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DESCRIPTION

[0001] The present invention relates to nucleic acids and to their use as vaccines, the nucleic acids encoding T cell epitopes against which
an immune response is to be raised. Such vaccines may be used in the treatment of tumours.

[0002] In the field of cancer vaccines and chronic viral infections, it is now becoming clear that factors other than frequency, such as
functional avidity of tumour specific T cells and route of priming, are major determinants in maximising vaccine efficacy. A number of groups

have shown that high avidity CD8* T cells demonstrate superior anti-tumour activity (Alexander-Miller, Immunologic Research, 2005;31: 13-
24, Hodge et al, J Immunol 2005; 174: 5994-6004, Valmori et al, J Immunol 2002;168: 4231-40, Zeh et al, J Immunol 1999;162: 989-94). It
has been suggested that high avidity T cells play a vital role in tumour regression in patients. This is exemplified in a study where high
avidity antigen-specific tumour infiltrating lymphocytes (TIL) were detected in a patient with dramatic tumour regression (Khong &
Rosenberg, J Immunol 2002;168: 951-6). Evidence is also emerging demonstrating that adoptive transfer of in vitro stimulated autologous
tumour-specific T cells is successful, possibly as in vitro stimulation enables selection of the high avidity T cells (Vignard et al., J Immunol
2005;175: 4797-805, Dudley et al., J Immunother 2001;24: 363-73, Morgan et al, J Immunol 2003;171: 3287-95, Rosenberg & Dudley,
Proceedings of the National Academy of Sciences of the United States of America 2004;101 Suppl 2: 14639-45).

[0003] Hitherto, a number of groups have attempted to raise a cellular immune response against a pre-determined epitope using an
antibody as a carrier for that epitope. For example, WO 96/19584 (Bona et al.) discloses chimeric antibodies in which T cell epitopes are
inserted into the complementarity determining regions (CDRs) of an antibody, and alleges that such chimeric antibodies are suitable for
raising a cytotoxic T cell (CTL) response. However, this document teaches that the DNA must encode a functional protein. Thus in the
abstract, it is stated that "the functional capabilities of the epitope and the parent immunoglobulin are retained." Also. on page 21, it is
stated "that the insertion of the desired epitope should be at a region of the nucleic acid encoding the parent immunoglobulin molecule that
is not essential for expression or function of the parent immunoglobulin molecule.” Furthermore, all the examples in WO 96/19584 show
that intact immunoglobulin is produced following insertion of the T cell epitope.

[0004] US Patent No. 7,067,110 discloses a method for eliciting an immune response against an antigen using a fusion protein of antibody
which lacks an immunoglobulin variable region domain fused to the antigen by a polypeptide bond. The fusion protein retains the ability to
bind to Fc.

[0005] EP0759944 discloses a method of incorporating T cell epitopes within an antibody molecule that is secreted as an intact
immunoglobulin protein and which can target CTL epitopes to tumours to make them better targets for CTLs.

[0006] WO 00/64488 discloses that a CTL response can be raised by nucleic acid encoding a chimeric antibody having heterologous T cell
epitopes inserted in the CDRs but not the variable region thereof, provided that the nucleic acid is directed for expression in B cells. As B
cells cannot stimulate naive T cell responses, the vaccine described in WO 00/64488 would only be useful in boosting pre-existing T cell
responses.

[0007] WO 02/092126 discloses that a CTL response can be raised by a polypeptide comprising a heterologous T cell epitope and the part
of human Fc which binds to the high affinity CD64 receptor. However, the present inventors have now shown that disruption of the antibody
sequence by inserting a T cell epitope, for example within an inappropriate CDR or even within the variable region of an antibody, prevents
association of heavy and light chain and no functional antibody is secreted. DNA encoding these mis-folded antibodies unexpectedly
generates strong T cell responses. Furthermore, this is not mediated via CD64 as human IgG2 - which does not bind to mouse or human
CD64 - works just as efficiently as human IgG1.

[0008] In one aspect of the present invention, there is provided a nucleic acid which comprises (a) a promoter, (b) a sequence that
encodes a leader sequence and a recombinant heavy chain of an immunoglobulin molecule and (c) a sequence that encodes a light chain
of an antibody, wherein

the heavy chain has at least one heterologous T cell epitope therein which disrupts the heavy chain such that the heavy chain cannot take
its native conformation and associate with an immunoglobulin light chain when the nucleic acid is expressed,

at least one heterologous cytotoxic T cell epitope is in the CDRH1 and/or CDRH2 of the antibody heavy chain,
at least one heterologous helper T cell epitope is in the antibody light chain or is in the antibody heavy chain, and

the promoter (i) has no specificity for cells in which expression is promoted or (ii) causes expression of the nucleic acid in dendritic cells.

[0009] Without wishing to be bound by theory, the present invention is based, at least in part, on the concept that a T cell response can be
generated against a specific T cell epitope (such as a CTL epitope), by administration of a nucleic acid encoding a polypeptide including the
T cell epitope. It is believed that nucleic acid is either taken up by antigen presenting cells (APCs), migrates to lymph nodes and is directly
presented, or is expressed to produce a polypeptide which is secreted and which is then taken up by other APCs. The former nucleic acid is
suitable for stimulating helper T cell epitopes and the latter is suitable for stimulating CTL responses. The polypeptide that is encoded by
the nucleic acid ideally does not have any natural T cell epitopes. Suitable polypeptides in this regard are immune molecules, such as
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antibodies. Antibody heavy and light chains which cannot associate so that the light chain remains in the APCs and so that the heavy chain
is secreted are suitable for the practice of the present invention.

[0010] A suppressor T cell population was identified approximately 40 years ago, but progress was hampered by the lack of specific
techniques to identify the cells and because of scientific scepticism regarding the existence of suppression. However, Sakaguchi et a/

resurrected interest in suppressor cells in 1995 by demonstrating that the transfer of lymphocytes depleted of CD4*CD25" T cells into

athymic mice caused the development of various autoimmune diseases in the recipient mice and that reconstitution with CD4*CD25" T
cells prevented autoimmune reactions in these mice (Sakaguchi et al J. Immunol 1995;155:1151-1164). Subsequently, numerous studies in
mice and humans have shown that diverse T cell populations with regulatory activity play an important role in the suppression of immune
responses (both innate and adaptive) to self (controlling self tolerance) (Sakaguchi et al J Immunol 1995;155:1151-1164) as well as foreign
antigens (Shevach, Immunity 2006; 25: 195-201, Coleman et al, J. Cell Mol. Med. 2007; 11: 1291-1325). Treg-cell depletion in mouse
models of cancer has shown to improve endogenous immune-mediated tumour rejection (Shimizu, et al, J. Immunol. 1999; 163: 5211-
5218, Onizuka et al, Cancer Research 1999; 59: 3128-3133) and antigen-specific anti-tumour immunity (Tanaka, et al, J. Immunother.
2002;25:207-217). In addition, Treg-cell depletion augments tumour immunotherapy including vaccination (Tanaka, et al, J. Immunother.
2002;25:207-217, Dannull et al, J. Clin. Invest. 2005;115:3623-3633) and CTLA-4 blockade (Sutmuller et al, J. Exp. Med. 2001;194:823-
832). Furthermore, numbers of Treg-cells are increased in the peripheral blood (Woo et al, Cancer Research 2001,61:4766-4772, Curiel et
al, Nature Medicine 2004;10:942-949, Wolf et al, Clin. Cancer Research 2003;9:606-612, Sasada et al, Cancer2003;98:1089-1099) and
populate the tumour microenvironment and draining lymph nodes (Curiel et al, Nature Medicine 2004;10:942-949, Sasada et al, Cancer
2003;98:1089-1099, Liyanage et al, J. Immunology 2002;169:2756-2761, Matsuura et al, Cancer 2006;106:1227-1236, Yang et al, Blood
2006;107:3639-3646, Alvaro et al, Clin. Cancer Research 2005;11:1467-1473) of patients with different cancers. In patients with gastric
carcinoma (Sasada et al, Cancer 2003;98:1089-1099, Ichihara et al, Clinical Cancer Research 2003;9:4404-4408) and ovarian cancer
(Curiel et al, Nature Medicine 2004;10:942-949), poor prognosis and decreased survival rates were associated with higher Treg-cell
frequencies. Treg-cells have also been shown to suppress/inhibit the proliferation, cytokine-production (IFNy, IL-2) and cytolytic activity of

tumour-specific CD8* (Liyanage et al, J. Immunology 2002;169:2756-2761, Piccirillo et al, J. Immunology 2001;167:1137-1140, Mempel et
al, Immunity 206;25:129-141, Annacker et al, J. Immunology 2001;166:3008-3018, Woo et al, J. Immunology 2002;168:4272-4276) and

CcD4* (Liyanage et al, J. Immunology 2002;169:2756-2761, Ichihara et al, Clinical Cancer Research 2003;9:4404-4408, Nishikawa et al,
Blood 2005;106:1008-1011) T cells. In addition, Treg-cells can suppress the functions of dendritic cells (Romagnani et al, Eur. J. Immunol.
2005;35:2452-2458), NK cells (Ralainirina et al, J. Leukoc. Biol. 2007;81:144-153) and B cells (Lim et al, J. Immunology 2005;175:4180-
4183). Taken together, these studies suggest an important role of Treg-cells in tumour immunopathology and indicate a close correlation
between Treg-cell frequencies and tumour growth.

[0011] Treg-cells are divided into natural CD4*CD25*T cells and diverse populations of induced/adaptive Treg-cells (Shevach, Immunity

2006; 25: 195-201, Bluestone et al, Nat. Immunol. 2005;6:345-352) (Table 1). About 5%-10% of CD4* T cells in mice and humans are
natural Treg-cells (Sakaguchi et al, Nat. Immunology 2005;6:345-352). Natural Treg-cells develop in the thymus by strong TCR interaction
with self peptide (Picca et al, Current Opinion in Immunology 2005;17:131-136, Jordan et al, Nature Immunology 2001;2(4):301-306, Picca
et al, Immunological Reviews 2006;212:74-85), while induced Treg-cells develop from non-regulatory T cells in the periphery. This
extrathymic conversion requires special inmunological conditions such as continuous exposure to low dose antigen, exposure to a systemic
peripheral antigen or exposure to TGFB (Shevach, Immunity 2006; 25: 195-201, Akbar et al, Nat. Rev. Immunol. 2007;7:231-237). Treg-
cells may mediate their suppression by one or a combination of the following mechanisms: i) cell-cell contact dependent mechanism, ii)
through the secretion of immunosuppressive cytokines like IL-10 or TGFB or iii) direct killing of the target cells perforin-granzyme pathway
(von Boehmer, Nature Immunology 2005:6(4):338-344).

[0012] To date, very little is known about the antigen-specificity of human Treg-cells. Wang et al reported the identification of LAGE-1-
specific CD4*CD25*GITR* functional Treg-cell clones in cancer patients (Wang et al, Immunity 2004;20:107-118). Vence et al

demonstrated the presence of tumour antigen-specific CD4* Treg-cells in the peripheral blood of metastatic melanoma patients (Vence et
al, PNAS 2007;104(52):20884-20889). These Treg-cells recognised a broad range of tumour antigens, including TRP1, NY-ESO-1, gp100
and survivin. In addition, Vence et al were the first to demonstrate the presence of NY-ESO-1-specific Treg-cell epitopes within the NY-ESO-
1 molecule. Furthermore, vaccination of melanoma patients with dendritic cells either loaded with synthetic peptides or tumour lysates was

shown to induce increased frequencies of Treg-cells, concomitant with the expansion of tumour-specific CD8* T cells (Chakraborty et al,
Hum. Immunology 2004;65:794-802). This suggests the possibility that the vaccine contained unidentified Treg-cell epitopes as well as

CD8* T cell epitopes, which lead to the expansion of Treg-cells in vivo by ligand-specific activation through the Treg-cell T cell receptor
(TCR). It is widely accepted that Treg-cells require antigen-specific activation through TCR recognition/engagement but mediate antigen-
nonspecific bystander suppression (Thorton & Shevach, J. Immunology 2000;164:183190). Furthermore, Li et al suggested the existence
of dominant Treg epitopes within the Hepatitis C Virus core protein that stimulated HCV-specific Treg-cells in infected patients (Li et al,
Immunol. Cell Biol. 2007;85(3):197-204). Collectively, these studies in addition to the recent finding that immunization of HHD transgenic
mice with the anti-endothelial DNA construct C200Fc, failed to stimulate a significant Tie-21_4gg-specific anti-tumour immune response and

the increased frequency of Tie-21.1ge-specific IFNy secreting cells from splenocytes of HHD mice after the depletion of CD4*CD25" Treg
cells (by administration of 400pg PC61 monoclonal antibody) prior to C200Fc DNA immunization (Middleton, PhD Thesis. University of

Nottingham, November 2007) indicates that the Tie-21.1gg within the DNA vaccine contains unidentified Treg-cell epitopes as well as the

CD8" epitope. This would explain the failure of the vaccine to break tolerance to the self antigen Tie-2 and to elicit anti-tumour immunity in
HHD mice due to abundant antigen-specific expanded Treg-cells suppressing the cell-mediated anti-tumour immune response. There is
therefore an advantage to express T effector epitopes with inert immune carriers which fail to express T reg epitopes to direct the immune
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response to the effector epitope and prevent stimulation of the dominant T reg response.

[0013] The nucleic acid of the present invention includes a sequence encoding a leader sequence, that allows the expressed recombinant
antibody heavy chain polynucleotide to be secreted. This allows the polynucleotide to be transferred to antigen presenting cells (APCs). The
sequence could be a leader sequence that is naturally expressed with the polynucleotide or could be a heterologous leader sequence, such
as an immunoglobulin leader sequence, which is added.

[0014] The nucleic acid of the present invention encodes a recombinant heavy chain of an antibody. The structure of such a heavy chain is
known to those of skill in the art, and generally includes variable and constant regions. The antibody may be monoclonal or polyclonal and
may be IgA, IgD, IgE, 1gG or IgM, although IgG is preferred. The IgG antibody may be any IgG subclass, such as human IgG1, IgG2, 1IgG3
or IgG4, or mouse IgG1, IgG2a, IgG2b or IgG3. The IgG antibody may be a human IgG1 antibody having the IgG2 Fc binding domain, or a
human IgG2 antibody having the 1gG1 Fc binding domain. The heavy chain may have the constant region of a human antibody, and the
variable or hypervariable (CDR) region of a mouse monoclonal antibody into which heterologous T cell epitopes have been inserted. The
variable region other than the hypervariable region may also be derived from the variable region of a human antibody. When applied to
antibodies (i.e. comprising a heavy chain and a light chain), the antibody is said to be humanised. Methods for making humanised
antibodies are known in the art. Methods are described, for example, in Winter, U.S. Patent No. 5,225,539. The variable region of the heavy
chain outside of the mouse hypervariable region may also be derived from a mouse monoclonal antibody. In such case, the entire variable
region is derived from murine monoclonal antibody and, when applied to antibodies, the antibody is said to be chimerised. Methods for
making chimerised antibodies are known in the art. Such methods include, for example, those described in U.S. patents by Boss (Celltech)
and by Cabilly (Genentech). See also U.S. Patent Nos. 4,816,397 and 4,816,567, respectively.

[0015] The nucleic acid of the present invention further comprises at least one sequence that encodes a light chain of an antibody. The
light chain may have at least one heterologous T cell epitope therein. The T cell epitope may be such that the light chain cannot take its
native conformation when the nucleic acid is expressed. The light chain may have any of the features described herein in respect of the
heavy chain. Disclosed herein is a nucleic acid encoding a recombinant light chain of an immunoglobulin molecule, wherein the light chain
has at least one heterologous T cell epitope therein such that the light chain cannot take its native conformation when the nucleic acid is
expressed. The nucleic acid may include a non-specifc promoter. Such nucleic acid(s) encode an immunoglobulin molecule, such as an
antibody.

[0016] The invention also provides:

» a vaccine comprising a nucleic acid of the invention and an adjuvant;

* a pharmaceutical composition comprising a nucleic acid of the invention and a pharmaceutically acceptable carrier, excipient or
diluent;

» a nucleic acid of the invention for use in medicine;

» the use of such a nucleic acid of the invention in the manufacture of a medicament for stimulating an immune response against at
least one of the T cell epitope(s); and

a nucleic acid of the invention for use in stimulating an immune response against at least one of the T cell epitope(s);

Surprisingly, the present inventors have found that antibodies, such as monoclonal antibodies, which may be human or non-human, that
have pre-determined T cell epitopes cloned within their variable regions, so as to disrupt the primary antibody structure, inhibit folding
and/or limit secretion to either just heavy chain or very low amounts of intact antibody, stimulate strong helper and antigen-specific T cell
responses. It is believed that the T cell epitope is processed but not destroyed by the immunoproteosome. In certain embodiments, the
invention provides a DNA vaccine presenting predefined T cell epitopes within denatured antibody which enhances the frequency and the
avidity of the T cell response. The polypeptides encoded by the nucleic acids of the invention may be referred to herein as "Immunobodies".

[0017] The finding that an immune response against a T cell epitope can be stimulated by a nucleic acid encoding the heavy chain of an
antibody molecule into which the T cell epitope has been inserted and the light chain of an antibody such that the antibody molecule cannot
take its native conformation runs contrary to the expectations in the art, where it is taught that the antibody must be expressed in a
functional form. For example, as discussed above, WO 96/19584 teaches that, where a nucleic acid encodes an antibody in which T cell
epitopes are inserted into the CDRs of the antibody, the nucleic acid must encode a functional antibody. Similarly, EP0759944 describes a
method of incorporating T cell epitopes within an antibody molecule that is secreted as an intact immunoglobulin protein. Although US
patent no. 7,067,110 discloses that an immune response can be raised against an antigen by a fusion protein of antibody and the antigen,
the antibody is disclosed as lacking an immunoglobulin variable region. In addition, this fusion protein will have regulatory T cell epitopes in
the antigen. Thus, although the protein may stimulate an antibody response, it will not stimulate high avidity T cells responses due to
regulatory T cell epitopes s in the antigen.

[0018] As discussed above, WO 00/64488 discloses a nucleic acid encoding a chimeric antibody having heterologous T cell epitopes
inserted in the CDRs but not the variable region thereof, which nucleic acid is directed for expression in B cells. The nucleic acid of the
present invention is not directed for expression in B cells, and thus will not target B cells specifically either in vitro or in vivo. The nucleic acid
of the present invention can be taken up by any antigen presenting cells, including dendritic cells, and can therefore prime naive CTL and
helper T cell responses, whereas the vaccine described in WO 00/64488 would only be useful in boosting pre-existing T cell responses.

[0019] Analysis of the functional avidity of responses induced by nucleic acids in accordance with the invention demonstrated that a high
avidity response can be generated when compared to immunisation with synthetic peptide. This also correlated with enhanced ability to
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recognise and kill tumour cells in vitro and in vivo. This observation is comparable to that documented in other studies where better anti-
tumour activity is shown by high avidity TRP2 specific CTL (Zeh et al, J Immunol 1999;162: 989-94, Harada et al, Immunology 2001;104:
67-74).

[0020] The nucleic acids of the present invention have a promoter that will promote expression of the nucleic acid but which has no
specificity for cells in which expression is promoted. Examples of suitable promoters include the CMV promoter, the SV40 promoter, and
other non-specific promoters known to those of skill in the art. Alternatively, the nucleic acid of the present invention may have one or more
promoters that cause specific expression in dendritic cells (e.g. Cd11b promoter).

[0021] The nucleic acid of the invention encodes a polypeptide antibody heavy and light chains which include variable and constant
regions. The antibody may be monoclonal or polyclonal and may be IgA, IgD, IgE, IgG or IgM, although IgG is preferred. The IgG antibody
may be any IgG subclass, such as human IgG1, IgG2, 1IgG3 or IgG4, or mouse IgG1, IgG2a, IgG2b or IgG3. The IgG antibody may be a
human IgG1 antibody having the 1gG2 Fc binding domain. The antibody may have the constant region of a human antibody, and the
variable or hypervariable region of a mouse monoclonal antibody into which heterologous T cell epitopes have been inserted. The variable
region other than the hypervariable region may also be derived from the variable region of a human antibody. Such an antibody is said to
be humanised. Methods for making humanised antibodies are known in the art. Methods are described, for example, in Winter, U.S. Patent
No. 5,225,539. The variable region of the antibody outside of the mouse hypervariable region may also be derived from a mouse
monoclonal antibody. In such case, the entire variable region is derived from murine monoclonal antibody and the antibody is said to be
chimerised. Methods for making chimerised antibodies are known in the art. Such methods include, for example, those described in U.S.
patents by Boss (Celltech) and by Cabilly (Genentech). See also U.S. Patent Nos. 4,816,397 and 4,816,567, respectively.

[0022] The nucleic acid of the invention is such that the heavy chain expressed therefrom has at least one heterologous T cell epitope
therein so that the heavy chain cannot take its native conformation and associate with an antibody light chain. The T cell epitope may
disrupt the expressed protein so that the heavy chain or the immunoglobulin molecule can no longer bind to its antigen, for example. The
disruption may be in the tertiary structure of the immunoglobulin molecule which may prevent formation of the disulphide bonds.

[0023] As discussed in more detail below, the T cell epitope(s) may be inserted into or substituted for the CDR1 and CDR2 regions of the
antibody. At least one heterologous cytotoxic T cell epitope is in the CDRH1 and/or the CDRH2. CDR1 and CDR2 form part of the antibody
B sheet conformation and are partially submerged within the folded molecule. Any change to their length, amino acid composition or charge
will disrupt this structure and prevent heavy and light chain folding and association. CDRH3 is exposed on the surface of the
immunoglobulin molecule and is therefore more permissive of alterations. In the present invention, it is preferred if CDR1 and/ or CDR2 are
substituted with T cell epitope(s). Indeed, in certain embodiments, loss of framework regions at the CDRH junctions completely disrupts
antibody folding yet insertion of epitopes in these regions gives good T cell responses. Incorporation of any epitope within the CDRH1 (5
amino acids in length) or CDRH2 (17 amino acids in length) causes sufficient disruption to allows secretion of heavy chain but only very low
amounts of intact antibody, even if the light chain has its native sequence. This shows that the secondary structure is important for heavy
and light chain pairing. Incorporation of any epitope within CDRL1 of the light chain results in low level secretion of light chain, even if there
is only a single epitope incorporated into the CDRH3 of the heavy chain.

[0024] "Heterologous T cell epitope” is intended to mean a T cell epitope which is heterologous to the antibody. For example, a
heterologous T cell epitope may be one which was not previously present in the antibody. The heterologous T cell epitope may be inserted
as a whole, although it may be made up from an inserted amino acid sequence, together with flanking amino acids of the second portion.
This is to ensure that the inserted epitope has a similar processing profile in the heterologous nucleic as from the original antigen.

[0025] One or more CTL/helper epitopes can be inserted within the same variable region.

[0026] Provided that at least one heterologous cytotoxic T cell epitope is in the CDRH1 and/or CDRH2 and at least one heterologous
helper T cell epitope is in the light chain or in the heavy chain, T cell epitope(s) can be inserted anywhere in the heavy chain or light chain.
It is preferred if the or each epitope is inserted in the variable region of the heavy chain and/or light chain, although nucleic acids encoding
antibodies having T cell epitopes inserted in the constant region and the variable region of a heavy chain and/or light chain are included
within the invention. In the nucleic acids of the present invention, the sequence(s) encoding the T cell epitopes may be inserted into (i.e.
added to) the sequence encoding the heavy chain and/or light chain, or may be substituted into the sequence encoding the heavy chain
and/or light chain.

[0027] In the variable region, the T cell epitope(s) may be inserted in, or substituted for, any one or more the CDRs of the heavy and/or
light chain, i.e. L1, L2, L3, H1, H2, or H3. Of these, L1, H1 and H2 are currently preferred. In certain embodiments, the T cell epitopes are
inserted in, or substituted for, CDRL1 and/or H1 and/or H2. Preferably the incorporated T cell epitopes are not of similar size and charge to
the amino acids of the original CDR of the antibody so that the antibody does not take its native conformation, e.g. does not fold and is not
secreted correctly. Alternatively or additionally, they may be inserted in, or substituted for, the framework region surrounding the CDRs.

[0028] T cell epitopes can be predicted using known T cell algorithms or synthesised as peptides and screened using standard T cell
assays. The T cell epitopes may have an amino acid length in the range of from 5 to 50, 7 to 40, 8 to 30 or 9 to 20 amino acids, such as 9,
10, 11, 12, 13, 14, 15, 16 , 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 amino acids. The epitopes may inserted using
complementary oligonucleotides that encode the antigenic epitopes, which are annealed and cloned into specific sites of the antibody
framework where CDR's (or other region) have been replaced with unique restriction enzyme sites. The ability of the recombinant antibody
to stimulate helper and cytotoxic T cell responses can be screened as exemplified herein.
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[0029] Various combinations are possible within the present invention. In certain embodiments, one or a plurality of CD8 epitopes is/are
inserted in, and/or substituted for, the CDR H1 and/or H2. Additionally or alternatively, one or a plurality of CD4 epitopes may be inserted in,
and/or substituted for, the CDR L1, or in the non-CDR variable region, of the light chain or the antibody. Where there is a plurality of T cell
epitopes, the T cell epitopes may be the same or different. Those of skill in the art will appreciate that numerous combinations are possible,
including:

» a CD8 epitope in CDR H1, and a CD4 epitope in CDR L1;

» a CD8 epitope in CDR H2, and a CD4 epitope in CDR L1;

» a CD8 epitope in CDR H1 and CDR H2, and a CD4 epitope in CDR L1;
* 2 CD8 epitopes in CDR H1, and a CD4 epitope in CDR L1;

» 2 CD8 epitopes in CDR H2, and a CD4 epitope in CDR L1; etc

[0030] Nucleic acids of the present invention can incorporate multiple T cell epitopes from a single target antigen that can bind to the
majority of both class | and class || MHC molecules. This may create a vaccine that can be used in widespread population vaccination.
Alternatively nucleic acids useful in the invention can incorporate multiple T cell epitopes from multiple target antigens that can bind to the
most common class | and class |l phenotypes. This may create a vaccine that may prevent selection of antigen loss variants. Target
antigens may be from a single pathogen or tumour type or may be selected to give an immune response against a variety of pathogens or
cancers. Nucleic acids useful in the present invention targeting specific common HLA phenotypes may incorporate numerous T cell
epitopes from a wide variety of cancers and/or pathogens, providing a single vaccine to prevent disease.

[0031] Any T cell epitope can be inserted, provided that it stimulates helper and/or cytotoxic T cell responses. T cell epitopes from
pathogens such as HIV, Hepatitis C and other infections that require CTLs to clear latent infections may be used, although it is preferred if
the epitope is a "self-epitope”, i.e. associated with a condition/disorder associated with cell proliferation such as cancer. Preferably, the T
cell epitope is such that the antibody cannot fold correctly and be secreted. It is therefore preferred if the inserted epitopes are of not of
similar size and amino acid composition to the original variable region. The nucleic acid may have a plurality of different T cell epitopes so
as to generate a wide variety of T cell responses. The nucleic acid may incorporate multiple epitopes from a single antigen, thereby
ensuring that the majority of individuals with different HLA types respond to the single vaccine. Alternatively, multiple T cell epitopes from
multiple antigens targeting a restricted spectrum of HLA types could be used. The nucleic acid molecules of the invention may include a
variety of antigens from a single pathogen or cancer type or they could include disparate antigens targeting a wide range of solid tumours
or pathogens. The nucleic acid molecules of the invention may even be designed to target different cell populations within a tumour, such
as tumour epithelial and endothelial antigens.

[0032] Surprisingly the inventors have found that, when T cell epitopes were inserted into structurally confined CDRs or non-CDR regions
of the heavy chain, they gave superior CTL responses. This appears to be due to secretion of large amounts of heavy chain, which can
only weakly associate with light chain due to the insertion of bulky epitopes into their variable regions. This is contrary to dogma, which
states "that only proteins synthesised endogenously by antigen presenting cells are presented on MHC class | molecules and recognised by
CTLs" - WO 96/19584. Uptake of exogenous antigen and presentation on MHC class | is a process known as cross presentation and
usually requires uptake via specific receptors. This could be the CD64 receptor for human Fcy1 antibodies. However, it would be predicted
that large amounts of intact antibody or antigen-antibody complexes would be better at targeting this receptor. In contrast, the results
presented herein clearly show very low levels of intact antibody and large amounts of free heavy chain, which should not bind to CD64, give
superior CTL responses. Indeed, it is shown herein that CTL responses can be stimulated when CTL epitopes are inserted in antibodies
which cannot bind to CD64, such as 1gG2 antibodies or IgG1 molecules with their CD64 binding region replaced with the non-CD64 binding
region from IgG2.

[0033] The nucleic acid encoding the heavy chain includes a leader sequence to allow it to be secreted. The present inventors have found
that, if the leader sequence of the heavy chain is removed to prevent secretion and allow more endogenous protein to be produced, this
reduces the CTL response. This is completely contrary to expectations. Whilst not wishing to be bound by theory, the inventors believe that
this implies that the nucleic acid is expressed in non-antigen presenting cells, which secrete high levels of heavy chain and low amounts of
native protein which can then be taken up by antigen presenting cells. Alternatively, the nucleic acid may directly transfect antigen
presenting cells which migrate to the draining lymph node where they secrete low amounts of native protein and large amounts of heavy
chain that is taken up by the same or adjacent antigen presenting cells and presented on MHC class | to naive CTLs. Therefore, for a
nucleic acid vaccine to stimulate efficient CTL responses, it must preferably encode CTL epitopes within a protein that is secreted at very
low levels and/or at the same time secretes large amounts of denatured protein. However, a CTL response cannot mature to a high affinity
memory response in the absence of helper responses. Therefore, T helper epitope(s) are inserted into the heavy chain or the antibody
molecule, preferably into the variable region of antibody light chains. Again, surprisingly and in contrast to the dogma which states "only
proteins taken up exogenously by the target cells are presented by MHC class Il molecules and recognised by helper T cells”, light chain
was only secreted in very low amounts. Removal of the leader sequence to prevent secretion of the light chain had no effect on the helper
responses. Accordingly, the nucleic acid of the present invention may or may not have a leader sequence for the light chain of the antibody.
These results imply that the nucleic acid is taken up by the antigen presenting cells which present the T helper epitopes in the context of
MHC class Il from endogenously-synthesised protein, possibly by autophagy. For helper T cells to assist CTL responses, both the T cell
epitopes they recognise must be presented on the same antigen presenting cells in a process known as linked T cell help. This implies that
the antigen presenting cell synthesising the light chain, encoded by the nucleic acid, must either also synthesise, secrete and cross present
the CTL epitopes themselves or take up heavy chain from an adjacent APC.
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[0034] Disclosed herein are isolated dendritic cells which present the heterologous helper T cell epitopes on MHC class Il from
endogenously-produced light chain and heterologous CTL epitopes from cross-presented heavy chain. Such dendritic cells may be used in
the therapies described herein.

[0035] Nucleic acids of the present invention can make existing T cell epitopes more immunogenic by encoding a denatured antibody
which leads to an increase in both the frequency and avidity of T cell responses.

[0036] The nucleic acid of the invention may be DNA, cDNA, or RNA such as mRNA, obtained by cloning or produced wholly or partly by
chemical synthesis. For therapeutic use, the nucleic acid is preferably in a form capable of being expressed in the subject to be treated.

[0037] The nucleic acid of the present invention may be recombinant or provided as an isolate, in isolated and/or purified form. It may be
free or substantially free of nucleic acid flanking the gene in the human genome, except possibly one or more regulatory sequence(s) for
expression. Where nucleic acid according to the invention includes RNA, reference to the sequences shown herein should be construed as
reference to the RNA equivalent, with U substituted for T.

[0038] Nucleic acids of the present invention can be readily prepared by the skilled person, for example using the information and
references contained herein and techniques known in the art (for example, see Sambrook, Fritsch and Maniatis, "Molecular Cloning", A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, and Ausubel et al, Short Protocols in Molecular Biology, John Wiley and
Sons, 1992), given the nucleic acid sequences and clones available. These techniques include (i) the use of the polymerase chain reaction
(PCR) to amplify samples of such nucleic acid, e.g. from genomic sources, (ii) chemical synthesis, or (iii) preparing cDNA sequences. DNA
encoding the polypeptide may be generated and used in any suitable way known to those of skill in the art, including by taking encoding
DNA, identifying suitable restriction enzyme recognition sites either side of the portion to be expressed, and cutting out said portion from the
DNA. The portion may then be operably linked to a suitable promoter in a standard commercially available expression system. Another
recombinant approach is to amplify the relevant portion of the DNA with suitable PCR primers. Modifications to the sequences can be
made, e.g. using site directed mutagenesis, to lead to the expression of modified peptide or to take account of codon preferences in the
host cells used to express the nucleic acid.

[0039] In order to obtain expression of the nucleic acid sequences, the sequences can be incorporated into a vector having one or more
control sequences operably linked to the nucleic acid to control its expression. The vectors may include other sequences such as promoters
or enhancers to drive the expression of the inserted nucleic acid, nucleic acid sequences so that the polypeptide is produced as a fusion
and/or nucleic acid encoding secretion signals so that the polypeptide produced in the host cell is secreted from the cell. If desired,
polypeptide can then be obtained by transforming the vectors into host cells in which the vector is functional, culturing the host cells so that
the polypeptide is produced and recovering the polypeptide from the host cells or the surrounding medium. Prokaryotic and eukaryotic cells
are used for this purpose in the art, including strains of E. coli, yeast, and eukaryotic cells such as insect cells, and animal cells, for
example, COS, CHO cells, Bowes Melanoma and other suitable human cells. Where the present invention relates to nucleic acid(s)
encoding the heavy and light chains of an antibody, the respective nucleic acids may be present in the same expression vector, driven by
the same or different promoters, or in separate expression vectors.

