to the present

technology, an antigenic unit comprises an antigen, which is a substance that evokes the

production of one or more antibodies in an organism such as a subject. Each antibody binds to a

specific antigen. In some contexts, the term refers to any molecule or molecular fragment that

can be bound by a major histocompatibility complex (MHC) and presented to a T-cell receptor.



In some contexts, an immunogen is a specific type of antigen. An immunogen is a

substance that induces an adaptive immune response if injected alone (or, e.g., as a part of an

antigenic unit of a dimeric vaccine molecule). Thus, an immunogen induces an immune

response, whereas an antigen combines with the products of an immune response (e.g.,

antibodies) once they are made. As an aspect of the instant technology, "antigen" is used in its

broadest sense to refer to a molecule, substance, chemical, or polymer such as a protein,

polypeptide, and/or peptide against which an immune response is induced in a subject., e.g., as a

prophylactic measure or as a treatment, whether it can be otherwise characterized as an

immunogen and/or an antigen.

At the molecular level, an antigen can sometimes be characterized by its ability to be

"bound" at the antigen-binding site of an antibody. Antibodies discriminate between the specific

molecular structures present on the surface of the antigen. Antigens are usually proteins (e.g.,

polypeptides, peptides, proteins) or polysaccharides that are present, e.g., as parts (coats,

capsules, cell walls, flagella, fimbrae, and toxins) of bacteria, viruses, and other microorganisms.

Lipids and nucleic acids can be made antigenic by combining them with proteins and

polysaccharides.

Cells present their immunogenic antigens to the immune system via a histocompatibility

molecule. Depending on the antigen presented and the type of the histocompatibility molecule,

several types of immune cells can become activated. By endocytosis or phagocytosis, exogenous

antigens are taken into the antigen-presenting cells (APCs) and processed into fragments. APCs

then present the fragments to T helper cells (CD4+) by the use of class II histocompatibility

molecules on their surface. Some T cells are specific for the peptide:MHC complex. They

become activated and start to secrete cytokines. Cytokines are substances that can activate

cytotoxic T lymphocytes (CTL), antibody-secreting B cells, macrophages, and other particles.

According to embodiments of the technology, the dimeric vaccine molecule can be

extended to a general medical treatment through induction of an immune response against any

polypeptide of any origin. It is possible to incorporate any antigenic sequence provided it is of

sufficient length to allow proper folding of the polypeptide. This sequence may be derived from,

e.g., a pathogen of a cancer protein. In some embodiments, the target antigenic protein is a

protein (or nucleic acid encoding a protein) used therapeutically to induce immune responses

that will aid or remedy disease progression (e.g., viral infection, autoimmune diseases, or

cancer).

In some embodiments, the molecule of interest is a pathogen-derived antigen (e.g., a

nucleic acid or a polypeptide encoding an antigen or antigens from a pathogen). Exemplary



pathogenic organisms include, but are not limited to, bacteria, viruses, fungi and protozoa. In

some preferred embodiments, the pathogen-derived antigen is influenza hemagglutinin (HA). In

some particularly preferred embodiments, the HA is from a group 1 influenza virus. In some

embodiments, the group 1 influenza viruses are selected from the group consisting of two or

more (i.e., 2 or more, 3 or more, 4 or more, five or more or all twelve) of HI, H2, H5, H6, H8,

H9, H11, H12, H13, H16, H17 and H18. In still other embodiments, the HA is from a group 2

influenza virus selected from the group consisting of two or more (i.e., 2 or more, 3 or more, 4

or more, five or more or all six) of H3, H4, H7, H10, H14 and H 15 .

Antigens from other pathogenic organisms may also be used in the fusion of the present

invention. Exemplary pathogens from which antigens may be obtained from include, but are

not limited to, In some embodiments, the microorganism is Bacillus, including Bacillus

anthracis; Vibrio, e.g. V. cholerae; Escherichia, e.g. Enterotoxigenic E . coli, Shigella, e.g. S .

dysenteriae; Salmonella, e.g. S . typhi; Mycobacterium e.g. M . tuberculosis, M . leprae;

Clostridium, e.g. C. botulinum, C. tetani, C. difficile, C. perfringens; Cornyebacterium, e.g. C.

diphtheriae; Streptococcus, S . pyogenes, S . pneumoniae; Staphylococcus, e.g. S . aureus;

Haemophilus, e.g. H . influenzae; Neisseria, e.g. N . meningitidis, N . gonorrhoeae; Yersinia, e.g.

Y. lamblia, Y. pestis, Pseudomonas, e.g. P. aeruginosa, P. putida; Chlamydia, e.g. C.

trachomatis; Bordetella, e.g. B . pertussis; Treponema, e.g. T. palladium; B . anthracis, Y. pestis,

Brucella spp., F. tularensis, B . mallei, B . pseudomallei, B . mallei, B . pseudomallei, C.

botulinum, Salmonella spp., SEB V. cholerae toxin B, E . coli 0157:H7, Listeria spp.,

Trichosporon beigelii, Rhodotorula species, Hansenula anomala, Enter obacter sp., Klebsiella

sp., Listeria sp., Mycoplasma ssp., Francisella spp., Bartonella spp., Borrelia spp.,

Campylobacter spp. , Chlamydia spp. , Simkania spp. , Ehrlichia spp. , Enterococcus spp. ,

Coccidioides spp. , Bordetella spp. , Coxiella spp. , Ureaplasma spp. , Trichomatis spp. ,

Helicobacter spp. , Legionella spp. , Mycobacterium spp. , Corynebacterium spp. , Rhodococcus

spp., Rickettsia spp. ,Arcanobacterium spp., Listeria spp., Treponema spp., Brucella spp.,

Campylobacter spp., Pasteur ella spp., Pseudomonas ssp., Burkholderii spp. and the like,

orthomyxoviruses, (e.g. influenza virus), paramyxoviruses (e.g., respiratory syncytial virus,

mumps virus, measles virus), adenoviruses, rhinoviruses (human and porcine), coronaviruses,

reoviruses, togaviruses (e.g. rubella virus), parvoviruses, poxviruses (e.g. variola virus, vaccinia

virus), enteroviruses (e.g. poliovirus, coxsackievirus), hepatitis viruses (including A, B, C and

E), herpesviruses (e.g., Herpes simplex virus, HV-I and HV-II, varicella-zoster virus,

cytomegalovirus, Epstein-Barr virus), rotaviruses, Norwalk viruses, hantavirus, arenavirus,

rhabdovirus (e.g. rabies virus), retroviruses (including HIV-1, HIV-2, HTLV-I and -II),



papovaviruses (e.g. papillomavirus), polyomaviruses, picomaviruses, Dengue virus, Filoviruses

(e.g., Marburg and Ebola viruses), Hantavirus, Rift Valley virus, HHV-8, Human

papillomavirus, Bovine leukemia virus, Influenza virus, Guanarito virus, Lassa virus, Measles

virus, Rubella virus, Mumps virus, Chickenpox (Varicella virus), Monkey pox, Epstein Bahr

virus, Parvovirus B19, Hantaan virus, Sin Nombre virus, Venezuelan equine encephalitis, Sabia

virus, West Nile virus, Yellow Fever virus, and the like, causative agents of transmissible

spongiform encephalopathies, Creutzfeldt-Jakob disease agent, variant Creutzfeldt-Jakob disease

agent, Candida strains including C. glabrata, C. albicans, C. krusei, C. lusitaniae and C.

maltosa, as well as species of Aspergillus, Cryptococcus , Histoplasma, Coccidioides,

Blastomyces, and Penicillium, Cryptcooccus , Cryptosporidium, Giardia lamblia, Microsporidia,

Plasmodium vivax, Plasmodium falciparum, Pneumocystis carinii, Toxoplasma gondii,

Trichophyton mentagrophytes, Enterocytozoon bieneusi, Cyclospora cayetanensis ,

Encephalitozoon hellem, Encephalitozoon cuniculi, Ancylostama, Strongylus, Trichostrongylus,

Haemonchus, Ostertagia, Ascaris, Toxascaris, Uncinaria, Trichuris, Dirofllaria, Toxocara,

Necator, Enter obius, Strongyloides and Wuchereria; Acanthamoeba and other amoebae,

Cryptosporidium, Fasciola, Hartmanella, Acanthamoeba, Giardia lamblia, Isospora belli,

Leishmania, Naegleria, Plasmodium spp., Pneumocystis carinii, Schistosoma spp., Toxoplasma

gondii, and Trypanosoma spp., among other viruses, bacteria, archaea, protozoa, fungi, and the

like).

The fusion molecules described herein can further comprise antigens from mammalian

targets, including but not limited to proteins, subunits, domains, motifs, and/or epitopes

belonging to the following list of target antigens, which includes both soluble factors such as

cytokines and membrane-bound factors, including transmembrane receptors: 17-IA, 4-1BB,

4Dc, 6-keto-PGFla, 8-iso-PGF2a, 8-oxo-dG, Al Adenosine Receptor, A33, ACE, ACE-2,

Activin, Activin A, Activin AB, Activin B, Activin C, Activin RIA, Activin RIA ALK-2,

Activin RIB ALK-4, Activin RIIA, Activin RIIB, ADAM, ADAM10, ADAM12, ADAM15,

ADAM 17/TACE, ADAM8, ADAM9, ADAMTS, ADAMTS4, ADAMTS5, Addressins, aFGF,

ALCAM, ALK, ALK-1, ALK-7, alpha-1-antitrypsin, alpha-V/beta-1 antagonist, ANG, Ang,

APAF-1, APE, APJ, APP, APRIL, AR, ARC, ART, Artemin, anti-Id, ASPARTIC, Atrial

natriuretic factor, av/b3 integrin, Axl, b2M, B7-1, B7-2, B7-H, B-lymphocyte Stimulator (BlyS),

BACE, BACE-1, Bad, BAFF, BAFF-R, Bag-1, BAK, Bax, BCA-1, BCAM, Bel, BCMA,

BDNF, b-ECGF, bFGF, BID, Bik, BIM, BLC, BL-CAM, BLK, BMP, BMP-2 BMP-2a, BMP-3

Osteogenin, BMP-4 BMP-2b, BMP-5, BMP-6 Vgr-1, BMP-7 (OP-1), BMP-8 (BMP-8a, OP-2),

BMPR, BMPR-IA (ALK-3), BMPR-IB (ALK-6), BRK-2, RPK-1, BMPR-II (BRK-3), BMPs, b-



NGF, BOK, Bombesin, Bone-derived neurotrophic factor, BPDE, BPDE-DNA, BTC,

complement factor 3 (C3), C3a, C4, C5, C5a, C10, CA125, CAD-8, Calcitonin, cAMP,

carcinoembryonic antigen (CEA), carcinoma-associated antigen, Cathepsin A, Cathepsin B,

Cathepsin C/DPPI, Cathepsin D, Cathepsin E, Cathepsin H, Cathepsin L, Cathepsin O,

Cathepsin S, Cathepsin V, Cathepsin X/Z/P, CBL, CCI, CCK2, CCL, CCL1, CCL1 1, CCL12,

CCL13, CCL14, CCL15, CCL16, CCL17, CCL18, CCL19, CCL2, CCL20, CCL21, CCL22,

CCL23, CCL24, CCL25, CCL26, CCL27, CCL28, CCL3, CCL4, CCL5, CCL6, CCL7, CCL8,

CCL9/10, CCR, CCR1, CCR10, CCR10, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8,

CCR9, CD1, CD2, CD3, CD3E, CD4, CD5, CD6, CD7, CD8, CD10, CDlla, CDllb, CDllc,

CD13, CD14, CD15, CD16, CD18, CD19, CD20, CD21, CD22, CD23, CD25, CD27L, CD28,

CD29, CD30, CD30L, CD32, CD33 (p67 proteins), CD34, CD38, CD40, CD40L, CD44, CD45,

CD46, CD49a, CD52, CD54, CD55, CD56, CD61, CD64, CD66e, CD74, CD80 (B7-1), CD89,

CD95, CD123, CD137, CD138, CD140a, CD146, CD147, CD148, CD152, CD164,

CEACAM5, CFTR, cGMP, CINC, Clostridium botulinum toxin, Clostridium perfringens toxin,

CKb8-l, CLC, CMV, CMV UL, CNTF, CNTN-1, COX, C-Ret, CRG-2, CT-1, CTACK, CTGF,

CTLA-4, CX3CL1, CX3CR1, CXCL, CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, CXCL6,

CXCL7, CXCL8, CXCL9, CXCL10, CXCL11, CXCL 12, CXCL13, CXCL 14, CXCL 15,

CXCL 16, CXCR, CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, cytokeratin tumor-

associated antigen, DAN, DCC, DcR3, DC-SIGN, Decay accelerating factor, des(l-3)-IGF-I

(brain IGF-1), Dhh, digoxin, DNAM-1, Dnase, Dpp, DPPIV/CD26, Dtk, ECAD, EDA, EDA-

Al, EDA-A2, EDAR, EGF, EGFR (ErbB-1), EMA, EMMPRIN, ENA, endothelin receptor,

Enkephalinase, eNOS, Eot, eotaxinl, EpCAM, Ephrin B2/EphB4, EPO, ERCC, E-selectin, ET-

1, Factor Ila, Factor VII, Factor VIIIc, Factor IX, fibroblast activation protein (FAP), Fas, FcRl,

FEN-1, Ferritin, FGF, FGF-19, FGF-2, FGF3, FGF-8, FGFR, FGFR-3, Fibrin, FL, FLIP, Flt-3,

Flt-4, Follicle stimulating hormone, Fractalkine, FZD1, FZD2, FZD3, FZD4, FZD5, FZD6,

