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COLON AND PANCREAS CANCER SPECIFIC 
ANTIGENS AND ANTIBODES 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This International Patent Application claims prior 
ity to U.S. Provisional Patent Application No. 61/357,165, 
filed Jun. 22, 2010; U.S. Provisional Patent Application No. 
61/359,440, filed Jun. 29, 2010; U.S. Provisional Patent 
Application No. 61/385,587, filed Sep. 23, 2010; U.S. Provi 
sional Patent Application No. 61/407,112, filed Oct. 27, 2010; 
U.S. Provisional Patent Application No. 61/435,163, filed 
Jan. 21, 2011; U.S. Provisional Patent Application No. 
61/435,176, filed Jan. 21, 2011; and U.S. Provisional Patent 
Application No. 61/467,896, filed Mar. 25, 2011, the disclo 
sures of each of which are herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

Molecular Biology of Cancer 
0002 Cancer is caused by a malfunction in the growth 
control systems of a cell. Cells control their growth via com 
bination of proliferation inhibition by tumor Suppressor genes 
(e.g., Retinoblastoma protein (pRb), p53) and proliferation 
activation by oncogenes (proto-oncogenes) (e.g., RAS, WNT, 
MYC, EKR, and TRK). A mutation in either a tumor suppres 
sor gene and/or a protooncogene in a cell results in unusually 
high rates of cell proliferation (e.g., a tumor cell). See Knud 
son, (1971) Proc. Natl. Acad. Sci. USA 68(4): 820-823. The 
cell may exhibit early signs of aberrant growth Such as aber 
rant morphology or unusually large size (hyperplasia). The 
tumor cells also may proliferate at a higher than usual but not 
lethal rate, forming a growth, known as benign tumor (dys 
plasia). In later stages of cancer, the tumor cells proliferate at 
an unusually high rate resulting in uncontrolled growth that 
threatens the health of the patient known as malignant tumors 
(or in situ cancer). Many tumors can “metastasize' or spread 
throughout the body forming tumors. Metastasis is generally 
a sign of late stage, terminal cancer. Weinberg (September 
1996) “How Cancer Arises' Scientific American 62-70. 
0003 Prostate cancer, lung cancer, and colorectal cancer 
are the three most common cancers among men. Lung cancer, 
prostate cancer, liver cancer, and colorectal cancer are the 
leading causes of cancer deaths among men. Breast cancer, 
lung cancer, and colorectal cancer are the three most common 
cancers among women. Lung cancer, breast cancer, and col 
orectal cancer are the leading causes of cancer death among 
women. CDC Features—United States Cancer Statistics 
(USCS) (2011). At present, there is an urgent need for diag 
noses and therapies for colorectal, pancreatic, prostate, lung, 
liver, and breast cancer. For example, each year in the United 
States alone, more than 43,000 people are diagnosed with 
pancreas cancer. National Cancer Institute (2010) “What You 
Need to Know about Cancer of the Pancreas. While there 
have been many advancements in cancer detection and 
therapy over the last 2 decades, nonetheless the current 
options for early detection and treatment of cancer are limited 
and there exists a great need for new methods and materials 
that provide for the detection and treatment of cancer, espe 
cially colorectal and pancreatic cancer. 

MUCSAC 

0004 MUC5AC, a mucin, is an example of such a cancer 
specific antigen. Mucins are high molecular weight glycopro 
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teins with O-linked oligosaccharides attached to serine or 
threonine residues of the apomucin protein backbone 
expressed in a cell and tissue-specific pattern in normal tis 
Sues. The mucin family includes proteins that contain tandem 
repeat structures with a high proportion of prolines, thre 
onlines, and serines (which constitute the PTS domain). 
Mucins are further defined by extensive glycosylation of the 
PTS domain through GalNAc O-linkages at the threonine and 
serine residues. Each mucin has a central region with a vari 
able number of tandem repeat with about eight amino acid 
residues, but there is a little similarity. There are two struc 
turally and functionally distinct classes of mucins: Secreted 
gel-forming mucins and transmembrane mucins. Secreted 
gel-forming mucins include the products of the MUC2, 
MUC5AC, MUC5B and MUC6 genes. See Kocer, et al. 
(2006) BMC Gastroenterology 6: 4: See also Hollingsworth 
& Swanson (2004) Nature Reviews 4: 45-60. 
0005. The human mucin (MUC) family consists of mem 
bers designated MUC1 to MUC21—subclassified into 
secreted and transmembrane forms. The secreted mucins 
(e.g., MUC2, MUC5AC, MUC5B and MUC6) form a physi 
cal barrier, which acts as a mucous gel that provides protec 
tion for epithelial cells that line the respiratory and gas 
trointestinal tracts and form the ductal Surfaces of organs Such 
as the liver, breast, pancreas, and kidney. The transmembrane 
mucins (e.g., MUC1, MUC4, MUC13 and MUC16) have a 
single membrane-spanning region and contribute to the pro 
tective mucous gel through their ectodomains of B-glycosy 
lated tandem repeats that form rod-like structures. Kufe 
(2009) Nature Reviews 9: 874-885. MUC5AC expression is 
found on apical epithelial cells of the mucus glands of gastric 
antrum and body, tracheobronchial epithelium, Superficial 
epithelium of the gallbladder and endocervix epithelium. 
0006 MUC5AC is highly expressed in adenoma. See 
Kocer, et al. (2006) BMC Gastroenterology 6:4. Additionally, 
MUC5AC is expressed in tumors of gastrointestinal, pancre 
atiobiloary, and endocervical origin (e.g., colon, esophagus, 
liver, lung, pancreas, Stomach, and uterus). See Lau, et al. 
(2004) Am. J. Clin Pathol. 122: 61-69. MUC5AC is also 
highly expressed in breast and gastric cancers. Zhang, et al. 
(1998) Clinical Cancer Research 4: 2669-2676. Further, 
MUC5AC glycan variants have been associated with pancre 
atic neoplasms. Haab, et al. (May 2010) Annals of Surgery 
251 (5): 937–945. MUC5AC is aberrantly expressed by col 
orectal polyps and colorectal carcinoma. Kocer, et al. (2006) 
BMC Gastroenterology 6(4): 1-9. 

CEACAMS AND CEACAM6 

0007 CEACAM 5 and CEACAM6 comprise additional 
examples of cancer-specific antigens. The carcinoembryonic 
antigen (CEA) gene family is a member of the IgCAM super 
family including 29 related genes and pseudogenes. CEA 
proteins function as intercellular hemophilic and heterophilic 
adhesion molecules and have signaling properties. Carcino 
embryonic cell adhesion molecule (CEACAM) 5 and 
CEACAM6 share -90% homology in the Ndomain but differ 
in the number of IgC2-like domains (A and B domains). Both 
proteins contain a glycosylphosphatidylinositol (GPI) mem 
brane anchor and are targeted to lipid rafts in apical mem 
branes of polarized epithelial cells. CEACAM5 and 
CEACAM6 bind a variety of gram-negative bacteria and 
mediate internalization/phagocytosis, participating in innate 
immune defense in the intestine. Kolla, et al. (2009) Am J 
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Physiol Lung Cell Mol Physiol 296: L1019-L1030; Lund, et 
al. (2003) Cancer Gene Therapy 10: 365-376. 
0008 CEACAM5 and CEACAM6 are overexpressed in 
many cancers (e.g., breast, ovarian, colon, pancreatic, lung, 
and prostate). CEACAM5 and CEACAM6 are believed to be 
involved in cell adhesion, cellular invasiveness, resistance to 
anoikis, and metastatic behavior of tumor cells. Zhang, et al. 
(1998) Clinical Cancer Research 4: 2669-2676; Strickland, 
et al. (2009).Journal of Pathology 218:380-390; Blumenthal, 
et al. (2005) Cancer Research 65(19): 8809-8817: Blumen 
thal, et al. (2007) BMC Cancer 7(2): 1-15. 

A33 Antigen Protein 
0009 Finally, A33 is another example of a cancer-specific 
antigen. The A33 antigen is a cell Surface glycoprotein 
expressed in the Small intestine and colonic epithelium. The 
A33 antigen shares homology with tight-junction associated 
proteins of the immunoglobulin Superfamily including CAR 
and JAM. A33 antigen is expressed in 95% of colon tumors 
but not normal intestine or other organs. Ackerman, et al. 
(2008) Cancer Immunol Immunother 57(7): 1017-1027: 
Garinchesa, et al. (1996) Int. J. Oncol. 9(3): 465-71. 
0010 Despite medical advances in cancer detection and 
Survival, there is need for early detection strategies and treat 
ment regimes to reduce cancer morbidity and mortality. 
Monoclonal antibodies have proven to be efficacious in the 
improvement of cancer therapies as evidenced by the U.S. 
Food and Drug Administration (FDA) approval of such 
agents as ARZERRAR) (ofatumumab), AVASTINR) (bevaci 
Zumab), BEXXAR(R) (to situmomab), CAMPATHR) (alemtu 
Zumab), ERBITUX(R) (cetuximab), HERCEPTINR (trastu 
Zumab), RITUXANCR) (rituximab), VECTIBIX(R) 
(panitumuamb), and ZEVALINR) (ibritumomab). Mayo 
Clinic (2011) “Monoclonal Antibody Drugs For Cancer 
Treatment.” Many other monoclonal antibodies are currently 
in clinical trials as monotherapy or in combination with other 
therapies, showing promising results for the treatment of 
CaCC. 

0011. The pursuit for monoclonal antibodies for cancer 
therapy and diagnostics has beenhampered, at least in part, by 
the difficulty in characterizing tumor-specific epitopes. For 
example, the antigen of the NPC-1 antibody and the 16C3 
antibody were not characterized prior to the present inven 
tion. WO 2006/113546 and WO 2009/062050. Arlen, et al. 
(December 2009) “Preclinical development of a novel thera 
peutic antibody to treat pancreas and colorectal cancers.” 
Molecular Cancer Therapeutics Volume 8, Issue 12, Supple 
ment 1 (Abstract B 124) reported that some information sug 
gested that NPC-1C appeared to possibly recognize an aber 
rantly expressed form of MUC5AC expressed by colon and 
pancreatic tumor tissues and cell lines. However, the exist 
ence of this aberrantly expressed MUC5AC antigen was not 
corroborated, nor was the NPC-1 epitope confirmed or char 
acterized. Also, although WO 2002/074251 and WO 2006/ 
004950 disclose that the 31.1 monoclonal antibody binds to 
the A33 antigen, the epitope on the A33 antigen bound by the 
31.1 monoclonal antibody was not elucidated. See also Arlen, 
et al. (Nov. 3, 2010) Journal of Cancer 1: 209-222. Accord 
ingly, the present invention provides the first identification 
and characterization of the epitopes of the NPC-1, 16C3, and 
31.1 monoclonal antibodies. This information allows for 
these antigens to be used in methods for detecting and treating 
cancer as well as the production of other tumor-specific anti 
bodies having equivalent epitopic specificity. 
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SUMMARY OF THE INVENTION 

