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ABSTRACT 

The present invention relates to methods and compositions 
for the prevention and treatment of cancer, in?ammatory 
diseases and disorders or de?ciencies of the immune system. 
The methods of the invention comprise administering a 
CD40 binding protein that potentiates the binding of CD40 
to CD40 ligand. 
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RECOMBINANT CELLS AND TRANSGENIC 
ORGANISMS ENCODING ANTI-CD40 PROTEINS 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to methods and com 
positions for the treatment of diseases and disorders, includ 
ing cancer, in?ammatory diseases or disorders and diseases 
or disorders of the immune system, comprising administer 
ing a CD40 binding protein Which enhances binding of 
CD40 ligand to CD40. CD40 binding proteins include 
recombinant/variant forms of monoclonal antibody S2C6 
and derivatives thereof. 

2. BACKGROUND OF THE INVENTION 

[0002] CD40 is a cell surface phosphorylated glycoprotein 
that is expressed on a variety of cell types, including B cells, 
B cell malignancies, follicular dendritic cells, basal epithe 
lial cells, and carcinomas. CD40 binds CD40 ligand 
(“CD40L”). CD40L is expressed on activated T cells during 
in?ammation and cancer (Younes et al., 1998, Br. J. Hae 
matol. 1001135-141; for a revieW see GreWal and Flavell, 
1998, Annu. Rev. Immunol. 161111-135). The interaction of 
CD40 With CD40L results in B cell activation and prolif 
eration of normal B cells; hoWever CD40-mediated signal 
ing in B cell-derived tumor lines can result in activation 
induced cell death. The strength of the activation signal is 
key to activation-induced tumor cell death (Grafton et al., 
1997, Cell. Immunol. 182145-56). Therefore, compositions 
and methods for increasing receptor-ligand interaction and 
strength of activation signal betWeen CD40 and CD40L 
Would be of great value in treating disease. 

2.1 CD40 and CD40 Ligand 

[0003] CD40 is a member of the TNF receptor superfam 
ily. This family includes TNFrII, CD40, CD30, LMP-1, 
LTBr, ATAR, OX-40 and 4-1BB receptors. CD40 is consti 
tutively expressed on B-lymphocytes, macrophages and 
dendritic cells and is induced by cytokine activation on 
?broblasts, endothelial cells and epithelial cells (Van Kooten 
and Banchereau, 1997, Curr. Opin. Imunol., 9: 330-337). 
CD40 has also been shoWn to be highly expressed on many 
human carcinomas including lung, bladder, gastric, breast 
and ovarian cancers (Stamenkovic et al., 1989, EMBO J. 
811403-1410). 
[0004] The ligand for CD40 is a membrane protein that is 
expressed on activated T cells. Receptor binding of CD40L 
results in CD40 multimeriZation, the generation of activa 
tion signals (for antigen presenting cells such as dendritic 
cells, monocytes and B cells) and the generation of groWth 
and differentiation signals (for cytokine-activated ?broblasts 
and epithelial cells). CD40 signals are transduced from the 
multimeriZed receptor via recruitment of a series of TNF 
receptor-associated factors (“TRAFs”) (Kehry, 1996, J. 
Immunol. 15612345-2348). Subsets of TRAFs interact dif 
ferentially With TNF family members, including CD40, to 
provide stimuli to a Wide variety of doWnstream pathWays. 
TRAF1 and TRAF2 are implicated in the modulation of 
apoptosis (Speiser et al., 1997, J. Exp. Med. 18511777-1783; 
Yeh et al., 1997, Immunity 71715-725). TRAFs 2, 5, and 6 
participate in proliferation and activation events, including 
NF-kB and c-Jun N-terminal kinase activation. In normal B 
cells, binding of CD40 recruits TRAF2 and TRAF3 to the 
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receptor complex and induces doWn-regulation of other 
TRAFs (Kuhune et al., 1997, J. Exp. Med. 1861 337-342). 
The effects of CD40 binding are also dependent on mem 
brane density (De Paoli et al., 1997, Cytometry 30133-38). 
Importantly, unlike the proliferative response seen With 
normal primary B cells, CD40 binding on neoplastic B cells 
can result in groWth inhibition and activation-induced cell 
death (Funakoshi et al., 1994, Blood 8312787-2794). Thus, 
CD40 activation in the context of different cell types, 
transformation, resident TRAFs and co-stimuli can induce 
responses ranging from activation and proliferation to 
groWth inhibition and apoptosis. 

2.2 Anti-CD40 Antibodies 

[0005] With at least one exception, the anti-CD40 mono 
clonal antibodies (“mAbs”) described to date are of three 
general classes: (1) those that block CD40/CD40L interac 
tion by at least 90% and have anti-neoplastic properties 
(Armitage et al., US. Pat. No. 5,674,492; FansloW et al., 
1995, Leukocyte Typing V, Schlossman et al., eds., 11555 
556); (2) those that antagoniZe signaling through CD40 
(deBoer et al., US. Pat. No. 5,677,165); and (3) those that 
deliver a stimulatory signal through CD40 but do not 
increase the interaction betWeen CD40 and CD40L, e.g., 
G28-5, (Ledbetter et al., US. Pat. No. 5,182,368; PCT 
Publication WO 96/18413). 

[0006] One mAb, CD40.4 (5C3) (PharMingen, San Diego, 
Calif.), has been shoWn to increase the interaction betWeen 
CD40 and CD40L by approximately 30-40% (Schlossman et 
al., eds., 1995, Leukocyte Typing V1 White Cell Differen 
tiation Antigens 11547-556). 

[0007] Armitage et al. (US. Pat. No. 5,674,492) describes 
methods using CD40 binding proteins, including mAb 
HuCD40-M2, that are capable of binding CD40 and inhib 
iting the binding of CD40 to CD40L, for preventing or 
treating disease characteriZed by neoplastic cells expressing 
CD40. 

[0008] DeBoer et al. (US. Pat. No. 5,677,165) describes 
anti-CD40 mAbs that, being free of signi?cant agonistic 
activity, bind to CD40 on the surface of B-cells, and block 
B-cell activation. An essential feature of US. Pat. No. 
5,677,165 is that upon binding of the anti-CD40 mAb to 
human CD40 on the surface of normal human B cells, the 
groWth or differentiation of normal human B cells is inhib 
ited. 

[0009] Ledbetter et al. (US. Pat. No. 5,182,368) describes 
a ligand, G28-5, that binds to the B cell surface antigen Bp50 
(noW designated CD40) and stimulates activated B cells to 
traverse the cell cycle such that B cell proliferation is 
augmented. HoWever, G2.8-5 does not enhance activation of 
B cells in the presence of CD40L, and does not potentiate 
CD40/CD40L interaction. 

[0010] S2C6 is an anti-CD40 mAb that Was prepared 
against a human bladder carcinoma (Paulie et al., 1984, 
Cancer Immunol. Immunother. 171165-179). S2C6 binds to 
the CD40 receptor expressed on a variety of cell types 
including B-lymphocytes, endothelial and epithelial cells. 
S2C6 has been shoWn to have speci?city toWard neoplastic 
urothelium and B cell-derived malignant lymphocytes. 
Reactivity With a prostatic carcinoma cell line, HS, and 
Weak reactivity With a melanoma has also been shoWn 
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(Paulie et al., 1984, Cancer Immunol. Immunother. 17:165 
179). Studies have suggested the utility of S2C6 as a 
diagnostic marker for B cell malignancies (Paulie et al., 
1984, Cancer Immunol. Immunother. 17:165-179; Paulie et 
al., 1985, Eur. J. Cancer. Clin. Oncol. 21:701-710). In 
addition to detecting B cell malignancies, S2C6 has been 
shoWn to deliver strong groWth-promoting signals to B 
lymphocytes (Paulie et al., 1989, J. Immunol. 142:590-595). 

