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ABSTRACT

The present description provides an antibody or an antigen binding fragment thereof
that binds to CD40, comprising: (i) an antibody light chain variable region having
90% sequence identity to SEQ ID NO: 4 or 5 and an antibody heavy chain variable
region having 90% sequence identity to SEQ ID NO: 3; an antibody light chain
variable region having 90% sequence identity to SEQ 1D NO: 7 and an antibody
heavy chain variable region having 90% sequence identity to SEQ 1D NO: 6; or the
antibody light chain CDRs of SEQ ID NO: 41, 42 and 43 and the antibody heavy
chain CDRs of SEQ ID NO: 44, 45 and 46.
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ANTI-CD40 ANTIBODIES AND USES THEREOF
Technical Field of the Invention

The present invention rlates in general to the ficld of immunization, and more particularly, to novel anti-
CD40 antibodics and anti-CD40 antibody-bascd vaceines.

Background Art

Without limiting the scope of the invention, its background is described in connection with antigen
presentation. One example of vaccines and methods for antigen presentation is taught in United States Patent
No. 7,118,751, issued to Ledbetter, et al., for DNA vaccines encoding an amino-termiinus antigen linked to @
carboxy-terminus domain that binds CD40. Briefly, vaccines are taught that target one or more antigens to a
cell surface receptor to improve the antigen-specific humoral and cellular immune response. Antigen(s)
linked o @ domain that binds to a cell surface receptor are internalized, carrying antigen(s) into an
intracellular compariment where the antigen(s) are digested into peptides and loaded onto MHC molecules, T
cells specific for the peptide antigens are activated, leading to an enhanced immune response. The vaccine
may comprise antigen(s) linked to a domain that binds at least one receptor or a DNA plasmid encoding
antigen(s) linked to a domain that binds at least one receptor. A preferred embodiment of the invention
targets HIV-1 env antigen to the CD40 receptor, resulting in delivery of antigen to CD40 positive cells, and
selective activation of the CD40 receptor on cells presenting HIV-1 env antigens to T cells,

Another cxample is found in United States Patent Application No. 20080254026, filed by Li, et al, for
antagonist anti-CD40 monoclonal antibodies and methods for their use, Briefly, compositions and methods
are disclosed for use in therapy for treating diseases mediated by stimulation of CD40 signaling on CD40-
expressing cells are provided. The methods comprise administering a therapeutically effective amount of an
antagonist anti-CD40 antibody or antigen-binding fragment thereof to a patient in need thereof. The
antagonist anti-CD40 antibody or aﬁtigen-binding fragment thereof is free of significant agonist activity, but
exhibits antagonist activity when the antibody binds 2 CD40 antigen on a human CD40-cxpressing ccll.
Antagonist activity of the anti-CD40 antibody or anfigen-binding fragment thereofl beneficially inhibits
proliferation and/or differentiation of human CD40-expressing cells, such as B cells.

Yet another example is taught in United States Patent Application No. 20080241139, filed by Delucia for an
adjuvant combination comprising a microbial TLR agonist, a CD40 or 4-1BB agonist, and optionally an
antigen and the use thereof for inducing a syncrgistic cnhancement in cellular immunity. Bricfly, this
application is said to teach adjuvant combinations comprising at lcast on¢ microbial TLR agonist such as #

whole virus, bacterium or ycast or portion thercof such a membrane, spheroplast, cytoplast, or ghost, 8 CD40
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or 4-1BB agonist and optionally an antigen wherein all 3 moietics may be separatc or comprisc the same
recombinant microorganism or virus are disclosed. The use of these immune adjuvants for treatment of
various chronic diseases such as cancers and HIV infection is also provided,

United States Patent Application No, 20080199471, filed by Bernett, et al,, is directed to optimized CD4{)
antibodies and methods of using the same. Briefly, this application is seid to teach sntibodies that target
CD40, whergin the antibodics comprise at least one modification rélative to a parent antibody, wherein the
modification alers affinity to an FoyR or sliers effector function as compared to the parent antibody. Also
disclosed sre methods of using the antibodies of the invention.

Finally, United States Patent Applicetion Mo, 20080181915, file by Tripp, ¢t al,, is directed to & CD40 ligand
adjuvant for respiratory syncytial virus. Briefly, this application is said to teach methods and adjuvants for
enbancing an immune response to RSV in a host, wherein the methods and adjuvants comprise a source of a
CDA40 binding protein. Preferably, the CD40 binding protein is CD40L and the source is 8 vector comprising
a promoter operatively linked to @ CD40L coding region. The enhanced immune response produced by the
adjuvants and methods of the current invention includes both increased expression of Thi cytokines and

increased production of antibody.
Disclosure of the Invention

In one embodiment, the present invention is & recombinant antibody or an antigen binding fragment thereof,
both of which bind to CD40, comprising: at least one antibody light chain variable region of SEQ ID NOS: 2,
4, 5 or 7; and at least one antibody heavy chain variable region of SEQ ID NOS: 1,3 or 6. In one aspect, the

‘antibody further comprises a heavy chain gonstant region, wherein the heavy chain constant region comprises

a gamma- 1, gamma-2, gamma-3, or gamma-4 human heavy chain constant region or a variant of the human
heavy chain constant region. In one sspect, the antibody further comprises a light chain constant region,
wherein the light chain constant region comprises & lambda or & kappa human light chain constant region, In
another aspect, the binding fragment is selected from group comsisting of Fab, Fab!, Fab"-SH, Fv, scFv,
F(ab")2, and a diabody, In another aspeet, the antibody comprises the polypeptide sequence of SEQ ID NOS:
1, 3 or 6, and/or the anfibody comprises the polypeptide sequence of SEQ ID NOS: 2, 4, 5, or 7. In another
aspect, the antibody is produced by a hybridoma anti-CD40_I2E12.3F3 (ATCC Accession No. PTA-9854
filed with the ATCC on 26/02/2009), anti-CD40_12B4.2CIO (Deposit Submission No. HS446, ATCC
Accession No. PTA-10652 filed with the ATCC on 17/02/2010), and anti-CD40_ 11B6.1C3 (Deposit
Submission No. HS440, ATCC Accession No.PTA-10653 filed with the ATCC on 17/02/2010). In
another aspect, the antibody alone is capable of causing dendritic cells to secrete at least one of IL-6,
MIP-la, IL-12p40 or TNFalpha without prior activation of the dendritic cells. In one aspect, the
antibody is capable of causing dendritic cells activated with GM-CSF and Interferon alpha to secrete at
least one of IL-6, MIP-1 g, IP-10, 1L~
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10-0r 1L-12p40. In another aspect, the recombinant antibody comprises at least 90, 95, 99 or 100% sequence
identity with at least one antibody light chain variable region of SEQ 1D NOS: 2, 4, § or 7; and at least one
antibody heavy chain variable region of SEQ ID NOS: 1, 3 or 6. In another aspect, the antibody is
humanized,
Another ¢mbodiment of the present invention is 2 composition comprising an antibody or an antigen binding
fragment thereof, in combination with = pharmaceutically acceptable carvier or diluent, wherein the antibody
is the antibody of claim 1.
Another embodiment of the present invention is a humanized recombinant antibody or an antigen binding
fragment thereof, both of which bind to CD40, comprising: &) at least one antibody light chain veriable
region of SEQ ID NOS.: 2, 4, 5 or 7; and b) at least one antibody heavy chain variable region of SEQ ID
NOS.: 1,3 or 6. In one aspect, the antibody further comprises 8 heavy chain constant region, wherein the
heavy chain constant fegion comprises a gamma-l, gamma-2, gamw&, or gamma-4 human heavy chain
constant region or a variant of the human heavy chain constant region. In one aspect, the antibody further
comprises a light chain constant region, wherein the light chain constant region comprises a lambda or a
kappa human light chain constant region. In another aspect, the binding fragment is selected from group
consisting of Fab, Fab', Fab'-SH, Fv, scFv, F(ab")2, and » diabody. In another aspect, the antibody, or antigen
binding fragment thereof, comprises the polypeptide sequence of SEQ ID NOS.: 1, 3 or 6, and/or the
polypeptide sequence of SEQ 1D NOS.: 2, 4, 5, or 7. In one aspect, the sntibody comprises at least the
variable region of anti-CD40_12E12.3F3 (ATCC Accession No. PTA-9854), anti-CD40_12B4.2C10
(Deposit Submission No. HS446, ATCC Accession No.Pra-ioess) and anti-CD40_11B6.1C3 (Deposit '
Submission No. HS440, ATCC Accession NoPra-106s52).In another aspect, the humanized antibody comprises
the complementarity determining regions of: a) at least one antibody light chain variable region of SEQID
NOS: 2, 4, § or 7; and b) at least one antibody heavy chain variable region of SEQ ID NOS: 1,3 or6 ona
human antibody framework.
Another embodiment of the present invention is a composition comprising an antibody or an antigen binding
fragment thereof, in combination with a pharmaceutically acceptable carrier or diluent, wherein the antibody
is the antibody of claim a recombinant antibody or an antigen binding fragment thereof, both of which bind
10 CD40, comprising: at least one antibody lght chain variable region of SEQ ID NO.; 2, 4, 5 o1 7; and at
least one antibody heavy chain variable region of SEQ ID NO.: 1, 3 or 6. In another aspect, the antibody
comprises at least the variable region of the antibody anti-CD40_I2E12.3F3 (ATCC Accession No. PTA-
9854), anti-CD40_12B4.2C10 (ATCC Submission No. HS446, Accession No, PTA-10853), and anti-
CD40_11B6.1C3 (ATCC Submission No, HS440, Accession No, PTA-10852).  In another aspect, the antibody

Date Regue/Date Received 2020-05-15



15

25

30

4
comprises at least one variable domain having 90, 95 99 or 100% sequence identity with a heavy chain
variable domain of SEQ ID NOS:; 1,3 or 6, andfor SEQ IDNOS.: 2,4, 5,01 7.
Another embodiment of the present invention is an isolated nucleic acid encoding the polypeptide of SEQ 1D
NQS: 1, 3 or 6, and/or SEQ ID NOS.: 2, 4, 5, or 7. In one aspect, the nucleic acids further comprise nucleic
acid sequences from human antibodies that humanize the antibody. In another aspeet, the antibody comprises
at least one variable domain having 90, 95 99 or 100% sequence identity with a heavy ¢chain variable domain
of SEQ ID NOS: 1, 3 or 6, and/or SEQ IDNOS.: 2, 4,5, or 7.
Another embodiment of the present invention is an expression vector comprising the isclated nueleic acid
encading the pelypeptide of SEQ 11D NOS: 1, 3 or 6, and/or SECQ 113 NOS: 2, 4, 5, or 7, operably linked to
control sequences recogmized by a host cell transfected with the vector. In another aspect, the antibedy
comiprises at least one variable domain having 90, 95 99 or 100% secquence identity with a heavy chain
variable domain of SEQ ID WOS: 1, 3 or 6, and/or SEQ ID NOS.: 2, 4, 5, ar 7.
Another embodiment of the present invention is a host ecll comprising the vector that eneodcs the isolated
nuecleic acid enceding the pelypeptide of SEQ ID NOS:; 1, 3 or 6, and/or SEQ ID NOS: 2, 4, 5, or 7. In
another aspect, the antibody comprises at least one variable domain having 90, 95 99 or 100% sequence
identity with a heavy chain variable domain of SEQ IDNOS: 1, 3 or 6, and/or SEQ 1D NOS.: 2,4, 5, or 7.
Anpther embodiment of the present is a method of producing a polypeptide, comprising eulturing the host
cell comprising isolated nucleic acid encoding the polypeptide of SEQ ID NOS: 1, 3 or 6, and/or SEQ 1D
NQOS: 2, 4, 5, or 7, under conditions wherein the nueleic acid sequence is expressed, thereby producing the
polypeptide, and recovering the polypeptide from the host cell. In another aspect, the antibody comprises at
least one variable domain having 90, 95 99 or 100% sequence identity with 4 heavy chain variable domain of
SEQID'NOS: 1, 3 or 6, and/or SEQ IDNOS.: 2, 4,5, or 7.
Another embodiment of the present invention is an expression vector comprising the isolated nucleic acid
encoding the polypeptide of SEQ ID NOS: 1, 3 or 6, andfor SEQ T NOS: 2, 4, 5, or 7, operably linked to
control sequences Tecognized by a host cell transfected with the vector. In another aspect, the antibody
comprises at least one variable domain having 90, 95 99 or 1009 sequence identity with a heavy chain
variable domain of SEQ ID NOS: 1, 3 or 6, and/or SEQ IDNOS.: 2,4, 5, or 7,
Angther embodiment of the present invention is & method of producing a polypeptide, comprising culturing
the host cell comprising a vector that coniprises isolated nucleic acid encoding the polypeptide of 8EQ 1D
NOS: 1, 3 or 6, and/or SEQ 1D NOS: 2, 4, 5, or 7, under conditions whercin the nucleie acid sequence is
gxpressed, thereby producing the polypeptide, and recovering the polypeptide from the host cell.
Another embodiment of the present invention is an isolated nucleic acid sequence encoding an antibody

specific for CD40 comprising a light chain having the nucleie acid sequence of SEQ 1D NO: 9, 11, 12 or 15
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and a heavy chain having the nucleic acid sequence of SEQ ID NO: 8, 10 or 14. In one aspeet, the binding
fragment is an arntibody fragment s¢lected from the group consisting of Fab, Fab', Fab'-SH, Fv, s¢Fv, F(ab")2,
and a diabody. In another aspect, the antibody comprises at least one variable domain having 90, 95 95 or
100% sequence identity with a heavy chain variable domain of SEQ ID NOS5: 1, 3 or 6, and/or BEQ 1D
MOE.:2, 4,5 0r7,
Another embodiment of the present invention is a method to identify an acceptor germline sequence for a
humanized antibody, which method comprises the steps oft 4) identifying & non-humian antibody that has the
desired biological activity selected from at least one antibody light chain variable region of 8EQ 1D NO: 2, 4,
5 or 7; and at least one antibody heavy chain variable region of SEQ ID NO: 1, 3 o1 6; b) determining the
amino acid sequence of a non-human antibody VH and VL domains; and ¢) comparing the nonhuman
antibody sequence to a group of human germline sequences, wherein the comparison comprises the substeps
oft 1} assigning the sequence of non-human VH and VL domain sequences residue numbers; 2) delineating
the CDR and FR. regions in the sequence; 3) assigning 4 predetermined numerical score at each residue
position for which the non-human and human germline sequences are identical; and 4) totaling all of the
residue scorss to generate a total seore for sach human germling sequence; and d) identifying the human
germline sequence with the highest fotal residue score as the acceptor germling sequence. In one aspect, the
non-human antibody is specific for €D40. In another aspect, the antibody comprises at least one variable
domain having 20, 95 99 or 100% sequence identity with a heavy chain variable domain of SEQ ID NOS: 1,
3 or b, and/or SEQ ID NOS.: 2,4, 5, or 7.
Angther embodiment of the present invention is an antibody gencrated by the method comprising a)
identifying & non-human antibody that has the desired biclogical activity selected from at least one antibody
light chain variable region of SEQ ID NO: 2, 4, 5 or 7; and at least one antibody heavy chain variable region
of SEQ 1D NO: 1, 3 or 6; b) determining the amino acid sequence of a non-human antibody VH and VL
domaing; and ¢) ecomparing the nonhuman antibody sequence to a group of human germling sequences,
wherein the comparison comprises the substeps oft 1) assigning the sequence of non-human VH and VL
domain sequences residue numbers; 2) delineating the CDR and FR regions in the sequence; 3) assigning a
predetermined numerical score at each residue position for which the non-human and human germline
sequences are identical; and 4) totaling all of the residue scores to generate a total score for each human
germling sequence; and d) identifying the human germling sequence with the highest total residue score as
the acceptor germling sequence. In one aspect, the non-human antibody s specific for CD40. In another
aspect, the-antibody comprises at least one variable domain having 90, 95 99 or 100% sequence identity with
a heavy chain variable domain of SEQ ID:NOS: 1, 3 or 6, and/or SEQ ID NOS.: 2,4, 5, or 7,

Date Regue/Date Received 2020-05-15



10

15

20

25

30

6

Another embodiment of the present invention is-a method of making an antibody comprising expressing in a
host cell a recombinant antibody or an antigen. binding fragment thereof, both of which bind to CD40,
comprising: at least one antibody light chain variable region of SEQ IDWNO: 2, 4, 5 or 7; and at least one
antibody heavy chain variable region of SBQ 1D NO: 1, 3 or 6. T one aspect, the host cell is o bacterial,
fungal, insect, or mammalian cell. In another aspect, the antibody i a humanized antibody. In another
aspect; the antibady comprises at least one variable domain having 90, 95 99 or 100% sequence identity with
& heavy chain varisble domain of SEQ [D NOS: 1, 3 or 6, and/or SEQ ID NOS.: 2, 4, 5, 0r 1.

Another embodiment of the present invention is 8 recombinant antibody or an antigen binding fragment
thercof that binds to CD40, wherein the antibody alone is capable of causing dendritic cells to secrete at least
one of 1L+6, MIP-1a, IL-12p40 or TNFalpha without prior activation of the dendritic cells. In one aspect, the
antibody comprises at least one variable domain having 90% sequence identity with at least one antibody
light chain variable region of SEQ ID NOS: 2, 4, § or 7; and at least one variable domain having 90%
sequence identity with one antibody heavy chain varisble region of SEQ ID NOS: 1, 3 or 6. In another
aspect, the antibody comprises the polypeptide sequence of SEQ) IDNOS: 1, 3 or 6, the polypeptide sequence
of SEQ ID NOS: 2, 4, 5, or 7, or both. In another aspect, the entibody is produced by a hybridoma selected
from anti-CD40._12E12.3F3 {(ATCC Accession No. PTA-0854), anti-CD40_12B4.2C10 (ATCC Submission
W, H8446, Accession No,praoess), and anti-CD40_1 1B6.1C3 (ATCOC Submission No. HS440, Accession
No.praaisss. In another aspect, the antibody is humanized. In another aspect, the antibody is capable of
causing dendritic cells activated with GM-CSF and Interferon alpha to secrete at least one of 1L-6, MIP-Ja,
IP-10, IL-10 or 1L-12p40. In another aspect, the antibody the antibody alone is capable of causing B cell
proliferation of at least 10%, 20%, 25%, 28%, 30% or 35%.

Another embodiment of the present invention is a recombinant antibody or an antigen binding fragment
thereof that binds to CD40, wherein the antibody alone is capable of causing B cell proliferation of at least
10% of the B cells. In one aspect, the percentage of B cells that proliferate is at least 15%, 20%, 25%, 28%,
30% or 35%. In one aspect, the antibody comprises at least one variable domain having 90% sequence
identity with at least one antibody light chain varieble region of SEQ ID NOS: 2, 4, 5 or 7; end at least one
variable domain having 90% sequence identity with one antibody heevy chain varigble region of SEQ 1D
NOS: 1, 3 or 6. In-another aspect, the antibody comprises the polypeptide sequence of SEQ ID'NOS: 1, 3 or
6, the polypeptide sequence of SEQ ID NOS: 2, 4, 5, ot 7, or both, In another aspect, the antibody is
produced by a hybridoma selected from anti-CD40_12E12.3F3 (ATCC Accession No. PTA-9854), anti-
CDA40_12B4.2C10 (ATCC Submission No. HS446, Accession No. Praosss), and anti-CDA40_1186.1C3°
(ATCC Submission No, H5440, Accession No. Praacesz). | 1 another aspect, the antibody is humanized. In
another aspect, antibody alone is capable of causing dendritic cells to secrete at least one of IL-6, MIP-1a, IL-
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12p40 or TNFalpha without prior activation of the dendritic cells. In another aspect, the antibody is capable
of causing dendritic cells activated with GM-CSF and Interferon alpha to secrete at least onc of IL-6, MIP-
la, IP-10, IL-10 or IL-12p40.

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:

Fig. 1 shows protein A affinity recombinant antibodies fused to various HIV peptides (lanes 1 to 5) secreted
from transfected 293F cells, analyzed by reducing SDS-PAGE and Coomassie Brilliant Blue staining.

Fig. 2 shows protein A affinity purified recombinant antibodies fused to various HIV peptides (Lanes | and
2) secreted from transfected 293F cells, then analyzed by reducing SDS-PAGE and Coomassie Brilliant Blue
staining.

Fig. 3 shows protein A affinity purified recombinant antibodies fused to various HIV peptide strings (Lanes 1
to ) secreted from transfected 293F cells, then analyzed by reducing SDS.PAGE and Coomassie Brilliant
Blue staining.

Fig. 4 shows protein A affinity purified recombinant antibodies fused to various HIV peptide strings (Lanes 1
to 6) secreted from transfected 293F cells, then analyzed by reducing SDS.PAGE and Coomassie Brilliant
Blue staining.

Fig. 5 describes the protocol used in vitro to assay the potency of aCD40.LIPOS HIV peptide fusion
recombinant antibody («CD40.LIPOS rAb) to clicit the expansion of antigen-specific T cells in the context of
a PBMC culture.

Fig. 6A-C shows HIV peptide-specific IFNy production in PBMCs from HIV patients incubated with various
concentrations of anti-CD40.LIPOS peptide string vaccine, C is the control group, which received no
vaccing, and defines the bascline response of the culture to each peptide,

Fig. 7 is a summary of aCD40.LIPOS5 peptide vaccine responses against the § peptide regions from 8 HIV
patients,

Fig. 8A-C shows that the aCD40.LIPOS HIV peptide vaccine elicits expansion of HIV peptide-specific T
cells capable of secreting multiple cytokines —a desirable feature in a vaccine. Fig. 8A-C also shows that the
aCD40.LIPOS HIV peptide vaccine elicits gag253, nef66, nefl16 and pol32S peptide-specific responses
characterized by production of multiple cytokines (patient AS).

Fig. 9 shows the protocol for tcsting aCD40.LIPOS HIV peptide vaccine for its ability to direct the expansion
of antigen-specific T cells resulting from targeted uptake by DCs and presentation of peptide epitopes on

their surface MHC complex.
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Fig. 10A-B shows the cytokine secretion in response to HIV peptides from DC-T cell co-cultures treated with
various doses of aCD40.LIPOS HIV peptide vaccine (patient A10).
Fig. 11A-B shows PBMCs from patient A4 treated with the aCD40.LTPO5 HIV peptide vaccine clicit
expansion of antigen-specific T cells with specificity to the gag253 region, but not to the flexible linker
sequences.
Fig. 12A is the aCD40.LIPOS HIV peptide vaccine heavy chain sequence showing flexible linker regions in
bold, joining sequences underlined and HIV peptide regions shaded in grey. Fig. 12A shows PBMCs from
paticnt A3 treated with the «CD40.LIPOS HIV peptide vaccine elicit expansion of antigen-specific T cells
with specificities to the gag253, nef66, and nefl16 regions, but not to the flexible linker sequences. Fig.
12B-1 and B-2 shows HIV antigen-specific T cell responses evoked from HIV patient A17 PBMCs incubated
with 30 nM of three different HIVS peptide DC targeting vaccines. Fig. 12C-1 and C-2 is a similar study to
that show in Fig. 12B-1 and B-2, except that the PBMCs arc from a different HIV patient (A2). Fig. 12D
shows 15 different HIV peptide responses [5 peptide regions sampled in 3 paticnts], it was found that the
anti-CD40.HIVSpep vaccine was superior to anti-DCIR.HIVSpep, anti-LOX-1.HIV5pep and non-LIPOS mix
for eliciting a broad range of HIV peptide-specific CD&+ and CD4+ T responses.
Fig. 13 shows the internalization of anti-CD40 mAbIL-4DC. IL-4DCs were treated with 500 ng/ml of anti-
CD40-Alexa 568,
Fig. 14 shows CD4 and CD8 T cell proliferation by DCs targeted with anti-CD40-HAL. 5x10¢3 IFNDCs
Joaded with 2 ug/ml of anti-CD40-HA or control Ig-HA | were co-cultured with CFSE-labeled autclogous
CD4+ or CD&+ T cells (2x10e5) for 7 days. Cells were then then stained with anti-CD4 or anti-CD8
antibodies. Cell proliferation was tested by measuring CFSE-dilution.
Fig. 15 shows a titration of HA1 fusion protein on CD4+ T proliferation. IFNDCs (5K) loaded with fusion
proteins were co-cultured with CFSE-labeled CD4+ T cells (200K) for 7 days.
Fig. 16 shows IFNDCs targeted with anti-CD40-HA1 activate HAl-specific CD4+ T cells. CD4+ T cells
were re-stimulated with DCs loaded with § uM of indicated peptides, and then intracellular IFNy was stained.
Fig. 17 shows IFNDCs targeted with anti-CD40-HAL activate HAT-specific CD4+ T cells. CD4+ T cells
were ro-stimulated with DCs loaded with indicated peptides for 36h, and then culture supernatant was
analyzed for measuring IFNy.
Fig. 18 shows that targeting CD40 results in enhanced cross-priming of MART-1 specific CD8+ T cells.
IFNDCs (5K/well) loaded with fusion proteins were co-cultured with purificd CD8+ T cells for 10 days.
Cells were stained with anti-CDS8 and tetramer, Cells are from healthy donors (HLA-A*0201+).
Fig. 19 shows targeting CD40 results in enhanced cross-priming of MART-1 specific CD8+ T cells

(Summary of 8-repeated experiments using cells from different healthy donors).
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Fig. 20 shows CD8+ CTL induced with IFNDCs targeted with anti-CD40-MART-1 are functional. CD8+ T
cells co-cultured with IENDCs targeted with fusion proteins were mixed with T2 cells loaded with 10 uM
peptide epitope.
Fig. 21 shows CD8+ CTL induced with IFNDCs targeted with anti-CD40-Flu M1 are functional. CD8+ T
cells co-cultured with IFNDCs targeted with fusion proteins were mixed with T2 cells foaded with 1.0 nM
peptide epitope.
Fig. 22 shows an outline of protocol to test the ability a vaceine composed of anti-CD4012E12 linked to PSA
(prostate specific antigen) to elicit the expansion from a naive T cell population. PSA-specific CD4+ T cells
corresponding 10 a broad array of PSA epitopes. Briefly, DCs derived by culture with IFNa and GM-CSF of
monocyles from a healthy donor arc incubated with the vaceine. 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, seercted gamma-1FN levels in the culture supernatants are determined.
Fig. 23 shows that many PSA peptides elicit potent gamma-IFN-production responses indicating that anti-
CD4012E12 and similar anti-CD40 agents can efficiently deliver antigen to DCs, resulting in the priming of
immune responscs against multiple cpitopes of the antigen.
Fig. 24 shows DCs targeted with anti-CD40-PSA induce PSA-specific CD8+ T cell responses. IFNDCs were
targeted with 1 ug 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 deliver PSA 10 the DCs, which in
turn elicit the expansion of PSA-specific CD8+ T cells.
Fig. 25 a scheme (left) and the IFNy production by T cells of the pools of peptides and control for Donor 2.
$x10e3 IFNDCs loaded with 2 ug/ml of anti-CD40-Cyclin D1 were co-cultured with purified autologous
CD4+ T cells (2x10e5) for & days. Cells were then re-stimulated with with 5 uM of individual peptides
derived from CyclinD1 for 5h in the presence of Brefeldin A. Cells were stained for measuring intracellular
IFNy expression.
Fig. 26 shows a peptide scan and IFNy production by T cells obrained from the pools of peptides shown in
Fig. 25 and control for Donor 2, $x10e3 IFNDCs loaded with 2 ug/ml of anti-CD40-Cyclin D} were co-
cultured with purified autologous CD4+ T cells (2x10c5) for § days. Cells were then re-stimulated with 5 uM
of individual peptides derived from CyclinD] for 5h in the presence of Brefeldin A, Cells were stained for
measuring intraccHular IFNy expression.
Fig. 27 shows the expression and construct design for anti-CD40-MART-1 peptide antibodics,
Fig. 28 is a summary of the CD4" and CD8" immunodominant epitopes for MART-1.