0012. The present invention provides the antigens and/or 
specific epitopes which are specifically bound by the NPC-1, 
16C3, and 31.1 monoclonal antibodies. 
0013. In one embodiment, the invention provides an iso 
lated polypeptide comprising a NPC-1 epitope. In another 
embodiment, the NPC-1 epitope may comprise a glycosyla 
tion variant (glycotope) expressed by tumor cells. In a further 
embodiment, the NPC-1 epitope may be sensitive to treat 
ment by sialidase or neuraminidase (C2->3.6.8,9). In a fur 
ther embodiment, the NPC-1 epitope may not be not sensitive 
to treatment by B-glucosaminidase, O-glycosidase, PNGase 
F. neuraminidase (C2->3), or B(1->4) galactosidase. In 
another embodiment, the NPC-1 epitope may be selectively 
bound by an antibody selected from the group consisting of 
NPC-1 (NEO-101), NEO-102, and NEO-103. In another 
embodiment, the NPC-1 epitope may not be selectively 
bound by an antibody selected from the group consisting of 
45M1, H00004586, CLH-2, 2-11M1, 9-13M1, 1-13M1, 
2-12M1, and H-160. In another embodiment, the NPC-1 
epitope may comprise a peptide comprising residues 1-338, 
1-306, 1-289, or 1-151 residues of the long tandem repeat 
region of MUC5AC. In another embodiment, the NPC-1 
epitope may not be located in a peptide consisting of residues 
1-136 or 1-85 residues of the long tandem repeat region of 
MUC5AC. The invention provides a tumor specific antigen 
polypeptide comprising an amino acid sequence with at least 
80% homology to the amino acid sequence may be selected 
from the group consisting of SEQID NO:3, 5, 6, 7, 8, 9, 10. 
11, 12, 15, 16, 17, 18, 34, 35, 36, and 37. In an embodiment, 
the invention provides an isolated polypeptide comprising the 
amino acid sequence of SEQID NO: 49. The invention also 
provides an isolated polypeptide comprising a 16C3 epitope. 
In another embodiment, the 16C3 epitope may not be sensi 
tive to treatment by glycolytic enzymes. In another embodi 
ment, CEACAM5 and CEACAM6 may comprise said 16C3 
epitope. In one embodiment, the CEACAM5 polypeptide 
may comprise residues 191-319 of CEACAM5. In one 
embodiment, the CEACAM5 polypeptide may comprise resi 
dues 191-319 of CEACAM6. The invention also provides a 
tumor specific antigen comprising an amino acid sequence 
with at least 80% homology to the amino acid sequence of 
SEQID NO: 19, 22, 23, or 24. 
0014. The invention provides an isolated polypeptide 
comprising an 31.1 epitope. In one embodiment, the 31.1 
epitope may not be sensitive to treatment by glycolytic 
enzymes. In another embodiment, the A33 antigen may com 
prise said 31.1 epitope. In another embodiment, 31.1 epitope 
may be a non-linear epitope. In a further embodiment, the 
31.1 epitope may comprise an amino acid sequence with at 
least 80% homology to the amino acid sequence of SEQID 
NO: 45, 47, or 50. 
0015 The invention provides a tumor specific antigen 
comprising an amino acid sequence with at least 80% homol 
ogy to the amino acid sequence of SEQID NO: 45, 47, or 50. 
In another embodiment, epitope may comprise an amino acid 
sequence with at least 80% homology to the amino acid 
sequence of SEQID NO: 47 or 50. In a further embodiment, 
epitope may be a non-linear epitope, optionally comprising 
the amino acid sequence of SEQID NO: 50. 
0016. A tumor specific antigen comprising a NPC-1, 
16C3, or 31.1 epitope. In another embodiment, the tumor 
specific antigen may comprise an amino acid sequence with 
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at least 80% homology to the amino acid sequence of SEQID 
NO:3, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 22, 23, 24, 
34, 35, 36, 37, 45, 47, or 50. 
0017. The invention provides a fusion protein comprising 
a tumor specific antigen comprising a NPC-1, 16C3, or 31.1 
epitope and a detectable label covalently or non-covalently 
directly or indirectly attached thereto. In another embodi 
ment, the tumor specific antigen may comprise an amino acid 
sequence with at least 80% homology to the amino acid 
sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 15, 16, 17, 
18, 19, 22, 23, 24, 34, 35, 36, 37, 45, 47, or 50. In a further 
embodiment, the detectable label may be selected from poly 
His tag, FLAG tag, MBP, GST protein, and GFP. 
0.018. The invention provides a conjugate comprising a 
tumor specific antigen comprising a NPC-1, 16C3, or 31.1 
epitope, directly or indirectly, conjugated to a cytotoxic 
agent, a therapeutic agent, label, or an immunosuppressive 
agent. In another embodiment, the tumor specific antigen 
may comprise an amino acid sequence with at least 80% 
homology to the amino acid sequence of SEQID NO:3, 5, 6, 
7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 22, 23, 24, 34,35, 36, 37, 
45, 47, or 50. In another embodiment, the label may be a 
chemiluminescent label, paramagnetic label, an MRI contrast 
agent, fluorescent label, bioluminescent label, or radioactive 
label. In another embodiment, the paramagnetic label may be 
aluminum, manganese, platinum, oxygen, lanthanum, lute 
tium, Scandium, yttrium, or gallium. In further embodiment, 
the cytotoxic agent may be a moiety that inhibits DNA, RNA, 
or protein synthesis, a radionuclide, or ribosomal inhibiting 
protein. In further embodiment, the cytotoxic agent may be 
'Bi, "I, Re, 'Y. vindesine, methotrexate, adriamycin, 
cisplatin, pokeweed antiviral protein, Pseudomonas exotoxin 
A, ricin, diphtheria toxin, ricin A chain, or cytotoxic phos 
pholipase enzyme. 
0019. The invention provides a composition comprising a 
NPC-1, 16C3, or 31.1 epitope polypeptide. In another 
embodiment, the epitope polypeptide may comprise an 
amino acid sequence with at least 80% homology to the 
amino acid sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 
15, 16, 17, 18, 19, 22, 23, 24, 34, 35, 36, 37, 45, 47, or 50. In 
a further embodiment, the composition may comprise a phar 
maceutically acceptable carrier. In a further embodiment, the 
invention provides a composition for treating cancer compris 
ing a NPC-1, 16C3, or 31.1 epitope polypeptide, optionally, 
wherein said cancer may be lung, breast, pancreas, uterine, 
esophageal, colorectal, or liver cancer. In another embodi 
ment, the epitope polypeptide may comprise an amino acid 
sequence with at least 80% homology to the amino acid 
sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 15, 16, 17, 
18, 19, 22, 23, 24, 34, 35, 36, 37, 45, 47, or 50. In one 
embodiment, the composition may further comprise a multi 
meric polypeptide comprising at least two repeats of said 
polypeptide. 
0020. The invention provides a diagnostic kit comprising a 
NPC-1, 16C3, or 31.1 epitope polypeptide. In another 
embodiment, the epitope polypeptide may comprise an 
amino acid sequence with at least 80% homology to the 
amino acid sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 
15, 16, 17, 18, 19, 22, 23, 24, 34, 35, 36, 37, 45, 47, or 50. In 
one embodiment, the polypeptide may be directly or indi 
rectly fixed to a Solid phase Support. In one embodiment, the 
Solid phase Support may be a bead, plate, matrix, polymer, test 
tube, sheet, culture dish, or test strip. In another embodiment, 
the Solid Support may be an array. 
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0021. The invention provides an isolated nucleotide that 
encodes a NPC-1 epitope, wherein the epitope contains a 
glycotope specifically bound by the NPC-1 antibody when 
the sequence may be expressed in a tumor cell. In one 
embodiment, the nucleotide may comprise at least 80% 
homology to a nucleic acid sequence selected from the group 
consisting of SEQ ID NO: 2 and 4. The invention also pro 
vides an isolated nucleotide that encodes a 16C3 epitope. In 
one embodiment, the nucleotide may comprise at least 80% 
homology to the nucleic acid sequence of selected from the 
group consisting of SEQID NO: 19 and 20. 
0022. The invention provides an isolated nucleotide that 
encodes an 31.1 epitope. In one embodiment, the nucleotide 
may comprise at least 80% homology to the nucleic acid 
sequence encoding an amino acid sequence selected from the 
group consisting of SEQID NO: 45, 47, and 50. 
0023 The invention provides an composition comprising 
the nucleotide encoding a NPC-1, 16C3, or 31.1 eptitope. In 
one embodiment, the composition may further comprise a 
pharmaceutically acceptable carrier. The invention also pro 
vides an expression vector comprising a nucleotide encoding 
a NPC-1, 16C3, or 31.1 eptitope. The invention provides an 
isolated host cell comprising the expression vector compris 
ing a nucleotide encoding a NPC-1, 16C3, or 31.1 eptitope. 
The invention further provides a non-human transgenic ani 
mal comprising the host cell comprising an expression vector 
comprising a nucleotide encoding a NPC-1, 16C3, or 31.1 
eptitope. 
0024. The invention also provides an isolated antibody 
that selective binds a tumor specific antigen comprising a 
NPC-1, 16C3, or 31.1 epitope. In another embodiment, the 
tumor specific antigen may comprise an amino acid sequence 
with at least 80% homology to the amino acid sequence of 
SEQID NO:3, 5,6,7,8,9, 10, 11, 12, 15, 16, 17, 18, 19, 22, 
23, 24, 34,35, 36, 37, 45, 47, or 50. 
0025. The invention provides an isolated antibody that 
binds to a NPC-1 epitope or an epitope binding fragment 
thereof, wherein said antibody or antibody fragment does not 
comprise any of the same CDR's as NPC-1. In another 
embodiment, the invention provides an isolated antibody that 
binds to a NPC-1 epitope or an epitope binding fragment 
thereof, that specifically binds an tumor specific epitope, 
wherein said antibody or antibody fragment does not com 
prise any of the same CDR's as the NPC-1 antibody. In one 
embodiment, the invention provides an isolated antibody that 
binds to a NPC-1 epitope or an epitope binding fragment 
thereof, wherein said antibody may comprise at least one light 
chain sequence selected from the group consisting of SEQID 
NO: 52,62, and 72. In an embodiment, the invention provides 
an isolated antibody that binds to a NPC-1 epitope or an 
epitope binding fragment thereof, wherein said antibody may 
comprise at least one heavy chain sequence selected from the 
group consisting of SEQ ID NO: 57, 67, and 74. In another 
embodiment, the invention provides an isolated antibody that 
binds to a NPC-1 epitope or an epitope binding fragment 
thereof, wherein said antibody may comprise at least one light 
chain or heavy chain CDR sequence selected from the group 
consisting of SEQID NOs: 53, 54, 55, 58, 59, 60, 63, 64, 65, 
68, 69, and 70. 
0026. In another embodiment, the invention provides an 
isolated antibody that binds to a 16C3 epitope or an epitope 
binding fragment thereof, wherein said antibody or antibody 
fragment does not comprise any of the same CDR's as the 
16C3 antibody. In an embodiment, the invention provides an 
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isolated antibody specifically binds a tumor specific epitope, 
wherein said antibody or antibody fragment does not com 
prise any of the same CDR's as the NPC-1 antibody. In 
another embodiment, the invention provides an isolated anti 
body that binds to a 16C3 epitope or an epitope binding 
fragment thereof, wherein said antibody may comprise at 
least one light chain sequence selected from the group con 
sisting of SEQ ID NO: 76, 85, 86, 87, 88, 89, and 96. In 
another embodiment, the invention provides an isolated anti 
body that binds to a 16C3 epitope or an epitope binding 
fragment thereof, wherein said antibody may comprise at 
least one heavy chain sequence selected from the group con 
sisting of SEQ ID NO: 81, 90,91, 92,93, 94, and 101. In 
further embodiment, the invention provides an isolated anti 
body that binds to a 16C3 epitope or an epitope binding 
fragment thereof, wherein said antibody may comprise at 
least one light chain or heavy chain CDR sequence selected 
from the group consisting of SEQID NOs: 77, 78,79, 82.83, 
84, 97, 98, 99, 102, 103, and 104. In an embodiment, the 
invention provides an isolated antibody that binds to a 16C3 
epitope or an epitope binding fragment thereof wherein said 
antibody or antibody fragment does not comprise any of the 
same CDR's as the 16C3 antibody. 
0027. In another embodiment, the invention provides an 
isolated antibody specifically binds antumor specific epitope, 
wherein said antibody or antibody fragment does not com 
prise any of the same CDR's as the 31.1 antibody. In one 
embodiment, the invention provides an isolated antibody that 
binds to an 31.1 epitope or an epitope binding fragment 
thereof, wherein said antibody may comprise at least one light 
chain sequence selected from the group consisting of SEQID 
NO: 105 and 108. In a further embodiment, the invention 
provides an isolated antibody that binds to an 31.1 epitope or 
an epitope binding fragment thereof, wherein said antibody 
may comprise at least one heavy chain sequence selected 
from the group consisting of SEQID NO: 106 and 111. 
0028. In another embodiment, the antibody or fragment 
may be recombinant. In an embodiment, the antibody or 
fragment has anti-tumor activity. In an embodiment, the frag 
ment may be a Fab, Fab'. F(ab')2, Fv, CDR, paratope, or 
portion of an antibody that may be capable of binding the 
antigen. In another embodiment, the antibody may be chi 
meric, humanized, anti-idiotypic, single-chain, bifunctional, 
or co-specific. In another embodiment, the antibody or frag 
ment may be directly or indirectly conjugated to a label, 
cytotoxic agent, therapeutic agent, or an immunosuppressive 
agent. In another embodiment, the label may be a chemilu 
minescent label, paramagnetic label, an MRI contrast agent, 
fluorescent label, bioluminescent label, or radioactive label. 
In another embodiment, the paramagnetic label may be alu 
minum, manganese, platinum, oxygen, lanthanum, lutetium, 
Scandium, yttrium, or gallium. In another embodiment, the 
cytotoxic agent may be a moiety that inhibits DNA, RNA, or 
protein synthesis, a radionuclide, or ribosomal inhibiting pro 
tein. In one embodiment, the cytotoxic agent may be 'Bi, 
"I, Re, 'Y. vindesine, methotrexate, adriamycin, cispl 
atin, pokeweed antiviral protein, Pseudomonas exotoxin A, 
ricin, diphtheria toxin, ricin A chain, or cytotoxic phospholi 
pase enzyme. In one embodiment, the therapeutic agent may 
be a lymphokine or growth factor. In one embodiment, the 
immunosuppressive agent may be cyclosporine, leflunomide, 
methotrexate, azothiprine, mercaptopurine, dactinomycin, 
tacrolimus, or sirolimus. 
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0029. The invention also provides a composition compris 
ing an antibody or antibody fragment of that specifically 
binds an tumor specific epitope, wherein said epitope is 
selected from the group consisting of an NPC-1, 16C3, or 
31.1 epitope. In another embodiment, the tumor specific anti 
gen may comprise an amino acid sequence with at least 80% 
homology to the amino acid sequence of SEQID NO:3, 5, 6, 
7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 22, 23, 24, 34,35, 36, 37, 
45, 47, or 50. In another embodiment, the composition may 
further comprise a pharmaceutically acceptable carrier. 
0030 The invention further provides a diagnostic kitcom 
prising an antibody or antibody fragment of that specifically 
binds an tumor specific epitope, wherein said epitope is 
selected from the group consisting of an NPC-1, 16C3, or 
31.1 epitope. In another embodiment, the tumor specific anti 
gen may comprise an amino acid sequence with at least 80% 
homology to the amino acid sequence of SEQID NO:3, 5, 6, 
7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 22, 23, 24, 34,35, 36, 37, 
45, 47, or 50. In one embodiment, the antibody may be 
directly or indirectly fixed to a Solid phase Support. In one 
embodiment, the Solid phase Support may be a bead, test tube, 
sheet, culture dish, or test strip. In one embodiment, the solid 
phase Support may be an array. 
0031. The invention provides a composition for treating 
cancer comprising an antibody or antibody fragment of that 
specifically binds an tumor specific epitope, wherein said 
epitope is selected from the group consisting of an NPC-1, 
16C3, or 31.1 epitope, optionally, wherein said cancer may be 
lung, breast, pancreas, uterine, esophageal, colorectal, or liver 
cancer. The invention also provides for the use of an antibody 
or antibody fragment of that specifically binds an tumor spe 
cific epitope, wherein said epitope is selected from the group 
consisting of an NPC-1, 16C3, or 31.1 epitope in the prepa 
ration of a medicament for treating cancer, optionally, 
wherein said cancer may be lung, breast, pancreas, uterine, 
esophageal, colorectal, or liver cancer. In another embodi 
ment, the tumor specific antigen may comprise an amino acid 
sequence with at least 80% homology to the amino acid 
sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 15, 16, 17, 
18, 19, 22, 23, 24, 34, 35, 36, 37, 45, 47, or 50. 
0032. In one embodiment, the invention provides a 
method for treating cancer comprising administering an 
effective amount of an antigen comprising at least one NPC-1 
epitope, or antibody or a fragment thereof, that recognizes a 
NPC-1 epitope to a patient in need thereof, wherein said 
antibody or fragment does not comprise the same CDRS as the 
NPC-1 antibody. In one embodiment, the invention provides 
a method for slowing the growth of a tumor comprising 
administering an effective amount of an antigen comprising 
at least one NPC-1 epitope, or antibody or a fragment thereof, 
that recognizes a NPC-1 epitope to a patient in need thereof, 
wherein said antibody or fragment does not comprise the 
same CDRs as the NPC-1 antibody. In one embodiment, the 
invention provides a method for promoting tumor regression 
in a Subject comprising administering an effective amount of 
an antigen comprising at least one NPC-1 epitope, or anti 
body or a fragment thereof, that recognizes a NPC-1 epitope 
to a patient in need thereof, wherein said antibody or fragment 
does not comprise the same CDRs as the NPC-1 antibody. In 
one embodiment, the invention provides a method for acti 
Vating dendritic cells comprising removing dendritic cells 
from a patient, contacting cells ex vivo with an antigen com 
prising at least one NPC-1 epitope, and reintroducing acti 
vated the dendritic cells into said patient. In one embodiment, 
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the invention provides a method for activating antigen-spe 
cific immunity comprising administering an antigen compris 
ing at least one NPC-1 epitope. In another embodiment, the 
antibody may specifically binds an NPC-1 epitope. In a fur 
ther embodiment, the NPC-1 epitope may comprise a 
polypeptide comprising the amino acid sequence of SEQID 
NO:3, 5, 6,7,8,9, 10, 11, 12, 15, 16, 17, 18, 34, 35, 36, and 
37. In another embodiment, the antibody may comprise at 
least one light chain sequence selected from the group con 
sisting of SEQID NO:52, 62, and 72. In one embodiment, the 
antibody may comprise at least one heavy chain sequence 
selected from the group consisting of SEQID NO:57, 67, and 
74. In an embodiment, the antibody may comprise at least one 
light chain or heavy chain CDR sequence selected from the 
group consisting of SEQID NOs: 53, 54, 55, 58, 59, 60, 63, 
64, 65, 68, 69, and 70. 
0033. In one embodiment, the invention provides a 
method for treating cancer comprising administering an 
effective amount of an antigen comprising at least one 16C3 
epitope, or antibody or a fragment thereof, that recognizes a 
16C3 epitope to a patient in need thereof, wherein said anti 
body or fragment does not comprise the same CDRs as the 
16C3 antibody. In one embodiment, the invention provides a 
method for slowing the growth of a tumor comprising admin 
istering an effective amount of an antigen comprising at least 
one 16C3 epitope, or antibody or a fragment thereof, that 
recognizes a 16C3 epitope to a patient in need thereof, 
wherein said antibody or fragment does not comprise the 
same CDRs as the 16C3 antibody. In an embodiment, the 
invention provides a method for promoting tumor regression 
in a subject comprising administering an effective amount of 
an antigen comprising at least one 16C3 epitope, or antibody 
or a fragment thereof, that recognizes a 16C3 epitope to a 
patient in need thereof wherein said antibody or fragment 
does not comprise the same CDRs as the 16C3 antibody. In 
one embodiment, the invention provides a method for acti 
Vating dendritic cells comprising removing dendritic cells 
from a patient, contacting cells ex vivo with an antigen com 
prising at least one 16C3 epitope, and reintroducing activated 
the dendritic cells into said patient. In a further embodiment, 
the invention provides a method for activating antigen-spe 
cific immunity comprising administering an antigen compris 
ing at least one 16C3 epitope. In one embodiment, the anti 
body may specifically bind an tumor specific epitope 
comprising a 16C3 epitope. In one embodiment, the 16C3 
epitope may comprise an amino acid sequence selected from 
the group consisting of 19, 22, 23, or 24. In one embodiment, 
the antibody may comprise at least one light chain sequence 
selected from the group consisting of SEQID NO: 76, 85,86, 
87, 88, 89, and 96. In an embodiment, the antibody may 
comprise at least one heavy chain sequence selected from the 
group consisting of SEQID NO: 81, 90,91, 92,93, 94, and 
101. In one embodiment, the antibody may comprise at least 
one light chain or heavy chain CDR sequence selected from 
the group consisting of SEQID NOs: 77, 78, 79, 82, 83, 84, 
97, 98, 99, 102, 103, and 104. 
0034. In one embodiment, the invention provides a 
method for treating cancer comprising administering an 
effective amount of an antigen comprising at least one 31.1 
epitope, or antibody or a fragment thereof, that recognizes a 
31.1 epitope to a patient in need thereof wherein said antibody 
or fragment does not comprise the same CDRs as the 31.1 
antibody. In one embodiment, the invention provides a 
method for slowing the growth of a tumor comprising admin 

Jul. 25, 2013 

istering an effective amount of an antigen comprising at least 
one 31.1 epitope, or antibody or a fragment thereof, that 
recognizes a 31.1 epitope to a patient in need thereof wherein 
said antibody or fragment does not comprise the same CDRS 
as the 31.1 antibody. In one embodiment, the invention pro 
vides a method for promoting tumor regression in a subject 
comprising administering an effective amount of an antigen 
comprising at least one 31.1 epitope, or antibody or a frag 
ment thereof, that recognizes a 31.1 epitope to a patient in 
need thereof wherein said antibody or fragment does not 
comprise the same CDRs as the 31.1 antibody. In one embodi 
ment, the invention provides a method for activating dendritic 
cells comprising removing dendritic cells from a patient, 
contacting cells ex vivo with an antigen comprising at least 
one 31.1 epitope, and reintroducing activated the dendritic 
cells into said patient. In one embodiment, the invention 
provides a method for activating antigen-specific immunity 
comprising administering an antigen comprising at least one 
31.1 epitope. In one embodiment, the antibody specifically 
binds an tumor specific epitope comprising a 31.1 epitope. In 
another embodiment, the 31.1 epitope comprises a polypep 
tide comprising the amino acid sequence selected from the 
group consisting of SEQ ID NOs: 45, 47, and 50. In one 
embodiment, the antibody may comprise at least one light 
chain sequence selected from the group consisting of SEQID 
NO: 105 and 108. In one embodiment, the antibody may 
comprise at least one heavy chain sequence selected from the 
group consisting of SEQID NO: 106 and 111. 
0035. In one embodiment, the invention provides a 
method for detecting a NPC-1 epitope comprising (a) con 
tacting a test sample with an antibody, or fragment thereof, 
that binds a NPC-1 epitope, and (b) assaying for antibody 
epitope complexes, wherein the presence of said epitope may 
be indicative of a carcinoma and wherein said antibody or 
fragment does not comprise the same CDRs as the NPC-1 
antibody. In a further embodiment, the invention provides a 
method for detecting the presence of a NPC-1 epitope in a 
patient comprising (a) administering to said patient a labeled 
monoclonal antibody, or fragment thereof, that binds a 
NPC-1 epitope and (b) detecting the presence of a NPC-1 
epitope; wherein the presence of said epitope may be indica 
tive of a carcinoma wherein said antibody or fragment does 
not comprise the same CDRs as the NPC-1 antibody. In one 
embodiment, the antibody specifically binds an tumor spe 
cific epitope comprising at least one NPC-1 epitope. In 
another embodiment, the antibody may specifically binds an 
NPC-1 epitope. In a further embodiment, the NPC-1 epitope 
may comprise a polypeptide comprising the amino acid 
sequence of SEQID NO:3, 5, 6,7,8,9, 10, 11, 12, 15, 16, 17, 
18, 34, 35, 36, and 37. In an embodiment, the antibody may 
comprise at least one light chain sequence selected from the 
group consisting of SEQ ID NO: 52, 62, and 72. In one 
embodiment, the antibody may comprise at least one heavy 
chain sequence selected from the group consisting of SEQID 
NO: 57, 67, and 74. In one embodiment, the antibody may 
comprise at least one light chain or heavy chain CDR 
sequence selected from the group consisting of SEQID NOs: 
53, 54, 55, 58, 59, 60, 63, 64, 65, 68, 69, and 70. 
0036. In one embodiment, the invention provides a 
method for detecting a 16C3 epitope comprising (a) contact 
ing a test sample with an antibody, or fragment thereof, that 
binds a 16C3 epitope, and (b) assaying for antibody-epitope 
complexes, wherein the presence of said epitope may be 
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indicative of a carcinoma wherein said antibody or fragment 
does not comprise the same CDRs as the 16C3 antibody. 
0037. In another embodiment, the invention provides a 
method for detecting the presence of a 16C3 epitope in a 
patient comprising (a) administering to said patient a labeled 
monoclonal antibody, or fragment thereof, that binds a 16C3 
epitope and (b) detecting the presence of a 16C3 epitope: 
wherein the presence of said epitope may be indicative of a 
carcinoma wherein said antibody or fragment does not com 
prise the same CDRs as the 16C3 antibody. In an embodi 
ment, the antibody specifically an tumor specific epitope 
comprising a 16C3 epitope. In one embodiment, the 16C3 
epitope may comprise an amino acid sequence selected from 
the group consisting of 19, 22, 23, or 24. In an embodiment, 
the antibody may comprise at least one light chain sequence 
selected from the group consisting of SEQID NO: 76, 85,86, 
87, 88, 89, and 96. In an embodiment, the antibody may 
comprise at least one heavy chain sequence selected from the 
group consisting of SEQID NO: 81, 90,91, 92,93, 94, and 
101. In an embodiment, the antibody may comprise at least 
one light chain or heavy chain CDR sequence selected from 
the group consisting of SEQID NOs: 77, 78, 79, 82, 83, 84, 
97, 98, 99, 102, 103, and 104. In one embodiment, the inven 
tion provides a method for detecting an31.1 epitope compris 
ing (a) contacting a test sample with an antibody, or fragment 
thereof, that binds an 31.1 epitope, and (b) assaying for anti 
body-epitope complexes, wherein the presence of said 
epitope may be indicative of a carcinoma wherein said anti 
body or fragment does not comprise the same CDRS as the 
31.1 antibody. 
0038. In another embodiment, the invention provides a 
method for detecting the presence of an 31.1 epitope in a 
patient comprising (a) administering to said patient a labeled 
monoclonal antibody, or fragment thereof, that binds an 31.1 
epitope and (b) detecting the presence of an 31.1 epitope; 
wherein the presence of said epitope may be indicative of a 
carcinoma wherein said antibody or fragment does not com 
prise the same CDRs as the 31.1 antibody. In one embodi 
ment, the antibody specifically binds an tumor specific 
epitope comprising a 31.1 epitope. In another embodiment, 
the 31.1 epitope comprises a polypeptide comprising the 
amino acid sequence selected from the group consisting of 
SEQ ID NOs: 45, 47, and 50. In one embodiment, the anti 
body may comprise at least one light chain sequence selected 
from the group consisting of SEQID NO: 105 and 108. In one 
embodiment, the antibody may comprise at least one heavy 
chain sequence selected from the group consisting of SEQID 
NO: 106 and 111. 