[0040] The nucleic acids of the present invention may be used to stimulate an immune response against at least one of the T cell
epitope(s) in a patient such as a mammal, including human. Helper and cytotoxic T cell responses may be stimulated. The T cell response
against a particular epitope obtained by the present invention may have a higher avidity than that obtained by immunisation with the same
epitope as a simple peptide, or by immunisation with the same epitope encoded within an antigen either as a peptide or a nucleic acid. The
nucleic acid may be administered intravenously, intradermally, intramuscularly, orally or by other routes. Intradermal or intramuscular
administration is preferred because these tissues contain dendritic cells

[0041] As used herein, the term "treatment" includes any regime that can benefit a human or non-human animal. The treatment may be of
an inherited or acquired disease. Preferably, the treatment is of a condition/disorder associated with cell proliferation such as cancer or of
infectious disease. Examples of types of cancer that can be treated with the nucleic acid include any solid tumour, colorectal cancer, lung,
breast, gastric, ovarian, uterine, liver, kidney, pancreatic, melanoma, bladder, head and neck, brain, oesophageal, pancreatic, and bone
tumours, as well as soft tissue cancers, and leukaemias. Examples of infectious diseases that can be treated with the nucleic acid include
infection with HIV, Hepatitis C, or any chronic infection that requires T cell immunity for clearance.

[0042] The nucleic acid may be employed in combination with a pharmaceutically acceptable carrier or carriers. Such carriers may include,
but are not limited to, saline, buffered saline, dextrose, liposomes, water, glycerol, ethanol and combinations thereof.

[0043] Adjuvants may be employed to facilitate stimulation of the host's immune response, and may include, aluminium hydroxide,
lysolecithin, pluronic, polyols, polyanions, peptides, proteins and oil emulsions.

[0044] The nucleic acids useful in the invention can be formulated in pharmaceutical compositions. These compositions may comprise, in
addition to one of the above substances, a pharmaceutically acceptable excipient, carrier, buffer, stabiliser or other materials well known to
those skilled in the art. Such materials should be non-toxic and should not interfere with the efficacy of the active ingredient. The precise
nature of the carrier or other material may depend on the route of administration, e.g. intradermal, oral, intravenous, cutaneous or
subcutaneous, nasal, intramuscular, intraperitoneal routes. The formulation is preferably nucleic acid as a stable dry powder precipitated
onto the surface of microscopic gold particles and suitable for injection via a gene gun. The formulation may be suitable for intradermal or
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intramuscular administration using electroporation.

[0045] The compositions comprising, or for the delivery of, nucleic acids are preferably administered to an individual in a "therapeutically
effective amount”, this being sufficient to show benefit to the individual. The actual amount administered, and rate and time-course of
administration, will depend on the nature and severity of what is being treated. Prescription of treatment, e.g. decisions on dosage etc, is
within the responsibility of general practitioners and other medical doctors, and typically takes account of the disorder to be treated, the
condition of the individual patient, the site of delivery, the method of administration and other factors known to practitioners. The nucleic
acids of the invention are particularly relevant to the treatment of existing cancer and in the prevention of the recurrence of cancer after
initial treatment or surgery. Examples of the techniques and protocols mentioned above can be found in Remington's Pharmaceutical
Sciences, 16th edition, Oslo, A. (ed), 1980.

[0046] Preferably, the nucleic acid of the invention stimulate helper and/or cytotoxic T cells that can significantly inhibit the growth of
tumour cells when administered to a human in an effective amount. The optimal dose can be determined by physicians based on a number
of parameters including, for example, age, sex, weight, severity of the condition being treated, the active ingredient being administered and
the route of administration. For example, a dose of 1-1000ug of DNA is sufficient to stimulate both helper and cytotoxic T cell responses.

[0047] The nucleic acids of the invention may be administered along with additional pharmaceutically acceptable ingredients. Such
ingredients include, for example, immune system stimulators.

[0048] A composition may be administered alone or in combination with other treatments, either simultaneously or sequentially dependent
upon the condition to be treated. Other cancer treatments include other monoclonal antibodies, other chemotherapeutic agents, other
radiotherapy techniques or other immunotherapy known in the art. One particular application of the compositions of the invention are as an
adjunct to surgery, i.e. to help to reduce the risk of cancer reoccurring after a tumour is removed.

[0049] Injections (id) may be the primary route for therapeutic administration of the nucleic acid of this invention.

[0050] The nucleic acids may be administered in a localised manner to a tumour site or other desired site or may be delivered in a manner
in which it targets tumour or other cells.

[0051] The dose of nucleic acid will be dependent upon the properties of the agent employed, e.g. its binding activity and in vivo plasma
half-life, the concentration of the polypeptide in the formulation, the administration route, the site and rate of dosage, the clinical tolerance
of the patient involved, the pathological condition afflicting the patient and the like, as is well within the skill of the physician. For example,
doses of 100pg of nucleic acid per patient per administration are preferred, although dosages may range from about 10pg to 1 mg per
dose. Different dosages are utilised during a series of sequential inoculations; the practitioner may administer an initial inoculation and then
boost with relatively smaller doses of nucleic acid.

[0052] Disclosed herein is a method of engineering T cell epitopes from target antigens into the variable regions of antibodies, and the use
of such engineered antibodies as vaccines to stimulate both helper and cytotoxic T cell responses.

[0053] Also disclosed herein is a host cell containing a nucleic acid as disclosed herein. The nucleic acid of the invention may be integrated
into the genome (e.g. chromosome) of the host cell. Integration may be promoted by inclusion of sequences that promote recombination
with the genome in accordance with standard techniques. The nucleic acid may be on an extra-chromosomal vector within the cell, or
otherwise identifiably heterologous or foreign to the cell.

[0054] Also disclosed herein is a method, which comprises introducing the nucleic acid of the invention into a host cell. The introduction,
which may (particularly for in vitro introduction) be generally referred to without limitation as "transformation”, may employ any available
technique. For eukaryotic cells, suitable techniques may include calcium phosphate transfection, DEAE-Dextran, electroporation, liposome-
mediated transfection and transduction using retrovirus or other virus, e.g. vaccinia or, for insect cells, baculovirus. For bacterial cells,
suitable techniques may include calcium chloride transformation, electroporation and transfection using bacteriophage. As an alternative,
direct injection of the nucleic acid could be employed.

[0055] Marker genes such as antibiotic resistance or sensitivity genes may be used in identifying clones containing nucleic acid of interest,
as is well known in the art.

[0056] The introduction may be followed by causing or allowing expression from the nucleic acid, e.g. by culturing host cells (which may
include cells actually transformed although more likely the cells will be descendants of the transformed cells) under conditions for
expression of the gene, so that the encoded polypeptide (or peptide) is produced. If the polypeptide is expressed coupled to an appropriate
signal leader peptide it may be secreted from the cell into the culture medium. Following production by expression, a polypeptide or peptide
may be isolated and/or purified from the host cell and/or culture medium, as the case may be, and subsequently used as desired, e.g. in
the formulation of a composition which may include one or more additional components, such as a pharmaceutical composition which
includes one or more pharmaceutically acceptable excipients, vehicles or carriers (e.g. see below).

[0057] Disclosed herein is a method for identifying T cell epitopes in a candidate antigen, comprising:

depleting T regulatory cells in a non-human animal;
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immunising the non-human animal with a candidate antigen; and

screening to see whether a T cell response is raised against either peptides to predicted epitopes in the candidate antigen or all the
possible overlapping peptides within the candidate antigen.

[0058] The method may be carried out in a non-human animal, such as a mouse or a rat. T regulatory cells can be depleted in the non-
human animal using anti-CD25 antibodies, which optionally may be conjugated with toxins such as Ontak, or by chemotherapy such as
cyclophosphamide which preferentially kills T regulatory cells. Once T regulatory cells have been depleted, the non-human animal may be
immunised with DNA encoding the candidate antigen, or by the candidate antigen itself. It is preferred that the candidate antigen is provided
as an antigen-Fc fusion protein. In the screening step, the peptide against which any T cell response stimulated in the non-human animal is
identified. This can be done in vitro using a technique such as ELISPQT. If a T cell response is elicited to a candidate epitope, this epitope
can be used to immunise a non-human animal. If this peptide elicits a T cell response, the avidity and frequency can be enhanced by
encoding the epitope within a nucleic acid in accordance with the present invention. This method can allow the identification of T cell
epitopes that are processed by the immunoproteosome.

[0059] Preferred features of each aspect of the invention are as for each of the other aspects mutatis mutandis.

[0060] The invention will now be described further in the following non-limiting examples. Reference is made to the following drawings:

Figure 1: Map depicting features of the heavy chain vector pOrigHIB The wild type de-immunised heavy variable region of antibody SC100
was cloned using HindllIl/Afel inframe with the human IgG1 Fc constant region. The Fc region comprises the CH1, CH2, CH3 domains and
the hinge region. High-level expression in mammalian cells is driven from the human cytomegalovirus immediate early promoter. BGH
polyadenylation signals downstream of the Orig HIB human IgG1 chain to ensure mRNA stability and effective termination. EM7 is a
bacterial promoter that controls expression of the zeocin resistance gene allowing antibiotic selection in E.coli while the SV40 early
promoter upstream of the resistance gene allows selection in mammalian cells. SV40 polyadenylation sighals downstream of the resistance

gene in order to direct proper processing of the 3'end of the zeo” mMRNA. The vector also contains within its backbone the ColE1 origin of
replication for propagation in bacteria. Complimentary determining DNA sequences were effectively removed and exchanged for restriction
sites RE1, RE2 and RE3 (Fspl, Mscl and Srf | respectively) singly and in combination.

Figure 2: Map depicting features of the heavy chain vector pOrigLIB The wild type de-immunised light variable region of antibody SC100
was cloned using BamHI/BsiWl inframe with the human kappa constant region. High-level expression in mammalian cells is driven from the
human cytomegalovirus immediate early promoter. BGH polyadenylation signals downstream of the Orig LIB chain to ensure mRNA stability
and effective termination. The vector also includes the ColE1 origin of replication and the antibiotic resistance gene for ampicillin allowing
propagation and selection in bacteria. Complimentary determining regions were effectively removed and exchanged for restriction sites
RE4, RE5 and RE6 (EcoRV, Ssp | and Hpa | respectively) singly and in combination.

Figure 3: Sequence of the wild type Immunobody chimeric heavy chain. Nucleotide and on translation amino acid sequence are illustrated
for the full length chimeric igG1 heavy chain. Locations of CDR's are within boxes defined by the kabat numbering scheme. The stop codon
is depicted by a red astrix. The Hindlll/Afe | restriction sites are highlighted utilised in transfer of the variable heavy region.

Figure 4: Sequence of the wild type Immunobody chimeric kappa chain Nucleotide and on translation amino acid sequence are illustrated
for the full length chimeric kappa chain. Locations of CDR's are within boxes defined by the kabat numbering scheme. The stop codon is
depicted by an asterisk. The BamHI/BsiWI restriction sites utilised in transfer of the variable light region are highlighted.

Figure 5: Overlapping extension PCR CDR's were removed and replaced with unique restriction sites by overlapping PCR. The forward
primers H1, H2. H3, L1, L2 and L3 (Table 2) were designed to replace CDR1, 2 and 3 within the heavy and light chain variable region
respectively. Each primer contained, centrally located, the chosen unique enzyme recognition sequence devoid of the CDR sequence to be
removed (green section) and flanked by 10-20bp of wild type sequence. The forward primers were used in a first round of PCR in
conjunction with a general reverse primer, huHeClonR or huLiClonR (Table 2), that anneals to the human heavy and light constant domains
within the wild type constructs pOrigHIB and pOrigLIB respectively. The fragment generated does not contain wild type CDR sequence (red
section), but is effectively exchanged for the restriction site. In order to amplify the entire variable heavy and light region, a second round of
PCR is required using the PCR product generated from the first round as a reverse primer with the general CMV forward primer that
anneals to the CMV promoter within the single plasmids. Second round PCR products were subcloned into pCR2.1 (Invitrogen) and, after
sequence confirmation, the heavy/light (VH and VL) variable regions containing H1, H2, H3, L1, L2 and L3 versions singly, in combination
and together were inserted back into the single constructs pOrigHIB and pOrigLIB, exchanging the wild type regions using Hindlll/Afel and
BamHI/BsiWI respectively.

Figure 6: Sequence of the ImmunoBody heavy chain variable region Nucleotide and amino acid sequence of the heavy variable region
where CDR's have been replaced with their corresponding enzyme site H1, H2 and H3, singly in combination and together. The unique
restriction enzyme sites are highlighted. CDR1, 2 and 3 were replaced with Fspl, Mscl and Srfl respectively

Figure 7: Sequence of the ImmunoBody kappa chain variable region Nucleotide and amino acid sequence of the heavy variable region
where CDR's have been replaced with their corresponding enzyme site L1, L2 and L3, singly in combination and together. The unique
restriction enzyme sites are highlighted. CDR1, 2 and 3 were replaced with EcoRV, Sspl and Hpal respectively.
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Figure 8: Map depicting features of the double expression vector pDCOrig Once all epitopes have been incorporated into the variable
heavy and variable light sites within the single vectors, they are transferred into the double expression vector utilising as highlighted
Hindlll/Afel and BamHI/BsiWI| in frame with their respective human constant regions. The Fc region of the heavy chain comprises of the
CH1, CH2, CH3 domains and the hinge region. High-level expression of both the heavy and light chains in mammalian cells is driven from
the human cytomegalovirus immediate early promoter. BGH polyadenylation signals downstream of both chains to ensure mRNA stability
and effective termination. EM7 is a bacterial promoter that controls expression of the zeocin resistance gene allowing antibiotic selection in
E.coli while the SV40 early promoter upstream of the resistance gene allows selection in mammalian cells. SV40 polyadenylation signals

downstream of the resistance gene in order to direct proper processing of the 3'end of the zeo” mRNA. The vector also contains within its
backbone the ColE1 origin of replication for propagation in bacteria.

Figure 9: Sequence of the immunobody IB15 heavy chain containing a stop codon preventing synthesis of the FC region

Nucleotide and amino acid sequence of the chimeric heavy chain, pDCOrig IB15 CH1 stop. A stop codon was inserted by site directed
mutagenesis after the CH1 domain of the human igG1 Fc constant region as depicted by a asterisk. Nucleotides and amino acids in bold
represent the CH1 domain. Amino acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV) and the TRP2 epitope in H2
(SVYDFFVWL). The Hindlll/Afe | restriction sites are highlighted utilised in transfer of the variable heavy region from the single construct.

Figure 10: Nucleotide and amino acid sequence of the DCIB15 heavy variable region without a leader.

The leader was removed by PCR using the forward primer pOrig heavy no leader with the reverse primer huHeClonR (Table 2) that binds
to the human IgG1 CH1 domain effectively re amplifying the heavy variable (V) region. After sequence confirmation, the Vi region minus
leader was cloned back into the double expression construct DCIB15 using Hindlll/Afel inframe with the human IgG1 constant region. Amino
acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV) and the TRP2 epitope in H2 (SVYDFFVWL). The Hindlll/Afe |
restriction sites utilised in transfer of the variable heavy region are highlighted.

Figure 11: Nuclectide and amino acid sequence of the DCIB15 kappa variable region without a leader

The leader was removed by PCR using the forward primer pOrig light no leader with the reverse primer huLiClonR (Table 2) re amplifying
the light variable (V| ) region. After sequence confirmation, the V| region minus leader was cloned back into the double expression construct
DCIB15 using BamHI/BsiWI in frame with the human kappa constant region. Amino acids within boxes represent the HepB CD4 epitope in
L1 (TPPAYRPPNAPIL). The BamHI/BsiWI restriction sites are highlighted utilised in transfer of the variable light region.

Figure 12: Sequence of human IgG2 constant region
Nucleotide and amino acid sequence of the heavy human IgG2 constant region amplified. The Afel and Sapl restriction sites are highlighted
utilised in transfer and replacement of the huigG1 constant region in the double expression vector DCIB15.

Figure 13: Sequence of human igG3 constant region
Nucleotide and amino acid sequence of the heavy human igG2 constant region amplified. The Afel and Sapl restriction sites are highlighted
utilised in transfer and replacement of the huigG1 constant region in the double expression vector DCIB15

Figure 14: Human isotypes of the immunobody double expression vector

1. A Map of the double expression vector pDCOrigIB15 huigG2.
2. B Map of the double expression vector pDCOrigIB15huigG3.

The Hindlll/Afe | and BamHI/BsiW| restriction sites utilised in transfer of the variable heavy and light region are highlighted.

Figure 15: Sequence of DCIB66 heavy chain containing the G2 motif Nucleotide and amino acid sequence of the chimeric heavy chain. The
amino acids E233 L234 L235 within a critical binding motif for interaction with the high affinity FcyR1(CD64) were substituted with P233
V234 A235 from human igG2 highlighted in bold within a box. Other amino acids within boxes represent the GP100210M epitope in H1
(TIMDQVPFSV) and the TRP2 epitope in H2 (SVYDFFVWL).

The Agel/Ahd| sites highlighted were used in transfer of the section containing the substitutions into pDCOrigIB15 huigG1. The Hindlll/Afe |
restriction sites utilised in transfer of the variable heavy region are depicted in bold.

Figure 16: Sequence of DCIB67 heavy chain containing the G1 binding motif Nucleotide and amino acid sequence of the chimeric heavy
chain. The amino acids P233 V234 A235 within the human IgG2 constant region were substituted with the critical binding motif for
interaction with the high affinity FcyR1 (CD64) E233 L234 L235 G236 from human IgG1 highlighted in bold within a box. Other amino acids
within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV) and the TRP2 epitope in H2 (SVYDFFVWL). The Agel/Ahdl sites
highlighted were used in transfer of the section containing the substitutions into pDCOrigIlB15 huigG2. The Hindlll/Afe | restriction sites
utilised in transfer of the variable heavy region are depicted in bold.

Figure 17: Murine 1gG2a Immunobody expression vectors Maps of (A) Single chain pMoOrigHIB vector, (B) Double expression vector
DCIB53 containing the GP100210M epitope in H1 (TIMDQVPFSV), the TRP2 epitope in H2 (SVYDFFVWL) and the HepB CD4 epitope in L1
(TPPAYRPPNAPIL) and (C) Double expression vector DCIB63 containing the HLA-DR7 restricted gp100 CD4 epitope
(GTGRAMLGTHTMEVTVYH) in H1, the TRP2 epitope (SVYDFFVWL) in H2 and the HLA-DR4 restricted gp100 CD4 epitope in H3
(WNRQLYPEWTEAQRLD). Restriction sites utilised are depicted.

Figure 18: Schematic diagram to depict construction of the regulatory compliant plasmid pVAXDCIB54

The heavy single chain vector pVaxIB54 HIB (A) was linearised using Nrul. The light chain expression cassette from pOrigLIB (B) was
excised using Nrul and Hpal and cloned into the linearised plasmid to generate the double expression vector pVaxDCIB54 (C). The
Hindlili/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light region are highlighted.
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Figure 19: Sequence of DCIB15

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCQOrig. Amino acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV), the
TRP2 epitope in H2 (SVYDFFVWL) and the HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlli/Afe | and BamHI/Bs\WI restriction sites
utilised in transfer of the variable heavy and light region from the single construct are highlighted.

Figure 20: ImmunoBody constructs produce low levels of intact protein.

A, quantification of the level of ImmunoBody heavy chain by sandwich Elisa from the supernatant of CHO-S cells transfected with
ImmunoBody containing gp100/H1, TRP2/H2 and HepB CD4/L1 (DCIB15). Supernatant was used neat and diluted 1in 3, 1in 10 and 1 in
30 in media and compared to a human IgG positive control.

B, Analysis of purified ImmunoBody containing gp100/H1, TRP2/H2 and HepB help/L1 (DCIB15) by sandwich Elisa compare to a positive
control. C and D, Determination of expression of heavy chain and intact ImmunoBody from supernatant of CHO-S transfectants by
sandwich Elisa. Plates were coated with an anti-human Fc specific antibody. To detect heavy chain an anti-human IgG Fc specific HRP
antibody was used and to detect intact ImmunoBody an anti-human kappa chain specific HRP antibody was used. E, Determination of
heavy chain, light chain and intact ImmunoBody from supernatant of CHO-S transfectants (DCIB15, DCIB31, DCIB32, DCIB36, DCIB48,
DCIB49, DCIB52, DCIB54) by sandwich Elisa. Plates were coated with an anti-human Fc specific antibody or anti-human kappa chain
antibody. To detect heavy chain an anti-human IgG Fc specific HRP antibody was used in combination with the anti-human Fc specific
coating antibody. To detect intact ImnmunoBody an anti-human kappa chain specific HRP antibody was used in combination with anti-human
Fc specific coating antibody. To detect light chain anti-human kappa chain specific HRP antibody was used in combination with the anti-
human kappa chain specific antibody.

Figure 21: Sequence of DCIB24

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the ovalbumin epitope in H2 (SIINFEKL) and the HepB
CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 22 Sequence of DCIB25

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV), the
TRP2 epitope in H2 (SVYDFFVWL) and the HepB CD4 epitope in L3 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites
utilised in transfer of the variable heavy and light region from the single construct are highlighted.

Figure 23: Sequence of DCIB31

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope (SVYDFFVWL)

in H3. The Hindlili/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light region from the single construct
are highlighted.

Figure 24: Sequence of DCIB32

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope (SVYDFFVWL) in H3 and the HepB
CD4 epitope in L3 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiW!| restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 25: Sequence of DCIB36

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope (SVYDFFVWL) in L3. The Hindlll/Afe |
and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light region from the single construct are highlighted.

Figure 26: Sequence of DCIB48

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope (SVYDFFVWL) in H2 and the HLA-
DR4 restricted gp100 CD4 epitope in H3 (WNRQLYPEWTEAQRLD). The Hindlll/Afe | and BamHI/BsiW| restriction sites utilised in transfer of
the variable heavy and light region from the single construct are highlighted.

Figure 27: Sequence of DCIB49

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the HepB CD4 epitope (TPPAYRPPNAPIL) in H3. The
Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light region from the single construct are
highlighted.

Figure 28: Sequence of DCIB52

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope (SVYDFFVWL) in H2 and the HepB
CD4 epitope (TPPAYRPPNAPIL) in H3. The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.
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Figure 29: Sequence of DCIB54

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the HLA-DR7 restricted gp100 CD4 epitope
(GTGRAMLGTHTMEVTVYH) in H1, the TRP2 epitope (SVYDFFVWL) in H2 and the HLA-DR4 restricted gp100 CD4 epitope in H3
{(WNRQLYPEWTEAQRLD). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light region from
the single construct are highlighted.

Figure 30: Sequence of DCIB18

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the TRP2 epitope in H2 (SVYDFFVWL) and the HepB
CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 31: CTL epitopes incorporated into ImmunoBody framework are processed and presented to elicit an immune response in vivo.

A, C57BI/6 mice were immunised on days 0, 7, and 14 with an ImmunoBody construct containing the TRP2 epitope in CDR H2 and HepB
CD4 epitope in CDR L1 (DCIB18). On day 19 splenocytes were analysed by IFNy elispot assay against TRP2 peptide, HepB helper peptide
and a media control. Responses are measured as spots/million splenocytes.

B, Splenocytes from immunised mice were assayed for avidity to the TRP2 epitope by measuring responses to increasing peptide
concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is assigned as the concentration
which gives 50% maximal effector function.

C, splenocytes from immunised mice were depleted of CD8 T cells and analysed against TRP2 peptide, HepB helper peptide and a media
control for the presence epitope specific responses in IFNy elispot assay. Responses are measured as spots/million splenocytes.

D, cytotoxicity of splenocytes from immunised mice in a 4 hour S1Cr-release assay against the B16F10, B16F10 IFNa and B16F10 siKb
melanoma cell lines after 6 days in vitro TRP2 peptide stimulation.

E, C57BI/6 or HLA-DR4 transgenic mice were immunised on days 0, 7, and 14 with InmunoBody DNA (DCIB15, DCIB31, DCIB32, DCIB36,
DCIB48, DCIB52 and DCIB54). On day 19 splenocytes were analysed by IFNy elispot assay against TRP2 peptide and a media control.
Responses are measured as spots/million splenocytes.

F, Splenocytes from immunised mice were assayed for avidity to the TRP2 epitope by measuring responses to increasing peptide
concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is assigned as the concentration
which gives 50% maximal effector function.

G, C57BI/6 or HLA-DR4 transgenic mice were immunised on days 0, 7, and 14 with ImmunoBody DNA (DCIB15, DCIB48, DCIB49, DCIB52
and DCIB54). On day 19 splenocytes were analysed by IFNy elispot assay against HepB helper peptide (DCIB15, DCIB49 and DCIB52) or
gp100DRA4 helper peptide (DCIB48 and DCIB54) and a media control. Responses are measured as spots/million splenocytes.

Figure 32: ImmunoBody DNA immunisation is better than peptide immunisation or immunisation with whole antigen.

A, ImmunoBody DNA immunisation (DCIB18) was compared to s.c. immunisation with peptide epitope in Incomplete Freund adjuvant or
immunisation with a DNA expressing the TRP2 antigen. C57BI/6 mice were immunised on days 0, 7, and 14 and on day 19 splenocytes
were analysed by IFNy elispot assay against TRP2 peptide (m), HepB helper peptide (

) and a media control (o). Responses are measured as spots/million splenocytes.

B, Splenocytes from ImmunoBody DNA (¢) and peptide (#) immunised mice were assayed for avidity to the TRP2 epitope by measuring
responses to increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is
assigned as the concentration which gives 50% maximal effector function.

C, cytotoxicity of splenocytes from immunised mice in a 4 hour 51Cr-release assay against the B16F 10 (m), B16F10 IFNa

) and B16F 10 siKb (o) melanoma cell lines after 6 days in vitro TRP2 peptide stimulation.

D, ImmunoBody DNA immunisation (DCIB18) was compared to immunisation with TRP2 peptide pulsed DCs. C57BI/6 mice were
immunised on days 0, 7, and 14 and on day 19 splenocytes were analysed by IFNy elispot assay against titrating quantities of TRP2
peptide. Responses are measured as spots/million splenocytes and avidity is assigned as the concentration which gives 50% maximal
effector function.

E, ImmunoBody DNA immunisation (DCIB18) was compared to immunisation with TRP2 peptide pulsed DCs. C57BI/6 mice were
immunised on days 0, 7, and 14 and on day 19 splenocytes were stimulated in vitro with TRP2 peptide pulsed LPS blasts. Six days post
stimulation CTL lines were assessed by chromium release assay for ability to lyse B16F 10 or B16F 10 siKb melanoma lines. Responses are
measured as % cytotoxicity.

F, ImmunoBody DNA immunisation (DCIB24) was compared to immunisation with SIINFEKL peptide. C57BI/6 mice were immunised on
days 0, 7, and 14 and on day 19 splenocytes were analysed by IFNy elispot assay against SIINFEKL peptide and a control peptide.
Responses are measured as spots/million splenocytes.
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G, ImmunoBody DNA immunisation (DCIB15) was compared to immunisation with gp100 210M peptide. HHDII mice were immunised on
days 0, 7, and 14 and on day 19 splenocytes were analysed by IFNy elispot assay against titrating quantities of gp100 210M peptide and a
control. Responses are measured as spots/million splenocytes.

H, ImmunoBody DNA immunisation (DCIB24) was compared to immunisation with SIINFEKL peptide. C57BI/6 mice were immunised on
days 0, 7, and 14 and on day 19 splenocytes were analysed by IFNy elispot assay against titrating quantities of SIINFEKL peptide.
Responses are measured as spots/million splenocytes and avidity is assigned as the concentration which gives 50% maximal effector
function.

I, ImmunoBody DNA immunisation (DCIB15) was compared to immunisation with gp100 210M peptide. HHDII mice were immunised on
days 0, 7, and 14 and on day 19 splenocytes were analysed by IFNy elispot assay against titrating quantities of gp100 210M peptide.
Responses are measured as spots/million splenocytes and avidity is assigned as the concentration which gives 50% maximal effector
function.

Figure 33: Sequence of DCIB21

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the HepB S Ag epitope in H2 (IPQSLDSWWTSL) and the
I-Ad restricted Flu HA CD4 epitope in L1 (FERFEIFPKE). The Hindlll/Afe | and BamHI/BsiW| restriction sites utilised in transfer of the
variable heavy and light region from the single construct are highlighted.

Figure 34: Multiple epitopes can be processed from CDR H2 site.

A, C57BI/6 mice were immunised on days 0, 7 and 14 with ImmunoBody construct containing SIINFEKL epitope in CDR H2 and HepB CD4
epitope in CDR L1 (DCIB24). On day 19, splenocytes were analysed in IFNy elispot assay against SIINFEKL peptide, an irrelevant peptide,
HepB CD4 peptide and media control. Responses are measured as spots/million splenocytes.

B, Balb/c mice were immunised on days 0, 7 and 14 with ImmunoBody construct containing HepB CD8 epitope in CDR H2 and Flu HA CD4
epitope in CDR L1 (DCIB21). On day, 19 splenocytes were analysed in IFNy elispot assay against HepB CD8 peptide, an irrelevant peptide,
Flu HA CD4 peptide and media control. Responses are measured as spots/million splenocytes.

Figure 35: Sequence of DCIB17

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV) and the
HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and
light region from the single construct are highlighted.

Figure 36: Sequence of DCIB26

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the Tie-2 Z84 epitope in H1 (FLPATLTMV) and the HepB
CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiW| restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 37: Multiple CTL epitopes can be processed from the variable region.

A, HHDII mice were immunised on days 0, 7 and 14 with ImmunoBody construct containing gp100 IMDQVPFSV epitope in CDR H1 with
removal of part of the framework and HepB CD4 epitope in CDR L1 (DCIB17). On day 19, splenocytes were analysed in IFNy elispot assay
against gp100 IMDQVPFSV peptide, HepB CD4 peptide and media control. Responses are measured as spots/million splenocytes.

B, HHDII mice were immunised on days 0, 7 and 14 with ImmunoBody construct containing Tie2 epitope in CDR H1 with removal of part of
the framework and HepB CD4 epitope in CDR L1 (DCIB26). On day 19, splenocytes were analysed in IFNy elispot assay against Tie2
peptide, HepB CD4 peptide and media control. Responses are measured as spots/million splenocytes.

Figure 38: Multiple CTL responses can be generated from different epitopes within the same ImmunoBody construct.
HLA-A2 restricted gp100 epitope IMDQVPFSV was engineered into the CDR H1 site alongside the TRP2 epitope SVYDFFVWL in CDR H2
and the HepB CD4 epitope was present in the CDR L1 site (DCIB15).

A, HHDII mice were immunised on days 0, 7, and 14 with ImmunoBody DNA. On day 19 splenocytes were analysed by IFNy elispot assay
against gp100 peptide, TRP2 peptide, HepB helper peptide and a media control. Responses are measured as spots/million splenocytes.

B, Splenocytes from immunised mice were assayed for avidity to the gp100 modified IMDQVPFSV ( &) epitope, gp100 wt ITDQVPFSV
epitope ( A ) and TRP2 epitope (m) by measuring responses to increasing peptide concentration in IFNy elispot assay. Responses are
measured as spots/million splenocytes and avidity is assigned as the concentration which gives 50% maximal effector function.

C, cytotoxicity of splenocytes from immunised mice in a 4 hour 1Cr-release assay against T2 cells pulsed with gp100 IMDQVPFSV peptide,
TRP2 peptide or control and the B16F10 and B16F 10 HHD melanoma cell lines.

D, HHDII mice were immunised on days 0, 7, and 14 with ImmunoBody DNA containing either i) gp100 epitope in CDR H1, TRP2 epitope in
CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15) or ii) TRP2 epitope in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB18). On day

19, splenocytes were analysed by IFNy elispot assay against gp100 peptide (m), TRP2 peptide (
5
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=]
), HepB helper peptide

) and a media control (o). Responses are measured as spots/million splenocytes.

E, C57BI/6 mice were immunised i.m. with 10pg DNA solution combined with electroporation. Immunisations were performed three times at
weekly intervals in the tibialis muscle. Mice were immunised with DCIB24 or DCIB18 alone, both combined in the same site or with both at
the same time but in separate sites. On day 19 splenocytes were analysed for the presence of TRP2, SIINFEKL peptide specific immune
responses. Responses are measured as spots/million splenocytes.

Figure 39: Sequence of DCIB37

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100 F7L epitope in H1 (TITDQVPLSV) and the
HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and
light region from the single construct are highlighted.

Figure 40: Sequence of DCIB40

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100 F71 epitope in H1 (TITDQVPISV) and the
HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and
light region from the single construct are highlighted.

Figure 41: Sequence of DCIB41

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100 wild type epitope in H1 (TITDQVPFSV) and
the HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy
and light region from the single construct are highlighted.

Figure 42: Sequence of DCIB42

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100 F7Y epitope in H1 (TITDQVPYSV) and the
HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and
light region from the single construct are highlighted.

Figure 43: Sequence of DCIB43

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100 V5L epitope in H1 (TITDQLPFSV) and the
HepB CD4 epitope in L1 (TPPAYRPPNAPIL). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and
light region from the single construct are highlighted.

Figure 44: Modification at non-anchor residues can enhance epitope immunogenicity.

HHDII mice were immunised at days 0, 7 and 14 with ImmunoBody constructs containing modified gp100 epitopes in the CDR H1 region
(DCIB37, DCIB40, DCIB41, DCIB42 and DCIB43). On day 19, splenocytes were analysed by IFNy elispot assay against gp100 wild type
epitope peptide and a media control. Responses are measured as spots/million splenocytes.

Figure 45: Sequence of DCIB35

Nucleotide and amino acid sequence of the heavy and light variable regions cloned in frame with the human IgG1 Fc and kappa constant
regions within the expression vector pDCQOrig. Amino acids within boxes represent the GP100210M epitope in H1 (TIMDQVPFSV), the
TRP2 epitope in H2 (SVYDFFVWL) and the HLA-DR4 restricted gp100 CD4 epitope in L1 (WNRQLYPEWTEAQRLD). The Hindlll/Afe | and
BamHI/BsiW| restriction sites utilised in transfer of the variable heavy and light region from the single construct are highlighted.

Figure 46: Multiple CD4 helper responses can be processed and presented to elicit an immune response in vivo.

A, HHDII or C57BI/6 mice were immunised at days 0, 7 and 14 with ImmunoBody constructs containing the I-Ab restricted HepB CD4
epitope in the CDR L1 region (DCIB15).

