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ANTI-CD133 MONOCLONAL ANTIBODIES
AND RELATED COMPOSITIONS AND METHODS

PRIOR RELATED APPLICATIONS
[t} The present application claims the benefit of U.S. Provisional Patent Application
Serial No. 62,138,825, filed March 26, 2015, the contents of which is incorporated herein by

reference in s entirety.

FIELD

2} The products and processes described in this document relate to the ficlds of
mmmunology, immunochemisiry, Inumunoassays, screening assays, CD133 studies, cancer
studies, cancer diagnostics, cancer therapies, stem cells, cancer stem cells and other related

fields.

BACKGROUND

{3} CD133, alse known as prominin-] and several other designations, is a
glycoprotein known to be expressed in several types of stem cells, mehuding hematopoietic
stern cells, endothelial progenitor cells and neural stem cells. €133 was found to be present
or enriched in cell populations found in several lumnan solid tumors, such as colon carcinoma,
melanoma and brain tomors {for example, glioblastoma). Currently, CD133 is considered to
be a putative marker for cancer stem cells (CSCs), which are cancer celis possessing stem-
cell like characteristics, namely, an ability to differentiate into multiple-cell types, and the
ability to give rise to new tumors. CD133 protein was found to localize to membrane
protrusions and to be often expressed on adult stem cells. Ouve proposed function for CH133
is maintenance of “stemmess” through suppression differentiation.

{41 Anti-CD133 monoclonal antibodies (mAbs) are an mmportant tool in the arcas of
Ch133 studies and detection, as well as in the arcas of cancer studies, cancer detection,
diagnostics and treatment, and other related ficids.  Avatlable anti-CDD133 monoclonal
antibodies suffer from a number of deficiencies. For example, most of the early published
work in the field of CD133 studies was carried out with monoclonal antibodies recognizing
epitopes of D133 that may have been glycosylated and became undetectable during cell
differentiation. Other known wmonoclonal antibodies did not recognize certain

postiransiationally modified forms of CD133. Some examples of anti-CD133 monoclonal
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antibodies recognized only unglycosylated D133 epitopes, but not their glyveosvlated form
and vice versa. In some other examples, anti-CD133 monoclonal antibodies were shown to
be useful only in a himited range of biological assavs. Accordingly, there 1s a need for anti-
CD 133 monoclonal antibodies that recognize a range of CD133 vanants and isoforms with
high specificity, regardless of the protein’s glycosylation state or other posttranslational
modifications, and are useful inn a variety of applications. There is also a need for methods of

producing such antibodies.

SUMMARY

{5 This document describes novel anti-CD133 monoclonal antibodies having
advantageous properties, such as high specificity and the ability to bind to both givcosylated
and unglveosylated forms of CBI33. The new monoclonal antibodies are suitable for a wide
range of analytical and diagnostic assays and techniques, arc useful in research. analytical
and diagnostic applications, and can be emploved as therapeutic agents. Also described in
this document are products and compositions that nclude the anti-CD133 monoclonal
antibodies, methods (processes) of making and using the improved anti-CD133 monocional
antibodies, and related compositions and kits.  The foregoing antibodies, products,
compositions, processes, methods and kids are mcluded among the embodiments of the
present invention.

16} The terms “invention,” “the invention,” “this invention” and “the present
mvention,” as used in this document, are intended to refer broadly to all of the subject matter
of this patent application and the claims below. Statements containing these terms should be
vaderstood not to limit the subject matter described herein or to fimit the meaning or scope of
the patert claims below. Covered embodiments of the invendion are defined bv the claims,
not this summary. This summary is a high-level overview of various aspects of the invention
and mtroduces some of the concepts that are further described in the Detailed Description
section below. This summary is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in isolation to determine the scope of the
claimed subject matier. The subject matter should be understood by reference to appropriate
portions of the entire specification, any or all drawings and each claim. Some non-himiting
exemplary embodiments of the present invention are summarized below.

71 Among the exemplary embodiments of the present invention are monoclonal

antibodies, such as: an anti-CD133 monoclonal antibody having an antibody binding site
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capable of specifically binding an epitope comprising SEQ 1D NO:17 or a variant thereof, an
anti-CE133 monoclonal antibody having an antibody binding site comprising SEQ ID NG:9
and SEQ ID NG 11 or a varnant thereotf, an anti~CID 133 monoclonal antibody having an
antibody binding site comprising a polvpeptide encoded by SEQIDNG:10 and
SEQ D NO:12 or a variant thereof, an anti-CD 133 monoclonal antibody having an antibody
binding site comprising UDRs contained in SEQ 1D NO.9 and SEQ [D NG:11 or a variant
thercof. The above antibodies may be capable of specifically binding domain A but not
domain B of a CDI33 polvpeptide, glveosvlated or anglycosylated, which, m turn, may
contain any one of SEQ ID NOs 1-8 or a variant thereof.

{8} Also included among the cxemplary cmbodiments of the present nveuntion are
anti-CD133 monoclonal antibodies having or more of the following features: an anti-CD133
monocional antibody capable of specifically binding an epitope cormprising SEQ ID NO:18§;
an ardi-CD133 monoclonal antibody having an  antibody binding site comprising
SEQ 1D NO:13 and SEQ 1D NO:15 or a vanant thereof, an anti-CD 133 monoclonal antibody
having an antibody binding site comprising a polypeptide encoded by SEQ ID NG: 14 and
SEQ ID NO:16 or a varant thereof, and an anti-CDP133 monoclonal antibody having an
antihody binding stte comprising CDRs contained in SEQ ID NOG:13 and SEQID NG i50ra
variant thereof. The above monoclonal antibodies may be capable of specitically binding
domain B but not domain A of a D133 polypeptide, glveosylated or unglyeosylated, which
may comprise any one of SEQ 1D NOs 1-8 or a variant thereof. The above anti-CD133
monoclonal antibodies mav be capable of specifically binding an epitope comprising
SEQ 1D NO: 18 or a varnant thereof.

{9} An anti-CD133 monoclonal antibody according to the embodiments of the present
mvention may be a non-human antibody, a buman antibody, or a human-like antibody. The
anti~-CH133 monoclonal antibody may be a reduced immunogemicity antibody, a humanized
antibody or a chimeric antibody. The anti-CD 133 monoclonal antibody mav be or comprise
an antibody fragment. The anti-CP133 monoclonal antibody may be recombinantly
produced. The anti-CD133 monocional antibody may have an amino acid sequence that is
different from an anuno-acid sequence of a naturally occurring anti-CD133 monocional
antibody.  The anti-CD133 monoclonal antibody may contain a label, a tag, a bicactive
substance, a drug, a radicactive moiety or a toxic moiety, any or all of which may be not
naturally occurring in a monoclonal antibody molecule. In one example, the anti-CID133

monoclonal antibody may contain a fluorescent label or a flucrescent tag.
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{16} The anti-CD133 monoclonal antibody may be emploved in a variety of uses and
methods, which are included among the cmbodiments of the present imvention. Some
cxamples of such methods are as follows. Among the methods of the present inverndion is a
method of detecting (“detection method™} a presence or absence of CDI33 polypeptide in a
sample, comprising steps of contacting the sample with the monoclonal antibody of any one
of an anti-C133 monoclonal antibody under conditions under which specific binding of the
monoclonal antibody and the CD133 polypeptide may occur, and detecting the specific
binding of the monoclonal antibody to the CB133 polypeptide, wherein the detected specific
binding is indicative of the presence of the CD133 polypeptide 1n the sample. The method
may further comprise determining an amount of CD133 polvpeptide present in the sample.
The sample may be a cell sample, a tissue sample, an agqueous sample, a solution, a
suspension, a blot or an clectrophoresis gel. The sample may be a cancerous tissue sample.
The specific binding may be detected in an ELISA, a Western Blot assay or in an
immunofluorescence assay.

11} The above detection method can be adapted to a vaniety of uses or practical
applications, which can also be referred to as “methods.” One example of such practical
application is assessing status of a cancer in a patient, comprising obtaining the sample from
the patient and performing the above detection method, wherein the presence, absence or
amount of CD133 polypeptide detected in the sample 1s indicative of the status of the cancer
i the patient. One more example of the practical application of the detection method is
freating a cancer in a patient, comprising performing the above detection method, wheren the
presence of CD133 polypeptide detected in the sample or the amount of CD33 polypeptide
present in the samplc above a predetermined threshold value is indicative of a need to
administer a cancer treatment to the patient, and administering the cancer treatment to the
patient. The cancer treatment mayv be a chemotherapy, drug therapy, targeted drug therapy,
surgery, radiation therapy, an antibody therapy or a combination thereof. The cancer may be
breast cancer, colorectal cancer, glioblastoma, melanoma, hing cancer, ovarian cancer,
gastric cancer, acute leukenua, acete lymphoblastic loukemia {(AML), prostate cancer, hiver
cancer, kidney cancer sarcomas, brain cancers, leukemia or retinoblastoma.  Another example
of a practical application of the detection method is a method of detecting presence, absence
or amount of cancer stem cells in the sample, comprising performing the above detection
method, wherein the presence, absence or amount of D133 polyvpeptide detected 1n the

sample is indicative of the presence, absence or amount of the cancer stem celis i the
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sample.  Yet one more example of the practical application of the detection method is
detecting presence, absence or amount of circulating twmor cells in the sample, comprising
performing the above detection method, wherein the sample is a blood sample and the
presence, absence or amount of CID 133 polvpeptide detected m the sample 1s indicative of the
presence, absence or amount of the circulating tumor cclls in the sample. One more example
detection of presence, absence or amount of CD133-positive cells in the sample, comprising
performing the above detection method, wherein the sample is a blood sample and the
presence, absence or amount of CD133 polypeptide detected 1o the sample 1s indicative of the
presence, absence or amount of the CD133-positive cells in the sample.

{12} Also included among the cmbodiments of the present invention is a method of
removing CD133-positive cells from a sample, comprising contacting the sample with the
anti-CD133 monoclonal antibody under conditions under which specific binding of the
monoclonal antibody and CD133 polypeptide expressed by the CD133-positive cells may
occur, thercby allowing complexes the monocional antibody and the CD133-positive cells to
form, and removing the monoclonal antibody and the CDM33-positive cells from the sample.
The sample can be a blood sample or a marrow sample. A method of treating or alleviating
{“treatment method™) a discase or a condition in a subject, comprising administering to the
subject a composition containing one or more of the anti-CD133 monoclonal antibodies is
also included among the embodiments of the present mvention. Une example of the discase
or the condition thus treated or alleviated 1s a cancer, such as breast cancer, colorectal cancer,
ghoblastoma, melanoma, lung cancer, ovanan cancer, gastc cancer, acute leukemia, acute
lvmphoblastic leukemia (AML), prostate cancer, liver cancer, kidney cancer sarcomas, brain
cancers, leukemia or retinoblastoma. In the treatment method, an antibody can be a human-
like antibody and the subject can be a human. The antibody can alse be not a human-like
antibody and the subject may not be not a human. The anti-CI3133 monoclonal antibody
emploved i a treatment method may be a neutralizing antibody.

{13} One more exemplary use of anti-CD133 monoclonal antibodies according to the
embodiments of the present mvention is a method of assessing or optimizing cfficacy of a
therapy in a subject with a discase or a condition, comprising determining a value of CID133
m one or more samples obtaimed from the subject, wherein the determining comprises
contacting the one or more samples with the anti-CDI33 monoclonal antibody under
conditions under which specific binding of the monoclonal antibody and a D133

polypeptide may occur, and detecting the specific binding of the monoclonal antibody to the
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CD133 polypeptide. The detected specific binding is mdicative of the value D133 in the
ong or more samples. The term “value of CB1337 in the one or more samples encompasses
presence, absence, or amount of CD33 i the one or more samples. The efficacy of the
therapy is determined by comparing the determined value CD133 in the one or more samples
to a predetermined threshold value of CDI33. The valve of CDI33 in the one or more
sampies may be determined one or more times before, during, or after therapy, or any
combination thereof. The predetermined threshold value of Ci3133 may be value based on at
least one of the one or more samples. An merease in CD33 value may indicate the therapy
is insufficiently effective. Thus, an additional therapy or a change in dosing regimen of the
therapy may be indicated to the subject.  Ouv the other hand, a decrease m CD133 value may
mdicate that the therapy is effective.  The therapy of the additional therapy may be
chemotherapy, drug therapy, targeted drug therapy, surgery, radiation therapy, an antibody
therapy or a combination thereof. The sample may be a ccll sample, a tissue sample, an
aqueous sample, a solution, a suspension, a blot or an electrophoresis gel. For example, the
sample may a blood sample or a plasma sample. In the above methoeds, the specific binding
may be detected in an ELISA a Western Blot assay or in an immunofluorescence assay. The
subject may be a cancer subject, meaning the subject who has a cancer. Examples of the
subject’s cancer are breast cancer, colorectal cancer, glioblastoma, melanoma, fung cancer,
ovarian cancer, gasing cancer, acute leukenua, acute tymphoblastic leukemia (AML), prostate
cancer, liver cancer, kidney cancer sarcomas, brain cancers, leukemua or retinoblastoma. .

{14} Exemplary embodiments of the present invention molude a method of producing
an anti-CI133 monoclonal antibodv, comprsing the steps of administering to a subject or a
cell an immunogenic composition comprising one or more polypeptide selected from the
group consisting of SEQ ID NG: 17, SEQ ID NO: 18 and vanants thereof to generate multiple
antibody producing cells, isolating an antibody producing cell from the multiple antibody
producing cells; culturing the isolated antibody producing cells under conditions leading to
production of anti-CD133 mongclonal antibody, and testing the monoclonal antibody for
specific binding to a polypeptide having the amino acid sequence of SEQID NG:I7 or
SEQ I NO:18. The method of producing may further comprise deicumining one of more
nucleic acid sequences encoding an antibody bindmg site of the anti-CD 133 monoclonal
antibody, and using the one or more nucleic acid sequences to produce a recombinant anti-
€133 monoclonal antibody. Expression vectors related to anti-CD133 monocional

antibodics are also included m the embodiments of the present invention, for example: an
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expression vector comprising nucleic acid sequences encoding one or both of SEQ ID NO:9
and SEQ 1B NO:11 or vanants thereof, an cxpression vector comprising SEQ ID NO: 16 and
SEQ H3 NO:12 or vanants thercof, an expression vector comprising nucleic acid sequences
encoding one or more CDRs contained m SEQ ID NG9, SEQ 1D NO:11 or vanants thereof,
an expression vector comprising nucleic acid sequences encoding one or both of
SEQIDNQO: 13 and SEQ ID NOG:15 or variants thercof, an expression vector comprising
nucleic acid sequences oncoding one or more CDRs contamed in SEQ IDNGO13,
SEQ ID NQO:15 or vanants thereof, an expression vector comprising SEQ ID NO:14 and
SEQ 1D NO:16 or vanants thereof Some other example of the embodiments of the present
mvention are a cell comprising the above expression vectors, a method of producing an anti-
CD 133 monoclonal antibody, comprising the steps of introducing the expression vector into a
cell and culturing the cell wvonder conditions leading to expression of the anti-CDI133
monoclonal antibody, and a method of producing an anti-CD133 monoclonal antibody,
comprising a step of culturing the cell under conditions leading to expression of the anti-
D133 monoclonal antibody.

{15} Some other exemplary embodiments of the present invention are as follows. An
HRInRogenic composition comprising one or more polypeptides comyprising at least one of
SECG 1D NG 17 or a vanant thereof or SEQ 1D NGB or a vantant thereof, and a carnier or an
adjuvant. A screening agent comprising one or more polypeptides comprising at least one of
SEQ ID NO:17 or a variant thereof or SEQ 1D NO: 18 or a variant thereof, and a carrier, atag
or a label, including a non-naturally occurring tag or label. A method of determining a
presence, an absence or an amount of an anti-CDI133 monoclonal antibody in a sample,
comprising the steps of contacting the sample with the screening reagent and detecting a
specitic binding of the screening reagent to the anti-CDD133 monocional antibody in the
sampie, wherein presence of the detected specific binding is indicative of the presence of the
anti-CPD 133 monoclonal antibody in the sample.

116} it i5 to be understood that “variant” or “vanants” referred to in the above
description of the exemplary embodiment may be a sequence variant of the corresponding
amine acid or a nucleic acid sequence having a degree of homology with the corresponding
sequence of least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99%. Other objects and advantages of the invention will be apparent from the

following detailed description of embodiments of the invention.
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BRIEF DESCRIPTION OF THE FIGURES

117 Figure 1 shows a schematic iHustration of tertiary structure of CB133 protein.
Reproduced from. Adapted from an illustration published 1n 2003 catalog of R&D Systems
Inc., Minneapolis, MN.

18] Figure 2 A, B, Figure 2 C, B, E and Figure 2 F, G, H reproduce amino acid
sequences of CD133 polypeptides from several species. fo Figure 2 A, B - Panel A: CD133
polypeptide, Homo sapiens, SEQ 1D NO:1 (National Center tor Biotechnology Information
(NCBI accession mumber NP_006008.1); Panel B Promunin-1 isoform 1, Gorilia goriila
goritla, SEQ 1D NO:2 (NCBI reference sequence XP 004038519). In Figure 2 C, B, E -
Panel C: Promunin-1 1soform X1, Pan troglodyies, SEQ 1D NO:3 (NCBI reference sequence
XP 003310298); Panel D: Prominin lsl splice vanant, Cowis lupus fomilioris,
SEQ B NO:4 (NCBI GenBank reference AIAO8974.1);, Pancl E: Proml protein, Mus
muscudus, SEQ ID NG5 (NCBI accession number AAHZE286 1. In Figure 2 F, &G, H -
Pancl F: Prominin-1 1soform 1 precursor, Ratris norvegicus, SEQ 1D NO:6 (NCBI accession
number NP _068519.2); Panel G Prominm-1 isoform X6, Homo sapiens, SEQ 1D NG:7
{NCBI reference sequence XP_011512200); Panel H: Prominin-1 isoform X5, Canis fupus
Jamiliaris, SEQ 1D NO:8 (NCBI reference sequence XP_005618614.1).

{19} Figure 3 illustrates of the results of the screenmg by enzyvme-linked
immunosorbent assay (ELISA) of blood samples obtained from the rabbits immunized by
CD133 immunogens. Panel A shows a colored photograph of an ELISA plate screened by a
recombinant CH133 domain A polypeptide. Pancl B shows a picture of an ELISA plate
screened by a recombinant CD133 domamn B polypeptide. ¢ samples i panels A and B
are coded as follows: Pre - pre-bleed sample; Bl - bleed 1, B2 — bleed 2. Panel C i a line
plot showing detected fluorescence levels (Y axis) observed for ditferont dilutions of the
blood samples screened by a recombinant CD133 domam A. Panel D is a line plot showing
detected fluorescence levels (Y axis) observed for different dihutions of the blood samples
screened by recombinant CD133 domain B polypeptide. The samples are coded as follows:
Rli-pre — rabbit 1, pre-bleed sample; R1-B1 — rabbit 1, bleed 1; R1-BZ — rabbit 1, bleed 2;
R2-pre — rabbit 2, pre-bieed sample; R2-B2 — rabbit 2, bleed 2; R2-BZ — vabbit 2, bleed 2.

{20} Figure 4 shows the line plots ilustrating the results of ELISA specificity testing
for mAb 47-10 {panel A) and clone 133-3 (pane! B} conducted using the plates coated with

100 ng per well of the following antigens: recombmant CD133 Extracellular Domain A
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{CDI33A) or Bomain B (CI}33B); BSA-conjugated antigenic peptide A (PepA) or peptide
B (Pep B).

21} Figure 5 shows the amino acid and nucleotide sequences of mAb 47-10. Panel A
shows heavy chain sequences: amino acid sequence - SEQ 1D NO:9; nucleotide sequence —
SEQIDNG:16.  Panel B shows light chain sequences: amino acid sequence -
SEQ ID NQO: 11 nucleotide sequence —~ SEQ ID NO:12,

{221 Figure 6A and Figure 6B show the amino acid and nucleotide sequences of mAb
133-3. Figure 6A shows heavy chain sequences: anmuino acid sequence -~ SEQ 1D NO:13;
nucleotide sequence —~ SEQID NG 14, Figure 6B shows light chaim sequences: anvine acid
sequence - SEQ 1D NO:15; nucleotide sequence — SEQ D NG 16,

231 Figure 7 illustrates the structure of the heavy chain complementanty determining
regions (CDRs) of mAb 47-10; restdues 19-127 of 450, The framework regions are
represented with hight grey {or no bar), and CDRs are represenied by darker grey bars. The
framework regions continue bevond the light grev bars, so that the abut cach CDR and
continue to the end of the sequence. The insertions arc highlighted in grey. The arrows mark
pousual residues found in less than 1% of the sequences.

{24} Figure 8 lustrates the structure of the tight chain of mAb 47-10; residues 23-138
out of 239, The framework regions are represented with hight grev bars {or no bar), and
CDRs are represented by darker grey bars. The framework regions continue bevond the hight
grey bars, so that the abut cach CBR and continue to the end of the sequence. The insertions
arc highlighted i grey; the arrows mark unusual residues found in less than 1% of the
sequences.

125} Figure 9 illustrates the structure of the heavy chain of mAb 133-3; residues 19-
131 of 454 The CDRs are shown in dark grev, and the framework regions are represented
with lighter grev bars (or no bar). The framework regions continuc bevond the light grey
bars, so that the abut each CDR and contimie to the end of the sequence. The insertions are
highlighted in grey; the arrows mark unusual residues found i less than 1% of the sequences.
{26} Figure 10 illustrates the structure the light chain of mAb 133-3; residues 23-137
out of 238. The framework regions are represented with hight grev bars (or no bar) and CDRs
are represented by darker grey bars. The framework regions continue beyond the light grey
bars, so that the abut cach CDR and continue to the end of the sequence. The inscrtions are

highlighted m grey; the arrows mark unusual residues found in less than 1% of the sequences.
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27} Figure 11 shows the images of Western blots of cell lysates of URT cells (CD133-
negative cells; lane 1 in cach blot) and HT-29 cells {CD133-positive cells; lane 2 in each
blot), Pancls A and B show Westem blots stained with different subclones of mAb 47
Panels C and D show Western blots stained with different subclones of mAb 133 clone. The
left lane of each blot shows molecular weight (MW) standards. The unlabeled arrows at the
right of lane 2 in cach panel point at a band for unglycosyiated CI¥ 133 having a MW of 97
kDa. The arrows labelled “Glye. CDI33” point at an approximate location of a band for
glveosylated CP133 having a MW of ~133 kBa.