0039. In an embodiment, the antibody or fragment may be 
recombinant. In one embodiment, the antibody or fragment 
has anti-tumor activity. In one embodiment, the fragment may 
be a Fab, Fab'. F(ab')2, Fv, CDR, paratope, or portion of an 
antibody that may be capable of binding the antigen. In one 
embodiment, the antibody may be chimeric, humanized, anti 
idiotypic, single-chain, bifunctional, or co-specific. In one 
embodiment, the antibody or fragment may be conjugated to 
a label, cytotoxic agent, therapeutic agent, or an immunosup 
pressive agent. In one embodiment, the label may be a chemi 
luminescent label, paramagnetic label, an MRI contrast 
agent, fluorescent label, bioluminescent label, or radioactive 
label. In one embodiment, the paramagnetic label may be 
aluminum, manganese, platinum, oxygen, lanthanum, lute 
tium, Scandium, yttrium, or gallium. In one embodiment, the 
cytotoxic agent may be a moiety that inhibits DNA, RNA, or 
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protein synthesis, a radionuclide, or ribosomal inhibiting pro 
tein. In one embodiment, the cytotoxic agent may be 'Bi, 
"I, Re, 'Y. vindesine, methotrexate, adriamycin, cispl 
atin, pokeweed antiviral protein, Pseudomonas exotoxin A, 
ricin, diphtheria toxin, ricin A chain, or cytotoxic phospholi 
pase enzyme. In one embodiment, the therapeutic agent may 
be a lymphokine or growth factor. In one embodiment, the 
immunosuppressive agent may be cyclosporine, leflunomide, 
methotrexate, azothiprine, mercaptopurine, dactinomycin, 
tacrolimus, or Sirolimus. In a further embodiment, the anti 
body may be administered in combination with another anti 
body, a lymphokine, or a hematopoietic growth factor. In one 
embodiment, the agent may be administered simultaneously 
or sequentially with the antibody. In one embodiment, the 
cancer may be lung, breast, pancreas, uterine, esophageal, 
colorectal, or liver cancer. In one embodiment, the cancer 
may be a stage 1, 2, 3 or 4 cancer. In one embodiment, the 
cancer has metastasized. In one embodiment, the patient 
expresses detectable levels of NPC-1, 16C3, or 31.1 epitope. 
In one embodiment, the antigen may be detected in a tumor 
biopsy sample or in the blood, stool, urine or lymph fluid. In 
one embodiment, the patient may be at risk of cancer. In one 
embodiment, the patient may be a patient without symptoms. 
0040. In one embodiment, the test sample may be obtained 
from a patient at risk of cancer. In one embodiment, the test 
sample may be obtained from a patient without symptoms. In 
one embodiment, the antibody may be attached to a solid 
Support. In one embodiment, the Solid phase Support may be 
a bead, test tube, sheet, culture dish, or test strip. In one 
embodiment, the Solid Support may be an array. In one 
embodiment, the sample may beatissue biopsy, lymph, urine, 
cerebrospinal fluid, amniotic fluid, inflammatory exudate, 
blood, serum, stool, or liquid collected from the colorectal 
tract. In one embodiment, the antibody-epitope complex may 
be detected by an assay selected from the group consisting of 
Western blots, radioimmunoassays, ELISA (enzyme linked 
immunosorbent assay), 'sandwich’ immunoassays, immu 
noprecipitation assays, precipitation reactions, gel diffusion 
precipitation reactions, immunodiffusion assays, agglutina 
tion assays, complement-fixation assays, immunohis 
tochemical assays, fluorescent immunoassays, and protein A 
immunoassays. In one embodiment, the method may detect 
colorectal polyps. In one embodiment, the method may fur 
ther comprise additional testing for the presence of tumors. In 
one embodiment, the method may detect benign tumors. In 
one embodiment, the method may detect malignant tumors. 
In one embodiment, the method may detect metastatic 
tumors. In one embodiment, the method may detect non 
metastatic tumors. In one embodiment, the method may 
detect pre-cancerous cells that express a cell marker compris 
ing a NPC-1, 16C3, or 31.1 epitope. In one embodiment, the 
test sample may be obtained from a patient at risk of cancer. 
In one embodiment, the test sample may be obtained from a 
patient without symptoms. In one embodiment, the method 
may comprise imaging said epitope. In one embodiment, the 
imaging may be selected from the group consisting of 
positron emission tomography (PET), CCD low-light moni 
toring system, X-ray, CT scanning, Scintigraphy, photo acous 
tic imaging, single photon emission computed tomography 
(SPECT), magnetic resonance imaging (MRI), ultrasound, 
paramagnetic imaging, and endoscopic optical coherence 
tomography. 
0041. In one embodiment, the invention provides a 
method for genetic diagnosis of a risk for cancer comprising 
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taking a nucleic acid sample from a patient, analyzing said 
nucleic acid comprising comparing to cancer specific 
MUC5AC sequence, wherein if the patient's nucleic acid 
sample matches the cancer specific MUC5AC sequence, the 
patient may be at risk for developing cancer. In one embodi 
ment, the invention provides a method for genetic diagnosis 
of a risk for cancer comprising taking a nucleic acid sample 
from a patient, analyzing said nucleic acid comprising com 
paring to cancer specific CEACAM5 or CEACAM6 
sequence, wherein if the patient's nucleic acid sample 
matches the cancer specific CEACAM5 or CEACAM6 
sequence, the patient may be at risk for developing cancer. In 
one embodiment, the invention provides a method for genetic 
diagnosis of a risk for cancer comprising taking a nucleic acid 
sample from a patient, analyzing said nucleic acid comprising 
comparing to cancer specific A33 antigen sequence, wherein 
if the patient's nucleic acid sample matches the cancer spe 
cific A33 antigen sequence, the patient may be at risk for 
developing cancer. In one embodiment, the cancer may be 
colorectal and pancreas. 
0042. The invention provides a method of making anti 
bodies comprising immunizing an animal with a NPC-1 
epitope, removing said animals spleen and prepare a single 
cell Suspension, fusing a spleen cell with a myeloma cell, 
culturing post-fusion cells in hybridoma selection medium, 
culturing the resultant hybridomas, screening for specific 
antibody production, and selecting hybridomas which pro 
duce the desired antibody. The invention also provides a 
method of making antibodies comprising immunizinganani 
mal with a 16C3 epitope, removing said animals spleen and 
prepare a single cell Suspension, fusing a spleen cell with a 
myeloma cell, culturing post-fusion cells in hybridoma selec 
tion medium, culturing the resultant hybridomas, Screening 
for specific antibody production, and selecting hybridomas 
which produce the desired antibody. The invention further 
provides a method of making antibodies comprising immu 
nizing an animal with an 31.1 epitope, removing said ani 
mals spleen and prepare a single cell Suspension, fusing a 
spleen cell with a myeloma cell, culturing post-fusion cells in 
hybridoma selection medium, culture the resultant hybrido 
mas, screening for specific antibody production, and select 
ing hybridomas which produce the desired antibody. In one 
embodiment of the methods of making antibodies, the epitope 
may comprise an amino acid sequence with at least 80% 
homology to the amino acid sequence of selected from the 
group consisting of SEQID NO:3,5,6,7,8,9, 10, 11, 12, 15, 
16, 17, 18, 19, 22, 23, 24, 34, 35,36, 37, 45, 47, or 50. 
0043. In one embodiment, the invention provides a com 
position comprising at least two of the following: (a) an 
antibody, or a fragment thereof, that binds a NPC-1 epitope: 
(b) an antibody, or a fragment thereof, that recognizes 16C3 
epitope, and (c) an antibody, or a fragment thereof, that rec 
ognizes an 31.1 epitope. In one embodiment, the invention 
provides a method for treating cancer comprising administer 
ing an effective amount of a composition comprising at least 
two of the following: (a) an antibody, or a fragment thereof, 
that binds a NPC-1 epitope; (b) an antibody, or a fragment 
thereof, that recognizes 16C3 epitope, and (c) an antibody, or 
afragment thereof, that recognizes an31.1 epitope to a patient 
in need thereof. In one embodiment, the invention provides a 
method for slowing the growth of a tumor comprising admin 
istering an effective amount of a composition comprising at 
least two of the following: (a) an antibody, or a fragment 
thereof, that binds a NPC-1 epitope; (b) an antibody, or a 
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fragment thereof, that recognizes 16C3 epitope, and (c) an 
antibody, or a fragment thereof, that recognizes an 31.1 
epitope to a patient in need thereof. The present invention also 
provides a method for promoting tumor regression in a Sub 
ject comprising administering an effective amount of a com 
position comprising at least two of the following: (a) an 
antibody, or a fragment thereof, that binds a NPC-1 epitope: 
(b) an antibody, or a fragment thereof, that recognizes 16C3 
epitope, and (c) an antibody, or a fragment thereof, that rec 
ognizes an 31.1 epitope to a patient in need thereof. The 
present invention further provides a method for detecting a 
tumor-associated NPC-1 epitope comprising (a) contacting a 
test sample with a composition comprising at least two of the 
following: (i) an antibody, or a fragment thereof, that binds a 
NPC-1 epitope; (ii) an antibody, or a fragment thereof, that 
recognizes 16C3 epitope, and (iii) an antibody, or a fragment 
thereof, that recognizes an 31.1 epitope to a patient in need 
thereof, and (b) assaying for antibody-epitope complexes, 
wherein the presence of said epitope may be indicative of a 
carcinoma. The invention further provides a method for 
detecting the presence of an epitope associated with a carci 
noma in a patient comprising (a) administering to said patient 
a composition comprising at least two of the following: (i) a 
labeled antibody, or a fragment thereof, that binds a NPC-1 
epitope; (ii) a labeled antibody, or a fragment thereof, that 
recognizes 16C3 epitope, and (iii) a labeled antibody, or a 
fragment thereof, that recognizes an 31.1 epitope to a patient 
in need thereof, and (b) detecting the presence of an epitope 
bound by said antibody, wherein the presence of said epitope 
may be indicative of a carcinoma. In a further embodiment, 
the composition may comprise all three antibodies. The 
present invention also provides an isolated anti-idiotypic anti 
body specific for NPC-1 antibody. In one embodiment, the 
light chain of said antibody may be encoded by the nucleic 
acid sequence of SEQID NO: 111. In one embodiment, the 
light chain of said antibody may comprise the amino acid 
sequence of SEQID NO: 112. In one embodiment, the light 
chain of said antibody may comprise CDRS comprising the 
amino acid sequence of SEQ ID NO: 113 and 114 and the 
peptide sequence Trp-Ala-Ser. In one embodiment, the heavy 
chain of said antibody may be encoded by the nucleic acid 
sequence of SEQID NO: 115. In one embodiment, the heavy 
chain of said antibody may comprise the amino acid sequence 
of SEQID NO: 116. In one embodiment, the heavy chain of 
said antibody may comprise CDRS comprising the amino 
acid sequence of SEQID NO: 117, 118, and 119. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 presents a schematic representation of 
human MUC5AC protein sequence showing domains (mo 
tifs) in the protein. It can be seen therefrom that MUC5AC 
contains several von Willebrand factor dimerization domains 
(D domains) which are comprised at the amino terminus, 
followed by several cysteine-rich regions (CyS domains), four 
tandem repeat domains (TRs) characterized by extensive 
repeat units rich in serine, threonine, and proline, and lastly 
additional cysteine-rich and cysteine-knot regions at the car 
boxy terminus. The tandem repeat units are heavily B-glyco 
sylated and can be highly polymorphic for both length of the 
repeated unit and sequence variability. See Rose and Voynow 
(2006) Physiol Rev 86: 245-278. 
004.5 FIG. 2A depicts fragments of MUC5AC from a 
thermolysin digestion which bind the NPC-1 antigen (SEQ 
ID NOs: 6-12) aligned with MUC5AC (SEQ ID NO:3). 
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These fragments Support attachment of aberrantly glycosy 
lated glycotopes bound by the NPC-1 antibody. The stars (*) 
indicate residues which are involved in NPC-1 antibody bind 
ing (e.g., NPC-1 antigen) which cluster in the tandem repeat 
regions of MUC5AC. 
0046 FIG. 2B depicts an overlay of six MUC5AC-long 
deletion constructs and their binding to the NPC-1 antibody. 
All or part of the region comprising residues 136-151 of 
MUC5AC-long is involved in NPC-1 antibody binding to 
MUC5AC. (This is evidenced by the binding of each of a 338 
residue construct (SEQ ID NO: 18), a 289 residue construct 
(SEQ ID NO: 17), 187 residue construct (SEQ ID NO: 16), 
and a 151 residue construct (SEQ ID NO: 15) to the NPC-1 
antibody and the absence of binding of the 136 residue con 
struct (SEQ ID NO: 14) and 85 residue construct (SEQ ID 
NO: 13) to the NPC-1 antibody). 
0047 FIG.3 depicts a schematic representation of human 
CEACAM5 (e.g., SEQIDNOs: 19,20) and CEACAM6 (e.g., 
SEQ ID NO: 21, 22) protein organization. CEACAM5 and 
CEACAM6 are both expressed as a precursor protein with 
N-(residues 1-33) and C-terminal signal peptides (residues 
322-342 for CEACAM6, residues 686-702 for CEACAM5). 
The C-terminal signal peptide of the mature protein is 
replaced by a glycosylphosphatidylinositol (GPI) membrane 
anchor. Lund, et al. (2003) Cancer Gene Therapy 10: 365 
376. CEACAM5 is 80% homologous to CEACAM6 at both 
the N-terminus (residues 34-319) and C-terminus fragments 
(residues 320-675)). 
0048 FIG. 4 depicts an alignment of CEACAM6 (resi 
dues 191-320) (SEQID NO. 23), CEACAM5 (residues 191 
321) (SEQID NO:24), CEACAM8 (residues 191-321) (SEQ 
ID NO: 25), CEACAM1 (residues 191-321) (SEQ ID NO: 
26). Residues in bold are found in the region of CEACAM5 
and CEACAM6 involved in 16C3 monoclonal antibody bind 
ing (e.g., 16C3 antigen). These residues are apparently impor 
tant to binding to these CEACAMs. By contrast, residues 300, 
301, and 302 in CEACAM8 and residues 301 and 302 in 
CEACAM1 differ from those in CEACAM5 and CEACAM6, 
and this two or three amino acid change is sufficient to disrupt 
16C3 monoclonal antibody binding. 
0049 FIG. 5A depicts a scatter plot of NPC-1C antigen 
detection in cancer patients undergoing treatment at 1 month, 
2 months, and 3 months compared to normal controls. Serial 
blood draws of cancer patients over an approximate 3 month 
period were tested. The NPC-1C sandwich ELISA was per 
formed at a 1:24 serum dilution. Results are presented as a 
scatter plot of each experimental group, with the mean and 
standard error of the mean. There were 28 normal sera, 41 
colon/pancreas cancer Sera at 1-month, 33 colon/pancreas 
cancer Sera at 2-month, and 25 colon/pancreas cancer Sera at 
3-month. 

0050 FIG. 5B depicts a scatter plot showing that colorec 
tal and pancreas cancer sera are detected similarly by NPC 
1C. Serum specimens were sorted according to patients diag 
nosed with either colorectal (n=36) or pancreas cancer (n=5). 
These were compared to the average of all cancer specimens 
and the normal serum specimens 
0051 FIG. 6 depicts anti-tumor activity in human AspC-1 
pancreas tumor Xenograft model in nude mice comparing 
administration of saline, human IgG (200 ug), and NPC-1C 
(200 g) comprising two cycles of treatment. The heavy 
arrows indicate days of NPC-1C injection (ip), light arrows 
indicate days of PBMC injection (ip), the asterisk (*) indi 
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cates statistically significant differences between NPC-1C 
treated mice with human IgG treated mice. 
0.052 FIG. 7 depicts anti-tumor activity in human AspC-1 
pancreas tumor Xenograft model in nude mice comparing 
administration of saline, human IgG (200 ug), and NPC-1C 
(200 ug) where four cycles of treatment were administered 
instead of two cycles. The heavy arrows indicate days of 
NPC-1C injection (ip), light arrows indicate days of PBMC 
injection (ip), theasterisk (*) indicates statistically significant 
differences between NPC-1C treated mice with human IgG 
treated mice. 

0053 FIG.8 depicts anti-tumor activity inhuman LS174T 
colorectal tumor Xenograft model in nude mice comparing 
administration of saline, human IgG (200 ug), and NPC-1C 
(200 g). The heavy arrows indicate days of NPC-1C injec 
tion (ip), light arrows indicate days of PBMC injection (ip), 
the asterisk (*) indicates statistically significant differences 
between NPC-1C treated mice with human IgG treated mice. 
0054 FIG. 9 depicts biodistribution of NPC-1C in 
CFPAC-1 pancreatic tumor model showing a concentration of 
the NPC-1C antibody in tumors over the course of 6 days. 
Mice were injected with either 3x10 CFPAC-1 and allowed 
to grow to 50-100 cm. Afterward, 'I-labeled NPC-1C was 
injected at 400 g/ml in 200 ul of PBS and the mice sacrificed. 
Organs were harvested and the amount of 'I labeled NPC 
1C was counted and normalized to blood. The data demon 
strated localization and accumulation of radiolabeled NPC 
1C at the site of the tumor in vivo, whereas none of the major 
organ systems (e.g., kidneys, spleen, pancreas, Stomach, 
lungs, liver, intestines) exhibited an enrichment of radiola 
beled NPC-1C. 

0055 FIG. 10 depicts biodistribution of NPC-1C in 
LS174T colorectal tumor model showing a concentration of 
the NPC-1C antibody in tumors over the course of 6 days. 
Mice were injected with 3x10 LS174T cells and allowed to 
grow to 50-100 cm. Afterward, 'I-labeled NPC-1C was 
injected at 400 g/ml in 200 ul of PBS and the mice sacrificed. 
Organs were harvested and the amount of I-labeled NPC 
1C was counted and normalized to blood. The data demon 
strate the time-dependent localization and accumulation of 
radiolabeled NPC-1C at the site of the tumor in vivo, whereas 
none of the major organ systems (e.g., kidneys, spleen, pan 
creas, stomach, lungs, liver, intestines) exhibited an enrich 
ment of radiolabeled NPC-1C. 

