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STABILIZED RADIOLABELED
ANTI-CD45 IMMUNOGLOBULIN COMPOSITIONS

FIELD OF THE INVENTION

[0001] The present invention relates to compositions of a radio-iodinated murine
monoclonal antibody specific for the CD45 antigen, and more particularly, compositions
comprising the radio-iodinated murine monoclonal antibody and one or more excipients that
stabilize the antibody against radiolytic decomposition.

BACKGROUND OF THE INVENTION

[0002] The CD45 antigen is a member of the protein tyrosine phosphatase (PTP) family
and is a 180-240 kD trans-membrane glycoprotein. It is also known as the leukocyte common
antigen (LCA), T200, or Ly-5. CD45 plays a key role in T-cell and B-cells receptor signal
transduction. Different isoforms of CD45 exist due to variable splicing of its exons. These
isoforms are very specific to the activation and maturation state of the cell as well as cell type.
The various isoforms have the same trans-membrane and cytoplasmic segments, but different
extra-cellular domains, and are differentially expressed on subpopulations of B- and T-cell
lymphocytes. The primary ligands described for CD45 include galectin-1, CD1, CD2, CD3, CD4,
TCR, CD22 and Thy-1.

[0003] Depending on which of the alternatively spliced exons (A, B or C) is recognized,
antibodies restricted to recognizing one or the other isoform have been identified (termed
CD45R). In addition, monoclonal antibodies (mAbs) binding an epitope common to all the
different isoforms have also been identified. The mAbs designated CD45RA recognize the
product of exon-A. The mAbs designated CD45RB recognize the product of exon-B. A third type
of mAbs termed CD45R0 (as exemplified by UCHL1) selectively bind to the 180 kD isoform
(without any of the variable exons A, B or C) which is restricted to a subset of cortical
thymocytes, activated T cells and memory cells, and is absent on B cells.

[0004] In general, all cells of hematopoietic origin, with the exception of mature
erythrocytes and platelets, express CD45. High expression of CD45 is seen with most acute
lymphoid and myeloid leukemias. Since CD45 is not found on tissues of non-hematopoietic
origin, its specific expression in leukemia has made it a good target for developing therapeutics,

including radio-immunotherapeutics. For example, CD45 is expressed at a density of
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approximately 200,000 to 300,000 sites per cell on circulating leukocytes and malignant B cells.
One particular *'I-labeled anti-CD45 antibody, BC8, has been explored as a candidate radio-
immunotherapeutic alone and in combination with chemotherapy or total body irradiation. The
use of this *'I-anti-CD45 antibody for the treatment of subjects needing bone marrow transplant
has also been explored.

[0005] A number of anti-CD45 antibodies are commercially available. These include
human, mouse, rat, rabbit, canine antibodies and a host of related derived reagents, such as,
conjugates with fluorophores, chromophores, biotin and dyes. These also include antibodies
derived by the use of various epitopes, domains and regions of CD45 antigen. Several clones of
the species-specific anti-CD45 antibody are also commercially available. A list of commercial
suppliers of anti-CD45 antibodies include the following: eBioscience, Inc., San Diego, CA,
USA; Novus Biologicals, LLC, Littleton, CO, USA; Bethyl Laboratories, Inc., Montgomery,
TX, USA; AbD Serotec/Bio-Rad Inc., Raleigh, NC, USA; BD Biosciences, San Jose, CA, USA;
AbCam Inc., Cambridge, MA, USA; Enzo Life Sciences, Inc., Farmingdale, NY, USA; R&D
Systems Inc., Minneapolis, MN, USA; EXBIO Praha, A.S., Vestec, Czech Republic; Life
Technologies, Grand Island, NY; and many more.

[0006] A search at this site for "CD45 antibody" performed on Sept 25, 2014 came up
with a total of 3,646 products that are available from 59 suppliers. It is evident that a number of
anti-CD45 antibodies and related reagents are available with their own specific product
characteristics such as species specificity and antigen heterogeneity, such as epitope or domain
specificity.

[0007] While large numbers, varieties, and clones of anti-CD45 antibodies are available,
none is structurally well described. For use as a therapeutic agent, it would be advantageous to
properly describe an anti-CD45 antibody in order to develop the anti-CD45antibody into a
therapeutic for the treatment of human indications of hematopoietic malignancies.

[0008] Among several clones of the anti-CD45 murine antibody, BC8 recognizes all the
human isoforms of the CD45 antigen. The potential applications of the BC8 antibody for clinical
use, including the treatment of certain kinds of human lymphomas, are well defined in the
literature of the past 20-25 years. Despite this, the structural composition and characterization of

this isolated BC8 clone for use as a human therapeutic has not been adequately described.
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[0009] Only a partial amino acid sequence from a BC8 clone has been described as
being used in making a single chain construct with streptavidin. In this construct, certain regions
corresponding to the putative variable regions of the light chain (LC) and heavy chain (HC) were
fused together with the streptavidin sequence. Therefore, some 110-120 amino acid stretches
related to the LC and HC of BC8 were used in this particular context which were indirectly
identified by the methods of reverse transcription-PCR (RT-PCR).

[0010] As such, the complete structural composition of the BC8 mAb has not been
described and characterized.

[0011] As indicated above, the BCS8 antibody has been shown to bind to all the isoforms
of human CD45, and thus provides an excellent target for the development of therapeutics for
certain human malignancies of hematopoietic origin, including Iymphomas. While
radiolabelling of BC8 for targeted treatment of such malignancies has been explored, none of the
prior art has been able to achieve radiolabelling efficiencies suitable for its efficient and cost
effective use as a therapeutic. Furthermore, BC8 radiolabelled with '*'I has a short half-life (the
half-life of *'I is 8.02 days), and must be made and shipped to clinical sites on demand, which
impedes its wider use as a therapeutic.

[0012] Radio-iodinated antibodies can undergo auto-radiolysis, due to radiation energy
decay and associated free radical mechanisms. This can dramatically reduce the antibodies'
immune-reactivity, rendering them less effective and thus unsafe for therapeutic use. Moreover,
free radical reactivity towards certain amino acid residues (e.g., Tyr, Trp, His, Met and Cys)in a
protein can affect the solution stability of a protein-based radiopharmaceutical composition.
Thus, stabilizing target-specific radiopharmaceutical compositions remains a challenge in their
development.

[0013] New compositions and methods are needed to stabilize '3!I-anti-CD45
immunoglobulins, such as BC8, thereby prolonging shelf life and improving human therapeutic
potential.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a stabilized composition comprising an isolated
anti-CD45 immunoglobulin (e.g., BC8 mAb clone) in its *'I radiolabeled form, and its
therapeutic uses. With its ability to bind all the isoforms of the CD45 antigen, BC8 is expected
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to accumulate a therapeutically high radiation dose specifically and preferentially at high-density
CD45 antigen-bearing cells, such as lymphoma cells.

[0015] The present invention further relates to methods of radiolabeling the anti-CD45
antibody in a high radioactivity batch, such as up to 3,000 mCi, or even 5,000 mCi, as well as
therapeutic and dosimetry dose formulations comprising the radio-iodinated antibody that are
stabilized against radiolysis of the antibody.

[0016] As such, the present invention provides stabilized radio-iodinated anti-CD45
immunoglobulin compositions specific for targeting the CD45 antigen, comprising: 0.5-5%
ascorbic acid; 0.5-4% polyvinylpyrrolidone (PVP); and 0.1-2 mg/mL radio-iodinated anti-CD45
antibody (e.g., BC8) in 50 mM PBS buffer, pH 7; wherein the heavy chain variable domain
comprises an N-terminal sequence of SEQ ID NO:12 in combination with at least one
complementarity determining region (CDR) selected from SEQ ID NO:6, SEQ ID NO:7, and
SEQ ID NO:8; and the light chain variable domain comprises an N-terminal sequence of SEQ
ID NO:11 in combination with at least one CDR selected from SEQ ID NO:3, SEQ ID NO4,
and SEQ ID NO:5.

[0017] The present invention further provides a composition comprising: an anti-CD45
IgG monoclonal antibody, wherein the anti-CD45 IgG monoclonal antibody is labeled with
radio-iodine; and at least one stabilizer (excipient) comprising 0.5 to 5% (w/v) of ascorbic acid,
PVP, human serum albumin (HSA), or water soluble salts of HSA, or combinations thereof,
preferably wherein the stabilizer is added during the purification of the *'I-labeled anti-CD45
IgG monoclonal antibody preparation.

[0018] According to certain aspects of the present invention, the stabilizer may be
present in a w/v concentration range of 0.5 to 5% in an aqueous formulation comprising
phosphate buffered saline, 50 mM pH 7 as a physiologically acceptable carrier or diluent.

[0019] The stabilizer may be ascorbic acid in a w/v concentration of 2.5% included
immediately following the quenching of the radio-iodination reaction and before the purification
of the radio-iodinated anti-CD45-immnuoglobulin. Additionally, 2 to 4% (w/v) HSA may also
be included along with ascorbic acid at the same step. The purification of this mixture using a
desalting column may be performed with a pre-cooled mobile phase of PBS buffer (50 mM, pH
7) which is also supplemented with the 2.5% ascorbic acid or a mixture of 2.5% ascorbic acid
plus 2 to 4% HSA (all w/v) as the case may be.
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[0020] Furthermore, 2% (w/v) PVP may also be included in the purified *'I-anti-CD45-
immunoglobulin as yet another stabilizer (excipient) providing stability to the labeled
immunoglobulin against radiolysis.

[0021] It is also an objective of the present invention to provide, via a cocktail of
excipients (stabilizers), stability of at least four days (i.e., the first three days at -20 °C and an
additional day at room temperature) to a therapeutic dose formulation. Preferred stability-
enhancing cocktails include w/v 2.5% ascorbic acid and 2% PVP; 2.5% ascorbic acid and 4%
HSA; and 2.5% ascorbic acid, 4% HSA and 2% PVP (i.e., these cocktails yield
immunoglobulin-containing compositions having the recited excipient concentrations).

[0022] It is yet another objective of the present invention to provide, via a cocktail of
excipients, stability of at least seven days (i.e., the first six days at -20 °C and an additional day
at room temperature) to a dosimetry dose formulation. Preferred stability-enhancing cocktails for
dosimetry dose formulation include w/v 2.5% ascorbic acid and 2% PVP; 2.5% ascorbic acid
and 4% HSA; and 2.5% ascorbic acid, 4% HSA, and 2% PVP. The stability-indicating assays
include an iTLC (instant thin layer chromatography) assay, size exclusion chromatography-
HPLC (SEC- HPLC) and a cell-specific binding-based immunoreactivity measurement assay.