FZD7, FZD8, FZD9, FZD10, G250, Gas 6, GCP-2, GCSF, GD2, GD3, GDF, GDF-1, GDF-3

(Vgr-2), GDF-5 (BMP-14, CDMP-1), GDF-6 (BMP-13, CDMP-2), GDF-7 (BMP-12, CDMP-

3), GDF-8 (Myostatin), GDF-9, GDF-15 (MIC-1), GDNF, GDNF, GFAP, GFRa-1, GFR-

alphal, GFR-alpha2, GFR-alpha3, GITR, Glucagon, Glut 4, glycoprotein Ilb/IIIa (GP Ilb/IIIa),

GM-CSF, gpl30, gp72, GRO, Growth hormone releasing factor, Hapten (NP-cap or NIP-cap),

HB-EGF, HCC, HCMV gB envelope glycoprotein, HCMV) gH envelope glycoprotein, HCMV

UL, Hemopoietic growth factor (HGF), Hep B gpl20, heparanase, Her2, Her2/neu (ErbB-2),

Her3 (ErbB-3), Her4 (ErbB-4), herpes simplex virus (HSV) gB glycoprotein, HSV gD

glycoprotein, HGFA, High molecular weight melanoma-associated antigen (HMW-MAA), HIV



gpl20, HIV IIIB gp 120 V3 loop, HLA, HLA-DR, HM1.24, HMFG PEM, HRG, Hrk, human

cardiac myosin, human cytomegalovirus (HCMV), human growth hormone (HGH), HVEM, I-

309, IAP, ICAM, ICAM-1, ICAM-3, ICE, ICOS, IFNg, Ig, IgA receptor, IgE, IGF, IGF binding

proteins, IGF-IR, IGFBP, IGF-I, IGF-II, IL, IL-1, IL-IR, IL-2, IL-2R, IL-4, IL-4R, IL-5, IL-5R,

IL-6, IL-6R, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-18, IL-18R, IL-23, interferon (INF)-

alpha, INF-beta, INF-gamma, Inhibin, iNOS, Insulin A-chain, Insulin B-chain, Insulin-like

growth factor 1, integrin alpha2, integrin alpha3, integrin alpha4, integrin alpha4/beta7, integrin

alpha4/beta7, integrin alpha5 (alphaV), integrin alpha5/betal, integrin alpha5/beta3, integrin

alpha6, integrin betal, integrin beta2, interferon gamma, IP- 10, 1-TAC, JE, Kallikrein 2,

Kallikrein 5, Kallikrein 6, Kallikrein 11, Kallikrein 12, Kallikrein 14, Kallikrein 15, Kallikrein

LI, Kallikrein L2, Kallikrein L3, Kallikrein L4, KC, KDR, Keratinocyte Growth Factor (KGF),

laminin 5, LAMP, LAP, LAP (TGF-1), Latent TGF-1, Latent TGF-1 bpl, LBP, LDGF, LECT2,

Lefty, Lewis-Y antigen, Lewis-Y related antigen, LFA-1, LFA-3, Lfo, LIF, LIGHT,

lipoproteins, LIX, LKN, Lptn, L-Selectin, LT-a, LT-b, LTB4, LTBP-1, Lung surfactant,

Luteinizing hormone, Lymphotoxin Beta Receptor, Mac-1, MAdCAM, MAG, MAP2, MARC,

MCAM, MCAM, MCK-2, MCP, M-CSF, MDC, Mer, METALLOPROTEASES, MGDF

receptor, MGMT, MHC (HLA-DR), MIF, MIG, MIP, MIP-1 -alpha, MK, MMAC1, MMP,

MMP-1, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-15, MMP-2, MMP-24,

MMP-3, MMP-7, MMP-8, MMP-9, MPIF, Mpo, MSK, MSP, mucin (Mucl), MUC18,

Muellerian-inhibitin substance, Mug, MuSK, NAIP, NAP, NCAD, N-Cadherin, NCA 90,

NCAM, NCAM, Neprilysin, Neurotrophin-3, -4, or -6, Neurturin, Neuronal growth factor

(NGF), NGFR, NGF-beta, nNOS, NO, NOS, Npn, NRG-3, NT, NTN, OB, OGG1, OPG, OPN,

OSM, OX40L, OX40R, pi 50, p95, PADPr, Parathyroid hormone, PARC, PARP, PBR, PBSF,

PCAD, P-Cadherin, PCNA, PDGF, PDGF, PDK-1, PECAM, PEM, PF4, PGE, PGF, PGI2,

PGJ2, PIN, PLA2, placental alkaline phosphatase (PLAP), PIGF, PLP, PP14, Proinsulin,

Prorelaxin, Protein C, PS, PSA, PSCA, prostate specific membrane antigen (PSMA), PTEN,

PTHrp, Ptk, PTN, R51, RANK, RANKL, RANTES, RANTES, Relaxin A-chain, Relaxin B-

chain, renin, respiratory syncytial virus (RSV) F, RSV Fgp, Ret, Rheumatoid factors, RLIP76,

RPA2, RSK, S100, SCF/KL, SDF-1, SERINE, Serum albumin, sFRP-3, Shh, SIGIRR, SK-1,

SLAM, SLPI, SMAC, SMDF, SMOH, SOD, SPARC, Stat, STEAP, STEAP-II, TACE, TACI,

TAG-72 (tumor-associated glycoprotein-72), TARC, TCA-3, T-cell receptors (e.g., T-cell

receptor alpha/beta), TdT, TECK, TEM1, TEM5, TEM7, TEM8, TERT, testicular PLAP-like

alkaline phosphatase, TfR, TGF, TGF-alpha, TGF-beta, TGF-beta Pan Specific, TGF-beta Rl

(ALK-5), TGF-beta RII, TGF-beta Rllb, TGF-beta RIII, TGF-betal, TGF-beta2, TGF-beta3,



TGF-beta4, TGF-beta5, Thrombin, Thymus Ck-1, Thyroid stimulating hormone, Tie, TIMP,

TIQ, Tissue Factor, TMEFF2, Tmpo, TMPRSS2, TNF, TNF-alpha, TNF-alpha beta, TNF-beta2,

TNFc, TNF-RI, TNF-RII, TNFRSF10A (TRAIL R3Apo-2, DR4), TNFRSF10B (TRAIL

R2DR5, KILLER, TRICK-2A, TRICK-B), TNFRSF10C (TRAIL R3DcRl, LIT, TRID),

TNFRSF10D (TRAIL R4DcR2, TRUNDD), TNFRSF1 1A (RANK ODF R, TRANCE R),

TNFRSF1 IB (OPG OCIF, TR1), TNFRSF12 (TWEAK R FN14), TNFRSF13B (TACI),

TNFRSF13C (BAFF R), TNFRSF14 (HVEM ATAR, HveA, LIGHT R, TR2), TNFRSF16

(NGFR p75NTR), TNFRSF17 (BCMA), TNFRSF18 (GITR AITR), TNFRSF19 (TROY TAJ,

TRADE), TNFRSF19L (RELT), TNFRSF1A (TNF RlCD120a, p55-60), TNFRSF1B (TNF RII

CD120b, p75-80), TNFRSF26 (TNFRH3), TNFRSF3 (LTbR TNF RIII, TNFC R), TNFRSF4

(OX40 ACT35, TXGPl R), TNFRSF5 (CD40 p50), TNFRSF6 (Fas Apo-1, APT1, CD95),

TNFRSF6B (DcR3M68, TR6), TNFRSF7 (CD27), TNFRSF8 (CD30), TNFRSF9 (4-1 BB

CD137, ILA), TNFRSF21 (DR6), TNFRSF22 (DcTRAIL R2TNFRH2), TNFRST23 (DcTRAIL

Rl TNFRH1), TNFRSF25 (DR3Apo-3, LARD, TR-3, TRAMP, WSL-1), TNFSF10 (TRAIL

Apo-2 Ligand, TL2), TNFSF1 1 (TRANCE/RANK Ligand ODF, OPG Ligand), TNFSF12

(TWEAK Apo-3 Ligand, DR3Ligand), TNFSF13 (APRIL TALL2), TNFSF13B (BAFF BLYS,

TALL1, THANK, TNFSF20), TNFSF14 (LIGHT HVEM Ligand, LTg), TNFSF15

(TL1A/VEGI), TNFSF18 (GITR Ligand AITR Ligand, TL6), TNFSF1A (TNF-a Conectin, DIF,

TNFSF2), TNFSF1B (TNF-b LTa, TNFSF1), TNFSF3 (LTb TNFC, p33), TNFSF4 (OX40

Ligand gp34, TXGPl), TNFSF5 (CD40 Ligand CD154, gp39, HIGMl, IMD3, TRAP), TNFSF6

(Fas Ligand Apo-1 Ligand, APT1 Ligand), TNFSF7 (CD27 Ligand CD70), TNFSF8 (CD30

Ligand CD153), TNFSF9 (4-1BB Ligand CD137 Ligand), TP-1, t-PA, Tpo, TRAIL, TRAIL R,

TRAIL-R1, TRAIL-R2, TRANCE, transferring receptor, TRF, Trk, TROP-2, TSG, TSLP,

tumor-associated antigen CA 125, tumor-associated antigen expressing Lewis Y related

carbohydrate, TWEAK, TXB2, Ung, uPAR, uPAR-1, Urokinase, VCAM, VCAM-1, VECAD,

VE-Cadherin, VE-cadherin-2, VEFGR-1 (fit-1), VEGF, VEGFR, VEGFR-3 (flt-4), VEGI, VIM,

Viral antigens, VLA, VLA-1, VLA-4, VNR integrin, von Willebrands factor, WIF-1, WNT1,

WNT2, WNT2B/13, WNT3, WNT3A, WNT4, WNT5A, WNT5B, WNT6, WNT7A, WNT7B,

WNT8A, WNT8B, WNT9A, WNT9A, WNT9B, WNT10A, WNT10B, WNT11, WNT16,

XCL 1, XCL2, XCR1 , XCR1 , XEDAR, XIAP, XPD, and receptors for hormones and growth

factors.

One skilled in the art will appreciate that the aforementioned list of targets refers not

only to specific proteins and biomolecules, but the biochemical pathway or pathways that

comprise them. For example, reference to CTLA-4 as a target antigen implies that the ligands



and receptors that make up the T cell co-stimulatory pathway, including CTLA-4, B7-1, B7-2,

CD28, and any other undiscovered ligands or receptors that bind these proteins, are also targets.

Thus target as used herein refers not only to a specific biomolecule, but the set of proteins that

interact with said target and the members of the biochemical pathway to which said target

belongs. One skilled in the art will further appreciate that any of the aforementioned target

antigens, the ligands or receptors that bind them, or other members of their corresponding

biochemical pathway, may be operably linked to the Fc variants of the present invention in order

to generate an Fc fusion. Thus for example, an Fc fusion that targets EGFR could be constructed

by operably linking an Fc variant to EGF, TGF-b, or any other ligand, discovered or

undiscovered, that binds EGFR. Accordingly, an Fc variant of the present invention could be

operably linked to EGFR in order to generate an Fc fusion that binds EGF, TGF-b, or any other

ligand, discovered or undiscovered, that binds EGFR. Thus virtually any polypeptide, whether a

ligand, receptor, or some other protein or protein domain, including but not limited to the

aforementioned targets and the proteins that compose their corresponding biochemical

pathways, may be operably linked to the Fc variants of the present invention to develop an Fc

fusion.

The choice of suitable antigen depends on the desired application. In some embodiments,

constructs described herein target pathogen antigens. For anti-cancer treatment it is desirable to

have a target whose expression is restricted to the cancerous cells. Some targets that have proven

especially amenable to antibody therapy are those with signaling functions. Other therapeutic

antibodies exert their effects by blocking signaling of the receptor by inhibiting the binding

between a receptor and its cognate ligand. Another mechanism of action of therapeutic

antibodies is to cause receptor down regulation. Other antibodies do not work by signaling

through their target antigen. In some cases, antibodies directed against infectious disease agents

are used.

In one embodiment, the fusion proteins of the present invention are used for the

treatment of autoimmune, inflammatory, or transplant indications. Target antigens and clinical

products and candidates that are relevant for such diseases include but are not limited to anti-

α4β7 integrin antibodies such as LDP-02, anti-beta2 integrin antibodies such as LDP-01, anti-

complement (C5) antibodies such as 5G1.1, anti-CD2 antibodies such as BTI-322, MEDI-507,

anti-CD3 antibodies such as OKT3, SMART anti-CD3, anti-CD4 antibodies such as IDEC-151,

MDX-CD4, OKT4A, anti-CD 1l a antibodies, anti-CD14 antibodies such as IC14, anti-CD18

antibodies, anti-CD23 antibodies such as IDEC 152, anti-CD25 antibodies such as Zenapax,

anti-CD40L antibodies such as 5c8, Antova, IDEC-131, anti-CD64 antibodies such as MDX-33,



anti-CD80 antibodies such as IDEC-114, anti-CD147 antibodies such as ABX-CBL, anti-E-

selectin antibodies such as CDP850, anti-gpIIb/IIIa antibodies such as ReoPro/Abcixima, anti-

ICAM-3 antibodies such as ICM3, anti-ICE antibodies such as VX-740, anti-FcRl antibodies

such as MDX-33, anti-IgE antibodies such as rhuMab-E25, anti-IL-4 antibodies such as SB-

240683, anti-IL-5 antibodies such as SB-240563, SCH55700, anti-IL-8 antibodies such as ABX-

IL8, anti-interferon gamma antibodies, anti-TNF (TNF, TNFa, TNFa, TNF-alpha) antibodies

such as CDP571, CDP870, D2E7, Infliximab, MAK-195F, and anti-VLA-4 antibodies such as

Antegren.

Targeting units

A method to increase the immunogenicity of protein antigens is to incorporate the antigen into

antibodies or antibody fragments that target immune system cells, for example, antigen-

presenting cells (APC). APCs process antigens and present them to T-cells for the production of

antibodies against the antigens. As such, delivering antigen to APCs provides an efficient route

to inducing an immune response to the antigen.