0056 FIG. 11 depicts a scatter plot of data showing 
ELISA-detected 16C3 antigen in colorectal and pancreatic 
cancer patient sera. A sandwich ELISA using 16C3 antibody 
was performed at a 1/10 serum dilution by standard tech 
niques. Results are presented as a scatter plot of each experi 
mental group, with the mean and standard error of the mean, 
comprising 23 normal sera, 41 colon/pancreas cancer Sera at 
1-month, 36 colon/pancreas cancer Sera at 2-month, and 25 
colon/pancreas cancer Sera at 3-month. 
0057 FIG. 12 depicts 16C3 antigen detection in colon 
cancer patients with active disease and no evidence of disease 
(NED). There were 46 active disease, 64 NED samples, and 
39 healthy controls. When considering patients with active 
disease versus controls, the assay sensitivity was 90% with 
100% specificity. 
0058 FIG. 13 depicts the results of a comparison of 16C3 
antigen detection in colon cancer (Colon CA) and patients 
with potentially interfering disease states (e.g., Asthma, 
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Crohn's disease, Irritable Bowel Syndrome, Chronic 
Obstructive Pulmonary Disease) compared to healthy con 
trols (Control). 
0059 FIG. 14A-B depicts the results from CEA and 
CA19-9 ELISAs compared to the 16C3 ELISA. FIG. 14A 
depicts 16C3 antigen levels compared to CEA in colon and 
pancreatic cancer serum samples with a normal cut off value 
for CEA (<5 ng/ml)—only four patients were positive. FIG. 
14B depicts 16C3 antigen levels compared to CA19-9 in 
colon and pancreatic cancer serum samples with a normal cut 
off value for CA19-9 (<35 ng/ml)—only three patients were 
positive. The results clearly indicate a better specificity of 
16C3 (cut off value 10 ng/ml) compared to the CEA and 
CA19-9 markers using the identical samples. Active patient 
with cancer; NED patients with no evidence of disease: 
Control-healthy donors. 
0060 FIG. 15 depicts age related distribution of 16C3 
antigen healthy donors. 
0061 FIG. 16 depicts ADCC activity of 16C3 at various 
Effector/Target cell ratios which were measured by lactate 
dehydrogenase (LDH)-release assay. Human PBMC were the 
effector cells, CEACAM5 and CEACAM6 positive cell lines 
AsPC-1 and CFPAC-1, and antigen-negative SK-MEL cells 
were the target cells. After 4 hours incubation with 16C3 
antibody at 37°C., the media was harvested to measure LDH 
release and calculate cell cytotoxicity. 
0062 FIG. 17 depicts anti-tumor activity by the 16C3 
antibody. Nude mice with pre-established human pancreatic 
tumors (3x10 CFPAC-1 cells/mouse, subcutaneously 
injected) were treated with a 16C3 antibody or hIgG (control 
antibody) at Day 13, 17, 20, and tumor growth was monitored 
over time. The data shows that the NEO-201 antibody, at 
doses of 100 ug and 250 ug, resulted in significant decrease in 
tumor size as measured by tumor volume (p<0.05). 
0063 FIG. 18A-B depicts the Tissue Distribution (TB) of 
'I-16C3 antibody in Female and Male Nude Mice with 
CFPAC-1 Tumor. The distribution of 16C3 antibody in male 
(A) and female (B) mice with pre-established CFPAC-1 
tumors. The mice were injected via tail vein with 20 uCi of 
'I labeled 16C3 antibody and necropsied after 1,2,4, and 
7 days. Blood was collected, and tumors and the following 
organs were removed: lungs, kidneys, liver, spleen, pancreas, 
intestines, and stomach. All tissues were weighed. Radioac 
tivity in tissues was measured in a gamma counter, and data 
were calculated as cpm/mg tissue. The data shown herein 
represent the normalization of tissue cpm relative to blood 
cpm. 

DETAILED DESCRIPTION OF THE INVENTION 

0064. In order that the invention herein described may be 
fully understood, the following detailed description is set 
forth. Various embodiments of the invention are described in 
detail and may be further illustrated by the provided 
examples. 

DEFINITIONS 

0065. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as those com 
monly understood by one of ordinary skill in the art to which 
this invention belongs. Although methods and materials simi 
lar or equivalent to those described herein may be used in the 
invention or testing of the present invention, Suitable methods 
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and materials are described herein. The materials, methods 
and examples are illustrative only, and are not intended to be 
limiting. 
0066. As used in the description herein and throughout the 
claims that follow, the meaning of “a,” “an and “the 
includes plural reference unless the context clearly dictates 
otherwise. 

0067 Amino acid, as used herein refers broadly to natu 
rally occurring and synthetic amino acids, as well as amino 
acid analogs and amino acid mimetics that function in a 
manner similar to the naturally occurring amino acids. Natu 
rally occurring amino acids are those encoded by the genetic 
code, as well as those amino acids that are later modified, e.g., 
hydroxyproline, Y-carboxyglutamate, and O-phosphoserine. 
Amino acid analogs refers to compounds that have the same 
basic chemical structure as a naturally occurring amino acid, 
i.e., an a carbon that is bound to a hydrogen, a carboxyl group, 
an amino group, and an R group, e.g., homoserine, norleu 
cine, methionine Sulfoxide, methionine methyl sulfonium. 
Such analogs have modified R groups (e.g., norleucine) or 
modified peptide backbones, but retain the same basic chemi 
cal structure as a naturally occurring amino acid. Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical structure of an 
amino acid, but that functions in a manner similar to a natu 
rally occurring amino acid. 
0068 Antibody, as used herein, refers broadly to any 
polypeptide chain-containing molecular structure with a spe 
cific shape that fits to and recognizes an epitope, where one or 
more non-covalent binding interactions stabilize the complex 
between the molecular structure and the epitope. The arche 
typal antibody molecule is the immunoglobulin, and all types 
of immunoglobulins, IgG, IgM, IgA, IgE, Ig), from all 
Sources, e.g., human, rodent, rabbit, cow, sheep, pig, dog, 
chicken, are considered to be “antibodies.” Antibodies 
include but are not limited to chimeric antibodies, human 
antibodies and other non-human mammalian antibodies, 
humanized antibodies, single chain antibodies (ScPVs), cam 
elbodies, nanobodies, IgNAR (single-chain antibodies 
derived from sharks), Small-modular immunopharmaceuti 
cals (SMIPs), and antibody fragments (e.g., Fabs, Fab', F(ab') 

..) Numerous antibody coding sequences have been 
described; and others may be raised by methods well-known 
in the art. See Streltsov, et al. (2005) Protein Sci. 14(11): 
2901-9; Greenberg, et al. (1995) Nature 374(6518): 168-173: 
Nuttall, et al. (2001) Mol. Immunol. 38(4): 313-26: Hamers 
Casterman, et al. (1993) Nature 363 (6428): 446-8; Gill, et al. 
(2006) Curr Opin Biotechnol. 17(6): 653-8. 
0069) “Antigen,” as used herein, refers broadly to a mol 
ecule or a portion of a molecule capable of being bound by an 
antibody which is additionally capable of inducing an animal 
to produce an antibody capable of binding to an epitope of 
that antigen. An antigen may have one epitope, or have more 
than one epitope. The specific reaction referred to herein 
indicates that the antigen will react, in a highly selective 
manner, with its corresponding antibody and not with the 
multitude of other antibodies which may be evoked by other 
antigens. Antigens may be tumor specific (e.g., expressed by 
neoplastic cells of pancreatic and colon carcinoma.) 
0070 "Cancer, as used herein, refers broadly to any neo 
plastic disease (whether invasive or metastatic) characterized 
by abnormal and uncontrolled cell division causing malig 
nant growth or tumor. 
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0071 "Chimeric antibody,” as used herein, refers broadly 
to an antibody molecule in which the constant region, or a 
portion thereof, is altered, replaced or exchanged so that the 
antigen binding site (variable region) is linked to a constant 
region of a different or altered class, effector function and/or 
species, or an entirely different molecule which confers new 
properties to the chimeric antibody, e.g., an enzyme, toxin, 
hormone, growth factor, drug; or the variable region, or a 
portion thereof, is altered, replaced or exchanged with a vari 
able region having a different or altered antigen specificity. 
0072 “Conservatively modified variants, as used herein, 
applies to both amino acid and nucleic acid sequences, and 
with respect to particular nucleic acid sequences, refers 
broadly to conservatively modified variants refers to those 
nucleic acids which encode identical or essentially identical 
amino acid sequences, or where the nucleic acid does not 
encode an amino acid sequence, to essentially identical 
sequences. Because of the degeneracy of the genetic code, a 
large number of functionally identical nucleic acids encode 
any given protein. Such nucleic acid variations are “silent 
variations, which are one species of conservatively modified 
variations. Every nucleic acid sequence herein which encodes 
a polypeptide also describes every possible silent variation of 
the nucleic acid. One of skill will recognize that each codon in 
a nucleic acid (except AUG, which is ordinarily the only 
codon for methionine, and TGG, which is ordinarily the only 
codon for tryptophan) may be modified to yield a functionally 
identical molecule. 
0073 "Complementarity determining region,” “hyper 
variable region, or “CDR. as used herein, refers broadly to 
one or more of the hyper-variable or complementarily deter 
mining regions (CDRS) found in the variable regions of light 
or heavy chains of an antibody. See Kabat, et al. (1987) 
“Sequences of Proteins of Immunological Interest National 
Institutes of Health, Bethesda, Md. These expressions include 
the hypervariable regions as defined by Kabat, et al. (1983) 
“Sequences of Proteins of Immunological Interest' U.S. 
Dept. of Health and Human Services or the hypervariable 
loops in 3-dimensional structures of antibodies. Chothia and 
Lesk (1987).J. Mol. Biol. 196:901-917. The CDRs in each 
chain are held in close proximity by framework regions and, 
with the CDRs from the other chain, contribute to the forma 
tion of the antigen binding site. Within the CDRs there are 
select amino acids that have been described as the selectivity 
determining regions (SDRs) which represent the critical con 
tact residues used by the CDR in the antibody-antigen inter 
action. Kashmiri (2005) Methods 36:25-34. 
0074 “Control amount, as used herein, refers broadly to 
a marker can be any amount or a range of amounts to be 
compared against a test amount of a marker. For example, a 
control amount of a marker may be the amount of a marker in 
a patient with a particular disease or condition or a person 
without Such a disease or condition. A control amount can be 
either in absolute amount (e.g., microgram/ml) or a relative 
amount (e.g., relative intensity of signals). 
0075 “Differentially present,” as used herein, refers 
broadly to differences in the quantity or quality of a marker 
present in a sample taken from patients having a disease or 
condition as compared to a comparable sample taken from 
patients who do not have one of the diseases or conditions. 
For example, a nucleic acid fragment may optionally be dif 
ferentially present between the two samples if the amount of 
the nucleic acid fragment in one sample is significantly dif 
ferent from the amount of the nucleic acid fragment in the 

Jul. 25, 2013 

other sample, for example as measured by hybridization and/ 
or NAT-based assays. A polypeptide is differentially present 
between the two samples if the amount of the polypeptide in 
one sample is significantly different from the amount of the 
polypeptide in the other sample. It should be noted that if the 
marker is detectable in one sample and not detectable in the 
other, then such a marker may be considered to be differen 
tially present. Optionally, a relatively low amount of up 
regulation may serve as the marker. 
0076 “Diagnostic.' as used herein, refers broadly to iden 
tifying the presence or nature of a pathologic condition. Diag 
nostic methods differ in their sensitivity and specificity. The 
“sensitivity of a diagnostic assay is the percentage of dis 
eased individuals who test positive (percent of “true posi 
tives'). Diseased individuals not detected by the assay are 
“false negatives.” Subjects who are not diseased and who test 
negative in the assay are termed “true negatives. The “speci 
ficity' of a diagnostic assay is 1 minus the false positive rate, 
where the “false positive' rate is defined as the proportion of 
those without the disease who test positive. While a particular 
diagnostic method may not provide a definitive diagnosis of a 
condition, it suffices if the method provides a positive indi 
cation that aids in diagnosis. 
0077. “Diagnosing, as used herein refers broadly to clas 
Sifying a disease or a symptom, determining a severity of the 
disease, monitoring disease progression, forecasting an out 
come of a disease and/or prospects of recovery. The term 
“detecting may also optionally encompass any of the fore 
going. Diagnosis of a disease according to the present inven 
tion may, in Some embodiments, be affected by determining a 
level of a polynucleotide or a polypeptide of the present 
invention in a biological sample obtained from the Subject, 
wherein the level determined can be correlated with predis 
position to, or presence or absence of the disease. It should be 
noted that a “biological sample obtained from the subject’ 
may also optionally comprise a sample that has not been 
physically removed from the subject. 
(0078 “Effective amount,” as used herein, refers broadly to 
the amount of a compound, antibody, antigen, or cells that, 
when administered to a patient for treating a disease, is Suf 
ficient to effect such treatment for the disease. The effective 
amount may be an amount effective for prophylaxis, and/or 
an amount effective for prevention. The effective amount may 
be an amount effective to reduce, an amount effective to 
prevent the incidence of signs/symptoms, to reduce the sever 
ity of the incidence of signs/symptoms, to eliminate the inci 
dence of signs/symptoms, to slow the development of the 
incidence of signs/symptoms, to prevent the development of 
the incidence of signs/symptoms, and/or effect prophylaxis of 
the incidence of signs/symptoms. The “effective amount 
may vary depending on the disease and its severity and the 
age, weight, medical history, Susceptibility, and pre-existing 
conditions, of the patient to be treated. The term “effective 
amount' is synonymous with “therapeutically effective 
amount for purposes of this invention. 
(0079) “Expression vector” as used herein, refers broadly 
to any recombinant expression system for the purpose of 
expressing a nucleic acid sequence of the invention in vitro or 
in Vivo, constitutively or inducibly, in any cell, including 
prokaryotic, yeast, fungal, plant, insect or mammalian cell. 
The term includes linear or circular expression systems. The 
term includes expression systems that remain episomal or 
integrate into the host cell genome. The expression systems 
can have the ability to self-replicate or not, i.e., drive only 
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transient expression in a cell. The term includes recombinant 
expression cassettes which contain only the minimum ele 
ments needed for transcription of the recombinant nucleic 
acid. 
0080) “Framework region” or “FR,” as used herein, refers 
broadly to one or more of the framework regions within the 
variable regions of the light and heavy chains of an antibody. 
See Kabat, et al. (1987) “Sequences of Proteins of Immuno 
logical Interest.” National Institutes of Health, Bethesda, Md. 
These expressions include those amino acid sequence regions 
interposed between the CDRs within the variable regions of 
the light and heavy chains of an antibody. 
0081) “Heterologous,” as used herein, refers broadly to 
portions of a nucleic acid indicates that the nucleic acid com 
prises two or more Subsequences that are not found in the 
same relationship to each other in nature. For instance, the 
nucleic acid is typically recombinantly produced, having two 
or more sequences from unrelated genes arranged to make a 
new functional nucleic acid, e.g., a promoter from one source 
and a coding region from another source. Similarly, a heter 
ologous protein indicates that the protein comprises two or 
more Subsequences that are not found in the same relationship 
to each other in nature (e.g., a fusion protein). 
0082 “High affinity, as used herein, refers broadly to an 
antibody having a KD of at least 10 M, more preferably at 
least 10M and even more preferably at least 10' M for a 
target antigen. However, "high affinity' binding can vary for 
other antibody isotypes. For example, “high affinity’ binding 
for an IgM isotype refers to an antibody having a KD of at 
least 107M, more preferably at least 10 M. 
0083) “Homology, as used herein, refers broadly to a 
degree of similarity between a nucleic acid sequence and a 
reference nucleic acid sequence or between a polypeptide 
sequence and a reference polypeptide sequence. Homology 
may be partial or complete. Complete homology indicates 
that the nucleic acid or amino acid sequences are identical. A 
partially homologous nucleic acid or amino acid sequence is 
one that is not identical to the reference nucleic acid oramino 
acid sequence. The degree of homology can be determined by 
sequence comparison. The term "sequence identity” may be 
used interchangeably with “homology.” 
0084) “Host cell as used herein, refers broadly to a cell 
that contains an expression vector and Supports the replica 
tion or expression of the expression vector. Host cells may be 
prokaryotic cells Such as E. coli, or eukaryotic cells such as 
yeast, insect (e.g., SF9), amphibian, or mammaliancells Such 
as CHO, HeLa, HEK-293, e.g., cultured cells, explants, and 
cells in vivo. 
I0085. “Hybridization” as used herein, refers broadly to 
the physical interaction of complementary (including par 
tially complementary) polynucleotide strands by the forma 
tion of hydrogen bonds between complementary nucleotides 
when the strands are arranged antiparallel to each other. 
I0086) “K-assoc' or “Ka', as used herein, refers broadly to 
the association rate of a particular antibody-antigen interac 
tion, whereas the term "Kdiss' or “Kid” as used herein, refers 
to the dissociation rate of a particular antibody-antigen inter 
action. The term 'KD', as used herein, is intended to refer to 
the dissociation constant, which is obtained from the ratio of 
Kd to Ka (i.e., Kd/Ka) and is expressed as a molar concen 
tration (M). KD values for antibodies can be determined 
using methods well established in the art. 
0087. “Immunoassay,” as used herein, refers broadly to an 
assay that uses an antibody to specifically bind an antigen. 
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The immunoassay may be characterized by the use of specific 
binding properties of a particular antibody to isolate, target, 
and/or quantify the antigen. 
I0088. “Isolated, as used herein, refers broadly to material 
removed from its original environment in which it naturally 
occurs, and thus is altered by the hand of man from its natural 
environment. Isolated material may be, for example, exog 
enous nucleic acid included in a vector system, exogenous 
nucleic acid contained within a host cell, or any material 
which has been removed from its original environment and 
thus altered by the hand of man (e.g., “isolated antibody'). 
I0089) “Label” or a “detectable moiety” as used herein, 
refers broadly to a composition detectable by spectroscopic, 
photochemical, biochemical, immunochemical, chemical, or 
other physical means. 
0090 “Low stringency.” “medium stringency.” “high 
stringency, or “very high stringency conditions, as used 
herein, refers broadly to conditions for nucleic acid hybrid 
ization and washing. Guidance for performing hybridization 
reactions can be found in Ausubel, et al. (2002) Short Proto 
cols in Molecular Biology (5" Ed.) John Wiley & Sons, NY. 
Exemplary specific hybridization conditions include but are 
not limited to: (1) low stringency hybridization conditions in 
6x sodium chloride/sodium citrate (SSC) at about 45° C., 
followed by two washes in 0.2xSSC, 0.1% SDS at least at 50° 
C. (the temperature of the washes can be increased to 55° C. 
for low stringency conditions); (2) medium stringency 
hybridization conditions in 6xSSC at about 45° C., followed 
by one or more washes in 0.2xSSC, 0.1% SDS at 60° C.; (3) 
high stringency hybridization conditions in 6xSSC at about 
45° C., followed by one or more washes in 0.2xSSC, 0.1% 
SDS at 65° C.; and (4) very high stringency hybridization 
conditions are 0.5M sodium phosphate, 7% SDS at 65° C. 
followed by one or more washes at 0.2xSSC, 1% SDS at 65° 
C. 