[0023] It is yet a further objective of the present invention to provide methods for
treating a subject (preferably human) afflicted with a hematologic malignancy, comprising
administering to the subject an effective amount of the instant pharmaceutical composition,
either alone or in conjunction with another form of treatment (e.g., a bone marrow transplant). In
one embodiment, the hematologic malignancy is acute myeloid leukemia, myelodysplastic
syndrome, acute lymphoblastic leukemia, Hodgkin's disease or non-Hodgkin's lymphoma. Also
envisioned is a method for ablating bone marrow cells in a subject (preferably human) afflicted
with leukemia prior to the subject's receiving a bone marrow transplant, comprising
administering to the subject a therapeutically effective amount of the instant pharmaceutical
composition. According to certain aspects of the present invention, the leukemia may be acute
myeloid leukemia, and the subject may be human, relapsed or refractory, and at least 55 years
old.

[0024] Still further envisioned is a method for performing dosimetry on a subject
(preferably human) afflicted with a hematologic malignancy comprising administering to the

subject a dosimetrically effective amount of the instant pharmaceutical composition. In this
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invention, administering is preferably intravenous, and may also be, for example, intramuscular
and subcutaneous.

[0025] Relating to the present invention are the sequence-related characteristics of the
anti-CD45 immunoglobulin (i.e., 13C8) in terms of the N-terminal sequences and the CDR
sequences of its light chain and the heavy chain. For the light chain, these sequences are defined
as: SEQ ID NO:11 as the N-terminal sequence, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5
as, respectively, the CDR1, CDR2 and CDR3 regions. For the heavy chain, these sequences are
defined as: SEQ ID NO:12 as the N-terminal sequence, SEQ ID NO:6, SEQ ID NO:7 and SEQ
ID NO:8 as, respectively, the CDR1, CDR2 and CDR3 regions. The entire sequence of the light
and the heavy chains of the anti-CD45 immunoglobulin, as elucidated by the related RT-PCR-
derived cDNA construct and LC-MS/MS peptide mapping approaches, is also provided. It is
possible that certain isomeric amino acid replacements with exact mass, such as Leu for Ile or
vice versa, could be allowed in these sequences.

[0026] Embodiments disclosed herein define excipient-stabilized radio-iodinated anti-
CD45 immunoglobulin compositions that are useful as radiotherapeutic agents for the treatment
of malignancies of hematopoietic origin.

[0027] The objects of the present invention will be realized and attained by means of the
combinations specifically outlined herein. The foregoing general description and the following
detailed description and examples of this invention are provided to illustrate various aspects of
the present invention, and by no means are to be viewed as limiting any of the described
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 provides the sequence of the complementarity determining regions
(CDRs), framework regions and variable domain sequences of the light chain (VL) and the
heavy chain (VH) of the anti-CD45 mAb. The CDRs are in bold and underlined.

[0029] FIG. 2 provides the CDRs and the N-terminal sequence of the light chain and the
heavy chain of anti-CD45 mAb.

[0030] FIG. 3 provides the entire nucleotide (SEQ ID NO:9) and amino acid (SEQ ID
NO:13) sequence of the light chain of an anti-CD45-immunoglobulin.

[0031] FIG. 4 provides the entire nucleotide (SEQ ID NO:10) and amino acid (SEQ ID
NO:13) sequence of the heavy chain of anti-CD45-immunoglobulin.
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[0032] FIG. 5 provides bar graphs of stability test data for a 100 mCi dose of *'I-anti-
CD45 immunoglobulin over a total period of seven days which included two freeze thaw cycles.
Size exclusion-High performance liquid chromatography (SEC-HPLC) results showing percent
product, percent free-'*'I and percent fraction of aggregates, and immunoreactivity results are
shown for various time points. The time points of this stability study and the formulation
excipient composition were as follows: The radiolabeled anti-CD45 antibody initially formulated
during the purification process contained 2.5% ascorbic acid and 4% HSA (both w/v) and was
tested on day 0, and following its storage for 0-3 days at -20°C. On day-3 after thawing, it was
further formulated with 2% (w/v) PVP and once again stored at -20°C for three additional days.
Both stability tests were performed on day-6 followed by storing the formulated product at room
temperature for an additional 24 hours after which the stability tests were repeated.

[0033] FIG. 6 provides bar graphs of stability test data of a 1,100 mCi therapeutic dose
formulation of *'I-anti-CD45 immunoglobulin over a total period of four days which included a
freeze thaw cycle. SEC-HPLC results showing % product, % free-'>'I and % fraction of
aggregates, and immunoreactivity results are shown for various time points. The time points of
this stability study and the formulation excipient composition were as follows. The radiolabeled
anti-CD45 antibody initially formulated during the purification process contained 2.5% (w/v)
ascorbic acid, and was formulated with 2% (w/v) PVP and tested on day-0, and following its
storage for 0-3 days at -20°C. On day-3, after thawing, the radiolabeled anti-CD45 antibody was
stored at room temperature, during which stability was tested at 8 and 24 hours (storage time at
room temperature).

[0034] FIG. 7 provides bar graphs of the stability test data of a 13 mCi dosimetry dose
formulation of 3!I-anti-CD45 immunoglobulin over a total period of seven days which included
a freeze thaw cycle. SEC-HPLC results showing % product, % free-*'I and % fraction
ofaggregates, and immunoreactivity results are shown for various time points. The time points of
this stability study and the formulation excipient composition were as follows. The radiolabeled
anti-CD45 antibody initially formulated during the purification process contained 2.5% (w/v)
ascorbic acid and was further formulated with 2% (w/v) PVP and tested on day-0, and following
its storage for 0-6 days at -20°C. On day-6 the formulated product was thawed and stored at

room temperature for an additional 24 hours after which the stability tests were repeated.
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[0035] FIG. 8 provides bar graphs of the stability test data of a 150 mCi dose of '*!I-anti-
CD45 immunoglobulin over a total period of 17 days which included two freeze thaw cycles.
SEC-HPLC results showing % product, % free-*'I and % fraction of aggregates, and
immunoreactivity results are shown for various time points. The time points of this stability
study and the formulation excipient composition were as follows. The radiolabeled anti-CD45
antibody initially formulated during the purification process contained 2.5% ascorbic acid and
4% HSA (both w/v) was tested on day 0, and following its storage for 0-14 days at -20°C. On
day-14 after thawing, it was then further formulated with 2% (w/v) PVP, tested and once again
stored at -20°C for three additional days. Both the stability tests were performed on day-17 after
thawing. It is noteworthy that the 17-day period is almost close to two half-lives of the '*!1
isotope (half-life 8.02 days).

[0036] FIG. 9 shows a typical radio-elution SEC-HPLC profile of a purified '*'I-anti-
CD45-immunoglobulin.

DEFINITIONS AND ABBREVIATIONS

[0037] The following definitions and abbreviations have been used in describing this

invention:

[0038] iTLC - instant thin layer chromatograph

[0039] IEF - isoelectric focusing

[0040] SDS-PAGE - sodium dodecyl sulfate - polyacrylamide gel
electrophoresis

[0041] LC-MS/MS - liquid chromatography - tandem mass spectrometry

[0042] HSA - human serum albumin

[0043] PVP - polyvinylpyrrolidone (Povidone)

[0044] SEC-HPLC - size exclusion chromatography - High performance liquid
chromatography

[0045] LMWS - low molecular weight species (Free-'*1)

[0046] HMWS - high molecular weight species (aggregates of antibody
protein)

[0047] As used herein, the term "therapeutic dose" refers to an amount of radiolabeled

immunoglobulin sufficient to provide a desired therapeutic radiation dose to the target tissue or
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organ upon administration to a subject. In one embodiment of the present invention, for
example, this dose ranges between 100 to 1,500 mCi of *'I radioactivity.

[0048] As used herein, the term "dosimetry dose" refers to an amount of radiolabeled
immunoglobulin sufficient to yield an in vivo biodistribution profile for various organs, and a
pharmacokinetic profile, in a subject in need of therapy with the immunoglobulin, in order to
help ascertain a subsequent therapeutic dose for the subject. In one embodiment of the present
invention, for example, this dose ranges between five to 15 mCi of '*!I radioactivity.

[0049] As used herein, the terms "antibody" and "immunoglobulin" are used
interchangeably, and refer, for example, to full-length monoclonal antibodies and polyclonal
antibodies. These include, for example, murine antibodies, human antibodies, humanized
antibodies, chimeric antibodies, Fab fragments, F(ab'); fragments, antibody fragments with the
desired biological activity, and epitope-binding fragments of any of the above. Immunoglobulin
molecules can be of any type, such as IgA, IgD, IgE, IgG and IgM.

[0050] An "epitope"” refers to the target molecule site that is capable of being recognized
by, and bound by, an antibody. For a protein epitope, for example, this may refer to the amino
acids (and particularly their side chains) that are bound by the antibody. Overlapping epitopes
include at least one to five common amino acid residues. Methods of identifying epitopes of
antibodies are known to those skilled in the art and include, for example, those described in
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane
(1988).

[0051] A "complementarity-determining region”, or "CDR", refers to amino acid
sequences that, together, define the binding affinity and specificity of the Fv region of a native
immunoglobulin binding site. There are three CDRs in each of the light and heavy chains of an
antibody.

[0052] A "framework region”, or "FR", refers to amino acid sequences interposed
between CDRs.

[0053] A "constant region” refers to the portion of an antibody molecule that is consistent
for a class of antibodies and is defined by the type of light and heavy chains. For example, a light
chain constant region can be of the kappa or lambda chain type and a heavy chain constant region
can be of one of the five chain isotypes: alpha, delta, epsilon, gamma or mu. This constant region,

in general, can confer effector functions exhibited by the antibodies. Heavy chains of various
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subclasses (such as the IgG subclass of heavy chains) are mainly responsible for different effector
functions.

[0054] As used herein, the term "anti-CD45" describes an antibody comprising at least
one of the heavy chain CDRs and at least one of the light chain CDRs as described in FIGS. 1, 2,
3 and 4.

[0055] A "variable domain sequence"” is an amino acid sequence that affects the structure
of an immunoglobulin variable domain. This includes all or a part of the amino acid sequence of
a naturally occurring variable domain. For example, the sequence may include other alterations
that are compatible with formation and maintenance of the protein secondary and tertiary
structure.

[0056] "Fv" is an antibody fragment that contains a complete antigen-recognition and
binding site. This region consists of a dimer of one heavy and one light chain variable domain in
tight, non-covalent or covalent association. Three CDRs of each variable domain interact to
define an antigen-binding site on the surface of the VH-VL dimer. Collectively, the six CDRs
confer antigen-binding specificity to the antibody.