Fig. 29 shows the cxpression and construct design for anti-CD40-gp100 peptide antibodics.
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Fig. 30 shuws the design for additional anti-CD40-gp100 peptide antibodies.
Fig. 31 shows the expression and construct design for additiona! anti-CD40-gpl 00 peptide antibodics.
Fig. 32 is a summary of the CD4” and CD§" immunodominant epitopes for gp100.
Fig. 33 shows the cxpression and construct design for additional anti-CD40-gp100 peptide antibodies.
Fig. 34 shows the results obtained with the various antibodies using an assay that detects signaling via CD40
ligation - read out as cell death.
Fig. 35 shows the binding of various constructs when the antibody has been made into a fusion protein with
doc and then captures.
Figs. 36 and 37 compare cytokine production with our without the addition of GM-CSF and IFNa (Fig. 36 A-
D), and soluble antibodies alone (Fig. 37A-D) incubated with the DCs for 24 hours.
Figure 38A-B demonstrates the effect of various concentrations of anti-CD40 antibodies of the present

invention on B cell proliferation.
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
cmbodied 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 hergin
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” ar¢ not intended to refer to only 2 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.

‘The invention includes also variants and other modification of an antibody (or “Ab”) of fragments thereof,
e.g., anti-CD40 fusion protein (antibody is used interchangeably with the term “immunoglobulin®). As used
herein, the term “antibodies or fragments thereof,” includes whole antibodies or fragments of an antibody,
e.g., Fv, Fab, Fab’, F(ab"),, Tc, and single chain Fv fragments (ScFv) or any bivlogically effective fragments
of an immunoglobulins that binds specifically to, e.g., CD40. Antibodies from human origin or humanized
antibodies have lowered or no immunogenicity in humans and have a lower number or no IMMUNOZEnIc
epitopes compared to non-human antibodics. Antibodies and their fragments will generally be selected to

have a reduced level or no antigenicity in humans.
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As used herein, the terms “Ag” or “antigen” refer to a substance capable of cither binding to an antigen
binding region of an immunoglobulin molecule or of eliciting an immune response, ¢.g., a T cell-mediated
fmmune response by the presentation of the antigen on Major Histocompatibility Antigen (MHC) cellular
proteins, As used herein, “antigen” includes, but is not limited to, antigenic determinants, haptens, and
immunogens which may be peptides, small molecules, carbohydrates, lipids, nucleic acids or combinations
thercof. The skilled immunologist will recognize that when discussing antigens that ere processed for
presentation to T cells, the term “ar;tigen” refers to those portions of the antigen (e.g., @ peptide fragment)
that is a T cell epitope presented by MHC to the T cell receptor. When used in the context of a B cell
mediated immune response in the form of an antibody that is specific for an “antigen”, the portion of the
antigen that binds to the complementarity determining regions of the variable domains of the antibody (light
and heavy) the bound portion may be a linear or three-dimensional epitope. In the context of the present
invention, the term antigen is used on both contexts, that is, the antibody is specific for a protein antigen
(CD40), but also carries one or more peptide epitopes for presentation by MHC to T cells. In certain cases,
the antigens delivered by the vaceine or fusion protein of the present invention are internalized and processed
by antigen presenting cells prior to presentation, ¢.g., by cleavage of onc or more portions of the antibody or
fusion protein.
As used herein, the term “antigenic peptide” refers to that portion of a polypeptide antigen that is specifically
recognized by either B-cells or T-cells. B-cells respond to foreign antigenic determinants via antibody
production, whereas T-lymphocytes are the mediate cellutar immunity. Thus, antigenic peptides are those
parts of an antigen that are recognized by antibodies, or in the context of an MHC, by T-cell receptors.
As used herein, the term “epitope™ refers to any protein determinant capable of specific binding to an
immunoglobulin or of being presented by a Major Histocompatibility Complex (MHC) protein (e.g., Class 1
or Class II) to a T-cell receptor. Epitopic determinants are generally short peptides 5-30 amino acids long
that fit within the groove of the MHC molecule that presents cerfain amino acid side groups toward the T cell
receptor and has certain other residues in the groove, €., duc to specific charge characteristics of the groove,
the peptide side groups and the T cell receptor. Generally, an antibody specifically binds to an antigen when
the dissociation constant is 1 mM, 100 nM or even 10 nM.
As used herein, the term “vector” is used in two different contexts. When using the term “vector” with
reference to a vaceine, a vector is used to describe 2 non-antigenic portion that is used ta direct or deliver the
antigenic portion of the vaccine, For example, an antibody or fragments thereof may be bound to or form a
fusion protein with the antigen that elicits the immune response. For cellular vaceines, the vector for delivery
and/or presentation of the antigen is the antigen presenting cell, which is delivered by the cell that is loaded

with antigen. In certain cascs, the cellular vector itself may also process and present the antigen(s) to T cells
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snd sctivate an antigen-specific immune tesponse. When used in the context of nucleic acids, a vector”
refers & construct, which is capable of delivering, and preferebly expressing, onc or more genes of
polynucleotide scquences of interest in & host cell. Examples of vectors include, but are not limited to, viral
vectors, naked DNA or RNA expression vectors, DNA or RNA expression veciors associated with cationic
condensing egents, DNA or RNA expression vectors encapsulated in liposomes, and certein eukaryotic cells,
such as producer cells.
As used herein, the terms “stable” snd “unsteble” when referring io proteins is used to describe & peptide or
protein thet meiatains its three-dimensional structurs and/or activity (stable) or that loses immediately or over
time its three-dimensional structure snd/or sctivity (unstable). As used herein, the term “insoluble™ refers to
those proteins that when produced in a cell (e.g, recombinent protein expressed in & eukeryotic or
prokaryotic cell or in vitro) are not soluble in solution sbsent the use of denaturing conditions or agents (e.g.,
heat or chemical denaturants, respectively). The antibody or fragment thereof and the linkers vaught herein
have been found 1o convert antibody fusion proteing with the peptides from insoluble and/or unstable into
proteins that sre stable snd/or soluble, Another example of etability versus instability is when the domain of
the protein with & stable conformation has a higher melting temperature (Ta) than the unstable domain of the
protein when measured in the same solation. A domain is stable compared to snother dormain when the
difference in the T, is at least about 2° C, more preferably sbout 4° C, still more preferably about 7° C, yet
more preferably sbout 10° C, even more preferably sbout 15° €, still more preferably sbout 20° C, even still
more preferably about 25° C, and most preferably sbout 30° C, when measured in the ssme solution.
As used herein, “polynuclectide” or “nucleic acid” refers to 8 strand of deoxyribonucleotides or
ribonucleatides in cither a single- or 3 double-stranded form (including known analogs of natural
nucleotides). A double-stranded nucleic scid sequence will include the complementary sequence. The
polynucleotide scquence may encode varisble and/or constant region domains of immunoglobulin that are
formed into @ fusion protein with onc or more linkers. For use with the present invention, multiplc cloning
sites (MCS) may be engineered into the locations at the carboxy-terminal end of the heavy and/or Light chains
of the antibodies 1o eliow for in-frame insertion of peptide for expression between the Jinkers. As used
herein, the torm “isolated polynucleotide” refers to 3 polynucleotide of genomic, cDNA, or synthetic origin
or some combination thereof. By virtue of its origin the “isolated polynucleotide” (1) is not sssociated with
all or s portion of & polynucleotids in which the “isolated polynucleotides™ are found in nature, (2) is
operably linked to & polynucieotide which i1 is not linked to in nature, or (3) docs not occur in nature as part
of & larger sequence, The skilled artisan will yecognize that to design and implement & vestoer can be
anipulated at the nucleic acid level by using techniques known in the art, such as those taught in Current
Protocols in Molecular Biology, 2007 by John Wiley and Sons.
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Bricfly, the encoding nucleic acid sequences can be inserted using polymerase Chain reaction,
enzymatic insertion of oligonucicotides or polymerase chain reaction fragments in 3 vector, which may be an
expression vector. To facilitate the insertion of inserts &1 the carboxy terminus of the antibody light chain,
the heavy chain, or both, a multiple cloning site (MCS) may be engincered in sequence with the antibody
3CQUENCES.
As used herein, the term “polypeptide” refers to s polymier of smino scids end does not refer 1o 8 specific
length of the product; thus, peptides, oligapeptides, and proteins arc included within the definition of
polypeptide. This term also doss not refer to or cxclude post expression modi fications of the polypeptide, for
exemple, glycosylations, scctylations, phosphorylstions and the like. Included within the definition are, for
example, polypeptides contgining one or more anslogs of an amino scid (including, for example, unnarural
amino acids, ete), polypeptides with substituted linkages, es well as other modifications known in the art,
both naturally occurring end non-naturally occurring. The term vdomain,” or “polypeptide domain” refers to
that sequence of a polypeptide that folds into @ single globular region in its native conformation, and that may
exhibit discrete binding or functiona! properties,
A polypeptide or amino acid sequence “derived from” a designated nucleic acid sequence refers 10 2
polypeptide having sn smino scid sequence identica! 10 that of a polypeptide encoded in the sequence, or @
portion thercof wherein the portion consists of 8t lcest 3-5 amino acids, preferably at lesst 4-7 smino acids,
more preferably at least 8-10 amino scids, snd cven more preferably et least 11-15 amino scids, o which is
immunologically identifisblc with a polypepride encoded in the scquence. This terminology also includes a

polypeptide expressed from a designated nucleic acid sequence.

As used hercin, “phurmaccutically acceptable carrier” refers to any material that when combined with an
immunoglobutin (Ig) fusion protein of the present invention sllows the Ig to retain biological activity sod is
generally non-reactive with the subject’s immune system. Examples include, but are not limited to, standard
phurmaceutical curriers such as & phosphate buffered saline solution, water, emulsions such ss un oil/water
emulsion, and various types of wetting agents, Certein dilucnts may be used with the present invention, e.g,,
for acroso! or parenters! administration, that may be phosphate buffered saline or normal (0.85%} saline.

An entibody for use with the present invention comprises 8t least the variable region of anti-
CD40_12E12.3F3 (ATCC Accession No. PTA-9854), anti-CD40_12B4.2C10 (Deposit No. HS446, ATCC
Accession No.pTa-10653h wnd 808i-CD40_11B6.1C3 (Deposit No. H5440, ATCC Accession No, PTA-10882)

The invention provides an CD40 binding molecule comprising at least one immunoglobulin light chain
variable domain (VL) which compriscs in soquence hypervarisble regions CDRIL, CDR2L snd CDR3L, the
CDR1Lhaving the amino acid scquence SASQGISNYLN (SEQ ID NO.:41) the CDR2L having the amino
ecid sequence YTSILHS (SEQ ID NO.:42) and the CDR3L having the amino scid sequence QQFNKLPPT
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(SEQ 1D NO.:43) the amino acid sequences of which are shown in SEQ 1D NO. 37; and direct equivalents
thereof for the anti-CD40_11B6.1C3, or the anti-CD40_12B4.2C10 antibodies.
Accordingly the invention provides an CD40 binding molecule which comprises an antigen binding sitc
comprising at lcast onc immunoglobulin heavy chain variable domain (VH) which comprises in sequence
hypervariable regions CDRIH, CDR2H and CDR3H, the CDRIH having the amino acid sequence
GFTFSDYYMY (SEQ 1D NO.:44), the CDR2H having the amino acid sequence YINSGGGSTYYPDTVKG
(SEQ 1D NO.:45), and the CDR3H having the amino acid sequence RGLPFHAMDY (SEQ ID NO.:46), the
amino acid sequences of which are shown in SEQ ID NO. 38; and direct equivalents thereof the anti-
CD40_11B6.1C3, or the anti-CD40_12B4.2C10 antibodics.
In one aspect the invention provides a single damain (D40 binding molecule comprising an isolated
immunoglobulin light chain comprising a heavy chain variable domain (VL) as defined above. In another
aspect the invention provides o single domain CD40 binding molecule comprising an isolated
immunoglobulin heavy chain comprising a heavy chain variable domain (VH) as defined above.
In another aspect the invention also provides an CD40 binding molecule comprising both heavy (VH) and
light chain (VL) variable domains in which the CD40 binding molecule compriscs at lcast onc antigen
binding site comprising: a) an immunoglobulin heavy chain variable domain (VL) which comprises in
scquence hypervariable regions CDRIL, CDR2L and CDR3L, the CDRIL having the amino acid sequence
SASQGISNYLN (SEQ ID NO.:41), the CDR2L having the amino acid sequence YTSILHS (SEQ ID
NO.:42), and the CDR3L having the amino acid scquence QQFNKLPPT (SEQ 1D NO.:43), the amino acid
sequences of which are shown in SEQ ID. NO. 1, and b) an immunoglobulin Jight chain variable domain
(VH) which comprises in sequence hypervariable regions CDR1H, CDR2H and CDR3H, the CDRIH having
the amino acid sequence GFTESDYYMY (SEQ ID NO.:44), the CDR2' having the amino acid sequence
YINSGOGSTYYPDTVKG (SEQ ID NO.45), and the CDR3H having the amino acid sequence
RGLPFHAMDY (SEQ 1D NO.:46), the amino acid sequences of which are shown in SEQ ID NO. 38; and
direct cquivalents thereof the anti-CD40_1 1B6.1C3, or the anti-CD40_12B4.2C10 antibodies..
Unless otherwise indicated, any polypeptide chain is hercin described as having an amino acid sequence
starting at the N-terminal end and ending at the C-terminal end. When the antigen binding site comprises
both the VH and VL domains, these may be located on the same polypeptide molecule or, preferably, cach
domain may bc on a different chain, the VH domain being part of an immunoglobulin heavy chain or
fragment thereof and the VL being part of an immunoglobulin light chain or fragment thercof.
As used herein, the term “CD40 binding molecule” refers to any molecule capable of binding to the CD40
antigen either alone or associated with other molecules having one or more the Vi, and Vy CDRs taught

herein, in some cases 2, 3, 4, 5, or all 6 CDRs. The binding reaction may be shown by standard methods
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(qualitative sssays) including, for example, » bioassay for determining by blocking the binding of other
molecules to CD40 or any kind of binding or sctivity assays (¢.g., activation, reduction or modulation of an
immune response), with reference to s negative control test in which un antibody of unrelated specificity but
of the same isotype, ¢.g., &n anti-CD25 or anti-CD80 sntibody, is used.
The present invention mey also be made into 8 single chain sntibedy having the variable domains of the
heavy and light chains of an antibody covalently bound by = peptide linker usually including from 10 to 30
amino acids, prefersbly from 15 1o 25 amino acids. Thercfore, such a structure does not inchude the constant
part of the heavy snd light chains and it is believed that the small peptide spacer should be less antigenic than
8 whole constant part.
As used herein, the term “chimeric antibody® refers to an antibody in which the constant regions of heavy or
light chains or both are of human origin while the varisble domains of both heavy snd light chuins ere of
non-human (¢.g., mouse, hamster or rat) origin or of haman origin but derived from s different human
antibody.
As used herein, the torm “CDR-grafied aatibody” refers to en antibody in which the hypervarisble
complementarity determining regions (CDRs) are derived froma donor antibody, such s & non-human (¢.8.,
mouse) antibody or & different human antibody, whilc all or substantially wil the other pans of the
immunoglobulin (e.g., the conserved regions of the variable domasins, i.¢., framework regions), arc derived
from an acceptor antibody (in the case of a humanized antibody -an antibody of human origin). A CDR-
grafied sntibody may include 8 fow smino acids of the donor sequence in the framework regions, for instance
in the pasts of the framework regions adjacent to the hypervariable regions,
As used herein, the term “buman antibody” refors to su antibody in which the constsnt and varisble regions
of both the heavy and light chains are all of buman origin, or substentially identical to sequences of human
origin, not necessarily from the same antibody and includes antibodies produced by mice in which the
mouse, hamster or rat immunoglobulin variable and constant part gencs have been replaced by their human
counterparts, ¢.g. 85 described in general terms in EP 0546073 B1, U.S. Pat No. 5,545,806, U.S. Pat. No.
5,569,825, U.S. Pat. No. 5,625,126, US. Pt No. 5,633,425, (.8, Pat. No. 5,661,016, US. Pat. No.
5,770,429, EP 0 438474 B and EP 0 463151 Bl.
The CD40 binding molecule of the inventioncanbe s humanized antibody that comprises the CDRs obtaincd
from the anti-CD40_I12E12.3F3, the anti-CD40_1186,1C3, or the anti-CD40_12B4.2C10 satibodics. One
example of a chimeric antibody includes the varisble domains of both heavy and light chaing ere of human
origin, for instance those variablc domains of the anti-CD40_I2E12.3F3 antibody that are part of SEQ ID
NO.: | snd SEQ ID NO.: 2, anti-CD40_12B4.2C10 in SEQ ID NO.: 3 and SEQ ID NO.: 4 or SEQ ID NO.:
5; and/or enti-CD40_1186.1C3, SEQ 1D NO.: 6 and SEQ ID NO.: 7, or combination thereof. The consfant
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region domains preferably also comprise suitable human constant region domains, for instance as described
in “Sequences of Proteins of Immunological Interest”, Kabat £, A, et al, US Department of Health and
Human Services, Public Health Service, National Institute of Health. The nucleic acid sequences can be
found in, e.g., SEQ ID NOS.: 8 and 9.

Hypervariable regions may be associated with sny kind of framework regions, ¢.g.,, of human origin,
Suitable Framework regions were described Kebat E. A, One heavy chain framework is @ heavy chain
framework, for instance thet of anti-CDA0_12E12.3F3 antibody that sre pert of SEQ 1D NO.: 2; anti-
CD40_12B4.2C10 - SEQ ID NO.: 4 or SEQ ID NO.: 5, and/or anti-CD40_11B6.1C3 - SEQ ID NO.: 7, or
combination thereof, ¢.g., FR1y, FR2, FR3 snd FR4, regions, Ina similar manner, SEQ ID NO. | shows
the anti-CD40_12E12.3F3 (or the equivalents for anti-CD40_12B4.2C10 snd anti-CD40_1186.1C3, SEQ D
NOS.: 3 and 6, respectively) heavy chain framework that includes the sequence of FR 1y, FR2y, FR3y and
FR4y regions. The CDRs may be added to & human sntibody framework, such es those described in
7,456,260, issued to Rybak, ¢t al,, which teach new human varisble chain framework regions and humanized
antibodies comprising the framework regions, relovant portions snd framework sequences.

To accomplish the engraftment ot a genetic Jevel, the present invention aiso includes the
underlying nucleic acid sequences for the Vi AND Vg regions s well 35 the complete antibodies and the
hurmsnized versions thercof, The nucleic acid sequences of the present invention include SEQID NOS.: B
and 9, which src the anti-CD40 sntibody light and the hoavy chains, respectively, as well as those nucleic
geid sequences that include variable codon usage for the same emino acid sequences and conservative
vatiations thereof having 85, 90, 95 or 100 % sequence identity st the nucleic or amino acid level. Likewise,
the CDRs may have 85, 90, 95 or 100 % sequence identity at the nucleic or smino acid level, individually, in
groups or 2, 3, 4 or 5 or sll together.

Monoclonal antibodies raised against @ protein naturally found in all bumans arc typically developed in a
non-human system e.g. in mice, and 18 such arc typically non-human proteins. As 8 direct consequence of
this, a xenogenic antibody as produced by s hybridoma, when sdministered to humans, clicits an undesirable
immune response that is predominantly mediated by the constant pant of the xenogenic immunoglobulin.
Xenogencic antibodies tend 1o clicit » host immune response, thercby limiting the use of such antibodics as
they cannot be sdministered over & prolonged period of time. Therefore, it is particularly useful 1w use single
chain, single domain, chimeric, CDR-grafted, or especially human antibodies that are not tikely to clicit a
substantial allogenic respanse when administered to humans. The present invention includes antibodies with
minor changes in an amino acid sequence such as deletion, addition or substitution of one, & fow or gven
scveral amino acids which are merely sllelic forms of the original protein having substantially identical

propertics,
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“The inhibition of the binding of CD40 1o its receptor may be conveniently tested in various assays including
such assays arc described hereinafier in the text, By the term “to the same extent” is meant that the reference
and the cquivalent molecules exhibit, on 8 statistical basis, essentially identica! CD40 binding inhibition
curves in one of the assays referred 10 sbove., For cxample, the assay used may be an assay of competitive
inhibition of binding of CD40 by the binding molecules of the invention.
Generally, the human anti-CD40 antibody comprises at least: (s} one light chain which comprises & varisble
domein having an smino acid sequence substantially identical to that shown in SEQ ID NO.: | starting with
the amino acid at position | and ending with the smino acid st position 107 snd the constant part of 8 human
light chain; and (b) one heavy chain which compriscs & variable domsin baving en emino acid sequence
substantislly identicel to that shown in SEQ ID NO. 2 and the constant part of a humen heavy chain. The
constant part of & human heavy chain may be of the v1, ¥2, Y3, Y4 1, B2, or § or & type, preferably of the y-
type, whercas the constant part of a humen light chain may be of the x or A type (which includes the k1, %
gnd }; subtypes) but is preferably of the x type. The amino acid sequences of the general locstions of the
variable and constant domains ere well known in the art snd generally follow the Kabat nomenclature.
A CDA40 binding molecule of the invention may be produced by recombinant DNA techniques. In view of
this, onc or more ONA molecules encoding the binding molecule muost be constructed, placed under
appropriste contral sequences and transferred into a suitable host organism for expression.
In 8 very general manner, there are accordingly provided: (i) DNA molecules encoding s single domain
CD40 binding molccule of the invention, a single chain CD40 binding molecule of the invention, & heavy or
light chain or fragments thereof of & CD40 binding molecule of the invention; and (ii) the use of the DNA
molecules of the invention for the production of 8 CD40 binding molecule of the invention by recombinant
methods.
The preseat state of the art is such that the skilled worker in the art can synthesize the DNA molecules of the
invention given the information provided herein, i.¢., the smino acid sequences of the hypervariable regions
snd the DNA sequences coding for them. A method for constructing a varisble domain gene is for example
described in EPA 235 400, Bricfly, » genc encoding 8
variable domein of 8 MAD is cloned, The DNA segments encoding the framowork and hypervarisble regions
arc determined and the DNA segments encoding the hypervarisble regions sre reroved so that the DNA
segments encoding the framework regions are fuscd together with suitable restriction sites at the junctions.
The restriction sites may be gencrated st the appropriste positions by mutsgenesis of the DNA molecule by
standard procedures. Double stranded synthetic CDR cassetics are prepared by DNA synthesis according o
the sequences given in SEQ ID NO.: 1 snd 3 or 2 end 4 {amino acid and nucleic ecid sequences,
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respectively). These casscttes are often provided with sticky ends so that they can be ligated at the junctions
of the framework.
Tt is not necessary to have access 1o the mRNA from & producing hybridoma cell line in order to obtain &
DNA construct coding for the CD40 binding molecules of the inveation. For example, PCT application WO
90/07861 gives full instructions for the production of en antibody by recombinant DNA techniques given
only written information as to the nucleotide sequence of the gene.,

Bricfly, the method comprises the synthesis of @ number of oligonucieotides, their amplificetion
by the PCR method, and their splicing to give the desired DNA sequence.
Expression voctors comprising a suitable promoter or genes encoding heavy and light chein constant parts arc
publicly sveilable. Thus, once a DNA molecule of the invention is prepared it may be conveniently
transferred in an sppropriste expression vector. DNA molecules encoding single chain antibodies may slso
be prepsred by stendard methods, for cxemple, as described in WO 88/1649. In view of the foregoing, no
fiybridoms or ceil line deposit is necessary to comply with the criteris of sufficiency of description,
For example, first and second DNA constructs sre made that bind specifically to CD40. Briefly, a first DNA
construct encodes 8 light chain or fragment thereof and compriscs ) & first pat which encodes » veriable
domain comprising aliernatively framework and hypervarisble regions, the hypervariable regions being in
sequence CDRI1y, CDR2 and CDR3, the smino acid sequences of which are shown in SEQ ID NO.: 1; this
first pant starting with @ codon encoding the first amino acid of the variabic domain and ending with s codon
encoding the last amino acid of the varisble domain, and b) a second part encoding a light chain constant part
or fragment thereof which starts with a codon encoding the first aming acid of the constant part of the heavy
chain and ends with 2 codon encoding the last amino scid of the constant part or fragment thereof, followed
by 8 stop codon.
The first part encodes a variable domain having an amino acid sequence substantiaily identical to the aminc
acid scquence as shown in SEQIDNO.: 1, 2,3, 4.5, 60r7. A second part encodes the constant pant of a
humsn heavy chain, more preferably the constant part of the human y1 chain. This second part may be &
DNA fragment of genomic origin (comprising introns) or 3 cDNA fragment (without introns).

The secand DNA construct encodes a heavy chain or fragment thereof and compriscs 8} @ first part which
¢ncodes 8 variable domain comprising sltemnatively framework and hypervarisble regions; the hypervariable
regions being CDR 1y and optionally CDR24 and CDR3,, the amino scid sequences of which are shown in
SEQ 1D NO. 2; this first part starting with & codou encoding the first amino acid of the variable domain and
ending with a codon ¢ncoding the Jast amino acid of the varigble dornain, and b) a second part encoding 8
heavy chain constant part or fragment thercof which starts with a codon encoding the first amino acid of the
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constant part of the light chain and ends with a codon encoding the last amino acid of the constant part or

fragment thereof followed by a stop codon.

