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ANTI-CD70 ANTIBODY AND ITS USE FOR 
THE TREATMENT OF CANCER AND 

IMMUNE DISORDERS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional of 11/251,173 ?led 
Oct. 14, 2005, Which claims the bene?t of US. Provisional 
Patent Application No. 60/619,018 ?led Oct. 15, 2004, and 
US. Provisional Application No. 60/645,355 ?led Jan. 19, 
2005, each of Which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] CD70 is a member of the tumor necrosis factor 
(TNF) family of cell membrane-bound and secreted mol 
ecules that are expressed by a variety of normal and malignant 
cell types. The primary amino acid (AA) sequence of CD70 
predicts a transmembrane type II protein With its carboxyl 
terminus exposed to the outside of cells and its amino termi 
nus found in the cytosolic side of the plasma membrane 
(BoWman et al., 1994, J. Immunol. 15211756-61; GoodWin et 
al., 1993, Cell 731447-56). Human CD70 is composed ofa 20 
AA cytoplasmic domain, an 18 AA transmembrane domain, 
and a 155 AA extracytoplasmic domain With tWo potential 
N-linked glycosylation sites (Bowman et al., supra; GoodWin 
et al., supra). Speci?c immunoprecipitation of radioisotope 
labeled CD70-expressing cells by anti-CD70 antibodies 
yields polypeptides of 29 and 50 kDa (GoodWin et al., supra; 
HintZen et al., 1994, J. Immunol. 15211762-73). Based on its 
homology to TNF-alpha and TNF-beta, especially in struc 
tural strands C, D, H and I, a trimeric structure is predicted for 
CD70 (Petsch et al., 1995, Mol. Immunol. 321761-72). 
[0003] Original immunohistological studies revealed that 
CD70 is expressed on germinal center B cells and rare T cells 
in tonsils, skin, and gut (HintZen et al., 1994, Int. Immunol. 
61477-80). Subsequently, CD70 Was reported to be expressed 
on the cell surface of recently antigen-activated T and B 
lymphocytes, and its expression Wanes after the removal of 
antigenic stimulation (Lens et al., 1996, Eur J Immunol. 
2612964-71; Lens et al., 1997, Immunology 90138-45). Within 
the lymphoid system, activated natural killer cells (Orengo et 
al., 1997, Clin. Exp. Immunol. 1071608-13) and mouse 
mature peripheral dendritic cells (Akiba et al., 2000, J. Exp. 
Med. 1911375-80) also express CD70. In non-lymphoid lin 
eages, CD70 has been detected on thymic medullar epithelial 
cells (HintZen et al., 1994, supra; Hishima et al., 2000, Am. J. 
Surg. Pathol. 241742-46). 
[0004] In addition to expression on normal cells, CD70 
expression has been reported in different types of cancers 
including lymphomas, carcinomas, and tumors of neural ori 
gin. In malignant B cells, 71% of diffuse large B-cell lym 
phomas, 33% of follicle center lymphomas, 25% of mantle 
lymphomas, and 50% of B-CLL have been reported to 
express CD70 (Lens et al., 1999, B11 J. Haematol. 1061491 
503). CD70 is frequently expressed together With other lym 
phoid activation markers on the malignant Hodgkin and 
Reed-Sternberg cells of Hodgkin’s disease (Gruss and Kadin, 
1996, Bailieres Clin. Haemalol. 91417-46). One report dem 
onstrates CD70 expression on 88% (7 of 8 cases) of thymic 
carcinomas and 20% (1 of 5 cases) of atypical thymomas 
(Hishima et al., 2000, supra). The second type of carcinoma 
on Which CD70 has been detected is nasopharyngeal carci 
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noma. One study reports the presence of CD70 on 80% (16 of 
20 cases) of snap-froZen tumor biopsies obtained from undif 
ferentiated nasopharyngeal carcinomas (Agathanggelou et 
al., 1995, Am J Path 14711152-60). CD70 has also been 
detected on brain tumor cells, especially glioma cell lines, 
solid human gliomas, and meningiomas (Held-Feindt and 
Mentlein, 2002, Int. J. Cancer 981352-56; Wischlusen et al., 
2002, Can. Res. 6212592-99). 