[0057] "Immunoreactivity" refers to a measure of the ability of an immunoglobulin to
recognize and bind to a specific antigen. In one embodiment, the immunoglobulin binds to its
antigen with an affinity (Kp) of between10®M and 10"1°M.

[0058] "Purification”, as used herein with respect to an immunoglobulin (or portion
thereof), includes, without limitation, the removal of other immunoglobulins and related proteins
so that the desired immunoglobulin (or portion thereof) is at least 80% pure, at least 90% pure, at
least 95% pure, at least 98% pure, or at least 99% pure.

[0059] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the present
invention belongs. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing described herein, suitable methods and materials are
described below. In addition, embodiments of the present invention described with respect to
Chothia CDRs may also be implemented using Kabat CDRs.

DETAILED DESCRIPTION OF THE INVENTION
[0060] High expression of CD45 antigen is seen on malignant cells associated with most

acute lymphoid and myeloid leukemias. A density of approximately 200,000 to 300,000 sites per
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cell on circulating leukocytes and malignant B cells has been reported. Among normal cells, all
the cells of hematopoietic origin, with the exception of mature erythrocytes and platelets,
express CD45. It is not found on tissues of non-hematopoietic origin. Therefore, the leukemia-
associated CD45 antigen makes it a good target for developing therapeutics, including radio-
immunotherapeutics.

[0061] The complete amino acid sequence of the anti-CD45 murine immunoglobulin
determined by the methods described in Example 2 is shown in FIGs. 3 and 4. Estimated CDR
regions as determined by homology algorithms are shown in FIGs. 1 and 2. The light chain of
the anti-CD-immunoglobulin was found to be a kappa-type chain.

[0062] The light chain composed of 218 amino acids contains five cysteine residues. The
heavy chain composed of 445 amino acids contains 12 cysteine residues. Both chains fold into
immunoglobulin-type domains with expected cysteine pairs well positioned to establish intra-
chain disulfide bridges. The hinge region on the heavy chain is composed of three inter-chain
disulfide bonds.

[0063] The light chain contains 10 tyrosine residues and the heavy chain contains 15
tyrosine residues. Therefore, all together, the anti-CD45 immunoglobulin contains 50 tyrosine
residues which could be targeted as radio-iodination sites.

[0064] As such, the anti-CD45 immunoglobulin was labeled with radioiodine using the
chloramine-T method of radio-iodination as described in Example 3. It was found that an *'I to
immunoglobulin stoichiometry of 20-30 mCi/mg consistently afforded about 90% radiochemical
yield following purification of the radio-iodinated reaction product. Using this stoichiometry
ratio, the immunoglobulin can be labeled with high levels of radioactivity (e.g., 300-3,000 mCi,
or even 300-5,000 mCi) in a single batch. As detailed in Examples 3, 10 and 11, this radio-
iodination process utilizing a 30 mCi/mg murine anti-CD45 immunoglobulin ratio during radio-
labeling resulted in product with >90% radiochemical purity, a radiochemical yield of >90%,
and >70% immunoreactivity.

[0065] As indicated above, radiolytic damage of '*!I-labelled antibodies has reduced or
even precluded their use as therapeutic agents. It is an object of the present invention to employ
one or more excipients to stabilize !*'I-labelled anti-CD45.

[0066] Radical scavengers are employed here as stabilizers to minimize radiolysis of

radiolabeled preparations. These scavengers and stabilizers include, for example, ascorbic acid,
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gentisic acid, HSA, and polyvinylpyrrolidone (PVP). Ascorbic acid may be included at from 0.1
to 5% (w/v), and may be added post-labeling as a radio-protectant. Gentisic acid may be
included at from 0.1 to 0.5% (w/v), or even higher amounts (e.g., 2 to 8%) when included as the
sodium salt, and may be added post-labeling. HSA may be added at from 2 to 5% (w/v).
Individually and in certain combinations, each excipient may slow radiolysis. In particular,
combinations including ascorbic acid at from 0.1 to 5% (w/v), and HSA at from 2 to 5% (w/v),
may be advantageous for slowing radiolytic damage of the '*!1-labelled anti-CD45 of the present
invention.

[0067] PVP is a linear chain water-soluble polymer useful for protecting antibodies
against auto-radiolysis. Specifically, the PVP of average molecular weight 6-8 kD and a K-17
value (a designator of its viscosity) is the most useful for these purposes. As such, PVP may be
included in the stabilizing formulations disclosed herein at from 0.1% to 6% and even up to 10%
(w/v). PVP may also help to prevent aggregation of the protein in a composition.

[0068] PVP in combination with a secondary stabilization agent, in particular, ascorbic
acid or HAS, is most effective in ameliorating auto-radiolysis of radio-peptides in high
radioactive fields (>Ci levels). An effective combination may include, for example, 0.5-5%
(w/v) ascorbic acid and 0.5-4% (w/v) PVP, or 0.5-5% (w/v) ascorbic acid, 0.5-5.0% (w/v) HSA,
and 0.5-4% (w/v) PVP. Ideally, the PVP and ascorbate combination, or PVP, ascorbate and HSA
combination, is added immediately following the radiolabeling of the Ab.

[0069] In addition to these agents, a variety of other radio-protective agents can be used,
including synthetic thioethers and chromans that provide stability through their free radical
scavenging and anti-oxidative properties.

[0070] In additional to chemical means of stabilizing a radiolabeled protein,
cryopreservation has also been shown to stabilize the labeled preparation in enhancing its shelf
life. This was exemplified for three '*'I-labeled-mAbs where a successful technique of
cryopreservation at -70°C for several days was demonstrated to allow for their shipment and
administration. The immunoreactivity of these cryoprotected antibodies was fully preserved
throughout the course of this investigation (e.g. —10 days) with minimal radiation decay, as
compared to samples stored at 4°C. One caveat to this approach, however, is that an antibody

cannot tolerate more than one freeze-thaw cycle.
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[0071] Thus, another embodiment of the radiolabeling process according to this
invention is to employ stability-enhancing excipients as early as possible in the process. For
example, excipients such as ascorbic acid (2.5% w/v) may be added alone or in combination
with HSA (2% to 4% w/v) to the quenched radio-iodination mixture before the purification of
the labeled product, as detailed in Example 3. Excipients may be added using pre-cooled
concentrated stock solutions.

[0072] Purification of the labeled immunoglobulin over a desalting column may also be
carried out in the presence of excipients, such as the 2.5% ascorbic acid or the mixture of 2.5%
ascorbic acid and 2 to 4% HSA (all w/v). For example, the excipients may be added in the pre-
cooled elution buffer used for purification of the labeled immunoglobulin. The purified product
is therefore collected from the desalting column mixed with these stability-enhancing excipients.
The purification of a 1,000 mCi aliquot may be performed on a commercially available sterile
Sephadex G25 desalting column (GE HiPrep 26/10 desalting column, bed volume 53 mL).
Similarly, smaller batches such as <200 mCi labeling can be purified on a commercially
available PD10 desalting column (GE PD10 column, bed volume 8.6 mL). The use of pre-
sterilized columns provides a convenient method to prepare radiolabeled product doses for
human administration. While specific column sizes and matrices have been discussed, columns
of other sizes and bed volumes using similar or equivalent matrices may also be used.

[0073] The formulation of the product with stability-enhancing excipients is
preferentially performed using ascorbic acid, PVP and HSA. As such, the purified radiolabeled
product according to this invention may contain ascorbic acid or a mixture of ascorbic acid and
HSA. Further, the purified product may be formulated with PVP (for example, at 2% w/v) to
help prevent the formation of aggregates (Example 5).

[0074] In addition, a cryopreservation approach to minimizing radiation damage to the
high radioactivity labeled immunoglobulin may also be used. Prior cryopreservation schemes
have used temperatures as low as -70°C to stabilize an '3!I-labeled antibody. However,
surprisingly, it was found that for the radiolabeled immunoglobulin of this invention,
cryopreservation at -20°C gave satisfactory results compatible with targeted stability and shelf
life of four days for therapeutic dose formulations and eight days for the dosimetry dose

formulations. Furthermore, as described in Examples 8-10, the use of this cryopreservation
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surprisingly allowed two freeze-thaw cycles while maintaining the integrity and stability of the
formulated *'I-labeled anti-CD45 immunoglobulin of this invention.

[0075] Thus, the compositions, stabilizing excipient mixtures and cryopreservation
methods of the present invention have been found to provide excellent stabilization of the
radiolabelled antibody, providing intact antibodies having immunoreactivity of greater than 70%,
greater than 80%, and even greater than 90%.

[0076] Various stability-indicating tests performed (Example 7) with the therapeutic and
dosimetry dose formulations suggest that, for example, the combination of 2.5% ascorbic acid
and 2% PVP (both w/v) as excipients, along with cryopreservation at -20°C, provides good
stability of four days and eight days, respectively, for the therapeutic dose and the dosimetry dose
formulations. In both instances, the terminal day of storage is at ambient temperature.

[0077] Each of the foregoing embodiments that provides excipient-stabilized radio-
iodinated anti-CD45 immunoglobulin compositions may find use as a radiotherapeutic agent for
treating malignancies of hematopoietic origin.

[0078] The following examples of this invention are provided to illustrate its various
aspects and by no means are to be viewed as limiting any of the described embodiments. A
different combination of these embodiments may be used to achieve similar characteristics of the
formulated radio-iodinated immunoglobulins of this invention. For example, the amounts of the
excipients used may be varied and the temperature of storage may be changed to 2-8°C or even
room temperature. This may be adaptable to formulations intended for immediate use or use
within a short period of 1-2 days.

BRIEF DESCRIPTION OF THE SEQUENCES

[0079] SEQ ID NO:1 shows the amino acid sequence of the variable domain of the light
chain of anti-CD45 murine immunoglobulin BCS.

[0080] SEQ ID NO:2 shows the amino acid sequence of the variable domain of the
heavy chain of anti-CD45 murine immunoglobulin BCS.

[0081] SEQ ID NO:3 shows the amino acid sequence of CDRI1 of the light chain of anti-
CD45 murine immunoglobulin BCS.

[0082] SEQ ID NO:4 shows the amino acid sequence of CDR2 of the light chain of anti-

CD45 murine immunoglobulin BCS.
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[0083] SEQ ID NO:5 shows the amino acid sequence of CDR3 of the light chain of anti-
CD45 murine immunoglobulin BCS.

[0084] SEQ ID NO:6 shows the amino acid sequence of CDR1 of the heavy chain of
anti-CD45 murine immunoglobulin BC8.