{28} Figure 12 shows the images of Westem blots of the cell lysates of cell lines
HT29, A375, SKMELS, SKMEL28 and US7 (as labeled, left to right, the first left lane n
cach blot contains MW standards). Panels A (lowered brightness) and B {increased
brightness) show Western blots using mAb 47-10. Pancls C {lowered bnghtness) and D
{increased brightness} show Western blot using mAb 133-3. The arrows at the left of MW
standards point at the band locations for unglycosylated CD 133 having MW of 97 kbda. The
brackets show approximate location of the band for glycosvlated CD133. Western blot
conditions were as follows: 4-12% gel; 40 ug protein/lane, except for U7 lane {20 pg/lanc);
the blots were incubated with 1 pg/ml primary rabbit anti-CD 133 monoclonal antibodies for
2 hours at room temperature, with 0.1 pg/ml secondary antibody GAR-IR-800 (L1-Cor) 1
hour at room temperature.

129} Figure 13 shows the images illustrating the results of tmmunofluorescence testing
of mAb 133-3 with H29 cells (pancl A) and U87 cells (pane! B). Fommalin-fixed, paraffin-
embedded (FFPE) samples of the cell pellets were statned for CD133 by mAb at 10pg/ml,
followed by anti-rabbit-AF346 antibody (Life Technologies), nuclei were stained with 4,6~
diamidino-2-phenvlindole (DAPL) fluorescent stain.

{38} Figure 14 shows the images showing the resulis of immunofluorescence testing of
mAb 47-10 with H29 cells (panel A) and A375 cclls (panel B). FFPE samples of cell peliets
were statned for CP133 by mAb at 10ug/ml, followed by anti-rabbit-AF346 antibody. nuclet
were stained with DAPL

{31} Figure 15 shows the images illustrating the results of immunofluorescence testing
of mAbs 133-3 {panel A) and 47-10 (panel B} with A375 xenograft cells,. FFPE samples of
cell pellets were stamed for CD133 by mAb at 10ug/ml, followed by anti-rabbit-AF546

antibody; nuclei were stained with DAPL

-10-
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{32} Figure 16 shows the images of Western blots illustrating the resulis of the
comparative testing of mAbs 47-10 and 133-3 and commercially available anti-CD 133 mAbs.
mAbs 47-10 {pancl A), 133-3 (panel B) and commercial mAbs obtained from Miltenyi Biotee
{ACI33 - panel I; 293C3 - panel E) were used as primary antibodies. Panels € and F show
negative control Western blots prepared with rabbit (panel C) and mouse {pancl F} secondary
antibodics but no primary antibody. The lanes of the Western blots are as follows: MW -
molecular weight marker; A - recombinant CD133 extracellular domain A; B - recombinant
D133 extracelhudar domain B HT-29 - HT29 cell lvsate; U87 — U7 cell lysate.

{33} Figure 17 shows the images, crganized as matrix, depicting immunoflucrescence
staining of FFPE samples of cells representing the cell hines with varying CD133 mENA
expression level (rows, top to bottom: HT29 — high; SW620 — medium; US7 — D133
negative} with various antibodies (columns, top to bottom: mAb 47-10; mAb 133-3; Miltenyi
Biotec ACI33 mAb; Miltenyi Bictec W683C1 mAb; Milteny: Biotec 293C3 mAb).

134} Figure 18 shows the mmages depicting the results of the nomunotfluorescence
staining of H396 non-small cell hing cancer xenograft tumor samples from mice expressing
known cancer stem cell biomarkers, including CP133.  See, for example, Akanury ef ol
2012 “Non-small ccll lung cancer stem/progenitor cells are cnriched in multiple distinct
phenotypic subpopulations and exhibit plasticity.” Cell Death and Disease, 3:1-10; Bertolini
et al. 2009 “Highly tumornigenic hung cancer CD133+ cells display stem-like features and are
spared by cisplatin treatment”™ PNAS 106:16281-16286; Karimi-Busheri er al 2013
“CD24+/CH38- as new prognostic marker for non-small cell lung cancer.” Multidisciplinary
Respivatory Medicine 8:65-74. Panels A and B show representative images of mmltiplex
mmunofluorescent epithelial to mesenchymal transition (EMT) and/or cancer stem cell
(CSC)y biomarker staining of H596 tumors grown in inummocompromised hHGE mice
{(micc homozvgous for both the hHGFki and Prkdescid alleles, also  called
mmnunocompromised hHGFki mice, which are available from Jackson Laboratory for
Genomic Medicime (USA)Y).  Panels € and D show representative images of multiplex
mmunofluorescent epithehal to mesenchymal transition and/or cancer stem cell biomarker
staining of H396 wmors grown in hHGF"™ mice (mice that barbor a “humanized” knock-in
mutation (hHGFk) that replaces the mouse hepatocyie growth factor (HGF) coding factor,
and the Pridc™ mutation that results in T- and B-cell deficiency: these mice may be useful
for studving the HGF/MET pathway in human tumor xenografis and mouse tumor allografis).

To obtain the images shown in panels A and €, two adjacent tissue sections from each tumor
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were stained with E-Cadhenn (clone 36, BD Biosciences) and CD133 (mAb clone 47-10) or
E-Cadherin and Slug. To obtain the images shown in pancls B and B, known cancer stem
cell lung biomarkers such as CD44 and ALDH]I (as labeled) were used. Nanog was another
CSC biomarker that was not expressed in these tissues. The merged images show the
overlapped lavers for all CSC biomarker layers (CD44d, Nanog and ALBHI1).

135] Figure 19 shows the images depicting the resulis of CD133 staining of muli
twmor tissue array (TMA) MTU931, Biomax, Inc. Panel A: CD133 Multiple Tumor
{(MTUS51) TMA CDi33 (clone 133-3}; Panel B: CD133 Multiple Tamor (MTU951) TMA
CD133 (mAb 47-10), Panel €. CD133 Multiple Tumor (MTU951) TMA CDI33 (293C3).
Panel D: CD133 Multiple Tumor (MTU95 1) TMA CD 133 (ACC133). Pancl E: Array map:
Adr - Adrenal gland, Bla - Bladder, urnarv, Bon - Bone, scapula, Bra ~ Brain, Bre - Breast,
Eso - Esophagus, Hea - Head and neck, nasal cavity, Int - Intestine, rectom, Kid - Kidney,
Liv - Liver, Lun - Lung, Lym - Lymph node, Ova - Ovary, Pan - Pancreas, Pro - Prostate, Ski
- Skin, trunk, Sto - Stomach, Tes - Testis, Thr ~ Thyroid, Ute - Uterus, endometrium; Color
coding emploved in the ongmal image and iHustrated in the legend was as follows: light blue
- benign tumor, white, dark blue - malighant tumor, vellow ~ metastasis, light green - nomal
tissue. In the grevscale reproduction, medium grey - benign tumor, white, dark grev -
malignant tumor, dark grey - metastasts, hight grey - normal tissue.

{36} Figure 20A, Figure 20B and Figure 20C show the specifications of the tumor
tissue array MTU951 used in the experiments tustrated 10 Figure 19, 21A and 21B, Biomax,
Inc. 2003-2014,

{37} Figure 21 shows the images depicting the results of CB133 staming of selected
tumor cores from multi tumor TMA (MTU931, Biomax) stained with CD133 {mAb 133-3,
mAb 47-10, 293C3, or AC133 - as indicated in the figure.

[38] Figure 22 shows the images depicting the results of CPi33 staining of selected
temor cores from multi tumor TMA (MTUGS1, Biomax) stained with CD133 (mAb 133.3,
mAb 47-10, 29303, or AC133 - as indicated in the figure.

1391 Figure 23 shows the images depicting the results of CD3 133 staining of Melanoma
Tumor TMA (ME1004¢, Biomax, Inc ). TMA was stained with anti-CD133 Panel A mAb
133-3. Panel B. mAb 47-10, Panel C. Map: Eso - Esophagus, Int - Intestine, Lym - Lymph
node, Ora - Oral cavity, Rec - Rectum, Ski - Skin, Sto - Stomach, Val - Vulva., Color coding
employed i the original tmage and illustrated in the legent was as follows: light blue -

benign tumor, dark bloe - malignant tumor, the lightest purple - malignant tumor {stage I),
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Lght purple - malignant tumor {(stage 1B}, medimn purple - malignant tumor (stage H}, dark
purple - mahignant tumor {stage ), the darkest purple - malignant tumor {stage 1V}, vellow
— meiastasis.

{48} Figure 24 A, Figure 24B and Figure 24C show the specifications of the the tumor
tissue array ME1004e used in the experiments illastrated in Figure 22, Biomax, Inc. 2003-
2014,

41} Figure 25 shows the images depicting the results of C133 staining of selected
tumor coresof Melanoma Tumor TMA {(ME1004c¢, Biomax) stained with CD133 (mAb 133-
3).

{42} Figure 26 shows the images depicting the results of €133 staining of sclected
tumor cores of Melanoma Tumor TMA (ME1004¢, Biomax) stamned with mAbs133-3 and
47-10, as indicated in the figare.

143} Figure 27 shows colored images depicting the results of peptide blocking of
CD133 staiming of FFPE HT-29 and SW620 cell pelicts stained with mAbs 133-3 and 47-10,
as indicated in the figure. Monoclonal antibodies were pre incubated overmight with peptide
SEQGID NO:17 conjugated to BSA or SEQID NO: 18 conjugated to BSA or 1% BSA. The
peptides were used at a 20-fold molar excess to mAbs.

{44} Figure 28 shows the scatter graphs illustrating the results of guantitation of
CD133+CDB44v6+ eolocalized cells in the shides prepared from Sum149-PT xenograft tumors
moculated subcutancously mto expenmental mice treated with vehicle {(water, 0.1 ml/10g
body wt), 67.5 mg/kg or 100 mg/kg (42 doscs over 21 days) of a FAK inhibitor V5-606 (PO,
BID x42), a putative inhibitor of cancer stem cells obtained from Verastem Inc. (Needham,
MA). The slides were stained with a multiplex of UD44v6 {clone 2F10, R&D Systems) and
mAb 47-10, followed by specific secondary anttbodies {Goat anti-Rabbit ig(s Alexa546 for
CD133 and Goat anti-mouse IgG Alexa 488 both secondary antibodies obtained from
Thermo-Fisher (Waltham, MA)). The results of the staining were quantified. Figure 28
shows the scatter graphs ilustrating the resulis of quantitation of (D133+CDddve+
colocalized celis.

[45] Figure 29 shows the scatier graphs illustrating the results of quantitation of
CD133+ cells in the shdes prepared from Seml49-PT xenograft temors noculated
subcutanccusly into experimental mice treated with vehicle (water, 0.1 ml/10g body wt), 67.5
mg/kg or 100 mg/kg (42 doses over 21 days) of a FAK mbubitor V$-606 (PO, BID x42).
The slides were stained with mAb 47-10, followed by s Goat anti-Rabbit IgG Alexa546

-13-
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secondary antibody obtamed from Thermo-Fischer. The results of the staining were

guantified.

DESCRIPTION

{46} Embodiments of the present mvention provide novel anti-CD133 monoclonal
antibodies having advantageous properties, products, compositions and kits comprising the
monoclonal antibodies, methods (processes) of making the monoclonal antibodies and related
compositions, as well as methods of using the monoclonal antibodies in analytical, diagnostic

and therapeutic applications.

Anti-CID133 Monoclonal antibodies

{47} Embodiments of the present invention include anti-CD133 monoclonal antibodies
described in this document, as well as vanious modifications and variations of these
monoclonal antibodies. Anti-C13133 monoclonal antibodies according to some cmbodiments
of the present invention were obtained by carefully selecting potentially immunogenic amino
acid sequences from the regions of CD133 extracellular domains that are devoid of
glycosvlation sites, using the selected sequences to generate immunogenic peptides, using the
mmnunogenic peptides to generate monoclonal antibodies via a hybndoma technology and
screening the resulting monoclonal antibodies for specific binding of the polypeptides
containing the above immunogenic amino acid sequences. Monoclonal antibodies with the
desired binding propertics were thus selected.  The selected monoclonal antibodics were
further tested for specificity as well as for suitability for analvtical assays. The antibodies
with acceptable specificity and suitability and capable of detecting both glycosylated and
unglvcosviated forms of CD33 were cloned, scquenced and produced by recombinant
technology. The resulting monoclonal antibodics detect both unglycosylated D133 protein
and a range of its glveosvlated forms and are suitable for various analytical procedures,
mcluding mmunofluorescence assavs, Western blotting and ELISA.  The monocional
antibodics may be useful in a wide range of analytical, diagnostic and therapeutic
applications, in which specific binding of a monoclonal antibody to CD 133 polvpeptides is

desired.
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Antibodies

{48} As used herein, the term “antibody” encompasses whole immunoglobulin G e, an
mtact antibody) of anv class, including vatural, natural-based, modified and non-natural
antibodics, as well as their fragments. Natural antibodics are very large, complex polypeptide
molecules (molecular weight (MW) of about 150,000, which abowut 1320 amino acids) with
mtricate internal structure. Natural antibodics are usuvally heterctetramenic glycoproteins. A
natural antibody molecule contains two identical pairs of polvpeptide chains, cach pair
having one light chain and one heavy chain. Each hight chain and heavy chain in tum consists
of two regions: a variable (V7)) region involved in binding the target antigen, and a constant
{“C™) region that interacts with other components of the immune system. Depending on the
aming acid sequence of the constant domain of their heavy chains, romunoglobuling can be
assigned to different classes. There are five major classes of immunoglobuling: IgA, IgD,
IgE, Iz and IgM, and several of these may be further divided into subclasses (isotypes), e.g.,
1gG-1, 12G-2, 1253, and IgG-4; IgA-1 and IgA-2. The prevalence of the isotopes differs
among the species. For example, rabbit has only one IgG subelass, while mouse has [gGl,
1gG2a, 1gG2b, 1glG2¢, 1gG3 subclasses. Most of rabbit rescarch antibodics are of IgG
isotope. They possess a number of advantages, i comparison to other antibody types. Some
of the advantages are more diverse epitope recognition, improved immune response to small-
size epitopes, high specificity and affinity, and greatly improved response to mouse antigens.

149} The heavy chain constant domains that correspond to the different classes of
mmunoglobulins are called alpha, delta, epsilon, garoma, and mm, respectively. The term
“variable” may be used i reference to antibodies to describe certain portions of their variable
regions that differ in sequence among antibodies and are used in the binding and specificity
of cach particular antibody for its particular antigen. The variability is not usually cvenly
distnbuted through the vanable domains of antibodies but typicallv concentrated in the
segments called complementarity determining regions (CDRs) or hypervariable regions, both
m the hight chain and the heavy chain variable domains. The other, more highly conserved
portions of the variable domains, are called the framework (FR). Within cach light or heavy
chain vanable region, there are three CDRs averaging 10 amino acids in length. The “Kabat
Nuombering Scheme” is a scheme for the numbering of amino acid residues in antibodies
based upon variable regions. The scheme employs the so-called “Kabat numbers” to denote
amino acid residues and 1s useful when comparing these variable regions between antibodies.

The six CDRs in an antibody variable domain (three from the light chain and three from the
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heavy cham} fold up together i 3-D space to form the actual antibody binding site which
locks onto the target epitope within the antigen.

{56] The term “antibody binding site” and the related terms may be used herein to
describe a polvpeptide structure capable of specifically bimding an “epitope - the region of is
antigen to which the antibody binding site binds.  As used herein, the terms “specific

>

binding,” “sclective binding”™ or related terms refer to a binding reaction in which, under
designated conditions, a molecule or a composition containing an antibody binding site binds
to its epitope and does not bind in a significant amount to other potential binding partners.
The absence of binding in a significant amount is considered to be binding that is less than
1.5 times background (i.c., the level of non-specific binding or slightlv above non-specific
binding levels). For example, the anti-CD133 monoclonal antibodies of the present mvention
specifically bind to their respective CD133 epitopes.  Antibody binding site may also be
described 1o reference to amino acid sequences of the polypeptides within the binding site,
for example, CDR amino acid sequences, or i terms of the nucleic acid sequences encoding

the amine acid sequences.

Monoclonal antibodies
{51} The antibodies of the embodiments of the present invention are monocional. The

EEINAY

terms “monoclonal antibody,” “monoclonal antibodies,” “mAb,” “mAbs” and other related
terms mav be used m this document to refer to a substantially homogenous population of
antibodics  or to an anfibodv obtained from a substantially bomogeneous population of
antibodies. The antigen binding sites of the individual antibodies comprising the population
are comprised of polvpeptide regions similar (although not necessarily identical) 1n sequence.
The nature of the monoclonal antibodics is casier understood in comparison to polyclonal
antibodies. In laboratory conditions, polvclonal antibodies are typically produced by
mjecting an animal {sach as a rodent, rabbit or goat) with an tmmumizing agent {(which may
be referred to as immunogen or antigen), which elicits animal’s immune system lymphocvies
to produce antibodies to the antigen, and extracting the antibodv-containing serum from the
amimal. The extracted serum contains a population of mmunoglobulin molecules produced
by different B-cell lineages. This population is typically referred to as “polyclonal
antibodigs.” Polyclonal antibodies react against the same antigen, but may bnd to different
epitopes within the antigen. Polyclonal antibodies have binding sites with different

sequences and structures, as well as varving properties, such as affimity or specificity. In
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contrast, a population of monoclonal antibodies binds to the same epitope on an antigen and
are understood to have antigen binding sites with similar sequence and straciure.

{52} Monoclonal antibodies may be prepared in the laboratorv conditions using
hybridoma methods. First, as during the production of polyclonal antibodies, a host animal,
such as a mouse or a rabbit, may be administered an antigen. After the host animal mounts
an immune response to the antigen, spleen cells or lymph node cells are extracted from the
animal. If a human is used as a “host animal,” penpheral blood lvmphocyte ("PBL”) cells are
tyvpically obtained. Alternatively, the lvmphocytes may be tmmunized in vifre. The cells are
then fused with an immeortalized cell line using a suitable fusing agent, such as polyethylens
glveol, to form a hybridoma ccli line. Immortalized cell hines are usually transformed
mammalian cells, including mveloma cells of rodent, bovine, equine, and human origin.
Usually, rat or mouse myeloma cell lines are employed. The hyvbridoma cells may be cultured
i 3 suitable culture medium that preferably contains one or more substances that inhubit the
growth or survival of the unfused, immortalized cells. For example, if the parental cells lack
the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture
medium for the hybridomas typically will include hypoxanthine, aminopterin, and thvmidine
(“HAT medium”™), which substances prevent the growth of HGPRT-deficient cells. For
hybridoma, immortalized cell lines are useful that fuse efficiently, support stable high level
expression of anttbody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT mediom.  One example are immortalized cell lines are murnne
mveloma ccll Iines. The culture medium 1 which the hybridoma cells are cultured can then
be assaved for the presence of monoclonal antibodies by various assays, such as
immunoprecipitation or i vifro binding assays, such as radicimmunoassav {R1IA) or enzyme-
linked immunoabsorbent assay (ELISA).  Afier the desired hybridoma cells are identified,
theiwr clones may be subcloned by hmiting dilution or FACS sorting procedures and grown by
standard methods. Suitable culture media for this purpose include, for example, Dulbeccs’s
Muodified Eagle Medium and RPMI-1640 medium. Alematively, the hybridoma cells may
be grown im vive as ascites in 2 mammal. The monoclonal antibodies secreted by the
subclones may be isolated or punfied from the culture medium or ascites flmd by
conventional immunoglobubin purification procedures.

{53} Monoclonal antibodies may also be produced by recombinant BNA methods. For
example, phage display/yeast display libranes are used for rapid cloning of mmmunoglobulin

segments to create libraries of antibodies, from which antibody binding sites with desired
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properties may be selected. In another example, DNA encoding the monoclonal antibodies,
such as those generated by hyvbridoma technclogy, or parts of the monoclonal antibodies,
such as their binding sites, is isolated, synthesized and sequenced using conventional
procedures from hybridoma cells. DNA encoding the monoclonal antibodies can be 1solated
and amplified by polvmerase chain reaction (PCR} using oligonuclectide probes that are
capable of binding specifically to genes encoding the heavy and light chains antibodics.
Once solated, the DNA encoding antibodies or thewr parts, may be placed into expression
vectors, which are then transfected into host cells to synthesize recombinant monoclonal
antibodics m the recombinant host cells.  Various tvpes of mammalian cell expression
systems may be emploved, such as, but not limited to, simian COS cells, Chinese hamster
ovary (CHO) cells, HER293 cells, plasmacyvitoma celis, or myeloma cells, as well as other
types of cells that do not otherwise produce tmmunoglobulin protein. Non-mammalian host
cells and/or expression svstems can also be cmploved, one example being insect cells
CXpression Systems or avian oxpression svstems. f» vitro translation/expression sysiems may
also be used to produce monoclonal antibodies according to the embodiments of the present
mvention. Some of the compositions and methods related to recombinant production of
monoclonal antibodies are discussed in more detall below and inchided within the scope of

the embodiments of the present mvention,

Fragments, vanants, modified and engineered antibodies

154 Monoclonal antibodies according to the embodiment of the present invention can
be derived from naturally occurring monoclonal antibodies or artificially  produced
{“engineered), for example, by recombinant techniques, and encompass fragments, variants
and modification of vnmunoglobulin molecules. in the broadest sense, the term “monocional
antibody™ 15 used n this document to denote any product, composition or molecule that
contains at least one antibody binding cite. For example, monoclonal antibodics encompass
chimeric antibodies and hyvbrid antibodies, with dual or multiple antigen or ¢pitope
specificitics, and fragments, such as F{ab")2, Fab’, Fab, hybrid fragment, single chain variable
fragments (scFv) and “third genecration™ (3(4) fragments. Monocional antibodies also
encompass fuston protems, single domain and “minaterized” antibody molecules.

{55} Fragments can be made by known techniques, for example, they can be
recombmantly and/or enzymatically produced, and can be screened for specificity and

activity according to known methods, such as radictimmuncassays, ELISA, Western blotting
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or immunofluorescence assays and technigques. Digestion of whole antibody molecules can
be employved to produce fragmeunts, particolarly, Fab fragments. For example, papain
digestion of whole antibody molecules typically produces two identical antigen binding
fragments, called Fab fragments, each with a single antigen binding site, and a residual Fe
fragment. In another example, pepsin treatment vields a fragment, called the F(ab'y
fragment, that has two anbigen binding sites. The Fab fragments produced in the antibody
digestion also contain the constant domains of the light chain and the first constant domain of
the heavy chain. Fab' fragments differ from Fab fragments by the addition of a fow residues
at the carboxy-terminus of the beavy chain domain, including one or more cysteines from the
antithody hinge region. F(ab'y, fragmeonts arc bivalent fragments comprising two Fab'
fragments, which mav linked by a disulfide bridge at the hinge region. Fab'-5H is the
designation that may be used Fab' in which the cystemne residue(s) of the constant domains
bear a free thiol group. Antibody fragments may be produced as pairs of Fab' fragments with
hinge cysteines between them. Other chemical couplings of antibody fragments may also be
emploved.