[0011] S2C6 has agonistic activity on human peripheral B 
cells as demonstrated by its ability to stimulate primary B 
cell proliferation in a dose dependent manner (Paulie et al., 
1989, J. Immunol. 142:590-595). 

[0012] Although competition studies have shoWn that 
G28-5 and S2C6 bind the same or proximal epitopes, the 
antibodies have been determined to be functionally different 
based primarily on the stated magnitude of stimulation 
achieved by either mAb on previously stimulated tonsillar B 
cells (Clark and Ledbetter, 1986, Proc. Natl. Acad. Sci. USA 
83:4494-4498; Ledbetter et al., US. Pat. No. 5,182,368). 
One hundred times more S2C6 compared to G28-5 Was 
required to achieve tonsillar B cell activation under the 
speci?c conditions tested (Ledbetter et al., US. Pat. No. 
5,182,368). 
[0013] There is a need in the art for therapeutics With 
increased ef?cacy to treat or prevent cancer, activate or 
augment the immune system or treat or prevent an immune 
de?ciency or disorder, a need provided by the present 
invention. 

[0014] Citation or identi?cation of any reference herein 
shall not be construed as an admission that such reference is 
available as prior art to the present invention. 

3. SUMMARY OF THE INVENTION 

[0015] Applicants have made the unexpected discovery of 
a neW class of anti-CD40 antibodies that, in addition to 
delivering a stimulatory signal, enhances the interaction 
betWeen CD40 and CD40L, enhances CD40L-mediated 
stimulation and has in vivo anti-neoplastic activity. Produc 
tion and use of these antibodies and related molecules are 
facilitated by the inventors’ cloning and sequencing of the 
variable region of mAb S2C6, and identi?cation of the CDR 
and frameWork regions therein. 

[0016] The present invention relates to molecules com 
prising the variable domain of mAb S2C6 or one or more of 
the complementarity-determining regions (CDRs) thereof 
having novel sequences (SEQ ID NO: 3, 4, 8, 9 or 10), Which 
molecules (a) immunospeci?cally bind CD40 and (b) com 
prise one or more substitutions or insertions in primary 
amino acid sequence relative to native monoclonal antibody 
S2C6 as secreted by the hybridoma deposited With the 
ATCC and assigned accession number PTA-110. In a spe 
ci?c embodiment, the molecules are not native monoclonal 
antibody S2C6 and do not comprise the native heavy or light 
chain of said monoclonal antibody S2C6. In a speci?c 
embodiment, the molecule is an antibody. In another 
embodiment, the antibody is not isotype IgG1. In another 
speci?c embodiment, the molecule comprises a light chain 
variable domain, the amino acid sequence of SEQ ID NO:2, 
or a heavy chain variable domain, the amino acid sequence 
of SEQ ID NO:7. 

[0017] The invention further relates to chimeric/fusion 
proteins comprising a fragment of mAb S2C6 fused to an 
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amino acid sequence of a second protein, as Well as to 
molecules Wherein a fragment of mAb S2C6 is covalently 
bound (e.g., by use of a crosslinking agent) to another 
chemical structure. In a speci?c embodiment, a molecule is 
provided that immunospeci?cally binds CD40, Which mol 
ecule comprises the heavy and/or light chain variable 
domain of mAb S2C6 fused to a second protein comprising 
the amino acid sequence of bryodin 1 (BD1). 

[0018] The invention further relates to proteins compris 
ing an amino acid sequence that has at least 95% identity to 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:7, 
SEQ ID NO:8, SEQ ID NO:9, or SEQ ID NO:10, Which 
proteins (a) immunospeci?cally bind CD40 and (b) com 
prise one or more substitutions or insertions in primary 
amino acid sequence relative to native monoclonal antibody 
S2C6 as secreted by the hybridoma deposited With the 
ATCC and assigned accession number PTA-110. In a spe 
ci?c embodiment, the proteins are not native monoclonal 
antibody S2C6 and do not comprise the native heavy or light 
chain of said monoclonal antibody S2C6. 

[0019] The invention further relates to puri?ed proteins, 
Which proteins (a) compete for binding to CD40 With 
monoclonal antibody S2C6 as secreted by the hybridoma 
deposited With the ATCC and assigned accession number 
PTA-110, (b) increase the binding of CD40 ligand to CD40 
by at least 45%, and (c) comprise one or more substitutions 
or insertions in primary amino acid sequence relative to 
native monoclonal antibody S2C6 as secreted by the hybri 
doma deposited With the ATCC and assigned accession 
number PTA-110. In a speci?c embodiment, the proteins are 
not native monoclonal antibody S2C6 and do not comprise 
the native heavy or light chain of said monoclonal antibody 
S2C6. 

[0020] The invention further relates to nucleic acids 
encoding such molecules and proteins or Which hybridiZe to 
a DNA consisting of the nucleotide sequence encoding such 
proteins; recombinant, cells comprising such molecules and 
proteins; and methods of producing such proteins. 

[0021] In an embodiment, the isolated nucleic acid com 
prises a nucleotide sequence encoding a protein comprising 
(a) a heavy chain variable domain of monoclonal antibody 
S2C6 as secreted by the hybridoma deposited With the 
ATCC and assigned accession number PTA-110, and (b) a 
human constant region. 

[0022] In an embodiment, the isolated nucleic acid com 
prises a nucleotide sequence encoding a protein comprising 
(a) a light chain variable domain of monoclonal antibody 
S2C6 as secreted by the hybridoma deposited With the 
ATCC and assigned accession number PTA-110, and (b) a 
human constant region. 

[0023] The invention further relates to recombinant cells 
containing a recombinant nucleic acid vector comprising a 
nucleotide sequence encoding a protein, Which protein com 
petes for binding to CD40 With monoclonal antibody S2C6 
as secreted by the hybridoma deposited With the ATCC and 
assigned accession number PTA-110, and Which protein 
increases the binding of CD40 ligand to CD40 by at least 
45%. The invention also provides methods of producing 
such proteins comprising groWing such cells such that the 
protein is expressed by the cell, and recovering the 
expressed protein. 
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[0024] The invention further relates to recombinant cells 
containing a recombinant nucleic acid vector comprising 
SEQ ID N011, SEQ ID N016, SEQ ID N0111, SEQ ID 
N0112, SEQ ID N0113, SEQ ID N0114, or SEQ ID N0115 
and methods of producing proteins comprising groWing 
such cells, such that a protein encoded by the nucleotide 
sequence is expressed by the cell, and recovering the 
expressed protein. 
[0025] Pharmaceutical compositions containing the mol 
ecules and antibodies of the invention, preferably in puri?ed 
form, are also provided. In particular embodiments, the 
invention relates to pharmaceutical compositions compris 
ing a molecule comprising SEQ ID N012, SEQ ID N013, 
SEQ ID N014, SEQ ID N017, SEQ ID N018, SEQ ID N019, 
or SEQ ID N0110, Which molecule immunospeci?cally 
binds CD40, (ii) increases the binding of CD40 ligand to 
CD40, and (iii) comprises one or more substitutions or 
insertions in primary amino acid sequence relative to native 
monoclonal antibody S2C6 as secreted by the hybridoma 
deposited With the ATCC and assigned accession number 
PTA-110; and a pharmaceutically acceptable carrier. In a 
speci?c embodiment, the molecule is not native monoclonal 
antibody S2C6 and does not comprise the native heavy or 
light chain of said monoclonal antibody S2C6. 