0091 “Mammal,” as used herein, refers broadly to any and 
all warm-blooded vertebrate animals of the class Mammalia, 
including humans, characterized by a covering of hair on the 
skin and, in the female, milk-producing mammary glands for 
nourishing the young. Examples of mammals include but are 
not limited to alpacas, armadillos, capybaras, cats, camels, 
chimpanzees, chinchillas, cattle, dogs, goats, gorillas, ham 
sters, horses, humans, lemurs, llamas, mice, non-human pri 
mates, pigs, rats, sheep, shrews, squirrels, and tapirs. Mam 
mals include but are not limited to bovine, canine, equine, 
feline, murine, Ovine, porcine, primate, and rodent species. 
Mammal also includes any and all those listed on the Mam 
mal Species of the World maintained by the National 
Museum of Natural History, Smithsonian Institution in Wash 
ington D.C. 
0092 "Nucleic acid' or “nucleic acid sequence,” as used 
herein, refers broadly to a deoxy-ribonucleotide or ribonucle 
otide oligonucleotide in either single- or double-stranded 
form. The term encompasses nucleic acids, i.e., oligonucle 
otides, containing known analogs of natural nucleotides. The 
term also encompasses nucleic-acid-like structures with Syn 
thetic backbones. Unless otherwise indicated, a particular 
nucleic acid sequence also implicitly encompasses conserva 
tively modified variants thereof (e.g., degenerate codon Sub 
stitutions) and complementary sequences, as well as the 
sequence explicitly indicated. The term nucleic acid is used 
interchangeably with gene, cDNA, mRNA, oligonucleotide, 
and polynucleotide. 
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0093 “Operatively linked, as used herein, refers broadly 
to when two DNA fragments are joined such that the amino 
acid sequences encoded by the two DNA fragments remain 
in-frame. 
0094) “Paratope.” as used herein, refers broadly to the part 
of an antibody which recognizes an antigen (e.g., the antigen 
binding site of an antibody.) Paratopes may be a small region 
(e.g., 15-22 amino acids) of the antibody's Fv region and may 
contain parts of the antibody's heavy and light chains. See 
Goldsby, et al. Antigens (Chapter 3) Immunology (5" Ed.) 
New York: W.H. Freeman and Company, pages 57-75. 
0095 “Patient, as used herein, refers broadly to any ani 
mal who is in need of treatment either to alleviate a disease 
state or to prevent the occurrence or reoccurrence of a disease 
state. Also, “Patient’ as used herein, refers broadly to any 
animal who has risk factors, a history of disease, Susceptibil 
ity, symptoms, signs, was previously diagnosed, is at risk for, 
or is a member of a patient population for a disease. The 
patient may be a clinical patient Such as a human or a veteri 
nary patient Such as a companion, domesticated, livestock, 
exotic, or Zoo animal. The term “subject” may be used inter 
changeably with the term “patient'. 
0096 “Polypeptide,” “peptide' and “protein.” are used 
interchangeably and refer broadly to a polymer of amino acid 
residues. The terms apply to amino acid polymers in which 
one or more amino acid residue is an analog or mimetic of a 
corresponding naturally occurring amino acid, as well as to 
naturally occurring amino acid polymers. The terms apply to 
amino acid polymers in which one or more amino acid residue 
is an artificial chemical mimetic of a corresponding naturally 
occurring amino acid, as well as to naturally occurring amino 
acid polymers and non-naturally occurring amino acid poly 
mer. Polypeptides can be modified, e.g., by the addition of 
carbohydrate residues to form glycoproteins. The terms 
"polypeptide.” “peptide' and “protein’ include glycopro 
teins, as well as non-glycoproteins. 
0097) “Promoter” as used herein, refers broadly to an 
array of nucleic acid sequences that direct transcription of a 
nucleic acid. As used herein, a promoter includes necessary 
nucleic acid sequences near the start site of transcription, Such 
as, in the case of a polymerase II type promoter, a TATA 
element. A promoter also optionally includes distal enhancer 
or repressor elements, which can be located as much as sev 
eral thousand base pairs from the start site of transcription. A 
“constitutive' promoter is a promoter that is active under 
most environmental and developmental conditions. An 
“inducible' promoter is a promoter that is active under envi 
ronmental or developmental regulation. 
0098 “Prophylactically effective amount,” as used herein, 
refers broadly to the amount of a compound that, when 
administered to a patient for prophylaxis of a disease or 
prevention of the reoccurrence of a disease, is Sufficient to 
effect such prophylaxis for the disease or reoccurrence. The 
prophylactically effective amount may be an amount effec 
tive to prevent the incidence of signs and/or symptoms. The 
“prophylactically effective amount’ may vary depending on 
the disease and its severity and the age, weight, medical 
history, predisposition to conditions, preexisting conditions, 
of the patient to be treated. 
0099. “Prophylaxis,” as used herein, refers broadly to a 
course of therapy where signs and/or symptoms are not 
present in the patient, are in remission, or were previously 
present in a patient. Prophylaxis includes preventing disease 
occurring Subsequent to treatment of a disease in a patient. 
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Further, prevention includes treating patients who may poten 
tially develop the disease, especially patients who are suscep 
tible to the disease (e.g., members of a patent population, 
those with risk factors, or at risk for developing the disease). 
0100 “Recombinant as used herein, refers broadly with 
reference to a product, e.g., to a cell, or nucleic acid, protein, 
or vector, indicates that the cell, nucleic acid, protein or 
vector, has been modified by the introduction of a heterolo 
gous nucleic acid or protein or the alteration of a native 
nucleic acid or protein, or that the cell is derived from a cellso 
modified. Thus, for example, recombinant cells express genes 
that are not found within the native (non-recombinant) form 
of the cell or express native genes that are otherwise abnor 
mally expressed, under expressed or not expressed at all. 
0101 “Specifically (or selectively) binds to an antibody 
or “specifically (or selectively) immunoreactive with or 
“specifically interacts orbinds as used herein, refers broadly 
to a protein or peptide (or other epitope), refers, in some 
embodiments, to a binding reaction that is determinative of 
the presence of the protein in a heterogeneous population of 
proteins and other biologics. For example, under designated 
immunoassay conditions, the specified antibodies bind to a 
particular protein at least two times greater than the back 
ground (non-specific signal) and do not Substantially bind in 
a significant amount to other proteins present in the sample. 
Typically a specific or selective reaction will be at least twice 
background signal or noise and more typically more than 
about 10 to 100 times background. 
0102 “Specifically hybridizable” and “complementary” 
as used herein, refer broadly to a nucleic acid can form hydro 
gen bond(s) with another nucleic acid sequence by either 
traditional Watson-Crick or other non-traditional types. The 
binding free energy for a nucleic acid molecule with its 
complementary sequence is sufficient to allow the relevant 
function of the nucleic acid to proceed, e.g., RNAi activity. 
Determination of binding free energies for nucleic acid mol 
ecules is well known in the art. See, e.g., Turner, et al. (1987) 
CSH Symp. Ouant. Biol. LII: 123-33; Frier, et al. (1986) 
PNAS 83: 9373-77; Turner, et al. (1987).J. Am. Chem. Soc. 
109: 3783-85. A percent complementarity indicates the per 
centage of contiguous residues in a nucleic acid molecule that 
can form hydrogen bonds (e.g., Watson-Crick base pairing) 
with a second nucleic acid sequence (e.g., about at least 5, 6, 
7,8,9, 10 out of 10 being about at least 50%, 60%, 70%,80%, 
90%, and 100% complementary, inclusive). “Perfectly 
complementary' or 100% complementarity refers broadly all 
of the contiguous residues of a nucleic acid sequence hydro 
gen bonding with the same number of contiguous residues in 
a second nucleic acid sequence. “Substantial complementar 
ity” refers to polynucleotide strands exhibiting about at least 
90% complementarity, excluding regions of the polynucle 
otide Strands, such as overhangs, that are selected so as to be 
noncomplementary. Specific binding requires a Sufficient 
degree of complementarity to avoid non-specific binding of 
the oligomeric compound to non-target sequences under con 
ditions in which specific binding is desired, i.e., under physi 
ological conditions in the case of in vivo assays ortherapeutic 
treatment, or in the case of in vitro assays, under conditions in 
which the assays are performed. The non-target sequences 
typically may differ by at least 5 nucleotides. 
0103 “Signs” of disease, as used herein, refers broadly to 
any abnormality indicative of disease, discoverable on exami 
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nation of the patient; an objective indication of disease, in 
contrast to a symptom, which is a subjective indication of 
disease. 
0104 “Solid support.” “support, and “substrate.” as used 
herein, refers broadly to any material that provides a solid or 
semi-solid structure with which another material can be 
attached including but not limited to Smooth Supports (e.g., 
metal, glass, plastic, silicon, and ceramic Surfaces) as well as 
textured and porous materials. 
0105. “Subjects” as used herein, refers broadly to anyone 
Suitable to be treated according to the present invention 
include, but are not limited to, avian and mammalian Subjects, 
and are preferably mammalian. Mammals of the present 
invention include, but are not limited to, canines, felines, 
bovines, caprines, equines, Ovines, porcines, rodents (e.g., 
rats and mice), lagomorphs, primates, humans. Any mamma 
lian Subject in need of being treated according to the present 
invention is Suitable. Human Subjects of both genders and at 
any stage of development (i.e., neonate, infant, juvenile, ado 
lescent, adult) can be treated according to the present inven 
tion. The present invention may also be carried out on animal 
Subjects, particularly mammalian Subjects such as mice, rats, 
dogs, cats, cattle, goats, sheep, and horses for Veterinary 
purposes, and for drug screening and drug development pur 
poses. “Subjects” is used interchangeably with “patients.” 
0106 “Symptoms” of disease as used herein, refers 
broadly to any morbid phenomenon or departure from the 
normal instructure, function, or sensation, experienced by the 
patient and indicative of disease. 
0107. “Therapy,”“therapeutic,” “treating,” or “treatment', 
as used herein, refers broadly to treating a disease, arresting, 
or reducing the development of the disease or its clinical 
symptoms, and/or relieving the disease, causing regression of 
the disease or its clinical symptoms. Therapy encompasses 
prophylaxis, treatment, remedy, reduction, alleviation, and/or 
providing relief from a disease, signs, and/or symptoms of a 
disease. Therapy encompasses an alleviation of signs and/or 
symptoms in patients with ongoing disease signs and/or 
symptoms (e.g., tumor growth, metastasis). Therapy also 
encompasses “prophylaxis. The term “reduced, for purpose 
of therapy, refers broadly to the clinical significant reduction 
in signs and/or symptoms. Therapy includes treating relapses 
or recurrent signs and/or symptoms (e.g., tumor growth, 
metastasis). Therapy encompasses but is not limited to pre 
cluding the appearance of signs and/or symptoms anytime as 
well as reducing existing signs and/or symptoms and elimi 
nating existing signs and/or symptoms. Therapy includes 
treating chronic disease (“maintenance') and acute disease. 
For example, treatment includes treating or preventing 
relapses or the recurrence of signs and/or symptoms (e.g., 
tumor growth, metastasis). 
0108 “Variable region” or “VR as used herein, refers 
broadly to the domains within each pair of light and heavy 
chains in an antibody that are involved directly in binding the 
antibody to the antigen. Each heavy chain has at one end a 
variable domain (V) followed by a number of constant 
domains. Each light chain has a variable domain (V) at one 
end and a constant domain at its other end; the constant 
domain of the light chain is aligned with the first constant 
domain of the heavy chain, and the light chain variable 
domain is aligned with the variable domain of the heavy 
chain. 
0109) “Vector,” as used herein, refers broadly to a plasmid, 
cosmid, phagemid, phage DNA, or other DNA molecule 
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which is able to replicate autonomously in a host cell, and 
which is characterized by one or a small number of restriction 
endonuclease recognition sites at which Such DNA sequences 
may be cut in a determinable fashion without loss of an 
essential biological function of the vector, and into which 
DNA may be inserted in order to bring about its replication 
and cloning. The vector may further contain a marker Suitable 
for use in the identification of cells transformed with the 
Vector. 
0110. The techniques and procedures are generally per 
formed according to conventional methods well known in the 
art and as described in various general and more specific 
references that are cited and discussed throughout the present 
specification. See, e.g., Sambrook, et al. (2001) Molec. Clon 
ing: Lab. Manual 13" Ed Cold Spring Harbor Laboratory 
Press. Standard techniques may be used for recombinant 
DNA, oligonucleotide synthesis, and tissue culture, and 
transformation (e.g., electroporation, lipofection). Enzy 
matic reactions and purification techniques may be per 
formed according to manufacturer's specifications or as com 
monly accomplished in the art or as described herein. The 
nomenclatures utilized in connection with, and the laboratory 
procedures and techniques of analytical chemistry, synthetic 
organic chemistry, and medicinal and pharmaceutical chem 
istry described herein are those well known and commonly 
used in the art. Standard techniques may be used for chemical 
syntheses, chemical analyses, pharmaceutical preparation, 
formulation, and delivery, and treatment of patients. 

Tumor Specific Variants of MUC5Ac, CEACAM5 and 
CEACAM6, and A33 
0111. The present invention identifies the specific anti 
gens or epitopes which are specifically bound by three mono 
clonal antibodies disclosed herein. These antigens or epitopes 
comprise tumor-specific variants of the MUC5AC, 
CEACAM5, CEACAM6, and A33 antigens, including gly 
cosylation variants, which are described herein. These anti 
gens and epitopes may be used in methods for detecting and 
treating cancer as well as the production of tumor-specific 
antibodies. While each of these three monoclonal antibodies 
have been reported in various patent and non-patent publica 
tions, none of these publications disclose the identity of the 
specific antigen or epitope bound thereby. For example, WO 
2006/113546 discloses the NPC-1 antibody but does not dis 
close its target. Likewise, WO 2009/062050 discloses the 
16C3 antibody but is silent on the identity of its target. Also, 
WO 2002/074251 and WO 2006/004950 respectively dis 
close that the 31.1 monoclonal antibody and postulate that it 
may bind to the A33 antigen. However, these references pro 
vide no information as to the identity of the epitope or 
epitopes bound by the 31.1 monoclonal antibody. 
0112 Therefore, the present invention relates to the dis 
coveries that the NPC-1 antibody binds to specific repeated 
epitopes comprised on MUC5AC, that the 16C3 antibody 
specifically binds to conserved epitopes comprised on 
CEACAM5 and CEACAM6, and that the 31.1 monoclonal 
antibody specifically binds to a conformational epitope com 
prising specific residues of the 31.1 epitope. These specific 
epitopes and the manner by which they were elucidated is 
described in detail infra. 

MUC5AC Comprises a NPC-1 Antigen 
0113. The NPC-1 antibody binds to tumor cells and ini 
tiates antibody-dependent cell-mediated cytotoxicity 
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(ADCC) in this cell and/or inhibits cell proliferation. The 
NPC-1 antibody was produced by means of the hybridoma 
technique. The NPC-1 antibody was then cloned, chimerized 
with human constant regions, and also fully humanized. 
However, the antigen of the NPC-1 antigen was not disclosed. 
See WO 2006/113546. 

0114. The inventors surprisingly discovered that the 
NPC-1 epitope is contained within the tandem repeat (TR) 
regions of the MUC5AC glycoprotein and that the NPC-1 
antibody recognizes an apparently aberrantly glycosylated 
form of MUC5AC expressed by tumor cells. See FIG.1. This 
is in contrast with other anti-MUC5AC antibodies (e.g., 
1-13M1, SOMU1,463M) which predominantly bind near the 
N-terminus or C-terminus region and not a glycotope in the 
tandem repeat regions. See Table 1. The CLH2 clone is an 
antibody made against the repetitive region using a synthetic 
peptide corresponding to the repetitive region. However, this 
antibody does not bind to the LS174T or CFPAC-1 
MUC5AC. For example, the CLH2 antibody was generated 
by immunizing mice with a synthetic tandem repeat peptide. 
The CLH2 antibody recognizes the sequence TTSTTSAP 
(SEQID NO: 27) within the tandem repeat of MUC5AC and 
recognizes glycosylated as well as unglycosylated 
MUC5AC. See Millipore website (Anti-Mucin MUC5AC, 
clone CLH2). The CLH2 antibody is believed to bind an 
exposed portion of MUC5AC. In contrast, the NPC-1 epitope 
is sensitive to glycolytic enzymes and thus, Suggests that it is 
a glycotope. None of the commercially available antibodies 
against MUC5AC which were tested by the inventors were 
found to cross-react with binding by NPC-1. 

TABLE 1. 

Compete with 
Antibody NPC-1 
clone Source Binding site antibody? 

45M1 Abcam Inc. Uncharacterized No 
HO0004586 Abnova Inc. Last 100 residues at No 

carboxyl terminal 
CLH-2 Millipore Inc. Tandem repeat No 
2-11M1 Abcam Inc. Amino terminal No 
9-13M1 Abcam Inc. Amino terminal No 
1-13M1 Abcam Inc. TSP-1 Cys-2 region No 
2-12M1 Abcam Inc. Carboxyl terminal region No 
Polyclonal Santa Cruz residues 1214-1373 No 
rabbit Biotechnology 
(H-160) Inc. 

NPC-1 Monoclonal Antibody 

0115 NPC-1 is a monoclonal antibody that was derived 
from a Tumor Associated Antigen (TAA) based vaccine pre 
viously tested in a Phase I clinical trial in the United States. 
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This Phase I study explored the use ofTAAtherapy in patients 
with adenocarcinoma of the colon. Hollinshead, et al. (1985) 
Cancer 56(3): 480-489. The TAA was derived from the 
pooled colon cancer specimens from multiple patients 
obtained post-operatively. The murine monoclonal antibody 
NPC-1 was developed against an immunogenic TAA prepa 
ration from pooled allogeneic colontumor tissue extracts. See 
U.S. Pat. No. 7,314,622. The NPC-1 antibody was chimer 
ized by replacing the murine constant regions with human 
IgG1 constant regions (i.e., NPC-1C.) The recombinant pro 
tein was expressed in Chinese hamster ovary (CHO) cells and 
purified to homogeneity. The mature, secreted chimeric IgG 
has 4 subunits (i.e., 2 heavy chains and 2 light chains) and a 
predicted molecular mass of 148kDa with a pi of 8.2. See WO 
2006/113546. 

0116 Tumor cell binding activity of NPC-1C was per 
formed by flow cytometry using colorectal and pancreatic 
tumor cell lines. As shown in Table 2, the NPC-1C antibody 
reacted with a sampling of human colorectal and pancreatic 
tumor cell lines. An isotype control antibody did not react 
with the colorectal and pancreatic tumor cells, demonstrating 
the antigen-specific reactivity of NPC-1C with these colorec 
tal and pancreatic tumor cell lines. The chimeric antibody 
retains the tumor cell binding activity and specificity that was 
observed with the murine antibody, indicating that neither the 
chimerization process, nor recombinant expression of the 
NPC-1C antibody disrupted its antigen specificity. 

TABLE 2 

Flow cytometry: Tumor Cell Binding by NPC-1C 

% Cells Stained (mfi 

Tumor Cell Line Isotype Control NPC-1C 

LS174T Colorectal 3.85 (35) 89.72 (103) 
Colo-205 Colorectal 2.33 (34) 94.67 (175) 
SW480 Colorectal 3.38 (56) 58.98 (118) 
CFPAC-1 Pancreatic 1.79 (25) 52.56 (59) 

0117 Table 3 shows that 43% of colon cancers and 48% of 
pancreas cancers stained positively with the NPC-1C anti 
body. It was observed that only one of four normal colon 
samples showed moderate positivity with NPC-1C. Further 
more, in certain instances where normal colon tissue stained 
positively with NPC-1C, the tissue was found to have been 
Surgically removed from regions adjacent to colon cancer. 
Consequently, the positively stained “normal tissues may 
have already undergone genotypic changes (“pre-cancer 
ous') resulting in the expression of the aberrantly glycosy 
lated MUC5AC antigen that could lead to detection of carci 
noma with NPC-1C. 