[0085] SEQ ID NO:7 shows the amino acid sequence of CDR2 of the heavy chain of
anti-CD45 murine immunoglobulin BCS.

[0086] SEQ ID NO:8 shows the amino acid sequence of CDR3 of the heavy chain of
anti-CD45 murine immunoglobulin BCS.

[0087] SEQ ID NO:9 shows the nucleotide sequence of the light chain of anti-CD45
murine immunoglobulin BC8.

[0088] SEQ ID NO:10 shows the nucleotide sequence of the heavy chain of anti-CD45
murine immunoglobulin BC8.

[0089] SEQ ID NO:11 shows the amino acid sequence of N-terminus of the light chain
of anti-CD45 murine immunoglobulin BC8.

[0090] SEQ ID NO:12 shows the amino acid sequence of N-terminus of the heavy chain
of anti-CD45 murine immunoglobulin BC8.

[0091] SEQ ID NO:13 shows the amino acid sequence of the light chain of anti-CD45
murine immunoglobulin BCS.

[0092] SEQ ID NO:14 shows the amino acid sequence of the heavy chain of anti-CD45
murine immunoglobulin BC8.

EXAMPLES

[00993] EXAMPLE 1: Production of Anti-CD45 Immunoglobulin BCS.

[0094] The murine anti-CD45 mAb BCS8 was prepared from a hybridoma (ATCC No.
HB-10507) that was initially developed by fusing mouse myeloma NSI1 cells with spleen cells
from a BALB/C mouse hyperimmunized with human phytohemagglutinin (PHA)-stimulated
mononuclear cells. The original fused cells, after screening for microbial contaminations, were
cultured using the JRH-Biosciences EXCel! 300 medium supplemented with 1-2% Fetal Bovine
Serum (FBS).

[0095] The hybridoma cell line was adapted for culture in a serum-free culture medium.
Briefly, the cells in culture were slowly and gradually weaned of the serum albumin using the

combo medium supplemented with glutamine, cholesterol, insulin and transferrin. The cells were
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then grown in up to SOOL scale to a density of >1 e6 cells/mL. The medium was harvested and
processed for the purification of the anti-CD45 antibody using a combination of cation exchange
chromatography, Protein-A chromatography, and anion exchange membrane separation. The
purified antibody was concentrated by nano-filtration (30k") cutoff). The concentration of the
purified product was measured at 5.2 mg/ml and was stored at 2-8°C.

[0096] The purified antibody was characterized by SDS-PAGE, IEF and SEC-HPLC
techniques. A single product peak (99.4%) was recorded with SEC-HPLC with about 0.6%
aggregates. The non-reducing SDS-PAGE showed the band at 186.55 kD for the antibody. The
SDS-PAGE under reduced conditions confirmed the presence of the light and the heavy chains
(99.9% together).

[0097] EXAMPLE 2: Sequencing of the Anti-CD45-Immunoglobulin BC8.

[0098] DNA Sequence: Total RNA was isolated from the hybridoma cells following the
technical manual of Trizol® Reagent. The total RNA was analyzed by agarose gel electrophoresis
and was reverse transcribed into cDNA using isotype-specific anti-sense primers or universal
primers following the technical manual of PrimeScriptTM 1st Strand cDNA Synthesis Kit. The
antibody fragments of VH, VL, CH and CL were amplified and were separately cloned into a
standard cloning vector using standard molecular cloning procedures. Colony PCR screening was
performed to identify clones with inserts of correct sizes. More than five single colonies with
inserts of correct sizes were sequenced for each antibody fragment. The complete nucleotide
sequence of the light and the heavy chains are shown in FIGs. 3 and 4.

[0099] Protein Sequencing by LC-MS/MS: The anti-CD45-immunoglobulin was
sequenced using the mass spectrometry peptide mapping approach. The anti-CD45-
immunoglobulin was de-glycosylated, reduced and digested with individual enzymes; trypsin,
Lys-C and chymotrypsin. The peptide fragments were then analyzed by the LC-coupled mass
spectrometry technique using the MS/MS fragmentation analysis approach. The complete
sequences of the light and the heavy chain are shown in FIGs. 3 and 4. In the LC-MS/MS peptide
mapping-based sequence, certain isomeric amino acids of the same mass may be mistaken for
one another. For example, interpretation between a Leu and Ile can be difficult. The nucleotide-
based sequence was used to correct for such ambiguities.

[0100] EXAMPLE 3: Radio-iodination of Anti-CD45 Immunoglobulin BC8 and its

purification in the presence of ascorbic acid.
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[0101] One mg of anti-CD45 immunoglobulin was labeled with 20 to 30 mCi of '*'I-Na
(30 mCi) in the presence of chloramine-T (23 micrograms) in PBS buffer (pH 7.2). The reaction
was quenched with the addition of aqueous sodium thiosulfate (69 micrograms) and diluted with
cold Nal (1 mg). Immediately following, a concentrated ascorbic acid solution made in 50 mM
PBS (pH 7) was added to achieve 2.5% (w/v) ascorbic acid strength in the quenched reaction
mixture. Labeling reactions up to 3,000 mCi per batch were successfully performed using this
method.

[0102] The labeled product was purified by gel filtration on a sterile, pre-packed
commercially available Sephadex G25 column (GE HiPrep 26/10 column, bed volume 53 mL)
using PBS (50 mM, pH 7) mobile phase supplemented with 2.5% (w/v) ascorbic acid to stabilize
the radiolabeled product. Up to 1,000 mCi reaction volume was purified on a single column. The
product was collected in the five to 35 mL elution volume from the column.

[0103] The radio-iodinated reaction batches of <200 mCi could be purified in a similar
fashion on a smaller desalting column (GE PD10 column, bed volume 8.6 mL).

[0104] EXAMPLE 4: Radio-iodination of Anti-CD45 Immunoglobulin BC8 and its
purification in the presence of ascorbic acid and HSA.

[0105] The labeling and purification were performed essentially as described in Example
3, except that 2% or 4% (w/v) HSA was also added along with 2.5% (w/v) ascorbic acid to the
quenched reaction as well as in the elution buffer during the purification process.

[0106 EXAMPLE 5: Formulation of '*'I-Anti-CD45 Immunoglobulin BCS to stabilize it
against auto-radiolysis.

[0107] Aliquots of the purified product were formulated at once for stability test studies
under various storage conditions and durations. The storage test conditions included -20 °C, 2-8
°C, room temperature and a combination thereof. The duration of storage was three days to 15
days, followed by one additional terminal day at room temperature. The -20 °C conditions were
intended to stabilize the formulated product against auto-radiolysis. The terminal 24 hr room
temperature condition was to test for stability of the product during its administration to human
subjects.

[0108] The purified !*'I-anti-CD45-immunoglobulin product contained 2.5% (w/w)
ascorbic acid (as in Example 3) and additionally 2 or 4% (w/v) HSA (as in Example 4). In
either case, the product was further formulated by supplementing it with 2 or 4% (w/v) PVP. The
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PVP was added for its influence in preventing the formation of protein aggregates. In this
invention, %I and %I are also envisioned for use in radiolabeling Anti-CD45 Immunoglobulin
(e.g., BC3).

[0109] All of the formulated products were assayed for stability and immunoreactivity
following the above mentioned stability test paradigms.

[0110] EXAMPLE 6: Stabilized Formulations of !*'1-Anti-CD45 1mmunoglobulin BC8
for Dosimetry and Therapeutic Applications.

[0111] The purified product was formulated at once into unit doses for dosimetry and
therapeutic applications. Appropriate aliquots (mCi) of the purified !I-anti-CD45
immunoglobulin were formulated into single doses, each having a 45 mL dose volume. The
radioactivity drawn in the aliquots was calculated for the desired calibration time (CT) of three
days for the therapeutic dose and seven days for the dosimetry dose. A single lot of purified '*!I-
BC8 was used to make a combination of single unit dosimetry and therapeutic doses.

[0112] To make a dosimetry dose formulation, a 6 to 12 mCi aliquot (for CT of seven
days) was formulated to' a 50 mL dose volume, by combining it with appropriate amounts of
"cold" (i.e., unlabeled) anti-CD45 immunoglobulin (35 mg final amount of the combined labeled
and unlabeled antibody fractions in 45 mL dose volume for a 70 kg subject), 2.5% (w/v)
ascorbic acid and 2% (w/v) PVP. A 45 mL portion was filled in the dose vial. The remaining 5
mL was filled in a vial designated for QC tests. After formulation, the doses can be stored at -
20°C for up to seven days for use within this time period. For human administration, a dose
received at 20°C could be allowed to stand at room temperature for one to two hours to thaw it.
It may then be infused into the patient within the next 22 hours.

[0113] The therapeutic dose formulations were made patient-specific both in terms of
dose-associated radioactivity and the amount of the anti-CD45 immunoglobulin. The
radioactivity dose amount as prescribed by the clinical investigator was formulated by matching
it with the calculated amount of total anti-CD45 immunoglobulin (cold anti-CD45
immunoglobulin plus '*'I-radiolabeled anti-CD45 immunoglobulin fraction) adjusted for the
weight of the patient to deliver 0.5 mg/kg BC8 antibody dose in a 45 mL dose volume. A
therapeutic dose formulation was also adjusted to a final 2.5% (w/v) ascorbic acid and 2% (w/v)
PVP. Using these parameters, a 50 mL volume of the therapeutic dose was made, of which 45

mL are transferred to a dose vial. The remaining 5 mL of the formulation is placed in a vial
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designated for QC tests. The formulated dose could be stored at -20 °C for up to three days for
administering within this period. A dose received by the clinical site at -20 °C could be allowed
to stand at room temperature for one to two hours to thaw it. It may then be infused into the
patient within next 22 hours.

[0114] EXAMPLE 7: Analytical methods for testing the stability of *'1-anti-CD45-
Immunoglobulin BCS.

[0115] The radiochemical purity and immune-reactivity of the '*!1-labeled BCS are two
important measurable analytical parameters that determine its suitability for clinical use as a
dosimetry agent and a therapeutic agent. Various analytical methods employed to establish these
requirements are described herein.

[0116] (A) Radiochemical Incorporation by Instant Thin-Layer Chromatography (iTLC).