[0026] The invention further relates to pharmaceutical 
compositions comprising a puri?ed protein, Which protein 
(i) competes for binding to CD40 With mAb S2C6 as 
secreted by the hybridoma deposited With the ATCC and 
assigned accession number PTA-110, (ii) increases the bind 
ing of CD40 ligand to CD40 by at least 45%, and (iii) 
comprises one or more substitutions or insertions in primary 
amino acid sequence relative to native monoclonal antibody 
S2C6 as deposited With the ATCC and assigned accession 
number PTA-110; and a pharmaceutically acceptable carrier. 
In a speci?c embodiment, the protein is not native mono 
clonal antibody S2C6 and does not comprise the native 
heavy or light chain of said monoclonal antibody S2C6. 

[0027] In speci?c embodiments, the pharmaceutical com 
positions of the invention contain the molecules or antibod 
ies of the invention in an amount effective for the treatment 
or prevention of cancer, or an amount effective for activating 
or augmenting an immune response, or an amount such that 
the immune response of the subject is activated or aug 
mented. 

[0028] In speci?c embodiments, the pharmaceutical com 
positions of the invention further comprise CD40 ligand. In 
a speci?c embodiment, the pharmaceutical composition 
comprises in an amount effective for the treatment or pre 
vention of cancer or an immune disorder, or for activating or 
augmenting an immune response: (a) a molecule that immu 
nospeci?cally binds CD40, Which molecule increases the 
binding of CD40 ligand to CD40; (b) CD40 ligand; and (c) 
a pharmaceutically acceptable carrier. In this embodiment, 
for eXample, the molecule can be native mAb S2C6 or native 
mAb 5C3 or an S2C6 derivative as described herein. 

[0029] The invention further relates to methods for the 
treatment or prevention of cancer in a subject, for activating 
or augmenting an immune response in a subject, or for the 
treatment or prevention of an immune de?ciency or disorder 
in a subject comprising administering to the subject a 
therapeutically effective amount of the molecules or anti 
bodies of the invention, e.g., an amount of a molecule 
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comprising SEQ ID N012, SEQ ID N013, SEQ ID N014, 
SEQ ID N017, SEQ ID N018, SEQ ID N019, or SEQ ID 
N0110, Which molecule immunospeci?cally binds CD40, 
(ii) increases the binding of CD40 ligand to CD40 by at least 
45%., and comprises one or more substitutions or insertions 
in primary amino acid sequence relative to native mono 
clonal antibody S2C6 as secreted by the hybridoma depos 
ited With the AT CC and assigned accession number PTA 
110. In a speci?c embodiment, the molecule is not native 
monoclonal antibody S2C6 and does not comprise the native 
heavy or light chain of said monoclonal antibody S2C6. 

[0030] The invention further relates to methods for the 
treatment or prevention of cancer in a subject, for activating 
or augmenting an immune response in a subject, or for the 
treatment or prevention of an immune de?ciency or disorder 
in a subject comprising administering to the subject a 
puri?ed protein, Which protein competes for binding to 
CD40 With monoclonal antibody S2C6 as secreted by the 
hybridoma deposited With the ATCC and assigned accession 
number PTA-110, (ii) increases the binding of CD40 ligand 
to CD40 by at least 45%, and (iii) comprises one or more 
substitutions or insertions in the primary amino acid 
sequence relative to native monoclonal antibody S2C6 as 
deposited With the ATCC and assigned accession number 
PTA-110. In a speci?c embodiment, the protein is not native 
monoclonal antibody S2C6 and does not comprise the native 
heavy or light chain of said monoclonal antibody S2C6. 

[0031] In speci?c embodiments, the methods of the inven 
tion further comprise administering CD40 ligand to the 
subject. 

[0032] The invention further relates to a method for the 
treatment or prevention of cancer or an immune disorder in 
a subject comprising administering to the subject, in an 
amount effective for said treatment or prevention: (a) a 
molecule that immunospeci?cally binds CD40, Which mol 
ecule increases the binding of CD40 ligand to CD40; and (b) 
CD40 ligand, in Which the molecule can be native mAb 
S2C6 or native mAb 5C3 or any of the S2C6 derivatives 
described herein. 

[0033] 
[0034] The invention further relates to a transgenic non 
human animal, plant, or an isolated cell containing one or 
more transgenes encoding a protein, Which protein competes 
for binding to CD40 With monoclonal antibody S2C6 as 
secreted by the hybridoma deposited With the AT CC and 
assigned accession number PTA-110, and Which protein 
increases the binding of CD40 ligand to CD40 by at least 
45%. 

In a preferred embodiment, the subject is a human. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0035] FIG. 1. Structure of the light chain variable region 
of S2C6. The nucleotide (SEQ ID N011) and amino acid 
(SEQ ID N012) sequences of the light chain variable region 
(“VL”) are shoWn. 

[0036] FIG. 2. Structure of the heavy chain variable 
region of S2C6. The nucleotide (SEQ ID N016) and amino 
acid (SEQ ID N017) sequences of the heavy chain variable 
region (“VH”) of S2C6 are shoWn. 

[0037] FIGS. 3A-3B. Structure of variable regions of 
S2C6. (A) The amino acid sequence (SEQ ID N012) of 
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S2C6 VL is shown. (B) The amino acid sequence (SEQ ID 
NO:7) of S2C6 VH is shown. Complementarity-determining 
regions (“CDR”) are underlined. The sequences of the four 
framework regions, adjacent to the CDRs, are shown. The 
amino acid sequences of VL CDRs 1-3 correspond to SEQ 
ID NOS:3-5, respectively. The amino acid sequences of VH 
CDRs 1-3 correspond to SEQ ID NOSz8-10, respectively. 

[0038] FIG. 4. S2C6 mAb augments CD40-Ig binding to 
CD40L-expressing Jurkat T cells. CD40-Ig (a soluble fusion 
protein of CD40 and human immunoglobulin) binding to 
surface CD40L was done in the presence of increasing 
concentrations of anti-CD40‘ monoclonal antibody 
(“mAb”). mAbs were pre-incubated for 1 hour with CD40 
Ig followed by incubation for 1 hour with CD40L-express 
ing target cells. CD40-Ig binding to target cells was detected 
by How cytometry using a ?uorescein isothiocyanate 
(“FITC”)-labeled anti-human Ig. The eXtent of CD40/ 
CD40L binding was then determined from log mean ?uo 
rescent intensity (“MEI”). MFI minus background of each 
population is shown. 

[0039] FIG. 5. S2C6 mAb augments binding of soluble 
CD40L to B cell surface CD40. Ramos B cells a human B 
cell lymphoma, were incubated in the presence of increasing 
concentrations of an anti-CD40 mAb: S2C6, G28-5, or M3 
or an irrelevant control mAb, EXA2-1H8. The mAbs were 
pre-incubated for 1 hour with CD40-expressing target cells. 
Binding of the FITC-labeled CD40L to B cells was then 
detected directly by How cytometry. The eXtent of CD40/ 
CD40L binding was then determined from log mean ?uo 
rescent intensity. MFI minus background of each population 
is shown. 

[0040] FIG. 6. S2C6 enhances proliferative response of 
primary human peripheral B cells in the presence of CD40L+ 
stimulator cells and an anti-CD40 mAb. Peripheral B cells 
(1><105/well) were combined with increasing numbers of 
non-proliferative CD40L+ Jurkat T stimulator cells and 30 
ng/ml of an anti-CD40 mAb: S2C6, G28-5, or M3 or the 
control mAb, EXA2-1H8. B cell proliferation was measured 
by 3H-TDR incorporation at 72 h following addition of 
stimulus. 

[0041] FIG. 7. Comparative proliferative response of pri 
mary human peripheral B cells to an anti-CD40 mAb in the 
presence or absence of CD40L. Peripheral B cells were 
combined with non-proliferative CD40L+ stimulator cells at 
a ?xed ratio of 4:1 and increasing concentrations of an 
anti-CD40 mAb: S2C6 G28-5 or the control antibody, 
EXA2-1H8. B cell proliferation was measured by 3H-TDR 
incorporation at 72 h following addition of stimulus. 