The first part encodes a variable domain having an amino acid sequence substantially identical to the amino
acid sequence as shown in SEQ ID NO. 2. The first part has the nucleotide sequence as shown in SEQ ID
NO. 2 starting with the nucleotide at position 1 and ending with the nucleotide at position 321, Also
preferably the second part encodes the constant part of a human light chain, more preferably the constant part

of the human « chain.

The invention also includes CD40 binding molecules in which one or more of the residues of CDRIy,
CDR2,, CDR3,, CDR 1y, CDR2y or CDR3y or the frameworks, typically only a few (e.g. FRI-4, or n), are
changed from the residues shown in SEQ ID NO. 37 and SEQ 1D NO. 38; by, e.g., site directed mutagenesis
of the corresponding DNA sequences. The invention includes the DNA sequences coding for such changed
CD40 binding molccules. In particular the invention includes a CD40 binding molecules in which one or
more residues of CDR 1., CDR2; and/or CDR3y, have been changed from the residucs shown in SEQ ID NO,
37 and onc or more tesidues of CDR1y, CDR2y and/or CDR3y have been changed from the residues shown
in SEQ ID NO. 38, or the equivalents from SEQ 1D NOS.: {, 3 and 6.

Each of the DNA constructs are placed under the control of suitable control sequences, in particular under the
control of 4 suitable promoter, Any kind of promoter may be used, provided that it is adapted to the host
organism in which the DNA construets will be transferred for cxpression. However, if expression is to take
place in a mammalian cell, an immunoglobulin gene promoter may be used in B cells. The first and second
parts may be separated by an intron, and, an enhancer may be conveniently located in the intron between the
first and second parts. The presence of such an enhancer that is transcribed but not translated, may assist in
efficient transcription. In particular embodiments the first and second DNA constructs comprise the enhancer
of, e.g., a hcavy chain human gene.

The desired antibody may be produced in 2 cell culure or in a transgenic animal. A suitable transgenic
animal may be obtained according to standard methods that include micro injecting into eggs the first and
sccond DNA constructs placed under suitable control sequences transferring the so preparcd eggs into
appropriate pseudo-pregnant females and sclecting a descendant expressing the desired antibody.

The invention also provides an expression vector able to replicate in 2 prekaryotic or cukaryotic cell line,
which compriscs at least one of the DNA constructs above described. Each cxpression vector containing a
DNA construct is then transferred into a suitable host organism. When the DNA constructs are separately
inscrted on two expression veclors, they may be transferred separately, i.c. one type of vector per cell, or co-

transferred, this latter possibility being preferred. A suitable host organism may be a bacterium, a ycast or a
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mammalian cell Tine, this latter being preferred. More preferably, the mammalian cell line is of lymphoid
origin, e.g., a mycloma, hybridoma or a normal immortalized B-cell, which conveniently does not express
any endogenous antibody heavy or light chain.
When the antibody chains arc produced in a cell culture, the DNA constructs must first be inserted into cither
a single expression vector or into two separate but compatible expression vectors, the latter possibility being
preferred. For expression in mammalian cells it is preferred that the coding sequence of the CD40 binding
molecule is integrated into the host cell DNA within a locus which permits or favors high level expression of
the CD40 binding molecule.
In a further aspect of the invention there is provided a process for the product of a CD40 binding molecule
that comprises: (i) culturing an organism which is transformed with an expression vector as defined above;
and (ii) recovering the CD40 binding molecule from the culture.
In accordance with the prescnt invention it has been found that the anti-CD40_12E12.3F3, anti-
CD40_12B4.2C10 and/or anti-CD40_11B6.1C3 antibody appears to have binding specificity for human
CD40. 1t is therefore most surprising that antibodies to this epitope, e.g. the anti-CD40_12E12.3F3, anti-
CD40_12B4.2C10 and/or anti-CD40_11B6.1C3 antibody, arc capable of delivering antigen cfficiently into
dendritic cells (DCs). Antibodies, in particular chimeric and CDR-grafted antibodies and especially human
antibodies, which have binding specificity for the antigenic epitope of mature human CD4¢; and use of such
antibodics for DC antigen loading are novel and arc included within the scope of the present invention.
To use the anti-CDA40 antibody of the present invention for treatment indications, the appropriate dosage will,
of course, vary depending upon, for example, the antibody disclosed herein to be employed, the host, the
mode of administration and the nature and severity of the condition being treated. However, in prophylactic
use, satisfactory results are generally found at dosages from about 0.05 mg to about 10 mg per kilogram body
weight more usually from about 0.1 mg 1o about 5 mg per kilogram body weight. The frequency of dosing
for prophylactic uses will normally be in the range from about once per week up to about once every 3
months, more usually in the range from about once cvery 2 weeks up to about once every 10 weeks, ¢.g,
once every 4 to & weeks. The anti-CDAQ antibody of the present can be administered parenterally,
intravenously, ¢.2., into the antecubital or other peripheral vein, intramuscularly, or subcutancously.
Pharmaccutical compositions of the invention may be manufactured in conventional manner, c.g., in a
lyophilized form, For immediate administration it is dissolved in a suitable aqucous carrier, for example
sterile water for injection or sterile buffered physiofogical saline. 1f it is considered desirable to make up a
solution of larger volume for administration by infusion rather as a bolus injection, it is advantageous to
incorporate human serum albumin or the paticnt’s own heparinized blood into the saline at the time of

formulation. The presence of an excess of such physiologically inert protein prevents loss of antibody by
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adsorption onto the walls of the container and tubing used with the infusion solution. If albumin is used, a
suitable concentration is from 0.5 to 4.5% by weight of the saline solution.
One embodiment of the present invention provides an immunoconjugate comprising & humanized antibody of
the invention, ¢.g., 2 humanized anti-CD40 antibody, linked to one or more effector molecules, antigen(s)
and/or a detectable Iabel(s). Preferably, the effector molecule is a therapeutic molecule such as, for example,
one or more peptides that comprise one or more T cell epitopes, a toxin, a small molecule, a cytokine or 2
chemokine, an enzyme, or a radiolabel.
Exemplary toxins include, but are not limited to, Pseudomonas exotoxin or diphtheria toxin, Examples of
small molecules include, but are not limited to, chemotherapeutic compounds such as taxol, doxorubicin,
etoposide, and bleiomyein, Exemplary cytokines include, but are not limited to, IL-1, IL-2, IL-4, IL-5, 1L.-6,
and 1L-12, IL-17, and IL-25. Exemplary enzymes include, but are not limited to, RNAses, DNAscs,
proteases, kinases, and caspases. Exemplary radioisotopes include, but are not limited to, 32p and 1.
As used herein, the term “epitope” refers to a molecule or substance capable of stimulating an immune
response. Tn one example, epitopes inclade but are not fimited to a polypeptide and a nucleic acid encoding a
polypeptide, wherein expression of the nucleic acid into 8 polypeptide is capable of stimulating an immune
response when the polypeptide is processed and presented on 2 Major Histocompatibility Complex (MHC)
molecule. Generally, epitopes include peptides presented on the surface of cells non-covalently bound to the
binding groove of Class [ or Class I1 MHC, such that they can interact with T cell receptors and the
respective T cell accessory molecules.
Proteclytic Processing of Antigens, Epitopes that are displayed by MHC on antigen presenting cells are
cleavage peptides or products of larger peptide or protein antigen precurscrs. For MHC I epitopes, protein
antigens are often digested by proteasomes resident in the cell. Intracellular protcasomal digestion produces
peptide fragments of about 3 to 23 amino acids in length that are then loaded onto the MHC protein.
Additional proteolytic activities within the cell, or in the extracellular milicu, can trim and process these
fragments further. Processing of MHC Class 11 cpitopes generally ocours via intracellulur proteases from the
lysosomal/endosomal compartment. The present invention includes, in one embodiment, pre-processed
peptides that are attached to the anti-CD40 antibody (or fragment thereof) that directs the peptides against
which an enhanced immune response is sought directly to antigen presenting cells.
To identify cpitopes potentially cffoctive as immunogenic compounds, predictions of MHC binding alone are
useful but often insufficient. The present invention includes methods for specifically identifying the epitopes
within antigens most likely to lead to the immune responsc sought for the specific sources of antigen

presenting cells and responder T cells.
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The present invention allows for a rapid and casy assay for the identification of those epitopes that arc most
likely to produce the desired immune response using the pateint’s own antigen presenting cells and T cell
repertoire, The compositions and methods of the present invention are applicable to any protein sequence,
allowing the user to identify the epitopes that arc capable of binding to MHC and are properly presented 0 T
cells that will respond to the antigen. Accordingly, the invention is not limited to any particular target or
medical condition, but instead encompasses and MHC epitope(s) from any useful source.
As used herein, the term “venecred” refers to a humanized antibody framework onto which antigen-binding
sites or CDRs obtained from non-humen antibodies {¢.g., mouse, rat or hamster), are placed into human
heavy and light chain conserved structural framework regions (FRs), for example, in 8 light chain or heavy
chain polynucleotide to “graft” the specificity of the non-human antibody into a humen framework. The
polynucleotide expression vector or vectors that express the vengered antibodies can be transfected
mammalian cells for the expression of recombinant human antibodies which exhibit the antigen specificity of
the non-human antibody and will undergo posttranslational modifications that will enhance their expression,
stability, solubility, or combinations thereof.
Antigens.
Examples of viral antigens for use with the present invention include, but are not limited to, e.g., HIV, HCV,
CMYV, adenoviruscs, retroviruses, picomnaviruses, etc. Non-limiting example of retroviral antigens such as
retroviral antigens from the human immunodeficiency virus (HIV) antigens such as gene products of the gag,
pol, und 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, ¢.g., hepatitis A, B, and C, viral componenss 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 EI 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-NSI, NS, NSI-NS2A, 80% E, and other Japanesc encephalitis viral antigen
components; rabics viral antigens such as rabics glycoprotein, rabies nucleoprotein and other rabies viral
antigen components, Sce Fundamental Virology, Sccond Edition, cds. Ficlds, B. N. and Knipe, D. M.

(Raven Press, New York, 1991) for additional examples of viral antigens. The at least one viral antigen may
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be peptides from an sdenovirus, retrovirus, picornavirus, herpesvirus, rataviruses, hantsviruses, coronavirus,
togavirus, flavirvirus, rhabdovirs, parsmyxovirs, orthomyxovirus, bunyavirus, srenavirus, reovirus,
papilomavirus, parvovirus, poxvirus, hepadnsvirus, or spongiform virus. In certein specific, non-limiting
examples, the at least one viral antigen arc peptides obtained from st least one of HIV, CMV, hepatitis A, B,
and C, influcnza, measles, polio, smallpox, rubells; respiratory syncytial, herpes simplex, vericella zoster,
Epstein-Bar, Japsuese encephalitis, rabics, flu, andfor cold viruses.
In one aspect, the one or more of the antigenic peptides are selected from st least one of: Nef (66-97):
VGEPVTPQVPLRPMTYKAAVDLSHFLKEKGGL (SEQ 1D NO: 148); Nef  (116-145%:
HTQGYFPDWQNYTPGPGVRYPLTFGWLYKL (SEQ 1D NO. 149); Gag pl7  (17-35)
EXIRLRPGGKKKYKLKHIV (SEQ D NO: 150); Gsg pl7-p24 (253-284):
NPPIPVGEIYKRWIHLGLNKIVRMYSPTSILD (SEQ ID NO.: 151); or Pol 325-355 (RT 158-188) is:
AIFQSSMTKILEPFRKQNPDIVIYQYMDDLY (SEQ ID NO.: 152). In one aspect, the fusion protein
peptides are scparated by one or more linkers selected from: SSVSPTTSVHPTPTSVPPTPTKSSP (SEQ ID
NO.: 11); PTSTPADSSTITPTATPTATPTIKG (SEQ ID NO.: 12); TVTPTATATPSAIVITITPTATTKP
(SEQ 1D NO.: 13); or TNGSITVAATAPTVTPTVNATPSAA (SEQID NO.: 14).
Antigenic targets that may be delivered using the anti-CD40-antigen vaccines of the present invention
include gencs encoding sntigens such es viral antigens, bacterial antigens, fungal antigens or panasitic
entigens, Pathogens include trypanosomes, tapeworms, roundworms, helminthes, malaria, Tumer markers,
such as fetal antigen or prostate specific antigen, may be targeted in this manner. Other examples include:
HIV cav proteins and hepatitis B surface antigen. Administration of a vector sccording to the present
fnvention for vaccination purposcs would require that the vector-associsted antigens be sufficicntly non-
immunogenic to enable long-term expression of the transgene, for which @ strong immune response would be
desired. Tn some cases, vaccination of an individual may only be required infrequently, such ss yearly or
biennially, and provide long-term immunclogic protection against the infectious agent. Specific examples of
organisms, allergens and nucleic and amino sequences for use in vectors and ultimately 35 antigens with the
present invention may be found in U.S. Patent No. 6,541,011,

in particular, the tables that match organisms end specific scquences that may be used with the
present invention.
Bacterial antigens for use with the anti-CD40-antigen vaccines disclosed herein include, but are not limited
fo, e.g., bacterial antigens such as pertussis toxin, filamentous hemagglutinin, pertactin, FIM2, FIM3,
adenylate cyclase and other pertussis bacterial antigen components; diptheria bacterial antigens such as
diptheria toxin or toxoid snd other diptheria bactcrial entigen components; tetanus bactcrial antigens such as

{etanus tonin or toxcid and other tetanus bacterial antigen components; streptococcal bacterial antigens such
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as M proteins and other streptococeal bacterial antigen components; gram-negative bacilli bacterial antigens
such as lipopolysaccharides and other gram-negative bacterial antigen components, Mycobacterium
tuberculosis bacterial antigens such as mycolic acid, heat shock protein 65 (HSP6S), the 30 kDa major
secreted protein, antigen 85A and other mycobacterial antigen components; Helicobacter pylori bacterial
antigen components; pneumococcal bacterial antigens such as pneumolysin, pncumococcal capsular
polysaccharides and other pneumococeal bacterial antigen components; haemophilus influcnza bagterial
antigens such as capsular polysaccharides and other haemophilus influenza bacterial antigen components;
anthrax bacterial antigens such as anthrax protective antigen and other anthrax bacterial antigen components;
rickettsiae bacterial antigens such as rompA and other rickettsiac bacterial antigen component. Also included
with the bacterial antigens described herein are any other bacterial, mycobacterial, mycoplasmal, rickettsial,
or chlamydial antigens. Partial or whole pathogens may also be: hacmophilus influenza; Plasmodium
falciparum; neisseria meningitidis; streptococous pneumoniae; neisseria gonorrhocas; salmonella scrotype
typhi; shigella; vibrio cholerac; Denguc Fever; Encephalitides; Japanese Encephalitis; lyme discase; Yersinia
pestis; west nile virus; yellow fever; tularemia; hepatitis (viral; bacterial); RSV (respiratory syncytial virus);
HPIV 1 and HPIV 3; adenovirus; small pox; allergics and cancers.
Fungal antigens for use with compositions and methods of the invention include, but are not limited to, €.,
candida fungal antigen components; histoplasma fungal antigens such as heat shock protein 60 (HSP60) and
other histoplasma fungal antigen components; cryptococcal fungal antigens such as capsular polysaccharides
and other cryptococeal fungal antigen components; coccidiodes fungal antigens such as spherule antigens and
other coccidiodes fungal antigen components; and tinca fungal antigens such as trichophytin and other
coccidiodes fungal antigen components.
Examples of protozoal and other parasitic antigens include, but are not limited to, e.g., plasmodium
faleiparum antigens such as merozoite surface antigens, sporozoite surface anfigens, circumsporozoite
antigens, gametocyte/gamete surface antigens, blood-stage antigen pf 155/RESA and other plasmodial
antigen components; toxoplasma antigens such as SAG-1, p30 and other toxoplasmal antigen components;
schistosomae antigens such as glutathione-S-transferase, paramyosin, and other schistosomal antigen
components; leishmania major and other leishmaniac antigens such as gp63, lipophosphoglycan and its
associated protein and other leishimanial antigen components; and trypanosoma cruzi antigens such as the 75-
77 kDa antigen, the 56 kDa antigen and other trypanosomal antigen components.
Antigen that can be targeted using the anti-CD40-antigen vaccines of the present invention will generally be
sclected based on a number of factors, including: likelihood of internalization, level of immune cell
specificity, type of immune ccll targeted, level of immune cell maturity and/or activation and the like. In this

cmbediment, the antibodies may be mono- or bi-specific antibodics that include one anti-CD40 binding
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domain and one binding domain against a sccond antigen, ¢.g., cell surface markers for dendritic cells such
as, MHC class I, MHC Class 11, B7-2, CDI18, CD29, CD31, CD43, CD44, CD45, CD54, CD38, CD83,
CDR6, CMRF-44, CMRF-56, DCIR and/or Dectin-1 and the like; while in some cases also having the
absence of CD2, CD3, CD4, CD8, CD14, CD15, CD16, CD 19, CD20, CDS$6, and/or CDS7. Examples of
cell surface markers for antigen presenting cells include, but are not limited to, MHC class I, MHC Class 11,
CDAS, B7-1, B7-2, IFN-y receptor and IL-2 receptor, ICAM-1 and/or Fey receptor. Examples of cell surface
markers for T cells include, but are not timited to, CD3, CD4, CD8, CD 14, CD20, CD11b, CD16, CD45 and
HLA-DR.
Target antigens on cell surfaces for delivery include those characteristic of tumor antigens typically derived
from the cell surface, cytoplasm, nucleus, organelies and the like of cells of tumor tissue. Examples of tumor
targets for the antibody portion of the present invention include, without limitation, hematological cancers
such as leukemias and lymphomas, neurological tumors such as astrocytomas or glioblestomas, melanoma,
breast cancer, lung cancer, head and neck cancer, gastrointestinal tumors such as gastric or colon cancer,
liver cancer, pancreatic cancer, genitourinary tumors such cervix, uterus, ovarian cancer, vaginal cancer,
testicular cancer, prostate cancer or penile cancer, bone tumors, vascular tumors, or cancers of the lip,
nasopharynx, pharynx and oral cavity, esophagus, rectum, gall bladder, biliary tree, larynx, lung and
bronchus, bladder, kidney, brain and other parts of the nervous system, thyroid, Hodgkin's discase, non-
Hodgkin's lymphoma, multiple myeloma and leukemia.
Examples of antigens that may be delivered alone orin combination to immune cells for antigen presentation
using the present invention includes tumor proteins, ¢.g., mutated oncogenes; viral proteins associated with
tumors; and tumor mucins and glycolipids. The antigens may be viral proteins associated with tumors would
be those from the classes of viruses noted above. Certain antigens may be characteristic of tumors (one
subset being proteins not usually expressed by a tumor precursor cell), or may be a protein which is normally
expressed in a tumor precursor cell, but having a mutation characteristic of a umor. Other antigens include
mutant variani(s) of the normal protein having an altered activity or subceliular distribution, ¢.g., mutations
of genes giving rise to tumor antigens.
Specific non-limiting examples of wmor antigens for usc in an anti-CD40-fusion protein vaccine include,
¢.g, CEA, prostatc specific antigen (PSA), HER-2/neu, BAGE, GAGE, MAGE 1.4, 6 and 12, MUC
(Mucin) (c.g., MUC-1, MUC-2, ctc.), GM2 and GD2 gangliosides, ras, myc, tyrosinase, MART (mclanoma
antigen), Pmel 17(gp100), GnT-V intron V sequence (N-acetylglucoaminyltransferase V intren V sequence),
Prostate Ca psm, PRAME (melanoma antigen), fi-catenin, MUM-1-B (melanoma ubiquitous mutated gene
product), GAGE (meclanoma antigen) |, MAGE, BAGE (mc¢lanoma antigen) 2-10, ¢-ERB2 (Her2/ncu),
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DAGE, EBNA (Epstein-Barr Virus nuclear antigen) 1-6, gp75, human papilloma virus (HPV) E6 and E7,
153, lung resistance protein (LRP), Bel-2, Ki-67, Cyclin B1, gp100, Survivin, and NYESO-1
In addition, the immunogenic molecule can be an autoantigen involved in the initiation and/or propagation of
an autoimmune discase, the pathology of which is largely due to the activity of antibadies specific for a
molecule expressed by the relevant target organ, tissue, or cells, e.g., SLE or MG. In such discases, it can be
desirable to dircct an ongoing antibody-mediated (ic., a Th2-type) immune response to the relevant
sutoantigen towards a cellular (i.e., a Thi-type) immune response. Alternatively, it can be desirable to
prevent onset of or decrense the level of a Th2 response to the sutoantigen in a subject not having, but who is
suspected of being susceptible to, the relevant gutoimmune disease by prophylactically inducing a Thl
response to the appropriate autoantigen. Autoantigens of interest include, without limitation: (a) with respect
to SLE, the Smith protein, RNP ribonucleoprotein, and the $S-A and SS-B proteins; and (b) with respect to
MG, the acetylcholine receptor. Examples of other miscellaneous antigens involved in one or more types of
sutoimmune response include, ¢.g., endogenous hormones such as luteinizing hormone, follicular stimulating
hormone, testosicrone, growth hormone, prolactin, and other hormones.
Antigens involved in autoimmune discascs, allergy, and graft rejection can be used in the compositions and
methods of the invention. For example, an antigen involved in any one or more of the following autoimmune
diseases or disorders can be used in the present invention: diabetes, diabetes mellitus, arthritis (including
rheumatoid arthritis, juvenile rheumatoid arthritis, ostcoarthritis, psoriatic arthritis), multiple sclerosis,
myasthenia gravis, systemic lupus crythematosis, autoimmune thyroiditis, demmatitis (including atopic
dermatitis and eczematous dermatitis), psoriasis, Sjogren's Syndrome, including keratoconjunctivitis sicca
secondary to Sjogren's Syndrome, alopecia areata, allergic responses due to arthropod bite reactions, Crohn's
disease, aphthous uleer, iritis, conjunctivitis, keratoconjunctivitis, ulcerative colitis, asthma, allergic asthma,
cutaneous lupus erythematosus, scleroderma, vaginitis, proctitis, drug eruptions, leprosy reversal reactions,
erythema nodosum leprosum, autoimmune uveitis, allergic encephalomyelitis, acute necrotizing hemorrhagic
encephalopatly, idiopathic bilateral progressive sensorincural hearing loss, aplastic ancmia, pure red cell
anemia, idiopathic thrombocytopenia, polychondritis, Wegener's granulomatosis, chronic active hepatitis,
Stevens-Johnson syndrome, idiopathic sprue, lichen planus, Crohn's discase, Graves ophthalmopathy,
sarcoidosis, primary biliary cirrhosis, uveitis posterior, and interstitial lung fibrosis. Examples of antigens
involved in autoimmune disease include glutamic acid decarboxylase 65 (GAD 65), native DNA, myelin
basic protein, myclin proteolipid protein, acetylcholine receptor components, thyroglobulin, and the thyroid
stimulating hormone (TSH) receptor.
Examples of antigens involved in allergy include pollen antigens such as Japanesc cedar pollen antigens,

ragweed polien antigens, rye grass pollen antigens, animal derived antigens such as dust mite antigens and
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feline antigens, histocompatiblity antigens, and penicillin and other therapeutic drugs. Examples of antigens
involved in graft rejection include antigenic components of the graft to be transplanted into the graft recipient
such as heant, lung, liver, pancreas, kidney, and neural graft components, The antigen may be an altered
peptide ligand useful in treating an autoimmune discase,
1t will be appreciated by those of skill in the art that the sequence of any protein effector molecule may be
altcred in @ manner that docs not substantially affect the functional advantages of the cffector protein, For
example, glycine and alanine are typically considered to be interchangeable as are aspartic acid and glutamic
acid and asparagine and glutamine. One of skill in the art will recognize thet many different variations of
effector sequences will encode effectors with roughly the same activity as the native effector, The effector
molecule and the antibody may be conjugated by chemicel or by recombinant means as described above.
Chemical modifications include, for example, derivitization for the purpose of linking the effector molecule
and the antibody to each other, cither directly or through a linking compound, by methods that are well
known in the art of protein chemistry. Both covalent and noncovalent attachment means may be uscd with
the humanized antibodics of the present invention.
The procedure for attaching an cffector molecule to an antibody will vary according to the chemical structure
of the moiety to be attached to the antibody. Polypeptides typically contain a variety of functional groups;
¢.g., carboxylic acid (COOH), free amine (--NHy) or sulfhydry! (--SH) groups, which arc available for
reaction with a suitable functional group on an antibody o result in the binding of the effector molecule.
Alternatively, the antibody can be derivatized to expose or to attach additional reactive functional groups,
e.g., by atachment of any of a number of linker molecules such as those available from Pierce Chemical
Company, Rockford TIL
The linker is capable of forming covalent bonds to both the antibody and 1o the effector molecule. Suitable
Jinkers are well known to those of skill in the art and include, but arc not limited to, straight or branched-
chain carbon linkers, heterocyclic carbon linkers, or peptide linkers. Where the antibody and the effector
molecule are polypeptides, the linkers may be joined to the constituent amino acids through their side groups
(e.g., through a disulfide linkage ta cysteine). However, in a preferred embodiment, the finkers will be joined
to the alpha carbon amino and carboxyl groups of the terminal amino acids.
In somc circumstances, it is desirable to free the effector molecule from the antibody when the
immunoconjugate has reached its target site. Therefore, in these circumstances, immunoconjugates will
comprise linkages that are cleavable in the vicinity of the target site. Cleavage of the linker to release the
cffector molecule from the antibody may be prompted by enzymatic activity or conditions to which the
immunoconjugate is subjected cither inside the target cell or in the vicinity of the target site. When the target
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site is & tumnor, & linker that is clcavable under conditions present st the tumor site (2.8. when exposed to
tumor-associsted enzymes or acidic pH) may be used.
Excmplary chemical modifications of the effector molecule and the antibody of the present invention slso
include derivifization with polyethylenc glycol (PEG) to extend time of residence in the circulatory sysiem
and reduce immunogenicity, sccording to well known methods {Sce for exemple, Lisi, ¢ al, Applied
Biochern. 4:19 (1982); Beauchamp, ¢t al, Ansl Biochem. 131:25 (1982); and Goodson, et sl,
Bio/Technology 8:343 (1990)).
The present invention contemplates vaccines for use in both sctive and passive immunization embodiments.
Immunogenic compositions, proposed to be suitsble for use as & vaccine, may be prepared most readily
directly from immunogenic T-cell stimulsting peptides prepared in & manner disclosed herein. The final
vaccination material is dislyzed extensively to remove undesired small molecular weight molecules and/or
lyophilized for more ready formulation into @ desired vebicle. In certain embodiment of the present
invention, the compositions and methods of the present invention are used to manufacture & cellular vaccine,
¢.g., the antigen-delivering anti-CD40 binding portion of the antibody is used to direct the antigen(s) to0 8n
antigen presenting cell, which then “loads™ the antigen onto MHC proteins for presentation. The cellular
vaccing is, therefore, the antigen presenting cell that has been loaded using the compositions of the present
invention o g sntigen-loaded sntigen prescnting cells. ’
When the vaceine is the anti-CD40 binding protein kiself, ¢.g., s complete antibody or fragments thereof, then
these “active ingrodients™ can be made into vaccines using mcthods understood in the ast, €8, U.S. Patent
Nos. 4,608,251; 4,601,903; 4,599,231; 4,599,230, und 4,578,770