An antigen-presenting cell (APC) is a cell that displays antigen complexes with major

histocompatibility complex (MHC) on their surfaces. An APC takes up an antigen, performs

antigen processing, and returns all or a portion of the antigen (e.g., an epitope) to the APCs

surface within an MHC class II molecule for antigen presentation. The CD4 receptors borne by

naive helper T cells ligate MHC class II. The epitope (within the MHC class II molecule)

imprints the T cell receptor (TCR) of the naive helper T cell, memorizing that epitope.

T cells cannot recognize, and therefore cannot react to, an isolated antigen. T cells can

only react to an antigen that has been processed and presented by cells via an MHC molecule.

Most cells in the body can present antigen to CD8+ T cells via MHC class I molecules and, thus,

are APCs; in some contexts, the term APC refers to those specialized cells that can prime T cells

(e.g., activate a T cell that has not been exposed to antigen, termed a "naive" T cell). These cells,

in general, express MHC class II as well as MHC class I molecules, and can stimulate CD4+

("helper") cells as well as CD8+ ("cytotoxic") T cells, respectively.

APCs are very efficient at internalizing antigen, either by phagocytosis or by receptor-

mediated endocytosis, and then displaying a fragment of the antigen, bound to a class II MHC

molecule, on their membrane. The T cell recognizes and interacts with the antigen-class II MHC

molecule complex on the membrane of the APC. An additional co-stimulatory signal is then

produced by the APC, leading to activation of the T cell. APCs include dendritic cells, which

have the broadest range of antigen presentation. Activated DCs are especially potent Th cell



activators because, as part of their composition, they express co-stimulatory molecules such as

B7. In addition, APCs include macrophages, B-cells, and some activated epithelial cells. Cells

that can act as APCs when stimulated by certain cytokines (e.g., IFN-γ) include fibroblasts,

thymic epithelial cells, thyroid epithelial cells, glial cells (brain), pancreatic beta cells, and

vascular endothelial cells.

For example, in some embodiments, the targeting unit comprises a single chain fragment

variable targeting unit specific for MHC Class II molecules. A single-chain variable fragment

(scFv) is a fusion protein of the variable regions of the heavy and light chains of an

immunoglobulin connected with a short linker peptide (e.g., about 10 to about 25 amino acids).

The linker is usually rich in glycine for flexibility, as well as serine or threonine for solubility,

and can either connect the N-terminus of the heavy chain with the C-terminus of the light chain

or vice versa. scFv can be created directly from subcloned heavy and light chains derived from a

hybridoma, e.g., from a mammalian cell culture, or in a bacterial cell culture such as a culture of

E . coli.

The scFvs with a targeting function are either derived from B cell hybridomas expressing

monoclonal antibodies (mAbs) that bind to surface molecules on APC, or they may be derived

from any source, e.g. phage display libraries. The use of scFvs from B cell hybridomas as the

targeting moiety opens for a great range of possible targets due to the large collection of B cell

hybridomas that produce mAbs which bind different surface molecules on APC. Furthermore,

one may choose the nature of the signal given to the targeted cell by employing agonistic or

antagonistic mAbs. Growing knowledge of Ab-Ag interactions will allow the improvement of

the binding affinity of such mAbs to their Ag by amino acid replacements in the binding sites.

This can be performed by ordinary site-directed mutagenesis. For vaccine purposes, an attractive

approach is to target the dimeric vaccine molecule to surface molecules expressed exclusively

on subsets of dendritic cells (DC) that are able to initiate a strong, specific immune response

towards the patients own Id. Examples of such target surface molecules on APC are MHCII

molecules, CD40, CD 14, CD 11c, HLA-DP, Toll-like receptors, and chemokine receptors.

Accordingly, in some embodiments the scFv is anti-MHC-II or anti-HLA (e.g., HLA-DP), anti-

CD 14, anti-CD 1lc, anti-CD40, or anti-toll-like receptor (anti-toll-like receptor 2). In some

embodiments, the targeting unit is a ligand (e.g., soluble CD40 ligand or a chemokine (e.g.,

RANTES, MIP-la, Flt3-L, GM-SCF or Xcll)), abacterial antigen (e.g., aflaggelin),

Because the targeting scFv is inserted into the V cassette of the expression vector

pLNOH2 (Norderhaug, Olafsen et al. 1997), it is easily exchanged with other scFvs



Also, antigen may be targeted to antigen presenting cells (APC) by conjugating the

antigen to antibodies or other antibody fragments directed against surface molecules (e.g.,

receptors) on various types of APC. Other targeting units include anti-immunoglobulins (e.g.,

anti-IgG, anti-IgA, anti-IgM, IgD, etc.), and Fab or Fab' fragments.

Heterodimerization units

The dimeric vaccine molecules of the technology comprise a heterodimerization domain. In

particular, each polypeptide of the dimeric vaccine molecule comprises a heterodimerization

unit that interacts specifically with a heterodimerization unit on the other polypeptide to form

the heterodimerization domain. Thus, as used herein, the term "heterodimerization domain"

refers to a domain in a dimeric molecule formed by the interaction of two heterodimerization

units, for example, ACID and BASE heterodimerization units or barstar and barnase

heterodimerization units as described in more detail below. Specification examples of

heterodimerization domains include, but are not limited to, ACID/BASE heterodimeriation

domains and barstar/bamase heterodimerization domains.

In some embodiments, the heterodimerization domain is a leucine zipper is used such as

the ACID/BASE heterodimerization system (see Busch, et al. 2002 "Stabilization of soluble,

low-affinity HLA-DM/HLA-DRl complexes by leucine zippers" J Immunol Methods 263: 111).

In this system, one heterodimerization unit comprises an acidic leucine zipper domain, e.g., an

ACID module (e.g., AcidPl or Fos), and the other heterodimerization unit comprises a basic

leucine zipper domain, e.g., a BASE module (e.g., BasePl or Jun), which interact specifically

with one another to form the heterodimerization domain of the heterodimeric vaccine molecule.

In some embodiments, the heterodimerization domain comprises a bacterial barnase

module and a bacterial barstar module. See, e.g., Spang HCL, Braathen R, Bogen B (2012)

Heterodimeric Barnase-Barstar Vaccine Molecules: Influence of One versus Two Targeting

Units Specific for Antigen Presenting Cells. PLoS ONE 7(9): e45393, incorporated herein by

reference in its entirety. The Bacillus amyloliquefaciens proteins barnase and barstar bind each

other with a very high affinity (KD of ~ 10-14 M), comparable to that between biotin and

streptavidin. The barnase-barstar module can accommodate fusions with scFv N-terminally of

barnase and barstar as well as scFv [29] or a second barnase C-terminal of barnase.

The technology, however, is not limited to heterodimeric vaccine molecules comprising

ACID/BASE or barstar/bamase domains. Any dimerization domain can be used, e.g., that

comprises two dimerization domains that are specific for one another. In some embodiments, a

"knobs and holes" system is used (see Xie, et al. 2005 "A new format of bispecific antibody:



highly efficient dimerization, expression and tumor cell lysis." J Immunol Methods 296: 95).

This system is based on the CH3 domains of human IgGl Fc fragment to produce the

complementary knobs and holes that provide the dimerization domain of the dimeric vaccine

molecule. One polypeptide comprises a knobs module and the other polypeptide comprises a

holes module.

It will be understood that the heterodimerization domains of the at least first and second

constructs encoding vaccine monomers of the present invention are different and compatible

with one another. For example, where a DNA vaccine of the present invention comprises first

and second nucleic acid constructs (or third and fourth constructs . . ., etc.), one of the constructs

will have an ACID (or barstar) unit and the other construct of the dimer pair will have a BASE

(or barnase) unit. Likewise, the heterodimeric vaccine polypeptide molecules of the present

invention comprise a pair of monomers, where one of the monomers will have an ACID (or

barstar) unit and the other monomer of the dimer pair will have a BASE (or bamase) unit.

DNA vaccines

The technology provided herein provides DNA vaccines comprising nucleic acids encoding

dimeric vaccine molecule. In some embodiments, a single nucleic acid comprises the two

polypeptides that dimerize to form the dimer. In some embodiments, two separate nucleic acids

comprise the two polypeptides that dimerize to form the dimer (e.g., one nucleic acid encodes

one polypeptide and the other nucleic acid encodes the other nucleic acid). In various

embodiments, the nucleic acids are any nucleic acid that can be introduced into a cell and from

which a polypeptide can be expressed in vivo.

In these embodiments, the DNA vaccine comprises DNA molecules encoding the fusion

constructs described above (i.e., a targeting unit operably linked to an antigenic unit via a

dimerization domain and/or other linkers), alone or in association with other desired sequences.

Unlike recombinant protein vaccines, in which the antigen is taken up by antigen presenting

cells and expressed predominantly in the context of MHC class II, DNA in nucleic acid vaccines

is taken up and expressed by antigen-presenting cells directly, leading to antigen presentation

through both naturally processed MHC class I and II epitopes.

In some embodiments, DNA vaccines comprise nucleic acids encoding a fusion

construct described herein in a vector suitable for expression of the nucleic acid. In some

embodiments, the nucleic acid is expressed in an expression cassette. In particular embodiments,

the expression cassette is a eukaryotic expression cassette. The term "eukaryotic expression

cassette" refers to an expression cassette which allows for expression of the open reading frame



in a eukaryotic cell. A eukaryotic expression cassette comprises regulatory sequences that are

able to control the expression of an open reading frame in a eukaryotic cell, preferably a

promoter and polyadenylation signal. Promoters and polyadenylation signals included in the

recombinant DNA molecules are selected to be functional within the cells of the subject to be

immunized. Examples of suitable promoters, especially for the production of a DNA vaccine for

humans, include but are not limited to promoters from cytomegalovirus (CMV), such as the

strong CMV immediate early promoter, Simian virus 40 (SV40), Mouse Mammary Tumor Virus

(MMTV), Human Immunodeficiency Virus (HIV), such as the HIF Long Terminal Repeat

(LTR) promoter, Moloney virus, Epstein Barr Virus (EBV), and from Rous Sarcoma Virus

(RSV) as well as promoters from human genes such as human actin, human myosin, human

hemoglobin, human muscle creatine, and human metallothionein. In a particular embodiment,

the eukaryotic expression cassette contains the CMV promoter. In the context of the present

invention, the term "CMV promoter" refers to the strong immediate-early cytomegalovirus

promoter.

Examples of suitable polyadenylation signals, especially for the production of a DNA

vaccine for humans, include but are not limited to the bovine growth hormone (BGH)

polyadenylation site, SV40 polyadenylation signals and LTR polyadenylation signals.

Other elements can also be included in the recombinant DNA molecule. Such additional

elements include enhancers. The enhancer can be, for example, the enhancer of human actin,

human myosin, human hemoglobin, human muscle creatine and viral enhancers such as those

from CMV, RSV and EBV.

Regulatory sequences and codons are generally species dependent, so in order to

maximize protein production, the regulatory sequences and codons are preferably selected to be

effective in the species to be immunized. The person skilled in the art can produce recombinant

DNA molecules that are functional in a given subject species.

The present invention is not limited by the particular formulation of a vaccine

composition. When the vaccine is a DNA vaccine, the vaccine may preferably be provided in

saline or other physiologically acceptable solution or buffer. In some embodiments, the DNA is

administered intramuscularly (i.m.) by needle injection into one or more tissues. In some

embodiments, DNA vaccination is i.m. into each quadriceps femoris muscle. In some

embodiments, electroporation is performed immediately after injection with delivery of pulses

from electrodes inserted i.m. flanking the injection site (Needle EP) by the Elgen electroporator

device (Elgen, Inovio Biomedical Co.), as published in Liu et al., (2008, J Virol 82: 5643-5649)

with the electric pulses given as 5x60ms at 50V/400mA and 200ms delay. In other



embodiments, electroporation is performed sintradermal on the left and right flank followed by

electroporation using the DermaVax (Cyto Pulse Sciences, Inc) system with 2 pulses of 450

V/cm x 2.5 and 8 pulses of 110 V/cm x 8 .1 ms. Electroporation is performed to increase the

translation of DNA vaccines into vaccine proteins. In some embodiments, an effective route is

intramuscular injection into the hind leg quadriceps or tibialis anterior, followed by intradermal

injection. These routes usually provoke strong, antigen-specific Thl -biased, humoral and

cellular immune responses. In other embodiments, a gene gun is utilized. In these

embodiments, the DNA vaccine described is above is coated onto particles, preferably gold

particles.

The delivery method generally determines the dose required to raise an effective immune

response. Saline injections require variable amounts of DNA, from 10 µg-l mg, whereas gene

gun deliveries require 100 to 1000 times. Generally, 0.2 µg - 20 µg are required, although

quantities as low as 16 ng have been reported. These quantities vary by species. Mice for

example, require approximately 10 times less DNA than primates. Saline injections require more

DNA because the DNA is delivered to the extracellular spaces of the target tissue (normally

muscle), where it has to overcome physical barriers (such as the basal lamina and large amounts

of connective tissue, to mention a few) before it is taken up by the cells, while gene gun

deliveries bombard DNA directly into the cells, resulting in less "wastage". Electroporation also

reduces the amount of DNA needed (e.g., from 0.04 µg to 12.50 µg pr. plasmid).

Vaccines

Dimeric vaccine molecules as provided by the technology provided herein find use in

compositions that are vaccines, vaccine components, and/or a pharmaceutical comprising a

dimeric vaccine molecule (e.g., a dimeric polypeptide molecule), DNA/RNA sequences, or

expression vectors according to the technology. Where appropriate, this pharmaceutical

additionally comprises a pharmaceutically compatible carrier. Suitable carriers and the

formulation of such pharmaceuticals are known to a person skilled in the art. Suitable carriers

are, e.g., phosphate-buffered common salt solutions, water, emulsions, e.g. oil/water emulsions,

wetting agents, sterile solutions, etc. The pharmaceuticals may be administered orally or

parenterally. The methods of parenteral administration comprise the topical, intra-arterial,

intramuscular, subcutaneous, intramedullary, intrathekal, intraventricular, intravenous,

intraperitoneal, or intranasal administration. The suitable dose is determined by the attending

physician and depends on different factors, e.g. the patient's age, sex and weight, the kind of

administration etc.