B, Balb/c mice were immunised at days 0, 7 and 14 with ImmunoBody constructs containing the I-Ad restricted Flu HA CD4 epitope in the
CDR L1 region (DCIB21).

C, HLA-DR4 transgenic mice were immunised at days 0, 7 and 14 with ImmunoBody constructs containing the HLA-DR4 restricted gp100
CD4 epitope in the CDR L1 (DCIB35). On day 19, splenocytes were analysed by IFNy elispot assay against corresponding peptide. an
irrelevant peptide and a media control. Responses are measured as spots/million splenocytes.

D, HLA-DRA4 transgenic mice were immunised at days 0, 7 and 14 with ImmunoBody constructs containing the HLA-DRA4 restricted gp100
CD4 epitope in the CDR L1 (DCIB35), in the CDR H3 (DCIB54) and in the CDR L3 (DCIB50). On day 19, splenocytes were analysed by
IFNy elispot assay against corresponding peptide, an irrelevant peptide and a media control. Responses are measured as spots/million
splenocytes.

Figure 47: Sequence of DCIB50
Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
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regions within the expression vector pDCOrig. Amino acids within boxes represent the GP100210M epitope (TIMDQVPFSV) in H1, the
TRP2 epitope (SVYDFFVWL) in H2 and the HLA-DR4 restricted gp100 CD4 epitope (WNRQLYPEWTEAQRLD) in L3. The Hindlll/Afe | and
BamHI/BsiW| restriction sites utilised in transfer of the variable heavy and light region from the single construct are highlighted.

Figure 48: CD8 T cell responses are partially dependent upon secreted heavy chain but helper responses do not require secreted light
chain.

A, HHDII mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2 epitope
in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15), ii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4 epitope in
CDR L1 without the leader sequence on the heavy chain, iii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4 epitope in
CDR L1 without the leader sequence on the light chain. On day 19, splenocytes were analysed by IFNy elispot assay against gp100 (m) and
HepB CD4 (

) peptides and a media control (o). Responses are measured as spots/million splenocytes.

B, Determination of heavy chain, light chain and intact ImmunoBody from supernatant of CHO-S transfectants by sandwich Elisa. Plates
were coated with an anti-human Fc specific antibody or anti-human kappa chain antibody. To detect heavy chain an anti-human IgG Fc
specific HRP antibody was used in combination with the anti-human Fc specific coating antibody. To detect intact ImmunoBody an anti-
human kappa chain specific HRP antibody was used in combination with anti-human Fc specific coating antibody. To detect light chain anti-
human kappa chain specific HRP antibody was used in combination with the anti-human kappa chain specific antibody.

C, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2
epitope in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15), ii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4
epitope in CDR L1 without the leader sequence on the heavy chain. On day 19, splenocytes were analysed by IFNy elispot assay against
TRP2 peptide. Responses are measured as spots/million splenocytes.

D, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2
epitope in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15), ii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4
epitope in CDR L1 without the leader sequence on the heavy chain. On day 19, splenocytes were analysed by IFNy elispot assay against
HepB helper peptide. Responses are measured as spots/million splenocytes.

Figure 49: ImmunoBody Fc region is beneficial for establishing an efficient immune response.

A, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2
epitope in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15), ii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4
epitope in CDR L1 lacking the Fc region. On day 19, splenocytes were analysed by IFNy elispot assay against TRP2 (

) peptide, a media control (o), the B16F 10 melanoma line (m) and the B16F 10 sikKb negative control cell line (

. Responses are measured as spots/million splenocytes.

B, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2
epitope in CDR H2 and HepB CD4 epitope in CDR L1 (DCIB15), ii) gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4
epitope in CDR L1 lacking the Fc region. On day 19, splenocytes were analysed by IFNy elispot assay against TRP2 peptide. Responses
are measured as spots/million splenocytes.

C, The same mice were analysed for responses specific for the HepB helper peptide. Responses are measured as spots/million
splenocytes.

D, Splenocytes from mice immunised with DCIB15 or DCIB15 lacking the Fc region (DCIB15 FcStop) were assayed for avidity to the TRP2
epitope by measuring responses to increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million
splenocytes and avidity is assigned as the concentration which gives 50% maximal effector function.

E, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing i) gp100 epitope in CDR H1, TRP2
epitope in CDR H2 and HepB CD4 epitope in CDR L1 Human IgG1 (DCIB15), ii) The same construct with Human IgG2 constant region
(DCIB33), iii) The same construct with Human 1gG3 constant region (DCIB65), iv) The same construct with the Human IgG1 binding motif
replaced with the binding motif from Human IgG2 (DCIB66) and v) DCIB33 with the binding motif replaced by the motif from Human IgG1
(DCIB67). On day 19, splenocytes were analysed by IFNy elispot assay against TRP2 peptide (m), @ media control (1) and the HepB helper
peptide (

). Responses are measured as spots/million splenocytes.

F, Determination of heavy chain, light chain and intact ImmunoBody from supernatant of CHO-S transfectants (DCIB15, DCIB33, DCIB65,
DCIB66 and DCIB67) by sandwich Elisa. Plates were coated with an anti-human Fc specific antibody or anti-human kappa chain antibody.
To detect heavy chain an anti-human IgG Fc specific HRP antibody was used in combination with the anti-human Fc specific coating
antibody. To detect intact ImmunoBody an anti-human kappa chain specific HRP antibody was used in combination with anti-human Fc
specific coating antibody. To detect light chain anti-human kappa chain specific HRP antibody was used in combination with the anti-human
kappa chain specific antibody.
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G, Determination of heavy chain ImmunoBody from supernatant of CHO-S transfected with DCIB53 by sandwich Elisa. Plates were coated
with an anti-mouse Fc specific antibody. To detect heavy chain an anti-mouse IgG2a specific HRP antibody was used.

Figure 50: ImmunoBody immunisation enhances immune responses and overcomes regulation observed from whole antigen.

A, HLA-A2 transgenic mice (HHDII) were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs DCIB15 or whole gp100 antigen
in pcDNA3 vector. On day 19, splenocytes were analysed by IFNy elispot assay against gp100 peptide or control. Responses are measured
as spots/million splenocytes.

B, C57BI/6 mice were depleted of CD25 positive cells by injection of anti-CD25 antibody (PC61) 400pg i.p. Both CD25 depleted mice and
undepleted animals were subsequently immunised at day 4, 11 and 18 with InmunoBody DNA constructs DCIB15 or whole TRP2 antigen in
pOrig vector. On day 23, splenocytes were analysed by IFNy elispot assay against TRP2 peptide or control. Responses are measured as
spots/million splenocytes.

C and D, HHDII mice were either untreated (c) or treated with 400pg PC61mADb i.p., (d). 4 days later, all mice were immunized with the Tie2
C200HFc DNA construct. DNA immunizations were repeated at 7 day intervals for a total of 3 immunisations. 6 days after the final
immunisation, splenocytes were harvested and restimulated in an ex-vivo IFNy ELISPOT assay with 1ug/ml of each of the predicted CTL
epitopes from Tie-2. Bars indicate the mean of triplicate values for each individual mouse, normalized to background controls, with error
bars representing the standard deviation from the mean.

E and F, HHDII mice were either untreated (e) (n = 3) or treated (f) (n = 2) with 400pg PC61 antibody i.p. After 4 days, all mice were
immunised with 100pg Z12 peptide and 100pg Z48 peptide, mixed 1:1 in IFA (s.c.). Repeat peptide immunisations were administered 7
days after the first peptide immunisation. Splenocytes were harvested 14 days after the final immunisation and restimulated with 1pg/ml
Z12 peptide (black bars) or media alone (open bars) in an IFNy cELIspot assay. Bars indicate the mean of triplicate values with error bars
representing the standard deviation from the mean.

G, HHDII mice were immunised with 100pg Z12 peptide mixed 1:1 in IFA (s.c.). Repeat peptide immunisations were administered at days 7
and 14 days after the first peptide immunisation. Splenocytes were harvested 7 days after the final immunisation and analysed for the
presence of epitope specific responses to increasing peptide concentration in IFNy elispot assay. Responses are measured from individual
mice as spots/million splenocytes and avidity is assigned as the concentration which gives 50% maximal effector function.

H, HHDII mice were immunised with ImmunoBody DNA construe DCIB71 via gene gun at days 0, 7 and 14. Splenocytes were harvested 7
days after the final immunisation and analysed for the presence of epitope specific responses to increasing peptide concentration in IFNy
elispot assay. Responses are measured from individual mice as spots/million splenocytes and avidity is assigned as the concentration which
gives 50% maximal effector function.

Figure 51: Sequence of DCIB71

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the Tie-2 Z12 epitope (ILINSLPLV) in H1 and the HepB
CD4 epitope (TPPAYRPPNAPIL) in L1.The Hindlll/Afe | and BamHI|/BsiWI restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 52: Sequence of DCIB72

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc¢ and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the Tie-2 Z12 epitope (ILINSLPLV) in H2 and the HepB
CD4 epitope (TPPAYRPPNAPIL) in L1. The Hindlll/Afe | and BamHI/BsiW| restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 53: The role of xenogenic Fc in providing T cell help and the requirement for antigen specific T cell help.

A, C57BI/6 or HHDII mice were immunised at day 0, 7 and 14 with Heavy chain ImmunoBody DNA constructs containing gp100 epitope in
CDR H1 or TRP2 epitope in CDR H2 (IB17 and IB18 respectively). On day 19, splenocytes were analysed by IFNy elispot assay against
gp100 peptide or TRP2 peptide and control. Responses are measured as spots/million splenocytes.

B, Splenocytes from mice immunised with ImmunoBody heavy chain containing TRP2 epitope in CDR H2 were assayed for avidity to the
TRP2 epitope by measuring responses to increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million
splenocytes and avidity is assigned as the concentration which gives 50% maximal effector function.

C, C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing gp100 epitope in CDR H1, TRP2 epitope
in CDR H2 and HepB CD4 epitope in CDR L1 Human IgG1 (DCIB15) or gp100 epitope in CDR H1, TRP2 epitope in CDR H2 and HepB CD4
epitope in CDR L1 with murine IgG2a constant region (DCIB53). On day 19, splenocytes were analysed by IFNy elispot assay against TRP2
peptide, HepB helper peptide and control. Responses are measured as spots/million splenocytes.

D, Splenocytes from mice immunised with DCIB15 or DCIB53 were assayed for avidity to the TRP2 epitope by measuring responses to
increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is assigned as the
concentration which gives 50% maximal effector function.

E, HLA-DR4 transgenic mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing gp100DR4 epitope in CDR
H1, TRP2 epitope in CDR H2 and gp100DR7 epitope in CDR H3 Human IgG1 (DCIB54) or gp100DR4 epitope in CDR H1, TRP2 epitope in
CDR H2 and gp100DR?7 epitope in CDR H3 with murine IgG2a constant region (DCIB64). On day 19, splenocytes were analysed by IFNy
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elispot assay against TRP2 peptide, gp100DR4 helper peptide and control. Responses are measured as spots/million splenocytes.

F, Splenocytes from mice immunised with DCIB54 or DCIB64 were assayed for avidity to the TRP2 epitope by measuring responses to
increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is assigned as the
concentration which gives 50% maximal effector function.

Figure 54: Sequence of DCIB53

Nucleotide and amino acid sequence of the murine heavy and light full length chains within the expression vector pDCOrig moigG2a. Amino
acids within boxes represent theGP100210M epitope in H1 (TIMDQVPFSV), the TRP2 epitope in H2 (SVYDFFVWL) and the HepB CD4
epitope in L1 (TPPAYRPPNAPIL) in L1. The Hindlll/Afe | and BamHI/Hpal restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 55: Sequence of DCIB64

Nucleotide and amino acid sequence of the murine heavy and light full length chains within the expression vector pDCOrig moigG2a. The
stop codon is depicted by an asterisk. Amino acids within boxes represent the HLA-DR7 restricted gp100 CD4 epitope
(GTGRAMLGTHTMEVTVYH) in H1, the TRP2 epitope (SVYDFFVWL) in H2 and the HLA-DR4 restricted gp100 CD4 epitope in H3
(WNRQLYPEWTEAQRLD). The Hindlll/Afe | and BamHI/Hpal restriction sites utilised in transfer of the variable heavy and light region from
the single construct are highlighted.

Figure 56: Immunoproteasome processing is important in the generation of responses from epitopes within ImmunoBody constructs.
HHDII mice were immunised at day 0, 7 and 14 with ImmunoBody constructs containing the gp100209'217 epitope in CDR H1 (DCIB41) or

the modified version gp100210M in CDR H1 (DCIB15). On day 19, splenocytes were analysed by IFNy elispot assay against gp100209'217
peptide or gp100210M peptide and control. Responses are measured as spots/million splenocytes.

Figure 57: Different immunisation methods are efficient at eliciting immune responses from ImmunoBody vaccine.

A, C57BI/6 mice were immunised with ImmunoBody DNA (DCIB15) via gene gun, i.m. +/- electroporation or i.d. +/- electroporation at days
0, 7 and 14. On day 19, splenocytes were analysed by IFNy elispot assay against TRP2 peptide, HepB helper peptide and control.
Responses are measured as spots/million splenocytes.

B, Splenocytes from mice immunised by different routes were assayed for avidity to the TRP2 epitope by measuring responses to
increasing peptide concentration in IFNy elispot assay. Responses are measured as spots/million splenocytes and avidity is assigned as the
concentration which gives 50% maximal effector function.

Figure 58: ImmunoBody immunisation induces vitiligo-like depigmentation and protects against tumour challenge.

A, C57Bl/6 mice immunised with ImmunoBody DNA containing the TRP2 epitope in CDR H2 and the HepB CD4 epitope in CDR L1
(DCIB18) demonstrate depigmentation in hair growth at the site of immunisation.

B, Immunised C57BI/6 mice were challenged between 31 and 4th immunisations with 2x104 B16F10 IFNa cells i.v. Tumour burden in the
lungs was assessed at 49 days post tumour challenge. Tumour burden is expressed as a mean tumour area as a percentage of total lung

area. Immunised mice were challenged 7 days post final immunisation with 2x10% B16F10 IFNa cells s.c. Tumour size was measured at 3-4
day intervals and mice euthanized once tumour growth exceeded limit.

C, Tumour size assessed at day 46 post tumour injection.
D, survival.

Figure 59: ImmunoBody immunisation significantly delays tumour growth.

A, C57BI6 mice were injected with 2x10% B16F10 cells s.c. Four days post tumour injection mice were immunised with DCIB52
ImmunoBody DNA. Repeat immunisation were performed at days 11 and 18 post tumour injection. Tumour burden was analysed at 3-4 day
intervals and mice euthanized once tumour growth exceeded maximum permitted limit. Tumour volume over time was plotted.

B, C57BI6 mice were injected with 2x1 0% B16F10 IFNa cells s.c. Fourteen days post tumour injection mice were immunised with DCIB52
ImmunoBody DNA. Repeat immunisations were performed at days 21 and 28 post tumour injection. Tumour burden was analysed at 3-4
day intervals and mice euthanized once tumour growth exceeded maximum permitted limit. Tumour volume is shown at day 47 post tumour
implant.

C, C57BI6 mice were injected with 2x10% B16F10 cells s.c and anti-CD25 antibody i.p. where appropriate. Four days post tumour injection
mice were immunised with DCIB52 ImmunoBody DNA or control ImmunoBody DNA. Repeat immunisations were performed at days 11 and
18 post tumour injection Immunisation at day 11 was combined with the injection of anti-CTLA-4 antibody i.p. where appropriate. Tumour
burden was analysed at 3-4 day intervals and mice euthanized once tumour growth exceeded maximum permitted limit. Tumour volume
over time was plotted.

Figure 60: Sequence of DCIB68

Nucleotide and amino acid sequence of the heavy and light variable regions cloned inframe with the human IgG1 Fc and kappa constant
regions within the expression vector pDCOrig. Amino acids within boxes represent the HLA-DR7 restricted gp100 CD4 epitope
(GTGRAMLGTHTMEVTVYH) in H1 and L3, the TRP2 epitope (SVYDFFVWL) in H2 and the HLA-DR4 restricted gp100 CD4 epitope in H3
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and L1 (WNRQLYPEWTEAQRLD). The Hindlll/Afe | and BamHI/BsiWI restriction sites utilised in transfer of the variable heavy and light
region from the single construct are highlighted.

Figure 61: Immune responses can be generated from ImmunoBody constructs expressed from different vector backbones.

C57BI/6 mice were immunised at day 0, 7 and 14 with ImmunoBody DNA constructs containing gp100DR4 epitope in CDR H1, TRP2
epitope in CDR H2 and gp100DR7 epitope in CDR H3 Human IgG1 (DCIB54, B1-3) an equivalent construct in the pVax vector (VaxDCIB54,
C1-3). On day 19, splenocytes were analysed by IFNy elispot assay against TRP2 peptide and control. Responses are measured as
spots/million splenocytes.

EXAMPLES
Methods

Generation of DNA vectors

[0061] The deimmunised murine heavy and light variable regions of SC100 clone VHd VKb (WO01/88138) within the vectors
pSVgptHuigG1 and pSVhygHuCk (Biovation Ltd) were amplified by PCR. V and V| region PCR products were cloned in frame with the
human IgG1 and kappa constant regions using Hindlll/Afel and BamHI/BsiW!| sites to produce the single chain constructs pOrigHIB and
pQrigLIB (see Figures 1 and 2). The sequence of the full-length chimeric heavy and kappa chain was confirmed by the dideoxy chain
termination method (Sanger et al, Proceedings of the National Academy of Sciences of the United States of America 1977;74: 5463-7).
DNA and translated protein sequences for the chimeric heavy and light chain are shown in Figures 3 and 4 respectively. Locations of the
complementarily determining regions (CDR's) are depicted.

[0062] With exception of the heavy CDR2 region that retains six amino acids, the CDRs of the heavy and light chains were completely
removed and exchanged for unique restriction enzyme sites. This was achieved by careful examination of the regions either side of the
sequence for a removal that will permit a restriction enzyme site to be generated. These unique restriction sites are used to open up the
DNA such that an oligonucleotide encoding an antigenic epitope can be inserted. Most framework sequence that is lost on generation of the
restriction site is replaced by including in the epitope primers to ensure that, on translation, amino acids are retained and that the sequence
remains in frame. Table 1 lists chosen enzyme sites and epitope oligonucleotide sequences for all CDRs.

[0063] CDR regions were removed and replaced with unique restriction sites by Overlap Extension PCR as shown in Figure 5. For the
heavy variable region, the oligonucleotides H1, H2 and H3 (see Table 2) were designed to replace each of the three CDR's. Each specific
primer contains 10-20bp of sequence either side of the enzyme site to be incorporated. Used in conjunction with the general reverse primer
huHeClonR (see Table 2) that binds to the human IgG1 constant region first round PCR's were set up consisting of 1pl of the template
plasmid pQrigHIB, 2pl ANTPS (2.5mM), 5pl 10 x taq polymerase buffer, 1pl of forward and reverse primer (25pmols), 5units of taq
polymerase (New England Biolabs) made up to a final volume of 50pl with sterile distilled water. Reactions were subjected to an initial
denaturation of 5 minutes at 95°C followed by 35 cycles of 30s at 95°C, 1 minute at 55°C (annealing) and 1 minutes at 72°C (extension).
The final cycle contained a 10 minute extension using a Techne PHC-1 programmable cyclic reactor. Similarly, for the light variable region,
the oligonucleotides L1, L2, and L3 were designed to replace each of the three CDR's (see Table 2). First round PCR's were set up as
described above but with the reverse primer huLiClonR (see Table 2) that binds to the constant region of the human kappa chain and the
template pOrigLIB.

Table 1. List of CDR replacement enzymes and epitope oligonucleotide sequences

CDR RE site Epitope Oligo

H1 Fsp ! 5'NNNNNNTGGGTTCG3'
3'NNNNNNACCCAAGCS'

H2 Msc | 5'TNNNNNNCGATTCA3'
3'ANNNNNNGCTAAGTS'

H3 Srfl 5'GANNNNNNTG3'
3'CTNNNNNNAC5'

L1 Eco RV 5'CTCTTGCNNNNNNTGGT3'
3'GAGAACGNNNNNNACCAS'

L2 Ssp 1 5'CTACNNNNNNAG3'
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CDR RE site Epitope Oligo

3'GATGNNNNNNTCS'

L3 Hpa | 5'TATTACTGCNNNNNNTTCGGTGGAGG3'
'ATAATGACGNNNNNNAAGCCACCTCCS5'

N represents epitope DNA sequence
The remaining letters represent framework nucleotides that need to be incorporated

[0064] 1 pl of the resulting PCR products was then used in a subsequent PCR as a reverse primer in conjunction with the CMV forward
primer set up as outlined above. The 450bp amplified DNA fragment was cloned directly into the TA TOPO vector pCR2.1 (Invitrogen) and
clones sequenced to confirm amplification of the Vi and V| region devoid of the CDRs and replacement of restriction site.

[0065] CDR's within the variable heavy and light have been replaced with their corresponding enzyme site H1, H2, H3, L1, L2 and L3
singly, in combination and altogether (Figure 6 and 7). The different versions were then inserted into pOrig HIB and pOrigLIB using
Hindlll/Afel and BamHI/BsiWI with direct replacement of the parental wild type deimmunised SC100 Vy and V| regions. This allows
generation of molecules containing single or multiple epitopes (from the same or different antigens).

Table 2 - Primers

Oligonucleotide Sequence
H1 Fspl
5'-CCT GAG AAT GTC CTG CTG CGC AGG CTC CGG GGA AG-
H2 Mscl
5'-CAT TGG TAG TGG TGG CCA TTT CCA GAG AC-3'
H3 Sl
5'-CCG TGT ATT ACT GTG CCC GGG CCA AGG AAC CAC GGT C-3'
EcoRV
t 5'-GGA GCC AGC CTC GAT ATC TGC AGA AAC CAG GC-3'
Sspl
L2 5'-CCA CAG CTC CTA ATA TTC AGT GGC AGT GGA TC-3'
Hpal
L3 5'-GCT GAG GAT ACC GGA GTT AAC CAA GGT GGA AAT C-3'
huHeClonR 5'- CGC CTG AGT TCC ACG ACA CC-3'
huLiClonR 5-CAG GCA CAC AAC AGA GGC-3'

CMV Forward

5-GGC GTG GAT AGC GGT TTG AC-3'

OrigstophuHeCH 1 For

5'-CCA AGG TGG ACA AGA AAG TTT GAC CCA AAT CTT GTG ACA

OrigstophuHeCH 1 Rev

5'-GAG TTT TGT CAC AAG ATT TGG GTC AAA CTT TCT TGT CCA
CCTTGG-3

pOrig light no leader For

5'-AGG ATC CAC CAT GGA TGT GTT GAT GAC CC-3'

pOrig heavy no leader For

5-AAA GCT TAT GCA GGT GCA GCT GGT G-3'

huigG3rev2 5'-ATC GAT ATC ATT TAC CCG GAG ACA GG-3'
1gG3hufor2 5-ACT GTC TCC AGC GCT TCC ACC AAG-3'
1gG2 for 5-AGT CAC CGT TTC CAG CGC TTC CAC-3'
19G2 rev 5-AGT GGA TAT CAT TTA CCC GGA GAC AGG-3'
HIBF 5-AAC AGT CTG AGG GCT GAG GA-3'

huigG1PVA REV

5'-A GAC TGA CGG TCC CCC CGC GAC TGG AGG TGC TGG-3'

HuigG2ELLGRev

5-A GAC TGACGG TCC TCC TAACAG TTC TGG TGC TGG-3'

SV40premFOR 5-A GCT AGC ATC AGC ACG TGT TGA CAA TTA ATC ATC-3'
SV40premREV 5-AAC GAT TCC GAA GCC CAA CCT TTC ATA G-3'
migG2aC1Afe1F2 5'-TTT ACA GCG CTA AAA CAA CAG CCC CAT CGG TC-3'
migG2aXbaRA 5-TCT AGATCATTT ACC CGG AGT CCG GGA GAA GCT C-3'
MoLC1BsiF1 5-TTT CGT ACG GAT GCT GCA CCA ACT GTATCC-3'
MoLCXhoR1 5-TTT CTC GAG TCAACA CTC ATT CCT GTT GAA GC-3'

MolgG2BamHI For

5-CC TTG ACC TGG AAC TCT GGT TCC CTG TCC AGT GGT G-3'
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Oligonucleotide Sequence
MoigG2BamHI Rev 5'-C ACC ACT GGA CAG GGA ACC AGA GTT CCA GGT CAA GG-3'
MoigG2Xhol For 5'-GC AGC TCA GTG ACT GTAACT TCG AGC ACC TGG CCC AGC-3'
MoigG2Xhol Rev 5'-GCT GGG CCA GGT GCT CGA AGT TAC AGT CAC TGA GCT GC-3'
wtkappavarL1for 5.CTCTTGC AGA TCT AGT CAG AGC CTG GTA CAT AGT AAT GGA

AAC ACC TAT TTAGAATGG T-3'

5-ACCATTC TAAATA GGT GTT TCC ATT ACT ATG TAC CAGGCT

wtkappavarL1rev
CTG ACT AGA TCT GCA AGA G3'
Murine TRP2 Forward 5-TTT CTAAGC TTATGG GCC TTG TGG GAT GGG GGC TTC-3'
Murine TRP2 Reverse 5-TTT CTG ATA TCT CAG GCT TCC TCC GTG TAT CTC TTG C-3'
GP100 Forward 5-TTT CTG ATATCA TGG GTG TCC AGA GAA GGA GCT TC-3'
Gp100 Reverse 5-TTT CTC TCG AGT CAG ACC TGC TGT CCA CTG AGG AGC-3'
I ion of antigenic epitopes into CDR sites of single chai

[0066] A number of CD8 CTL and CD4 helper epitopes are listed in Table 3, although any epitope can easily be inserted into any of the
sites within the single chain vectors. For example, insertion of the TRP2 epitope into the H2 site of the pOrigHIB vector was achieved as
follows.

[0067] Complementary oligonucleotides were designed to encode nucleotide sequence that on translation expresses the epitope. DNA
sequence that encodes the epitope was flanked by the corresponding CDR nucleotides to ensure that, on translation, amino acids were

retained and that the sequence remained in frame (see Table 1). Primers were sent for synthesis (MWG) and 5' end phosphorylated.
S VY DF F V W L

5'-Phospharylated-T AGT GTT TAT GAT TTT TTT GTG TGG CTC CGATTC A-3'
3'- A TCA CAA ATA CTA AAA AAA CAG ACC GAG GCT AAG T-Phosphorylated-5'

[0068] Complementary oligonucleotides were resuspended to a final concentration of 1 mg/ml in sterile double distilled water and annealed
together by setting up a reaction with 10pl of each primer made up to a final volume of 50pl with TE buffer. The reaction was cycled for
95°C - 5mins (0.1°C/sec), 72°C - 20mins 0.1°C/sec, 55°C - 20mins then held at 4°C.

[0069] For insertion into the H2 site, the vector pOrigHIB H2 and/ or pOrigHIB H1 H2 was linearised by setting up a Mscl restriction digest
(dependent on CDR to be utilised for insertion of epitope) and incubated overnight at 37°C. The digest was electrophoresed on a 1.5%
agarose gel and the cut vector purified by gel extraction. To prevent self ligation of the linearised vector, phosphate groups from the 5' ends
of the vector were removed by treatment and overnight incubation at 37 °C with calf intestinal alkaline phosphatase (CIAP) 5 units, 10pl 10
x NEB buffer 3 made up to a final volume of 100pl with sterile distilled water. Dephosphorylated vector was purified and ligations set up with
neat, 1/100 and 1/200 dilutions of the annealed oligonucleotides to clone directly into the H2 site using standard techniques. Epitope
insertions were confirmed by sequencing within the single vectors using the universal primer CMV forward.

Table 3 CTL and helper epitopes

CO- HLA
PROTEIN ORDINATES SEQUENCE RESTRICTION
SVYDFFVWL
TRP2 180-188 A2, Kb
agtgtttatgatttttttgtgtggcete
ITDQVPFSV
GP100 209-217 A2
accattactgaccaggtgcctttctcegty
IMDQVPFSV
GP100 (210M) 209-217(M) A2
accattatggaccaggtgccttictcegtg
ITDQVPLSYV
GP100 (F7L) 209-217 A2
accattactqaccaggtgcctttgtccgtg
WNRQLYPEWTEAQRLD
GP100 44-59 DR0401
tggaacaggcagctgtatccagagtggacagaagcccagagacttgac
IPQSLDSWWTSL
HEPB S AG 28-39 Kd (CTL)
ataccgcagagtctagactegtggtggacttctcte
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CO- HLA
PROTEIN ORDINATES SEQUENCE RESTRICTION
. TPPAYRPPNAPIL
HepB nucleoprotein 128-140 I-Ab (helper)
actcctccagcttatagaccaccaaatgeccectatecta
FLWGPRALV
MAGE3 271-279 A2
ttcetgtggggtccaagggecctegtt
FLPATLTMT
Tie2 (Z83) 124-132 A2
ttcctaccagctactttaactatgact
FLPATLTMV
Tie2 (Z84) 124-132 A2
ttcctaccagctactttaactatggtt
GMVEKPFNI
Tie2 (29) 431-439 A2
gggatggtggaaaagcccttcaacatt
GMVEKPFNV
Tie2 (mZ9) 431-439 A2
gggatggtggaaaagcccttcaacgtt
FERFEIFPKE
FLU HA 111-120 I-Ad (helper)
tttgaaaggtitgagatattccccaaggaa
SIINFEKL
ovalbumin 258-265 Kb
agtataatcaactttgaaaaactg
i GELIGTLNAAKVPAD
T_rlosephosphate 23.37 DRO101
isomerase (wt) ggggagctcatcggcattctgaacgcggecaaggigecggecgac
i GELIGILNAAKVPAD
Triosephosphate 93.37 DRO101
Isomerase (ml) ggggagctcatcggeactctgaacgeggecaaggtgecggecgac
VIAMFFWLL
VEGFR2 773-781 A2
gtgattgccatgticttctggctactt
VLAMFFWLL
mVEGFR2 773-781 A2
gtgcttgccatggttcttctggetactt

Transfer into the double expression vector pDCOrig

[0070] Once all epitopes have been incorporated into the Vi and V| sites within the single vectors, they are transferred into the double
expression vector pDCOrig using Hindlll/Afe1 and BamHI/BsiW! in frame with their respective human constant regions. To generate the
ImmunoBody™ double expression vector pDCOrig, pOrigHIB was linearised using the blunt ended restriction endonuclease Nrul located
adjacent to the CMV promoter. pOrigLIB was digested with the blunt ended Nrul and Hpal endonucleases to excise the entire light chain
expression cassette consisting of the CMV promoter, deimmunised human kappa chain and the BGH polyA signal. After gel
electrophoresis, isolation and gel extraction of the linerised vector pOrigHIB and the light chain expression cassette the vector was
dephosphorylated and light chain expression cassette ligated to form the construct pDCOrig (Figure 8). Orientation of the light chain
cassette within pDCOrig was confirmed by restriction analysis.

[0071] pDCOrig contains both the heavy and light chain gene coding sequences combined within the same construct, eliminating intronic
sequences and the two vector system. Expression is driven by the high level CMV Immediate Early promoters and other DNA control
elements, such as Bovine Growth Hormone polyadenylation signal. The selection marker Zeocin has also been included to maximise
expression and efficiency of production. Careful design of this vector has retained the unique restriction enzyme sites at the junctions of the
variable and constant regions and provides a quick and easy method to create different combinations of the variable regions (epitope
insertions, see Figure 8). Table 4 lists some of the pDcOrig IB constructs generated.