[0005] The receptor for CD70 is CD27, a glycosylated type 
I transmembrane protein of about 55 kDa (GoodWin et al., 
1993, Cell 731447-56; HintZen et al., 1994, supra). CD70 is 
sometimes referred to as CD27L. CD27, Which exists as a 

homodimer on the cell surface (Gravestein et al., 1993, Eur J. 
Immunol. 231943-50), is a member of the TNF receptor super 
family as de?ned by cysteine-rich repeats of about 40 amino 
acids in the extracellular domain (Smith et al., 1990, Science 
24811019-23; Locksley et al., 2001, Cell 1041487-501). 
CD27 is expressed by thymocytes, NK, T, and B cells 
(HintZen et al., 1994, Immunol Today 151307-11; Lens et al., 
1998, Semin. Immunol. 101491 -99). On resting T cells, CD27 
is constitutively expressed, yet antigenic triggering further 
upregulates CD27 expression (de Jong et al., 1991, J Immu 
nol. 14612488-94; HintZen et al., 1993, J Immunol. 1511 
2426-35). Further, triggering of T cells via their T cell antigen 
receptor complex alone or in combination With the accessory 
molecule CD28 releases soluble CD27 from activated T cells 
(HintZen et al., 1991, J Immunol. 147129-35). Naive B cells 
do not express CD27, but its expression is induced and, in 
contrast to CD70, sustained after antigenic triggering of B 
cells (Jacquot et al., 1997, J. Immunol. 15912652-57; Kobata 
et al., 1995, Proc. Natl. Acad. Sci. USA 92111249-53). 
[0006] In marked contrast to the restricted expression of 
CD27 and CD70 in normal B lineage cells, both CD27 and 
CD70 are frequently co-expressed in many B cell non 
Hodgkin’s lymphomas and leukemias. This could potentially 
lead to functional CD27-CD70 interactions on these cells in 
the form of an autocrine loop, resulting in CD27 signaling and 
in CD70-induced proliferation, thereby providing a groWth 
advantage to malignant cells (Lens et al., 1999, supra). 
[0007] The role of CD70-CD27 co-stimulation in cell-me 
diated autoimmune diseases has been investigated in a model 
of experimental autoimmune encephalomyelitis (EAE) (N a 
kajima et al., 2000, J Neuroimmunol. 1091188-96). In vivo 
administration of the anti-mouse CD70 mAb (clone FR-70) 
suppressed the onset of EAE by inhibiting antigen-induced 
TNF-alpha production Without affecting B and T cell number, 
T cell priming, Ig production or TH1/TH2 cell balance. HoW 
ever, such treatment had little e?icacy in established disease. 

[0008] Graft versus host disease (GVHD) is a THl -medi 
ated immune response that is a major and often lethal conse 
quence of allogeneic bone marroW transplantation (BMT) 
therapy that occurs When histocompatibility antigen differ 
ences betWeen the BM donor and the recipient of the trans 
plant are present (den Haan et al., 1995, Science 26811476). 
GVHD is an immune reaction against host tissues mounted 
by mature T cells present in the transplanted donor marroW 
(Giralt and Champlin, 1994, Blood 8413603). It is noteWorthy 
that CD70 has been detected in vivo on CD4+ cells in condi 
tions characterized by allogeneic reaction, as in cases of 
maternal T cell engraftment in severe combined immune 
de?ciency patients (Brugnoni et al., 1997 Immunol. Len. 
55199-104). Prophylaxis of GVHD is achieved by pan-T cell 
immunosuppressive agents such as cyclosporine, corticoster 
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oids, or methotrexate. However, these agents are not speci?c 
and cause signi?cant adverse side effects. 