In one aspect, vaccines or vaccine components are used to immunize mice to produce

hybridomas. In some embodiments, the vaccine is for an infectious disease; in other

embodiments the vaccine is a therapeutic vaccine for a cancer. Infectious diseases for which a

vaccine may be constructed include but are not limited to viral diseases (including rotavirus,

norovirus, rabies, influenza virus, herpesvirus, etc.), bacterial diseases (e.g., gonorrhea,

streptococcal pneumonia, tuberculosis, tularemia, etc), fungal diseases (e.g., histoplasmosis,

blastomycosis, and candidiasis) and protozoal diseases (e.g., cryptosporidiosis, leishmaniasis,

filariasis, etc). Examples of cancers which may respond to therapeutic vaccination are, e.g.,

cervical cancer, melanoma, myeloma, and breast cancer. In some embodiments, the vaccine is

for human use and in some embodiments it is for vaccination of animals, e.g., livestock,

companion animals, and any other type of animal (fish, wildlife, etc.). Said vaccines can further

also be applied in vitro to cells derived from a subject (e.g., a patient) to cause APC binding and

presentation; said cells may then be returned to the host (subject, patient) of origin.

In some embodiments, nucleic acids expressing the polypeptides of the dimeric vaccine

molecule are present in a host cell in vitro for the production of the dimeric vaccine molecule.

Recombinant methods for producing polypeptides in a cell culture are well known in the art. For

example, in some embodiments, the polypeptides of the dimeric vaccine molecule are expressed

in a bacterial culture such as a culture of E . coli and the polypeptides of the dimeric vaccine

molecule are purified and isolated from the culture to provide the vaccine. In some

embodiments, the host cell is a eukaryotic cell kept in cell culture (e.g., transfected into NSO

cells, 293E cells and Cos-7 cells) and may or may not by a transformed cell in some

embodiments.

In one embodiment, the dimeric vaccine molecule is administered parenterally. In

another embodiment the dimeric vaccine molecule is administered to a mucosal surface such as

the nasal cavity or other mucosa. In another particular embodiment the dimeric vaccine

molecule is administered orally so as to permit presentation to the buccal or gastrointestinal

mucosa. In some forms of oral administration the dimeric vaccine molecule is encapsulated in an

enteric capsule or gel capsule. In yet other embodiments the dimeric vaccine molecule is

combined into a chewable form. When the delivery is to an animal the dimeric vaccine molecule

can be incorporated into a bait or foodstuff. In some embodiments, the dimeric vaccine molecule

can be applied topically to the skin.

In some embodiments, the present invention provides vaccine compositions comprising a

dimeric vaccine molecule as provided herein. The present invention is not limited by the

particular formulation of a composition comprising a dimeric vaccine moleculer. Indeed, a



vaccine composition of the present invention may comprise one or more different agents in

addition to the dimeric vaccine molecule. These agents or cofactors include, but are not limited

to, adjuvants, surfactants, additives, buffers, solubilizers, chelators, oils, salts, therapeutic

agents, drugs, bioactive agents, antibacterials, and antimicrobial agents (e.g., antibiotics,

antivirals, etc.). In some embodiments, a vaccine composition comprising a dimeric vaccine

molecule comprises an agent or co-factor that enhances the ability of the antigenic unit to induce

an immune response (e.g., an adjuvant). In some preferred embodiments, the presence of one or

more co-factors or agents reduces the amount of antigenic unit required for induction of an

immune response (e.g., a protective immune response (e.g., protective immunization)). In some

embodiments, the presence of one or more co-factors or agents is used to skew the immune

response towards a cellular (e.g., T-cell mediated) or humoral (e.g., antibody-mediated) immune

response. The present invention is not limited by the type of co-factor or agent used in a

therapeutic agent of the present invention.

Adjuvants are described in general in Vaccine Design - the Subunit and Adjuvant

Approach, edited by Powell and Newman, Plenum Press, New York, 1995, incorporated by

reference herein in its entirety for all purposes. The present invention is not limited by the type

of adjuvant utilized (e.g., for use in a composition (e.g., a pharmaceutical composition)). For

example, in some embodiments, suitable adjuvants include an aluminium salt such as aluminium

hydroxide gel (e.g., alum) or aluminium phosphate. In some embodiments, an adjuvant may be a

salt of calcium, iron, or zinc, or it may be an insoluble suspension of acylated tyrosine, or

acylated sugars, cationically or anionically derivatized polysaccharides, or polyphosphazenes.

In general, an immune response is generated to an antigen through the interaction of the

antigen with the cells of the immune system. Immune responses may be broadly categorized into

two categories: humoral and cell-mediated immune responses (e.g., traditionally characterized

by antibody and cellular effector mechanisms of protection, respectively). These categories of

response have been termed Thl-type responses (cell-mediated response), and Th2-type immune

responses (humoral response).

Stimulation of an immune response can result from a direct or indirect response of a cell

or component of the immune system to an intervention (e.g., exposure to an antigenic unit).

Immune responses can be measured in many ways including activation, proliferation, or

differentiation of cells of the immune system (e.g., B cells, T cells, dendritic cells, APCs,

macrophages, NK cells, NKT cells etc.); up-regulated or down-regulated expression of markers

and cytokines; stimulation of IgA, IgM, or IgG titer; splenomegaly (including increased spleen

cellularity); hyperplasia and mixed cellular infiltrates in various organs. Other responses, cells,



and components of the immune system that can be assessed with respect to immune stimulation

are known in the art.

Although an understanding of the mechanism is not necessary to practice the present

invention and the present invention is not limited to any particular mechanism of action, in some

embodiments, compositions and methods of the present invention induce expression and

secretion of cytokines (e.g., by macrophages, dendritic cells and CD4+ T cells). Modulation of

expression of a particular cytokine can occur locally or systemically. It is known that cytokine

profiles can determine T cell regulatory and effector functions in immune responses. In some

embodiments, Thl-type cytokines can be induced, and thus, the immunostimulatory

compositions of the present invention can promote a Thl-type antigen-specific immune response

including cytotoxic T-cells (e.g., thereby avoiding unwanted Th2 type immune responses (e.g.,

generation of Th2 type cytokines (e.g., IL-13) involved in enhancing the severity of disease

(e.g., IL-13 induction of mucus formation))).

Cytokines play a role in directing the T cell response. Helper (CD4+) T cells orchestrate

the immune response of mammals through production of soluble factors that act on other

immune system cells, including B and other T cells. Most mature CD4+T helper cells express

one of two cytokine profiles: Thl or Th2. Thl-type CD4+ T cells secrete IL-2, IL-3, IFN-γ ,

GM-CSF and high levels of TNF-a. Th2 cells express IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-13,

GM-CSF, and low levels of TNF-a. Thl type cytokines promote both cell-mediated immunity

and humoral immunity that is characterized by immunoglobulin class switching to IgG2a in

mice and IgGl in humans. Thl responses may also be associated with delayed-type

hypersensitivity and autoimmune disease. Th2 type cytokines induce primarily humoral

immunity and induce class switching to IgGl and IgE. The antibody isotypes associated with

Thl responses generally have neutralizing and opsonizing capabilities whereas those associated

with Th2 responses are associated more with allergic responses.

Several factors have been shown to influence skewing of an immune response towards

either a Thl or Th2 type response. The best characterized regulators are cytokines. IL-12 and

IFN-γ are positive Thl and negative Th2 regulators. IL-12 promotes IFN- γ production, and

IFN-γ provides positive feedback for IL-12. IL-4 and IL-10 appear important for the

establishment of the Th2 cytokine profile and to down-regulate Thl cytokine production.

Thus, in preferred embodiments, the present invention provides a method of stimulating

a Thl-type immune response in a subject comprising administering to a subject a composition

comprising an antigenic unit (e.g., dimeric vaccine molecule as provided by the technology

described). However, in other embodiments, the present invention provides a method of



stimulating a Th2-type immune response in a subject (e.g., if balancing of a T cell mediated

response is desired) comprising administering to a subject a composition comprising an

antigenic unit (e.g., a dimeric vaccine molecule as provided by the technology described). In

further preferred embodiments, adjuvants can be used (e.g., can be co-administered with a

composition of the present invention) to skew an immune response toward either a Thl or Th2

type immune response. For example, adjuvants that induce Th2 or weak Thl responses include,

but are not limited to, alum, saponins, and SB-As4. Adjuvants that induce Thl responses include

but are not limited to MPL, MDP, ISCOMS, IL-12, IFN- γ , and SB-AS2.

Several other types of Thl-type immunogens can be used (e.g., as an adjuvant) in

compositions and methods of the present invention. These include, but are not limited to, the

following. In some embodiments, monophosphoryl lipid A (e.g., in particular, 3-de-O-acylated

monophosphoryl lipid A (3D-MPL)), is used. 3D-MPL is a well known adjuvant manufactured

by Ribi Immunochem, Montana. It is often supplied as a mixture of 3-de-O-acylated

monophosphoryl lipid A with either 4, 5, or 6 acylated chains. In some embodiments,

diphosphoryl lipid A and 3-O-deacylated variants thereof are used. Each of these immunogens

can be purified and prepared by methods described in GB 2122204B, hereby incorporated by

reference in its entirety. Other purified and synthetic lipopolysaccharides have been described

(See, e.g., U.S. Pat. No. 6,005,099 and EP 0 729 473; Hilgers et al, 1986, Int. Arch. Allergy.

Immunol, 79(4):392-6; Hilgers et al, 1987, Immunology, 60(1): 141-6; and EP 0 549 074, each

of which is hereby incorporated by reference in its entirety). In some embodiments, 3D-MPL is

used in the form of a particulate formulation (e.g., having a small particle size less than 0.2

micrometers in diameter, described in EP 0 689 454, hereby incorporated by reference in its

entirety).

In some embodiments, saponins are used as an immunogen (e.g.,Thl-type adjuvant) in a

composition of the present invention. Saponins are well known adjuvants (See, e.g., Lacaille-

Dubois and Wagner (1996) Phytomedicine vol 2 pp 363-386). Examples of saponins include

Quil A (derived from the bark of the South American tree Quillaja Saponaria Molina), and

fractions thereof (See, e.g., U.S. Pat. No. 5,057,540; Kensil, Crit Rev Ther Drug Carrier Syst,

1996, 12 (1-2): 1-55; and EP 0 362 279, each of which is hereby incorporated by reference in its

entirety). Also contemplated to be useful in the present invention are the haemolytic saponins

QS7, QS17, and QS21 (HPLC purified fractions of Quil A; See, e.g., Kensil et al. (1991). J .

Immunology 146,431-437, U.S. Pat. No. 5,057,540; WO 96/33739; WO 96/11711 and EP 0 362

279, each of which is hereby incorporated by reference in its entirety). Also contemplated to be



useful are combinations of QS21 and polysorbate or cyclodextrin (See, e.g., WO 99/10008,

hereby incorporated by reference in its entirety).

In some embodiments, an immunogenic oligonucleotide containing unmethylated CpG

dinucleotides ("CpG") is used as an adjuvant. CpG is an abbreviation for cytosine-guanosine

dinucleotide motifs present in DNA. CpG is known in the art as being an adjuvant when

administered by both systemic and mucosal routes (See, e.g., WO 96/02555, EP 468520, Davis

et al, J.Immunol, 1998, 160(2): 870-876; McCluskie and Davis, J.Immunol., 1998, 161(9):4463-

6; and U.S. Pat. App. No. 20050238660, each of which is hereby incorporated by reference in its

entirety). For example, in some embodiments, the immunostimulatory sequence is Purine-

Purine-C-G-pyrimidine-pyrirnidine; wherein the CG motif is not methylated.

Although an understanding of the mechanism is not necessary to practice the present

invention and the present invention is not limited to any particular mechanism of action, in some

embodiments, the presence of one or more CpG oligonucleotides activates various immune

subsets including natural killer cells (which produce IFN-γ) and macrophages. In some

embodiments, CpG oligonucleotides are formulated into a composition of the present invention

for inducing an immune response. In some embodiments, a free solution of CpG is co

administered together with an antigen (e.g., present within a solution (See, e.g., WO 96/02555;

hereby incorporated by reference). In some embodiments, a CpG oligonucleotide is covalently

conjugated to an antigen (See, e.g., WO 98/16247, hereby incorporated by reference), or

formulated with a carrier such as aluminium hydroxide (See, e.g., Brazolot-Millan et al,

Proc.Natl.AcadSci., USA, 1998, 95(26), 15553-8).

In some embodiments, adjuvants such as Complete Freunds Adjuvant and Incomplete

Freunds Adjuvant, cytokines (e.g., interleukins (e.g., IL-2, IFN-γ , IL-4, etc.), macrophage

colony stimulating factor, tumor necrosis factor, etc.), detoxified mutants of a bacterial ADP-

ribosylating toxin such as a cholera toxin (CT), a pertussis toxin (PT), or an E . coli heat-labile

toxin (LT), particularly LT-K63 (where lysine is substituted for the wild-type amino acid at

position 63), LT-R72 (where arginine is substituted for the wild-type amino acid at position 72),

CT-S109 (where serine is substituted for the wild-type amino acid at position 109), and PT-

K9/G129 (where lysine is substituted for the wild-type amino acid at position 9 and glycine

substituted at position 129) (see, e.g., WO93/13202 and W092/19265, each of which is hereby

incorporated by reference), and other immunogenic substances (e.g., that enhance the

effectiveness of a composition of the present invention) are used with a composition comprising

a dimeric vaccine molecule of the present invention.