{56} Various modifications of monoclonal antibodies may be produced, for example,
by rccombinant DNA techniques.  As used herein, a “recombinant” or “recombinant
produced” monoclonal antibody s a product, composition or molecule confaining an
antibody binding site produced with the help of recombinant DNA techmiques. As used
herein, the terms “recombinant” or “recombinant produced” encompass antibodies for which
the genes have been constructed and/or placed in an unnatural environment, for example for
expression, with the help of recombimant DNA techniques. In one example, the DNA
encoding a monoclonal antibody may be modified, for example, by joming to the all or part
of immunoglobulin coding sequence all or part of the coding sequence for a non-
mununoglobulin polypeptide.  Such a non-mmmunoglobulin polypeptide, which is included
within the scope of the “monoclonal antibodies™ of the present mvention, can be substituted
for the constant domains of a monoclonal antibody. In another example, a chimeric antibody
may be produced. A chimernic antibody, which also included within the scope of the
monoclonal antibodies of the present invention, 1s an antibody 1 which parts of antibody
molecules of difforent origins are combined. For example, the variable region of a non-
human antibody may be combined with the constant region of a human antibody to produce a
chimeric antibody. Such chimeric antibodies retain the binding specificity of the non-human

antibody, while being about two-thirds human.
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I57} One more example of an “engincercd” antibody 1s a humanized antibody, in
which the CDRs from a non-human antibody (“donor antibody,” which can be, for example,
mouse, rat, hamster or other mammalian species} are grafied onto a human antibody
{“acceptor antibody”y. Humanized antibodies can also be made with less than the complete
CDRs from a donor antibody. Thas, a humanized antibody 1s an antibody having CDRs from
a donor antibody and variable region framework and constant regions from a human
antibody. The term “framework™ or “framework region” in the comtext of antibody structure
generally denotes amino acid sequences mterposed between CDRs i a heavy or light
variable region of an antibody. Framework includes variable light and varnable heavy
framework regions. The framework regions serve to hold the CDRs in an appropriate
orientation. For example, a humanized antibody may contain a hight chain comprising three
CDRs {or their portions) from a non-human donor antibody, a variable region framework
from a human antibody, a human constant region, and a heavy chain comprising three CDRs
{or their portions) from a donor antibody, a vanable region framework from a human
antibody and a human constant region.  Various approaches may be used to retain high
binding affinity of humanized antibodies to their antigens. In the first structural element, the
framework of the heavy chain variable region of the humanized antibody is chosen to have
maximal sequence identity (between 63% and 95%) with the framework of the heavy chain
variable region of the donor antibody, by suitably selecting the acceptor antibody from
among the many known hwman antibodies. Sequence identity is determined when antibody
sequences being compared are aligned according to the Kabat numbering convention. fn the
second structural glement, in constructing the humanized antibody, selected amino acids in
the framework of the human acceptor antibody {outside the UDRs) are replaced with
corresponding anvno acids from the donor antibody, in accordance with specified rules.
sSpecifically, the amino acids to be replaced m the framework are chosen on the basis of their
ability to interact with the CBRs. For example, the replaced amino acids can be adjacent to a
CDR in the donor antibody sequence or within 4-6 angstroms of a CDR in the humanized
antibody as measured in three-dimensional space.

58] Embodiments of the present invention encompass “human-like” monoclonal
antibodies, meaning mongclonal antibodies in which a substantial portion of the amino acid
sequence of one or both chains {for example, about 50% or more) originates from human
mmunoglobulin genes. Human-hke antibodies include, but are not himited to chimeric and

humanized and human antibodies. Other types of genetically engineered antibodies that may
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be human-like include human antibodies using phage display methods or produced using
transgenic  animals. Embodiments of the present invention also use “reduced-
immunogenicity” antibodics, mcaning the heterologous (originating form a specics other
than the mmtended recipient) antibodies which, upon administration to a recipient, have
reduced mmmunogenicity. Such antibodies encompass chimene, humanized and human
antibodics as well as antibodies made by replacing specific amino acids in mouse antibodies
that may contribute to B- or T-cell epitopes, for example exposed.

{59} Monoclonal antibodies according to the embodiments of the present nvention
may contain a label. The term “label” encompasses any detectable tag that can be attached
directly {(for example, a fluorescent molecule micgrated into a polypeptide) or indirectly, by
way of binding to a primary antibody a secondary antibody with an integrated label or tag.
The term “label” or “tag” also encompasses an epitope recognized by another (secondary)
antibody or protein that can be conjugated to a label or tag. Detectable label may be an
enzymatic label {such as but not limited to horse radish peroxidase (HRP) or alkaline
phosphatase (AP)), a radio-opaque substance, a radiolabel, a fluorescent label, a nano-particle
label or 3 magnetic label, a hapten, or a oligonucieotide or polynucleotide label. Detectable
label may be a gamma-emitter, beta-emitter, alpha-enutter, gamma-emiticr, positron-cmitter,
X-ray-gnutter or fluorescence-emitier. Suitable fluorescent compounds include fluorescein
sodiam, fluorescein isothiocvanate, phycoervthrin (PE), Allophycocyanin (APC), Alexa
Fluor® family of dyves {such as, Alexa Fluor™ 350; Alexa Fluor® 405, Alexa Fluor® 488,
Alexa Fluor™ 532, Alexa Fluor® 546, Alexa Fluor® 555, Alexa Fluor”™ 368, Alexa Fluor® 594,
Alexa Fluor™ 647, Alexa Fluor® 680 or Alexa Fluor” 750), Cy" family of dyes (such as Cy™3
or Cy®5}, BODIPY® FL, Coumarin, Oregon Green®, Pacific Blue®, Pacific Green®, Pacific
Orange‘@ﬁ tetramethylrhodamine {TRITC), Texas Red", Q-dot”™ probes {such as Qdot™ 525
Qdot” 565, Qdot™ 605. Qdot™ 655, Qdot”™ 703, or Qdot™ 800), Expressed flucrescent proteins
(such as Cyan Fluorescent Protein (CFP), Green Fluorescent Protein (GFP). Or Red
Fluorescent Protein (RFP}, haptens {such as bistin or PIG).  Monoclonal antibodics
according 1o the embodiments of the present invention can also be conjugated or fused to
bioactive substances, drugs and radiocactive or toxic moieties, such as diphthena or ricin

toxin.
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Properties of anti-CD 133 monoclonal antibodies
Binding properties

[60] Monoclonal antibodies according to the embodiments of the present mvention
have one or more of the more structural and/or functional properties described i this
document. One of the properties used o describe the monoclonal antibodies according to the
embodiments of the present invention is their ability to bind defined polypeptide “antigens.”
Anaother property is the structure of the monoclonal antibodics or their parts, for example,
aming actd sequence of the one or more polypeptides in an antibody binding site. Nucleotide
sequences encoding the amino acid sequence of the monoclonal antibodies or their parts can
also be emploved.

{61} For example, the monoclonal antibodies according to the embodiments of the
present invention can be described in reference to their binding properties - as capable of
binding CD133 protein, its fragments and/or variants, including at least some orthologs. The
termn “CD133 protem,” which can also be referred to as promunin-1, PROML, PROMLI
promimn, ACI33, CORDI2 MCDR2, RP41, STGDA refers to a five-transmembrane domain
glveoprotein encoded by PROMI gene. The term “CD133 protein” includes orthologs from
different species, including, but not limited to, rat, mouse, gorilla, chimpanzee, rhesus
monkey, cotton-top tamarin, dog and human. The term also includes various variants and
isoforms, such as splice vanants and isoforms, postranslationally modified (form example,
glvcosylated) vartants and isoforms, as well as mutants and homologs. D133 protein may
be described by using an amino acid sequence of buman CD133 protein (SEQ 1D NO: 1) and
homologous sequences, such as SEQ 1D NOs 2-8, or sequences with an extent of homology
{as defined further in this document) of at least 60%, at least 65%, at least 70%, at least 75%.
at feast 80%. at least 85%, at least 90%, at least 93%, at least 98% or at least 99%.

{62} As discussed elsewhere in this documents, anti-CD 133 monoclonal antibodies of
the present mvention were obtained by using immunogenic polypeptides having amino acid
sequences from the regions of €D133 extracellular domains A and B (SEQ ID NG:17 -
domain A immunogenic polypeptide sequence (“polvpeptide A7), SEQ 1D NGO 18 — domain
B immunogenic polypeptide (“polypeptide B”) sequence and screened for specific binding
using polvpeptides A and B and recombmantly expressed CIM33 domain A and B
polypeptides (SEQ ID NG:19 ~ recombinant domain A polypeptide; SEQID NO:20 -
recombmant domam B polypeptide}).  Monoclonal antibodies according to  some

embodiments of the present invention specifically bind to domain A polypeptides
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SEQ ID NQOs 17 and 19} but not to domain B polypeptides (SEQ 1D NOs 18 and 20), or,
alternatively, to domain B but not to domain A polypeptides. Accordingly, monocional
antihodies specific for domain A polypeptides arc capablec of specifically binding
polypeptides comprising SEQ IDNO:17 and/or 19, or thewr vanants or homologues.
Monoclonal antibodies specific for domain B polyvpeptides are capable of specifically binding
polypeptides comprising SEQ 1D NO:18 and/or 20, or their variants or homologues. Binding
of the monoclonal antibodies according to the embodiments of the present invention to their
polypeptides may be described in terms of binding affinity.  For example, monoclonal
antibodies of the present mnvention typically have a binding affinity (K,) for thewr respective

(D133 polypeptides of at feast 107 M7, at least 10° M, at least 10" M| or at least 10" M.

Structural propertics - sequences
163} Monoclonal antibodies according to the embodiments of the present mnvention can
also be described using binding site antibody amino acid sequences or nucleic acids encoding
such amino acid sequences. One exemplary embodiment is a monoclonal antibody having an
antibody binding site containing SEQ ID NO:9 {or its homologues or vanants) in its heavy
chain and SEQID NG: 11 {or its homologues or vanants) m its light chain. One more
exemplary embodiment 1s a monoclonal antibody having an antibody binding site containing
an amino acid scquence encoded by SEQ ID N(:10 (or its homologues or variants) in its
heavy chain and an amino acid sequence encoded by SEQ ID NG:12 {or its homologues or
variants} in its light chain. Another exerplary embodument is a monoclonal antibody baving
an antibody binding site containing SEQ ID N(O:13 (or its homologues or variants) in its
heavy chain and SEQ ID NG:15 {(or its homologues or vanants) in its light chain.  Yet
ancther exemplary embodiment 15 a monoclonal antibody having an antibody binding site
containing an ammo acid sequence encoded by SEQID NO:14 {or its homologues or
variants} i s heavy chain and an amino acid sequence encoded by SEQ ID NG:16 (or its
homologues or vadantsy in its light chaim. One more exemplary is a monoclonal antibody
having an antibody binding sitc containing one or more amino acid sequences corresponding
to H1, H2 and H3 CDRs contained within SEQ ID NG:9 {or its homologues or vanants) n its
heavy chain and containing one or more amino ackd sequences corresponding to L1, L2 and
L3 {DRs contamed within SEQ ID NO:11 {or its homologues or variants} in its light chain.
Yet another excmplary is a monoclonal antibody having an antibody binding site containing

one or more amino acid sequences corresponding to Hi, H2 and H3 UDRy contained within
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SEQ B NO:13 (or its homologues or varianis} in its heavy chain and containing one or more
aming acid sequences corresponding to L1, L2 and L3 CDRs contained within
SEQ I3 NO:15 (or its bomologues or variants) m its light chain. Homologues or variants
discussed above may refer to vanants or homologues of at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 58% or at

cast 99% degree of homology.

Vartations and modifications of nuecleic acds and  polypeptides;

sequence homology
[64] Embodiments of the present invention encompass homologues, variants, isoforms,
fragments, mutants, moditied forms and other vanations of the polvpeptides and nucleic acid
sequences described i this docoment.  The term “homologous,” “homologues” and other
related terms used i this document in reference to various amino acid and oucleic acid
sequences, are mtended to describe a degree of sequence similanity among profein seguences
or among and nucleic acid sequences, calculated according to an accepted procedure.
Homologous sequences may be at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%.
93%, 94%, 93%, 96%, 97%, 98% 99% or 100% homologous. As used herein, “percent
homology™ of two amino acid sequences or of two nuclewe acid sequences 1s deternuned
using the algonthm of Karlin and Altschul, which 15 incorporated into the NBLAST and
XBLAST programs, available for public use through the website of the National Institutes of
Health (U.8.A.). To obtain gapped alignments for comparison purposes, Gapped BLAST s
ptilized. When utilizing BLAST and Gapped BLAST programs, the default parameters of the
respective programs {(€.g., XBLAST and NBLAST) are used. “Percent homology™ may be
used in this document to describe fragments, variants or isoforms of amuno acids and nucleic
acid sequences, but other ways of describing fragments, vanants or isoforms may be
employed alternatively to or in conjunction with homology.
165} Fragments of a polypeptide can inchide any portion of a polypeptide of at least 3,
5,8, 10,15, 20, 25,30, 35, 40, 45 amino acids. 1t is to be appreciated, for example, that some
epitopes can contain only three amine acids. Furthermore, since epitopes (antigens) to which
the monoclonal antibodies bind can involve residues that are not adjacent in in peptide
sequence, but are next to cach other in three-dimensional structure, it is possible to achieve a
special configuration of an epitope using smaller fragments of a polypeptide sequence

mcloded discontinuously within a longer sequence.

24~



WO 2016/154623 PCT/US2016/024531

[66] Variants may result from sequence variations, such as amino acid substitutions,
deletions, and insertions, as well as post-translational modifications. Vanations in post-
translational modifications can mnclude variations wn the type or amount of carbohydrate
moieties of the protein core or any fragment or denvative thereof. Vanations m amino acid
sequence may arise natorally as allelic varations (such as due to genetic polymorphism) or
may be produced by huwman intervention {such as by mutagenesis of cloned BNA sequences),
the examples being induced point, deletion, insertion and substitution mutants. Variations in
a nucleic acid sequence may result in changes in the amino acid sequence, provide silent
mutations, modify a restriction site, or provide other specific mutations.

[67] The term “mutation” or “mutated sequence,” when used m reference to nuclectide
or aming acid or nucleotide sequence can be used mierchangeably with the terms “varant,”

¥,

“allelic variant,” “variance,” or “polymorphism.”  Amino acid sequence modifications
mclude substitutions, insertions or deletions.  Insertions include amino and/or carboxyl
terminal fusions as well as intrasequence inscertions of single or multiple anmino acid residues.
Insertions ordinanly will be smaller insertions than those of amino or carboxy!l terminal
fusions, for example, on the order of one to four residues. Deletions are characterized by the
removal of one or more amino acid residucs from the protein sequence. Amino acid
substitutions are typically of single residues but may include multiple substitutions at
different positions; insertions usually will be on the order of about from 1 to 10 amino acid
residues but can be more; and deletions will range about from 1 to 30 residugs, but can be
more. Amimno acid substitutions mav be characterized as “comsecrvative,” meaning
substitution for an amine acid with similar properties. Some examples of conservative
substitutions are shown in Table 1, below. Conservative amino acid subsiitutions in
monoclonal antibodics may have substantially no effect on antigen binding or other
mmunoglobulin functions.  See, for example, Harlow & Lane, “Antibodies, A Laboratory
Manual, Cold Spring Harbor Publications,” New York (1988). A vanant or an isoform can
contain one or more of substitutions (ncluding, for example, conservative amino acid
substitutions, such as 1-5, 1-10, 1-20, 1-30 or more conscervative amino acid substitutions),
deletions, nsertions.

[68] An 1soform or a variant can also be a result of post-translational modifications,
derivatizations or lack thereof For example, variants may arise as a result of differences in
glvcosviation, such as N~ and O-glycosvlation. Glutaminyl and asparaginyl residues are

frequently post-translationally deanudated to the corresponding glutamyl and asparyl
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residues. Alternatively, these residucs may be deamudated under mildly acidic conditions.
Other post-translational modifications  include hydroxylation of proling and lysine,
phosphorvlation of hvdroxy! groups of servl or threonyl residues, methvlation of the o-amino
groups of lyeme, arginine, and histidine side chains (acetvlation of the N-terminal amine and,
n some instances, amidation of the C-termunal carboxyl. Modifications can also include

modifications in glycosyiation.

Table 1.  Conservative amino acid substitutions

Original
Exemplary Residue Substitutions
residue
Ala Ser
Arg Lys
Asn Gln
Asp Glu
Cys Ser
Gin Asn
Gla Asp
Gily Pro
His Gin
e Leu; Val
Leu Ile;  WVal
Lvs Arg; Gln
Met Leu;, le
Phe Met; Leu;, Tyr
Ser Thr
Thr Ser
T Tyr
Tyr Trp: Phe
Yal Ile; Leu

Methods of making anti-CD3133 monoclonal antibodics and related compositions;

molecules, products and kits

[69] Methods of making monoclonal antibodies are included within the scope of the
embodiments of the present invention. Monoclonal antibodies can be produced by processes
compnsing a step of adounistenng an inynunogenic composition containing at feast one of
mmnunogenie polypeptides (described elsewhere in this document) to subjects, cells or
tissues, to mduce antibody production in the subjects, cells or tissues. Admumistration of the

mnunogenie composition induces production of antibodies in the subjects, cells or tissucs.
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Thus, antibody-producing subjects, cells or tissues are provided. Methods of making
antibodies according to the embodiments of the present invention can include one or more
steps typically emploved in hyvbridoma technology, such as isolating antibody-producing cells
from the subject, using the antibody-producing cells to generate a hybundoma cell culture and
tsolating an individual antibody-producing cell from the hybridoma cell culture. Antibody-
producing cells may be expanded i culiure and used to generate monoclonal antibodics.

{76} Anti-C3133 antibody production processes according to the embodiments of the
present mvention may include one or more screening steps, methods or processes. Such
screening steps, methods and processes are included within the scope of the present
mvention.  “Screening,” which may also be referred to as “analvsis,” “characterization,”
“testing” or by other related terms  The binding propertics of thus generated monocional
antibodies may be charactenzed or tested during the screemng, which may involve the steps
of contacting monoclonal antibodies with a screening composition comprising the at least one
of imownogenic polypeptides under conditions of an assay mtended to detect binding of the
antibody to the one or more immunogenic polvpeptides. The assay, which can be referred to
as “screening assay,” may be, but is not limited to, an immunoprecipitation assay, a Western
blot, an ELISA, a flow cyiometry assay, an immunofluorescence assay (IFA), an
mmmunohistochemistry (IHC) assay, a cytospin assay, a fluorescence resonance energy
transfor (FRET) assay, or a reverse phase array. More than one screening assay may be
employed. A plurality of monoclonal antibodics may be obtained and tested by the above
processes. Based on the results of the screening monoclonal antibodies with desired binding
properties, such as binding strength, specificity or both, may be sclected for further processes
and uses. Desired binding properties may be binding strength and/or specificity of binding of
an antibody to a screening compositions.  For example, a screening may reveal that an
antibody exceeds a certain predetermuned threshold value characterizing binding strength or
specificity, or that the antibody’s characteristics are superior in comparison to other screened
antibodics, which case the antibody may be selected for further processes and uses.
Screening may also involve conducting various assays, such as immunofluorcscence assays,
flow cvtometry and the ke, that employ antibody-based reagents, using monoclonal

antibodies of the present invention.

{71} The methods, processes and steps of producing monoclonal antibodies according
to the embodiments of the present mvention may include recombmant techniques. e

nucleic acid sequences (for example, ¢DNA sequences and genomic DNA sequences)
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encoding antibody binding site or amino acid sequences of the selected monoclonal
antibodics may be determined. Recombinantly produced monoclonal antibodies containing
the antibody binding sites mav be gencrated based on these sequences using appropriate
vectors and expression systems, which are described i more detail elsewhere in thig
document. The methods, processes and steps of producing monoclonal antibodies according
to the embodiments of the present invention may include various steps related to analysis and
generation of mucleic acid and amino acid scquences and molecules, such as nucleic acid and
polypeptide sequencing, amplification (for example, by polvmerase chain reaction (PCR}},
restriction, nucleic acid and polypeptide synthesis, mass spectroscopy, HPLL, and various
other procedurcs. The methods, processes and steps of producing monoclonal antibodies
according to the embodiments of the present mvention may include isolation and punification
steps, such as dialysis, precipitation, microfiltration, ultrafiltration, protein A or G affimty
chromatography, size exclusion chromatographyv, anion exchange chromatography,
hvdroxyiapatite (hydroxvapatite) chromatography, hyvdrophobic interactions chromatography,
cation exchange chromatography, other forms of affinity chromatograph, gel electrophoresis,
HPLC and other technigues and procedures. Compositions, methods and kits related to the
antihody production and processes (such compositions, methods and kits for recombinant
antibody production, arc included within the scopes of the embodments of the present

mvention).

Vectors and cells
{72} Anti-CD133 monoclonal antibodies and other polypeptides described m this
documents can be produced with the aid of recombinant technologies.  Accordingly, the
crbodiments of the present mvention mclude expression vectors comprising one or more
nucleic acids encoding one or more of the polyvpeptides described m this documents. In the
gxpression vectors, the encoding nucleie acid is typically operably linked to one or more
regulatory sequences. Such useful regulatory sequences include, for example, the carly or
late promoters, such as promoter sequences of SV40, CMVY, vaccinia, polyoma or adenovirus,
the fac system, the trp system, the TAL systerm, the TRC system, the LTR system, the major
operator and promoter regions of phage lambda, the control regions of fd coat protein, the
promoter for 3-phosphoglycerate kinase or other glveolviic enzymes, the promoters of acid

phosphatase (for example, PhoS5), the AOX 1 promoter of methylotrophic veast, the
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promoters of the veast a-mating factors, and other sequences known to control the expression
of genes of prokaryotic or eukaryotic cells or their viruses.