Table 4. pDCOrig constructs - DCIB31, DCIB32, DCIB36 and DCIB49 are not within the scope of the invention

H1 H2 H3 L1 L3
DCIB1S Gp100 210M TRP2 HepB nucleoprotein
TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
Gp100 210M HepB nucleoprotein
DCIB17
TIMDQVPFSV TPPAYRPPNAPIL
TRP2 HepB nucleoprotein
DCIB18
SVYDFFVWL TPPAYRPPNAPIL
HepB S Ag Flu HA
DCIB21
IPQSLDSWWTSL FERFEIFPKE
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H1 H2 H3 L1 L3
OVALBUMIN HepB nucleoprotein
DCIB24
SIINFEKL TPPAYRPPNAPIL
Gp100 210M TRP2 HepB
DCIB25 nucleoprotein
TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
Tie-2 Z84 HepB nucleoprotein
DCIB26
FLPATLTMV TPPAYRPPNAPIL
DCIB30 Gp100 F7L TRP2 HepB nucleoprotein
TITDQVPLSV SVYDFFVWL TPPAYRPPNAPIL
TRP2
DCIB31
SVYDFFVWL
TRP2 HepB
DCIB32 nucleoprotein
SVYDFFVWL TPPAYRPPNAPIL
DCIB33 Gp100 210M TRP2 HepB nucleoprotein
huigG2 §  TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
Gp100 210M TRP2 Gp100
DCIB35
TIMDQVPFSV SVYDFFVWL WNRQLYPEWTEAQRLD
TRP2
DCIB36
SVYDFFVWL
Gp100 F7L HepB nucleoprotein
DCIB37
TITDQVPLSV TPPAYRPPNAPIL
Gp100 F71 HepB nucleoprotein
DCIB40
TITDQVPISV TPPAYRPPNAPIL
Gp100 wt HepB nucleoprotein
DCIB41
TITDQVPFSV TPPAYRPPNAPIL
Gp100 F7Y HepB nucleoprotein
DCIB42
TITDQVPYSV TPPAYRPPNAPIL
Gp100 V5L HepB nucleoprotein
DCIB43
TITDQLPFSV TPPAYRPPNAPIL
TRP2 Gp100
DCIB48
SVYDFFVWL {WNRQLYPEWTEAQRLD
HepB nucleoprotein
DCIB49
TPPAYRPPNAPIL
Gp100 210M TRP2 Gp100
DCIB50 WNRQLYPEW
TIMDQVPFSV SVYDFFVWL TEAQRLD
TRP2 HepB nucleoprotein
DCIB52
SVYDFFVWL TPPAYRPPNAPIL
DCIB53 Gp100 210M TRP2 HepB nucleoprotein
MoigG2a{ TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
Gp100 TRP2 Gp100
DCIB54 {GTGRAMLGTHTM
EVTVYH SVYDFFVWL {WNRQLYPEWTEAQRLD
Gp100 TRP2 Gp100
DCIBGA GTGRAMLGTHTM
MoigG2a
9 EVTVYH SVYDFFVWL {WNRQLYPEWTEAQRLD
DCIB65 Gp100 210M TRP2 HepB nucleoprotein
huigG3 | TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
DCIB66 ;
huigG1 Gp100 210M TRP2 HepB nucleoprotein
+ G2
TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL

motif
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H1 H2 H3 L1 L3
DCIB67 ;
huigG2 Gp100 210M TRP2 HepB nucleoprotein
+G1
motif TIMDQVPFSV SVYDFFVWL TPPAYRPPNAPIL
Gp100 TRP2 Gp100 Gp100 Gp100

DCIB68 { GTGRAMLGTHTM GTGRAMLGTHTM
EVTVYH SVYDFFVWL {WNRQLYPEWTEAQRLD { WNRQLYPEWTEAQRLD EVTVYH
Gp100 TRP2 Gp100 Gp100 Gp100
DeIBo GTGRAMLGTHTM GTGRAMLGTHTM
MoigG2
oiglaza EVTVYH SVYDFFVWL {WNRQLYPEWTEAQRLD {WNRQLYPEWTEAQRLD EVTVYH
Tie-2 212 HepB nucleoprotein
DCIB71
ILINSLPLV TPPAYRPPNAPIL
Tie-2 212 HepB nucleoprotein
DCIB72
ILINSLPLV TPPAYRPPNAPIL

Generation of pDcOrig IB15 CH1 stop

[0072] A stop codon was incorporated after the CH1 domain of the human IgG1 constant region within the construct pDCOrig 1B15 using
the Quik change site directed mutagenesis kit (Stratagene) and the complementary oligonucleotides origstophuHeCH1 Forward and
OrigstophuHeCH1 reverse primers (see Table 2) as instructed by the manufacturer. Incorporation of the stop codon was confirmed by DNA
sequencing (Figure 9)

Removal of leader sequences from pDCOrig I1B15

[0073] In order to remove the leader sequence from the heavy and light chain of the vector pDCOrig IB15, PCR's were set up using the
template pDCOrig 1B15 with the forward primers pOrig light no leader and pOrig heavy no leader in conjunction with the reverse primers
huHeClonR and hiLiClonR respectively (Table 2). Amplified fragments were TA TOPO ligated into the vector pCR2.1 (Invitrogen) and clones
confirmed by sequencing. Both the 1B15 Vi and V| regions devoid of leader were cloned back into pDCOrig I1B15 using Hindlll/Afel and

BamHI/BsiWI sites respectively. DNA sequence and translation for the Vi and V_regions are shown in Figures 10 and 11 respectively.

Construction of human IgG2 and IgG3 isotypes of the Inmunobody™ double expression vector pDCOrig

[0074] The human IgG3 constant region was amplified by PCR using huigg3 forward and reverse primers (Table 2) incorporating a Afel
and EcoRV respectively with the template pOTB7huigG3 (Image clone 4566267 MGC 45809). Similarly the human IgG2 constant region
was amplified using igG2For and igG2Rev primers (Table 2) with the template pTOB7 huigG2 (Image clone 6281452 MGC 71314).

[0075] Both fragments were TOPO ligated into pCR2.1 and sequence confirmed (Figures 12 and 13). The huigG1 constant region within
the construct pDCOrigIB15 was effectively replaced with both huigG2 and huigG3 cloned inframe with the heavy variable using Afel and
Sapl sites to generate pDCOrigIB15 huigG2 and pDCOrigIB15huigG3 (Figure14). Both the vectors retain the same unique restriction sites
at the variable/ constant region junction. This permits easy exchange of variable regions between all human isotype single and double chain
Immunobody vectors.

Mutation of human IgG1 Fcy and human IgG2 Receptor binding domain

[0076] To substitute the amino acids E233 L234 L235 of the huigG1 binding motif within the CH2 domain with P233 V234 A235 of huigG2,
a short section was reamplified by PCR incorporating the mutation. The reverse primer huigG1PVA Rev containing the substitutions and the
constitutive restriction site Ahdl was utilised with the forward primer HIBF (Table 2) and the template pDCOrig IB15. The resulting fragment
was ligated into the vector pCR2.1 (Invitrogen). After sequence confirmation, the wild type sequence was effectively replaced with the
section containing the mutations by inserting into the single cutter Agel/Ahdl sites of the plasmid pDCOrig 1B15 huigG1 (Figure 15).

[0077] The amino acids P233 V234 A235 within the huigG2 constant domain of the construct pDCOrig IB15 huigG2 was also substituted
with the huigG1 binding motif ELLG. As before, the reverse primer huigG2ELLGRev (Table 2) containing the substitutions and the
constitutive restriction site Ahdl was utilised with the forward primer HIBF and the template pDCOrig IB15 human igG2. The fragment was
TA TOPO ligated into the vector pCR2.1. After sequence confirmation, the wild type sequence again was replaced with the section
containing the huigG1 binding motif using Agel/Ahd| sites of the plasmid pDCOrig IB15 huigG2 (Figure 16).
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Generation of pDCOrig murine IlgG2a plasmids DCIB53 and DCIB63

[0078] To construct a murine igG2a version of the double expression vector pDCOrig, cDNA was synthesised from total RNA isolated from
the hybridoma cell line 337. For amplification of the murine igG2a constant region, the forward primer migG2aC1AfeF2 containing the
restriction site Afe1 was used in conjunction with the reverse primer migG2axbaRA harbouring a Xbal site after the stop codon. PCR
fragment was TOPO ligated into the vector pCR2.1. After sequence confirmation, the murine igG2a constant region was excised and cloned
inframe with the murine heavy variable region into the Afe1/Xbal sites of the vector pOrigHIB effectively replacing human igG1. A BamHI
and Xhol site was removed without altering, on translation, amino acid sequence from the murine igG2a constant region, sequentially by
site directed mutagenesis using Quik change site directed mutagenesis kit (Stratagene) and the complimentary primers MoigG2BamHIFOR
and REV, MoigG2XholFOR and REV respectively. This generated the single chain ImmunoBody vector pMoQrigHIB (Figure 17A). A section
of pMoOrigHIB containing the MoigG2a constant region was transferred from the single construct into the double expression vector
pDCOrig IB15 inframe with the murine heavy variable region using Afel and the single cutter Avril located in the SV40 promoter to generate
the intermediate vector pDCOrigIB15MoigG2a hukappa still containing a human kappa region.

[0079] For amplification of the murine kappa region, the cDNA was used as a template with the primers MoLC1BsiF1 containing a BsiwI
site and MoLCXhol incorporating a Xhol site after the stop codon. The amplified fragment was TOPO cloned into the vector pCR2.1 as
before. The murine kappa region was excised and ligated into the ImmunoBody vector pOrigLIB L1 and pOrigLIB hepB hetp/L1 replacing
the human kappa constant using BsiWl/Xhol generating the intermediate vector pMoLIBL1Bsi and pMoLIB HepB help/L1Bsi. The
Immunobody system involves transfer of variable regions using a unique restriction site at the junction of the variable and constant regions
while the junction between the murine heavy variable and moigG2a constant can accommodate an Afel site (present within all the human
immunobody vectors) and not alter amino acid sequence on translation, the region between the murine variable and kappa is problematic.
On analysis of sequence at this junction no unique restriction site could be incorporated that would not alter amino acid sequence. The
BsiWI site at the junction was removed to revert to wild type sequence. This was achieved by amplifying the entire murine full length chain
by overlapping PCR. Afirst PCR was set up using the forward primer MoKappaSDMfor containing wild type sequence at the junction and
flanking region effectively removing BsiWl, the BGH reverse primer and the intermediate light chain vectors pMoLIBL1Bsi and pMoLIB hepB
help/L1Bsi as template respectively. Around a 430bp amplified fragment from the first round of PCR was used as a reverse primer with the
forward primer ImmunoLikozFor containing a BamHI site. The amplified full length murine kappa chains were TOPO ligated into pCR2.1
and sequence confirmed. The full length murine kappa chain containing hepB help in the L1 site in pCR2.1 was excised and cloned into the
BamHI/Xhol sites of the intermediate double expression vector pDCOrigIB15MoigG2a hukappa replacing the human kappa chain to
generate the murine double expression vector pDCOriglB GP100210m/H1 TRP2/H2 HepB help/L1 molgG2a (DCIB 53, Figure17B and 54).

[0080] Similarly, the full length murine kappa chain containing an L1 site was excised and cloned into the BamHI/Xhol sites of the
intermediate double expression vector pDCOriglB15MoigG2a hukappa replacing the human kappa chain to generate the intermediate
murine double expression vector pDCOriglB15molgG2a with an empty L1 site. To generate the construct with a wild type light variable
region, the complimentary 5' phosphorylated primers wtkappavarL1for and rev (Table2) were annealed and inserted into the L1 site after
linearization with EcoRV as described above. Finally the heavy variable region from DCIB 54 containing GP100DR7/H1 TRP2/H2 and
GP100DR4/H3 was transferred using Hindlll/Afel to generate pDCOrig GP100DR7/H1 TRP2/H2 GP100DR4/H3 moigG2a wild type kappa
(DCIB68 Figure17C and 60).

Removal of the eukaryotic SV40 promoter from the Immunobody double expression vector pDCOriq for requlatory DNA vaccine
requirements

[0081] The EM7 bacterial promoter and zeocin gene was amplified using the forward primer SV40PremFOR incorporating a Nhe1 site and
SV40remREV reverse primer (Table 2) with the template pOrigHIB. The resultant 511bp PCR fragment was pCR2.1 TOPO ligated and
confirmed by sequencing. The EM7 promoter and a section of the zeocin gene was excised using Nhel and Fsel from pCR2.1 and cloned
directly into pOrigHIB H1 effectively removing the SV40 promoter. The Nhel site resides before the SV40 promoter while the Fsel
recognition sequence is a single cutter within the zeocin gene of the vector. After sequence confirmation a larger section was transferred
from the single vector into the pDCOrig IB68 vector encoding the tail end of huigG1, BGH polyA, EM7 and part of the zeocin gene digesting
with Sapl and Fsel effectively removing the SV40 promoter from the double expression vector.

Alteration of the pDCOrig backbone for the FDA regulatory compliant one of pVax1 (Invitrogen)

[0082] The Immunobody full length human igG1 heavy chain was excised from the construct DCIB54 using Hindlll and Xbal and inserted
into these sites within the MCS of the vector pVax1 (Figure18 A). In order to generate the pVax version of the double chain expression
vector, pvaxIB54HIB was linearised using the blunt ended restriction endonuclease Nrul located adjacent to the CMV promoter. pOrigLIB
(Figure18 B) was digested with the blunt ended Nrul and Hpal endonucleases to excise the entire light chain expression cassette consisting
of the CMV promoter, Immunobody human kappa chain and the BGH polyA signal. After gel electrophoresis, isolation and gel extraction of
the linerised vector pVaxIB54HIB and the light chain expression cassette the vector was dephosphorylated and light chain expression
cassette ligated to form the construct pvaxDCIB54 (Figure18 C). Orientation of the light chain cassette within pVaxDCIB54 was confirmed
by restriction analysis. pVaxDCIB54 retains the same unique restriction sites at the variable/ constant region junction permitting easy
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exchange of variable regions between all human isotype single and double chain Immunobody vectors. For example to generate
pVaxDCIB68 (Figure 60) the murine light variable region containing Gp100DR4/L1 and Gp100DR7/L3 was excised from DCIB68 using
BamHI/BsiWI and cloned into pvVaxDCIB54 effectively replacing the light wild type variable region.

Generation of pOrig murine TRP2 and pCDNA3 GP100

[0083] To construct pOrig murine TRP2, cDNA synthesised from 5ug of total RNA isolated from the cell line B16F10 was used as a
template for the amplification of full length murine tyrosinase related protein 2 (TRP2) using the primers murine TRP2 forward and reverse
(Table 2) with incorporation of a Hindlll or EcoRYV site respectively. Full length TRP2 was ligated into the HindllI/EcoRV multiple cloning site
of the vector pOrigHIB. Full length murine GP100 was also amplified from the ¢cDNA using the designed murine GP100 forward and reverse
primers containing EcoRV and Xhol sites respectively (Table 1). The PCR product was cloned into the EcoRV/Xhol sites of the mammalian
expression vector pPCDNA3 (Invitrogen). Both plasmids were identified by restriction analysis and confirmed by DNA sequencing.

Sandwich Elisas

[0084] Falcon 96-well flexible plates were coated, overnight at 4°C, with 50ul of anti-human IgG, Fc specific antibody (Sigma 12136) or
anti-human kappa light chain antibody (Dako A0191) at 10ug/ml in PBS. Plates were washed three times with 200ul/well PBS-Tween 20
(0.05%), using a Skan Washer 400 (Molecular Devices), and wells blocked with 1% fish skin gelatin (Sigma) in PBS (1% FSG/PBS). Plates
were incubated 1 hr at room temperature and washed with 1% FSG/PBS. Tissue culture supernatant containing expressed ImmunoBody or
purified ImmunoBody protein (50pl) was added to the wells, in triplicate, and plates were incubated for 1 hr at room temperature. Plates
were washed with 1% FSG/PBS and bound ImmunoBody was detected by adding 50pl/well of peroxidase-conjugated anti-human IgG, Fc
specific antibody (Sigma A0170) or anti-human kappa light chain antibody (Sigma A7164), diluted 1/2000 in 1% FSG/PBS, and incubated 1
hr at room temperature. Plates were washed with 1% FSG/PBS and developed by adding TMB substrate(R & D Systems) at 50pl/well.
Absorbance was measured at 650nm in a VERSA max microplate reader (Molecular Devices).

Mice and immunisations

[0085] Animal work was carried out under a Home Office approved project licence. Male and female C57BI/6 (Harlan) or HLA-A2
transgenic (HHDII) (Pasteur Institute, Paris) were used between 6 and 12 weeks of age. Synthetic peptides (manufactured by John Keyte,
Department of Biomedical Sciences, Nottingham University, UK) were emulsified with incomplete Freunds adjuvant and injected via a sub-
cutaneous route. Each mouse received 10pg peptide/immunisation. DNA was coated onto 1.0pm gold particles (BioRad, Hemel
Hempstead, UK) using the manufacturer's instructions and administered intradermally by the Helios Gene Gun (BioRad). Each mouse
received 1ug DNA/immunisation. Naked DNA solution was also administered i.d. or i.m (10pg/immunisation) combined immediately post
injection with a short electric pulse. Mice were immunised at 0, 1 and 2 weeks and spleens removed at week 3. Depletion of T cell subsets
in vivo was performed by injection of 400ug anti-CD25 antibody (PC61) i.p. four days prior to immunisation or 200ug anti-CTLA-4 antibody
i.p. concurrent with secondary immunisation.

Restimulations in vitro

[0086] Five days post final immunisation, splenocytes (5x10%ml) were cocultured at 37°C with syngeneic, irradiated (20Gy), peptide
pulsed lipopolysaccharide (LPS) blasts (0.5 to 1x10° cells/ml) in 2ml RPMI-1644 with 10% FBS, 2mM glutamine, 20mM HEPES buffer, 100
units/ml penicillin, 100pg/m|‘1 streptomycin and 10"5M 2-mercaptoethanol in 24 well plates. LPS blasts were obtained by activating
splenocytes (1.5x106 cells/ml) with 25ug/ml LPS (Sigma) and 7pg/ml dextran sulphate (Pharmacia, Milton Keynes, UK) for 3 days at 37°C.
Before use, 2x107 LPS blasts were cultured with 100ug/ml synthetic peptide for 1hr. Cultures were assayed for cytotoxic activity on day 6 in

a®'Cr-release assay.

31cr-release assay

[0087] Target cells were labelled for 1 hr with 1.85MBq sodium (51Cr) chromate (Amersham, Essex, UK) with or without 100ug/ml peptide.
Post incubation they were washed 3 times in RPMI and incubated for a further 1 hr with 100pg/ml peptide. 5x103 targets/well of 96-well V-
bottomed plates were set up and coincubated with different densities of effector cells in a final volume of 200pl. After 4hrs at 37°C, 50pl of
supernatants were removed from each well and transferred to a Lumaplate (Packard, Rigaweg, the Netherlands). Plates were read on a
Topcount Microplate Scintillation Counter (Packard). Percentage specific lysis was calculated using the following formula:

specific lysis = 100x[(experimental release-spontaneous

release)/(maximum release-spontaneous release)]
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Ex vivo Elispot assay

[0088] Elispot assays were performed using murine IFNy capture and detection reagents according to the manufacturer's instructions
(Mabtech, Sweden). In brief, anti-IFNy antibodies were coated onto wells of 96-well Immobilin-P plate and replicate wells were seeded with

5x10° splenocytes. Synthetic peptides (at a variety of concentrations) or 5x10* target melanoma cells were added to these wells and
incubated for 40hrs at 37°C. After incubation, captured IFNy was detected with by a biotinylated anti-IFNy antibody and development with a
strepatavidin alkaline phosphatase and chromogenic substrate. Spots were analysed and counted using an automated plate reader (CTL).
Functional avidity was calculated as the concentration mediating 50% maximal effector function using a graph of effector function versus
peptide concentration. Depletion of CD8 T cells from splenocyte populations was performed using CD8 Dynabeads (Dynal) according to
manufacturer's instructions and then added to ex vivo elispot assay.

Tumour studies

[0089] C57BI/6 mice were randomised into treatment groups and immunised at weekly intervals for five weeks. Between the third and

fourth immunisation they were challenged by i.v. injection into the tail vein with 1x10% B16F10 IFNa melanoma cells. When injected i.v.,
B16F 10 cells migrate to the lungs to form metastases. Mice were monitored for signs of tumour growth and distress. At day 49 post tumour
challenge, mice were euthanised and lungs analysed for the presence of metastases. Spleens were analysed for the presence of epitope
and tumour specific immune responses in ex vivo elispot assay.

[0090] HHDII mice were immunised at weekly intervals for three weeks and 7 days post-final immunisation were challenged s.c. in the right

flank with 2x10% B16F10 HHD melanoma cells. Tumour growth was monitored at 3-4 day intervals and size of the tumour was measured
using a calliper.

Example 1 - InmunoBody constructs produce low levels of intact antibody

[0091] Stable CHO-S cell transfectants were made with an ImmunoBody construct containing the gp100 epitope IMDQVPFSV and the
TRP2 epitope SVYDFFVWL in CDR H1 and CDR H2 respectively with the HepB CD4 epitope TPPAYRPPNAPIL in CDR L1 (DCIB15; Figure
19).

[0092] The supernatant from these transfectants was analysed for expression of ImmunoBody protein by sandwich elisa. Plates were
coated with anti-human 1gG Fc specific antibody and supernatant added. Bound ImmunoBody was detected using an anti-human Fc
specific HRP antibody to detect heavy chain. Heavy chain was detected in the supernatant at a concentration of approximately 1 ug/ml
compared to the control (Figure 20a). ImmunoBody was purified from the supernatant using a protein A affinity column and analysed for
presence of ImmunoBody. Purification of ImmunoBody yielded far lower quantities of protein than previously expected compared to the
control (Figure 20b). Since such low yields of intact protein could be purified, ImmunoBody constructs were analysed for the expression of
both heavy chain and intact antibody in the supernatant of transfected cells by sandwich ELISA. Constructs with the HepB CD4 epitope in
CDR L1 and the SIINFEKL epitope in CDR H2 (DCIB24; Figure 21) or the gp100 epitope IMDQVPFSV and the TRP2 epitope SVYDFFVWL
in CDR H1 and CDR H2 respectively with the HepB CD4 epitope TPPAYRPPNAPIL in CDR L3 (DCIB25; Figure 22) were also tested. Plates
were coated with anti-human IgG Fc specific antibody and supernatant added. Bound ImmunoBody was detected using an anti-human Fc
specific HRP antibody to detect heavy chain or an anti-human kappa chain specific HRP antibody to detect intact ImmunoBody.
ImmunoBody transfectants show high level of heavy chain secretion but very low levels of intact InmunoBody (Figure 20¢ and d).

[0093] This data indicates that the incorporation of CD8 and CD4 T cell epitopes into the heavy and light chain variable regions has
disrupted the overall structure of the ImmunoBody preventing formation of intact antibody.

[0094] Additional data on analysis of supernatant from transfected CHO-S cells demonstrates that only constructs with CTL epitopes
incorporated into the CDRH3 or CDRL3 are secreted as intact antibody (Figure 20e). In contrast, incorporation of any epitope within the
CDRH1 or CDRH2 allowed secretion of heavy but low amounts of intact antibody even if there was nothing incorporated within the light
chain and it was secreted. Incorporation of any epitope within CDRL1 any of the light chain resulted in low level secretion of light chain even
if there was only an epitopes incorporated into the CDRH3 of the heavy chain.

Example 2 - CTL epitopes incorporated into InmunoBody framework are processed and presented to elicit an immune response
in vivo

[0095] The previously-published CTL epitope from TRP2, aa280-288 (Bloom et al, The Journal of Experimental Medicine 1997;185: 453-
9), was engineered into the CDR H2 region of the ImmunoBody construct alongside a Hepatitis B universal CD4 epitope in CDR L1
(DCIB18; Figure 30). C57BI/6 mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the gene gun.
Splenocytes were subsequently analysed by IFNy elispot for TRP2 specific responses. Mice immunised with ImmunoBody DNA
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demonstrated considerable TRP2 peptide specific responses compared to control but lower level responses specific for the HepB CD4
peptide (Figure 31 a). The avidity of the TRP2 specific responses were also studied by peptide titration in IFNy elispot. Over the fifteen mice

tested within five different experiments, the avidity of the responses ranges from 109Mto 1001 M peptide. A representative example is
shown in Figure 31 b.

[0096] In order to confirm that this TRP2 specific response was mediated by CD8 T cells, the C57BI/6 mice were immunised three times
with ImmunoBody DNA at weekly intervals. Six days after the last immunisation splenocytes were isolated and analysed in vitro for specific
responses by IFNy elispot. To determine if the TRP-2 specific response was mediated by CD8 T cells, CD8 T cells were depleted prior to
analysis in elispot assay. Depletion of CD8 T cells led to abolition of the TRP2-specific response; however CD8 depletion did not affect the
HepB CD4 peptide response, suggesting it is most likely mediated by CD4 T cells (Figure 31c).

[0097] To determine if the responses generated by ImmunoBody DNA immunisation are capable of killing target cells in vitro, splenocytes
were stimulated with TRP2 peptide pulsed LPS blasts in vitro for 6 days and analysed in a chromium release assay against B16F10
melanoma cells. Splenocytes from ImmunoBody DNA immunised mice demonstrated superior lysis of both B16F 10 cells, which have low
levels of surface MHC class |, and of B16F10 IFNa cells, which have high surface MHC class | expression compared to that of B16F10 line
that expresses no H-2Kb molecules (B16F 10 siKb). The abolition of killing against the B16F 10 siKb cell line demonstrates that killing is CD8
dependent and restricted through H-2Kb (Figure 31 d).

[0098] These results show that TRP2 (SVYDFFVWL) CD8 epitope incorporated into the CDR H2 region of the ImmunoBody framework is
processed and presented to elicit high frequency responses mediated via MHC class |. The HepB CD4 epitope is also processed and
presented in the context of MHC class Il to elicit good CD4 mediated responses from DNA immunisation.

[0099] TRP2 epitope specific responses were also analysed from other TRP2 epitope containing constructs using identical methodology.
Incorporation of the TRP2 epitope into CDRs within the heavy chain resulted in high frequency peptide specific responses (Figure 31e). In
contrast incorporation of CTL epitopes within the light chain resulted in a significant reduction in CTL frequency (DCIB36). Analysis of the
avidity of the TRP2 epitope specific responses reveals that they are of high avidity when generated from epitopes within the heavy chain but
this is considerably lower upon expression of epitopes from the light chain (Figure 31f). High frequency high avidity helper responses where
observed for all constructs (Figure 31g). Suggesting that secretion of heavy chain was an advantage for stimulating CTL responses but not
for helper responses.

Example 3 - InmunoBody DNA immunisation is better than peptide immunisation or immunisation with whole antigen

[0100] To analyse the efficiency of ImmunoBody DNA immunisation, it was compared to s.c. immunisation with peptide epitope in
Incomplete Freund's adjuvant or immunisation with a DNA expressing the TRP2 antigen.

[0101] C57BI/6 mice received three weekly immunisations with DNA or peptide comprising of the TRP2 epitope linked to the universal
helper epitope in IFA. TRP2 and helper peptide specific responses generated in ImmunoBody immunised mice were far superior in
magnitude to those elicited by peptide immunisation or immunisation with the whole TRP2 antigen (Figure 32a). Further analysis of the
avidity of these peptide specific responses revealed that responses generated by mice immunised with ImmunoBody DNA have greater
than a log higher avidity than those from peptide immunised individuals (Figure 32b). The responses generated in C57BI/6 mice were
subsequently analysed for cytotoxic ability in vitro against the B16F10 cell line and, as a negative control, the B16F 10 sikb cell line. Figure
32¢ shows that ImmunoBody DNA immunised mice are capable of anti-tumour activity in vitro that is H-2Kb restricted and both peptide
immunised mice and whole antigen immunised mice are unsuccessful at killing the same melanoma cell lines.

[0102] ImmunoBody immunisation was also compared to immunisation with DC + peptide. C57BI/6 mice received three weekly
immunisations with DNA or DC + peptide. TRP2 peptide specific responses were of comparable frequency but ImmunoBody immunised
mice generated higher avidity responses compared to those immunised with DC + peptide (Figure 32d). This is also demonstrated when
these responses were analysed for ability to kill B16F 10 melanoma cells in vitro (Figure 32e). The responses generated by ImmunoBody
immunisation showed higher kiling of B16F10 melanoma at lower effector to target ratio than responses from DC + peptide immunised
mice. They also showed higher specific lysis of the B16F20 siKb melanoma line which has knocked down levels of H-2Kb.

[0103] ImmunoBody constructs containing the H-2Kb restricted Ovalbumin epitope, SIINFEKL, and the anchor modified HLA-A2 restricted
gp100 epitope, IMDQVPFSV (210M) were compared with the corresponding epitope peptide immunisation in C57BI/6 or HHDII mice
respectively. Mice received three weekly immunisations with DNA or peptide in IFA. Analysis of the responses after the final immunisation
reveals that ImmunoBody DNA immunised mice generate higher frequency peptide specific responses compared to peptide immunised
mice (Figure 32f and g). These responses were also analysed for avidity by peptide titration. InmunoBody immunisation elicits significantly
higher avidity responses than peptide immunisation (Figure 32h and i).

[0104] The magnitude of TRP2 specific response generated by the InmunoBody DNA vaccine is far superior to that generated by either
synthetic peptide or whole TRP2 antigen. However, evidence from clinical trials suggests that the presence of a high frequency of tumour
specific CD8 T cells does not necessarily lead to tumour regression and generally in vaccine trials the objective clinical response rate is very
low (Rosenberg et al, J Immunol 2005;175: 6169-76; Rosenberg et al, Nature Medicine 2004;10: 909-15). It is now becoming clear that
factors other than frequency such as functional avidity of tumour specific T cells and route of priming are major determinants in maximising
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vaccine efficacy. A number of groups have shown that high avidity CD8 T cells demonstrate superior anti-tumour activity ( Alexander-Miller,
Immunologic research, 2005;31: 13-24; Hodge et al, J Immunol 2005;174: 5994-6004; Valmori et al, J Immunol 2002;168: 4231-40; Zeh et
al, J Immunol 1999;162: 989-94; Alexander-Miller et al, Proceedings of the National Academy of Sciences of the United States of America
1996; 93: 4102-7). In our study, analysis of the functional avidity of ImmunoBody induced TRP2 specific responses demonstrated that a
high avidity response can be generated when compared to immunisation with synthetic peptide. This high avidity response also correlated
with the enhanced ability to recognise and kill tumour cells in vitro. The signal from the APC or route of priming of the response is also
crucial for the induction of high avidity immune responses (Oh et al, J Immunol 2003;170: 2523-30).

Example 4 - Multiple epitopes can be processed from CDR H2 site

[0105] To demonstrate that multiple epitopes can be processed and presented from CDR H2 to elicit an immune response, the H-2Kb
restricted epitope SIINFEKL (DCIB24; Figure 21) from ovalbumin and the H-2Kd restricted Hepatitis B epitope IPQSLDSWWTSL (DCIB21;
Figure 33) were engineered into the H2 site in the heavy variable region. These ImmunoBody constructs also contained a |-Ab restricted
(TPPAYRPPNAPIL) epitope Hepatitis B CD4 epitope or I-Ad restricted Influenza haemagluttinin (FERFEIFPKE) epitope in the CDR L1 site in
the light variable region.

[0106] C57BI/6 or Balb/c mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the gene gun.
Splenocytes were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 and CD4 responses.

[0107] C57BI/6 immunised mice demonstrated high frequency SIINFEKL specific responses but lower responses specific for the helper
epitope (Figure 34a). Balb/c mice also created high frequency Hepatitis B epitope specific CD8 responses with similar level responses to
the helper epitope (Figure 34b).

[0108] This data suggests that processing and presentation of CD8 epitopes from the CDR H2 site is not restricted by specific epitope
sequence or length.

Example 5 - Multiple CTL epitopes can be processed from the variable region

[0109] To demonstrate that epitopes can be processed and presented from the variable region and not solely the CDR regions, epitopes
were incorporated into the CDR H1 site with the removal of part of the framework region. Example epitopes are the modified HLA-A2
restricted epitopes IMDQVPFSV (DCIB17; Figure 35) from gp100 and FLPATLTMV from Tie-2 (DCIB26; Figure 36). ImmunoBody
constructs also contained the Hepatitis B CD4 epitope in the CDR L1 site.

[0110] HLA-A2 transgenic mice (HHDII) mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the
gene gun. Splenocytes were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 and CD4 responses.

[0111] HHDII mice elicited high frequency gp100 210M epitope specific responses with reasonable responses to the HepB CD4 epitope
(Figure 37a). Responses in HHDIlI mice immunised with the Tie2 epitope containing construct were not of as high frequency but
considerable responses were generated specific for both the Tie2 epitope and the HepB CD4 epitope (Figure 37b).

[0112] Data in this example indicates that epitopes inserted within the variable region can be processed and presented to elicit an immune
response in vivo. It is also apparent that this is not restricted to one epitope sequence.

Example 6 - Multiple CTL responses can be generated from different epitopes within the same ImmunoBody construct

[0113] The previously-mentioned HLA-A2 restricted gp100 epitope IMDQVPFSV was engineered into the CDR H1 site alongside the TRP2
epitope SVYDFFVWL which is also restricted through HLA-A2 in the CDR H2 site of the same construct. The HepB CD4 epitope was
present in the CDR L1 site (DCIB15; Figure 19).

[0114] HHDII mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the gene gun. Splenocytes
were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 and CD4 responses.

[0115] Figure 38a shows that responses are generated specific for both the gp100 and TRP2 epitopes, although the frequency of the
TRP2 specific responses are lower. Responses to the HepB CD4 peptide are also generated. The avidity of the TRP2 specific responses
were also studied by peptide titration in IFNy elispot. The avidity of the responses ranges from 109 M to 101" M peptide for the gp100
epitope and 109 M to 10710 m peptide for the TRP2 epitope. Representative examples are shown in Figure 38b. To determine if the
responses are capable of killing target cells in vitro, splenocytes were stimulated with TRP2 and gp100 peptide pulsed LPS blasts in vitro for
6 days and analysed in a chromium release assay against peptide labelled T2 cells and B16F10 HHD melanoma cells. Specific killing of
B16F10 HHD melanoma line compared to the control B16F10 melanoma line. Responses also demonstrated specific lysis of peptide
labelled T2 cells compared to control (Figure 38c).
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[0116] Combining two CD8 epitopes in a single ImmunoBody construct appears to result in a degree of immunodominance between
epitopes. The immunodominant epitope is the epitope with the highest affinity for MHC class I. When mice are immunised with the construct
containing both gp100 and TRP2 CD8 epitopes are compared to those immunised with a construct containing only the TRP2 CD8 epitope,
the frequency of the TRP2 response decreases (Figure 38d).

[0117] This data demonstrates that epitope specific inmune responses can be generated from the same DNA construct specific for two
different CD8 epitopes. These are also capable of anti-tumour activity in vitro. However, there is a degree of immunodominance that
governs the frequency of the response to the subdominant epitope.

[0118] A similar study was performed with separate ImmunoBody constructs containing the TRP2 epitope in CDRH2 (DCIB18) or the
SIINFEKL epitope in CDRH2 (DCIB24). Mice were immunised with either DCIB18 or DCIB24 alone, DCIB18 and DCIB24 combined in the
same site or DCIB18 and DCIB24 at the same time but in separate sites. Immunisations were performed three times at weekly intervals and
DNA was injected i.m in the tibialis muscle combined with electroporation. Analysis of the immune responses generated shows that high
frequency peptide specific responses can be elicited when mice were immunised with DCIB18 or DCIB24 alone (Figure 38e). Immunising
mice with these constructs in the same site results in significant loss of the TRP2 peptide specific response. This suggests that the
SIINFEKL epitope is dominant over the TRP2 epitope. The TRP2 specific response can be recovered if mice are immunised with constructs
in separate sites (p=0.0026). This data suggests that immunodominance does influence immune responses generated by IB immunisation
but this can be resolved by immunisation in spatially separate sites.