Additional examples of adjuvants that find use in the present invention include

poly(di(carboxylatophenoxy)phosphazene (PCPP polymer; Virus Research Institute, USA);

derivatives of lipopolysaccharides such as monophosphoryl lipid A (MPL; Ribi ImmunoChem

Research, Inc., Hamilton, Mont.), muramyl dipeptide (MDP; Ribi) and threonyl-muramyl

dipeptide (t-MDP; Ribi); OM-174 (a glucosamine disaccharide related to lipid A; OM Pharma

SA, Meyrin, Switzerland); and Leishmania elongation factor (a purified Leishmania protein;

Corixa Corporation, Seattle, Wash.).

Adjuvants may be added to a composition comprising a dimeric vaccine molecule, or the

adjuvant may be formulated with carriers, for example liposomes or metallic salts (e.g.,

aluminium salts (e.g., aluminium hydroxide)) prior to combining with or co-administration with

a composition.

In some embodiments, a composition comprising a dimeric vaccine molecule comprises

a single adjuvant. In other embodiments, a composition comprises two or more adjuvants (See,

e.g., WO 94/00153; WO 95/17210; WO 96/33739; WO 98/56414; WO 99/12565; WO

99/11241; and WO 94/00153, each of which is hereby incorporated by reference in its entirety).

In some embodiments, a composition comprising a dimeric vaccine molecule comprises

one or more mucoadhesives (See, e.g., U.S. Pat. App. No. 20050281843, hereby incorporated by

reference in its entirety). The present invention is not limited by the type of mucoadhesive

utilized. Indeed, a variety of mucoadhesives is contemplated to be useful in the present invention

including, but not limited to, cross-linked derivatives of poly(aerylie acid) (e.g., carbopol and

polycarbophil), polyvinyl alcohol, polyvinyl pyrollidone, polysaccharides (e.g., alginate and

chitosan), hydroxypropyl methylcellulose, lectins, fimbrial proteins, and

carboxymethylcellulose. Although an understanding of the mechanism is not necessary to

practice the present invention and the present invention is not limited to any particular

mechanism of action, in some embodiments, use of a mucoadhesive (e.g., in a composition

comprising a dimeric vaccine molecule) enhances induction of an immune response in a subject

(e.g., administered a composition of the present invention) due to an increase in duration and/or

amount of exposure to an antigenic unit that a subject experiences when a mucoadhesive is used

compared to the duration and/or amount of exposure to a dimeric vaccine molecule in the

absence of using the mucoadhesive.

In some embodiments, a composition of the present invention may comprise sterile

aqueous preparations. Acceptable vehicles and solvents include, but are not limited to, water,

Ringer's solution, phosphate buffered saline, and isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this



purpose any bland fixed mineral or non-mineral oil may be employed including synthetic mono-

ordi-glycerides. In addition, fatty acids such as oleic acid find use in the preparation of

injectables. Carrier formulations suitable for mucosal, subcutaneous, intramuscular,

intraperitoneal, intravenous, or administration via other routes may be found in Remington's

Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa.

A composition comprising a dimeric vaccine molecule of the present invention can be

used therapeutically (e.g., to enhance an immune response) or as a prophylactic (e.g., for

immunization (e.g., to prevent signs or symptoms of disease)). A composition comprising a

dimeric vaccine molecule of the present invention can be administered to a subject via a number

of different delivery routes and methods.

For example, the compositions of the present invention can be administered to a subject

(e.g., mucosally (e.g., nasal mucosa, vaginal mucosa, etc.)) by multiple methods, including, but

not limited to: being suspended in a solution and applied to a surface; being suspended in a

solution and sprayed onto a surface using a spray applicator; being mixed with a mucoadhesive

and applied (e.g., sprayed or wiped) onto a surface (e.g., mucosal surface); being placed on or

impregnated onto a nasal and/or vaginal applicator and applied; being applied by a controlled-

release mechanism; being applied as a liposome; or being applied on a polymer.

In some embodiments, compositions of the present invention are administered mucosally

(e.g., using standard techniques; See, e.g., Remington: The Science and Practice of Pharmacy,

Mack Publishing Company, Easton, Pa., 19th edition, 1995 (e.g., for mucosal delivery

techniques, including intranasal, pulmonary, vaginal, and rectal techniques), as well as European

Publication No. 517,565 and Ilium et al, J . Controlled Rel., 1994, 29:133-141 (e.g., for

techniques of intranasal administration), each of which is hereby incorporated by reference in its

entirety). Alternatively, the compositions of the present invention may be administered dermally

or transdermally using standard techniques (See, e.g., Remington: The Science arid Practice of

Pharmacy, Mack Publishing Company, Easton, Pa., 19th edition, 1995). The present invention is

not limited by the route of administration.

Although an understanding of the mechanism is not necessary to practice the present

invention and the present invention is not limited to any particular mechanism of action, in some

embodiments, mucosal vaccination is the route of administration as it has been shown that

mucosal administration of antigens induces protective immune responses at mucosal surfaces

(e.g., mucosal immunity), the route of entry of many pathogens. In addition, mucosal

vaccination, such as intranasal vaccination, may induce mucosal immunity not only in the nasal

mucosa, but also in distant mucosal sites such as the genital mucosa (See, e.g., Mestecky,



Journal of Clinical Immunology, 7:265-276, 1987). In addition to inducing mucosal immune

responses, mucosal vaccination also induces systemic immunity. In some embodiments, non-

parenteral administration (e.g., muscosal administration of vaccines) provides an efficient and

convenient way to boost systemic immunity (e.g., induced by parenteral or mucosal vaccination

(e.g., in cases where multiple boosts are used to sustain a vigorous systemic immunity)).

In some embodiments, a composition comprising a dimeric vaccine molecule of the

present invention may be used to protect or treat a subject susceptible to, or suffering from,

disease by means of administering a composition of the present invention via a mucosal route

(e.g., an oral/alimentary or nasal route). Alternative mucosal routes include intravaginal and

intra-rectal routes. In some embodiments of the present invention, a nasal route of administration

is used, termed "intranasal administration" or "intranasal vaccination" herein. Methods of

intranasal vaccination are well known in the art, including the administration of a droplet or

spray form of the vaccine into the nasopharynx of a sujbect to be immunized. In some

embodiments, a nebulized or aerosolized composition is provided. Enteric formulations such as

gastro resistant capsules for oral administration, suppositories for rectal or vaginal

administration also form part of this invention. Compositions of the present invention may also

be administered via the oral route. Under these circumstances, a composition comprising a

dimeric vaccine molecule may comprise a pharmaceutically acceptable excipient and/or include

alkaline buffers or enteric capsules. Formulations for nasal delivery may include those with

dextran or cyclodextran and saponin as an adjuvant.

Compositions of the present invention may also be administered via a vaginal route. In

such cases, a composition comprising a dimeric vaccine molecule may comprise

pharmaceutically acceptable excipients and/or emulsifiers, polymers (e.g., CARBOPOL), and

other known stabilizers of vaginal creams and suppositories. In some embodiments,

compositions of the present invention are administered via a rectal route. In such cases,

compositions may comprise excipients and/or waxes and polymers known in the art for forming

rectal suppositories.

In some embodiments, the same route of administration (e.g., mucosal administration) is

chosen for both a priming and boosting vaccination. In some embodiments, multiple routes of

administration are utilized (e.g., at the same time, or, alternatively, sequentially) in order to

stimulate an immune response.

For example, in some embodiments, a composition comprising a dimeric vaccine

molecule is administered to a mucosal surface of a subject in either a priming or boosting

vaccination regime. Alternatively, in some embodiments, the composition is administered



systemically in either a priming or boosting vaccination regime. In some embodiments, a

composition comprising a dimeric vaccine molecule is administered to a subject in a priming

vaccination regimen via mucosal administration and a boosting regimen via systemic

administration. In some embodiments, a composition comprising a dimeric vaccine molecule is

administered to a subject in a priming vaccination regimen via systemic administration and a

boosting regimen via mucosal administration. Examples of systemic routes of administration

include, but are not limited to, a parenteral, intramuscular, intradermal, transdermal,

subcutaneous, intraperitoneal, or intravenous administration. A composition comprising a

dimeric vaccine molecule may be used for both prophylactic and therapeutic purposes.

In some embodiments, compositions of the present invention are administered by

pulmonary delivery. For example, a composition of the present invention can be delivered to the

lungs of a subject (e.g., a human) via inhalation (e.g., thereby traversing across the lung

epithelial lining to the blood stream (See, e.g., Adjei, et al. Pharmaceutical Research 1990;

7:565-569; Adjei, et al. Int. J . Pharmaceutics 1990; 63:135-144; Braquet, et al. J . Cardiovascular

Pharmacology 1989 143-146; Hubbard, et al. (1989) Annals of Internal Medicine, Vol. Ill, pp.

206-212; Smith, et al. J . Clin. Invest. 1989;84:1145-1146; Oswein, et al. "Aerosolization of

Proteins", 1990; Proceedings of Symposium on Respiratory Drug Delivery II Keystone,

Colorado; Debs, et al. J . Immunol. 1988; 140:3482-3488; and U.S. Pat. No. 5,284,656 to Platz,

et al, each of which are hereby incorporated by reference in its entirety). A method and

composition for pulmonary delivery of drugs for systemic effect is described in U.S. Pat. No.

5,451,569 to Wong, et al, hereby incorporated by reference; See also U.S. Pat. No. 6,651,655 to

Licalsi et al, hereby incorporated by reference in its entirety)).

Further contemplated for use in the practice of this invention is a wide range of

mechanical devices designed for pulmonary and/or nasal mucosal delivery of pharmaceutical

agents including, but not limited to, nebulizers, metered dose inhalers, and powder inhalers, all

of which are familiar to those skilled in the art. Some specific examples of commercially

available devices suitable for the practice of this invention are the Ultravent nebulizer

(Mallinckrodt Inc., St. Louis, Mo.); the Acorn II nebulizer (Marquest Medical Products,

Englewood, Colo.); the Ventolin metered dose inhaler (Glaxo Inc., Research Triangle Park,

N.C.); and the Spinhaler powder inhaler (Fisons Corp., Bedford, Mass.). All such devices

require the use of formulations suitable for dispensing of the therapeutic agent. Typically, each

formulation is specific to the type of device employed and may involve the use of an appropriate

propellant material, in addition to the usual diluents, adjuvants, surfactants, carriers, and/or other



agents useful in therapy. Also, the use of liposomes, microcapsules or microspheres, inclusion

complexes, or other types of carriers is contemplated.

Thus, in some embodiments, a composition comprising a dimeric vaccine molecule of

the present invention may be used to protect and/or treat a subject susceptible to, or suffering

from, a disease by means of administering the composition by mucosal, intramuscular,

intraperitoneal, intradermal, transdermal, pulmonary, intravenous, subcutaneous or other route

of administration described herein. Methods of systemic administration of the vaccine

preparations may include conventional syringes and needles, or devices designed for ballistic

delivery of solid vaccines (See, e.g., WO 99/27961, hereby incorporated by reference), or

needleless pressure liquid jet device (See, e.g., U.S. Pat. No. 4,596,556; U.S. Pat. No. 5,993,412,

each of which are hereby incorporated by reference), or transdermal patches (See, e.g., WO

97/48440; WO 98/28037, each of which are hereby incorporated by reference). The present

invention may also be used to enhance a immunogenicity of antigens applied to the skin

(transdermal or transcutaneous delivery, See, e.g., WO 98/20734 ; WO 98/28037, each of which

are hereby incorporated by reference). Thus, in some embodiments, the present invention

provides a delivery device for systemic administration, pre-filled with the vaccine composition

of the present invention.

The present invention is not limited by the type of subject administered (e.g., in order to

stimulate an immune response (e.g., in order to generate protective immunity (e.g., mucosal

and/or systemic immunity))) a composition of the present invention. Indeed, a wide variety of

subjects are contemplated to be benefited from administration of a composition of the present

invention. In preferred embodiments, the subject is a human. In some embodiments, human

subjects are of any age (e.g., adults, children, infants, etc.) that have been or are likely to become

exposed to a microorganism (e.g., E . coli). In some embodiments, the human subjects are

subjects that are more likely to receive a direct exposure to pathogenic microorganisms or that

are more likely to display signs and symptoms of disease after exposure to a pathogen (e.g.,

immune suppressed subjects). In some embodiments, the general public is administered (e.g.,

vaccinated with) a composition of the present invention (e.g., to prevent the occurrence or

spread of disease). For example, in some embodiments, compositions and methods of the

present invention are utilized to vaccinate a group of people (e.g., a population of a region, city,

state and/or country) for their own health (e.g., to prevent or treat disease). In some

embodiments, the subjects are non-human mammals (e.g., pigs, cattle, goats, horses, sheep, or

other livestock; or mice, rats, rabbits or other animal). In some embodiments, compositions and

methods of the present invention are utilized in research settings (e.g., with research animals).



A composition of the present invention may be formulated for administration by any

route, such as mucosal, oral, transdermal, intranasal, parenteral or other route described herein.

The compositions may be in any one or more different forms including, but not limited to,

tablets, capsules, powders, granules, lozenges, foams, creams or liquid preparations.

Topical formulations of the present invention may be presented as, for instance,

ointments, creams or lotions, foams, and aerosols, and may contain appropriate conventional

additives such as preservatives, solvents (e.g., to assist penetration), and emollients in ointments

and creams.

Topical formulations may also include agents that enhance penetration of the active

ingredients through the skin. Exemplary agents include a binary combination of N-

(hydroxyethyl) pyrrolidone and a cell-envelope disordering compound, a sugar ester in

combination with a sulfoxide or phosphine oxide, and sucrose monooleate, decyl methyl

sulfoxide, and alcohol.

Other exemplary materials that increase skin penetration include surfactants or wetting

agents including, but not limited to, polyoxyethylene sorbitan mono-oleoate (Polysorbate 80);

sorbitan mono-oleate (Span 80); p-isooctyl polyoxyethylene-phenol polymer (Triton WR-1330);

polyoxyethylene sorbitan tri-oleate (Tween 85); dioctyl sodium sulfosuccinate; and sodium

sarcosinate (Sarcosyl NL-97); and other pharmaceutically acceptable surfactants.