{73} An expression vector according to the embodiments of the present invention can
be designed to produce anti-CD133 monocional antibodies or mmmunogenic polypeptides
described in this document.  An expression vector can be suitable for expression in
sukaryotic cells or prokaryotic cells and thus include DNA molecules which are capable of
mtegration imto a prokarvotic or eukaryotic chromosome and subsequent cxpression.  The
mserted genes in viral and retroviral vectors usually contain promoters and/or enhancers to
help control the expression of the desired gene product. A promoter is generally a sequence
or sequences of DNA that function when in a relatively fixed location in regard to the
transcription start site. A promoter contains core clements required for basic mteraction of
RNA polvmerase and transeription factors, and may contam apstream elements and response
clements.  Specific regulatory clements can be cloned and used to construct expression
vectors that are sclectively expressed in specific cell types. For example, the ghial fibritlary
acetic protein (GFAP) promoter has been used to selectively express genes m cells of ghal
origin. Expression vectors used in gukarvotic host cells {e.g., veast, fungi, ingect plant,
amimal, human or nucleated cells) may also contain sequences necessary for the termination
of transcription which may affect mRNA expression. These regions are transcribed as
polyvadenviated segments in the antranslated portion of the mRNA encoding tissue factor
protein. The 3' untranslated regions also include transcription termination sites. it is preferred
that the transcription unit also contain a polyadenylation region. One benefit of this region is
that it mereases the likelibood that the transeribed umit will be processed and transported like
mRNA. The wdeatification and use of polyadenylation signals in expression constructs is well
established. It 1s preferred that homologous polyadenylation signals be used in the transgene
constructs. fn certain transcription units, the polyadenylation region is denived from the SV40
carly polyadenvlation signal and consists of about 400 bases. It is also preferred that the
transcribed units contain other standard sequences alone or in combmation with the above
sequences improve expression from, or stability of, the construct.  Some examples of the
vectors are PUC vectors, peDNA3 vectors, pEE series vectors, pGL3 vectors or pEGEFP
vectors,  pFUSE-CLIg and pFUSE-CHIg plasmid vectors can be emploved, which are
designed to change a monoclonal antibody from one isotype to ancther, thus permitting the

generation of a vanety of antibodies with the same antigen affinity.

229



WO 2016/154623 PCT/US2016/024531

{74} The vectors according to the embodiments of the present mvention include viral
vectors that transport the nucleie acids encoding monoclonal antibodies and polypeptides
described in this document into cells without degradation and include a promoter viclding
expression of the nucleic acids in the cells into which it 15 delivered. Viral vectors are
derived from viruses, including retroviruses, such as Adenovirus, Adeno-associated virus,
Herpes virus, YVaccinia virus, Polic viras, AIDS virus, newronal trophic virus, Sindbis virus
and other RNA viruses. Also preterred are any viral families that share the propertics of these
viruses that make them suitable for use as vectors. Retroviruses include Muring Maloney
Levkemia virus, MMLY and retroviruses that express the desirable properties of MMLY as &
vector. Some other examples of viral vectors are simian virus 40 (8V40) and baculovirus
vectors. Typically, viral vectors contain, nonstructural early genes, structural late genes, an
RNA polymerase 1H transeript, inverted terminal repeats necessary for rephication and
encapsidation, and promoters to control the transcription and rephication of the viral genomae,
When engineered as vectors, viruses typically have one or more of the early gencs removed
and a gene or gene/promoter cassette is inserted mto the viral genome in place of the removed
viral DNA. The necessary functions of the removed early genes are typically supplied by cell
lines that have been engincered to express the gene products of the carly genes in trans.

{75} Cells including the expression vectors are also imcluded among the embodiments
of the present invention. The resulting cells can thus produce anti-CD133 monoclonal
antibodics or immunogenic polypeptides described 1 this document. A cell can be either a
cukarvotic or prokarvotic cell, such as strains of . coli, Pseudomonas, Bacillus or
Streptomyees, fungt such as veasts (Saccharomyces, and methylotrophic veast such as Pickig,
Candida, Hansenuia, and Torulopsisy, animal cells, such as CHO, R1. 1, B-W and LM cells,
African Green Monkey ladney cells (for example, COS 1, COS 7, BSCI, BSC40, and
BMTI10), msect cells (for example, 59), human cells (such as human embryomic kidney
cells, for mstance, HEK 293} and plant cells in cell or tissue culture.

176} When the host is a eukaryote, such methods of transfection of BNA as calcium
phosphate coprecipitates, conventional mechanical procedures such as microinjection,
clectroporation, msertion of a plasmid encased in liposomes, or virus vectors may be used.
Eukaryotic cells can also be co-transformed with polynuclestide sequences encoding the
antibody, labeled antibody, or antigen binding fragment thereof, and a second foreign DNA
molecule encoding a selectable phenotype, such as the herpes simplex thymidine kinase gene.

Anocther method 1s to use a eukaryotic viral vector, such as simian virus 40 (SV40) or bovine
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papilloma virus, to transiently mfect or transform eukarvotic cells and express the protein.
Expression systems, such as plasmids and veotors, can be employed to produce proteins n
cells, including higher eukaryotic cells, such as the COS8, CHO, Hela and mveloma cell

lines.

Exemplary process of making recombinant monoclonal antibodies
177 In an illustrative example, anti-CD133 monoclonal antibodies according to the
embodiments of the present mvention, including chimeric and humanized monoclonal
antibodics, are recombinantly produced. In one example illustrating the process of using the
above-described vectors and cells, a mucleic acid sequence encoding an anti-CD133
monoclonal antibody s introduced imto a plasmid or other vector, which is then used to
transform living cells. For instance, genes encoding hight and heavy chain 'V regions are
synthesized from overlapping oligonucieotides and inserted together with available € regions
mto expression vectors that provide the necessary regulatory regions, such as promoters,
enhancers, poly A sites and other sequences. Expression vectors may be employed, in which
a cDNA contaiming the entire anti-CD 133 monocional antibody coding sequence, a fragment
of the anti-CD} 133 monoclonal antibody coding scquence, aming acid variations of the anti-
CD133 coding sequence, or fusion protens of the aforementioned, 1s nserted in the cormrect
orientation in an expression plasmid. In some cases. it may be desirable to express the coding
sequence under the control of an inducible or tissue-specific promoter. The expression
vectors may then be transfected using vanous methods, such as fipofection or electroporation,
mto cells of an appropriate mammabian cell line, thus generating cells expressing the
monoclonal antibodigs. The cells expressing the antibodies may be selected by appropriate
antibiotic selection or other methods and cultured.  Larger amounts of antibody may be
produced by growing the cells in commereially available bioreactors. Once produced by the
antibody-producing cells, anti-CP133 monoclonal antibodies may be purified according to
standard procedures, such as dialysis, filtration and chromatography. A step of lysing the
cells to 1solate the anti-CD 133 monoclonal antibody can be mcluded. Thus, a method of
making an anti-CD133 monoclonal antibody may contain one or more steps of culturing a
cell comprising a vector under conditions pernuiting expression of the anti-CDP133
monoclonal antibody, harvesting the cells and/or harvesting the medium from the cultured
cells, and isolating the anti-CD133 monoclonal antibody from the cells and/or the culture

medium.  Compositions, methods and kits related to the antibody production and processes
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{such compositions, methods and kits for recombinant antibody production, are included

within the scopes of the embodiments of the present invention.

Immunogenic polypeptides

{78} Among the embodiments of the present invention are mmmunogenic polypeptides
of D133 that were employed in the production of the monocional antibodies according to
the embodiments of the present invention, as well their variants and modifications that
preserve thelr immanogenic propertics. One example of such an embodiment is an isolated
or recombinantly produced polypeptide of SEQ 1D NO:17 or 18 or a homologous sequence.
Another example is a polvpeptide having SEQ ID NO:17 or 14, or a homologous sequence
and also containing additional residues (for example, a lvsine residue may be added at the C
terminus).  One more example 15 a polypeptide having SEQIDNO:17 or 18, or a
homologous sequence, conjugated to a label or a heterologous polypeptide.  Nucleic acid
sequences encoding the above polypeptides are also envisioned and included among the
embodiments of the present invention.

{79} Molecules, compositions, products, kits including the above immuonogenic
polypeptides, as well as methods of making and using the above polypeptides, for example,
for producing, testing or screening antibodies, inducing imumune response in the subjects,
cells or tissues are also included within the scope of the present invention. For instance,
compositions or molecules containing above polypeptides or nucleic acids may be employed
m the methods of producing monoclonal antibodics described i this document as probes in
the screening assays. In another example, the compositions or molecales containing above
polypeptides or nucleic acids may be administered to subjects, cells or tissues to induce

imune response, including production of antibodics.

Methods of using monoclonal antibodies

188}  The processes of using anti-CD133 monoclonal antibodies are included among the
embodiments of the present invention. Anti~CD133 monoclonal antibodics can be used in
diagnostic, preparative, analviical, prognostic or laboratory methods or assays, as well as n
therapeutic methods. For example, the monoclonal antibodies may be used to measure the
presence, absence or level of UD133 in samples, such as cells, tissugs or organisms, which
may be referred to as “subjects.” As used throughout the document, the term “subject” and

related terms refer to an organism. Subject may be a mammal such as a primate, including a
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human. The term “subject” can melude domesticated animals, such as cats, dogs, etc,
hvestock (e.g., cattle, horses, pigs, sheep, goats, ¢ic.). and laboratory animals {¢.g., mouse,
rabbit, rat, guinea pig, etc.). The term “subject” as used may refer to a subject, such as but not
himited to a human person, having a cancer, including a solid tumor cancer or a blood cancer.
It i3 to be understood, that a subject having a cancer can be a patient with a known cancer,
meaning the cancer that was detected prior to the performance of the embodiments of the

methods of the present invention, or a subject with a previously undetected cancer.

Detection methods
{81} The methods according to the embodiments of the present invention involve binding
of the antibody to its epitope. Thus, the processes of using anti-CD133 monoclonal
antibodies according to some of the methods deseribed in this document include a step of
contacting the anti-CD133 monoclonal antibody (meaning one or more monoclonal antibody}
with a sample under conditions that permit binding of the monoclonal antibodv with its
CD133 epitope. The conditions under which the binding of anti-CP133 monoclonal antibody
to its epitope occurs depend on the context of the specific method.  The terms “sample” or
“samples” is not intended to be limiting and refers to any product, composition, cell, tissue or
orgamism that may contain gpitopes of the anti-CD133 monoclonal antibodics described in
this document. For example, “sample” may be any cell or tissue sample or extract originating
from cells, tissues or subjects, and mclude samples of human or animal cells or tissues as well
as cells of non-human or non-animal origin, including bacterial samples. A sample can be
directly obtained from a human or animal organism, or propagated or cultured. Samples can
be subject to various treatment, storage or processing procedures before being analyzed
according to the methods described i the document.  Generally, the terms “sample” or
“samples” are not intended fo be himited by their source, origin, manner of procurement,
treatment, processing, storage or analysis, or any modification. Samples inclade, but are not
fimited to samples of human cells and tissues, such as blood samples including circulating
stem cells (c8C), cercbrospinal fluid samples, synovial tissue samples, synovial fluid
samples, brain tissue samples, blood vessel samples, or tumor samples including  circulating
tumor cells {CTCs) and circulating cancer stem celis (¢C8Cs}. Blood samples include both
blood secrum and blood plasma samples. Samples encompass samples of healthy or
pathological cells, tissues or structures. Samples can contain or be predominantly composed

of cells or tissues, or can be prepared from cells or tissues. Some examples of the samples
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are solutions, suspensions, supernatants, precipitates (cell precipitates), pellets, cell extracts
{for examples, cell lysaies), cell extracts, blood or plasma samples, tissue sections and/or
mcluding needle biopsics, microscopy slides, mcluding fixed tissues {ex. formalin-fixed,
paraftin-embedded (FFPE)) or frozen tissuc sections, flow cvtometry samples and fixed cell
samples. Samples, such as cells and small tissaes may be mixed m a slurry of an mert
support with or without use of optimal cotting temperatare {OCT) or other compounds before
freezing, clectrophoresis gels and blots (such as those used in Westem blotting).

{82} The methods according to the embodiments of the present invention may include a
step of detecting the binding of an anti-CD133 monoclonal antibody to its cpitope. The
detection may be accomplished by detecting epitope-antibody complexes using various types
of labels. For example, for vanous assays, the monocional antibodics may be labeled with
fluorescent molecules, metals, spin-labeled molecoles, nano-particles, enzymes  or
radioisotopes. The labels arc sometimes referred o as “reporter molecules.” Anti-CD133
monoclonal antibodics may be directly labeled, meaning that the labels can be dircctly
attached (conjugated to the antibodigs} or indirectly (non-covalently) labeled, meaning that
antibody-binding molecules contaiming the labels may be emploved. For example, labeled
sccondary antibodics or their fragments capable of bindimg anti-CD133 monocional
antibodies may be used. Some examples of antibody Iabels and procedures used in labeling
are described, for example, in “Guide to Antibody Labeling and Detection,” Innova
Biosciences (20103, Cambridge (UK), Buchwalow & Bocker “Immunohistochemistry: Bagics
and Methods” Springer-Verlag Berin Hedelberg (2010} (see, for cxample, Chapter 2
“Antibody Labeling and the Choice of a Label,” pages, 9-17). Detection of the labels, which
meludes qualitative and quantitative detection, is accomplished by varions methods,
depending on the label, the method in which 1t 15 used, and the result desired.

{83} For example, in some of the embodiments of the methods descnbed m this
documents, the binding of anti-CD133 monoclonal antibodies to their epitopes m cell and
tissuc samples may be visually detected, such as in the slides examined or imaged under the
microscope, by using either a direct (covalently attached) fluorescent label or fluorescently
labeled secondary antibodies. In another example, fluorescence emitted by labeled anti-
D133 monoclonal antibodies or by the secondary antibodies is quantitatively detected by
registering hight emitted by the sample at a particular wavelength.  One or more monocional
antibodies may be cmploved. In some exemplary methods, two monoclonal antibodics

binding to different CD133 epitopes (i.c., not competing for binding} may be simultancously
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emploved, for example, in a “sandwich” assays, such as ELISA.  Anti-CD133 monoclonal
antibodies according to the embodiments of the present invention and may be provided in the
form of kits with all the necessary reagents to perform the assay for CID 133 presence, absence
or level.

[84] Monoclonal anti-CD133 antibodies according to the embodiments of the present
myention detect a range of CD133 variants and isoforms, including unglyeosvlated and a
range of glycosviated varants, and are useful for various analytical procedures and protocols,
mecluding pharmacodyvnamic immuncassays, immunofluorescence assays, Western blotting,
ELISA, flow cviometry and immunoprecipitation. The methods described in this document
can involve detecting the total level of all CID133 variants or isoforms, or the level of some of
them. A method can contain a step of detecting a level of CB133 10 a sample and comparing
it to a control level. Control levels can be nsed to establish a threshold value. This threshold
value can be determined empirically by comparing positive controls (for examples, samples
with a certain level of CI 133 present) and negative controls {samples without CID133).

[85] Such procedures and protocols employing anti-CB133 monoclonal antibodics may
be usefid in a wide range of analytical, diagnostic and therapeutic applications, for example,
m research and laboratory applications i which detection of CI3133 is desirable, or in
methods of assessing various conditions, such as cancer, in subjects. Since the presence of
CD133 may be indicative of cancer stem cells, monoclonal anti-CE33 antibodies according
to the embodiments of the present mvention may be used in the methods of detecting and
montioring cancer stem cells (cancer cells that can self-renew and duve mumorogenesis) m

samples or in subjects,

3% ¢ >

{86} The terms “assess,” “assessment” “detect,” “detecting,” “indicate,” “ndicative”
and similar terms are used in this document to broadly refer to a process or discovering or
determining the presence or an absence, as well as a degree, quantity, or level, or probability
of oceurrence of something. For example, the term “assessing” when used in reference to a
disease or a condition can denote discovery or determination one or more of presence of a
discase or a condition, absence of a disease or a condition, progression, level or severity of a
disease or a condition, as well as a probability of present or future exacerbation of symptoms,

2% L6,

or of efficacy of a treatments. The terms “assess,” “assessment,” “assessing” and the related
terms may be used in reference to cancer, status of cancer or status of a subject with cancer,
and in some other contexts. These terms can denote, but are not limited to, inferring the

presence or the absence of cancer stem cells in cancerous tumors based on the detected
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RIS

presence or absence of D133 in the tumors. The terms “assess,” “assessment,” “assessing”
and the related terms may also encompass, depending on the context, recommending or
performing any additional diagnostic procedures related to evaluating cancer, evaluating
potential effectiveness of the treatments for cancer, as well as recommending or performing
such treatments, monitoring the cancer, or any other steps or processes related to treatment or
diagnosis of a cancer. For example, evaluating prognosis of a cancer 1o a subject, or
cvaluating prognosis of a cancer subject fall within the scope of the terms “assess,”
“assessment,” “assessing” and the related terms. These terms also encompass recommending
or not recommending and performing or not performing treatment or diagnostic procedures

based on the results of detection of cancer-associated mutations m the subject’s tumors.

Pragnostic and Therapeutic Mcthods

1871 Anti-CD133 monoclonal antibodies described 1n this document may be used in
diagnostic as well as 1 therapeutic methods, or methods related to treating diseases or
conditions. Some of these methods may be referred to as “screening” and/or “profiling”
methods and may be emploved in the fields of diagnostics, therapy, personalized medicing
and other related fields. The term “condition” when used in reference 1o the embodiments of
the present invention 13 used broadly to denote a biological state or process, which can be
normal or abnormal or pathological. The term “condition” can be used to refer to a medical
or a climcal condition, meaning broadly a process occurring in a body or an organism and
distinguished bv certain symptoms and signs. The term “condition” can he used to refer to a
disgase or pathology, meaning broadly an abnormal disease or condition affecting a body or
an organismi. Some examples of conditions related to the methods of using anti-CD133
monoclonal antibodics described in this document arc cancers, such as breast cancer,
colorectal cancer, gliblastoma, melanoma, lung cancer, ovarian cancer, gastric cancer, acute
leukemia, acute lymphoblastic leukemia (AML), prostate cancer, biver cancer, kidney cancer
sarcomas, brain cancers, leukemia, retinoblastoma.  Some other examples of conditions
related to the methods of using anti-CD133 monoclonal antibodies described in this
document are Stargardt discase, an inherited form of juvenie macular degeneration Retinitis
pigmentosa 41, and cone-rod dystrophy 12.

{88} The term “cancer” as used herein includes solid tumor cancers and blood cancers.
The term “solid tumor cancer” denotes the cancers that are characterized by the formation of

cancerous tumors, or cohesive masses of abnormally proliferating cells, in tissues and organs.
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It 18 to be understood that some tumors formed by the solid tumor cancers can be cysts,

I3

meaning fluid-filled sacks of tissuc. The term “solid tumor cancer” is used herein to

distinguish tumor-forming cancers from the so-called blood cancers or hematological
malignancies that are formed from hematopowietic (blood-fornung) cells and affect blood,
bone marrow, and fvmph nodes. Examples of solid tumor cancers are carcinomas, or cancers
derived from epithelial cells, sarcomas, or cancers ansing from connective tissue, germ cell
tumors, such as seminomas and dysgerminomas, blastomas, or cancers that denive from
precursor cells or embryonic tissue. Some non-limiting examples of solid tumor cancers are
hing cancer, breast cancer, colorectal cancer, prostate cancer, thyroid cancer, brain canger,
such as ghioblastoma, and bladder cancer. Examples of bematological malignancics are
lymphomas, leukemuas, myelomas, myelodysplastic syndromes and myveloprohiferative
diseases.

189} Circolating tumor cells (CTCs) are incloded within the scope of the term “cancer.”
See, for example, “CID133 cxpression m circulating tamor cells from breast cancer patients:
Potential role in resistance to chemotherapy.” It J Cancer. 2013, 33:2398-407,
“Circulating and disseminated tumor cells in the management of breast cancer.” 4m. J. Clin.
Pathol. 2009, 132:237-245; “Cuculating tomor celis: a useful predictor of treatment efficacy
m mgetastatic breast cancer.” J Clhn. Oncol 2009, 27:5153-5159; “Characterization of
metastatic breast cancer patients with non-detectable circulating tomor cells.” Ins. J. Caricer
2011, 129:417-423; and “Epithelial-mesenchymal transition and stem cell markers in patients
with HERZ2-positive metastatic breast cancer.” Mol Canicer. Ther. 2012; 11:2526-34

9G] Anti-CTH 33 monoclonal antibodies described in this document may be used
methods of determining efficacy of a therapy, such as a cancer therapy in a subject based on a
change or changes in CD133 expression levels. Such methods can be deseritbed as
pharmacodynamic methods, or methods of evaluating efficacy of a treatment or therapy. An
exemplary method comprises obtaining a first blood sample from a subject with cancer prior
to treatment with a first cancer therapy, deternuning a value of CD133 expression in the first
blood sample (ic., as a bascline measurement), obtaining a sccond blood sample from a
subject with cancer after at least one treatment with the first cancer therapy, deternuning a
second CD2133 value in the second blood sample (i.e., as a means of assessing the treatment
effect), and comparing the first value to the second value. An increase in CD133 value may
mdicated that the cancer therapy 1s insufficiently effective and that a second cancer therapy or

an increase in dosing regimen (increased dosage or frequency using the current treatment
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agent) for the subject should be selected. A second cancer therapy can also include
administration of muoltiple chemotherapeutics in combination, surgery, and/or radiation
therapy. Proper dosages and treatment methods, or change in treatment regimens can be
determined by accepted methods.

91}  Ann-CD133 monoclonal antibodies described in this document may be used in
various other methods, that can be characterized, depending on the context, as scregning,
diagnostic, therapeutic or freatioent methods.  For example, anti-CD3133 monoclonal
antibodies of the present invention may be employed in methods of detecting presence,
absence or amount of cancer stem cells in the sample, where the presence, absence or amount
of C133 polypeptide detected in the sample with the help of anti-CD133 monocional
antibodies is indicative of the presence, absence or amount of the cancer stem cells in the
sample. In another example, anti-CD133 monoclonal antibodies of the present invention may
be used in methods of detecting presence, absence or amount of circulating tumor cells
{CTCs) in the sample, such as a blood sample, where and the presence, absence or amount of
CD133 polypeptide detected in the sample with the help of anti-CDI133 monoclonal
antibodies indicative of the presence, absence or amount of the circulating tamor cells in the
sample. In onc more example, anti-Ci3133 monoclonal antibodies of the present jnvention
may be uscful for detecting presence, absence or amount of CP133-positive cells in the
sample, such as a blood sample, where the presence, absence or amount of CDI33
polypeptide detected in the sample with the help of anti-CD133 monoclonal antibodies s
mdicative of the presence, absence or amount of the CD133-positive cells in the sample.