[0117] Silica-impregnated iTL.C strips of dimension 10.5 x 1.0 cm (Gelman Sciences Inc.,
Ann Arbor, MI; or Varian ITLC-SG; SG10001) were employed for this test. Each strip was
marked with pencil lines at 1.5, 6.0 and 6.5 cm from one edge. The strip was spotted on the 1.5-
cm line with about 25-50 uCi of the !*'I-BC8 preparation (generally, 1-5 uL). The strip was then
setin a 15-mL plastic centrifuge tube containing about 2 mL of normal saline (or PBS buffer, or
sodium acetate buffer) to serve as the mobile phase. The iTLC strip was developed until the
mobile saline phase had reached the top of the strip. The strip was taken out of the tube and cut at
the 6.0- and 6.5-cm lines. The activities of the top, middle and bottom sections were measured in
a dose calibrator. The radiochemical incorporation of '*!1 to the immunoglobulin protein was
calculated as the activity of the bottom section divided by the total activity in all three sections.
The acceptance criterion was RCP > 90%. Significant (> 5%) activity in the middle section

would be indicative of streaking and require a re-test.

(Bottom counts)
(Bottom + Middle + Top count)

Radiochemical incorporation (%) =

[0118] For the purified *'I-anti-CD45-immunoglobulin preparations, this method showed
98-100% of the radioiodine in the immunoglobulin with an almost immeasurable amount of
radioactivity in the top half of the iTLC strip. The free *!, if present, is carried to the top of the
strip by the mobile phase. This test, therefore, routinely established that during the purification of
the "'I-anti-CD45 immunoglobulin by desalting chromatography immediately following the

radio-iodination reaction, the free iodine was effectively removed from the labeled product.

-19 -

Date Recue/Date Received 2022-12-05



[0119] (B) Radiochemical Purity Test (RCP) by Size Exclusive Chromatography-High
Pressure Liquid Chromatography (SEC-HPLC).

[0120] The HPLC-SEC assay was performed using a YMC-pack-Diol 200 column, using
a 50 mM phosphate, 150 mM NaCl mobile phase at pH 7.2 and a flow rate of 0.5 mL/min. The
column was first rinsed with 10 mM phosphate, pH 7.0 for at least 60 minutes. It was then
equilibrated with the mobile phase for another 60 minutes before injection of the sample.
Samples were run for 45 minutes, with blanks (water) injected between each sample to ensure
there was no overlap of peaks from one sample to the next. A reference standard was also tested
to compare the main peak elution time.

[0121] The SEC using this column allows for the separation of the !-anti CD45
immunoglobulin protein into the product (monomeric) and aggregated fractions, in addition to the
free unconjugated radio-iodine and other smaller protein degradation fragments. The
radiochemical purity of *!I-anti-CD45 immunoglobulin using HPLC-SEC is obtained using an
in-line flow gamma radioactivity detector. A typical profile is shown in FIG. 9.

[0122] The data for a typical run were obtained as the % radioactivity associated with the
Bllanti CD45-immunoglobulin product (monomer), the high molecular weight species or

1311, For the purified *'1-anti CD45-immunoglobulin

aggregated protein, and the free-
preparations, this method consistently showed (a) >95% monomer peak corresponding to the
desired labeled product; (b) <5% aggregates; and (c) <5% of low molecular-weight impurities,
including the free *'i. A comparison of these three critical quality attributes among various
formulations and stability conditions was made to understand the effectiveness of a formulation
and its stability over a period of time and temperature conditions.

[0123] (C) Immunoreactivity Assays.

[0124] In these assays, Raji, Ramos, or CytoTrol (Beckman Coulter) cells expressing cell
surface CD45 antigen were used to determine specific binding of *!I-anti-CD45-immunoglobulin
to CD45 antigen-positive cells. The CytoTrol cells were lyophilized human lymphocytes isolated
from peripheral blood that exhibit CD45 surface antigen and were preferred due to their
commercial availability (Beckman Coulter) and consistency.

[0125] (i) Direct binding assay: An aliquot of the '*'I-anti-CD45 immunoglobulin was
diluted to 30 ng/mL. A 2-mL micro-centrifuge vial was charged with 100 pL of cells (2.5 x 107
CytoTrol cells) and 150 pL of the diluted *!1-anti-CD45 immunoglobulin (4.5 ng protein). For
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the measurement of total activity termed "Applied Total", another vial was charged with only the
BIL.BCS solution (150 pL). The assay was performed in triplicate. The cell-protein mixtures
were incubated on a rocker at 37°C for one hour, and then centrifuged at 2,000 rpm for two
minutes. A specific volume of the supernatant from each vial (188 uL) was transferred by pipette
to empty micro-centrifuge vials. The activity in each vial of supernatant (as well as in the
"Applied Total" vials) was measured with a Nal well counter (Capintec), counting each vial for

one minute. The % binding of *'112/5/2022-BCS8 to CytoTrol cells was then calculated as:

(Applied Total acttvtty)m(»;»)(supemammt activity])
(Applied Total activity)

Binding (%) =

A >70% specific binding was considered an acceptable level of immunoreactivity for the
BI_radiolabeled product.

[0126] (ii) ELISA competition assay: A cell basis ELISA competition assay was also used
to measure *!I-anti-CD45-immunoglobulin BC8 binding affinity to CytoTrol cells. In this assay,
various concentrations of *'I-anti-CD45-immunoglobulin were made to compete with the
binding of a fixed concentration of CD45-FITC antibody to the CytoTrol cells. The CD45-FITC
antibody is a fluorescein isothiocyanate (FITC)-labeled monoclonal antibody that reacts with all
isoforms of human CD45. The increasing concentrations of '*!I-anti-CD45-immunoglobulin
displaced the CD45-FITC bound to CytoTrol cells. The binding activity was then measured in
terms of fluorescence of CD45-FITC bound on CytoTrol cells. The immunoreactivity of *'I-anti-
CD45-immunoglobulin was defined as the concentration of '*!I-anti-CD45-immunoglobulin at
which >80% cell binding of CD45-FITC antibody to CytoTrol cells was displaced.

[0127] (iii) Flow Cytometry Assay: A Flow Cytometry assay can also be used to evaluate
the immunoreactivity of the *!I-anti-CD45-immunoglobulin formulations. The specific binding
to the CD45 cell surface antigen (on CytoTrol or Raji Cells) was measured in terms of an
arithmetic mean, geometric mean, or median fluorescence intensity (MFI). The MFI should
demonstrate radiolabeled anti-CD45-immunoglobulin binding: >50% of the positive control
antibody with known binding ability. The positive control antibody in this assay could be the
native (unlabeled) anti CD45-immunoglobulin.

[0128] EXAMPLE 8: Stability studies on a 100 mCi "*'I-anti-CD45-immunoglobulin
formulated with (w/v) 2.5% ascorbic acid, 4% HSA and 2% PVP.
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[0129] A 100 mCi aliquot of the initial labeled product containing 2.5% ascorbic acid and
4% HSA (prepared by the methods of Examples 4 and 5) was stored frozen at -20°C for three
days, thawed and assayed according to methods of Example 7. It was then formulated to include
2% PVP and stored at -20°C for three days, then thawed, assayed and left at ambient temperature
for one day. Day 7 assays were also performed for comparisons.

[0130] The assay results shown in FIG. 5 describe a very high stability of the labeled and
formulated product and resistance to degradation by two freeze/thaw cycles during the entire
stability testing process. The monomeric protein bound activity at all the test points over the
entire seven-day period, which include the terminal day 7 at room temperature, were well over
90% with acceptable immunoreactivity of >80%. The aggregates (HMWS) and the Free-1
(LMWS) were also well contained; <3% and <4.5% respectively. Considering the half-life of *'I
(8.02 days), these 7-day stability results are remarkable for the exemplary excipient-stabilized
formulation.

[0131] EXAMPLE 9: Stability testing of three therapeutic dose formulations using (w/v)
2.5% ascorbic acid and 2% PVP for over a 4-day period .

[0132] Aliquots (895, 1,133 and 1,182 mCi) from 1,000 to 3,000 scale labeling runs
performed according to the methods of Example 3, or Examples 3 and 4 combined, were
formulated with 2% (w/v) PVP. Table 1 details these individual therapeutic dose formulations
and stability testing results using a protocol of 3-day storage at -20°C followed by an additional
day at room temperature. The stability-indicating assays were performed according the methods
of Example 7. All the test results at the end of day 4 showed >90% monomeric product fraction
with a maximum of 6.21% of Free-I and 3.3% aggregates, signifying high stability of the product.
The immunoreactivity of >75% at the day 4 time point was also excellent. FIG. 6 shows

histograms of the 1,133 mCi therapeutic formation of this set.
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Table-1: Summary of key stability parameters of therapeutic dose formulations studied

Formulation

excipient me 1R (% Cell Binding) SEC-HPLC
Label- T=0- |, TeQ- Te0-
ing | Therapeutic | an | pvp | HsA 3day | B 3day | O3 3day | TRV
Batch Formulation | e | o % |70 |a ydat | T=0 | o 4at at 4at

20c | T 20c_| *T 20c | *T
1,000 |8ssmci - Prod. 9647 | 94.27 | 92.83
mci formulation | 2.5 | 2 ) 9964 | 9893 | 9799 | 833 | 791 | 788 |Free 125 | 338 |5.05
Run-3 Aggr. 228 |235 | 213
3000 | 182mei- Prod.  96.68 | 92.83 | 92.47
mci Th-A 2512 - 99.60 | 98.90 | 98.80 | 809 | 80.8 | 759 |Free 134 |3.89 | 559
formulation

Run-4 ‘ Aggr. 218 [ 328 | 194
3,000 | 1133 mei Prod. 9686 | 93.94 | 9121
mCi Th-B: 252 2% | 9959 | 9830 | 9830 | 832 [ 799 | 762 | Free 1.07 {372 |62
Run-4 | formulation Aggr. 206 | 234 | 2.57

AA — acetic acid; PVP ~ polyvinylpyrrolidone; HSA — human serum albumin

AA - acetic acid; PVP - polyvinylpyrrolidone; HSA - human serum albumin

[0133] EXAMPLE 10: Stability testing of seven dosimetry dose formulations using
(W/v) 2.5% ascorbic acid and 2% PVP for up to an 8-day period.

[0134] Seven 11 to 18 mCi aliquots from 300 to 3,000 scale labeling runs performed
according to the methods of Example 3 or Example 3 and 4 combined were formulated with
2% (w/v) PVP. Table 2 describes these individual dosimetry dose formulations and stability
testing results using a protocol of 3- or 7-day storage at -20°C followed by an additional day at
room temperature. The stability-indicating assays were performed according the methods of
Example 7. All test results at the end of day 4 or day 8 showed >95% monomeric product
fraction with a maximum of 2.8% of Free-I and 2.7% aggregates, signifying high stability of the
formulated product. The immunoreactivity of >75% at the day 4 time point and >70% at day 8
time point was also well within acceptable range. FIG. 7 shows histograms of the 13.78 mCi

dosimetry dose formation of this set as a representative example.

