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(57) Abstract: The present invention includes compositions and methods for making and using a vaccine that includes a DC-spe­
cific antibody or fragment thereof to which an engineered Gag antigen is attached to form an antibody-antigen complex, wherein 
the Gag antigen is less susceptible to proteolytic degradation by eliminating one or more proteolytic sites or a DC-specific anti­
body or fragment thereof to which an engineered Nef antigen is attached to form an antibody-antigen complex, wherein the Nef 
antigen comprises one or more codon usage optimization that increase antibody-antigen complex secretion, or both, wherein the 
vaccine is able to elicit an HIV-specific T cell immune response to Gag p 17, Gag p24, Nef and/or Cy clin DI.
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HIV VACCINE BASED ON TARGETING MAXIMIZED GAG AND NEF TO DENDRITIC 

CELLS

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field of agents that target viral proteins to dendritic cells.

BACKGROUND OF THE INVENTION

Without limiting the scope of the invention, its background is described in connection with antigen 

presentation.

Dendritic Cells play a pivotal role in controlling the interface of innate and acquired immunity by 

providing soluble and intercellular signals, followed by recognition of pathogens. These functions of DCs 

are largely dependent on the expression of specialized surface receptors, ‘pattern recognition receptors’ 

(PRRs), represented, most notably, by toll-like receptors (TLRs) and C-type lectins or lectin-like 

receptors (LLRs).

In the current paradigm, a major role of TLRs is to alert DCs to produce interleukin 12 (IL-12) and other 

inflammatory cytokines for initiating immune responses. C-type LLRs operate as constituents of the 

powerful antigen capture and uptake mechanism of macrophages and DCs. Compared to TLRs, however, 

LLRs might have broader ranges of biological functions that include cell migrations, intercellular 

interactions. These multiple functions of LLRs might be due to the facts that LLRs, unlike TLRs, can 

recognize both self and nonself. However, the complexity of LLRs, including the redundancy of a 

number of LLRs expressed in immune cells, has been one of the major obstacles to understand the 

detailed functions of individual LLRs. In addition, natural ligands for most of these receptors remain 

unidentified. Nonetheless, evidence from recent studies suggests that LLRs, in collaboration with TLRs, 

may contribute to the activation of immune cells during microbial infections.

SUMMARY OF THE INVENTION

In one embodiment, the present invention includes compositions and methods for increasing the 

effectiveness of antigen presentation by an antigen presenting cell by isolating and purifying a DC- 

specific antibody or fragment thereof to which an engineered Gag antigen is attached to form an 

antibody-antigen complex, wherein the Gag antigen is less susceptible to proteolytic degradation by 

eliminating one or more proteolytic sites; and contacting the antigen presenting cell under conditions 

wherein the antibody-antigen complex is processed and presented for T cell recognition. In one aspect, 

the antigen presenting cell comprises a dendritic cell. In another aspect the DC-specific antibody or 

fragment thereof is bound to one half of a Coherin/Dockerin pair or the DC-specific antibody or fragment 

thereof is bound to one half of a Coherin/Dockerin pair and the engineered Gag antigen is bound to the 

complementary half of the Coherin/Dockerin pair to form a complex. In another aspect, the antibody- 

antigen complex further comprises a flexible linker between the DC-specific antibody or fragment thereof
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and the Gag antigen. In one aspect, the antibody-antigen complex further comprises one or more new 

glycosylation sites, or the antibody-antigen complex further comprises a flexible linker between the DC- 

specific antibody or fragment thereof and the Gag antigen that comprises one or more glycosylation sites 

that provide increased flexibility between the antibody and the antigen, decreased proteolysis at the linker 

and increased secretion. In yet another aspect, the antibody-antigen complex further comprises a flexible 

linker between the DC-specific antibody or fragment thereof and the Gag antigen that comprises one or 

more linkers selected from SEQ ID NOS. 4 and 6.

In another aspect of the present invention, the antibody-antigen complex further comprises a flexible 

linker between the DC-specific antibody or fragment thereof and the Gag antigen that comprises one or 

more glycosylation sites selected from a linker sequence derived from a cellulose degrading organism. In 

one aspect, the DC-specific antibody or fragment thereof is humanized. In one specific aspect, the 

antibody-antigen complex is selected from SEQ ID NOS: 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19, 20, 21, 22, 23, 31 or 32. In another aspect, the antibody-antigen complex further comprises a 

sequence tag used for purification or identification of the complex. In yet another aspect, the DC-specific 

antibody or fragment binds is selected from an antibody that specifically binds to MHC class I, MHC 

class II, CD1, CD2, CD3, CD4, CD8, CDllb, CD14, CD15, CD16, CD19, CD20, CD29, CD31, CD40, 

CD43, CD44, CD45, CD54, CD56, CD57, CD58, CD83, CD86, CMRF-44, CMRF-56, DCIR, DC- 

ASPGR, CLEC-6, CD40, BDCA-2, MARCO, DEC-205, mannose receptor, Langerin, DECTIN-1, B7-1, 

B7-2, IFN-γ receptor and IL-2 receptor, ICAM-1, Fey receptor, LOX-1, and ASPGR.

Another embodiment of the present invention includes compositions and methods for increasing the 

effectiveness of antigen presentation by an antigen presenting cell by: isolating and purifying a DC- 

specific antibody or fragment thereof to which an engineered Nef antigen is attached to form an antibody- 

antigen complex, wherein the Nef antigen comprises one or more codon usage optimization that increase 

antibody-antigen complex secretion; and contacting the antigen presenting cell under conditions wherein 

the antibody-antigen complex is processed and presented for T cell recognition. In one aspect, the 

antigen presenting cell comprises a dendritic cell. In another aspect the DC-specific antibody or fragment 

thereof is bound to one half of a Coherin/Dockerin pair or the DC-specific antibody or fragment thereof is 

bound to one half of a Coherin/Dockerin pair and the engineered Nef antigen is bound to the 

complementary half of the Coherin/Dockerin pair to form a complex. In another aspect, the antibody- 

antigen complex further comprises a flexible linker between the DC-specific antibody or fragment thereof 

and the Nef antigen. In one aspect, the antibody-antigen complex further comprises one or more new 

glycosylation sites, or the antibody-antigen complex further comprises a flexible linker between the DC- 

specific antibody or fragment thereof and the Nef antigen that comprises one or more glycosylation sites 

that provide increased flexibility between the antibody and the antigen, decreased proteolysis at the linker 

and increased secretion. In one aspect, the antibody-antigen complex further comprises a flexible linker 

between the DC-specific antibody or fragment thereof and the Nef antigen that comprises one or more 

linkers selected from SEQ ID NOS. 4 and 6. In one aspect, the antibody-antigen complex further
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comprises a flexible linker between the DC-specific antibody or fragment thereof and the Nef antigen that 

comprises one or more glycosylation sites selected from a linker sequence derived from a cellulose 

degrading organism. In one aspect, the DC-specific antibody or fragment thereof is humanized. In yet 

another aspect, the antibody-antigen complex comprises SEQ ID NOS: 11, 12, 13, 14, 15, 16, and 17. In 

another aspect, the antibody-antigen complex further comprises a sequence tag used for purification or 

identification of the complex. In one aspect, the DC-specific antibody or fragment binds is selected from 

an antibody that specifically binds to MHC class I, MHC class II, CD1, CD2, CD3, CD4, CD8, CD1 lb, 

CD14, CD15, CD16, CD19, CD20, CD29, CD31, CD40, CD43, CD44, CD45, CD54, CD56, CD57, 

CD58, CD83, CD86, CMRF-44, CMRF-56, DCIR, DC-ASPGR, CLEC-6, CD40, BDCA-2, MARCO, 

DEC-205, mannose receptor, Langerin, DECTIN-1, B7-1, B7-2, IFN-γ receptor and IL-2 receptor, 

ICAM-1, Fey receptor, LOX-1, and ASPGR.

Yet another embodiment of the present invention is a vaccine comprising a DC-specific antibody or 

fragment thereof to which an engineered Gag antigen is attached to form an antibody-antigen complex, 

wherein the Gag antigen is less susceptible to proteolytic degradation by eliminating one or more 

proteolytic sites. In one aspect, the antibody-antigen complex further comprises a flexible linker between 

the DC-specific antibody or fragment thereof and the Gag antigen. In yet another aspect, the antibody- 

antigen complex further comprises one or more new glycosylation sites. In yet another aspect, the 

antibody-antigen complex further comprises a flexible linker between the DC-specific antibody or 

fragment thereof and the Gag antigen that comprises one or more glycosylation sites that provide 

increased flexibility between the antibody and the antigen, decreased proteolysis at the linker and 

increased secretion. In another aspect, the antibody-antigen complex further comprises a flexible linker 

between the DC-specific antibody or fragment thereof and the Gag antigen that comprises one or more 

linkers selected from SEQ ID NOS. 4 and 6. In another aspect, the antibody-antigen complex further 

comprises a flexible linker between the DC-specific antibody or fragment thereof and the Gag antigen 

that comprises one or more glycosylation sites selected from a linker sequence derived from a cellulose 

degrading organism. In one aspect, the DC-specific antibody or fragment thereof is humanized. In one 

specific aspect, the antibody-antigen complex is selected from SEQ ID NOS: 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 31 or 32. In another aspect, antibody-antigen complex 

further comprises a sequence tag used for purification of the complex. The skilled artisan will recognize 

that the antibody-antigen complex may be formed by covalent or non-covalent association between the 

DC-specific antibody or fragment and the antigen or in the form of a fusion protein, with either of the 

portions at the amino or carboxy-terminus or even as contactamers or one or more of either portion. In 

one aspect, the DC-specific antibody or fragment binds is selected from an antibody that specifically 

binds to MHC class I, MHC class II, CD1, CD2, CD3, CD4, CD8, CDllb, CD14, CD15, CD16, CD19, 

CD20, CD29, CD31, CD40, CD43, CD44, CD45, CD54, CD56, CD57, CD58, CD83, CD86, CMRF-44, 

CMRF-56, DCIR, DC-ASPGR, CLEC-6, CD40, BDCA-2, MARCO, DEC-205, mannose receptor,
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Langerin, DECTIN-1, B7-1, B7-2, IFN-γ receptor and IL-2 receptor, ICAM-1, Fey receptor, LOX-1, and 

ASPGR.

Yet another embodiment of the present invention is a vaccine comprising a DC-specific antibody or 

fragment thereof to which an engineered Nef antigen is attached to form an antibody-antigen complex, 

wherein the Nef antigen comprises one or more codon usage optimization that increase antibody-antigen 

complex secretion. In one aspect, the antibody-antigen complex further comprises a flexible linker 

between the DC-specific antibody or fragment thereof and the Nef antigen. In another aspect, the 

antibody-antigen complex further comprises one or more new glycosylation sites. In yet another aspect, 

the antibody-antigen complex further comprises a flexible linker between the DC-specific antibody or 

fragment thereof and the Nef antigen that comprises one or more glycosylation sites that provide 

increased flexibility between the antibody and the antigen, decreased proteolysis at the linker and 

increased secretion. In another aspect, the antibody-antigen complex further comprises a flexible linker 

between the DC-specific antibody or fragment thereof and the Nef antigen that comprises one or more 

linkers selected from SEQ ID NOS. 4 and 6. In yet another aspect, the antibody-antigen complex further 

comprises a flexible linker between the DC-specific antibody or fragment thereof and the Nef antigen that 

comprises one or more glycosylation sites selected from a linker sequence derived from a cellulose 

degrading organism. In one specific aspect, the DC-specific antibody or fragment thereof is humanized. 

In another specific aspect, the antibody-antigen complex comprises SEQ ID NOS: 1, 2, 3, 4, 5, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 31 or 32. In yet another aspect, the antibody-antigen 

complex further comprises a sequence tag used for purification of the complex. The skilled artisan will 

recognize that the antibody-antigen complex may be formed by covalent or non-covalent association 

between the DC-specific antibody or fragment and the antigen or in the form of a fusion protein, with 

either of the portions at the amino or carboxy-terminus or even as contactamers or one or more of either 

portion. In another aspect, the DC-specific antibody or fragment binds is selected from an antibody that 

specifically binds to MHC class I, MHC class II, CD1, CD2, CD3, CD4, CD8, CDllb, CD14, CD15, 

CD16, CD19, CD20, CD29, CD31, CD40, CD43, CD44, CD45, CD54, CD56, CD57, CD58, CD83, 

CD86, CMRF-44, CMRF-56, DCIR, DC-ASPGR, CLEC-6, CD40, BDCA-2, MARCO, DEC-205, 

mannose receptor, Langerin, DECTIN-1, B7-1, B7-2, IFN-γ receptor and IL-2 receptor, ICAM-1, Fey 

receptor, LOX-1, and ASPGR.

Yet another embodiment of the present invention is a vaccine comprising: a DC-specific antibody or 

fragment thereof to which an engineered Gag antigen is attached to form an antibody-antigen complex, 

wherein the Gag antigen is less susceptible to proteolytic degradation by eliminating one or more 

proteolytic sites; and a DC-specific antibody or fragment thereof to which an engineered Nef antigen is 

attached to form an antibody-antigen complex, wherein the Nef antigen comprises one or more codon 

usage optimization that increase antibody-antigen complex secretion, wherein the vaccine is able to elicit 

an HIV-specific T cell immune response to Gag pi7, Gag p24 and Nef. In one aspect, the Gag and Nef 

antigens comprise a fusion protein. In another aspect, the Gag and Nef antigens comprise a fusion
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protein separated by one or more flexible linkers. In one aspect, the antibody-antigen complex further 

comprises a flexible linker between the DC-specific antibody or fragment thereof and the Gag or Nef 

antigen that comprises one or more linkers selected from SEQ ID NOS. 4 and 6. In one aspect, the 

antibody-antigen complex further comprises a flexible linker between the DC-specific antibody or 

fragment thereof and the Gag antigen that comprises one or more glycosylation sites selected from a 

linker sequence derived from a cellulose degrading organism. In one aspect, the DC-specific antibody or 

fragment thereof is humanized. In one specific aspect, the vaccine is selected from SEQ ID NOS: 1, 2, 3, 

4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 31 or 32. In another aspect, the 

antibody-antigen complex further comprises a sequence tag used for purification of the complex.

In yet another embodiment, the present invention is a vaccine comprising a DC-specific antibody or 

fragment thereof to which an engineered Gag antigen is attached to form an antibody-antigen complex, 

wherein the Gag antigen is less susceptible to proteolytic degradation by eliminating one or more 

proteolytic sites; and an engineered Nef antigen that is attached to the DC-specific antibody or fragment 

thereof or to the engineered Gag antigen form an antibody-antigen complex, wherein the Nef antigen 

comprises one or more codon usage optimization that increase antibody-antigen complex secretion, 

wherein the vaccine is able to elicit an HIV-specific T cell immune response to Gag pi7, Gag p24 and 

Nef.. In one aspect, DC-specific antibody or fragment thereof the Gag and Nef antigens comprise a 

fusion protein. In one aspect, the Gag and Nef antigens comprise a fusion protein separated by one or 

more flexible linkers.