Example 7 - Non anchor residue modifications can enhance T cell recognition

[0119] The previous example shows that the modified gp100 epitope IMDQVPFSV is immunodominant and has a high affinity for HLA-A2
(predicted using the SYFPEITHI algorithm and demonstrated in T2 stabilisation assay - Table 5). Since the wild type gp100 epitope
ITDQVPFSV is not immunogenic, modifications were made at non anchor residues that would have a similar HLA-A2 binding affinity to the
wild type epitope but also enhance the immunogenicity. These modified epitopes were engineered into the CDR H1 site of the ImmunoBody
construct and tested alongside the wild type epitope (DCIB37, DCIB40, DCIB41, DCIB42, DCIB43; Figures 39-43).

[0120] HHDII mice were immunised three times at weekly intervals intradermally with ImmunoBody heavy chain DNA alone via the gene
gun. Splenocytes were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 responses. Two modifications (F7L
and F7I; DCIB37; Figure 39, DCIB40; Figure 40) to the wild type gp100 epitope which retain affinity for HLA-A2 (Table 5) demonstrated
superior ability to induce epitope specific immune responses compared to the wild type epitope (Figure 44a).

Table 5

Antigen Epitope T2 stabilisation assay (m.f.i) SYFPEITHI score
Gp100 (210M) IMDQVPFSV 23.1 22
Gp100 (wt) ITDQVPFSV 18.5 18
Gp100 (F7L) ITDQVPLSV 18 19
Gp100 (F71) ITDQVPISYV Nd 18
TRP2 SVYDFFVWL 19 21
Control 7.29 -

Example 8 - Multiple CD4 helper responses can be processed and presented to elicit an immune response in vivo

[0121] To examine if CD4 helper epitopes could be processed and presented to elicit an immune response in vivo, different epitopes were
engineered independently into the CDR L1 site of the ImmunoBody construct. These included the I-Ad restricted epitope FERFEIFPKE
(DCIB21; Figure 33) from Influenza haemagluttinin, the I-Ab restricted epitope TPPAYRPPNAPIL from HBcAg (DCIB15; Figure 19) and the
HLA-DR4 restricted epitope WNRQLYPEWTEAQRLD from gp100 (DCIB35; Figure 45).

[0122] Balb/c, C57BI/6 or HHDII and DR4 transgenic mice were immunised three times at weekly intervals intradermally with ImmunoBody
DNA via the gene gun. Splenocytes were subsequently analysed by IFNy elispot for the presence of epitope specific CD4 responses.
Figures 46a, b and ¢ demonstrate that all three CD4 helper epitopes can be processed and presented from the CDR L1 site to elict an
epitope specific immune response in vivo.

[0123] The gp100 HLA-DR4 restricted epitope was also tested for processing and presentation from different CDRs. Constructs
incorporating the epitope into CDRL1 (DCIB35; Figure 45), CDRH3 (DCIB54; Figure 29) or CDRL3 (DCIB50; Figure 47) were used to
immunise HLA-DR4 transgenic mice three times at weekly intervals. Figure 46d shows that helper epitope can be efficiently processed from
different CDRs to elicit high frequency helper responses.

Example 9 - CTL responses are partially dependent upon secreted heavy chain but helper responses do not require secreted
light chain
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[0124] Classically CD4 T cell epitopes are processed from proteins that are acquired exogenously and CD8 T cell epitopes from
endogenously produced proteins. There is evidence now for the cross presentation of epitopes from exogenously acquired antigen to elicit
a CD8 T cell mediated response. This route of priming has also been proposed to be more efficient in the development of CD8 T cell-
mediated immune responses. Recently there have been similar findings for CD4-mediated responses. Mounting evidence suggests that
CD4 T cell epitopes derived from intracellular proteins can be processed and presented in the context of MHC class II.

[0125] In order to determine if secreted ImmunoBody is required for the induction of CD8 and CD4 T cell responses, ImmunoBody
constructs containing the HLA-A2 restricted gp100 epitope IMDQVPFSV in the CDR H1 site and the I-Ab restricted HepB helper epitope
TPPAYRPPNAPIL in the CDR L1 site were made without leader sequences on the heavy chain or light chain (Figures 10 and 11).

[0126] HHDII mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the gene gun. Splenocytes
were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 and CD4 T cell responses. When the responses were
analysed for gp100 specific CD8 response, it was observed that removal of the leader sequence from the heavy chain of the ImmunoBody
construct resulted in a decrease in epitope specific responses however the CD4 responses was not affected (Figure 48a). Removal of the
leader sequence from the heavy chain affected secretion of heavy chain by transfected CHO-S cells (Figure 48b). Removal of the leader
sequence from the light chain, thus preventing light chain secretion, did not appear to affect the epitope specific CD8 or CD4 responses
(Figure 48c). CD8 responses were significantly reduced in the absence of a leader sequence on the heavy chain but CD4 responses
remained unaffected (Figure 48c¢ and d).

[0127] This data implies that the secretion of heavy chain is important for the efficient induction of a CD8 T cell response, suggesting that
CD8 epitopes are undergoing cross presentation. Secondly, it implies that CD4 epitopes are derived from intracellular ImmunoBody to elicit
an immune response.

Example 10 - Reduced CTL responses without Fc due to lack of protein secretion

[0128] This experiment examines whether the presence of the Fc region is beneficial for establishing an efficient immune response. The
Fc region has been removed from the ImmunoBody construct, containing the H-2Kb restricted TRP2 epitope SVYDFFVWL in CDR H2 and
the 1-Ab restricted HepB CD4 epitope TPPAYRPPNAPIL in CDR L1 (DCIB15), by incorporating a stop codon before the Fc to prevent
transcription and translation (Figure 9).

[0129] C57BI/6 mice were immunised three times at weekly intervals intradermally with ImmunoBody DNA via the gene gun. Splenocytes
were subsequently analysed by IFNy elispot for the presence of epitope specific CD8 and CD4 T cell responses.

[0130] Mice immunised with the ImmunoBody construct lacking the Fc region generated a low level TRP2 peptide specific response that
was capable of very low level recognition of the tumour cell line B16F10 compared to a construct with the Fc region (Figure 49a). Analysis
of both the TRP2 and HepB helper peptide specific responses from a number of experiments demonstrates that constructs lacking the Fc
region generate significantly lower TRP2 peptide specific responses (Figure 49b). However the HepB helper responses is unaffected by
removal of the Fc region (Figure 49¢). This is consistent with our previous results showing that help works best in the light chain where it is
not secreted and is therefore working by direct presentation. In contrast CTL responses are stimulated by both direct and indirect
presentation and the latter may benefit from Fc targeting. Alternatively the Fc stop construct results in lower secretion of the truncated
heavy chain which may explain the reduced response. An ImmunoBody encoding TRP-2 was therefore engineered with an IgG2 (DCIB33)
and an IgG3 constant region (DCIB65) the former should not bind to CD64 but can bind to CD32 and may also bind to Fc receptor IV in
mice. Human IgG3 can bind to both CD32 and CD64. Both ImmunoBodies stimulated strong CTL responses (Figure 49¢). This suggests
that Fc targeting is not a strong component of the indirect presentation. To further verify this issue, the Fc targeting domain of IgG1 was
replaced with the equivalent 1IgG2 domain and vica versa (DCIB66, 67, Figures 15 and 16). Both constructs stimulated strong CTL
responses (Figure 49e). This may be due to the ImmunoBody™ vaccines only secreting heavy chain which may not associate and allow Fc
binding (Figure 49f and g).

Example 11- InmunoBody immunisation enhances immune responses and overcomes regulation observed from whole antigen.
It also allows identification of new heterologous T cell epitopes.

[0131] This may lead to the second benefit of immunising with a human antibody encoding T cell epitope which is that, in contrast to most
self antigens, it is an inert carrier that does not express regulatory epitopes. An ImmunoBody™ expressing either a gp100 epitope or a
TRP-2 epitope stimulated a high frequency, high avidity T cell response (frequency 1/103 avidity 10-1°M) whereas immunisation with the

whole gp100 of TRP-2 antigen stimulated T cells with low frequency and avidity (frequency 1/105 avidity 10-7M). CD25 depletion partially
restored the response to the antigen but ImmunoBody was still 100 fold superior (Figure 50a and b).

[0132] Similarly immunisation with DNA encoding the first 200 amino acids of Tie-2 linked to-Fc, failed to stimulate an immune response to
the top 10 predicted epitopes. The sequence of the first 196 amino acids of Tie-2 was entered into the EpiJen and NetCTL online prediction
algorithms. Both of these methods take into account proteasomal cleavage and TAP transport in addition to predicting HLA-A*0201 binding
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affinity. The MHCpred and Syfpeithi algorithms were also used as examples of the older prediction algorithms that only take into account
predicted MHC binding affinity. The whole Tie-2 molecule could contain additional CTL epitopes that may exert an immunodominant effect
over those present in the first 196 amino acids. The whole sequence of Tie-2 was therefore also entered into the same algorithms in order
to obtain the ranks of each predicted epitope from the whole molecule. Peptides that were not homologous in mouse and man were
discounted. Six of the remaining peptides that were consistently predicted to represent good CTL epitopes by several different prediction
algorithms were selected. The relative scores obtained with the different algorithms for each of these peptides, along with the results for
Z83 (a previously identified epitope), are summarised in Table 6.

[0133] Additional data on analysis of supernatant from transfected CHO-S cells demonstrates that only constructs with CTL epitopes
incorporated into the CDRH3 or CDRL3 are secreted as intact antibody (Figure 20€). In contrast, incorporation of any epitope within the
CDRH1 or CDRH2 allowed secretion of heavy but low amounts of intact antibody even if there was nothing incorporated within the light
chain and it was secreted. Incorporation of any epitope within CDRL1 any of the light chain resulted in low level secretion of light chain even
if there was only an epitopes incorporated into the CDRH3 of the heavy chain.

[0134] In order to determine whether a T cell repertoire exists in HLA-A*0201 transgenic mice that recognizes any of the predicted CTL
epitopes from Tie-2, animals were immunised with the native Tie2 C200hFc DNA construct (Ramage et al, Int. J. Cancer 2004;110:245-
250) and splenocytes were screened for peptide specific IFNy responses in an ELISPOT assay. A separate group of mice were immunized
with C200hFc¢ following treatment with PC61 mAb, as before, 4 days prior to DNA immunisation.

[0135] Mice that were immunised with the native C200HFc DNA construct did not mount an IFNy response that recognised Z83,

regardless of whether the animals were depleted of CD25" regulatory T cells prior to immunisation or not. There were no significant IFNy
responses to any of the new peptides tested from animals that were not depleted of regulatory T cells prior to immunisation, with the
exception of Z284 which appeared to stimulate a response in one animal (M3) with a mean of 69 SFC/million splenocytes (Figure 50c and
d). From the animals that were depleted of regulatory T cells prior to DNA immunisation, 2/3 animals (M1 and M3) demonstrated an IFNy
response to restimulation with Z282 peptide. with mean values of 320 and 94 SFC/million splenocytes respectively. M1 also demonstrated a
partial response to restimulation with Z285, with a mean of 85 SFC/million splenocytes.

[0136] The apparently conflicting results from the in vivo screen of the predicted CD8* epitopes from Tie-2 could be the result of

immunodominance, as the IFNy responses from mice that were immunized with the native C200HFc construct in the absence of CD25*
cells appeared to be skewed towards one predominant peptide. In order to further investigate the T cell repertoire that is available to

respond to the Z282 epitope, in the absence of competition from other potential CD8* epitopes, a group of HHD mice were immunized with

the Z282 peptide in IFA in the presence or absence of CD25" regulatory T cells.

[0137] All of the mice immunised with Z282 mounted peptide-specific IFNy responses, even when immunised in the presence of CD25*
regulatory T cells. Mouse 3 of the non-depleted animals mounted the highest response, with a mean value of 215 SFC/million cells. The
highest response from the depleted animals was observed from mouse 2 with a mean value of 137 SFC/million cells (Figure 50e and f).

[0138] Responses induced by peptide immunisation remain of low frequency. To examine if higher frequency responses can be generated
if the epitope is removed from any regulatory influence generated by the whole antigen, the z282 (also known as z12) epitope was
engineered into the H1 site of an ImmunoBody construct alongside Hep B CD4 in L1 (DCIB71, Figure 51) HLA-A2 transgenic mice were
then immunised with z12 peptide or ImmunoBody DNA (via gene gun) three times at weekly intervals and then analysed for the presence of
epitope specific immune responses. All mice immunised with z12 peptide exhibit low frequency and avidity epitope specific responses
(Figure 50g). However when the z12 epitope is engineered into the ImmunoBody construct higher frequency and avidity responses are
induced in all mice (Figure 5Ch).

[0139] To summarize, if CD25 cells were depleted prior to immunisation an immune response was stimulated to 3/10 of the Tie2 epitopes.
Similarly if one of these epitopes was presented as a peptide, weak immune responses could be generated. However if this epitope was
presented within an ImmunoBody™ construct high frequency and high avidity T cell responses were generated. These results suggest that
there are T-reg epitopes within the first 200 amino acids of Tie-2 which inhibit CTL responses. If these T-regs or their epitopes are removed
it is possible to uncover a response to self antigens which can be further enhanced by presentation within an ImmunoBody.

Table 6. Predicted HLA-A*0201 restricted CTL epitopes from Tie-2.

EpiJen? NetCTLS Syfpeithi® MHCPred?
Name Start? Peptide’ ﬁi/,())re (Ic50 Rank  {Score Rank {Score Rank %ggnm) Rank
783 124 {ELPATEL 073 {97 |19 18 (55) {2078 96 (633)
7282 27 1LINSEP 005 1 139" {1 29 1) 16 2(6)
7283 146 \t;,livi EE {023 2(5) 107 10 (31) {24 5(11) i89 9 (34)
7284 64 BI\SISEH 0.98 3(7) loss*  {3(11) {21 9(32) {113 1 (51)
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EpiJen? NetCTL5 Syfpeithi® MHCPred’
Name Start? Peptide’ f,\c/,())re (Icso Rank  {Score Rank {Score Rank ‘(SlgggnM) Rank
7285 8 \L’EEGVS 1.19 4(10) {094 {209 {24 4(10) {242 21 (125)
7286 34 LY f DAEY . 074 {8(26) (19 15 (52) {887 65 (349)
7287 26 S SLi. 088* {4(12) {23 7(16) {607 57 (271)
z18 (flu) ,?’T’;_G FV 1019 (1) 120 12 30 419 (87)

"Name of peptide.

2 Amino acid residue start position within Tie-2 molecule.

3Peptide sequence.

4Prediction using the EpiJen web server. The score is given in units of ICgy NM, with lower scores representing higher
affinity peptides.

SPrediction using the NetCTL 1.2 web server. Score represents the weighted sum of three individual prediction methods,

with a relative weighting on MHC binding of 1. *indicates a score above the threshold value of 0.75 identified as the cut off
point for CTL epitopes from the dataset obtained for known epitopes.

Bprediction using the SYFPEITHI programme. Maximal score for HLA-A*0201 binding peptides is 36.

7 Prediction using the MHCPred additive method to predict peptide affinity for MHC and TAP. The score is again given in
units of IC5onM, with lower scores representing higher affinity. peptides. Suggested 1Cgq values are between 0.01 to 5000
nM. For all prediction methods, the rank values indicate the order in which epitopes are predicted from the 196 amino acid
fragment, with values in brackets representing the rank predictions from the whole Tie-2 molecule. Values obtained for the
known Z18 CTL epitope derived from the matrix protein of Influenza A virus are included for comparison.

Example 12 - The role of xenogenic Fc in providing T cell help and the requirement for antigen specific T cell help

[0140] Stimulation of high avidity T cell responses usually requires T cell help during the priming. It was originally conceived that this would
be provided by the Hep B foreign helper epitope encoded within the light chain. Indeed strong helper responses were generated to this
epitope. However as the heavy chain was secreted and the light chain was not although the hep B epitope could have provided help for
direct presentation when both chains would be produced by the same APC it is unlikely that it could be providing help for the indirectly
presented heavy chain as this is unlikely to be taken up by the same antigen presenting cell. Mice were therefore immunised with a DNA
vector only encoding heavy chain. High frequency, high avidity CTL responses were still generated (Figure 53 a and b). This implies that
either help is not required or that the human Fc which is xenogenic in mice is providing linked foreign help. A mouse 1gG2a construct was
therefore assessed for secretion of Heavy and light chains (Figure 49g) and screened for generation of immune responses (DCIB53 figure
54). Although it still gave high frequency high avidity T cell responses these were not as strong as the equivalent human construct
suggesting that the xenogenic Fc was providing linked help (Figure 53c and d). An HLA-DR4 gp100 epitope was then incorporated into the
mouse lgG2a construct (DCIB64, Figure 55) to provide both linked help for CTL generation but also antigen specific T cell help to stimulate
inflammation within the tumour environment. These constructs stimulate high frequency and high avidity CTL and helper responses (Figure
53e and f). A hlgG1 construct expressing the same epitope can be used in human patients.

Example 13 - Immunoproteasome processing is important in the generation of responses from epitopes within InmunoBody
constructs

[0141] It has been suggested that the immunoproteasome has the ability to alter the array of epitopes generated from self antigens as it
possess a different pattern of cleavage. In some cases, new epitopes are generated upon upregulation of the immunoproteasome and in
others epitopes are destroyed. There is evidence that the immunoproteasome is unable to generate several epitopes derived from

melanoma antigens namely MelanA/MART-1, gp100209-217 and Tyrosinase389-377 (Chapiro et al 2006. J Immunol; 176: 1053-61). Chapiro
and colleagues have suggested that the ability to process and present the gp100 epitope is related to the upregulation of the
immunoproteasome. Mature DCs are believed to be responsible for the priming of immune responses and are known to constitutively

express the immunoproteasome (Macagno et al. 2001. Eur J Immunol; 31: 3271-80). The gp100209'217 epitope was therefore engineered
into the CDRH1 site of an ImmunoBody construct and tested for its ability to induce peptide specific immune responses in HLA-A2
transgenic mice. No peptide specific responses were observed from this construct (Figure 56). However when the epitope was modified to
possess a methionine at position 210 (210M) instead of threonine this prevents its cleavage by the immunoproteasome and epitope specific
responses were observed (Figure 56).

[0142] A HLA-A2 restricted peptide derived from VEGFR2 (aa 773-781 VIAMFFWLL) and two modified hTERT peptides (aa 572-580
YLFFYRKSV and aa 988-997 YLQVNSLQTYV) were also tested for generation of responses from ImmunoBody constructs. These epitopes
were initially discovered by in silico epitope prediction and peptide immunisation therefore negating the requirement for proteasomal
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processing. However they are presented upon the surface of host endothelial/tumour cells which suggests they are processed from whole
antigen via the constitutive proteasome. None of these epitopes generated responses when engineered into the ImmunoBody construct
suggesting that processing via the immunoproteasome may be required for efficient generation of immune responses.

Example 14 - Different immunisation methods are efficient at eliciting immune responses from InmunoBody vaccine

[0143] ImmunoBody vaccine has been shown to be effective at eliciting high frequency and avidity CD8 and CD4 responses when
administered via gene gun. ImmunoBody vaccine was subsequently tested for generation of T cell responses using other methods of
immunisation.

[0144] C57BI/6 mice were immunised with ImmunoBody DNA containing the TRP2 epitope in CDRH2 via either the i.d. or i.m. route.
Immunisations were combined with and without electroporation and performed three times at weekly intervals.

[0145] Mice immunised with gene gun show high frequency TRP2 peptide specific responses. These are comparable in mice immunised
either via i.m. or i.d. route combined with electroporation. Immunisation via i.m. or i.d. route in absence of electroporation generated lower
frequency TRP2 peptide specific responses (Figure 57a). All TRP2 peptide specific responses are of high avidity as measured by peptide
titration (Figure 57b).

Example 15 - ImnmunoBody immunisation induces vitiligo-like depigmentation and protects against tumour challenge

[0146] Since mice immunised with ImmunoBody DNA generate immune responses capable of cytotoxic activity against the highly
metastatic and poorly immunogenic tumour cell line B16F 10, the vaccine was tested for protective efficacy in vivo.

[0147] Mice were immunised with IB DNA (DCIB18; Figure 30) via gene gun into shaved skin of the abdomen at five weekly intervals. Part

way through the schedule of immunisations, mice were injected i.v with 1x104 B16F10 cells expressing IFNa which forms metastatic
tumours in the lung. When the hair was permitted to grow back after last immunisation, mice immunised with ImmunoBody DNA were
observed to have growth of white hair at the site of immunisation (Figure 58a). Seven weeks post tumour cell injection, mice were sacrificed
and the number of internal and external lung metastases analysed. ImmunoBody DNA immunised mice exhibited a significant reduction in
the number of lung metastases compared to untreated control mice (Figure 58b).

[0148] Mice were also immunised with IB DNA (DCIB18) via gene gun at three weekly intervals. Seven days post final immunisation mice

were challenged with 2x10% B16F 10 cells expressing IFNa subcutaneously. Mice were monitored for tumour growth and survival. Mice were
euthanized once tumours reached the maximum limit according to Home Office regulations. ImmunoBody DNA immunised mice exhibited
significantly slower subcutaneous tumour growth and prolonged survival (Figure 58¢ & d).

[0149] The TRP2 specific response is CD8 mediated as depletion of the CD8+ cells abrogates the response. CD8 T cells have been
identified as a major player in anti-tumour immunity and our results show that ImmunoBody DNA immunisation elicits in vivo anti-tumour
immunity in a mouse model. All immunised mice with no signs of disease exhibited vitiligo-like depigmentation of fur at the site of
immunisation. Previously vitiligo is often associated with tumour protection in mice and has been highly correlated with successful IL-2
immunotherapy in patients with metastatic melanoma (Overwiik et al, Proceedings of the National Academy of Sciences of the United States
of America 1999; 96: 2982-7; Lane et al, Cancer Research 2004;64: 1509-14; Steitz et al, Cancer Immunol Immunother 2006; 55: 246-53;
Rosenberg & White, J Immunother Emphasis Tumor Immunol 1996;19: 81-4).

Example 16 - ImmunoBody immunisation significantly delays tumour growth.

[0150] ImmunoBody immunisation has previously shown to significantly protect against tumour challenge. The vaccine was subsequently
tested for efficacy in a therapeutic setting.

[0151] C57BIl/6 mice were injected s.c. with 2x10% B16F 10 tumour cells. Four days post injection mice were immunised with ImmunoBody
DNA containing TRP2 epitope in CDRH2 or control ImmunoBody DNA. Repeat immunisations were performed at days 11 and 18 post
tumour injection. Tumour growth was monitored at 3-4 day intervals. ImmunoBody immunised mice demonstrate a significant delay in
growth of the aggressive B16F 10 melanoma compared to control immunised mice (Figure 59a).

[0152] A similar study was also performed using the less aggressive B16F 10 IFNalpha tumour line. C57BI/6 mice were injected with 2x104
tumour cells s.c. and immunised at day 14 with ImmunoBody DNA or control DNA. Repeat immunisation were performed at days 21 and 28
post tumour injection. ImmunoBody immunised mice exhibited significantly lower tumour growth than control immunised mice at day 47 post
tumour injection (Figure 59b). Previous data has suggested that depletion of T regulatory cells enhances generation of immune responses

therefore an anti-tumour study was performed. In this study mice were injected with 2x10% B16F 10 tumour cells s.c. and immunised at day
4, 11 and 18 with ImmunoBody DNA or control DNA. On day 0 mice were depleted of T regulatory cells via injection of anti-CD25 antibody
(PC61). Concurrent with the second immunisation mice were also injected with anti-CTLA-4 antibody as blockade of CTLA-4 has also
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shown to be beneficial in the inhibition of regulatory T cells. Tumour growth was monitored and although ImmunoBody immunisation
significantly delays the tumour growth (p=0.0188) this was further enhanced by treatment with anti-CD25 and anti-CTLA-4 antibodies
(p=0.001) (Figure 59c). The treatment with anti-CD25 antibody did not appear to significantly delay the tumour growth observed in
ImmunoBody immunised mice.

Example 17 - Immune responses can be generated from InmunoBody constructs expressed from different vector backbones.

[0153] Responses were analysed when ImmunoBody constructs were expressed from different vector backbones. ImmunoBody construct
containing gp100DR7 epitope in CDRH1, TRP2 epitope in CDRH2 and gp100DR4 epitope in CDRH3 with wildtype light chain was
engineered into the double expression vectors DCOrig and DCVax (DCIB54, Figures 18 and 29). HLA-DR4 transgenic mice were
immunised via gene gun three times at weekly intervals and responses analysed ex vivo by IFNy elispot assay.

[0154] Similar experiments were performed using an ImmunoBody construct containing gp100DR7 epitope in CDRH1 and CDRL3, TRP2
epitope in CDRH2, gp100DR4 epitope in CDRH3 and CDRL1 (DCIB68, Figure 60). This construct was engineered into both the DCOrig,
DCOrig devoid of the SV40 promoter and DCVax vector backbones.

[0155] Mice immunised with the ImmunoBody construct in the Orig vector (B1-3) demonstrate similar frequency epitope responses
compared to the Immunobody cionstruct in the pVax vector (C1-3) (Figure 61).

[0156] In summary, ImmunoBody technology has superior ability to elicit high frequency and avidity CD8 and CD4 immune responses from
a non-immunogenic antibody framework that can efficiently prevent tumour growth in vivo. It has the ability to target up to six different
antigens simultaneously and has the capability to avert the problem of regulatory T cells that often occurs when whole antigen immunogens
are used. This technology presents a novel approach to vaccination and demonstrates the potential for the ImmunoBody system to be used
as a multivalent vaccine for many other cancer types and micro-organism related diseases.
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PATENTKRAV

1. Nukleinsyre, som omfatter (a) en promotor, (b) en sekvens, der koder en leader-
sekvens og en rekombinant tung kade af et antistof og (¢) en sekvens, som koder en
let keede af et antistof, hvor der i den tunge kade er 1 det mindste én heterolog T-celle-
epitop, hvilken afbryder den tunge keede, sdledes at den tunge kaede ikke kan antage
sin native conformation og associere med en antistof-let-k@de, nar nukleinsyren bliver
exprimeret,

1 det mindste en heterolog cytotoksisk T-celle-epitop er 1 CDRHI og/eller CDRH2 af
antisto(-tung-keeden,

1 det mindste en heterolog hjelper T-celle-epitop er i antistof-let-keeden eller er 1 anti-
stof-tung-kaeden, og promotoren (i) udviser ingen specificitet for celler, 1 hvilke ex-
pression er promoveret (altsa nyder fremme) eller (ii) forarsager expression af nukle-

insyre 1 dendritiske celler.

2. Nukleinsyre ifplge krav 1, hvor den lette kede har i det mindste en heterolog T-
celle-epitop i en CDR deraf.

3. Nukleinsyre ifglge krav 2, hvor CDR er CDRLI.

4. Nukleinsyre ifglge et hvilket som helst af kravene 1 til 3, hvor sekvensen, der ko-
der 1 det mindste en T-celle-epitop, er indskudt 1 sekvensen, der koder den tunge kede

eller den lette kaede.

5. Nukleinsyre ifglge et hvilket som helst af kravene 1 til 3, hvor sekvensen, der ko-
der i det mindste en T-celle epitop, er substitueret ind i sekvensen, der koder den tun-

ge kade eller den lette kede.

6. Nukleinsyre ifglge et hvilket som helst af de foregaende krav, hvor antistoffet er et

monoklonalt antistof.

7. Nukleinsyre ifglge et hvilket som helst af de foregaende krav, hvor den tunge kede
og/eller den lette keede har 1 det mindste én cytotoksisk T-celle-epitop og 1 det mindste

en hjelper-T-celle-epitop.
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8. Vaccine, der omfatter en nukleinsyre ifglge et hvilket som helst af de foregaende

krav og en adjuvant.

9. Pharmaceutisk sammensatning omfattende en nukleinsyre ifglge et hvilket som
helst af de foregaende krav 1 til 7 og et pharmaceutisk accepterbart baeremiddel, hjel-
pestof eller fortyndingsmiddel.

10. Nukleinsyre ifglge et hvilket som helst af kravene 1 til 7 til anvendelse 1 medicin.

11. Nukleinsyre ifglge krav 8 til anvendelse ved stimulering al en immun-respons

imod i det mindste en af T-celle-epitoperne (eller epitopen).

12. Anvendelse af en nukleinsyre ifglge et hvilket som helst af kravene 1 til 7 til
fremstilling af et medikament til stimulering af en immun-respons imod 1 det mindste

en al T-celle-epitoperne (eller epitopen).
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DRAWINGS

Figure 1
a
RE1 REZ RE3
G EEE rIFis ¥ o
promote '~: .
' EgIO
Hindlll Afel
b

CMV IE promoter

ColE1
Hin dIH (769)

Murine Heavy variable

pOrigHiB

4620 bp

$V40 early promote Afe1(1147)

EMT

Zeocin human igG1 constant regior

SV40 Poly A

BGH Poly A Xho 1(2202)

Xbal (2214)



Figure 2
RE4 RE5S RES
IR (NE - 4 TF T e _T
CMV promoter P mg?::stant 7
I T
BamHl BsiW!
BamHI (1)

CMV IE promoter Murine light variable region
‘Bsi WL (341)
W Human kappa constant
W Xho 1 (665)
\ Xbal(677)

pOrigLIB BGH Poly A

3902 bp

Ampicillin

DK/EP 2134357 T3



DK/EP 2134357 T3

Figure 3
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Figure 4
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1% Round PCR

2nd Round PCR
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Figure 6

H1

M G W § C I I L P L V A T A T 6 ¥ H 85 Q VvV ¢ L V E T

ATGGGATGGAGCTGIATCATCCTCTTCITGGTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACT
FspI

G 6 6 L I o P G G 8§ L R M § C Q9 A P 6 K G L E W I A

GGGGGACGCTTAATCCAGCCTGBAGGGTCCCTGAGARTGTCCTGCECAGGCTCOGGEGAAGGEEC TGGAGTEGATCGCA

Yy £ 6 s G ¢ bR T Y Y P B T V K G R F T I 8 R D N §
TACATTGGTAGTGGTGGTGATAGAACCTACTATCCAGACACTGTGRAAGGGCCGATTCACCATTTCCAGAGACARTAGT

K N T L ¥ L Q L N 3 L R A E D T A V ¥ ¥ ¢ A R H Y G
AAGRACACCCIGTATITGCAATTGAACAGTCTGAGGGCTGAGGACACAGCCGTGTATTACTIGTGCARGACATTATGGT

R ¥ VvV b ¥ A VvV D Y W &6 909 6 T T v IT VvV 5 & A
CACTACGTGGACTATGCIGIGGACTACTGGGGTCARGCTACCACGGTCACCGT CTCCAGCGLT

H2

M 6 w s ¢ r$o I L P L VA TATEEV HS O V Q L V E T
ATGGGATGGAGCTGTATCATCCTICTTCTTGGTAGCARCAGCTACCGCAGTCCACTCCCAGGTGCAGCTGGTGGAGACT

G 6 6 L I Q P G G S8 L R M S5 CA A S G F A F N T Y D

GCEGGCAGGCTTAATCCAGCCTGCAGGCTCCCTGACAATGTCCTGTGCACCCTCTGGATTCGCTITCRAATACCTATGAC
Msel

M § W V R Q A2 P 6 K G L E W I A Y I G S 6 I 8 R D

AIGICTIGGGTTCGCCAGGCTCCGGGRAAGGGGCTGGAGTGCGATCGCATACATTGGTAGTGGTGGCCATTTCCAGAGAC

N § K ¥ T L ¥ L 9 L N $ L R A E D T A V Y ¥ C A R H
AATAGCAAGAACACCCTGTATTIGCAATIGAACAGTCTGAGCGCTGAGGACACAGCCGTGTATIACTGTGCAAGACAT

Yy 6 H Y v DbD Y A VDY W 6 Q G T T V IT V $ S A
TATGGTCACTACGIGGACTATGCIGTGGACTACTGGGETCAAGGTACCACGGTCACCEGICICCAGCGCT

H3

M G W S C I I L » L VvV A T A T ¢ V H 8§ Q V Q L V E T
ATGGGATGGAGCTGTATCATCCTCTITCTTIGGTAGCARCAGCTACCGCGAGTICCACTCCCAGGTGCAGCTGGTGGAGACT

6 6 6 L 1 QP 6 G S L RM S CHAA S G F A F NT Y D
GGGGGAGGCTTAATCCAGLCTIGGAGGGICCCTGAGAATIGECTTGIGCAGLCTCIGGATTCGCTITCAATACCTATGAC

M 8§ W V R QO A P GK G L E W I A ¥ I 66 S G 6 D R T Y
ATIGTICTTIGGGTTCGCCAGGCTCCGGGGAAGGGGCTGGAGTGGATCGCATACATTGGTAGTGGTIGGTGATAGAACCTAC

¥ P D T vV XK 6 R F T I § RDUN S K N T L Y L Q L N S
TATCCAGACACTGTGAAGGGCCGATTCACCATTTCCAGAGACAATACCAAGAACACCCTGTATITGCAATTGAACAGT

Srfl
L R & E DT A V Y Y C A G Q G T T v T v S § A
CIGAGGGCTGAGGACACAGCCCTGTATTACTGTGCCCGGGCCAAGGTACCACGGTCACCGTCTCCAGCGCT
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Figure 6 continued
H1/H2

M G W 8§ ¢ I I L F L V A& T TGV H S Q0 VvV QL V E T
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTICCCAGGTGCAGCIGETGGAGACT

FspI
G G 6 L I Q P G G 8 L R M & C Q A P G K G L E W I A
GGGGGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGAATGICCTGCGCAGGCTCCEGGGAAGGGGCTGGAGTGGATCGCA

Mscl
Y 1 G § G I S R DN 8 KN TIL ¥ L ¢ L N $§$ L R A E
TACATTGGTAGTGGTGGCCATTTCCAGAGACAATAGCAAGAACACCCTGTIATTTCCAAT TGAACAGTCTGAGGGCTGAG

DT A VvV ¥Y ¥ C AR HY G HY V Db Y A VYV D Y WG Q G T
GACACAGCCGIGTATTACTGTGCAAGACATTATGGTCACTACGTGGACTATGCTGTGGACTACTGGGGTCARGGTACC