-23 .
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Table-2: Summary of key stability parameters of dosimetry dose formulations studied
Formulation
jonst e IR (% Cell Binding) SEC-HPLE
ﬁmm =0 | Telh | Ta =07
Dosimetry | AA | PVP | HSA 7 day o | Tday | day ‘ Teday B
Label | cormulation | % 1% (% | ™™ |a |93 |"0 |0 |8a T=0 dayat | iRr
ing 20c | MRT 20c | &r -20¢
batch ,
we | AT Prod, 9550 | 9599 952
mCi | formulstion | oo 1y 14 |oseo | 9098 | 9839 | 853 [se1 | 770 [Free 270 | 285 | 211
Aggr. 270 | 236 169
300 B~ 18 mli Prod.  97.50 o565 9561
mcl | formulation | o 1y 14 |eseo |eovm | 98s3 |ss3 |soa | 722 [Free 106 | 207 2.28
Aggr. 144 | 228 241
300 12 mii Prod. 9685 | 97.26 Y647
mCi formulation
25 |2 |4 o685 | 9726 | 9647 | 779 [ 788 |76 |Free 132 | 129 199
Aggr. 182 | 148 154
1,000 | A=~ 11.56 mei 9639 | 96.54
mii formulation 98.91 | 9883 809 TrA Prod.  96.88 [21] {4
542 |- 9975 ﬁ%’% a“,’;‘;“ 838 | gy | (aa) | Free 092 | 125(d3) | 1.81(da}
Aggr. 220 | 2.36(d3) | 1.65 (04}
1,000 | B-11.28 mti Prod, 9688 | 9611 | MNa
mci | formulation | 55 | 5 99,75 | 96.08 | na 88 {77 | m [mee 082 | 143 Ha
Aﬁm 220 | 247 Na
3,000 | Ds-A-15.03 Prod. 9668 | O | o564
mei | mei , rod. ! 83) (d4)
formulation 5 | 880 | 9B3 8L | BOT | Free 125 | 1.58(d3) | 1.33{d4)
5 12 9897 | o lian 1804 | @a | oa
Aggr. 208 | 2.41(d3} | 2.07(d4}
3,000 | DB 13.78 9688 | 96.76
mG | me N Prod. 9688 | g | an)
formulation | 25 | 2 . 9897 | 9772 | 9702 | 804 | oo | o | Feee 125 | 185(d6) | 141(07)
Aggr. 208 | 1.26(d6) | 182147}
RT is room temperature, The d3, o4, d6 and 47 stands for day 3 to day 7

[0135] EXAMPLE 11: Stability studies on a 150 mCi '3!I-anti-CD45-immunoglobulin
formulated with (w/v) 2.5% ascorbic acid and 4% HSA as well as 2.5% ascorbic acid, 4%
HSA and 2% PVP.

[0136] A 150 mCi aliquot of the initial labeled product containing 2.5% ascorbic acid

and 4% HSA (prepared using the methods of Examples 3 and 4) was stored frozen at -20°C

for 14 days. It was thawed, assayed using methods of Example 7, and further formulated with

the inclusion of 2% PVP. This fully formulated product was assayed and again deposited at -

20°C for three additional days. It was finally thawed on day 17 and assayed. This entire
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stability study included two freeze-thaw cycles, and the combined 17-day stability period is
more than two half lives of the '*'I isotope.

[0137] The results shown in FIG. 8 underscore the stability of the fully formulated
sample for over 17 days (more than double the eight-day half-life of *'I). The monomeric
protein-bound activity at all the test points over the entire 17-day period was >90%, with an
immunoreactivity of >70%. The aggregate fraction (HMWS) and the Free-I (LMWS) were also
well contained at <1% and <6%, respectively. The immunoreactivity of the sample frozen for 14
days was recorded to be >85%. These assay results for long-term storage of the labeled product
(total 17 days) indicate good overall stability of the labeled product and its resilience to
prolonged freezing for two weeks followed by two thawing cycles.

[0138] EXAMPLE 12: Additional embodiments of *I-BC8 formulations.

[0139] In one embodiment, each *'I-BC8 dosimetric dose contains a volume of 45+1 mL
with 31.5-38.5 mg of BCS8, composed of 1311-labeled BC8 and unlabeled BCS, in a solution of
50 mM sodium phosphate buffered saline (0.9%) (pH 7.0) containing 25 mg/rnl. ascorbic acid,
and 20 mg/mL PVP. The dosimetric dose contains 10 (or 10-15) mCi of *'I-BC8, and is intended
for complete infusion during i.v. administration.

[0140] In another embodiment, each *!1-BC8 therapeutic dose contains a volume of 45+1
mL with 6.66-45.0 mg of BC8, composed of *'I-labeled BC8 and unlabeled BC8, in a solution of
50 mM sodium phosphate buffered saline (0.9%) (pH 7.0) containing 25 mg/mL ascorbic acid,
and 20 mg/mL PVP. The therapeutic dose contains 200-1,350 mCi of *I-BC8, depending on
patient-specific needs, and is intended for complete infusion during i.v. administration. The
therapeutic dose does not exceed a ratio of 30:1 of mCi to mg of antibody.

[0141] The therapeutic dose activity level is calculated based on gamma camera images
following the dosimetric administration using Medical Internal Radiation Dose (MIRD) method
and Organ Level Internal Dose Assessment (OLINDA) software to calculate absorbed dose per
unit of administered activity to project levels not exceeding 24Gy of activity to any normal organ
and 48Gy of activity to the bone marrow.

[0142] In one embodiment of these *'I-BC8 formulations (i.e., doses), the formulations
are prepared and stored in the form of batches, whereby each batch is ultimately divided into
individual doses. So, for example, one batch might contain between 1-2 Ci, 1-3 Ci, 2-3 Ci, 1-4
Ci, 2-4 Ci, 1-5 Ci, 2-5 Ci, 3-5 Ci, 4-5 Ci, 1-10 Ci, 2-10 Ci, 3-10 Ci or 5-10 Ci. In a 3 Ci batch, for

-25.
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example, the molar ratio of '*I to antibody is 0.28, the molar ratio of ascorbate to > is 53.83,
and the molar ratio of ascorbate to antibody is 415.64. In a 2 Ci batch, for example, the molar
ratio of 131 to antibody is 0.18, the molar ratio of ascorbate to *'I is 80.74, and the molar ratio of
ascorbate to antibody is 277.09. By way of further example, in a 3 Ci batch, the molar ratio of
ascorbate to 1*'I is below 60, below 55, below 50, below 45, below 40, below 35, below 30,
below 25 or below 20; and/or the molar ratio of ascorbate to antibody is below 500, below 450,
below 400, below 350, below 300, below 250 or below 200.
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CLAIMS

1. An aqueous composition comprising;:

a radiolabeled monoclonal antibody against CD45, wherein the radiolabeled
antibody comprises a heavy chain having complementarity determining regions
with amino acid sequences as set forth in SEQ ID NOS:6-8,

a light chain having complementarity determining regions with amino acid
sequences as set forth in SEQ ID NOS:3-5,

0.5% to 5.0% (w/v) of ascorbic acid, and

0.5% to 4.0% (w/v) of polyvinylpyrrolidone (PVP).

2. The composition of claim 1, wherein the radiolabeled antibody comprises a

radiolabel selected from 1, 2°Y, ""Lu, ¥Re, or !¥*Re.

3. The composition of claim 1, further comprising 0.5% to 5.0% (w/v) of human
serum albumin (HSA).
4. The composition of any one of claims 1 to 3, wherein the heavy chain of the

radiolabeled antibody comprises an N-terminal region with the amino acid
sequence as set forth in SEQ ID NO:12.

5. The composition of any one of claims 1 to 4, wherein the heavy chain of the
radiolabeled antibody comprises the amino acid sequence as set forth in SEQ ID
NO:14.

6. The composition of any one of claims 1 to 5, wherein the composition further
comprises non-radiolabeled antibody against CD45, wherein the non-radiolabeled

antibody against CD45 is the same as the radiolabeled antibody against CD45.

7. An aqueous composition comprising;:

a radiolabeled antibody against CD45, and
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0.5% to 5.0% (w/v) ascorbic acid and 0.5% to 5.0% (w/v)
polyvinylpyrrolidone (PVP), wherein the radiolabeled antibody comprises:

a heavy chain comprising complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and SEQ ID
NO:8, and

a light chain comprising complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ ID
NO:5.

8. The composition of claim 7, wherein the radiolabeled antibody comprises a

radiolabel selected from 1311, *°Y, 7Ly, #Re, or !#Re.

9. A method for preparation of a stabilized radiotherapeutic composition for

administration to a subject, the method comprising:

radiolabeling an anti-CD45 IgG monoclonal antibody comprising a light
chain comprising light chain complementarity determining regions 1 through 3
respectively having the amino acid sequences set forth in SEQ ID NO:3, SEQ ID:
NO:4 and SEQ ID NO:5 and a heavy chain comprising heavy chain
complementarity determining regions 1 through 3 respectively having the amino
acid sequences set forth in SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO: 8 with
B11 t0 form an '3'I-labeled anti-CD45 IgG monoclonal antibody,

purifying the !*'I-labeled anti-CD45 IgG monoclonal antibody in the
presence of ascorbic acid, and

supplementing the purified !*'I-labeled anti-CD45 IgG monoclonal
antibody with polyvinylpyrrolidone (PVP),

wherein the stabilized radiotherapeutic composition comprises 0.5-5.0%
(w/v) ascorbic acid and 0.5-5.0% (w/v) PVP.

10.  The method of claim 9, wherein the stabilized radiotherapeutic composition further

comprises a non-radiolabeled anti-CD45 IgG monoclonal antibody.

-20.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

The method of claim 10, wherein each of the non-radiolabeled anti-CD45 IgG
monoclonal antibody and the *'I-labeled anti-CD45 IgG monoclonal antibody are

the same.

The method of any one of claims 9 to 11, wherein the composition further

comprises 0.5% to 5.0% (w/v) of human serum albumin (HSA).

The method of any one of claim 9 to 12, wherein the composition comprises 25
mg/mL ascorbic acid, 20 mg/mL PVP, and 50 mM sodium phosphate buffered
saline (0.9%) (pH 7.0).

The method of any one of claims 9 to 13, wherein the subject is afflicted with a

hematological malignancy.

The method of claim 14, wherein the hematologic malignancy is selected from the
group consisting of acute myeloid leukemia, myelodysplastic syndrome, acute

lymphoblastic leukemia, Hodgkin's disease and non-Hodgkin’s lymphoma.