TABLE 3 

Inmunohistochemistry: Human Tissues With Biotinylated NPC-1C 

Human tissue 
sample (Source) 

Colon cancer 

Normal colon 

Tissue staining intensity 

Total 
Negative Weak +1 +2 +3 +4 Positive 

27.48 S.48 7,48 4.48 S.48 21f48 
(56%) (10%) (15%) (8%) (10%) (43%) 
3f4 1f4 1.f4 

(75%) (25%) (25%) 
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TABLE 3-continued 
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Immunohistochemistry: Human Tissues With Biotinylated NPC-1C 

Tissue staining intensity 

Human tissue 
sample (Source) Negative Weak +1 +2 +3 +4 

Pancreas cancer 56.108 17.108 7,108 18.108 
(52%) (16%) (6%) (17%) (9%) 

Normal pancreas 3.3 
(100%) 

Uterus cancer 32,42 2.42 8,42 
(76%) (5%) (19%) 

Normal uterus 12 12 
(100%) 

Prostate cancer 30.40 S.40 S4O 
(75%) (12%) (12%) 

Normal prostate 44 
(100%) 

Staining with a human IgG1 isotype control antibody showed 
no reactivity against the same tissues. Immunohistochemical 
studies demonstrate NPC-1C tissue staining in pancreatic 
adenocarcinoma tissue, and lack of staining in normal pan 
creas tissue. 

0118. In summary, antibody-staining results with NPC-1C 
demonstrated specific immunoreactivity with cancer tissues 
from colon and pancreas patients, whereas only weak bind 
ing, ifatall, was observed in normal pancreas or colontissues. 
Furthermore, no cross-reactivity was observed in other nor 
mal human tissues stained, indicating a strong positive cor 
relation of the NPC-1C binding to colon and pancreas cancer 
tissues. Thus, the NPC-1 antigen is expressed by colon and 
pancreatic tumor cells but not normal colon or pancreatic 
tumor cells. Therefore, the NPC-1 antigen may be used as a 
tumor-specific marker or a therapeutic target for colon and 
pancreatic cancer. 

NPC-1 Monoclonal Antibody Binds a Tumor-Specific 
Variant Form of MUC5AC 

0119 The inventors determined that the target antigen for 
NPC-1C is MUC5AC, a member of the mucin gene family. 
The identification of the specific epitope appears to be related 
to the amino acid backbone of this large (-1,000 kDa) heavily 
glycosylated protein. SEQ ID NO: 1 is an exemplary 
MUC5AC sequence but the sequence of MUC5AC is not 
entirely certain because it contains numerous regions of 
repeating nucleotides that render sequencing difficult. See 
FIG. 1. MUC5AC is a multidomain glycoprotein with 
polypeptide chains that consist of variable numbers of tandem 
repeat sequences typically rich in serine, threonine (to which 
the O-glycan sidechains are attached), and proline. The 
polypeptide termini contain cysteine-rich domains and it is 
through these that the domains assemble, via disulfide bonds, 
to form the final secreted mucinglycoprotein. For example, 
MUC5AC tandem repeat consensus peptides TTSTTSAP 
(SEQ ID NO: 27), GSTPSPVP (SEQ ID NO: 28) and 
TASTTSGP (SEQ ID NO: 29), may exhibit attached 
NeuAc2Hex1HexNAc1-ol and Hex 1 HexNAc1-ol residues. 
Silverman, et al. (2001) Glycobiology 11: 459-71. Additional 
MUCSAC motifs for O-glycosylation a 
GTTPSPVPTTSTTSAP (SEQ ID NO: 30), GTTP 
SAVPTTSTTSVP (SEQ ID NO: 31) and 
GTTPSPVPTTSITSVP (SEQ ID NO:32). Tetaert, et al. 

10.108 

Total 
Positive 

S2,108 
(48%) 
O.3 
(0%) 
10.42 
(24%) 
Of 12 
(0%) 
10.40 
(25%) 
Of4 
(0%) 

(2001) Biochem. J. 357: 313-20. Depending on the trans 
ferase, this peptide may be O-glycosylated at the second, 
third or last threonine residue, or at both the second and last 
threonine residue. Raman, et al. (2008) J. Biol. Chem. 283: 
22942-53. Thus, the size, molecular weight, and properties of 
the glycoprotein MUC5AC is determined not just by peptide 
sequence, but by a series of posttranslational modifications. 

I0120) The NPC-1 antibody binds to a variant MUC5AC 
antigen expressed in recombinant CHO cells (which do not 
otherwise express MUC5AC), which are well known to have 
glycosylation patterns (e.g., sialic acid moieties) different 
from human cells. The MUC5AC variant epitope was sensi 
tive or resistant to treatment with various particular glycosi 
dases (e.g., PNGase F. O-glycosidase, C.(2,3,6,8.9) 
neuraminidase, B(1-4)-galactosidase, B-N-acetyl 
glycosaminidase), NaOH-beta elimination by alkaline treat 
ment, and acid treatment (e.g., sulfuric acid at 80° C. for 1 
hour). Results from trypsin and protease V8 treatment Sug 
gest that the epitope for the NPC-1 antibody binding is most 
likely present in the four repetitive region. 
I0121 The inventor surprisingly discovered that a glyco 
sylation variant of MUC5AC is expressed by tumor cells. 
This glycosylation variant may be due to a defect in trans 
ferases or other enzymes involved in glycosylation. 
MUC5AC isolated from CFPAC-1 supernate (pancreatic can 
cer cell line CFPAC-1) was digested with thermolysin and 
these fragments were tested for their ability to bind to the 
NPC-1 antibody. This data represents the native tumor-asso 
ciated MUC5AC digested and tested for its ability to bind the 
NPC-1 antibody. In contrast with previously described anti 
bodies, the NPC-1 monoclonal antibody binds within the 
glycosylated region of MUC5AC and seems to bind to a 
previously unidentified glyco-epitope. See FIG. 2. For 
example, the CLH2 antibody binds TTSTTSAP (SEQ ID 
NO: 27) which is not believed to be bound by the NPC-1 
antibody. For example, the epitope of the CLH2 does not 
involve carbohydrates. Additionally, previously reported 
anti-MUC5AC antibodies that recognize glycotopes (e.g., 
CA19-9) do not compete with NPC-1 antibody for binding to 
the NPC-1 epitope. The NPC-1 epitope is also sensitive to 
neuramididase treatment but not to other enzymes. SeeTable 
4. 
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TABLE 4 

Enzyme sensitivity of NPC-1 Antigen 

NPC-1 Antigen 
Enzyme Source Destroying? 

B-Glucosaminidase Streptococci is pneumonia No 
O-Glycosidasef Streptococci is pneumonia No 
PNGase F Cryseobacterium No 

menigoSeptictim 
Neuraminidase (C2->3) Macrobdeia decora No 
B (1->4) galactosidase Streptococci is pneumonia No 
Neuraminidase (C2->3, 6, 8, Arthrobacter ureafaciens Yes 
9): 

O-glycosidase (an endoglycosidase which cleaves at the Nacetylgalactosamine-Ser Thr 
attachment point on proteins) requires prior removal of terminal sialic acid. 
Neuraminidase is also known as sialidase, 

0122 Furthermore, the NPC-1 antibody binding is sensi 
tive to neuraminidase (C2-3,6,8.9) treatment, which cleaves 
all non-reducing unbranched N-acetylneuraminic and N-gly 
colylneuraminic acid residues by hydrolysis of C.(2->6), 
C.(2->6), C.(2->8), and C.(2->9) linkages. See Sigma Aldrich 
Info on neuraminidase. Thus, the disruption of the glycopro 
teins on MUC5AC destroyed the NPC-1 binding. In contrast 
to the CLH2 antibody, which is believed to bind the peptide 
core of gastric mucin (which may be exposed by changes in 
the glycosylation pattern of mucin which exposes a hidden 
antigenbound by the CLH2 antibody). See Celerus Diagnos 
tics (Monoclonal Mouse Anti-MUC5AC Clone CLH2). 
(0123. The NPC-1 antibody did not recognize the 
MUC5AC from A549 lung cancer cell line nor was MUCAC5 
from A549 unable to block reaction of NPC-1 antibody to 
LS174T and CFPAC-1 antigens. Thus, these results suggest 
that the MUC5AC variant epitope recognized by the NPC-1 
antibody is not present in MUC5AC expressed in lung tumor 
cells. However, the MUC5AC variant epitope is present in 
colon cancer cell lines, pancreatic cancer cell lines, and colon 
cancer biopsies. Partial peptide mapping indicates that the 
MUC5AC variant epitope is located in the repetitive regions 
of the protein. See FIGS. 1 and 2. These studies indicate that 
the NPC-1 antibodies described herein bind to an epitope in 
MUC5AC (SEQ. ID, NO. 1), an internal region of MUC5AC 
MUC5AC long (SEQ ID NO. 3), and contained in 
MUC5AC short (SEQ. ID. NO. 5). More precisely the evi 
dence indicates that NPC-1 antibodies may bind an epitope in 
the amino acid sequence of SEQID NO:34 or SEQ. ID. NO. 
35. 

0.124. Additionally, thermolysin digestion of the 
MUC5AC glycoprotein yielded several fragments that bind 
the NPC-1 monoclonal antibody including SEQ. ID. NOs. 
6-12. Alignment of the MUC5AC long construct and these 
thermolysin fragments show a high degree of homology in the 
tandem repeat region, where the stars (*) indicate residues 
believed to be involved in NPC-1 antibody binding. See FIG. 
2. This analysis produced a 15 residue stretch TTSTT 
SAPTTSTTSAP residues 169-183 (SEQ ID NO: 36) of 
MUC5AC long (SEQID NO:3) that overlaps 100% with the 
peptides generated from the thermolysin digestion of 
MUC5AC long. This region is enriched in Proline-Threo 
nine-Serine and may act as a scaffold for aberrant carbohy 
drate epitope recognized by the NPC-1 antibody. This was 
corroborated by deletion studies of MUC5AC 338 residue 
construct, suggest that residues 136-151 of MUC5AC long 
(SEQ ID NO: 3) GCPVTSTPVTAPSTP (SEQ ID NO: 
37) binds to the NPC-1 antibody. This region is believed to 
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act as a scaffold for aberrant glycosylation in tumor cells, 
forming an aberrant glycoprotein pattern that is recognized 
by the NPC-1 antibody. 
0.125 Further studies were conducted with peptide phage 
display to identify a synthetic epitope that acts as a peptide 
mimetic of the NPC-1 glycotope: SX'PXDXFRYXNXK 
(SEQID NO:49) wherein X is for L: X is E or D: X is Yor 
W: X* is T or I and X is Q or Y. There is no significant 
homology between peptide sequence and MUC5AC 
sequence, which Suggest the peptide comprises an NPC-1C 
epitope mimic. Such a mimic is likely to be a glycomimetic of 
the aberrant glycosylation expressed by tumor cells but not by 
normal colon or pancreas tissues. This may be useful as a tag 
in diagnostic assays or a control peptide to measure NPC-1C 
antibody binding. 
0.126 The inventors surprisingly discovered that glycosy 
lation variants of MUC5AC correlate with tumor cells and 
have characterized tumor-specific MUC5AC antigens (e.g., 
epitopes orantigenic determinants) that may be used in thera 
peutic and diagnostic methods (e.g., treatment of cancer 
involving tumor-specific MUC5AC antigens and the detec 
tion of tumor-specific MUC5AC variant antigens.) The 
immunohistochemistry studies demonstrate that NPC-1 anti 
gen may be useful as a tissue biomarker of human pancreas 
and colon cancer presence and progression. For example, 
antibodies targeting the NPC-1 antigen may inhibit tumor 
progression. Also, NPC-1 antigen levels detected in sera 
appear to increase as cancer progresses, thus NPC-1 may be 
used as a non-invasive diagnostic marker for pancreas and 
colon cancer. The NPC-1 antigen described herein may be 
used as both a diagnostic and therapeutic target specific for 
colon and pancreas cancer. 

CEACAM5 and CEACAM6 Comprise A16C3 Antigen 

I0127. The 16C3 antibody binds to tumor cells and initiates 
antibody-dependent cell-mediated cytotoxicity (ADCC) in 
this cell and/or inhibits cell proliferation. The 16C3 antibody 
was produced by means of the hybridoma technique and the 
16C3 antibody was then cloned, chimerized with human con 
stant regions, and also fully humanized. See WO 2009/ 
062050. However, the antigenic target of the 16C3 antibody 
was not suggested or disclosed. Rather, the present inventors, 
after substantial research, surprising discovered that the 16C3 
antibody binds to a structurally similar epitope in CEACAM5 
(SEQ ID NO: 20) and CEACAM6 (SEQ ID NO: 22). See 
FIG. 3. 

Truncation 

I0128 Deletion studies were performed, systematically 
truncating CEACAM6 (344 residues) from the C terminus. 
See TABLE 5. The truncated CEACAM6 constructs were 
transformed into cells and expressed to test for 16C3 antibody 
binding. The experiments showed that the shortest sequence 
to retain binding activity to 16C3 antibody ended at residue 
319 of the C-terminus of CEACAM6. C-terminal truncation 
experiments were then conducted on CEACAM5 (702 resi 
dues). The truncated CEACAM5 constructs were trans 
formed into cells and expressed to test for 16C3 antibody 
binding. The experiments showed that the shortest sequence 
to retain binding activity to 16C3 antibody ended at residue 
319 of the C-terminus of CEACAM5. N-terminal truncations 
of CEACAM6 were then conducted to further define the 
16C3 epitope. Based on binding studies, the shortest 
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sequence to maintain full binding to 16C3 antibody started at 
residue 191 and ended at residue 319 of CEACAM6. Taken 
together, this data Suggested that the 16C3 antigen is con 
tained with residues 34-319 of CEACAM5, which shares 
high sequence identity to CEACAM6 (e.g., 86% sequence 
identity). 

TABLE 5 

N- and C-terminal Truncation of CEACAM5 and CEACAM6 

16C3 
Protein Construct Residues antibody binding? 

CEACAM6 C-terminal truncation 34-326 ---------- 
CEACAM6 C-terminal truncation 34-321 ---------- 
CEACAM6 C-terminal truncation 34-32O ---------- 
CEACAM6 C-terminal truncation 34-319 ---------- 
CEACAM6 C-terminal truncation 34-317 -------- 
CEACAM6 C-terminal truncation 34-315 ------ 
CEACAM6 C-terminal truncation 34-313 ---- 
CEACAM6 C-terminal truncation 34-311 -- 
CEACAM6 C-terminal truncation 34-309 
CEACAMS C-terminal truncation 1-702 ---------- 
CEACAMS C-terminal truncation 1-319 ---------- 
CEACAMS C-terminal truncation 1-317 -------- 
CEACAMS C-terminal truncation 1-315 ------ 
CEACAMS C-terminal truncation 1-313 ---- 
CEACAMS C-terminal truncation 1-311 -- 
CEACAM6 N-terminal truncation 34-319 ---------- 
CEACAM6 N-terminal truncation 149-319 ---------- 
CEACAM6 N-terminal truncation 191-319 ---------- 
CEACAM6 N-terminal truncation 201-319 -------- 

Mutagenesis 

0129 Mutagenesis (e.g., poly-alanine Screening) was 
employed to screen residues 197 and 201-319. Mutants were 
expressed in bacteria and mammalian expression system, and 
the binding activity to 16C3 was analyzed by western-blot 
and ELISA. Residues 236G, 259C, 269Y, 271 W. 277F, 281T, 
285F, 297Y, 299C,300O.301A, 302H, which are conserved 
in CEACAM5 and CEACAM6, were confirmed to be 
involved in binding of the 16C3 antibody to CEACAM5 and 
CEACAM6. See FIG. 4. 

0130. To further explore the identity of the 16C3 epitope, 
selectamino acids were changed in CEACAM1 (SEQID NO: 
38)and CEACAM8 (SEQID NO:39), neither of which binds 
the 16C3 antibody, and thus, neither of which comprises a 
16C3 epitope. CEACAM1, CEACAM5, CEACAM6, and 
CEACAM8 share a high degree of sequence homology, 
including in the region containing the 16C3 epitope (e.g., 
residues 191 to 319). By truncation, deletion and mutagenesis 
screening, aa 191-319 was defined as the epitope region in 
CEACAM6. Residues 236G, 259C, 269Y,271 W. 277F, 281T, 
285F, 297Y, 299C,300O.301A, 302H, which are conserved 
in CEACAM5 and CEACAM6 are critical residues for each 
target binding to 16C3 antibody. In addition, the C-terminus 
residues 303-319 are involved in 16C3 antibody binding to 
both CEACAM5 and CEACAM6. 16C3 antibody specifi 
cally binds to CEACAM5 and CEACAM6, not CEACAM1 
or CEACAM8 although they are 80% homologous to 
CEACAM5 and CEACAM6. Conversion mutagenesis res 
cues the binding of 16C3 antibody to CEACAM1/8, empha 
sizing the importance of residues 300-302 in 16C3 antibody 
binding. However, residues 300 and 302 differ between 
CEACAM5 and CEACAM6 and CEACAM 1 and 
CEACAM8. In CEACAM1, residue 300His->Gln; 
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302ASn->His. In CEACAM8, residue 300 His Gln, 
301 Thr->Ala, and 302Thr->His. These mutations resulted in 
16C3 antibody binding to CEACAM1 and CEACAM8. 
Therefore, the residues 300 (Gln), 301 (Ala), and 302 (His) 
are involved in 16C3 binding to CEACAM5 and CEACAM6. 
I0131 CEACAM6 expressed in bacteria can be recognized 
by 16C3 antibody, demonstrating glycosylation modification 
is not necessary for 16C3 antibody binding. Additionally, 
CEACAM5 and CEACAM6 treated with deglycosylation 
enzyme mixture did not lose their binding ability to 16C3 
antibody; therefore, glycosylation is not necessary for 16C3 
antibody binding. Thus, the 16C3 antibody specifically binds 
to CEACAM5 (SEQID NO: 20) and CEACAM6 (SEQ ID 
NO: 22). The 16C3 epitope (e.g., the antigenic determinant 
bound by the 16C3 antibody) is contained with residues 191 
319 of CEACAM5 (SEQ ID NO: 24) and residues 191-319 
CEACAM6 (SEQ ID NO. 23). Another embodiment of the 
16C3 epitope, derived from CEACAM5, comprises the 
amino acid residues: 
GPDAPTIXGSYTCQAHNSDTGLNRTTTITVY (SEQ 
ID NO: 40) wherein X is a linker peptide providing tertiary 
structure for the flanking peptides GPDAPTI (SEQ ID NO: 
41) and GSYTCQAHNSDTGLNRTTVTTITVY (SEQ ID 
NO: 42). 
I0132) Included within the scope of the invention are natu 
rally occurring variants of the 16C3 antigens. For example, 
one embodiment of the 16C3 epitope, derived from 
CEACAM6, includes the amino acid residues: 
GPDGPTIXGSYMCQAHNSATGLNRTTVTMITVS 
(SEQ ID NO: 43) wherein X is a “linker' peptide region 
involved in providing tertiary structure for the flanking pep 
tides GPDGPTI (SEQID NO: 41) and GSYMCQAHNSAT 
GLNRTTVTMITVS (SEQID NO:44). 
0.133 Thus, the present invention provides for 16C3 anti 
gens and antibodies that bind the 16C3 antibody, and their 
uses in clinical and Scientific procedures, including diagnos 
tic procedures. The 16C3 antigen and antibody that bind the 
16C3 antigen are useful both as diagnostic and therapeutic 
target specific tools for cancer because 16C3 antibody effec 
tively inhibited tumor progression in an in vivo model. Addi 
tionally, the 16C3 antigen is a specific biomarker for pan 
creas, colon and other cancers, and may be measured in 
biopsied tissue as well as in Subject serum and fecal samples. 
Additionally, immunohistochemistry studies demonstrate 
that 16C3 antibody may be useful as a tissue biomarker of 
human pancreas and colon cancer presence and progression, 
and may also identify other cancers such as uterine and lung 
CaCCS. 