I v I VvV 8§ 8§ A
ACGGTCACCGICTCCAGCGCT

H1/H3

M ¢ w §$s ¢ I 1 L F L v.aT ATG UV H S 0 VvV 0L V E T
ATGGEGATGGAGCTIGCTATCATCCICTTCITGGTAGCAACAGCTACCGGAGTI CCACTICCCAGGTGCAGCTGGTGGAGACT

Fspl
¢ 66 6L I 0P G G S L R M BE C O A P G K 6 L BE W I A
GGG3GAGGCTTIAATCCAGCCTGGAGGGTCCCTGAGAATGTCCTGCGCAGGCTCCGGGGAAGGGGCTGGAGTGGATCGCA

Yy T 6 8§ 6 G bR T Y Y P D T Vv K G R F T I 8§ R D N S
TACATTIGGIACTIGGTGGTGATAGAACCTACTATCCAGACACTGTIGAAGGGCCGATICACCATTTCCAGAGACAATAGC

Srfl
K N T L ¥ L L N & L R A& E D T A V Y Y CA G Q0 G
AAGAACACCCTIGTATTTGCAATTGAACAGTICTGAGGGCTGAGGACACAGCCGTGTATTACTGTGCCCGGECCAAGGT

I T v T vV § § A
ACCACGGTCACCGTCTCCAGCGET

H2/H3

M 6 w § ¢ I I L F L v a I A T GV H S ©QQ Vv Q L Vv E T
ATGGGATGGAGCTGTATCATCCTICTITCTTCGTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACT

6 6 6 L I ¢ P G 6 $ L R M 5 C AR A S G F A F N T Y D
GGGGGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGAATGTCCTGTGCAGCCTCTGGATTCGCTTTCAATACCTATGAC

MscI
M & w V R O A P G K G L E W I A Y I G § G I § R D
ATGTCTTGGGTTCGCCAGGCTCCGGGGAAGGGGCTGGAGTCGATICGCATACATTGGTAGTGGTGGCCATTTCCAGAGAC

Srfl
N §$ Kk ¥ T L ¥ L Q L N &8 L R A E D T A VvV Y ¥ C A G
AATAGCAAGAACACCCTGTATITGCAATTGARCAGTCTGAGGGCTCGAGGACACAGCCGTGTATTACTGIGCCCGGGC

Q ¢ T I VvV T VvV 8 S8 A
CAAGGTACCACGGTCACCGTCTCCAGCGCT
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Figure 6 continued

H1/H2/H3

M 6 W $ ¢ I I L F L v A T A T G V H & Q ¥V 0 L V EBE T
ATGGGATGGAGCTGTATCATCCTCTICTTGGTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTIGGTGGAGACT

Fspl
G 6 G L I Q P G G S L R M S C Q A P 6 K G L E W I A
GGGGGAGGCTTAATCCAGCCTGEAGGETCCCTGAGAATGTCCTEGCGCAGGCTCCGGEEAAGGGCC TGGAGTGGATCGLA

MscL
Y I G 8 G I S R DN $ K NT L Y L Q@ L ¥ S L R A E
TACATTGGTAGTGGTGGCCATTTCCAGAGACAATAGCAAGAACACCCTGTATTTGCAATTGAACAGTCTCGAGGGCTGAG

Srfl
D T A V ¥ Y C A G G T T VT Vv S § 2
GACACAGCCGTGTATTACTGTGCCCCEGGCCAAGGTACCACGGTCACCGICTCCAGCGCT
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Figure 7

L1

M ¢ w s €I I L F L VA TATGVHS DV L MTQ S P L
ATGGGATGGAGCTGTAICATCCICTTCTIGGTAGCAACAGCTACCGGAGTCCACTCCGATGTGTTCATGACCCAATCTCCACIC

EcoRV
5 L P V T B G B P A ¢ L ¢ K P G Q@ & P Q@ L L I ¥ K V S
TCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCGATATCIGCAGARACCAGGCCAGTCTCCACAGCTICCIGATCTACARAGTTITICE

N R F §$ G v » DRVF S$ G S G S 67T D F T L K I 5 RV E A
BACCGATTTICTGGEGICCCAGRCAGATTCAGTGGCAGTIGGATCAGGGACAGRTTICACACTCARGATCAGCAGAGTGGAGGCT

E D T 6 VvV ¥ ¥ ¢ F QQ 6 & H YV 2 W TTF G G 6 T KV E I K
GAGGATACCGGAGTGTATTACTIGCTTTCAAGGTTCACATGTICCGIGGACGTTCGETGGAGGCACCAAGGIGGAARTCAAGCGTALG

L2

M G w $ ¢ I I L F L v AT A T GV H S D Vv L M T ¢ § P L
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCARCAGCTACCGGAGTCCACTCCEATGTGTTGATGACCCAATCTCCALTC

5 L P VvV T P G E P A ¢ I 38 ¢ R 5 5 Q 5 L VvV B & N G N T Y
TCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCCATCTICTTGCAGATCTAGTCAGAGCCTGGTACATAGTAATGGARACACCTAT

Sspl
L E W Y L ©§ XK P G ¢ 8 P 0O L L F 8 6 $ 6 $ 6 T D F T L
TTAGAATGGTACCTGCAGARACCAGGCCAGTCTCCACAGC TCCTAATATTCAGTGGEAGTGGATCAGGGACAGATTICACACTIC

K I 8 R VY E A E D T 66 V ¥ ¥ C F 9 G 5§ H VP W T F 6 G G
AAGATCAGCAGAGTGGAGGCTGAGGATACCGGAGTGTATTACTGCTITCAAGGTTCACATGTTCCGIGGACGT TCGGTGGAGGC

T K vV E I K
ACCAAGGIGGAAATCAAGCGTACG

L3

M 6 w $ ¢ I I L F LV aATHATGY H S DV L M T Q0 8§ P L
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCARCAGCTACCGGAGTCCACTCCCATGTGTTGATGACCCAATCTCCACTC

$ L P VT P G:=Z P A S I S CR S S5 €L 5 L V HS N GNT Y
TCCCTGCCTGTCACTCCTCCEGAGCCAGCCTCCATCTCTTGCASATCTAGTCAGAGCCTGCTACATAGTAATGGAAACACCTAT

L E W ¥y L Q KP G Q¢ S P QL L I Y ¥ VvV $S NRF S5 G V P D
TTAGAATGGTACCTGCAGRARACCAGGCCAGICTCCACAGCTCCIGATCTACAARGITICCAACCGATTITCIGGGGTCCCAGAC

Hpal
R F §$ 6 § 6 $ G T D p°F T L XK I §R V 8 A EUDTITG TV T KV
AGATTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGC TGAGGATACCGGAGT TAACCARGGTG

E I K
GRAATCAAGCGTACG
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Figure 7 continued

L1/L2

M G w $ ¢ T I L F L v A T A T GGV HS DV L M T Q S P L
ATGGGATGGAGCTGTATCATCCICTTICTIGGTAGCAACAGCIACCGEAGTCCACTLCGATGTIGTTGATGALCCAATCTCCACTC

EcoRV Sspl
$ L. P V T P G E P A S L 0 K P G Q & P Q L L F 5 6 s
TCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCGATATCTGCRAGAAACCAGGCCAGTCTCCACAGCTCCTAATATTCAGTGGCAGT

G $ ¢ T P ¥F T L K I 8§ R V E & E D T g V Y Y CF Q G § H
GGATCAGGGACAGATITCACACICAAGATCAGCAGAGIGGAGSCTGAGGATACCEEAGTGTATTACTGCTTTCAAGGT TCACAT

v P W T F GG G T K V E I K
GTTCCGTGGACGTTCGGTGGAGGCACCRAAGGTCGAARTCAAGTCGTACSE

L1L3

M 6 w § ¢ I I L F L v A2 T &2 T 6 V # 8 D V L M T @ § P L
ATGGGATGGAGCTGTATCATCCICTICITGGTAGCAACAGCTACCGGAGTCCACTICCGATGIGT TGATGACCCAATCTCCACTC

EcoRV
5 L. PV T P G E P A 8 L @ K P G Q@ 8§ P Q L L I ¥ K V S
TCCCTGCCIGTCACTICCTGGGGAGCCAGCCTCGRTATCTGCAGAAACCAGGCCAGICTCCACAGCTICCTGATCTACAAAGTTICC

N R F 8§ GV P D RVF 8§ G 5 G 8§ 61 D F T L K I 8§ R V E A
AACCGATTITICTGGGGTCCCAGACAGATITCAGTI GGCAGT GGATCAGGRACAGATTICACACTCAAGATCAGCAGAGTGGAGGCT

Hpal
E b T G V T K V E I R
GAGGATACCGGAGTTAACCAAGGTGGARATCARGCGTACG

L2/L3

M G w S$§ € I I L F L VvV A T a2 T G V H 8§ D V L M T © 5 P L
ATGGGATGGAGCIGTATCATCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTCCGATGTCTTGATGACCCARTICTCCACIC

$ L P VvV T P GG E P & S I 88 C R 5§ 5 Qg S L V H 3 NG N T Y
TCCCTGCCIGTCACTCCTGGGGAGCCAGCCTCCATCTICTTGCAGATC TAGTCAGAGCCTGGTACATAGTAATGGAAACACCTAT

. Sspl
L E W Y L 0 K P G Q S P QO L L F §$ 6 8 6 § G T D VF T L
TTAGRATGGTACCTGCAGAAACCAGGCCAGTCTCCACAGCTCC TAATATTCAGTICECAGTGGATCAGGGACAGATTTCACACTC

Hpal
XK I $ RV E A EDTG VYV T KV E I K
AAGATCAGCAGAGTCEAGGCTGAGGATACCGGAGTTAACCAAGGTGGARATCAAGCGTACE
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Figure 7 continued

L1/L2/L3

M G W S C T I L F L. v A T a T 6 V H § D V L M T ¢ S pP L
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGC TACCGGAGT CCACTCCGATGTCTTGATGACCCAATCICCACTS

ECORV SspI
5 L P VvV T P G BE P A S L Q K P G Q S P Qg L L F 858 G 8
TCCCTGECTGTCACTCCTGGGGAGCCAGCCTICGATATCT GCAGAAACCAGGCCAGICTCCACAGCTCCTAATATTCAGTGGCAGT

Hpal
6 s 6 T b F T L K I S R V EAEDTG Y T K V E I K
GGATICAGGGACAGATIIICACACTCARGATCAGCAGAGIGGAGGECIGAGGATACCGGAGTTAACCRAGGTGGARATCARGCGTALG
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Figure 9
Heavy chain

HindIIL M G W § ¢ I I L F LV ATA aATG®Y 3 % a0 volVETG
A.\GCTTACCATGGGATGGAGCTGTAICATCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTCCLAGGTGCAGCTGGTGGAGACTGGG
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G G L I QP G G S5 LR M S CIT I MDQQ V P F S Viw v R Q A P
GGAGGCTTAATCCAGCCTGEAGGGTCCCTGAGAATGTCCTG ACCATTRTGGACCAGGTGCCTTTCTCCGTGIGGGTTCGGCAGGCTCCG
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G K G L E Ww I a Y I G s 6 Gls v Y D F F VW LIRF T I 5 R D
GGGAAGGGGCTGGAGTGGATCGCATACATTGGTAGTGETGE AGTGTITATGATTITTTTGTGIGGCICLEGATTCACCATTTCCAGAGAC
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N & K ¥ T L ¥ L ¢ L ¥ &8 L R A E DT A V ¥ Y C AR H Y 6 H Y
AA”AGCAAGAACACCCTGTATTTGCAATTGFQCAGTCTGEGGGCTGACGACACAGCCGTGTATTACTFTGCGAGACATTATGGTCACTAC
------------------ ! ! ! -1 Ly L O 11

Afel
v b ¥ A v D Y WG QG T T VT V E S A S§ T K G P 8 V F P L A
GIGGACTATGCTGTGGACTACTGGGGTCAAGGTACCACGGTCACCGTL TCCAGCGCTTCCACCAAGGGCCCATCGSTCTTCCECCTGGCA
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P S $ K S TS GG T™AATLGT CTILVYZEKTDTYTFEBETPVYVYTVESWN
CCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTLCCCC GAACCGGTGACGGTGTCGTIGGAAC
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S 6 A LT SGVHTTFUPAVILOQS S G L ¥ S$L S SV VTV P
TCAGGLGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTaTCCT%CAGTCCT AGGACTCTACTCCCTCAGCAGCGTEGGTGACCETCCCC
,,,,,,,,, S VU U S Y - i ——t — 1 &30

S 8 8 L 6 T Q@ T Y I € NV NHKUP S NTEKUVDEKI KV * p K §

LCCAGUASCT TGEGEACCCAGACCTACATC TGCAAC GTGARTCACAAGCCCAGCARCA CCARGGTGGACAAGARAGTT TGACLCARATCT
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Heavy Chain
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ARGCTTACCATGCAGETGCAGCTCETGGAGACTGGEGEAGECTTAATCCAGCCTGEAGEGTCCCTGAGAATGTCCTCCRCCATTATGSAG
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F F Vv w LI T I 3 R DN S5 KN T UL ¥ L ¢ L W 5 L R A ED T
TTTTTTGTGTGGCTCCGATTCACCATTTCCAGAGACAATAGCAAGAACACCCTGTATITGCAATTGAACAGTCTGAGGGCTGAGGACACA
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Afel
A VY Y ¢ ARHY GH Y VDY A VY DY WG Q6T TV TV 3 S

GCCGTGTATTACTGTGCGAGACATTATGGTCACTACGTGGACTATGCTGTGGACTACTGGGG;CAAGGTACCACGGTCACCBTCTCCAGC
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Figure 11
Light Chain
BamHT M DV LM T S P L 3 L P V TP GGEUPAG CGTI=ssclt p p
GGATCCAFCATCGATGTGTTGnTGACCCAATCTCCACTC'”CCTGCCTGTCACT”CTGCGGAGCCAGCFTCFATCTCTTG ACTCCT'LA
e D Voo oo R B R ] 90

A Y R P P W A P I L|W Y L Q KPP G Q3 P Q2 L LT Y KV $ N R
GCTTATAGACCACCARATGCCCCTATCCTATGGTATCTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTACAAAGTTTCCARCCEA

971 | m e m s b oo e M ' -1 e Vi Vs i 1180

F 53 G VP DRVF S G886 3 G T DPF TL KI 8 RVY E A E DT G
TTTTCTGGGGTCCCAGACAGATTCAGTGGCAGTIGGAIC r‘f"rEkf';\f"i‘-‘t'f']:'l'"'7“‘7-\"'I'CA.AGJA'ICAGCPGAGTGGAGGC‘TGAGG?%T:P&CCCGA
181 —- -1 ! e ! ——— By — - — v 370

VY ¥ ¢ F @G S$HV P WTTF GG 6 T K V E I K BsiWl
b'EGTATTACTGLTTICAACGTTCP CnTGTTCf‘GTGGACGTTCGGTGGAGGCA(‘CAAGC TGGARATCAAGCGTACG
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Figure 12

Afel
5 A & T K 6 P 8 V F P L. A P C & R & T & B S T aa oL ¢ ¢ 1, v
AGCGCK'TCCACCMGGGCCCATCGGTCTTCCCCCTGGCGCCCTGCTCCAGGP GCAC CTCCGAGAG CACAGCGECCCTCGGET CCCTG"TC

K D ¥Y F P E P VTV S W N 55 G A L T S GV HTFP AUV L Q 5
AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGMCTCAGGCGCTCTGPCC%CGGCGTGCACACCTTCCCGGCTGTCC'IACAGTCC

91 —- Y I ! - ———t —ian S ! 180
s 1L Y S LS S VYV TVYEP S 3 UF 66TQTJYTGECDN VD HKP
TCAGGACT CTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAACTTCGGC ACCCAGACCTACACCTGCAACGTAGATCACAAGCCC
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AGCAACACCAAGGTGGnCAAGACAGTTGAGCGCAAAT GT’I’GTGTCGAGTGCCCA"CGTGCCC AGCACCACCI GTGGCAGGACCGTCAG IC
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S W T KV DK TUVERIEKTECV ETCP®PC P AP PV A GUP S V

F L F PP EKOPXKDTTELMTISRTTPTEVTYTT GCV VUV DV 5 HTE D
TTCCTCTTCCCCCCARAACCCARGGACACCCTCATGATCTCCCGGACCCCTGAGSTCACGTGEGTGETGGTGGACGTGAGECACGARGAC
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B E Vv Q@ F N w Y VvV D G V E V H N A K T K P R E B Q@ F N 5 T FE
CECGACGICCART TCAN TGRIACRTS GALGGLGIGGAGGIGLnTAATGCCAAGALAAnBCLACGGGAGGAGCAGTECAACAGCACGTTC
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R VYV SV L1ITVVYVAHdQDWHWTILHWGEKETYZ RTCTZ KTVYVS UK KTGTL P A
LhLaleTCAGCbLLLiLALLuzLuTGCACCAGGACTGGCTGAnCGGCAAGGAGTACAAGTCCAAGG*CTPCAACAA}GGCCTCCCAGCC
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CCCATCGAGAAP.ACCATCTCCAAAACCAAAGGGCAGC‘CCCGAGnPCCACAGGTGIACACCCIGCCCCCATCCCGGGAGGAGATGACCAPG
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W ¢ ¥ $ L TCLVZ KGS GTFJY®P®S§DTIATVETUWTEHS WG QP E N N
ABCCAGGTCAGCCTGACCTGCC TEETCAAAGGCT TC TACCCCAGCGACATCGCCGTGEAGTGGGAGRGCARTGEGCAGCTGGAGRACARC
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TACAAGACCACACCTCCCPT’CTGCACICCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGACCAGGTGGC\GCAGGGG
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Sapl
N v P § C 5 V.M B E A L HHNH ¥ T @ K 3 L §L 5 PFP G K *
AACGTCTTCTCATGC'ICCGTGATGCATGQGGCTCTGCACAACCACTPCAC"'CAG&AGAGCCICJ.CCCTGTCTCCGGGTP.AATGATATCCA
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Figure 13

Afel
5 A 5 T K &G P S VF PLAPCSES RS TSI GGG T AALGOGCTL V
AGCGCTTCCACCAAGGGCCCRATCGETCTTCCCCTTGGCGCCCTGCTCCAGGAGT M‘CTCTGGGGGCACAGCGGCCCIGGGCTGCCTGGTC

_________ (TS [ SRS P UEELTE UV SEH PO N RETEEY ST PRY QUSROS S

K D Y F P E P ¥V T V & W N & G A L T S8 G v 5o T F P A V L @ S
AACGn.CTACTTCCCCGAACCGGTGACGGTGTCGTGG AACTCAGGCGCCCTGACCA(‘CGGCGTGCACACCTTCCCGGCTGTCCT CAGTCC

58 6 L ¥ & L & & v v T VPR S8 S &8 L 66T QT Y T C W V N H K P
TCZ&GGACTCTnCTCCCTCAGCAG"GTGGTGACC"TGCCCTCCAGCAGCTTGGGCACCCAGACCTACACCTGCAACGTC AATCACAAGCCC

[ i t -1 — ]

s T KV DKRY¥Y ELIKT®PTULGDTTUHTTC®PZRTZCPTETPEK S
AGCAACACCAAGG’IGGACAA-JAGAGTTGAGVTCA ACCCVA('TTGGTCACACAACTCACACATGCCCACGGTGCCCAGAGCCCAAATC"‘

¢ DT PP P CPRC€CPE®P K B3 CDTO®PPPCPRTCPEP R 8
TGTGAC Acacc‘rcccccaTGGGCACGGIGCCCAGAGCCGAAATCTTGI GACACACCTCCCCCATGCCCACGETGCCCAGAGCCCAAATCT

i [ [ ¢ ] -1 -3 ~1 !

¢ b T P P P C PRCPAPETILULG G ? 3 V F L F PP K P K D
TGTGACACACCTCCCCCA TGC(‘CALGGTGC’“CAgC‘AC(‘TGAAC ICCTGGGAGGZ\CCGTT.‘AGTCTTCC‘L‘CTTC"‘CCCCAAAACCCAAGGAT
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T LM I & R T P EV T CV V¥V DV 5 H E D PE V Q F K WY V
ACCCTIA‘IGATTTCCCGG ACCCCTGAGGTCACGTGCGTGGTGGT GGPCGTGAGCCACGAAGACCCCGAGGTCCAG [TCAAGTGGTACGTG
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p G v E V H N A K T ¥ P R E E Q F N 3 T F R V¥ V 5 V L T V L
GACGGCGTGGAGGTGCATAATGCC AAGE A‘"AAACx.CGCGGGAGGAGCAGTTCAACAGCA"GTTCCGTGT(‘GTCA(‘(‘GTC(‘TCACF‘(‘TCCTG

H D W L W G K E Y ¥ C KV 8 N KAILUPAPTIET KTTI S K T
CACCAGGACTGGCTGAACGGCAAGGAGTACAACTGCAAGGT CTCCARCAAAGCCCTCCIAGCCCCEATCCAGAARACCATCTICCAAARCC
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K G o P REU®PQQ VY T L PP S5 REEMTIEKNZGQUV 535 LTGECIL V
AA)GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTC
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Figure 14
BGH Poly A
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Figure 15

Heavy chain

MindIII M 6 W 5 ¢ I I L F L V A T & T 6 ¥ 4 5 @ Vv g lVETGe
AAGCTTACCATCGGATGGAGCTGTA TCATCCTCTTCTTGGTPGCAACAGCTACCGGAGTC CACTCCCAGGTGCAGCTGGTIGGAGACTGGG
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GGAGGCTTAATCCAGECTGGAGGGTCCC TGAGAATGTCCTGAACCATTATGGACCAGGTGCCTTTCTCCGTATGGCTTCGGCAGGLTCCG
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GGGAAGGGGCTGGACT GGATCGCATACATTGGTACTGETGGTAGTGTTIATGATTTTTTITCTGTGGCTCEGAT TCACCAT TTCCAGAGAC
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AATAGCAAGAACACCCTGTATTTGCAATTGAACRGTCTGAGGGCTGAGGACACAGVCGTuTATTACI’TGCGAGACATTATGGTCPCTPC
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GTGGACTATGCTETGEAC TACTGGGGTCAAGGTACCACGGTCACSGTCTCCAGCGLETTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCA
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CCCTCCTCCAAGAGCACE TCTGCGGGCACAGC(‘GCCCTGGGCTGMCTGGTCAAGGACTACTTCCCCGAMCGGTGP CGGTGTCGTGG ARC
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Figure 16
Heavy.chain
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TACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCEGAGAACAACTACAAGACCACACCTCCCATGCTGGACTCCGACGGT
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TCCTICTTCCTCTACAGCAAGCTCACCGTGGACAAGAGC? QGGTGGCAGCAGGCGAP«CGTCTTCTCATGCTCCG"GATGCATGAGGCTCTG
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Figure 18
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Figure 19

Heavy Variable

HindIII M GG W s ¢ I I L F L V A T AT GV H S ¢V Q L v E T 6
ARGCTTACCATGGGATGCAGCTGTATCATCCTCT ICTIGGTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTCGTGGAGACTGGG

s -1 fem - o : S fom e Ve i '

G ¢ L I ¢ P G G S5 LR M S§ C{T I M DoV P F 5 VIR V R g & P
GGAGGCTITAATCCAGCCTGGAGGGCTCUCTGAGAATGTCCTEHACCATTATGGACCAGGTGCCTITCTCCGTEGTGGGTICGGCAGGCTCCG
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¢ K ¢ L E W I &2 %Y I & § ¢ G{s8 v ¥ bbF F V W@ LJRF T I & R D
GLGAAGGGGCTGGA%TGGATLGCATACA TGGIAGTGBIGCTnGIGTTTPTGATTTTTTTGTG“GGCTC“GATTCACCATTTCLAGAGAP
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AA”ACCAAGAACnCCCTCTATTTGCAﬂTTGﬂACAGTCTGAGGGCTGAGGACACAGCCGTGTATTACTGTGCGAGACATTAT"FTCACTAC
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Light Variable
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GGATCCPCCATGGGATGGAGCTGTATCA*CCICTTCTTGGTAGCAACAGCTnCCGGAGTCpACTCCGATGTGTTGATGACCCAATCTCLA
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Figure 20
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Figure 20 continued
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Figure 21

Heavy Variable

HindIIT M ¢ w s ¢ I I L F L ¥ A TAT GV HS Q V @ L V E T 6
RAGCTTACCA"GGGATGGAGCTGTATCATCCTC TCTTGGTAGCARCAGCTACCGEAGTCCACTCCCAGGTGCAGC IGGTIGGAGACTGGG
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6 ¢ L I Q P G G5 L R M S C A A S G F B F NNT Y DM S W V R
GGAGGCTTAATCCAGCCTGGnGGGTCCCTGAGAATGTC;TGTGCAGCCTCTGGATTCBCTTTCAATACPTAMGACATGTCTTGGGTTCGC
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CAGGCTCCGGCGAACCGGCTGGAGTuGATCGCAIACATTGuTPGTGGTCGTAGTATAATCAACTTTGAAAAACTCCGATTCACCATTTCC
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CACTACGTGGPCTATGCTGTGGACTRCTGCGGTCAPGGAA»CACCGTLPCCGTCTCCAGCGCT
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Figure 22

Heavy Variable

HindIITI M & w 5 ¢ 1 I L F L V ATATGVV B 3 ¢V QL V E T 6
A&GCTTACCATGGGATGGPGCTGTATCATCCTCTTCTTGGT%GCAACAGCTPCCGGAGTCCACTCCCAGCTGCAGCTGGTGGACACIuGG

G 6 L I 0 P 6 G S L R M3 c|ltT T Mmp o Vv e F s V|W VRO aPp
GGAGGCTTAATCCAGCCTGGAGGE TCCCTGAGAATGTCCTGACCATTATGGACCAGETGCCTTTCTOCGT] TGGGTTCGGCAGGC""CCG
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AATAGCAAGAACACCCTGTATTTGEART TGRACAGT CTGAGGAC TG AGEACACAGCC TE TAT TACTGTGCGAGACATTATGGICACTAC
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Figure 23

Heavy Variable

HindITI M G W & ¢ I I © F L V A T A T 6 V H 3 @ V Q0 L Vv E T G
AAGCTTACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCIFCCoGAGTCCACTCCCAGGTGCAuCTGGTGGnGPCTGGG
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¢ 6 L I ¢ P GG S LRMEC A A S GF A F W T Y DM S5 W V R
GGAGGLITAATCCAGCCTGGAGGGTCCCTGAGAATGTCLLbthAbQLltlbbAllLbLlJlCAATACCTATGACATGTCTTGGGTTCGC
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CAGGcTCCGGCGAAGGGGCTGGAGTGGAICGCAIACATTGGIAGIGGIGGIGATAGAACCTACTATCCAGACACrGTGAAGGGCCGATTC
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ACCATTTCCAGAGACAATAGCAAGAACACCCTGTAT TTGCARTTGAACAGTCTGAGGGCTGAGGACACAGCCETETATIACTGTSCCCGA
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GGATCCACCATGGCGATGGAGCTGT. ATCATCCTCTTCTTGGTAGCAACAGCTPCC”GAGICCACTCCGATGTGTTGATGACCCAATCTCCA
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Figure 24

Heavy Variable

HipdIII M ¢ W S € I I L F L v A T A T & V H 5 @ V g L V B T G
AAGCTTACCATGGGATGGAGCIGTATCATCCTLIILTrGGTAbLAACnGCTPCCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG

GGLIQPGGSLRMSCAASG
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¢ AP GK G L B W I A Y I G $ G GEDRTVY Y P DT VKGR F
CAGGCTCCGGGEARGGGGCT CEAGTGGATCGCAT ACATTGGTAGTGGTGGTGATAGARCCTACTATCCAGACAC TGIGAAGGGCCGAITC
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ACCATTTCCAGAGACAATAGCAAGAACACCCTGTATTTGCAATT GAACAGTCTGAGGGCTGAGGACACAGCCGT GTATTA.CTGTGCCCGA
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GGATCCACCATOGGAT GEAGCTGTATCATCCTCTICTTGGTAGCAACAGC TACCEGRAGTCCACTCCGATGTGTTGATGACCCARTCTCCA
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GAATGGTACCTGCAGAAACCAGuCC%GTCTCCPCAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGGGTCCCAGACAGATTCPGT
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Figure 25

Heavy Variable

Hipdixr #* 6 w 5 ¢ I 1 L F L VvV &2 T & T G V H S © V 0 L V E T G
AAGCTTACCATGGGQTGGAGCTGTATCALCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCPCTCCCAGGTGCAGCTGGTGGAFACTGGG

G 6L I g P G G 5 L R M 3 ¢C A A 35 G F A F W T ¥ D M 3 W V R
GGACGCTTAATCCAGCCTGGAGGGTCCCAGAGAATGiCCTGTGCPGCCTCTGGATTCGCTTTCAATACCTATQACATGTCTTGGGTTCGC
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CAGGCTCCGGGGAAGGGGCTGGPGTCGAICGCATACATTGGTAGTGGTGGTGATAGAACCTDFTATFCAGACPCTGTFRPG sGCCGATTC
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ACCATTTCCAGAGACAA’IAGCM GAACACCCTGTATTTGCAATTGAACAGTCTGAGGGCTGAGGACACAGCCGTGTATTACTGTIGCARGA
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Figure 26

Heavy Variable

HindI¥I M G ¥ 5 ¢ I I L F L Vv a2 T A T G V H 5 @ Vv Q L ¥ E T G
MGCTTACLnTGGGATGGAGCTGTATCATCCTCTTL TTGGTAGCAAC EGC T. DsCCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGCG

G 6 L I QP G G5 L RMS CAASGF B F NTUYDMS3 B VvV R
GGAGGCT TAATCC AGCCTGGAGGGTCCCTGAGAATGTCCTGTGCAGCCTCTGGP TTCGCTTTCAAThCCTATCP CATGTCTIGGGTTCGC
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Q A P G K 6L E W I &2 Y I G & G 6|5 V¥ D F F V W LIR F T 1
CAGGCTCCGGGGAAGEGECTGGAGTGGATCGCATACATTGETAGTGGTGGTAGTCTTTATGATTTTTT TG TGTGGCTCEGATTCACCATT
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TCCZ\GAGACAATAGCAAGAACAC\.C TGTATTTGCAATTGAACAGTCTGAGGGCTCAGEACACAGCUGTGTATTACTGT GCCCGDTGGAPC
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IAGGCAGCTETATCCAGAGTEGGACAGAAGCCCAGAGACTTCAY TGCIGCCARGGAACCACGGTCACCCTCTCCAGCGCT
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GGATCCACCATGGGATGGAGCTGTATCATCCTCT TCTTGETAGCAACAGCTACCGRAGTCCACTCCGATGTGTTGATGACCCARTE TCCA
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L $LPV TP GEUPUSAKSISCECRSEOQSLTVHSUVGNTZYL
CTETCCCTECCTRTCACTCCTGEAGAGCCAGCCTCCATCTCT TRCAGATCTAGT CAGAGCCTGGTACATAGT AR TGGARACACCTATITA
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GGCAGTGGATCAGGuACAGATTTCACF)CTCAAGZ\ TCAGCAGAGTGCACGCTGAGGATACCGGAGTGTATTACTGCTITCAAGGT TCACAT
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Figure 27

Heavy Variable

HindIII M ¢ W 5 ¢ I I L F L v A T A T G V H § @ V ¢ L V E T G
ARGCTTACCATGaCATGEAGCTGTATEATACTCT TCTIGGTAGCARCAGETACC B AGTCCACTCCCAGETGCAGC TECTGRAGAC TGS
e e — p— fom e . R i 90

G G L I 2 P 6 G 3 L R M 8 C A A 5 & F A F H T Y D M 8 W V R
GGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGAATGTCCTGTGCACCCTCTGGATTCGCITTLAATACCTATGACATGTCTTGGGTTCGC
91 -- — - ' S . ] e fee —tee ¢ 180

C AP G KGLTETGS®TIATZYTIOGS GG DD RTTYJYPDTVEKSGRF
CAGGCTCCGGGGAAGGGGCTGGAGT”GATCGCATACATTG TAGTGGTGGTGAT§GAACC'ACTATCCAGACACTGTCA}GGGCCGATTC
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T I 53 R DN S KN T L Y L 9@ L N S5 L R AEDTAVWV ¥ Y ¢ 2 R
ACCAlIICCAGAGAL%nlAGLAAGAACACCCTb[AJ116LAA"TGnACAGfCTGAGGGCTGAGGACACPGCCGTGTAT1AC1GTGCCLGA

I P P A Y R P P N A & I Liw G ¢ ¢ T 1T V TV § B8
fACTCCTCCAGCT TATAGACCACCRHATGECCCTATCCTATOREGCCARGEAAC CRCSGTE ACCGTCTCCAGCECT
361 Jrmmmm e fm e R I e R e § e 435

Light Variable

BamHI M ¢ W s €¢I I L F L va T aT G VYV H & D VL M TQE P
GGATCCACCATGGGATGGAGCTGTATCATFCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTCCGATGTGTIGATGPCCCnATCT;CA

i - N ——t e - S [ [—— } 1 90

L 5 L PV TPGETPA ATSTISCRS S QS L VY HSIMNGHNTY L
CICTCCCTGCLTGTCACTCCTEGGGAGCCAGCCTCCATCTC TTGCAGATCTAGTCAGAGCCTGGTACATAGTAATGGAAACACCTATTTA
91 ! [ -1 ' ! [ ! e ' 180

E W Y L Q KPP 6 Q 8 P QL LI Y KV S HNRTFS GGV P DURTF &
GAATGGTACCTGCAGAAACCAGGCCRGTCTCCACAGCTCCIGATCIACAAAbLLLLCAnCCG%lLLLLLbbbGICCCAGACAGATTCAGT
181 | — ' et [ [ RS [ 1270

G 5 6 $ G TD F T L K I 35 RV EWZ RZJEDTGEGV ¥ Y CTZPF Q6 S H

GGCAGTCGATCAGGGACAGATTTCACACTCAAGATCAGLAGAGTGGAGGCTGAGuAiACCGGAGIGTATIACTGCTTTCAAGGITCACAL
D71 mmmmm e [ [P : T i e LR {360