[0009] As indicated supra, CD70 is not expressed on nor 
mal non-hematopoietic cells. CD70 expression is mostly 
restricted to recently antigen-activated T and B cells under 
physiological conditions, and its expression is doWn-regu 
lated When antigenic stimulation ceases. Evidence from ani 
mal models suggests that CD70 may contribute to immuno 
logical disorders such as, e. g., rheumatoid arthritis (Brugnoni 
et al., 1997, Immunol. Len. 55:99-104), psoriatic arthritis 
(Brugnoni et al., 1997,1mmun0l. Len. 55:99-104), and lupus 
(Oelke et al., 2004, Arthritis Rheum. 50: 1 850-60). In addition 
to its potential role in in?ammatory responses, CD70 is also 
expressed on a variety of transformed cells including lym 
phoma B cells, Hodgkin and Reed-Sternberg cells, malignant 
cells of neural origin, and a number of carcinomas. 
[0010] Accordingly, there is a need for anti-CD70 antibod 
ies and other CD70 binding agents that can exert a clinically 
useful cytotoxic, cytostatic, or immunosuppressive effect on 
CD70-expressing cells, particularly Without exerting undesir 
able effects on non-CD70-expressing cells. Such binding 
agent Would be useful against cancers that express CD70 or 
immune disorders that are mediated by CD70-expressing 
cells. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention provides CD70 antibodies 
and other CD70 binding agents and methods relating to the 
use of such binding agents for the prophylaxis or treatment of 
CD70-expressing cancers and immunological disorders 
Where CD70-expressing cells are present. The antibody or 
other binding agent binds to CD70 and exhibits a cytotoxic, 
cytostatic, and/or immunosuppressive effect on CD70-ex 
pressing cells in the absence of conjugation to a therapeutic 
agent. 
[0012] In one aspect, a method of treating a CD70-express 
ing cancer in a subject is provided. The method generally 
includes administering to the subject an effective amount of a 
binding agent having an antigen-binding region that binds to 
CD70, and at least one effector domain mediating at least an 
ADC, ADCC, ADCP or CDC response in the subject, Wherein 
the binding agent exerts a cytostatic or cytotoxic effect in the 
absence of conjugation to a therapeutic agent. The CD70 
binding agent can be, for example, an antibody, such as a 
chimeric, humanized, or fully human antibody. The antibody 
can include, for example, an effector domain of a human IgM 
or IgG antibody. The IgG antibody can be, for example, a 
human IgG1 or IgG3 subtype. In some embodiments, the anti 
body includes a human constant region. 

[0013] In some embodiments, the antibody competes for 
binding to CD70 With monoclonal antibody IE6 or 2E2. In 
other embodiments, the antibody is a humanized IE6 or 2E2 
or a chimeric IE6 or 2E2 antibody. The antibody can be, for 
example, monovalent, divalent or multivalent. 
[0014] The CD70-expressing cancer can be, for example, a 
kidney tumor, a B cell lymphoma, a colon carcinoma, 
Hodgkin’s Disease, multiple myeloma, non-Hodgkin’s lym 
phoma, chronic lymphocitic leukemia, acute lymphatic leu 
kemia, a nasopharyngeal carcinoma, brain tumor or a thymic 
carcinoma. The kidney tumor can be, for example, a renal cell 
carcinoma. The brain tumor can be, for example, a glioma, a 
glioblastoma, or a meningioma. The subject can be, for 
example, a mammal, such as a human being. 

Jun. 12, 2008 

[0015] In another aspect, a method for treating an immu 
nological disorder is provided. The method includes admin 
istering to a subject an effective amount of a binding agent 
having an antigen-binding region that binds to CD70, and at 
least one effector domain mediating at least an ADC, ADCC, 
ADCP or CDC response in the subject, Wherein the binding 
agent exerts a cytostatic, cytotoxic, or immunosuppressive 
effect in the absence of conjugation to a therapeutic agent. 
