
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/015821 Al
31 January 2013 (31.01.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C07K 16/28 (2006.01) A61K 39/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61K 47/48 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

PCT/US201 1/052154 HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

19 September 201 1 (19.09.201 1) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

61/5 10,889 22 July 201 1 (22.07.201 1) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US): THE RE¬ ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
SEARCH FOUNDATION OF STATE UNIVERSITY TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
OF NEW YORK [US/US]; 35 State Street, Albany, NY EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
12207-2826 (US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors; and

ML, MR, NE, SN, TD, TG).(75) Inventors/Applicants (for US only): QUADROS, Ed¬
ward, V. [US/US]; 232 76th Street, Brooklyn, NY 11209 Published:
(US). SEQUEIRA, Jeffrey, M. [US/US]; 2360 62nd

— with international search report (Art. 21(3))
Street, Brooklyn, NY 11204 (US).

— with sequence listing part of description (Rule 5.2(a))
(74) Agents: MASHRUWALA, Mary Anne et al; Cooley

LLP, 777 6th Street, NW, Suite 1100, Washington, DC
20001 (US).

(54) Title: ANTIBODIES TO THE B 12-TRANSCOBALAMIN RECEPTOR

P LDLR-A LDLR-A TM cytoplasmic

FIG. 3
©

(57) Abstract: The present invention provides anti-TCblR antibodies and related compositions, which may be used in any of a vari-
© ety of therapeutic methods for the treatment of cancer, tumors and other proliferative diseases and disorders.



ANTIBODIES TO THE B12-TRANSCOBALAMIN RECEPTOR

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Patent Application No. 61/510,889 filed July 22, 201 1, and this

provisional application is incorporated herein by reference in its entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided in

text format in lieu of a paper copy, and is hereby incorporated by reference into the

specification. The name of the text file containing the Sequence Listing is

KYTO_021_01WO_SEQUENCE_LISTING.txt. The text file is 23 KB, was created

on September 19, 201 1 and is being submitted electronically via EFS-Web.

BACKGROUND

Technical Field

The field of the present invention relates to the transcobalamin

receptor, particularly anti-transcobalamin receptor antibodies and the use of the

antibodies in the prevention, diagnosis, and treatment of tumors, cancer and

proliferative diseases and disorders.

Description of the Related Art

Cellular uptake of vitamin B12 (cobalamin, Cbl) is mediated by two

proteins, transcobalamin (TC), a plasma protein secreted by the vascular

endothelial cells (Quadros et al. Am J Physiol, 277, G161-6, 1999) that binds and

transports the vitamin to tissues, and the membrane receptor for TC-Cbl

(TCblR/CD320), which is expressed on most cell types and binds TC saturated



with cobalamin to internalize the vitamin by endocytosis (Cooper and Paranchych.

Nature, 191 , 393-5, 1961 ) . The TC is degraded in the lysosome, and the Cbl is

transported out of the lysosome (Youngdahl-Turner et al. Exp Cell Res, 118, 127-

34, 1979) for conversion to methylCbl and adenosylCbl (Quadros and Jacobsen.

Biochim Biophys Acta, 1244, 395-403, 1995). The two forms of Cbl serve as

cofactors for two key enzymes, methionine synthase (MS) and methylmalonylCoA

mutase (MMU). The conversion of methyltetrahydrofolate and homocysteine to

tetrahydrofolate and methionine by MS requires methylCbl (Taylor and Hanna.

Arch Biochem Biophys, 171 , 507-20, 1975), and adenosylCbl is a cofactor for

MMU for the formation of succinylCoA in the propionate metabolic pathway (Hall, J

Lab Clin Med, 103, 70-81 , 1984). TCblR expression is coupled to the cell cycle

with highest receptor expression in actively dividing cells, likely preceding DNA

synthesis (Hall, J Lab Clin Med, 103, 70-81 , 1984). Cellular uptake and disposition

of Cbl is a dynamic process dictated by available extracellular TC-Cbl and

intracellular Cbl requirement, with most of the Cbl exiting the cell following

conversion to coenzyme forms and utilization in Cbl dependent reactions (Quadros

and Jacobsen. Biochim Biophys Acta, 1244, 395-403, 1995). TCblR (CD320) is a

membrane receptor with structural homology to the LDL receptor family. The

mature protein of 282 amino acids has a 198 amino acid (aa) extracellular region

(amino acids 32-229 of SEQ ID NO:53), a 2 1 aa transmembrane stretch and a 32

aa cytoplasmic domain. The extracellular region contains two LDL receptor type A

domains separated by a 55 aa cysteine rich CUB like domain (Quadros et al.

Blood, 113: 186-1 92, 2009). The two LDLR-A domains with consensus aa

sequences for Ca++ binding appear to be critical determinants for Ca++

dependent binding of TC-Cbl (DiGirolamo and Huennekens. Arch Biochem

Biophys, 168, 386-93, 1975).

Cbl plays an essential role in folate recycling, and the differential

expression of the receptor serves to provide optimum delivery of the vitamin to

cells during the early phase of DNA synthesis. This process ensures adequate



functioning of Cbl dependent enzymes, especially the methionine synthase that is

essential for recycling of methyl folate to generate folates needed for purine and

pyrimidine biosynthesis (Wickramasinghe SN. Baillieres Clin Haematol 1995;

8:441-59). The more proliferative a cell, the higher the need for folates and Cbl,

and this need for Cbl is met by the increased expression of TCblR in cancer cells

that may have inherently lost the ability to stop dividing and differentiate. Selective

targeting of cancer cells for destruction by delivering drugs and toxins preferentially

to these cells has been the ultimate objective of cancer therapy.

The search for tumor specific markers and the strategies to utilize

these in cancer therapy have been pursued for decades with mixed results. This

can be attributed to multiple factors that include the lack of specificity of the target

antigen, cellular events that can alter the targeting and to the complex and diverse

nature of cancer itself.

Clearly, there is a need in the art for new agents and methods for

treating tumors, e.g., by blocking cell growth or proliferation or by delivering

cytotoxic and growth inhibiting agents to tumor cells.

BRIEF SUMMARY

The present invention provides novel antibodies, and antigen-binding

fragments and variants thereof, as well as related antibody conjugates, and related

methods for diagnosing and imaging tumors, as well as for regulating cellular

uptake of cobalamin and cell growth. Accordingly, the compositions and methods

of the present invention are useful to treat and/or prevent diseases and disorders

associated with increased expression of TCblR, and to identify tumor cells and

target therapeutic agents to tumor cells.

Certain embodiments of the invention pertain to an isolated antibody,

or an antigen-binding fragment thereof, that binds to human transcobalamin

receptor (TCblR), wherein the antibody or fragment thereof comprises one or more

complementarity determining region (CDR) having amino acid sequences set forth



in SEQ ID NOs:6-8, 14-16, 22-24, 30-32, 38-40 and 46-48; or a variant of the

antibody or fragment thereof comprising up to 8 amino acid substitutions in the one

or more CDRs.

In one embodiment, the isolated antibody, or antigen-binding

fragment thereof, comprises (i) a heavy chain variable (VH) region comprising

VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:6, 7 and 8 , respectively, and/or (ii) a light chain variable (VL) region

comprising VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in

SEQ ID NOs:14, 15 and 16, respectively; or a variant of the antibody or fragment

thereof comprising VH and VL regions identical to the VH and VL regions of (i) and

(ii) except for up to 8 amino acid substitutions in the CDR amino acid sequences.

In a particular embodiment, the VH region comprises the amino acid sequence set

forth in SEQ ID NO:5. In another embodiment, the VL region comprises the amino

acid sequence set forth in SEQ ID NO:13. In one embodiment, the VH region

comprises the amino acid sequence set forth in SEQ ID NO:5, and the VL region

comprises the amino acid sequence set forth in SEQ ID NO:13.

In another embodiment, the isolated antibody, or antigen-binding

fragment thereof, comprises (i) a VH region comprising VHCDR1 , VHCDR2 and

VHCDR3 amino acid sequences set forth in SEQ ID NOs:22, 23 and 24,

respectively, and/or (ii) a VL region comprising VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ ID NOs:30, 3 1 and 32, respectively; or a

variant of the antibody or fragment thereof, comprising VH and VL regions identical

to the VH and VL regions of (i) and (ii) except for up to 8 amino acid substitutions

in the CDR amino acid sequences. In one embodiment, the VH region comprises

the amino acid sequence set forth in SEQ ID NO:21 . In another embodiment, the

VL region comprises the amino acid sequence set forth in SEQ ID NO:29. In yet

another embodiment, the VH region comprises the amino acid sequence set forth

in SEQ ID NO:21 , and the VL region comprises the amino acid sequence set forth

in SEQ ID NO:29.



In another embodiment, the isolated antibody, or antigen-binding

fragment or variant thereof, comprises (i) a VH region comprising VHCDR1 ,

VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID NOs:38, 39 and

40, respectively, and/or (ii) a VL region comprising VLCDR1 , VLCDR2 and

VLCDR3 amino acid sequences set forth in SEQ ID NOs:46, 47 and 48,

respectively; or a variant of the antibody or fragment thereof, comprising VH and

VL regions identical to the VH and VL regions of (i) and (ii) except for up to 8

amino acid substitutions in the CDR amino acid sequences. In one embodiment,

the VH region comprises the amino acid sequence set forth in SEQ ID NO:37. In

another embodiment, the VL region comprises the amino acid sequence set forth

in SEQ ID NO:45. In yet another embodiment, the VH region comprises the amino

acid sequence set forth in SEQ ID NO:37, and the VL region comprises the amino

acid sequence set forth in SEQ ID NO:45.

In a particular embodiment, the isolated antibody, or antigen-binding

fragment or variant thereof, comprises a VH region comprising the amino acid

sequence set forth in one of SEQ ID NOs:5, 2 1 and 37. In a related embodiment,

the VL region comprises an amino acid sequence having at least 90% identity to

the amino acid sequence set forth in SEQ ID NO:13, and the VH region comprises

the amino acid sequence set forth in SEQ ID NO:5. In another embodiment, the VL

region comprises an amino acid sequence having at least 90% identity to the

amino acid sequence set forth in SEQ ID NO:29, and the VH region comprises the

amino acid sequence set forth in SEQ ID NO:21 . In yet another embodiment, the

VL region comprises an amino acid sequence having at least 90% identity to the

amino acid sequence set forth in SEQ ID NO:45, and the VH region comprises the

amino acid sequence set forth in SEQ ID NO:37.

In one embodiment, the isolated antibody, or an antigen-binding

fragment or variant thereof, comprises a VL region comprising the amino acid

sequence set forth in one of SEQ ID NOs:13, 29 and 45. In a related embodiment,

the VH region comprises an amino acid sequence having at least 90% identity to



the amino acid sequence set forth in SEQ ID NO:5, and the VL region comprises

the amino acid sequence set forth in SEQ ID NO:13. In another embodiment, the

VH region comprises an amino acid sequence having at least 90% identity to the

amino acid sequence set forth in SEQ ID NO:21 , and the VL region comprises the

amino acid sequence set forth in SEQ ID NO:29. In yet another embodiment, the

VH region comprises an amino acid sequence having at least 90% identity to the

amino acid sequence set forth in SEQ ID NO:37, and the VL region comprises the

amino acid sequence set forth in SEQ ID NO:45.

In certain embodiments, the antibody is humanized. In another

embodiment, the antibody is monoclonal. In a particular embodiment, the antibody

is conjugated to an agent selected from a chemotherapeutic, a drug, a toxin and

an imaging compound. In one embodiment, the antibody is conjugated to the

agent via only one or more covalent bonds. In specific embodiments, the agent is

saporin.

In another embodiment, the isolated antibody, or antigen-binding

fragment or variant thereof, inhibits cobalamin (Cbl) from binding to TCblR. In one

embodiment, the antibody binds an epitope present in amino acid residues 54-89

or amino acid residues 132-167 of the human TCblR amino acid sequence set

forth in SEQ ID NO:53. In yet another embodiment, the isolated antibody, or

antigen-binding fragment or variant thereof, is one that competes with any one of

the antibodies described above for binding to human TCblR.

Certain embodiments relate to an isolated polynucleotide encoding

the isolated antibody, or antigen-binding fragment or variant thereof. One

embodiment provides an expression vector comprising the polynucleotide. A

related embodiment pertains to a host cell comprising the expression vector.

Another embodiment pertains to a composition comprising a

physiologically acceptable carrier and a therapeutically effective amount of the

isolated antibody, or antigen-binding fragment thereof. One embodiment provides

a method for treating a patient having a tumor, comprising providing to the patient



the composition, thereby treating the patient having the tumor. In certain

embodiments, the antibody is conjugated to an agent selected from the group

consisting of a chemotherapeutic, a drug and a toxin. In one embodiment, the

antibody is conjugated to the agent via only one or more covalent bonds. In

specific embodiments, the agent is saporin. Another embodiment provides a kit

comprising the composition.

Yet another embodiment provides a method for inhibiting the growth

of a tumor cell that expresses TCblR comprising contacting the cell with the

antibody, or antigen-binding fragment or variant thereof.

Another embodiment provides a method of inhibiting cobalamin

uptake by a cell that expresses TCblR comprising contacting the cell with an

antibody, or antigen-binding fragment thereof, comprising one or more CDR amino

acid sequences set forth in SEQ ID NOs:38-40 and 46-48; or a variant of the

antibody or fragment thereof comprising up to 8 amino acid substitutions in the one

or more CDRs. In certain embodiments, the antibody or antigen-binding fragment

or variant thereof, comprises (i) a heavy chain variable (VH) region comprising

VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:38, 39 and 40, respectively, and/or (ii) a light chain variable (VL) region

comprising VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in

SEQ ID NOs:46, 47 and 48, respectively; or a variant of the antibody, or antigen-

binding fragment thereof, comprising VH and VL regions identical to the VH and

VL regions of (i) and (ii) except for up to 8 amino acid substitutions in the CDR

regions. In one embodiment, the VH region comprises the amino acid sequence

set forth in SEQ ID NO:37. In another embodiment, the VL region comprises the

amino acid sequence set forth in SEQ ID NO:45. In yet another embodiment, the

VH region comprises the amino acid sequence set forth in SEQ ID NO:37, and the

VL region comprises the amino acid sequence set forth in SEQ ID NO:45.

Another aspect of the invention relates to a method of identifying an

antibody or fragment thereof that inhibits cobalamin uptake by a cell that



expresses TCblR comprising: contacting a candidate antibody or fragment thereof

with a first polypeptide comprising the extracellular domain of TCblR, or a region

thereof, capable of binding an antibody or fragment thereof comprising a VH region

comprising the amino acid sequence set forth in SEQ ID NO:37 and a VL region

comprising the amino acid sequence set forth in SEQ ID NO:45; determining a first

amount of binding of the candidate antibody or fragment thereof to the first

polypeptide; contacting the candidate antibody or fragment thereof with a

polypeptide comprising the extracellular domain of TCblR, or a region thereof

capable of binding the antibody or fragment thereof; wherein one or more amino

acid residues of the second polypeptide or region thereof are mutated such that

the second polypeptide or fragment thereof has a reduced ability to bind said

antibody or fragment thereof; and determining a second amount of binding of the

candidate antibody or fragment thereof to the second polypeptide, wherein if the

first amount of binding to the candidate antibody or fragment thereof is greater

than the second amount of binding to the candidate antibody or fragment thereof,

the candidate antibody or fragment thereof inhibits cobalamin uptake by a cell that

expresses TCblR.

Another embodiment provides a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprising: contacting a candidate antibody or fragment thereof with a first cell or

population of cells that expresses a first polypeptide comprising the extracellular

domain of TCblR, or a region thereof, capable of binding an antibody or fragment

thereof comprising a VH region comprising the amino acid sequence set forth in

SEQ ID NO:37 and a VL region comprising the amino acid sequence set forth in

SEQ ID NO:45; determining a first amount of binding of the candidate antibody or

fragment thereof to the first cell or population of cells; contacting the candidate

antibody or fragment thereof with a second cell or population of cells that

expresses a second polypeptide comprising the extracellular domain of TCblR, or

a region thereof capable of binding the antibody or fragment thereof; wherein one



or more amino acid residues of the second polypeptide or region thereof are

mutated such that the second polypeptide or fragment thereof has a reduced

ability to bind said antibody or fragment thereof; and determining a second amount

of binding of the candidate antibody or fragment thereof to the second cell, wherein

if the first amount of binding to the candidate antibody or fragment thereof is

greater than the second amount of binding to the candidate antibody or fragment

thereof, the candidate antibody or fragment thereof inhibits cobalamin uptake by a

cell that expresses TCblR.

In a related embodiment, the second polypeptide comprises one or

more amino acid substitutions, deletions, or insertions within one or more LDLR-A

domain of TCblR. In yet another embodiment, the second polypeptide comprises

one or more amino acid substitutions, deletions, or insertions within a region of

TCblR selected from the group consisting of: amino acid residues 54-89, amino

acid residues 132-167, amino acid residues 53-63, amino acid residue 85, amino

acid residue 86, amino acid residues 150-167, amino acid residue 163, and amino

acid residue 164, of SEQ ID NO:53.

Another embodiment relates to a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprising: contacting a candidate antibody or fragment thereof with a polypeptide

comprising a region of TCblR capable of binding an antibody or fragment thereof

comprising a VH region comprising the amino acid sequence set forth in SEQ ID

NO:37 and a VL region comprising the amino acid sequence set forth in SEQ ID

NO:45; and determining an amount of binding of the candidate antibody or

fragment thereof to the polypeptide; wherein if the determined amount of binding is

significantly greater than the amount of binding to a control polypeptide, the

candidate antibody or fragment thereof inhibits cobalamin uptake by a cell that

expresses TCblR. One embodiment provides a method of identifying an antibody

or fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprising: contacting a candidate antibody or fragment thereof with a cell or



population of cells that expresses a polypeptide comprising a region of TCblR

capable of binding an antibody or fragment thereof comprising a VH region

comprising the amino acid sequence set forth in SEQ ID NO:37 and a VL region

comprising the amino acid sequence set forth in SEQ ID NO:45; and determining

an amount of binding of the candidate antibody or fragment thereof to the cell or

population of cells; wherein if the determined amount of binding to the candidate

antibody or fragment thereof is greater than the amount of binding to a control cell

or population of cells, the candidate antibody or fragment thereof inhibits

cobalamin uptake by a cell that expresses TCblR. In a related embodiment, the

polypeptide comprises amino acid residues 32-183 of SEQ ID NO:53.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a line graph that shows the titer of anti-TCblR antibodies.

Antibody titer in hybridoma supernatants was determined by ELISA. 100ng of

antigen was used to coat ELISA plates. Peroxidase conjugated goat anti-mouse

secondary antibody and TMB substrate were used to detect the binding of anti-

TCblR antibody.

Figure 2 is a histogram that shows the specificity of anti-TCblR

antibody binding to cell surface receptors. K562 cells were incubated with mAb 1-

19 followed by FITC tagged anti-mouse IgG and analyzed by flow cytometric

separation of antibody positive cells. In the histogram, A represents the isotype

control, B represents 4°C, and C represents 37°C.

Figure 3 is a diagrammatic representation of antibody binding regions

within the TCblR protein.

Figure 4 is a line graph that shows the effect of antibody in the

culture medium on the cellular uptake of TC-Cbl. K562 cells were incubated with

120 pmoles mAb 1-19, 1-23, or 1-25. Then 0.026 pmoles of recombinant TC

saturated with 5 CoCbl was added to the culture medium and incubated for 2h, 4h,

6h, 24h, 48h, 72h, or 96h. Cells were collected to measure uptake of TC-Cbl at



each time point. mAb 1-25 inhibited uptake of TC-Cbl throughout the 96h culture

period.

Figures 5A -5D are micrographs that show the binding and uptake of

mAb 1-19. HEK293TR cells expressing GFP tagged TCblR are shown in Figures

5A and 5B, and K562 cells expressing native TCblR are shown in Figures 5C and

5D. The mAb was tagged with goat anti-mouse qdot 625red nano particles. Figure

5A shows membrane expression of TCblR-GFP and surface binding of Qdot

625red indicated by evenly scattered low level fluorescence, and internalization of

Qdot 625red is indicated by brighter segregated red-green/yellow fluorescence at

37°C (Figure 5B). Figure 5C shows a lack of uptake when normal mouse IgG is

substituted for the mAb, and Figure 5D shows the uptake of Qdot 625red in K562

cells incubated with anti-TCblR mAb.

Figure 6A is a series of bar graphs that show the effect of mAb

concentration on saporin-induced cell death used to determine the optimum ratio

of the anti-TCblR mAb to the saporin conjugated secondary mAb.

Figure 6B is a series of bar graphs that show the effect of saporin

concentration on mAb-induced cell death used to determine the optimum ratio.

The maximum effect was observed at mAb/ Sap-Ab concentration of 2.5/10 nM

( 1 :4 ratio). The top graph relates to mAb 1-19, the middle graph relates to mAb 1-

23, and the bottom graph relates to mAb 1-25. The shading of bars indicates the

presence or absence of holoTc as shown in Figure 6A.

Figure 7A is a line graph that shows the effect of cell seeding density

and receptor expression on saporin-induced cell death in HEK 293 cells. Cells

seeded at lower density showed the highest effect due to higher proliferative

activity and the native receptor expression coupled to this activity. In constitutively

high TCblR expressing HEK293TR cells, the effect of saporin was independent of

seeding cell density.

Figure 7B is a line graph that shows the seeding density dependent

inhibition of cell growth of U266 myeloma cells in suspension culture.



Figures 8A-8D are line graphs showing the determination of IC 50 for

two adherent (Figures 8A and 8B) and two suspension (Figures 8C and 8D)

cultures. The primary mAb to saporin secondary antibody concentration was

maintained at 2.5:10 nM.

Figure 9A is a bar graph that shows the specificity of mAb/Saporin-

Ab for TCblR. Purified soluble TCblR was added to the culture medium, which

resulted in decreased availability of mAb/Saporin to receptors on cells and

decreased cell death. The inhibitory effect of the mAb-Saporin Ab also decreased

when excess primary mAb or normal mouse IgG was added to the culture.

Figure 9B is a bar graph that shows that no inhibition of cell growth

was observed when saporin-Ab was withheld or when primary mAb was withheld.

Values are expressed as percentage of maximum inhibition shown in the first bar.

Figure 9C shows the specificity of mAb-Saporin-Ab for cancer cells

and lack of toxicity to primary skin fibroblasts.

Figure 9D shows the effect of mAb-Saporin-Ab on human bone

marrow cells in vitro.

Figure 10 depicts the VH region of the mAb 1-19 anti-TCblR

antibody. Figure 10A shows the polynucleotide sequence (SEQ ID NO:1 ) encoding

the amino acid sequence (Figure 10B; SEQ ID NO:5). The region corresponding

to the leader sequence is italicized, and the regions corresponding to VHCDR1 ,

VHCDR2 and VHCDR3 (SEQ ID NOs:2-4 and 6-8, respectively) are underlined.

Figure 11 depicts the VL region of the mAb 1-19 anti-TCblR antibody.

Figure 11A shows the polynucleotide sequence (SEQ ID NO:9) encoding the

amino acid sequence (Figure B; SEQ ID NO:13). The region corresponding to

the leader sequence is italicized, and the regions corresponding to VLCDR1 ,

VLCDR2 and VLCDR3 (SEQ ID NOs:10-12 and 14-16, respectively) are

underlined.

Figure 12 depicts the VH region of the mAb 1-23 anti-TCblR

antibody. Figure 12A shows the polynucleotide sequence (SEQ ID NO:17)



encoding the amino acid sequence (Figure 12B; SEQ ID NO:21 ) . The region

corresponding to the leader sequence is italicized, and the regions corresponding

to VHCDR1 , VHCDR2 and VHCDR3 (SEQ ID NOs: 18-20 and 22-24, respectively)

are underlined.

Figure 13 depicts the VL region of the mAb 1-23 anti-TCblR antibody.

Figure 13A shows the polynucleotide sequence (SEQ ID NO:25) encoding the

amino acid sequence (Figure 13B; SEQ ID NO:29). The region corresponding to

the leader sequence is italicized, and the regions corresponding to VLCDR1 ,

VLCDR2 and VLCDR3 (SEQ ID NOs:26-28 and 30-32, respectively) are

underlined.

Figure 14 depicts the VH region of the mAb 1-25 anti-TCblR

antibody. Figure 14A shows the polynucleotide sequence (SEQ ID NO:33)

encoding the amino acid sequence (Figure 14B; SEQ ID NO:37). The region

corresponding to the leader sequence is italicized, and the regions corresponding

to VHCDR1 , VHCDR2 and VHCDR3 (SEQ ID NOs:34-36 and 38-40, respectively)

are underlined.

Figure 15 depicts the VL region of the mAb 1-25 anti-TCblR antibody.

Figure 15A shows the polynucleotide sequence (SEQ ID NO:41 ) encoding the

amino acid sequence (Figure 15B; SEQ ID NO:45). The region corresponding to

the leader sequence is italicized, and the regions corresponding to VLCDR1 ,

VLCDR2 and VLCDR3 (SEQ ID NOs:42-44 and 46-48, respectively) are

underlined.

Figures 16A-16C are bar graphs that show the effect of recombinant

extracellular TCblR on inhibition of cell proliferation by saporin-conjugated mAb.

Figure 16A shows K562 cells, Figure 16B shows U266 cells, and Figure 16C

shows SW48 cells. For each different TCblR concentration depicted, the bar at the

left is mAb 1-10, the midde bar is mAb 1-19, and the bar at the right is mAb 1-25.

Figures 17A-D are bar graphs that show the effect of unlabeled mAb

and normal mouse IgG on inhibition of cell proliferation by saporin-conjugated



mAb. SW48 cells, K562 cells, normal HEK293 cells and HEK293 cells over-

expressing TCblR are shown in Figures 17A-D, respectively. For each different

treatment depicted, the bar at the left is mAb 1- 10 , the midde bar is mAb 1- 19 , and

the bar at the right is mAb 1-25.

Figure 18 is a line graph that shows the effect of saporin-conjugated

mAb on cell growth in culture.

Figure 19 is a bar graph that shows the effect of saporin-conjugated

mAb concentration on cell proliferation in SW48 cells and K562 cells. For each

different antibody concentration depicted, the bar at the left is mAb 1-10, the midde

bar is mAb 1- 19 , and the bar at the right is mAb 1-25.

Figure 20 is a line graph that shows the effect of TCblR over-

expression on inhibition of cell proliferation by saporin-conjugated mAb 1-10. The

square and diamond represent non-transfected HEK293 cells ("HEK293"), and the

circle and triangle represent TCblR over-expressing HEK293 cells (Ή ΕΚ293 +

GFP-TCblR").

Figure 2 1 is a bar graph that shows the effect of starting cell density

on inhibition of cell proliferation by saporin-conjugated mAb in SW48 cells and

K562 cells.

Figure 22 is a line graph that shows the effect of initial cell density on

inhibition of cell proliferation in normal and TCblR over-expressing HEK293 cells

exposed to 2.5 nM saporin-conjugated mAb.

Figures 23A-23F are bar graphs that show the inhibition of cell

proliferation by saporin-conjugated mAb in 181 cells (Figure 23A), RKO cells

(Figure 23B), U373 cells (Figure 23C), KB cells (Figure 23D), Caco2 cells (Figure

23E) and MDA231 cells (Figure 23F). For each treatment depicted, the bars from

left to right refer to mAb 1-10, mAb 1-19, mAb 1-25, and normal mouse IgG.

Figure 24 is a bar graph that shows the inhibition of cell proliferation

by saporin-conjugated mAb in LoVo cells, PC-3 cells, SW480 cells, MCF7 cells



and RFP3 cells. For each treatment depicted, the bars from left to right refer to

mAb 1-10, mAb 1-19, mAb 1-25, and normal mouse IgG.

Figure 25 is a bar graph that shows the inhibition of cell proliferation

by saporin-conjugated mAb in RKO cells, MDA231 cells, U373 cells, KB cells,

Caco2 cells and RFP3 cells. For each treatment depicted, the bars from left to

right refer to mAb 1-10, mAb 1-19, mAb 1-25, and normal mouse IgG.

Figure 26 is an amino acid sequence alignment of LDLR class A

domains of LDLR, LRP1 and TCblR. Seven LA repeats (LB 1-7) from LDLR, eight

LA repeats (CR 3-10) from LRP and two LA repeats (LA 1-2) from TCblR show

remarkable conservation of sequences in the form of 6 cysteines and in the

residues involved in Ca++ binding.

Figures 27A and 27B show the binding of radio labeled TC-Cbl to

various truncated and mutated TCblR, respectively. Culture medium from HEK293

cells stably transfected with the various deletion constructs was incubated with

radio labeled TC-Cbl and binding (+) or loss of binding (-) to the receptor was

determined as described in the methods section. The intact secreted form of

extracellular TCblR served as the positive control and normal HEK293 culture

medium served as the negative control.

Figure 28 is a line graph that shows the Kinetics of TC[5 Co]Cbl

binding to the extracellular secreted form of TCblR with (- 0 -) and without the CUB

domain (- ■ - ; - ·-). Deleting the 55 amino acid CUB domain separating the two

LDLR domains does not appear to drastically alter TC-Cbl binding as shown for

the protein from two clones isolated by selecting for stable expression. Inset shows

Scatchard analysis of the binding data.

Figure 29A is a micrograph that shows TC-Cbl uptake in cells

engineered to express TCblR with the cytoplasmic tail deleted.

Figure 29B is a bar graph that shows binding and internalization of

TC-Cbl by membrane expressed TCblR with deletion or specific mutations in the

32 amino acid cytoplasmic domain of TCblR. Deletion of the 32 amino acid



cytoplasmic tail has no effect on binding but internalization of TC-Cbl is severely

compromised. Mutating L264, L265 or PDZ1 domain likewise affected

internalization while mutating PDZ2 had no effect.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO:1 is the polynucleotide sequence encoding the VH region

of the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:2 is the polynucleotide sequence encoding the VHCDR1

region of the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:3 is the polynucleotide sequence encoding the VHCDR2

region of the mAb 1- 19 anti-TCblR antibody.

SEQ ID NO:4 is the polynucleotide sequence encoding the VHCDR3

region of the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:5 is the amino acid sequence of the VH region of the

mAb 1-19 anti-TCblR antibody.

SEQ ID NO:6 is the amino acid sequence of the VHCDR1 region of

the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:7 is the amino acid sequence of the VHCDR2 region of

the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:8 is the amino acid sequence of the VHCDR3 region of

the mAb 1- 19 anti-TCblR antibody.

SEQ ID NO:9 is the polynucleotide sequence encoding the VL region

of the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:10 is the polynucleotide sequence encoding the

VLCDR1 region of the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:1 1 is the polynucleotide sequence encoding the

VLCDR2 region of the mAb 1- 9 anti-TCblR antibody.

SEQ ID NO:12 is the polynucleotide sequence encoding the

VLCDR3 region of the mAb 1-19 anti-TCblR antibody.



SEQ ID NO:13 is the amino acid sequence of the VL region of the

mAb 1-19 anti-TCblR antibody.

SEQ ID NO:14 is the amino acid sequence of the VLCDR1 region of

the mAb 1-19 anti-TCblR antibody.

SEQ ID NO: 15 is the amino acid sequence of the VLCDR2 region of

the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:16 is the amino acid sequence of the VLCDR3 region of

the mAb 1-19 anti-TCblR antibody.

SEQ ID NO:17 is the polynucleotide sequence encoding the VH

region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:18 is the polynucleotide sequence encoding the

VHCDR1 region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:19 is the polynucleotide sequence encoding the

VHCDR2 region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:20 is the polynucleotide sequence encoding the

VHCDR3 region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:21 is the amino acid sequence of the VH region of the

mAb 1-23 anti-TCblR antibody.

SEQ ID NO:22 is the amino acid sequence of the VHCDR1 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:23 is the amino acid sequence of the VHCDR2 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:24 is the amino acid sequence of the VHCDR3 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:25 is the polynucleotide sequence encoding the VL

region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:26 is the polynucleotide sequence encoding the

VLCDR1 region of the mAb 1-23 anti-TCblR antibody.



SEQ ID NO:27 is the polynucleotide sequence encoding the

VLCDR2 region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:28 is the polynucleotide sequence encoding the

VLCDR3 region of the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:29 is the amino acid sequence of the VL region of the

mAb 1-23 anti-TCblR antibody.

SEQ ID NO:30 is the amino acid sequence of the VLCDR1 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:31 is the amino acid sequence of the VLCDR2 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:32 is the amino acid sequence of the VLCDR3 region of

the mAb 1-23 anti-TCblR antibody.

SEQ ID NO:33 is the polynucleotide sequence encoding the VH

region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:34 is the polynucleotide sequence encoding the

VHCDR1 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:35 is the polynucleotide sequence encoding the

VHCDR2 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:36 is the polynucleotide sequence encoding the

VHCDR3 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:37 is the amino acid sequence of the VH region of the

mAb 1-25 anti-TCblR antibody.

SEQ ID NO:38 is the amino acid sequence of the VHCDR1 region of

the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:39 is the amino acid sequence of the VHCDR2 region of

the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:40 is the amino acid sequence of the VHCDR3 region of

the mAb 1-25 anti-TCblR antibody.