1221  In vet one more example, anti-CD 133 monoclonal antibodies of the present mnvention
are used as reagents for removing CD133-positive cells from a sample. When a monoclonal
antihody 1s contacted with the samples under conditions under which specific binding of the
monoclonal antibody and CD133 polvpeptide expressed by the CD133-positive cells may
oocur, complexes the monoclonal antibody and the CD133-positive cells for and can be
removed from the sample. The removal may be accomplished by a varicty of procedures,
one of examaples being blood plasma filtration. Blood can be removed from the patient,
pumped through a filter device containing bound CD133 mABs that capture the CD133
expressing cells, and, after capturing, the blood is retumed to the patient. This method may
be useful m preparatory or treatment methods, when it is desirable to reduce the number of
the CD133-positive cells a sample of blood or a marrow sample obtained from a subject.

Such procedures may be usefid in the context of transplantation or transfusion, or in the
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context of cancer treatment methods. Some other methods of treatment, in which the

monoclonal antibodies of the present mvention may be usefully employed, are discussed

below.
Treatment Methods and Compositions
193] Methods of treating cancer in a subject that comprise administering a treatment or

therapy in the subject based on the detection of €133 levels using anti-C3133 monoclonal
antibodies described in this document are also included among the cmbodiments of the
present invention. The term “therapy” i1s used herein syvnonymously with the term
“treatment,” and may include surgical treatments. The term “cancer therapy” as used herein
encompasses various tyvpes of cancer therapy or treatment, including surgery, radiotherapy,
chemotherapy, and targeted drug therapy. A therapy may inclade one or more types of
therapy. For example, a therapy may include a combination of chemotherapy and targeted
drug therapy. The terms “therapy” and “treatment” can be used in conjunction with the terms
“cycle” or “period.” A therapy or treatment can be administered one or more times over a
certain period of time, followed by a period during which no treatment or therapy is
administered. A therapy cycle can last for days or weeks (in onc example, four weeks). One
or more cycles of therapy or treatment can be admimmistered. For example, one, two, three,
four, five, six, seven, eight, nine, ten or more than ten cycles of therapy or treatment can be
administered. The therapy may be the same or varied dunng different cyveles. For example,
the types and/or the doses of therapy may be varied from cycle to cycle. Dunng a therapy
cyele, the therapies may be administered on a single day, several consecutive days, or
continuously as an outpationt or as an patient. A therapy may last minutes, hours, or days,
depending on the specific protocol. Therapy cycle may ropeat weekly, bi~weekly, or
monthly. A therapy cvele can inchude one or more therapy sessions. For example, a therapy
cycle can be defined in monthly intervals, with two bi-weekly chemotherapy sessions
classified as ong cycle. One or morg therapy cycles can be referred collectively as a “course”

of therapy.

Compositions
194} Auti-CD3133 monoclonal antibodies may be included in compositions employed in
the treatment or alleviation of various conditions, such as cancer. Such conditions may be

referred to as pharmacentical compositions, therapeotic compositions, formulations,
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medicaments or by other terms. In one example, monoclonal antibodies according employed
in such compositions may be peutralizing antibodics. A monoclonal antibody that binds
CD133 1s sard to neutralize CD133, or be neutralizing, if the binding partially or completely
mhibits one or more biological activities of CD133. For example, a neutralizmg anti-CD 133
monoclonal antibody at a concentration of 0.01, 0.1, 0.5, 1, 2, 5, 10, 20 or 50 ug/ml may
mhibit a biclogical function of D133 by about at least 50%, 75%. 90% or 95% 99% or
cssentially completely. The compositions containing neutralizing anti-C13 133 antibodies may
be adminmsiered to the subjects. That 1s, the antibodies can be used in the manufacture of a
medicament for treatment or alleviation of a condition or disease. The compositions may
contain the anti-CD3133 monoclonal antibodies 1 a physiclogicallv acceptable carrier,
optionally with excipients or stabilizers, in the form of lvophilized or aqueous solutions.
Acceptable carriers, excipients or stabtlizers are nonfoxic to recipients at the dosages and
concentrations emploved, and include buffers such as phosphate, citrate, or acetate at a pH
typically of 5.0 to 8.0, most often 6.0 to 7.0; salts such as sodium chloride, potassium
chlonde, etc. to make isotonic; antioxidants, preservatives, low molecular weight
polypeptides, proteins, hydrophilic polymers such as polysorbate 850, amino acids,

carbohvdrates, chelating agents, sugars, and other standard ingredients.

Administration
195} Methods of treating a subject with a discase or a conditions using compositions
contating anti-CD 133 monoclonal antibodies described in this docoment are also including
among the embodiments of the present invention. The composition can be administered to a
patient by any suttable route, especially parentally by intravenous infusion or bolus mjection,
mtrarauscularlv or subcutancously. Intravenous infusion can be given over as little as 15
minuies, but more often for 30 minutes, or over 1, 2 or even 3 hours. The composition can
also be injected directly nto the site of disease (for example, a tumor), or encapsulated into
carrving agenis such as liposomes. The dose given will be sufficient to alleviate the
condition bemng treated (“therapeutically effective dose™) and mav be 0.1 to 5 mg/kg body
weight, for example 1, 2, 3 or 4 mg/kg, but may be as high as 10 mg/kg or even 15 or 20
mg/kg. A fixed unit dose may also be given, for example, 50, 100, 200, 500 or 1000 mg, or
the dose mav be based on the patient's surface area, e.g., 100 mg/m’. Between 1 and 8 doses.
{cg. 1,2, 3, 4 5, 6, 7 or8) mav be admimstered over a therapy cyele, but 10, 20 or more

doses may be given. The monoclonal antibody can be adnuinistered daily, biweekly, weekly,
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every other week, monthly or at some other interval, depending, ¢.g. on the half-lifc of the
monoclonal antibody, for 1 week, 2 weeks, 4 wecks, 8 weeks, 36 months or longer. Repeated
courses of treatment are also possible, as is chronic admmnistration. A regime of a dosage and
miervals of admunistration that alleviates or at least partially arrests the symptoms of the
disease {biochemical, histologic and/or clinical), including its complications and intermediate
pathological phenotypes in development of the disease is referred to as a therapeutically

effective regime,

Prophylactic Methods

{96} The pharmaceutical compositions containing anti-CD133 monoclonal aotibodies
can also be used in prophylaxis of a patient at risk of cancer. Such patients include those
having genctic susceptibility to cancer, patients who have undergone exposure to
carcinogentic agents, such as radiation or toxins, and patients who have undergone previcus
treatment for cancer and are at nisk of recurrence. A prophvlactic dosage 15 an amount
sufficient to eliminate or reduce the nsk, lessen the seventy, or delay the outset of the
disease, including biochemical, histologic and/or clinical syvmptoms of the discase, its
complications and intermediate pathological phenotypes presenting during development of
the disease. Admuustration of a pharmaceutical composition 1n an amount and at mtervals
effective to effect one or more of the above is referred to as a prophyvlactically effective
regime.

{974 The following examples will serve to further illustrate the present invention
without, at the same time, however, constituting any limitation thereof. On the contrary, it is
to be clearly understood that resort may be had to various embodiments, modifications and
cquivalents thercof which, after reading the description herein, may suggest themselves to

those skilled mn the art without departing from the spint of the mvention.

EXAMPLE |
Development of monoclonal antibodies
Antigen
[98] Tertiary structure of CD133 protein is schematically illustrated n Figure 1. For
mmmunization, CB133 immunogenic polvpeptides were prepared using amino acid sequences
corresponding to CD133 sequences selected from extracellular domains A and B of CD133

protein. The amino acid sequences for the immunogenic polvpeptides were selected based on
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thetr predicted antigenicity, which was calculated with the software using the method
described in Kolaskar and Tongaonkar, “A semi-empirical method for prediction of antigenic
determinants on profein antigens” FABS Lert. 1990 276(1-2):172-4. Surface exposure of the
ammo acid residues was taken mto account, and CP133 glycosviation sites known to be
located at aming acids 220, 274, 393, 414, 548, 580, 729 and 730 were expressly avoided. In
reference to CD133 amino acid sequence NCBI accession muwmber NP _006008.1
(SEQ 1D NGO 1, shown in Figure 2), the two amino acid sequences employed m the
mnmunogenic polypeptides corresponded to amime acids 295-329 and 613-643 of CB133
amino acid sequence. The N-terminal lysine residue of Peptide A (SEG 1D NO:17) was used
for conjugation, whereas a lysine residue was added as a c-torminal residue of petide B

{(SEQ D NGO:18) for conjugation, as shown n Table 2.

Table 2. D133 mmunogenic polypeptides

Amine
( N acids m CD133
Polypeptide SEQ 1D painuion :
oWpep Q CDI33 domain
sequence
KTSLRESSLNDPLCLVHPSSETCNST ~ .
£ SE ; 65-3 A
A RLELSOLNSN SEQ ID NO:17 295-329 A
REKNLODFAACGIDRMNYDSYLAQTG ; N
i SE : 295-329
B KSPAK SEQ ID NO: 18 95-32 B
Immunization
199} For immunization, recombinant polypeptides I and I were expressed in

Escherichia coli, purified, and conjugated to Kevhole limpet hemocvanin {(KLH) using
standard protocols. An equimolar mixture of both conjugated polypeptides was used to
prepare an immunogen according to the procedure discussed below. Two three-month old
New Zealand white rabbits were immunized using 3 protocol of five injections and two test
bleeds per rabbit. At the time of each injection, aliquots of peptide mixture were thawed and
combined with Complete Freund's Adjuvant {CFA) (for the first injection) or with mcomplete
Fraund’s Adjuvant for the subsequent injections. The imection rouie was subcutaneous.

Immunization and bleed details are summarized in Table 3.
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Table 3. Immumzation and bleed schedule.

Amount of
Date Procedure immz?gzgtj;n or poizﬁgtﬁii}rgsgted
obtamed (nd)

6/19/2012 Bleed 0 Smil
6/20/2012 Injection i 0.5 mg
/1172012 Injection 2 0.25 mg
Ti25/2012 Injection 3 0.25 mg
8/8/2012 Injection 4 (.25 mg
8/20/2012 Bleed 1 5 ml
872272012 Injection 5 0.25mg
9/3/2012 Bleed 2 5 ml

Blood screening

{100} During the primary screening of the bood samples, colorimetric ELISA against

BSA-conjugated immunogenic peptides A and B (see Table 2) and was performed as follows.
ELISA plates (96 well, Grenier or Nunc) were coated with 50 ng/well of peptide-BSA
conjugate in bicarbonate buffer, pH 9.6, incubated at 4°C overnight, then blocked with 1%
BSA n Tris buffered saline (TBS) . Dhluted (1:250 -1:256,000} rabbit anti-sera {50 ul/well)
were added and incubated at room temperature. Plates were washed with Tris buffered saline
(TBS) with 0.05% Tween (TBST). Anti-rabbit secondary antibody conjugated to alkaline
phosphatase {(PIERCE; cat# 31340; 12,500 dilution, prepared in 1% BSA-TBS) was used for
detection with p-nitrophenyl phosphate (PNPP) substrate. Optical density (0.13.) of the plate
wells at 405 nm was measured with a plate reader. The results are summarized in Table 4 and
iffustrated in Figure 3, panels A and B.

{161} Secondary screening of the blood samples was conducted with using BSA-
conjugated mmmunogenic CD133 polypeptides A and B as well as recombinant  polypeptides
of CD133 domain A {aming acids 180-400 plus 21 amino acid tag, SEQ D NG:19, shown
below) and domain B (amino acids 515-745 plus 24 amino acid tag; SEQ [D NO:20, shown
below) produced in #. coli. The secondary screening was conducted as follows. Flat bottom,
black, high binding 360 uL plates with clear bottom (VWR) were coated with 100 ng/fwell of
peptide-BSA conjugate in bicarbonate buffer, pH 9.6 (Sigma), incubated at 4°C overnight and
blocked with ODYSSEY™ blocking buffer (LiCor). Diluted (1:250 -1:1,000,000) rabbit anti-

sera (100 ul/welly were added to the plates, which were then incubated at 24°C for 1-2 houss,
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and washed with phosphate-buffered saline (PBS) with 0.05% Tween-20 (PBS-T).  Anti-
rabbit secondary antibody conpugated to IR680 fluorescent dyve (Lilor) was used for
detection. Plates were read at 700 nm wavelength with a Licor ODYSSEY" scanner. Images
were quantified using Licor ODYSSEYY application software v. 3.0. The results of the

secondary screening are ihustrated in Figure 3, panels C and D.

Table 4. Primary screening data {(O.D. measured at 405 nm)

Control
antigen
Screening Antigen A-BSA B-B5A and
antibod
\i
Rabbit 1
_ Bleed #
Dilution B ) B )
1:250 1.10 1.73 1.83 1.74 1.10
11,000 1.19 1.63 1.79 1.63 1.13
1:4.000 1.32 1.47 1.76 1.79 0.76
1:16.000 1.08 1.23 134 111 0.60
1:64,000 (.70 (.60 (.84 (.70 (.35
1:256,000 0.31 (.32 .41 (.34 0.20
0 {background no . . . .
bieedg’pﬁmiw antibody} 0.09 0.09 0.08 0.09 0.12
Pre-Bleed (1:60,000) 0.13 (.08 (.09 (.08 431
Rabbit 2
. Bleed #
Dilution B B3 B 3
1:256 141 1.31 1.34 1.25 1.38
1:1.000 1.51 1.49 1.34 142 149
1:4,000 1.43 134 1.59 132 1.18
1:16,000 1.08 1.08 1.18 1.08 (.79
1:64.,000 0.62 (.58 (.80 0.72 0.45
1:256,000 0.29 .29 .39 034 6.19

0 (background no
bleed/primary antibody)
Pre-Bleed (1:60,000)

(.12 0.09 0.08 0.09 0.10

0.08 .08 .08 .08 0.07
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Recombinant CD133 domain A polypeptides (SEQ 1D N(:19)

MHHEHHHSSGVDLGTENLYFOSNANHOVRTRIKRSRKLADSNFKDLRTLLNETPEQIKYILA
QYNTTRKORAFTDLNSINSVLGGGILDRLRPNITPVLDEIKSMATATKETKEALENMNSTLES
LHOOSTQLSSSLTSVETSLRSSLNDPLCLVHPSSETCNS IRLSLESQLNSNPELRQLEPVDAE

LDNVNNVLRTDLDGLVOQGYQSLND IPDRVORQTTTVVAGIKRVLNS TGS DIDNVTORL

Recombinant CD133 domain B polypeptides (SEQ 1D NG:20}

MHHHHHHSSGVDLGTENLYFOQSNATCEPY TSKELFRVLDTPYLLNEDWEY YLSGKLEFNKSKM
KLTPEQVY SDCKEKNRGTYGTLHLONSEFNISEHLN INEHTGS ISSELESLXKVNLNIFLLGAAG
REKNLODFAACGIDRMNYDSYLAQTGKSPAGVNLLSFAYDLEAYXANSLPPGNLRNSLERDAQT
IKTTHQORVLPIEQSLESTLYOSVKILORTGNGLLERVIRILASLDFAQNF ITNNTSSVIIEE

TEXYGRT

Fusion

{162} Rabbit 1 was selected for splencctomy and fusion duc to higher antibody titers
observed in the blood samples. A final boost of immunogen composition (peptides A+B)
was administered to Rabbit T intravencusly, and splenectomy was performed.  Splenocyies
were isolated from the spleen tissue. Four hundred million bvmphocvie spleen cells were
fused with 200 nullion fusion partner cells and plated on 40 96-well plates. The plates were

kept in tissue culture meubators under standard conditions. Fusion data is shown in Table 3.

Table 5. Fusion data for the spleen tissue sample from rabbit 1.

Harvest | Tissue | Weight | Size ,.Le.ﬂ. ' llota‘i .
Date Type (@) (om) Viability | Cells Notes
' ~ (%) (M)
10/09/2012 | spleen | 3389 7 &3 2500 | 40X fusion
Hybridoma screening
{103} Cell growth of the hybridoma culture was monitored for 2-3 weeks after fusion.

Hybridoma supematants werc screened by standard colorimetric ELISA against BSA-
conjugated immunogenic peptides A and B, as described carlier for pnimary screening. The
hybridoma screening process consisted of an imttially screen on 40 plates, using bleed 2 of

Rabbit 1 at 1:100 dilution as a positive control.  Clones with O.D. greater than 0.5 were
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considered putatively positive and were further expanded to a 24-well plate. Confirmatory
screen was performed, and six clones were confirmed positive against the same BSA-
Conjugated peptides as those used for bleed screening.  Additional screening was performed
bv the same ELISA assav according to the secondary screening procedure described above.

Western blotting was performed on the clones selected for subcloning,

Subcloning and subclone screening

{104} Subcloning was performed using lhmted cell dilution method using standard
protocols.  Positive subclones were selected for screening and screengd by ELISA and
Western blot. As a result of the screening, mAb subclones 47-10 (domain A specific) and

133-3 (domain B specific) were selected for production of the purified mAbs.

Cloning of ¢cDNA

[165] The cDNA of mAb subclones termed “47-107 and “133-37 was cloned to generate
recombinant antibodies. The ¢BNAs of IgG heavy and light chains were amplified by
polymerase chain reaction (PCR) and cloned into a mammalian expression vector. The
recombinant mounocional antibody was then transiently expressed using a HEK293 cell
systern.  The expressed recombinant antibodies were then tested by ELISA agamst CD133
mmnunogenie polypeptides A and B and recombinant domain A and B polypeptides. Figure
4 Hustrates the results of ELISA testing of mAbs 47-10 {panel A} and 133-3 (panel B). The
testing confirmed the specificity of the mAbs. The cDNA was sequenced. Figures 3-10

53

tHustrate the amino acid sequences of mAbs 47-10 and 133-3.

Purification of recombinant antibodies

[106] Recombinant antibodies were produced In a HEK293 cell system in serum-free
medium and purified by protein A, Brefly, protein A gel (GE Life Science) was pre-washed
with dH-0 until 08,<0.05 was achieved, then re-equilibrated extensively with 1xPBS. The
protein A gel was then incubated with rotation overnight at 4°C with antibody-containing
supernatant and binding buffer, pH 8.0 (Pierce), at volume ratio 1:1. After the incubation, a
chromatography columm was packed with the protein A gel and the flow-through collected.
The protein A gel was washed with IxPBS until ODuge < 0.05 was achieved. The
recombinant antibodies were cluted off the gel with 10 mi of elution buffer, pH 2.8 (Picrce).

The claate was collected 1n 1 ml fractions mto the glass tubes containing 100 wd 1M Tris-H{1
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neutralizing buffer, pH8.0. Absorbance at 280 nm of cach elated fraction was measured.
The fractions with positive 0D, were pooled and dialyzed against IxPBS (with at least 2
exchanges) overmight at 4°C. The antibodics were then concentrated to desired concentration

using ultra centrifugal filter units (Amicon, Millipore).

EXAMPLE 2
Specificity of monoclonal antibodies and use in immunoassays

Specificity testing via ELISA

{167] The specificity of the monoclonal antibodies was demonstrated by direct ELISA
with the antigenic peptides A and B conjugated to BSA or the recombinant CD133
extracellular domam peptides described 1 Example 1. As illustrated by Figure 4, based on
ELISA results, mAbs 47-10 and 133-3 bound to the polvpeptides correspondmg to CDB133
extracellular domains, A and B, respectively, and 0o cross-reaction with the other CD133

extracellular domain was observed.

Specificity testing via Western blotting

[108] The specificity of mAbs 47-10 and 133-3 was demoustrated by employing them as
primary antibodies for detection of CDI33 m Western blots of lysates from the cells
expressing D133, Asillustrated in Figores 11 and 12, mAbs 47-10 and 133-3 both detected
the bands at about 97 and approximately 120-133 kDa, which is consistent with the predicted

MWs tor unglvcosviated and glveosviated forms of C1}133, respectivelv.

Specificity testing via immunoflucrescence assay

[189] MAbs 47-10 and 133-3 were tested in a shide-based immunotfluorescent assay
(IFA). Formalin fixed paraffin embedded (FFPE) pellets were generated using cells known
to express CD133 {cell hines HT29, HOT-116, SKMEL2E, or 5W620}, as well as the cells
negative for CD133 expression (U87 or A375). The cells were grown in vitro and harvested
by scraping, transferred into sterile 50 mi conical centrifuge tubes with media containing 10%
serem and pelleted at 1000xg for 5 minutes. Cell growth medivm was replaced with fresh
serum-containing mednon and centrifuged again at 1000xg for five munutes. All but
approximately T ml of the medium was removed from the tubes, and the peliet was re-
suspended by flicking the tubes. Suspended cells were transferred using a 2 mli pipetic into a

clean 1.5 mi conical Eppendorf tube. The cells were the pelleted for 30 seconds at 8,000 rpm
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i an Eppendorf oucrocentrifuge.  Most of the supernatant was discarded, leaving
approximately 100-200 gl in each tube. The cell pellet was loosened by gently flicking the
tubes and thrombin stock (8 pl of 1 unit/pd solution in water, Sigma) was added. The cells
were mixed brieflv by gently fhicking the tubes, then held on ice for 2-5 minutes. Fibrinogen
stock (5 uyl of 10 mg/ml aquecus solution} was added, and the tubes were incubated for 2-§
mimutes at room temperature. The clotted cells were pelleted by a brief centrifuge for 20
seconds at 10K. The supematant was discarded, and 1.0 mi of room temperature 10% neutral
buffered formalin (Sigma) was added. The cells were then fixed at room temperature for §-
16 hours. Folowing fixation, the cells were centrifuged 30 seconds at 8,000 rpm 1 an
Eppendorf micro centrifuge.  The supernatant (fixative) was removed, and 1 ml of 70%
ethanol i nuclease-free water was added. Paraffin processing was performed within 3 days.
The slides were generated and stained with mAbs 47-10 and 133-3 as primary antibodies.
Image capture of FFPE tissue sections was carnied out using a Nikon 901 Microscope with an
Al confocal head with a 20X objective. As illustrated 1n Figures 13-15, mAbs 47-10 and
133-3 specifically detected CB 133 expression in [FA.