BsiWI
vV P ®WwTF G GG T KV E I K
GTTCCGTGGR CGTTCGGTCGAGFCA.CCAAGG’L GGARATCAAGCGTACG
6L e et t-- : 408
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Figure 28

Heavy Variable

BipdIII M 6 W 5 €C I I L F L VYV A T A T G V H 58 Q V @ L V E T 6
AAGCTTACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCHACAGCTACCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG
S [ [ Fmmibmim m e i 90

1 Ve | PR E———— o
G & L T @ P G G &2 L R M &5 C 2 A & G F A F N T Y D M & W V R

GGAGGCTTAATCCAGCCTGCAFGGTCPCTGACAATG*CCTCTGCAGCCTCTGGATTCGCTTTCAATPCFTPTCACATFTCTTFGGTTCGC

91 —mmmmmmem [ e mmmm e mmmmmmmem B e [ [ b L 180

A PG K G L EWTIAZYTIOG S G €G[s v ¥ b F F V W L|JRF T I
CAGGCTCCGGGGAAGGGGCLGGAGTGGATCGLPTACATTGGTAGTGLTGC“Au;allLATGAL‘lxLilulbLGGCTCCGATTCACCATT
1581 i - R ! e S ! 1370

S R D W & K N T L ¥ L @ L N & L R A& EBE D T & V ¥ ¥ € A R|T P
TCCAGAGACAATAGCAAGAACACCCTGTATITGCAATTGAACAGTCTGAGGGCTGAGGACACAGCCGTGTAT TACTGTGCCCGHACTCCT,

271 ! —l— e LB ———— [ ! —-1t| 360

Afel

P A Y RP P W AP I LW G QG TTITV TV S S
ccace ATAGACCACCAAATGCCCCTATCCT;TGGGGCCAAGGAPCCACGGTCACCGTLTCCAGCGCT
f—m ' . P 43¢

Light Variable

BamHI M 6 W s ¢ 1 I L F L V ATATGV H S$DVLMTGQgQg 3P
GGATCCACC}TGGGATGGPGCTGTPTCATCCTCTTCTTGGTPGCAPCAGCTACCGGAGTCCAC*CCGATGTGTTGATGACCCAATCTCCA

1 ] [P - : ! t PR )

L & L P VvV T P G E P A 5 I S € R 5 &8 @ 5 L VvV H § N GG W T Y L
CTCTCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCCATCTCTTGLPGATCTAGTCAGAGFCTGuTACATAGTAATGGAAACACCTATTTA
91 ! e i oo B mmmm e L fmemm e 1180

E WY L Q K P 6 3 P ¢ L L I ¥ KV 3 8 REF 3 6 V P P R F 5
GAATGGTACCTGCAGAAACCAGGCCAGTCTCCRCAGCTCLTGAILTACAAAbITTLCAALCGAITTTLPGGGGTCCCAGACAGATTCAGT

181 ———l ! [ femmemmmem ! 270
G 5 6S$ G TDFTITLEKTISRUYEA RET DTGV Y Y CFOQ®G S H
GGCACTGGATCAGGGACAGATTTCPCACTCAAGATCAGCAGPGTGGAGGCTGAGGATACCGGAGTGTATTACTGCTTTCAAGGTTCACAT

271 mmemmm e e e e R e R R e ! 360

BsiWI
vV P WTF 6 G 6 T KV E I K
GTTCCGTGGACGTTCGGTGGAGGCALCAAGGTGGAAATCAAGCGTACG
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Figure 29

Heavy Variable

HipdIII M G W 5 ¢ I I L F L VvV A T A T G V H 8 g V Q@ L VvV B T G
AAGCTTACCATGGGA‘I'GGAGCTGTAT"ATCCICTTCTTGGTAGCnACAGCTnCCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG

1 ———— ] L e e At L T S ! %0
G 6 L I © P GG S L RMS Cleg T GRAMTULGTHTMTEVT V
GGAGCCTTAAchAGCCT:GDGGGTCCCTGAGAATGTccTG GGGACAGECAGGECAATGCTGEGGCACACACACCATGGAAGTARCTGT
91 ~mm—em— Al e ! —te— { o G o e L Vo 180
Y H/W V R ¢ A& P G K 65 L E W I A2 Y I 6 S G G| Vv Y B F F V W
TACCA;TGGGITCGGCAGGCTC:GGGGAAGGGGCTGGAGTGGATCGCATACATTGGIAGIGGTGGTAGTGTTTATGATTTITTTCTGIG(
181 -1 R R ! =1 R s el Rt wedeetetentoten ittt 270
LR F T I &8 R DN & K N T L Y L @@L N § L R AETUDTAV ¥ Y
cT CGATICACCATITCCPGAGACARIACCAACAACACCCTGIATTTCCAATTGAACAGTCIGAGGGCTGFGGACACAGCCGTGTATTAC
ol ] [ B Tt et [ R L R e et 1360
Afel
¢C A R{W N R QL Y P E W TEA AWRQURILD|lWw 6 Q@ G T T VT V 5 5
TGTGCCCGHTGEARCAGGCAGCTGTATCCAGAGTGGACAGAAGCCCAGAGACTTGAYT GGGGCCAAGGTACCACGGTCACCGTCTCCAGE
361 ! s [=mzmas ae=d =1 [ tem ¢ ~==1 450
GCT
451 ~-- 453
Light Variable
BamHT M G WS ¢ I I L F L VA T aATTG VY HS DV L MTQ S P
GGATCCACCATGGGATGGAGCTGTATCATCCICT 1T TGGTAGCARCAGCTACCEUAGTCCACTCCGATGIGTTGATGACCCAATCICCA
1 s ! ——=l R St ~! fmma =l=s mt ===t 90
L 8L PV TP GE®PASI S CRSES Q35 L V HSWNGUNTY L
CTCTCCCTIGCCTGTCACTCCTGGEGAGCCAGCCTCCATCTCTIGCAGATCTAGTCAGAGCCTGGTACATAGTAATGCAAACACCTATTTA
91 =———w= el Lt T R e t [ —1e- -1 ——=! 180
E W ¥ L. ¢ K P 6 ¢ 5 P ¢ L L I ¥ K Vv 5§ W RF S ¢ ¥ P B R F &
GAAIGGTACCTCCAGAAACCAGGCCAGICTCCACAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGGGTCCCAGACAGATTCAGI
181 =-——so Sl e o e R Pomd e ! t frms R L L e L e e 270
G 5 6 5 G T D F T L K L 5 R V E A E D T & V Y ¥ € F Q@ G S H
GGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATACCGGAGTGTPTTACTGCTI¢CAPGGTTCACAI
271 == ! fommmm e ! ! e ! Lo e ! 360

BsiWT
VP WTIF €66 T K V £ I K
GrrcCGTGGALGTTCGGTGGAGGCACCAAGGTGGAAATCAAGCGTAEG
361 ———m 1 [ : ¢ 408
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Figure 30

Heavy Variable
HindIII ™M G W 5§ € I I L F L VvV & T A T GV H 53 Q V Q L VvV E T G
AAGCTTACCATCPGATCCAGFTGTArCATCCTCTTCTTrFTAGCAACPGCTACCGGAGTCCACTCCCAGGTFCACFTFFTFGAFAFTSCG

G G L I Q P G G S L R M 3 C A A 5 G F A F N T Y 3 M 5 W V R

91 - ‘ T ! L S N S . Lot

Q 2 P G K 6 L B & I AY¥Y I G388 G ¢|s v Yy D F F VW L|IR ¥ T I
CAGGCTCCGGGCA}GGGGCTGuAGTGGATCGCATACATTG”TPGTGGTGG AGTGTTTATGATTTITTITTGTGTGGC TCCGATTCACCATT

181 —=—- ! ] ! L e L e e e [NV B —

S R D W s KHN T L Y L Q L ¥ $ L R AEDTAV ¥ Y C A R H Y

TCCAGAGACARTAGCAAGAACACCCTGTATTIGCAATTGAACAGTCTGAGGGC TGAGGACACAGCCGTGTATTACTGIGCAAGACATTAT

271 e ! oy - = T b e e [ b e |
Afel

G #H Y Vv D Y A V D ¥ W G Q 66 T T V T ¥V S §
GGTCACTACGTGGQCTATGCTGTGGACTACTGGGGTCAAGJAACCACGGTCACCGTCTC”AGCGCT

361 ] : t- s 426
Light Variable

BaimHl M 6 W 5 C I I L P L VvV & T A T &V H 5 D V L M T Q S P
GGATCCACCAT”GGATGGAGCTGTATCATCC"CTTCTTGGTAGCAACAGCTACCuGAGTCCACTCCGATGTGTIGAT”ACCCAATCTCCA

1 e P LR admindartl o e ! ! ! i 4 L

L § L P VTP G E P A 5 I § €C€}|JT B B & Y R P P U A P I LW Y
CTCTCCCTGCC'CTCACT”CTGCGGAGCCHGCCTCGKTCTCTTG CTCCTCCAGCTTATAGAC"ACCAAATG»CCCIAT”CTATGGTAT

[ L [ JS——— | JSSRS - [SSSIE S [ S, i [ o !

L ¢ K P 6 ¢ §$ P Q L L T Y KV $ 8 RBRF $ GV PDRTETS G S G
CTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTRFAAAGTTTCCAACCGATTTTCTGGGGTCCCAGAC?GATTCAGTGGCAGTCGA
181 ——- -1 ' ' - - R e Ve :

5 66 T D FTUL K I 5 RV EWAZETDTSGV Y Y CF QGG s HY P W
TCAGGGACAGATITCACACT CAAGATCAGCAGAGTGGAGGC TGAGGATACCGGASTGTAT TACTGCTTTCAAGGTTCACATGTTCCGTGG

271 =-- -t R R : - t o !

T F 6 6 6 T K Vv E I K BsiWI
ACGTTCGGTGGAGGCACCAAGGTGGAAPTCAAGCGTACG
3el -1 ! ~—— 399

30

20
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Figure 31
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Figure 31 continued
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Figure 32
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Figure 32 continued
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Figure 32 continued
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Figure 33
Heavy Variable
HindIIT M6 WS ¢ 1 I L F L V aITaT GV H S Q@ V Q@ L VET G
AAGCTTACCAIGGGAIGGAGCTG”ATCATCCTCTTCTTGCTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTGGTGGPGACTGGG
1 ——- ! - S ! = f-w B et A1

e

G 6 L I P GG S LRMSCARAZRATS® GTEURAETFWHT Y DMS w VR
GGAGGCTTAATCCAGC CTGGAGGGTCCCIGAGAATGTCCTGTGCAGCCTCTGGATTCGCTTTC. KA'IPCCTRTGACATC TCTTGGGTTCGC
R R ! t—— -t ' B L — [ N v 180

o

¢ A P G K G L BE W I & Y I 6 8§ G G|I P Q 5 L D & W W T 8 LR
CAGGCTCCGGGGAAGEEGCTEGAGTEGATCOCATACATTGOTAGTGGTGATATACCGCAGAGTCTAGACTCGTGGTGEACTTCTCTCCGA
181 mmmmmm ol o A : ! ! ) i [ RS -1 270

I+ T I 8 R D N & K N T L ¥ L § L N 8 L R A B D T & V ¥ ¥ € &
ITCACCATTITCCAGAGACRATAGCAAGRACACCCTIGTATTITGCARTTGAACAGICTGAGGGCTGAGGACACAGCCGTIGTATTACTGTGCA

271 = ———) ! ! ! =l [ — et I 360
Afel
1:R H Y 6 H Y VD Y &2V DY WEGOG6TTV TV S &
AGACATTATGGICACIACGTGGACTATGCTGTGGACTACTGGGGTCAAGGAACCACGGICACCGTCTCCAGCGCT
361 —mm S— - o p— fo i 435
Light Variable

BamHI M 66 W s ¢ I I L F L V ATU&ATE6& V H S DV L M T QQ S P
GGATCCACCATGGGATGGAGCTG*ATCAICCICTTcTTGGIAGCAACAGCTACCGGnGTCCAc CCGATGTGTTGATGACCCAATCTCCA
I el e e bom s Pt P 1 Rt fom e L= {50

L & L P V T P 6 E P A $ 1 8 C|F E R F E I F P K E|¥W ¥ L Q K
CTICTCCCTGECTGTCACTCCIGGGGAGCCAGCCTCCATCTCTTGUT TTGAAAGGTTTGAGATATTCCCCAAGGAATGETACCTGCAGAAN

M) S LAY R Ty T : -l e ! Y P 180

P 6 05 P QL LTI Y KV S HNRTF S GV PD®RTFEFTSGS5SG6 S5 6 T
CCAGGCCPGTCTCCACAGCTCCTGAICTACAAAGTITCCAACCGATTTTCTGCEGTCCCACACAGATTCPGTGGCAG GGATCAGGGACA
181 ——- ! -t ! e fmmm e R [ Ve L 270

b F T L K I 838 RV BEE'A E D T G V¥V ¥ ¥ C F Q@ 6 58 H V P W T F G
GAITTCACACT"AAGATCPSCAGAUTGGAGGCTGAGGATACCGGAGTGTATTACTGCTTTCAAGGTTC“.CATGTTCCC TGGACGTTCGGT
271 wmmmmmms (R P PR P 1 - Sl 1 360

G 6 T K V E I X BsiWI
GGAGGCACCAAGGTGGAAATCAAGCGTACG
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Figure 34
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Figure 35

Heavy Variable

HindIII M G ¥ 5 ¢ I I L F L VAT ATGV 49 s @Q VvV Qg L V E T &
RAGCLTACCATGGSATGGA&LLblALLAlLLILlILIlbbLAbLAALAbClALCGGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG

[ L L

1 [ [J— [ SRR YN

¢ ¢ L I ¢ F 6 G5 L R M s ¢|T I M D Q V P F 35 VIW ¥V R ¢ A P
GCGAGGCTTAATCCAGCCTGGAGGGTCC CTGAGAATGTCCTGC AC CA’H’ATGGAC"'AGGTGCCTTTCTCCGTC TGGGT TCGGCAG GCTCCG
91 - S S ' ' B TN PR IS A b ' 180

6 K G LE WTATYTIOG 5 66D R TY Y PDODTUVEKGRTETTI S
GGGAAGGGGCTCGAGTGGATCGCHTACATTGGTAGTGGTGGTGATAGAPCCTACTPTCCAGACACTGTGAAGGGCCUATTCACCATTTCC
181 [— - { e m et [ T 270

R DN 3 K®¥T LY L Q L N S35LRaAEHDTAWVY Y C2ARHYEGE
AGAGACRATAGCAAGA FAFCCTGTATTTGCAPTTGnACAGTCT”AGbGCIGAGGDCACAGCCGTGTATTACTGTGCAALACNTLATGGT
271 fmem e L e | i R it ¢ ! ! t 360

Afel
H Y ¥V D Y A V D Y W G 0 G T T V T V 5 5
CACrACGTGGACTATGCTGTGGACTACTGGFGTCAACCAACCACGGTCACCGICICCAGCGCT
361 - e R R R Lo = 1--— 423

Light Variable

BamH1 M & w 53 ¢ I I L F L VvV A T AT 6 V H 85 DV L M T 0 5 P
GGATCCACCATGGGATGGAGCTGTATCATCCTCTICTIGGTAGC AACAGC TACCGGAGTCCACTCCGATGTGITGATGACCCAATCTCCA

b st f o | R s a2 s ] RS ] R [ b fomme {1}

L $ L PV TP GETG® ®aZ_8TIsc[T PP acTFREPP AP I L|W Y
ST T CTRCCTCT CACT CCTCGGGAGCCAGCCTCOATE T TIGACTCCTCCAGC TT ATASACCACCAARTECCCE TATCCTATGGTAT
LR 1—— R N P teed 1 180

L Q KP G @ S P Q L L I ¥ KV S5 WERTF S GV PDRTFEFSESE S G
CTGCAGARACCAGGCCAGTCTC CACAGCTCCTGA [CTACAAAGT TTCCAACCGATTTICTGGGE TCCCAGACAGATTC QGTGGCAGTGGA
181 fmm—— 1o ! ] st [ ! B 1270

s 6 T pF TLI KTI RV EO AZEUDTUG GV Y Y CFPF QG s HV P W
TCAGGGACAGATTILACACTFAArATCAGFAFhCT””n”5’TGAGGATACCGGAPTGTATTRC GCTTTCAAGGTTCACPTGITCCGTGG
271 ===t D Rttt = Bl s ] los e bz ! 360

T F G 6 ¢ T K V E I K BsiWI
ACGTICGGTGGAGGLACCAAGGTGGARATCAAGEGTACG
361 ——-- | ——— ' 4 399
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Figure 36

Heavy Variable

HindIII M GG w s ¢ I I L ¥ L VvV A TAT G Y H S5 QV Q2 L V E T 6
AAGCTTACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACCGPAGTCCACTCCCAGGTGCEGCTGGTGGAGACTaGG

 ——— f—— [

e TS Y U USRI U 90

G 6 L T B G G £ L R M S CIF L P AT L T M V]{W v R Q A P G
GGAGGCTTAATCCAGCCTGGACFG CFCTGAGAATGTCCTGCTTCCT&CFACCTAfTTTAACTATGGTTIGGGIICGGCAGGCTCCGGGG

9T —mmmmmmm s b e e P st e e b e - e oo e e ittt b e 1180
K 6 L B W I A Y I 63 G 6D RTY Y P DTV KGRF T I S R
AAGGGGCTGGAGTGGATCGCATACATTCGTAGTCGTGGTGATAGAACCTAC LATCCAGACACTGTGAAGGGCCuATTCACCnTTTCCAGA

- -1 ——=t! e Lo 270
DN $§$ KN TUL Y L QL W S L RAEUDTIAUWVY Y € 2a R B Y G H
GPCAATAGCAAGAACACCCTGTATTTGCnATTGAACAGTCTGAGGGCTGAGCAPACPGCCGTGTATTAFTGTGCAAGACPTTATGGTCPC
273 ! 1 IS o ! bmems oo . L360
Afel
¥ v D Y A vV D ¥ W 6 @ 6 T T V T vV 5 &
TACGTIGGACTATGCTGTGGACTACTGGGGTCAAGGAACCACGGTCACCGTC TCCAGCGCT
361 be——— ! ! -! f= Iog2u
Light Variable
BamHl M G W s €I I LF LVYATU ATGTYV 8S DV L1LILMT®O S P
GGATCCACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTCCGATGTGTTuATGACCCAATCTCCA
l | ___I _l__ l__.__ ! 50
L s L PV TP GE P A S I 58 C|[T PP AY R®P P N a P I LIW Y
CTCTCCCTGCCTGTCACTCCTGCGGAGCCAGCCTCGATCICTTGCACTCCTCCAGCTTATAGKCCACCAAATGCCCCTATCCTATGGTAT
b B et il Rl bt ! 1w - B e [-=—==1 180
L ¢ K ? G ¢ 3 P Q L L I ¥ KV 3 B RF 3 @V P DRF 5 G 3 G
CTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTACAnAGTTTCtAACCGATTTTCTGCGGTCCCAGACAGATTCAGTGGCA&TGGA
181 =1 -y ! ==l L= - ~--1 Z70
$ ¢ T DVF T UL K I 38 RV EAZEDTOGGV ¥ Y CP QG S HV P W
TCAGGGACAGATTTyACACTCA}GRTCAGCBGAGTGGAGGCTGAGGATACCGGAGTGTATTACTGCTTTCAAGGTTCACnTGTTCCGTGG
271 [R—— o [ — ——— —— Y ——t—— t 360

T F G G 6 T K ¥V E I K BsiWT
ACGTTCGGTGGAGGCACCAAGGTGGAAATCAAGCGTACG
361 mmmmeme LR R i e e 399
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Figure 37
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Figure 39

Heavy Variable

HindIII w6 ¥w 5 ¢ 1 1 L F L V ATATGV Y35 Q WV L VYV ET G
AAGCTTACCATGGGATEGRAGCTGCTATCATCCTCT ECT TGGTAGCARCAGE IACCGGAFTLCACTCCCAGGTGC.—.GCTGGTGGAGPCTGGG
1 —mmem e b ! 1o - -—=! ! -1

90

G G L L 9 P G G 8 L R M 5 €71 L rb Q9 V P L 8 V|W V R ¢ A P
GGAGGCTT MTCCAGCCTGGAK:GGTCLCTGAGAATGTCCTG ACCATTACTGACCAGGTGCCTTTGT(‘CGTG I'GGGTTCGL;CAGGCTCCG
91 ~- -1 -1 -1 [P ——— [ S PN L 180

G K € L E W I A Y I ¢ & G GG D R T Y ¥ P DT V K G R F T I 8
GGGAAGGC GCTGGAGTGGPKTCGCATACATTGGTAGTGGTGGTGATACA;\CCTA\CT RTCCAGACP CTGTGAAGGGCCGRATTCACCATTTEC

181 —=—— =1 ——t S {omem i e e SR U S U p— S T
R DN ST LY L L H S L RAETDTAVTYTYCARIETY G
AGAGACAA TAGCM GA.ACAC CCTETATTIGCART TCAACAGTCTGAGEGC TGAGGACACAGCCGTGTATTACTGTGCARGACATTATGGT

e e e ! —==t -t -1 et LT 1 1)

Afel

H Y vV D ¥ &4 VvV DY WG O 6 T TV IT V 3 3
CACTACGTGGACTATGCTGTGGAC TACTGGGGTCAAGGAACCACGGTCACCGTCTCCAGCGCT

361 ————m-—=- R fmmm e Bt emmmmaoas I {=== 423
Light Variable
BamAl M 6% 5 ¢ I I L F LV ATATTG? VS DV LMTQ S5 P
GGATCCACCATGCGATEGAGCTGTATCATCCTCT TCTTGGTAGCAACAGC TACCGGAGTCCACTCCGATGTGTTGATGACCCARTCTCCA
L O et e bomm e L b tomemm e I g0

L s L PV TEPGET® ®®HaASTIOScf[T P P ay R P P 0 AP I o)W ¥
CTCTCCCTGCCTEICACTCC IB6GaAGCEAGE CTCOATCTCTIGQACTCC TCCAGCTTATAGACCACCAAAT GCCCCTATCCTATGGTAT
e tmm e Ty e ! : ¢ 180

L ¢ K P G Q S P Q L L I Y KV S HNIRTFSsS GGV P DI RUETZSG S G
CTGCAGARACCAGGCCAGTCTCCACAGCTCCTGATCTACARAGTTTCCAACCGATT! TTCTGGGGTCCCAGAC AGATTCAGTGGCAGTGGA

181 = R e e e ! 1—- frmmm o t 270
S 6 T D F T L K I $ R vV E A E D T G V Y Y & F Q 6 5 H VvV P W
TCASGGACAGATT TCACACT CAAGATCAGCAGAGTGCAGGCTGAGGATACCGGAGTCTAT TACTGETT TCAAGGT ICACATCTTECCTES
271 =ss—ios i ! ! -1 ! ! e Dt i 360

T F G 6 G T K V E I K BsiWI
ACGTTCGETGGAGGCACCAAGGTGGARATCAAGCGTACG
361 1 L e 3¢9
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Figure 40

Heavy Variable

HingaIII M 6 W & ¢ I I L F L ¥V A T & T G V H & @ V 0 L V E T 6
ARGCTTACCATGGGATGGAGCTGTATCATCCTCTTCTEGGTAGCAACAGCTACCGGAGTCCACTCCCAGGTGCAGCTGETEEACACTGEE
1 —mmmmmemm ! - ! O [PORRE. ! P [ PSS, ! 90

G 6 L I QP G G S5 L RMS ¢{T I TDOQQV P I 8 V|#® v RQ 2 P
GGAGGCTTAATCCAGCCIGGAGGGTCCCTGAGAATGTCCTGEACCATTACTGACCAGGTGCCTATCTCCGTGTGGETTCGGCAGGCTCCG
91 -1 mosslas R fodoomem—m ! = i A tmeem ! 180

G K 6 LEWTIOATYTIGSG6 GO RTTYJYTPODTTVZERESRTFETTI S
GGGAAGGGGCTGGAGTGGATCGCATACATTGGTAGTGGTGGTGATAGAACCTACTAxCCAGACACTGTGAAGG:CCGATTCACCATTTCC
181 = ! 1es ! Ry pu— R SR ! —t= L 270

R b B & K ¥ T L Y L O L ¥ $ L R A E D T A v ¥ ¥ T A R I Y G
AGAGACBATnGFAAGAACACCCTGTA‘TTGCAATTGAFCAGTCLGAGGGCTGAGGPCACAGCCGTGTATTACIoTGCAAGACATTATGGT

1L 360
Afel
B ¥ v D Y A v DY W G Q G T T Vv T v § 8
CACTACGTGGPCTATGCTGTGGACTACIGGGGTCAAGGAA”CACGGTCACCGTCTCCAGCGCT
36l ——m=mm——r e LRl Rt Tt e Lot 423
Light Variable
BamAl M ¢ w 3 ¢ I I L ¥ L v A T A T 6 Vv B8 8 p Vv L M T @ 5 P
GGATCCACCATGGGATGGAGCTGTATCATCCICTTCTTGGTAGCAACAGCTACLCGGAGTCCACTCCGATEGTGTTGATGACCCAATCTICA
i el el 1 § e ) ] P 1 [l £ 90
L $ L p VTP GE P A I &£ C|T P P A Y R P P N A P I L|IW Y
CICTCCCIGCCTGTCPCTCCTGGGGAGCCAGCCTCGATCTCTTG CTCCTCCAGCTTATAGACCACCAAATGCCCCTAT;C'ATGGIAT
91 mmmmimm it e ! Fmmmm [ tam v 180

L ¢ K P G @S P QLIL I Y KUY SHNRPS5G6VPEDRTFEFTISEG S G
CTCCnGAAACCAGGCFAGTFTCCACAG”TCCTGATF1RCAAAFTTTCtAALCGPTTTTCTGCGGTCLCPCRCHGPTTFAGTFGFACTGGA
1B mmbi i s S i S S s s S s e S [REEES [P e s [ v 370

5 6 T p F T L K I § KR VvV E A E DTGV ¥ ¥ € F @ 66 3 H VW P W
TCAGGGACAGATTTCPCnCTCAAGATCAGCAGAGTGGAGGCTGAGGATACCGGAGTGTATTACTGCTTTCAAGGTTCPCATGTTCCGIGG

271 e IO DY e : = g [ I 360

T F 6 6 6 T R V BE I K BsiWI
ACCTTCGRTGGAGCCACCARGETGRARRICAAGCOTACG
-5 A N S PR 399
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Figure 41

Heavy Variable

HinéII¥Y M 6 W 5 ¢ I I L F L v A T A T € V H 5 0 ¥V Q L V E T
AAGC‘ITA('CATG GGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACCGGAGTLCACTCCCAGGT:! GCAGCTGGTGGAGAC"GGG

1 mmmmmmms R i =t ! et el | B b 190
G 6 LI QP GG S L RMSS C¢[T ¥ T DQVPF S V[WVRG® AP
GGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGAATGTCCTG ACCATTACTGACCAGGTGCCTITCTCCGTYTGGGTTCGGCAGGCTCCE
91 -1-= ] ! ! ==l ey simtaintntutniet et R R oo i 1180
G K 6L EWIAYIGS G GDRTY Y PRPDTV KGR RTFEFTI S
GGGAAGGGGCTGGAGTGGATCGCATPCATTGGTAGTGGTGGTGATACAACCTACTATcrnr:rArTGTG;APrrrr ATTCACCRTTTCC
181 =l ! i} e e e b 270
R D MW S K N T LY L ¢ L W L RAETDTHA ATV Y Y C AREHY G
FGAGACAPTAGCAAGAACACCCTGTPTTTG”AATTGAFCAGTCTGPCGGMIGKGGACRCACCCGTGTATTACTGTGCAAGACA.TATGGI
271 mmmmmem R et L et B R e R s e b b ec e L 360

Afel
# Y v DY AV DY WG QG TTUV TV S 3
CACTACGTGGACTATGCTGTGGACTACTGGGGTCARGGAACCACGETCACCGTCTCCAGEGET
361 =———— S R P T e b 423
Light Variable
BamH1 M G w § ¢ I I L F LV ATATGTVHSDV LI M TQS P
GGATCCACCATGGGATGGAGCTGTATCATCCT CTTCT TGGTAGEARCAGCTACCGGAGTCCACTCCGATGTG T TGA TGACCCAATCTCCA
1 ! -1 —ol e oo s fimrm st F el i P s | G0
L s L PV T PGE P as I s c[T P P A Y RP P NAZP I L|W Y
CTCTCCCTCCCTGTCACTCCTGGGGAGCCAGCCTCGATCTCTTGCACTCCTCCAGCTTATAGACCACCAAATGCCCCTATCCTATGGTAT
91, mmmm e it et e ! fem i ! e ¢ —— ! 180
L Q K P G Q 5 P Q L L I ¥ KV &N R F 3 GV PDZ RTESTGS G
CIGCACAAACCA”CFCAGTCTCCACAGFTCCIGATCTACAAAGTTTCCAAECGATTTTCTGGGGTCCCAGACAFAITCAGTGGCAGIGGA
181 mmemmmmemd ~—=t f ——t t 270
5 6T HF T L KI $ R VEJ AZEUDTGV ¥ Y CF QG S HEV P W
TCAGGGACAGAT TTCACACTCEAGATCAGCAGAGTGGAGGCTGAGGATACCGGAGTGTATTACTGCTTTCAAGGTTCACATGTTCCGTGG
271 —-- 1 -l L Lmmmm r ._,___._,___.l‘_.__b_.‘_..___l 360

T F 6 6 G T K V E I K BsiWl
ALGTTCGG’IGGPGGCACCAPGGT"' GAAATCAAGCGTACG
361 -~ | ewe t e 399
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Figure 42

Heavy Variable

HindIIT M 6w 5 ¢ I I & F L vV a2TA RaRTGUV H S Q VvV QL ¥ E T G
AAGCTTACCATGGGATGGAGCTCTATCATCCTCT TCTTGGTAGLAACAGC TACCGCAGTCCACTCCCAGGTGCAGCTGGTGGAGACTEGG

| PR B {mmmmmmme fmmmmm = Lem- L= - —lemecce—eol 90

G 6 L I ¢ P G G 3 L RM S C|T I T D Q V P Y 3§ VIW V R Q@ A P
GGAGGCTTEATCCAGCCTGGAGGGTCCCTGBGAATGTCCTGCACCATTACTGPCCAGGTGCCTTACTCPGT TGGGTTCGGCAGGCTCCG
9] ———————m— for e b e e Rttt b [ R Ve 1 180

6 K & L 8B w I A Y I ¢35 6 &G Db R T Y ¥ P DTV KGR F T i 3
GGCAAGFGGCTCCAG“GGAT”CCATACATTGGTAGTGGTCGTGPTAGAACCTPCTATCCAGACFCTGTGAnGGGCCGAITCACCATTTCF

181 —==—mios | e i e e et bt i R it P ¥ —- — e e v 270
R D W 58 K ® T L ¥ L © L ¥ % L R A& E P T A V ¥ ¥ T A R H ¥ G
AGAGACAATAGCAAGAACACCCTGTATTTGCAATTGAACAGTCTGAGGGCTGA”GACACAGCCGTGTATTnCTQTGCAAGACATTATGGT
27L ————m———— f e e b e b e [ P e e i i i e e e e 360

Afel
H Y v P Y A VDY WG Q G T T V T V & 8
CACTACGTGGACTATGCTGTGGACTACTGGGGTCAAGGAACCACGGTCACCGTCTCCAGCGCT
361 e e e e L |t R (RS £ %!
Light Variable
‘BamHAl M G W & C T I L F L VvV A T A T 66 v R & D ¥V .. M T ¢ § P
GGATCCACCATGGGATGGAGCTGTATCATCCTCTICTTGGTAGCRAACAGC TACEGGAGTCCACTCCGATG TGTTGATGACCCAATCTCCA
1 et =k ! H LN e b e 1 feeenem 1 00
L 3 L. P V T P G E P A 5 I 5 ¢JT P P A& ¥ R P P N A& P I LIW Y
CTCTCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCGATCTCTIGEACTCCTCCAGCTTATAGACCACCAAATGCCCCTAICCTATGGIAT
51 i [ ! -=1 ——=t ==my 1 180
L ¢ K P 6 ¢ 5 P 0L L I ¥ KWV S WRPF S GV P DRE S G S G
CTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTACAAAGT TTCCARCCGATTTTCTGEEGTCCCAGACAGATTCAGTGGCAGTGGA
181 ~m=mmemmm I R e ! -1 ! ! e -1 270
& 6 TDFTOLEKTITS®RYEU AETDTT GV Y JYCF QG S HV P W
TCAGGGACAGATTTCACACICAAGATCAGCAGAGTGGKGGCTGAGGPTACCGGAbTGTATTACTGCTTTCAAGGTTCACPTGTTCCGTGG
271 -~ ! bomee [ ! ! -1 =1 I 360

T F 6 G G T K V B I K BsiWl
ACGT TCGGTGGAGGCACCAAGETGGARATCARGCGTACE
361 ——-m i i R 399
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Figure 43

Heavy Variable

HindilIl M ¢ W 5 ¢ I I L F L Vv AT 3T 6 V HS QV QL V E T G
AAGCTTACCATGGGATGGAGCTGTATCATCCTCTTCTTGGIAGCKACAGCTACCGGAGTCCACTCCCACGTGCAGCTGG GGAGACTEGG