Yet another embodiment of the present invention includes a method for increasing the effectiveness of 

dendritic cells by isolating patient dendritic cells; exposing the dendritic cells to activating amounts of a 

vaccine comprising: a DC-specific antibody or fragment thereof to which an engineered Gag antigen is 

attached to form an antibody-antigen complex, wherein the Gag antigen is less susceptible to proteolytic 

degradation by eliminating one or more proteolytic sites; and an engineered Nef antigen that is attached 

to the DC-specific antibody or fragment thereof or to the engineered Gag antigen form an antibody- 

antigen complex, wherein the Nef antigen comprises one or more codon usage optimization that increase 

antibody-antigen complex secretion, wherein the vaccine is able to elicit an HIV-specific T cell immune 

response to Gag pi7, Gag p24 and Nef; and reintroducing the antigen-loaded, activated dendritic cells 

into the patient.

Yet another embodiment of the present invention includes a vaccine comprising a DC-specific antibody 

or fragment thereof to which an engineered antigen comprising Cyclin DI or fragments attached to form 

an antibody-antigen complex, wherein the Cyclin DI antigen is less susceptible to proteolytic degradation 

by eliminating one or more proteolytic sites. In one aspect, the antibody-antigen complex further 

comprises a flexible linker between the DC-specific antibody or fragment thereof and the Cyclin DI 

antigen. In another aspect, the antibody-antigen complex further comprises one or more new 

glycosylation sites. In yet another aspect, the antibody-antigen complex further comprises a flexible
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linker between the DC-specific antibody or fragment thereof and the Cyclin DI antigen that comprises 

one or more glycosylation sites that provide increased flexibility between the antibody and the antigen, 

decreased proteolysis at the linker and increased secretion. For example, the antibody-antigen complex 

may further comprise a flexible linker between the DC-specific antibody or fragment thereof and the 

Cyclin DI antigen that comprises one or more glycosylation sites selected from a linker sequence derived 

from a cellulose degrading organism. In one aspect, the DC-specific antibody or fragment thereof is 

humanized. In another aspect, the DC-specific antibody or fragment thereof is bound to one half of a 

Coherin/Dockerin pair and the engineered Cyclin Di antigen is bound to the complementary half of the 

Coherin/Dockerin pair to form a complex. The present invention also includes a method for increasing 

the effectiveness of dendritic cells comprising: isolating patient dendritic cells; exposing the dendritic 

cells to activating amounts of a vaccine comprising: a DC-specific antibody or fragment thereof to which 

an engineered antigen comprising Cyclin Di or fragment/s) thereof attached to form an antibody-antigen 

complex, wherein the Cyclin Di antigen is less susceptible to proteolytic degradation by eliminating one 

or more proteolytic sites or introducing glycosylation sites or improving the expression by selecting one 

or more codons that improve expression; and reintroducing the antigen-loaded, activated dendritic cells 

into the patient.

Yet another embodiment of the present invention includes an isolated and purified nucleic acid that 

encodes a polypeptide selected from SEQ ID NO.: 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 20, 21, 22, 23, 31 or 32. Yet another embodiment of the present invention includes an isolated and 

purified polypeptide selected from SEQ ID NO.: 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19,20,21,22,23,31 or 32.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and advantages of the present invention, reference is 

now made to the detailed description of the invention along with the accompanying figures and in which:

Figure 1 shows a Coomassie Blue stained reduced SDS PAGE analysis of protein A affinity 

chromatography purified gag p24-antibody fusion proteins obtained from CHO-S or 293F cells 

transiently transfected with expression vectors encoding the H chain - gag p24 fusion, with diagrams of 

the constructs and expected molecular weights.

Figure 2 shows a Coomassie Blue stained reduced SDS PAGE analysis of protein A affinity 

chromatography purified gag p24 antibody fusion protein obtained from CHO-S or 293F cells transiently 

transfected with expression vectors encoding a H chain - gag p24 fusion with a H chain - gag p24 linker 

derived from cellulosomal anchoring scaffoldin B precursor [Bacteroides celhilosolvens] and a 

corresponding light [L] chain expression plasmid, with diagrams of the constructs and expected 

glycosylation sites and molecular weights.

Figures 3A to 3C show the structural domain schema for cipA.
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Figures 4A to 4C show the structural domain scheme for cellulosomal anchoring scaffoldin B precursor 

[Bacteroides cellulosolvens].

Figure 5 shows a gel with the approximate position expected for the C535-encoded H chain, with 

diagrams of the constructs and expected molecular weights.

Figure 6 shows a gel of the partially purified product of expression of [mAnti-DCIR_9E8_H-LV- 

hIgG4H-C-Flex-varl-Viralgag-p40-varl-6xHis] C601 co-transfected with the appropriate L chain 

expression plasmid, with diagrams of the constructs and expected glycosylation sites and molecular 

weights.

Figure 7 shows various H chain-antigen constructs transiently co-transfected into 293F cells with 

identical appropriate L chain expression constructs, with diagrams of the constructs and expected 

glycosylation sites and molecular weights.

Figure 8 is a graph from a screen to detect the subset of anti-CD40 antibodies that can bind and activate 

CD40.

Figure 9 shows FACS analysis of CD8+ staining [horizontal axis] versus Flu Ml-tetramer staining 

[vertical axis] as elicited by a dose range from 10 ug/ml to no anti-CD4012E12-hIgG4 Dockerin - 

Cohesin Flu Ml conjugate.

Figure 10 shows FACS analysis of CD8+ staining [horizontal axis] versus Flu Ml-tetramer staining 

[vertical axis] as elicited by a dose range from 10 ug/ml to no control hIgG4 Dockerin - Cohesin Flu Ml 

conjugate.

Figure 11 depicts the protocol used to assay in vitro the potency of anti-DC receptor - antigen Targeting 

Molecules (TM) to elicit the expansion of antigen-specific T cells in the context of a PBMC culture.

Figure 12 shows the effects of targeting DC [within the PBMC] with an anti-CD4012E12 gag pl7 nef 

gag p24 vaccine.

Figure 13 shows that the vaccine elicits the expansion of CD4+ T cells with specificities to all the gag 

p24 peptide clusters.

Figure 14 are FACS data - the vertical axis shows percentage IFNy-producing cells [upper panel]. The 

lower panel shows similar data for CD8+ T cells within the PBMC culture, and this data also shows that 

all peptide clusters covering the gag pl7 sequence elicited significantly greater production of IFNy- 

producing T cells than the non-peptide control.

Figure 15 shows that data in graph form that the vaccine elicits the expansion of CD4+ T cells with 

specificities to most of the HIV nef peptide clusters - even at the lowest vaccine does tested the 

percentage of IFNy-producing CD4+T cells was significantly greater than when the cells were not treated 

with peptides.
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Figure 16 are FACS data that show that the vaccine elicits the expansion of CD4+ T cells with 

specificities to most of the HIV nef peptide clusters - even at the lowest vaccine does tested the 

percentage of IFNy-producing CD4+T cells was significantly greater than when the cells were not treated 

with peptides.

Figure 17 shows the data in graph form - the vertical axis shows percentage IFNy-producing cells [upper 

panel]. The lower panel shows similar data for CD8+ T cells within the PBMC culture, and this data also 

shows that all peptide clusters covering the nef sequence elicited significantly greater production of IFNy- 

producing T cells than the non-peptide control.

Figure 18 shows the outline of a protocol to test the ability a vaccine composed of anti-CD40-12E12 

linked to PSA [prostate-specific antigen] to elicit the expansion from a naive T cell population PSA- 

specific CD4+ T cells corresponding to a broad array of PSA epitopes.

Figure 19 shows that many PSA peptides elicit potent IFNy-production responses indicating that anti- 

CD4012E12 and similar antiCD40 agents can effectively deliver antigen to DC, resulting in the priming 

of immune responses against multiple epitopes of the antigen.

Figure 20 shows that DCs targeted with anti-CD40-PSA targeted to DCs induce PSA-specific CD8+ T 

cell responses. IFNDCs were targeted with 1 qg mAb fusion protein with PSA. Purified autologous 

CD8+ T cells were co-cultured for 10 days. Cells were stained with anti-CD8 and PSA (KLQCVDLHV)- 

tetramer. Cells are from a HLA-A*0201 positive healthy donor. The results demonstrate that anti-CD40 

effectively delivers PSA to the DC, which in turn elicit the expansion of PSA-specific CD8+ T cells.

Figure 21 outlines the DC targeting protocol for testing anti-DC receptor targeting vaccines for their 

ability to direct the expansion of antigen-specific T cells resulting from targeted uptake by the DC and 

presentation of antigen epitopes on their cell surface.

Figure 22 [upper panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pi 7 nef gag p24 vaccines [patient Aph002],

Figure 22 [lower panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pi 7 nef gag p24 vaccines [patient Aph002].

Figure 23 [upper panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pi 7 nef gag p24 vaccines [patient AphOlO].

Figure 23 [lower panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pi 7 nef gag p24 vaccines [patient Aph002].

Figure 24 is a gel that shows an analysis of the interaction of Cohesin-Cyclin Di fusion protein with anti- 

DC receptor-Dockerin recombinant antibody.

Figure 25 shows schema of overlapping peptides from Cyclin Di.
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Figure 26 shows a schema (left) of the study design for testing the ability of anti-CD40-Cyclin DI 

complexes to elicit expansion in vitro of Cyclin DI-specific CD4+ T cells, and the FACS results obtained 

thereby (right).

Figure 27 is a FACS analysis similar to that detailed in Figure 26, with a different normal donor- in this 

case the anti-CD40-Cyclin DI complex elicited the expansion of IFNg positive proliferating CD4+ T 

cells specific for Cyclin DI peptides P4, P43, and P70.

Figure 28 shows a schema (left) and analysis (right) similar to that shown in Figure 26, except that CD8+ 

T cells were used.

Figure 29 shows similar data from the same donor as Figure 28, but analyzed with individual peptides 

from pools of peptides.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments of the present invention are discussed in detail 

below, it should be appreciated that the present invention provides many applicable inventive concepts 

that can be embodied in a wide variety of specific contexts. The specific embodiments discussed herein 

are merely illustrative of specific ways to make and use the invention and do not delimit the scope of the 

invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms defined 

herein have meanings as commonly understood by a person of ordinary skill in the areas relevant to the 

present invention. Terms such as “a”, “an” and “the” are not intended to refer to only a singular entity, 

but include the general class of which a specific example may be used for illustration. The terminology 

herein is used to describe specific embodiments of the invention, but their usage does not delimit the 

invention, except as outlined in the claims.

Dendritic cells (DCs) are antigen-presenting cells that play a key role in regulating antigen-specific 

immunity (Mellman and Steinman 2001), (Banchereau, Briere et al. 2000), (Celia, Sallusto et al. 1997). 

DCs capture antigens, process them into peptides, and present these to T cells. Therefore delivering 

antigens directly to DC is a focus area for improving vaccines. One such example is the development of 

DC-based vaccines using ex-vivo antigen-loading of autologous DCs that are then re-administrated to 

patients (Banchereau, Schuler-Thumer et al. 2001), (Steinman and Dhodapkar 2001). Another strategy to 

improve vaccine efficacy is specific targeting to DC of antigen conjugated to antibodies against 

internalizing DC-specific receptors. The potential of targeting DCfor vaccination is highlighted by key 

mouse studies. In vivo, targeting with an anti-LOX-1 mAh coupled to ovalbumin (OVA) induced a 

protective CD8+ T cell response, via exogenous antigen cross-presentation toward the MHC class I 

pathway (Delneste, Magistrelli et al. 2002). Also, OVA conjugated to anti-DEC205 mAh in combination 

with a CD40L maturation stimulus enhanced the MHC class I-restricted presentation by DCs in vivo and 

led to the durable formation of effector memory CD8+ T cells (Bonifaz, Bonnyay et al. 2004). Both these
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studies showed dramatic dose-sparing (i.e., strong immune-responses at very low antigen doses) and 

suggested broader responses than normally seen with other types of OVA immunization. Recent work 

with targeting of HIV gag antigen to DC via DEC205 has extended these concepts to a clinically relevant 

antigen and confirmed the tenents of targeting antigen to DC - dramatic dose-sparing, protective 

responses from a single vaccination, and expansion of antigen-specific T cells in both the CD8 and CD4 

compartments (Trumpfheller, Finke et al. 2006).

The present invention provides for the complexing of multiple antigens or proteins (engineered, 

expressed, and purified independently from the primary mAb) in a controlled, multivariable fashion, to 

one single primary recombinant mAb. Presently, there are methods for engineering site-specific 

biotinylation sites that provide for the addition of different proteins (each engineered separately linked to 

streptavidin) to the one primary mAb. However, the present invention provides for addition to the 

primary mAb of multiple combinations, in fixed equimolar ratios and locations, of separately engineered 

proteins.

As used herein, the term “antibody or fragment thereof’ is used to describe a recombinant antibody 

system that has been engineered to provide a target specific antibody. The monoclonal antibody made 

using standard hybridoma techniques, recombinant antibody display, humanized monoclonal antibodies 

and the like. The antibody can be used to, e.g., target (via one primary recombinant antibody against an 

internalizing receptor, e.g., a human dendritic cell receptor) multiple antigens and/or antigens and an 

activating cytokine to dendritic cells (DC).

The antigen binding portion of the antibody includes on or more fragments (i.e., the fragments thereof) 

that may include one or more variable domains, one or more variable and the first constant domain, an 

Fab fragment, a Fab’ fragment, an F(ab)2 fragment, and Fv fragment, and Fabc fragment and/or a Fab 

fragment with portions of the Fc domain to which the cognate modular binding portions are added to the 

amino acid sequence and/or bound. The antibody for use can be of any isotype or class, subclass or from 

any source (animal and/or recombinant). In certain aspects, the antigen binding sites are derived from 

non-human monoclonal antibodies that are grafted, using techniques well known in the art, onto a human 

antibody backbone thereby “humanizing” the antibody.

The term “antigen” as used herein refers to a molecule that can initiate a humoral and/or cellular immune 

response in a recipient of the antigen. Antigen may be used in two different contexts with the present 

invention: as a target for the antibody or other antigen recognition domain of the engineered or 

recombinant antibody (rAb) or as the molecule that is carried to and/or into a cell or target by the rAb as a 

conjugate (bound covalent or non-covalently) or a fusion protein. The antigen is usually an agent that 

causes a disease for which a vaccination would be advantageous treatment. When the antigen is 

presented on MHC, the peptide is often about 8 to about 25 amino acids. Antigens include any type of 

biologic molecule, including, for example, simple intermediary metabolites, sugars, lipids and hormones 

as well as macromolecules such as complex carbohydrates, phospholipids, nucleic acids and proteins.
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Common categories of antigens include, but are not limited to, viral antigens, bacterial antigens, fungal 

antigens, protozoal and other parasitic antigens, tumor antigens, antigens involved in autoimmune 

disease, allergy and graft rejection, and other miscellaneous antigens. The present invention uses 

antigens from viruses that have improved characteristics (e.g., decreased proteolysis, enhanced secretion, 

enhanced expression or stability) and that are targeted to antigen presenting cells using the antibody or 

fragments thereof.