The CD70 binding agent can be, for example, an antibody, 
such as a chimeric, humanized, or fully human antibody. The 
antibody can include, for example, an effector domain of a 
human IgM or IgG antibody. The IgG antibody can be, for 
example, a human IgGlor IgG3 subtype. In some embodi 
ments, the antibody includes a human constant region. 
[0016] In some embodiments, the antibody competes for 
binding to CD70 With monoclonal antibody IE6 or 2E2. In 
other embodiments, the antibody is a humanized IE6 or 2E2 
or a chimeric IE6 or 2E2 antibody. The antibody can be, for 
example, monovalent, divalent or multivalent. 
[0017] The immunological disorder can be, for example, a 
T cell-mediated immunological disorder. In some embodi 
ments, the T cell mediated immunological disorder comprises 
activated T cells expressing CD70. In some embodiments, 
resting T cells are not substantially depleted by administra 
tion of the antibody-drug conjugate. The T cell-mediated 
immunological disorder also can be, for example, rheumatoid 
arthritis, systemic lupus E (SLE), Type I diabetes, asthma, 
atopic dermitus, allergic rhinitis, thrombocytopenic purpura, 
multiple sclerosis, psoriasis, Sj orgren’s syndrome, Hashimo 
to’s thyroiditis, Grave’s disease, primary biliary cirrhosis, 
Wegener’s granulomatosis, tuberculosis, or graft versus host 
disease. In other embodiments, the immunological disorder is 
an activated B-lymphocyte disorder. The subject can be, for 
example, a mammal, such as a human being. 
[0018] In another aspect, an antibody includes an antigen 
binding region that binds to CD70 is provided. The antibody 
includes at least one effector domain mediating at least an 
ADC, ADCC, ADCP or CDC response in a subject, and exerts 
a cytostatic or cytotoxic effect on a CD70 expressing cancer, 
Which cytostatic or cytotoxic effect is achieved in the absence 
of conjugation to a cytostatic or cytotoxic agent, and Wherein 
the antibody is not monoclonal antibody IE6 or 2E2. The 
antibody can compete for binding to CD70 With monoclonal 
antibody IE6 and 2E2. 
[0019] In another aspect, the antibody includes an antigen 
binding region that binds to CD70, and at least one effector 
domain mediating at least an ADC, ADCC, ADCP or CDC 
response in a subject, and exerts an immunosuppressive effect 
on a CD70 expressing immunological disorder, Which immu 
nosuppressive effect is achieved in the absence of conjugation 
to a cyto static or cytotoxic agent, and Wherein the antibody is 
not monoclonal antibody IE6 or 2E2. The antibody can com 
pete for binding to CD70 With monoclonal antibody IE6 and 
2P2. 
[0020] In a related aspect, also provided is a pharmaceutical 
composition for the treatment of a CD70-expressing cancer 
or an immunological disorder. The composition includes a 
CD70-binding antibody and at least one pharmaceutically 
compatible ingredient. Further provided is a pharmaceutical 
kit including a container including a CD70-binding antibody, 
Wherein the antibody is lyophilized, and a second container 
comprising a pharmaceutically acceptable diluent. 
[0021] The present invention may be more fully understood 
by reference to the folloWing detailed description of the 
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invention, non-limiting examples of speci?c embodiments of 
the invention and the appended ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1. The 1E6 VL and VH cDNA and amino acid 
sequences. The coding and amino acid sequences for the light 
(VL, upper 2 panels; SEQ ID NOs: 11 and 12) and heavy chain 
(VH, lower 2 panels; SEQ ID NOs: 1 and 2) variable regions 
of 1E6 Were determined. The complementarity determining 
regions (CDRs) for the VL and VH Were identi?ed according 
to criteria described in Kabat et al. (1991, Sequences ofPro 
reins oflmmunogical Interest, Washington, DC, US Depart 
ment of Health and Public Services; Chothia and Lesk, 1987, 
J. Mol. Biol. 196: 901-17). Amino acid residues correspond 
ing to the CDRs are underlined. The signal peptide for the VL 
and VH are identi?ed to be amino residues —20 to 0 and —1 9 to 
0, respectively. 