SEQ ID NO:41 is the polynucleotide sequence encoding the VL

region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:42 is the polynucleotide sequence encoding the

VLCDR1 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:43 is the polynucleotide sequence encoding the

VLCDR2 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:44 is the polynucleotide sequence encoding the

VLCDR3 region of the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:45 is the amino acid sequence of the VL region of the

mAb 1-25 anti-TCblR antibody.

SEQ ID NO:46 is the amino acid sequence of the VLCDR1 region of

the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:47 is the amino acid sequence of the VLCDR2 region of

the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:48 is the amino acid sequence of the VLCDR3 region of

the mAb 1-25 anti-TCblR antibody.

SEQ ID NO:49 is the Homo sapiens CD320 molecule, transcript

variant 1, mRNA, accession number NM_016579.

SEQ ID NO:50 is the Homo sapiens full open reading frame cDNA

clone RZPDo834A0912D for gene 8D6A, 8D6 antigen; complete cds, including

stop codon, accession number CR457174.

SEQ ID NO:51 is the Homo sapiens CD320 molecule, mRNA (cDNA

clone MGC:828 IMAGE:3347569), complete cds, accession number BC000668.

SEQ ID NO:52 is the Homo sapiens CD320 molecule, mRNA (cDNA

clone MGC:14623 IMAGE:4076237), complete cds, accession number BC007083.

SEQ ID NO:53 is the CD320 antigen isoform 1 precursor [Homo

sapiens] amino acid sequence, accession number NP_057663.



DETAILED DESCRIPTION

The present disclosure relates to antibodies and antigen-binding

fragments thereof that specifically bind to the transcobalamin receptor (TCblR),

including particular antibodies having specific epitopic specificity and functional

properties.

TCblR is over-expressed in proliferating and dividing cells, including

tumor cells. Certain embodiments of the invention pertain to the use of anti-TCblR

antibodies or antigen-binding fragments thereof for the diagnosis, assessment and

treatment of diseases and disorders associated with increased expression thereof.

For example, the subject antibodies may be used in the treatment or prevention of

cancer, tumors and proliferative diseases and disorders. One embodiment of the

invention encompasses specific antibodies and fragments thereof capable of

binding to TCblR, blocking TCblR binding with TCbl, and inhibiting Cbl dependent

cell growth and proliferation. In more specific embodiments of the invention, the

antibodies described herein are conjugated to an agent useful for diagnosis or

treatment.

The practice of the present invention will employ, unless indicated

specifically to the contrary, conventional methods of virology, immunology,

microbiology, molecular biology and recombinant DNA techniques within the skill

of the art, many of which are described below for the purpose of illustration. Such

techniques are explained fully in the literature. See, e.g., Sambrook et al.

Molecular Cloning: A Laboratory Manual (2nd Edition, 1989); Maniatis et al.

Molecular Cloning: A Laboratory Manual (1982); DNA Cloning: A Practical

Approach, vol. I & I I (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed.,

1984); Nucleic Acid Hybridization (B. Hames & S. Higgins, eds., 1985);

Transcription and Translation (B. Hames & S. Higgins, eds., 1984); Animal Cell

Culture (R. Freshney, ed., 1986); Perbal, A Practical Guide to Molecular Cloning

(1984).



Definitions

As used in this specification and the appended claims, the singular

forms "a," "an" and "the" include plural references unless the content clearly

dictates otherwise.

Throughout this specification, unless the context requires otherwise,

the word "comprise", or variations such as "comprises" or "comprising", will be

understood to imply the inclusion of a stated element or integer or group of

elements or integers but not the exclusion of any other element or integer or group

of elements or integers.

Each embodiment in this specification is to be applied mutatis

mutandis to every other embodiment unless expressly stated otherwise.

Standard techniques may be used for recombinant DNA,

oligonucleotide synthesis, and tissue culture and transformation (e.g.,

electroporation, lipofection). Enzymatic reactions and purification techniques may

be performed according to manufacturer's specifications or as commonly

accomplished in the art or as described herein. These and related techniques and

procedures may be generally performed according to conventional methods well

known in the art and as described in various general and more specific references

that are cited and discussed throughout the present specification. Unless specific

definitions are provided, the nomenclature utilized in connection with, and the

laboratory procedures and techniques of, molecular biology, analytical chemistry,

synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well known and commonly used in the art. Standard

techniques may be used for recombinant technology, molecular biological,

microbiological, chemical syntheses, chemical analyses, pharmaceutical

preparation, formulation, and delivery, and treatment of patients.

Embodiments of the present invention relate to antibodies that bind

to the Transcobalamin receptor (TCblR). In particular, the antibodies described

herein specifically bind to TCblR and have therapeutic utility for the treatment of



diseases, including those associated with elevated or aberrant expression TCblR.

Certain antibodies described herein may also block TCblR binding to the TCblR,

thereby blocking cellular uptake of Cbl. The antibodies described herein may also

have effects on TCblR receptor internalization. Certain antibodies described

herein are internalized by cells expressing TCblR, and may be used to deliver an

agent, e.g., a therapeutic agent, to such cells.

Sequences of illustrative antibodies, or antigen-binding fragments, or

domains or complementarity determining regions (CDRs) thereof, are set forth in

SEQ ID NOs:5-8, 13-16, 21-24, 29-32, 37-40 and 45-48.

The term "antibody" (Ab) as used herein includes monoclonal

antibodies, polyclonal antibodies, multispecific antibodies (e.g., bispecific

antibodies), and antibody fragments, so long as they exhibit the desired biological

activity, e.g., specifically bind to TCblR. The term "immunoglobulin" (Ig) is used

interchangeably with "antibody" herein.

The basic antibody unit is a heterotetrameric glycoprotein composed

of two identical light (L) chains and two identical heavy (H) chains. Each light

chain is linked to a heavy chain by one covalent disulfide bond, while the two

heavy chains are linked to each other by one or more disulfide bonds depending

on the heavy chain isotype. Each heavy and light chain also has regularly spaced

intrachain disulfide bridges. Each heavy chain has at the N-terminus a variable

domain (V H) followed by three constant domains (CH) for each of the a and γ

chains and four CH domains for µ and ε isotypes. Each light chain has at the N-

terminus, a variable domain (V L) followed by a constant domain (CL) at its other

end. The V L is aligned with the V H and the C L is aligned with the first constant

domain of the heavy chain (CH1 ) . Particular amino acid residues are believed to

form an interface between the light chain and heavy chain variable domains. The

pairing of a V H and V L together forms a single antigen-binding site.

The light chain from any vertebrate species can be assigned to one

of two clearly distinct types, called kappa (κ ) and lambda (λ ) , based on the amino



acid sequences of their constant domains (CL). Depending on the amino acid

sequence of the constant domain of their heavy chains (CH), immunoglobulins can

be assigned to different classes or isotypes. There are five classes of

immunoglobulins: IgA, IgD, IgE, IgG, and IgM, having heavy chains designated

alpha (a), delta (δ) , epsilon (ε) , gamma (γ) and mu (µ) , respectively. The γ and

a classes are further divided into subclasses on the basis of relatively minor

differences in C H sequence and function, e.g., humans express the following

subclasses: lgG1 , lgG2, lgG3, lgG4, lgA1 , and lgA2. It will be appreciated that

mammals encoding multiple Ig isotypes will be able to undergo isotype class

switching.

An IgM antibody consists of 5 of the basic heterotetramer units along

with an additional polypeptide called J chain, and therefore contains 10 antigen

binding sites, while secreted IgA antibodies can polymerize to form polyvalent

assemblages comprising 2-5 of the basic 4-chain units along with J chain. In the

case of IgG, the 4-chain unit is generally about 150,000 Daltons. For the structure

and properties of the different classes of antibodies, see, e.g., Basic and Clinical

Immunology, 8th edition, Daniel P. Stites, Abba I . Terr and Tristram G . Parslow

(eds.), Appleton & Lange, Norwalk, Conn., 1994, page 7 1 , and Chapter 6 .

The V domain mediates antigen binding and defines specificity of a

particular antibody for its particular antigen. The gene sequence encoding the VH

domain has multiple copies of variable (V), diversity (D), and joining (J) segments.

The gene sequence encoding the VL domain contains multiple copies of V and J

segments. The VH and VL regions undergo gene rearrangement (i.e., somatic

recombination) to develop diverse antigen specificity in antibodies. The term

"variable" refers to the fact that certain segments of the V domains differ

extensively in sequence among antibodies.

However, the variability is not evenly distributed across the 0-

amino acid span of the variable domains. Instead, the V regions consist of

relatively invariant stretches called framework regions (FRs) of 15-30 amino acids



separated by short regions of extreme variability called "hypervariable regions."

These hypervariable regions are the result of somatic hypermutation during the

affinity maturation process, and they are typically each 9-18 amino acids long.

However, they have been found to range from 4-28 amino acids in length

depending upon the particular epitope. For example, CDR3 regions up to at least

22 or 23 amino acids in length have been described. See, e.g., Morea V, et al., J

Mol Biol. 275(2):269-94 (1998) and Kabat, E.A., et al., Sequences of Proteins of

Immunological Interest, Fifth Edition. NIH Publication No. 91-3242 (1991 ) .

The variable domains of native heavy and light chains each comprise

four FRs, largely adopting a β-sheet configuration, connected by three

hypervariable regions, which form loops connecting, and in some cases forming

part of, the β-sheet structure. The hypervariable regions in each chain are held

together in close proximity by the FRs and, with the hypervariable regions from the

other chain, contribute to the formation of the antigen-binding site of antibodies

(see Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public

Health Service, National Institutes of Health, Bethesda, Md. (1991 )). The constant

domains are not involved directly in binding an antibody to an antigen, but exhibit

various effector functions, such as participation of the antibody in antibody

dependent cellular cytotoxicity (ADCC).

The term "hypervariable region" when used herein refers to the

amino acid residues of an antibody that are responsible for antigen binding. The

hypervariable region generally comprises amino acid residues from a

"complementarity determining region" or "CDR" (e.g., around about residues 24-34

(L1 ) , 50-56 (L2) and 89-97 (L3) in the VL, and around about 1-35 (H1 ) , 50-65 (H2)

and 95-102 (H3) in the VH; Kabat et al., Sequences of Proteins of Immunological

Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, Md.

(1991 )) and/or those residues from a "hypervariable loop" (e.g., residues 26-32

(L1 ) , 50-52 (L2) and 91-96 (L3) in the VL, and 26-32 (H1 ) , 53-55 (H2) and 96-101

(H3) in the VH ; Chothia and Lesk, J. Mol. Biol. 196:901-917 (1987)).



As used herein, "VHCDR" and "VLCDR" refer to a CDR that is in the

VH or VL, respectively. In particular, the six CDRs of an antibody described herein

may be designated VHCDR1 , VHCDR2, VHCDR3, VLCDR1 , VLCDR2 and

VLCDR3.

An "isolated antibody" is one that has been separated and/or

recovered from a component of its natural environment. Contaminant components

of its natural environment are materials that would interfere with diagnostic or

therapeutic uses for the antibody, and may include enzymes, hormones, and other

proteinaceous or non-proteinaceous solutes. In preferred embodiments, the

antibody is purified: ( 1 ) to greater than 95% by weight of antibody as determined

by the Bradford method, and most preferably more than 99% by weight; (2) to a

degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid

sequence by use of a spinning cup sequenator; or (3) to homogeneity by SDS-

PAGE under reducing or non-reducing conditions using Coomassie blue or silver

stain. Isolated antibody includes the antibody in situ within recombinant cells since

at least one component of the antibody's natural environment will not be present.

Ordinarily, however, isolated antibody will be prepared by at least one purification

step.

An "intact" antibody is one that comprises an antigen-binding site as

well as a C L and at least heavy chain constant domains, C H 1, C H 2 and C H 3 . The

constant domains may be native sequence constant domains (e.g., human native

sequence constant domains) or amino acid sequence variants thereof. Preferably,

the intact antibody has one or more effector functions.

An "antibody fragment" is a polypeptide comprising or consisting of a

portion of an intact antibody, preferably the antigen-binding or variable region of

the intact antibody. Examples of antibody fragments include Fab, Fab', F(ab')2, and

Fv fragments; diabodies; linear antibodies (see U.S. Patent No. 5,641 ,870; Zapata

e ai, Protein Eng. 8(10): 1057-1062 [1995]); single-chain antibody molecules; and

multispecific antibodies formed from antibody fragments. In particular, an



"antigen-binding fragment" is a polypeptide comprising a portion of an intact

antibody that specifically binds the target antigen, e.g., TCblR.

Papain digestion of antibodies produces two identical antigen-binding

fragments, called "Fab" fragments, and a residual "Fc" fragment, a designation

reflecting the ability to crystallize readily. The Fab fragment consists of an entire L

chain along with the variable region domain of the H chain (V H) , and the first

constant domain of one heavy chain (CH 1) . Each Fab fragment is monovalent with

respect to antigen binding, i.e., it has a single antigen-binding site. Pepsin

treatment of an antibody yields a single large F(ab')2 fragment that roughly

corresponds to two disulfide linked Fab fragments having divalent antigen-binding

activity and is still capable of cross-linking antigen. Both the Fab and F(ab')2 are

examples of antigen-binding fragments. Fab' fragments differ from Fab fragments

by having additional few residues at the carboxy terminus of the C H1 domain

including one or more cysteines from the antibody hinge region. Fab'-SH is the

designation herein for Fab' in which the cysteine residue(s) of the constant

domains bear a free thiol group. F(ab')2 antibody fragments originally were

produced as pairs of Fab' fragments that have hinge cysteines between them.

Other chemical couplings of antibody fragments are also known.

The "Fc" fragment comprises the carboxy-terminal portions (i.e., the

CH2 and CH3 domains) of both H chains held together by disulfides. The effector

functions of antibodies are determined by sequences in the Fc region. The Fc

domain is the portion of the antibody recognized by cell receptors, such as the

FcR, and to which the complement-activating protein, C1q, binds.

"Fv" is the minimum antibody fragment that contains a complete

antigen-recognition and antigen-binding site. This fragment consists of a dimer of

one heavy- and one light-chain variable region domain in tight, non-covalent

association. From the folding of these two domains emanate six hypervariable

loops (three loops each from the H and L chain) that contribute the amino acid

residues for antigen binding and confer antigen binding specificity to the antibody.



However, even a single variable domain (or half of an Fv comprising only three

CDRs specific for an antigen) has the ability to recognize and bind antigen,

although at a lower affinity than the entire binding site.

"Single-chain Fv," also abbreviated as "sFv" or "scFv," are antibody

fragments that comprise the VH and VL antibody domains connected into a single

polypeptide chain. Preferably, the scFv polypeptide further comprises a

polypeptide linker between the VH and VL domains that enables the scFv to form

the desired structure for antigen binding. For a review of scFv, see Pluckthun in

The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore

eds., Springer-Verlag, New York, pp. 269-315 (1994); Borrebaeck 1995, infra.

The term "diabodies" refers to small antibody fragments prepared by

constructing scFv fragments (see preceding paragraph) with short linkers (about 5-

10 residues) between the VH and VL domains such that inter-chain but not intra-

chain pairing of the V domains is achieved, resulting in a bivalent fragment, i.e.,

fragment having two antigen-binding sites. Bispecific diabodies are heterodimers

of two "crossover" scFv fragments in which the VH and VL domains of the two

antibodies are present on different polypeptide chains. Diabodies are described

more fully in, for example, EP 404,097; PCT Publication No. WO 93/1 1161 ; and

Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

As used herein, the term "polyclonal antibody" refers to an antibody

obtained from a population of antigen-specific antibodies that recognize more than

one epitope of the specific antigen.

"Antigen" or "immunogen" refers to a peptide, lipid, polysaccharide or

polynucleotide which is recognized by the adaptive immune system. Antigens may

be self or non-self molecules. Examples of antigens include, but are not limited to,

bacterial cell wall components, pollen, and rh factor. The region of an antigen that

is specifically recognized by a specific antibody is an "epitope" or "antigenic

determinant." A single antigen may have multiple epitopes.



The term "monoclonal antibody" (mAb) as used herein refers to an

antibody obtained from a population of substantially homogeneous antibodies, i.e.,

the individual antibodies comprising the population are identical except for possible

naturally occurring mutations that may be present in minor amounts. Monoclonal

antibodies are highly specific, being directed against a single antigenic site.

Furthermore, in contrast to polyclonal antibody preparations that include different

antibodies directed against different epitopes, each monoclonal antibody is

directed against a single epitope of the antigen. In addition to their specificity, the

monoclonal antibodies are advantageous in that they may be synthesized

uncontaminated by other antibodies. The modifier "monoclonal" is not to be

construed as requiring production of the antibody by any particular method. For

example, the monoclonal antibodies useful in the present invention may be

prepared by the hybridoma methodology first described by Kohler et al., Nature,

256:495 (1975), or may be made using recombinant DNA methods in bacterial,

eukaryotic animal or plant cells (see, e.g., U.S. Patent No. 4,816,567). The

"monoclonal antibodies" may also be isolated from phage antibody libraries using

the techniques described in Clackson et al., Nature, 352:624-628 (1991 ) and

Marks et al., J. Mol. Biol., 222:581-597 (1991 ) , for example.

The antibodies herein include "chimeric antibodies" in which a portion

of the heavy and/or light chain is identical with or homologous to corresponding

sequences in antibodies derived from a particular species or belonging to a

particular antibody class or subclass, while the remainder of the chain(s) is

identical with or homologous to corresponding sequences in antibodies derived

from another species or belonging to another antibody class or subclass, as well

as fragments of such antibodies, so long as they exhibit the desired biological

activity (see, U.S. Patent Nos. 4,816,567; 5,530,101 and 7,498,415; and Morrison

et al., Proc. Natl. Acad. Sci. USA, 8 1 :6851-6855 (1984)). For example, chimeric

antibodies may comprise human and non-human residues. Furthermore, chimeric

antibodies may comprise residues that are not found in the recipient antibody or in



the donor antibody. These modifications are made to further refine antibody

performance. For further details, see Jones et al, Nature 321 :522-525 (1986);

Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.

2:593-596 (1992). Chimeric antibodies also include primatized and humanized

antibodies.

In certain embodiments, the anti-TCblR antibodies or antigen-binding

fragments thereof as disclosed herein are humanized. This refers to a chimeric

molecule, generally prepared using recombinant techniques, having an antigen-

binding site derived from an immunoglobulin from a non-human species and the

remaining immunoglobulin structure of the molecule based upon the structure

and/or sequence of a human immunoglobulin. The antigen-binding site may

comprise either complete variable domains fused onto constant domains or only

the CDRs grafted onto appropriate framework regions in the variable domains.

Epitope binding sites may be wild type or modified by one or more amino acid

substitutions. This eliminates the constant region as an immunogen in human

individuals, but the possibility of an immune response to the foreign variable region

remains (LoBuglio, A . F. et al., (1989) Proc Natl Acad Sci USA 86:4220-4224;

Queen et al., PNAS (1988) 86:10029-10033; Riechmann et al., Nature (1988)

332:323-327). Illustrative methods for humanization of the anti-TCblR antibodies

disclosed herein include the methods described in U.S. patent no. 7,462,697.

Another approach focuses not only on providing human-derived

constant regions, but modifying the variable regions as well so as to reshape them

as closely as possible to human form. It is known that the variable regions of both

heavy and light chains contain three complementarity-determining regions (CDRs)

which vary in response to the epitopes in question and determine binding

capability, flanked by four framework regions (FRs) which are relatively conserved

in a given species and which putatively provide a scaffold for the CDRs. When

nonhuman antibodies are prepared with respect to a particular epitope, the

variable regions can be "reshaped" or "humanized" by grafting CDRs derived from



nonhuman antibody on the FRs present in the human antibody to be modified.

Application of this approach to various antibodies has been reported by Sato, K., et

al., (1993) Cancer Res 53:851-856. Riechmann, L , et al., (1988) Nature 332:323-

327; Verhoeyen, M., et al., (1988) Science 239:1534-1536; Kettleborough, C. A., et

al., (1991 ) Protein Engineering 4:773-3783; Maeda, H., et al., (1991 ) Human

Antibodies Hybridoma 2:124-134; Gorman, S. D., et al., (1991 ) Proc Natl Acad Sci

USA 88:4181-4185; Tempest, P. R., et al., (1991 ) Bio/Technology 9:266-271 ; Co,

M. S., et al., (1991 ) Proc Natl Acad Sci USA 88:2869-2873; Carter, P., et al.,

(1992) Proc Natl Acad Sci USA 89:4285-4289; and Co, M. S. et al., (1992) J

Immunol 148:1 149-1 154. In some embodiments, humanized antibodies preserve

all CDR sequences (for example, a humanized mouse antibody which contains all

six CDRs from the mouse antibodies). In other embodiments, humanized

antibodies have one or more CDRs (one, two, three, four, five, or six) which are

altered with respect to the original antibody, which are also termed one or more

CDRs "derived from" one or more CDRs from the original antibody.

A "human antibody" can be an antibody containing only sequences

present in an antibody naturally produced by a human. However, as used herein,

human antibodies may comprise residues or modifications not found in a naturally

occurring human antibody, including those modifications and variant sequences

described herein, i.e., a human antibody is still "human" even if amino acid

substitutions or amino acid modifications are made in the antibody. These are

typically made to further refine or enhance antibody performance. In some

instances, human antibodies are produced by transgenic animals. For example,

see U.S. Patent Nos. 5,770,429; 6,596,541 and 7,049,426.

The phrase "functional fragment or analog" of an antibody is a

compound having a qualitative biological activity in common with a full-length

antibody. For example, a functional fragment or analog of an anti-TCblR antibody

is one that can specifically bind to TCblR. In particular embodiments, it may bind



to TCblR with at least 25%, at least 50%, at least 75%, at least 80%, at least 90%

or at least 95% of the affinity of the corresponding whole antibody.

An antibody having a "biological characteristic" of a designated

antibody is one that possesses one or more of the biological characteristics of that

antibody which distinguish it from certain other antibodies. For example, in some

embodiments, an antibody with a biological characteristic of a designated antibody

will bind the same epitope as that bound by the designated antibody and/or have a

common effector function as the designated antibody.

As used herein, an antibody is said to be "immunospecific," "specific

for" or to "specifically bind" an antigen if it reacts at a detectable level with the

antigen, preferably with an affinity constant, Ka, of greater than or equal to about

10 M , or greater than or equal to about 10 M , greater than or equal to about

10 M , greater than or equal to about 10 Iv , or greater than or equal to 10

M . Affinity of an antibody for its cognate antigen is also commonly expressed as

a dissociation constant KD, and in certain embodiments, a TCblR-specific antibody

specifically binds to TCblR if it binds with a KD of less than or equal to 10~ M, less

than or equal to about 10 M, less than or equal to about 10 M, less than or

equal to 10 M, or less than or equal to 10 M. Affinities of antibodies can be

readily determined using conventional techniques, for example, those described by

Scatchard et al. (Ann. N.Y. Acad. Sci. USA 5 1 :660 (1949)).

Binding properties of an antibody to antigens, cells or tissues thereof

may generally be determined and assessed using immunodetection methods

including, for example, immunofluorescence-based assays, such as immuno-

histochemistry (IHC) and/or fluorescence-activated cell sorting (FACS).

As used herein, an "antibody variant" comprises one or more amino

acid sequence modifications as compared to the wild-type antibody. Such

modifications include, for example, deletions from, and/or insertions into and/or

substitutions of, one or more residues within the amino acid sequences of the



antibody. The amino acid changes also may alter post-translational processes of

the antibody, such as changing the number or position of glycosylation sites.

As used herein, an "antibody conjugate" comprises an antibody, or

antigen-binding fragment or variant thereof, covalently or non-covalently attached

to another agent, such as a label, tag, toxin, chemotherapeutic, or drug.

Accordingly, antibody conjugates comprise antibody fusion proteins, including, for

example, fusions of an antibody, or an antigen-binding fragment thereof, with

enzymes, fluorescent proteins, polypeptide tags, and luminescent markers, as well

as chemically associated antibody-agent complexes. As described herein, an

agent may be chemically or biosynthetically linked to an anti-TCblR antibody, or

antigen-binding fragment thereof. An agent may be directly conjugated to a TCblR

antibody or fragment or variant thereof, or it may be conjugated via one or more

other molecules, e.g., linkers.

The terms "polypeptide," "protein" and "peptide" are used

interchangeably and mean a polymer of amino acids not limited to any particular

length. The term does not exclude modifications such as myristylation, sulfation,

glycosylation, phosphorylation and addition or deletion of signal sequences. The

terms "polypeptide" or "protein" means one or more chains of amino acids, wherein

each chain comprises amino acids covalently linked by peptide bonds, and

wherein said polypeptide or protein can comprise a plurality of chains non-

covalently and/or covalently linked together by peptide bonds, having the

sequence of native proteins, that is, proteins produced by naturally-occurring and

specifically non-recombinant cells, or genetically-engineered or recombinant cells,

and comprise molecules having the amino acid sequence of the native protein, or

molecules having deletions from, additions to, and/or substitutions of one or more

amino acids of the native sequence. The terms "polypeptide" and "protein"

specifically encompass the antibodies that bind to TCblR of the present disclosure,

or sequences that have deletions from, additions to, and/or substitutions of one or

more amino acid of an anti-TCblR antibody. Thus, a "polypeptide" or a "protein"



can comprise one (termed "a monomer") or a plurality (termed "a multimer") of

amino acid chains.

The term "isolated protein" referred to herein means that a subject

protein ( 1 ) is free of at least some other proteins with which it would typically be

found in nature, (2) is essentially free of other proteins from the same source, e.g.,

from the same species, (3) is expressed by a cell from a different species, (4) has

been separated from at least about 50 percent of polynucleotides, lipids,

carbohydrates, or other materials with which it is associated in nature, (5) is not

associated (by covalent or noncovalent interaction) with portions of a protein with

which the "isolated protein" is associated in nature, (6) is operably associated (by

covalent or noncovalent interaction) with a polypeptide with which it is not

associated in nature, or (7) does not occur in nature. Such an isolated protein can

be encoded by genomic DNA, cDNA, mRNA or other RNA, of may be of synthetic

origin, or any combination thereof. In certain embodiments, the isolated protein is

substantially free from proteins or polypeptides or other contaminants that are

found in its natural environment that would interfere with its use (therapeutic,

diagnostic, prophylactic, research or otherwise).

The term "polypeptide fragment" refers to a polypeptide, which can

be monomeric or multimeric, that has an amino-terminal deletion, a carboxyl-

terminal deletion, and/or an internal deletion or substitution of a naturally-occurring

or recombinantly-produced polypeptide.

The term "polynucleotide" as referred to herein means single-

stranded or double-stranded nucleic acid polymers. In certain embodiments, the

nucleotides comprising the polynucleotide can be ribonucleotides or

deoxyribonucleotides or a modified form of either type of nucleotide. Said

modifications include base modifications such as bromouridine, ribose

modifications such as arabinoside and 2',3'-dideoxyribose and internucleotide

linkage modifications such as phosphorothioate, phosphorodithioate,

phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate,



phoshoraniladate and phosphoroamidate. The term "polynucleotide" specifically

includes single and double stranded forms of DNA.

The term "isolated polynucleotide" as used herein shall mean a

polynucleotide of genomic, cDNA, or synthetic origin or some combination thereof,

which by virtue of its origin the isolated polynucleotide ( 1 ) is not associated with all

or a portion of a polynucleotide in which the isolated polynucleotide is found in

nature, (2) is linked to a polynucleotide to which it is not linked in nature, or (3)

does not occur in nature as part of a larger sequence.

The term "operably linked" means that the components to which the

term is applied are in a relationship that allows them to carry out their inherent

functions under suitable conditions. For example, a transcription control sequence

"operably linked" to a protein coding sequence is ligated thereto so that expression

of the protein coding sequence is achieved under conditions compatible with the

transcriptional activity of the control sequences.

The term "control sequence" as used herein refers to polynucleotide

sequences that can affect expression, processing or intracellular localization of

coding sequences to which they are ligated or operably linked. The nature of such

control sequences may depend upon the host organism. In particular

embodiments, transcription control sequences for prokaryotes may include a

promoter, ribosomal binding site, and transcription termination sequence. In other

particular embodiments, transcription control sequences for eukaryotes may

include promoters comprising one or a plurality of recognition sites for transcription

factors, transcription enhancer sequences, transcription termination sequences

and polyadenylation sequences. In certain embodiments, "control sequences" can

include leader sequences and/or fusion partner sequences.

The term "naturally occurring nucleotides" includes

deoxyribonucleotides and ribonucleotides. The term "modified nucleotides"

includes nucleotides with modified or substituted sugar groups and the like. The

term "oligonucleotide linkages" includes oligonucleotide linkages such as



phosphorothioate, phosphorodithioate, phosphoroselenoate,

phosphorodiselenoate, phosphoroanilothioate, phoshoraniladate,

phosphoroamidate, and the like. See, e.g., LaPlanche et al., 1986, Nucl. Acids

Res., 14:9081 ; Stec et ai, 1984, J. Am. Chem. Soc, 106:6077; Stein et ai, 1988,

Nucl. Acids Res., 16:3209; Zon et al., 1991 , Anti-Cancer Drug Design, 6:539; Zon

et ai, 1991 , Oligonucleotides and Analogues: A Practical Approach, pp. 87-108 (F.

Eckstein, Ed.), Oxford University Press, Oxford England; Stec et al., U.S. Patent

No. 5,151 ,510; Uhlmann and Peyman, 1990, Chemical Reviews, 90:543, the

disclosures of which are hereby incorporated by reference for any purpose. An

oligonucleotide can include a detectable label to enable detection of the

oligonucleotide or hybridization thereof.

The term "vector" is used to refer to any molecule {e.g., nucleic acid,

plasmid, or virus) used to transfer a polynucleotide sequence to a host cell. The

term "expression vector" refers to a vector that is suitable for transformation of a

host cell and contains nucleic acid sequences that direct and/or control expression

of inserted nucleic acid sequences. Expression includes, but is not limited to,

processes such as transcription, translation, and RNA splicing, if introns are

present.

As will be understood by those skilled in the art, polynucleotides may

include genomic sequences, extra-genomic and plasmid-encoded sequences and

smaller engineered gene segments that express, or may be adapted to express,

proteins, polypeptides, peptides and the like. Such segments may be naturally

isolated, or modified synthetically by the skilled person.

As will be also recognized by the skilled artisan, polynucleotides may

be single-stranded (coding or antisense) or double-stranded, and may be DNA

(genomic, cDNA or synthetic) or RNA molecules. RNA molecules may include

HnRNA molecules, which contain introns and correspond to a DNA molecule in a

one-to-one manner, and mRNA molecules, which do not contain introns.

Additional coding or non-coding sequences may, but need not, be present within a



polynucleotide according to the present disclosure, and a polynucleotide may, but

need not, be linked to other molecules and/or support materials. Polynucleotides

may comprise a native sequence or may comprise a sequence that encodes a

variant or derivative of such a sequence.

The TCblR polypeptide sequence was originally referred to as the

8D6 antigen, or CD320 antigen, prior to its identification as the TCblR. Various

transcobalamin receptor polypeptide and polynucleotide sequences are available

in NCBI public sequence databases under the following accession numbers:

NM_016579, Homo sapiens CD320 antigen (CD320), mRNA,

gi|51 702225|ref|NM_01 6579.2|[51 702225] (SEQ ID NO:49); CR4571 74, Homo

sapiens full open reading frame cDNA clone RZPDo834A0912D for gene 8D6A,

8D6 antigen; complete cds, incl. Stop codon,

gi|48146464|emb|CR4571 74. 1|[481 46464] (SEQ ID NO:50); BC000668, Homo

sapiens CD320 antigen, mRNA (cDNA clone MGC:828, IMAGE:3347569),

complete cds, gi|34784777|gb|BC000668.2|[34784777] (SEQ ID NO:51 ) ;

BC007083, Homo sapiens CD320 antigen, mRNA (cDNA clone MGC: 14623,

IMAGE:4076237), complete cds, gi|1 3937942|gb|BC007083.1 |[1 3937942] (SEQ ID

NO:52); NT_086894, Homo sapiens chromosome 19 genomic contig, alternate

assembly, gi|51475033|ref|NT_086894.1 |Hs19_86558[51475033]; NT_077812,

Homo sapiens chromosome 19 genomic contig,

gi|37574721 |ref|NT_077812.2|Hs19_77861 [37574721]; NP_057663, 8D6 antigen

[Homo sapiens], gi|77061 11|ref|NP_057663.1 |[77061 11] (SEQ ID NO:53);

CAG33455, 8D6A [Homo sapiens], gi|48146465|emb|CAG33455.1 |[481 46465];

AAH07083, 8D6 antigen [Homo sapiens],

gi|13937943|gb|AAH07083.1 |[1 3937943]; AAH00668, 8D6 antigen [Homo

sapiens], gi|12653765|gb|AAH00668.1 |[12653765]; Hs.333427, 8D6A: CD320

antigen, Homo sapiens, 297 sequence(s); CD320, Official Symbol: CD320 and

Name: CD320 antigen [Homo sapiens]Other Aliases: HGNC: 16692, 8D6,



8D6AOther Designations: 8D6 antigenChromosome: 19; Location: 19p1 3.3-

p13.2GenelD: 51293.

"Carriers" as used herein include pharmaceutically or physiologically

acceptable carriers, excipients, or stabilizers that are nontoxic to the cell or

mammal being exposed thereto at the dosages and concentrations employed.