The method of claim 14, wherein the hematological malignancy is acute myeloid
leukemia, and the subject is a human subject with relapsed or refractory acute

myeloid leukemia and at least 55 years old.

The method of claim 11, wherein the stabilized radiotherapeutic composition
comprises 6.66-45.0 mg of the !I-labeled anti-CD45 IgG monoclonal antibody
and the non-radiolabeled anti-CD45 IgG monoclonal antibody together, which
provides 100-1500 mCi of the '*!I-labeled anti-CD45 IgG monoclonal antibody.

The method of claim 17, wherein the therapeutic dose does not exceed a ratio of

30:1 of mCi 1 to mg of the anti-CD45 IgG monoclonal antibody.

The method of claim 11, wherein the stabilized radiotherapeutic composition

comprises a patient specific amount of 0.5mg/kg patient weight of the '3!I-labeled
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20.

21.

22.

23.

24.

anti-CD45 IgG monoclonal antibody and the non-radiolabeled anti-CD45 IgG
monoclonal antibody together, which provides 100-1500 mCi of the *!I-labeled of
the anti-CD45 IgG monoclonal antibody.

A method for stabilizing a radiotherapeutic composition, the method comprising:
preparing an *!I-labeled anti-CD45 IgG monoclonal antibody comprising
a light chain comprising light chain complementarity determining regions 1 through
3 respectively having the amino acid sequences set forth in SEQ ID NO:3, SEQ ID:
NO:4 and SEQ ID NO:5 and a heavy chain comprising heavy chain
complementarity determining regions 1 through 3 respectively having the amino
acid sequences set forth in SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO: 8, and
supplementing the '3!I-labeled anti-CD45 IgG monoclonal antibody with
0.5-5.0% (w/v) ascorbic acid and 0.5-5.0% (w/v) polyvinylpyrrolidone (PVP) to

form the radiotherapeutic composition.

The method of claim 20, wherein the radiotherapeutic composition comprises 25
mg/mL ascorbic acid, 20 mg/mL PVP, and 50 mM sodium phosphate buffered
saline (0.9%) (pH 7.0).

The method of claim 20 or 21, wherein the stabilized radiotherapeutic composition

further comprises a non-radiolabeled anti-CD45 IgG monoclonal antibody.

The method of claim 22, wherein each of the non-radiolabeled anti-CD45 IgG
monoclonal antibody and the *'I-labeled anti-CD45 IgG monoclonal antibody are

the same.

The method of claim 23, wherein the radiotherapeutic composition comprises 6.66-
45.0 mg of the P*'I-labeled anti-CD45 IgG monoclonal antibody and the non-
radiolabeled anti-CD45 IgG monoclonal antibody together, which provides 100-
1500 mCi of the'*'I-labeled of the anti-CD45 IgG monoclonal antibody.
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25.  The method of claim 23, wherein the radiotherapeutic composition is configured as
a therapeutic dose for administration to a subject having a hematological
malignancy selected from the group comnsisting of acute myeloid leukemia,
myelodysplastic syndrome, acute lymphoblastic leukemia, Hodgkin's disease and

non-Hodgkin’s lymphoma.

26.  The method of claim 25, wherein the hematological malignancy is acute myeloid
leukemia, and the subject is a human subject with relapsed or refractory acute

myeloid leukemia and at least 55 years old.

27. A method for preparation of a stabilized radiotherapeutic composition, the method

comprising:

preparing an *!I-labeled anti-CD45 IgG monoclonal antibody comprising
a light chain comprising light chain complementarity determining regions 1 through
3 respectively having the amino acid sequences set forth in SEQ ID NO:3, SEQ ID:
NO:4 and SEQ ID NO:5 and a heavy chain comprising heavy chain
complementarity determining regions 1 through 3 respectively having the amino
acid sequences set forth in SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO: §; and

supplementing the '3!I-labeled anti-CD45 IgG monoclonal antibody with
0.5-5.0% (w/v) ascorbic acid and 0.5-5.0% (w/v) polyvinylpyrrolidone (PVP) to
form the stabilized radiotherapeutic composition,

wherein the stabilized radiotherapeutic composition is configured as a
therapeutic dose for administration to a human subject having a hematological
malignancy,

wherein the stabilized radiotherapeutic composition comprises 6.66-45.0
mg of the "!I-dabeled anti-CD45 IgG monoclonal antibody and the non-
radiolabeled anti-CD45 IgG monoclonal antibody together, which provides 100-
1500 mCi of the *'I-labeled anti-CD45 IgG monoclonal antibody, and

wherein the stabilized radiotherapeutic composition is greater than 90%

stable for at least four (4) days at -20°C.
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28.  The method of claim 27, wherein the hematologic malignancy is selected from the
group consisting of acute myeloid leukemia, myelodysplastic syndrome, acute

lymphoblastic leukemia, Hodgkin's disease and non-Hodgkin’s lymphoma.

29. A use of an aqueous composition comprising:

a radiolabeled monoclonal antibody against CD45, the antibody comprising
immunoglobulin heavy chain complementarity determining regions having
the amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and
SEQ ID NO:8, and
immunoglobulin light chain complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ
ID NO:5; and

0.5% to 5.0% (w/v) of each of at least two excipients selected from the group

consisting of ascorbic acid, polyvinylpyrrolidone (PVP), human serum albumin

(HSA), and a water-soluble salt of HSA,

in the treatment of a hematological malignancy in a human subject.
30.  The use of claim 29, wherein the aqueous composition comprises:
0.5% to 5.0% (w/v) ascorbic acid, and

0.5% to 5.0% (w/v) polyvinylpyrrolidone (PVP).

31.  The use of claim 30, wherein the aqueous composition further comprises 0.5% to
5.0% (w/v) of HSA.

32.  The use of any one of claims 29-31, wherein the aqueous composition comprises

2.5% (w/v) of ascorbic acid.

33.  The use of any one of claims 29-32, wherein the aqueous composition has a pH of

7 and comprises 50 mM sodium phosphate buffered saline.
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34.

35.

36.

37.

38.

39.

40.

41.

42.

The use of any one of claims 29-33, wherein the radiolabeled antibody against
CD4S5 is radiolabeled BCS.

The use of any one of claims 29-34, wherein the aqueous composition further

comprises a non-radiolabeled monoclonal antibody against CD45.

The use of claim 35, wherein the non-radiolabeled monoclonal antibody is

non-radiolabeled BCS.

The use of any one of claims 29-36, wherein the hematological malignancy is acute
myeloid leukemia, myelodysplastic syndrome, acute lymphoblastic leukemia,

Hodgkin's disease, or non-Hodgkin’s lymphoma.

The use of claim 37, wherein the hematological malignancy is acute myeloid

leukemia.

The use of claim 38, wherein the acute myeloid leukemia is relapsed or refractory

acute myeloid leukemia.
The use of claim 39, wherein the aqueous composition is for use in the treatment
of relapsed or refractory acute myeloid leukemia in a human subject at least 55

years old.

The use of any one of claims 29-40, wherein the radiolabeled monoclonal antibody
against CD45 is radiolabeled with 3!, 20y, 7Ly, '%6Re, or !%Re.

The use of claim 41, wherein the radiolabeled monoclonal antibody against CD45
is radiolabeled with 1.
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43.  The use of any one of claims 29-42, in advance of and in conjunction with the
human subject receiving a bone marrow transplant for the treatment of the

hematological malignancy.

44.  The use of any one of claims 29-42, wherein the aqueous composition comprises a

pharmaceutically acceptable carrier.

45. A use of an aqueous composition comprising:

(i) a *'I-labeled monoclonal antibody against CD45, comprising
immunoglobulin heavy chain complementarity determining regions having
the amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and
SEQ ID NO:8, and
immunoglobulin light chain complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ
ID NO:5;

(i) a non-radiolabeled monoclonal antibody against CD45, comprising
immunoglobulin heavy chain complementarity determining regions having
the amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and
SEQ ID NO:8, and
immunoglobulin light chain complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ
ID NO:5;

(111) 25 mg/mL ascorbic acid;

(iv) 20 mg/mL polyvinylpyrrolidone (PVP); and

(v) 50 mM sodium phosphate buffered saline,

wherein the composition has a pH of 7.0,
in the treatment of a hematological malignancy in a human subject, wherein the
hematological malignancy is acute myeloid leukemia, myelodysplastic syndrome, acute

lymphoblastic leukemia, Hodgkin's disease or non-Hodgkin’s lymphoma.

46. The use of claim 45, wherein the aqueous composition consists of:
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47.

48.

49.

50.

(i) a P*'I-labeled monoclonal antibody against CD45, comprising
immunoglobulin heavy chain complementarity determining regions having
the amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and
SEQ ID NO:8, and
immunoglobulin light chain complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ
ID NO:5;

(i) a non-radiolabeled monoclonal antibody against CD45, comprising
immunoglobulin heavy chain complementarity determining regions having
the amino acid sequences as set forth in SEQ ID NO: 6, SEQ ID NO:7, and
SEQ ID NO:8, and
immunoglobulin light chain complementarity determining regions having the
amino acid sequences as set forth in SEQ ID NO: 3, SEQ ID NO:4, and SEQ
ID NO:5;

(1ii) 25 mg/mL ascorbic acid;

(iv) 20 mg/mL polyvinylpyrrolidone (PVP); and

(v) 50 mM sodium phosphate buffered saline,

wherein the composition has a pH of 7.0.

The use of claim 45 or 46, wherein the hematological malignancy is acute myeloid

leukemia.

The use of claim 47, wherein the acute myeloid leukemia is relapsed or refractory

acute myeloid leukemia.

The use of claim 48, wherein the human subject is at least 55 years old.

The use of any one of claims 45-49, wherein
the *'I-labeled monoclonal antibody is an IgG monoclonal antibody, and
the non-radiolabeled monoclonal antibody against CD45 is an IgG monoclonal

antibody.
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51.  The use of any one of claims 45-49, wherein
the *'I-labeled monoclonal antibody against CD45 is *'I-labeled BCS, and
the non-radiolabeled monoclonal antibody against CD45 is non-radiolabeled BCS.

52.  The use of any one of claims 45-51, in advance of and in conjunction with the
human subject receiving a bone marrow transplant for the treatment of the

hematological malignancy.