[0042] FIGS. 8A-8C. Anti-tumor activity of mAb S2C6 in 
vivo. Anti-tumor activity of S2C6 against (A) Ramos human 
B cell non-Hodgkin’s lymphoma, HS Sultan multiple 
myeloma, or (C) IM-9 multiple myeloma was assessed. 
SCID mice (5/group) were pretreated or not with anti-asialo 
GM1 to inhibit natural killer (“NK”) activity and treate6d 
with mAb on day 1 or day 5 following injection of 1x10 - 
2><106 tumor cells. Solid lines indicate the number of sur 
viving mice over time. 

[0043] FIG. 9. BD1-S2C6 sFv speci?cally binds to immo 
biliZed CD40-Ig in ELISA. BD1-S2C6 sFv (single-chain 
anti-CD40 immunotoXin consisting of bryodin 1 (BD1) 
fused to the variable region of monoclonal antibody S2C6) 
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was expressed in E. coli as inclusion bodies, denatured and 
refolded. The refolded protein was then isolated using Blue 
Sepharose followed by affinity chromatography over immo 
biliZed CD40-Ig. The puri?ed protein was then tested for 
binding to immobiliZed CD40-Ig in ELISA. Microtiter 
plates were coated with CD40-Ig at 0.5 pig/ml followed by 
the addition of dilutions of puri?ed BD1-S2C6 sFv in the 
presence of 25 pig/ml S2C6 mAb (A), 25 pig/ml control 
antibody BR96 (C), or no eXcess antibody Binding of 
BD1-S2C6 sFv to the immobiliZed receptor was detected by 
the addition of BD1-speci?c rabbit antiserum followed by 
the addition of horseradish peroxidase conjugated goat anti 
rabbit Ig. The binding of BD1-S2C6 sFv to CD40-Ig was 
completely inhibited by the addition of eXcess S2C6 mAb 
but not by the addition of the control mAb. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] The present invention relates to proteins encoded 
by and nucleotide sequences of S2C6 genes. The invention 
further relates to fragments and other derivatives and ana 
logs of such S2C6 proteins and nucleic acids. In various 
speci?c embodiments, the molecules (e.g., antibodies) of the 
invention comprise all or a portion of mAb S2C6 (the light 
chain and/or heavy chain, or light chain CDR 1 (SEQ ID 
NO:3) and/or 2 (SEQ ID. NO:4), and/or heavy chain CDR 
1 (SEQ ID N018), 2 (SEQ ID N019), and/or 3 (SEQ ID 
NO:10), or light chain CDR3 (SEQ ID NO:5) in combina 
tion with any of the other CDRs and/or one or more of the 
four heavy chain and four light chain framework regions, 
provided that such molecules are not native mAb S2C6 as 
deposited with the ATCC and assigned accession number 
PTA-110 or the heavy or light chain thereof. Such molecules 
may differ from S2C6 in sequence and/or in post-transla 
tional modi?cation (glycosylation, amidation, peptide bond 
ing or cross-linking to a non-S2C6 sequence, etc.). In 
various speci?c embodiments, a molecule of the invention 
immunospeci?cally binds CD40 (or when multimeriZed 
immunospeci?cally binds CD40), competes with native 
S2C6 for binding to CD40, and/or increases the binding of 
CD40 ligand to CD40 by at least 45%, 50%, 60% or 65%. 
Nucleic acids encoding such molecules, e.g., S2C6 frag 
ments or derivatives, are also within the scope of the 
invention, as well as nucleic acids encoding native mAb 
S2C6. Production of the foregoing proteins, e.g., by recom 
binant methods, is provided. 
[0045] The invention also relates to S2C6 proteins and 
derivatives including but not limited to fusion/chimeric 
proteins which are functionally active, i.e., which are 
capable of displaying one or more known functional activi 
ties associated with a full-length S2C6 mAb. Such func 
tional activities include but are not limited to ability to bind 
CD40, delivery of a stimulatory signal to the CD40 signaling 
pathway (e.g., so as to cause B cell proliferation), potentia 
tion of the interaction of CD40L with CD40; ability to 
inhibit tumor growth; and ability to induce an immune 
response. 

[0046] Antibodies to CD40 comprising S2C6, its deriva 
tives and analogs including but not limited to humaniZed 
antibodies; single chain antibodies; bispeci?c antibodies; 
and antibodies conjugated to chemotherapeutic agents or 
biological response modi?ers, are additionally provided. 
[0047] The invention further relates to methods of treating 
or preventing cancer, in?ammatory diseases and disorders of 
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the immune system comprising administering a composition 
of the invention alone or in combination With CD40L. 

[0048] The invention is illustrated by Way of examples set 
forth in Sections 6-9 beloW Which disclose, inter alia, the 
cloning and characteriZation of S2C6 genes; the potentiation 
of the CD40/CD40L interaction; inhibition of tumor groWth; 
and binding of a single-chain anti-CD40 immunotoxin to 
CD40-Ig. 

[0049] For clarity of disclosure, and not by Way of limi 
tation, the detailed description of the invention is divided 
into the subsections Which folloW. 

5.1 Isolation of S2C6 Genes 

[0050] The invention relates to the nucleotide sequences 
of S2C6 nucleic acids. In speci?c embodiments, S2C6 
nucleic acids comprise the cDNA sequences of SEQ ID 
NOS:1 and 6, or nucleic acids encoding an S2C6 protein 
(e.g., a protein having the sequence of SEQ ID NOS:2 and 
7). The invention provides puri?ed nucleic acids consisting 
of at least 8 nucleotides (i.e., a hybridiZable portion) of an 
S2C6 gene sequence; in other embodiments, the nucleic 
acids consist of at least 25 (contiguous) nucleotides, 50 
nucleotides, 100, or 200 nucleotides of an S2C6 sequence, 
or a full-length S2C6 variable region coding sequence. In the 
same or other embodiments, the nucleic acids are smaller 
than 50, 75, 100, or 200 or 5000 nucleotides in length. 
Nucleic acids can be single or double stranded. The inven 
tion also relates to nucleic acids hybridiZable to or comple 
mentary to the foregoing sequences or their reverse comple 
ments, and in particular, such nucleic acids that encode 
proteins that bind to CD40, compete With S2C6 for binding 
to CD40, and/or increase the binding of CD40 ligand to 
CD40 by at least 45%, 50%, 60%, or 65%. In speci?c 
aspects, nucleic acids are provided Which comprise a 
sequence complementary to at least 10, 25, 50, 100, or 200 
nucleotides or the entire coding region of an S2C6 variable 
region gene. 

[0051] Nucleic acids encoding derivatives and analogs of 
S2C6 proteins are additionally provided. As is readily appar 
ent, as used herein, a “nucleic acid encoding a fragment or 
portion of an S2C6 protein” shall be construed as referring 
to a nucleic acid encoding only the recited fragment or 
portion of the S2C6 protein and not the other contiguous 
portions of the S2C6 protein as a continuous sequence. 

5 .2 Cloning Procedures 

[0052] Speci?c embodiments for the cloning of an S2C6 
gene folloW. In a speci?c embodiment, total RNA is isolated 
from a mAb S2C6-producing hybridoma and polymerase 
chain reaction is used to amplify desired variable region 
sequences, using primers based on the sequences disclosed 
herein. For an illustrative example, see Section 6, infra. By 
Way of another example, mRNA is isolated from a mAb 
S2C6-producing hybridoma, cDNA is made and ligated into 
an expression vector (e.g., a bacteriophage derivative) such 
that it is capable of being expressed by the host cell into 
Which it is then introduced. Various screening assays can 
then be used to select for the expressed product. In one 
embodiment, selection is on the basis of hybridiZation to a 
labeled probe representing a portion of an S2C6 gene or its 
RNA or a fragment thereof (Benton and Davis, 1977, 
Science 196:180; Grunstein and Hogness, 1975, Proc. Natl. 
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Acad. Sci. USA. 72:3961). Those DNA fragments With 
substantial homology to the probe Will hybridiZe. It is also 
possible to identify the appropriate fragment by restriction 
enZyme digestion(s) and comparison of fragment siZes With 
those expected according to a knoWn restriction map if such 
is available. Further selection can be carried out on the basis 
of the properties of the gene. 