Often the physiologically acceptable carrier is an aqueous pH buffered solution.

Examples of physiologically acceptable carriers include buffers such as phosphate,

citrate, and other organic acids; antioxidants including ascorbic acid; low molecular

weight (less than about 10 residues) polypeptide; proteins, such as serum albumin,

gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;

amino acids such as glycine, glutamine, asparagine, arginine or lysine;

monosaccharides, disaccharides, and other carbohydrates including glucose,

mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as

mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic

surfactants such as polysorbate 20 (TWEEN™) polyethylene glycol (PEG), and

poloxamers (PLURONICS™), and the like.

As used herein, "treating" or "treatment" refers to an approach for

obtaining beneficial or desired results, including and preferably clinical results.

Treatment can involve optionally either the amelioration of symptoms of the

disease or condition, or the delaying of the progression of the disease or condition.

As used herein, unless the context makes clear otherwise,

"prevention," and similar words such as "prevented," "preventing" etc., indicates an

approach for preventing, inhibiting, or reducing the likelihood of, the onset or

recurrence of a disease or condition. It also refers to preventing, inhibiting, or

reducing the likelihood of, the occurrence or recurrence of the symptoms of a

disease or condition, or optionally an approach for delaying the onset or

recurrence of a disease or condition or delaying the occurrence or recurrence of

the symptoms of a disease or condition. As used herein, "prevention" and similar



words also includes reducing the intensity, effect, symptoms and/or burden of a

disease or condition prior to onset or recurrence of the disease or condition.

As used herein, "inhibiting cell growth" or "inhibiting proliferation of

cells" refers to reducing or halting the growth rate of cells. For example, by

inhibiting the growth of tumor cells, the rate of increase in size of the tumor may

slow. In other embodiments, the tumor may stay the same size or decrease in

size, i.e., regress. In particular embodiments, the rate of cell growth or cell

proliferation is inihibted by at least 20%, at least 30%, at least 40%, at least 50%,

at least 60%, at least 70%, at least 80%, or at least 90%.

A . Antibodies

The present invention includes antibodies that specifically bind to

TCblR, and antigen-binding fragments thereof, as described herein. Accordingly,

the present invention provides such antibodies, as well as the methods and

reagents used to produce them. As will be understood by the skilled artisan,

general description of antibodies herein and methods of preparing and using the

same also apply to individual antibody polypeptide constituents and antibody

fragments.

In certain embodiments of the invention, an antibody, or antigen-

binding fragment thereof, that specifically binds to TCblR comprises one or more of

the CDR amino acid sequences set forth in SEQ ID NOs:6-8, 14-16, 22-24, 30-32,

38-40 and 46-48. In particular embodiments, an antibody of the invention may

comprise 1, 2 , 3 , 4 , 5 , or 6 CDRs described herein. In certain aspects, an antibody

may comprise 3 VHCDRs described herein. Similarly, an antibody may comprise

3 VLCDRs described herein. Certain antibodies of the invention comprise 6 CDR

amino acid sequences described herein.

In one embodiment, an antibody, or antigen-binding fragment

thereof, comprises (i) a heavy chain variable region comprising the VHCDR1 ,

VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID NOs:6, 7 and 8 ,



respectively, and/or (ii) a light chain variable region comprising a light chain

variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino acid

sequences set forth in SEQ ID NOs:14, 15 and 16, respectively. An example of

one such antibody is the mAb 1-19 described herein. In another embodiment of

the invention, an antibody, or antigen-binding fragment thereof, comprises (i) a

heavy chain variable region comprising the VHCDR1 , VHCDR2 and VHCDR3

amino acid sequences set forth in SEQ ID NOs:22, 23 and 24, respectively, and/or

(ii) a light chain variable region comprising a light chain variable region comprising

the VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in SEQ ID

NOs:30, 3 1 and 32, respectively. An example of one such antibody is the mAb 1-

23 described herein. In other embodiments, an antibody, or antigen-binding

fragment thereof, comprises (i) a heavy chain variable region comprising the

VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:38, 39 and 40, respectively, and/or (ii) a light chain variable region comprising

a light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ ID NOs:46, 47 and 48, respectively. An

example of one such antibody is the mAb 1-25 described herein.

In particular embodiments, the antibody, or antigen-binding fragment

thereof, comprises a VH region described herein and 3 VLCDRs described herein.

For example, one antibody, or antigen-binding fragment thereof, comprises a VH

region comprising the amino acid sequence set forth in SEQ ID NO:5 and a VL

region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set

forth in SEQ ID NOs:14, 15 and 16, respectively. In other embodiments, the

antibody, or antigen-binding fragment thereof, comprises a VH region comprising

the amino acid sequence set forth in SEQ ID NO:21 and a VL region comprising

the VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in SEQ ID

NOs:30, 3 1 and 32, respectively. In certain embodiments, the antibody, or

antigen-binding fragment thereof, comprises a VH region comprising the amino

acid sequence set forth in SEQ ID NO:37 and a VL region comprising the



VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in SEQ ID

NOs:46, 47 and 48, respectively. In addition, each of the VH regions described

above may be combined with each of the other two VL regions described above in

antibodies of the present invention.

In other embodiments, the antibody, or antigen-binding fragment

thereof, comprises a VL region described herein and 3 VHCDRs described herein.

By way of example, an antibody, or antigen-binding fragment thereof, comprises a

VL region comprising the amino acid sequence set forth in SEQ ID NO:13 and a

VH region comprising the VHCDR1 , VHCDR2 and VHCDR3 amino acid

sequences set forth in SEQ ID NOs:6, 7 and 8 , respectively. In particular

embodiments, the antibody, or antigen-binding fragment thereof, comprises a VL

region comprising the amino acid sequence set forth in SEQ ID NO:29 and a VH

region comprising the VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences

set forth in SEQ ID NOs:22, 23 and 24, respectively. In certain embodiments, the

antibody, or antigen-binding fragment thereof, comprises a VL region comprising

the amino acid sequence set forth in SEQ ID NO:45 and a VH region comprising

the VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:38, 39 and 40, respectively. In addition, each of the VL regions described

above may be combined with each of the other two VH regions described above in

antibodies of the present invention.

In particular embodiments, the antibody, or antigen-binding fragment

thereof, comprises a VH region and a VL region as described herein. Accordingly,

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a

VH region comprising the amino acid sequence set forth in SEQ ID NO:5 and a VL

region comprising the amino acid sequence set forth in SEQ ID NO:13. In another

embodiment, the antibody, or antigen-binding fragment thereof, comprises VH

region comprising the amino acid sequence set forth in SEQ ID NO:21 and a VL

region comprising the amino acid sequence set forth in SEQ ID NO:29. In one

embodiment of the invention, the antibody, or antigen-binding fragment thereof,



comprises a VH region comprising the amino acid sequence set forth in SEQ ID

NO:37 and a VL region comprising the amino acid sequence set forth in SEQ ID

NO:45. In addition, each of the VL regions described above may be combined

with each of the other two VH regions described above in antibodies of the present

invention.

Antibodies, and antigen-binding fragments thereof, may comprise a

VH region as described herein. In particular embodiments, the antibody, or an

antigen-binding fragment thereof, comprises a heavy chain variable region

comprising the amino acid sequence set forth in one of SEQ ID NOs:5, 2 1 and 37,

or a variant thereof having at least 80%, at least 90%, or at least 95% sequence

identity. In certain embodiments, the antibody, or antigen-binding fragment

thereof, comprises the heavy chain variable region comprising the amino acid

sequence set forth in SEQ ID NO:5 and a light chain variable region which

comprises an amino acid sequence having at least 80%, at least 90%, or at least

95% identity to the amino acid sequence set forth in SEQ ID NO: 13. In another

embodiment, the antibody, or antigen-binding fragment thereof, comprises the

heavy chain variable region comprising the amino acid sequence set forth in SEQ

ID NO:21 and a light chain variable region which comprises an amino acid

sequence having at least 80%, at least 90%, or at least 95% identity identity to the

amino acid sequence set forth in SEQ ID NO:29. In one embodiment, the

antibody, or antigen-binding fragment thereof, comprises the heavy chain variable

region comprising the amino acid sequence set forth in SEQ ID NO:37 and a light

chain variable region which comprises an amino acid sequence having at least

80%, at least 90%, or at least 95% identity identity to the amino acid sequence set

forth in SEQ ID NO:45.

Antibodies, and antigen-binding fragments thereof, may comprise a

VL region as described herein. In particular embodiments, the antibody, or an

antigen-binding fragment thereof, comprises a light chain variable region

comprising the amino acid sequence set forth in one of SEQ ID NOs:13, 29 and



45, or a variant thereof having at least 80%, at least 90%, or at least 95% identity.

In certain embodiments, the antibody, or antigen-binding fragment thereof,

comprises the light chain variable region comprising the amino acid sequence set

forth in SEQ ID NO:13 and a heavy chain variable region which comprises an

amino acid sequence having at least 80%, at least 90%, or at least 95% identity to

the amino acid sequence set forth in SEQ ID NO:5. In another embodiment, the

antibody, or antigen-binding fragment thereof, comprises the light chain variable

region comprising the amino acid sequence set forth in SEQ ID NO:29 and a

heavy chain variable region which comprises an amino acid sequence having at

least 80%, at least 90%, or at least 95% identity to the amino acid sequence set

forth in SEQ ID NO:21 . In particular embodiments, the antibody, or antigen-

binding fragment thereof, comprises the light chain variable region comprises the

amino acid sequence set forth in SEQ ID NO:45 and a heavy chain variable region

which comprises an amino acid sequence having at least 80%, at least 90%, or at

least 95% identity to the amino acid sequence set forth in SEQ ID NO:37.

In some instances, it may be desirable to introduce amino acid

modifications or substitutions into one or more CDRs of an anti-TCblR antibody.

For instance, the immunogenicity of an antibody may be reduced by substituting

one or more amino acids in a CDR (Iwahashi et al., Mol Immunol. 36(1 5-1 6): 1079-

1091 , 1999). By modifying or substituting one or more amino acids of a CDR, the

binding affinity of the antibody for the antigen may also be modulated so that the

anti-TCblR antibody has an increased or decreased binding affinity for TCblR in

comparison to the unmodified anti-TCblR antibody. In particular embodiments of

the invention, an antibody, or antigen-binding fragment thereof, may comprise 1, 2 ,

3 , 4 , 5 , 6 , 7 , or 8 amino acid modifications or substitutions in each CDR described

herein. Therefore, an anti-TCblR antibody comprising one CDR described herein

may have up to 8 amino acid modifications or substitutions in the amino acid

sequence of the CDR as set forth herein. Similarly, an anti-TCblR antibody

comprising two CDRs described herein may have up to 8 amino acid modifications



or substitutions in the amino acid sequences of each of the CDRs as set forth

herein, for up to a total of 16 amino acid substitutions. In particular embodiments,

an antibody or fragment thereof, e.g., a VH or VL domain, of the present invention

comprises at least three CDRs described herein and may comprise a total of 1, 2 ,

3 , 4 , 5 , 6 , 7 , or 8 amino acid modifications or substitutions within the CDRs.

Anti-TCblR antibodies according to the present invention also

include, but are not limited to, mAb 1-10, mAb 1-18, mAb 1-19, mAb 1-23, mAb 1-

25, mAb 2-2, mAb 2-3, mAb 2-4, and mAb 2-6 described herein.

Additionally, an antibody, or antigen-binding fragment thereof,

according to the present invention includes an antibody, or an antigen-binding

fragment thereof, that competes for binding to TCblR with any one of the

antibodies described herein. For example, an antibody may compete for binding to

TCblR with any one of mAb 1-10, mAb 1-18, mAb 1-19, mAb 1-23, mAb 1-25, mAb

2-2, mAb 2-3, mAb 2-4, and mAb 2-6. In particular embodiments, an antibody, or

antigen-binding fragment thereof, that competes for binding to TCblR binds to an

epitope present in residues 64-94, 95-141 , 138-141 , 150-165, or 184-233 of the

TCblR amino acid sequence set forth in SEQ ID NO:53. For example, an antibody

that competes for binding with mAb 1-25 may be specific for an epitope present in

amino acid residues 150-165 of SEQ ID NO:53. Similarly, an antibody that

competes for binding with mAb 1- 19 and/or mAb 1-23 may be specific for an

epitope present in amino acid residues 184-233 of SEQ ID NO:53.

As used herein, an antibody "competes with" or "competitively

inhibits" a reference antibody in binding to a given epitope if it preferentially binds

to that epitope to the extent that it blocks, to some degree, binding of the reference

antibody to the epitope. Methods known in the art, such as, e.g., competition

ELISAs, may be used to determine if an antibody competes with a reference

antibody. A competing antibody may inhibit the binding of the reference antibody

to a given epitope by at least about 95%, at least about 90%, at least about 85%,



at least about 80%, at least about 75%, at least about 70%, at least about 65%, at

least about 60%, at least about 55%, or at least about 50%.

1. Generation of TCblR Specific Antibodies

The present invention also includes methods of synthesizing

antibodies, and fragments and variants thereof, of the present invention. In certain

embodiments, antibodies of the present invention comprising one or more CDRs,

VH domains, or VL domains having a sequence disclosed herein may be produced

recombinantly, using vectors and methods available in the art, as described further

below. For example, polynucleotides encoding variable regions comprising CDRs

or having VH or VL sequences described herein may be synthesized using

standard techniques and combined with constant regions to generate

polynucleotide sequences encoding heavy and light chains comprising one or

more CDRs, VH and/or VL regions having a sequence described herein. The

polynucleotide sequences encoding these heavy and light chains can be cloned

into a suitable expression vector known in the art and transfected into a suitable

host cell (e.g., mammalian cells, yeast cells, bacteria) to secrete antibody into the

culture supernatant. The recombinant antibody can be isolated by various

methods such as affinity chromatography.

As noted above, in certain embodiments, a TCblR-binding antibody

comprises one or more of the CDRs, VH domains, or VL domains of the antibodies

described herein, including any of the various combinations described above. In

this regard, it has been shown in some cases that the transfer of only the VHCDR3

of an antibody can be performed, while still retaining desired specific binding

(Barbas et ai., PNAS (1995) 92: 2529-2533). See also, McLane et al., PNAS

(1995) 92:5214-5218, Barbas et al., J. Am. Chem. Soc. (1994) 116:2161-2162.

Marks et al. {Bio/Technology, 1992, 10:779-783) describe methods of

producing repertoires of antibody variable domains in which consensus primers

directed at or adjacent to the 5' end of the variable domain area are used in



conjunction with consensus primers to the third framework region of human VH

genes to provide a repertoire of VH variable domains lacking a CDR3. Marks et al.

further describe how this repertoire may be combined with a CDR3 of a particular

antibody. Using analogous techniques, the CDR3-derived sequences of the

presently described antibodies may be shuffled with repertoires of VH or VL

domains lacking a CDR3, and the shuffled complete VH or VL domains combined

with a cognate VL or VH domain to provide an antibody or antigen-binding

fragment thereof that binds TCblR. The repertoire may then be displayed in a

suitable host system such as the phage display system of PCT Publication No.

WO 92/01 047 so that suitable antibodies or antigen-binding fragments thereof may

be selected. A repertoire may consist of at least from about 104 individual

members and upwards by several orders of magnitude, for example, to about from

106 to 108 or 10 10 or more members. Analogous shuffling or combinatorial

techniques are also disclosed by Stemmer (Nature, 1994, 370:389-391 ) , who

describes the technique in relation to a β-lactamase gene but observes that the

approach may be used for the generation of antibodies.

A further alternative is to generate novel VH or VL regions carrying

one or more CDR-derived sequences described herein using random mutagenesis

of one or more selected VH and/or VL genes to generate mutations within the

entire variable domain. Such a technique is described by Gram et al. (1992, Proc.

Natl. Acad. Sci. USA, 89:3576-3580), who used error-prone PCR. Another method

which may be used is to direct mutagenesis to CDR regions of VH or VL genes.

Such techniques are disclosed by Barbas et al., (1994, Proc. Natl. Acad. Sci. USA,

9 1 :3809-3813) and Schier et al. (1996, J. Mol. Biol. 263:551-567).

In certain embodiments, a specific VH and/or VL region having a

sequence described herein may be used to screen a library of the complementary

variable domain to identify antibodies with desirable properties, such as increased

affinity for TCblR. Such methods are described, for example, in Portolano et al., J.

Immunol. (1993) 150:880-887; Clarkson et al., Nature (1991 ) 352:624-628.



Other methods may also be used to mix and match CDRs to identify

antibodies having desired binding activity, such as binding to TCblR. For example:

Klimka et al., British Journal of Cancer (2000) 83: 252-260, describe a screening

process using a mouse VL and a human VH library with CDR3 and FR4 retained

from the mouse VH. After obtaining antibodies, the VH was screened against a

human VL library to obtain antibodies that bound antigen. Beiboer et al., J. Mol.

Biol. (2000) 296:833-849 describe a screening process using an entire mouse

heavy chain and a human light chain library. After obtaining antibodies, one VL

was combined with a human VH library with the CDR3 of the mouse retained.

Antibodies capable of binding antigen were obtained. Rader e a/., P S (1998)

95:8910-8915 describe a process similar to Beiboer et al. above.

These just-described techniques are, in and of themselves, known as

such in the art. The skilled person will, however, be able to use such techniques to

obtain antibodies or antigen-binding fragments thereof comprising one or more

CDR, VH and/or VL sequences described herein, using routine methodology in the

art. These sequences may also be modified using recombinant molecular biology

techniques to generate variants of antibodies having sequences described herein.

In other embodiments, antibodies other than those having CDR, VH

or VL sequences defined herein, but which bind an antigenic region or epitope of

TCblR described herein, may be desired. The present invention also includes

methods of generating such other antibodies that specifically bind to antigenic

regions or epitopes of TCblR described herein, including the regions and epitopes

of TCblR bound by the antibodies described in the accompanying Examples, such

as the regions and epitopes depicted in Table 1 and described in Examples 1 and

5 . In certain embodiments, these methods comprise immunizing an animal with a

recombinant antigenic TCblR polypeptide region or epitope of TCblR described

herein. Other methods of production include generating ascites by injecting

hybridoma cells into the peritoneal cavity of an animal (e.g., mice), transgenic



animals that secrete the antibody into milk or eggs, and transgenic plants that

make antibody in the fruit, roots or leaves.

As set forth in the Examples below, the two LDLR-A domains of

TCblR are involved in ligand binding. In particular, the first LDLR-A domain and

the C-terminus of the second LDLR-A domain were demonstrated to be essential

for TC-Cbl binding. The C-terminus of the second LDLR-A domain (amino acid

residues'! 38-1 65 of human TCblR set forth in SEQ ID NO:53) and the N-terminus

of the first LDLR-A domain (amino acid residues 53-63 of human TCblR set forth in

SEQ ID NO:53) are important determinants of TC-Cbl binding, since deleting or

mutating these regions abrogated TC-Cbl binding. Specifically, mutating critical

amino acids in C-terminus of the two LDLR-A domains in mutants D85L, E86L and

D163L, E164L eliminated TC-Cbl binding to the receptor. The critical role of these

amino acids in Ca++ binding is further evident from the recently identified CD320

gene defect of a single amino acid deletion (del E) in the first LDLR-A domain,

resulting in decreased uptake of TC-Cbl and methyl malonic acidemia in a new

born (Quadras et al., (2010) Hum Mutat 3 1 :924-929). The Ca++ requirement for

binding dictates that integrity of LDLR-A module conformation with Ca++ ion in

position is necessary for ligand binding (Fass et al., (1997) Nature 388:691-693).

In certain embodiments, an antibody of the invention binds an

epitope present in or near an LDLR-A domain. For example, an antibody may bind

an epitope present in amino acid residues 54-89 or 132-167 of human TCblR set

forth in SEQ ID NO:53. In certain embodiments, the antibody recognizes an

epitope in residues 53-63 of human TCblR set forth in SEQ ID NO:53. In another

embodiment, the antibody recognizes an epitope comprising residue 85 of human

TCblR set forth in SEQ ID NO:53. In yet another embodiment, the antibody

recognizes an epitope comprising residue 86 of human TCblR set forth in SEQ ID

NO:53. In another embodiment, the antibody recognizes an epitope present in

amino acid residues 138-165 of human TCblR set forth in SEQ ID NO:53. In yet

another embodiment, the antibody recognizes an epitope present in amino acid



residues 150-1 65 of human TCblR set forth in SEQ ID NO:53. In another

embodiment, the antibody recognizes an epitope comprising residue 163 of human

TCblR set forth in SEQ ID NO:53. In yet another embodiment, the antibody

recognizes an epitope comprising residue 164 of human TCblR set forth in SEQ ID

NO:53.ln particular embodiments, the antibody is a blocking antibody. Additional

antibodies that bind to one or more of these regions or epitope of TCblR may be

generated, including monoclonal and polyclonal antibodies, by using these

regions of TCblR as the immunogen in techniques described herein.

Methods of producing such polyclonal and monoclonal antibodies are

known in the art and described generally, e.g., in U.S. Patent No. 6,824,780 and

Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor

Laboratory, 1988. In one such technique, the immunogen is initially injected into a

suitable animal (e.g., mice, rats, rabbits, sheep and goats), preferably according to

a predetermined schedule incorporating one or more booster immunizations. To

increase immunogenicity, an immunogen may be linked to, for example,

glutaraldehyde or keyhole limpet hemocyanin (KLH). Following injection, the

animals are bled periodically to obtain post-immune serum containing polyclonal

anti-TCblR antibodies. Polyclonal antibodies may then be purified from such

antisera by, for example, affinity chromatography using a TCblR polypeptide or

antigenic portion thereof coupled to a suitable solid support. Such polyclonal

antibodies may be used directly, e.g., for screening purposes and Western blots.

Such additional monoclonal antibodies and competing antibodies

may be prepared, for example, using the technique of Kohler and Milstein, Eur. J.

Immunol. 6:51 1-519, 1976, and improvements thereto. Briefly, these methods

involve the preparation of immortal cell lines (i.e., hybridomas) capable of

producing antibodies having the desired specificity (i.e., reactivity with the

polypeptide of interest). Hybridoma cell lines may be produced, for example, from

spleen cells obtained from an animal immunized as described above. The spleen

cells are then immortalized by, for example, fusion with a myeloma cell fusion



partner, preferably one that is syngeneic with the immunized animal. For example,

the spleen cells and myeloma cells may be combined with a nonionic detergent for

a few minutes and then plated at low density on a selective medium that supports

the growth of hybrid cells, but not myeloma cells. A preferred selection technique

uses HAT (hypoxanthine, aminopterin, thymidine) selection. After a sufficient time,

usually about 1 to 2 weeks, colonies of hybrids are observed. Single colonies are

selected and tested for binding activity against the polypeptide. Hybridomas

having high reactivity and specificity are preferred.

Antigen-specific repertoires can be recovered from immunized

animals by hybridoma technology as described above, single-cell RT-PCR for

selected B cells, antibody display technologies, and other methods known in the

art. For example, to recover mAbs from mouse-derived hybridomas, antibodies

would be secreted into the culture supernatant and can be isolated by means

known in the art such as ammonium sulfate precipitation and column

chromatography using protein A , protein G , etc. Such isolated antibody can be

used for further testing and characterization of the antibody to determine potency

in vitro and in vivo, affinity, etc.

As described above, an antibody, or antigen-binding fragment

thereof, according to the present invention may be an antibody or an antigen-

binding fragment that is specific for an epitope of TCblR such that it competes for

binding to TCblR with one of the antibodies described herein. For example, an

antibody may compete with a disclosed antibody for binding to an epitope present

in amino acid residues 54-89 or 132-167 of SEQ ID NO:53. In addition, a blocking

antibody, or antigen-binding fragment thereof, may compete for binding with

another blocking antibody. One example of a blocking antibody is an antibody that

competes with mAb 1-25 for binding to TCblR is specific for an epitope present in

amino acid residues 150-165 of SEQ ID NO:53. Such antibodies may be identified

by performing competition assays.



In particular embodiments, antibodies of the present invention are

humanized or fully human antibodies. Humanized antibodies of the present

invention, including those comprising one or more CDR, VH, or VL region having a

sequence described herein may be recombinantly produced by cloning a

polynucleotide sequence encoding a region of said antibody, or fragment thereof,

comprising said CDRs, VL and/or VH regions into a polynucleotide sequence

comprising the remaining regions of a human heavy or light chain. In certain

embodiments, antibodies of the present invention are chimeric antibodies that

comprise sequences derived from both human and non-human sources. In

particular embodiments, these chimeric antibodies are humanized or Primatized™.

In practice, humanized antibodies are typically human antibodies in which some

hypervariable region residues and possibly some framework residues are

substituted by residues from analogous sites in rodent antibodies.

It is important that chimeric antibodies retain high binding affinity for

the antigen and other favorable biological properties. To achieve this goal,

according to one method, chimeric antibodies are prepared by a process of

analysis of the parental sequences and various conceptual chimeric products

using three-dimensional models of the parental human and non-human

sequences. Three-dimensional immunoglobulin models are commonly available

and are familiar to those skilled in the art. Computer programs are available which

illustrate and display probable three-dimensional conformational structures of

selected candidate immunoglobulin sequences. Inspection of these displays

permits analysis of the likely role of the residues in the functioning of the candidate

immunoglobulin sequence, i.e., the analysis of residues that influence the ability of

the candidate immunoglobulin to bind its antigen. In this way, framework residues

can be selected and combined from the recipient and import sequences so that the

desired antibody characteristic, such as increased affinity for the target antigen(s),

is achieved. In general, the hypervariable region residues are directly and most

substantially involved in influencing antigen binding.



Human antibodies may be generated against antigenic regions or

epitopes of TCblR by in vitro activated B cells (see U.S. Patent Nos. 5,567,610 and

5,229,275). In addition, such human antibodies may also be produced in

transgenic animals (e.g., mice) that are capable of producing a full repertoire of

human antibodies in the absence of endogenous immunoglobulin production. For

example, it has been described that the homozygous deletion of the antibody

heavy-chain joining region (J H) gene in chimeric and germ-line mutant mice results

in complete inhibition of endogenous antibody production. Transfer of the human

germ-line immunoglobulin gene array into such germ-line mutant mice results in

the production of human antibodies upon antigen challenge. See, e.g., Jakobovits

et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature,

362:255-258 (1993); Bruggemann et al., Year in Immuno., 7:33 (1993); U.S.

Patent Nos. 5,545,806; 5,545,807; 5,569,825; 5,591 ,669; 5,770,429; 6,596,541

and 7,049,426; and PCT Publication No. WO 97/17852. Such animals may be

genetically engineered to produce human antibodies comprising a polypeptide of

the present invention.

As noted above, antibodies (i.e., immunoglobulins) can be divided

into five different classes, based on differences in the amino acid sequences in the

constant region of the heavy chains. All immunoglobulins within a given class have

very similar heavy chain constant regions. These differences can be detected by

sequence studies or more commonly by serological means (i.e. by the use of

antibodies directed to these differences). Antibodies, or fragments thereof, of the

present invention may be any class, and may, therefore, have a gamma, mu,

alpha, delta, or epsilon heavy chain. A gamma chain may be gamma 1, gamma 2 ,

gamma 3 , or gamma 4 ; and an alpha chain may be alpha 1 or alpha 2 .

In various embodiments, antibodies of the present invention, and

fragments thereof, comprise a variable light chain that is either kappa or lambda.

The lambda chain may be of any subtype, including, e.g., lambda 1, lambda 2 ,

lambda 3 , and lambda 4 .



2 . Antigen-Binding Fragments

As noted above, the present invention further provides antibody

fragments comprising a fragment of an antibody described herein, e.g., a fragment

that confers antigen specificity to the antibody. Examples of antibody fragments of

the present invention include: Fab, Fab', F(ab')2 and Fv fragments; diabodies;

linear antibodies; single-chain antibodies; and multispecific antibodies formed from

antibody fragments. In related embodiments, antibody fragments of the present

invention are polypeptides comprising a portion of an antibody of the present

invention, e.g., a polypeptide comprising one or more variable domains or

hypervariable regions or CDRs of an antibody described herein. Preferably,

antibody fragments of the present invention specifically bind or selectively bind to

TCblR.

Various techniques have been developed for the production of

antibody fragments. Traditionally, these fragments were derived via proteolytic

digestion of intact antibodies {see, e.g., Morimoto et al., Journal of Biochemical

and Biophysical Methods 24:1 07-1 17 (1992); and Brennan et al., Science, 229:81

(1985)). However, these fragments can be produced directly by recombinant host

cells. Fab, Fv and scFv antibody fragments can all be expressed in and secreted

from E. coli, thus allowing the facile production of large amounts of these

fragments. Fab'-SH fragments can be directly recovered from E. coli and

chemically coupled to form F(ab')2 fragments (Carter et al., Bio/Technology

10:163-167 (1992)). According to another approach, F(ab')2 fragments can be

isolated directly from recombinant host cell culture. Fab and F(ab')2 fragment with

increased in vivo half-life comprising a salvage receptor binding epitope residues

are described in U.S. Patent No. 5,869,046. Other techniques for the production of

antibody fragments will be apparent to the skilled practitioner.

In other embodiments, the antibody is a single chain Fv fragment

(scFv). See PCT Publication No. WO 93/16185; U.S. Patent Nos. 5,571 ,894; and

5,587,458. Fv and scFv are the only species with intact combining sites that are



devoid of constant regions. scFv fusion proteins may be constructed to yield

fusion of an effector protein at either the amino or the carboxy terminus of an sFv.

See Antibody Engineering, ed. Borrebaeck, supra.

The antibody fragment may also be a "linear antibody", e.g., as

described in U.S. Patent No. 5,641 ,870. Such linear antibody fragments may be

monospecific or bispecific.

In certain embodiments, antibodies of the present invention are

bispecific or multi-specific. Bispecific antibodies are antibodies that have binding

specificities for at least two different epitopes. Exemplary bispecific antibodies may

bind to two different epitopes of a single antigen. Other such antibodies may

combine a first antigen binding site with a binding site for a second antigen.

Bispecific antibodies can be prepared as full length antibodies or antibody

fragments {e.g., F(ab')2 bispecific antibodies). PCT Publication No. WO 96/16673

describes a bispecific anti-ErbB2/anti-FcyRIII antibody and U.S. Patent No.

5,837,234 discloses a bispecific anti-ErbB2/anti-FcyRI antibody. A bispecific anti-

ErbB2/Fca antibody is shown in PCT Publication No. WO 98/02463. U.S. Patent

No. 5,821 ,337 teaches a bispecific anti-ErbB2/anti-CD3 antibody.

3 . Antibody Variants

Variants of the antibodies and fragments thereof described herein

are also contemplated by the present invention, which variants comprise one or

more amino acid sequence modification(s) as compared to the wild-type antibody,

or fragment thereof. For example, it may be desirable to improve the binding

affinity and/or other biological properties of the antibody. Amino acid sequence

variants of the antibody may be prepared by introducing appropriate nucleotide

changes into a polynucleotide that encodes the antibody, or a chain thereof, or by

peptide synthesis. Such modifications include, for example, deletions from, and/or

insertions into and/or substitutions of, residues within the amino acid sequences of

the antibody. Any combination of one or more deletions, insertions, and



substitutions may be made to arrive at the final antibody, provided that the final

construct possesses the desired characteristics (e.g., binding TCblR). The amino

acid changes also may alter post-translational processes of the antibody, such as

changing the number or position of glycosylation sites. Any of the variations and

modifications described herein may be included in antibodies of the present

invention. In particular embodiments, a variant of an antibody or fragment

described herein has at least 90% or at least 95% sequence identity as compared

to the wild-type antibody or fragment. In certain embodiments, the CDRs are

unmodified with respect to the wild-type antibody or fragment. In other

embodiments, one or more CDRs comprise 1, 2 , 3 , 4 , 5 , 6 , 7 , or 8 modified

residues with respect to the wild-type antibody or fragment.

Calculations of sequence similarity or sequence identity between

sequences (the terms are used interchangeably herein) are performed as follows.

To determine the percent identity of two amino acid sequences, or of two nucleic

acid sequences, the sequences are aligned for optimal comparison purposes (e.g.,

gaps can be introduced in one or both of a first and a second amino acid or nucleic

acid sequence for optimal alignment and non-homologous sequences can be

disregarded for comparison purposes). In certain embodiments, the length of a

reference sequence aligned for comparison purposes is at least 30%, preferably at

least 40%, more preferably at least 50%, 60%, and even more preferably at least

70%, 80%, 90%, 100% of the length of the reference sequence. The amino acid

residues or nucleotides at corresponding amino acid positions or nucleotide

positions are then compared. When a position in the first sequence is occupied by

the same amino acid residue or nucleotide as the corresponding position in the

second sequence, then the molecules are identical at that position.

The percent identity between the two sequences is a function of the

number of identical positions shared by the sequences, taking into account the

number of gaps, and the length of each gap, which need to be introduced for

optimal alignment of the two sequences.



The comparison of sequences and determination of percent identity

between two sequences can be accomplished using a mathematical algorithm. In

a preferred embodiment, the percent identity between two amino acid sequences

is determined using the Needleman and Wunsch, (1970, J. Mol. Biol. 48: 444-453)

algorithm which has been incorporated into the GAP program in the GCG software

package, using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight

of 16, 14, 12, 10, 8 , 6 , or 4 and a length weight of 1, 2 , 3 , 4 , 5 , or 6 . In yet another

preferred embodiment, the percent identity between two nucleotide sequences is

determined using the GAP program in the GCG software package, using a

NWSgapdna. CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length

weight of 1, 2 , 3 , 4 , 5 , or 6 . A particularly preferred set of parameters (and the one

that should be used unless otherwise specified) are a Blossum 62 scoring matrix

with a gap penalty of 12, a gap extend penalty of 4 , and a frameshift gap penalty of

5 .