Typically, such vaccines are preparcd 28 injectables, ¢.g, 88 tiquid solutions or suspensions or
solid forms suitable for re-suspension in liquid prior 10 injection. The preparation mey aiso be emulsified.
The active immunogenic ingredicnt is ofien mixed with excipients, which are pharmaceutically acceptable
and compatible with the uctive ingredient. Suitable excipients ere, for example, water, saline, dextrose,
giycerol, ethanol, or the like and combinations thereof. In addition, if desired, the vaccine may confain minor
amounts of auxiliary substances such ss wetting or emulsifying agents, pH buffering sgents, or adjuvants,
which enhance the effectivencss of the vaccines.
The vaccines are sdministered in » manner compatible with the dosage formulation, and in such amount 85
will be therapeutically effective and immunogenic. The quantity to be sdministered depends on the subject o
be treated, including, c.g., the capacity of the individual's immune aystem ta gencrate an immune responsc.
Precise amounts of cclls or active ingredient required to be administered depend on the judgraent of the
prectitioner. However, suitable dosage ranges arc of the order of a fow thousand cells (to millions of cells)
for cellular vaccines, For standard cpitope or epitope delivery vaccines then the vaccine may be several
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hundred micrograms active ingredient per vaccination. Suitable regimes for initial administration and
booster shots are also variable, but are typified by an initial administration followed by subscquent
inoculations er other administrations.
The manner of application may vary widely, however, cortain embodiments herein will most likely be
delivered intravenously or at the sitc of a tumor or infection directly, Regardless, any of the conventional
methods for administration of a vaccine arc applicable. The dosage of the vaccine will depend on the route
of ndministration and will vary according to the size of the host.
In many instances, it will be desirable to have multiple administtions of the vaccine, e.g., four to six
vaccinations provided weekly or every other week. A normal vaccination regimen will often occur in two to
twelve week intervals or from three to six week intervals. Periodic boosters at intervals of 1-5 years, usually
three years, may be desirable to maintain protective levels of the immune response or upon a likelihood of a
remission or re-infection. The course of the immunization may be followed by assays for, e.g, T cell
activation, cytokine secretion or even antibody production, most commonly conducted in vitro, These
immune response assays are well known and may be found in a wide variety of patents and as taught herein,
A vaccine of the present invention may be provided in onc 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 tesponses in association with its administration, i.e., the appropriatc 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 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 proteinkg body weight are administered.
Likewise, the amount of anti-CD40-antigen vaccine delivered can vary from about 0.2 to about 8.0 my/kg
body weight. Thus, in particular embodiments, 0.4 mg, 0.5 mg, 0.8 mg, L.Omg, 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 cxient on the weight and
physical condition of the subject being treated as well as the route of administration and the frequency of
treatment. A pharmaccutical composition that includes a naked polynucleotide prebound to @ liposomal or
viral delivery vector may be administered in amounts ranging from 1 pgto | mg polynucleotide to 1 pg to
100 mg protein. Thus, particular compositions may include between about | ug, 5 pg, 10 ug, 20 pg, 30 ug,
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 ug, 900 ug
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or 1,000 ug palynucleotide or protein that is bound independently to 1 ug, 5 pg, 10 ug, 20 ug, 3.0 18, 40 pug
50 ug, 60 pg, 70 ug, 80 pg, 100 pg, 150 pg, 200 g, 250 ug, 500 pg, 600 pg, 700 g, 800 pg, 900 pg, ! mg,
1.5 mg, 5 mg, 10 mg, 20 mg, 10'mg, 40 mg, 50 mg, 60 mg, 70 mg, 80 mp, 90 my or 100 mg vector
Antibodies of the present invention may optionally be covalently or non-covalently linked to & detectable
label, Detectable labels suiteble for such use include any composition detectable by spectioscopic,
photochemical, biochemical, immunochemicsl, electricel, optical or chemical methods. Uscful labicls in the
present invention include magnetic beads (c.g. DYNABEADS), fluorescent dyes (e.g., fluorescein
isothiocyanate, Texes red, rhodamine, green fluorescent protein, and the like), rediotabels (e.g., °H, 'L S,
G, or *P), enzymes (c.g., horse radish peroxidase, siksline phosphatase and others commonly used in an
ELISA), and colorimetric labely such as cotloidal gold or colored glass or plastic (c.g. polystyrene,
polypropylens, latex, etc.) beads.
Methods of doteeting such lsbels are well known to those of skill in the arl. Thus, for exsmple, radiolabels
may be detected using photographic film or scintillation counters, finorescent markers may be detected using
& photodetector to delect emitted illumination. Enzymstic labels arc typically detected by providing the
enzyme with 3 substrate and detecting the reaction product produced by the action of the enzyme on the
substrate, and colorimetric fabels sre detected by simply visuslizing the colored label.
The sntibedy and/or immunoconjugate compositions of this invention are particularly useful for parenteral
administration, such 88 Inravenous administration or administration into 8 body cavity. The composifions
for sdministration will commonty comprise a solution of the antibody and/or immunoconjugate dissolved in
s pharmaceutically scceptable carrier, preferably an aqueous carrier. A variety of aqueous carriers can be
used, &g, buffcred saline end the like. These solutions are sterile and generally free of undesirable matter.
These compositions may be stedlized by conventional, well-known sterilization techniques. The
compositions may contain pharmaccutically scceptable suxiliary substances a5 required to approximate
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting sgents and the like, for
example, sodium acetate, sodium chloride, potassiurs chloride, calcium chloride, sodium lactate and the like.
The concentration of fusion protein in these forrulations can vary widely, and will be selected primarily
based on fluid volumes, viscositics, body weight and the Tike in sccordance with the particular mode of
administration selected and the patient's needs.
Thus, a typical pharmaceutical immunoconjugate composition of the present invention for intravenous
administration would be sbout 0.1 to 10 mg per patient per day. Dosages from 0.1 up 1o about 100 mg per
patient per day may be used. Actusl methods for preparing sdministrable compositions Qill be known or
apparent to those skilled in the art and are described in more detail in such publications s REMINGTON'S
PHARMACEUTICAL SCIENCE, 19TH ED,, Mack Publishing Company, Easton, Pa. (1995).
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The compositions of the present invention can be sdministered for therapeutic treatments. In therapeutic
applications, compositions are administered to » patient suffering from a discase, in sn smount sufficient to
cure or at least partielly armest the discasc and its complications. An smount sdequate to accomplish this is
defined as 8 “therapeutically effective dose.” Amounts effective for this use will depend upon the severity of
the discase and the gencral state of the paticnts health, An effective amount of the compound is that which
provides cither subjective relief of a symptom(s) or an objectively identifiable improvement as noted by the
clinician or other qualified observer.
Single or multiple sdministrations of the compositicns are adminisicred depending on the dosage and
frequency as required and tolerated by the patient. [n any event, the composition should provide 8 sufficient
quantity of the proteins of this invention to cfectively treat the patient, Preferably, the dosege is administered
once but may be applied periodically until either & therapeutic result is schieved or until side effects wamant
discontinuation of therapy. Cenerally, the dose is sufficient to trest or smeliorate symptoms or signs of
discase without producing unacceptable toxicity to the patient.
Controlled release parentersl formulations of the immunoconjugate compositions of the present invention can
be made ss implents, oily injections, or as particulale systems. For a broad overview of protein delivery
systems sce, Bangs, A, 1, THERAPBUTIC PEPTIDES AND PROTEINS: FORMULATION, PROCESSING, AND
DELIVERY SVSTEMS, Technomic Publishing Compsny, Inc., Lencaster, Pa., (1995),

Particulate systems include microspheres, microparticles, microcapsules, nanocapsules,
nanospheres, and nanoparticles, Mictocapsules contain the therapeutic protein 83 & centrel core. In
microspheres the therapeutic is dispersed throughout the particle. Particles, microspheres, and microcapsules
smaller then sbout 1| pm ere generally referred to 8¢ nanoparticles, nsoospheres, and nunocapsules,
respectively, Capillaries have & diameter of approximately 5 pm so that only nanoparticles sre sdministered
intravenously. Microparticles arc typically sround 100 pm in diameter and are administered subcutancously
or intramuscularly,

Polymers can be used for jon-controlied release of immunoconjugate compositions of the present invention.
Various degradable and non-degradable polymeric matrices for use in controlled drug delivery sre known in
the art (Langer, R., Accounts Chem, Res. 26:537-542 (1993)). For exsmple, the block copolymer, poloxamer
407® exists 28 & viscous yet mobile liquid at low tempcratures but forms a semisolid gel at body temperaturs,
hydroxyapetite has been used a3 & microcarrier for controlled release of proteins, andfor liposomes may be
used for controlled relcasc as well ss drug tergeting of the lipid-capsulated drug., Numerous additionsl
systems for controlled delivery of therapeutic proteins are known, See, ¢g., US. Pat. Nos. 5,055,303,
5,188,837, 4,235,871, 4,501,728, 4,837,028 4,957,735 and 5,019,369, 5,055,303; 5,514,670; 5,413,797,
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5,268,164; 5,004,697; 4,902,505 5,506,206, 5,271,961 5,254,342 and 5,534,496,

Among various uses of the antibodics of the invention are included a variety of discasc conditions caused by
specific human cells. For example, for a humanized version of the mousc anti-CD40_}J2E12.3F3 (ATCC
Accession No, PTA-9854), snti-CD40_12B4.2C10 (Deposit No. H8446, ATCC Accession No. rra-ues), ed

anti-CD40_11B6.1C3 (Deposit No. BS440, ATCC Accession No.rmasy#ntibodics digclosed herein, one
application for sutibodies is the treatment, contacting,, imaging. activation or deactivation of cells expressing
CD40.

In snother embodiment, this invention provides kita for the dolivery of pntigens, c.g., CD40 or an
immunoreactive fragment thereof, conjugated or in the form of & fusion protein with one or more T celt or B
cell epitopes. A “biological sample"” as used herein is a sample of biolegicsl tissue or fluid that contains the
antigen. Such samples include, but wre not limited to, tissue from biopsy, blood, and blood cells (¢.g., white
cells). Preferably, the cells are lymphocytes, ¢.8. dendritic cells. Biologica! samples slso include soctions of
tissues, such as frozen sections taken for histological purposes. A biological sample is typically obtained
from a multicellular cukaryote, preferably & marmmal such as rat, mouse, cow, dog, guinca pig, or rabbit, and
more prefersbly & primate, such &8 & macaque, chimpanzce, or hurnan. Most prefersbly, the sample is from &
humsn. The antibodics of the invention may #lso be used in vivo, for example, ss 8 dizgnostic wol for in
vivo imaging.

Kits will typically comprise = nucleic acid sequence that encodes sn sntibody of the present invention (or
fragment thereof) with onc or more framework portions or multiple cloning sites at the carboxy-termingl end
into which te coding sequences for one or more sntigens may be inserted. In some embodiments, the
antibody will be 8 humanized ami-CD40 Fv fragment, such as an scFv or dsFv fregment, In addition the kits
will typically include instructional materials disclosing methods of use of sn antibody of the present
invention (e.g. for loading into dendritic cells prior 10 immunization with the dendritie cells, which can be
putologous dendritic cells). The kils may also include sdditionsl components to facilitatc the particular
application for which the kit is designed. Thus, for cxample, the kit may sdditionally coutsin methods of
detecting the lebel (c.g. cnzyme substrates for enzymatic Tabels, filter scts to detoot fluorescent labels,
appropriate secondary labels such as & sheep anti-mousc-HRP, or the like). The kits may sdditionally include
buffers and other resgents routinely used for the practice of a particuler method. Such kits and approprisic
conients are well known to those of skill in the art.

In another set of uses for the invention, antibodies targeted by antibodies of the invention can be used to
purge targeted cells from a population of cells in & cultwre. For example, if a spesific population of T cells is
preferred, the antibodies of the present invention may be used 1o enrich 8 population of T cells having the
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opposite effect of the on-going immune response. Thus, for example, cells culturcd from a patient having a
cancer can be purged of cancer cells by providing the patient with dendritic cells that were antigen loaded
using the antibodies of the invention as a targeting moicty for the antigens that will trigger an immune
response against the cancer, virus or other pathogen. Likewise, the antibodics can be used to increase the
population of regulatory T cclls or drive the immune response toward or away from & cytotoxic T cell

response or ¢ven drive a B cell response.

anti-CD40_12E12.3F3

anti-CD40_12E12.3F3_H-V-higG4H-C - underlined region shows the Heavy chain V region amino acid
sequence:

MNLGLSLIFLVLVLKGVQCEVKLVESGGGLVOPGGSLKLSCATSGFTFSDY YMYWVROTPEKRLE
WVAYINSGGGSTYYPDTVKGRFTISRDNAKNTLYLOMSRLKSEDTAMYYCARRGLPFHAMDY WG
QGTSVTVSSAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNVDHK PSNTK VDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPK

PKDTLMISRTPEVTCYVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVYSVLTYLHQ

DWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFELYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLS
LGKAS (SEQID NO.: 1)

anti-CD40_12E12.3F3_K-V-higGK-C - underlined region shows the Light chain V region amino acid
sequence

MMSSAQFLGLLLLCFQGTRCDIQMTQTTSSLSASLGDRVT ISCSASOGISNYLNWYQOKPDGTVKLL
IYYT Y LE 4 EIRRTVAAPSVFI

FPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTITISKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC- (SEQ ID NO.: 2)

antl-CD40_12B4.2C10
anti-CD40_12B4.2C10 Heavy Chain:

MEWSWIFLFLLSGTAGVHSEVQLQQSG PELVKPGASVKMSCKASGYTFTDYVLHWVKQKPGQGLE
WIGYINPYNDGTKYNEKFKGKATLTSDKSSSTAY MELSSLTSEDSAVYYCARGYPAYSGYAMDYW
GQGTSVTVSSAKTIPPSVY PLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWN SGSLSSGVHTFPAVL
QKGEFV (SEQ ID No.: 3)

anti-CD46_12B4.2C10 Light Chain:
MMSSAQFLGLLLLCFQGTRCDIQMTQTTSSLSASLGDRVTISCRASQDISNY LNWYQQKPDGTVKLL
IYYTSRLHSGVPSR FSGSGSGTDYSLTISNLEQEDIATYFCHHGNTLPWTFGGGTKLEIKRADAAPTY

SIFPPSSEQLTSGGASYVCFLNNFYPKDINVKWKIDGSERQNG VLNSWTDQDSKDSTYSMSSTLTLT
KDEYERHNSYTCEATHKTSTSPIVKSENRNEC (SEQ ID No.: 4)

anti-CD40_12B4.2C10 Light Chain - alternative clone (17K6)

MDFQVQ!FSFLLTSASVIMSRGQIVLTQSPAILSASPGEKVTMTCSASSSVSYMYR‘{QQKPGSS PKPWI
YGTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHSYPLTF GAGTKLELKRADAAPTV
SIFPPS SEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLT
KDEYERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQ ID No.: 5)

ant-CD40_11B6.1C3
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anti-CD40_11B6.1C3 Heavy Chain:

MGWSWIFLFLLSGTAGVLSEVQLQQSGPELVKPGASVKISCKASGYSFTGYYMHWV KQSHVKSLE
WIGRINPYN GATSYNQNFKDKASLTVDKSSSTAYMELHSLTSEDSAVYY CAREDYVYWGQGTTLT
VSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWN SOSLSSGVHTFPAVLQKGEFV
(SEQ ID No.: 6)

anti-CD40_11B6.1C3 Light Chain:
MKLPVRLLVLMEWIPASSSDVVMTQTPLSLPVSLGDQASISCRSSQSLY HSNGNTYLHWYLQKPGQ
SPKLLIYKVSNRFSGVPDRFSGSGSGTDFALKISRVEAEDLGVYFCSQSTHVPWTF GGGTKLEIKRAD

AAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKXDGSERQNGVLNSWTDQDSKDSTYSMSS
TLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQ ID No.: 7)

{anti-CD40_12E12.3F3_H-V-hlgG4H-C] - underlined region shows the Heavy chain V reglon sequence:

ATGAACTTGGGGCTCAGCTTGATTTTCCTTGTCCTT! GTTTTAAAAGGTGTCCAGTGTGAAGTGAA

TGGTGGA A AGT: T TGT.
TCTG GAT'I‘CACT’I’I‘CAGTGACTATTACATGTA’I'TGGGTI‘CGCCAGACT CCAGAGAAGAGGCTGG
AGTGGGTCCCATACATTAATIC] GOTGGTGGTAGCACCTATTAT CCAGACACT GTAAAGQGCCG
ATTCACCATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCA AATGAGCCGGCTGAAGTCT
GAGGACACAGCCATGTATTACTGTGCAAGACGGGGGTTACCGTTCCATGCTATGGACTATIGGG
GTCAAGGAACCTCAGTCACCQT CT CCTCAGCCAAAACGAAGGGCCCATCCQTCTT CCCCCTGGC
GCCCTGCTCCAGGAGCACCT CCGAGAGCACAGCCGCCCTGGGCTGCCT GGTCAAGGACTACTTC
COCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGG
CTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAG CGTGGTGACCGTGCCLCTCCAGCAGCTTG
GGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGA
GTTGAGTCCAAATATGGTCCCCCATGCCCACCCT! GCCCAGCACCTGAGTTCGAAGGGGGACCAT
CAGTCTTCCT GTTCCCCCCAAAACCCAAGGACACTCT CATCGATCTCCCGGACCCCTGAGGTCAC
GTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGT CCAGTTCAACTGGTACGTGGATGG
CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG'I’I‘CAACAGCACGTACCGTGT
GGTCAGCGTCCTCACCGTCCTGCACCAGGACT GGCTGAACGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACCA.TCTCCAAAGCCAAAGGGCAGCCCCG
AGAGCCACAGGTGTACACCCT! GCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCT
GACCT! GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCA
GCCGGAGAACAACTACAAGACCACGCCTCCCGTGCT GGACTCCGACGGCTCCTTCTTCCTCTAC
AGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGA GGGGAATGTCTTCTCATGCTCCGTGATG
CATGAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGOGTAAAGCTAGCT
GA (SEQ ID NO.: 8)

[an1l-CD40_12E12.3F3_K-V-hIgGK-C] - underlined region shows the Light chain V reglon sequence
ATGATGTCCTCTGCTCAGTTCCTTGGTCTCCTGTTGCTCTGTTTT CAAGGTACCAGATGTGATAT

CCAGATGACACAGACT AC/\TCCTCCCTGTCTGCCTCTCTAGGAGACAGAG’I‘CACCATCAG’!"I‘QC

AGTGCAAGTCAGGGCATTAGC ;AAT[’A'[’ITAAAQIQQTATQAQQAQAAAQS "AGATGGAACTGTTA
T ATCTATTACACATCAA Al TCAA T

GTCTGGGACAGATTATT “TCTCACCATCGGCAACCTGGAACCTGAAGATA GCCACTTACTATT
GTCAGCAGTTTAATAAGCTTCCT CCGACGTTCGGTGOAGGCACCAAACT CGAGATCAAACGAAC
TGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATG AGCAGTTGAAATCTGGAACTGCCT

CTGTTGTGTGCCTGCTGAATAACTTCT ATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAA
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CGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTA
CAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTATGCCTG
CGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTA
G (SEQID NO.: 9)

anti-CD40_12B4.2C10_H-V-h1gG4H-C heavy chain

ATGGAATGGAGTTGGATAITTCTCTTTCTTCTGTCAGGAACTGCAGGTGTCCACTCTGAGGTCCA
GCTGCAGCAGTCTGGACCTGAGCTGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCT
TCTGGATACACATTCACTGACTATGTTTTGCACTGGGTGAAACAGAAGCCTGGGCAGGGCCTTG
AGTGGATTGGATATATTAATCCTTACAATGATGGTACTAAGTACAATGAGAAGTTCAAAGGCAA
GGCCACACTGACTTCAGACAAATCCTCCAGCACAGCCTACATGGAGCTCAGCAGCCTGACCTCT
GAGGACTCTGCGGTCTATTACTGTGCAAGGGGCTATCCGGCCTACTCTGGGTATGCTATGGACT
ACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGCCAAAACGAAQQQQQQATCCGTCTTCCC
CCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTOCCTGGTCAAGGAC
TACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCT
TCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGC
AGCTTGGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGAC
AAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTTCGAAGGGG
GACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTCCCGGACCCCTGA
GGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGT
GGATGGCGTGGAOGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTA
CCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGC
AAGGTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTC
AGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCC
TCTACAGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCG
TGATGCATGAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAAGC

TAGCTGA (SEQ ID NO.: 10)

anti-CD40_12B4.2C10_K-V-higGK-C (variant 1) light chain

ATGGATTTTCAAGTGCAGATTTTCAGCTTCCT GCTAATCAGTGCCTCAGTCATAATGTCCAGGG
GACAAATTGTTCT CACCCAGTCTCCAGCAATCCTGTCTG CATCTCCAGGGGAGAAGGTCACCAT
GACCT GCAGTGCCAGCTCAAGTGTAAG’I"TACATGTACAGGTACCAGCAGAAGCCAGGATCCTC
ACCCAAACCCTGGA'ITTATGGCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGC'I'TCAGTGGC
AGTGGATCTGGGACCTCTTAT‘TCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTT
ATTACTGCCAGC AATATCATAGTTACCCGCTCACGT’I’CGGTGCTGGGACCAAGQTQQAQATCAA
ACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT! GATGAGCAGTTGAAATCTGGA
ACTGCCTCTGTTGTGTGCCTGCTG AATAACTTCTATCCCAGAG AGGCCAAAGTACAGTGGAAGG
TGGATAACGCCCTCCAATCGGGTAAC [CCCAGGAGAGTGTCACAGAGCAGGACAGCAAGCGACA
GCACCTACAGCCTCAGCAGCACCCTGACGCT! GAGCAAAGCAGACTACGAGAAACACAAAGTCT
ATGCCTGCGAAGTCACCC ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTI'CAACAGGGGAG

AGTGTTAG (SEQ ID NO.: 11)

antl-CD40_12B4.2C10_K-V-hIgGK-C (Variant 2) light chain
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ATGATGTCCTCTGCTCAGTTCCTTGGTCTCCTGTTGCT! CTGTTTTCAAGGTACCAGATGTGATAT
CCAGATGACACAGACTACATCCTCCCTGTCTGCCTCT CTGGGAGACAGAGTCACCATCAGTTGC
AGGGCAAGTCAGGACATTAGCAATTATTTAAACT GGTATCAGCAGAAACCAGATGGAACTGTT
AAACTCCTGATCTACTACACATCA AGATTACACTCAGGAGTCCCATCAAGGTTCAGTGGCAGTG
GGTCTGGAACAGATTATTCTCTCACCATTAGCAACCTGGAGCAAGAA GATATTGCCACTTACTT
TTGCCATCATGGTAATACGCTTCCGTGGACGTTCGGTGGAGGCACCAAGET COAGATCAAACGA
ACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT GATGAGCAGTTGAAATCTGGAACTGC
CTCTGTTGTGTGCCTGCTGAATAACTT CTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGAT
AACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTC ACAGAGCAGGACAGCAAGGACAGCACC
TACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACT ACGAGAAACACAAAGTCTATGCC
TGCGAAGTCACCCATCAGGGCCT GAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
TAG (SEQ ID NO.: 12}

anti-CD40_11B6.1C3_H-V-hlgG4H-C heavy chain

ATGGCATGGAGCTGGATCTTTCTCTTTCTCCTGTCAGGAACTG CAGGTGTCCTCTCTGAGGTCCA
GCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGGGCTT CAGTGAAGATATCCTGCAAGGCT
TCTGGTTACTCATTCACTGGCTACTACATGCACT GGOTGAAGCAAAGCCATGTAAAGAGCCTTG
AGTGGATTGGACGTATTAATCCTTACAATGGTGCT. ACTAGCTACAACCAGAATTTCAAGGACAA
GGCCAGCTTGACTGTAGATAAGTCCTCCAGCACAGCCT. ACATGGAGCTCCACAGCCTGACATCT
GAGGACTCT GCAGTCTA’I"I’ACTGTGCAAGAGAGGACTACOTCTACTGGGGCCAAGGCACCACTC
TCACAGTCTCCTCAGCCAAAACGAAQGGC(__.}g;ATCCGTCTI‘CCCCCTGGCGCCC‘I‘G(;"I'CCAGGAG
CACCT CCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACT ACTTCCCCGAACCGGTGACG
GTGTCGTGGAACTCAG GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCT ACAGTCCT
CAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCT CCAGCAGCTTGGGCACGAAGACCTA
CACCT GCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGA GTTGAGTCCAAATA
TGGTCCCCCATGCCCACCCTGCCCAGCACCT GAGTTCGAAGGGGGACCATCAGTCTTCCTGTTC
CCCCCAAAACCCAAGGACACT CTCATGATCTCCCGGACCCCTGAGGTCACGT! GCGTGGTGGTGG
ACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACT GGTACGTGGATGGCGTGGAGGTGCATA
ATGCCAAGACAAAGCCGCG GGAGGAGCAGTI‘CAACAGCACGTACCGTGTGGTCAGCGTCC’TCA
CCGTCCTGCACCAGGACTGGCT GAACGGCAAGGAGTACAAGTGCAAGGTCT CCAACAAAGGCC
TCCCGTCCTCCATCGAGAAAACCATCTC CAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGT
ACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCT GGTCA
AAGGCTFCTACCCCAGCGACATCGCCGTGGAGTOGGAGAGCAATGGGCAGCCGGAGAACAACT
ACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTT CCTCTACAGCAGGCTAACCGT
GGACAAGAGCAGGTGGCAGGAGGGGAATGTC’I']’CTCATGCTCCGTGATGCATGAGGCTCT GCA
CAACCACTACACACAGAAGAGCCTCTCCCTGTCT! CTGGGTAAAGCTAGCTGA (SEQ ID NO.: 14)

anti-CD40_11B6.1C3_K-V-hIgGK-C light chain

ATGAAGTTGCCTGTTAGGCT GTI‘GGTGCTGATGTTCTGGATTCCTGC'I"I‘CCAGCAGTGATGT!‘GT
GATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGA GATCAAGCCTCCATCTCTTGCAGAT
CTAGTCAGAGCCTT GTACACAGTAATGGAAACACCTATTTACATIG GTACCTGCAGAAGCCAGG
CCAGTCTCCAAAGCTCCTGATCTACAAAGTTTC CAACCGATTTTCTGGGGTCCCAGACAGGTTC
AGTGGCAGTGGATCAGGGACAGATTTCGCACT CAAGATCAGTAGAGTGGAGGCTGAGGATCTG
GGAGTTTATTTCTGCT CTCAAAGTACACATG'I’TCCGTGGACG’I‘TCGGTGGAGGCACCAAGCTCG
AGATCAAACGAACTGTGGCTGCACCATCT GTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAA
ATCTGGAACTGCCTCTGTTGTGTGCCT GCTGAATAAC’I'I'CTATCCCAGAGAGGCCAAAGTACAG
TGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAG GAGAGTGTCACAGAGCAGGACAGC
AAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCT GAGCAAAGCAGACTACGAGAAACAC
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AAAGTCTATGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACA
GGGGAGAGTGTTAG (SEQ ID NO:15)

Example 1: Anti-CD40 - HIV peptides vaccine

Five 19- to 32-amino-acid long sequences were selected from a multiplicity of cytotoxic T lymphocyte
(CTL) cpitopes identificd in the HIV-1 Nef, Gag and Env proteins in the context of different MHC-class 1
molecules. It has been reported that CTL responses can be induced efficiently by lipopeptide vaccines in
mice, in primates, and in humans. The five HIV peptides were then modified in C-terminal position by a
(Palm)-NH2 group and the five HIV peptide sequences have been well described in the scientific literature
[e.g., Characterization of a multi-lipopeptides mixture used as an HIV-1 vaccine candidate (1999) Klinguer et
al., Vaccine, Volume 18, 259-267] and in a patent application [Cytotoxic T lymphocyte-inducing
lipopeptides and use as vaccines. Gras-Masse H. ct al., Patent No, EP0491628 (1992-06-24); US 5871746
(1999-02-16)].