[0053] Alternatively, the presence of the desired gene may 
be detected by assays based on the physical, chemical, or 
immunological properties of its expressed product. For 
example, cDNA clones, or DNA clones Which hybrid-select 
the proper mRNAs, can be selected and expressed to pro 
duce a protein that has, e.g., similar or identical electro 
phoretic migration, isoelectric focusing behavior, pro 
teolytic digestion maps, or functional activity, as knoWn for 
an S2C6 protein. For example, ability to bind CD40 can be 
detected in an ELISA (enZyme-linked immunosorbent 
assay)-type procedure. 
[0054] An S2C6 gene can also be identi?ed by mRNA 
selection using nucleic acid hybridiZation folloWed by in 
vitro translation. In this procedure, fragments are used to 
isolate complementary mRNAs by hybridiZation. Functional 
assays (e.g., binding to CD40, etc.) of the in vitro translation 
products of the isolated products of the isolated mRNAs 
identi?es the mRNA and, therefore, the complementary 
DNA fragments that contain the desired sequences. 

[0055] In another embodiment, the S2C6 cDNA can be 
chemically synthesized from the sequence disclosed herein. 
Other methods of isolating S2C6 genes knoWn to the skilled 
artisan can be employed. 

[0056] The identi?ed and isolated S2C6 gene/cDNA can 
then be inserted into an appropriate cloning vector. A large 
number of vector-host systems knoWn in the art may be 
used. Possible vectors include, but are not limited to, plas 
mids or modi?ed viruses, but the vector system must be 
compatible With the host cell used. Such vectors include, but 
are not limited to, bacteriophages such as lambda deriva 
tives, or plasmids such as PBR322 or pUC plasmid deriva 
tives or the Bluescript vector (Stratagene). The insertion into 
a cloning vector can, for example, be accomplished by 
ligating the DNA fragment into a cloning vector Which has 
complementary cohesive termini. HoWever, if the comple 
mentary restriction sites used to fragment the DNA are not 
present in the cloning vector, the ends of the DNA molecules 
may be enZymatically modi?ed. Alternatively, any site 
desired may be produced by ligating nucleotide sequences 
(linkers) onto the DNA termini; these ligated linkers may 
comprise speci?c chemically synthesiZed oligonucleotides 
encoding restriction endonuclease recognition sequences. In 
an alternative method, the cleaved vector and an S2C6 gene 
may be modi?ed by homopolymeric tailing, or by PCR With 
primers containing the appropriate sequences. Recombinant 
molecules can be introduced into host cells via transforma 
tion, transfection, infection, electroporation, etc., so that 
many copies of the gene sequence are generated. 

[0057] In an alternative method, the desired gene may be 
identi?ed and isolated after insertion into a suitable cloning 
vector in a “shot gun” approach. Enrichment for the desired 
gene, for example, by siZe fractioniZation, can be done 
before insertion into the cloning vector. 

[0058] In speci?c embodiments, transformation of host 
cells With recombinant DNA molecules that incorporate an 
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isolated S2C6 gene, cDNA, or synthesized DNA sequence 
enables generation of multiple copies of the gene. Thus, the 
gene may be obtained in large quantities by groWing trans 
formants, isolating the recombinant DNA molecules from 
the transformants and, When necessary, retrieving the 
inserted gene from the isolated recombinant DNA. 

[0059] The S2C6 sequences provided by the instant inven 
tion include those nucleotide sequences encoding substan 
tially the same amino acid sequences as found in native 
S2C6 variable regions, and those encoded amino acid 
sequences With functionally equivalent amino acids, as Well 
as those encoding other S2C6 derivatives or analogs, as 
described beloW for S2C6 derivatives and analogs. 

5.3 Expression of S2C6 Genes 

[0060] The nucleotide sequence coding for an S2C6 pro 
tein or a functionally active analog or fragment or other 
derivative thereof (see Section 5.6), can be inserted into an 
appropriate expression vector, i.e., a vector Which contains 
the necessary elements for the transcription and translation 
of the inserted protein-coding sequence. The necessary 
transcriptional and translational signals can also be supplied 
by the native S2C6 gene and/or its ?anking regions. A 
variety of host-vector systems may be utiliZed to express the 
protein-coding sequence. These include but are not limited 
to mammalian cell systems infected With virus (e.g., vac 
cinia virus, adenovirus, etc.); insect cell systems infected 
With virus (e.g., baculovirus); microorganisms such as yeast 
containing yeast vectors, or bacteria transformed With bac 
teriophage, DNA, plasmid DNA, or cosmid DNA; trans 
genic plants or transgenic non-human animals. The expres 
sion elements of vectors vary in their strengths and 
speci?cities. Depending on the host-vector system utiliZed, 
any one of a number of suitable transcription and translation 
elements may be used. 