53.  The method of any one of claims 11-28, wherein:
the non-radiolabeled anti-CD45 IgG monoclonal antibody is a BC8 monoclonal
antibody, and
the *I-labeled anti-CD45 IgG monoclonal antibody is a !*'I-labeled BC8

monoclonal antibody.
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FIG. 1

Variable Light | DIALTQSPASLAVSLGQRATISCRASKSVSTSGYSYLHWYQOKPGOPPKLLIYLAS
Chain (VL) NLESGVPARFSGSGSGIDFTLNIHPVEEEDAATYYCQHSRELPFTFGSGTKLEIR

(Sequence ID No: 1)

Variable Heavy | EVKLLESGGGLVQPGGSLKLSCAASGFDFSRYWMSHVROAPGKGLEWIGEINPTSS
Chain (VH) TINFTPSLKDKVFISRDNAKNTLYLQMSKVRSEDTALYYCARGNYYRYGDAMDYWG
QGTSVTVSSAK

(Sequence ID No: 2)

FIG.2
The Light Chain CDRs:
LC-CDR-1; RASKSVSTSGYSYLH (Sequence 1D NO:3)
LC-CDR-2; LASNLES {Sequence ID NO:4)
LC-CDR-3: QHSRELPFT (Sequence ID NO:5)
The Heavy Chain CDRs:
HC-CDR-1: GFDFSRYWMS {Sequence 1D NO:6)
HC-COR-2: EINPTSSTINFTPSLKD {Sequence ID NO:7)
HC-CDR-3: GNYYRYGDAMDY (Sequence ID NO:8)
The Light Chain N-term: DIALTQS (Sequence ID NO:11)
The Heavy Chain N-term: EVKLLES (Sequence ID NO:12)
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FIG. 3

l ' Leader Sequence

M E T D T L L L W v L L L W \'
1 ATG GAG ACA GAC ACA CTC CIG TTA TGG GTA CTG CTG CTC TGG GTT

Leader Sequence | FR1

p G S T G D I A L T Q 8 P A 5
46 CCA GGT TCC ACT GGT GAC ATT GCG CTG ACA CAG TCT CCT GCT TCC

FRI1 | cpR1

L A \Y% S L G Q R A T I S C R A
91 TTA GCT GTA TCT. CTG GGA CAG AGG GCC ACC ATC TCA TGC AGG GCC

CDR1 |  Fr2

S K S v S T S G Y S Y L H W Y
136 AGC AAA AGT GTC AGT ACA TCT GGC TAT AGT TAT CTG CAC TGG TAC

FR2 | cpRr2

Q Q K P G Q P P K L L I Y L A
181 CAA CAG ARAR CCA GGA CAG CCA CCC AAAR CTC .CTC ATC TAT CTT GCA

CDR2 | FR3

S N L E S G v P A R F S G S G
226 TCC AAC CTA GAA TCT GGG GTC CCT GCC AGG TTC AGT GGC AGT GGG

FR3

S G T D F T L N I H P v E E E
271 TCT GGG ACA GAC TTC ACC CTC AAC ATC CAT CCT GTG GAG GAG GAG

FR3 | CDR3

D A A T Y Y c Q H S R E L P F
316 GAT GCT GCA ACC TAT TAC TGI CAG CAC AGT AGG GAG CIT CCA TTC

CDR3 | FR4 | . C kappa

T F G S G T K L E I K R A D A
361 ACG TTC GGC TCG GGG ACA AAG TTG GAA ATA AAA "CGG GCT GAT GCT

C kappa

A p T v S I F P P S 5 E Q L T
406 GCA CCA ACT GTA TCC ATC TTC CCA CCA TCC AGT GAG CAG TTA ACA

C kappa

S G . G A S v v c F L N N F Yy P
451 TCT GGA GGT GCC TCA GTC GIG TGC TTC TTG AARC AAC TTC TAC CCC

C kappa

K D I N \ X 1) K I D G S E R Q
496 AAA GAC ATC AAT GTC AAG TGG AAG ATT GAT GGC AGT GAA CGA CAA

C kappa

N GV L N S W T D Q D S K D S
541 AAT GGC GTC CTG AAC AGT TGG ACT GAT CAG GAC AGC RAAR GAC AGC
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T
586 ACC

Y S M S
TAC AGC ATG AGC

S T L T L T
AGC ACC CTC ACG TIG ACC

C kappa

K D E Y
AAG GAC GAG TAT

631 GAA

R H N S
CGA CAT AAC AGC

Yy T ¢ E A T
TAT ACC TGT GAG GCC ACT

C kappa

H - K T S
CAC AAG ACA TCA

| stop

T
676 ACT

S P I v
TCA CCC ATT GTC

K 3 F N R N
AAG AGC TTC AAC AGG AAT
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FIG. 4
| Leader Sequence
‘M D F G L I F F I v A L L K G
1 ATG GAT TTT GGG CTG ATT TTT TTT ATT GTT GCT CTT TTA AAA GGG
Leader Seq. I FR1
v Q c E \Y K L L E S G G G L v
46 GTC CAG TGT GAG GIG AAG CTT CTC GAG TCT GGA GGT GGC CTIG GIG
FR1 :
0 P G G S L X L S o A A S G ¥
91 CAG CCT GGA GGA TCC CTG AAA CIC TCC TGT GCA GCC TCA GGA TIC
FR1 'CDR1 | FR2
D F S R Y W M 3 W \ R Q A P G
136 GAT TTC AGT AGA TAC TGG ATG AGT TGG GTC CGG CAG GCT CCA GGG
FR2 | CDR2
K G L E W I G E T N P T S S T
181 AAA GGG CTA GAA TGG ATT GGA GAG ATT AAT CCA ACT AGC AGT ACG
CDR2 | FR3
I N F T P 5 L K D K v F I S R
226 ATA AAC TTT ACG CCA TCT CTA AAG GAT AAA GTC TTC ATC TCC AGA
FR3
D N A K N T L Y L Q M S K A R
271 GAC AAC GCC AAAR AAT ACG CTG TAC CTG CAA ATG AGC AAA GTIG AGA
FR3 | CDR3
5 E D T A L Y Y c A R G N Y Y
316 TCT GAG GAC ACA GCC CTT TAT TAC TGT GCA AGA GGG AAC TAC TAT
CDR3 | FR4
R Y G D A M D Y W G Q G T S V'
361 AGG TAC GGA GAT GCT ATG GAC TAC TGG GGT CAA GGA ACC TCA GIC
FR4 | Constant region
T \Y S S A K T T P P 5 v Y P L
406 ACC GTC TCC TCA GCC AARA ACG ACA CCC CcA 1ICT GIC TAT CCA CTG
Constant region
A P G S A A Q T N S M \ T L G
451 GCC CCT GGA TCT GCT GCC CAA ACT AAC TCC -ATG GIG ACC CTG GGA
Constant region
(o} L \Y4 K G Y F P E p \) T v T W
496 TGC CTG GTC AAG GGC TAT TTC CCT GAG CCA GTG ACA GTG ACC TGG
Constant region
N S G S L S S G \ H T F P A \'%
541 AAC TCT GGA TCC CTG TCC .AGC GGT GTG CAC ACC TTC CCA GCT

Constant region

GTC
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L 0] S D L Y T L S S S \ T \ P
586 CTG CAG TCT GAC CTC TAC ACT CTG AGC AGC TCA GIG ACT CCC TCC

Constant region

S S T W P S E T v T C N A A R
631 AGC ACC TGG CCC AGC GAG ACC GTC ACC TGC AAC GIT GCC CAC CCG

Constant region

P A S S T K v D X K I \ P R D
676 GCC AGC AGC ACC AAG GTG GAC AAG AAA ATT GTG CCC AGG GAT TGT

Constant region

C G c K P C I c T \Y P E v S S
721 GGT TGT AAG CCT TGC ATA TGT ACA GIC CCA GRA GTA TCA TICT GIC

Constant region

v F I F P P K P K D v L T I T
766 TTC ATC TTC CCC CCA AAG CCC AAG GAT GIG CTC ACC ATT ACT CIG

Constant region

L T P K v T C v v v D I S K D
811 ACT CCT AAG GTC ACG TGT GTT GTG GTA GAC ATC AGC AAG GAT GAT

Constant region

D P E \ Q F S W F Y D D v E v
856 CCC GAG GTC CAG TTC AGC TGG TTT GTA GAT GAT GTG GAG GTG CAC

Constant region

H T A Q T Q P R E E Q F N S T
901 ACA GCT CAG ACG CAA CCC CGG GAG GAG CAG TTC AAC AGC ACT TTC

Constant region

F R s v s E L P I M H Q D W L
946 CGC TCA GTC AGT GAA CIT CCC ATC ATG CAC CAG GAC TGG CIC AAT

Constant region

N G K E F K C R™ V N S A A F P
991 GGC AAG GAG TTC ABRA TGC AGG GTC AAC AGT GCA GCT TIC CCT GCC

Constant region

A p I E K T I S K T K G R P K
1036 CCC ATC GAG AAA ACC ATC TCC ARA ACC AAA GGC AGA CCG AAG GCT

Constant region

A P Q v Y T I P P P K E Q ‘M A
1081 CCA CAG GTG TAC ACC ATT CCA CCT CCC AAG GAG CAG ATG GCC AAG

Constant region

K D K \ S L T. o M I T D F F P
1126 GAT AAA GTC AGT CTG ACC TGC ATG ATA ACA GAC TTC TTC CCT GAA

Constant region

E D I T v E W Q W N G Q P A E
1171 GAC ATT ACT GTG GAG TGG CAG TGG BAAT GGG CAG CCA GCG GAG BAAC

Constant region
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N Y K N T Q P I M D T D G S Y
1216 TAC AAG AAC ACT CAG CCC ATC ATG GAC ACA GAT GGC TCT TAC TTC
Constant region .
F v Y S K L N v 0] K S N W E ‘A
1261 GTC TAC AGC AAG CTC AAT GIG CAG AAG AGC AAC TGG GAG GCA GGA
Constant region
. G N T F T c S v L H E G L H N
1306 AAT ACT TTC ACC TGC TCT GTG TTA CAT GAG GGC CTG CAC AAC CAC
Constant region l Stop
H H T E K S L S H S P G K
1351 CAT ACT GAG BAAG AGC CTC TCC CAC TCT CCT GGT AARA TGA
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Variable Light DIALTQSPASLAVSLGQRATISCRASKSVSTSCYSYLHWYQOKPGQPPKLLIYLAS
Chain (VL) NLESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCQHSRELPPTFGSGTKLEIK

(Sequence ID No: 1)

Variable Heavy | EVKLLESGGGLVQPGGS LKLSCAASGFDFSRYWMSWVROAPGKGLEWIGEINPTSS

Chain (VH) TINFTPSLKDKVFISRDNAKNTLYLOMSKVRSEDTALYYCARGNYYRYGDAMDYWG
QGTSVIVSSAK

(Sequence ID No: 2)
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