A very desirable HIV vaccine would be composed of recombinant anti-dendritic cell receptor antibody fused
to the above HIV peptides. The present invention includes compositions and methods to efficiently produce
proteins and HIV vaccines.

The sequences shown below are the amino-acid sequences of the five selected HIV peptides and the amino-
acid positions within each HIV protein arc in brackets.

Nef (66-97) is: VGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGL ( SEQIDNO.: 16)

Nef (116-145) is: HTQGYFPDWQNYTPGPGVRYPLTFGWLYKL (SEQ IDNOQ.: 17)

Gag pl7 (17-35) is: EKIRLRPGGKKKYKLKHIV (SEQ ID NO.: 18)

Gag pl17-p24 (253-284) is: NPPIPVGETY KRWIILGLNKIVRMYSPTSILD (SEQ ID NOQ.: 19)

Pol 325-355 (RT 158-188) is: AIFQSSMTKILEPFRKQNPDIVIY QYMDDLY (SEQ ID NO.: 20)

The present invention includes compositions and methods for sssembling constructs encoding HIV peptides
and Flexible linker sequences. The Heavy chain expression veetors typically have @ Nhe I site [glctage]
appended to the Heavy chain C-terminal residue codon, or {for flex- v1 vectors] to the C-terminal codon of
the flex-vl sequence. Flexible linker sequences or HIV peptide sequences have an Spe 1 site [alctagt]
preceding the N-terminal flexible linker or HIV peptide codon, a Nhe 1 site appended to the C-terminal
flexible linker or HIV peptide codon, followed by a TGA stop codon, followed by a Eco RI site, followed by
a Not T sitc. Such flexible linker or HIV peptide Spe T~ Not 1 fragments arc inserted into the Heavy chain
veetor prepared with Nhe 1 Not T digestion. Nhe I and Spe | are compatible sites, but when ligated [glctagt]
is no longer cither a Nhe I or Spe T site. Thus additional Spe T — Not 1 flexible linker or HIV peptide
fragments can be inserted into the new Nhe 1 — Not 1 interval distal to the initial flexible linker or HIV
peptide. In this way, strings of HIV peptide and/or flexible linker coding regions can be appended to the

expression vector Heavy chain coding region,
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Fig. | shows protein A alfinity recombinant antibodies fused 1o various HIV peptides (lanes 1 to 5) secreted
from transfected 293F cells, analyzed by reducing SDS-PAGE and Coomassie Brilliant Blug staining. Fig.2
shows protein A affinity purified recombinant antibodics fused 1o various HIV peptides (Lanes | and 2)
scoreted from tansfected 293F cells, then anslyzed by reducing SDS-PAGE and Coomessic Brilliant Blue
steining. Fig. 3 shows protein A affinity purified recombinant sntibodies fused 1o various HIV peptidc
strings (Lanes | to 5} seereted from transfected 293F cells, then anslyzed by reducing SDS.PAGE and
Coomassic Brilliant Blue staining. Fig, 4 shows protein A sffinity purified recombinant antibodics fused to
various HIV peptide strings (Lanes 1 to 6) secreted from transfected 293F celis, then analyzed by reducing
$DS.PAGE and Coomassie Brilliant Blue staining.

Example 2, HIV peptides vaccine - in vitro antigen-targeting biclogy

Anti-CD40.LIPOS HIV peptides vaccine tests on HIV patients in vitro. To study the sbility of cCD40.LIPOS
HIV peptide fusion recombinant antibody (aCD40.LIPOS rAb) to mediste anfigen presentation, the fusion
Ab was added 1o blood cells from HIV-infected individuals and measured cytoking production form
peripheral biood mononuclear cells (PBMCs).

Fig. § describes the protocol used in viwo to essay the potency of sCDA40.LIPOS HIV peptide fusion
recombinant antibody (@CD40.LIPOS rAb) to elicit the expansion of antigen-specific T cells in the context of
2 PBMC culture. Briefly, PBMCs (2x10° celis/ml) from upheresis of HIV patients are incubated with a dose
range of «CD40.LIPOS HIV peptide vaceine, On day 2, 100 U/mi 112 ate added to the culture and then, the
media is refreshed overy 2 days with 100 U/ml IL-2. On day 10, the expanded cells are chalienged for48 h
with the individual long peptides corresponding to the 5 HIV peptide sequences incorporated in the
aCD40.LIPOS HIV peptide fusion rAb. Then, culture supemnatants ere harvested and essessed for cytokine
production (by the T cells with T cell receptor [TCR] specificities for peptide sequences) using multiplex
beads assay (Lumin;)?). Antigen-specific cytoking production detected in such an assay, if it depends on the
presence of the anti-CD40.LIPOS HIV peptide vaccine, reflects vaccine uptske by antigen presenting cells
{APC) in the cultre, and processing [proteolytic degradation] snd presentation of peptides on MHC, The
anigen-MHC complexes sre recognized by T cells with TCR that recognize only the particular HIV antigen-
MHC complex. In a HIV paticnt, such cells are lkely to be mermory T cells that expanded in the patient in
response to the HIV infection.

Epitopes from ail § HIV peptide regions of the vaccine can be presented by APCs. The scheme in Fig. 5 was
used to sssay the in vitro expension of HIV peptide-specific T cells in response to snti-CD40.LIPOS peptide
vaccine. Results from 7 individuals sre shown in Fig. 6 and indicate that the aCD40,LIPOS HIV peptide
fusion TAb elicited BIV peptide-specific IFNy responses in all of the patients studicd. Thus, the o-
CD40.LIPOS HIV peptide fusion rAb sllows DCs ta cross present at feast | or 2 different peptides out of the
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S peptides within the vaccine to the T cells of each individual. However, the set of HIV peptides that
stimulated IFNy production was different for cach patient - most likely reflecting different pools of memory
T eells for HLV specificity.
Fig, 6A-C shows the HIV peptide-specific IFNy production in PBMCs from HIV patients incubated with
various concentrations of anti-CD40.LIPOS peptide string vaccine, C is the control group, which received no
vaccine, and defines the baseline response of the culture to each peptide.
Fig. 7 is a summary of aCD40.LIPOS peptide vaccine responscs against the § peptide regions from 8 HIV
patients. The data are based on peptide-specific IFNy production. Fig. 7 shows that the antigen-specific
responses observed in 8 HIV patients. The data demonstrate that all HIV peptide regions on the vaccine have
the capacity to be processed and presented to T cells - assuming the likely situation that responses to these
peptides will only be observed if the appropriate TCR-bearing cells are present, Thus, each patient has a
characteristic spectrum of such cells.
The «CD40.LIPOS peptide vaccine can evoke the proliferation of antigen-specific T cells capable of
secrcting a wide spectrum of cytokines
Fig. 8A-C shows that aCD40.LIPOS HIV peptide vaccing elicits expansion of HIV peptide-specific T cells
capable of secreting multiple cytokines — a desirable feature in a vaccine. In Fig. 8A-C aCD40.LIPOS HIV
peptide vaccine elicits gag253, nef66, nefl16 and pol32S peptide-specific responses characterized by
production of multiple cytokines. This is patient AS.
Anti-CD40.LIPOS HIV peptide vaccination of ex vivo DCs.
Fig. 9 shows the protocol for testing aCD40.LIPOS HIV peptide vaccine for its ability to direct the expansion
of antigen-specific T cells resulting from targeted uptake by DCs and presentation of peptide epitopes on
their surface MHC complex. Briefly, HIV patient monocytes are differentiated into DCs by culture for 2 days
with IFNo and GM-CSF. Different doses aCD40.LIPOS HIV peptide vaccine or a mix of the 5 peptides are
then added for 18 h. Autologous T cells were added to the co-culture (at a ratio of 1:20) on day 3. On day 5,
100 U/ml TL-2 are added to the culture and then, the media is refreshed every 2 days with 100 U/ml IL-2. On
day 10, the expanded cells are rechallenged for 48 h with the individual long peptides corresponding to the 5
HIV peptide sequences incorporated in the aCD40.LIPOS HIV peptide fusion rAb. Then, culture
supernatants are harvested and assessed for eytokine production using Luminex.
Fig. 10A-B shows the cytokine sceretion in response to HIV peptides from DC-T cell co-cultures treated with
various doses of «CD40.LIPOS HIV peptide vaccine. This is patient A10. The results in the patient A10
shown in Fig. 10 A-B demonstrate expansion of antigen-specific T cells corresponding to epitopes within the
gagl7, gag253, and pol325 HIV peptide regions. In most instances, there is concordance of responses
between aCD40.LIPOS HIV peptide vaccine and non-LIPOS vaccine [mixture of 5 non-lipidated HIV
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peptides with sequences corresponding to those in the aCD40.LIPOS HIV peptide vaccine], Thus, the
oCD40.LIPOS HIV peptide vaccine functions well in this in vitro setting where cultured DCs effectively
process and present the HIV antigens to T cells. This exemplifies use of the aCD40.LIPOS HIV peptide
vaccine for ex vivo vaccination, whereby the ‘vaccinated DCs® would be cryopreserved for future re-
injection into the same patient.
aCD40.LIPOS HIV peptide vaccine - possible immune effect of the flexible linker regions. It is possible
that the flexible linker scquences interspersing the HIV peptide sequences within the aCD40.LIPOS HIV
peptide vaccine themselves contain T cell epitopes. Fig. 11 A-B shows that patient A4 does not appear 1o
have a significant pool of memory T cells with specificities to the five flexible linker sequences within
aCDA40.LIPOS HIV peptide vaccine, In Fig. 11 A-B, PBMCs from patient A4 treated with the aCD40.LIPOS
HIV peptide vaccine elicit expansion of antigen-specific T cells with specificity to the gag253 region, but not
to the flexible linker sequences. The protocol describe in Fig. 9 was used, with the flexible linker long
peptides corresponding in sequence to the bold areas, the HIV peptides are in bold-italics, shown in the
sequence below.
aCD40.LIPOS HIV peptide vaccine heavy chain sequence showing flexible linker regions in bold, joining
sequences underlined and HIV peptide regions shaded in bold italics.

QVI‘LKESGPGlLQPSQTLSLTCSFSGFSLSTSGMGLSWIRQPSGKGLEWLAHYYWDDDKRYNPSLKSR
LTISKDTSSNQVFLKITWDTADAATYYCARSSHY YGYGYGGYFDVWGAGTTVTVSSAKTKGPSVF
PLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGL
PSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK'I‘I‘PP
VLDSDGSFFLY SRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK&S,QT PTNTISVTPTN
NSTPTNNSNPKPNPASEKIRLRPGGKKKYKLKHI VASSSVSPTTSVHPTPTSVPPTPTKSSP&NPPI
PVGEIYKRWIILGLNKIVRM YSPTSILD_A_&PTSTPADSSTITPTAT PTATPTIKGASHTQGYFPDWQIN
YTPGPGVRYPLTFGWLYKL ASTVTPTATATPSAI VTITITPTATTKPASVGFP VTPQVPLRPMTYKAA
VDLSHFLEEKGGLASTNGSITVAATA PTVTPTVNATPSAAASATFQSSMTK, ILEPFRKQNPDIVIYQ
YMDDLYAS. (SEQ 1D NO.:21).

In Fig. 12A, the PBMCs from patient A3 treated with the aCD40.LIPOS HIV peptide vaccine clicit
expansion of antigen-specific T cells with specificities to the gag253, nef66, and nefl 16 regions, but not 10
the flexible linker sequences. The protocel described in Fig. 1 was uscd, with the flexible linker long peptides

corresponding in sequence to the bold areas shown in Fig. 8.
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Fig. 12B-1 and B-2 shows HIV antigen-specific T cell responses evoked from HIV patient Al7 PBMCs
incubated with 30 nM of three different HIV5 peptide DC targeting vaccines. Cells were cultured for 10 days
with IL-2 and then stimulated with individual long peptides corresponding to the 5 HIV peptide sequences
encompassed within the DC-targeting vaccines, After 1 hr brefeldin A was added and incubation continued
for a further 5 hrs before staining for FACS analysis. The FACS plots show IFNg and CDS$ staining on CD3+
T cells. Circles indicate significant vaccine-evoked expansion of 1IFNg+ cells compared to cells from
PBMCs cultured without vaccine. CD8- cells are CD4+ T cells. The data show that that anti-CD40.HIV Spep
vaccine evokes a strong expansion of nef66 (N66)-specific CD8+ T cells which is not seen with the other DC
targeting vehicles.
“These are data based on the LIPOS HIV peptide string. For example the anti-CD40 Heavy chain is anti-
CD40_12E12.3F3_H-LV-hIgG4H-C-Flex-v1-Pep-gagl7-fl- gag253-f2-nefl 16-f3-nef66-f4-pol 158] with
sequence:
EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQ’I‘PBKRLEWVAYINSGGGSTYYPDTVK
GRF’I‘ISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVWSSAKTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVV'I'VPSSSLGTK
TYTCNVDHKPSNTKVDKRV ESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVSNKGLPSSI
EKTISKAKGQI’REPQVY’I’LPPSQEEM‘I’KNQVSL’I’CLVKGFYPSDLAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTP’I‘NTISVTPTNNSTP
'INNSNPKPNPASEKIRLRPGGKKKYKLKHIVASSSVSP‘I’I’SVHPTPTSVPPTPTKSSPASNPPIPVGEIY
KRWIILGLNKIVRMYSPTSILDASPTSTPADSSTITPTAT PTATPTIKGASHTQGYFPDWQNYTPGPGV
RYPLTFGWLYKLASTVTPTATA’I‘I’SAIV’ITITPTATTKPASVGFPVTPQVPLRPMTYKAAVDLSHFLK
EKGGLASTNGSITVAATAPTVTPTVNATPSAAASAIF QSSMTKILEPFRKQNPD IVIYQYMDDLYAS
(SEQ ID NO.: 22).
Fig. 12C-1 and C-2 is a similar study to that show in Fig. 12B, cxcept that the PBMCs are from a different
HIV patient (A2). The data show antigen-specific CD4+ and CD8+ T cell responses evoked by anti-
CDA40.HIVSpep but not the other DC-targeting vaccines, or by a mixture of the peptides themselves.
Fig. 12D shows that, based on analysis of 15 different HIV peptide responses [$ peptide regions sampled in 3
patients], anti-CD40.HIVSpep vaccine is clearly superior to anti-DCIR . HIVSpep, anti-LOX-1L.HIV5pep and
non-LIPO3 mix for eliciting a broad range of HIV peptide-specific CD8+ and CD4+ T responses.
The immunogenicity of the flexible linker sequences is of concern for the uCD40.LIPOS HIV peptide
vaccine design. The limited datasets shown above, testing recall of T cells with specificities for epitopes

within the flexible linker sequences, suggest that the human repertoire against these sequences is variable,
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Also, the ability of these sequences to prime responses de novo is untesied. Responses to the aCD40,LIPOS
HIV peptide vaccine in monkeys can be tested using the present inveation. If necessary, certain less desirable
epitopes within these regions can be identified by & combination of predictive computational methods and
peptide stimulation scans, and then climinated by introducing mutational changes that abrogate the TCR
interaction.
A humanized antibody includes the heavy chain variable region (Vi) and & light chain variable region Vi),
wherein the framework regions of the heavy chain and light chain variable regions are from a donor human
antibody, and wherein the light chain complementarity determining regions (CDRs) have at least 80%, 90%,
95% or higher identity to CDR1, having the amino acid sequence SASQGISNYLN (SEQ 1D NO.:41), the
CDR2,, having the amino acid sequence YTSILHS (SEQ ID NO.:23) and the CDR3; having the amino acid
sequence QQFNKLPPT (SEQ 1D NO.223); and wherein the heavy chain complementarity determining
regions comprise at least 80%, 90%, 95% or higher identity to the CDR 1y, CDR2y and CDR3y, the CDR1y
having the amino acid sequence GFTESDYYMY (SEQ ID NO.:24), the CDR2y having the amino acid
sequence YINSGGGSTYYPDTVKG (SEQ ID NO.:25), and the CDR3y having the amino acid sequence
RGLPFHAMDY (SEQ ID NO.:26). For example, the humanized antibody may comprisc a VL framework
having at least 95% identity to the framework of SEQ IDNOS.: 2,4, § or 7 and 2 VH framework that has at
least 95% identity to the framework of SEQ ID NO.:1, 3 or 6. In another aspect, the donor CDR sequences
are from anti-CD40 12E12.3F3, anti-CD40_12B4.2C10, anti-CD40_11B6.1C3 or combinations of their
heavy or light chains, and/or their variable regions and further, wherein the antibody or fragment thereof
specifically binds to CD40. h
Example 3. Prostate-specific antigen (PSA), Cycline D1, MART-1, influenza viral nucleoprotein (NP) and
HA1 subunit of influenza viral hemagglutinin (HIN1, PR8) and peptide screen.
Internalization of anti-CD40 mAb. 1x10° IL-4DCs were incubated for 1 b in ice with 3 mg/ml human
gamma globulin in PBS containing 3% BSA to black non-specific binding. Cells were pulsed for 30 minutes
on ice with Alexa 568 labeled anti-CD40 mAb (all at 20 ng/mi final concentration in non-specific block).
Cells were then washed and atlowed to internalize surface bound antibodies for different times, berween 0
and 90 minutes, at 37°C. Following internalization, cells were washed twice with ice-cold PBS containing
1% BSA and 0.05% sodium azide (PBA) and fixed in ice-cold 1% methanol-free formaldehyde (MFF) in
PBS overnight at 4°C. Cells were permeablized in PBS 3% BSA containing 0.5% saponin (PBAS) for 20
minutes at 4°C, and transferred 1o .a 96-well round bottom polypropylene microtiter plate. After washing
twice with ice-cold PBAS, cells were incubated for 1 h on jce with 3 mg/ml human gamma globulin in
PBAS. BODIPY-phalloidin diluted in PBAS and incubated with cells for 1 hour in ice. Cells were further

stained with TOPRO-I1, as a nuclear counterstain. Slides were imaged ona Leica SP1 confocal microscope.
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Cells. Monoclonal sntibodies for cell surface staining were purchased from BD Biosciences (CA).
Monacytes (1x10%mt) from healthy donors were cuftured in Cellgenics media (France) containing GM-CSF
(100 ng/ml) and JL-4 (SO ng/ml) or GM-CSF (100 nyml) and IFNs (500 Units/ml) (R&D, CA). For
IENDCs, cells were fed on day 1 with 1FNs and OM-CSF. For 1L-4DCs, the same smounts of cytokines
were supplemented into the media on day one end day three, PBMCs were isolated from Buffy costs using
Percoll™ gradients (GE Healthcare, Buckinghamshire, UK) by density gradient centrifugation. Total CO4+
and CDB+ T cells were purified by using StemCell kits (CA).
Peplides. 15-mers (11 amino acid ovetlapping) for prostate-specific sntigen (PSA), Cycline D1, MART-1,
influenza viral nucleoprotein (NP} and HA1 subunit of influcnza viral hemagglutinin (HINL, PR8), were
synthesized (Mimotopes).
DCs and T cell co-calturc and cytokine expressions. §x10° DCs loaded with recombinant fusion proteins
(enti-CD40-HA1, Control 1g-HAl, snti-CD40-PSA, anti-CD40-Cyclin D1, anti-CD40-MART-1, anti-
MARCO-MART-1, and control ig-MART-1} were co-cultured with 2x10° CESE-labeled CD4+ T cells for 8
days. Proliferation was tested by measuring CFSE dilution sRer staining cefls with anti-CD4 entibody labeled
with APC.
For messuring the expression of intrscelluler IFNy, CD4+ T cells were restimulated with 1-5 uM of indicated
peptides for Sh in the presence of Brefeldin A. In scparate experiments, CD4+ T cells were restimulated with
peptides indicated for 36h, and then cytokines secreted by CD4a+ T cells were measured by the Luminex.
CD8+ T cells were co-cultured with DCs for 10 days in the presence of 20 units/mt IL-2 snd 20 units/m! 1L~
7., On day 10 of the culture, CD8+ T cells were stained with anti-CD$ snd tetramers indicated.
CTL sssay. On day 10 of the culturc, & §-h *'Cr releasc assay was performed. T2 cells pulsed with ¢y first
and then labeled with 10 uM HLA-A2 cpitope of MART-1 or nM epitope of influenza viral M1, T2 cells
without peptide werc used as control, The mean of tripticate samples wes calculated, and the percentage of
specific lysis was determined using the following formula: percentuge of specific lysis = 100 x (experimental
ey release - control 'Cr release)/(maximum *'Cr release - control #0r release). The maximum relesse
sefers 10 counts from wrgets in 2,5% Triton X-100,
Preparation of mAbs specific for human CD40, Receptor sctodomain higG (human 1gG1Fc) and AP (human
placental alkaline phosphatase) fusion proteins were produced for immunizing mice and screening mAbs,
respectively. A mammalian vector for human 1gFe fusion proteins was engincered as described [ fmmunol.
163: 1973-1983 (1999)]. The mammalian expression vector for receptor ectodomain AP proteins was
generated using PCR to amplify cDNA for AP resides 133-1581 (gb|BCO09647]) while adding # proximal in-
frame Xho I site and a distal 6C-terminal His residues followed by 3 TGA stop coden and Not 1 site, This
Xho 1 — Not 1 fragment replaced the human 1gG Fe coding sequence in the sbove ectodomain IgG vector.
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Fusion proteins were produced wsing the FreeStyle™ 293 Expression System (Invitrogen, CA) according o
the manufacturer's protocol (1 mg total plasmid DNA with 1.3 m] 293Fectin reagent /L of transfection).
Receptor ectodomainhigQ was purified by I ml RiTnT;pwtein A affinity chromatography (GE Healthcare,
CA) cluted with 0.1 M glycine, pH 2.7, Fractions were neutratized with 2M Tris, and then dislyzed against
PES.

Mouse mAbs were generated by conventional technology. Bricfly, six-week-old BALBJc mice were
immunized i.p. with 20 pg of receptor ectodomain higGFe fusion protein with Ribi sdjuvant, then boosted
with 20 pg sndgen ten deys and fifteen days later. ARer three months, the mice were boosted sgain three
days prior to taking the spicens. Three to four days after & finsl boosting, draining lymph nodes (LN) were
harvested, B cells from spleen or LN cells were fised with SP2/0-Ag 14 cells {ATCC). Hybridoma
supematants wers sereened o snalyze mAbs specific to the receptor ectodomsin fusion protein compared to
the fusion partacr alone, of fo the receptor ectodomsin fused to alkaline phosphatase [J. Immunol. 163: 1973-
1983 (1999)). Positive wells were then screened in FACS using 293F cells transiently transfected with
expression plasmids encoding full-length receptor cDNAs, Selected hybridomas were single cell cloned snd
expanded in CELLine flasks (Integrs, CA). Hybridoma supernatants were mixed with 8n equal volume of 1.5
M glycins, 3 M NaCl, 1% PBS, pH 7.8 (binding buffer) and tumbled with MsbSelect resin (GE Healthcare,
CA) (800 ml /Smi supernstant). The resin was washed with binding buffer and eluted with 0,1 M glycine, pH
2.7, Following ncutralization with 2 M Tris, mAbs were dialyzed sgainst PBS.

Expression end purification of recombinant mAbs, Total RNA was prepared from hybridoma cells using
RNcasy kit (Qiagen, CA) and used for cDNA synthesis snd PCR (SMART RACE kit, BD Bioscicnces) using
supplied 5* primers and gene specific 3* primers (mlgGxk, S'ggutggtggguaga!ggsuctguggtgcagcmﬁ‘ (SEQ
1D NO.:48); mIgGa, $'coaggestcetagaptescegaggugecsgtd’) (SEQ ID NO.:49), PCR products were then
cloned (pPCR2.1 TA kit, Invitrogen) snd charscterized by DNA sequencing (MC Lab, CA). Using the derived
sequences for the mouse heavy (H) and light (L) chain variable (V)-tegion cDNASs, specific primers were
used 1o PCR amplify the signal peptide and V-regions while iscorporsting flanking restriction sites for
cloning into expression vectors encoding downstream human 1gGx or 1gG4H regions. The vector for
expression of chimeric mVx~hléx was built by amplifying residues 401-731 (gi{63 101937)) flanked by Xho I
and Not | sites and inserting this into the Xho 1~ Not I intorvat of pIRES2-DsRed2 (BD Biosciences). PCR
was used 10 amplify the mAb Vk region from the initiator todon, appending a Nhe 1or Spel site then CACC,
to the region cucoding (¢.8., residue {26 of gil76779294]), sppending ¢ distal Xho 1 site. The PCR fragment
was then cloned into the Nhe I = Not [ interval of the abave veetor. The contral human g0 sequence
corresponds to gil49257887| residues 26-85 and gil21669402] residucs 67-709. The control buman IgG4H
vector corresponds fa residues 12-1473 of £i/19684072] with $229P and L236E substiutions, which stabilize
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» disulphidc bond and sbrogate residoal FeR interaction {J. Immunol. 164: 1925-1933 {2000)}, inseried
between the Bgi 1 and Not I sites of pIRES2-DsRed2 while adding the sequence S'gotagoigattasitaa 3'
instead of the stop codon, PCR was used to amplify the mAb VH region from he initiator codon, appending
CACC then s Bgl 11 site, to the region encoding residue 473 of gi|19684072|. The PCR fragment was then
cloned into the Bgl 11 - Apa I interval of the above vector.