A33 Antigen Comprising a 31.1 Epitope 

I0134. The 31.1 antibody is an antibody reactive with 
human colon and pancreatic cancertissues. The antigen of the 
31.1 antibody is human A33 antigen as shown by western blot 
of immunoprecipitated antigen, mass spectroscopy, dot blot, 
flow cytometry and ELISA. The 31.1 antibody does not cross 
react with mouse recombinant A33 in sandwich ELISA and 
A33 in IHC staining. The 31.1 epitope is non-linear due to the 
sensitivity to its disruption by detergents and negative binding 
results on reducing condition in Western Blot. The full length 
of the A33 amino acid sequence and the peptides identified by 
mass spectroscopy from LS174T human colon tumor cell IP 
(immunoprecipitatation) protein are shown below. 
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45) 

61 E. 

121 LMSDLEGNTK SRSEREESSEESE:SEE88::ES:SSESSEE SKS&SE:SEKRYNI 

181 LNQEOPLAOP ASGOPVSLKN ISTDTSGYYI CTSSNEEGTO FCNITWAVRS PSMNVALYWC 

241 IAVGVWAALI IIGIIIYCCC CRGKDDINTED KEDARPNRS::SESSEESERE:ESREREESE 

3O1 3BEERSTG RESPDHLDQ 

0135 The highlighting designates peptide sequences 
identified by mass spectroscopy from LS174T 31.1 IP (39% 
coverage of the total A33 sequence). AS33 is a previously 
described monoclonal antibody which reacts with the A33 
protein. The 31.1 antibody can detect the antigen in 31.1 IP 
proteins from LS174T and an engineered recombinant CHO 
cell line expressing the full length A33 clNA (A33-CHO), 
but not in AS33 IP proteins from both cell lines in western blot 
under non-reducing condition. AS33 binds to the antigen in 
31.1 and AS33 IP proteins from LS174T and A33-CHO 
recombinant cells. Experimental results suggest that 31.1 
antibody binds to a different epitope of the A33 antigen com 
pared to commercial AS33 antibody. 

0136. Therefore, the inventors discovered that the 31.1 
antibody recognizes a non-linear (e.g., conformational) 
epitope in the A33 antigen contained in the following peptide 
sequence (31.1 epitope' shown in bold): 

(SEQ. ID. NO. 47) 
WRLLVLVPPSKPECGIEGETIIGNNIOLTCOSKEGSPTPQYSWKRYNIL 

NOEOPLAOPASGQPWSLK. 

0.137 Further, data from overlapping 8mer and 10mer 
peptide array analysis and PH.D phage display bio-panning 
Suggests the 31.1 epitope on the A33 antigen is located about 
residues 168-186 (SPTPQYSWKRYNILNQEQP) (SEQ ID 
NO: 50) of the A33 antigen; and disulfide bridging is needed 
for the cognate 31.1 epitope conformation. These data Sup 
port the previous disclosure in U.S. Patent Application Pub 
lication No. 2008/003 1873 which showed that an engineered 
point mutation of the A33 cDNA at residue Asn-179 to Asp 
reduced the binding of 31.1 antibody after transfection into 
mammalian cells and expression of the mutated recombinant 
A33 protein. 
0.138. Thus, the present invention provides for A33 antigen 
and antibodies that bind the A33 antigen (e.g., 31.1 antibody) 
expressed by colon and pancreatic and other cancers, and 
their uses inclinical and Scientific procedures, including diag 
nostic procedures. The 31.1 antibody that binds the A33 anti 
gen (e.g., 31.1 antibody) are useful both as diagnostic and 
therapeutic target specific tools for cancer because the 31.1 
antibody effectively inhibited tumor progression in an in vivo 
model. Additionally, the A33 antigen is a specific biomarker 
for pancreas, colon and other cancers, and may be measured 
in biopsied tissue as well as in Subject serum and fecal 
samples. Additionally, immunohistochemistry studies dem 
onstrate that 31.1 antibody may be useful as a tissue biomar 

ker of human pancreas and colon cancer presence and pro 
gression, and may also identify other cancers such as uterine 
and lung cancers. 

NPC-1, 16C3, and A33 Antigen Polypeptides 

(0.139. The invention provides NPC-1, 16C3, and A33 anti 
gen polypeptides. The inventors Surprisingly discovered that 
MUC5AC comprises at least one NPC-1 epitope, both 
CEACAM5 and CEACAM6 comprise a 16C3 antigen, and 
the A33 protein comprises an 31.1 epitope. 
0140 Exemplary polypeptides comprising at least one 
NPC-1 antigen are provided in SEQID NO: 1. For example, 
an exemplary amino acid sequence of MUC5AC is set forth in 
SEQ ID NO: 1, truncated MUC5AC amino acid sequences 
that retain at least one NPC-1 antigen are set forth in SEQID 
NO: 3 (“MUC5AC long) and SEQ ID NO: 5 (“MUC5AC 
short'). Further NPC-1 antigen containing amino acid 
sequences derived from MUC5AC include truncated con 
structs including C-terminal truncated constructs (e.g., SEQ 
ID NOs: 3, 15-18) and enzymatic fragments of MUC5AC 
(e.g., SEQ ID NOs: 6-12). Several of these truncated 
MUC5AC constructs retain at least one NPC-1 antigen (e.g., 
SEQID NOs: 3, 6-12, 15-18). 
0141 Exemplary polypeptides comprising a 16C3 antigen 
are provided in CEACAM5 (SEQ ID NO: 20) and 
CEACAM6 (SEQ ID NO: 22). Further 16C3 amino acid 
sequences derived from CEACAM5 and CEACAM6 include 
truncated constructs including N-terminal truncated con 
Structs of CEACAM5 and CEACAM6 as well as C-terminal 
truncated constructs of CEACAM5 and CEACAM6. Several 
of these truncated CEACAM5 and CEACAM6 constructs 
retain a 16C3 antigen (e.g., SEQID NOs: 23 and 24) because, 
as discussed herein, these CEACAM5 and CEACAM6 con 
structs comprise residues involved in 16C3 antibody binding 
(e.g., residues 191-319). 
0.142 Exemplary polypeptides comprising an A33 antigen 
are provided in SEQ ID NO: 45. Further A33 amino acid 
sequences derived from full length A33 protein include 
regions involved in 31.1 antibody binding to A33 antigen 
(e.g., SEQID NO: 47 and 50) because, as discussed herein, 
the 31.1 epitope is believed to be non-linear (e.g., conforma 
tional). 
0.143 Nucleic acids encoding polypeptides comprising at 
least one NPC-1 antigen or a 16C3 antigen may be modified 
using standard molecular biological techniques that result in 
variants polypeptides comprising at least one NPC-1, 16C3, 
or A33 antigen including but not limited to deletions, addi 
tions and Substitutions in the amino acid sequence, that retain 
the specific antigenicity of the NPC-1, 16C3, and A33 antigen 
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(e.g., the NPC-1 antigen is bound by the NPC-1 antibody, the 
16C3 antigen is bound by the 16C3 antibody, the A33 antigen 
is bound by the 31.1 antibody). Additionally, variant polypep 
tides comprising at least one NPC-1, 16C3, or A33 antigens 
may also retain the antigenicity of the NPC-1, 16C3, and A33 
antigens (e.g., raise a specific immune response against the 
NPC-1, 16C3, or A33 antigens, respectively, upon immuni 
zation in a subject). The NPC-1, 16C3, and A33 antigen 
polypeptides may be formulated with a pharmaceutical car 
rier to manufacture an antigen composition useful as a “can 
cer vaccine” (e.g., a pharmaceutical composition that elicits a 
specific immune response against the NPC-1, 16C3, or A33 
antigen, that produces anti-tumor antibodies after immuniza 
tion in a subject). 

Polypeptide Derivatives and Analogs 
0144. It will be appreciated that polypeptides described 
herein may be degradation products, synthetic peptides or 
recombinant peptides as well as peptidomimetics, synthetic 
peptides, peptoids, and semipeptoids (e.g., peptide analogs, 
which may have, for example, modifications rendering the 
peptides more stable while in a body or more capable of 
penetrating into cells.) Modifications of the NPC-1, 16C3, 
and A33 antigen polypeptides described herein include, but 
are not limited to N-terminus modification, C-terminus modi 
fication, peptide bond modification (e.g., CH2 NH, CH2— 
S, CH-S—O, O—C NH, CH, O, CH, CH, S=C— 
NH, CH=CH or CF=CH), backbone modifications, and 
residue modification. See, e.g., N- and C-terminal truncations 
of MUC5AC, CEACAM5, CEACAM6, or A33 antigen. 
Methods for preparing peptidomimetic compounds are well 
known in the art. Martin, (2010) Ouantitative Drug Design. A 
Critical Introduction 12" Ed. CRC Press. 
(0145 Peptide bonds (-CO. NH ) within the peptide 
may be substituted, for example, by N-methylated bonds 
( N(CH)—CO ), ester bonds ( C(R)H-C O—O— 
C(R) N—), ketomethylen bonds ( CO—CH2—), C.-aza 
bonds ( NH N(R)—CO ), wherein R is any alkyl, e.g., 
methyl, carba bonds (—CH NH ), hydroxyethylene 
bonds (—CH(OH)—CH2—), thioamide bonds ( CS 
NH ), olefinic double bonds (—CH=CH ), retro amide 
bonds ( NH CO ), peptide derivatives ( N(R)— 
CH CO ), wherein R is the “normal side chain, natu 
rally presented on the carbon atom. These modifications can 
occurat any of the bonds along the peptide chain and even at 
several (2-3) at the same time. 
0146 Natural aromatic amino acids, Trp, Tyr and Phe, 
may be substituted by synthetic non-natural acid such as 
phenylglycine, TIC, naphthylelanine (Nol), ring-methylated 
derivatives of phenylalanine, halogenated derivatives of phe 
nylalanine oro-methyl-tyrosine. In addition to the above, the 
polypeptides of the present invention may also include one or 
more modified amino acids or one or more non-amino acid 
monomers (e.g. fatty acids, complex carbohydrates), for 
example, hydroxyproline, phosphoserine and phosphothreo 
nine; and other unusual amino acids including, but not limited 
to, 2-aminoadipic acid, hydroxylysine, isodesmosine, nor 
valine, nor-leucine and ornithine. Furthermore, the term 
“amino acid' includes both D- and L-amino acids. 
0147 Since the polypeptides of the present invention are 
preferably utilized in therapeutics which requires the peptides 
to be in soluble form, the polypeptides of the present inven 
tion may comprise one or more non-natural or natural polar 
amino acids, including but not limited to serine and threonine 
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which are capable of increasing peptide solubility due to their 
hydroxyl-containing side chain. 
0.148. The polypeptides of the present invention may be in 
a linear form, although it will be appreciated that in cases may 
also be utilized. 
0149. The NPC-1, 16C3, and A33 antigen polypeptides 
described herein may be purified from cells that have been 
altered to express it (e.g., recombinant). DNA sequences 
encoding the NPC-1, 16C3, and A33 antigen polypeptides 
may be inserted into an expression vector and then trans 
formed (or transfected) in an appropriate host cell and/or 
expressed in a transgenic animal. The NPC-1, 16C3, and A33 
antigen polypeptides so expressed may then be isolated by 
methods known in the art. See, e.g., Maniatis, et al. (2001) 
Molecular Cloning: A Laboratory Manual 13" Ed. Cold 
Spring Harbor Laboratory Press. 
0150. The polypeptides of the present invention may be 
biochemically synthesized such as by using standard Solid 
phase techniques. These methods include exclusive solid 
phase synthesis, partial Solid phase synthesis methods, frag 
ment condensation, classical Solution synthesis. These meth 
ods are preferably used when the peptide is relatively short 
(i.e., 10 kDa) and/or when it cannot be produced by recom 
binant techniques (i.e., not encoded by a nucleic acid 
sequence) and therefore involves different chemistry. Solid 
phase peptide synthesis procedures are well known in the art 
and further described by Stewart (1984) Solid Phase Peptide 
Syntheses 12" Ed. Pierce Chemical Company and Benoiton 
(2005) Chemistry of Peptide Synthesis CRC Press. Synthetic 
peptides may be purified by preparative high performance 
liquid chromatography and the composition of which may be 
confirmed via amino acid sequencing. See Creighton (1992) 
|2" Ed. Proteins, Structures and Molecular Principles W.H. 
Freeman and Company; Aguilar (2004) Ed. HPLC of Pep 
tides and Proteins. Methods and Protocols Humana Press; 
Simpson (2002) Protein Sequencing Protocols 12" Ed. 
Humana Press. 
0151. In cases where large amounts of the polypeptides of 
the present invention are desired, the polypeptides of the 
present invention may be generated using recombinant tech 
niques such as described by Invitrogen (2002) "Guide to 
Baculovirus Expression Vector Systems (BEVs) and Insect 
Culture Techniques' Instruction Manual: Hatti-Kaul and 
Mattiasson (2003) Eds. Isolation and Purification of Pro 
teins; Ahmed (2004) Principles and Reactions of Protein 
Extraction, Purification and Characterization CRC Press. 
Further recombinant techniques such as described by, for 
example, Bitter, et al. (1987) Methods in Enzymol. 153: 516 
544, Studier, et al. (1990) Methods in Enzymol. 185: 60-89, 
Brisson, et al. (1984) Nature 310: 511-5.14, Takamatsu, et al. 
(1987) EMBO.J. 6: 307-311, Coruzzi, et al. (1984) EMBO.J. 
3: 1671-1680 and Brogli, et al. (1984) Science 224: 838-843, 
Gurley, et al. (1986) Mol. Cell. Biol. 6: 559-565 and Weiss 
bach & Weissbach (1988) Methods for Plant Molecular Biol 
ogy, Academic Press, NY. Section VIII, pages 421-463. 

Polypeptide Sequence Variants 
0152 For any NPC-1, 16C3, and A33 antigen sequence 
described herein, further characterization or optimization 
may beachieved by systematically either adding or removing 
amino acid residues to generate longer or shorter peptides, 
and testing those and sequences generated by walking a win 
dow of the longer or shorter size up or down the antigen from 
that point. Coupling this approach to generating new candi 
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date targets with testing for effectiveness of antigenic mol 
ecules based on those sequences in an immunogenicity assay, 
as known in the art or as described herein, may lead to further 
manipulation of the antigen. Further still, such optimized 
sequences may be adjusted by, e.g., the addition, deletions, or 
other mutations as known in the art and/or discussed hereinto 
further optimize the NPC-1, 16C3, or A33 antigen (e.g., 
increasing serum stability or circulating half-life, increasing 
thermal stability, enhancing delivery, enhance immunogenic 
ity, increasing Solubility, targeting to a particular in vivo 
location or cell type). 
0153. The NPC-1, 16C3, and A33 antigen polypeptides 
described herein may comprise conservative Substitution 
mutations, (i.e., the Substitution of one or more amino acids 
by similar amino acids). For example, conservative Substitu 
tion refers to the substitution of an amino acid with another 
within the same general class, e.g., one acidic amino acid with 
another acidic amino acid, one basic amino acid with another 
basic amino acid, or one neutralamino acid by another neutral 
amino acid. 
0154 NPC-1, 16C3, and A33 antigen polypeptide 
sequences may have at least about 60, 65, 70, 75, 80, 81, 82, 
83, 84,85, 86, 87, 88, 89,90,91, 92,93, 94.95, 96, 97,98,99, 
or 100% sequence homology to any one or more of the 
polypeptide sequences set forth herein. More preferably, the 
invention contemplates polypeptide sequences having at least 
about 95% sequence homology, even more preferably at least 
about 98% sequence homology, and still more preferably at 
least about 99% sequence homology to any one or more of the 
polypeptide sequences of NPC-1, 16C3, and A33 antigen 
polypeptide sequences set forth herein. Methods for deter 
mining homology between amino acid sequences, as well as 
nucleic acid sequences, are well known to those of ordinary 
skill in the art. See, e.g., Nedelkov & Nelson (2006) New and 
Emerging Proteomic Techniques Humana Press. 
(O155 Thus, a NPC-1, 16C3, and A33 antigen polypeptide 
may have at least about 80%, 81%, 82%, 83%, 84%, 85%, 
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99%, or 100% sequence homology with a 
polypeptide sequence. For example, a NPC-1 antigen 
polypeptide may have at least about 80%, 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%,97%.98%, 99%, or 100% sequence homol 
ogy with SEQID NOs: 1,3,5-12, 15-18. For example, a 16C3 
antigen polypeptide may have at least about 80%, 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 
homology with SEQID NOs: 20, 21, 23, 24, 40, and 43. For 
example, an A33 antigen polypeptide may have at least about 
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
100% sequence homology with SEQID NOs: 45, 47 and 50. 
0156 The term homology, or identity, is understood as 
meaning the number of agreeing amino acids (identity) with 
other proteins, expressed in percent. The identity is preferably 
determined by comparing a given sequence with other pro 
teins with the aid of computer programs. If sequences which 
are compared with each other are different in length, the 
identity is to be determined in such a way that the number of 
amino acids which the short sequence shares with the longer 
sequence determines the percentage identity. The identity can 
be determined routinely by means of known computer pro 
grams which are publicly available such as, for example, 
ClustalW. Thompson, et al. (1994) Nucleic Acids Research 