The percent identity between two amino acid or nucleotide

sequences can be determined using the algorithm of E. Meyers and W. Miller

(1989, Cabios, 4 : 11-17) which has been incorporated into the ALIGN program

(version 2.0), using a PAM120 weight residue table, a gap length penalty of 12 and

a gap penalty of 4 .

The nucleic acid and protein sequences described herein can be

used as a "query sequence" to perform a search against public databases to, for

example, identify other family members or related sequences. Such searches can

be performed using the NBLAST and XBLAST programs (version 2.0) of Altschul,

et a/., (1990, J. Mol. Biol, 215: 403-10). BLAST nucleotide searches can be

performed with the NBLAST program, score = 100, wordlength = 12 to obtain

nucleotide sequences homologous to nucleic acid molecules of the invention.

BLAST protein searches can be performed with the XBLAST program, score = 50,

wordlength = 3 to obtain amino acid sequences homologous to protein molecules

of the invention. To obtain gapped alignments for comparison purposes, Gapped



BLAST can be utilized as described in Altschul et ai, (1997, Nucleic Acids Res,

25: 3389-3402). When utilizing BLAST and Gapped BLAST programs, the default

parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.

Also disclosed herein is a method for obtaining an antibody antigen

binding member specific for TCblR, the method comprising providing by way of

addition, deletion, substitution or insertion of one or more amino acids in the amino

acid sequence of a VH domain set out herein a VH domain which is an amino acid

sequence variant of the VH domain, optionally combining the VH domain thus

provided with one or more VL domains, and testing the VH domain or VHA L

combination or combinations to identify a specific binding member or an antibody

antigen binding domain specific for TCblR and optionally with one or more desired

properties. The VL domains may have an amino acid sequence which is

substantially as set out herein. An analogous method may be employed in which

one or more sequence variants of a VL domain disclosed herein are combined with

one or more VH domains.

A useful method for identification of certain residues or regions of an

antibody that are preferred locations for mutagenesis is called "alanine scanning

mutagenesis" as described by Cunningham and Wells in Science, 244:1081-1085

(1989). Here, a residue or group of target residues are identified (e.g., charged

residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively

charged amino acid (most preferably alanine or polyalanine) to affect the

interaction of the amino acids with antigen. Those amino acid locations

demonstrating functional sensitivity to the substitutions then are refined by

introducing further or other variants at, or for, the sites of substitution. Thus, while

the site for introducing an amino acid sequence variation is predetermined, the

nature of the mutation per se need not be predetermined. For example, to analyze

the performance of a mutation at a given site, alanine scanning or random

mutagenesis is conducted at the target codon or region and the expressed

antibody variants are screened for the desired activity.



Amino acid sequence insertions may include amino- and/or carboxyl-

terminal fusions ranging in length from one residue to polypeptides containing a

hundred or more residues, as well as intrasequence insertions of single or multiple

amino acid residues. Examples of insertional variants of an antibody include the

fusion of the N- or C-terminus of the antibody to a polypeptide that increases the

serum half-life of the antibody.

One type of variant is an amino acid substitution variant. These

variants have at least one amino acid residue in the antibody molecule or fragment

thereof replaced by a different residue. The sites of greatest interest for

substitutional mutagenesis include the hypervariable or CDR regions, but

framework (FR) alterations are also contemplated. Conservative and non-

conservative substitutions are contemplated.

Substantial modifications in the binding and/or biological properties of

the antibody are accomplished by selecting substitutions that differ significantly in

their effect on maintaining (a) the structure of the polypeptide backbone in the area

of the substitution, for example, as a sheet or helical conformation, (b) the charge

or hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain.

Any cysteine residue not involved in maintaining the proper

conformation of the antibody also may be substituted, generally with serine, to

improve the oxidative stability of the molecule and prevent aberrant crosslinking.

Conversely, cysteine bond(s) may be added to the antibody to improve its stability

(particularly where the antibody is an antibody fragment such as an Fv fragment).

One type of substitutional variant involves substituting one or more

hypervariable region residues of a parent antibody. Generally, the resulting

variant(s) selected for further development will have improved binding or biological

properties relative to the parent antibody from which they are generated. A

convenient way for generating such substitutional variants involves affinity

maturation using phage display. Briefly, several hypervariable region sites (e.g., 6-

7 sites) are mutated to generate all possible amino substitutions at each site. The



antibody variants thus generated are displayed in a monovalent fashion from

filamentous phage particles as fusions to the gene III product of M13 packaged

within each particle. The phage-displayed variants are then screened for their

biological activity {e.g., binding affinity) as herein disclosed.

In order to identify candidate hypervariable region sites for

modification, alanine scanning mutagenesis can be performed to identify

hypervariable region residues contributing significantly to antigen binding.

Alternatively, or additionally, it may be beneficial to analyze a crystal structure of

the antigen-antibody complex to identify contact points between the antibody and

an antigen or infected cell. Such contact residues and neighboring residues are

candidates for substitution according to the techniques elaborated herein. Once

such variants are generated, the panel of variants is subjected to screening as

described herein, and antibodies with superior properties in one or more relevant

assays may be selected for further development.

Another type of amino acid variant of the antibody alters the original

glycosylation pattern of the antibody. By altering is meant deleting one or more

carbohydrate moieties found in the antibody, and/or adding one or more

glycosylation sites that are not present in the antibody.

Glycosylation of antibodies is typically either N-linked or O-linked. N-

linked refers to the attachment of the carbohydrate moiety to the side chain of an

asparagine residue. The tripeptide sequences asparagine-X-serine and

asparagine-X-threonine, where X is any amino acid except proline, are the

recognition sequences for enzymatic attachment of the carbohydrate moiety to the

asparagine side chain. Thus, the presence of either of these tripeptide sequences

in a polypeptide creates a potential glycosylation site. O-linked glycosylation refers

to the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose

to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used.



Addition of glycosylation sites to the antibody is conveniently

accomplished by altering the amino acid sequence such that it contains one or

more of the above-described tripeptide sequences (for N-linked glycosylation

sites). The alteration may also be made by the addition of, or substitution by, one

or more serine or threonine residues to the sequence of the original antibody (for

O-linked glycosylation sites).

To increase the serum half-life of the antibody, one may incorporate

a salvage receptor binding epitope into the antibody (especially an antibody

fragment) as described in U.S. Patent No. 5,739,277, for example. As used herein,

the term "salvage receptor binding epitope" refers to an epitope of the Fc region of

an IgG molecule (e.g., Ig , lgG2, lgG3, or lgG ) that is responsible for increasing

the in vivo serum half-life of the IgG molecule.

The present disclosure provides variants of the antibodies disclosed

herein. In certain embodiments, such variant antibodies or antigen-binding

fragments, or CDRs thereof, bind to TCblR at least about 50%, at least about 70%,

and in certain embodiments, at least about 90% as well as an antibody or fragment

thereof specifically set forth herein. In further embodiments, such variant

antibodies or antigen-binding fragments, or CDRs thereof, bind to TCblR with

greater affinity than the antibodies set forth herein, for example, that bind

quantitatively at least about 105%, 106%, 107%, 108%, 109%, or 110% as well as

an antibody sequence specifically set forth herein.

In particular embodiments, a subject antibody may have: a) a heavy

chain variable domain having an amino acid sequence that is at least 80%

identical, at least 95% identical, at least 90%, at least 95% or at least 98% or 99%

identical, to the heavy chain variable region of an anti-TCblR antibody described

herein; and/or b) a light chain variable region having an amino acid sequence that

is at least 80% identical, at least 85%, at least 90%, at least 95% or at least 98%

or 99% identical, to the light chain variable domain of an anti-TCblR antibody



described herein. The amino acid sequence of illustrative heavy and light chain

regions are set forth in SEQ ID NOs:5, 13, 2 1, 29, 37 and 45.

In particular embodiments, the antibody may comprise: a) a heavy

chain variable region comprising: i . a CDR1 region that is identical in amino acid

sequence to the heavy chain CDR1 region of a selected antibody described

herein; ii. a CDR2 region that is identical in amino acid sequence to the heavy

chain CDR2 region of a selected antibody described herein; and/or iii. a CDR3

region that is identical in amino acid sequence to the heavy chain CDR3 region of

a selected antibody as described herein; and/or b) a light chain variable domain

comprising: i . a CDR1 region that is identical in amino acid sequence to the light

chain CDR1 region of a selected antibody described herein; ii. a CDR2 region that

is identical in amino acid sequence to the light chain CDR2 region of a selected

antibody described herein; and/or iii. a CDR3 region that is identical in amino acid

sequence to the light chain CDR3 region of a selected antibody described herein;

wherein the antibody specifically binds a selected target (e.g., TCblR). In a further

embodiment, the antibody, or antigen-binding fragment thereof, is a variant

antibody wherein the variant comprises a heavy and light chain identical to the

selected antibody except for up to 8 , 9 , 10, 11, 12, 13, 14, 15, 16 or more amino

acid substitutions in the CDR regions of the VH and VL regions. In this regard,

there may be 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , or in certain embodiments, 9 , 10, 11, 12, 13, 14,

15, 16 or more amino acid substitutions in the CDR regions of a selected antibody.

Substitutions may be in CDRs either in the VH and/or the VL regions. (See e.g.,

Muller, 1998, Structure 6:1 153-1 167).

In particular embodiments, the antibody comprises a heavy chain

variable region comprising the VHCDR1 , VHCDR2 and VHCDR3 amino acid

sequences set forth in SEQ ID NOs:6, 7 and 8 , respectively. In other

embodiments, the antibody comprises a light chain variable region comprising a

light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino

acid sequences set forth in SEQ ID NOs:14, 15 and 16, respectively. In certain



embodiments, the antibody comprises (i) a heavy chain variable region comprising

the VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:6, 7 and 8 , respectively, and (ii) a light chain variable region comprising a light

chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino acid

sequences set forth in SEQ ID NOs:14, 15 and 16, respectively.

In particular embodiments, the antibody comprises a heavy chain

variable region comprising the VHCDR1 , VHCDR2 and VHCDR3 amino acid

sequences set forth in SEQ ID NOs: 22, 23 and 24, respectively. In other

embodiments, the antibody comprises a light chain variable region comprising a

light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino

acid sequences set forth in SEQ ID NOs: 30, 3 1 and 32, respectively. In certain

embodiments, the antibody comprises (i) a heavy chain variable region comprising

the VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:22, 23 and 24, respectively, and/or (ii) a light chain variable region comprising

a light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ ID NOs:30, 3 1 and 32, respectively

In particular embodiments, the antibody comprises a heavy chain

variable region comprising the VHCDR1 , VHCDR2 and VHCDR3 amino acid

sequences set forth in SEQ ID NOs: 38, 39 and 40, respectively. In other

embodiments, the antibody comprises a light chain variable region comprising a

light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino

acid sequences set forth in SEQ ID NOs: 46, 47 and 48, respectively. In certain

embodiments, the antibody comprises (i) a heavy chain variable region comprising

the VHCDR1 , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ ID

NOs:38, 39 and 40, respectively, and/or (ii) a light chain variable region comprising

a light chain variable region comprising the VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ ID NOs:46, 47 and 48, respectively

Determination of the three-dimensional structures of representative

polypeptides (e.g., variant TCblR-specific antibodies as provided herein, for



instance, an antibody protein having an antigen-binding fragment as provided

herein) may be made through routine methodologies such that substitution,

addition, deletion or insertion of one or more amino acids with selected natural or

non-natural amino acids can be virtually modeled for purposes of determining

whether a so derived structural variant retains the space-filling properties of

presently disclosed species. See, for instance, Donate et al., 1994 Prot. Sci.

3:2378; Bradley e ai., Science 309: 1868-1871 (2005); Schueler-Furman e ai.,

Science 310:638 (2005); Dietz et ai., Proc. Nat. Acad. Sci. USA 103:1244 (2006);

Dodson et ai., Nature 450:176 (2007); Qian et ai., Nature 450:259 (2007); Raman

et al. Science 327: 10 14-1 0 18 (201 0). Some additional non-limiting examples of

computer algorithms that may be used for these and related embodiments, such

as for rational design of TCblR-specific antibodies antigen-binding domains thereof

as provided herein, include VMD which is a molecular visualization program for

displaying, animating, and analyzing large biomolecular systems using 3-D

graphics and built-in scripting (see the website for the Theoretical and

Computational Biophysics Group, University of Illinois at Urbana-Champagne, at

ks.uiuc.edu/Research/vmd/. Many other computer programs are known in the art

and available to the skilled person and which allow for determining atomic

dimensions from space-filling models (van der Waals radii) of energy-minimized

conformations; GRID, which seeks to determine regions of high affinity for different

chemical groups, thereby enhancing binding, Monte Carlo searches, which

calculate mathematical alignment, and CHARMM (Brooks et al. (1983) J. Comput.

Chem. 4:187-217) and AMBER (Weiner et ai. (1981 ) J. Comput. Chem. 106: 765),

which assess force field calculations, and analysis (see also, Eisenfield et al.

( 1991 ) Am. J. Physiol. 261 :C376-386; Lybrand ( 1991 ) J. Pharm. Belg. 46:49-54;

Froimowitz (1990) Biotechniques 8:640-644; Burbam et ai. (1990) Proteins 7:99-

111; Pedersen (1985) Environ. Health Perspect. 6 1 :185-190; and Kini et ai. (1991 )

J. Biomol. Struct. Dyn. 9:475-488). A variety of appropriate computational



computer programs are also commercially available, such as from Schrodinger

(Munich, Germany).

In certain embodiments, the present invention includes a method of

producing a human or humanized antibody light chain or heavy chain, or fragment

thereof, by recombinantly introducing one or more CDRs described herein into a

polynucleotide encoding a human antibody light chain or heavy chain, or fragment

thereof. For example, one, two, or three CDRs of the light or heavy chain of a

monoclonal antibody described herein may be substituted into a human antibdy

light chain or heavy chain using recombinant biology techniques known and

available in the art. The resulting polynucleotide may be present in an expression

vector or subcloned into an expression vector, and the expression vector may be

present in or introduced into a cell suitable for recombinant expression of the

encoded polypeptide. The cell may be cultured under conditions suitable for the

expression of the polypeptide, which may be obtained from the cell using standard

techniques. In particular embodiments, a light chain and a heavy chain may be

expressed in the same cell, whereas in other embodiments, they may be

expressed in different cells, and optionally combined later to produce an antibody

or fragment thereof comprising both heavy chain and light chain seuqences (or

fragments thereof). In certain embodiments, the resulting light chain or heavy

chain (or fragment thereof) comprises a human framework and one, two or three

CDRs described herein. In specific embodiments, the human or humanized

antibody or chain (or fragments thereof) comprise all three CDRs present in either

a light chain or heavy chain of a monoclonal antibody described here, such as

mAb1-19, mAb 1-23, or mAb 1-25.

4 . Antibody Conjugates

Antibodies of the present invention (and antigen-binding fragments

and variants thereof) may also be modified to include an agent, such as an epitope

tag, label, toxin, chemotherapeutic, or drug, e.g., for use in purification, diagnostic



or treatment applications. In particular embodiments, the agent is bound to the

antibody either directly or indirectly (e.g., via a linker), and the agent may be bound

either covalently or non-covalently. In particular embodiments, the agent is bound

to the antibody exclusively via one or more covalent bonds, either directly or via a

linker, i.e., the agent is bound to the antibody or fragment thereof only via one or

more covalent bonds. For example, in certain embodiments, an agent is bound to

a linker via one or more covalent bonds, and said linker is also bound to an

antibody or fragemtn thereof of the present invention via one or more covalent

bonds. In addition, one or more, e.g., two, three, four or more, same or different

agents may be bound to a single antibody or fragment thereof described herein.

Examples of non-covalent bonds include hydrogen bonds, ionic bonds, van der

Waals forces, and hydrophobic interactions. A covalent bond is a form of chemical

bonding that is characterized by the sharing of pairs of electrons between atoms,

and other covalent bonds. Covalent bonding includes many kinds of interaction,

including o-bonding, π -bonding, metal to metal bonding, agostic interactions, and

three-center two-electron bonds

There are many linking groups known in the art for making antibody

conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020

or EP Patent 0 425 235 B 1 , and Chari et ai, Cancer Research 52: 127-131 (1992).

Examples of useful linking groups include disufide groups, thioether groups, acid

labile groups, photolabile groups, peptidase labile groups, or esterase labile

groups, as disclosed in the above-identified patents. Linkers and conjugation

methods are also disclosed in U.S. Patent Nos. 7,964,567, 7,964,566, 7,851 ,437,

7,837,980, 7,754,681 , and 7,256,257.

Immunoconjugates may be made using a variety of bifunctional

protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio)propionate

(SPDP), succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate,

iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl

adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes



(such as glutareldehyde), bis-azido compounds (such as bis (p-

azidobenzoyl)hexanediamine), bis-diazonium derivatives (such as bis-(p-

diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-

diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-

dinitrobenzene). Particular coupling agents include N-succinimidyl-3-(2-

pyridyldithio)propionate (SPDP) (Carlsson et ai, Biochem. J. 173:723-737 [1978])

and N-succinimidyl-4-(2-pyridylthio)pentanoate (SPP) to provide for a disulfide

linkage. The linker may be a "cleavable linker" facilitating release of one or more

cleavable components. For example, an acid-labile linker may be used {Cancer

Research 52: 127-131 (1992); U.S. Patent No. 5,208,020).

A bifunctional protein coupling agent may be a homobifunctional or

heterobifunctional crosslinker. Homobifunctional crosslinkers include, e.g., amine-

specific protein linkers based on N-hydroxysuccinimide ester and imidoester

reactive groups for the selective conjugation of primary amines. Examples of

heterobifunctional crosslinkers include, e.g., carbodiimide crosslinking reagents

(e.g., dicyclohexylcarbodiimide and 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide

hydrochloride) for conjugation of carboxyl groups (e.g., glutamate, aspartate, C-

termini) to primary amines (lysine, N-termini). Reagents such as N-

hydroxysuccinimide can be used for convert a carboxyl to an amine-reactive N-

hydroxysuccinimide ester for amine-conjugation. Bifunctional crosslinkers are

available in a variety of lengths and may be cleavable, irreversible, or membrane

permeable.

Other modifications of the antibodies (and polypeptides) of the

invention are also contemplated herein. For example, the antibody may be linked

to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol,

polypropylene glycol, polyoxyalkylenes, or copolymers of polyethylene glycol and

polypropylene glycol. Methods of linking such agents to proteins, such as

antibodies, are known in the art and described, e.g., in U.S. Patent No. 7,632,492.



Examples of detectable labels which may be conjugated to

antibodies of the present invention include fluorescent labels, enzyme labels,

radioisotopes, chemiluminescent labels, electrochemiluminescent labels,

bioluminescent labels, polymers, polymer particles, metal particles, haptens, and

dyes. Detectable labels include imaging compounds that are useful in diagnostic

imaging.

Examples of fluorescent labels include 5-(and 6)-carboxyfluorescein,

5- or 6-carboxyfluorescein, 6-(fluorescein)-5-(and 6)-carboxamido hexanoic acid,

fluorescein isothiocyanate, rhodamine, tetramethylrhodamine, and dyes such as

Cy2, Cy3, and Cy5, optionally substituted coumarin including AMCA, PerCP,

phycobiliproteins including R-phycoerythrin (RPE) and allophycoerythrin (APC),

Texas Red, Princeton Red, green fluorescent protein (GFP) and analogues

thereof, and conjugates of R-phycoerythrin or allophycoerythrin, inorganic

fluorescent labels such as particles based on semiconductor material like coated

CdSe nanocrystallites.

Examples of polymer particle labels include micro particles or latex

particles of polystyrene, PMMA or silica, which can be embedded with fluorescent

dyes, or polymer micelles or capsules which contain dyes, enzymes or substrates.

Examples of metal particle labels include gold particles and coated

gold particles, which can be converted by silver stains. Examples of haptens

include DNP, fluorescein isothiocyanate (FITC), biotin, and digoxigenin. Examples

of enzymatic labels include horseradish peroxidase (HRP), alkaline phosphatase

(ALP or AP), β-galactosidase (GAL), glucose-6-phosphate dehydrogenase, β-Ν-

acetylglucosamimidase, β-glucuronidase, invertase, Xanthine Oxidase, firefly

luciferase and glucose oxidase (GO). Examples of commonly used substrates for

horseradishperoxidase include 3,3'-diaminobenzidine (DAB), diaminobenzidine

with nickel enhancement, 3-amino-9-ethylcarbazole (AEC), Benzidine

dihydrochloride (BDHC), Hanker-Yates reagent (HYR), Indophane blue (IB),

tetramethylbenzidine (TMB), 4-chloro-1-naphtol (CN), a-naphtol pyronin (a-NP), o-



dianisidine (OD), 5-bromo-4-chloro-3-indolylphosp- hate (BCIP), Nitro blue

tetrazolium (NBT), 2-(p-iodophenyl)-3-p-nitropheny- l-5-phenyl tetrazolium chloride

(INT), tetranitro blue tetrazolium (TNBT), 5-bromo-4-chloro-3-indoxyl-beta-D-

galactoside/ferro-ferricyanide (BCIG/FF).

Examples of commonly used substrates for Alkaline Phosphatase

include Naphthol-AS-B -phosphate/fast red TR (NABP/FR), Naphthol-AS-MX-

phosphate/fast red TR (NAMP/FR), Naphthol-AS-B1 -phosphate/- fast red TR

(NABP/FR), Naphthol-AS-MX-phosphate/fast red TR (NAMP/FR), Naphthol-AS-

B 1-phosphate/new fuschin (NABP/NF), bromochloroindolyl phosphate/nitroblue

tetrazolium (BCIP/NBT), 5-Bromo-4-chloro-3-indolyl-b~ d-galactopyranoside

(BCIG).

Examples of luminescent labels include luminol, isoluminol,

acridinium esters, 1,2-dioxetanes and pyridopyridazines. Examples of

electrochemiluminescent labels include ruthenium derivatives. Examples of

radioactive labels include radioactive isotopes of iodide, cobalt, selenium, tritium,

carbon, sulfur and phosphorous.

In addition to detection or imaging labels, the subject antibodies, and

antigen-binding fragments thereof, may be conjugated to a cytotoxin, or cytotoxic

agent. Cytotoxins include biotoxins, chemotherapeutics, and radioisotopes useful

in the treatment of a tumor, cancer or proliferative disease or disorder associated

with an increased expression of TCblR as compared to quiescent or normal cells.

As used herein, a "toxin," "cytotoxic agent" or "cytostatic agent" refers to an agent

that decreases the growth or proliferation rate of a cell and/or causes cell death.

Examples of toxins and anti-cancer agents include, but are not limited to, 5-

fluorouracil, abrin A chain, actinomycin D, adriamycin, aminopterin, anthracycline,

arabinoside, auristatins, bleomycin, busulfan, calicheamicin, carboplatin,

carminomycin, carmustine, chlorambucil, colchicin, cholera toxin, cisplatin, crotin,

curcin, cyclophosphamide, cytarabine, cytochalasin B, cytosine, cytosine

arabinoside, cytotoxic nucleosides, cytoxin, dactinomycin, daunomycin,



dichloromethotrexate, dihydroxy anthracin dione, diphtheria A chain, diphtheria

toxin, dolastatin 10, doxetaxel, doxil, doxorubicin, emetine, enomycin, epirubicin,

esperamicin, ethidium bromide, etoposide, exotoxin A chain, fioxuridine, ftorafur,

gelonin, gramicidin D, ifosfamide, leurosidine, leurosine, lidocaine, lomustine,

mechlorethamine, melphalan, mercaptopurine, methopterin, methotrexate,

mithramycin, mitomycin, mitomycin C, mitoxantrone, paclitaxel, phenomycin,

podophyllotoxin, porfiromycin, procaine, propranolol, pseudomonas exotoxin,

puromycin radioactive isotopes (e.g., 1125 , I131 , Y90 , Re186 , and Bi212 ) , ricin A chain,

saporin, semustine, streptonigrin, taxane, taxoids, taxol, teniposide, tetracaine,

thiotepa, toxotere, triaziquone, triethylenephosphoramide, vinblastine, vincristine,

vindesine, and vinorelbine. In particular embodiments, the toxin is selected from

ricin A chain, gelonin, saporin, cholera toxin, diphtheria toxin, and pseudomonas

exotoxin.

In certain embodiments, a conjugate of an antibody (or fragment

thereof) of the present invention and a toxin (such as saporin) has an IC50 for

inhibiting cell growth of 500 pM or less, 400 pM or less, 300 pM or less, 200 pM or

less, or 100 pM or less. In certain embodiments, an antibody-toxin conjugate has

an IC50 of about 500-100 pM, about 400-100 pM, about 300-100 pM, or about

200-100 pM. Similarly, in certain embodiments, a combination of an anti-TCblR

antibody (or fragment thereof) of the present invention and a secondary antibody

conjugated to a toxin (such as saporin) has an IC50 for inhibiting cell growth of 500

pM or less, 400 pM or less, 300 pM or less, 200 pM or less, or 100 pM or less. In

certain embodiments, an anti-TCblR antibody and a secondary antibody-toxin

conjugate combination has an IC50 of about 500-100 pM, about 400-100 pM,

about 300-100 pM, or about 200-100 pM. In certain embodiments, the IC50 is

determined with respect to a tumor cell line, such as HEK293 cells, and/or under

conditions described in Example 4 .

In certain embodiments, a primary anti-TCblR antibody is used in

combination with a secondary antibody conjugated to a toxin (e.g., saporin) as



described, for example, in Example 2 . The primary antibody to secondary

antibody may be used at a ratio of 1: 1 , 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, or 1:8. In certain

embodiments, the ratio of primary antibody to secondary antibody is from 1: 1 to

1:8. In certain embodiments, the ratio of primary antibody to secondary antibody is

from 1:2 to 1:6. In particular embodiments, the ratio of primary antibody to

secondary antibody is 1:4. The concentration of primary antibody may range from

.078 nM to 80 nM. In certain embodiments the concentration of the primary

antibody is 1 nM to 10 nM. In certain embodiments, the concentration of primary

antibody ranges from 2 nM to 5 naM. In particular embodiments, the concentration

of the primary antibody is 2.5 nM. In certain embodiments, the concentration of

the secondary antibody is in the range of 5 nM to 40 nM. In certain embodiments,

the concentration of secondary antibody is in the range of 10 nM to 40 nM. In

particular embodiments, the concentration of the secondary antibody is 10 nM. In

certain embodiments, the primary antibody to secondary antibody ratio is

determined by titrating the antibodies and measuring the effect on viability of a

tumor cell line, such as SW48 cells and K562 cells, and/or under conditions

described in Example 2 .

In certain embodiments, an anti-TCblR antibody conjugated to a toxin

(e.g., saporin) as described, for example, in Example 4 . In some embodiments, the

anti-TCblR antibody-toxin conjugate is used at a concentration of 0.156 nM to 10

nM. In certain embodiments, the anti-TCblR antibody-toxin conjugate is used at a

concentration of 2.5 nM to 5 nM. In particular embodiments, the anti-TCblR

antibody-toxin conjugate is used at a concentration of 2.5 nM.

The various agents described herein may be linked to the antibodies

described herein or to any other molecule that specifically binds to a biological

marker of interest, e.g., an antibody, a nucleic acid probe, or a polymer.

Furthermore, one of ordinary skill in the art would appreciate that agents can also

be conjugated to second, and/or third, and/or fourth, and/or fifth binding agents or

antibodies, etc. Moreover, the skilled artisan would appreciate that each additional



binding agent or antibody used to characterize a biological marker of interest may

serve as a signal amplification step. The biological marker may be detected

visually using, e.g., light microscopy, fluorescent microscopy, electron microscopy

where the detectable substance is for example a dye, a colloidal gold particle, a

luminescent reagent. Visually detectable substances bound to a biological marker

may also be detected using a spectrophotometer. Where the detectable

substance is a radioactive isotope detection can be visually by autoradiography, or

non-visually using a scintillation counter. See, e.g., Larsson, 1988,

Immunocytochemistry: Theory and Practice, (CRC Press, Boca Raton, Fla.);

Methods in Molecular Biology, vol. 80 1998, John D. Pound (ed.) (Humana Press,

Totowa, N.J.).

5 . Polynucleotides and Polypeptides

The present invention further provides in certain embodiments an

isolated nucleic acid encoding an antibody or antigen-binding fragment thereof as

described herein, for instance, a nucleic acid which codes for a CDR or VH or VL

domain as described herein. Nucleic acids include DNA and RNA. These and

related embodiments may include polynucleotides encoding antibodies, and

fragments and variants thereof, that bind TCblR as described herein, or that

compete with an antibody, or fragment or variant thereof, described herein for

binding to TCblR.

Therefore, according to these and related embodiments, the present

disclosure also provides polynucleotides encoding the anti-TCblR antibodies,

fragments, and variants described herein. In certain embodiments,

polynucleotides are provided that comprise some or all of a polynucleotide

sequence encoding an antibody, or fragment or variant thereof, as described

herein and complements of such polynucleotides.

In other related embodiments, polynucleotide variants may have

substantial identity to a polynucleotide sequence encoding an anti-TCblR antibody,



or fragment or variant thereof, described herein. For example, a polynucleotide

may be a polynucleotide comprising at least 70% sequence identity, preferably at

least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence

identity compared to a reference polynucleotide sequence such as a sequence

encoding an antibody, or fragment or variant thereof, described herein, using the

methods described herein, (e.g., BLAST analysis using standard parameters, as

described below). One skilled in this art will recognize that these values can be

appropriately adjusted to determine corresponding identity of proteins encoded by

two nucleotide sequences by taking into account codon degeneracy, amino acid

similarity, reading frame positioning and the like.

Typically, polynucleotide variants will contain one or more

substitutions, additions, deletions and/or insertions, preferably such that the

binding affinity of the antibody encoded by the variant polynucleotide is not

substantially diminished relative to an antibody encoded by a polynucleotide

sequence specifically set forth herein.

In certain other related embodiments, polynucleotide fragments may

comprise or consist essentially of various lengths of contiguous stretches of

sequence identical to or complementary to a sequence encoding an antibody as

described herein. For example, polynucleotides are provided that comprise or

consist essentially of at least about 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 , 13 , 14 , 15 , 16 , 17 , 18 ,

19, 20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1 , 32, 33, 34, 35, 36, 37, 38, 39, 40,

45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 200, 300,

400, 500 or 1000 or more contiguous nucleotides of a sequences the encodes an

antibody, or antigen-binding fragment thereof, disclosed herein as well as all

intermediate lengths there between. It will be readily understood that "intermediate

lengths", in this context, means any length between the quoted values, such as 50,

5 1 , 52, 53, etc.; 100, 101 , 102, 103, etc.; 150, 151 , 152, 153, etc.; including all

integers through 200-500; 500-1 ,000, and the like. A polynucleotide sequence as

described here may be extended at one or both ends by additional nucleotides not



found in the native sequence. This additional sequence may consist of 1, 2 , 3 , 4 ,

5 , 6 , 7 , 8 , 9 , 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides at either end

of a polynucleotide encoding an antibody described herein or at both ends of a

polynucleotide encoding an antibody described herein.

In another embodiment, polynucleotides are provided that are

capable of hybridizing under moderate to high stringency conditions to a

polynucleotide sequence encoding an antibody, or antigen-binding fragment

thereof, provided herein, or a fragment thereof, or a complementary sequence

thereof. Hybridization techniques are well known in the art of molecular biology.

For purposes of illustration, suitable moderately stringent conditions for testing the

hybridization of a polynucleotide as provided herein with other polynucleotides

include prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0);

hybridizing at 50°C-60°C, 5 X SSC, overnight; followed by washing twice at 65°C

for 20 minutes with each of 2X, 0.5X and 0.2X SSC containing 0.1 % SDS. One

skilled in the art will understand that the stringency of hybridization can be readily

manipulated, such as by altering the salt content of the hybridization solution

and/or the temperature at which the hybridization is performed. For example, in

another embodiment, suitable highly stringent hybridization conditions include

those described above, with the exception that the temperature of hybridization is

increased, e.g., to 60°C-65°C or 65°C-70°C.

In certain embodiments, the polynucleotides described above, e.g.,

polynucleotide variants, fragments and hybridizing sequences, encode antibodies

that bind TCblR, or antigen-binding fragments thereof. In other embodiments,

such polynucleotides encode antibodies or antigen-binding fragments, or CDRs

thereof, that bind to TCblR at least about 50%, at least about 70%, and in certain

embodiments, at least about 90% as well as an antibody sequence specifically set

forth herein. In further embodiments, such polynucleotides encode antibodies or

antigen-binding fragments, or CDRs thereof, that bind to TCblR with greater affinity

than the antibodies set forth herein, for example, that bind quantitatively at least



about 105%, 106%, 107%, 108%, 109%, or 110% as well as an antibody

sequence specifically set forth herein.