Examples of viral antigens include, but are not limited to, e.g., retroviral antigens such as retroviral 

antigens from the human immunodeficiency virus (HIV) antigens such as gene products of the gag, pol, 

and env genes, the Nef protein, reverse transcriptase, and other HIV components; hepatitis viral antigens 

such as the S, M, and L proteins of hepatitis B virus, the pre-S antigen of hepatitis B virus, and other 

hepatitis, e.g., hepatitis A, B, and C, viral components such as hepatitis C viral RNA; influenza viral 

antigens such as hemagglutinin and neuraminidase and other influenza viral components; measles viral 

antigens such as the measles virus fusion protein and other measles virus components; rubella viral 

antigens such as proteins El and E2 and other rubella virus components; rotaviral antigens such as VP7sc 

and other rotaviral components; cytomegaloviral antigens such as envelope glycoprotein B and other 

cytomegaloviral antigen components; respiratory syncytial viral antigens such as the RSV fusion protein, 

the M2 protein and other respiratory syncytial viral antigen components; herpes simplex viral antigens 

such as immediate early proteins, glycoprotein D, and other herpes simplex viral antigen components; 

varicella zoster viral antigens such as gpl, gpll, and other varicella zoster viral antigen components; 

Japanese encephalitis viral antigens such as proteins E, M-E, M-E-NS1, NS1, NS1-NS2A, 80% E, and 

other Japanese encephalitis viral antigen components; rabies viral antigens such as rabies glycoprotein, 

rabies nucleoprotein and other rabies viral antigen components. See Fundamental Virology, Second 

Edition, eds. Fields, B. N. and Knipe, D. M. (Raven Press, New York, 1991) for additional examples of 

viral antigens.

Antigenic targets that may be delivered using the rAb-DC/DC-antigen vaccines of the present invention 

include genes encoding antigens such as viral antigens, bacterial antigens, fungal antigens or parasitic 

antigens. Viruses include picomavirus, coronavirus, togavirus, flavirvirus, rhabdovirus, paramyxovirus, 

orthomyxovirus, bunyavirus, arenavirus, reovirus, retrovirus, papilomavirus, parvovirus, herpesvirus, 

poxvirus, hepadnavirus, and spongiform virus. Other viral targets include influenza, herpes simplex virus 

1 and 2, measles, dengue, smallpox, polio or HIV. Pathogens include trypanosomes, tapeworms, 

roundworms, helminthes, malaria. Tumor markers, such as fetal antigen or prostate specific antigen, may 

be targeted in this manner. Other examples include: HIV env proteins and hepatitis B surface antigen. 

Administration of a vector according to the present invention for vaccination purposes would require that 

the vector-associated antigens be sufficiently non-immunogenic to enable long term expression of the 

transgene, for which a strong immune response would be desired. In some cases, vaccination of an 

individual may only be required infrequently, such as yearly or biennially, and provide long term 

immunologic protection against the infectious agent. Specific examples of organisms, allergens and
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nucleic and amino sequences for use in vectors and ultimately as antigens with the present invention may 

be found in U.S. Patent No. 6,541,011, relevant portions incorporated herein by reference, in particular, 

the tables that match organisms and specific sequences that may be used with the present invention.

Antigens on the surface of immune cells, e.g., antigen presenting cells or dendritic cells, which can be 

targeted using the rAb of the present invention will generally be selected based on a number of factors, 

including: likelihood of internalization, level of immune cell specificity, type of immune cell targeted, 

level of immune cell maturity and/or activation and the like. Examples of cell surface markers for 

dendritic cells include, but are not limited to, MHC class I, MHC Class II, B7-2, CD18, CD29, CD31, 

CD43, CD44, CD45, CD54, CD58, CD83, CD86, CMRF-44, CMRF-56, DCIR and/or ASPGR and the 

like; while in some cases also having the absence of CD2, CD3, CD4, CD8, CD14, CD15, CD16, CD 19, 

CD20, CD56, and/or CD57. Examples of cell surface markers for antigen presenting cells include, but 

are not limited to, MHC class I, MHC Class II, CD40, CD45, B7-1, B7-2, IFN-γ receptor and IL-2 

receptor, ICAM-1, Fey receptor. LOX-1 or ASPGR. Examples of cell surface markers for T cells 

include, but are not limited to, CD3, CD4, CD8, CD 14, CD20, CD1 lb, CD16, CD45 and HLA-DR.

As used herein, the term “epitope(s)” refer to a peptide or protein antigen that includes a primary, 

secondary or tertiary structure similar to an epitope located within any of a number of pathogen 

polypeptides encoded by the pathogen DNA or RNA. The level of similarity will generally be to such a 

degree that monoclonal or polyclonal antibodies directed against such polypeptides will also bind to, 

react with, or otherwise recognize, the peptide or protein antigen. Various immunoassay methods may be 

employed in conjunction with such antibodies, such as, for example, Western blotting, ELISA, RIA, and 

the like, all of which are known to those of skill in the art. The identification of pathogen epitopes, 

and/or their functional equivalents, suitable for use in vaccines is part of the present invention. Once 

isolated and identified, one may readily obtain functional equivalents. For example, one may employ the 

methods of Hopp, as taught in U.S. Pat. No. 4,554,101, incorporated herein by reference, which teaches 

the identification and preparation of epitopes from amino acid sequences on the basis of hydrophilicity. 

The methods described in several other papers, and software programs based thereon, can also be used to 

identify epitopic core sequences (see, for example, Jameson and Wolf, 1988; Wolf et al., 1988; U.S. Pat. 

No. 4,554,101). The amino acid sequence of these “epitopic core sequences” may then be readily 

incorporated into peptides, either through the application of peptide synthesis or recombinant technology.

As used herein, the term “monoclonal antibody” refers to an antibody composition having a 

homogeneous antibody population. The term is not limited regarding the species or source of the 

antibody, nor is it intended to be limited by the manner in which it is made. The term encompasses whole 

immunoglobulins as well as fragments such as Fab, F(ab’)2, Fv, and other fragments that exhibit 

immunological binding properties of the parent monoclonal antibody molecule.

As used herein, the term “antigen-binding site” or “binding portion” refers to the part of the 

immunoglobulin molecule that participates in antigen binding. The antigen binding site is formed by
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amino acid residues of the N-terminal variable (“V”) regions of the heavy (“H”) and light (“L”) chains. 

Three highly divergent stretches within the V regions of the heavy and light chains are referred to as 

“hypervariable regions” which are interposed between more conserved flanking stretches known as 

“framework regions” (FRs). As used herein, the term “FR” refers to amino acid sequences which are 

found naturally between and adjacent to hypervariable regions in immunoglobulins. In an antibody 

molecule, the three hypervariable regions of a light chain and the three hypervariable regions of a heavy 

chain are disposed relative to each other in three dimensional space to form an antigen-binding surface. 

The antigen-binding surface is complementary to the three-dimensional surface of a bound antigen, and 

the three hypervariable regions of each of the heavy and light chains are referred to as “complementarity­

determining regions,” or “CDRs.”

As used herein, the term “humanized” antibody refers to those molecules comprising an antigen-binding 

site derived from a non-human immunoglobulin have been described, including chimeric antibodies 

having rodent V regions and their associated CDRs fused to human constant domains, rodent CDRs 

grafted into a human supporting FR prior to fusion with an appropriate human antibody constant domain, 

and rodent CDRs supported by recombinantly veneered rodent FRs. These “humanized” molecules are 

designed to minimize unwanted immunological response toward rodent antihuman antibody molecules, 

which limits the duration and effectiveness of therapeutic applications of those moieties in human 

recipients.

The preparation of vaccine compositions that includes the nucleic acids that encode antigens of the 

invention as the active ingredient, may be prepared as injectables, either as liquid solutions or 

suspensions; solid forms suitable for solution in, or suspension in, liquid prior to infection can also be 

prepared. The preparation may be emulsified, encapsulated in liposomes. The active immunogenic 

ingredients are often mixed with carriers which are pharmaceutically acceptable and compatible with the 

active ingredient.

The term “pharmaceutically acceptable carrier” refers to a carrier that does not cause an allergic reaction 

or other untoward effect in subjects to whom it is administered. Suitable pharmaceutically acceptable 

carriers include, for example, one or more of water, saline, phosphate buffered saline, dextrose, glycerol, 

ethanol, or the like and combinations thereof. In addition, if desired, the vaccine can contain minor 

amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering agents, and/or 

adjuvants which enhance the effectiveness of the vaccine. Examples of adjuvants that may be effective 

include but are not limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr- 

MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine, MTP-PE and RIBI, which contains three 

components extracted from bacteria, monophosporyl lipid A, trehalose dimycolate and cell wall skeleton 

(MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion. Other examples of adjuvants include DDA 

(dimethyldioctadecylammonium bromide), Freund's complete and incomplete adjuvants and QuilA. In
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addition, immune modulating substances such as lymphokines (e.g., IFN-γ, IL-2 and IL-12) or synthetic 

IFN-γ inducers such as poly I:C can be used in combination with adjuvants described herein.

Pharmaceutical products that may include a naked polynucleotide with a single or multiple copies of the 

specific nucleotide sequences that bind to specific DNA-binding sites of the apolipoproteins present on 

plasma lipoproteins as described in the current invention. The polynucleotide may encode a biologically 

active peptide, antisense RNA, or ribozyme and will be provided in a physiologically acceptable 

administrable form. Another pharmaceutical product that may spring from the current invention may 

include a highly purified plasma lipoprotein fraction, isolated according to the methodology, described 

herein from either the patients blood or other source, and a polynucleotide containing single or multiple 

copies of the specific nucleotide sequences that bind to specific DNA-binding sites of the apolipoproteins 

present on plasma lipoproteins, prebound to the purified lipoprotein fraction in a physiologically 

acceptable, administrable form.

Yet another pharmaceutical product may include a highly purified plasma lipoprotein fraction which 

contains recombinant apolipoprotein fragments containing single or multiple copies of specific DNA- 

binding motifs, prebound to a polynucleotide containing single or multiple copies of the specific 

nucleotide sequences, in a physiologically acceptable administrable form. Yet another pharmaceutical 

product may include a highly purified plasma lipoprotein fraction which contains recombinant 

apolipoprotein fragments containing single or multiple copies of specific DNA-binding motifs, prebound 

to a polynucleotide containing single or multiple copies of the specific nucleotide sequences, in a 

physiologically acceptable administrable form.

The dosage to be administered depends to a great extent on the body weight and physical condition of the 

subject being treated as well as the route of administration and frequency of treatment. A pharmaceutical 

composition that includes the naked polynucleotide prebound to a highly purified lipoprotein fraction 

may be administered in amounts ranging from 1 pg to 1 mg polynucleotide and 1 pg to 100 mg protein.

Administration of vaccine to a patient will follow general protocols for the administration of 

chemotherapeutics, taking into account the toxicity, if any, of the vector. It is anticipated that the 

treatment cycles would be repeated as necessary. It also is contemplated that various standard therapies, 

as well as surgical intervention, may be applied in combination with the described gene therapy.

Where clinical application of a gene therapy is contemplated, it will be necessary to prepare the complex 

as a pharmaceutical composition appropriate for the intended application. Generally this will entail 

preparing a pharmaceutical composition that is essentially free of pyrogens, as well as any other 

impurities that could be harmful to humans or animals. One also will generally desire to employ 

appropriate salts and buffers to render the complex stable and allow for complex uptake by target cells.

Aqueous compositions of the present invention may include an effective amount of the compound, 

dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous medium. Such compositions
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can also be referred to as inocula. The use of such media and agents for pharmaceutical active substances 

is well known in the art. Except insofar as any conventional media or agent is incompatible with the 

active ingredient, its use in the therapeutic compositions is contemplated. Supplementary active 

ingredients also can be incorporated into the compositions. The compositions of the present invention 

may include classic pharmaceutical preparations. Dispersions also can be prepared in glycerol, liquid 

polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, 

these preparations contain a preservative to prevent the growth of microorganisms.

Disease States. Depending on the particular disease to be treated, administration of therapeutic 

compositions according to the present invention will be via any common route so long as the target tissue 

is available via that route in order to maximize the delivery of antigen to a site for maximum (or in some 

cases minimum) immune response. Administration will generally be by orthotopic, intradermal, 

subcutaneous, intramuscular, intraperitoneal or intravenous injection. Other areas for delivery include: 

oral, nasal, buccal, rectal, vaginal or topical. Topical administration would be particularly advantageous 

for treatment of skin cancers. Such compositions would normally be administered as pharmaceutically 

acceptable compositions that include physiologically acceptable carriers, buffers or other excipients.

Vaccine or treatment compositions of the invention may be administered parenterally, by injection, for 

example, either subcutaneously or intramuscularly. Additional formulations which are suitable for other 

modes of administration include suppositories, and in some cases, oral formulations or formulations 

suitable for distribution as aerosols. In the case of the oral formulations, the manipulation of T-cell 

subsets employing adjuvants, antigen packaging, or the addition of individual cytokines to various 

formulation that result in improved oral vaccines with optimized immune responses. For suppositories, 

traditional binders and carriers may include, for example, polyalkylene glycols or triglycerides; such 

suppositories may be formed from mixtures containing the active ingredient in the range of 0.5% to 10%, 

preferably l%-2%. Oral formulations include such normally employed excipients as, for example, 

pharmaceutical grades of mannitol, lactose, starch magnesium stearate, sodium saccharine, cellulose, 

magnesium carbonate, and the like. These compositions take the form of solutions, suspensions, tablets, 

pills, capsules, sustained release formulations or powders and contain 10%-95% of active ingredient, 

preferably 25-70%.

The antigen encoding nucleic acids of the invention may be formulated into the vaccine or treatment 

compositions as neutral or salt forms. Pharmaceutically acceptable salts include the acid addition salts 

(formed with free amino groups of the peptide) and which are formed with inorganic acids such as, for 

example, hydrochloric or phosphoric acids, or with organic acids such as acetic, oxalic, tartaric, maleic, 

and the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases such 

as, for example, sodium, potassium, ammonium, calcium, or ferric hydroides, and such organic bases as 

isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like.
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Vaccine or treatment compositions are administered in a manner compatible with the dosage formulation, 

and in such amount as will be prophylactically and/or therapeutically effective. The quantity to be 

administered depends on the subject to be treated, including, e.g., capacity of the subject's immune 

system to synthesize antibodies, and the degree of protection or treatment desired. Suitable dosage 

ranges are of the order of several hundred micrograms active ingredient per vaccination with a range 

from about 0.1 mg to 1000 mg, such as in the range from about 1 mg to 300 mg, and preferably in the 

range from about 10 mg to 50 mg. Suitable regiments for initial administration and booster shots are also 

variable but are typified by an initial administration followed by subsequent inoculations or other 

administrations. Precise amounts of active ingredient required to be administered depend on the 

judgment of the practitioner and may be peculiar to each subject. It will be apparent to those of skill in 

the art that the therapeutically effective amount of nucleic acid molecule or fusion polypeptides of this 

invention will depend, inter alia, upon the administration schedule, the unit dose of antigen administered, 

whether the nucleic acid molecule or fusion polypeptide is administered in combination with other 

therapeutic agents, the immune status and health of the recipient, and the therapeutic activity of the 

particular nucleic acid molecule or fusion polypeptide.