[0023] FIG. 2. The 2E2 VL and VH cDNA and amino acid 
sequences. The coding and amino acid sequences for the light 
(VL, upper 2 panels; SEQ ID NOs:31 and 32) and heavy chain 
(VH, loWer 2 panels; SEQ ID NOs:21 and 22) variable regions 
of 2E2 Were determined. The complementarity determining 
regions (CDRs) for the VL and VH Were identi?ed according 
to criteria described in Kabat et al., supra; Chothia and Lesk, 
supra. Amino acid residues corresponding to the CDRs are 
underlined. The signal peptides for the VL and VH Were iden 
ti?ed to be amino residues —20 to 0 and — 1 9 to 0, respectively. 
[0024] FIG. 3. Amino acid sequence comparisons betWeen 
the IE6 and 2P2 CDRs (SEQ ID NOs:16, 36, 18, 38, 20, 40, 
6, 26, 8, 28, 10 and 30, respectively). The amino acid 
sequences of IE6 and 2E2 CDRs are aligned. Underlined 
residues represent conservative substitutions and boxed and 
italic residues represent divergent substitutions. 
[0025] FIG. 4. Chimeric 1E6 Expression Vector pDEF14 
1E6. The structure of an expression vector for expression of 
antibodies is shoWn. 
[0026] FIG. 5. Chimeric 1E6 anti-CD70 antibody mediates 
antibody-dependent cellular cytotoxicity (ADCC). 
Na25 lCrO4-labeled target cells (WIL2-S B lymphoblastoid 
cells, Caki-l renal cell carcinoma cells, and 786-0 renal cell 
carcinoma cells) Were coated With chimeric 1E6 (c1F6), 
murine 1E6 (m1F6), or human IgG (hIgG) and mixed With 
peripheral blood mononuclear cells (PBMC) at an effector to 
target ratio of 30 CD16+ cells to 1 target cell.After 4 hours, the 
supematants from lysed cells Were measured on a scintilla 
tion counter. The percent speci?c lysis Was calculated as 
{(test sample cpm-spontaneous cpm)+(total cpm-spontane 
ous cpm)}><100. Points represent the mean :standard devia 
tion of triplicate samples. 
[0027] FIG. 6. Chimeric 1F6-coated target cells recogniZed 
by PBMC from multiple donors. Na25lCrO4-labeled Caki-l 
renal cell carcinoma cells Were coated With varying concen 
trations of chimeric IE6 or non-binding control human IgG 
(hIgG) and mixed With PBMC from tWo normal donors 
(2051661 and ND016) at an effector to target cell ratio of 17 
CD16+ cells to 1 target cell. Speci?c lysis Was assessed by 
measuring chromium-51 activity in culture supematants four 
hours later as described in FIG. 5. 
[0028] FIG. 7. Chimeric 1E6 mediates ADCC against lym 
phoid cell lines. CD70+ B lymphoblastoid cells (WIL2-S) and 
cutaneous T cell lymphoma cells (HH) Were labeled With 
NaZ5 lCrO4 then mixed With chimeric IE6 or human Ig (hIgG) 
at various concentrations as indicated. PBMC-containing 
CD16+ cells Were added to the target cells at a ratio of 18:1 
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(CD16+ cells:target) and percent lysis determined after a 
four-hour incubation as described in FIG. 5. 