As described elsewhere herein, determination of the three-

dimensional structures of representative polypeptides (e.g., variant TCblR-specific

antibodies as provided herein, for instance, an antibody protein having an antigen-

binding fragment as provided herein) may be made through routine methodologies

such that substitution, addition, deletion or insertion of one or more amino acids

with selected natural or non-natural amino acids can be virtually modeled for

purposes of determining whether a so derived structural variant retains the space-

filling properties of presently disclosed species. A variety of computer programs

are known to the skilled artisan for determining appropriate amino acid

substitutions (or appropriate polynucleotides encoding the amino acid sequence)

within an antibody such that, for example, affinity is maintained or better affinity is

achieved.

The polynucleotides described herein, or fragments thereof,

regardless of the length of the coding sequence itself, may be combined with other

DNA sequences, such as promoters, polyadenylation signals, additional restriction

enzyme sites, multiple cloning sites, other coding segments, and the like, such that

their overall length may vary considerably. It is therefore contemplated that a

nucleic acid fragment of almost any length may be employed, with the total length

preferably being limited by the ease of preparation and use in the intended

recombinant DNA protocol. For example, illustrative polynucleotide segments with

total lengths of about 10,000, about 5,000, about 3,000, about 2,000, about 1,000,

about 500, about 200, about 100, about 50 base pairs in length, and the like,

(including all intermediate lengths) are contemplated to be useful.

When comparing polynucleotide sequences, two sequences are said

to be "identical" if the sequence of nucleotides in the two sequences is the same

when aligned for maximum correspondence, as described below. Comparisons

between two sequences are typically performed by comparing the sequences over



a comparison window to identify and compare local regions of sequence similarity.

A "comparison window" as used herein, refers to a segment of at least about 20

contiguous positions, usually 30 to about 75, 40 to about 50, in which a sequence

may be compared to a reference sequence of the same number of contiguous

positions after the two sequences are optimally aligned.

Optimal alignment of sequences for comparison may be conducted

using the Megalign program in the Lasergene suite of bioinformatics software

(DNASTAR, Inc., Madison, Wl), using default parameters. This program embodies

several alignment schemes described in the following references: Dayhoff, M.O.

(1978) A model of evolutionary change in proteins - Matrices for detecting distant

relationships. In Dayhoff, M.O. (ed.) Atlas of Protein Sequence and Structure,

National Biomedical Research Foundation, Washington DC Vol. 5 , Suppl. 3 , pp.

345-358; Hein J., Unified Approach to Alignment and Phylogenes, pp. 626-645

(1990); Methods in Enzymology \. 183, Academic Press, Inc., San Diego, CA;

Higgins, D.G. and Sharp, P.M., CABIOS 5:151 -153 (1989); Myers, E.W. and Muller

W., CABIOS 4:1 1-17 (1988); Robinson, E.D., Comb. Theor 77:105 (1971 ) ; Santou,

N. Nes, M., Mol. Biol. Evol. 4:406-425 (1987); Sneath, P.H.A. and Sokal, R.R.,

Numerical Taxonomy - the Principles and Practice of Numerical Taxonomy,

Freeman Press, San Francisco, CA ( 1973); Wilbur, W.J. and Lipman, D.J., Proc.

Natl. Acad., Sci. USA 80:726-730 (1983).

Alternatively, optimal alignment of sequences for comparison may be

conducted by the local identity algorithm of Smith and Waterman, Add. APL. Math

2:482 (1981 ) , by the identity alignment algorithm of Needleman and Wunsch, J.

Mol. Biol. 48:443 (1970), by the search for similarity methods of Pearson and

Lipman, Proc. Natl. Acad. Sci. USA 85: 2444 (1988), by computerized

implementations of these algorithms (GAP, BESTFIT, BLAST, FASTA, and

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group

(GCG), 575 Science Dr., Madison, Wl), or by inspection.



One preferred example of algorithms that are suitable for determining

percent sequence identity and sequence similarity are the BLAST and BLAST 2.0

algorithms, which are described in Altschul et al., Nucl. Acids Res. 25:3389-3402

(1977), and Altschul et al., J. Mol. Biol. 215:403-410 (1990), respectively. BLAST

and BLAST 2.0 can be used, for example with the parameters described herein, to

determine percent sequence identity among two or more the polynucleotides.

Software for performing BLAST analyses is publicly available through the National

Center for Biotechnology Information. In one illustrative example, cumulative

scores can be calculated using, for nucleotide sequences, the parameters M

(reward score for a pair of matching residues; always >0) and N (penalty score for

mismatching residues; always <0). Extension of the word hits in each direction are

halted when: the cumulative alignment score falls off by the quantity X from its

maximum achieved value; the cumulative score goes to zero or below, due to the

accumulation of one or more negative-scoring residue alignments; or the end of

either sequence is reached. The BLAST algorithm parameters W, T and X

determine the sensitivity and speed of the alignment. The BLASTN program (for

nucleotide sequences) uses as defaults a word length (W) of 11, and expectation

(E) of 10, and the BLOSUM62 scoring matrix (see Henikoff and Henikoff, Proc.

Natl. Acad. Sci. USA 89:10915 (1989)) alignments, (B) of 50, expectation (E) of 10,

M=5, N=-4 and a comparison of both strands.

In certain embodiments, the "percentage of sequence identity" is

determined by comparing two optimally aligned sequences over a window of

comparison of at least 20 positions, wherein the portion of the polynucleotide

sequence in the comparison window may comprise additions or deletions (i.e.,

gaps) of 20 percent or less, usually 5 to 15 percent, or 10 to 12 percent, as

compared to the reference sequences (which does not comprise additions or

deletions) for optimal alignment of the two sequences. The percentage is

calculated by determining the number of positions at which the identical nucleic

acid bases occurs in both sequences to yield the number of matched positions,



dividing the number of matched positions by the total number of positions in the

reference sequence (i .e., the window size) and multiplying the results by 100 to

yield the percentage of sequence identity.

It will be appreciated by those of ordinary skill in the art that, as a

result of the degeneracy of the genetic code, there are many nucleotide sequences

that encode an antibody as described herein. Some of these polynucleotides bear

minimal sequence identity to the nucleotide sequence of the native or original

polynucleotide sequence that encode antibodies that bind to TCblR. Nonetheless,

polynucleotides that vary due to differences in codon usage are expressly

contemplated by the present disclosure. In certain embodiments, sequences that

have been codon-optimized for mammalian expression are specifically

contemplated.

Therefore, in another embodiment of the invention, a mutagenesis

approach, such as site-specific mutagenesis, may be employed for the preparation

of variants and/or derivatives of the antibodies described herein. By this approach,

specific modifications in a polypeptide sequence can be made through

mutagenesis of the underlying polynucleotides that encode them. These

techniques provides a straightforward approach to prepare and test sequence

variants, for example, incorporating one or more of the foregoing considerations,

by introducing one or more nucleotide sequence changes into the polynucleotide.

Site-specific mutagenesis allows the production of mutants through

the use of specific oligonucleotide sequences which encode the DNA sequence of

the desired mutation, as well as a sufficient number of adjacent nucleotides, to

provide a primer sequence of sufficient size and sequence complexity to form a

stable duplex on both sides of the deletion junction being traversed. Mutations

may be employed in a selected polynucleotide sequence to improve, alter,

decrease, modify, or otherwise change the properties of the polynucleotide itself,

and/or alter the properties, activity, composition, stability, or primary sequence of

the encoded polypeptide.



In certain embodiments, the inventors contemplate the mutagenesis

of the polynucleotide sequences that encode an antibody disclosed herein, or an

antigen-binding fragment or variant thereof, to alter one or more properties of the

encoded polypeptide, such as the binding affinity of the antibody or the antigen-

binding fragment or variant thereof, or the function of a particular Fc region, or the

affinity of the Fc region for a particular FcyR. The techniques of site-specific

mutagenesis are well known in the art, and are widely used to create variants of

both polypeptides and polynucleotides. For example, site-specific mutagenesis is

often used to alter a specific portion of a DNA molecule. In such embodiments, a

primer comprising typically about 14 to about 25 nucleotides or so in length is

employed, with about 5 to about 10 residues on both sides of the junction of the

sequence being altered.

As will be appreciated by those of skill in the art, site-specific

mutagenesis techniques have often employed a phage vector that exists in both a

single stranded and double stranded form. Typical vectors useful in site-directed

mutagenesis include vectors such as the M13 phage. These phage are readily

commercially available and their use is generally well known to those skilled in the

art. Double-stranded plasmids are also routinely employed in site directed

mutagenesis that eliminates the step of transferring the gene of interest from a

plasmid to a phage.

In general, site-directed mutagenesis in accordance herewith is

performed by first obtaining a single-stranded vector or melting apart of two

strands of a double-stranded vector that includes within its sequence a DNA

sequence that encodes the desired peptide. An oligonucleotide primer bearing the

desired mutated sequence is prepared, generally synthetically. This primer is then

annealed with the single-stranded vector, and subjected to DNA polymerizing

enzymes such as E. coli polymerase I Klenow fragment, in order to complete the

synthesis of the mutation-bearing strand. Thus, a heteroduplex is formed wherein

one strand encodes the original non-mutated sequence and the second strand



bears the desired mutation. This heteroduplex vector is then used to transform

appropriate cells, such as E. coli cells, and clones are selected which include

recombinant vectors bearing the mutated sequence arrangement.

The preparation of sequence variants of the selected peptide-

encoding DNA segments using site-directed mutagenesis provides a means of

producing potentially useful species and is not meant to be limiting as there are

other ways in which sequence variants of peptides and the DNA sequences

encoding them may be obtained. For example, recombinant vectors encoding the

desired peptide sequence may be treated with mutagenic agents, such as

hydroxylamine, to obtain sequence variants. Specific details regarding these

methods and protocols are found in the teachings of Maloy et al., 1994; Segal,

1976; Prokop and Bajpai, 1991 ; Kuby, 1994; and Maniatis et al., 1982, each

incorporated herein by reference, for that purpose.

As used herein, the term "oligonucleotide directed mutagenesis

procedure" refers to template-dependent processes and vector-mediated

propagation which result in an increase in the concentration of a specific nucleic

acid molecule relative to its initial concentration, or in an increase in the

concentration of a detectable signal, such as amplification. As used herein, the

term "oligonucleotide directed mutagenesis procedure" is intended to refer to a

process that involves the template-dependent extension of a primer molecule. The

term template dependent process refers to nucleic acid synthesis of an RNA or a

DNA molecule wherein the sequence of the newly synthesized strand of nucleic

acid is dictated by the well-known rules of complementary base pairing (see, for

example, Watson, 1987). Typically, vector mediated methodologies involve the

introduction of the nucleic acid fragment into a DNA or RNA vector, the clonal

amplification of the vector, and the recovery of the amplified nucleic acid fragment.

Examples of such methodologies are provided by U. S. Patent No. 4,237,224,

specifically incorporated herein by reference in its entirety.



In another approach for the production of polypeptide variants,

recursive sequence recombination, as described in U.S. Patent No. 5,837,458,

may be employed. In this approach, iterative cycles of recombination and

screening or selection are performed to "evolve" individual polynucleotide variants

having, for example, increased binding affinity. Certain embodiments also provide

constructs in the form of plasmids, vectors, transcription or expression cassettes

which comprise at least one polynucleotide as described herein.

According to certain related embodiments there is provided a

recombinant host cell which comprises one or more constructs as described

herein; a nucleic acid encoding any antibody, CDR, VH or VL domain, or antigen-

binding fragment thereof, described herein; and a method of production of the

encoded product, which method comprises expression from the encoding nucleic

acid therefore. Expression may conveniently be achieved by culturing under

appropriate conditions recombinant host cells containing the nucleic acid.

Following production by expression, an antibody or antigen-binding fragment

thereof, may be isolated and/or purified using any suitable technique, and then

used as desired.

Antibodies or antigen-binding fragments thereof as provided herein,

and encoding nucleic acid molecules and vectors, may be isolated and/or purified,

e.g. from their natural environment, in substantially pure or homogeneous form, or,

in the case of nucleic acid, free or substantially free of nucleic acid or genes of

origin other than the sequence encoding a polypeptide with the desired function.

Nucleic acid may comprise DNA or RNA and may be wholly or partially synthetic.

Reference to a nucleotide sequence as set out herein encompasses a DNA

molecule with the specified sequence, and encompasses a RNA molecule with the

specified sequence in which U is substituted for T, unless context requires

otherwise.

Systems for cloning and expression of a polypeptide in a variety of

different host cells are well known. Suitable host cells include bacteria,



mammalian cells, yeast and baculovirus systems. Mammalian cell lines available

in the art for expression of a heterologous polypeptide include Chinese hamster

ovary cells, HeLa cells, baby hamster kidney cells, NSO mouse melanoma cells

and many others. A common, preferred bacterial host is E. coli.

The expression of antibodies and antigen-binding fragments in

prokaryotic cells such as E. coli is well established in the art. For a review, see for

example Pluckthun, A . Bio/Technology 9 : 545-551 (1991 ) . Expression in

eukaryotic cells in culture is also available to those skilled in the art as an option

for production of antibodies or antigen-binding fragments thereof, see recent

reviews, for example Ref, M. E. (1993) Curr. Opinion Biotech. 4 : 573-576; Trill J. J .

et al. (1995) Curr. Opinion Biotech 6 : 553-560.

Suitable vectors can be chosen or constructed, containing

appropriate regulatory sequences, including promoter sequences, terminator

sequences, polyadenylation sequences, enhancer sequences, marker genes and

other sequences as appropriate. Vectors may be plasmids, viral e.g. phage, or

phagemid, as appropriate. For further details see, for example, Molecular Cloning:

a Laboratory Manual: 2nd edition, Sambrook et al., 1989, Cold Spring Harbor

Laboratory Press. Many known techniques and protocols for manipulation of

nucleic acid, for example in preparation of nucleic acid constructs, mutagenesis,

sequencing, introduction of DNA into cells and gene expression, and analysis of

proteins, are described in detail in Current Protocols in Molecular Biology, Second

Edition, Ausubel et al. eds., John Wiley & Sons, 1992, or subsequent updates

thereto.

The term "host cell" is used to refer to a cell into which has been

introduced, or which is capable of having introduced into it, a nucleic acid

sequence encoding one or more of the herein described antibodies, and which

further expresses or is capable of expressing a selected gene of interest, such as

a gene encoding any herein described antibody. The term includes the progeny of

the parent cell, whether or not the progeny are identical in morphology or in



genetic make-up to the original parent, so long as the selected gene is present.

Accordingly there is also contemplated a method comprising introducing such

nucleic acid into a host cell. The introduction 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. The

introduction may be followed by causing or allowing expression from the nucleic

acid, e.g. by culturing host cells under conditions for expression of the gene. In

one embodiment, the nucleic acid is 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 present invention also provides, in certain embodiments, a

method that comprises using a construct as stated above in an expression system

in order to express a particular polypeptide such as a TCblR-specific antibody as

described herein. The term "transduction" is used to refer to the transfer of genes

from one bacterium to another, usually by a phage. "Transduction" also refers to

the acquisition and transfer of eukaryotic cellular sequences by retroviruses. The

term "transfection" is used to refer to the uptake of foreign or exogenous DNA by a

cell, and a cell has been "transfected" when the exogenous DNA has been

introduced inside the cell membrane. A number of transfection techniques are well

known in the art and are disclosed herein. See, e.g., Graham et al., 1973, Virology

52:456; Sambrook et al., 2001 , Molecular Cloning, a Laboratory Manual, Cold

Spring Harbor Laboratories; Davis et al., 1986, Basic Methods in Molecular

Biology, Elsevier; and Chu et al., 1981 , Gene 13:197. Such techniques can be

used to introduce one or more exogenous DNA moieties into suitable host cells.



The term "transformation" as used herein refers to a change in a

cell's genetic characteristics, and a cell has been transformed when it has been

modified to contain a new DNA. For example, a cell is transformed where it is

genetically modified from its native state. Following transfection or transduction,

the transforming DNA may recombine with that of the cell by physically integrating

into a chromosome of the cell, or may be maintained transiently as an episomal

element without being replicated, or may replicate independently as a plasmid. A

cell is considered transformed when the DNA is replicated with the division of the

cell. The term "naturally occurring" or "native" when used in connection with

biological materials such as nucleic acid molecules, polypeptides, host cells, and

the like, refers to materials which are found in nature and are not manipulated by a

human. Similarly, "non-naturally occurring" or "non-native" as used herein refers to

a material that is not found in nature or that has been structurally modified or

synthesized by a human.

The present invention further provides in certain embodiments an

isolated polypeptide comprising an antibody chain or a fragment or variant thereof

as described herein, for instance, a polypeptide comprising a CDR or VH or VL

domain as described herein.

In certain embodiments, a polypeptide fragment can comprise an

amino acid chain at least 5 to about 500 amino acids long. It will be appreciated

that in certain embodiments, fragments are at least 5 , 6 , 7 , 8 , 9 , 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1 , 32, 33, 34, 35, 36,

37, 38, 39, 40, 4 1, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90,

95, 100, 110, 150, 200, 250, 300, 350, 400, or 450 amino acids long. Particularly

useful polypeptide fragments include functional domains, including antigen-binding

domains or fragments of antibodies. In the case of an anti-TCblR antibody, useful

fragments include, but are not limited to: a CDR region, especially a CDR3 region

of the heavy or light chain; a variable region of a heavy or light chain; a portion of

an antibody chain or just its variable region including two CDRs; and the like.



Polypeptides may comprise a signal (or leader) sequence at the N-

terminal end of the protein, which co-translationally or post-translationally directs

transfer of the protein. The polypeptide may also be fused in-frame or conjugated

to a linker or other sequence for ease of synthesis, purification or identification of

the polypeptide (e.g., poly-His), or to enhance binding of the polypeptide to a solid

support.

A peptide linker/spacer sequence may also be employed to separate

multiple polypeptide components by a distance sufficient to ensure that each

polypeptide folds into its secondary and/or tertiary structures, if desired. Such a

peptide linker sequence can be incorporated into a fusion polypeptide using

standard techniques well known in the art.

Certain peptide spacer sequences may be chosen, for example,

based on: ( 1 ) their ability to adopt a flexible extended conformation; (2) their

inability to adopt a secondary structure that could interact with functional epitopes

on the first and second polypeptides; and/or (3) the lack of hydrophobic or charged

residues that might react with the polypeptide functional epitopes.

In one illustrative embodiment, peptide spacer sequences contain,

for example, Gly, Asn and Ser residues. Other near neutral amino acids, such as

Thr and Ala, may also be included in the spacer sequence.

Other amino acid sequences which may be usefully employed as

spacers include those disclosed in Maratea et al., Gene 40 39 46 (1985); Murphy

et al., Proc. Natl. Acad. Sci. USA 83:8258 8262 (1986); U.S. Patent No.

4,935,233 and U.S. Patent No. 4,751 ,180.

Other illustrative spacers may include, for example, Glu-Gly-Lys-Ser-

Ser-Gly-Ser-Gly-Ser-Glu-Ser-Lys-Val-Asp (Chaudhary et a/., 1990, Proc. Natl.

Acad. Sci. U.S.A. 87:1066-1070) and Lys-Glu-Ser-Gly-Ser-Val-Ser-Ser-Glu-Gln-

Leu-Ala-Gln-Phe-Arg-Ser-Leu-Asp (Bird et al., 1988, Science 242:423-426).

In some embodiments, spacer sequences are not required when the

first and second polypeptides have non-essential N-terminal amino acid regions



that can be used to separate the functional domains and prevent steric

interference. Two coding sequences can be fused directly without any spacer or

by using a flexible polylinker composed, for example, of the pentamer Gly-Gly-Gly-

Gly-Ser repeated 1 to 3 times. Such a spacer has been used in constructing

single chain antibodies (scFv) by being inserted between VH and VL (Bird et al.,

1988, Science 242:423-426; Huston et al., 1988, Proc. Natl. Acad. Sci. U.S.A.

85:5979-5883).

A peptide spacer, in certain embodiments, is designed to enable the

correct interaction between two beta-sheets forming the variable region of the

single chain antibody.

In certain illustrative embodiments, a peptide spacer is between 1 to

5 amino acids, between 5 to 10 amino acids, between 5 to 25 amino acids,

between 5 to 50 amino acids, between 10 to 25 amino acids, between 10 to 50

amino acids, between 10 to 100 amino acids, or any intervening range of amino

acids.

In other illustrative embodiments, a peptide spacer comprises about

1, 5 , 10, 15, 20, 25, 30, 35, 40, 45, 50 or more amino acids in length.

6 . Screening Methods

The invention further provides methods of identifying and producing

antibodies and fragments thereof, including antibodies and fragments thereof

capable of delivering an agent to a cell expressing TCblR and antibodies and

fragments thereof capable of inhibiting cobalamin uptake by a cell expressing

TCblR. In particular embodiments, these methods are based upon identifying

antibodies and fragments thereof that bind to the same regions or eptitopes of

TCblR as the antibodies described therein. In particular embodiments, the

antibodies and fragments thereof bind to one or more regions of TCblR described

in Table 1.



In general, the antibodies and fragments thereof are identified by

screening candidates for their ability to bind a TCblR polypeptide or fragment

thereof in vitro or in vivo, or cells that express a TCblR polypeptide or fragment

thereof, e.g., a recombinantly introduced TCblR polypeptide or fragment thereof.

Any assay suitable for determining binding of an antibody or fragment thereof to a

polypeptide or cell may be used, and a variety of such assays are known and

available in the art.

Candidate antibodies and fragments thereof may be screened

individually, e.g., when a specific molecule is predicted to function as an inhibitor

or inducer/activator. Alternatively, a library of antibodies or fragments thereof may

be screened, such as phage display libraries expressing antibodies or fragments

thereof (including aptamers).

In certain embodiments, a method of identifying an antibody or

fragment thereof that binds a cell that expresses TCblR comprises: contacting a

candidate antibody or fragment thereof with a first polypeptide comprising or

consisting of the extracellular domain of TCblR, or a region thereof capable of

binding an antibody or fragment thereof comprising: ( 1 ) a VH region comprising the

amino acid sequence set forth in SEQ ID NO:37 and a VL region comprising the

amino acid sequence set forth in SEQ ID NO:45; (2) a VH region comprising the

amino acid sequence set forth in SEQ ID NO:5 and a VL region comprising the

amino acid sequence set forth in SEQ ID NO: 13; or (3) a VH region comprising the

amino acid sequence set forth in SEQ ID NO:21 and a VL region comprising the

amino acid sequence set forth in SEQ ID NO:29; determining a first amount of

binding of the candidate antibody or fragment thereof to the first polypeptide;

contacting the candidate antibody or fragment thereof with a control or unrelated

polypeptide; and determining a second amount of binding of the candidate to the

control or unrelated polypeptide, wherein if the first amount of binding to the

candidate antibody or fragment thereof is greater than the second amount of



binding to the candidate antibody or fragment thereof, said candidate antibody or

fragment thereof inhibits cobalamin uptake by a cell that expresses TCblR.

In certain embodiments of various methods herein, a control

polypeptide comprises or consists of the extracellular domain of TCblR, or a region

thereof capable of binding said antibody or fragment thereof, wherein one or more

amino acid residues of the TCblR polypeptide or region thereof is mutated such

that the control polypeptide or fragment thereof has a reduced ability to bind said

antibody or fragment thereof. In particular embodiments, the second polypeptide

comprises one or more amino acid substitutions, deletions, or insertions within one

or more LDLR-A domain of TCblR. In particular, the control polypeptide may

comprise one or more amino acid substitutions, deletions, or insertions within a

region of TCblR selected from the group consisting of: amino acid residues 54-89,

amino acid residues 132-167, amino acid residues 53-63, amino acid residue 85,

amino acid residue 86, amino acid residues 150-167, amino acid residue 163, and

amino acid residue 164, of SEQ ID NO:53.ln other embodiments, a control or

unrelated polypeptide is a polypeptide that is not specifically bound by an antibody

of the present invention, e.g., it is not specifically bound by mAb 1-19, mAb 1-23,

or mAb 1-25.

In certain embodiments, a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprises: contacting a candidate antibody or fragment thereof with a first

polypeptide comprising or consisting of the extracellular domain of TCblR, or a

region thereof, capable of binding an antibody or fragment thereof comprising a VH

region comprising the amino acid sequence set forth in SEQ ID NO:37 and a VL

region comprising the amino acid sequence set forth in SEQ ID NO:45;

determining a first amount of binding of the candidate antibody or fragment thereof

to the first polypeptide; contacting the candidate antibody or fragment thereof with

a control or unrelated polypeptide; and determining a second amount of binding of

the candidate antibody or fragment thereof to the control or unrelated polypeptide,



wherein if the first amount of binding to the candidate antibody or fragment thereof

is greater than the second amount of binding to the candidate antibody or fragment

thereof, said candidate antibody or fragment thereof inhibits cobalamin uptake by a

cell that expresses TCblR.

In related embodiments, a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprises: contacting a candidate antibody or fragment thereof with a first cell or

population of cells that expresses a first polypeptide comprising the extracellular

domain of TCblR, or a region thereof, capable of binding an antibody or fragment

thereof comprising a VH region comprising the amino acid sequence set forth in

SEQ ID NO:37 and a VL region comprising the amino acid sequence set forth in

SEQ ID NO:45; determining a first amount of binding of the candidate antibody or

fragment thereof to the first cell or population of cells; contacting the candidate

antibody or fragment thereof with a second cell or population of cells that

expresses a control or unrelated polypeptide; and determining a second amount of

binding of the candidate antibody or fragment thereof to the second cell, wherein if

the first amount of binding to the candidate antibody or fragment thereof is greater

than the second amount of binding to the candidate antibody or fragment thereof,

said candidate antibody or fragment thereof inhibits cobalamin uptake by a cell that

expresses TCblR.

In other embodiments, a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprises: contacting a candidate antibody or fragment thereof with a polypeptide

comprising or consisting of a region of TCblR capable of binding an antibody or

fragment thereof comprising a VH region comprising the amino acid sequence set

forth in SEQ ID NO:37 and a VL region comprising the amino acid sequence set

forth in SEQ ID NO:45; and determining an amount of binding of the candidate

antibody or fragment thereof to the polypeptide; wherein if the determined amount

of binding is significantly greater than the amount of binding to a control



polypeptide, said candidate antibody or fragment thereof inhibits cobalamin uptake

by a cell that expresses TCblR. In particular embodiments, the polypeptide

comprises or consists of amino acid residues 32-183 of SEQ ID NO:53.

In a related embodiment, a method of identifying an antibody or

fragment thereof that inhibits cobalamin uptake by a cell that expresses TCblR

comprises: contacting a candidate antibody or fragment thereof with a cell or

population of cells that expresses a polypeptide comprising or consisting of a

region of TCblR capable of binding an antibody or fragment thereof comprising a

VH region comprising the amino acid sequence set forth in SEQ ID NO:37 and a

VL region comprising the amino acid sequence set forth in SEQ ID NO:45; and

determining an amount of binding of the candidate antibody or fragment thereof to

the cell or population of cells; wherein if the determined amount of binding to the

candidate antibody or fragment thereof is greater than the amount of binding to a

control cell or population of cells, said candidate antibody or fragment thereof

inhibits cobalamin uptake by a cell that expresses TCblR. In particular

embodiments, the polypeptide comprises or consists of amino acid residues 32-

183 of SEQ ID NO:53.

In various embodiments utilizing polypeptides comprising or

consisting of a region of TCblR capable of binding an antibody or fragment thereof,

including any of those specifically described herein, the polypeptide does not

comprise the full length TCblR polypeptide, or the polypeptide does not comprise

the full extracellular domain of the TCblR polypeptide.

In particular embodiments of the present invention, screening is

performed using recombinantly expressed TCblR or a fragment thereof, or using

cells comprising exogenous TCblR or a fragment thereof, which is typically

expressed in the cell from a recombinant expression construct. Methods utilizing

recombinant TCblR are advantageous in that recombinant protein is typically

easier to obtain and purify.



In certain embodiments, the TCblR polypeptide or fragment thereof

employed in these various assays may either be free in solution, attached to a

solid support, borne on a cell surface or located intracellularly or associated with a

portion of a cell. One skilled in the art can, for example, measure the formation of

complexes between the TCblR polypeptide or fragment thereof and the antibody or

fragment thereof being tested. Alternatively, one skilled in the art can examine the

diminution in complex formation between a TCblR polypeptide or fragment thereof

and its substrate caused by the antibody or fragment thereof being tested.

In certain embodiments of the methods described herein, the

antibody specifically binds to the TCblR polypeptide as compared to a control or

unrelated polypeptide. In particular embodiments, at least two-fold, three-fold, f ive

fold, or ten-fold more antibody or fragment thereof will be bound to the TCblR

polypeptide or fragment thereof as to an equivalent amount of an unrelated or

control polypeptide.

Routine binding assays suitable for screening candidate antibodies

and fragments thereof are well known in the art and include, e.g., GST pulldown

assays using recombinantly-produced GST-TCblR fusion polypeptides, affinity

chromatography, phage display, immunoprecipitation assays under low stringency

conditions suitable for precipitating TCblR polypeptides or fragments thereof using

antibodies or fragments thereof to TCblR, ELISA assays, and radioimmunoassays.

Methods of the invention may further comprise demonstrating that

the antibody or other TCblR modulator inhibits cobalamin uptake into a cell by

contacting a cell expressing a transcobalamin receptor with transcobalamin in the

presence of the antibody or TCblR modulator; determining an amount of the

transcobalamin taken up by the cell; and comparing the amount transcobalamin

taken up by the cell to an amount taken up in the absence of the antibody or

TCblR modulator, wherein a decreased amount of transcobalamin taken up by the

cell indicates that the antibody or TCblR modulator is an inhibitor of cobalamin

uptake into a cell.



Such inhibition of Cbl uptake into a cell can produce intracellular Cbl

deficiency, which inhibits cell replication due to folate entrapment since folate is

needed for DNA synthesis. MAb 1-25 is one such antibody that blocks binding of

TC-Cbl to TCblR. All other antibodies generated in the Examples below are

binding antibodies and do not interfere with TC-Cbl binding and uptake. All

antibodies described herein bind TCblR and are internalized without the

participation of TC-Cbl in this process.

B. Methods of Use

The antibodies and fragments thereof described herein specifically

bind to TCblR, particularly to specific regions and epitopes within the extracellular

domain of TCblR. Thus, the antibodies of the present invention may be used to

detect the presence of TCblR in a subject or a biological sample, using any of a

variety of diagnostic and prognostic methods, including those described herein. In

addition, anti-TCblR antibodies and fragments thereof may be used to block

cobalamin uptake by a cell. In other aspects, the antibodies and fragments thereof

described herein may be used to inhibit or slow growth or proliferation of a cell,

such as, e.g., a tumor cell. The anti-TCblR antibodies and fragments thereof may

also be used to deliver an agent, such as a cytotoxin, directly or indirectly (e.g., via

a secondary antibody conjugated to the agent) to a cell. In particular

embodiments, the anti-TCblR antibodies and fragments thereof described herein

are used in methods of treating a tumor, cancer, or hyperproliferative disease or

disorder in a subject, such as, e.g., a human subject.

1. Diagnosis and Imaging

As noted above, TCblR is overexpressed in proliferating cells as

compared resting or non-dividing cells. Given that tumor cells demonstrate

increased proliferation as compared to normal cells, there is a correspondingly

higher expression of TCblR in tumor cells as compared to normal cells. Indeed, it



has been demonstrated that labeled cobalamin derivatives can be used for

imaging and detection of a wide variety of tumors, including, e.g., primary and

metastatic breast, lung, colon, thyroid, sarcomatous, prostate, and central nervous

system malignancies (Collins, D.A. et al., Mayo Clin. Proc. 75:568-580 (2000)).

Accordingly, in certain embodiments, the present invention includes methods of

detecting and imaging tumor cells, as well as methods of preferentially delivering a

therapeutic agent to a tumor cell, by contacting tumors with an agent that

specifically binds to TCblR, e.g., an agent that binds to TCblR coupled to a

detectable label and/or a therapeutic agent. These methods may generally be

applied to a variety of tumors, including those specifically described herein.

Diagnostic or detection methods of the present invention generally

involve contacting a biological sample with an antibody or fragment thereof

described herein that specifically binds to TCblR under conditions that allow

binding and determining whether the antibody preferentially binds to the sample as

compared to a control biological sample or predetermined cut-off value, thereby

indicating the presence of TCblR in the sample. In various embodiments, the

biological sample is, e.g., blood, serum, saliva, urine, sputum, a cell swab sample,

or a tissue biopsy. The biological sample may be obtained from an animal, such

as a human. In certain embodiments, the predetermined cut-off value is the

amount detected in a normal control biological sample. In other embodiments, the

predetermined cut-off value is 1.5 or 2 times the amount detected in a normal

control individual or biological sample.

Bound antibody may be detected using procedures described herein

and known in the art. In certain embodiments, methods of the present invention

are practiced using antibodies that are conjugated to a detectable label, e.g., a

fluorophore, to facilitate detection of bound antibody. In addition, antibodies can

be detected with anti-constant region secondary agents and may be useful for

immunochemistry assays of tissues to assess tissue distribution and expression of



the TCblR. These include, for example, RIA, ELISA, precipitation, agglutination,

complement fixation and immuno-fluorescence.