{119] Detection of €133 in the A375 xenograft material in spite of the fact that
Western blots and IFA of A375 cells grown in vitro were negative for CI3 133 is consistent
with previous studies, which found that A375 melanoma cells, despite harboring a
comparable number of CR133+ cells in xenografts, are negative for CB133 in vitgre. Similar
mduction of CB133+ subsets from (D133 ¢ells in vive have been observed by others,
suggesting that tumor “steroness” is a dynamic process and progenitor marker-negative cells
may evolve mto CSCs through proper environment cues or accumulating genctic alterations,
the so-called stochastic model of CSC hypothesis. See Lai et ol 2012 “CD133" Melanoma
Subpopulations Contribute to Perivascular Niche Morphogenesis and Tumorigenicity through
Vasculogenic Minuery” Cancer Res. 7T2:3111-5118. Thus, others have observed similar
findings of A375 cell lines being negative for CD133, with CD133 is detected in the resulting
tomor when these cell are injected 1nto a mouse, possibly duae to stimulation from the tumor

micorenviromment/stroma inducing the stem cell phenotype.
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EXAMPLE 3
Use of mAbs 47-10 and 133-3 to detect expression of U133
i non-small cell lung cancer xenograft tumors
{111} In vive studies were performed in a non-small cell hung cancer xenograft model.
mAbs 47-10 and 133-3 were used to detect expression of CD33 protein  in non-small ccll
lung cancer xenograft tumors. Figure 18 illustrates the results of the immunofluorescence
staining of the samples of H596 non-small cell lung cancer xecnograft tumors in mice
expressing known cancer stem cell biomarkers, inchuding CD133. Staining for EMT and/or
CSC biomarkers staining of H596 tumors grown in immunocompromised hHGFEY* M mice
and hHGF™™ mice was performed. Immunofiuorescence images suggosted that CD133 was
expressed in a majority of cells in H596 tumors grown in hHGFY™ mice, but CD133
expression diminished on tumor cells that has endergone EMT transition in hHGFM
microeny ronment, as evidenced by the increased Slug staining in invading cells. Diminiched
CD133 cxpression was ohserved e apparently  invasive H596 tumor cells that has
upregulated Slug expression. Gther known CSC lang biomarkers, such as CD44 and ALDHI,
were found to be co-expressed with CB133 i the H396 tumor cells in tumors grown in
WHGF* Y The expression of these markers appeared to be down regulated in tumors
derived from or hRHGF™" mice, suggesting that these markers also became down regulated in

cells undergoing EMT in hHGF microenvironment, similarly to CD133.

EXAMPLE 4
Use of monoclonal antibodics 47-10 and 133-3 to for PD applications of detect changes in
expression of CD133 as a stem cell marker in xenograft tumors
[112] I vive PI} studies are performed 1n a triple negative breast cancer (TNBC)
xenograft model SUMI49PT. Clone 47-10 and 133-3 are demonstrated to work in a shde
based IFA on Formalin fixed paraffin embedded (FFPE} tumor xenograft tissues. The triple
negative breast cancer {INB{} xenograft model SUMI49PT s treated with the
antimicrotubule agent paclitaxel to curich for CSC populations in tumors, followed by drug
combination with either a TGEFP mhibitor (LY -215729) or FAK inhibitor {(V5-6063) to show
mthibition of CSC populations and tumor growth in these tumors. CD133 1s used as a marker
to monitor CSC tamor growth and inhibition in these models. Paclitaxel! treated group shows
mereased D133 stamning consistent with ennched levels for C5C populations, as compared

to the vehicle treated group, which was admmistered only the medium for delivery of the
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drugs (“vehicle™), such as water, saline, buffer, or other medium. Subsequent treatment or co
treatment with TGFR inhibitor {LY-215729) or FAK inhibitor (VS-6063) shows decreased
CD133 levels, as compared to paclitaxel-treated group. Pachitaxel-ircated group shows

decreased tumor growth consistent with published data for paclitaxel treatment in this model.

EXAMPLE 5
Comparison of mAbs 47-10 and 133-3 with commercially available antibodies by Western
blotting and mmunotlaorescence assay.
{113] MAbs 47-10 and 133-3 were compared with each other and anti-CD133
comnmercially available antibodics, including thosc available from Miltenyi Biotech.
Comparison of mAbs 47-10 and 133-3 with commercially available antibodies was

conducted by Western blotting and [FA.

Comparison by Westen blotting

[114] The comparison was conducied on identical replicate Western blots of crude cell
bvsates. . Figure 16 illustrates the comparison of Western blots using mAbs 47-10 {(pancl A).
133-3 (panel B) and commercial mAbs obtained from Miltenyi Bictec (AC133 - panel D,
2933 — panel E) as the primary antibodies. The samples were loaded at 30 pg/well on 4-
12% Tuis Bis 1.5 mum gels, and the electrophoresis was rnun in MOPS nmning at 150V, The
proteins were transferred to nitrocelivlose membranes for 2 hours at 4°C. The blots were
blocked with Odyssev blocking buffer (Licor) and mcubated with primary antibodics
overnight at 4°C at 1 pg/ml. Either goat anti-rabbit-IR800 at 0.1 pg/ml {for clongs 47-10 and
133-3} or goat anti-mouse-IR-800 at 0.1 ug/ml (for Miltenyt Biotec mAbs) were used as
sccondary amtibodics. mAbs 47-10 and 133-3 detect CD133 specific bands with good
specificity while Miltenyt monoclonal antibodies do not detect CD 133 with good specificity.
The results showed that mAbs 47-10 and/or 133-3 were specific for CP133, and that they
were far more effective than the commercially available antibodies tested. For example,
mAbs 47-10 and/or 133-3 detected CD133 in the cell lysate by Western blotting and they
were therctore considered suitable for certamn immuncassay applications, such as certam
pharmacodvramic assavs or other technmiques. In contrast commercially available CD133
antibodigs resulted in very weak detection and are therefore judged to be unsuitable for
certain  immunoassay  applications, such as certain pharmacodynamic assays or other

technigques.
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Comparison by IFA on cell pellets.

{115} Figure 17 illustrates the comparison of mAbs 47-10 and 133-3 and commercial
mAbs obtained from Miltenyi Biotec conducted by inumuncfluorescence staining of FFPE
samples of cells representing the cell lines with varving CD133 mRNA expression levels.
Antigen retricval was performed using citrate butfer, pH 6.0, for 20 minutes and 10% normal
goat serum {(NGS)} for blocking non-specific staining. [mununoflucrescence staining was
performed 1o a Bond-max Autostainer (Leica Microsystems) using 10 pg/ml of the above-
hsted D133 antibodies as primary antibodies and either goat anti-rabbit-AF546 (for mAbs
47-10 and 133-3) or goat anti-mouse-AF546 {for Miltenvi Biotec mAbs) as secondary
antibodies. DAPI was used as nuclear counterstain, Slides were imaged on a fluorescence
microscope (Nikon 90 Andor Camera, NIS Elements Software). The testing showed higher

sensitivity of mAbs 47-10 and 133-3, in comparison to commercially avadable antibodics.

Comparison by IFA on human tissue tumor micro arrays

116} MAbs 47-10 and 133-3 were successfully used in several IFA assay applications.
Based on the testing results (iHustrated by the figures discussed below), mAbs 47-10 and
133-3 appearcd to be at least equivalent to commercially available antibodics in some cases
and and showed more miense staining i other cases. Figure 19 illustrates the comparison of
mAbs 47-10 and 133-3 and commercial mAbs obtaimed from Miltenyi Biotec conducted by
mnmunotfluorescence staining of FFPE samples of a multitumor array consisting of a broad
range of tumor types with varving CD133 levels (the specifications arc shown in Figures
20A, 20B and 20C. Figure 21 dlustrates the comparison of select cores, at higher
magnification than the previous figure, of mAbs 47-10 and 133-3 and commercial mAbs
obtained from Miltenyi Biotec conducted by immunofluorescence staiming of FFPE sampies

from selected cores of a muliitumor array consisting of a broad range of tumor types with

varying CD133.
EXAMPLE 6
Use of mAbs 47-10 and 133-3 for cancer diagnostics
{117} The testing was conducted to evaluate suitability of mAbs 47-10 and 133-3 for

cancer diagnostics. The testing results, iHustrated by the figures discussed below, mdicated
that mAbs 47-10 and 133-3 were suitable for cancer diagnostics. Figures 19, 21 and 22

tHustrate the ability of mAbs 47-10 and 133-3 to stain a broad range of tumor types in an
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FFPE multitumor array MTU951 (Biomax, Inc ), which is described i Figures 20A, 20B and
20C. Selected results from Figure 19 are shown at higher magnification in Figures 21 and 22.
[118] Figure 23 illustrates the ability of mAbs 47-10 and 133-3 to stain melanoma tumor
types in an FFPE melanoma tumor array ME1004¢ (Biomax, Inc.) in an mmmunofluorcscence
assay. The array 1s described in Figures 244, 248 and 24C. Selected results are shown at
higher magnification in Figures 25 and 26. Figure 25 illustrates the ability of mAbs 133-3 to
differentially stain benign or malignant metastatic Melanoma tumors in an FFPE tumor array

m an immunofluorescence assay.

EXAMPLE 7
Antibody specificity
{119] Antibody binding is specific was demonstrated by peptide blocking experiments
of FFPE HT-29 and SW0620 cell pellets stained with mAbs 133-3 and 47-10. The results are
shown in Figure 27. The peptide corresponding to domain A (SEQ 1D NO:17, conjugated to
BSA) specifically blocked mAb 47-10 but not mAb 133-3, while the peptide corresponding
to domain B (SEQ 1D NO: 18, conjugated to BSA)Y blocked binding of mAb 133-3 but not

mAb 47-10. BSA was used as a negative control and did not block the binding.

EXAMPLE 8
Use of mAbs 47-10 and 133-3 m pre~clinical studies in vitro and in vivo
fn vifro studics
{128 HT-29 cell lines expressing CD133 are treated with mAbs 47-10 or 133-3 (or their
fragments or variants) resuhting in cell kill, whereas US7 cells {negative for CD133) do not
show significant changes in growth. Cells are washed twice with PBS, trypsimized and

counted on a Cellometer {Nexeclom), using trvpan blue to exciude dead cells.

Invivo studies in mice

{121} fn vivo studies are conducted using mice engrafted with HT-29 or UR7 tumors and
treated with mAbs 47-10 or 133-3 {or their fragments or vanants). Tumor cells are
inoculated subcutanecusly into female nude (NC'™) mice, which are obtained from the
Animal Production Area (National Cancer Institute-Frederick} in an AAALAC-accredited
facility with an approved animal protocol. Treatment commences once tumors reach a

weight of approximately 200 mg. Tumor weights are calculated as weight in mg = (length «
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width’}/2.  Optimal dosing and administration schedule are determined from maximum
tolerated dose (MTD) and efficacy studies. NCI-Frederick is accredited by Association for
the Asscssment and Accreditation of Laboratory Animal Care International and follows the
Public Health Service Policy for the Care and Use of Laboratory Anmmals. Animal care is
provided in accordance with the accepted procedures. Mice engrafted with human patient
derived tamors {PDx) expressing €133 are alsc treated with mAbs 47-10 or 133-3 (or their

fragments or variants), resulting in fimor stasis or regression.

EXAMPLE 9
Use of humanized mAbs 47-10 and 133-3 in clinical studies
{122} Humanized mAbs 47-10 and 133-3 arc used as therapeutic agents during a clinical
study human patients. Screening for patients with high CD133 tumor levels is used for patient
selection.  All patients are enrolled in approved protocols and give informed consent.
Clinical responscs are obscrved in patients treated with humanized mAbs 47-10 and 133-3.
Optimal dose 15 determined from dose escalation phase. Tumor stasis or regression is

observed in some of the patients.

EXAMPLE 10
Use of hamamized mAb 47-10 for cancer detection in vive
1123} In vive studies of mAb 47-10 for cancer detection were conducted using mice
engrafted with Sum149-PT, a basal-like triple negative breast cancer tumor. Tumor cells
were inoculated subcutanecusly into nade mice obtained from the Biological Testing Branch,
National Cancer Institute. Tumor weights were calculated as weight in mg = {(length x
width’)/2. Optimal dosing and administration schedule were determined from maximum
tolerated dose (MTD) and efficacy studies. Amimal care was provided 1n accordance with the
accepted procedures. The mice were treated with vehicle (water, 0.1 ml/10g body wt}, 67.5
mg/kg or 100 mg/kg (42 doses over 21 days) of a FAK inhibitor V5-606 (PO, BID x42), a
putative inhibitor of cancer stem cells obtained from Verastem Inc. (Needham, MA). The
tumors were collected at Day 4 after the last treatment dose. The tumors were fixed in 10%
ncutral buffered formalin and sectioned. The shides were prepared and stained with CD4d4dvo
{clone 2F10, R&D Systems) and mAb 47-10 or mAb 47-10 only, followed by specific
secondary antibodies, Goat anti-Rabbit IgG Alexa346 (for CD3133) and Goat anti-mouse IgG

Alexa 488; both antibodies from Thermo-Fisher. Stained sections were scanned by Aperio
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digital scanner, Leica Bigsystems, Buffalo Grove, IL, and guantified by Defimiens (Carlsbad,
CA) tissue analysis software. Figure 28 shows the scatter graphs tlhustrating the results of
guantitation of CD133+C344v6+ colocalized cells. Figure 29 shows the scatter graphs
tlustrating the results of quantitation of CDI133+ cell alone. Both graphs show significant
decreases in CDM 33+ C8Cs in FAK-inhibitor treated xenograft tumors.

1124} All patents and non-patent publications and other information ¢ited above are
meorporated herein by reference in their entirety.  Various embodiments of the invention
have been described m fulfillment of the various objectives of the invention. It should be
recognized that these embodiments are merely tHustrative of the principles of the present
mvention. Numerous modifications and adaptations thercof will be readily apparent to those
of skill m the art without departing from the spirit and scope of the invention as defined in the

following claims.
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CLAIMS

1. An anti-CB133 monoclonal antibody having an antibody binding site capable of

specifically binding an epitope comprising SEQ 1D NG: 17 or a vanant thereof,

2. An anti-CPB133 monocional antibody having an antibody binding sife comprising

SECG 1D NG9 and SEQ 1D NO: 1 or a variant thercof,

3. An anti-CD133 monoclonal antibody having an antibody binding site comprising

polypeptides encoded by SEQ 1D NO:10 and SEQ ID NO:12 or a variant thereof.

4, An anti-CD133 monoclonal antibody having an antibody binding sitc comprising

CDRs contained in SEQ 1D NO:9 and SEQ ID NO: 11 a vanant thereof.

5. The monoclonal antibody of any one of Claim -4, wherein the monocional antibody
18 capable of specifically binding domain A but not domamm B of a CD133 polypeptde,

wherein the CD133 polvpeptide is glveosylated or unglveosylated.

6. The monoclonal antibody of Claim 5, wherem the CD133 polvpeptide comprises any

one of SEQ 1D NOs 1-8 or a vanant thereof.

7. An anti-CD133 monocional antibody capable of specifically binding an epiiope

comprnising SEQ 1D NG 18 or a variant thereof,

3. An anti-CD133 monoclonal antibody having an antibody binding site comprising

SEQ D NO:13 and SEQ ID NG: 13 a variant thergof.

9. An anti-CB133 monoclonal antibody having an antibody binding site comprising a

polypeptides encoded by SE(} 1D NG 14 and SEQ D NG:16 or a variant thereof.

10, An anti-CD133 monoclonal antibody having an antibody binding site comprising

CDRs contained in SEQ 1D NO: 13 and SEQ ID NQG: 15 or a variant thereof.

i The monoclonal antibody of any one of Claim 7-10, wherein the monoclonal antibody
is capable of specifically binding domain B of but not domain A of a CD133 polypeptide,

wherein the CD 133 polypeptide 1s glycosylated or unglveosvlated.

12 The monoclonal antibody of any one of Claim 11, wherein the CD133 polypeptide

comprises any onc of SEQ 1D NOs 1-8 or a variant thereof.
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3. The anti-CD133 monoclonal antibody of any one of Claims 1-12, whercin the

monoclonal antibody is a non-human antibody, a human antibody or a human-like antibody.

14. The anti-CD133 monoclonal antibody of any one of Claims 1-13, wherem the
monoclonal antibody 15 a reduced immunocgenicity antibody, a humanized antibody or a

chimeric antibody.

15, The anti-CD133 monoclonal antibody of any one of Claims 1-14, wherein the

maonoclonal antibody is or comprises an antibody fragment.

16, The anti-CD133 monoclonal antibody of any one of Claims 1-15, wherein the

monoclonal antibody is recombinantly produced.

17, The anti-CDI33 monoclonal antibody of any one of Claums 1-16, whercin the
monoclonal antibody has an ammo acid sequence that is different from an amino-acid

sequence of a naturally occurring anti-CDN 33 monoclonal antibody.

18, The anti-CD¥ 33 monoclonal antibody of any one of Claims 1-17, whercin the
antibody contains a label, a tag, a bicactive substance, a drug, a radioactive motety or a toxic

moiety.

18 The antt-CD133 monoclonal antibody of Claim 18, wherein the label, the tag, the
bicactive substance, the drug, the radicactive moiety or the toxic moiety s not naturally

occurring in a monoclonal antibody molecule.

20, The anti-CD133 monoclonal antibody of Claim 18 or 19, whercin the antibody

contains fluorescent label or a fluorescent tag.

21, A method of detecting a presence or absence of €133 polypeptide in a sample,

comprising;

contacting the sample with the monoclonal antibody of any one of Claims 1-20 under
conditions under which specific binding of the monoclonal antibody and the D133

polypeptide may occur; and,

detecting the specific binding of the monoclonal antibody to the CD 133 polypeptide,
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wherein the detected specific binding is indicative of the presence of the CDI33 polypeptide

in the sample.

22. The method of Claim 21, further comprising determining an amount of D133

polypeptide present in the sample.

23. The method of Claim 21 or 22, wherein the sample s a cell sample, a tissue sample,

an aqueous sample, a sohition, a suspension, a blot or an electrophoresis gel.

93

24, The method of any one of Claims 21-23, wherein the specific binding 1s detected in an

ELISA, a Western Blot assay or in an immunofluorescence assay.

23 The method of any one of Claims 21-24, wherein the sample is a sample of a

cancerous tissue.

26. A method of assessing status of a cancer in a patient, comprising obtaining the sample
from the patient and performing the method of any one of Claims 21-25, wherein the
presence, absence or amount of CD 133 polypeptide detected m the sample 1s indicative of the

status of the cancer in the patient.
27, A method of treating a cancer in a patient, comprising:

performing the method of Claim 26, wherein the presence of CH133 polvpeptide detected in
the sample or the amount of CD133 polvpeptide present m the sample above a predetermined

threshold value 1s indicative of a need to administer a cancer treatment to the patient; and,

administering the cancer treatment to the patient.

28, The method of Claim 27, wherein the cancer treatment is a monoclonal antibody
therapy.
29, The method of Claim 28, wherein the cancer is breast cancer, colorectal cancer,

glioblastoma, melanoma, lung cancer, ovarian cancer, gasiric cancer, acute leukenuia, acute
tymphoblastic leukermia (AML), prostaie cancer, hiver cancer, kidney cancer sarcomas, brain

cancers, feukemia or retinoblastoma.

30. A method of detecting presence, absence or amount of cancer stem celis in the

sample, comprising performing the method of any one of Claims 21-25, wherein the

“E7-
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presence, absence or amount of CD133 polypeptide detected 1o the sample 1s indicative of the

presence, absence or amount of the cancer stem cells in the sample.

31, A method of detecting presence, absence or amount of circulating tumor cells in the
sample, comprising performing the method of any one of Claims 21-25, wherein the sample
1s a blood sample and the presence, absence or amount of CD 133 polvpeptide detected in the
sampie 13 mdicative of the presence, absence or amount of the circulating tumor cells in the

sample.

32 A method of detecting presence, absence or amount of CD33-positive cells m the
sample, comprising performing the method of any one of Claims 21-25, wherein the sample
1s a blood sample and the presence, absence or amount of CD 133 polvpeptide detected in the
sample is indicative of the presence, absence or amount of the CD133-positive cells in the

sampie.
33 A method of removing CD133-positive cells from a sample, comprising:

contacting the sample with the monoclonal antibody of any one of Clawns 1-20 under
conditions under which specific binding of the monoclonal antibody and CD133 polvpeptide
expressed by the CDI133-positive cells may occur, thereby allowing complexes the

-

monoclonal antibody and the CD133-positive cells to form; and,

removing the monoclonal antibody and the UDB133-posttive cells from the sample.

34, The method of Claims 33, wherein the sample is a blood sample or a marrow sample.
35 A method of treating or alleviating a discase or a condition in a subject. comprising

administering fo the subject a composition comprising one or more of the ant-CD133

monoclonal antibodics of any one of Claims 1-20.
36. The method of Claum 33, wherein the disease or the condition s a cancer,

37. The method of Claun 35 or 36, wherein the cancer is breast cancer, colorectal cancer,
glioblastoma, melanoma, lung cancer, ovarian cancer, gasiric cancer, acute leukenuia, acute
tymphoblastic leukermia (AML), prostaie cancer, hiver cancer, kidney cancer sarcomas, brain

cancers, leukemia or retincblastoma.

“ER.



WO 2016/154623 PCT/US2016/024531

38. The method of any one of Claims 353-37, wherein the antibody 13 a human-like

antibody and the subject is a human.

39. The method of any one of Claims 35-37, wherein the antibody is not a human-like

antibody and the subject is not a human.

40. The method of any one of Claims 35-39, wherein the anti-CD133 monoclonal

antibody 1g a neotralizing antibody.

41 An immunogenic compesition comprising one or more polvpeptides comprising at
least one of SEQ 1D NGO:17 or a variant thereof or SEQ ID NO:18 or a varant thereof, and a

carrier or an adjuvant.

42 A screening agent comprising one or more palypeptides comprising at least one of
SEQ D NGO 17 or a variant thereot or SEQ ID NG: 18 or a vanant thereof, and a carmier, a tag

or a label.

43, The screening agent of Claim 42, wherein the tag or the label is a non-naturally

ocourrng tag or label.

44, A method of determining a presence, an absence or an amount of an anti-CID133

monoclonal antibody in a sample, comprising:
contacting the sample with the screening reagent of Claim 42 or 43; and,

detecting a specific binding of the screening reagent to the anti-CD 133 monoclonal antibody
mn the sample, wheren presence of the detected specific binding 1s indicative of the presence

of the anti-CID 33 monoclonal antibody n the sample.

45. A method of assessing or optimizing efficacy of a therapy for a disease or a conditin

in a subject having the disease or the condition, comprising:
determiming a value of CD133 1n one or more samples obtaimed from the subject,
wherein the determining comprises:

contacting the one or more samples with the monocional antibody of any one of
Claims [-20 under conditions under which specific binding of the monocional

antibody and a CD33 polypeptide may occur; and,
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detecting the specific binding of the monoclonal antibody to the CDN33 polypeptide,

wherein the detected specific binding 1s indicative of the value CD133 in the one or more
samples and wherein the value of CD 133 n the one or more samples is presence, absence, or

amount of (D133 i the one or more samples; and,

determining efficacy of the therapy by comparing the deternined value CD133 i the one or

more samples o a predetermined threshold value of CD133.

46. The method of Claim 45, wherein the determining comprises determining the value of
CD133 in the one or more samples one or more times before, during, or after therapy, or any

combination thereof.

47 The method of Claim 45 or 46, wherein the predeternined threshold value of C133

is a value based on at least one of the one or more samples.