[0061] Any of the methods previously described for the 
insertion of DNA fragments into a vector may be used to 
construct expression vectors containing a chimeric gene 
consisting of appropriate transcriptional/translational con 
trol signals and the protein coding sequences. These meth 
ods may include in vitro recombinant DNA and synthetic 
techniques and in vivo recombinants (genetic recombina 
tion). Expression of a nucleic acid sequence encoding an 
S2C6 protein or peptide fragment may be regulated by a 
second nucleic acid sequence so that the S2C6 protein or 
peptide is expressed in a host transformed With the recom 
binant DNA molecule. For example, expression of an S2C6 
protein may be controlled by any promoter/enhancer ele 
ment knoWn in the art. Promoters that are not native S2C6 
gene promoters Which may be used to control S2C6 gene 
expression include, but are not limited to, the SV40 early 
promoter region (Benoist and Chambon, 1981, Nature 
2901304-310), the promoter contained in the 3‘ long terminal 
repeat of Rous sarcoma virus (Yamamoto et al., 1980, Cell 
221787-797), the herpes thymidine kinase promoter (Wagner 
et al., 1981, Proc. Natl. Acad. Sci. USA. 7811441-1445), 
the regulatory sequences of the metallothionein gene (Brin 
ster et al., 1982, Nature 296139-42); prokaryotic expression 
vectors such as the [3-lactamase promoter (Villa-Kamaroff et 
al., 1978, Proc. Natl. Acad. Sci. USA. 7513727-3731), or 
the lac promoter (DeBoer et al., 1983, Proc. Natl. Acad. Sci. 
USA. 80121-25); see also “Useful proteins from recombi 
nant bacteria” in Scienti?c American, 1980, 242174-94; 
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plant expression vectors comprising the nopaline synthetase 
promoter region (Herrera-Estrella et al., Nature 3.031209 
213) or the cauli?ower mosaic virus 35S RNA promoter 
(Gardner et al., 1981, Nucl. Acids Res. 912871), and the 
promoter of the photosynthetic enZyme ribulose biphosphate 
carboxylase (Herrera-Estrella et al., 1984, Nature 3101115 
120); promoter elements from yeast or other fungi such as 
the Gal 4 promoter, the ADC (alcohol dehydrogenase) 
promoter, PGK (phosphoglycerol kinase) promoter, alkaline 
phosphatase promoter, and the folloWing animal transcrip 
tional control regions, Which exhibit tissue speci?city and 
have been utiliZed in transgenic animals: elastase I gene 
control region Which is active in pancreatic acinar cells 
(SWift et al., 1984, Cell 381639-646; OrnitZ et al., 1986, Cold 
Spring Harbor Symp. Quant. Biol. 501399-409; MacDonald, 
1987, Hepatology 71425-515); a gene control region Which 
is active in pancreatic beta cells (Hanahan, 1985, Nature 
3151115-122), an immunoglobulin gene control region 
Which is active in lymphoid cells (Grosschedl et al., 1984, 
Cell 381647-658; Adames et al., 1985, Nature 3181533-538; 
Alexander et al., 1987, Mol. Cell. Biol. 711436-1444), 
mouse mammary tumor virus control region Which is active 
in testicular, breast, lymphoid and mast cells (Leder et al., 
1986, Cell 451485-495), albumin gene control region Which 
is active in liver (Pinkert et al., 1987, Genes and Devel. 
11268-276), alpha-fetoprotein gene control region Which is 
active in liver (Krumlauf et al., 1985, Mol. Cell. Biol. 
511639-1648; Hammer et al., 1987, Science 235153-58; 
alpha 1-antitrypsin gene control region Which is active in the 
liver (Kelsey et al., 1987, Genes and Devel. 11161-171), 
beta-globin gene control region Which is active in myeloid 
cells (Mogram et al., 1985, Nature 3151338-340; Kollias et 
al., 1986, Cell 46189-94; myelin basic protein gene control 
region Which is active in oligodendrocyte cells in the brain 
(Readhead et al., 1987, Cell 481703-712); myosin light 
chain-2 gene control region Which is active in skeletal 
muscle (Sani, 1985, Nature 3141283-286), and gonadotropic 
releasing hormone gene control region Which is active in the 
hypothalamus (Mason et al., 1986, Science 23411372-1378). 
[0062] In a speci?c embodiment, a vector is used that 
comprises a promoter operably linked to an S2C6 gene 
nucleic acid, one or more origins of replication, and, option 
ally, one or more selectable markers (e.g., an antibiotic 
resistance gene). 
[0063] Expression vectors containing S2C6 gene inserts 
can be identi?ed by three general approaches: (a) nucleic 
acid hybridiZation; (b) presence or absence of “marker” gene 
functions; and (c) expression of inserted sequences. In the 
?rst approach, the presence of an S2C6 gene inserted in an 
expression vector can be detected by nucleic acid hybrid 
iZation using probes comprising sequences that are homolo 
gous to an inserted S2C6 gene. In the second approach, the 
recombinant vector/host system can be identi?ed and 
selected based upon the presence or absence of certain 
“marker” gene functions (e.g., thymidine kinase activity, 
resistance to antibiotics, transformation phenotype, occlu 
sion body formation in baculovirus, etc.) caused by the 
insertion of an S2C6 gene in the vector. For example, if the 
S2C6 gene is inserted Within the marker gene sequence of 
the vector, recombinants containing the S2C6 insert can be 
identi?ed by the absence of the marker gene function. In the 
third approach, recombinant expression vectors can be iden 
ti?ed by assaying the S2C6 product expressed by the recom 
binant. Such assays can be based, for example, on the 
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physical or functional properties of the S2C6 protein in in 
vitro assay systems, e.g., potentiation of CD40L binding 
With CD40; stimulation of proliferation of normal B cells; 
inhibition of tumor growth. 

[0064] Once a particular recombinant DNA molecule is 
identi?ed and isolated, several methods knoWn in the art 
may be used to propagate it. Once a suitable host system and 
groWth conditions are established, recombinant expression 
vectors can be propagated and prepared in quantity. As 
previously explained, the expression vectors Which can be 
used include, but are not limited to, the folloWing vectors or 
their derivatives: human or animal viruses such as vaccinia 
virus or adenovirus; insect viruses such as baculovirus; yeast 
vectors; bacteriophage vectors (e.g., lambda phage), and 
plasmid and cosmid DNA vectors, to name but a feW. 

[0065] In addition, a host cell strain may be chosen Which 
modulates the expression of the inserted sequences, or 
modi?es and processes the gene product in the speci?c 
fashion desired. Expression from certain promoters can be 
elevated in the presence of certain inducers; thus, expression 
of the genetically engineered S2C6 protein may be con 
trolled. Furthermore, different host cells have characteristic 
and speci?c mechanisms for the translational and post 
translational processing and modi?cation (e.g., glycosyla 
tion, phosphorylation of proteins. Appropriate cell lines or 
host systems can be chosen to ensure the desired modi?ca 
tion and processing of the foreign protein expressed. For 
example, expression in a bacterial system can be used to 
produce a non-glycosylated core protein product. Expres 
sion in yeast Will produce a glycosylated product. Expres 
sion in mammalian cells can be used to ensure “native” 
glycosylation of a heterologous protein. Furthermore, dif 
ferent vector/host expression systems may effect processing 
reactions to different extents. 

[0066] In speci?c embodiments, the S2C6-related protein 
that is expressed is an antibody or fragment or derivative 
thereof. The recombinant antibody may contain a recombi 
nant light chain variable domain, a recombinant heavy chain 
variable domain, or both. In a speci?c embodiment, both 
light and heavy chains or derivatives thereof are recombi 
nantly expressed by a cell (see e.g., US. Pat. No. 4,816,397 
dated Mar. 28, 1989 by Boss et al.) Avariety of host-vector 
systems may be utiliZed to express the protein-coding 
sequence. These include but are not limited to mammalian 
cell systems infected With virus (e.g., vaccinia virus, aden 
ovirus, etc.); insect cell systems infected With virus (e.g., 
baculovirus); microorganisms such as yeast containing yeast 
vectors, or bacteria transformed With bacteriophage, DNA, 
plasmid DNA, or cosmid DNA; transgenic plants or trans 
genic non-human animals. 

5.4 Identi?cation and Puri?cation of Gene Products 

[0067] In particular aspects, the invention provides amino 
acid sequences of S2C6 proteins and fragments and deriva 
tives thereof Which comprise a complementarity-determin 
ing region (CDR) or Which are otherWise functionally 
active, as Well as nucleic acid sequences encoding the 
foregoing. “Functionally active” S2C6 material as used 
herein refers to that material displaying one or more func 
tional activities associated With a full-length (native) S2C6 
protein, e.g., binding to CD40; stimulation of proliferation 
of normal B cells; inhibition of tumor groWth; increase the 
binding of CD40 ligand to CD40 by at least 45%. 
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[0068] In speci?c embodiments, the invention provides 
fragments of an S2C6 protein consisting of at least 6 amino 
acids, 10 amino acids, 20 amino acids, 50 amino acids, 75 
amino acids or of at least 100 amino acids and nucleic acids 
encoding the foregoing. 

[0069] Once a recombinant Which expresses the S2C6 
gene sequence is identi?ed, the gene product can be ana 
lyZed. This is achieved by assays based on the physical or 
functional properties of the product, including radioactive 
labeling of the product folloWed by analysis by gel electro 
phoresis, immunoassay; stimulation of proliferation of nor 
mal B cells; CD40 binding assays, promotion of the binding 
of CD40 ligand to CD40, inhibition of tumor groWth, etc. 

[0070] Once the S2C6 protein is identi?ed, it may be 
isolated and puri?ed by standard methods including chro 
matography (e.g., ion exchange, af?nity, and siZing column 
chromatography), centrifugation, differential solubility, or 
by any other standard technique for the puri?cation of 
proteins. The functional properties may be evaluated using 
any suitable assay (see Section 5.7). 

[0071] Alternatively, the S2C6 protein or derivative 
thereof can be synthesiZed by standard chemical methods 
knoWn in the art based on the sequence disclosed herein 
(e.g., see Hunkapiller et al., 1984, Nature 310:105-111). 