In certain embodiments of the invention, compositions may further comprise one or more

alcohols, zinc-containing compounds, emollients, humectants, thickening and/or gelling agents,

neutralizing agents, and surfactants. Water used in the formulations is preferably deionized

water having a neutral pH. Additional additives in the topical formulations include, but are not

limited to, silicone fluids, dyes, fragrances, pH adjusters, and vitamins.

Topical formulations may also contain compatible conventional carriers, such as cream

or ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be present as from

about 1% up to about 98% of the formulation. The ointment base can comprise one or more of

petrolatum, mineral oil, ceresin, lanolin alcohol, panthenol, glycerin, bisabolol, cocoa butter and

the like.

In some embodiments, pharmaceutical compositions of the present invention may be

formulated and used as foams. Pharmaceutical foams include formulations such as, but not

limited to, emulsions, microemulsions, creams, jellies, and liposomes. While basically similar in

nature these formulations vary in the components and the consistency of the final product.

The compositions of the present invention may additionally contain other adjunct

components conventionally found in pharmaceutical compositions. Thus, for example, the



compositions may contain additional, compatible, pharmaceutically-active materials such as, for

example, antipruritics, astringents, local anesthetics, or anti-inflammatory agents, or may contain

additional materials useful in physically formulating various dosage forms of the compositions

of the present invention, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers,

thickening agents and stabilizers. However, such materials, when added, preferably do not

unduly interfere with the biological activities of the components of the compositions of the

present invention. The formulations can be sterilized and, if desired, mixed with auxiliary agents

(e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing

osmotic pressure, buffers, colorings, flavorings and/or aromatic substances and the like) that do

not deleteriously interact with the antigenic unit or other components of the formulation. In

some embodiments, immunostimulatory compositions of the present invention are administered

in the form of a pharmaceutically acceptable salt. When used, the salts should be

pharmaceutically acceptable, but non-pharmaceutically acceptable salts may conveniently be

used to prepare pharmaceutically acceptable salts thereof. Such salts include, but are not limited

to, those prepared from the following acids: hydrochloric, hydrobromic, sulphuric, nitric,

phosphoric, maleic, acetic, salicylic, p-toluene sulphonic, tartaric, citric, methane sulphonic,

formic, malonic, succinic, naphthalene-2-sulphonic, and benzene sulphonic. Also, such salts can

be prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or calcium salts

of the carboxylic acid group.

Suitable buffering agents include, but are not limited to, acetic acid and a salt (1-2%

w/v); citric acid and a salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid

and a salt (0.8-2% w/v). Suitable preservatives may include benzalkonium chloride (0.003-

0.03% w/v); chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-

0.02% w/v).

In some embodiments, vaccine compositions are co-administered with one or more

antibiotics. For example, one or more antibiotics may be administered with, before and/or after

administration of the composition. The present invention is not limited by the type of antibiotic

co-administered. Indeed, a variety of antibiotics may be co-administered including, but not

limited to, β-lactam antibiotics, penicillins (such as natural penicillins, aminopenicillins,

penicillinase-resistant penicillins, carboxy penicillins, ureido penicillins), cephalosporins (first

generation, second generation, and third generation cephalosporins), and other β-lactams (such

as imipenem, monobactams,), β -lactamase inhibitors, vancomycin, aminoglycosides and

spectinomycin, tetracyclines, chloramphenicol, erythromycin, lincomycin, clindamycin,



rifampin, metronidazole, polymyxins, doxycycline, quinolones (e.g., ciprofloxacin),

sulfonamides, trimethoprim, and quinolines.

Numerous antimicrobial agents are currently available for use in treating bacterial,

fungal, and viral infections. For a comprehensive treatise on the general classes of such drugs

and their mechanisms of action, the skilled artisan is referred to Goodman & Gilman's "The

Pharmacological Basis of Therapeutics" Eds. Hardman et a , 9th Edition, Pub. McGraw Hill,

chapters 43 through 50, 1996, (herein incorporated by reference in its entirety). Generally, these

agents include agents that inhibit cell wall synthesis (e.g., penicillins, cephalosporins,

cycloserine, vancomycin, bacitracin); and the imidazole antifungal agents (e.g., miconazole,

ketoconazole and clotrimazole); agents that act directly to disrupt the cell membrane of the

microorganism (e.g., detergents such as polmyxin and colistimethate and the antifungals nystatin

and amphotericin B); agents that affect the ribosomal subunits to inhibit protein synthesis (e.g.,

chloramphenicol, the tetracyclines, erthromycin and clindamycin); agents that alter protein

synthesis and lead to cell death (e.g., aminoglycosides); agents that affect nucleic acid

metabolism (e.g., the rifamycins and the quinolones); the antimetabolites (e.g., trimethoprim and

sulfonamides); and the nucleic acid analogues such as zidovudine, gangcyclovir, vidarabine, and

acyclovir which act to inhibit viral enzymes essential for DNA synthesis. Various combinations

of antimicrobials may be employed.

The present invention also includes methods involving co-administration of a vaccine

composition comprising a dimeric vaccine molecule with one or more additional active and/or

immunostimulatory agents (e.g., a composition comprising a different antigenic unit, an

antibiotic, anti-oxidant, etc.). Indeed, it is a further aspect of this invention to provide methods

for enhancing prior art immunostimulatory methods (e.g., immunization methods) and/or

pharmaceutical compositions by co-administering a composition of the present invention. In co-

administration procedures, the agents may be administered concurrently or sequentially. In one

embodiment, the compositions described herein are administered prior to the other active

agent(s). The pharmaceutical formulations and modes of administration may be any of those

described herein. In addition, the two or more co-administered agents may each be administered

using different modes (e.g., routes) or different formulations. The additional agents to be co-

administered (e.g., antibiotics, adjuvants, etc.) can be any of the well-known agents in the art,

including, but not limited to, those that are currently in clinical use.

In some embodiments, a composition comprising a dimeric vaccine molecule is

administered to a subject via more than one route. For example, a subject that would benefit

from having a protective immune response (e.g., immunity) towards a pathogenic



microorganism may benefit from receiving mucosal administration (e.g., nasal administration or

other mucosal routes described herein) and, additionally, receiving one or more other routes of

administration (e.g., parenteral or pulmonary administration (e.g., via a nebulizer, inhaler, or

other methods described herein). In some preferred embodiments, administration via mucosal

route is sufficient to induce both mucosal as well as systemic immunity towards an antigenic

unit or organism from which the antigenic unit is derived. In other embodiments, administration

via multiple routes serves to provide both mucosal and systemic immunity. Thus, although an

understanding of the mechanism is not necessary to practice the present invention and the

present invention is not limited to any particular mechanism of action, in some embodiments, it

is contemplated that a subject administered a composition of the present invention via multiple

routes of administration (e.g., immunization (e.g., mucosal as well as airway or parenteral

administration of the composition) may have a stronger immune response to an antigenic unit

than a subject administered a composition via just one route.

Other delivery systems can include time-release, delayed release, or sustained release

delivery systems. Such systems can avoid repeated administrations of the compositions,

increasing convenience to the subject and a physician. Many types of release delivery systems

are available and known to those of ordinary skill in the art. They include polymer based

systems such as poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides,

polyorthoesters, polyhydroxybutyric acid, and polyanhydrides. Microcapsules of the foregoing

polymers containing drugs are described in, for example, U.S. Pat. No. 5,075,109, hereby

incorporated by reference. Delivery systems also include non-polymer systems that are: lipids

including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as

mono-di-and tri-glycerides; hydrogel release systems; sylastic systems; peptide based systems;

wax coatings; compressed tablets using conventional binders and excipients; partially fused

implants; and the like. Specific examples include, but are not limited to: (a) erosional systems in

which an agent of the invention is contained in a form within a matrix such as those described in

U.S. Pat. Nos. 4,452,775, 4,675,189, and 5,736,152, each of which is hereby incorporated by

reference and (b) diffusional systems in which an active component permeates at a controlled

rate from a polymer such as described in U.S. Pat. Nos. 3,854,480, 5,133,974 and 5,407,686,

each of which is hereby incorporated by reference. In addition, pump-based hardware delivery

systems can be used, some of which are adapted for implantation.

In some embodiments, a vaccine composition of the present invention is formulated in a

concentrated dose that can be diluted prior to administration to a subject. For example, dilutions

of a concentrated composition may be administered to a subject such that the subject receives



any one or more of the specific dosages provided herein. In some embodiments, dilution of a

concentrated composition may be made such that a subject is administered (e.g., in a single

dose) a composition comprising 0.5-50% of a nanomulsion and antigenic unit present in the

concentrated composition. Concentrated compositions are contemplated to be useful in a setting

in which large numbers of subjects may be administered a composition of the present invention

(e.g., an immunization clinic, hospital, school, etc.). In some embodiments, a composition

comprising a dimeric vaccine molecule of the present invention (e.g., a concentrated

composition) is stable at room temperature for more than 1 week, in some embodiments for

more than 2 weeks, in some embodiments for more than 3 weeks, in some embodiments for

more than 4 weeks, in some embodiments for more than 5 weeks, and in some embodiments for

more than 6 weeks.

In some embodiments, following an initial administration of a composition of the present

invention (e.g., an initial vaccination), a subject may receive one or more boost administrations

(e.g., around 2 weeks, around 3 weeks, around 4 weeks, around 5 weeks, around 6 weeks,

around 7 weeks, around 8 weeks, around 10 weeks, around 3 months, around 4 months, around 6

months, around 9 months, around 1 year, around 2 years, around 3 years, around 5 years, around

10 years) subsequent to a first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth,

and/or more than tenth administration. Although an understanding of the mechanism is not

necessary to practice the present invention and the present invention is not limited to any

particular mechanism of action, in some embodiments, reintroduction of an antigenic unit in a

boost dose enables vigorous systemic immunity in a subject. The boost can be with the same

formulation given for the primary immune response, or can be with a different formulation that

contains the antigenic unit or the minimum immunogenic epitope. The dosage regimen will also,

at least in part, be determined by the need of the subject and be dependent on the judgment of a

practitioner.

Dosage units may be proportionately increased or decreased based on several factors

including, but not limited to, the weight, age, and health status of the subject. In addition, dosage

units may be increased or decreased for subsequent administrations (e.g., boost administrations).

It is contemplated that the compositions and methods of the present invention will find

use in various settings, including research settings. For example, compositions and methods of

the present invention also find use in studies of the immune system (e.g., characterization of

adaptive immune responses (e.g., protective immune responses (e.g., mucosal or systemic

immunity))). Uses of the compositions and methods provided by the present invention

encompass human and non-human subjects and samples from those subjects, and also



encompass research applications using these subjects. Compositions and methods of the present

invention are also useful in studying and optimizing albumin variant, antigenic units, and other

components and for screening for new components. Thus, it is not intended that the present

invention be limited to any particular subject and/or application setting.

The present invention further provides kits comprising the vaccine compositions

comprised herein. In some embodiments, the kit includes all of the components necessary,

sufficient or useful for administering the vaccine. For example, in some embodiments, the kits

comprise devices for administering the vaccine (e.g., needles or other injection devices),

temperature control components (e.g., refrigeration or other cooling components), sanitation

components (e.g., alcohol swabs for sanitizing the site of injection) and instructions for

administering the vaccine.

Examples

Example 1. Novel heterodimeric DNA vaccine protects against MOPC315 myeloma in

BALB/c mice

DNA vaccines encoding fusion proteins that target antigen to antigen-presenting cells

(APC) have an enhanced ability to induce immune responses. It would be useful to extend this

technology to vaccine molecules that can simultaneously target several different surface

molecules on APC for delivery of several different antigens. This example describes the

production of heterodimeric vaccine molecules that each can express four different fusion

moieties.

Two different types of heterodimers were synthesized, the first utilizing the Barnase-

barstar protein pair and the second utilizing modified leucine-zipper a-helixes, termed the

ACID/BASE-motif. See Figs. 1B-D. The heterodimers have targeting moieties fused N-

terminally and antigens fused C-terminally. These may be compared to the Vaccibody vaccine

molecule, which uses the CH3 Ig domain from human IgG3 as dimerisation motif. See Fig. 1A .

Exemplary sequences for constructs and antigenic units of the invention are provided

below.

A number of different experiments were conducted to analyze both heterodimer

formation and to compare the ability the heterodimers to generate immune responses. The

heterodimers were specifically compared to vaccibodies, which are a homodimeric format. The

levels of vaccine protein produced in vitro is similar for the ACID/BASE heterodimers

ACID/BASE and vaccibody constructs in vitro. See Fig. 2 . Briefly, the the various



heterodimeric and homodimeric plasmids were transiently transfected into Hek293E cells and

the supernatant harvested and analyzed on ELISA. The levels of protein secreted from the cells

are measured by DNP-BSA, the antigen bound by scFvM315 (F) and 9A8, a mAb that recognize

both λΐ and λ2 which is both in anti-NIP and scFvM315. The results are presented in Fig. 2 .

The ability of the ACID/BASE dimerization domain to form heterodimers was analyzed. See

Fig. 3 . Again, various ACID/BASE plasmid pairs and single plasmids were transiently

transfected into Hek293E cells and the supernatant harvested and analyzed on ELISA. The

results show that antigens and targeting units can be equally expressed on ACID or BASE

monomers. Furthermore, monomeric ACID and BASE fusion proteins may be secreted in vitro.

A number of different antigens can be used to make vaccine molecules. See Fig. 4, which

presents the results of in vitro analysis of various ACID/BASE heterodimers. Plasmids

encoding heterodimers comprising antigens for tuberculosis (E and 85b), influenza (HA),

myeloma antigen (F=M315) and also model antigens like OVA and mCherry were transiently

transfected into Hek293E cells and the supernatant harvested and analyzed by ELISA. The

ability of ΜΙΡΙα to retain chemotactic activity when used as a targeting unit for heterodimers

was analyzed. As shown in Figs. 5a and 5b, supernatant from Hek293E cells transiently

transfected with various vaccine molecules attracts CCR1+ and CCR5+ ESb-MP cells through

transwell filters.