[0029] FIG. 8. Chimeric 1E6 mediates ADCC against 
CD70+ multiple myeloma cell lines. (A) Expression of CD70 
by multiple myeloma cell lines. L-363, JJN-3, LP-l and 
U-266 cells Were stained With a murine anti-CD70 antibody 
(open histograms) or a non-binding murine IgG control anti 
body (solid histograms). Antibody binding Was detected With 
FITC-conjugated anti-mouse IgG and the cells analyZed by 
How cytometry. (B) ADCC activity of c1F6. CD3 8+/CD138+/ 
CD70+ multiple myeloma cell lines Were labeled With 
NaZ5 lCrO4 and then mixed With chimeric 1E6 (solid squares) 
or human Ig (solid triangle) at various concentrations as indi 
cated. CD16+ cells enriched from PBMC Were added to the 
target cells at a ratio of 15:1 (CD16+ cells:target) and the 
percent lysis determined after a four-hour incubation as 
described in FIG. 5. ADCC activity Was blocked by pre 
incubating the CD16+ effector cells With antibody to FcyRIII 
(CD16, open squares). Numbers Within each graph indicate 
the number of CD70 molecules expressed by each cell lines 
estimated using the QIFIKIT® (DakoCytomation, Carpinte 
ria, Calif.) 
[0030] FIG. 9. Chimeric 1E6 mediates ADCC against 
Hodgkin’s disease (HD) cell lines. CD70+ HD cell lines 
Hs445 and L428 Were labeled With Na25lCrO4 then mixed 
With chimeric IE6 or human Ig (hIgG) at concentrations 
indicated. PBMC-containing CD16+ cells Were added to the 
target cells at a ratio of 18:1 (CD16+ cells:target) and percent 
lysis determined after a four-hour incubation as described in 
FIG. 5. Numbers Within each graph indicate the number of 
CD70 molecules expressed by each cell lines estimated using 
the QIFIKIT® (Dakocytomation, Carpinteria, Calif.) 
[0031] FIG. 10. CD70 induced during antigen-speci?c T 
cell expansion. PBMCs from a normal HLA-A0201 donor 
Were stimulated With the M1 peptide derived from the in?u 
enZa virus matrix protein. (A) and B shoW a representative 
example of speci?c CD70 induction on the expanding CD8+/ 
V617+ after stimulation With the M1 peptide for ?ve days. 
Binding of the control IgG (open curves) and anti-CD70 mAb 
(closed curves) on the CD8+V[317_ or CD8"/V[317+ cells are 
shoWn. 

[0032] FIG. 11. Dose response comparison of c1F6 on 
depletion of antigen-speci?c CD8"/V[317+ cells. PBMCs 
from a normal HLA-A0201 donor Were stimulated With the 
M1 peptide as described in FIG. 10. Peptide-stimulated cul 
tures Were untreated or initiated With concurrent addition of 

irrelevant control mAb, murine anti-CD70 antibody (m1F6) 
or graded doses of chimeric anti-CD70 antibody (c1F6), as 
indicated. The percent CD8"/V[317+ cells after 9 days Was 
determined by How cytometry. 
[0033] FIG. 12. Chimeric 1E6 mediates complement-de 
pendent cytotoxicity in CD70+ B cells. CD70+ lymphoblastic 
NHL line (MHH-PREB-l), EBV-Burkitt’s lymphoma line 
(MC116), lymphoblastoid B cell line (WIL2-S), and multiple 
myeloma cell line (LP-1) Were incubated With graded doses 
of the indicated antibodies in the presence of 10% normal 
human serum. For MHH-PREB-l, MC116 and WIL2-S anti 
bodies Were used at 50, 5, 0.5, and 0.05 ug/mL, While for LP-l 
antibodies Were used at 50, 10, 2, and 0.4 ug/mL. Human IgG 
(hIgG) Was used as a non-binding negative control antibody. 
Cell lysis Was assayed by cell permeability to the DNA dye, 
propidium iodide detected by How cytometry. Background 
cell lysis in medium only Was subtracted to give speci?c cell 
lysis. 






































