The compositions can be given in a single dose schedule or in a multiple dose schedule. A multiple dose 

schedule is one in which a primary course of vaccination may include, e.g., 1-10 separate doses, followed 

by other doses given at subsequent time intervals required to maintain and or reinforce the immune 

response, for example, at 1 -4 months for a second dose, and if needed, a subsequent dose(s) after several 

months. Periodic boosters at intervals of 1-5 years, usually 3 years, are desirable to maintain the desired 

levels of protective immunity. The course of the immunization can be followed by in vitro proliferation 

assays of peripheral blood lymphocytes (PBLs) co-cultured with ESAT6 or ST-CF, and by measuring the 

levels of IFN-γ released from the primed lymphocytes. The assays may be performed using conventional 

labels, such as radionucleotides, enzymes, fluorescent labels and the like. These techniques are known to 

one skilled in the art and can be found in U.S. Pat. Nos. 3,791,932, 4,174,384 and 3,949,064, relevant 

portions incorporated by reference.

The vaccine of the present invention may be provided in one or more “unit doses” depending on whether 

the nucleic acid vectors are used, the final purified proteins, or the final vaccine form is used. Unit dose 

is defined as containing a predetermined-quantity of the therapeutic composition calculated to produce 

the desired responses in association with its administration, i.e., the appropriate route and treatment 

regimen. The quantity to be administered, and the particular route and formulation, are within the skill of 

those in the clinical arts. The subject to be treated may also be evaluated, in particular, the state of the 

subject’s immune system and the protection desired. A unit dose need not be administered as a single 

injection but may include continuous infusion over a set period of time. Unit dose of the present 

invention may conveniently may be described in terms of DNA/kg (or protein/Kg) body weight, with 

ranges between about 0.05, 0.10, 0.15, 0.20, 0.25, 0.5, 1, 10, 50, 100, 1,000 or more mg/DNA or 

protein/kg body weight are administered. Likewise the amount of rAb-DC/DC-antigen vaccine delivered
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can vary from about 0.2 to about 8.0 mg/kg body weight. Thus, in particular embodiments, 0.4 mg, 0.5 

mg, 0.8 mg, 1.0 mg, 1.5 mg, 2.0 mg, 2.5 mg, 3.0 mg, 4.0 mg, 5.0 mg, 5.5 mg, 6.0 mg, 6.5 mg, 7.0 mg and 

7.5 mg of the vaccine may be delivered to an individual in vivo. The dosage of vaccine to be 

administered depends to a great extent on the weight and physical condition of the subject being treated 

as well as the route of administration and the frequency of treatment. A pharmaceutical composition that 

includes a naked polynucleotide prebound to a liposomal or viral delivery vector may be administered in 

amounts ranging from 1 pg to 1 mg polynucleotide to 1 pg to 100 mg protein. Thus, particular 

compositions may include between about 1 pg, 5 pg, 10 pg, 20 pg, 30 pg, 40 pg, 50 pg, 60 pg, 70 pg, 80 

pg, 100 pg, 150 pg, 200 pg, 250 pg, 500 pg, 600 pg, 700 pg, 800 pg, 900 pg or 1,000 pg polynucleotide 

or protein that is bound independently to 1 pg, 5 pg, 10 pg, 20 pg, 3.0 pg, 40 pg 50 pg, 60 pg, 70 pg, 80 

pg, 100 pg, 150 pg, 200 pg, 250 pg, 500 pg, 600 pg, 700 pg, 800 pg, 900 pg, 1 mg, 1.5 mg, 5 mg, 10 

mg, 20 mg, 30 mg, 40 mg, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg or 100 mg vector.

The present invention may also be used to make a modular rAb carrier that is, e.g., a recombinant 

humanized mAh (directed to a specific human dendritic cell receptor) complexed with protective antigens 

from Ricin, Anthrax toxin, and Staphylococcus B enterotoxin. The potential market for this entity is 

vaccination of all military personnel and stored vaccine held in reserve to administer to large population 

centers in response to any biothreat related to these agents. The invention has broad application to the 

design of vaccines in general, both for human and animal use. Industries of interest include the 

pharmaceutical and biotechnology industries.

The present invention includes compositions and methods, including vaccines, that specifically target 

(deliver) antigens to antigen-presenting cells (APCs) for the purpose of eliciting potent and broad 

immune responses directed against the antigen. These compositions evoke protective or therapeutic 

immune responses against the agent (pathogen or cancer) from which the antigen was derived. In addition 

the invention creates agents that are directly, or in concert with other agents, therapeutic through their 

specific engagement with antigen-presenting cells.

Gag-Nef vaccine. The sequence shown below is a heavy chain (H) - HIV gag p24 fusion protein where 

the p24 region [italicized] is linked to the C-terminus of hIgG4H via a short spacer [bold] derived from a 

flexible loop of human major histocompatibility complex, class II, DR alpha precursor. Underlined AS 

residues are encoded by restriction sites used for construction purposes [in this case Nhe I], This type of 

antibody-p24 fusion protein has been described in the scientific literature [e.g., Antigen targeting to 

dendritic cells elicits long-lived T cell help for antibody responses (2006) Boscardin et al., JEM, Volume 

203, Number 3, 599-606],

Improved antibody-antigen linker sequences. [mAnti-DCIR_9E8_H-LV-hIgG4H-Viralgag] C241 is:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
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NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASDMAKKETVWRLEEFGRPY VQNIQGQMVHQAISPRTL 
NAWVKWEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGP 
IAPGQMREPRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEP 
FRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKTILKALGPAATLEEMMTACQGVGGPGHKARV 
L (SEQ ID NO.: 1)

Figure 1, lanes 1 and 2 show Coomassie Blue stained reduced SDS PAGE analysis of protein A affinity 

chromatography purified gag p24-antibody fusion proteins obtained from CHO-S or 293F cells 

transiently transfected with expression vectors encoding the H chain - gag p24 fusion [encoding e.g., 

C241 above preceded by a native signal sequence] and a corresponding light chain [L] expression 

plasmid. Typically for secreted protein production, the co-transfection culture proceeds for up to several 

days before harvesting culture supernatant for subsequent purification. The full length [~77 kDa] H 

chain- gag p24 fusion chain is indicated by the upper arrow. Also shown is a cleaved H chain product 

[lower arrow] that migrates slightly more slowly than a H chain not fused to another protein [shown in 

lane 4 as a ~50 kDa band]. This result suggests that the H chain - p24 linker sequence is susceptible to 

proteolytic cleavage, thus compromising the integrity of the produced secreted antibody-antigen fusion 

protein.

In contrast, an antibody - Influenza HA1-1 fusion protein can be secreted and recovered without 

significant observed cleavage between the H chain C-terminus and the HA1-1 domain. [mAnti-LOX- 

115C4H-LV-hIgG4H-C-Flex-FluHAl-l-6xHis] Cl 14 is:

EIQLQQTGPELVKPGASVKISCKASGYPFTDYIMVWVKQSHGKSLEWIGNISPYYGTTNYNLKFKGKATL 
TVDKSSSTAYMQLNSLTSEDSAVYYCARSPNWDGAWFAHWGQGALVTVSAAKTKGPSVFPLAPCSRSTSE 
STAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPS 
NTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVD 
GVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYT 
LPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEG 
NVFSCSVMHEALHNHYTQKSLSLSLGKASDTTEPATPTTPVTTPrJCYGYHAWSrPrVPrVLEKWrvr 
HSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFID 
YEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNK 
KGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGD 
TIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGECLKYVR 
SAKLPIWHHHHHH (SEQ ID NO. : 2)

In this case, a short linker [bold] derived from cellulosomal anchoring scaffoldin B precursor [CipA from 

Clostridium thermocellum ATCC 27405]] was inserted between the H chain C-terminus [via a joining 

sequence shown underlined] and the influenza HA1-1 domain [italicized]. There is no obvious proteolytic 

cleavage between the H chain C-terminus and the HA1-1 domain [Figure 1 lane 3].

Figure 2 lane 3 shows Coomassie Blue stained reduced SDS PAGE analysis of protein A affinity 

chromatography purified gag p24 antibody fusion protein obtained from CHO-S or 293F cells transiently 

transfected with expression vectors encoding a H chain - gag p24 fusion with a H chain - gag p24 linker 

derived from cellulosomal anchoring scaffoldin B precursor [Bacteroides cellulosolvens] and a 

corresponding light [L] chain expression plasmid.
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[mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-varl-Viralgag-varl-6xHis] C560 is shown below [underlined 

residues are from restriction site joining sequences and in bold are the flexible linker residues]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS

5 RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASVDSEFAC

10 QAAADTGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKWEEKAFSPEVIPMFSALSEGATPQDLNT 
MLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPI 
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNA 
NPDCKTILKALGPGATLEEMMTACQGVGiiiiiiiiiiii (SEQ ID NO. : 3)

The above antibody-gag p24 fusion protein is produced intact with no detectable cleavage between the H

15 chain C-terminus and the gag p24 domain. Thus, the QTPTNTISVTPTNNSTPTNNSNPKPNP (SEQ ID 

NO.: 4) linker sequence is superior for gag p24 vaccine production purposes.

Preferred linker sequences derived from Scaffoldins and related proteins. The sequence below is CipA - 

a scaffoldin from a cellulose-degrading bacterium. This protein contains multiple Cohesin domains 

interspersed with linker sequences [italicized] apparently evolved to be flexible - reflecting the role of

20 this protein to: (i) anchor to cellulose matrix via the carbohydrate-binding domain [CBM-3, figure 3]; and 

(ii) bind cellulose-degrading enzymes such as Endoglucanase D via enzyme-linked dockerin domains.

>gi|2506991|sp|Q06851|CIPA_CLOTM Cellulosomal scaffolding protein A precursor (Cellulosomal 

glycoprotein Sl/SL) (Cellulose integrating protein A) (Cohesin) [Clostridium thermocellum ATCC 

27405], Bold residues are the linker sequence used in the above Cl 14 construct.

25 MRKVISMLLVVAMLTTIFAAMIPQTVSAATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYD 
PNVLEVTEVKPGSIIKDPDPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAP 
ITLLEVGAFADNDLVEISTTFVAGGVNLGSSVPTTePWPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPS 
KGIANCDFVFRYDPNVLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFA 
KIRATVKSSAPGYITFDEVGGFADNDLVEQKVSFIDGGVNVGNATPTKGATPIWTATPTKSATATPTFPS

30 VPIWTPTVTPAVTPVSGVLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTF 
WCDHAAIIGSNGSYNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLFPGAHVCJCGPFAKNPiVSVYTC 
SNDYSFKSASQFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPN 
AIKIKVDTVNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVY 
PDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFPGGV

35 WGDTTVPTTPTTPVTTPTDDSFAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEI 
IEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKF 
VEVGGFANNDLVEQKTQFFDGGVNVGDrrSPArPrrPVTrPrrrPPLPAVRIKVDTVNAKPGDTVRIPVR 
FSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAIT 
KDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGFTTFPATPTTPVTTPTTTF

40 DLDAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDT
AVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFD 
GGVNVGPTTFPATPTTPVTTPTTTPPLPAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDP 
NVLEIIEIEPGELIVDPNPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKSGAPNGL 
SVIKFVEVGGFANNDLVEQKTQFFDGGVNVGPTTFPATPTTPVTTPTTTPPLPAVRIKVDTVNAKPGDTV

45 RIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTG
AYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGPTTVPTTSPTTTPP 
FPTJTPFFLTLKIGRAEGRPGDTVEIPVNLYGVPQKGIASGDFVVSYDPNVLEIIEIEPGELIVDPNPTK
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SFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKEGAPEGFSAIEISEFGAFADNDLVEVET 
DLINGGVLVTNKPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEITGVPANA 
SGYTLKISRATYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSINLLDVAEVIRCFNATKGSANYV 
EELDINRNGAINMQDIMIVHKHFGATSSDYDAQ (SEQ ID NO.: 5)

FIGURES 3A to 3C show the structural domain schema for cipA. FIGURE 3A shows the structural 

domain schema are NetOGlyc 1.0 Server and NetNGlyc 1.0 Server analyses for cipA showing highly 

predicted O-linked (FIGURE 3C) and N-linked glycosylation sites FIGURE 3C. In particular, the O- 

linked sites are largely within the linker sequences.

Another example similar to cipA A is shown below. The linker sequence shown above in C560 

[QTPTNTISVTPTNNSTPTNTSTPKPNP] (SEQ ID NO.: 6) is derived from this sequence [shown below 

in bold italicized, except for an N to T substitution] and contains two potential N-linked glycosylation 

sites [underlined]. Other linker sequences used in constructs described below and/or in the HIV peptide 

disclosure are shown in bold.

>gi|50656899|gb| AAT79550.11 cellulosomal anchoring scaffoldin B precursor [Bacteroides 

cellulosolvens]