[0072] In a speci?c embodiment of the present invention, 
such S2C6 proteins, Whether produced by recombinant DNA 
techniques or by chemical synthetic methods or by puri? 
cation of native proteins, include but are not limited to those 
containing, as a primary amino acid sequence, all or part of 
the amino acid sequence substantially as depicted in FIGS. 
3A-3B (SEQ ID NOS:2 and 7), as Well as fragments and 
other derivatives, and analogs thereof, including proteins 
homologous thereto. 

5.5 Structure of S2C6 Genes and Proteins 

[0073] The structure of S2C6 genes and proteins of the 
invention can be analyZed by various methods knoWn in the 
art. Some examples of such methods are described beloW. 

5.5.1 Genetic Analysis 

[0074] The cloned DNA or cDNA corresponding to an 
S2C6 gene can be analyZed by methods including but not 
limited to Southern hybridiZation (Southern, 1975, J. Mol. 
Biol. 98:503-517), Northern hybridiZation (see e.g., Free 
man et al., 1983, Proc. Natl. Acad. Sci. USA. 8014094 
4098), restriction endonuclease mapping (Maniatis, 1982, 
Molecular Cloning, A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY), and 
DNA sequence analysis. Accordingly, this invention pro 
vides nucleic acid probes recogniZing an S2C6 gene. For 
example, polymerase chain reaction (PCR; US. Pat. Nos. 
4,683,202, 4,683,195 and 4,889,818; Gyllenstein et al., 
1988, Proc. Natl. Acad. Sci. USA. 85:7652-7656; Ochman 
et al., 1988, Genetics 120:621-623; Loh et al., 1989, Science 
243:217-220) folloWed by Southern hybridiZation With an 
S2C6 gene-speci?c probe can alloW the detection of an 
S2C6 gene in DNA or cDNA from a cell (e.g., hybridoma). 
Methods of ampli?cation other than PCR are commonly 
knoWn and can also be employed. The stringency of the 
hybridiZation conditions for both Southern and Northern 
hybridiZation can be manipulated to ensure detection of 
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nucleic acids With the desired degree of relatedness to the 
speci?c S2C6 gene probe used. Modi?cations of these 
methods and other methods commonly knoWn in the art can 
be used. 

[0075] Restriction endonuclease mapping can be used to 
roughly determine the genetic structure of an S2C6 gene. 
Restriction maps derived by restriction endonuclease cleav 
age can be con?rmed by DNA sequence analysis. 

[0076] DNA sequence analysis can be performed by any 
techniques knoWn in the art, including but not limited to the 
method of Maxam and Gilbert (1980., Meth. EnZymol. 
65:499-560), the Sanger dideoxy method (Sanger et al., 
1977, Proc. Natl. Acad. Sci. USA. 745463), the use of T7 
DNA polymerase (Tabor and Richardson, US. Pat. No. 
4,795,699), or use of an automated DNA sequenator (e.g., 
Applied Biosystems, Foster City, Calif.). 

5.5 .2 Protein Analysis 

[0077] The amino acid sequence of an S2C6 protein can 
be derived by deduction from the DNA sequence, or alter 
natively, by direct sequencing of the protein, e.g., With an 
automated amino acid sequencer. 

[0078] An S2C6 protein sequence can-be further charac 
teriZed by a hydrophilicity analysis (Hopp and Woods, 1981, 
Proc. Natl. Acad. Sci. USA. 78:3824). A hydrophilicity 
pro?le can be used to identify the hydrophobic and hydro 
philic (potentially immunogenic) regions of the S2C6 pro 
tein and the corresponding regions of the gene sequence 
Which encode such regions. 

[0079] Secondary, structural analysis (Chou and Fasman, 
1974, Biochemistry 13:222) can also be done, to identify 
regions of an S2C6 protein that assume speci?c secondary 
structures. 

[0080] Manipulation, translation, and secondary structure 
prediction, open reading frame prediction and plotting, as 
Well as determination of sequence homologies, can also be 
accomplished using computer softWare programs available 
in the art. 

5.6 mAb S2C6 Antibody Derivatives 

[0081] Described herein are methods for the production of 
S2C6 antibody derivatives capable of immunospeci?cally 
binding CD40. 

[0082] Such antibodies include but are not limited to 
monoclonal, humaniZed, chimeric, single chain, bispeci?c, 
Fab fragments, F(ab‘)2 fragments, fragments produced by a 
Fab expression library, anti-idiotypic (anti-Id) antibodies, 
and epitope-binding fragments of any of the above. 

[0083] For preparation of additional monoclonal antibod 
ies to CD40, any technique that provides for the production 
of antibody molecules by continuous cell lines in culture 
may be used. These include but are not limited to the 
hybridoma technique of Kohler and Milstein, (1975, Nature 
256, 495-497; and US. Pat. No. 4,376,110), the human 
B-cell hybridoma technique (KoZbor et al., 1983, Immunol 
ogy Today 4, 72; Cole et al., 1983, Proc. Natl. Acad. Sci. 
USA 80, 2026-2030), and the EBV-hybridoma technique to 
produce human monoclonal antibodies (Cole et al., 1985, 
Monoclonal Antibodies And Cancer Therapy, Alan R. Liss, 
Inc., pp. 77-96). Such antibodies or other anti-CD40 anti 
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bodies available in the art may, e.g., be used as the basis 
from Which to clone and thus supply a complementary light 
chain if a S2C6 heavy chain is to be recombinantly 
expressed. (the tWo chains may be recombinantly expressed 
in the same cell or combined in vitro after separate expres 
sion and puri?cation); alternatively, a light chain from an 
antibody of any speci?city may be used. Nucleic acids (e.g., 
a plasmid) encoding a S2C6 heavy chain or encoding a 
molecule comprising a S2C6 heavy chain variable domain 
can be transfected into a cell expressing an antibody light 
chain or molecule comprising an antibody light chain, for 
expression of a multimeric protein; the antibody light chain 
can be recombinant or non-recombinant, and may or may 
not have anti-CD40 speci?city. Alternatively, S2C6 heavy 
chains or molecules comprising the variable region thereof 
or a CDR thereof can optionally be expressed and used 
Without the presence of a complementary light chain or light 
chain variable region. In various embodiments, the invention 
provides a S2C6 heavy chain With CD40 binding af?nity, or 
a molecule consisting of or (alternatively) comprising one or 
more copies of heavy chain CDR 8, 9, and/or 10, or a protein 
(peptide or polypeptide) the sequence of Which consists of, 
or comprises, one or more copies of CDR 8, 9 or 10. In a 
speci?c embodiment, such a protein can be N or C-terminal 
modi?ed, e.g., by C-terminal amidation or N-terminal acety 
lation. 

[0084] In addition, techniques developed for the produc 
tion of “chimeric antibodies” (Morrison, et al., 1984, Proc. 
Natl. Acad. Sci., 81, 6851-6855; Neuberger, et al., 1984, 
Nature 312, 604-608; Takeda, et al., 1985, Nature 314, 
452-454) by splicing the genes from a mouse antibody 
molecule of appropriate antigen speci?city together With 
genes from a human antibody molecule of appropriate 
biological activity can be used. A chimeric antibody is a 
molecule in Which different portions are derived from dif 
ferent animal species, such as those having a variable region 
derived from a murine mAb and a human immunoglobulin 
constant region. (See, e.g., Cabilly et al., US. Pat. No. 
4,816,567; and Boss et al., US. Pat. No. 5,816,397.) In a 
speci?c embodiment, the chimeric antibody comprises a 
variable domain of monoclonal antibody S2C6 secreted by 
the hybridoma as deposited With the ATCC and assigned 
accession number PTA-110, and a human constant region. In 
speci?c embodiments the variable domain of the chimeric 
antibody comprises the S2C6 VL (SEQ ID NO:2) as depicted 
in FIG. 3A and/or the S2C6 VH (SEQ ID NO:7) as depicted 
in FIG. 3B. 