48, The method of anv one of Clauns 45-47, whercin an increase in CDI33 value

mdicates that the therapy 1s insufficiently effective.

49, The method of Claim 48, wherein an additional therapy or a change 1 dosing regimen

of the therapy 1s mdicated to the subject.

50.  The method of any one of Claims 45-47, whercin a decrease in CD133 value indicates

that the therapy 1s effective.

51 The method of any one of Claims 45-50, wherein the therapy or the additional therapy
is chemotherapy, drug therapy, targeted drug therapy, surgery, radiation therapy, an antibody

therapy or a combination thereof,

52. The method of any one of Claims 45-31, wherein the sample s a cell sample, a tissue

B

sample, an aqueous sample, a solution, a suspension, a blot or an electrophoresis gel.

53, The method of any one of Claims 453-51, wherein the sample 1s a blood sample or a

plasma sample.

54, The method of any one of Claims 45-53, wheremn the specific binding s detected 1n an

ELISA, a Western Blot assay or in an innmunofluorescence assay.

(]
(]

The method of any one of Claims 45-34 wherein the subject has a cancer.
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56. The method of Claimn 55, wherein the cancer 18 breast cancer, colorectal cancer,
ghoblastoma, melanoma, lung cancer, ovanan cancer, gastric cancer, acute leukenna, acute
bymphoblastic leukemia (AML), prostate cancer, bver cancer, kidrey cancer sarcomas, brain

cancers, leukemia or retinoblastoma. .

57. The method or the monoclonal antibody of any one of (laims 1-56, wherein the
variant of any one of SEQ ID NGs 1-18 is a variant having a degree of homology with a
corresponding sequence of feast 60%, 63%, 70%, 73%, 80%, 85%, 90%, 91%, 92%, 93%,

4%, 95%, 96%, 97%, 98% or 99%.
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FIGURE 2 AB.

A. SEQ ID NO-1

aa

1 MALVLGESLLL LGLOGNSEFSG GOPSSTDAPK AWNYELPATN YETQDSHKAG PIGILFELVH

61 IFLYVVQPRD FPEDTLRKFL QKAYESKIDY DKPETVILGL XKIVYYEAGIY LCCVLGLLFI
TLMPLVGEYFEF CMCRCCNKCGE GEMHOROKEN GPFLRKCFAY SLLVICIIIS IGIFYGEFVAN

HOVRTRIKRS RKLADSNEFKD LRTLLNETPE QIKYILAQYN TTKDKAFTDL NSINSVLGGG

)

471 ILDRLRENIIT PVLDEIKSMA TAIKETKEAL ENMNSTLKSL EQQOSTQLSSS LTSVKTSLES

301 SLNDPLCLVHE PSSETCNSIR LSLSQLNSNP ELRQLPPVDA ELDNVNNVLE TDLDGLVOQG
361 YOSLNDIPDR VOQRQTTTVVA GIKRVLNSIG SDIDNVTQORL PIODILSAFS VYVNNTESYT
42 HERNLPTLEEY DEYWWLGGLY ICSLLTLIVI PFYYLGLLCOGY CGYDRHATPT TRGCVENTGG

VFLMVGEVGELS FLEFCWILMII VVLTFVFGAN VEKLICEPYT SKELFRVLDT PYLLNEDWEY
5471 YLSGKLEFNKS KMKLTFEQVY SDCKKNRGTY GTLHLONSFN ISEHLNINEH TGSISSELES

601 LEKVNINIFLL GAAGRRKNLOD FAACGIDEMN YDEYLAQTGK SPAGVNLLSFEF AYDLEAKANS

661 LPPGNLRNSL KRDAQTIKTI HQORVLFPIEQ SLSTLYQCSVK ILORTGNGLL ERVIRILASL
DFAQNFITNN TSSVIIEETK KYGRTIIGYF HEHYLOWIEFS ISEKVASCKP VATALDTAVD
VFLCSYIIDP LNLFWFGIGK ATVFLLPALI FAVKLAKYYR RMDSEDVYDD VETIPMKNME

8471 NGNNGYHXDH VYGIHNPVMT SPSQH

B, SEQIDNO:Z

MALVLGSLLLLGLCGNSFSGGQPSSTDAPKAWNYEL PATKYETODSHKAGPIGILFELVHIFLYVVOPRD
FPEDTLRKVIQKAYESKIDYDKIVYYEAGT ILCOVLGLLEPITLMPLVGY FEFCMCRCONKCGGEMHOROKE
NGPFLRKCFAISLLVICIIISIGIFYGFVANHOQVRTRIKRSRELADSNFKDLRTLLNETPEQIKY T LA&Y
NTTKDKAFTDLNS ISSVLGGGILDRLEPNIIPVEDEIKSMATATIKETKEALENMNS TLRKSLHQQSTQLS
SLTSVKTSLRESSLNDPLCLVRPSSETCNS IRLSLSQLNSNPE LQQL“ﬁVDAELQNVNNWLRTbuDGLVWQ
uYQaLNDLEDRVQRQTTTVVAGFKPVLNQIGSDIDUVTQRLPLQDiLSEw’VYVNNT“SYIHRN;pELAh
YOSYWWLGGLVICSLLTLIVIFYYLGLLCGVCGYDREATPTTRGCVSNTGG LI FLMVGVGLSFLECWILMI
IVVLTFVEFGANVEXLICEPYTSKELFRVLDTRPYLLNEDWEY Y LSGKLENKSKMKLTFEQVY SDCKKNRG
YGTLHLONSFNISERLNINEHTGSISSELESLEVNLNI FLLGAAGRKNLODFAACGIDRMNYDEYLAQTG
KSPAGVNLLSFAYDLEAKANSLPPEGNLRNSLKRDAQTIKTIHOORVLPIEQSLSTLYOSVKILORTGNGL
ERVTQ*LAS;D”7”NELEWJESS7llEETKKYC[TIIGYFEHVLQW:h”SlSEKJASCK“7%13;'EAV
DVFLCSYIIDPLNLEFWFGIGRATVFLLPALIFAVKLAKYYRRMDSEDVYDDVET T P] NGNNGYHKD
HVYGTHNFVMTSPSOH
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FIGURE2C, D, E.
C.  SEQIDNO:3

MALVLGSLLLLGLCGNSFSGGOPSSTDAPKAWNYEL PATNYETODSHKAGPIGILFELVHIFLYVVOPRD
FPEDTLRKVIQKAYESKIDYDKPETVILGLEKIVYYEAGI TLCCVLGLLEF L ILMPLVGYFFCMCRCCNKCG
GEMHOROKENGPFLRECFALSLLVICITISIGIFYGEVANHOVETRIKRERKLADSNFKDLRTLLNETPE
OIXKYILAQYNTTKDKAFTDLNSINSVLGGGILDRLRPNIIPVLDEIKSMATATKETKEALENMNSTLKS L
HOOSTOLSSSLTSVKTSLRSSLNDPLCLVRPSSEICNS I RLSLEQLNSNPELROLPPVDAELDNVNNVLR
TDLOGLVQOGYQSLNDIPDRVOROTTTVVAGIKRVENS IGSDIDNVIQRLPIODILEEFSVYVNNTESY T
HRNLPTLEEYDSYWWLGGLVICSLLTLIVIFYYLGLLOGVCEY DREHATPTTRGCVSNTGGVFLMVGVGELS
FLECWILMIIVVLTEFVEFGANVEKLICERYTSKELFQVLDTPYLLNEDWEY Y LSGKLFNKSKMKLTFEQVY
SDCKEKNRGTYGTLHLONSFNISERLNINEHTGS ISSELESLKVNLN I FLLGAAGRENLODFAACGI DRMN
YDSYLAQTGKSFPAGVNLLSFAYDLEAKANSLPPGNLRNSLEKRDAQT IKT IHOORVLPIEQSLSTLYQSVEK
ITLORTGNGLLERVIRILASLDFAQNEITNNTSSVIIEETKKYGRTI IGYFEHYLOWIEFSISEKVASCKP
VATALDTAVDVEPLCEY IIDPLNLFWEFGIGKATVFLLPALTI FAVKLAKYYRRMDSEDVYDDVET I PMKNME
NGNNGYHKDHVYGTHNPVMTSPSOH

D, SEQID NO:4

MALLLGFLLLLELCWDTSALGPLSSTHGSDGLEFELPATNYETKDSNQAGRP I SVLEFQIVOVFLOVVOPHR
FPEDILRKILOKKFDEFSTDYDKIIYYEIGITICAVLGLLEFVILMPLVGF CLEGLCRCCNKCGGEMHOROKK
NGAFLRRKYFIVSLLVICIFISVGIIYGEVANHHLRTRIEKTRKLAESNLKDLRETLLIGT PAQINYVLSQY
ASTKEFAFSDLDNIKELLGGGIHDQLRPEKVIPVLODD IKAMABATKETREALLNVNNTLKELKMS TAQLNT
SLEDVKRNLEQSLNDPMCSVPPVATTCNNIRMSLGOLDDNTNLGOLPSLDKQIDNINNVLOTDLSSLVOK
GYRSFNDIPEMVONQTTDIVSDVKRTLNSLGSDIENMSEQIPIQDKLSDEFIGY INDTETYIHRNLPTLEER
YDSYRWLGGLIVCCLLTLIVVEYYLGLMCGTFGYDRHATPTRRGCVENTGGI FLMVGVGISFLECWILMT
IVVLTEVIGGRNMEKLVCEPYONRXLFQILDTPYLLNENWKY YLSGMVENKPDINLTFEQVYSDCKENKGT
YSTLELENTYNISEHLNIQEHARNLSNDFXNMNVNIDNIVLLDAAGRKNLMDESSSGVDTIDYNVYLAEM
GKTPTKVNLLSFADDLDTKANNLPOGE LKOS LKNNVONLKTITHHGOVMPLEQEMET INQS IKELOQHKSSG
LRVEVANILSSLDSAQDFLOTRISSVIVHESSKYGNMI IGYFEHYLOWVKISITEQTAACKPVATALDSA
VDVFLCSYIIDEMNLEFWFGIGKATIFLLPATTFAVKLAKYYRRMDSEDVYDDMENGNIGFHREHSTOTYV

B
4
G

E SEQIDNO:S

MALVESALLLLGLCGKISSEGOPAFHNTPGAMNYEL PTTKYETODTEFNAGIVGPLY KMVHIFLNVVOPND
FPLDLIKKILION ISVDSKEPELIVLALKIALYEIGVLICATILGLLEFL T LMPLVGCFFCMCRCONKC
GGE LGLSLLVICLLMSLGI IYGEVANQOTRTRIKGTOKLAKSNFRDFOTLLTETP
KOIDYVVEQYTNTKNKAFSDLDGIGSVLGGRIKDOLXKPKVTRPVLEEIKAMATATKQTKDALONMES ST.KS
LODAATOLNTNLS SVRNSIENSLESSDCTSDPASKICDSIRPSLES LGS SLNSSQLPSVDRELNTVTEVD
KIDLESLVKRGYTTIDEIPNTIONQTVDVIKDVKNTLDSISSNIKDMSOSIPIEDMLLOVSHYLNNSNRY
LNQELPKLEEYDSYWWLGGLIVCEFLLTLIVTIFFFLGLLCGVEGYDKHAT PTRRGCVSNTGGI FLMAGVGE
GFLFCWILMILVVLTEVVGANVEKLLCEPYENKKLLOVLDTPY LLKEQWOFY LEGMLENNPD INMTEFEQY
YRODCKRGRGIYAAFQLENVVNVSDHEFNIDOGISENINTELENLNVNIDS TELLDNTGRKSLEDFAESGIDT
IDYSTYLKETEKS PTEVNLLTFASTLEAKANQLPEGKLKQAFLLDVONIRATHOHLLPPVOOSLEEFVRVE
NTLROSVAHTLOOTSNKLPEKVKKILASLDSVCHFLINNVSLIVIGETKKFGKTILGYFEHYLEWVEYATT
BEXMTSCKPMATAMDSAVNGILOGYVADPLNLFWPGIGKATVLLLPAVITATKLAKYYRRMDSEDVYDDERS

RY

-

H

-
¥

2

T

H
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FIGURE2F, G, H
F. SEQIDNO6

MALVESVLLLLGLCGKMASGGOPAFDNTPGALNYEL PTTEYETCDTFNAGI IDPLYOMVHI FLNVVOPND
FPODLVKKLIQKREDISVDTKEVAIYEIGVLICVILGLLPIFLMPLVGEF FFCMCRCONKCGGEMHQROKO
NESCRRKCLAISLLLICLLMSLGIAFGEFVANQOTRTRIQRTOKLAESNYRDLRALLTEAFPKQIDYILGOY
NTTKNKAFSDLDS IDSVLGGRIKGOLKPKVIPVLEEIKAMATATIROTKDALONMSSSLKSLRDASTOLST
NLTSVRNSTIENSLNSNDCASDPASKICDSLRPOLSNLGSNENGSQLPSVDRELNTVNDVDRTDLES LVKR
GYMSIDEIPNMIONQTGDVIKDVKEKTLDEVSSKVRNMSOSIPVEEVLLOFPSHYLNDSNRYIHESLPRVEE
YOSYWWLGGLIVCFLLTLIVIFFYLGLLCGVFGYDKRATPTRRGCVSNTGG I FLMAGVGEFSFLECWILTMI
LVVLIFVVGANVEKLLCEPY ENKKLLOVLDTRPY LLNDOQWOFYLSGI LLEKNPDINMTFEQVYRDCKRGRGV
YATFQLENVEFNITENFNIERLSEDIVKELEKLNVNIDSIELLDKTGRKSLEDFAQSGIDRINYEMYLOEA
BEXPPTKVDLLTFASFLETEANQLPDGNLKOAFLMDAQNI RATHOOHVPPVOOSLNSLKOSVWALKQTSSK
LPEEVRKRKVLASLDSAQHFLTSNLSSIVIGETKKFGRTI IGYFEHYLOWVLYATTEXMTSCRPMITAMDSA
VNGILCSYVADPLNLEWFGIGKATMLLLPAVI TATKLAKYYREMDSEDVYDDVETVPMENLENGENGYHK
DHLYGVHNEVMTSPSRY

G.  SEQIDNO.7

MALVLGSLLLLGLCGNSFSGGOFSSTDAPKAWNYELPATNYETODSHKAGP IGILFELVHIFLYVVOPRD
FPEDTLRKFLOKAYESKIDYDKPETVILGLKIVYYEAGI ILCCVLGLLF I ILMPLVGYFFCMCRCCNKCG
GEMHOROKENGPFLRKCFATSLINVICITISIGIFYGEVANHOVRTRIKRSEKLADSNFKDELRTLLNETPE
CIKYTLAQYNTTKDKAFTDLNS INSVLGGGILDRLEPNI IPVLDEI KSMATATKETKEALENMNSTLKS L
HOOSTOLSSSLTSVETSLRSSLNDPLCLVHRPSSETCNS TRLSLSQLNSNPELRQLPPVDAELDNVNNVLE
TDLDGLVOCGYQSLNDIRPDRVOROTTTVVAGIKRVLNE IGSDIDNVTORLPIODILSAFSVYVNNTESYT
IRNLPTLEEYDSYWWLGGLVICSLLTLIVIFYYLGLLCGVCGY DRHATPTTRGCVSNTGGVELMVGVGLS
PLECWILMIIVVLITFVEFGANVEKLICERPYTSKELFRVLDTPYLLNEDWEY Y LEGKLEFNKSKMKLTEFEQVY
SDCKENREGTYGTLHLONSFNISEHLNINEHTGS ISSELESLKVNLN I FLLGAAGRENLCDFAACGIDRMN
YDEYLAQTGKSPAGVNLLSFAYDLEAKANSLPPGNLRNSLEKRDAQTIKTITHOQORVLP IEQSLSTLYQSVK
TLORTGNGLLERVTRILASLDFAQNE TTNNTSSVIIEETKKYGRTTI IGY FEHYLOWIEFSISEKVASCKR
VATALDTAVDVEFLCSYITDPLNLEWFGIGKATVFLLPALTFAVRKLAKYYRRMDSEDVYDDSSWVTSVOVN
FEFLVLIFLYLE

w2

H SEQ B NO:8

MALLLGFLLLLELCWDTSALGPLSSTHGSDGLEFEL PATNYETKDSNQAGRP L SVLEFQIVOVFLOVVOPHE
FPEDILRKILOKKFDFSTDYDKPENVVLTLKITIYYEIGI ITCAVLGLLFVILMPLVGFCFGLIRCCNECG
GEMHOROKKNGAFLRKYFTVSLLVICIFISVGI IYGEFVANHELRTR IEKTRKLAESNLEKDLRTLLIGTRA
QINYVLSOYASTKEKAFSDLDNIKSLLGGGIHDOLRPKVIPVLDD I KAMAEATKETREALLNVNNTLKEL
KMETAQLNTSLSDVKRNLEQSENDEPMCEVEPPVATTCNNI RMSLGOLDDNTNLGOLPSLDKOIDNINNVLE
TDLSSLVOKGYKSEFNDIPEMVONQTTDIVSALPYVKRTLNS LGS DI ENMSEQIPIODKLSDFIGYINDTE
TYTHRNLPTLEEYDSYRWLGGLIVCCLLTLIVVEYYLGLMCGTFGYDRHATPTRRGCOVSNTGG I FLMVGY
GISFLFCWILMTIVVLIFVIGGNMEXLVCEPYONRKLEFQILDTRPYLLNENWKYYLSGMVLDKPDINLTEE
OVYSDCKENKGIYSTLRKLENTYNISEHLNIQEHARNLSNDFKNMNVNIDNIVLLDAAGRKNLMDESSSGV
DTIDYNVYLAEMGKTPTKVNLLS FADDLDTKANNLPOGS LKOSLENNAQNLX TTHHGOVMPLEQSMKYGK
ARSTINOSTKELQHKSSGLRVRVANILSSLDSAQDFLOTRISEVIVRKESSKYGNML IGYFEHYLOWVKIS
ITEQIAACKEPVATALDSAVOVEFLCSY I IDPMNLEFWEFGIGKATI FLLPAT IFAVKLAKYYRRMDSEDVYDD
SSVLGTWHFTL
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FIGURE 4.
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FIGURE 5

A. Heavy Chain

SEQ ID NO:9

K

METGLRWLLLVAVL GVQCQSVEESGGRLYVTP
GTPLTLTCTVS GIDLNNYNMQWYROAPOGEKTEGTLE
WIGATFGSDSIYYATWAKRKGERPTISKTSTTVDIL
KMTSLTTEDTATYPFPFCARGGLWGPGTLVTVSESG G
QPKAPSVFPLAPCCGDTPSESESTVTLGCLVKGYL
PEPVITVITWNSGTLTNGVERETPEFPSV 0S8 GLYSL
S EVVEVITESSOQPVTCNVAHPATNTERERVYVDEKTVAP
STCEKPTCPPPELLGGPEVFIFPPRPKDTLMI
SRTPEVITCVVYVDVEQDDLDPEVQFTWYINNE G QTVER
TARPP REQQFNSTIRVVSTLPIAHQQDWILROGK
EFKCKVHNEALPAPIEKTISKARGOQPLEPI EKTYVY
TMGPPEREEELSSRSEVSLTOCMINGFEFYPSDISVEHW
EXNGKAEDNYXTTPAVLDSDGSYPLYSKLEVPE
TS EWQRGDVIFTCSVMHEBEEALEHNHEHYTQXSISRSP
G

SEQ 1D NO:10

ATGGAGACTGGGCTGCGCTGGCTTCTCCTGGTCGCTGTGCTCARAGGTGTCCAGTGTCAGTCGG
TCCAGGAGTCCGGEGETCGCCTGETCACGCCTGGGACACCCCTGACACTCACCTGCACCETCTC
TGGAATCGACCTCAATAACTATAACATGCAATGGGT CCGUCAGGCTCCAGGGAAGGGGCTGCAA
TGCATCGGGGCCACTTTTGETAGTGATAGTATATACTACGUGACCTGGGCGAAAGGCCGATTCA
CCATCTCCAARACCTCGACCACGGTGGATCTGAAARTGACCAGTCTGACAACCGAGGACACGGC
CACCTATTTCTGTGCCAGAGETGGTCTCTGGEGCCCAGGCACCOTGGTCACCGTCTCCTCAGG

CAACCTAAGGUTCCATCAGTCTTCCCACTGGCCCCCTGUTGUGGGRACACACCCAGCTCCACGS
TGACCCTGGGCTGCCTGGT CAAAGGGTACCTCCCGGAGCCAGTGACCGTGACCTGGAATIT GGG
CACCCTCACCAATGGGGTACGCACCTTCCCGTCCGTOCGGCAGT CCTCAGGCITCTACTCGOTG
AGCAGCGTGGTGAGCGTGACCTCAAGCAGCCAGCCCGTCACCTGCAACGTGGCCCACCCAGCCA
CCAACACCAAAGTGGACAAGACCGTTGCGCCCTCGACATGCAGCAAGCCCACGTGCCCACCCCC
TGAACTCCTGGGEGEGACCGETCTGTCITCATCTTCCCCCCARAACCIAAGGACACCCTCATGATC
TCACGCACCCCCGAGGT CACATGCGTGETGGTGCGACGTGAGCCAGGAT GACCCCGAGGTGCAGT
TCACATGGTACATAAACARCGAGUAGETGCGCACCGCCCGGUCGCLGCTACGGCGAGCAGCAGTT
CAACAGCACGATCCGCGTGGTCAGCACCCTCCCCATCCECGCACCAGGACTGECTGAGGGGCAAG
GAGTTCAAGTGCAAAGTCCACAACAAGGCACTCCCGGCCCCCAT CGAGAAAACCATCTCCAALG
CCAGAGGGCAGCCCCTGGAGCCGRAGCTCTACACCATGGGCICT CCCCEGLGGAGGAGCTGAGCAG
CAGGTCGGTCAGCCTGACCTGCATGATCAACGGCTTCTACCCTTCCGACATCTCGETGGAGTGG
GAGAAGAACGGGAAGGCAGAGGACAACTACAAGACCACGCCGGLCGTGCTGGACAGCGACGECT
CCTACTTCCTCTACAGCAAGCTCTCAGTGCCCACGAGTGAGTGGCAGCGGGEGCGACGTCTTCALC
CTGUTCCGTGATGCACCGAGGCCTTGCACAACCACTACACGCAGAAGTCCATCTCCCGCTITC
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B. Light Chain