Expression end purification of Flu HAL fusion protein. The Flu HA1 antigen coding sequence is @ CipA
protein [Clostridium. thermocellum) g4 79126| residucs 147-160 preceding hemagglutinin (Influcnze Avirus
(A/Puerto Rico/8/34(HININ] £il126599271] residucs 18331 witha P321L change and with 6 C-terminal His
residucs was ingerted between the Heavy chain vector Nhe 1 end Not ] sites 10 encode recombinant antibody-
HAL fusion proteins (rAb.HAI), Similarly, recombinant antibody-PSA fusion proteins {rAb.PSA}) were
encoded by insenting gij34784812] prostate specific antigen residues 101832 with proximsl sequence
GCTAGCGATACAACAGAACCTGCAACACCTACAACACCET! OGTAACAACACCGACAACAACACTT
CTAGCGC (SEQ ID NO.:27) (Nhe I site and CipA spacer) and 8 distal Not I site {nto the seme Heavy chain
vector, Recombinant antibody proteins were expressed snd purified 83 described above for hFc fusion
proteins. In some cascs the rAb.antigen coding region and the corresponding L chain coding region were
transferred to separate cetHS-puro UCOE veetors (Millipore, CA). The use of UCOE vectors in combination
with & preadapted serum free, suspension cell line allowed for rapid production of large quentities of protein
[Cytotechnology 38, 43-46 {2002).} CHO-S cells grown in CD-CHO with OlutaMAX snd HT media
supplement (Invitrogen) were secded at $x10° ml 24k prior to wansfection in 500 ml Corning Ehrlenmyer
flasks and incubated in §% CO; st 125 rpm, On the day of transfedtion, 1.2x10" cells with viability at least
95% were added to-9 final volume of 30 m! in 2 125 m! flask in CD-CHO with GhutsMAX. 48 ml of
FreeStyle Max resgent (Iovitrogen) in 0.6 ml of OptiPRgSFM (invitragen) was added with gentle mixing to
24 mg of Sce L-linearized light chain vegtor and 24 mg of Sce 1-linearized Heavy chain vector mixed and
sterile filiered in 0.6 mi of OptiPRO SEM. After 20 min, the DNA-fipid complex wag slowly sdded 10 the
125 ml CHO-S culture flask with swirling. Cells wete incubated 24h before adding 30 ml of a combined
media solution of CD-CHO with CHO-MS (Sigma, C0363 component of CHO Kit 1) containing § mg/m! of
puromycin (A.G. Scientific, CA), 2xGlutaMAX and 0,25xPen/Strep (Invitrogen), Atdsy2, another 5 mg/ml
of putomycin was added directly to the culture snd selection was allowed to proceed ~10-14 days while
foltowing cell viability from six days post transfection. The viable cell count dropped and when the visble
density is ~2-3%10%ml, the cells wers tnsferred to fresh solection medium (CD CHO-S + CHO MS with 2X
GlataMAX, 0.25xPen/Strep, 10 mg/ml Puromycin) at 1E6/ml. Frozen cell stocks were prepared when
viability reached >90%. Cells were split in selection medium when cell density exceeded 2x10%ml until
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scaled to 4x250 mi in 500 ml flasks. Supernatant was harvested when cell viability dropped below 80% with
a maximum final cell density ~7x10%m1. Endotoxin levels were less than 0.2 units/ml,

Expression and purification of recombinant Flu M1 and MART-1 protéins. PCR was used to amplify the
ORF of Influenza A/Puerto Rico/8/34/Mount Sinai (HIN1) M1 gene while incorporating an Nhe 1 site distal
to the initiator codon and a Not 1 site distal to the stop codon. The digested fragment was cloned into pET-
28b(+) (Novagen), placing the M1 ORF in-frame with a His6 tag, thus encoding His.Flu Ml protein, A
pET28b (+) derivative encoding an N-terminal 169 residuc cohesin domain from C. thermocellum
(unpublished) inserted between the Neo 1 and Whe 1 sites expressed Coh.His. For expression of Cohesin-
Flex-hMART-1-PeptideA-His, the sequence
GACACCACCGAGGCCCGCCACCCCCACCCCCCCGTGACCACCCCCACCACCACCGACCGGAAG
GGCACCACCGCCGAGGAGCT! GGCCGGCATCGGCATCCTGACCOTOATCCTAGGCCGCCAAGCGE
ACCAACAACAGCACCCCCACCAAGGGCGAATTCTGCAGATATCCATCACACT GGCGGCCG (SEQ
ID NQ.:28) (encoding
DTTEARHPHPPVTTPTTDRKGTTAEELAGIGILTVILGGKRTNNSTPTKGEFCRYPSHWRP (SEQ ID
NO.:29) - the italicized residues arc the immunodominant HLA-A2-restricted peptide and the underlined
residues surrounding the peptide are from MART-1) was inserted between the Nhe [ and Xho 1 sites of the
above vector. The proteins were expressed in £, coli strain BL21 (DE3) (Novagen) or T7 Express (NEB),
grown in LB at 37°C with sclection for kanamycin resistance (40 pg/ml) and shaking at 200 rounds/min to
mid log phase growth when 120 mg/L IPTG was added. After three hours, the cells were harvested by
centrifugation and stored at -80°C. E. coli cells from cach 1 L fermentation were resuspended in 30 ml ice-
cold 50 mM Tris, | mM EDTA pH 8.0 (buffer B) with 0.1 ml of protease inhibitor Cocktail 1T (Calbiochem,
CA). The cells were sonicated on ice 2x 3 min at setting 18 (Fisher Sonic Dismembrator 60) with 8 5 min rest
period and then spun at 17,000 rp.m. (Sorvell SA-600) for 20 min at 4°C. For His.Flu M1 purification the 50
ml cell lysate supernatant fraction was passed through 5 ml Q Sepharosc beads and 6.25 ml 160 mM Tris, 40
mM imidazole, 4 M NaCl pH 7.9 was added to the Q Scpharosc flow through. This was loaded at 4 mVmin
onto a 5 ml HiTrap chelating HP column charged with Ni++ The column-bound protcin was washed with 20
mM NaPO,, 300 mM NuCl pH 7.6 (buffer D) followed by another wash with 100 mM H;COONa pH 4.0.
Bound protein was eluted with 100 mM HyCOONa pH 4.0. The peak fractions were pooled and loaded at 4
ml/min onto 2 § ml HiTrap S column equilibrated with 100 mM HsCOONa pH 5.5, and washed with the
equilibration buffer followed by elution with a gradient from 0 - 1 M NaCl in 506 mM NaPO, pH 5.5. Peak
fractions eluting at about 500 mM NaCl were pooled. For Coh.Flu M| His purification, cells from 2 L of
culture were lysed as above. After centrifugation, 2.5 ml of Triton X114 was added to the supernatant with

incubation on ice for § min. After further incubation at 25°C for § min, the supernatant was separated from

CA 3032548 2019-02-01



15

20

25

30

47
the Triton X114 following centrifugation at 25°C, The extraction was repeated snd the supematant was
passed through § ml of Q Scpharose beads and 6,25 m! 160 mM Tris, 40 mM imidazole, 4 M NaCl pH 7.9
was added to the Q Sepharoa:‘ flow through, The protein was then purified by Ni*" chelating chromatography
as described above and eluted with 0-500 mM imidazole in buffer D.
Fig. 13 shows the internalization of enti-CD40 MAb:IL-4DC. TL-4DCs were trested with 500 ng/ml of anti-
CD40-Alexa S68. Fig. 14 shows CD4 and CD8 T gell prolifemtion by DCs targeted with anti-CD40-HAL
$x10e3 IFNDCs loaded with 2 ug/mi of enti-CD40-HA or control Ig-HAl were co-cultured with CFSE-
fabeled sutologous CD4+ or CDB+ T eells (2x10eS) for 7 days. Cells were then stained with anti-CD4 or
anti-CD8 antibodics. Cell proliferstion was tested by measuring CFSE-dilution. Fig 1§ shows & titration of
HA1 fusion protein on CD4+ T proliferstion. IFNDCs ($K) loaded with fusion proteins were co-cultured
with CFSE-labeled CD4+ T cells (200K) for 7 days, Fig. 16 shows IFNDCs targeted with anti-CD40-HAL
activate HAl-specific CD4+ T cells, CD4+ T cells were restimulated with DCs loaded with § uM of
indicated peptides, and then intraceliular IFNy was stained. Fig. 17 shows IENDCs targeted with anti-CD40-
HAI setivate HA l-specific CDa+ T cells. CD4+ T cells were restimulated with DCs loaded with indicated
peptides for 36k, and then culture supematant was anslyzed for measuring JFNy. Fig. 13 shows that
fargeting CD40 results in cnhanced cross-priming of MART-1 specific CD8+ T cells. IFNDCs (SKwell)
loaded with fusion proteing were co-cultured with purified CD8+ T cells for 10 days, Cells were stained with
anti-CD8 and tetramer. Cells are from healthy donors (HLA-A*0201+). Fig. 19 shows targeting CD40
yesults in cnhanced cross-priming of MART-1 specific CD8+ T cells (Summary of B-repeated experiments
using cells from different hcal;fty donors), Fig. 20 shows CD8+ CTL induced with TFNDCs targeted with
anti-CD40-MART-1 are functional, CD8+ T cells co-cultured with IFNDCs targeted with fusion protcins
were mixed with T2 cells Joaded with 10 uM pepide epitope. Fig, 21 shows CD8+ CTL induced with
IFNDCs targeted with anti-CD40-Flu M1 are functional, CD3+ T cells co-cultured with IFNDCs targeted
with fusion proteing were mixed with T2 cells foaded with 1.0 oM peptide epitope. Fig. 22 shows an outling
of protocol to test the ability & vaccine composed of anti-CD4012E12 linked to PSA (prostate specific
antigen) to elicit the expansion from & naive T cell population. PSA-specific CD4+ T cells corresponding 0 2
broed array of PSA cpitopes. Briefly, DCs derived by culture with [FNo and GM-CSF of monocytes from 8
healthy donor are incubated with the vaccine, The next day, cells are placed in fresh medium and pure CDA+
T cells from the same donor are added, Scveral days later, PSA peptides are added and, after four hours,
secreted gamma-IFN levels inthe culture supernatants are determined.
Fig. 23 shows that many PSA peptides clicit potent gamma-IFN-production responses indicating that anti-
CD4012E12 and similar anti-CD4J agents can cfficiently deliver antigen to DCs, resulting in the priming of
immune responscs sgeinst multiple epitopes of the antigen. The peptide mapping of PSA antigens. 5x10e3
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IFNDCs loaded with 2 ug/ml of anti-CD40-PSA were co-cultured with purified autologous CD4+ T cells
(2x10¢5) for 8 days. Cells were then restimulated with § uM of individual peptides derived from PSA for
36h. The amount of IFNy was measured by Luminex. Cells are from healthy donors.
Fig. 24 shows DCs targeted with anti-CD40-PSA induce PSA-specific CD8+ T cell responses. IFNDCs were
targeted with 1 ug 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 arc from a HLA-A*0201
positive healthy donor. The results demonstrate that anti-CD40 effectively deliver PSA to the DCs, which in
turn elicit the expansion of PSA-specific CD8+ T cells. Briefly, Sx10¢3 IFNDCs loaded with 2 ug/ml of
anti-CD40-PSA were co-cultured with purified autologous CD&+ T cells (2x10e5) for 10 days. Cells were
then stained with tetramier. Cells are from HLA-0*201 positive healthy donor.
Fig. 25 a scheme (left) and the IFNy production by T cells of the pools of peptides and control for Donor 2.
Sx10e3 IFNDCs loaded with 2 ug/ml of anti-CD40-Cyclin D1 were co-cultured with purified autologous
CDa+ T cells (2x10¢5) for 8 days. Cells were then restimulated with with § uM of individual peptides
derived from CyclinD1 for Sh in the presence of Brefeldin A, Cells were stained for measuring intracellular
IENy expression,
Fig. 26 shows a peptide scan and IFNy production by T cells obtained from the pools of peptides shown in
Fig. 25 and control for Donor 2. 5x10e3 IENDCs loaded with 2 ug/ml of anti-CD40-Cyclin DI were co-
cultured with purified autologous CD4+ T cells (2x10¢5) for 8 days. Cells were then restimulated with with 5
uM of individual peptides derived from CyclinDI for Sh in the presence of Brefeldin A. Cells were stained
for measuring intracellular IFNy expression.
In conclusion, delivering antigens 1o DCs, the most potent antigen presenting cells, via CD40 is an efficient
way to induce and activate antigen specific both CD4+ and CD8+ T cell-mediated immunity. Thus, vaccines
made of anti-CD40 mAb will induce potent immunity against cancer and infections.
Peptide information:
HAI sequences:
MKANLLVLLCALAAADAD’I‘ICIGYHANNSTDTVDWLEKNVTVTHSVNLLEDSHNOKLCR (SEQID

NO.:30)
LKGIAPLQLOKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGKCYPODFIDYEELRE (SEQ 1D
NO.:31)
QLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNS (SEQ ID
NO.:32)

YVNKKGKEVLVLWGH'XHPPNSKEQQNLYQNENAYVSWTSNYNRRFTPEIAERPKVRDQA (SEQID
NO.:33)

CA 3032548 2019-02-01



10

15

20

23

30

49
GRMNYYWTLLKPG DTIIFEANGNLIAPMYAFALSRGFGSGHTSNASMHECNTKCQTPLG (SEQ ID
NO.:34)
AINSSLPYQNIHPVTIGECPKY VRSAKLRMVTGLRNIPS] (SEQ ID NO.:35)
Scquences of peptides in Fig, 17
Peptide 22: SSFERFEIFPKESSWPN (SEQ ID NO.:36)
Peptide 45: GNLIAPWYAFALSRGFG (SEQ ID NO.37)
Peptide 46: WYAFALSRGFGSGUTS (SEQ 1D NO.:38)
NP sequences:
MASQGTKRSYEQME’I‘DGERQNATE]RASVGKMIGGIGRFYIQMCT ELKLSDYEGRLIQNS (SEQ 1D
NO.:39)
L’I‘IERMVLSAFDERRNKYLEEHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIW (SEQ 1D
NO.:30)
RQANNGDDATAGLTHMMTWHSNLNDATYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAG (SEQ
1D NO.:41)
AAVEKGVGTMVMELVRMIKRG INDRNFWRGENGRKTRIAYERMCN ILKGKFQTAAQKAMMD (SEQ
ID NO.:42)
QVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVG (SEQ ID
NO.:43)
IDI’FRLLQNSQVYSLiRI’NENT‘AHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLST (SEQ ID
NQO.:44)
RGVQ[ASNENMETMESSTLELRSRYWAIR'I‘RSGGNTNQQRASAGQISIQPTFSVQRNLPF (SEQ 1D
NOQ.:45)
DRTTLMAAFNGNTEGRTSDMRT,EIIRMMESARPEDVSFQGRGVFELSDEKAASPIVPSFD (SEQ ID
NO.:46)
MSNEGSYFFGDNAEEYDN (SEQ ID NO.:48)
Sequences of peptides in Fig. 23
Peptide 22: GKWVRELVLYDKEEIRR (SEQ ID NO.:49)
Peptide 33: RTGMDPRMCSLMQGSTL (SEQ IDNO.:50)
Peptide 46: MCNILKGKFQTAAQKAM (SEQID NO.:5D)
Prostate specific antigen (PSA) sequence
MWV?WFLTLSVTWIGAAPLILSRIVGGWECEKHSQPWQVLVASRGRAVCGGVLVHPQWV (8EQ
1D NO.:52)
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L'I‘AAHCIRNKSVILLGRHSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSSHD (SEQ ID

NO.,:53)

LMLLRLSEPAELTDAVKVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKKLQCVDLEVIS (SEQ ID
NO.:54)
NDVCAQVl—iPQKVTKFMLCAGRWTGGKSTCSGDSGGPLVCNGVLQGITSWGSEPCALPERP (SEQ
ID NO.:55)

SLYTKVVHYRKWIKDTIVANP (SEQ ID NO.:56)
Sequences of peptides in Fig, 23

Pepiide 1: APLILSRIVGGWECE (SEQ ID NO.:57)
Peptide 4:ECEKHSQPWQV LVAS (SEQ ID NO.:38)
Peptide 25:GDDSSH DLMLLRLSE (SEQID NO.:59)
Peptide 26: SHDLMLLRLSEPAEL (SEQ ID NO.:60)
Peptide 49: SGDSGGPLVCNGVLQ (SEQ 1D NO.:61)
Peptide 54: GSEPCALPERPSLYT (SEQ 1D NO.:62)
Peptide 56 : ERPSLYTKVVHYRKW' (SEQ 1D NO.:63)
Peptide 58 : VVHYRKWIKDTIVAN (SEQ ID NO.:64)
Cyelin D1 sequence
MRSYRFSDYLHMSVSFSNDMDLFCGEDSGVFSGESTVDFSSSEVDSWPGDSIACFIEDER (SEQ ID

NQ.:65)

HFVPGHDYLSRFQTRSLDASAREDSVAWILKVQAYYNFQPLTAYLAVNYMDRFLYARRLP (SEQ
1D NO.:66)

ETSGWPMQLLAVACLSLA.AKMEEILVPSLFDFQVAGV KY LFEAKTIKRMELLVLSVLDWR (SEQID
NO.:67)

LRSVTPFDFISFFAYKIDPSGTFLGFFISHATEYILSNIKBASFI.EYWI’SS[AAAAILCV (SEQ ID NO.:68)
ANELPSLSSVVNPHESPETWCDGLSKBKIVRCYRLMKAMAIENNRLNTPKVIAKLRVSVR (SEQ ID
NO.:69)

ASSTLTRI’SDESSFSSSSPCKRRKLSGYSWVGDETSTSN (SEQ ID NO.:70)

Sequences of peptides in Fig. 26.

Peptide 7: DRVLRAMLKAEETCA (SEQ ID NO.T1)

Peptide 8: RAMLKAEETCAPSVS (SEQ ID NO.:72)

Peptide 10: TCAPSYSYTKCVQKE (SEQ IDNO.:73)
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MART-1 Antigen. MART-1 is a tumor-associated melanocytic differentiation antigen. Vaccination with
MART-1 antigen may stimulate a host cytotoxic T-cell responsc against tumor cells expressing the
melanocytic differentiation antigen, resulting in tumor cell lysis.
Fig. 27 shows the expression and construct design for anti-CD40-MART-1 peptide antibodies. Fig. 28 isa
summary of the CD4" and CDR’ immunodominant epitopes for MART-1. Figs. 27 and 28 show the usc of
the flexible linker technology to permit the successful expression of recombinant anti-DC receptor targeting
antibodies fused to significant (~2/3) parts of humen MART-1. Recombinant antibody fused at the Heavy
chain C-terminus to the entire MART-1 coding region is not at sll secreted from production mammalian cells
[not shown]. The F lex-v1-hMART-1-Pep-3-f4-Pep-1 adduct is particularly well expressed and is one
preferred embodiment of 2 MART-1 -targeting vaccine, es is the Flex-v1-hMART-1-Pep-3-f4-Pep-1-£3-Pep-2
adduct which bears a maximum load of MART-1 epitopes. Slide 2 of the MART-1 powerpoint presentation
shows that these adducts can be successfully appended to multiple anti-DC receptor vehicles.
The sequence below is a Heavy chain — hMART-1 peptides string of pep3-pepl-pep2 fusion protein where
cach hMART peptide sequence [bold-italics] is separated by a inter-peptide spacer f [shown in bold). In this
case, a 27-amino-acid long linker flex-v1{v1) [italics] derived from celiulosomal anchoring scaffoldin B
precursor [Bacteroides cellulosolvens- described in the gag-nef vaccine invention disclosure] was inserted
between the Heavy chain C-terminus and the hMART]I peptides-flexible spaces string. The underlined AS
residucs are joining sequences.
[manti-CD40_I12E 12.3F3_H-LV-higG4H-C-Flex-v 1-kMART-1-Pep-3-f4-Pep-1] C981 is:
EVKLVESGGGLVQPGGSLKLSCATSGF’FFSDYYMYWVRQTPEKRLEWVAYINSGGGS’I‘YYPDTVK
GRFTISR.DNAKN"I‘LYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAK’I‘KGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPV'I'VSWNSGALTSGVH’I‘FPAVLQSSGLYSLSSVVTVPSSSLGTK
'I‘YTCNVDHKPSNTKVDKR\/ESKYGPPCPPCPAPEFEGGPSVFLFPPK.PKDTLMISRTPEVTCVVVDVS
QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSI
EKT[SKAKGQPREI‘QVYTLPPSQEEMTKNQVSLTCLVKOFYPSDIAVEWESNGQPENNYK’I’TPPVLD
SDGSFFLYSRLTVDKSRWQEGNVF SCSVMHEALHNHYTQKSLSLSLGKASQTP TNTISVTPTNNSTPT
NNSNPKENPASGFDHRDSKVSLQEKNC, EPVVPNAPPAYEKLSAEQSFPFFP YSPASTNGSITVAATAPT
VTPTYNATPSAAASMPREDAHFIYGYPKKGHGHSYTTAEEAA GIGILTVILGAS (SEQ ID NO..74)
{manti-CD40_12E 12.3F3_H-LV-hIgG4H-C-Flex-vi -hAMART-1-Pep-3-f4-Pep-1-f3-Pep-2] C978 is:
EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPD”IVK
GRFTISRDNAKNTLYLQMSRLKSEDTAMY YCARRGLPT HAMDYWGQGTSVTVSSAKTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT K
TYTCNV DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
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QEDPEVQFNWYVDGVEVHNAKTKPREEQFN STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSI
EKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGF YPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHN HYTQKSLSLSLGKASQTPINTIS VTPTNNSTPT
NNSNPKPNPASGFDHRDSKVSLQEKNCEPVVPNAPPA VEKLSAEQSPPPYSPASTNGS ITVAATAPT
VTPTYNATPSAAASMPREDAHFIYGYPKKGHGHSYTTAEEAA GIGILTVILGASTVTPTATATESAI
VTTITPTATTKPASVLLLIGCWYCRRRNGYRALMDKSLH VGTOCALTRRCPQEGAS  (SEQ 1D
NO.:TS)
[mAmi~DC1R__9E28_H-LV~hI 2G4H-C- Flex-v1-hMART-1-Pep-3-f4-Pep-1] Cl012 is:
QVTLKESGPGILQPSQTLSLTCSFSGF SLSTSGMG LSWIRQPSGKGLEWLAHIYWDDDKRYN PSLKSR
LTISKDTSSNQVFLKITIVDTADAATYYCA RSSHYYOYGYGGY FDVWGAGTTVTVSSAKTKGPSVE
PLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN SGALTSGVHTFPAVLQSSGLYSLSSVY VTVPSSSLG
TKTYTCNVDHKPSNTKVDKRVESKYGPP CPPCPAPEFEGGP SVFLFPPKPKDTLMISRTPEVTCVVV
DVSQEDPEVQ FNWYVDGVEVHNAKTKP REEQFNSTYRVVSVLTVLH QDWLNGKEYKCKVSNKGL
PS SIEKTlSKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD!AVEWESNGQPENNY KTTPP
VLDSDGSFFLYSRLTVDKSRWQEGNVFS CSVMHEALHNHYTQKSLSLSLGKASQTPZWT ISVTPTNNS
TETNNSNPKPNPASGFDHRDSKVSLQEK NCEPVVPNAPPAYEKLSAE QSPPPYSP&TNGSITVAATA
PTVTPTVNATPSAAASMPREDAHFIYGYPKK GHGHSYTTAEEAAGIGILTVILGAS( SEQ ID NO.:76)

[mAnti-DCIR_9E8_H-LV-hIgG4H-C-Flex-vi-hMART-l-Pcp-3-f4-Pep-l»B-Pep»Z} clot3is:
QVTLKES GPGILQPSQTLSLTCSFSGFSLSTSGMGLS WIRQP SGKGLEWLAHIYWDDDKRYNPSLKSR
LTISKDTSSNQVFLKITIVDTADAATYYCARSSHYYGYGYGGYFDVWGAG’I’I'VTVSSAKTKGPSVF
PLAPCSRSTSESTAALGCLVKDYF PEPVTVSWNSGALTS G’VHTFPAVLQSSGLYSLSSVVTVPSSSLG
TKTYTCNVDHKPSNTKVD KRVESKYGPPCPPCI‘APEFEGGPSVFLFPPKI’KDTLMISRTPEVTCVVV
DVSQPEVQFNWYVDG VEVHNAKTKP REEQFNSTYRVVSVLTVLHQDWLNGKEY KCKVSNKGLPS
SIEXTISKAKGQPREPQVYTLPP SQEEMTKNQV! SLTCLVKGFYP SDIAVEWESNGQPENNYKTTPPVL
DSDGSFELYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKAS QTPTNTISVTPTNNSTP
TNNSNPKPNPASGFDHRDSKVSLQEKNCEPVVPNAPPA YEKLSAEQSPPPYSPASTNGSITY AATAP
TVTPTVNATPSAAASMPREDAHFIYG YPKKGHGHSYTTAEEAAGIGILTVIL GASTVTPTATATPSA
IVITITPTATTKPASVLLLIGCHY CRRRNGYRALMDKSLHVGTQCALT. RRCPQEGAS (SEQ 1D
NO..77
MART-1 DNA Scquence:
MART-1 constructs with 3 peptides, Start/stop sites are underlined, peptide | is bold, peptide 2 is bold-italics
and peptide 3 is bold-underlined:
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AACACCGACAACAACAGATGA’I’CTGGATGCAQ_C_’LAGIGGGTTTGATCATCGGGACAGCAAAG
TGTC'I’CTTCAAGAGAAAAACTGTGAACCTGTGGTTCCCAATGCTCCACCTGCTTATGAGAA
ACTCTCT GCAGAACAGTCACCACCACCTTA’I'I'CACCTGCTAGTACCAACGGCAGCATCACCG
TGGCCGCCACCGCCCCCACCGTGACCCCCACCGTGAACGCCACCCCCAGCGCCGCCGC’I‘AGTAT
GCCAAGAGAAGATGCTCACTTCATCTATGGTTACCCCAAGAA GGGGCACGGCCACTCTTACACCA
CGGCTGAAGAGGCCGCTGGGATCGGCATCCTGACAGTGA TCCTGGGAGCTAGTACCGTGACCCC
CACCGCCACCGCCACCCCCAGCGCCATCG’I‘GACCACCATCACCCCCACCGCCACCACCAAGCCC
GCTAGTGTCTTACTGCTCATCGGCT GTTGGTATTGTAGAAGACGAAATGGATACAGAGCCT
TGATGGATAAAAGTCT TCA’I‘GTTGGCACTCAATGTGCCTTAACAAGAAGATGCCCACAAG
AACGGtzaGCGGCCGCATCOGAAGAGCT! CGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCA
TGC (SEQ 1D NO.:78)