The vaccine molecules were also used in in vivo experiments. The DNA vaccine is

administrated into the muscle of mice followed by electroporation to increase uptake of DNA

and production of vaccine proteins secreted into the serum. Fig. 6 shows the results of M315-

specific immune responses in mice immunized i.m. once and with a protein boost on day 62

with 5 g M315. When compared to normal vaccibody, the IgGl responses is slightly slower

than vaccibody, but the IgG2a is slightly improved as compared to the vaccibody vaccine. As

shown in Fig. 7, the immune response can be generated against MOPC315 tumor cells. Ten

mice per group were vaccinated with 50 µg DNA per plasmid and 14 days after challenged with

100 000 MOPC315 tumor cells.

As can be seen from the data above, the Barnase-barstar heterodimer and the

ACID/BASE heterodimer are efficiently expressed in vitro and in vivo with fusions proteins

attached N-terminal and C-terminal. Both heterodimers were flexible as various targeting and

antigenic units were expressed as fusion proteins within the heterodimer in vitro. Finally, MIP-

l targeting induced antigen-specific IgGl and IgG2a responses with the ACID/BASE

heterodimers, even better than homodimeric Vaccibody. Furthermore, the ACID/BASE



heterodimer protected the mice against MOPC315 myeloma tumor, and two MIP- Ια targeting

units were necessary for the protection.

These data show that the heterodimeric vaccine molecules afford a flexible platform for

development of novel DNA vaccines with increased potency.

Exemplary construct sequences

MIPl α-2ACID-M315 DNA sequence with intron (SEP ID NO:1);

MlPl is from nucleotide: 050 - 256

Hinge: 666-716

ACID-ACID with linkers: 717-1022

Linker: 1023-1037

M315 antigen: 1038-1766







MIPl α-2ACID-M315 DNA sequence without intron (SEP ID NO;2);



MIPl α-2ACID-M315 Amino Acid sequence (SEP ID NO;3);

MlPl α is from amino acid: 7-75

Hinge: 76-92

ACID-ACID with linkers: 93-194

Linker: 195-199

M315 antigen: 200-442



MIPl α-2BASE-M315 DNA sequence with intron (SEP ID NO;4);

ΜΙΡΙα is from nucleotide: 050 - 256

Hinge: 666-716

BASE-BASE with linkers: 717-1022

Linker: 1023-1037

M315 antigen: 1038-1766







MIPl α-2BASE-M315 DNA sequence with0ut intron (SEP ID NO;5);



MIPl α-2BASE-M315 Amino Acid sequence (SEP ID NO;6);

ΜΙΡΙα is from amino acid: 4-72

Hinge: 73-89

ACID-ACID with linkers: 90-191

Linker: 192-196

M315 antigen: 197-439



Sequence of scFvM315 the mutiple myeloma antigen used in heterodimers.

SEQ ID NO: 7 . Amino acid sequence: VH-linker - VL



Sequence of scFvA20 the lymphoma antigen used in the heterodimer.

Linker before VH is underlined and linker between VH and VL is italic. DNA SEQ is SEQ ID

NO:9, AMINO ACID SEQ is SEQ ID NO: 10





Amino acid sequence of the A20 antigen:

VHA20 - VLA20

SEQ ID NO: 11 VH - Linker- VL

Example 2. Bivalency of targeted DNA vaccines increases B-cell mediated responses

Multivalent antigens are able to induce cross links between BCR on the B cell

membrane, which is thought to be essential in B cell activation. Early B cell activation models

described that these cross links are needed to activate B cells (16, 17). Other models for efficient

B cell activation have been described recently, each of them incorporating valency as an

important factor (17-20). Both with in vitro and in vivo models it has been shown that

multivalent antigens induce more potent B cell signaling and antibody responses, but that

monovalent antigens are able to activate B cell responses as well (21-28).

DNA vaccines offer a number of advantages over more traditional vaccines, but their

immunogenicity in larger animals has been poor(29, 30). One efficient strategy to improve

immune responses upon DNA vaccination is to directly target antigen to APC by genetic fusion

of antigen to cytokines or single chain variable fragments specific for molecules on the APC

surface(31-40).

This example demonstrates the value of antigen valency in the setting of targeted

vaccines with different antigens. Monovalent and bivalent DNA vaccines that are targeted to

MHCII on the APC were synthesized. These vaccines encode asymmetrical heterodimers that

carried either two identical antigens in bivalent vaccines, or two divergent antigens in



monovalent vaccines. The exemplary antigens utilized in this example are HA from two

different influenza strains A/PR/8/34 and A/California/07/09, and single chain Fv derived from

the tumor-specific immunoglobulins secreted by the murine B cell lymphomas MOPC315 and

A20. The results indicate that bivalency of an antigen is an important vaccine attribute in the

induction of efficient B cell responses.

The data are presented in FIGS. 8-12. FIG. 8A-E provides data related to design and

characterization of heterodimeric vaccine molecules. A schematic depiction of the heterodimeric

molecules and constructs is provided. FIG. 8A. A sequence alignment for the PR8 and Cal07

HA sequences is provided in Fig. 15. In these exemplary vaccine constructs, hemagglutinin

(HA) from influenza HlNl virus PR8 or Cal07 is targeted to antigen presenting cells with single

chain FV specific for mouse MHC class II or hapten NIP as non-binding control. Heterodimers

are formed through acid/base interactions between two alpha helices of a leucine zipper motif,

enriched with either acidic or basic amino acids. Targeting units and antigenic units are placed

on either end of the ACID or BASE dimerization units. DNA cassettes are expressed under a

CMV promotor and contain the leader sequence of the pLNOH2 vector, indicated with L .

Vectors with ACID and BASE constructs are co-transfected to express heterodimeric vaccine

proteins. FIG. 8B. HEK 293E cells were co-transfected with ACID and BASE constructs and

supernatant was analyzed by sandwich ELISA. Antigenic arms and dimerization units were

detected with antiHA(PR8) and antiHA(Cal07) mAb, and mAb specific for the ACID/BASE

motif (2H11)(26). FIG. 8C. Vaccine heterodimers in supernatant were detected on a western

blot with biotinylated 2H1 1. FIG. 8D. Molecular sizes are indicated. Fibroblasts transfected with

mouse MHCII (Ι-Εκ and I-Ed) were incubated with non-targeted heterodimeric vaccine proteins

containing two HA of PR8, or with MHCII targeted equivalents in undiluted form or in dilutions

of 1 to 3 and 1 to 9 in cell medium. FIG. 8E. Bound vaccine proteins are stained with

biotinylated aHA(PR8) and detected by streptavidin-PE with flow cytometry.

FIGS. 9A-I present data demonstrating that bivalency of heterodimeric vaccine

molecules increases IgG titers in mice. Balb/c mice were vaccinated by intramuscular injection

with 10 µg DNA plasmid (5 µg of each ACID and BASE plasmid) followed by electroporation

(n=6/group). See FIGS. 9A-F. IgG, IgGl and IgG2a responses specific for HA(PR8)(A-C) and

HA(Cal07) (D-F) were analyzed by ELISA. (G-H) Balb/c mice were vaccinated by intradermal

injection with 50 µg DNA (25 µg of each ACID and BASE plasmid) on the lower back,

immediately followed by electroporation (n=6/group). Total IgG responses towards HA(PR8)

(FIG. 9G) and HA(Cal07) (FIG. 9H) were analyzed. Balb/c mice were vaccinated by i.m.

injection of varied DNA doses of bivalent or monovalent vaccine carrying the HA(PR8) antigen.



See FIG. 91. Total IgG specific for HA(PR8) was analyzed at week 6 . Titers are defined as the

highest serum dilution that produced an absorbance above background. Background absorbance

was determined as twice the mean absorbance for signals from the serum of mice vaccinated

with NaCl. Mean titers ±SEM are given. Significance is shown where bivalent vaccines

outperformed monovalent vaccines. *P<0,05; ** P<0,01. Mann Whitney.

FIGS. 10A-E present data showing antibody titers after vaccination with heterodimeric

antitumor vaccine molecules of the present invention. Heterodimeric DNA vaccines were

designed to carry anti-tumor antigens. FIG. 10A. Tumor antigens were tumor-specific

immunoglobulins secreted by the murine B cell lymphomas MOPC315 (annotated M315) and

A20. One vaccine was generated to carry a stop codon to form a monovalent vaccine with

M315. Balb/c mice were vaccinated with heterodimeric anti-tumor vaccines. Mice received an

intramuscular injection with 100 µg DNA plasmid (50 µg of each ACID and BASE plasmid)

(n=6/group), followed by electroporation. IgGland IgG2a responses specific for A20 (FIGS.

lOB-C) and M315 (FIGS. 10D-E) tumor antigens were analyzed by ELISA. Titers are defined as

the highest serum dilution that produced an absorbance above background. Background

absorbance was determined as twice the mean absorbance for signals from serum of mice

vaccinated with NaCl. Mean titers ±SEM are given. Significance is shown to compare bivalent

versus monovalent vaccines. *P<0,05; ** P<0,01; Mann Whitney.

FIGS. 11A-F provide data showing that bivalent DNA vaccines completely protect mice

against homologous H1N1 influenza infection. Balb/c mice were vaccinated by intramuscular

injection with 100 µg DNA plasmid (50µg of each ACID and BASE plasmid), followed by

electroporation (n=6/group). After 14 days mice were challenged with influenza virus from

strains PR8 with 5xLD50 (FIG. 11 A and B) or 50xLD50 (FIG 11 C and D). Balb/c mice were

vaccinated as described above (n=6/group). From day 12, aCD4 and aCD8 mAb were injected

intraperitoneally every second day. A control group received isotype matched mAb after

vaccination with aMHCII —Cal07/Cal07, shown in blue with open circles. Mice were

challenged with PR8 influenza virus (5xLD50) at day 14 after vaccination. Mean weight loss

±SEM and survival after infection are shown for each experiment. FIGS. 11 A-E. Significance is

shown for the comparison of bivalent versus monovalent vaccines. *P<0,05; ** P<0,01;

***p<0,001 Mann Whitney and Mantel Cox.

FIGS. 12A-C provide data showing bivalency of heterodimeric vaccine molecules

increases antigen specific germinal centers and B cell population in bone marrow. Balb/c mice

were vaccinated by intradermal injection of 50 µg DNA plasmid (25 µg of each ACID and

BASE plasmid), directly followed by electroporation (n=3). After three weeks draining lymph



nodes (iliac or inguinal) and bone marrow from the tibia were harvested. (FIGS. A-B) Single

cell suspensions from lymph nodes were stained with serially diluted HA probe and gated on GC

B-cells (GL7+ CD381o) and analyzed of binding in flow cytometry. (FIG. A) Dilution curve of

rHA probe fitted with non-linear regression. (FIG. B) Representation of individual mice with

200 nM rHA probe. (FIG. C) Cell suspensions from the bone marrow were analyzed with a B-

cell ELISPOT to detect PR8 or Cal07 specific B cells. *p<0.05 and **p<0.01, unpaired two

tailed student's t-test.

FIGS. 13A-D provide additional data showing that heterodimers with two variants of the

hemagglutinin, HA, named PR8 and Cal07 (mixed), showed a clear effect of bivalency both in

respect of humoral responses as well as for protecting BALB/c mice in a challenge model for

PR8. Both antigens show induction of antigen-specific antibodies in the mice. The

heterodimeric ACID/BASE targeting vaccine is schematically depicted in FIG 13A . Vaccination

of balb/c mice gave higher PR8-specific IgGl for bivalent molecules than monovalent

molecules. See FIG. 13 B . Only bivalent heterodimer induced full protection in a PR8 challenge.

See FIG 13C. In addition, a tendency of increased competition in inhibitory ELISA suggested

the mixed vaccine to induce more cross-binding antibodies (Fig. 13 D). FIG. 13 D provides

results of a competing ELISA where PR8 is used as coat and the sera from vaccinated mice is

competed with Cal07 (Cal07/PR8 inhibited more than Cal07/Cal07) or with PR8 (Cal07/PR8

less inhibited than PR8/PR8).

Example 3 - Protection against tumor formation in bone marrow

This example describes experiments that show that the ACID/BASE heterodimeric

vaccine protect mice against the bone marrow homing MOPC.315 tumor model in mice

(MOPC.315BM) (Hofgaard, P. O., et al., 2012. PLoS One 7 : e51892).

Figure 16 shows that ACID/BASE heterodimeric DNA vaccines induce protection

against bone marrow MOPC.315.BM tumor after a single vaccination in BALB/c mice. Mice

were vaccinated with 50 µg DNA i.m. in each quadriceps followed by electroporation of the

injection site. After 14 days (n=10/group, n=5 for NaCl group), mice were challenged i.v. with

104 MOPC.315.BM (bone marrow) cells. Mice reaching the endpoint paraplegia, were

euthanized. Survival curves of the various vaccines compared to antigen control (MIPla-CH3-

scFvA20) andNaCl vaccinated mice. (**p<0.01, Mantel-Cox analysis, ΜΙΡΙα -targeted groups

compared with nontargeted scFv NIP-A/B-scFv315) are shown in FIG. 16A. Blood samples were

harvested on day 36 after challenge and analysed for the tumor-specific antigen M315 in ELISA



(nondetectable = ND, mean shown as a bar, ***p<0.001, Mann-Whitney, two-tailed) (FIG.

16B).