MQSPRLKRKILSVILAVCYIISSFSIQFAATPQVNIIIGSAQGIPGSTVKVPINLQNVPEIGINNCDFTI
KFDSDILDFNSVEAGDIVPLPVASFSSNNSKDIIKFLFSDATQGNMPINENGLFAVISFKIKDNAQKGIS
NIKVSSYGSFSGMSGKEMQSLSPTFFSGSIDVSDVSTSKLDVKVGNVEGIAGTEVNVPITFENVPDNGIN
NCNFTLSYDSNALEFLTTEAGNIIPLAIADYSSYRSMEGKIKFLFSDSSQGTRSIKNDGVFANIKFKIKG
NAIRDTYRIDLSELGSFSSKQNNNLKSIATQFLSGSVNVKDIESSVSPTTSVHPTPTSVPPTPTKSSPGN
KMKIQIGDVKANQGDTVIVPITFNEVPVMGVNNCNFTLAYDKNIMEFISADAGDIVTLPMANYSYNMPSD
GLVKFLYNDQAQGAMSIKEDGTFANVKFKIKQSAAFGKYSVGIKAIGSISALSNSKLIPIESIFKDGSIT
VTNKPIVNIEIGKVKVKAGDKIKVPVEIKDIPSIGINNCNFTLKYNSNVLKYVSNEAGTIVPAPLANLSI
NKPDEGIIKLLFSDASQGGMPIKDNGIFVNLEFQAVNDANIGVYGLELDTIGAFSGISSAKMTSIEPQFN
NGSIEIFNSAQTPNPSNIENQTPTNTISVTPTNNSTPTNNSTPKPNPIININNNIGEISGEAGGVIEVPI
EFKNVPDFGINNCDFSVKYDKSIFEYVTYEAGSIVKDSIVNLACMENSGIINLLFNDATQSSSPIKNNGV
FAKLKFKINSNAASGTYQINAEGYGKFSGNLNGKLTSINPIFENGIINIGNVTVKPrSrPADSSrjrPTA
rPrArPrJKGTPTVTPJYWMNVLIGNMNAAIGEEVVVPIEFKNVPPFGINNCDFKLVYDSNALELKKVEA
GDIVPEPLANLSSNKSEGKIQFLFNDASQGSMQIENGGVFAKITFKVKSTAASGIYNIRKDSVGSFSGLI
DNKMTSIGPKFTDGSIVVGrVTPrArArPSAJVTrjrPrArrKPJATPTJKGTPTATPMYWMNVVIGKMN
AEVGGEWVPIEFNNVPSFGINNCDFKLVYDATALELKNVEAGDIIKTPLANFSNNKSEEGKISFLFNDA
SQGSMQIENGGVFAKITFKVKSTTATGVYDLRKDLVGSFSGLKDNKMTSIGAEFT/raSJrvaATAPrVTP
TVNATPSAATPTVTPTATATPSVTIPTVTPTATATPSVTIPTVTPTATATPSAATPTVTPTATATPSVTI
PTVTPTVTATPSDTIPTVTPTATATPSAIVTTITPTATAKPIATPTIKGTPTATPMYWMNNNIGKMNAEN
GGEVVVPIEFKNVPSFGINNCDFKLVYDATALELKNVEAGDIIKTPLANFSNNKSEEGKISFLFNDASQG
SMQIENGGVSAKITFKVKSTTAIGVYDIRKDLIGSFSGLKDSKMTSIGAEFTNGSITVATTAPTVTPTAT
ATPSVTIPTVTPTATATPGTATPGTATPTATATPGAATPTETATPSVMIPTVTPTATATPTATATPTVKG
TPTJKPVYKMNVVIGRVNVVAGEEVVVPVEFKNIPAIGVNNCNFVLEYDANVLEVKKVDAGEIVPDALIN
FGSNNSDEGKVYFLFNDALQGRMQIANDGIFANITFKVKSSAAAGIYNIRKDSVGAFSGLVDKLVPISAE
FTDGSISVESAESTPTATATGTNVTPTVAATVTPTATPASTTPTATPTATSTVKGTPTATPLTSMNVIIG
KVNAEASGEVVVPVEFKDVPSIGINNCNFILEYDASALELDSAEAGEIVPVPLGNFSSNNKDEGKIYFLF
SDGTQGRMQIVNDGIFAKIKFKVKSTASDGTYYIRKDSVGAFSGLIEKKIIKIGAEFTDGSITVRSLTPT
PTVTPNVASPTPTKWAEPTSNQPAGPGPITGTIPTATTTATATPTKASVATATPTATPIVVVEPTIVRP
GYNKDADLAVFISSDKSRYEESSIITYSIEYKNIGKVNATNVKIAAQIPKFTKVYDAAKGAVKGSEIVWM
IGNLAVGESYTKEYKVKVDSLTKSEEYTDNTVTISSDQTVDIPENITTGNDDKSTIRVMLYSNRFTPGSH
SSYILGYKDKTFKPKQNVTRAEVAAMFARIMGLTVKDGAKSSYKDVSNKHWALKYIEAVTKSGIFKGYKD
STFHPNAPITRAELSTVIFNYLHLNNIAPSKVHFTDINKHWAKNYIEEIYRFKLIQGYSDGSFKPNNNIT
RAEVVTMINRMLYRGPLKVKVGSFPDVSPKYWAYGDIEEASRNHKYTRDEKDGSEILIE (SEQ ID
NO. : 7)
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FIGURES 4A to 4C show the structural domain scheme for cellulosomal anchoring scaffoldin B 

precursor [Bacteroides cellulosolvens]. FIGURE 4A shows the structural domain schema are NetOGlyc 

1.0 Server and NetNGlyc 1.0 Server analyses for cipA showing highly predicted O-linked (FIGURE 4B) 

and N-linked glycosylation sites (FIGURE 4C). In particular, the O-linked sites are largely within the 

linker sequences.

The present invention includes compositions and methods for the use of inter-structural domain linker 

sequences derived from cellulose-degrading organisms for as preferred inter-domain linker sequences in 

protein engineering - particularly those with highly predicted glycosylation sites for use in engineering 

proteins produced in eukaryotic expression hosts. It has been found that among the improved properties 

obtained using these sequences are: i) inherent flexibility, thereby facilitating separation of linked 

domains which should greatly help correct folding of linked domains during synthesis and maintaining 

unobscured access by matching B cell receptors of antigen conformational epitopes; ii) glycosylation, 

thereby helping secretion and solubility of the product fusion protein, and shielding of the linker 

sequences from proteases.

Removing proteolytic cleavage sites with the gag sequence. Figure 5 lane 1 [below] shows the purified 

product of expression of [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Viralgag-p40] C535 co-transfected with 

the appropriate L chain expression plasmid. The mature H chain sequence of C535 [gag residues are 

italicized and linking restriction site-encoded residues underlined] is:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT 
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS 
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASLEMGARASILSGGELDRWEKIRLRPGGKKKYKLKHI 
VWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEIKDTKEALDKI 
EEEQNKSKKKAQQAAADTGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKWEEKAFSPEVIPMFSA 
LSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTTSTLQ 
EQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVK 
NWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGVG (SEQ ID NO.: 8)

The upper arrow in Figure 5 shows the approximate position expected for the C535-encoded H chain - 

only a small portion of the product has a band at this position. The bulk of the product, indicated by the 

lower arrow, is a shorter H chain of a size suggesting the existence of a protease-sensitive site roughly at 

the gag pl7-p24 boundary.

Figure 6 lane 3 [below] shows the partially purified product of expression of [mAnti-DCIR_9E8_H-LV- 

hIgG4H-C-Flex-varl-Viralgag-p40-varl-6xHis] C601 co-transfected with the appropriate L chain 

expression plasmid. The mature H chain sequence of C535 [gag residues are italicized, linking restriction 

site-encoded residues are underlined, and flexible linker residues are in bold] is:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
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RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAPA 
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL 
RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVDSEFAQQAAADTGHSNQVSQNYPIVQNIQGQMV 
HQAISPRTLNAWVKWEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWD 
RVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSIL 
DIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGV 
GHHHHHH (SEQ ID NO.: 9)

The above gag sequence has a KKK to VDESF sequence change [shown above underlined] removing a 

potential protease-sensitive site towards the C-terminus of gag pi 7 and Figure 6 shows that this variant 

form is produced with a H chain that is largely undegraded [the lower molecular weight bands in lane 3 

are ‘background contaminants’ - see Figure 7].

In one specific embodiment, the present invention includes variants of gag p40 [pi 7 + p24] with changes 

about the KKK sequence defined above that prevent proteolytic cleavage of secreted linked gag pi7 + 

p24 proteins.

Antibodies linked to preferred HIV nef antigen. The present invention includes, but is not limited to, one 

preferred vaccine targeting HIV antigens to dendritic cells would have a maximal amount of gag antigen 

linked with a maximal amount of nef antigen. Figure 7 lane 4 [below] shows the partially purified 

product of expression of [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-ViralNef] C757 cotransfected 

with the appropriate L chain expression plasmid. The mature H chain sequence of C757 [nef Consensus 

Clade B residues are italicized, linking restriction site-encoded residues are underlined, and flexible 

linker are in bold] is:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASMGGK1YSK
RSWGWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVPLR
PMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKLVP
VEPEKVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKDC (SEQ ID
NO. : 10)

The antibody-antigen product analysis shown in Figure 7 shows various H chain-antigen constructs 

transiently co-transfected into 293F cells with identical appropriate L chain expression constructs. Each 

lane represents product from a 5 ml transfection cell supernatant [3 days production] bound to excess 

Protein A beads, washed 2x with PBS + 1M NaCl, the eluted with 20 mM HC1, dried, dissolved in 

reducing SDS PAGE sample buffer, and analyzed by reduced SDS PAGE with Coomassie Blue staining. 

This technique permits appraisal not only of the integrity of the expected H chain product, but allows 

estimation of relative production levels of the antibody-antigen products. The issue of relative production
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level is very important since vaccine production costs will depend heavily on the yield of intact secreted 

vaccine in large-scale mammalian cell fermentation systems. While expression levels can be greatly 

increased via alternate vectors systems - particularly carrying DNA elements favoring enhanced 

transcription when integrated into a mammalian cell genome and selection of high production transfected

5 cell clones, these approaches are greatly aided by starting constructs that express intact secreted product 

in good yield without applying these additional approaches. The huge variation in production of secreted 

antibody-antigen fusions from transfected mammalian cells has been well documented in previous patent 

applications [cohesin-dockerin and DCIR] and these data show that the production level is largely 

independent of the antibody vehicle [variable and constant regions], but is rather an intrinsic property of

10 the antigen itself. Thus Figure 7 lane 4 shows very efficient production of [mAnti-DCIR_9E8_H-LV- 

hIgG4H-C-Flex-vl-ViralNef], showing that this configuration of antibody fused to nef Consensus Clade 

B antigen linked via QTPTNTISVTPTNNSTPTNNSNPKPNP is very favorable.

Antibodies linked to certain preferred HIV gag and nef antigens. [mAnti-DCIR_9E8_H-LV-hIgG4H-C- 

Flex-vl-Viralgag-p40-ViralNef] C758 has nef Consensus Clade B antigen appended directly proximal to

15 the variant gag p40 antigen described above [joining residues are underlined and flexible linker sequence 

is in bold]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV

20 DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAPA 
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL

25 RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVDSEFAQQAAADTGHSNQVSQNYPIVQNIQGQMV
HQAISPRTLNAWVKWEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWD 
RVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSIL 
DIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGV 
GGPASMGGKWSKRSWGWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEE

30 VGFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRY 
PLTFGWCFKLVPVEPEKVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKD 
C (SEQ ID NO.: 11)

Figure 7 lane 5 shows that this expression plasmid directs the synthesis of this H chain-antigen fusion 

when cotransfected with the appropriate L chain is expressed very poorly as a secreted product. Lanes 6-9

35 show the secreted products from 293F cells co-transfected with L chain expression plasmid and H chain- 

gag expression constructs having nef Consensus Clade B antigen coding sequence insertions associated 

with proximal and/or distal flexible linker sequences. Addition of the flexible linker sequences facilitates 

secretion of intact antibody-gag/nef fusion vaccine. One preferred construct for production of the highest 

levels of vaccine is [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-pl7-f3-nef-f4-p24-6xHis] C791 [see

40 lane 9]. Since the relative levels of antibody-antigen fusions in such mammalian expression systems is 

largely independent of the antibody V-region, antibody-gag/nef antigen vaccines targeting different DC
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receptors should have similar advantage in production if [-Flex-vl-pl7-f3-nef-f4-p24-6xHis] is appended 

to their H chain C-terminus.
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Lane 6 H chain is [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-Viralgag-p40-f4-nef] C767 [joining 

residues are underlined, flexible linker residues are in bold, and antigen residues are italicized]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT 
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS 
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAFA 
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL 
RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVDSEFAQQAAADTGHSNQVSQNYPIVQNIQGQMV 
HQAISPRTLNAWVKWEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWD 
RVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSIL 
DIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGV 
GGPTNGSITVAA.TA.PTVTPTVNA.TPSAAGPASMGGKWSKRSWGWPTVRERMRRAEPAADGVGAVSRDLE 
KHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQD 
ILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKLVPVEPEKVEEANEGENNSLLHPMSLHGMDDPER 
EVLVWKFDSRLAFHHMARELHPEYYKDC (SEQ ID NO.: 12)

Lane 7 H chain is [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-pl7-nef-f4-p24-6xHis] C790 C767 

[joining residues are underlined, flexible linker residues are in bold, and antigen residues are italicized]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT 
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS 
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAFA 
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL 
RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVDMGGKWSKRSVVGWPTVRERMRRAEPAADGVGA 
VSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIY 
SQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKLVPVEPEKVEEANEGENNSLLHPMSLHG 
MFFPFFFVFWFFFSFFAFHHMARFFHPFYYFFCEFTNGSITVAATAPTVTPTVNATPSAAQFAGGAAAF 
TGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTV 
GGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEI 
YKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCK 
TILKALGPGATLEEMMTACQGVGHHHHilH. (SEQ ID NO. : 13)

Lane 8 H chain is [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-pl7-f3-nef-p24-6xHis] C797 C767 

[joining residues are underlined, flexible linker residues are in bold, and antigen residues are italicized]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAFA
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL
FSFYFTVATFYCVffeFJFJFFTFFAFPFJFFFeWSVDTVTPTATATPSAIVTTITPTATTKPVDMGGFiV
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SKRSVVGWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVP 
LRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKL 
VPVEPEKVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKDCEFAQQAAAD 
TGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTV 
GGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEI 
YKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCK 
TILKALGPGATLEEMMTACQGVGHHHililH. (SEQ ID NO.: 14)

Lane 9 H chain is [mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vl-pl7-f3-nef-f4-p24-6xHis] C791 C767 

[joining residues are underlined, flexible linker residues are in bold, and antigen residues are italicized]:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAPA
SILSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL
RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVpTVTPTA.TA.TPSR.l'VTTITPTA.TTKPVDMGGKW
SKRSVVGWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVP
LRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKL
VPVEPEKVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKDCEFTNGSITV
AATA.PTVTPTVNA.TPSAA.QFAQQAAADTGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKWEEKAF
SPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGS
DIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTL
RAEQASQEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGVGiiiiiiiiiiii (SEQ ID
NO.:15)

A further modification being tested to remove residual degradation detected under severe fermentation 

conditions in CHO-S cell production of the above protein is shown below with a KKK to NKQ change 

shown highlighted in underlined, bold, italics:

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHIYWDDDKRYNPSLKSRLT 
ISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAGTTVTVSSAKTKGPSVFPLAPCS 
RSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE 
PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAPA 
SILSGGELDRWEKIRLRPGGNKQYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEEL 
RSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSVDTVTPTA.TA.TPSR.l'VTTITPTA.TTKPVDMGGKW 
SKRSVVGWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVP 
LRPMTYKGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKL 
VPVEPEKVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKDCEFTNGSITV 
AATA.PTVTPTVNA.TPSAA.QFAQQAAADTGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKWEEKAF 
SPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGS 
DIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTL 
RAEQASQEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGVGiiiiiiiiiiii (SEQ ID NO. : 
16)

Certain gag-nef antigen fusions with maximal antigen epitopes were found to have efficient 

secretion/production properties. Variants of gag p40 with inserts or appendages of nef antigen flanked by 

preferred flexible linker sequences were found to be particularly well produced and secreted. It was found 

that the flexible linker sequences disclosed herein and obtainable from cellulose degrading organisms
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were able to facilitate the secretion of intact antigens and/or linked antigens as antibody-antigen fusion 

proteins.