[0085] In addition, techniques have been developed for the 
production of humaniZed antibodies. (See, e.g., Queen, US. 
Pat. No. 5,585,089 and Winter, US. Pat. No. 5,225,539.) An 
immunoglobulin light or heavy chain variable region con 
sists of a “framework” region interrupted by three hyper 
variable regions, referred to as complementarity-determin 
ing regions (CDRs). The extent of the frameWork region and 
CDRs have been precisely de?ned (see, “Sequences of 
Proteins of Immunological Interest”, Kabat, E. et al., US. 
Department of Health and Human Services (1983). Brie?y, 
humaniZed antibodies are antibody molecules from non 
human species having one or more CDRs from the non 
human species and frameWork regions from a human immu 
noglobulin molecule. 

[0086] The invention encompasses an antibody or deriva 
tive thereof comprising a heavy or light chain variable 



US 2005/0008637 A1 

domain, said variable domain comprising (a) a set of three 
complementarity-determining regions (CDRs), in which 
said set of CDRs are from monoclonal antibody S2C6, and 
(b) a set of four framework regions, in which said set of 
framework regions differs from the set of framework regions 
in monoclonal antibody S2C6, and in which said antibody or 
derivative thereof immunospeci?cally binds CD40. Prefer 
ably, the set of framework regions is from a human mono 
clonal antibody, e.g., a human monoclonal antibody that 
does not bind CD40. 

[0087] In a speci?c embodiment, the invention encom 
passes an antibody or derivative thereof comprising a light 
chain variable domain, said variable domain comprising (a) 
a set of three complementarity-determining regions (CDRs), 
in which said set of CDRs comprises. SEQ ID NO:3 or SEQ 
ID NO:4, and (b) a set of four framework regions, in which 
said set of framework regions differs from the set of frame 
work regions in the light chain of monoclonal antibody 
S2C6, and in which said antibody or derivative thereof 
immunospeci?cally binds CD40. 

[0088] In a speci?c embodiment, the invention encom 
passes an antibody or derivative thereof comprising a heavy 
chain variable domain, said variable domain comprising (a) 
a set of three complementarity-determining regions (CDRs), 
in which said set of CDRs comprises SEQ ID NO:8, SEQ ID 
NO:9, or SEQ ID NO:10, and (b) a set of four framework 
regions, in which said set of framework regions differs from 
the set of framework regions in the heavy chain of mono 
clonal antibody S2C6, and in which said antibody or deriva 
tive thereof immunospeci?cally binds CD40. 

[0089] Alternatively, techniques described for the produc 
tion of single chain antibodies (US. Pat. No. 4,946,778; 
Bird, 1988, Science 242, 423-426; Huston, et al., 1988, Proc. 
Natl. Acad. Sci. USA 85, 5879-5883; and Ward, et al., 1989, 
Nature 334, 544-546) can be adapted to produce single chain 
antibodies using S2C6 sequences. Single chain antibodies 
are formed by linking the heavy and light chain fragments of 
the EV region via an amino acid bridge, resulting in a single 
chain polypeptide. In a speci?c embodiment, the single 
chain antibody comprises the amino acid sequences as 
depicted in FIGS. 3A and 3B (SEQ ID NOS:2 and 7, 
respectively). 

[0090] In a speci?c embodiment, the antibody to a CD40 
polypeptide, peptide or other derivative, or analog thereof 
comprising all or a portion of SEQ ID NO:1 or SEQ ID 
NO:6 is a bispeci?c antibody (see generally, e.g. Fanger and 
Drakeman, 1995, Drug News and Perspectives 8: 133-137). 
Such a bispeci?c antibody is genetically engineered to 
recogniZe both (1) an epitope and (2) one of a variety of 
“trigger” molecules, e.g. Fc receptors on myeloid cells, and 
CD3 and CD2 on T cells, that have been identi?ed as being 
able to cause a cytotoxic T-cell to destroy a particular target. 
Such bispeci?c antibodies can be prepared either by chemi 
cal conjugation, hybridoma, or recombinant molecular biol 
ogy techniques known to the skilled artisan. In a speci?c 
embodiment, the bispeci?c antibody contains a molecule 
comprising the S2C6 heavy or light chain variable domain 
or a CDR sequence thereof, which molecule has the struc 
ture of an antibody heavy or light chain but which differs 
from the native S2C6 heavy or light chain (e.g., by having 
amino acid substitution(s) in the framework region or a 
human constant domain). 
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[0091] Antibody fragments that retain the ability to rec 
ogniZe CD40 may be generated by known techniques. For 
example, such fragments include but are not limited to: The 
F(ab‘)2 fragments, which can be produced by pepsin diges 
tion of the antibody molecule and the F(ab‘) fragments, 
which can be generated by reducing the disul?de bridges of 
the F(ab‘)2 fragments. Alternatively, Fab expression libraries 
may be constructed (Huse, et al., 1989, Science 246, 1275 
1281) to allow rapid and easy identi?cation of monoclonal 
Fab fragments with the desired speci?city. 

5.7 S2C6 Proteins, Derivatives and Analogs 

[0092] In addition to those antibody molecules/variants 
described in Section 5.6 above, the invention further relates 
to S2C6 proteins, derivatives (including but not limited to 
fragments), analogs, and molecules of S2C6 proteins. 
Nucleic acids encoding S2C6 protein derivative is and 
protein analogs are also provided. In one embodiment, the 
S2C6 proteins are encoded by the nucleic acids described in 
Section 5.1 above. In particular aspects, the proteins, deriva 
tives, or analogs are encoded by the sequence of SEQ ID 
NO:1 or SEQ ID NO:6. 

[0093] The production and use of derivatives and analogs 
related to an S2C6 protein are within the scope of the present 
invention. In a speci?c embodiment, the derivative or analog 
is functionally active, i.e., capable of exhibiting one or more 
functional activities associated with a full-length, S2C6 
protein. As one example, such derivatives or analogs which 
have the desired-binding speci?city can be used in immu 
noassays, or therapeutically for inhibition of tumor growth, 
etc. A speci?c embodiment relates to an S2C6 protein 
fragment that binds CD40 and potentiates binding of CD40L 
to CD40. Derivatives or analogs of an S2C6 protein can be 
tested for the desired activity by various immunoassays 
known in the art, including but not limited to competitive 
and non-competitive assay systems using techniques such as 
radioimmunoassays, enZyme linked immunosorbent assay 
(ELISA), “sandwich” immunoassays, Western blots, immu 
no?uorescence assays, protein A assays, immunoelectro 
phoretic assays, etc. 

[0094] In addition, assays known in the art can be used to 
detect or measure the ability to inhibit cell proliferation (e. g., 
inhibition of tumor cell growth) or ability to stimulate cell 
proliferation (e.g., proliferation of B cells) in vivo or in vitro. 

[0095] In particular, S2C6 derivatives can be made by 
altering S2C6 sequences by substitutions, additions (e.g., 
insertions) or deletions that provide for functionally equiva 
lent molecules. Due to the degeneracy of nucleotide coding 
sequences, other DNA sequences which encode substan 
tially the same amino acid sequence as an S2C6 gene may 
be used in the practice of the present invention. These 
include but are not limited to nucleotide sequences com 
prising all or portions of an S2C6 gene which is altered by 
the substitution of different codons that encode a function 
ally equivalent amino acid residue within the sequence, thus 
producing a silent change. Likewise, the S2C6 derivatives of 
the invention include, but are not limited to, those contain 
ing, as a primary amino acid sequence, all or part of the 
amino acid sequence of an S2C6 protein including altered 
sequences in which functionally equivalent amino acid 
residues are substituted for residues within the sequence 
resulting in a silent change. For example, one or more amino 




