Figure 17 shows that one targeting unit in the ACID/BASE heterodimeric vaccine is

sufficient for antigen-specific IgGl and IgG2a responses in vivo. BALB/c mice were vaccinated

with 50 µg DNA i.m. with A/B heterodimeric vaccines as indicated in FIG. 17. 36 days (A,

n=4/group) or 14 days (B, n=3/group) after vaccination the mice were bled and M315-specific

IgGl and IgG2a were analysed in the sera (nondetectable = ND, mean ± SEM, nonsignificant =

ns, Mann Whitney).

In summary, results are shown in FIGS. 16 and 17 and demonstrate that the ACID/BASE

heterodimer can protect against a mice model homing to the bone marrow, as seen in human

patients, where the myeloma tumor homes to the bone marrow (FIG. 16) and that one targeting

is sufficient for the ACID/BASE heterodimer to induce antigen-specific antibody responses

(FIG. 17).

Example 4 - Mixed vaccines

This example described ACID/BASE heterodimers that were tested as a mixed vaccine

including 18 subtype of hemagglutinin (HA).

Table 1. Description of HA mix vaccines used in this study

FIG. 18 shows that DNA vaccines with HA as antigen are functionally expressed in vitro

and in vivo FIG. 18A shows representation of vaccine proteins. DNA vaccines express whole

length HA from 18 different subtypes as antigen, targeted to mouse APC or a hapten (negative

control) with scFv of mAb towards mouse MHCII or NIP. Heterodimerization was achieved

through acid-base interactions between leucine zipper alpha helices, enriched with either acidic

amino acids (ACID) or basic amino acids (BASE). The dimerization unit is placed between the



targeting unit and the antigen. Shortened human Ig hinges are placed between the dimerization

unit and the targeting unit, enabling disulfide bridges to form between two cysteines (shown as

two black lines) that stabilize the correct orientation of ACID relative to BASE.

Balb/c mice were vaccinated intradermally with aMHCII-Hx bivalent dimers carrying

HA from one of the 18 subtypes. Serum of week 6 after vaccination was analyzed for reactivity

against recombinant HA from each HA subtype. Shown in FIG. 18B are approximate serum

antibody titers induced by vaccines carrying group 1 HA towards recombinant group 1 HA

proteins (left panel) and titers induced by group 2 HA towards recombinant group 2 HA proteins

(right panel).

FIG. 19 shows that vaccination with a HA mix vaccine induces antibody against

heterologous HA strains. Mice were immunized i.m. two times (day 0 and day 35) with HA mix

vaccines containing 16 subtypes of HA or single HA subtype control for H I and H7, which is

not included in the mixed vaccine. Vaccines included ^g/plasmid in the mix and 5µg/plasmid

in the H I and H7 vaccine. Antibody titers against H I and H7 were measured after 9 weeks (FIG.

19B).

FIG. 20 shows that vaccination with HA mix (lacking HI) gives partial protection

against HI challenge. Mice were vaccinated with HA mix vaccines three times. Two weeks after

the third immunization, mice were challenged with Influenza virus of H1N1. Shown in FIG. 20

are mean weight loss ±SEM (left panels) and survival (right panels).

In summary, FIG. 18 shows that individual vaccines are produced and induce subtype-

specific antibody responses and do not crossreact as single vaccines. The mixed ACID/BASE

vaccine containing 16 out of 18 subtype of HA variants (containing HA from group 1 and 2 but

lacking H I and H7), showed antigen-specific antibodies against H I and H7 (FIG. 19). In

addition, the mixed ACID/BASE vaccine containing 11 out of 12 subtype of HA variants,

lacking the H I subtype, showed protection against H I containing influenza virus (FIG. 20).

All publications and patents mentioned in the above specification are herein incorporated

by reference in their entirety for all purposes. Various modifications and variations of the

described compositions, methods, and uses of the technology will be apparent to those skilled in

the art without departing from the scope and spirit of the technology as described. Although the

technology has been described in connection with specific exemplary embodiments, it should be

understood that the invention as claimed should not be unduly limited to such specific

embodiments. Indeed, various modifications of the described modes for carrying out the



invention that are obvious to those skilled in pharmacology, biochemistry, medical science, or

related fields are intended to be within the scope of the following claims.
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CLAIMS

WE CLAIM:

1. A DNA vaccine comprising first and second nucleic acid constructs encoding first and

second fusion proteins comprising a targeting unit, a heterodimerization unit, and an

antigenic unit in operable association, wherein said antigenic unit for each of said first

and second fusion proteins are variant target antigenic proteins and wherein when said

first and second nucleic acid constructs are introduced into a cell the first and second

fusion proteins are expressed and associate to form a first heterodimeric protein via

association of said heterodimerization units.

2 . The DNA vaccine of Claim 1, wherein said heterodimerization unit in one of said first

and second nucleic acid constructs is an ACID heterodimerization unit and the

heterodimerization unit in the other of the first and second nucleic acid constructs is a

BASE heterodimerization unit that interact to form an ACID/BASE heterodimerization

domain is said first heterodimeric protein.

3 . The DNA vaccine of Claim 1, wherein said heterodimerization unit in one of said first

and second nucleic acid constructs is a barstar heterodimerization unit and the

heterodimerization unit in the other of the first and second nucleic acid constructs is a

bamase heterodimerization unit that interact to form a barstar/bamase heterodimerization

domain is said first heterodimeric protein.

4 . The DNA vaccine of claim 1, wherein said targeting units of said first and second fusion

proteins are identical.

5 . The DNA vaccine of claim 1, wherein said targeting units of said first and second fusion

proteins are different.

6 . The DNA vaccine of claim 1, wherein said targeting unit is an antigen binding protein.

7 . The DNA vaccine of claim 4, wherein said antigen binding protein is a scFv.



8 . The DNA vaccine of claim 1, wherein said targeting unit is an Antigen Presenting Cell

(APC) targeting unit.

9 . The DNA vaccine of claim 8, wherein said APC targeting unit binds to a target selected

from the group consisting of MHC-II molecules, CD40, CD11c, CD14, HLA-DP, Toll

like receptors, and chemokine receptors.

10. The DNA vaccine of claim 1, wherein said variant antigenic target proteins have greater

than about 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% sequence identity or

conserved regions of more than 8, 10, 12, 15, 20, 30, 40, 50 or 60 amino acids in length

and up to 100 to 200 amino acids in length within the variant antigenic target proteins

have greater than about 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% sequence

identity.

11. The DNA vaccine of claim 1, where said different variant antigenic target proteins are

from different strains or serotypes of an organism.

12. The DNA vaccine of claim 11, wherein said organism is a pathogenic organism.

13. The DNA vaccine of claim 11, wherein said organism is selected from the group

consisting of a virus, a bacterium, a fungus and a protozoan.

14. The DNA vaccine of claim 1, wherein said different variant antigenic target proteins are

variants of hemagglutinin (HA).

15. The DNA vaccine of claim 14, wherein said vaccine comprises variants of HA from at

least three, four, five or six and up to 12 or 18 strains or serotypes of influenza viruses.

16. The DNA vaccine of claim 15, wherein said influenza viruses are selected from the

group consisting of group 1 and group 2 influenza viruses.

17. The DNA vaccine of claim 16, wherein said group 1 influenza viruses are selected from

the group consisting of H1, H2, H5, H6, H8, H9, H11, H 12, H 13, H 16, H17 and H 18 and



said group 2 influenza viruses are selected from the group consisting of H3, H4, H7,

H10, H14 and H15.

18. The DNA vaccine of claim 1, wherein said different variant antigenic target proteins are

variants of a cancer antigen or neo-epitope.

19. The DNA vaccine of claim 1, further comprising at least third and fourth nucleic acid

constructs encoding third and fourth fusion proteins comprising a targeting unit, a

heterodimerization domain, and an antigenic unit in operable association, wherein said

antigenic unit for each of said third and fourth fusion proteins are variant target antigenic

proteins.

20. The DNA vaccine of claim 19, wherein expression of said third and fourth fusion

proteins in a cell with said first and second fusion proteins results in the production of a

mixture of heterodimeric proteins.

21. The DNA vaccine of claim 1, wherein when said first and second nucleic acid constructs

are expressed in a cell, the production of said heterodimeric proteins is characterized by

the substantial absence of the production of homodimeric proteins comprising the same

target antigenic protein.

22. The DNA vaccine of claim 20, wherein when said first and second nucleic acid

constructs and said at least third and fourth nucleic acid constructs are expressed in a

cell, the production of said heterodimeric proteins is characterized by the substantial

absence of the production of homodimeric proteins comprising the same target antigenic

protein.

23. The DNA vaccine of claim 1, wherein the sequence encoding the fusion protein is

operably linked to a promoter.

24. A vaccine composition comprising a heterodimeric protein molecule, wherein said

heterodimeric protein molecule comprises first and second fusion protein monomers

comprising a targeting unit, a heterodimerization unit, and an antigenic unit in operable

association, wherein said antigenic unit for each of said first and second fusion protein



monomers differ by encoding different variant target antigenic proteins, and wherein said

heterodimeric protein molecule comprises two of said monomers joined by association of

said dimerization domains.

25. The vaccine composition of Claim 24, wherein said heterodimerization unit in one of

said first and second fusion protein monomers is an ACID heterodimerization unit and

the heterodimerization unit in the other of said first and second fusion protein monomers

is a BASE heterodimerization unit that interact to form an ACID/BASE

heterodimerization domain is said first heterodimeric protein.

26. The vaccine composition of claim 24, wherein said heterodimerization unit in one of said

first and second fusion protein monomers is a barstar heterodimerization unit and the

heterodimerization unit in the other of said first and second fusion protein monomers is a

bamase heterodimerization unit that interact to form a barstar/barnase heterodimerization

domain is said first heterodimeric protein.

27. The vaccine composition of claim 24, wherein said targeting units of said first and

second fusion proteins are identical.

28. The vaccine composition of claim 24, wherein said targeting units of said first and

second fusion proteins are different.

29. The vaccine composition of claim 24, wherein said targeting unit is an antigen binding

protein.

30. The vaccine composition of claim 29, wherein said antigen binding protein is a scFv.

31. The vaccine composition of claim 24, wherein said targeting unit is an Antigen

Presenting Cell (APC) targeting unit.

32. The vaccine composition of claim 31, wherein said APC targeting unit binds to a target

selected from the group consisting of MHC-II molecules, CD40, CD11c, CD14, HLA-

DP, Toll-like receptors, and chemokine receptors.



33. The vaccine composition of claim 24, wherein said different variant antigenic target

proteins have greater than about 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95%

sequence identity or conserved regions of more than 8, 10, 12, 15, 20, 30, 40, 50 or 60

amino acids in length and up to 100 to 200 amino acids in length within the variant

antigenic target proteins have greater than about 30%, 40%, 50%, 60%, 70%, 80%, 90%

or 95% sequence identity.

34. The vaccine composition of claim 24, where said different variant antigenic target

proteins are from different strains or serotypes of an organism.

35. The vaccine composition of claim 34, wherein said organism is a pathogenic organism.

36. The vaccine composition of claim 34, wherein said organism is selected from the group

consisting of a virus, a bacterium, a fungus and a protozoan.

37. The vaccine composition of claim 24, wherein said different variant antigenic target

proteins are variants of hemagglutinin (HA).

38. The vaccine composition of claim 37, wherein said vaccine comprises variants of HA

from at least three, four, five or six and up to 12 or 18 strains or serotypes of influenza

viruses.

39. The vaccine composition of claim 38, wherein said influenza viruses are selected from

the group consisting of group 1 and group 2 influenza viruses.

40. The vaccine composition of claim 39, wherein said group 1 influenza viruses are selected

from the group consisting of HI, H2, H5, H6, H8, H9, H11, H12, H13, H16, H17 and

H 18 and said group 2 influenza viruses are selected from the group consisting of H3, H4,

H7, H10, H14 and H15.

4 1. The vaccine composition of claim 24, wherein said different variant antigenic target

proteins are variants of a cancer antigen or neo-epitopes.



42. The vaccine composition of claim 24, further comprising at least third and fourth fusion

protein monomers comprising a targeting unit, a heterodimerization domain, and an

antigenic unit in operable association, wherein said antigenic units for each of said third

and fourth fusion protein monomers differ by encoding different versions of said variant

target antigenic protein.

43. The vaccine composition of claim 42, wherein said vaccine comprises a mixture of

heterodimeric proteins characterized in having all possible combinations of said first and

second and at least third and fourth monomers.

44. The vaccine composition of claim 24, characterized by the substantial absence of

homodimeric proteins comprising the same target antigenic protein.

45. The DNA vaccine of claim 42, characterized by the substantial absence of homodimeric

proteins comprising the same target antigenic protein.

46. A pharmaceutical formulation comprising the DNA vaccine or vaccine composition of

any of claims 1 to 45 and a pharmaceutically acceptable carrier.

47. A vaccine formulation comprising a vaccine composition of any of claims 20 to 45 and

an adjuvant.

48. A method of immunizing or inducing an immune response to variant target antigenic

proteins in a subject comprising administering to said subject a DNA vaccine, vaccine

composition, pharmaceutical formulation or vaccine formulation according to any of

claims 1 to 45 to a subject.

49. Method of claim 48, wherein said method further comprises a second administration to

said subject of a DNA vaccine, vaccine composition, pharmaceutical formulation or

vaccine formulation according to any of claims 1 to 45.

50. Method of claim 48, wherein said method further comprises administering to said subject

a second DNA vaccine, vaccine composition, pharmaceutical formulation or vaccine



formulation comprising one or more non-targeted variant target antigenic protein

subunits.

51. Use of a DNA vaccine, vaccine composition, pharmaceutical formulation or vaccine

formulation according to any of claims 1 to 45 to immunize or induce an immune

response in a subject in need thereof.

52. Use of a DNA vaccine, vaccine composition, pharmaceutical formulation or vaccine

formulation according to any of claims 1 to 45 as a vaccine to prevent or to treat

infection by a pathogen.

53. Use of a DNA vaccine, vaccine composition, pharmaceutical formulation or vaccine

formulation according to any of claims 1 to 45 as a vaccine to prevent or to treat cancer.
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