An enzyme label can be detected by any of the currently utilized

colorimetric, spectrophotometric, fluorospectro-photometric or gasometric

techniques. Many enzymes used in these procedures are known and can be

utilized. Examples are peroxidase, alkaline phosphatase, β-glucuronidase, β-D-

glucosidase, β-D-galactosidase, urease, glucose oxidase plus peroxidase,

galactose oxidase plus peroxidase and acid phosphatase.

Assessing tissue distribution and expression of the TCblR using, e.g.,

immunochemistry assays and diagnostic imaging techniques, can be used to

detect and diagnose a tumor, cancer or hyperproliferative disease or disorder in a

subject. In particular, increased expression of TCblR relative to the surrounding

tissue is indicative of increased cellular proliferation. The relative expression of

TCblR can be monitored over time to monitor the state or course of a disease, e.g.,

progression or regression.

In the context of tumor detection in a subject, an antibody or

fragment or variant thereof of the present invention is typically coupled to a

detectable label and delivered to a subject. The subject is then examined and the

presence and/or location of detectable label determined and correlated with the

presence of a tumor. Typically, the presence of a tumor is associated with the

detection of at least two-fold, at least three-fold, or at least five-fold as much label

as detected in a normal control patient.

In a related embodiment, the presence of tumor cells in a tissue

sample obtained from a patient is determined by comparing the amount of binding

of an anti-TCblR antibody or fragment or variant thereof of the present invention to

the tissue sample to the amount of binding to a control normal tissue sample or a

predetermined cut-off value. Typically, the presence of tumor cells is associated

with at least two-fold, at least three-fold, or at least five-fold as much bound TCblR

binding agent as detected in a normal control tissue sample.



These methods may be readily adapted for prognostic and

monitoring purposes. For example, the amount of TCblR detected using an

antibody or fragment or variant thereof of the present invention may be determined

before and after treatment. If the amount is reduced following treatment, it

suggests that the treatment is efficacious. However, if the amount is increased

following treatment, it suggests that the treatment is not efficacious. Similarly, the

location of TCblR detected using an antibody or fragment or variant thereof of the

present invention may be determined at first and second time points. If TCblR is

detected at different or new locations in the body at the second, later time point as

compared to the first, earlier time point, it indicates that the tumor is growing or has

metastasized.

The invention contemplates the use of any type of detectable label,

including, e.g., visually detectable labels, such as, e.g., dyes, fluorophores, and

radioactive labels. In addition, the invention contemplates the use of magnetic

beads and electron dense substances, such as metals, e.g., gold, as labels. A

wide variety of radioactive isotopes may be used, including, e.g., 14 C, 3H, 99mTc,

123 l , 131 l , 32P, 192 lr103Pd, 198Au, 111 ln, Ga, 201 TI, 153Sm, 18F and 90Sr. Other

radioisotopes that may be used include, e.g., thallium-201 or technetium 99m. In

certain embodiments, the detectable label is a CT contrast agent, also referred to

as "dyes." Examples of commonly used contrast agents include iodine, barium,

barium sulfate, and gastrografin. In other embodiments, the detectable agent is a

fluorophore, such as, e.g., fluorescein or rhodamine. A variety of biologically

compatible fluorophores are commercially available.

Accordingly, the present invention includes a method of detecting or

diagnosing a tumor, cancer, or hyperproliferative disease or disorder in a subject,

comprising contacting a biological sample obtained from the subject with an

antibody or fragment or variant thereof described herein that specifically binds to

TCblR under conditions that allow binding, determining an amount of bound

antibody, and determining whether the antibody or fragment or variant thereof



preferentially binds to the biological sample obtained from the subject as compared

to a control biological sample or predetermined cut-off value, thereby indicating the

presence of a tumor, cancer, or hyperproliferative disease or disorder in a subject.

2 . Inhibiting Cell Growth and Blocking Cellular Uptake of Cobalamin

Selective essential nutrient depletion by blocking the cellular uptake

of folate or vitamin B12 is a strategy that could overcome many of the problems

associated with current chemotherapy. It is also likely to be less toxic to the

patient and more specific for highly proliferative cancer cells due to their increased

demand for these essential micronutrients. However, the use of this approach

requires the selective inhibition of the transport of these vitamins. The properties

of antibodies and fragments described herein may be exploited to inhibit cellular

uptake of Cbl, thereby depleting cells of Cbl and inhibiting Cbl-dependent

proliferation of cells.

One embodiment of the invention provides a method for inhibiting the

growth of a tumor cell that expresses TCblR comprising contacting the cell with an

anti-TCblR antibody, or antigen-binding fragment thereof, described herein.

In some embodiments, blocking antibodies bind specifically to the

same TCblR epitopes bound by Cbl or bind specifically to TCblR so as to sterically

hinder binding of Cbl to TCblR. These epitopes are present on the extracellular

domain of TCblR. Blocking antibodies may be identified by their ability to compete

with Cbl binding to TCblR.

In certain embodiments, a blocking antibody is specific for an epitope

present in or near an LDLR-A domain. For example, a blocking antibody may bind

an epitope present in amino acid residues 54-89 or 132-167 of SEQ ID NO:53. In

certain embodiments, the antibody recognizes an epitope in residues 53-63 of

SEQ ID NO:53. In another embodiment, the antibody recognizes an epitope

comprising residue 85 SEQ ID NO:53. In yet another embodiment, the antibody

recognizes an epitope comprising residue 86 of SEQ ID NO:53. In another



embodiment, the blocking antibody recognizes an epitope present in amino acid

residues 138-165 of SEQ ID NO:53. In yet another embodiment, the blocking

antibody recognizes an epitope present in amino acid residues 150-165 of SEQ ID

NO:53. In another embodiment, the antibody recognizes an epitope comprising

residue 163 SEQ ID NO:53. In yet another embodiment, the antibody recognizes

an epitope comprising residue 164 of SEQ ID NO:53.

Another embodiment of the invention provides a method of inhibiting

cobalamin uptake by a cell that expresses TCblR, comprising contacting the cell

with an antibody, or antigen-binding fragment or variant thereof described herein

that inhibits cobalamin uptake. A related embodiment of the invention provides a

method of treating a subject having a tumor, cancer or hyperproliferative disease

or disorder, comprising providing to the subject an effective amount of an antibody,

or antigen-binding fragment or variant thereof described herein that inhibits

cobalamin uptake (or with a pharmaceutical composition comprising said antibody

or fragment or variant thereof).

In particular embodiments of the above methods of inhibiting

cobalamin uptake and treating a subject having a tumor, the antibody or fragment

or variant thereof comprises one or more CDR amino acid sequences set forth in

SEQ ID NOs:38-40 and 46-48. Additional particular embodiments provide a

method of inhibiting cobalamin uptake by a cell that expresses TCblR, comprising

contacting the cell with an antibody or antigen-binding fragment thereof,

comprising (i) a heavy chain variable region comprising the VHCDR1 , VHCDR2

and VHCDR3 amino acid sequences set forth in SEQ ID NOs:38, 39 and 40,

respectively, and/or (ii) a light chain variable region comprising a light chain

variable region comprising the VLCDR1 , VLCDR2 and VLCDR3 amino acid

sequences set forth in SEQ ID NOs:46, 47 and 48, respectively. In certain aspects

of the invention, the blocking antibody is mAb 1-25. Examples of other antibodies

and fragments and variants thereof that may be used include those described

herein that comprise one or more CDR, VH domain or VL domain of mAb 1-25.



3 . Drug or Toxin Delivery to Tumor Cells

As described above, the anti-TCblR antibodies, and antigen-binding

fragments thereof, of the present invention may be conjugated to agents, including

drugs and toxins. Actively dividing cells, such as cancer cells, express an

increased amount of TCblR in comparison to non-proliferating, quiescent cells.

Accordingly, the subject antibodies, and antigen-binding fragments thereof,

including those internalized by cells expressing TCblR, may be used deliver

chemotherapeutic agents, drugs and toxins to actively proliferating or tumor cells in

order to inhibit proliferation or kill cells expressing TCblR and to treat tumors,

cancer and proliferative diseases and disorders.

Toxins such as ricin, cholera toxin, gelonin and saporin are very

effective in destroying cancer cells if a toxic dose can be delivered specifically to

these cells. This strategy requires a tumor specific carrier to transport the toxin

across the plasma membrane into cells, since these molecules cannot cross the

cell membrane by either specific or nonspecific transport mechanisms. An ideal

target protein would be a receptor or cell surface protein that is expressed and

internalized predominantly or only in cancer cells. However, such proteins are

scarce and not easy to identify. Many proteins and receptors are expressed in all

cell types, and some of these are cell cycle associated or expressed only in

actively dividing cells. Such proteins can be carriers for drugs and toxins and may

provide some enhanced targeting to cancer cells. However, selective targeting to

cancer cells and lack of toxicity to the normal cell population will depend on not

only on the differential expression but also on the density of the target protein in

the two cell types. For example, a protein with relatively high expression, such as

the transferrin receptor, even though differentially expressed in cancer and normal

cells, may not be suitable for delivering a toxin because the normal cells may

internalize sufficient toxin to kill the cell. The ideal target protein is one with fairly

low expression in normal cells, which, therefore, cannot internalize toxic amounts



of drugs) but is adequately over expressed in cancer cells to internalize a cytotoxic

amount of the drug.

The TCblR is one such protein whose expression is believed to be

sufficiently low to render any toxin internalized in normal cells to be ineffective and

is believed to be adequately over expressed in some cancers to internalize

sufficient toxin to kill the cell. In addition, the cell cycle associated expression of

this protein makes it an ideal target for this approach. The use of potent drugs or

toxins conjugated to antibody that can deliver the payload to its target antigen is a

highly effective strategy that can provide the specificity and speed of action

demanded in cancer therapy. The data provided in the Examples demonstrate this

receptor can be effectively used for targeted delivery of drugs and toxins.

Certain embodiments of the invention provide a method for inhibiting

the growth of a tumor cell that expresses TCblR comprising contacting the cell with

an anti-TCblR antibody, or antigen-binding fragment thereof, described herein,

wherein said anti-TCblR antibody, or antigen-binding fragment thereof is

conjugated to a therapeutic agent.

Another embodiment provides a method for treating a subject having

a tumor, cancer or hyperproliferative disease or disorder, comprising providing to

the subject an effective amount of a pharmaceutical composition comprising an

anti-TCblR antibody, or antigen-binding fragment or variant thereof, described

herein, wherein said anti-TCblR antibody, or antigen-binding fragment thereof is

conjugated to a therapeutic agent, thereby treating the subject.

Another embodiment provides a method for delivering a therapeutic

agent to tumor cells or hyperproliferative cells within a subject having a tumor,

cancer or hyperproliferative disease or disorder, comprising providing to the

subject a pharmaceutical composition comprising an anti-TCblR antibody, or

antigen-binding fragment or variant thereof, described herein, wherein said anti-

TCblR antibody, or antigen-binding fragment thereof is conjugated to a therapeutic



agent. In particular embodiments, the therapeutic agent is delivered to the

cytoplasm of said tumor cells or hyperproliferative cells within the subject.

In certain embodiments of the above methods, the therapeutic agent

is a drug, chemotherapeutic, or toxin. In particular embodiments, the toxin is

saporin. In particular embodiments of the above methods, the anti-TCblR

antibody, or antigen-binding fragment thereof is directly conjugated to the

therapeutic agent. In particular embodiments of the above methods, the anti-

TCblR antibody, or antigen-binding fragment thereof is conjugated to the

therapeutic agent via a linker. In particular embodiments of the above methods,

the anti-TCblR antibody, or antigen-binding fragment thereof is conjugated to the

therapeutic agent via one or more covalent bonds and not by any non-covalent

bonds.

The TCblR-specific antibodies, fragments and variant thereof, and

compositions described herein may be administered to subject afflicted with a

disease as described herein, such as a cancer, a tumor or a hyperproliferative

disorder. In one embodiment, the TCblR-specific antibodies, fragments and

variant thereof, and compositions and methods described herein can be used to

treat, diagnose, and monitor any type of cancer or tumor. Examples of types of

cancers that may be treated, diagnosed, and monitored according to the invention

include, but are not limited to, adrenal cortical cancer, anal cancer, aplastic

anemia, bile duct cancer, bladder cancer, bone cancer, brain/CNS tumors, breast

cancer, Castleman disease, cervical cancer, colon/rectum cancer, endometrial

cancer, esophagus cancer, Ewing tumor, eye cancer, gallbladder cancer,

gastrointestinal carcinoid tumors, gastrointestinal stromal tumor (GIST), gestational

trophoblastic disease, Hodgkin disease, Kaposi sarcoma, kidney cancer, laryngeal

cancer, hypopharyngeal cancer, acute lymphocytic leukemia (ALL), acute myeloid

leukemia (AML), chronic lymphocytic leukemia (CLL), chronic myeloid leukemia

(CML), chronic myelomonocytic leukemia (CMML), liver cancer, non-small cell lung

cancer, small cell lung cancer, lung carcinoid tumor, lymphoma, mesothelioma,



multiple myeloma, myelodysplastic syndrome, nasal cavity cancer, paranasal sinus

cancer, nasopharyngeal cancer, neuroblastoma, oral cavity cancer, oropharyngeal

cancer, osteosarcoma, ovarian cancer, pancreatic cancer, penile cancer, pituitary

tumor, prostate cancer, retinoblastoma, rhabdomyosarcoma, salivary gland

cancer, sarcoma, skin cancer, small intestine cancer, stomach cancer, testicular

cancer, thymus cancer, thyroid cancer, uterine sarcoma, vaginal cancer, vulvar

cancer, Waldenstrom macroglobulinemia, and Wilms tumor.

In particular embodiments, these methods can be applied to solid

tumors or cancers of the blood and lymphatic systems, including lymphomas,

leukemia, and myelomas. Examples of specific cancers that may be treated,

diagnosed or monitored according to the invention include, but are not limited to,

Hodgkin's and non-Hodgkin's Lymphoma (NHL), including any type of NHL as

defined according to any of the various classification systems such as the Working

formulation, the Rappaport classification and, preferably, the REAL classification.

Such lymphomas include, but are not limited to, low-grade, intermediate-grade,

and high-grade lymphomas, as well as both B-cell and T-cell lymphomas. Included

in these categories are the various types of small cell, large cell, cleaved cell,

lymphocytic, follicular, diffuse, Burkitt's, Mantle cell, NK cell, CNS, AIDS-related,

lymphoblastic, adult lymphoblastic, indolent, aggressive, multiple myeloma,

transformed and other types of lymphomas.

Examples of specific myeloproliferative disorders that may be

treated, diagnosed, or monitored according to methods of the present invention

include, e.g., polycythemia vera, essential thrombocythemia, agnogenic myeloid

metaplasia, myelofibrosis, myelodysplastic syndrome, and chronic myelocytic

leukemia. The methods of the present invention can be used for adult or childhood

forms of lymphoma, as well as lymphomas at any stage, e.g., stage I , II, III, or IV.

The various types of lymphomas are well known to those of skill, and are

described, e.g., by the American Cancer Society (see, e.g., www.cancer.org).



As indicated above, the antibodies and methods described herein

may be applied to any form of leukemia, including adult and childhood forms of the

disease. For example, any acute, chronic, myelogenous, and lymphocytic form of

the disease can be treated using the methods of the present invention.

Subjects may be any type of animal, including mammals, such as

humans. In particular embodiments, subjects were previously diagnosed as

having a tumor or hyperproliferative disease or disorder.

4 . Pharmaceutical Compositions and Kits

An isolated antibody, or fragment thereof, of the present invention

can be lyophilized for storage or formulated into various solutions known in the art

for solubility and stability and consistent with safe administration into animals,

including humans. An antibody composition may contain antibodies of multiple

isotypes or antibodies of a single isotype. An antibody composition may contain

unmodified antibodies, or the antibodies may have been modified in some way,

e.g., chemically or enzymatically. Thus an antibody composition may contain

intact Ig molecules or fragments thereof, i.e., Fab, F(ab')2, or Fc domains. In

particular embodiments, antibodies may be in solution or attached to a surface

such as a polystyrene or latex plate or bead. In certain embodiments, antibodies

may be conjugated to an agent as described herein.

The antibodies and fragments described herein also may be

entrapped in microcapsules prepared, for example, by coacervation techniques or

by interfacial polymerization (for example, hydroxymethylcellulose or gelatin-

microcapsules and poly-(methylmethacylate)microcapsules, respectively), in

colloidal drug delivery systems (for example, liposomes, albumin microspheres,

microemulsions, nano-particles and nanocapsules), or in macroemulsions. Such

techniques are disclosed in Remington's Pharmaceutical Sciences, 16th edition,

Oslo, A., Ed., (1980).



The antibodies and fragments disclosed herein may also be

formulated as immunoliposomes. A "liposome" is a small vesicle composed of

various types of lipids, phospholipids and/or surfactant that is useful for delivery of

a drug to a mammal. The components of the liposome are commonly arranged in a

bilayer formation, similar to the lipid arrangement of biological membranes.

Liposomes containing the antibody are prepared by methods known in the art,

such as described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82:3688 (1985);

Hwang et al., Proc. Natl. Acad. Sci. USA, 77:4030 ( 1980); U.S. Patent Nos.

4,485,045 and 4,544,545; and PCT Publication No. WO 97/38731 published Oct.

23, 1997. Liposomes with enhanced circulation time are disclosed in U.S. Patent

No. 5,013,556.

Administration of the TCblR-specific antibodies described herein, in

pure form or in an appropriate pharmaceutical composition, can be carried out via

any of the accepted modes of administration of agents for serving similar utilities.

The pharmaceutical compositions can be prepared by combining an antibody or

antibody-containing composition with an appropriate physiologically acceptable

carrier, diluent or excipient, and may be formulated into preparations in solid,

semi-solid, liquid or gaseous forms, such as tablets, capsules, powders, granules,

ointments, solutions, suppositories, injections, inhalants, gels, microspheres, and

aerosols. In addition, other pharmaceutically active ingredients (including other

anti-cancer agents as described elsewhere herein) and/or suitable excipients such

as salts, buffers and stabilizers may, but need not, be present within the

composition. Administration may be achieved by a variety of different routes,

including oral, parenteral, nasal, intravenous, intradermal, subcutaneous or topical.

Preferred modes of administration depend upon the nature of the condition to be

treated or prevented. An amount that, following administration, reduces, inhibits,

prevents or delays the progression and/or metastasis of a cancer is considered

effective.



In certain embodiments, the amount provided and administered is

sufficient to result in tumor regression, as indicated by a statistically significant

decrease in the amount of viable tumor, for example, at least a 50% decrease in

tumor mass, or by altered {e.g., decreased with statistical significance) scan

dimensions. In other embodiments, the amount administered is sufficient to inhibit

cell growth or proliferation.

The precise dosage and duration of treatment is a function of the

disease being treated and may be determined empirically using known testing

protocols or by testing the compositions in model systems known in the art and

extrapolating therefrom. Controlled clinical trials may also be performed. Dosages

may also vary with the severity of the condition to be alleviated. A pharmaceutical

composition is generally formulated and administered to exert a therapeutically

useful effect while minimizing undesirable side effects. The composition may be

administered one time, or may be divided into a number of smaller doses to be

administered at intervals of time. For any particular subject, specific dosage

regimens may be adjusted over time according to the individual need.

The TCblR-specific antibody-containing compositions of the present

invention may be administered alone or in combination with other known cancer

treatments, such as radiation therapy, chemotherapy, transplantation,

immunotherapy, hormone therapy, photodynamic therapy, etc. The compositions

may also be administered in combination with antibiotics.

Typical routes of administering these and related pharmaceutical

compositions thus include, without limitation, oral, topical, transdermal, inhalation,

parenteral, sublingual, buccal, rectal, vaginal, and intranasal. The term parenteral

as used herein includes subcutaneous injections, intravenous, intramuscular,

intrasternal injection or infusion techniques. Pharmaceutical compositions

according to certain embodiments of the present invention are formulated so as to

allow the active ingredients contained therein to be bioavailable upon

administration of the composition to a patient. Compositions that will be



administered to a subject or patient may take the form of one or more dosage

units, where for example, a tablet may be a single dosage unit, and a container of

a herein described TCblR-specific antibody in aerosol form may hold a plurality of

dosage units. Actual methods of preparing such dosage forms are known, or will

be apparent, to those skilled in this art; for example, see Remington: The Science

and Practice of Pharmacy, 20th Edition (Philadelphia College of Pharmacy and

Science, 2000). The composition to be administered will, in any event, contain a

therapeutically effective amount of an antibody of the present disclosure, for

treatment of a disease or condition of interest in accordance with teachings herein.

A pharmaceutical composition may be in the form of a solid or liquid.

In one embodiment, the carrier(s) are particulate, so that the compositions are, for

example, in tablet or powder form. The carrier(s) may be liquid, with the

compositions being, for example, an oral oil, injectable liquid or an aerosol, which

is useful in, for example, inhalatory administration. When intended for oral

administration, the pharmaceutical composition is preferably in either solid or liquid

form, where semi-solid, semi-liquid, suspension and gel forms are included within

the forms considered herein as either solid or liquid.

As a solid composition for oral administration, the pharmaceutical

composition may be formulated into a powder, granule, compressed tablet, pill,

capsule, chewing gum, wafer or the like. Such a solid composition will typically

contain one or more inert diluents or edible carriers. In addition, one or more of

the following may be present: binders such as carboxymethylcellulose, ethyl

cellulose, microcrystalline cellulose, gum tragacanth or gelatin; excipients such as

starch, lactose or dextrins, disintegrating agents such as alginic acid, sodium

alginate, Primogel, corn starch and the like; lubricants such as magnesium

stearate or Sterotex; glidants such as colloidal silicon dioxide; sweetening agents

such as sucrose or saccharin; a flavoring agent such as peppermint, methyl

salicylate or orange flavoring; and a coloring agent. When the pharmaceutical

composition is in the form of a capsule, for example, a gelatin capsule, it may



contain, in addition to materials of the above type, a liquid carrier such as

polyethylene glycol or oil.

The pharmaceutical composition may be in the form of a liquid, for

example, an elixir, syrup, solution, emulsion or suspension. The liquid may be for

oral administration or for delivery by injection, as two examples. When intended

for oral administration, preferred composition contain, in addition to the present

compounds, one or more of a sweetening agent, preservatives, dye/colorant and

flavor enhancer. In a composition intended to be administered by injection, one or

more of a surfactant, preservative, wetting agent, dispersing agent, suspending

agent, buffer, stabilizer and isotonic agent may be included.

The liquid pharmaceutical compositions, whether they be solutions,

suspensions or other like form, may include one or more of the following adjuvants:

sterile diluents such as water for injection, saline solution, preferably physiological

saline, Ringer's solution, isotonic sodium chloride, fixed oils such as synthetic

mono or diglycerides which may serve as the solvent or suspending medium,

polyethylene glycols, glycerin, propylene glycol or other solvents; antibacterial

agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic

acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid;

buffers such as acetates, citrates or phosphates and agents for the adjustment of

tonicity such as sodium chloride or dextrose. The parenteral preparation can be

enclosed in ampoules, disposable syringes or multiple dose vials made of glass or

plastic. Physiological saline is a preferred adjuvant. An injectable pharmaceutical

composition is preferably sterile.

A liquid pharmaceutical composition intended for either parenteral or

oral administration should contain an amount of a TCblR-specific antibody as

herein disclosed such that a suitable dosage will be obtained. Typically, this

amount is at least 0.01 % of the antibody in the composition. When intended for

oral administration, this amount may be varied to be between 0.1 and about 70%

of the weight of the composition. Certain oral pharmaceutical compositions



contain between about 4% and about 75% of the antibody. In certain

embodiments, pharmaceutical compositions and preparations according to the

present invention are prepared so that a parenteral dosage unit contains between

0.01 to 10% by weight of the antibody prior to dilution.

The pharmaceutical composition may be intended for topical

administration, in which case the carrier may suitably comprise a solution,

emulsion, ointment or gel base. The base, for example, may comprise one or

more of the following: petrolatum, lanolin, polyethylene glycols, bee wax, mineral

oil, diluents such as water and alcohol, and emulsifiers and stabilizers. Thickening

agents may be present in a pharmaceutical composition for topical administration.

If intended for transdermal administration, the composition may include a

transdermal patch or iontophoresis device. The pharmaceutical composition may

be intended for rectal administration, in the form, for example, of a suppository,

which will melt in the rectum and release the drug. The composition for rectal

administration may contain an oleaginous base as a suitable nonirritating

excipient. Such bases include, without limitation, lanolin, cocoa butter and

polyethylene glycol.

The pharmaceutical composition may include various materials,

which modify the physical form of a solid or liquid dosage unit. For example, the

composition may include materials that form a coating shell around the active

ingredients. The materials that form the coating shell are typically inert, and may

be selected from, for example, sugar, shellac, and other enteric coating agents.

Alternatively, the active ingredients may be encased in a gelatin capsule. The

pharmaceutical composition in solid or liquid form may include an agent that binds

to the antibody of the invention and thereby assists in the delivery of the

compound. Suitable agents that may act in this capacity include other monoclonal

or polyclonal antibodies, one or more proteins or a liposome. The pharmaceutical

composition may consist essentially of dosage units that can be administered as

an aerosol. The term aerosol is used to denote a variety of systems ranging from



those of colloidal nature to systems consisting of pressurized packages. Delivery

may be by a liquefied or compressed gas or by a suitable pump system that

dispenses the active ingredients. Aerosols may be delivered in single phase,

bi-phasic, or tri-phasic systems in order to deliver the active ingredient(s). Delivery

of the aerosol includes the necessary container, activators, valves, subcontainers,

and the like, which together may form a kit. One of ordinary skill in the art, without

undue experimentation may determine preferred aerosols.

The pharmaceutical compositions may be prepared by methodology

well known in the pharmaceutical art. For example, a pharmaceutical composition

intended to be administered by injection can be prepared by combining a

composition that comprises a TCblR-specific antibody as described herein and

optionally, one or more of salts, buffers and/or stabilizers, with sterile, distilled

water so as to form a solution. A surfactant may be added to facilitate the

formation of a homogeneous solution or suspension. Surfactants are compounds

that non-covalently interact with the antibody composition so as to facilitate

dissolution or homogeneous suspension of the antibody in the aqueous delivery

system.

The compositions may be are administered in a therapeutically

effective amount, which will vary depending upon a variety of factors including the

activity of the specific compound (e.g., TCblR-specific antibody) employed; the

metabolic stability and length of action of the compound; the age, body weight,

general health, sex, and diet of the patient; the mode and time of administration;

the rate of excretion; the drug combination; the severity of the particular disorder or

condition; and the subject undergoing therapy. Generally, a therapeutically

effective daily dose is (for a 70 kg mammal) from about 0.001 mg/kg (i.e., 0.07 mg)

to about 100 mg/kg (i.e., 7.0 g); preferably a therapeutically effective dose is (for a

70 kg mammal) from about 0.01 mg/kg (i.e., 0.7 mg) to about 50 mg/kg (i.e., 3.5 g);

more preferably a therapeutically effective dose is (for a 70 kg mammal) from

about 1 mg/kg (i.e., 70 mg) to about 25 mg/kg (i.e., 1.75 g).



Compositions comprising the TCblR-specific antibodies of the

present disclosure may also be administered simultaneously with, prior to, or after

administration of one or more other therapeutic agents. Such combination therapy

may include administration of a single pharmaceutical dosage formulation which

contains a compound of the invention and one or more additional active agents, as

well as administration of compositions comprising antibodies of the invention and

each active agent in its own separate pharmaceutical dosage formulation. For

example, an antibody or fragment as described herein and the other active agent

can be administered to the patient together in a single oral dosage composition

such as a tablet or capsule, or each agent administered in separate oral dosage

formulations. Similarly, an antibody as described herein and the other active agent

can be administered to the patient together in a single parenteral dosage

composition such as in a saline solution or other physiologically acceptable

solution, or each agent administered in separate parenteral dosage formulations.

Where separate dosage formulations are used, the compositions comprising

antibodies and one or more additional active agents can be administered at

essentially the same time, i.e., concurrently, or at separately staggered times, i.e.,

sequentially and in any order; combination therapy is understood to include all

these regimens.

Thus, in certain embodiments, also contemplated is the

administration of anti-TCblR antibody compositions of this disclosure in

combination with one or more other therapeutic agents. Such therapeutic agents

may be accepted in the art as a standard treatment for a particular disease state

as described herein, such as a tumor, cancer or a proliferative disease or disorder.

Exemplary therapeutic agents contemplated include cytokines, steroids,

chemotherapeutics, radiotherapeutics, or other active and ancillary agents.

For in vivo use for the treatment of human disease, the antibodies

described herein are generally incorporated into a pharmaceutical composition

prior to administration. A pharmaceutical composition comprises one or more of



the antibodies described herein in combination with a physiologically acceptable

carrier or excipient as described elsewhere herein. To prepare a pharmaceutical

composition, an effective amount of one or more of the compounds is mixed with

any pharmaceutical carrier(s) or excipient known to those skilled in the art to be

suitable for the particular mode of administration. A pharmaceutical carrier may be

liquid, semi-liquid or solid. Solutions or suspensions used for parenteral,

intradermal, subcutaneous or topical application may include, for example, a sterile

diluent (such as water), saline solution, fixed oil, polyethylene glycol, glycerin,

propylene glycol or other synthetic solvent; antimicrobial agents (such as benzyl

alcohol and methyl parabens); antioxidants (such as ascorbic acid and sodium

bisulfite) and chelating agents (such as ethylenediaminetetraacetic acid (EDTA));

buffers (such as acetates, citrates and phosphates). If administered intravenously,

suitable carriers include physiological saline or phosphate buffered saline (PBS),

and solutions containing thickening and solubilizing agents, such as glucose,

polyethylene glycol, polypropylene glycol and mixtures thereof.

The compositions comprising TCblR-specific antibodies as described

herein may be prepared with carriers that protect the antibody against rapid

elimination from the body, such as time release formulations or coatings. Such

carriers include controlled release formulations, such as, but not limited to,

implants and microencapsulated delivery systems, and biodegradable,

biocompatible polymers, such as ethylene vinyl acetate, polyanhydrides,

polyglycolic acid, polyorthoesters, polylactic acid and others known to those of

ordinary skill in the art.

The present invention also includes kits useful in performing assays

using the antibodies, and fragments thereof, of the present invention. These kits

include a suitable container comprising one or more TCblR-specific antibody or

fragment described herein. The antibody may be conjugated or unconjugated. In

addition, if the antibody is supplied in a labeled form suitable for an indirect binding

assay, the kit may further comprise reagents useful in performing the appropriate



indirect assay. For example, the kit may include one or more suitable containers

comprising enzyme substrates or derivatizing agents, depending on the nature of

the label. Control samples and/or instructions may also be included.

The invention further provides kits for detecting TCblR or cells or

tissues expressing TCblR in a sample, wherein the kits contain at least one

antibody, polypeptide, polynucleotide, vector or host cell as described herein. In

certain embodiments, a kit may comprise buffers, enzymes, labels, substrates,

beads or other surfaces to which the antibodies of the invention are attached, and

the like, and instructions for use. In particular embodiments, a kit comprises a

composition comprising a physiologically acceptable carrier and a therapeutically

effective amount of an anti-TCblR antibody, or antigen-binding fragment thereof,

described herein.

EXAMPLES

The following examples are provided as further illustrations and not

limitations of the present invention.

EXAMPLE 1

CHARACTERIZING MONOCLONAL ANTIBODIES TO ANTIGENIC DOMAINS OF THE

TRANSCOBALAMIN RECEPTOR

The essential role of cobalamin (Cbl) in folate recycling and the cell

cycle associated expression of the receptor for cellular uptake of Cbl provides the

opportunity to interfere with cellular replication either by blocking the uptake of Cbl

or by delivering drugs and toxins into cells using this pathway (Quadras et al.,

1996, Biochem Biophys Res Commun, 222, 149-54). This example demonstrates

the epitope specificity and properties of monoclonal antibodies generated against

the extracellular domain of TCblR.



Production of the recombinant TCblR

The full-length cDNA in plasmid pOTB7 encoding human TCblR was

purchased from Open Biosystems. The plasmid was digested with EcoR1 and

Xho1 , and the cDNA was cloned into pcDNA3.1 + . This plasmid was digested first

with Kpn1 and then with Pvu2, and the region corresponding to the extracellular

domain (ECD) of TCblR was cloned into pcDNA3.1 + . This secreted form of the

receptor protein corresponds to amino acid residues 32-233 of SEQ ID NO:53 and

was expressed in HEK 293 cells by transfection with PolyFect reagent (Qiagen).

By selecting for neomycin resistance, clones with stable expression were obtained.

The TCblR ECD was secreted into the culture medium and was monitored by the

TC-Cbl binding assay during purification as previously described (Quadras et al.,

2005, Biochem Biophys Res Commun, 327, 1006-10).