MART1-Peptide 3, the italicized portion is the CD4+ immunodominant epitope.
GFDHRDSKVSLQEKNCEPVVPNAPPAYEKLSAEQSPPPYSP (SEQ 1D NO.:79)

Flex-4

ASTNGSITVAATAPTVIPTVNATPSAAAS (SEQID NO.:30)

MART!-Peptide 1 the italicized portion is the CD4+ immunodominant epitope and the undertined-italicized

portion is the CD8+ immunodominant epitope

MPREDAHFIYGYPKKGHGHSY TTAEEAAG! CILTVILG (SEQ ID NO.:8 D

Flex-3: _A_STVTPTATATPSAIV’I’I’ITPTATIKPAS (SEQ ID NO.:82)

MART] - Peptide 2 the italicized portion is the CD4+ immunodominant epitope.
VLLLIGCWYCRRRNGYRALMDKSLHYGTQCA LTRRCPQEG (SEQ 1D NO.:83)

MARTI constructs with two peptides:

Peptide 3 is bold-italics-underlined, flex-4 is bold and Peptide | is bold-italics-underlincd:
GFDHRDSKVSLOEKNCEPVYPNAPPAYE. KILSAEQSPPF YSPASTNGSITVAATAPTVTPTVNATPSA

AASMPREDAHFIYGYPKKGHGHSYTTAEEAAGIGIL TVILGAS (SEQ ID NO.:84)
Protein Sequence: C978. rAB«:etHS-pum[manti-CD‘#O‘1ZE]2.3F3__H-LV~hIgG4H-C-Flcx-v1‘hMART-l—

Pep-3 (bold-italics-underlined)-f4 (bold)-Pep-1 (bold-italics)-f3 (italics)-Pep-2 (bold-underlined)]
MNLGLSLIFLVLVLKGVQCEVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLE
WVAY INSGGGSTYYPDTVKGRFTISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWG
QGTSVTVSSAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNV DHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSV FLFPPK
PKDTLMI SRTPEVTCYVVDVSQEDPEVQFNWYV DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKGL[’SSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD]A
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VEWESNGQPENNYKT’I‘PPVLDSDGSFFLYSRL'I‘VDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLS
LGKASQTPTNTISVTPTNNSTWNNSNPKPNPASQHWWWEQ
SPPPYSPASTNGSITVAATAPTVTPTV NATPSAAASMPREDAHFIYGYPKKGHGHSYTTAE EAAGI
GILTVILGASTVTPTATATPSAIVITITPTATTKPASYLL 1G CRRRNGY SLHVGTQCA
LTRRCPOEGAS (SEQ ID NO.:85)

Protein Sequence: C981. rAB’cctHS-puro[manti~CD40_lZEl2.3F3~H~LV-hIgG4H-C'Flcx-vl~hMAR’f—l-
Pep-3 (bold-itulics-underlined)-f4-(bold)—Pep-1](bold-underlined)
MNLGLSLIFLVLVLKGVQCEVKLVESGGGLVQPGGSLKLSCATSGFI’FSDYYMYWVRQTPEKRLE
WVAY!NSGGGSTYYPD’I‘VKGRFTlSRDNAKN'I‘LYLQMSRLKSBDTAMYYCARRGLPFHAMDYWG
QGTSVTVSSAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVH’I‘FPAVLQ
SSGLYSLSSVVTVPSSSLGTKWTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGG?SVFLFPPK
PKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRWSVL’I‘VLHQ
DWLNGKEYKCKVSNKGLPSSIBKTISKAKGQPREPQVYTLPPSQEEMT KNQVSL’I’CLVKGFYPSDIA
VBWESNGQPENNYKTI’PPVLDSDGSFFL‘(SRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLS
LGMSQWBTISVTWSTWSNPKPWASWMVW
SPPI’YSPAS’}‘NGSITVAATAI’TVTFTVNATPSAAASMQWW
GIGILTVILGAS (SEQ ID NO.:86)

GP100 Antigen. GP100 antigen is a melanoma-associated antigen. When administered in a vaccine

formulation, gp100 antigen may stimulate 2 cytotoxic T cell HLA-A2.l-restricted immune response against
tumors that express this antigen, which may result in a reduction in tumor size.

GP100 ectodomain coding region fused to recombinant antibody Heavy chain coding region is not at all
secreted by production mammalian cells [not shown]. The total sequence is shown below ~ italics residues
are the leader sequence and the transmembrane  domain, the peptides are in bold-italics and the
transmembrane domain is italics-underlined.

MDLVLKRCLLHLAVIGALLAVGA TKVPRNQDWLGVSRQLRTKAWNRQLYPEW‘I‘EAQRLDCWRGGQ

VSLKVSNDGI’TLIGANASFSIALNFPGSQKVLPDGQVIWVNNTIINGSQVWGGQPWPQETDDACIFP
DGGPCPSGSWSQKRSFVYVWKTWGQYWQVLGGPVSGLSIGTGRAMLGTHTMEVTVYHRRGSRSY

VPLAHSSSAFTITDQ VPFSVSVSQLRALDGGNKHFLRNQPLTFALQLHDPSGYLAEADLSYTWDFGD
SSGTLISRALVVTHTYLEPGPVTAQVVLQAAIPLTSCGSSPVPGTTDGHRPTAEAPNTTAGQVPTTEV
VGTTPGQAPTAEPSG’T'TSVQV'P'ITEVISTAPVQMPTAESTGMTPEKVPVSEVMG’I'I‘LAEMSTPEATG
MTPAEVSIVVLSGT’I‘AAQV‘ITI’EWVETTARELPIPEPEGPDASSlMSTESITGSLGPLLDGTATLRLVK
RQVPLDCVLYRYGSFSVTLDIVQGIESAEILQAVPSGEGDAFELTVSCQGGLPKEACMEISSPGCQPP
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AQRLCQPVLPSPACQLYLHQILKGGSGTY CLNVSLADTNSLAVVSTQLIMPGQEAGLGQ VPLIVGILL
YLMAYVLASLLY RRRLMKQDFSVPQLPHSSSHWLRLPRIFCSCPIGENSPLLSGQQV (SEQ ID NO.:87)
Known HLA-A(Q201 restricted peptides scquences are: GP100 M: 209-217 (2M): IMDQVPFSY (SEQ ID
NO.:88); 209-217 WT: ITDQVPFSV (SEQ ID NO.:89) GP100 M: 280-288 (V) YLEPGPVTY (SEQ ID
NO.:90) 280-288 WT: YLEPGPVTA (SEQ ID NO.:91) GP100 WT: 154-162: KTWGQYWQYV (SEQ ID
NQ.:92)
Fig. 29-33 show the gp100 adducts which were successfully expressed as secreted anti-DC receptor targeting
vaccines. These employed the use of the flexible linker sequences and fragmentation and shuffling of the
gp100 ectodomain coding region. Preferred embodiments of gp100 vaccine adducts are deseribed.
Fig. 29 shows the expression and construct design for anti-CD40-gpl00 peptide antibodies. Fig. 30 shows
the design for additional anti-CD40-gp100 peptide antibodies. Fig. 31 shows the expression and construct
design for additional anti-CD40-gp100 peptide antibodies. Fig. 32 is a summary of the CD4" and CD8’
immunodominant epitopes for gp100. Fig. 33 shows the expression and construct design for additional anti-
CD40-gp100 peptide antibodics.
rAB-cetHS-puro[manti-CD40_I12E 12.3F3_H-LV-hIgG4H-C-Flex-hgp} 00-Pep-1-f4-Pep-3-13-Pep-4-f4-Pep-
5-f3-Pep-2] C1285, the peptides are bold-italics, flexible linkers are bold and the underlined AS residues are
joining sequences:
EVKLVESGGGLVQI’GGSLKLSCATSGFTPSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYI’DTVK
GRFTISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSVTVSSAKTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTK
TYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSV‘FLFPPKPKDTLMISRTPEVTCVVVDVS
QEDPEVQFNWYVDGVEVEMAKTK.PREEQFNSWRWSVLTVLHQDWLNGKEYKCI(VSNKGLPSSI
EKTiSKAKGQPREPQVYTLI’PSQEEMI‘KNQVSLTCLVKGFYI’SDIAVEWESNGQPENNYK'ITPPVLD
SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKA_S_DTTEPA TPTTPVTTPTT
TKVPRNQDWLGVSROLRTKA WNRQLYPEWTEA QRLDCWRGGQ VSLKVSNDGPTLIGANASFSIAL
NFPGSQKVLPDGQVIWVNNTIINGSQ VWGGQPVYPOETDDACIFFDG GPCPSGSWSQKRSFVYVWK
TWGQYWQVLGGPVSGLSIGTGRAMLGTH. TMEVTVYHRRGSQSYVPLAHSSSAFTITDQVPES ySvs
QLRALDGGNKHFLRNQASTNGSITY. AATAPTVTPTVNATPSAA&S_GTTDGHRPTTEAPNTTAGQV
PTTEVVGTTPGQAPTAEPSGTIS VOVPTTE VISTAPVOMPTAESTGMTPEK VPVSEVMGTTLAEMST
PEATGMTPAEVSIVVLSGTTAAASTYTPTATAT PSAIVTTITPTATTKPASQVTTTEWVETTARE (744
PEPEGPDASSIMSTESITGSLGPLLDGTATLRL VKRQVPLDCVLYRYGSFSVILDI VQASTNGSITYA
ATAPTYTPTVNATPSAAASGIESAEILQAVPSGE GDAFELTVSCQGGLPKEA CMEISSPGCQPPAQR
LCOPVLPSPACQLVLHQILKGGSGTY! CLNVSLADTNSLAVVSTQLIVPGILLTGQEA GLGQASTVTPT
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ATATPSAIVTTITPTATTKPASPL TFALQLHDPSGYLAEADLSYTWDF: GDSSGTLISRALVVTHTYLE
PGPVTAQVVLQAAIPLTSCGSSP VPAS (SEQ ID NO.:93)
rAB-cetHS-puro[hlgG4H-C-Flex-hgp100-Pep-1 -f4-Pep-3-13-Pep-4-f4-Pep-5-13 -Pep-2] C1286:
RLQLQESGPGLLKPSVTLSLTCTVSGDS VASSSYYWGWVRQPPGKGLEWIGTINFSGNMY YSPSL RS
RVTMSADMSENSFYLKLDSVTAADTAVYY CAAGHLVMGFGAHWGQGKLVSVSPASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTE PAVLQSSGLYSLSSVVTVPSSSLGTK
TYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAP EFEGGPSVFLFPPKPKDTLMISRTP EVTCVVVDVS
QEDPEVQFNWYVDGVEVHN AKTKPREEQFNSTY RVVSVLTVLHQDWLNGKEYKCKVSNKGLPS SI
EKTISKAKGQPREPQVYTLPPSQEEMTKN QVSLTCLVKGFYPSDIAVEW ESNGQPENNYKTTPPVLD
SDGSFFLYSRLTVDKSRWQEGNVF SCSVMHEALHNHYTQKSLSLSLGKASD TTEPATPTTPVTTPTT
TKVPRNQDWLGVSROLRTKAWNRQLYPEWTEA QRLDCWRGGQVSLKVSNDGP TLIGANASFSIAL
NFPGSQKVLPDGQVIWVNNTIIN GSQVWGGQPVYPQETDDA CIFPDGGPCPSGSWSQKRSFVYVIWK
TWGQYWQVLGGPVSGLSIGTGRAMLGTHT, MEVIVYHRRGSQSYVPLAHSSSAFTITDQVFFS LAY A
QLRALDGGNKHF. LRNQASTNGSI TVAATAPTVTPTVNATPSAA_A_SGTTDGHRPTTEAI’N TTAGQV
PTTEVVGTTPGQAPTAEPSGTTSVQVPTTEVISTAP VQMPTAESTGMTPEKVPVSE VMGTTLAEMST
PEATGMTPAEVSIVVLSGTTAA &TVTPTATATPSAKVTTITPTATTKP&Q VITTEWVETTARELPI
PEPEGPDASSIMSTESITGSLGPLLDGTA TLRLVKRQVPLDCVLYRY GSFSVTLDIVQASTNGSITVA
ATAPTVTPTVNATPSAAASGIESAEILOA VPSGEGDAFELTVSCOGGLPKEA CMEISSPGCOPPAQR
LCOPVLPSPACQLVLHQILK GGSGTYCLNVSLADTNSLAVVSTQLI VPGILLTGQEAGLG QASTVTPT
ATATPSAIVTTITPTATTKP ASPLTFALQLHDPSG YLAEADLSYTWDFGDSSGTLISRALVY THTYLE
PGPVTAQVVLQAAIPLTSCGSSP VPAS (SEQ ID NO.:94)
gpl100: - Nucleic Acld Sequence. Peptide 1-underlined, Peptide 2-italics, Peptide 3-bold, Peptide 4-bold-
underlined, Peptide 5 bold-italics.
GATACAACAGAACCTGCAACACCT ACAACACCTGTAACAACACCOACA ACAACAAAAGTACCC
AGAAACCAGGACTGGCTTGGTGTCTCAAGGCAACTCAGAACCAAAGCCTGGAACAGGCAGCTG
TATCCAGAGTGGACAGAAGCCC AGAGACTT! GACTGCTGGAGAGGTGGTCAAGTGTC CCTCAAG
GTCAGTAATGATGGGCCT ACACTGATTGGTGCAAATGCCT! CCTTCTCTATTGCCTTGAACTTICCC
TGGAAGCCAAAAGGTATTGCC AGATGGGCAGGT’I‘A’I‘CTGGGTCAACAATACCATCATCAATQQ
GAGCCAGOTGTGGGGAGGACAGCCAGT GTATCCCCAGGAAACTGACGATGCCTGCATCTT CCCT
GATGGTGGACC.TTGCCCATCTGGCTCTTGGTCTCAGAAGAGAAGCT’XTGT’ITATGTCTGGAAGA
CCTGCGGCCAATACTGGCAAGTTCTAGGO QGCCCAGTGTCT GGGCTGAGCATTGGCACAGGCA
GCGCAATGCTGGGCACACA CACCATGGAAGTGACTGTCTACCATCGCCGOO CATCCCAGAGCT
ATGTGCCTCTTGCT CATTCCAGCTCAGCCTTCACCATTACT GACCAGGTGCCTTTCTCCGTGAGC
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GTGTCCCAGT'I‘GCGGGCCTTGGATGGAGGGAACAAGCAC’I'I‘CCTGAGAAATCAQGCTAGTACC
AACGGCAGCATCACCGTGGCCG CCACCGCCCCCACCGTGACCCCCACCGTGAACGCCACCCCCA
GCGCCGCCGCTAGTGGCACCACAGATGGGCACAGGCCAACTGCA GAGGCCCCTAACACCACAGCTG
GCCAAGTGCCTACTACAGAAGTTGTGGGTACTACACCTGGTCA GGCGCCAACTGCAGAGCCCTCTGG
AACCACATCTGTGCAGGTGCCAACCACTGAAGTCATAA GCACTGCACCTGTGCAGATGCCAACTGCAG
AGAGCACAGGTATGACACCTGAGAAGGTGCCAGITTCAGAGGT CATGGGTACCACACTGGCAGAGAT
GTCAACTCCAGAGGCTACAGGTATGACACCTGCAGAGGTATCAATIGT GGTGCTTTCTGGAACCACAG
CTGCAGCTAGTACCGTGACCCCCACCGCCACCGCCACCCC CAGCGCCATCGTGACCACCATCAC
CCCCACCGCCACCACCAAGCCCGCTAGTCAGG’I‘AACAACTACAGA GTGGGTGGAGACCACA
GCTAGAGAGCTACCTATCCCTGAG CCTGAAGGTCCAGATG CCAGCTCAATCATGTCTACG
GAAAGTATTACAG GTTCCCTGGGCCCCCTGCTGGATGGTACAGCCACCI’TAAGGCTGGTG
AAGAGACAAGTCCCCCTGGATTGTGTTCTGTATCGATATG GTTCCTTTTCCGTCACCCTGG
ACATTGTCCAGGCTA GTACCAACGGCAGCATCACCGTG GCCGCCACCGCCCCCACCOTGACCC
CCACCGTGAACGCCACCCCCAGCGCCGCCG CTAGTGGTATTGAAAGTGCCGAGATCCIGCAG
GCIGTGK ;CGTg;CGGTGAGGGGGATQQATTTGAGCTGACTGTGTCCTGCCAAGGCGGGCT
GCCCAAGGAAGCCTGCATGGAGATCTCATCGCCAG GGTGCCAGCCCCCTGCCCAGCGGCT
GTGCCAGCCTIGTGCTACCCAGCCCAG CCTGCCAGCTIGGTTICTG CACCAGATACTGAAGGG
TGGCTCGGGGACATACTGCCTCAATG TGTCTCTGGCFGATACCAACAGCCTGGCAGTGGT
CAGCACCCAGCTTATCGTGCCTGGGATTCTTCTCAC AGGTCAAGAAGCAGGCCTTGGGCA
QMGCTAGTACCGTGACCCCCACCGCCACCGCCACCCCCAGCG CCATCGTGACCACCATCACC
CCCACCGCCACCACCAAGCCCGCTAGTCCTCTGACCTT TGCCCTCCAGCTCCATGACCCTAGTGG
CTATCTGGCTGAAGCTGACCTCTCCTACACCTGGGACTTTG GAGACAGTAGTGGAACCCTGATCT
CTCGGGCACYTGTGGTCACTCATACTTA CCTGGAGCCTCGCCCAGTCACTGCCCA GGTGGTCCTG
CAGGCTGCCATTCCTCTCACCTCCTGTGGCTCCTCCCCAGTT CC4 GCTAGC  TGA (SEQ ID
NO.:95)

GP 100-Peptide 1 - Nucleic Acid Sequence.
GATACAACAGAACCTGCAACAC(:TACAACACCTGTAACAACACCGACAACAACAAAAGTACCC
AGAAACCAGGACTGGCTT GGTCTCT CAAGGCAACTCAGAACCAAAGCCTGGAA CAGGCAGCTG
TATCCAGAGTGGACAGAAGCCCAGAGACTT GACTGCTGGAGAGGTGGTCAAGTGTCCCTCAAG
GTCAGTAATGATGGGCCTACACTGATTGGTC CAAATGCCTCCTTCTCTATTGCCTTGAACTT ccC
TGGAAGCCAAAAGGTATTGCCAGATGGGCAG GTTATCTGGGTCAACAATACCATCATCAATG G
GAGCCAGGTGTG GGGAGGACAGCCAGTGTATCCCCAGGAAACTGACGATGC CTGCATCTTCCCT
GATGGTGGACCTI‘GCCCATCTGGCTCTTGGTCTCAGAAGAGAAG CTTTGTTTATGTCTGGAAGA
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CCTGGGGCCAATACTGGCAAGTTCTAG GGGGCCCAGTGTCTGGGCTGAGCA’I’TGGGACAGGCA
GGGCAATGCT GGGCACACACACCATGGAAGTGACTGTCTACCATCGCCGGGGATCCCAGAGCT
ATGTGCCTCTT GC’I‘CATI‘CCAGCTCAGCC’I"I"CACCA’I"I‘ACTGACCAGGTGCC’FI‘T CTCCGTGAGC
GTGTCCCAG'I’I‘GCGGGCC’I’YGGATGGAGGGAACAAGCACTI‘CC'I‘ GAGAAATCAG (SEQ 1D
NC.:96)
Protein Sequence:
DTTEPATPTTPVTTPTTTKVPRN QDWLGVSRQLRTKAWNRQLYPEWTBAQRLDCWRGGQVSLKVS
NDGPTLIGANASF SIALNFPGSQKVLPDGQVIWVNNTIINGSQVWGGQPVYPQETDDACIFPDGGPCP
SGSWSQKRS FVYVWKTWGQYWQVLGGPVSGLSIGTGRAMLGTHTMEV'I‘VYHRRGSQSYVPLAHS
SSAFTITDQVPFSVSVSQLRALDGGN KHFLRNQ (SEQ 1D NO.:97)
GP100-Peptide 3
GGCACCACAGATGGGCACA GGCCAACTGCAGAGGCCCCTAACACCACAGCT GGCCAAGTGCCT
ACTACAGAA GTTGTGGGTACTACACCTGGTCAGGCGCCAACTGCAGAGCCCTCTGGAACCACAT
CTGTGCAGGTGCCAACCACTGAAGTCATAAGCACTGCACCT GTGCAGATGCCAACTGCAGAGA
GCACAGGTATGACACCTGAGAAGGTGCCAGTI'TCAGAGGTCATGGGTACCACACTGGCAGAGA
TGTCAACTCCAGAGGCTACAGGTATGACACCT GCAGAGGTATCAATTGTG GTGCTTTCTGGAAC
CACAGCTGCA (SEQ IDNO.:98)
Protein Sequence:
GTTDGHRPTAEAPNTTAGQVPTTEVVGTTPGQAPT AEPSGTTSVQVPTTEVISTAPVQMPT AESTGM
TPEKVPVSEVMG’ITLAEMSTPEATGMTPAEVSIVVLSG’I‘TAA (SEQ ID NQ.:99)
GP100-Peptide 4:
CAGGTAACAACTACAGAGTGGG’I‘GGAGACCACAGCTAGAGAGCTACCTATCCCI‘GAGCCTGAA
GGTCCAGATGCCAGCTCAATCATGTCI‘ACGGAAAGTA’ITACAGGTI‘CCCTGGGCCCCCTGCT GG
ATGGTACAGCCACCT’I‘AAGGCTGGTGAAGAGACAAGTCCCCCTGGA'I'TGTG'I"I‘C’I‘GTATCGATA
TGGTTCCTTTTCCGTCACCCTGGACATTGTCCAG (SEQ ID NO.:100)
Protein Sequence:
QVTTTEWVETTARE LPIPEPEGPDASSIMSTESITG SLGPLLDGTATLRLVKRQVPLDCVLYRYGSF sV
TLDIVQ (SEQ ID NO.:101)
GP100-Peptide 5
GGTATTGAAAGTGCCGAGATCCTGCAGGCT! GTGCCGTCCGGTGA GGGGOATGCATTTGAGCTGA

CTGTGTCCTGCCAAGGCGGGCTGCCCAAG GAAGCCTGCATGGAGATCTCATCG CCAGGGTGCCA
GCCCCCTGCCCAGCGOCTGTGCCAGCCTATGCT ACCCAGCCCAGCCTGCCAGCTGGTTCTGCAC
CAGATACT GAAGGGTGGCTCGGGGACATACTGCCT CAATGTGTCTCTGGCTGATACCAACAGCC
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TGGCACTGGTCAGCACCCAGCTTATCGTG CCTGGGATTCTTCTCACAGGTCAAGAAGCAGGCCT
TGGGCAG (SEQ ID NO.:102)
Protein Sequence:
GIESAEILQAVPSGEGDAFELTVSCQGGLPKEACMEISSPGCQPPAQRLCQPVLPSPACQLVLHQILK
GGSOTYCLNVSLADTNSLAVVSTQLIVPGILLT GQEAGLGQ (SEQ IDNO.:103)
GP100-Peptide 2
CCTCTGACCTTTGCCCTCCAGCTCCATGACCCTAGTGGCT ATCTGGCTGAAGCTGACCTCTCCTA
CACCTGGGACT’I'I‘GGAGACAGTAGTGGAACCCTGATCTCT CGGGCACYTGTGGTCACTCATACT
TACCTGGAGCCTG GCCCAGTCACTGCCCAGGTGGTCCTGCAGGCT GCCATTCCTCTCACCTCCTG
TGGCTCCTCCCCAGTTCCAGCTAGC (SEQ ID NO.:104)
Protein Sequence:
PLTFALQLHDPSGYLAEADLSYTWDFGDSSGTL!SRAXVVTWTYLEPGPV‘!‘AQWLQAAIPLTSCGS
SPVPAS (SEQ ID NO.:1035)
Cyclin B1 Antigen. Cyelin B1, also known as CCNBI, is a human gene that encodes 2 regulatory protein
involved in mitosis, Cyclin BI complexes with p34(cde?) to form the maturation-promoting factor (MPF).
Two alternalive transcripts are known that are the result of alternative transcription initiation sites. A first
transcript encodes a constitutively cxpressed transcript.  The second transcript is a cell cycle-regulated
transcript expressed predominantly during G2/M phase.
The following amino acid sequence is human cyclin Bl. Two peptide regions known to contain T ccll
epitopes are highlighted in bold-undertined and italics-underlined.
MALRVTRNSKINAEN KAKINMAGAKRVPTAPAATSKPGLRPRTALGDIGNKVSEQLQAKMPMKKE
AKPSATGKVIDKKLPKPLEKVPMLVPVPVSEPVPEPEPEPEPEPVKEEKLSPEPILVDTASPSPMETSG
CAPAEEDLCQAFSDVILAVNDVDAEDGADPNLCSEYVKDIYAYLRQLEEEQAVRPKYLLGREV'I‘GN

MRAIJLIDWLVOVOMKFRLL( J)ETMYMTVSHDRE MONNCYV PKKMLQLVG VTAMFIASKYEEMYP

PEIGDFAFVTDNTYTKHQIRQMEMKILRALNE GLGRPLPLHFLRRASKIGEVD VEQHTILAKYLMET
MLD YDMVHFPI’SQIAAGAFCLALKILDNGEWTI’TLQHYLSYTEESLLPVMQHLAKNVVMVNQGLT

KHMWKNKYATSKHAKISTLPQLNSALVQDLAKAVAKVHIIHHHH (SEQ ID NO.:106)

Peptide-1 MEMKILRALNFGLGRPLPLHFLRRASKIGEVDVEQHTLAKYLMELTMLDY (SEQ ID
NO.:107)

Peptide-2

DWLVQVQMKFRLLQETMYMTVSIIDRFMQNNCVPK.K (SEQIDNO.: 108)

Fig. 35 shows a summaty of relative expression levels of prototype Cyclin Bl vaccines secreted from

transfected mammalian 293F cells. The flexible linker sequences facilitate sceretion.
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C1189 rAB-cctHS-pum[manti—CD40_l2EI2.3F3_H-LV-hIgG4H~C‘FICx-v1 (bold)-hCyclinB1-Peptide-
2(italics)-Peptide-1 (bold -italics)-f4 (bold)] [AS linkers —underlined]

EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYY MYWVRQTPEKRLEWVAYINSGG GSTYYPDTVK
GRF'I‘ESRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPFHAMDYWGQGTSV’I'VSSAKTKGPSVFPL
APCSRSTSESTAALGCLV KDYFPEPVTVSWNSGALTSGVHTFPAY LQSSGLYSLSSVVTVPSSSLGTK
TYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF EGGPSVFLFPPKPKDTLMISRTPEVTCYVVDVS
QEDPEVQFNWYVDGVEVHNAKTKP REEQFNSTYRVVSVLTV LHQDWLNGKEYKCKVSNKGLPSSI
EKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKG FYPSDIAVEWESNGQPENNYRTTPPVLD
SDGSFFLYSRLTVDKSRWQEGNVF SCSVMHEALHNHY’TQKSLSLSLGK_A_&QTPTNTTSVTPTN NST
PTNNSNPKPNPASDWLVQVOMKFRLLOQETMYMTVSIIDRF, MONNCVPKKASMEMKILRALNF GLGRPL
PLHFLRRASKIGEVDVEQHTLAKYLMELTMLD Y&TNDSITVAATAPTVTPTVNATPSAA&S, (SEQ
ID NO.:109)

Above is the sequence of the mature secreted Heavy chain for onc form of anti-CD4012E12-cyclin Bl
vaceine. The AS residucs are from joining restriction sites. The DNA coding sequence is shown below, and
this includes the signal peptide.
ATGAAC’I‘TGGGGCTCAGC"(‘TGATITI‘CC’I’TGTCC'I'I‘GTITTAAAAGGTGTCCAGTGTGAAGTGAA
GCTGCTGGACGTCTGGGGGAGGCTT. AGTGCAGCCCGGAGGGTCCCTGAAACTCTCCTGTGCAACC
TCTGGA'['TCACT’I'TCAGTGACTATTACATGTA’ITGGGTI‘CGCCAGACTCCAGAGAAGAGGCTGG
AGTGGGTCGCATACA’I’TAA’I’I‘CTGGTOGTGGTAGCACCFATTATCCAGACACI‘GTAAAGGGCCG
ATTCACCATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGAGCCGGCTGAAGTCT
GAGGACACAGCCATG’I‘ATTACTGTGCAAGACGGGGGTTACCGTTCCATGC’!‘ATGGACTATTGGG
GTCAAGGAACCTCAGTCACCGTCTCCT CAGCCAAAACGAAGGGCCCATCCGTCTTCCCCCTGGC
GCCCTGCTCCAGGAGCACCT CCGAGAGCACAGCCGCCCTGGGCTGCCFGGTCAAGGACTACTTC
CCCGAACCGGTGACGOTGTCGTGGAAC’I‘CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGG
CTGTCCTACAGTCCTCAGGACT CTACTCCCTCAGCAGCGTGGTGACCGTGCCC’I‘CCAGCAGC'I‘TG
GGCACGAAGACCTACACCTGCAACGT AGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGA
GTTGAGTCCAAATATGGTCCCCCATGCCCACCC [GCCCAGCACCTGAGTTCGAAGGGGGACCAT
CAGTCTTCCTGTTCCCCCCAAAACCCAAG GACACTCTCATGATCTCCCGGACCCCTGAGGTCAC
GTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAG’I‘TCAACTGGTACGTGGATOG
CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG'I'I‘CAACAGCACGTACCGTGT
GGTCAGCGTCCTCACCGTCCTGCACCAG GACTGGCTGAACGGCAAGGAGTACAAGTGC AAGGT
CTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCG
AGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCC’I‘
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GACCT! GCCTGGTCAAAGGC'I'TCTACCCCAGCGACA’I‘CGCCGTGGAGTGGGAGAGCAATGGGCA
GCCGGAGAACAACTACAAGACCACGCCTCCCGTGCT! GGACTCCGACGGCTCCTTCTTCCTCTAC
AGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGG AGGGGAATGTCTTCTCATGCTCCOTGATG
CATGAGGCTCTGCACAACCALT ACACACAGAAGAGCCTCTCCCTGTCTCT GGGTAAAGCTAGTC
5 AGACCCCCACCAACACCATCAGCGTGACCCCCACCAACAACAGCACCCCCACCAACAACAGCA
ACCCCAAGCCCAACCCCGCTAGTGACTGGCT AGTACAGG’ITCAAATGAAA'ITCAGG'ETGTTGCA
GGAGACCATGTACATGACTGTCTCCATI‘ATIGATCGGTTCATGCAGAATAA’!TGTGTGCCCAAG
AAGGCTAGTATGGAAATGAAGATTCTAAGAGCTTT. AAACTTTGGTCTGGGTCGGCCTCTACCTT
TGCACTT! CC’I’I‘CGGAGAGCA’I‘C'I’AAGAT’TGGAGAGGT'I’GATGTCGAGCAACATAC’I‘T’I‘GGCCAA
10 ATACCTGATGCAACTAACTATGTT! GGACTATGCTAGTACCAACGACAGCA.TCACCGTGGCCGCC
ACCGCCCCCACCGTGA(:CCCCACCGTGAACGCCACCCCCAGCGCCGCCGCTAGCTGA (SEQ 1D
NO.:110)
C1143  rAB-cetHS-puro[manti-CD40_12EI 2.3F3_H-LV-hlgG4H-C-Flex-v1 (bold)-hCyclinB 1-Peptide-
2(itatics)-f3 (bold)] [AS linkers —~underlined].

15 EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTYYPDTVK
GRFTISRDNAKNTLYLQMSRLKSEDTAMYYCA RRGLPFHAMDYWGQGTSVTVSSAKTKGPS VFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTK
TYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVSNKGLPS SI

20 EK’I‘ISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK’I‘TPPVLD
SDGSFFLYSRL’I'VDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKA_SQTPTNTXSVTPTNNST
PTNNSNPKPNPASDWLVQVOMKFRLLOETMYM. TVSIIDRFMONNC YPKKASTVTPTATATPSAIVITL
TPTATTKPAS (SEQ ID NO.:111)

Above is the scquence of the mature secreted Heavy chain for one form of anti-CD4012E12-cyclin Bl
25 vaccine. The AS residues are from joining restriction sites. The DNA coding sequence is shown below, and
this includes the signal peptide.
ATGAACTTOGGGCTCAGCTTGATTTICC TTGTCCT IGTTTTAAAAGG TG TCCAGTGTGAA GTGAA
GCTGGTGGAGTCTGGGGGAGGCTT, AGTGCAGCCCGGAGGGTCCCTGAAACTCT! CCTGTGCAACC
TCTGGATTCACT'ITCAGTGACTATTACATGTATFGGG'I'T CGCCAGACTCCAGAGAAGAGGCTGG
30 AGTGGGTCGCATACATFAA’ITCTGGTGGTGGTAGCACCT ATTATCCAGACACTGTAAAGGGCCG
ATTCACCATCTCCAGAGACAA’I‘GCCAAGAACACCCTG'I‘ACC’I‘ GCAAATGAGCCGGCTGAAGTCT
GAGGACACAGCCATGTA’I‘I‘ACTGTGCAAGACGGGGGTTACCGTTCCATGCTATGGACTA’ITGGG
GTCAAGGAACCTCAG‘TCACCGTCTCCTCAGCCAAAACGAAGGGCCCATCCGTCT'I’CCCCCT GGC
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GCCCTGCTCCAGGAGCACCT! CCOGAGAGCACAGCCGCCCTGGGCTGCCT GGTCAAGGACTACTTC
CCCGAACCGGTGACGGTGTC GTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTT CCCGG
CTGTCCTACAGTCCTCAGGACTCTACTCCCTCAG CAGCOTGGTGACCGTGCCCTCCAGCAGCTTG
GGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAG CAACACCAAGGTGGACAAGAGA
GTTGAGTCCAAATATGGTCCCCCATGCCCACCCT GCCCAGCACCTGAGTTCGAAGGGGGACCAT
CAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGAT CTCCCGGACCCCTGAGOTCAC
GTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAG’I‘TCAACTGGTACG’I‘GGATGG
CGTGGAGGT GCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGT’I‘CAACAGCACG’FACCGTGT
GGTCAGCGTCCTCACCGTCCTGCACCAGGACT GGCTGAACGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAG GCC’I‘CCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCC CG
AGAGCCACAGGTGTACACCC’I‘GCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCT
GACCTGCCTGGTCAAAGGCTT CTACCCCAGCGACATCGCCGTGGAG’I‘GGGAGAGCAATGGGCA
GCCGGAGAACAACTACAAGACCACGCCTCCCGTGCT GGACTCCGACGGCTCCTTCTTCCTCTAC
AGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATG
CATGAGGCTCTGCACAACCACT. ACACACAGAAGAGCCTCTCCCTGTCTCT GGGTAAAGCTAGTC
AGACCCCCACCAACACCATCAGCGTGACCCCCACCAACAACAGCACCCCCACCAACAACAGCA
ACCCCAAGCCCAACCCCGCTAGTGACTGGCT AGTACAGG'ITCAAATGAAA’ITCAGGTFGTYGCA
GGAGACCATGTACATGACTGTCTC CATTATTGATCGGTTCATGCAGAATAATTGT GTGCCCAAG
AAGGCTAGTACCG‘FGACCCCCACCGCCACCGCCACCCCCAGCGCCATCGTGACCACCATCACCC
CCACCGCCACCACCAAGCCCGCTAGCTGA (SEQIDNO.: 12)
€911  rAB-cetHS-puro[manti-CD40_12E12.3F3_H-LV -hlgG4H-C-Flex-vl (bold)-hCyclinB1-Peptide-1
(italics)-f4 (bold)]
EVKLVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEWVAYINSGGGSTY YEDTVK
GRFTISRDNAKNTLYLQMSRLKSEDTAMYYCARRGLPF HAMDYWGQGTSVTVSSAKTKGPSVEPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWN SGALTSGVHTFPAVLQSSGLYSLS SVVTVPSSSLGTK
TYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
QEDPEVQFN WYVDGVEVHNAKTKPREEQFN STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSI
EK’I‘ISKAKGQPREI’QVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVTPTNNST
PTNNSNPKPNPASMEMKILRALNF GLGRPLPLHFLRRASKIGEVDVE QHTLAK YLMELTMLDYASTNGS
ITVAATAPTVTPTVNATPSAAAS (SEQ ID NO.:114)
C911  rAB-cetHS-puro[manti-CD40_I2El 2.3F3_H-LV-higG4H-C-Flex-vi (bold)-hCyclinB1-Peptide-1
(italics)-f4 (bold)] nueleic acid sequence.
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ATGAACTTGGGGCTCAGCTTGATTTTCCTTGTCCTT GTTTTAAAAGGTGTCCAGTGTGAAGTGAA
GCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGCCCG GAGGGTCCCTGAAACTCTCCTGTGCAACC
TCTGGA'I'TCAC’I’I‘TCAGTGACTATTACATGTA’ITGGG’I‘TCGCCAGACT CCAGAGAAGAGGCTGG
AGTGGOTCG CATACATTAATTCTGGTGGTGGTAGCACCT ATTATCCAGACACTGTAAAGGGCCG
ATTCACCATCTCCAGAGACAATG CCAAGAACACCCTGTACCTGCAAATGAGCCGGCT GAAGTCT
GAGGACACAGCCATGTATI‘ACTGTGCAAGACGGGGGTTACCGTTCCATGCTATGGACTA'I'TGGG
GTCAAGGAACCTCAGTCACCGTCTCCT CAGCCAAAACGAAGGGCCCATCCGTCTTCCCCC’I' GGC
GCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTGCC’I‘GGTCAAGGAC’I‘ACT TC
CCCGAACCGGTOACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACC’I"I‘ CCCGG
CTGTCCTACAGTCCTCAGGACTCTACT! CCC’I‘CAGCAGCGTGGTGACCGTGCCCTCCAGCAGC’!‘TG
GGCACGAAGACCT. ACACCTGCAACGTAGATCACAAGCCCAGCAACACC AAGGTGGACAAGAGA
G'i'I‘GAG'l'CCAAATATGG’I‘CCCCCATGCCCACCCTGCCCAGCACCTGAG'I'TCGAAGGGGGACCAT
CAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCT CATGATCTCCCGGACCCCTGAGGTCAC
GTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGT’I‘CAAC’T GGTACGTGGATGG
CGTOGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG‘I‘TCAACAGCACGTACCGTGT
GGTCAGCGTCCTCACCGTCCTGCACCAGGACT GGCTGAACGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAGGCCTCCCGTCCT CCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCG
AGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCT
GACCTGCCTGGTCAAAGGCTTCT ACCCCAGCGACA’I’CGCCGTGGAGTGGGAGAGCAATGGGCA
GCCGGAGAACAACTACAAGACCACGCCTCCCGTGCT GGACTCCGACGGCTCCTTCTTCCTCTAC
AGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTC’I’I‘CTCATGCI‘CCGTGA’FG
CATGAGGCTCTGCACAACCACT. ACACACAGAAGAGCCTCTCCCTGTCTCT! GGGTAAAGCTAGTC
AGACCCCCACCAACACCATCAGCGTGACCCCCACCA_ACAACAGCACCCCCACCAACAACAGCA
ACCCCAAGCCCAACCCCGCTA GTATGGAAATGAAGATTCTAAGAG CTTTAAACTTTGGTCTGGG
TCGGCCTCTACCTTTGCACTTCCTT CGGAGAGCATC’I'AAGA’ITGGAGAGGTI‘GATGTCOAGCAA
CATACT’T'TGGCCAAATACCTGATGGAACTMCTATGTTGGACTATGCTAGTACCAACGGCAGCA
TCACCGTGGCCGCCACCOCCCCCACCGTGACCCCCACCGTGAACGCCACCCCCAGCGCCGCCGC
TAGCTGA (SEQ ID NO.:115)

D-type Cyclin Antigen. D-type cyclins are predominantly expressed in the G1 phase of the cell eycle. The
expression pattern of cyclin D1 has been extensively studied in certain cancer types including lymphoma and
non-small cell lung cancer. Approximately 30 percent of breast carcinomas arc Cyclin D1 positive. Over
expression of Cycfin D1 is now a well established criterion for the diagnosis of Mantle Cell Lymphoma, a

malignant, non-Hodgkin's lymphoma which is characterized by a unique chromosomal translocation t(11;14).
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Cyelin D1 - Peptide 1-bold, Peptide 2-bold-underlined, Peptide-3 italics, Peptide 4-underlined.

MEHQLLCCEVETIRRAYPDANLLN DRVLRAMLKAEETCAPSVSYFKCVQKEVLPSM RKIVAT

WMLEVCEEQKCEEEVE PLAMNYLDRFLSL EPYK KSRLOLLGA TCMEVASKM KETIPLTAEKL

CIYTDNSIRPEELLOMELLLVNKLKWNLAAM TPHDFIEHFLSKMPEAEENKQURKHAQTFVALCA Y
5 KFISNPPSM VAAGSVVAAVOGL’NLRSPNNFLSYYRLTRFLSRVIKCDPDCLRACOEOIEAI LESSLRO

AQQNMDP&EEEEBEEEEVDLACTPTDVBQVQI (SEQ IDNC.:116)

Pep-1

MEHQLLCCEVETIRRAYPDANLLNDRVLRAMLKAEETCAPSVSYFKCV (SEQ ID NO.:117)

Pep-2

10 QKEVLPSMRKlVA’I‘WMLEVCEEQKCEEEVFPLAMNYLDRF LSLEPVKKSRLQLLGATCMFVASKM

KETIPLTAEKLCIY TDNSIRPEELLQMELL (SEQ ID NO.:118)

Pep-3

LVNKLKWNLAAMTPHDFIEHF LSKMPEAEENKQ’I’IRKHAQ’I’FVALCATDVKFI SNPPSMV (SEQ 1D
NO.:119)

15  Pep-4
AAGSVVAAVQGLNLRSPNNFLSYYRLTRFLSRVIKCDPDCLRACQEQIEALLESSLRQAQQNMDPK
AAEEEEEEEEEVDLACTPTDVRDVDI (SEQ ID NO.:120)

Table 1. Clone-Antibody Correlation.

Name Clone Isotype
PABL76 AB13_22.11B6.2C6 13Glk
PAB176 AB13.22.11B6.1C3 (HS440) - subclone
PABL77 AB13 22.11C7.1D6 IaG2bk
PAB180 AB13 22,11H12.1G1 I1sG1k
PABI188 ABl13_22.12B4.2C10 IgGlk
PABIS74
PAB187 AB13_22.12E123F3 1gGl1k
PAB366
PABS525
PABS30
PABS594
PAB1400
PABIT700
PAB184 AB13 22.15C11.3G12 1pGlk
PADIS] ADI3 22.19B54C11 1gG2a k
PAB1IS3 AB13 22.24A33F!1 1gG2b k
PAB178 AD13 2224C9.2A6 1gG2bk
PABIRS ABI3 222G2.1AS 1aG2bk
PAB194 AB13_22.3C7.1G5 1gG2ak
PABLS73
PABLY3 ABL13_22.7G10.2D5 1gG2ak
PABLST2
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PAB182 AB13_22.8A4.3G10 1gGlk
PAB1435

PABL179 AB13 22.8¢6.2C7 IgG2bk
PAB190 AB13 22.9A112A11 IpGl lam

Fig. 34 shows the results obtained with the various antibodies using an assay that detects signaling via CD40
ligation - read out as cell death, CD40 itself can send such signals, but the intracellular domain of FAS is
used for comparison when expressed in CHO cells (Fas CHO v. CHO). Bricfly, CHS-S cells were
transfected with expression vectors for either hCD40ectodomainT™ fused to FAS intracellular domain, or
hCD40. These cells proliferate normally, but signaling through CD40 ligation activated apoptotic signals.
After 48 hours, MTT is added to the culture and reduction in dyc is measured, which is dircctly proportional
to the content of active mitochondria (i.e., live cells).

ELISA. The plates were coated with either CD40 ecto (human or NHP coh) then mAbs. anti-mIgG HRP or
CBD doc/then CD40 ceto (coh = cohesin, NHP = non human primate, HRP = horseradish peroxidasc) then
mAbs and then anti-mlgG HRP or Capture is anti-mIgG then Mabs then biotinylated CD40 ecto (human or
NHP coh). Cytokine production was measured as described in the examples above.

Figs. 35 shows the binding of various constructs when the antibody has been made into a fusion protein with
doc and then captures. Figs. 36 and 37 compare cytokine production with our without the addition of GM-
CSF and IFNa (Fig. 36 A-D), and scluble antibodies alone (Fig. 37A-D) incubated with the DCs for 24
hours. Figure 38A-B demonstrates the effect of various conccatrations of anti-CD40 antibodies of the
present invention on direct B cell proliferation.

B cell Proliferation. B cells from PBMC of healthy donors were enriched by B cell enrichment kit (from
BD). CFSE-labeled 5x10¢4 B cells were cultured in RPMI medium containing 10 % FCS in the presence of
50 units/m! IL-2 for 6 days. B cell proliferation was tested by measuring CFSE dilution using flow
cytometry. Surprisingly, it was found that antibodies were able to cause B cell proliferation at various
dilutions, while an immunoglobulin control and an anti-CD40 antibody {data not shown) did not.

The various constructs shown herein demonstrate the that CD40 antibodies (e.g., 12E12) are capable of
strong activation as variable domains when; (1) the antibody is reconfigured as a recombinant mouse v
region human IgG4 C region chimera, and (2) the activity can be retained in the context of (1) with H-chain -
C-terminal antigen added. Thesc variable region-peptide fusion proteins and/or complexes enhance greatly
vaccine cfficacy.

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.
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1t will be understood that particuler embodiments described herein are shown by wey of illustration and not
o5 limitations of the invention, The principal features of this invention cen be employed in various
embodiments without departing from the scope of the invention, Those skitled in the art will recognize, ot be
sble to ascertein using no more than Touting experimentation, numerous cquivalenss to the spesific
procedures described herein, Such equivatents ere cansidered to be within the scope of this invention and are
covered by the claims,

All publications end pstent epplications mentioned in the specification are indicative of the level of skill of

those skilled in the rt to which this invention pertains.

The use of the ward *a” ot “an” when used in conjunction with the term “comprising” in the claims snd/or
the specification may mean “one,” but it is 8150 conwistent with the mesning of “one or more,” “at least one,”
and one or more than one.” The use of the term “or in the claime is used to meen *and/or” unless explicity
indicated to refer to sltematives only or the alternatives are mutually exclusive, aithough the disclosure
supports a definition that refers to only altematives and “and/or.” Throughout this spplication, the term
“about” i3 used to indicatc that & value includes the inherent varistion of crror for the device, the method
being cmployed to determine the value, or the variation thet exists #mong the study subjects.

As used in this specification snd claim(s), the words "compriging” (and any form of comprising, such as
“comprise” and “comprises”), “having” {end any form of having, such a5 “have” and “has™), “including”
(and any form of including, such es sincludes™ and “include™) or “containing” (and any form of containing,
such ds “contains™ and “contain™) sre inclusive o open-ended and do not exclude additionel, unrecited
clements or method steps.

The term “or combinations thersof* as used herein refers 10 sll permutations and combinations of the listed
jtems preceding the term. For example, “A, B, C, or combinations thereof”* is intended to include at least onc
of- A, B, C, AB, AC, BC, or ABC, and if arder is important in @ particular context, also BA, CA, CB, CBA,
BCA, ACB, BAC, or CAB. Continuing with this example, expressly included arc combinations that contain
repeats of one or more item o term, such as BB, AAA, MB, BBC, AAABCCCC, CEBAAA, CABABB, and
g0 forth, The skilled artisan will understand that typicatly there is o limit on the number of items or terms in
any combination, unless otherwise apparent from the context,
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CLAIMS

1.

10.

11.

An antibody or an antigen binding fragment thereof that binds to CD40, comprising:

@) a light chain variable region comprising an amino acid sequence of SEQ ID NO:7 and a

heavy chain variable region comprising an amino acid sequence of SEQ ID NO:6; or
(i) a humanized version of (i).

The antibody of claim 1, further comprising a heavy chain constant region, wherein the heavy
chain constant region comprises a gamma-1, gamma-2, gamma-3, or gamma-4 human heavy chain

constant region or a variant of the human heavy chain constant region.

The antibody of claim 1 or 2, further comprising a light chain constant region, wherein the light

chain constant region comprises a lambda or a kappa human light chain constant region.

The antibody of any one of claims 1-3, wherein the binding fragment is selected from group

consisting of Fab, Fab', Fab'-SH, Fv, scFv, F(ab")2, and a diabody.

The antibody of claim 1, wherein the antibody is produced by the hybridoma anti-
CD40 11B6.1C3 (ATCC Accession No. PTA-10652).

The antibody of any on¢ of claims 1-5, wherein the antibody alone is capable of causing dendritic
cells to secrete at least one of IL-6, MIP-1a, IL-12p40 or TNFalpha without prior activation of the

dendritic cells.

The antibody of any one of claims 1-6, wherein the antibody is capable of causing dendritic
cells activated with GM-CSF and Interferon alpha to secrete at least one of IL-6, MIP-1a, IP-10, IL-
10 or IL- 12p40.

The antibody of any one of claims 1-7, wherein the antibody is humanized.

A composition comprising an antibody or an antigen binding fragment thercof, in combination with a
pharmaceutically acceptable carrier or diluent, wherein the antibody or antigen binding fragment

thereof is as defined in any one of claims 1-7.
The composition of claim 9, wherein antibody is humanized.

A humanized recombinant antibody or an antigen binding fragment thercof, both of which bind to
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15.

16.

17.

18.

19.

20.
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CDA40, wherein the antibody or antigen binding fragment comprises a humanized version of a light
chain variable region consisting of an amino acid sequence of SEQ ID NO:7 and a humanized

version of a heavy chain variable region consisting of an amino acid sequence of SEQ ID NO:6.

The antibody of claim 11, further comprising a heavy chain constant region, wherein the heavy chain
constant region comprises a gamma-1, gamma-2, gamma-3, or gamma-4 human heavy chain

constant region or a variant of the human heavy chain constant region.

The antibody of claim 11 or 12, wherein the humanized antibody comprises the complementarity
determining regions of: a) the antibody light chain variable region consisting of an amino acid
sequence of SEQ ID NO:7; and b) the antibody heavy chain variable region consisting of an amino
acid sequence of SEQ ID NO:6 on a human antibody framework.

The antibody of any one of claims 11-13, further comprising a light chain constant region, wherein the

light chain constant region comprises a lambda or a kappa human light chain constant region.

The antibody of any one of claims 11-14, wherein the binding fragment is selected from group

consisting of Fab, Fab', Fab'-SH, Fv, scFv, F(ab')2, and a diabody.

The antibody of any one of claims 11-15, wherein the antibody alone is capable of causing dendritic
cells to secrete at least one of IL-6, MIP-1a, IL-12p40 or TNFalpha without prior activation of

the dendritic cells.

The antibody of any one of claims 11-16, wherein the antibody is capable of causing dendritic cells
activated with GM-CSF and Interferon alpha to secrete at least one of IL-6, MIP-1a, IP-10, IL-10 or
IL- 12p40.

A composition comprising an antibody or an antigen binding fragment thereof, in combination with a
pharmaceutically acceptable carrier or diluent, wherein the antibody or antigen binding fragment

thereof is as defined in any one of claims 11-17.

One or more nucleic acid molecules comprising the nucleotide sequence of SEQ ID NO:15 encoding
a light chain or a binding fragment thereof and comprising the nucleotide sequence of SEQ ID NO:14

encoding a heavy chain or a binding fragment thereof.

The one or more nucleic acids of claim 19, wherein the binding fragment encodes for an antibody

fragment selected from the group consisting of Fab, Fab', Fab'-SH, Fv, scFv, F(ab')2, and a diabody.
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A method of making an antibody comprising: expressing in a host cell a recombinant antibody or an
antigen binding fragment thereof, both of which bind to CD40, wherein the recombinant antibody
or antigen binding fragment comprises: (i) an antibody light chain variable region consisting of an
amino acid sequence of SEQ ID NO:7 and an antibody heavy chain variable region consisting of an

amino acid sequence of SEQ ID NO:6; or (ii) a humanized version of (i).
The method of claim 21, wherein the host cell is a bacterial, fungal, insect, or mammalian cell.
The method of claim 21 or 22, wherein the antibody is a humanized antibody.

The method of any one¢ of claims 21-23, wherein the antibody alone is capable of causing dendritic
cells to secrete at least one of IL-6, MIP-1a, IL-12p40 or TNFalpha without prior activation of

the dendritic cells.

The method of any one of claims 21-24, wherein the antibody is capable of causing dendritic cells
activated with GM-CSF and Interferon alpha to secrete at least one of IL-6, MIP-1a, IP-10, IL-10 or
IL- 12p40.
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