1l wsemmm e et e e ! -1 Bt e i P 190
G G L I ¢ P G G 5 L R M S ClIT I T D GGIL P F B VW V R Q A P
GGPGGCTTAATCCAGCCTGGAGGGTCCCTGAGAATGTCCTG( ACCATTACTGACCAGCTGCCTTTCTCCGTGTCGGT lLL—:LCAGGCT"CG
91 ——mmmm——— oo b e s R I Rt ——— s [ et bt 1180
6 K 6 L E W I A Y I & &8 6 G DR T Y Y P DT VY K G RF T 1T 5
GGGRAGGGGCTGGAGTGGAT CGCATACA TTGGTAGTGGTGCTGP AGRAACCTACTATC CAGACACTGTGAAGGGCC’"ATTCACCF TTT("C
181 semmmmome e i e e et e ) e e R e L B 270
R D w 5 KR W 7T L ¥ L @ L N 5 L R A E R T A V Y Y © & R H ¥ G
AGA GACAATAGCMGMCAC CCTGTATTTGCAAT TGARCAGTCTGAGEGCTGAGGACACAGCUGTETATTACTGTGCAAGACATTATSGT
271 - = fm—— {=m Vo f== Y360
Afel
H Y VvV DY AV DY WG QG T TV T V 5 5
CACTACGTGGACTATGCTGTGGACTACTGGCE TCAAGGAACCACGGTCACCETCTCCRAGCGLT
361 ~———mm——— f e R e P i ! { T——— 423
Light Variable
BamH1l M 6 W s ¢ I I L F LV ATSATGV HS DVLMTOQ S P
GGATCCACCATGGGATGGA! GCTGTATCATCCTCTTC T‘I‘GGTAGCE‘.ACAGCTACCuGAGTCCACTCCaATGTGTTGATCACCCAATC'I\‘CA
1 -1 ! [ I ' 1 ‘l [ mm = § 90
L § L P VT P G E P & 8§ I 5 C|T P F A& Y R P P I & P T LW Y
CTCTCCCT bC CT GTCACTCCTGGGGAGCCnGCCTCGAT CTCTTGQACTCCTCCAGCTTATAGACCA! CCAAATGvCCCTATCC TATGGTAT
Gl m—meEesrliase s S s b edm r rme et fmmeer ! e R e T —-=-=-t 180
L @ K P G @ $ P Q L . I ¥ K V 5 N R F S5 66 VvV P DR F & 6 8 C
CTGCAGAAACCAGGCC. AGTC TCCACAGCTCCTGATCTACARARGTTTCCAACCGATTTITCTGGGET L.LLAGACAaATTCAGTGGCAGTGGR
181 - s e ] e 1 H ! =1 i P 270
5 & T b ¢¥ ¥ L K I S R V E A E DT G VY ¥ Y € F¥ QG 8 H V P W
TCAGGGAC AGATTTCACACT CAAGATCAGCAGAGTGGAGGCTGAGGATACCGGASTGTAT TACTGCTTTCAAGGTTCACATGTT CCGTGG
271 =1 —==t =1 ——=l ! Toome -—=! 360

T F 6 6 G T K V E I K BsiWt
ACGTT CGGTGGAGGCACCAAGG TGGARAT CAAGCGI‘ACG
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Figure 44
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Figure 45

Heavy Variable

HipdIII ™M ¢ W 3 € 1 I L F L V A T A T G V H § @Q VvV @Q L Vv E T G

AAGCTTACCATGGGATGGAGCTGTATCATCCTCTICTTGGTAGCAACAGCTA! CC\:GAGTCCACTCCCAGFTGCAGCTGGTGGAGPCTuGG

1 mmemmmmme Ve e Lo e o R P e et S TR LT I e [=Is|
G 6L I ¢ P 66 G 5 L RM S €T T MDOQYV P F 3 ¥V|W WV R @ A P
GGAGSCTTARTCCAGCCTSGRGEGTCCCTGAGAR TGTCCTGYACCATTATGEA CAGGTGCCTTTCTCCGTCTE”CTTCGGCAGGCTCCG

91 -1 - 1= ——— e e e t 180
G Kk G L. BEW I A Y T G5 G Gy Vv ¥ D F F V W LIR F T ¥ 8 R D
GGBAAGGGGCTCGAGTGGAT CGCATACATTGGTAGTGGTGGYAGTGTTTATGAT TTTTITGTGTGGCTCEGATT CACCATTT CCAGAGAC

181 ————-s—s— S e R R - o -1 270
¥ 5 K ®¥ T L Y L 0 L W3 % R A E DT A V Y Y C A RHDY G H ¥
AATAGCAAGAACACCCTGTATTIGCAAITGAACAGTCTGAGGGCTGAGGACACAGCCGTGTATTA”TGTGCG%GACAITATGGTCACTAC

271 -t ! I t- — t—- B e ! 360

Afel
vV DY AV D Y W G Qg T T V T VvV § 8
GTGGACTATGCTGTGGACTACTGGGETCAAGETACCACGGTCACCGTCTCCAGEGCT
361 —=rm——me— [ et (o ! ~i= 417
Light Variable
BamH1 M G ®%w 5 ¢C I I L P L V A TATGV HS D WV LMTQ S P
GCGATCCACCATGGGATCGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACCGGAGTCCACTCCCGATGTGTTGATCACCCAATCTICCA
1 - ! ! e R e e 190

L & L. » V T P G E P A 5 I S5 CJW N R Q L ¥ P E W TE A ¢ R L

CTCTECCTECCTETCACTCE TGGGGAGE CAGCCTCGATCTC TTGT GEAACAGECAGC TGTATCCAGAGTGEACAGARGCCCAGAGACTT,
91 ——- [ -1

—t 1 [ —t

B R —T B T-1]

DIWw ¥ L @ K P 6 Q % P Q@ L L I Y K v N R F S 6V P D R F 3

g

GACPGGTATCTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTACAAAGTTTCCAACCCGATTITCTGGGGTCCCAGACAGATTCAGT

181 == L= R e e L e fmm e L frmorm I——mrmmmmm = L 270
G 8 ¢ s 6T F T LZE I §$ RWVEA AEW®DPTGUV Y ¥ C r Q G S8 H
GGC '\GTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCIGnGGATACCGGAGTGTATTPCTG(‘TTTCAAGGITCACAT
271 s L il B e i bt bt ! femms ! 360
vV P W TF G G 66 T K V E I K BsiWL
GTTCCGTGGACGTTCGGTGCAGGCACCAAGGTGGARATCAAGCGTACG
361 ——rmm——me ! Lo ! ———t 408
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Figure 47

Heavy Variable

HindII¥ M ¢ W 5 C ¥ I L F L V A T &2 T 6 V B & @ V 9 L V E T ¢
MGCTTACCATGGGATGGAGCTGTATCATCCTCTTC TGGTBGCfu‘lCAGCTPCCGCAGTCCbxCTCCCAGGTGCAGCTGGTGGAGAC'IGGG

B B e , e el B -~ 90
G 6 L I ¢ P G G S 1L, R M & ¢|T I ™M p ¢ VvV P F 8 V|IWwW vV R Q A P
GGPGGCTIAATCCAGCCTGGAGCGTCC”TGPGAATGICCTGCACCATTATGGACCAGGTGCCTTTCTCCGTCIGGGITCGGCAEGCTCCG

91 B T e e fommmmmm e {—mmm L] e L 180
G K 6L E W I AYTI G S35 6 65 VY DGFF VvV WUL|[RFTTI S35 RD
GGGAAGGGGCTGGAGTGGATCGCATACATTGGTAGTGGTGGIAGTIGTTTATGATITTT TTGIGTGGCTCLGATTCACCATTTCCAGAGAT

181 {—em : B R ! e boemmaonae 1270
N 5§ K ¥ T L Y L ¢ L W 8 L R A E D T A V ¥ ¥ € A R H Y & H ¥
AATAGCAAGAACACLCTGIATTT”CAATIGAPLAFTCTGAGGGCIGAGGACACAGCCGTGTATTACTGLGCGPGACPTTAIGGTCACIAC

271 mmmm s e e mm s b I e I e [l et R e R Y Y

° Afel

vV D Y AV D Y WG § &T TV T V S5 3
qTGGACTRTGCTGlGGACTPCTGuGGTCAAGGIACCPCGGTPACCGTCTCCAGCGCT

361 rmmm e e e ! <l 1 417

Light Variable
BamHI M 6 ¥ £ ¢ I I 1L F LV ATATGGV H S DV L MTOQSS P
GGATCCACCATGGGALGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTbCC”GAGTCCACTCCGATGTGTTGPTG%CCCAATCTCyA

s T L B R EESE L ! oo fommmom e t g0

L £ L PV TP GE A SIS ¢CRE S Q S L VEHESHNGGIHNTZY L
CTCTCCCTGLCTGTCACTCCTGGEGAGCCAGCLTCCATCTCTTGCAGATC TAGTCA ('AGCCTGGTACATAGTAATFGAAPCACCTATTTA
91w e [ fomm [ ! N — [ (- 1180

E W Y L ¢ K P GOQ P 0L L I ¥ KV S5 N RF S GGV P D RF S
GAATGG"'ACC TGCAGAAACCAGGCCAGT(‘TCCP CAGCT CCTGAT \,TACAAAGTTTCCAA;, CGATTTTCTGGGGTCCCAGACA SATTCAGT

G £ 6 S 6 TDFTITILEKTIS®RVYVEHS LZETD DTGV Y Y c[lw RO L
GFCAGTGGATCAGGGPCAGATITCACACICAAFA*CAGFAGAFTGGAGCCTGACGATACCGGAGIGTATTACTGCTGGAACAQGCAGCTC
271 mmmmmmme s e L R e SRR L B B 1| 360

Y P E W T E A Q R L D|F 6 ¢& 6 T K V E I K BsiWl
ITATCCAGAGT GGACAGAAGCCCAGAGACT TGAC LTCGGT! GGAGGCA CCAAGGTGGAARTCAAGCGTACG
361 [ 1. ' ! L —f———= 429
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Figure 48
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Figure 49 continued
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Figure 50
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Figure 50 continued
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Figure 51

Heavy Variable

HipndIIT M G W 5 € I & L ¥ & V A T A T G V H & Q ¥V Q@ L VvV E T G
AAGCTTACCATCGGATGGAC”TGTATCATCCTCTTCTTGGTAGCAACRGCTACCGGACTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG

1 ! -t e —--1 90
¢ 6 I Q P G G5 L RM S5 CfT L. T ¥ 5 L P L V|IW V R Q A P G
&G AC‘G(“I‘TA} TC CAGCCTGGAGGGTCC CTGAGAATGTCCTGEATCTTGATCAATTCCCTACCTCTIGTALGGETTCGCCAGGETCCGGEGE
91 mmmemos fmmmmmm s e femmm e e e Rt B ! - temn - === 1BO
K 6 L E w I A Y I G S 66 G D E TFT Y Y P DT V K GRFET T I 5 R
AAGGGGCTGGAGTGGATCGCATACAT TGGTAGTGGT GGTGATAGAACCTACTATCCAGACACTGTGAAGGGCCGATTCACCATTTCCAGA
181 ! L ! it bl ! =1 B T Vommmmme—— 1 270
b N $ KNT L Y L @ L N3 L R AZEDTAEV Y Y CARUHY 6 H
CACAATAGCAAGAAJ\CCCTGTA‘ITTGCD.ATTGAI‘ CAGTCTGAGCGCT G, 7K;GAC"\‘(:AGCCG’I‘GTA"‘TAC'I‘GT GCAAGACATTA' TGGT"AC
271 Pee= el === === 360
Afel
Y v Db Y A VvV D YW G Q 6 T TV T VvV & S
TACGTGGACTATGCTGTGGACTACTGGGGTCAAGGAACCACGEGTCACCGTCTCCAGCGLT
361 —==1 f - t ' E—— 420
Light Variable
Bamil M 6 W & ¢ I I L F L V A T A T G VvV 8 % D V L M T 9 & P
GGATCCACCATGGGATEGAGCTGTATCATCCTCTTCTITGGTAGCAACAGCTACCGGAGTCCACTCCGATCTGTTGATGACCCAATCTCCA
1l re—————— oo e ——— ! t—m =1 t -1 t -l—- -=1 50
L..$ L PV T P G E P A & I & CyT P P A Y R P P N A P I LIiW ¥
CTCICC(‘TGCCIGTCACTCCTGGGGAGCGAGCCTCGA TCTCTTGY !&CTCLICCAGCTIATAG ACCA CCAAAT G’CCCIA’ICC TNIGGTAT
g1 e Vo R LSS I S L e R P e Lot oot 180
L Q K P G Q 3 P Q L L I ¥ KV S8 NRF 5 GG VP DRF § 6 35 G
CTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATC TACAARGT TTCCAACCGATTTTCTGGGGTCCCAGACAGATTCAGTGECAGTGGA
181 =1 il =1 ! L 1 ad Ratntate e T L i L 270
s 6 T p F T L K I 3 RV EAUEDTGV ¥ ¥ CF Q 6 8 HV P W
TCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATACLGGA! TGTATTACTGCTTTCAAGGTTCACATG‘TCCGIGG
R B I e Y n S e iy — 360

T F 6 6 6 T K V E I K BsiWI
ACGTTCGGIGGAGGCACCAAGGTGGAAATCAAGCGTACG
361 ———~memm-l -1 ! -~— 399
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Figure 52

Heavy Variable

HindIIX MGG w s ¢ 1 I L F L VATATGUV E S Q V Q L V¥V E T G
AARGCTTACCATGGGATGGAGCTGTATCATCCTCTITCTTGGTAGCAACAGCTACCHGAGTCCACTCCCAGGTGCAGCTGGTGGAGACTGGG

1 oo e | R R b e [ T ] PR JU——— Y,

G 6 L I Q P & 66 S L R M S ¢ A A 35 G F a F I T ¥ D M S5 W VvV R
GGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGAALGTCCTGTGCAGCCTCTGGATTCGCTTTCAATPCCTATGAuATGTCTTCGGTTCGC

91 —mmsmmoan S e b b s 180
g A P G K GG L BE W £ A ¥ I G 5% 6 61 L I N 8 L P L V|R & T I
CAGGCTF"GGGGAAGGGGCTGGAGTGGALCGCATACATTGGTAGTGGTGG"ATCTTGATCAATTCCCTACCTCTTGTACGATTCACCATT
181 ——memmmmmt e [CTa— R e TR 1t . - e mm—————— it 270

5 R D N S KN T L ¥ L @ L N 5 L RAETDTATV Y Y Ca R H Y
TCCAGAJGACAAT AGCAAGRACACC CTGTATTTGCAnTTGAhC AGTC IGA@GGCTGAGGACAPAGccGTGTATTAJGTGCAAGACAHAT
S e e T T : 1 1360

Afel
G H Y vV D ¥ A vV D ¥ W G 0 G T T V T V s =
GGTCACTACGTGGACLATGCIGIGGACTACTGGGGTCAAGGAPCCACGGTCRCCGTCTCCABCGCT

Light Variable

BamBl M ¢ w 3¢ 1 I L F 1 VvV A TATGV E 2 DV L M T @ 5 P
GGRTCCPCCATFGGATGGAGCTGTATCATCCTCTTCTTGGTAGCRACAGCTACCGG“GTCCACTCCG%TGIGTTGATGACCCAATCTCCB
[ S -1 [P P [ - -1 g0

L 8§ L P V T P G E P A S I S €T P P A ¥ R'P P H A P I LW Y
CTCTCCCTGCCTGTCACTCCTGGGGAGCCAGCCTCGATCTCTTGCACTCCTCCAGCTTRTA ACCACCAAATGCCCCTATCCTATGGTAT
91 mmmmmm o [ o s [ [P [P— I N — fom I 180

L ¢ K P 6 5 P Q L L T ¥ K Vs ¥ RF 5 6 V P DRTF S 6 5 G
CTGCAGAAACCAGGCCAGTCTCCACAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGGGTCCCAGACnGATTCAGTGGCAGTGGA

181 —=mmmmmem D e TR R R e R ! t—— {270
5 66T pBpF TUL K I 3 RV EAEUDTGV ¥ ¥ CF QG S HV P W
TCAFGGAFACATIICACAFTCAAGATCAGCAGACTGGAGGCTGAGGKTACCGGAQTGTATTALLbLLLILAAthLLACAIQLLLLGTGG

2 B R e T Ty PSRN SRRy PRI PUVIS ORI [ I 360

T F G G G T K V E I K BsiWI
ACGTTCGGI‘GGAGGCACCAAGGTGGAAATCAAGCGI'ACG
361 —--- - fmmms 399
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Figure 53
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Figure 54

Heavy Chain

HindlIl M ¢6 W s ¢ 1 I L ¥ L v aTAT GV H 3 QV QL VvV ET G
MGCTTACCATGGGATGGAGCTGTAT\.ATCCTCTTCTTGGI‘AGCAACAGCTACCGGPGTCCACTuCCAGGTGCAGCTGGTGGAGACTGGG
1 - { ! B T ST RO [P -—— H [mmsi 1 90

G 6 L I ¢ P G 666 $ L R M 5 ¢|T I M D O VP F 5 V[W V R Qg a P
GGAGGCTTAATCCAGCCTGGA GGETCCCTGAGAATGTCCTGYACCATTATGGACCAGEGTGCCTITCTCLGTETGEGET z,uuz_pGGCTc CG

91 mmmmmmmm e ! i - e lman E —

6 K ¢ L E W I A Y I &S 6 G|5 VY D VF F V W LIRF T I S R D
GGGARGGGGECTGRAGTGGATCGCATACATIGGTAGTGETGGYAGIGTITATGATTTTITTGTGTGGCTCEGATTCACCATTTCCAGRAGAC

18] = mmemmm e e e s et T b e e e el o bl 1270
¥ s K ¥ T L ¥ L @ L ¥ $§ L R A E DT AV Y Y € A R HE Y G H Y
AR IAGCAAGAACACCCTGTATTTGCAP'TTGAACPGTCTGAGGGCTGAGGACACAGCCGTGTATTACTGTGCG AGACQTTATGGTCACTAC
271 ————mm—— L e et -t -1 Pmmmm e ! 360
Afel
vV b Y A VvV D Y W GG Q G T T ¥ T VvV s & A K T T & P 8§ V Y P L A
GTGGECTATGCIG J'GCACTACTGGGGI‘CAAGG TACCACGGTCACCG TCTCCAGCGCTAAAACAACAGCCCCATCGGTCTATCCACTGG"C
361 I el R D e e L =-==! 4850
P VvV CG3H» T T GS 35 VvV T L 6 C LV KSG Y F P EP YV T L T W W
CCTGTGTGT GGACATALAAC'"GGCTC © TCG"”I GACT CTPGGATGCC TGGTCAA GGGTTA'L TTCCCTGAGCCABTGACTT TGACCTGGAAC
451 ————m———— b e [ e e e ! -t Ve 540
s 6 5 L 3 § G Y H T F P AV L © 5 P L ¥ T L 8§ 8 & ¥V T Vv T S
TCTGGTTCCCTGTCCAGTGGTGTGCACACCTICCCAGCTGTECTGCAGTCTGA CCTC'"A(‘ACCCTCAGCA(’CTCAGT(‘ACTGTAACTTFG
541 ==l ! & ! tmmmm ! ~1 ¢ ! 630
S T w P & Q 5 I T CN UV A HPAS S TIHKVV D ERKI KTIZEZPURTEGP
AGCACCTGGCCCAGCCAGTCCATC ACCTGCAATGTG GCCCACCCGGC AA GCAGCACCAAGGTGGACAAGAAAATTGAGCCCAGP GGGCCC
631 - e ol ! -t -3 P e 720
T I K » ¢ P P € K CP A P N L L GGG P s V F I F P P KT K D
ACARTCAAGCCCTGTCCTCCATGC ARATGCCCAGCACCTAACCTICTIGGETGEACCATCCGTCTTCATCTTCCCTCCARAGATCAAGGAT
721 = ——— o ! ——t T ¢ =] ! 1 810
vV L M I 3 L % P I VT € V V V DV 3 E DDP DV QI 3 WF V
GTACTCATGATCTCCCTGAGCCCCATAGTCACATGTGIGGIGGTGGATGTGAGCGAGGATGACCCAGATGTCCAGA ICAGCTGGTTT(J 1 G
811 =imiwmitmmimm I Vo [ R R i ——i i 900
W NV E VYV H T A QT Q T HR ED Y N &8 T 1L R V V S A L P I Q
AACAACG'IGGAAGTACACACAGCICAGA"’ACAAACCCATAGAGAGGATTACAACAGTACTCTCCGGGTGGTCAGTG(‘"CTCCCCATC(“AG
901 o ¢ —— b 990
H QD WM S 6 KEFKCCK VNN KDL P AP I E R T I &5 K P
CACCAGGACTGG}“TGAGTGGCAAGGAGTTCWTGCAAGGT(‘ CAACAA f‘lf‘CTf‘f"f‘lf"'f'f‘Ca.ATCGIxGAGAAC"I\TCTCAAAACCC
991 mmmmmmmm s e e e ! ! ¢ ——=1 ! ! 1080
K ¢ 3 vR 2P OV YV L PP PEEZEMTIEKIZ KOV TLTOGCMNUV
AAAGGGTCAGTAAGAGET CCACAG GTATATGTCTTGCCTCCACCAGRAGAAGAGATCGACTAAGAAARCAGGTCACTICTGACETGCATGGTC
1081 —=-sm—me lmme- L s 4 -~ t ! ! L1170
I b FM¥M P E P I ¥ VEWTW®NUHNG KT ETULUHTYEKU NTTEZPUV L D
ACAGACTTCATGCCTGRAGACATT TACGTGGAGTGGF CCAACAACGGGAAAACAGAGC InAACTA"AAbAACACTG RACCAGTCCTGGAC
1171 ===seseas e few ! t= S e ! 1260
S b6 s ¥ FM Y S KL RV EKZKIE®WWWVEHRW®NSY S C S V V H
TCTGATGGTTCTTACTICATGTACAGCAAGCTGAGAGTGGAAARGAAG AACTCGGTGGAAAGAAAIA(‘CTACTCCTGTTCAGTGG‘ICCAC
1261 -1 L Poe e 8 b -t e S B 1 1350
E G L B W BEHRTTIHK S F 8 R T P G K * Xbar
GAGGGTCTGCACAATCACCACACGACTAAGAGCT TCTCCCGGACTCCGGCTAAATGATCTAGA
1351 st [ s L el e f e 1413
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Figure 54 conlinued

Light chain
BamHl M G w 5 € I I L F L V A T AT G VYV H & DV L M T Q 8 P
GGATCCACCATGGGATGGAGCTGTATCPTCCTCTTCTIGGTAGCAnCAGCTPCCGuhCTCCACTCCGnTGTGTTGPTGPCCCAATCT;CA

] e —— { e e e ? = R e e fmmm v %0

L 5 L PV TP GEDPASESI 3 C|T PP ayYRPDP¥ATPRETITL|W ¥
CLCTCCCIGCCIGTCACT CCTEG6GAGE CAGCCTCGATCTCT TGHRCTCCTCCAGE 1 TAT AGACCACCAARTGLCCCTATCCTAIGGTAT
91 —mmmmmmm e { b -1 ! I P — e A ' 180

L Qo K PG O 5 P Q L L I Y XV 3 HRBRFE GV PDRTFTETGES G
C;GCAGAAACCAGGCCAGTCTCCACAGCTCCTGATC;ACAAhG;TTCCAACCGATTTTCTGGGGTCPCAGACAGATTCAC”GGCAGTFGA
181 —- ! —-m- fmmmm e e R : S [ : ——1 270

s ¢ T b F T L K I & R & & E DTGV Y Y £ F @ G 35 H V P W
TCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGUTCAGGATACCGRAGTGTATTACTGCTITCAAGGTICACATGTITCCGIGG

271 e Rk {—m—- fee ! e H ! d 1360
Hpal
T F 6 6 &6 7 K V E I ¥ RA D A A P TV 8 I F P P 8 2 E Q L T
ACGTTCGGTGGAGGCACCAAGGTGGAAATCAAGCGTCCAGATGCTGCACCAACTFTATCGATC1TCCCACCATCCAGTGPGCAGTTAACA
361 m—mmmmmmm e e e — R ! ! b ! -1 450
5 ¢ 6 A& 8 VvV V CF L ¥ B F Y P KDIMNVKWEK I D G S E R Q
ICT GGPGGTGCCTCAGTCGIGTGC”TCTTGAACAACTTCTACCCCAAAGACTTCkATGTCAAGTGGAAGATTGATGGCAGTGAPCGACAA
451 ! [ mmmm fomm doarm L Il et e t 540
¥ 6 VvV LW s W TD QD S KD £ T Y S M & & TL T L TEK D E Y
AATGGCGTCCTGAACAGT TGGACT GATCAGGACAGCARAGACAGCACCTACAGCATGAGCAGCACCCTCACCTT GACCARGGACGAGTAT
541 —mmmemmms 1 b ! ! ! it it ! ! ~—==! 630
E R HNS$ Y T C®E®ATHIEKT ST S P I VK S FHNRDNIE C =
GAACGACATAACAGCTATACCTGTGAGGCCPCTCACAhGPCATCTACTTCACCCATT TCAAGAGCTTCP¢CFGGAATGAGTGTTAGCTC
631 ~-em- md - e b s i b e ¢ ~1 ! tommssmme=t 720
XhoI
GAGTCTAGA
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Figure 55
Heavy chain

HindIXI ™M G W &5 C 1 I L ¥ 1L ¥ A T A T 6 ¥V H 3 ¢ v ¢ L V E T 6
AAGCTTACCATGGGATGGAGCTGTAiCATCCTCTTCTTGGTAGCAACAGCTA;,CGGAGTCACTC"CAGGTGCAGCTL:GTGGAGALTGGGC

[Ty P -1 e I b e SR T R Y]

6 6 L I § P © 6 6 L R MGSSCI6 T GGRAMMTEITES T O T MZEV T V
GC‘AGGCTTAATCCAGCCTGGnGGGTCCCTGAL‘AATGTCCTGC GGACAGGCAGGGCAATGCTGGJCA" ACACACCATGGARGTGACTCIC
91 S o e D e B el e e ey e —— R i 180

Y AW V R 9 A P 6 K G L E W I 2 ¥ I G 5 G s[5 Vv v D F F v W
A A TO6 T TCBGCAGGC TC GGG GAR GGG TGGAGTOGAT CGCATACATT6G TAG GG TCS TG IGTT TATEAT I T TI TFGIGISG
181|—--= L e R e R e ! -t I 270

tJrR F T I 5 R D W &§ K ¥ T L Y L QL ¥ 6 L R AE DT AV ¥ ¥
CTACEATTCACCATTTCCA (‘AGACAATAGC AREARCACCCTGTATTTGCARTIGKACAGTCTCASGGC TGAGGACATAGCCGTETATIAC
271 f-—4- R e oo Lt T Tomm e e e 1 260

c A R[WHNERQ LY P E W TEUAG QT RTLID|W GG TT VTV S5 5
TETGLCCGATGGAACAGGCAGCTGTATCCAGAGT GGACAG?_AGCCCAGAGACTTGACTGGGGCCAAGGAACCACGGTCACCGTCTCC&@
361 —-rmmmm el e fmmmmme e e — e — ! : e ! 1459

A K T T A P 53 V ¥ P L A P VvV € G P T T G 53 8 VvV T L G C L V K
BC AR A CAEC A TC GG TC TATCC AL TGRC CCC TGTGTETGGAGATACARC TOCC T CC TCGETGACTCTAGGA TECCTGGTCRAAG
451 —mmmm s s beee e s S fmmmm s fommmms w21 ' 1= ‘ 540

G ¥ F P E P V T L T W W 5 ¢ 5 L 3 8 6 V H T F F A V L g 5 D
GGTTATTTCCCTGAGCCAG'ICACC'ITGACCTGGAACTCTG"TTCCCTGTCCA&TGGTGTGCACACCTICCCAGCTGTCC"GCAGTCTGAC

541 o i - -t e — ! 630
L ¥ T L § 3 3 v T ¥ T 8 &4 T W P 8 Qg 85 1 T ¢ ¥ ¥ A H P A 3 8
CTCTACACCCTCAGCAGCTCAGTGAC TGTAACTT CGAGCACCTGCCCCAGCCAG'ICCATCACCTGCAATGTGL:CCCACCCGGC ARGCAGC
BBL — i e e ] e e . —1 1 720
T K V D X K I E P R 66 P T I K P € P P C K C P A P N L L G G
ACCAAGGTGGACAAGARRATTGAGCCCAGAGGGLCCACARTCAAGCCCTGTCCTCCATGCARATGCCCAGCACCTARCCTICTIGGETGEA
T2 mmmm e e ] e L B B et IR R 1 810
F 8 VvV F I ¥ P P K I K DV L M I s L S P I Vv T CV V V DV B8
CCATCCGTCTTCATCTTCCLICCAARGATCAAGGATGTACTCATGATCTCCCTGAGCCCCATAGTCACATGEGTGETGGTGGATGTGAGC
R L I ! ! e e e —h-- t 900
E D D P D V QI S WUF V NNV E VHTAUOQTGTHRED Y H
GAGGATIGACCCAGATGICCAGATCAGUTGETT TGTGAACAACGTGGAAGTACACACAGCTCAGACACARACCCATAGAGAGGATTACAAC
901 == ! ! b -t ! -t ! i --=! 990
5 T L R ¥ V 3 A L P I @ E ¢ D W M S G K E F K C K V N N K B
AGTACICTCCGGGTGGTCASIGCCCTCCCCATCCAGCACCAGGACTGGATGAGTGGCAAGGAGTTICAAATGCAAGGTCRACAACAAAGAC

GYL e it L e ' ! ! ===t Rt ! ===1 1080
L P A P I E R T I 35 K P K G 8 V R A P Q ¥V ¥ V .. » P P E E E
CTCCCAGCGCCCATCGAGAGAACCATCTCARARCCCARAGGGTCAGTAAGAGCTCCACAGGTATATGTCTTGCCTCCACCAGAAGRAGAG
L10BL —=-mmmmms I fommmsm T P ! : ————t ! 11179
¥ T K K ¢ v T L T € M v T ppF M P E B I ¥ V E W T N N G K T
ATGACTAAGAAACAGGTCACxCTGRCCTGCATGGTCACAGACTTCATGCCTGAAGACATTTACGTGGAGTGGACCA}CAACGGGAAAACA
F 15 Ry 3 R I | [ . ———t ! 1 1260
E L. ¥ ¥y K ¥ T E PV L Ds P G 8 ¥ F MY 5 KL RV E K KN W
GAGCTAAACTACAAGAACACTGAACCAGTCCTGGACTCTGATGGTTCTTALTTCATGTACAGCAAGCTGAGPGTGGAAAAGAAGAACTGG
1261 ¢ ! R f——— ! Rl 1350
vV E R N S ¥ § €C S5 VV HE G L HU®WH KHTTIK S F 5 R T P G K
GTGGAAAGAAATAGCTACTCCTGTTCAGTGGTCCACGAGGGTCTGCACAATCACCACA*"GF CTAAGAGCTTCTCCCGGACTCCGGGTAAR
1351 —mamm e e R i e T R ——— Tt Bttt T R e ] Powmmmaman! 1440
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Figure 55 continued
Light chain
BamHI M 6 W s ¢ I I L FLV ATATTGGV H®E SDV L MTOQS:s P

GGATCCACCATGGGATGGAGCTGTATCATCCTLTTC: r‘'l'GGTAGC‘P_AC&GCTPCCGGAG'l'CCACTCCGA'L'G TGTTGAT GACLCAATCTCCA

—1 ——— 1 i LI = U N

L 8 L P ¥V 1T P GE P A S I § ¢CR 3 S @ 35 L V HES3 BN G N T Y L
CTCTCCC['GCCTGJTCACTC"T{‘GGGAGCCAGCCTCCPTCTCTTGCAGATCTAGTCAGA&CCTGGTALATAGlAAI'GGAAACACCTATTTA

- ; ' P tem = [ R [P :

E W Y L ¢ K P GQ % P O L L I ¥ KV 5 ¥ RF 8 GGV P DR F 5
GAATGGTACCTGCAGAARCCAGGCCAGTCTCCACAGCTCCTGATCTACARAGTITCCAACCGATTITIICTGGGGTCCCAGACAGATTCAGT

i [ ! =1 =1 T [ t :

G s 6 8§ 6 T b F T L K I S RV BE A E D T G ¥ ¥ ¥ ¢ F Q 6 & H
GGCAGTGGATCAGGGACAGATT TCACACT CAAGATCAGCAGAGTGGAGGCTGAGCGATACCGGAGTCTATIACTGCTTTCARGGTTCACAT
___________ F i Fot e i e b e | e i b e e b L g i
Claz
v £ W T F G666 GGT KV E I KRADOAAUZPTVY 35 I F P P L 5 E
GTTCCCTGGACGTTCCCTGGAGGCACCARGGTGGARATCAAGCGTGCAGATGCTGCACCAACTGCTATCGATCTTCCCACCATCCAGTGAG
777777777 e i el e I B e intaleanttl ~t ——f- —-—-! !
Hpal
Q L T 5 6 ¢ A § VvV v C ¥ L W HW F Y P KD I NV KWIXI D G 3
CAGTTAACATCTGGAGETGCCICAGTCGIGTECTITCTIGAACAACT IC [ACCCCARAGACATCAATCTCAAGTGGAAGATTGAT! GQCAGI

......... SR 5 PO G | ! ——

ERQUW G VY LN S ¥ T D Q DS KD ST VY M 8 § T LT L T K
GAACGACARAATGGCG TCCTGAACAGTTGGACTCATC}\ GGACAGC AAAGACAGCACCTACAGCATGAGCAGCACCC TCACGITGACCMG

_________ R o M SO U | ] —_—1

b E ¥ E R B ¥ 5§ Y T C E & T H K T 5 T 8 P I VvV K 5 ¥ N R H E
GACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACATC TACTT CACCCATTGTCAAGAGCT TCAACAGGAATGAG
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Figure 58
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Figure 59
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Figure 60

Heavy Variable

HindIII M G W 5 C I 1 L F L v AT AT GV HS3 QV Q L V E T G
AAGCTTACCATGGGATGGAGCTGTATCATCCTCTICTIGGTAGCAACAGCTACCGEAGTCCACTCCCAGGTGCAGCTGETGGAGACTGGS

1 mrm——mn S P L i e T s et = P i A P

G G LI QPG G S LRMSC6T 6R8R AMILEGTHTWMETVTV
GBASGCTTARTCCAGCCTGaACGATCCCTGAGAA TG TCCTGqEGRACAGGCAGGRCARTECTGEGCACACACACCATGGAAGTAACTRTY
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361 —mmmmmmm ] L o | o e ! [ =l 1 450
GCT
451 --— 453
Light Variable
BamHI M ¢ W s ¢ I I L F L V ATATGWV ® & DV L MTOQ S5 P
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