Purification of the recombinant receptor

The TCblR ECD protein was purified by affinity chromatography

using human TC-Cbl as the affinity ligand and a monoclonal antibody to TC

covalently coupled to Sepharose 4B matrix to capture the TCblR ECD/TC-Cbl

complex (Quadras et ai, 2009, Blood, 113, 186-92). The recombinant TC protein

used in the purification was also produced in HEK 293 cells as a fusion protein

with DsRed protein by cloning the human TC cDNA into pDsRed-N1 (Clontech)

plasmid. The fusion protein is more stable than the native protein produced in SF

9 insect cells (Quadras e al., 1993, Blood, 8 1, 1239-45) and behaves like the

native protein in binding Cbl and binding to the receptor as TC-Cbl. The DsRed

TC was partially purified on CM Sephadex, as previously described, prior to

saturating with Cbl by incubation with 3 fold excess CyanoCbl (Quadras et ai,

1993, Blood, 8 1 , 1239-45). The primary objective of this step was to concentrate

the TC protein and reduce the volume required for mixing with medium containing

the recombinant TCblR ECD. After incubation for 2-4 hours at 4°C, anti-TC

antibody-Sepharose matrix was added and incubated at 4°C overnight with



constant mixing. The next day, the Sepharose beads were collected and washed

extensively to remove protein contaminants, and the protein was eluted with 0.5 M

MgC . The eluted protein was extensively dialyzed and purified on a second

affinity matrix containing wheat germ agglutinin as previously described (Quadros

et a/., 2009, Blood, 113, 186-92). The final product was checked for purity by

SDS-PAGE.

Generation and characterization of monoclonal antibodies

For antibody generation, mice were immunized with 50 ug of the

protein followed by two additional injections of 25 ug of the antigen at two week

intervals. Antibody titer in the mice and in the hybridoma supernatants was

monitored by ELISA. The antigen was diluted to 1 ug/ml and 100 ul of the protein

was incubated in Maxisorb ELISA plates (NUNC) for 1 hour. The protein was

removed, the wells washed twice in phosphate buffered saline (PBS), blocked

overnight with 1% bovine albumin, and incubated overnight with sample containing

antibody. The wells were washed, and the amount of antibody bound was

determined by reacting with peroxidase conjugated goat anti-mouse second

antibody. Ultra-TMB (Pierce) was used as the substrate for the peroxidase. The

96-well plate was read at 450nm in a Bio-Rad Model 3550 Microplate Reader

following acidification with 100 ul 1N HCI.

Two Balb/c mice immunized with the recombinant 200 aa polypeptide

comprising extracellular domain of TCblR (residues 32-233 of SEQ ID NO:53;

Figure 3) were bled 2 weeks after the last injection and screened for antibody titer

by ELISA. Positive wells from the first and second mouse fusions were selected

for further expansion and cloning. Ultimately, five clones from the first fusion and

four from the second fusion were isolated. Selected clones were propagated in

culture and used for ascites production in mice. These antibodies were purified by

affinity chromatography on a protein G agarose matrix. With the exception of a

single IgM clone, all other antibodies were lgG1 isotype. Figure 1 shows the



antibody titer for selected clones. The slope of the dilution curve suggests high

affinity binding of these mAbs to the antigen.

The specificity of binding to cell surface receptors was determined by

flow cytometric analysis of K562 cells incubated with mAb. As shown in Figure 2 ,

cells incubated at 4°C with mAb show binding of FITC tagged anti-mouse IgG

("B"). This binding is further evident from the shift in the peak to the right due to

additional receptors expressed when cells are incubated at 37°C ("C"). All

antibodies bound holo-TCblR (i.e., receptor-ligand complex) as indicated by

immunoprecipitation of TCblR saturated with the ligand TC-Cbl and can be

categorized as binding antibodies. However, mAb 1-25 was unique in that

preincubating apo TCblR with this antibody prevented the subsequent binding of

TC-Cbl, and it was therefore identified as a blocking antibody (Figure 4).

Mapping the epitope specificity of antibodies

A sandwich ELISA based assay was utilized to identify the antigen

binding epitopes by reacting the antibodies with various truncated forms of the

receptor. These C-terminal deleted proteins were produced as recombinant

proteins in HEK 293 cells. Antibodies 1-10, 1-18, 1-19, 1-23, 1-25, 2-2, 2-3, 2-4,

and 2-6 produced against the recombinant 200 amino acid (aa) extracellular

receptor protein were used as capture antibodies by coating 96-well plates

(Maxisorb, Nunc). Culture medium containing the truncated TCblR was incubated

overnight and the captured TCblR antigen was detected with a goat polyclonal

antibody (anti-8D6, R&D Systems) to the antigen. Peroxidase-labeled horse anti-

goat IgG (Vector) was used for detecting the binding of the polyclonal antibody as

described above.

The recombinant extracellular domain of TCblR and its various

carboxy terminal deletion constructs provided the antigens to map the antibody

binding sites on this protein. The sandwich assay developed herein utilized

purified mAbs immobilized in ELISA plates to capture the TCblR antigen in culture



medium, which was then reacted with a polyclonal goat anti-human TCblR to

identify the captured antigen. This strategy provided a detailed profile of

antibodies binding to truncated forms of the receptor. The extracellular TCblR was

used as the positive control, and normal HEK293 cell culture medium and normal

mouse IgG served as negative controls. Four of the seven truncated TCblR

polypeptides included a mycHis tag comprising a c-Myc epitope tag and a histidine

tag. An untagged full length TCblR ECD (aa 32-233) served as a control for the

myHis tag. Table 1 shows the binding of various truncated forms of the receptor to

specific antibodies. The epitope specificity of these antibodies is shown in Figure

3 .
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Epitope recognition by the immobilized mAb was deduced from the

ability of the mAb to capture a secreted form of the extracellular domain of the

receptor in the culture medium. A loss of binding indicated the deletion of the

specific epitope. Based on this binding data, the putative peptide region that

interacts with each mAb has been deduced and is summarized in Figure 3 . The

region (aa 138-141 ) within the second LDLR-A domain appears to be highly

antigenic with a number of antibodies binding to epitopes within or close to this

region. On the other hand, mAb 1-25 appears to bind to the C-terminal end of the

second LDLR-A domain (aa 150-165), a region involved in Ca++ binding. This

mAb also blocks the binding of holo-TC to TCblR, an interaction that requires

Ca++ binding.

Effect on cellular uptake of TC-Cbl

Human erythroleukemia K562 cells were cultured in DMEM with 10%

FBS. Cells were seeded at a density of 0.2x1 06 cells in 2 ml medium containing

0.026 pmoles of recombinant TC saturated with 57CoCbl and 120 pmoles of

purified mAb. Cells were harvested at various time intervals and radioactivity in

the cell pellet was determined in a gamma counter.

As shown in Figure 4 , the uptake of TC-Cbl in K562 cells is

effectively blocked when cultured in medium containing mAb 1-25. Binding of the

mAb 1-25 to the cell surface receptors appears to block the binding of TC-Cbl

whereas mAb 1-19 and 1-23 that bind to the region in between the second LDLR-A

domain and the transmembrane domain, have no effect on binding and uptake of

TC-Cbl.

Selective essential nutrient depletion by blocking the cellular uptake

of folate or vitamin B 12 is a novel strategy that could overcome many of the

problems associated with current chemotherapy. It is also likely to be less toxic to

the patient and more specific for highly proliferative cancer cells due to their

increased demand for these essential micro nutrients. However, the use of this



approach requires specific drugs or antibodies that would selectively inhibit the

transport of these vitamins. The properties of the mAbs described herein could be

exploited to deplete cells of Cbl and inhibit Cbl dependent proliferation of cells. A

similar approach using monoclonal antibodies to TCblR, the receptor for holo-TC is

also likely to block cellular uptake of Cbl as was shown with the blocking antibody.

Blocking the binding of TC-Cbl to TCblR by mAb 1-25 suggests that

the peptide region aa 150-165 to which the mAb binds may be involved in TC-Cbl

binding. However, the blocking effect may also be due to steric hindrance since

this same antibody immunoprecipitates the preformed TCblR/TC-Cbl complex.

Therefore, it is likely that the conformational change in the tertiary structure of the

receptor due to ligand binding permits antibody binding to its epitope.

All of the other antigenic epitopes did not appear important for ligand

binding directly or indirectly, since antibodies to these epitopes did not block TC-

Cbl binding. The blocking mAb can effectively inhibit cellular uptake of TC-Cbl by

virtue of it binding to apo receptors expressed on the cell surface. All of the

antibodies bound both apo and holoTCblR and therefore could be used to deliver

drugs, imaging compounds and toxins to cancer cells. The cell cycle associated

expression of TCblR (Amagasaki et al., 1990, Blood, 76, 1380-6) results in higher

and sustained expression of this receptor in many cancers and provides a vehicle

for selective targeting of cancer cells using these monoclonal antibodies.

In summary, monoclonal antibodies to the extracellular domain of

TCblR, the receptor for cellular uptake of vitamin B12, have been isolated, and the

epitope specificity of these antibodies has been identified. These antibodies

provide the vehicle to target the receptor for delivery of drugs, toxins, radio-labeled

and imaging compounds to tumors. In addition the blocking mAb 1-25 can be

used to deplete cells of Cbl, thus inhibiting replication and proliferation.



EXAMPLE 2

TARGETED DELIVERY OF SAPORIN TOXIN BY MONOCLONAL ANTIBODY TO THE

TRANSCOBALAMIN RECEPTOR

In order to exploit the cell cycle associated expression of TCblR,

monoclonal antibodies to the extracellular domain of TCblR were used to deliver

saporin, an inhibitor of ribosomal assembly, to cancer cells (Stirpe et al., Biochem

J, 1983, 216:617-25). Monoclonal antibodies to the recombinant extracellular

domain of TCblR expressed in HEK 293 cells (Quadros et al., Blood, 2009,

113:186-92) were generated and purified as described above. Purified antibodies

were used to study the delivery of saporin conjugated goat anti-mouse IgG

secondary antibody (Advanced Drug Targeting) to various cell lines maintained in

culture.

K562 (ATCC CCL 243) human erythroleukemia cells and U266

(ATCC TIB 196) human myeloma that propagate as a suspension culture; SW48

(ATCC CCL-231 ) human colon adenocarcinoma cells and KB (ATCC CCL-1 7)

human epidermoid carcinoma that propagate as adherent cells; and HEK 293

(ATCC CRL-1573) human embryonic kidney stem cells were used herein. These

cell lines were obtained from the American Type Culture Collection Center,

Rockville, MD and have been identified by karyotyping. Second and third passage

cells were frozen in aliquots and used for these studies. MCH 064, MCH 065 and

RF peripheral skin fibroblast cultures in passage 9-12 were from The Repository

for Mutant Human Cell Strains, Montreal Children's Hospital, Canada. Fresh

human bone marrow mononuclear cells were obtained from Lonza, Walkersville,

MD.

In addition, HEK 293 cells stably transfected with the cDNA for

TCblR in pcDNA 3.1 that overexpress the receptor were used (HEK293TR).

These cells have about a ten fold higher expression of TCblR constitutively driven

by the CMV promoter, and, therefore, TCblR expression is not cell cycle



associated in these transfected cells. All cell lines were maintained in Dulbecco's

modified Eagle's minimal essential medium (DMEM) supplemented with 10% fetal

bovine serum (FBS) and antibiotics. The primary antibody was incubated with the

saporin conjugated secondary antibody for 1 hour at room temperature to form the

complex prior to use in the culture.

Binding specificity of the monoclonal antibodies

Binding and internalization of antibody directed to TCblR was

determined in HEK 293 cells that were engineered to express a green fluorescent

protein (GFP) tag in the cytoplasmic end of TCblR. For this determination, mAbl-

25 was pre-incubated with quantum dot (qdot) 625 conjugated goat anti-mouse

IgG secondary Ab (Invitrogen) for 60 minutes to form a complex and then

incubated with cells in culture.

The specificity of monoclonal antibody binding was also tested in

K562 cells that expressed the native TCblR. The binding and internalization of

mAbl - 19-qdot 625 complex was determined at 4°C and 37°C, and normal mouse

IgG was used as a negative control.

Cells stably transfected to express a chimeric TCblR with GFP

tagged to the cytoplasmic end of the receptor showed discrete membrane

associated fluorescence. As shown in Figure 5A, the binding of the mAb1-25-qdot

625red complex at 4°C was restricted to surface receptors as indicated by mostly

membrane associated diffuse fluorescence dispersed throughout the periphery of

the cell. Binding and internalization of the mAb1-1 9-qdot 625red complex bound to

TCblR occurred at 37°C as indicated by segregation of receptors to discrete

regions in the membrane as well as the cytoplasm indicated by the colocalization

of the red and green fluorescence (Figure 5B). Similar binding and internalization

was observed with mAb1-1 9-qdot 625red complex when incubated with K562 cells

expressing normal levels of non-GFP native TCblR (Figure 5D). The specificity of

binding and internalization was confirmed by substituting normal mouse IgG for the



primary antibody and incubating with K562 cells which failed to show any binding

and internalization of qdot 625red (Figure 5C).

Determination of optimum concentration of primary antibody

To determine the optimum concentration of mAb for the in vitro cell-

kill studies, mAb1-25 was pre-incubated with saporin-conjugated goat anti-mouse

IgG secondary Ab at a 1: 1 molar ratio for 60 minutes to form a complex. Various

concentrations of this mAb/Sap-Ab complex (0.1 pM to 50 nM) were incubated with

10,000 SW48 (colon carcinoma) or K562 (erythroleukemia) cells in 96 well culture

plates for 72 hours and viable cells were quantified by the MTS assay (Promega).

Initial titration of the mAb/Sap-Ab complex at 1: 1 molar ratio

incubated with SW48 or K562 cells for 72 hours indicated that a primary Ab

concentration of 2-5 nM was adequate for testing the ability of these antibodies to

deliver saporin toxin to cancer cells.

Determination of optimum ratio of mAb to Saporin-Ab

For using the anti-TCblR antibodies as a carrier of saporin into cells

via TCblR, the optimum ratio of primary monoclonal antibody to saporin conjugated

secondary antibody (Saporin-Ab) was determined. SW48 colon carcinoma cells

were seeded at a density of 10,000 cells/well in 96 well culture plates. In one set

of experiments, the concentration of primary mAb was varied from 0.078 to 80 nM

while the concentration of secondary Ab was kept constant at 10 nM. In another

set of experiments, the concentration of the primary mAb was kept constant at 2.5

nM and the concentration of Saporin-Ab was varied from 10 to 40 nM. Cell viability

was determined after 72 hours by the MTS assay.

All three of the anti-TCblR mAbs tested (mAb 1-19, mAb 1-23 and

mAb 1-25) yielded similar results with 2.5 nM concentration of the primary mAb as

the most effective in inhibiting cell growth (Figure 6A). The addition of 3.7 nM

holo-TC to the culture did not have a significant effect on the outcome even though



minor differences were observed due to TC-Cbl competing with the antibody for

uptake. The concentration of TC-Cbl used was in excess over the normal TC-Cbl

concentration of 0.5 - 1.5 nM found in plasma. Increasing the concentration of

Saporin-Ab did not produce any increase in cell death (Figure 6B). Thus, a mAb

concentration of 2.5 nM and a Saporin-Ab concentration of 10 nM (i.e., a

mAb/Saporin-Ab ratio of 1:4) appeared optimum for delivering antibody-toxin into

cells via the TCblR pathway.

Effect of cell seeding density on efficacy of mAb/Saporin-Ab complex

Seeding density defines the proliferative phase of the culture, and,

therefore, cells seeded at a lower density replicate for a longer period of time until

the cell population reaches confluency. Since TCblR expression is highest in

actively dividing cells, cell lines were tested at seeding densities varying from

1,000-10,000 cells/well with three different primary antibodies (mAb 1-10, mAb 1-

19 and mAb 1-25) at 2.5 nM mAb and 10 nM Saporin-Ab concentration.

HEK 293 cells stably transfected to over-express TCblR were highly

sensitive to mAb-Saporin-Ab, resulting in a >90% inhibition of cell growth. The

expression of TCblR in these cells is driven by the CMV promoter and is not

dependent on the cell cycle or proliferative state of the cell. The relationship

between TCblR expression and the effect of the mAb-Saporin conjugate was

evident when normal HEK 293 cells and HEK293TR cells, which over-express

TCblR, were seeded at varying densities and exposed to the mAb 1-25-Saporin.

Whereas the effect of the toxin decreased with increasing cell density for normal

HEK 293 cells, greater than 80% of the HEK293TR cells were killed at all cell

densities (Figure 7A). Thus, the effectiveness of the toxin was directly related to

the level of receptor expression. For all cell lines tested where the receptor

expression is related to the proliferative state of the cells in culture, the greatest

effect was observed when the cells were seeded at a lower density as shown for



U266 cells in Figure 7B. Three mAbs (mAb 1-19, mAb 1-25 and mAb 1-10) were

tested and yielded similar results.

Determination for mAb/Saporin-Ab concentration required for inhibiting cell growth

b 50% (IC50)

Since the toxic effect of Saporin-Ab was more pronounced in cell

cultures seeded at lower density, the IC50 determinations were done with cells

seeded at 1,000 cells/well in 96 well plates, a mAb/Saporin-Ab ratio of 1:4 and a

primary antibody concentration range of 0.046-2.5 nM. Viable cells were

determined by the MTS assay after 96 hours in culture.

In order to compare the effective delivery of toxin, the IC50 for

different cell lines was determined, and the IC50 for two suspension cultures and

two adherent cell lines is shown in Figure 8 . For most cell lines, the IC50 was in

the 0.625-2.5 nM range for the primary mAb concentration.

Specificity of TCblR pathway for delivering the Saporin-Ab toxin

The specificity of the TCblR-mediated pathway for internalization of

the mAb-Saporin-Ab toxin complex was determined by adding soluble receptor to

the culture medium. The soluble receptor competes with the cell surface receptor

for the antibody and reduces the Ab-toxin available for cellular uptake resulting in a

decrease in percent inhibition. For this experiment, SW48 cells were seeded in 96

well plates at 2,000 cells/ well and the amount of mAb/Saporin-Ab used was

equivalent to the IC50 concentration.

The specificity of the TCblR pathway was evident from the decreased

effect of the toxin when soluble recombinant TCblR was added to the culture

medium. By adding soluble receptor to the culture medium, the amount of Ab-

toxin available for cellular uptake was reduced, resulting in a decrease in percent

inhibition as shown in Figure 9A.



Specificity of anti-TCblR mAb for delivering the Saporin-Ab toxin

A 100 fold excess of either primary mAb or normal mouse IgG was

added to the incubation medium containing a mAb/Saporin-Ab concentration of

2.5/10 nM. A decrease in the anti-TCblR mAb/Saporin-Ab induced inhibition of cell

growth should be observed when excess primary Ab is present, since the ratio of

Saporin-Ab labeled primary mAb to unlabelled primary mAb should be lower,

thereby increasing the probability of unlabelled mAb binding to TCblR. The

addition of normal mouse IgG should also result in a decrease in cell-kill, since the

secondary Saporin-Ab would also bind to the normal mouse IgG and this complex

cannot bind to TCblR.

The inhibition of cell growth seen with anti-TCblR mAb1-10/Saporin-

Ab was decreased when either excess primary Ab or normal mouse IgG was

added. Primary mAb or normal mouse IgG in the absence of Saporin-Ab had no

effect on cell growth (Figure 9B). The growth inhibitory effect of TCblR

mAb/Saporin-Ab complex appeared to be specific for tumor cell lines, since the

growth of three different normal human fibroblast cell lines was not inhibited under

identical culture conditions (Figure 9C). The effect of TCblR mAb/Saporin-Ab

complex on the bone marrow cells appeared to be considerably less when

maintained in DMEM compared to Marrowmax medium, but overall the effect was

far less than the inhibition observed with many tumor cell lines (Figure 9D).

The TCblR expression is fairly low with only a few thousand

receptors expressed in actively replicating cells during the S phase of the cell cycle

(Hall et al., J Cell Physiol, 1987, 133:187-91 ; Lindemans et al., Exp Cell Res,

1989, 184:449-60; Amagasaki et al., Blood, 1990, 76:1380-6). Due to the

proliferative nature of neoplastic cells, this expression is up regulated 5 to 10 fold

and sustained in certain cancer cells. Based on both the decreased effect of

saporin on cells seeded at a higher density compared to cells seeded at a lower

density and the virtual sparing of normal cells, which did divide but failed to

internalize sufficient toxin, this differential expression of TCblR is sufficient to



provide the selectivity needed to target the cancer cell for destruction, while

sparing the normal cell population. The use of the TC-TCblR pathway to deliver

toxins and drugs provides the dose needed to rapidly destroy highly proliferative

tumor cells. The cell cycle associated TCblR expression and the high level of

expression in certain cancer cells vs. normal cells provides selectivity and

specificity demanded of this targeting strategy. In utilizing these antibodies in vivo

in humans, bone marrow toxicity is a potential concern. The low toxicity observed

for these cells in DMEM and slightly higher effect seen in Marrowmax medium is

related to proliferation and differentiation of marrow cells in the latter. On average,

TCblR expression in embryonic stem cells is similar to that observed in skin

fibroblasts (Quadras et al., Blood, 2009, 113:186-92). Thus, the proliferative state

of the cells and the expression level of TCblR would dictate marrow toxicity. Even

though the effect on the marrow in vitro appears low, greater toxicity is likely in

vivo. Decreasing cell surface receptors by pre-dosing with B 2 or with

unconjugated antibody are two strategies that are likely to decrease the amount of

available cell surface receptors to minimize toxicity.

EXAMPLE 3

SEQUENCING THE VARIABLE REGIONS OF THE ANTI-TRANSCOBALAMIN RECEPTOR

ANTIBODIES AND CDR DETERMINATION

The VH and VL polynucleotide and amino acid sequences were

determined for three of the anti-TCblR antibody clones. Total RNA was extracted

from frozen mAb 1-19, mAb 1-23 and mAb 1-25 hybridoma cells using TRIzol®

Plus RNA Purification System (Invitrogen, Cat.# 15596-026) according to the

technical manual. The isolated total RNA was checked by gel electrophoresis.

Total RNA was further reverse transcribed into cDNA using oligo dT

anti-sense primer as follows. The following reagents were mixed in a sterile 0.2 ml

microcentrifuge tube: 5 ul RNA sample, 1 ul oligo (dT) primer and 8 ul RNase-free



water. The contents were thoroughly mixed and spun briefly. The samples were

incubated at 65°C for 5 minutes and then immediately cooled on ice for 2 minutes.

The samples were spun briefly, and then the following components were added to

the reaction system: 4 ul 5X First-Strand Buffer, 0.5 ul RNase inhibitor, 1.0 ul

dNTP mix ( 10 mM) and 1.0 ul MMLV Reverse Transcriptase. Next, they were

mixed gently by tapping and then spun briefly. The tubes were then incubated at

42°C for 1 hr. The tubes were placed at 75°C for 10 min to terminate the reaction,

and then they were cooled to 4°C.

RT-PCR was performed to amplify the heavy and light chain variable

regions of the Ig. PCR was performed as follows. The PCR thermal cycler was

preheated to 95°C. The PCR reaction was carried out in a 50 ul total volume: 2 ul

First-Strand cDNA, 40.5 ul deionized H20, 5 ul 10X Taq PCR Buffer, 1 ul dNTP

Mix (10 mM each), 0.5 ul sense primer, 0.5 ul anti-sense primer and 0.5 ul Taq

Polymerase Mix. The samples were mixed gently and then centrifuged briefly.

The samples were then placed in the preheated (95°C) thermal cycler, and the

PCR reaction was run using the following program: 95°C for 3 min; followed by 25

cycles of 94°C for 30 sec, 60°C for 30 sec and 72°C for 30 sec; followed by 72°C

for 5 min; and then 4°C until the samples were collected. Once cycling was

complete, 4 ul PCR products from each sample were run alongside a DL3000 DNA

marker in a 1.5% agarose/GelRed™ gel electrophoresis. The remaining PCR

products were stored at -20°C until further use.

Target PCR products of the heavy and light chains were cloned into

a cloning vector separately using standard molecular cloning procedures. Colony

screening was employed to screen clones with inserts of correct sizes, and no less

than ten independent positive colonies were sequenced for each antibody

fragment.

The consensus DNA sequences were determined for each VH and

VL region, and the corresponding amino acid sequences were determined. The

DNA sequences encoding the mAb 1-19 VH and VL regions are provided in SEQ



ID NOs:1 and 9 , respectively (Figures 10A and 11A). The V H and VL amino acid

sequences of mAb 1-19 are set forth in SEQ ID NOs:5 and 13, respectively

(Figures 10B and 11B). The DNA sequences encoding the mAb 1-23 VH and VL

regions are provided in SEQ ID NOs:17 and 25, respectively (Figures 12A and

13A). The V H and VL amino acid sequences of mAb 1-23 are set forth in SEQ ID

NOs:21 and 29, respectively (Figures 12B and 13B) . The DNA sequences

encoding the mAb 1-25 V H and VL regions are provided in SEQ ID NOs:33 and

4 1, respectively (Figures 14A and 15A). The V H and VL amino acid sequences of

mAb 1-25 are set forth in SEQ ID NOs:37 and 45, respectively (Figures 14B and

15B).

Using the numbering algorithm of IMGT (ImMunoGeneTics

Information System®; http://www.imgt.org; Lefranc et al., 2003, Developmental

and Comparative Immunology, 27:55-77), the leader sequence, FR1 , FR2, FR3,

FR4, CDR1 , CDR2 and CDR3 regions were calculated for each heavy and light

chain variable region. The mAb 1-19 VHCDR1 (SEQ ID NO:2), VHCDR2 (SEQ ID

NO:3) and VHCDR3 (SEQ ID NO:4) polynucleotide sequences are underlined in

Figure 10A. The mAb 1-19 VLCDR1 (SEQ ID NO:10), VLCDR2 (SEQ ID NO:1 1)

and VLCDR3 (SEQ ID NO:12) polynucleotide sequences are underlined in Figure

11A. The mAb 1-23 VHCDR1 (SEQ ID NO:18), VHCDR2 (SEQ ID NO:19) and

VHCDR3 (SEQ ID NO:20) polynucleotide sequences are underlined in Figure 12A.

The mAb 1-23 VLCDR1 (SEQ ID NO:26), VLCDR2 (SEQ ID NO:27) and VLCDR3

(SEQ ID NO:28) polynucleotide sequences are underlined in Figure 13A. The

mAb 1-25 VHCDR1 (SEQ ID NO:34), VHCDR2 (SEQ ID NO:35) and VHCDR3

(SEQ ID NO:36) polynucleotide sequences are underlined in Figure 14A. The

mAb 1-25 VLCDR1 (SEQ ID NO:42), VLCDR2 (SEQ ID NO:43) and VLCDR3

(SEQ ID NO:44) polynucleotide sequences are underlined in Figure 15A.

Similarly for the amino acid sequences, the mAb 1- 19 VHCDR1

(SEQ ID NO:6), VHCDR2 (SEQ ID NO:7) and VHCDR3 (SEQ ID NO:8) are

underlined in Figure 10B. The mAb 1-19 VLCDR1 (SEQ ID NO:14), VLCDR2



(SEQ ID NO:15) and VLCDR3 (SEQ ID NO: 16) are underlined in Figure 11B. The

mAb 1-23 VHCDR1 (SEQ ID NO:22), VHCDR2 (SEQ ID NO:23) and VHCDR3

(SEQ ID NO:24) are underlined in Figure 12B. The mAb 1-23 VLCDR1 (SEQ ID

NO:30), VLCDR2 (SEQ ID NO:31 ) and VLCDR3 (SEQ ID NO:32) are underlined in

Figure 13B. The mAb 1-25 VHCDR1 (SEQ ID NO:38), VHCDR2 (SEQ ID NO:39)

and VHCDR3 (SEQ ID NO:40) are underlined in Figure 14B. The mAb 1-25

VLCDR1 (SEQ ID NO:46), VLCDR2 (SEQ ID NO:47) and VLCDR3 (SEQ ID

NO:48) are underlined in Figure 15B.

EXAMPLE 4

SAPORIN CONJUGATED MONOCLONAL ANTI-TCBLR/CD 320 ANTIBODY IS EFFECTIVE IN

TARGETING AND DESTROYING CANCER CELLS

Antibodies directly conjugated to saporin were generated in order to

evaluate the efficacy of saporin directly conjugated to primary antibodies. This

Example demonstrates enhanced targeting and destruction of cancer cells by

saporin directly conjugated to monoclonal antibodies to TCblR.

The cell lines listed in Table 2 below were obtained from ATCC, and

passage 2 and 3 cells were frozen and used in this study. Cells were cultured in

Dulbecco's modified Eagle's minimal essential medium (DMEM) with 10% fetal

bovine serum (FBS) and antibiotics. Monoclonal antibodies (mAb 1-10, mAb 1-19,

and mAb 1-25) generated to the extracellular domain of TCblR were purified by

affinity chromatography on a protein G agarose column and used for covalent

conjugation of Saporin. The coupling of Saporin and purification of monoconjugate

of the antibody was done at Advanced Targeting Systems (San Diego, CA).

Covalent attachment of Saporin to antibody was accomplished by using a

heterobifunctional crosslinker. The ratio of antibody to Saporin was chosen to

provide mostly monoconjugate. The final product was separated by PAGE to



elimate any di and triconjugates. The antibody-Saporin conjugates were stored in

aliquots at -20°C and used in the present study.

Determination of optimum concentration of mAb-Saporin conjugate

HEK293 cells (2 x 103 in 10Oul DMEM) were seeded in 96 well

culture plates with 0.156 - 5nM mAb-Saporin for 72 hours and viable cells were

quantified by the MTS assay (Promega).

Effect of Cell seeding density on efficacy of mAb-Saporin

Initial seeding density defines duration of the proliferative phase in

the culture, and, therefore, cells seeded at lower density would continue to divide

for a longer period compared to cells seeded at a higher density until the cell

population reaches confluency. Since TCblR expression is highest in actively

dividing cells and down-regulated in resting cells, cell lines were tested at seeding

densities varying from 1,000-10,000 cells / well with 2.5 nM mAb-Saporin

concentration.

Determination for mAb-Saporin concentration for inhibiting cell growth by 50%

(IC50)

Since the toxic effect of mAb-Saporin was more pronounced in cell

cultures seeded at lower density, the IC50 determinations were performed with

cells seeded at 2,000 cells/well in 96 well plates with a mAb-Saporin concentration

of 2.5 nM. The number of viable cells was determined by the MTS assay after 96

hours in culture.

Specificity of TCblR pathway for delivering the mAb-Saporin toxin

The specificity of the TCblR-mediated pathway for uptake and

internalization of the mAb-Saporin complex was determined by adding

recombinant soluble extracellular fragment of receptor to the culture medium. The



soluble receptor competes with the cell surface receptor for the antibody, and

thereby reduces the Ab-toxin available for cellular uptake resulting in a decrease in

percent inhibition. For these studies, K562 cells, U266 cells, and SW48 cells were

used. Cells were seeded in 96 well plates at 2,000 cells/ well and the amount of

mAb-Saporin-Ab used was equivalent to the IC50 concentration. As shown in

Figure 16, cells cultured with the recombinant extracellular TCblR demonstrated a

decrease in percent inhibition.

Specificity of mAb-Saporin for the TCblR receptor

A 100 fold excess primary mAb or normal mouse IgG was added to

the incubation medium containing a mAb-Saporin concentration of 2.5 nM. A

decrease in the mAb-Saporin induced inhibition of cell growth should be observed

when excess primary Ab is present since the ratio of mAb-Saporin to unlabelled

mAb should be lower and this increases the probability of unlabelled mAb binding

to TCblR. The addition of normal mouse IgG should not result in a decrease in cell-

kill since this cannot bind to TCblR and, therefore, would not compete with mAb-

Saporin for binding to TCblR. As shown in Figure 17, cells cultured with unlabeled,

or unconjugated, mAb demonstrated a decrease in percent inhibition, while those

cultured with normal mouse IgG did not have a decrease in percent inhibition

compared to mAb-Saporin alone.

Effect of mAb-Saporin on normal and cancer cells in culture

In order to determine any differential effect of the mAb-Saporin in

targeting cancer cells in culture, various normal and cancer cell lines seeded at

1,000, 2,000 and 4,000 cells/well were exposed mAb-Saporin at an antibody

concentration of 2.5 nM.

A number of adherent cell cultures and suspension cultures were

propagated in medium containing 0.156 to 5 nM mAb-Saporin. The effective

concentration determined by percent inhibition of live cell number showed



maximum effect at an antibody concentration of 2.5 to 5 nM (Figures 18-19). The

effect was more pronounced in suspension cultures than in adherent cultures at all

concentrations of the antibody tested. In cell lines with 50% or less inhibition of

growth, increasing the antibody concentration did not increase the inhibition. In

addition, HEK293 cells stably transfected to over-express TCblR were more

severely affected compared to non-transfected HEK293 cells (Figure 20). Two cell

lines RFP3, a skin fibroblast cell line, and ED, a trophoblast line derived from

human placenta, served as non-cancerous cell lines, and they were either not

affected or minimally affected at the concentrations of the antibody tested. Based

on the above data, the IC50 for most tumor cell lines appears to be below 100 pM.

However, a mAb concentration of 2.5 nM was chosen for subsequent studies to

ensure adequate extra cellular concentration of mAb-Saporin for all cell lines

tested.

Since initial seeding cell density is likely to affect the rate of

proliferation and time to confluence, a number of suspension and adherent cell

lines were tested at an initial seeding density of 2,000 - 10,000 cells per well in 96

well plates. The effect of initial seeding density was more pronounced for the

adherent cells in comparison to the suspension cultures (Figure 2 1) . No inhibition

was observed with the RFP3 cells, while the ED cells did show some inhibition at

lower cell density. Even though HEK 293 adherent cells showed decreased

inhibition of cell growth with increasing seeding density as seen in other adherent

lines, this trend was not seen with HEK293 cells stably transfected to over express

TCblR (Figure 22).