DNA sequences of antigen coding sequence:C757 antigen region is [bold sequences are joining sites or a 

stop codon]:
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GCTAGCATGGGAGGCAAATGGAGTAAAAGAAGTGTTGTGGGTTGGCCAACTGTGAGAGAAAGAATGAGAA 
GGGCTGAACCAGCCGCTGATGGTGTAGGTGCTGTGTCACGAGATCTGGAAAAACACGGAGCAATAACATC 
CTCTAATACCGCCGCAAATAACGCAGACTGTGCCTGGCTCGAAGCTCAAGAAGAAGAAGAAGTCGGATTC 
CCCGTGCGACCCCAAGTTCCCCTCAGACCAATGACTTATAAAGGCGCTCTGGATCTTAGCCACTTTCTTA 
AAGAAAAAGGAGGACTGGAAGGACTTATTTATTCACAAAAAAGACAAGACATCCTCGATTTGTGGGTATA 
TCATACTCAAGGTTATTTCCCAGACTGGCAAAATTATACTCCTGGACCCGGCATTCGATATCCCCTTACC 
TTTGGATGGTGCTTTAAACTTGTCCCCGTCGAACCTGAAAAAGTAGAAGAAGCAAATGAAGGCGAAAATA 
ATTCACTGCTCCACCCTATGTCACTGCACGGAATGGATGACCCCGAACGCGAAGTTCTGGTATGGAAATT 
TGATTCAAGACTTGCTTTTCACCACATGGCTAGAGAACTTCACCCCGAATATTATAAAGACTGTTGA 
(SEQ ID NO. : 1 7)

C791 linker and antigen coding sequence is [bold sequences are joining sites or a stop codon]:

GCTAGTCAGACCCCCACCAACACCATCAGCGTGACCCCCACCAACAACAGCACCCCCACCAACAACAGCA 
ACCCCAAGCCCAACCCCGCTAGCCTCGAGATGGGTGCGAGAGCGTCAATATTAAGCGGTGGCGAATTAGA 
TAGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCA 
AGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATAC 
TGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAAC 
CCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAG 
CAAAACAAAAGTGTCGATACCGTGACCCCCACCGCCACCGCCACCCCCAGCGCCATCGTGACCACCATCA 
CCCCCACCGCCACCACCAAGCCCGTCGACATGGGAGGCAAATGGAGTAAAAGAAGTGTTGTGGGTTGGCC 
AACTGTGAGAGAAAGAATGAGAAGGGCTGAACCAGCCGCTGATGGTGTAGGTGCTGTGTCACGAGATCTG 
GAAAAACACGGAGCAATAACATCCTCTAATACCGCCGCAAATAACGCAGACTGTGCCTGGCTCGAAGCTC 
AAGAAGAAGAAGAAGTCGGATTCCCCGTGCGACCCCAAGTTCCCCTCAGACCAATGACTTATAAAGGCGC 
TCTGGATCTTAGCCACTTTCTTAAAGAAAAAGGAGGACTGGAAGGACTTATTTATTCACAAAAAAGACAA 
GACATCCTCGATTTGTGGGTATATCATACTCAAGGTTATTTCCCAGACTGGCAAAATTATACTCCTGGAC 
CCGGCATTCGATATCCCCTTACCTTTGGATGGTGCTTTAAACTTGTCCCCGTCGAACCTGAAAAAGTAGA 
AGAAGCAAATGAAGGCGAAAATAATTCACTGCTCCACCCTATGTCACTGCACGGAATGGATGACCCCGAA 
CGCGAAGTTCTGGTATGGAAATTTGATTCAAGACTTGCTTTTCACCACATGGCTAGAGAACTTCACCCCG 
AATATTATAAAGACTGTGAATTCACCAACGGCAGCATCACCGTGGCCGCCACCGCCCCCACCGTGACCCC 
CACCGTGAACGCCACCCCCAGCGCCGCCCAATTCGCACAGCAAGCAGCAGCTGACACAGGACACAGCAAT 
CAGGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCATATCACCTA 
GAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATGTTTTC 
AGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATCAAGCA 
GCCATGCAAATGTTAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGATAGAGTGCATCCAGTGCATG 
CAGGGCCTATTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACCCT 
TCAGGAACAAATAGGATGGATGACACATAATCCACCTATCCCAGTAGGAGAAATCTATAAAAGGTGGATA 
ATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCAGCATTCTGGACATAAGACAAGGACCAA 
AGGAACCCTTTAGAGACTATGTAGACCGATTCTATAAAACTCTAAGAGCCGAGCAAGCTTCACAAGAGGT 
AAAAAATTGGATGACAGAAACCTTGTTGGTCCAAAATGCGAACCCAGATTGTAAGACTATTTTAAAAGCA 
TTGGGACCAGGAGCGACACTAGAAGAAATGATGACAGCATGTCAGGGAGTGGGGCATCACCATCACCATC 
ACTGA (SEQ ID NO.: 18)

The following examples show that the present invention was able to target the HIV and other antigens to 

human DC via CD40. Generation of potent activating anti-CD40 monoclonal antibodies. Mice were 

immunized with a mouse IgG2b- human CD40 fusion protein and B cells from lymph nodes draining the 

injection site were subsequently immortalized as hybridomas. Supernatants from 35 hybridomas secreting 

anti-CD40 reactive antibodies as detected by FACS versus 293F cells transfected with CD40 CDNA
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were tested in overnight cultures of human dendritic cells for induction of cytokine secretion. Figure 8 

shows an example of this type of screen designed to detect the subset of anti-CD40 antibodies that can 

bind and activate CD40. This data set shows that two hybridomas 12E12 and 9A11 were especially 

potent in directing DC to secreted IL-12p40. cDNAs encoding the 12E12 heavy and light chains were 

derived using standard cloning and sequencing technologies and the variable regions were engineered 

into vectors expressing mouse 12E12 variable regions grafted onto human IgG4 constant regions.

C269 rAB-pIRES2[manti-CD40_12E12.3F3_K-V-hIgGK-C] The DNA sequence below shows the 

chimeric light chain coding region and the amino acid sequence the expected secreted mature light chain 

with the mouse variable region italicized.

ATGATGTCCTCTGCTCAGTTCCTTGGTCTCCTGTTGCTCTGTTTTCAAGGTACCAGATGTGATATCCAGA 
TGACACAGACTACATCCTCCCTGTCTGCCTCTCTAGGAGACAGAGTCACCATCAGTTGCAGTGCAAGTCA 
GGGCATTAGCAATTATTTAAACTGGTATCAGCAGAAACCAGATGGAACTGTTAAACTCCTGATCTATTAC 
ACATCAATTTTACACTCAGGAGTCCCATCAAGGTTCAGTGGCAGTGGGTCTGGGACAGATTATTCTCTCA 
CCATCGGCAACCTGGAACCTGAAGATATTGCCACTTACTATTGTCAGCAGTTTAATAAGCTTCCTCCGAC 
GTTCGGTGGAGGCACCAAACTCGAGATCAAACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCA 
TCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGG 
CCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGA 
CAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAA 
GTCTATGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT 
GTTAGDIQMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIYYTSILHSGVPSRFSGS 
GSGTDYSLTIGNLEPEDIATYYCQQFNKLPPTFGGGTKLEIKPENAAPSNFIFPPSDEQLPSGTASNNCL 
LNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 
TKSFNRGEC (SEQ ID NO.: 19)

C230 rAB-pIRES2[manti-CD40_12E12.3F3_H-V-hIgG4H-C] The DNA sequence below shows the 

chimeric heavy chain coding region and the amino acid sequence the expected secreted mature light chain 

with the mouse variable region italicized.

ATGAACTTGGGGCTCAGCTTGATTTTCCTTGTCCTTGTTTTAAAAGGTGTCCAGTGTGAAGTGAAGCTGG
TGGAGTCTGGGGGAGGCTTAGTGCAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAACCTCTGGATTCAC
TTTCAGTGACTATTACATGTATTGGGTTCGCCAGACTCCAGAGAAGAGGCTGGAGTGGGTCGCATACATT
AATTCTGGTGGTGGTAGCACCTATTATCCAGACACTGTAAAGGGCCGATTCACCATCTCCAGAGACAATG
CCAAGAACACCCTGTACCTGCAAATGAGCCGGCTGAAGTCTGAGGACACAGCCATGTATTACTGTGCAAG
ACGGGGGTTACCGTTCCATGCTATGGACTATTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGCCAAA
ACGAAGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGG
GCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGG
CGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCC
TCCAGCAGCTTGGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACA
AGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTTCGAAGGGGGACCATC
AGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTG
GTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATA
ATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCT
GCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCATC
GAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGG
AGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGT
GGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGC
TCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCT
CCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAAGCTAG
CTGAEVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPDTVKG
RFTISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAFEPGPSNFPLAPCSRS
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TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDH
KPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCWVDVSQEDPEVQFNW
YVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW

5 QEGNVFSCSVMHEALHNHYTQKSLSLSLGKAS (SEQ ID NO.: 20)

Variants of C230 were engineered to encode CD4012E12 H chains with antigens fused to the human 

IgG4 C-terminus e.g., C291 rAB-pIRES2[manti-CD40_12E12.3F3_H-V-hIgG4H-C-Flex-FluHAl-l- 

6xHis] encodes an H chain with the sequence shown below with the Influenza HA1-1 antigen region 

shown italicized and a flexible linker sequence and C-terminal poly-histidine tag shown in bold:

10 EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPDTVKGRFTI 
SRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAKTKGPSVFPLAPCSRSTSES 
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSN 
TKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDG 
VEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL

15 PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN 
VFSCSVMHEALHNHYTQKSLSLSLGKASDTTEPATPTTPVTTPrJCYGYHAWSrPrVPrVLFKWrvrH 
SVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDY 
EELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKK 
GKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDT

20 IIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGECLKYVRS 
AKLRMVHHHHHH (SEQ ID NO.: 21)

Another type of variant H chain construct is C450 rAB-pIRES2[manti-CD40_12E12.3F3_H-LV- 

hIgG4H-C-Dockerin-varl ] encodes an H chain with the sequence shown below with a C-terminal 

Dockerin domain antigen region shown italicized:

25 EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPDTVKGRFTI 
SRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAKTKGPSVFPLAPCSRSTSES 
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSN 
TKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDG 
VEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL

30 PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN 
VFSCSVMHEALHNHYTQKSLSLSLGKASNSPQNEVLYGDVNDDGKVNSTDLTLLKRYVLKAVSTLPSSKA 
EKNADVNRDGRVDSSDVTILSRYLIRVIEKLPI (SEQ ID NO.: 22)

Thus, expression vectors encoding the above and similar variant H chains can be co-transfected into 293F 

or CHO-S cells resulting in the secretion of anti-CD4012E12-hIgG4 antibody fusion proteins, which can

35 be readily purified by protein A affinity chromatography.

Such antibody-antigen proteins can be used as vaccines to deliver antigen with high efficiency to human 

dendritic cells in vitro or in vivo. The anti-CD4012E12-hIgG4 Dockerin protein can be used likewise to 

deliver cohesin-antigen fusion proteins. For example: C32 Ecoli-pET28[Cohesin-FluMl-6xHis] encodes 

the sequence shown below where the Influenza Ml protein is shown italicized:

40 MDLDAVRIKVDTVNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPTKSFD 
TAVYPDRKMIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFF 
DGGVNVGOTTEPATPTTPVTTPTTTDDLDAASLLTEVETYVLSIIPSGPLKAEIAQRLEDVFAGKNTDLE 
VLMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRRRFVQNALNGNGDPNNMDKAVKLYRKLKREITFH 
GAKEIALSYSAGALASCMGLIYNRMGAVTTEVAFGLVCATCEQIADSQHRSHRQMVTTTNPLIRHENRMV

45 LASTTAKAMEQMAGSSEQAAEAMDIASQARQMVQAMRTIGTHPSSSAGLKDDLLENLQAYQKRMGVQMQR 
FFFFHHHHHH (SEQ ID NO.: 23)
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The above protein can be expressed as a soluble protein in E. coli and prepared as a pure product by ion 

exchange and metal affinity chromatographies. Highly stable complexes or conjugates between anti- 

CD4012E12-hIgG4 Dockerin fusion protein and Cohesin Flu Ml fusion protein can be assembled via the 

high affinity Dockerin-Cohesin interaction.

A dose range of such anti-CD4012E12-hIgG4 Dockerin - Cohesin Flu Ml conjugates were incubated 

with human dendritic cells for one day, then syngeneic CD8+ T cells were added and incubation was 

continued for several more days. Cells were then stained with anti-CD8 antibody and a HLA-A2 tetramer 

reagent specific for T cells bearing TCR corresponding to the immunodominant Flu Ml epitope 58-66. 

Tetramer positive cells are shown in the boxed gate. This data shows that concentrations of anti- 

CD4012E12-hIgG4 Dockerin Cohesin Flu Ml conjugates as low as 0.001 ug/ml elicit the proliferation of 

Flu Ml-specific CD8+ T cells at levels significantly higher than either no conjugate added or [next figure 

panel] than a parallel dose range series of control IgG4 Dockerin Cohesin Flu Ml conjugates. These data 

demonstrate that anti-CD4012E12 antibody is remarkably proficient at delivering antigen to DC resulting 

in processing and presentation of the antigen as seen by the proliferation of antigen specific T cells.

Figure 9 shows FACS analysis of CD8+ staining [horizontal axis] versus Flu Ml-tetramer staining 

[vertical axis] as elicited by a dose range from 10 ug/ml to no anti-CD4012E12-hIgG4 Dockerin - 

Cohesin Flu Ml conjugate.

Figure 10 shows FACS analysis of CD8+ staining [horizontal axis] versus Flu Ml-tetramer staining 

[vertical axis] as elicited by a dose range from 10 ug/ml to no control hIgG4 Dockerin - Cohesin Flu Ml 

conjugate.

Alignment of C269 (seqA) anti-CD4012E12 light chain sequence with variants engineered to retain 

CD40 binding and to enhance similarity with human light chain variable sequences - and by including 

preferred codons to enhance expression of secreted product.

seqA
seqB
seqC
seqD
seqE

seqA
seqB
seqC
seqD
seqE

seqA
seqB
seqC
seqD
seqE

DIQMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIYYTSILHSGVPS
DIQMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIHYTSILHSGVPS
DIQMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIHYTSILHSGVPS
DIQMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIHYTSILHSGVPS
DIQMTQTTSSLSTSLGDRVTISCSASQGISNYLNWYQQKPDGTVKLLIHYTSILHSGVPS

RFSGSGSGTDYSLTIGNLEPEDIATYYCQQFNKLPPTFGGGTKLEIKRTVAAPSVFIFPP
RFSGSGSGTDYSLTISNLEQEDIATYFCQQFNKLPPTFGGGTKLEIKRTVAAPSVFIFPP
RFSGS-SGTDYSLTISNLEQEDIATYFCQQFNKLPPTFGGGTKLEIKRTVAAPSVFIFPP
RFSGSGSGTDYSLTISNLEQEDIATYFCQQFNKPPPTFGGGTKLEIKRTVAAPSVFIFPP
RFSGSGSGTDYSLTISNLEQEDIATYFCQQFNKLPPTFGGGTKLEIKRTVAAPSVFIFPP

SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT

seqA LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
seqB LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
seqC LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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seqD LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
seqE LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO.: 24, 25, 26, 27, 28, respectively)

Alignment of C268 (seqA) anti-CD4012E12 heavy chain sequence with a variant engineered to retain 

CD40 binding and to enhance similarity with human light chain variable sequences - and by including 

preferred codons to enhance expression of secreted product.

seqA EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYY
seqB EVNLVESGGGLVQPGGSLKVSCVTSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYY

seqA PDTVKGRFTISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSA
seqB PDTVKGRFTISRDNAKNSLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTLVTVSVA

seqA KTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
seqB STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG

seqA LYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVF
seqB LYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVF

seqA LFPPKPKDTLMISRTPEVTCVWDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYR
seqB LFPPKPKDTLMISRTPEVTCVWDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYR

seqA WSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKN
seqB WSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKN

seqA QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN
seqB QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN

seqA VFSCSVMHEALHNHYTQKSLSLSLGKAS
seqB VFSCSVMHEALHNHYTQKSLSLSLGKAS

(SEQ ID NO.: 29, 30, respectively)

Figure 11 depicts the protocol used to assay in vitro the potency of anti-DC receptor - antigen targeting 

molecules [TM] to elicit the expansion of antigen-specific T cells in the context of a PBMC culture. 