SEQ 1D NO:11
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SEQ ID NO:12
ATGGACACGAGGGCCCCCACTCAGCTGLTGGGGLTCCTGCTECTCTGGCTCCCAGGTGTCACAT
TTCGCCCAAGTGCTCGACCCAGACTGCATCGCCCGTGTCTGCAGCTETGGGCCGCCACCGTCACCAT
CAACTGCCAGTCCAGTCAGAGTGTTTATAATAACAACTACTTAGCCTGGTTTCAGCAGAAACTA
GGECAGCCTCCCAAGCTCCTGATCTACAGGGCATCCACTCTGGUTTCTGGEGTCTCATCGCGET
TCAAAGGCAGTGGATCTGGCACACAGTTCGCTCTCACCATCAGCGGOGTGCAGTGTGACGATGC
TGGCACTTACTATTGTCAAGGCGAATTTAGTTCTCGATAGTGCTCGATTGTGCTGCTTTCGGIGGA
GGGACCGAGGTGGTGGTCARAGGTGATCCAGTTGCACCTACTGTCCTCATCTTCCCACCAGCTG
CTGATCAGGTGGCAACTGGAACAGTCACCATCCTCETGTGTGECGAATAAATACTTTCCCGATET
CACCGTCACCTGGEAGGTGGATGGCACCACCCAAACAACTGGCATCGAGAACAGTAAAACACCG
CAGAATTCTGCAGATTGTACCTACAACTTCAGCAGCACTCTGACACTGACCAGCACACAGTACA
ACAGCCACRAAAGAGTACACCTGCAAGCTGACCCAGGGCACCGACCTCAGT CGTCCAGAGCTTCAA
TAGGGGTGACTGT
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FIGURE 0A.
Heavy Chain

SEQ 1D NO:13
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SEQ 1D NO: 14

ATGCAGACTGGGCTGCGCTGGCTTCTCOTGGTCGCTGTGCTCAAAGGTGTCCAGTGTCAGTCGG
TOGAGGAGTCCGEGGEETCGUCTGETCACGCCTGGGACACCCOTCGACACTCACITGCACAGTCTC
TCGCATTCTCCCTCAGTAGGTATGCAATGAGCTGGGTCCGUCAGGCTCTUAGGGAAGGGACTGGALC
TCCATCGGCTATATTGATATTGGTGGTGGCECATACTACGCGAGCTGGGCGAAAGGT CGATTCA
CCATCTCCGAGACCTCCACCACGGTGTACCTGAAAGT CAACAGT CCGACAACCGAGGACACGGT
CACCTATTTCTIGTGCCAGAGGTCTTGUTAATAGTGACATCTGOGGCCCAGGCACCCTGGTCACC
GTCTCCTCAGGGCAACCTAAGGCT CCATCAGTCTTCCCACTGGCCCCCTGCTGCGGGGACACAL
CCAGCTCCACGGTGACCCTGEGOTGCCTGGTCAAAGGETACCTCCCGGAGCCAGTGACCGTGAC
CTGGAACTCGGGCACCCT CACCAATGGGGTACGCACCTTCCCGTCCGTCCGECAGTCCTCAGGL
CTCTACTCGCTGAGCAGCGTGETCAGCGTGACCTCAAGCAGTUCAGCCCETCACCTGCAACGTGS
CCACCCAGCCACCAACACCAAAGTGGACAAGACCGTTGCGCCCTCGACATGCAGCAAGCCCALC
STGCCCACCCCCTGAACT CUTGGEGEGACCGTCTGTCTTCATCTTCCCCCCAAAACCCAAGGAC
CCOTCATGATCTCACGCACCCCCGAGGTCACATGCGTGGTGETGGACGTGAGCCAGGATGACC
CCGAGGTGCAGTTCACATGGTACATAAACAACGAGCAGGTGCGCACCGCCCGGLCGCCGlTACG
GGAGCAGCAGTTCAACAGCACGATCCGCGTGGTCAGCACCCTCCCCAT CGCGCACCAGGATTGG
CTGAGGGGCAAGGAGTTCAAGTGCARAGTCCACAACRAAGGCACTCCCGGCCCCCATCGAGARAL
CCATCTCCAAAGCCAGAGGGCAGCCCOTGGAGCCGAAGGTCTACACCATGGECCCTCCCOGGGA
GGAGCUTCAGCAGCAGETCGGTCAGCCTCGACCTGCATGATCAACGGCTTCTACCCTTCCGACATC

B0
Y N

®)

TCGGTGGAGTGGCAGAAGAACGGGARGGCAGAGGACAACTACAAGACCACGCIGGUCGTGCTGS
ACAGCGACGGCTCCTACTTCCTCTACAGCAAGCTCT CAGTGCCCACGAGTGAGTEGCAGCGEEEE
CGACGTCTTCACCTGCTCCGTGATGCACGAGGCCTTGCACRAACCACTACACGCAGAAGTCCATC

TCCCGCTCTCCGGETARAA
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Figure 0B.
Light Chain

SEQ ID NO:15

MDTRAPTOQLLGLLLLWLPGARCALVMTOQTDPS?P
VSAAVGGTVTINCQQS SQSVEFNNEKWLSWYQQQIKP
GQPPKLLIYFPFVSTLASGVPSLSRFREGSGS GTOQQFPT
LTISGVQIODDAATYYCQCQGSDYSEGWYSPFEFGGOG
TEVVVEGDPVAPTVLIFPPAADQVATGTVTIV
CVANKYFPDVTVITWEVDGGTTQTTGIENSEKT?PDOQO
NSADCTYNLSSTLTLTSTOQYNSHEKEYTCKVYVTZOC
GCGTTEVVQSFNRGDLZC

SEQ ID NO:16

ATGGACACGAGGGCCCCCACTCAGCTGLTGGGGLTCCTGCTECTCTGGCTCCCAGGTGCCAGAT
GTGCCCTIGCTGATCACCCAGACTCCATCCCCCETGTCTGCAGCTGTGGGAGGCACAGTCACCAT
CAATTGCCAGTCCAGTCAGAGTGTTTTTAATAATAAATGETTATCCTGGTATCAGCAGAAACCA
GGGCAGCCTCCCAAGCTCCTGATCTATTTTGTATCCACTCTGGCATCTGGEETCCCATCGCGET
TCAAAGGCAGTGGATCTGGGACACAGTTCACTCTCACCATCAGCGGCGTGCAGTGTGACGATGC
TGCCACTTACTACTGTCAAGGCAGTGATTATAGTAGTGGTTGGTATAGTCCTTTCGGCGGAGE

ACCCAGGTGGTGETCGAAGGTGATCCAGTTGCACCTACTGTCCTCATCTTCCCACCAGUTGITG
ATCAGGTGGCAACTGGAACAGTCACCATCOTGTGTGTGGCGAATAAATACTTTCCLIGATGTCAL
CGTCACCTGGGAGGTGGATGGCACCACCCAARACAACTGGCATCGAGAACAGTAAAACACCGCAG
AATTCTGCAGATTGTACCTACAACCTCAGCAGCACT CTGACACTGACCAGCACACAGTACAACA
GCCACAALAGAGTACACCTGCAAGGTGACCCAGGGTCACGACCT CAGTCGTCCAGAGCTTCAATAG
GGETGACTGT
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FIGURE 20A.
position | sex | age | organ pathology grade | tnm tvpe
Al F 37 | Adrenal gland Normal, hyperplasia Normal
A2 M 61 | Adrenal gland Adenoraa, cortical Benign
A3 M 28 | Adrenal gland Adienocortical carcinoma T2ZNOMO | Malignant
Ad M 33 | Bladder, unnary Normal Normal
A5 F 33 | Bladder, urinary Transitional cell carcinoma i~ TINGMO | Malignant
A6 65 | Bladder, uninary Transitional cell carcinema | 1~11 TINGMOG | Malignant
A7 F 30 | Breast Normal Mormal
AR F 40 | Breast Fibroadenoma Benign
AY F 39 | Breast Fibroadenoma Benign
Al0 58 | Breast Invasive ductal carcinoma i T2NIMO | Malignant
All F 33 | Breast Invasive ductal carcinora I T2NOMG | Malignant
Al2 F 42 | Breast Invasive ductal carcinorna i T4NIMO | Malignant
Bl M 17 | Bone, tibia Ostcosarcoma Malignant
B2 M 44 | Bone, scapula Chondrosarconia Malignant
B3 M 49 | Brain, cerchellum Normal* Normal
B4 F 63 | Brain, cercbellum Meningioma, fibroblastic Benign
B3 M 55 | Brain, cerebellum Malignant meningioma Malignant
Bo M 38 | Brain Normal* | Normal
B7 F 26 | Brain Memingioma, fibroblastic Benign
B8 M 47 | Brain Astrocyioma i Benign
BY M 53 | Esophagus Normal Normal
BiG F 68 | Esophagus Squamous cell carcinioma I TINOMO | Malignant
Bil M 54 | Esophagus Squamous cell carcinoma i TINIMG | Malignant
Bi2 F 61 | Esophagus Squamous cell carcinoma i T2NIMG | Malignant
Ci M 59 | Stomach Normal Normal
C2 M 52 | Stomach Adenccarcinoma I T2ZNOMG | Malignant
C3 M 66 | Stomach Adenocarcinoma 11 T3NOMO | Malignant
C4 M 47 | Stomach Adenocarcinoma 1 TINZMO | Malignant
Intestine, sruall
C5 F 49 | infestine Normal Normal
Intestine, small
Co ¥ 18 | intesting Adenoma Benign
Intesting, small
C7 ¥ 57 | intestine Adenocarcinoma i1 T2NOMO | Malignant
8 ¥ 27 | Intestine, colon Noral Normal
9 M 57 | Iiesting, colon Adenoma Benign
Cl6 M 56 | Intestine, colon Adenocarcinoma I T3INOMOG | Malignant
Cil M &9 | Intestine. colon Adenocarcinoma 11 TINOMO | Malignant
C12 F 43 | Intestine, colon Adenocarcinora i TINOMO | Malignamt
Di M 61 | Intesting, rectum Normal Normal
D2 M 40 | Intesting, rectum Adenocarcinoma i TINOMO | Malignant
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FIGURE 20B.

D3 M 3% | Intesiing, rectum Adenocarcinoma i TINIMO | Malignant

D4 M 50 | Intestine, rectum Adenocarcinoma i TINIMO |Malignant

D5 F 51 | Kidney Normal cortex MNormal

6 M 40 | Kidney Clear cell carcinoma TINGMG | Malignani

D7 F 79 | Kidney Clear cell carcinoma TINOMO | Malignant

D8 M 43 | Liver Normal Mormal

DY M 26 | Liver Hepatocellular carcinoma I TINOMO | Malignant

Di0 M 40 | Liver Hepatocellglar carcinoma i} T2NOMOG | Mahignant

D1l M 33 | Liver Hepatocellular carcinoma i T2NOMG | Malignant

D12 M 41 | Liver Hepatocellndar carcinoma I T2NOMG | Malignand

El M 38 | Long Noermal Normal

B2 M 39 | Lung Squamous cell carcinoma i T2N2MO | Malignant

B3 M 62 | Lung Seuamous cell carcinoma 1i~01 T2ZNOMO | Malignant

B4 M 72 | Lung Adenocarcinoma 1t T2N2MO | Malignant

ES M 19 | Lung Small cell carcinoma TINOMO | Malignant

6 F 39 | Lymph node Reactive ' Inflarmmatory

E7 M 50 | Lymph node, neck | Lyvmphoma, Hodgkin lymphoma Malignant
Lyrmph node,

EB M 42 | asillary Lymphoma, non-Hodgkin B-cell lvinphoma Malignant

HO M 51 | Evmph node, neck | Lymphoma, anaplastic large cell vmphoma Malignant
Head and neck, oral

El1D F 48 | cavity, hard palate Adenccarcinoma i~y Malignant
Head and neck, oral

Ell M 56 | cavity, tongue Squamous cell carcinoma i T2NOME | Malignant
Head and neck, Nasopharyngeal carcinoma,

Ei2 ¥ 48 | nasopharynx NPC JHY TI2NOMG | Malignant

¥l ¥ 45 | Ovary Normal Normal

-2 F 55 | Ovary Gramilosa cell tumor Benign

F3 F 45 | Ovary Adenocarcinoma 11 T2ZNOMG | Makignand

Endometdoid

F4 F 49 | Ovary adenocarcinoma 11 TINGMOG | Makignant

F5 M 35 | Pancreas Normal Mormal

o F 49 | Pancreas Adenocarcinoma i1 TINIMLE | Malignant

F7 M 65 | Prosiate Normal, hyperplasia Normal

8 M 60 | Prostate Adenocarcinoma i T2NOMO | Malignant

Fo M 47 | Prostate Adenocarcinoma i} TINOMO | Malignant
Head and neck,

F10 M 38 | sabvary gland Norraal Normal
Head and neck,
salivary gland,

Fil F 28 | parotid Pleomorphic adenoma Benign
Head and neck,

Fi2 F 38 | salivary gland Adenoid cystic carcinoma I~11 TINOMO | Malignant

Gi M 30 | Skin Normal Normal
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FIGURE 20,
G2 M 67 | Skin, trunk Squamous cell carcinoma i T2NOMO | Malignant
Head and neck,
G3 M 53 | nasal cavity Melanoma Malignant
G4 M 77 | Testis Normal Normal
G3 M 3¢ | Testis Serminoma Malignant
G6 M 28 | Testis Seminonya Malignant
G7 F 62 | Thyroid Normal Normal
G8 F 47 | Thyroid Adenorua Benign
G9 27 { Thyroid Adenoma Benign
G10 ¥ 66 | Thyroid Adenoma Benign
Gil M 16 | Thyroid Follicular carcinoma TINIMO | Malignant
G12 M 34 | Thyroid Follicular papillary adenccarcinoma T2NIMEG | Malignant
Hi F 41 | Uterss, cervix Normal MNormal
H2 F 63 | Uterus, cervix Seppamous cell carcinoma 11 TINOMO | Malignant
H3 F 57 | Uterus, cgrvix Squamous cell carcinoma 1 TINIMO | Malignant
Uterus,
H4 ¥ 50 | endometnum Normal Normal
Uterus,
HS5 ¥ 48 | endometrium Adeneocarcinoma i~1 T2NOMO | Malignant
Uterus,
H6 F 53 | endometrium Adenecarcinoma i~ TINIMG | Malignant
H7 M 60 | Liver Metastatic colon adenocarcinema Metastasis
HS M 69 | Lung Metastatic cancers, from gastroiniestional site? Metastasis
H9 F 34 | Lvmph node Metastatic breast invasive ductal carcinoma Metastasis
HIO ¥ 490 | Ovary Metastatic colon signet ring cell carcinoma Metastasis
Hil M 51 | Lynwh node Metastatic esophagus squanmous cell carcinoma Metastasis
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FIGURE 24A.
position | sex | age | organ pathology stage | tom type
Al M {71 Skin Malignant melanoma of rdght romp i T4NOMO | Malignant
A2 M {60 Skin Malignant melanoma of dght rump i TANIMO | Malignant
A3 M 172 Skin Malignant melanoma of left sole HE T2aNOMO | Malignant
A4 M6l Skin Malignant melancma of left armpit 1AY T4bNOMI | Malignant
AS M {55 Skin Malignant melanoma of left scle i TANOMO | Malignant
A6 M {51 Skin Malignant melanoma of back it T4NOMO | Malignant
AT M |25 Skin Malignant melanoma of left sole i T2NOMO | Malignant
AR F 46 Skin Malignant melanoma of thigh B TANGMO | Malignant
AD F 32 Skin Malignant melanoma of right lumbar part | 1I T4NOMO | Malignant
{(fibrofatty tissug)
AlD M |80 Skin Malignant melanoma of right sole I TANOMO | Malignant
Bl F 42 Skin Malignant melancrua of right thigh it TANOMO | Malignant
B2 M {50 Skin Malignant melanoma of left shoulder i T4NOMO | Malignant
{fibrous tissue and blood vessel)
B3 M {41 Skin Malignant melanoma of left leg It 3NOMO | Malignant
B4 M {37 Skin Malignant melanoma of rightupper arm | I T4NOMO | Malignant
B3 M el Skin Malignant melanoma of nght groin i1} T4NIMO | Malignant
Bo M {52 Skin Malignant melanoma of left abdominal Hi T4NOMO | Malignant
wall
B7 ¥ 59 Skin Malignant melanoma of right mmp i TINOMO | Malignant
B& M {79 Skin Malignant melanoma of left face I TINOMD | Malignant
BY M |40 Skin Malignant melanoma of right chest wall | H T4NOMO | Malignant
Bl1G F 59 Skin Malignant melanoma with necrosis of it T4NOMO | Malignant
amnus
C1 M {42 Skin Malignant melanoma of left heel IAY T3N2ZM1 | Malignant
2 M {41 Skin Malignant melanoma of left forearm i T4NOMO | Malignant
C3 M {48 Skin Malignant melanoma of left arm B TANGMO | Malignant
C4 M {71 Skin Malignant melanoma of right groin Hi T4ANOMO | Malignant
s F 83 Skin Malignant melanoraa of right little finger | 1 T2NOMO | Malignant
Cé M {5} Skin Malignant melanoma of left upper arm 1 TANIMO | Malignant
C7 F 41 Skin Malignant melanoma of scalp it T4NOMO | Malignant
C8 M 51 Skin Malignant melanoma of left armpit i T4NOMO | Malignant
9 M {56 Skin Malignant melanoma of abdominal wall | TANOMO | Malignant
C16 M {60 Skin Malignant melanoma of right thigh i TANOMO | Malignant
D1 M {65 Skin Malignant melanoma of scalp Hi TANOMO | Malignant
D2 M| 45 Skin Malignant melancoma of crissum It T4NOMO | Malignant
D3 M {3} Skin Malignant melanoma of scalp i T4NOMO | Malignant
D4 F 72 Skin Malignant melanoma of right cheek It T4NOMO | Malignant
D5 F 46 Skin Malignant melanoma of rght thumb i T4NOMO | Malignant
D6 47 Skin Malignant melancma of left upper arm B TANGMO | Malignant
D7 M {49 Skin Malignant melanoma of left foot H TANIMO | Malignant
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FIGURE 24B.

D3 F 45 Skin Malignant melanoma of left thigh i T2NOMO | Malignant

DY F 72 Vulva Malignant melanoma i - Malignant

Dio F 57 Vulva Malignant melanoma 1 - Malignant

El F 3% Vulva Malignant melanoma i - Malignant

E2 F 44 Vulva Malignant melanoma 1 - Malignant

B3 F 62 Vulva Malignant melanoma i - Malignant

H4 F 45 Vulva Malignant melanoma i - Malignant

HS F 38 Rectum Malignant melanoma i - Malignant

EG F 44 Rectum Malignant melanoma 1 - Malignant

E7 M {64 Rectum Malignant melanoma i - Malignant

ES8 F 52 Rectum Malignant melanoma i - Malignant

E9 F 84 Rectum Malignant melanoma of crissum 1 - Malignant

Ei0 F &7 Rectum Malignant melanoma i - Malignant

Fl M {66 Rectum Malignant melanoma i - Malignant

¥2 F 66 Rectum Malignant melanoma i - Malignant

F3 M {753 Rectum Malignant melancma B - Malignant

F4 54 Rectum Malignant melanoma of anal tube Hi - Malignant

F3 F 72 Rectom Malignant melanoma 1 - Malignant

Fo M {55 Stomach Malignant melanoma i - Malignant

¥7 M {55 Stomach Malignant melanoma i - Malignant

F8 M {50 Esophagus | Malignant melanoma if - Malignant

¥9 M {4 Esophagus | Malignant melanoma i - Malignant

Fio M {71 Intestine Malignant melanoma i - Malignant

G1 M 173 Intestine Malignant melanoma 1 - Malignamnt

G2 F 70 Onal Malignant melanoma of left parotid i - Malignant
cavity gland

G3 F 63 Lymph Metastatic malignant melanoma from - - Metastasis
node right heel

G4 M |58 Lymph Metastatic malignant melanoma from left | - - Metastasis
node groin

G5 F 55 Lymph Metastatic malignam melanoma from left | - - Metastasis
node £roin

Go M {44 Lymph Malignant malignant melanoma from - - Metastasis
node nght armpit

G7 M {72 Lymph Metastatic malignant melanoma from - - Metastasis
node right groin

G8 F 47 Lyniph Metastatic malignant melanoma from left | - - Metastasis
node thump

GY M |63 Lymph Metastatic malignant melanoma from left | - - Metastasis
node Lower gum

Gi0 F 40 Lymph Metastatic malignant melanoma from - - Metastasis
node right groin

H1 M {70 Lymph Malignant malignant melanoma from - - Metastasis
nods right arnpit

H2 M o§ 36 Lymph Metastatic malignant melanoma from left | - - Metastasis
node ear
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FIGURE 24C.

H3 M |68 Lymph Metastatic malignant melanoma from left - Metastasis
node £roin

H4 F 72 Lymph Metastatic malignant melanoma from left - Metastasis
node groin

HS F 41 Lyniph Metastatic malignant melanoma from - Metastasis
node right groin

H6 F 61 Lymph Metastatic malignant melanoma from - Metastasis
node groin

H7 F 38 Lymph Metastatic malignant melanoma from - Metastasis
node right leg

HE F 43 Lymph Metastatic malignant melanoma from - Metastasis
node thigh

HY Mo 73 Lymph Metastatic malignant melanoma from - Metastasis
nods right groin

HI0 F 56 Lymph Malignan tmalignant melanoma from left - Metastasis
node sole

11 F 49 Lymph Metastatic malignant melanoma from - Metastasis
node neck

1z F 41 Lymph Metastatic malignant melanoma from - Metastasis
node rght groin (fibrows tissue and blood

vessel)

3 M {38 Skin Compound nevus of right face - Benign

4 F 29 Skin Compound nevus of left shoulder - Benign

I5 F 30 Skin Intradermal nevus of left tomp - Benign

16 F 16 Skin Junctional nevus of right foot - Benign

17 23 Skin Compound nevus of right Jumbar part - Benign

i M |25 Skin Compound nevus of [eft leg - Benign

19 F Skin Junctional nevues of neck - Benign

o M Skin Intradermal nevus of face - Benign

Mo,

I M |20 Skin Compound nevus of left shoulder - Benign

12 F 2 Skin Intradermal nevus of right leg - Benign

i3 M {30 Skin Compoouad nevus of upper arm - Benign

J4 M |42 Skin Intradermal nevus of face - Benign

J5 M |53 Skin Compound nevus of back - Benign

Jo M {73 Skin Compound nevus of left heel - Benign

J7 M {398 Skin Intradermal nevuss of head - Benign

J8 M {11 Skin Intradermal nevuss of left thigh - Benign

39 F 34 Skin Sebaceous nevus of head (skin tissuc) - Benign

1o M |18 Skin Sebaceous nevus of left frontal region - Benign

{skin tissue)
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FIGURE 29.
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