Since lower seeding density and higher receptor expression appear

to have the more inhibitory effect on cell proliferation, the expression of functional

TCblR expression in a number of tumor and normal cell lines was evaluated. Since

TCblR expression appears to be cell cycle dependent, cell surface receptor

expression was determined by evaluating TC-Cbl binding at various time points

during a 96 hour culture period. As seen in Table 2 , TCblR expression varied



considerably among the various tumor lines. In most cell lines TCblR expression

peaked between 8 - 48 h and was followed by a substantial decrease in TC-Cbl

uptake by 96h, a profile observed for most normal cell lines. In some tumor lines,

TC-Cbl was substantially up regulated initially and did not decrease to the level

seen in normal cells. On the other hand, some tumor lines expressed a moderate

level of TCblR throughout the culture period without the peak and decrease seen

in normal cells.
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Because of the wide range of 8-48 h period for peak receptor

expression in various tumor lines, the cytotoxic effect of the mAb-saporin was

determined at three different initial cell densities of 1,000, 2,000 and 4,000 cells,

and three monoclonal antibodies with specificity for different regions of the protein

were evaluated (Figures 23-25). All three antibodies were effective as carriers of

saporin and the average inhibition observed for a specific cell line was similar for

all three antibodies. However, there were major differences in susceptibility of

different cell lines to the mAb-Saporin conjugate. On average, most of the

suspension cell lines showed higher inhibition of cell proliferation with K562 and

RPM1 18266 cells showing the most inhibition. Among the adherent cell lines, the

effect was also varied with RKO, SW48, HeLa and PC3 cells showing the most

inhibition and LoVo. Hep G2, Hep 3B, MCF7, MDA- MB-23 1 and MIA PaCa-2 cells

showing least inhibition.

In summary, two of the three representative antibodies (TCblRKBI-

10 and TCblRKB 1- 19) selected were binding antibodies, in that binding of these

antibodies to their epitope on TCblR did not prevent the binding and internalization

of the physiologic ligand, TC-Cbl. The third antibody (TCblRKB1-25) was a

blocking antibody, since binding of this antibody to TCblR, prevented the binding

and cellular uptake of TC-Cbl. The epitope specificity of these antibodies and

properties are described in Example 2 . All three mAb-Saporin conjugates are fully

functional in recognizing the target antigen with high affinity, an important

requirement for mAbs to be used as carriers of drugs and toxins. Even though a

marginal increase in internalization of mAb 1-10 and 1-19 is observed with TC-Cbl

in the culture medium, the binding of the native ligand is not a prerequisite for

antibody binding and internalization. Since in the absence of TC-Cbl, the apo

receptor remains on the plasma membrane, TC-Cbl binding appears to trigger the

necessary response for internalization. The effective binding and internalization of

all antibodies, including the ligand blocking antibody, mAb 1-25 is strong evidence

that antibody binding triggers a response similar to that of ligand TC-Cbl binding.



EXAMPLE 5

MAPPING THE FUNCTIONAL DOMAINS OF TCBLR/CD 320

The 282aa TCblR contains a cytoplasmic domain, a transmembrane

domain and an extracellular region that binds TC saturated with Cbl with high

affinity (Quadros et al., (2009) Blood 113, 186-1 92). The binding and uptake of TC-

Cbl requires Ca++ and metabolic energy (DiGirolamo, P. M., and Huennekens, F.

M. (1975) Arch Biochem Biophys 168, 386-393). TCblR expression is highest in

actively proliferating cells, suggesting cell-cycle association of this receptor

expression (Hall, C. A . (1984) J Lab Clin Med 103, 70-81 and Amagasaki e ai,

( 1990) Blood 76, 1380-1 386). The first gene defect of TCblR in a newborn with

elevated methylmalonic acid (MMA) is due to a single aa deletion in the first LDLR-

A domain resulting in decreased uptake of TC-Cbl (Quadros et al., (2010) Hum

Mutat 3 1(8):924-929). This report describes the identification of the functional

domains and amino acids critical for TC-Cbl binding and cellular uptake. The high

affinity interaction of TCblR with TC-Cbl was investigated using deletions and

mutations of amino acid sequences in TCblR.

Structurally, TCblR belongs to the LDL receptor family of proteins

and contains two LDLR type A domains separated by a cysteine rich CUB like

domain (Quadros et ai., (2009) Blood 2>, 186-192). In all of these receptors, the

LDLR-A domains are involved in ligand-binding (Esser et al., ( 1988) J Biol Chem

263, 13282-13290). Typically, LDL receptor family members are multi-ligand

binding proteins; for example, the receptor-associated protein (RAP) binds to all

LDLR family proteins and can hinder the binding of a wide variety of ligands (Bu,

G . (2001 ) Int Rev Cytol 209, 79-1 16). TCblR has high specificity for TC-Cbl, and

the 29 fold lower affinity for apo TC ensures that only TC saturated with Cbl is

taken up into cells. Ligands such as LDL and RAP do not affect TC-Cbl binding

(Quadros et ai., (2009) Blood 113 , 186-192).



The LDLR family of proteins comprises variable repeat modules of

about 40 amino acids called ligand binding domain (LB in LDLR) or complement-

type repeat domain (CR in LRP1 ) (Esser et ai, (1988) J Biol Chem 263, 13282-

13290 and van Driel et ai, (1987) J Biol Chem 262, 17443-17449). Each repeat

module contains six highly conserved cysteine residues linked by disulfide bonds

in the pattern; one to three, two to five, and four to six (Bieri et ai, (1995)

Biochemistry 34, 13059-13065 and Fass et ai, (1997) Nature 388, 691-693). Each

repeat harbors a highly conserved calcium binding site (Brown et ai, (1997)

Nature 388, 629-630) where a calcium ion is coordinated by side chain carboxyl

groups from four conserved acidic residues and two backbone carbonyl groups in

a octahedral geometry. Each module is structurally independent (Kurniawan et ai,

(2000) Protein Sc/ 9 , 1282-1293) and the disulfide bonds and calcium ion binding

cage are critical for maintaining the integrity of the LDLR-A domain for ligand

binding (Fass et ai, (1997) Nature 388, 691-693).

Sequence alignment of the two LDLR-A domains of TCblR with other

known LDLR-A modules resulted in the identification of sequences common to

these motifs (Figure 26) (Andersen et ai, (2000) J Biol Chem 275, 21017-21024).

Based on the sequence alignment, the acidic amino acids at position 85 and 86 in

the first LDLR-A domain and position 163 and 164 in the second LDLR-A domain

appear to be highly conserved and may be involved in coordination with calcium

(Brown et ai, (1997) Nature 388, 629-630).

Generation of TCblR-EGFP

To generate the fusion protein TCblR-EGFP, plasmid containing full-

length TCblR cDNA in pcDNA3.1 (+) was cut with Bbs I (NEB) and the linearized

plasmid was treated with DNA Polymerase I , Large Fragment (Klenow, NEB) to

generate blunt-ends. The linearized blunt-end plasmid was then was cut with EcoR

I (NEB) to release the insert and the insert was purified by agarose gel



electrophoresis and cloned into the vector pEGFP-N3 cut with Sma I (NEB) first

and then with EcoR I .

Cellular expression and fate of TCblR

Cell surface expression of TCblR was visualized by binding of anti-

TCblR monoclonal antibody and goat antimouse IgG-Qdot red secondary antibody.

Cells stably expressing TCblR with EGFP tagged to the cytoplasmic end were

cultured for 24 h on gelatin coated glass cover slips; washed with medium and

incubated for 1 h at 4°C with preformed primary-secondary antibody complex to

facilitate binding of antibody to the cell surface receptor. The anti-TCblR primary

and anti-mouse-Qdot secondary antibody complex was formed by incubation of

anti-TCblR with secondary antibody at room temperature for 1 h . One set of cover

slips was left at 4°C, while another set was moved to 37°C. One cover slip from

each set was washed at specific time intervals, fixed in buffered 2% formalin and

examined by fluorescent microscopy.

Generation of deletion constructs of TCblR cDNA

Human full-length TCblR cDNA in plasmid pOTB7 (Open

Biosystems) was digested with EcoR I / Xho I and the cDNA was cloned into

expression vector pcDNA3.1 (+). To produce the secreted form of the receptor, this

plasmid was digested first with Kpn I to release the full-length cDNA and was

subsequently digested with Pvu I I to delete the transmembrane and cytoplasmic

domains. The extracellular TCblR cDNA fragment was cloned into pcDNA3.1 (+) at

Kpn I and EcoR V sites and also into pcDNA3.1 (-) mycHisA at EcoR I and Hind III

sites respectively. To delete the C-terminal two N-glycosylation sites, the

extracellular TCblR in pcDNA3.1 (+) plasmid was cut with Apa I to delete a 150 nt

portion and religated. To generate a further deletion of the receptor by removing

the second LDLR-A domain, extracellular TCblR in pcDNA3.1 (+) plasmid was cut

with Pml I and Xba I to delete a 252 nt portion and religated. To delete the region



between the two LDLR-A domains, extracellular TCblR in pcDNA3.1 (-) mycHisA

was cut with Bsg I and BIp I to delete a 141 nt portion and religated. To remove the

second LDLR-A domain, extracellular TCblR in pcDNA3.1 (-) mycHisA was cut

with Sac I , and the vector and the insert were religated. To produce a TCblR cDNA

fragment without the cytoplasmic domain, this region was amplified by PCR using

forward primer: AAAAGAATTCCTGGACAGCGCGTGG and reverse primer:

AAAAGCGGCCGCGAGCCAGGACAAAAG containing the EcoR I and Not I sites

respectively. The PCR product was digested with EcoR I and Not I , purified by

agarose gel electrophoresis and cloned into vector pcDNA3.1 (+).

Site-directed mutagenesis

Substitution mutations pDE85, 86>LL and pDE163, 164>LL and

deletion mutant p53 - 63del, were generated using the QuikChange lightening Site-

Directed Mutagenesis Kit (Stratagene) following the manufacturer's instructions.

The mutated constructs were produced using the extracellular TCblR cDNA in

pcDNA3.1 (-) mycHisA plasmid as the template.

To investigate the role of the cytoplasmic domain in TC-Cbl binding

and internalization, four amino acid substitution mutants, L264>A ( i.e., amino acid

residue 264 is mutated from a leucine to an alanine), L265>A, PDZ 1(E257>A,

R258>A, L259>A) and PDZ 2 (E270>A, S271 >A, L272>A), were generated. These

four mutants were produced using the full-length TCblR cDNA in pcDNA3.1 (+)

plasmid as the template and all mutations within each of the cDNA constructs were

confirmed by sequencing.

Production of secreted forms of TCblR and assay for TC-Cbl binding

Various constructs with deletions and mutations of the TCblR cDNA

were transfected into HEK293 cells using Lipofectamine 2000 reagent (Invitrogen).

Stable transfectants expressing high levels of secreted form of TCblR were

selected using geneticin resistance.



Previous results showed that full-length TCblR binds to both Con A

and WGA, whereas the extracellular TCblR binds only to WGA (Quadros et al.,

(2005) Biochem Biophys Res Commun 327, 1006-1010). TC does not bind to

either lectin; therefore, WGA can be used to separate receptor bound TC-[5 Co]Cbl

from free TC-[5 Co]Cbl. In a typical assay, 1-50 ul of 1:10 diluted culture medium

from transient or stable transfected HEK293 cells is incubated with 100 ul (10,000

cpm) preformed TC-[5 Co]Cbl in 1 ml of assay buffer (20mM Tris/150mM

NaCI/0.5% Empigen BB, pH7.5) for 1 h at room temperature (RT) followed by 100

ul of a 50% suspension of WGA-agarose and mixing for an additional 1 h at 4°C.

The matrix is pelleted by centrifuging at 1,000 g for 5 min and washed twice with 1

ml assay buffer. The radioactivity associated with the matrix is determined as a

measure of receptor bound TC-Cbl. The TC-[5 Co]Cbl for the assay is prepared by

incubating recombinant human TC (rhTC) with [5 Co]Cbl (MP Biomedicals) for 1 h

at RT.

For the determination of the TC-Cbl binding affinity of the secreted

form of TCblR, 0.02 pmoles of recombinant human TC (rhTC) saturated with

[5 Co]Cbl was mixed with 0.04 - 1.18 pmoles of unlabeled TC-Cbl and incubated

with an aliquot of the TCblR for 1h at RT and assayed for binding as described

above. The affinity constant (Ka) was determined by Scatchard analysis of the

binding data.

Deletion constructs missing the glycosylation sites that resulted in

loss of binding to lectins could not be tested for TC-Cbl binding using the WGA-

agarose method to separate receptor bound TC-Cbl from free TC-Cbl and

therefore an indirect assay method was devised to evaluate TC-Cbl binding to

these truncated proteins. This assay utilized the ability of excess truncated TCblR

proteins to compete with the full-length secreted form of TCblR for binding to a

known amount of radiolabeled TC-Cbl. Decrease in binding of TC-Cbl to the full

length TCblR was used as a measure of truncated TCblR competing with the full

length TCblR for binding to a fixed amount of TC-Cbl.



Assay for cellular uptake of TC-Cbl

Cells (0.5x1 06) were seeded in complete DMEM with 10% FBS and 2

mM glutamine in six-well plates. Next day, culture medium was removed from the

plates and preformed TC-[5 Co]Cbl complex (40pg B
2
,16000 cpm) diluted in 1 ml

DMEM was added to each well. After 1h incubation at 37 °C, medium was

removed and cell layer was washed twice with 2 ml HBSS. Then 0.3 ml

Trypsin/EDTA was added to the wells and incubated for 10 min at 37°C followed

byl ml HBSS/5mM EDTA. The detached cells were collected by centrifugation for 5

min, at 3,000 rpm, 4°C. Supernatant was counted for radioactivity and represented

membrane bound cell surface TC-Cbl counts released by trypsin/EDTA. The

radioactivity remaining in the cell pellet represented internalized TC-Cbl.

Binding and internalization of anti-TCblR antibody by cell surface TCblR

Fluorescent Qdot tagged monoclonal antibody 1-19 complex

provided visualization of GFP tagged receptor dynamics in the cell. Internalization

of antibody complex, representing TCblR mediated uptake, was time and

temperature dependent. The fluorescent tag appeared to be uniformly dispersed

throughout the cell surface at 4°C. At 37°C, the fluorescent tag appeared to

segregate to specific regions with the fluorescence appearing more pronounced

due to coalescing of the antibody tagged receptors within these regions. With time,

the fluorescence appeared to diffuse and dissipate in the first 60 min but by 180

min, the nanoparticles appeared to segregate in the cytoplasm (data not shown).

Identifying the regions involved in TC-Cbl binding

The secreted form of TCblR lacking the transmembrane and

cytoplasmic domains binds TC-Cbl with the same affinity as native full-length

receptor (Quadras et a/., (2009) Blood 113, 186-1 92). Testing the various deletion

constructs with or without a Myc-His tag, generated from the 233 aa secreted form

of the receptor provided information on the regions of the protein involved in ligand



binding (Figure 27A). Deleting the C-terminal 49 aa that includes the two N-

glycosylation sites had no effect on TC-Cbl binding. However, deleting part of the

second LDLR-A domain along with the remaining C-terminal residues (aa 150 -

233) resulted in complete loss of ligand binding. Retaining all of the C-terminal

residues and deleting only the N-terminal 11 residues (aa 53-63) of the first LDLR-

A domain also resulted in complete loss of ligand binding.

Identifying amino acids critical for TC-Cbl binding

The specificity of TC-Cbl for the two LDLR-A domains with the

consensus sequence for Ca++ binding in the C-terminus of these domains and the

absolute requirement of Ca++ for TCblR/TC-Cbl interaction (Quadras et a/., (2009)

Blood 113, 186-192 and Quadras et a/., (2005) Biochem Biophys Res Commun

327, 1006-1010), suggested the involvement of amino acids within these domains

in the specificity for ligand binding and therefore the effect of mutating specific

amino acids in this region, on TC-Cbl binding was tested. HEK293 cells were

transfected with the mutated constructs to produce mutated receptor proteins. The

receptor expression was confirmed by ELISA assay as previously described (Jiang

et al., (201 1) Drug Deliv 18, 74-78). In order to determine if these amino acids are

critical for maintaining the module conformation necessary for ligand binding, we

performed site-directed mutagenesis of amino acids D85 and E86 in the first

LDLR-A domain and D163 and E164 in the second LDLR-A domain separately.

Mutated receptors were tested for TC-Cbl binding by the assay described in

methods section. The results showed that mutating the two amino acids in either of

the LDLR domains, completely abolished TC-Cbl binding (Figure 27B).

Binding of TC-[ 5 Co]Cbl to the secreted form of recombinant TCblR

with the cysteine rich 37 aa (95 to 131 ) region between the two LDLR-A domains

deleted, showed little or no change in ligand binding with a Ka value that was

similar to the full length receptor (Figure 28).



Identifying structural domains involved in TC-Cbl uptake

The binding of TC-Cbl by the secreted form of TCblR in which the

transmembrane and cytoplasmic domains were deleted indicated that all of the

structural determinants for TC-Cbl binding were present in the extracellular domain

and that the cytoplasmic tail may play a role in the internalization of the membrane

anchored TCblR along with its ligand, TC-Cbl. Deleting the cytoplasmic tail

resulted in expression of a membrane-anchored receptor that bound TC-Cbl, but

could not internalize the complex. The TCblR with the cytoplasmic tail expressed in

HEK 293 cells, efficiently internalized anti TCblR antibody tagged with FITC-

secondary antibody as indicated by segregation, diffusion and ultimately loss of

fluorescence. The cells expressing TCblR without the cytoplasmic tail showed

most of the flouresence on the cell surface indicating lack of internalization (Figure

29A). Quantitative determination of binding and internalization of TC-[5 Co]Cbl in

normal and TCblR overexpressing HEK 293 cells incubated at 37°C for 1 hour,

showed about 37-43 % of the radiolabel on the membrane while 57-63% was

internalized. In contrast, HEK293 cells expressing TCblR with the cytoplasmic tail

deleted failed to internalize the TC-[5 Co]Cbl as indicated by 80% of the TCblR-

bound radiolabel remaining on the cell surface (Figure 29B). A similar decrease

was observed when specific amino acids (L264A and L265A) within the

cytoplasmic tail were mutated. Mutating each of the PDZ domains within this

region also decreased internalization, albeit to a lesser degree (Figure 29B).

Identifying cytoplasmic sequences involved in internalization of TC-Cbl

To further characterize the specific amino acids involved in

internalization of TC-Cbl, potential functional sites were identified in the

cytoplasmic region using ELM software (The Eukaryotic Linear Motif resource for

functional sites in protein); namely PDZ domain binding motif, QERL (AA256-259)

and KESL (AA269-272) and a dileucine-based signal sequence RPLGLL (AA260-

265). To test if they are functional signal sequences, four stable HEK293 cell lines



were generated that over express four mutated TCblR, namely QAAA (PDZ1 ) ,

KAAA (PDZ2), RPLGAL (L264A), and RPLGLA (L265A). Uptake of TC-[5 Co]Cbl

by the four stable cell lines expressing the mutated proteins showed significantly

decreased uptake in cells expressing the RPLGLL and the PDZ mutations (Figure

29B).

In summary, the membrane anchor and the cytoplasmic domains as

well as the N-glycosylation sites in the extracellular domain of TCblR are not

necessary for TC-Cbl binding. Deleting the cysteine-rich region separating the two

LDLR-A domains does not affect TC-Cbl binding. The two LDLR-A domains with

the negatively charged acidic residues involved in Ca++ binding are critical

determinants of ligand binding. The cytoplasmic tail appears to be critical for

internalizing the ligand. Within this region, the RPLGLL motif and the PDZ binding

domains appear to be involved in initiating and completing the process of ligand

internalization.

According to the methods described herein, anti-TCblR antibodies

specific for the functional domains and amino acids critical for TC-Cbl binding and

cellular uptake can be used to treat hyperproliferative diseases and disorders. For

example, the regions critical for TC-Cbl binding may be targeted when generating

blocking antibodies. In particular, anti-TCblR antibodies that block the binding of

TC-Cbl to TCblR, and thereby interfering with cellular uptake of cobalamin, will

recognize an epitope at or near one of the two LDLR-A domains. In particular, a

blocking antibody may recognize the region including amino acid residues 54-89 or

132-167. Within these LDLR-A domains, it has been demonstrated that amino

acid residues 53-63, 85-86, 150-167 and 163-164 are involved in TC-Cbl binding

to TCblR.

All of the above U.S. patents, U.S. patent application publications,

U.S. patent applications, foreign patents, foreign patent applications and non-



patent publications referred to in this specification and/or listed in the Application

Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of

illustration, various modifications may be made without deviating from the spirit

and scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.



CLAIMS

1. An isolated antibody, or an antigen-binding fragment thereof,

that binds to human transcobalamin receptor (TCblR), wherein said antibody or

fragment thereof comprises one or more complementarity determining region CDR)

having amino acid sequences set forth in SEQ D NOs:6-8, 14-16, 22-24, 30-32, 38-

40 and 46-48;

or a variant of said antibody or fragment thereof comprising up to 8

amino acid substitutions in said o e or more CDRs.

2 . The isolated antibody, or antigen-binding fragment thereof,

according to claim 1, comprising (i) a heavy chain variable (VH) region comprising

V HCDR , VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ D NOs:6,

7 and 8, respectively, and/or (ii) a light chain variable (VL) region comprising

VLCDR1 , VLCDR2 and VLCDR3 amino acid sequences set forth in SEQ D NOs:14,

15 and , respectively;

or a variant of said antibody or fragment thereof comprising VH and VL

regions identical to the VH and VL regions of (i) and (ii) except for up to 8 amino acid

substitutions in said CDR amino acid sequences.

3. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 2 , wherein the VH region comprises the amino acid

sequence set forth in SEQ ID NO:5.

4. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 2 , wherein the VL region comprises the amino acid

sequence set forth in SEQ ID NO: 13.



5 . The isolated antibody, or antigen-binding fragment or va ant

thereof, according to claim 4, wherein the VH region comprises the amino acid

sequence set forth in SEQ D :5.

6 . The isolated antibody, c r antigen-binding fragment thereof,

according to claim 1 , comprising (i) a VH region comprising VHCDR1, VHCDR2 and

VHCDR3 amino acid sequences set forth in SEQ ID NOs:22, 23 and 24,

respectively, and/or (ii) a VL region comprising VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ ID NOs:30, 3 1 and 32, respectively;

or a variant of said antibody or fragment thereof, comprising V H and VL

regions identical to the VH and VL regions cf (i) and (ii) except for up to 8 amino acid

substitutions in said CDR amino acid sequences,

7 . The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 6 , wherein the V H region comprises the amino acid

sequence set forth in SEQ ID NQ:21 .

8. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 6 , wherein the VL region comprises the amino acid

sequence set forth in SEQ D NO:29.

9 . The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 8 , wherein the VH region comprises the amino aci

sequence set forth in SEQ D NO:21 .

10. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 1, comprising i) a VH region comprising VHCDR1,

VHCDR2 and VHCDR3 amino acid sequences set forth in SEQ D NOs:38, 39 and

40, respectively, and/or (ii) a VL region comprising VLCDR1 , VLCDR2 and VLCDR3

amino acid sequences set forth in SEQ D NOs:46, 47 and 48, respectively;



or a variant of said antibody or fragment thereof, comprising VH and VL

regions identical to the VH and VL regions of (i) and (ii) except for up to 8 amino acid

substitutions in said CDR amino acid sequences.

. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 10, wherein the VH region comprises the amino acid

sequence set forth in SEQ ID NO:37.

12. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 0 , wherein the VL region comprises the amino acid

sequence set forth in SEQ ID NO:45.

3 . The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 12, wherein the VH region comprises the amino acid

sequence set forth in SEQ ID NO:37.

14 The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 1, comprising a VH region comprising the amino acid

sequence set forth i one of SEQ ID NOs:5, 2 1 and 37.

. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 1 comprising a VL region comprising an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ

D NO:13, wherein the VH region comprises the amino acid sequence set forth in

SEQ ID NO:5.



16. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 14, comprising a VL region comprising an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ

D :29, wherein the VH region comprises the amino acid sequence set forth in

SEQ ID NO:21 .

17 . The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 14, comprising a VL region which comprising an amino

acid sequence having at least 90% identity to the amino acid sequence set forth in

SEQ ID NO:45, wherein the VH region comprises the amino acid sequence set forth

in SEQ ID NO:37.

8 . The isolated antibody, or an antigen-binding fragment or variant

thereof, according to claim 1, comprising a VL region comprising the amino acid

sequence set forth in one of SEQ D NOs: 13 , 29 and 45.

. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 18 , comprising a VH region comprising an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ

ID NO:5, wherein the VL region comprises the amino acid sequence set forth in SEQ

ID O:13.

20. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 8, comprising a VH region comprising an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ

ID N :2 1, wherein the VL region comprises the amino acid sequence set forth in

SEQ D :29.



21. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 8, comprising a VH region comprising an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ

ID NO:37, wherein the VL region comprises the amino acid sequence set forth in

SEQ ID NO:45.

22. The isolated antibody, or antigen-binding fragment or variant

thereof, according to any one of claims 1-2 , wherein the antibody is humanized.

23. The isolated antibody, or antigen-binding fragment or variant

thereof, according to any one of claims 1-22, wherein the antibody is monoclonal.

24. The isolated antibody, or antigen-binding fragment or variant

thereof, according to any one of claims 1-23, wherein the antibody is conjugated to

an agent selected from the group consisting of a chemotherapeutic, a drug, a toxin

and an imaging compound.

25. The isolated antibody, or antigen-binding fragment or variant

thereof according to claim 24, wherein the antibody is conjugated to the agent via

only one or more covalent bonds.

26. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 24 or claim 25, wherein the agent is saporin.

27. The isolated antibody, or antigen-binding fragment or variant

thereof, according to any one of claims 1-26, wherein the antibody inhibits cobalamin

(Cbl) from binding TCblR.



28. The isolated antibody, or antigen-binding fragment or variant

thereof, according to claim 27, wherein the antibody binds an epitope present in

amino acid residues 54-89 or amino acid residues 132-167 of the human TCblR

amino acid sequence set forth in SEQ D NO:53.

29. An isolated antibody, or an antigen-binding fragment or variant

thereof, that competes with the antibody according to any one of claims 1-28 for

binding to huma TCblR.

30. An isolated polynucleotide encoding the isolated antibody, or

antigen-binding fragment or variant thereof, according to any one of claims 1-29.

31. An expression vector comprising the polynucleotide according to

claim 30.

32. A host cell comprising the expression vector according to claim

3 1 .

33. A composition comprising a physiologically acceptable carrier

and a therapeutically effective amount of the isolated antibody, or antigen-binding

fragment thereof, according to any one of claims 1-29.

34. A method for treating a patient having a tumor, comprising

providing to the patient the composition of claim 33, thereby treating the patient

having the tumor.

35. The method according to claim 34, wherein the antibody is

conjugated to an agent selected from the group consisting of a chemotherapeutic, a

drug and a toxin.



36. The method according o claim 35, wherein the antibody is

conjugated to the agent via only one or more covalent bonds.

37. The method according to claim 35 or 36, wherein the agent is

saporin.

38. A method for inhibiting the growth of a tumor cell that expresses

TCblR comprising contacting the cell with the antibody, or antigen-binding fragment

or variant thereof, according to any one of claims 1-29.

39. A method of inhibiting cobalamin uptake by a cell that expresses

TCblR comprising contacting the cell with an antibody, or antigsn-binding fragment

thereof, comprising one or more CDR amino acid sequences set forth in SEQ D

NOs:38-40 and 46-48;

or a variant of said antibody or fragment thereof comprising up to 8

amino acid substitutions in said one or more CDRs.

40. The method according to claim 39, wherein said antibody or

antigen-binding fragment or variant thereof, comprises (i) a heavy chain variable

(VH) region comprising VHCDR1, VHCDR2 and VHCDR3 amino acid sequences set

forth in SEQ ID NOs:38, 39 and 40, respectively, and/or (ii) a light chain variable (VL)

region comprising VLCDR1, VLCDR2 and VLCDR3 amino acid sequences set forth

in SEQ ID NOs:46, 47 and 48, respectiveiy;

or a variant of said antibody, or an antigen-binding fragment thereof,

comprising VH and VL regions identical to the VH and VL regions of (i) and (ii)

except f r up to 8 amino acid substitutions in said CDR regions.

4 . The method according to claim 40, wherein the VH region

comprises the amino acid sequence set forth in SEQ D NO:37.



42. The method according o claim 40, wherein the VL region

comprises the amino acid sequence set forth in SEQ ID NO:45.

43. The method according to claim 42, wherein the VH region

comprises the amino acid sequence set forth in SEQ D NO:37.

44. A kit comprising the composition of claim 33.

45. A method of identifying an antibody or fragment thereof that

inhibits cobalamin uptake by a cell that expresses TCblR comprising:

contacting a candidate antibody or fragment thereof with a first

polypeptide comprising the extracellular domain of TCblR, or a region thereof,

capable of binding an antibody or fragment thereof comprising a VH region

comprising the amino acid sequence set forth in SEQ D NO:37 and a VL region

comprising the amino acid sequence set forth in SEQ ID NO:45;

determining a first amount of binding of the candidate antibody or

fragment thereof to the first polypeptide;

contacting the candidate antibody or fragment thereof with a

polypeptide comprising the extracellular domain of TCblR, or a region thereof

capable of binding said antibody or fragment thereof; wherein one or more amino

acid residues of the second polypeptide or region thereof are mutated such that the

second polypeptide or fragment thereof has a reduced ability to bind said antibody or

fragment thereof; and

determining a second amount of binding of the candidate antibody or

fragment thereof to the second polypeptide,

wherein if the first amount of binding to the candidate antibody or

fragment thereof is greater than the second amount of binding to the candidate

antibody or fragment thereof, said candidate antibody or fragment thereof inhibits

cobalamin uptake by a cell that expresses TCblR.



46. A method of identifying an antibody or fragment thereof that

inhibits cobalamin uptake by a cell that expresses TCb!R comprising:

contacting a candidate antibody or fragment thereof with a first cell or

population of celis that expresses a first polypeptide comprising the extracellular

domain of TCblR, or a region thereof, capable of binding an antibody or fragment

thereof comprising a VH region comprising the amino acid sequence set forth in

SEQ ID NO:37 and a VL region comprising the amino acid sequence set forth in

SEQ D NO:45;

determining a first amount of binding of the candidate antibody or

fragment thereof to the first cell or population of cells;

contacting the candidate antibody or fragment thereof with a second

cell or population of cells that expresses a second polypeptide comprising the

extracellular domain of TCblR, or a region thereof capable of binding said antibody

or fragment thereof; wherein one or more amino acid residues of the second

polypeptide or region thereof are mutated such that the second polypeptide or

fragment thereof has a reduced ability to bind said antibody or fragment thereof; and

determining a second amount of binding of the candidate antibody or

fragment thereof to the second cell,

wherein if the first amount of binding to the candidate antibody or

fragment thereof is greater than the second amount of binding to the candidate

antibody or fragment thereof, said candidate antibody or fragment thereof inhibits

cobalamin uptake by a cell that expresses TCblR.

47. The method of claim 45 or claim 46, wherein the second

polypeptide comprises one or more amino acid substitutions, deletions, or insertions

within one or more LDLR-A domain of TCblR.

48. The method of claim 45 or claim 46, wherein the second

polypeptide comprises one or more amino acid substitutions, deletions, or insertions

within a region of TCblR selected from the group consisting of: amino acid residues

54-89, amino acid residues 132-167. amino acid residues 53-63, amino acid residue



85, amino acid residue 86, amino acid residues 150-167, amino acid residue 163,

and amino acid residue 164, of SEQ ID NO:53.

49. A method of identifying an antibody or fragment thereof that

inhibits cobalamin uptake by a ce l that expresses TCblR comprising:

contacting a candidate antibody or fragment thereof with a polypeptide

comprising a region of TCblR capable of binding an antibody or fragment thereof

comprising a V H region comprising the amino acid sequence set forth in SEQ D

NO:37 and a V L region comprising the amino acid sequence set forth in SEQ ID

NO:45; and

determining an amount of binding of the candidate antibody or

fragment thereof to the polypeptide;

wherein if the determined amount of binding is significantly greater than

the amount of binding to a control polypeptide, said candidate antibody or fragment

thereof inhibits cobalamin uptake by a cell that expresses TCblR.

50. A method of identifying an antibody or fragment thereof that

inhibits cobalamin uptake by a cell that expresses TCblR comprising:

contacting a candidate antibody or fragment thereof with a cell or

population of cells that expresses a polypeptide comprising a region of TCblR

capable of binding an antibody or fragment thereof comprising a VH region

comprising the amino acid sequence set forth in SEQ ID NO:37 and a VL region

comprising the amino acid sequence set forth in SEQ ID NO:45; and

determining an amount of binding of the candidate antibody or

fragment thereof to the cell o population of cells;

wherein if the determined amount of binding to the candidate antibody

or fragment thereof is greater than the amount of binding to a control cell or

population of cells, said candidate antibody or fragment thereof inhibits cobalamin

uptake by a cell that expresses TCblR.



5 . The method of claim 49 o claim 50, wherein the polypeptide

comprises amino acid residues 32-183 of SEQ ID NO:53.
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