Briefly, 2E6 PBMC from apheresis of HIV patients are incubated with a dose range of the targeting 

vaccine and 100 U/ml IL-2. Media is changed every two days. On day 7 clusters of peptides 

corresponding to the antigen are added to induce IFNy production by T cells with TCR specificities for 

peptide sequences within each cluster. After 4 hours incubation with the peptide cluster and an agent that 

blocks cytokine secretion, cells are stained with anti-CD4, anti-CD8, anti-IL-13, and anti-IFNy reagents 

and analyzed by FACS.

Figures 12 and 13 show the effects of targeting DC [within the PBMC] with an anti-CD4012E12 gag pl7 

nef gag p24 vaccine - the H chain composition is shown below: C818 rAB-cetHS-puro[manti- 

CD40_12E12.3F3_H-LV-hIgG4H-C-Flex-vl-Viralgag-pl7-f3-nef-f4-p24-6xHis] joining residues are 

underlined, flexible linker residues are in bold, and antigen residues are italicized]:

EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPDTVKGRFTI
SRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAKTKGPSVFPLAPCSRSTSES
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDG
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VEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL 
PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN 
VFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNSTPTNNSNPKPNPASLEMGAPASYLSGG 
ELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNT 
VATLYCWePJEJKPTKEALPKJEEEeWSVDTVTPTATATPSAIVTTITPTATTKPVDMGGWSiCRSW 
GWPTVRERMRRAEPAADGVGAVSRDLEKHGAITSSNTAANNADCAWLEAQEEEEVGFPVRPQVPLRPMTY 
KGALDLSHFLKEKGGLEGLIYSQKRQDILDLWVYHTQGYFPDWQNYTPGPGIRYPLTFGWCFKLVPVEPE 
KVEEANEGENNSLLHPMSLHGMDDPEREVLVWKFDSRLAFHHMARELHPEYYKDCEFT!NGSmVAA.T!A.PT! 
VTPTVNA.TPSAAQFAQQAAADTGHSNQVSQNYPIVQNIQGQMVHQAISPRTLNAWVKWEEKAFSPEVIP 
MFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTT 
STLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQAS 
QEVKNWMTETLLVQNANPDCKTILKALGPGATLEEMMTACQGVGiiiiiiiiiiii (SEQ ID NO. :31)

Figure 12 shows that the vaccine elicits the expansion of CD4+ T cells with specificities to all the gag 

p24 peptide clusters - even at the lowest vaccine does tested the percentage of IFNy-producing CD4+T 

cells was significantly greater than when the cells were not treated with peptides. Figure 13 [upper panel] 

shows this data in graph form - the vertical axis shows percent (%) IFNy-producing cells. The lower 

panel shows similar data for CD8+ T cells within the PBMC culture, and this data also shows that all 

peptide clusters covering the gag p24 sequence elicited significantly greater production of IFNy- 

producing T cells than the non-peptide control. Thus, the vaccine elicited a potent and responses against 

multiple epitopes within HIV gag p24.

Figure 14 shows that the vaccine elicits the expansion of CD4+ T cells with specificities to all the gag 

pi7 peptide clusters - even at the lowest vaccine does tested the percentage of IFNy-producing CD4+T 

cells was significantly greater than when the cells were not treated with peptides. Figure 15 shows this 

data in graph form - the vertical axis shows percentage IFNy-producing cells [upper panel]. The lower 

panel shows similar data for CD8+ T cells within the PBMC culture, and this data also shows that all 

peptide clusters covering the gag pi7 sequence elicited significantly greater production of IFNy- 

producing T cells than the non-peptide control. Thus, the vaccine elicited a potent and responses against 

multiple epitopes within HIV gag pi7.

Figure 16 shows that the vaccine elicits the expansion of CD4+ T cells with specificities to most of the 

HIV nef peptide clusters - even at the lowest vaccine does tested the percentage of IFNy-producing 

CD4+T cells was significantly greater than when the cells were not treated with peptides. Figure 17 

shows this data in graph form - the vertical axis shows percentage IFNy-producing cells [upper panel]. 

The lower panel shows similar data for CD8+ T cells within the PBMC culture, and this data also shows 

that all peptide clusters covering the nef sequence elicited significantly greater production of IFNy- 

producing T cells than the non-peptide control. Thus the vaccine elicited a potent and response against 

multiple epitopes within HIV nef.

It was found that the data show the vaccine [anti-CD4012E12 - linked to the specially engineered gag 

pi7 nef gag p24 fusion protein] can, even at low doses, elicit broad immune responses - i.e., wide 

representation of epitopes in both the CD4+ and CD8+ T cell compartments. This data further



WO 2010/009346
BHCS:2210

PCT/US2009/050903

5

10

15

20

25

30

32

demonstrate that each of the two vaccine parts [anti-CD4012E12 and other antibodies with similar special 

properties, and the gag-nef antigen engineered for maximal epitope representation consistent with 

efficient production] - i.e., the anti-CD40 component can be a vehicle for delivery of other antigens, and 

the antigen component can be delivered by other anti-DC receptor vehicles. The results also demonstrate 

the ability of the CD40-based targeting to expand a wide array of antigen-specific CD4+ and CD8+ T 

cells from both memory [HIV patients given HIV vaccine] and naive [normal donors given PSA antigen] 

T cell populations.

DCs targeted with anti-CD40-PSA induce PSA-specific CD4+ T cell responses. Figure 18 shows the 

outline of a protocol to test the ability a vaccine composed of anti-CD40-12E12 linked to PSA [prostate- 

specific antigen] to elicit the expansion from a naive T cell population PSA-specific CD4+ T cells 

corresponding to a broad array of PSA epitopes. Briefly, DCs derived by culture with IFNa and GM-CSF 

of monocytes from a normal donor are incubated with the vaccine. The next day, cells are placed in fresh 

medium and pure CD4+ T cells from the same donor are added. Several days later, PSA peptides are 

added and, after four hours, secreted IFNy levels in the culture supernatants are determined.

Figure 19 shows that many PSA peptides elicit potent IFNy-production responses indicating that anti- 

CD4012E12 and similar antiCD40 agents can effectively deliver antigen to DC, resulting in the priming 

of immune responses against multiple epitopes of the antigen.

Figure 20 shows that DCs targeted with anti-CD40-PSA targeted to DCs induce PSA-specific CD8+ T 

cell responses. IFNDCs were targeted with 1 pg mAh fusion protein with PSA. Purified autologous 

CD8+ T cells were co-cultured for 10 days. Cells were stained with anti-CD8 and PSA (KLQCVDLHV)- 

tetramer. Cells are from a HLA-A*0201 positive healthy donor. The results demonstrate that anti-CD40 

effectively delivers PSA to the DC, which in turn elicit the expansion of PSA-specific CD8+ T cells.

Figure 21 outlines the DC targeting protocol for testing anti-DC receptor targeting vaccines for their 

ability to direct the expansion of antigen-specific T cells resulting from targeted uptake by the DC and 

presentation of antigen epitopes on their cell surface. Briefly, HIV patient monocytes are differentiated 

into DC by culture for 3 days in IFNa and GM-CSF. Vaccine [FP] is then added at 10 ug/ml along with 

autologous T cells. After 10 days in culture, antigen peptide clusters are added to the expanded T cells 

and after 4 hours intracellular IFNa is measured.

Figure 22 [upper panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pl7 nef gag p24 vaccines [patient Aph002], Anti-CD4012E12 nef vaccine 

[green bars] stimulated the expansion of IFNa-producing CD4+ T cells responsive only to nef peptide 

epitopes, anti-CD4012E12 gag p24 [blue bars] stimulated the expansion of IFNa-producing CD4+ T 

cells responsive to only p24 peptide epitopes, while the anti-CD4012E12 gag pl7 nef gag p24 stimulated 

the expansion of IFNa-producing CD8+ T cells responsive to gag pl7, nef, and p24 peptide epitopes.
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Figure 22 [lower panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pl7 nef gag p24 vaccines [patient Aph002], Anti-CD4012E12 nef vaccine 

[green bars] stimulated the expansion of IFNa-producing CD8+ T cells responsive only to nef peptide 

epitopes, while anti-CD4012E12 gag pl7 nef gag p24 [orange bars] stimulated the expansion of IFNa- 

producing CD8+ T cells responsive to both gag pi 7 and nef peptide epitopes.

Figure 23 [upper panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pl7 nef gag p24 vaccines [patient AphOlO]. Anti-CD4012E12 nef vaccine 

[green bars] stimulated the expansion of IFNa-producing CD4+ T cells responsive only to nef peptide 

epitopes, anti-CD4012E12 gag p24 [blue bars] stimulated the expansion of IFNa-producing CD4+ T 

cells responsive to only p24 peptide epitopes, while the anti-CD4012E12 gag pl7 nef gag p24 stimulated 

the expansion of IFNa-producing CD8+ T cells responsive to gag pl7, nef, and p24 peptide epitopes.

Figure 23 [lower panel] shows comparison of the efficacy of anti-CD4012E12 nef, anti-CD4012E12 gag 

p24, and anti-CD4012E12 gag pl7 nef gag p24 vaccines [patient Aph002], Anti-CD4012E12 nef vaccine 

[green bars] stimulated the expansion of IFNa-producing CD8+ T cells responsive only to nef peptide 

epitopes, anti-CD4012E12 gag p24 [blue bars] stimulated the expansion of IFNa-producing CD8+ T 

cells responsive to only p24 peptide epitopes, while anti-CD4012E12 gag pi 7 nef gag p24 [orange bars] 

stimulated the expansion of IFNa-producing CD8+ T cells responsive to both gag pi7 and nef peptide 

epitopes.

These data demonstrate that the anti-CD4012E12 gag pi 7 nef gag p24 vaccine can elicit a broad array of 

T cell responses covering multiple epitopes within all three antigen elements of the vaccine - HIV gag 

pi 7, HIV gag p24, and HIV nef.

The sequence below is the amino acid sequence of the Cohesin [bold residues] - Cyclin DI [underlined 

residues] fusion protein expressed by the C515 vector.

C515 E. coli-pET28 [Cohesin-hCyclinDl-6xHis]

MDLDAVRIKVDTVNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPTKSFD
TAVYPDRKMIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFF
DGGVNVGDTTEPATPTTPVTTPTTTDDLDAASLEMEHQLLCCEVETIRRAYPDANLLNDRVLRAMLKAEE 
TCAPSVSYFKCVQKEVLPSMRKIVATWMLEVCEEQKCEEEVFPLAMNYLDRFLSLEPVKKSRLQLLGATC 
MFVASKMKETIPLTAEKLCIYTDNSIRPEELLQMELLLVNKLKWNLAAMTPHDFIEHFLSKMPEAEENKQ 
IIRKHAQTFVALCATDVKFISNPPSMVAAGSVVAAVQGLNLRSPNNFLSYYRLTRFLSRVIKCDPDCLRA 
CQEQIEALLESSLRQAQQNMDPKAAEEEEEEEEEVDLACTPTDVRDVDIHHHHHH (SEQ ID
NO.:32)

Expression and purification of Coh.Cyclin DI protein produced in E. coli.

Coh.Cyclin DI was expressed in E. coli strain T7 Express (NEB) grown in Luria broth (Difco) at 37°C 

with selection for kanamycin resistance (40 pg/ml) and shaking at 200 rounds/min to mid-log growth 

phase. Then 120 mg/L IPTG (Bioline) was added and after a further 3 hrs, the cells were harvested by 

centrifugation and stored at -80°C. E. coli cells from each 1 L fermentation were resuspended in 50 ml
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ice-cold 50 mM Tris, 1 mM EDTA pH 8.0 with 0.2 ml of protease inhibitor Cocktail II (Calbiochem). 

The cells were sonicated twice on ice for 4 min at setting 18 (Fisher Sonic Dismembrator 60) with a 5 

min rest period and then spun at 17,000 r.p.m. (Sorvall SA-600) for 20 min at 4°C. The 50 ml cell lysate 

supernatant was passed through 10 ml of ANX Sepharose beads (GE Healthcare), then the flow-through 

was adjusted to binding buffer with 7.5 ml 160 mM Tris, 40 mM imidazole, 4 M NaCl pH 7.9 and loaded 

onto a 5 ml HiTrap chelating HP column (GE Healthcare) charged with Ni++. The bound protein was 

washed with 20 mM NaPO4, 300 mM NaCl, 10 mM imidazole pH 7.6 (buffer A) and eluted with a 10­

500 mM imidazole gradient in buffer A. The peak fractions were analyzed by SDS-PAGE gel, pooled. 

Approximately 15 milligrams of the pooled eluted Cohesin-Cyclin DI fusion protein was reacted 

overnight at room temperature with 10 milligrams of mPEG-MAL 20k reagent (Nektar), which attaches a 

20 kDa pegyl group to free cysteine residues [of which there are several within the Cyclin DI domain], A 

part of this reaction was dialyzed versus DPBS [Gibco] and part was adjusted to pH 7.5, then DTT was 

added to 10 mM for 1.5 hours at room temperature to reduce any disulphide bonds, followed by addition 

of 25 mM iodoacetamide for 1.5 hours at room temperature to alkylate the free cysteine residues, 

followed by addition of 20 mM DTT for 1.5 hours at room temperature, followed by dialysis versus 

DPBS. The pegylation was required to ensure the protein remained soluble in DPBS and the alkylation 

[which was not necessary for the activity of the protein in the context of in vitro anti-CD40 targeting] 

served to ensure that the product was free of intermolecular disulphide cross-linked forms.

Figure 24. Analysis of the interaction of Cohesin-Cyclin DI fusion protein with anti-DC receptor- 

Dockerin recombinant antibody. Antibody-Dockerin or antibody-HIV nef fusion protein [20 pg] was 

incubated with 100 μΐ protein A-Sepharose beads [GE Biosciences] then washed twice with DPBS. 

Pegylated [peg] or pegylated and alkylated [peg alk] Cohesin-Cyclin DI [Coh.Cyclin DI] were added [20 

pg] and, after 30 minutes at room temperature, the supernatant was separated from the beads by 

centrifugation. The beads were eluted with 20 mM HC1 and the eluate and supernatant were dried, 

resuspended in SDS.PAGE loading buffer and run on reducing SDS.PAGE and visualized by Coomasssie 

Blue staining. Lane 1 shows the supernatant from beads loaded with antibody-Dockerin + peg 

Coh.Cyclin DI and Lane 2 is the corresponding bead eluate. Lane 3 shows the supernatant from beads 

loaded with antibody-HIV nef + peg Coh.Cyclin DI and Lane 4 is the corresponding bead eluate. Lane 5 

shows the supernatant from beads loaded with antibody-Dockerin + peg alk Coh.Cyclin DI and Lane 6 is 

the corresponding bead eluate. Lane 7 shows the supernatant from beads loaded with antibody-HIV nef + 

peg alk Coh.Cyclin DI and Lane 8 is the corresponding bead eluate. Lane 9 shows antibody-Dockerin 

alone, lane 10 shows antibody-HIV nef alone, Lane 11 shows peg Coh.Cyclin DI alone, and Lane 12 

shows shows peg alk Coh.Cyclin DI alone. The arrows [top to bottom] show: 1) high molecular weight 

pegylated forms of Coh.Cyclin DI, 2) the position of antibody heavy chain, 3) the position of non- 

pegylated Coh.Cyclin DI [which is about 50% of the preparations], 4) the position of the antibody light 

chain.



WO 2010/009346
BHCS:2210

PCT/US2009/050903

5

10

15

20

25

30

35

35

The above analysis shows that antibody-Dockerin, but not antibody-HIV nef, effectively captures most of 

the Coh.Cyclin DI. This demonstrates that the Coh.Cyclin DI preparations can assemble a complex with 

anti-DC receptor-Dockerin targeting vehicles.

Mantle Cell Lymphoma (MCL) is a B-cell non-Hodgkin's lymphoma which represents 5-10% of all non- 

Hodgkin's lymphoma, predominantly in males with advanced age. It is a very aggressive cancer with the 

worst prognosis after conventional treatment, frequent relapses, and relatively short survival. It has a 

genetic hallmark: t (11; 14) (ql3; q32) translocation — leading to the over expression of Cyclin DI.

Gl/S-specific cyclin-Dl - alternatively named PRAD1, Bcl-1 functions in cell cycle control of G1 

progression and Gl/S transition via forming complexes with CDK4 and 6. There is no normal expression 

in mature lymphocytes since expression is cell cycle dependent with maximal expression in Gl, minimal 

in S. Thus, raising cytotoxic T cell responses specifically directed to cells over expressing Cyclin DI is 

an attractive MCL vaccination strategy.

Figure 25 shows a schema of overlapping peptides from Cyclin DI. These are added to T cell cultures, 

either as individual peptides or as pools of peptides, where they can be presented on MHC and thereby 

stimulate proliferation of peptide specific T cells.

Figure 26 shows a schema [left panel] of the study design for testing the ability of anti-CD40-Cyclin DI 

complexes to elicit expansion in vitro of Cyclin DI-specific CD4+ T cells. After incubation of DCs with 

the targeting complex, autologous CD4+ T cells [i.e., from the same donor] labeled with the dye CFSC 

are added and culture continues for an additional 8 days with IL-2, then 2 days rest without IL-2. Next, 

the culture is divided and stimulated with individual Cyclin D peptides, or no peptide, for 8 hours 

followed by staining for intracellular IFNg and IL-2 [indicators of T cell activation] and analysis by 

FACS.

The analysis shows that Cyclin D peptides P8, Pl6, and P54 stimulate significantly greater production of 

proliferating [i.e., marked by CFSC dilution] CD4+ T cells than cells incubated without peptide [or other 

Cyclin DI peptides [not shown]. Thus, the anti-CD40-Cyclin DI complex functions to elicit the 

expansion from T cells of a normal donor of Cyclin DI-specific T cells with effector function phenotype.

Figure 27 shows a study and analysis similar to that detailed in Figure 26, except that a different normal 

donor was used - in this case the anti-CD40-Cyclin DI complex elicited the expansion of IFNg positive 

proliferating CD4+ T cells specific for Cyclin DI peptides P4, P43, and P70.

Figure 28 shows a schema and analysis similar to those described above in Figure 26, except that CD8+ 

T cells were used. In this donor, anti-CD40-Cyclin DI complex elicited the expansion of Cyclin Dl- 

specific CD8+ T cells, in particular those with specificities corresponding to peptides contained within 

pool I and pool II.

Figure 29 shows similar data from the same donor, but analyzed with individual peptides from these 

pools. In particular, these T cells show specificity for peptides P7, P8, and P10.
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It is contemplated that any embodiment discussed in this specification can be implemented with respect 

to any method, kit, reagent, or composition of the invention, and vice versa. Furthermore, compositions 

of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of illustration and 

not as limitations of the invention. The principal features of this invention can be employed in various 

embodiments without departing from the scope of the invention. Those skilled in the art will recognize, 

or be able to ascertain using no more than routine experimentation, numerous equivalents to the specific 

procedures described herein. Such equivalents are considered to be within the scope of this invention and 

are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level of skill 

of those skilled in the art to which this invention pertains. All publications and patent applications are 

herein incorporated by reference to the same extent as if each individual publication or patent application 

was specifically and individually indicated to be incorporated by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the claims 

and/or the specification may mean “one,” but it is also consistent with the meaning of “one or more,” “at 

least one,” and “one or more than one.” The use of the term “or” in the claims is used to mean “and/or” 

unless explicitly indicated to refer to alternatives only or the alternatives are mutually exclusive, although 

the disclosure supports a definition that refers to only alternatives and “and/or.” Throughout this 

application, the term “about” is used to indicate that a value includes the inherent variation of error for 

the device, the method being employed to determine the value, or the variation that exists among the 

study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising, such as 

“comprise” and “comprises”), “having” (and any form of having, such as “have” and “has”), “including” 

(and any form of including, such as “includes” and “include”) or “containing” (and any form of 

containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude additional, 

unrecited elements or method steps.

The term “or combinations thereof’ as used herein refers to all permutations and combinations of the 

listed items preceding the term. For example, “A, B, C, or combinations thereof’ is intended to include at 

least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a particular context, also BA, 

CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this example, expressly included are 

combinations that contain repeats of one or more item or term, such as BB, AAA, MB, BBC, 

AAABCCCC, CBBAAA, CABABB, and so forth. The skilled artisan will understand that typically there 

is no limit on the number of items or terms in any combination, unless otherwise apparent from the 

context.
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1 All of the compositions and/or methods disclosed and claimed herein can be made and executed without 

undue experimentation in light of the present disclosure. While the compositions and methods of this 

invention have been described in terms of preferred embodiments, it will be apparent to those of skill in 

the art that variations may be applied to the compositions and/or methods and in the steps or in the 

sequence of steps of the method described herein without departing from the concept, spirit and scope of 

the invention. All such similar substitutes and modifications apparent to those skilled in the art are 

deemed to be within the spirit, scope and concept of the invention as defined by the appended claims.

The reference to any prior art in this specification is not, and should not be taken as, an acknowledgement 

or any form of suggestion that such art forms part of the common general knowledge in Australia. 

Further, the reference to any prior art in this specification is not, and should not be taken as, an 

acknowledgement or any form of suggestion that such art would be understood, ascertained or regarded 

as relevant by the skilled person in Australia.
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2 What is claimed is:

1. A method for increasing the effectiveness of antigen presentation by an antigen 

presenting cell comprising:

providing a previously isolated dendritic cell (DC)-specific antibody or fragment 

thereof to which an engineered Gag antigen is attached to form an antibody-antigen complex, 

wherein the Gag antigen is less susceptible to proteolytic degradation by eliminating one or 

more proteolytic sites;

wherein the antibody-antigen complex further comprises a flexible linker between the 

DC-specific antibody or fragment thereof and the Gag antigen that comprises one or more 

glycosylation sites that provide increased flexibility between the antibody and the antigen, 

decreased proteolysis at the linker and increased secretion; and

contacting a previously isolated antigen presenting cell under conditions wherein the 

antibody-antigen complex is processed and presented for T cell recognition.

2. The method of claim 1, wherein the antigen presenting cell comprises a dendritic cell.

3. The method of claim 1, wherein the DC-specific antibody or fragment thereof is 

bound to one half of a Cohesin/Dockerin pair.

4. The method of claim 1, wherein the DC-specific antibody or fragment thereof is 

bound to one half of a Cohesin/Dockerin pair and the engineered Gag antigen is bound to the 

complementary half of the Coherin/Dockerin pair to form a complex.

5. The method of claim 1, wherein the antibody-antigen complex further comprises one 

or more new glycosylation sites.

6. The method of claim 1, wherein the flexible linker is selected from a linker sequence 

derived from a cellulose degrading organism.

7. The method of claim 1, wherein the DC-specific antibody or fragment thereof is 

humanized.

8. The method of claim 1, wherein the antibody-antigen complex comprising a sequence 

selected from SEQ ID NOS: 1,2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 
22, 23,31 or 32.
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2 9. The method of claim 1, wherein the DC-specific antibody or fragment binds is 

selected from an antibody that specifically binds to MHC class I, MHC class II, CD1, CD2, 

CD3, CD4, CD8, CDllb, CD14, CD15, CD16, CD19, CD20, CD29, CD31, CD40, CD43, 

CD44, CD45, CD54, CD56, CD57, CD58, CD83, CD86, CMRF-44, CMRF-56, DCIR, DC- 

ASPGR, CLEC-6, CD40, BDCA-2, MARCO, DEC-205, mannose receptor, Langerin, 

DECTIN-1, B7-1, B7-2, IFN-γ receptor and IL-2 receptor, ICAM-1, Fey receptor, LOX-1, or 

ASPGR.

10. A vaccine comprising a DC-specific antibody or fragment thereof to which an 

engineered Gag antigen is attached to form an antibody-antigen complex, wherein the Gag 

antigen is less susceptible to proteolytic degradation by eliminating one or more proteolytic 

sites, and

wherein the antibody-antigen complex further comprises a flexible linker between the 

DC-specific antibody or fragment thereof and the Gag antigen that comprises one or more 

glycosylation sites that provide increased flexibility between the antibody and the antigen, 

decreased proteolysis at the linker and increased secretion.

11. The vaccine of claim 10, wherein the antibody-antigen complex further comprises one 

or more new glycosylation sites.

12. The vaccine of claim 10, wherein the linker is selected from a linker sequence derived 

from a cellulose degrading organism.

13. The vaccine of claim 10, wherein the DC-specific antibody or fragment thereof is 

humanized.

14. The vaccine of claim 10, wherein the antibody-antigen complex comprising a 

sequence selected from SEQ ID NOS; 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 20,21,22, 23,31 or 32.

15. The vaccine of claim 10, wherein the DC-specific antibody or fragment binds is 

selected from an antibody that specifically binds to MHC class I, MHC class II, CD1, CD2, 

CD3, CD4, CD8, CDllb, CD14, CD15, CD16, CD19, CD20, CD29, CD31, CD40, CD43, 

CD44, CD45, CD54, CD56, CD57, CD58, CD83, CD86, CMRF-44, CMRF-56, DCIR, DC- 

ASPGR, CLEC-6, CD40, BDCA-2, MARCO, DEC-205, mannose receptor, Langerin,
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2 DECTIN-1, B7-1, B7-2, IFN-γ receptor and IL-2 receptor, ICAM-1, Fey receptor, LOX-1, or 

ASPGR.

16. A vaccine comprising:

a DC-specific antibody or fragment thereof to which an engineered Gag antigen is attached to 

form an antibody-antigen complex, wherein the Gag antigen is less susceptible to proteolytic 

degradation by eliminating one or more proteolytic sites, wherein the antibody-antigen 

complex further comprises a flexible linker between the DC-specific antibody or fragment 

thereof and the Gag antigen that comprises one or more glycosylation sites that provide 

increased flexibility between the antibody and the antigen, decreased proteolysis at the linker 

and increased secretion; and

a DC-specific antibody or fragment thereof to which an engineered Nef antigen is attached to 

form an antibody-antigen complex, wherein the Nef antigen comprises one or more codon 

usage optimization that increase antibody-antigen complex secretion, wherein the vaccine is 

able to elicit an HIV-specific T cell immune response to Gag pl7, Gag p24 and Nef.

17. The vaccine of claim 16, wherein the Gag and Nef antigens comprise a fusion protein.

18. The vaccine of claim 16, wherein the Gag and Nef antigens comprise a fusion protein 

separated by one or more flexible linkers.

19. The vaccine of claim 16, wherein the antibody-antigen complex further comprises a 

flexible linker between the DC-specific antibody or fragment thereof and the Gag or Nef 

antigen.

20. The vaccine of claim 16, wherein the linker is selected from a linker sequence derived 

from a scaffoldin protein or a scaffoldin-related protein from a cellulose degrading organism.

21. The vaccine of claim 16, wherein the DC-specific antibody or fragment thereof is 

humanized.

22. The vaccine of claim 16, wherein the vaccine comprises a sequence selected from 

SEQ ID NOS: 1,2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23, 31 or 
32.
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2 23. A vaccine comprising:

a DC-specific antibody or fragment thereof to which an engineered Gag antigen is attached to 

form an antibody-antigen complex, wherein the Gag antigen is less susceptible to proteolytic 

degradation by eliminating one or more proteolytic sites,

wherein the antibody-antigen complex further comprises a flexible linker between the DC- 

specific antibody or fragment thereof and the Gag antigen that comprises one or more 

glycosylation sites that provide increased flexibility between the antibody and the antigen, 

decreased proteolysis at the linker and increased secretion; and

an engineered Nef antigen that is attached to the DC-specific antibody or fragment thereof or 

to the engineered Gag antigen form an antibody-antigen complex, wherein the Nef antigen 

comprises one or more codon usage optimization that increase antibody-antigen complex 

secretion, wherein the vaccine is able to elicit an HIV-specific T cell immune response to 

Gag pi7, Gag p24 and Nef.

24. The vaccine of claim 23, wherein the DC-specific antibody or fragment thereof Gag 

and Nef antigens comprise a fusion protein.

25. The vaccine of claim 23, wherein the Gag and Nef antigens comprise a fusion protein 

separated by one or more flexible linkers.

26. The vaccine of claim 23, wherein the protein is selected from SEQ ID NOS.: 1, 2, 3, 

4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23, 31 or 32.

27. A method for increasing the effectiveness of dendritic cells comprising:

providing previously isolated patient dendritic cells;

exposing the dendritic cells to activating amounts of a vaccine comprising:

a DC-specific antibody or fragment thereof to which an engineered Gag antigen is attached to 

form an antibody-antigen complex, wherein the Gag antigen is less susceptible to proteolytic 

degradation by eliminating one or more proteolytic sites, wherein the vaccine further 

comprises a flexible linker between the DC-specific antibody or fragment thereof and the 

Gag antigen that comprises one or more glycosylation sites that provide increased flexibility 

between the antibody and the antigen, decreased proteolysis at the linker and increased 

secretion; and

an engineered Nef antigen that is attached to the DC-specific antibody or fragment thereof or 

to the engineered Gag antigen form an antibody-antigen complex, wherein the Nef antigen
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2 comprises one or more codon usage optimization that increase antibody-antigen complex 

secretion, wherein the vaccine is able to elicit an HIV-specific T cell immune response to 

Gag pl7, Gag p24 and Nef.

28. The method of claim 1 substantially as herein described with reference to the 

Examples and/or Drawings.

29. The vaccine of claim 10 substantially as herein described with reference to the 

Examples and/or Drawings.
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