20 
Jul. 25, 2013 

22:4673-4680. ClustalW is publicly available from the Euro 
pean Molecular Biology Laboratory and may be downloaded 
from various internet pages, interalia the IGBMC (Institut de 
Génétique et de Biologie Moléculaire et Cellulaire) and the 
EBI and all mirrored EBI internet pages (European Bioinfor 
matics Institute). If the ClustalW computer program Version 
1.8 is used to determine the identity between, for example, the 
reference protein of the present application and other pro 
teins, the following parameters are to be set: KTUPLE=1. 
TOPDIAG=5, WINDOW=5, PAIRGAP=3, GAPOPEN=10, 
GAPEXTEND=0.05, GAPDIST=8, MAXDIV=40, 
MATRIX=GONNET, ENDGAPS(OFF), NOPGAP, 
NOHGAP. See also European Bioinformatics Institute (EBI) 
toolbox available on-line and Smith (2002) Protein Sequenc 
ing Protocols 12" Ed.) Humana Press. 
0157. One possibility of finding similar sequences is to 
carry out sequence database researches. Here, one or more 
sequences may be entered as what is known as a query. This 
query sequence is then compared with sequences present in 
the selected databases using statistical computer programs. 
Such database queries (blast searches) are known to the 
skilled worker and may be carried out at different suppliers. 
If, for example, Such a database query is carried out at the 
NCBI (National Center for Biotechnology Information), the 
standard settings for the respective comparison query should 
be used. For protein sequence comparisons (blastp), these 
settings are: Limit entrez not activated; Filter-low complex 
ity activated; Expect value=10; word size=3; 
Matrix=BLOSUM62: Gap costs: Existence=11, Exten 
sion 1. The result of such a query is, among other parameters, 
the degree of identity between the query sequence and the 
similar sequences found in the databases. 
0158 NPC-1, 16C3, or A33 antigen polypeptides include 
functional fragments of said polypeptides. A “functional 
fragment of said polypeptide includes afragment of the gene 
or cDNA encoding said NPC-1, 16C3, or A33 antigen, which 
fragment is capable of eliciting an immune response (e.g., 
humoral or cellular immune response.) Thus, for example, 
fragments of the NPC-1, 16C3, or A33 antigen according to 
the invention which correspond to amino acid residues that 
contribute to the immunogenicity of the antigen and which 
fragments may serve to function as antigens to elicit an 
immune response (e.g., humoral or cellular immune 
response.) This aspect of the invention also includes differ 
entially spliced isoforms and transcriptional starts of the 
polypeptides according to the invention. The polypeptides 
according to the invention also may comprise fragments, 
derivatives and allelic variants of the NPC-1, 16C3, or A33 
antigen polypeptides. Methods and materials for making 
fragments of NPC-1, 16C3, and A33 antigen polypeptides are 
well known in the art. See, e.g., Maniatis, et al. (2001) 
Molecular Cloning: A Laboratory Manual 13" Ed. Cold 
Spring Harbor Laboratory Press. 
0159 Variant NPC-1, 16C3, and A33 antigen polypep 
tides may retain their antigenic specificity to bind their 
respective antibodies (e.g., a variant NPC-1 antigen binds 
NPC-1 antibody and a variant 16C3 antigenbinds 16C3 anti 
body, a variant A33 antigen binds a 31.1 antibody.) Fully 
antigenic variants may contain only conservative variations 
or variations in non-critical residues or in non-critical 
regions. Antigenic variants may also contain Substitution of 
similar amino acids that result in no change oran insignificant 
change in antigenicity. Alternatively, such substitutions may 
positively or negatively affect antigenicity to Some degree. 
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Non-antigenic variants typically contain one or more non 
conservative amino acid substitutions, deletions, insertions, 
inversions, or truncation or a substitution, insertion, inver 
Sion, or deletion in a critical residue or critical region of an 
epitope. Molecular biology and biochemistry techniques for 
modifying NPC-1, 16C3, and A33 antigen polypeptides 
while preserving specific antigenicity of the polypeptides for 
their respective antibodies are well known in the art. See, e.g., 
Ho, et al. (1989) Gene 77(1): 51-59; Landt, et al. (1990) Gene 
96(1): 125-128; Hopp & Woods (1991) Proc. Natl. Acad. Sci. 
USA 78(6): 3824-3828; Kolaskar & Tongaonkar (1990) 
FEBS Letters 276(1-2): 172-174; and Welling, et al. (1985) 
FEBS Letters 188(2): 215-218 
0160 Amino acids that are essential for function may be 
identified by methods known in the art, such as site-directed 
mutagenesis or alanine-Scanning mutagenesis. Cunningham, 
et al. (1989) Sci. 244: 1081-85. The latter procedure intro 
duces single alanine mutations at every residue in the mol 
ecule. The resulting mutant molecules are then tested for 
biological activity such as epitope binding or in vitro ADCC 
activity. Sites that are critical for ligand-receptor binding may 
also be determined by structural analysis such as crystallog 
raphy, nuclear magnetic resonance, or photoaffinity labeling. 
Smith, et al. (1992).J. Mol. Biol. 224: 899-904; de Vos, et al. 
(1992) Sci. 255: 306-12. 
0161 For example, one class of substitutions is conserved 
amino acid substitutions. Such Substitutions are those that 
substitute a given amino acid in a NPC-1, 16C3, and A33 
antigen polypeptide with another amino acid of like charac 
teristics. Typically seen as conservative Substitutions are the 
replacements, one for another, among the aliphatic amino 
acids Ala, Val, Leu, and Ile; interchange of the hydroxyl 
residues Serand Thr, exchange of the acidic residues Asp and 
Glu, Substitution between the amide residues Asn and Gln, 
exchange of the basic residues Lys and Arg, replacements 
among the aromatic residues Phe, Tyr. Guidance concerning 
which amino acid changes are likely to be phenotypically 
silent is found in, for example, Bowie, et al. (1990) Sci. 247: 
1306-10. Hence, one of ordinary skill in the art appreciates 
that the inventors possess peptide variants without delinea 
tion of all the specific variants. As to amino acid sequences, 
one of skill will recognize that individual substitutions, dele 
tions or additions to a nucleic acid, peptide, polypeptide, or 
protein sequence which alters, adds or deletes a single amino 
acid or a small percentage of amino acids in the encoded 
sequence is a “conservatively modified variant' where the 
alteration results in the Substitution of an amino acid with a 
chemically similar amino acid. Conservative Substitution 
tables providing functionally similar amino acids are well 
known in the art. Such conservatively modified variants are in 
addition to and do not exclude polymorphic variants, inter 
species homologs, and alleles of the invention. See, e.g., 
Creighton (1992) Proteins. Structures and Molecular Prop 
erties 12" Ed W.H. Freeman. 
0162 Moreover, polypeptides often contain amino acids 
other than the twenty “naturally occurring amino acids. Fur 
ther, many amino acids, including the terminal amino acids, 
may be modified by natural processes, such as processing and 
other post-translational modifications, or by chemical modi 
fication techniques well known in the art. Known modifica 
tions include, but are not limited to, acetylation, acylation, 
ADP-ribosylation, amidation, covalent attachment of flavin, 
covalent attachment of a heme moiety, covalent attachment of 
a nucleotide or nucleotide derivative, covalent attachment of 
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a lipid or lipid derivative, covalent attachment of phosphoti 
dylinositol, cross-linking, cyclization, disulfide bond forma 
tion, demethylation, formation of covalent crosslinks, forma 
tion of cystine, formation of pyroglutamate, formylation, 
g-carboxylation, glycosylation, GPI anchor formation, 
hydroxylation, iodination, methylation, myristoylation, oxi 
dation, proteolytic processing, phosphorylation, prenylation, 
racemization, selenoylation, Sulfation, transfer-RNA medi 
ated addition of amino acids to proteins such as arginylation, 
and ubiquitination. See Creighton (1992) Proteins: Structure 
and Molecular Properties 12" Ed. and Lundblad (1995) 
Techniques in Protein Modification 11° Ed. Many detailed 
reviews are available on this subject. See, e.g., Wold (1983) 
Posttranslational Covalent Modification of Proteins Acad. 
Press, NY; Seifter, et al. (1990) Meth. Enzymol. 182: 626-46; 
and Rattan, et al. (1992) Ann. NYAcad. Sci. 663: 48-62. 

Fusion Proteins 

0163 Fusions comprising the NPC-1, 16C3, and A33 anti 
gen polypeptides are also within the scope of the present 
invention. For example, the fusion protein may be linked to a 
GST fusion protein in which the NPC-1, 16C3, and A33 
antigen polypeptide sequences arefused to the C-terminus of 
the GST sequences. Such fusion proteins may facilitate the 
purification of the recombinant NPC-1, 16C3, and A33 anti 
gen polypeptides. Alternatively, NPC-1, 16C3, and A33 anti 
gen polypeptides may be fused with a protein that binds 
B-cell follicles, thus initiating both a humoral immune 
response and activation of T cells. Berney, etal. (1999).J. Exp. 
Med 190: 851-60. Alternatively, for example, the NPC-1, 
16C3, and A33 antigen polypeptides may be genetically 
coupled with and anti-dendritic cell antibody to deliver the 
antigen to the immune system and stimulate a cellular 
immune response. He, et al. (2004) Clin. Cancer Res. 10: 
1920-27. A chimeric or fusion protein of the invention may be 
produced by standard recombinant DNA techniques. For 
example, DNA fragments coding for the different polypep 
tide sequences are ligated together in-frame in accordance 
with conventional techniques, e.g., by employing blunt 
ended or stagger-ended termini for ligation, restriction 
enzyme digestion to provide for appropriate termini, filling-in 
of cohesive ends as appropriate, alkaline phosphatase treat 
ment to avoid undesirable joining, and enzymatic ligation. 
The fusion gene may be synthesized by conventional tech 
niques including automated DNA synthesizers. 
0164. Fusion proteins may include C-terminal or N-termi 
nal translocation sequences. Further, fusion proteins can 
comprise additional elements, e.g., for protein detection, 
purification, or other applications. Detection and purification 
facilitating domains including but not limited to metal chelat 
ing peptides such as polyhistidine tracts, histidine-tryptophan 
modules, or other domains that allow purification on immo 
bilized metals; maltose binding protein; protein A domains 
that allow purification on immobilized immunoglobulin; or 
the domain utilized in the FLAG extension/affinity purifica 
tion system (Immunex Corp, Seattle Wash.) 
0.165 A fusion protein may be prepared from a protein of 
the invention by fusion with a portion of an immunoglobulin 
comprising a constant region of an immunoglobulin. More 
preferably, the portion of the immunoglobulin comprises a 
heavy chain constant region which is optionally and more 
preferably a human heavy chain constant region. The heavy 
chain constant region is most preferably an IgG heavy chain 
constant region, and optionally and most preferably is an Fc 
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chain, most preferably an IgG Fc fragment that comprises 
CH2 and CH3 domains. Although any IgG subtype may 
optionally be used, the IgG1 subtype is preferred. The Fc 
chain may optionally be a known or “wild type' Fc chain, or 
alternatively may be mutated. See, e.g., U.S. Patent Applica 
tion Publication No. 2006/0034.852. The term “Fc chain also 
optionally comprises any type of Fc fragment. Several of the 
specific amino acid residues that are involved in antibody 
constant region-mediated activity in the IgG subclass have 
been identified. Inclusion, substitution or exclusion of these 
specific amino acids therefore allows for inclusion or exclu 
sion of specific immunoglobulin constant region-mediated 
activity. Furthermore, specific changes may result in aglyco 
Sylation for example and/or other desired changes to the Fc 
chain. At least some changes may optionally be made to block 
a function of Fc which is considered to be undesirable, such as 
an undesirable immune system effect. See McCafferty, et al. 
(2002) Antibody Engineering: A Practical Approach (Eds.) 
Oxford University Press. 
0166 The inclusion of a cleavable linker sequences such 
as Factor Xa (see, e.g., Ottavi, (1998) Biochimie 80: 289-93), 
subtilisin protease recognition motif (see, e.g., Polyak (1997) 
Protein Eng. 10: 615-19); enterokinase (Invitrogen, San 
Diego, Calif.), between the translocation domain (for effi 
cient plasma membrane expression) and the rest of the newly 
translated polypeptide may be useful to facilitate purification. 
For example, one construct can include a polypeptide encod 
ing a nucleic acid sequence linked to six histidine residues 
followed by a thioredoxin, an enterokinase cleavage site (see, 
e.g., Williams (1995) Biochemistry 34: 1787-97), and an 
C-terminal translocation domain. The histidine residues 
facilitate detection and purification while the enterokinase 
cleavage site provides a means for purifying the desired pro 
tein(s) from the remainder of the fusion protein. Technology 
pertaining to vectors encoding fusion proteins and applica 
tion of fusion proteins are well described in the scientific and 
patent literature. See, e.g., Kroll (1993) DNA Cell. Biol. 12: 
441-53. 

Conjugates 

(0167. The NPC-1, 16C3, and A33 antigen, antibodies that 
bind the NPC-1, 16C3, or A33 antigen and fragments thereof, 
may be conjugated to other moieties. Such conjugates are 
often used in the preparation of vaccines. The NPC-1, 16C3, 
and A33 antigen polypeptide may be conjugated to a carbo 
hydrate (e.g., mannose, fucose, glucose, GlcNAS, maltose), 
which is recognized by the mannose receptor present on 
dendritic cells and macrophages. The ensuing binding, aggre 
gation, and receptor-mediated endocytosis and phagocytosis 
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functions provide enhanced innate and adaptive immunity. 
See Mahnke, et al. (2000).J. Cell Biol. 151: 673-84: Dong, et 
al. (1999).J. Immonol. 163: 5427–34. Other moieties suitable 
for conjugation to elicit an immune response includes but not 
limited to Keyhole Limpit Hemocyannin (KLH), diphtheria 
toxoid, cholera toxoid, Pseudomonas exoprotein A, and 
microbial outer membrane proteins (OMPS). 

Polypeptide Isolation 

0.168. The present invention also provides methods for 
isolation of the NPC-1, 16C3, and A33 antigen polypeptides. 
For example, relevant cell lines or tumor samples may be 
obtained from a cancer patient. After homogenization and 
solubilization in a detergent, the antigen is chromatographi 
cally purified. Size-exclusion or affinity chromatography 
may be used for this, and may be used in conjunction with 
NPC-1, 16C3, or 31.1 antibody binding. For example, NPC 
1, 16C3, and/or 31.1 antibody may be immobilized on a solid 
Support (e.g., coupled to resins, magnetic beads) for simple 
antigen adsorption, washing, and elution from the Solid Sup 
port. The eluted protein is then studied further for antigen 
presence, characterization, and identification. See Walker 
(2002) Protein Protocols Handbook 12" Ed.) Humana Press 
and Cultur (2003) Ed. Protein Purification Protocols 
Humana Press. 

0169. The antigen isolated in this way may be used for 
preparing a pharmaceutical using the conventional pharma 
ceutical excipient and carrier substance. For example, in-vivo 
administration of the purified antigen in a physiological NaCl 
Solution. 

(0170 Additionally, the NPC-1, 16C3, and A33 antigen 
polypeptides according to the invention may serve as an anti 
gen in the identification of activities as part of a high-through 
put Screening. High-throughput screening methods are 
known to persons skilled in the art. Wells (2002) High 
Throughout Bioanalytical Sample Preparation Elsevier 
Health Sciences. 

Antibodies which Bind NPC-1, 16C3, or 31.1 Epitopes 
0171 The present invention also provides antibodies 
which selectively bind the NPC-1, 16C3, or A33 antigen 
including but not limited monoclonal and humanized mono 
clonal antibodies (e.g., NPC-1 antibody, 16C3 antibody, or 
31.1 antibody). The antibodies which selectively bind the 
NPC-1, 16C3, or A33 antigen may be admixed in composi 
tions with pharmaceutical carriers and additional antibodies 
(e.g., 31.1 monoclonal antibody). Exemplary antibodies are 
provided in Table 6. 

TABLE 6 

Antibodies which selectively bind a NPC-1, 16C3, or 31.1 EPITOPES. 

Antibody Aliases 

NPC-1 NPC-1 

NEO-101 NPC-1C, NPC-1 
ensituximab 

NEO-102 NPC-1 

Antigen Exemplary SEQID NOS Description 

Murine hybridoma that expresses 
NPC-1 IgG1 (ATCC) 

Light Chain (SEQ ID NOs: 51, 52) 
LCCDRs (SEQID NOs: 53-55) 
Heavy Chain (SEQID NOs: 56, 57) 
HC CDRs (SEQ ID NOs: 58-60) 
Light Chain (SEQ ID NOs: 61,62) 
LC CDRs (SEQID NOs: 63-65) 
Heavy Chain (SEQID NOs: 66,67) 
HC CDRs (SEQ ID NOs: 68-70) 

Chimeric NPC-1 antibody, 
engineered in CHO-DG44 
production cell clone 4-B7; targets a 
variant of MUCSAC 
Chimeric NPC-1 antibody, 
engineered in CHO-M production 
cells, contains 2 amino acid changes 
in HC constant domain 
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Antibodies which selectively bind a NPC-1, 16C3, or 31.1 EPITOPES. 

Antibody Aliases Antigen Exemplary SEQID NOS 

NEO-103 NPC-1 Light Chain (SEQID NOs: 71, 72) 
Heavy Chain (SEQID NOs: 73,74) 

16C3 Light Chain (SEQID NOs: 75,76) 
LCCDRs (SEQ ID NOs: 77-79) 
Heavy Chain (SEQID NOs: 80, 81) 
HC CDRs (SEQID NOs: 82-84) 

Varianth16C3 16C3 Light Chain (SEQID NOs: 85-89) 
antibodies Heavy Chain (SEQID NOs:90-94) 
16C3-Abb* 16C3 Light Chain (SEQID NOs: 95,96) 

LCCDRs (SEQ ID NOs: 97-99) 
Heavy Chain (SEQID NOs: 100, 101) 
HC CDRs (SEQID NOs: 102-104) 

NEO-201 

31.1 31.1 

NEO-301 31.1C 31.1 Light Chain (SEQID NO: 105) 
Heavy Chain (SEQID NO: 106) 

NEO-302 31.1 Light Chain (SEQID NO: 107,108) 
Heavy Chain (SEQID NO: 109, 110) 

Description 

Humanized NPC-1 antibody 

Murine hybridoma that expresses 
16C3 IgG1 (ATCC) 

Humanized 16C3 antibody 

Humanized 16C3 antibody 

Chimeric 31.1 antibody, produced in 
CHO-K cells 
Chimeric 31.1 antibody, contains 2 
amino acid changes in HC constant 
domain, produced in high titer 
CHO S cells 
Humanized 31.1 antibody 

*2 amino acid changes in heavy chain constant domain are Proline at residue 175 to Leucine in CH1 and Methionine at residue 390 to Threonine 
in CH3. The Leucine and Threonine residues represent more common allotypes in human population and were introduced to reduce potential in 
vivo antigenicity or toxicity, 

0172 Antibodies may comprise of two identical light 
polypeptide chains of molecular weight approximately 
23,000 daltons (“light chain’), and two identical heavy chains 
of molecular weight 53,000-70,000 (“heavy chain'). See 
Edelman (1971) Ann. NY. Acad. Sci. 190: 5. The four chains 
are joined by disulfide bonds in a “Y” configuration wherein 
the light chains bracket the heavy chains starting at the mouth 
of the “Y” configuration. The “branch” portion of the “Y” 
configuration is designated the F, region; the stem portion of 
the “Y” configuration is designated the F region. The amino 
acid sequence orientation runs from the N-terminal end at the 
top of the “Y” configuration to the C-terminal end at the 
bottom of each chain. The N-terminal end possesses the vari 
able region having specificity for the antigen that elicited it, 
and is about 100 amino acids in length, there being slight 
variations between light and heavy chain and from antibody 
to antibody. 
0173 The variable region is linked in each chain to a 
constant region that extends the remaining length of the chain 
and that within a particular class of antibody does not vary 
with the specificity of the antibody (i.e., the antigen eliciting 
it). There are five known major classes of constant regions 
that determine the class of the immunoglobulin molecule 
(e.g., IgG, IgM, IgA, Ig), and IgE corresponding to Y, L. C. e. 
and e heavy chain constant regions). The constant region or 
class determines subsequent effector function of the antibody, 
including activation of complement (Kabat (1976) Structural 
Concepts in Immunology and Immunochemistry /2" Ed. 
pages 413-436; Holt, Rinehart, Winston) and other cellular 
responses (Andrews, et al. (1980) Clinical Immunobiology 
1-18; Kohl, et al. (1983) Immunology 48: 187) while the 
variable region determines the antigen with which it will 
react. Light chains are classified as either K (kappa) or w 
(lambda). Each heavy chain class may be prepared with either 
kappa or lambda light chain. The light and heavy chains are 
covalently bonded to each other, and the “tail portions of the 
two heavy chains are bonded to each other by covalent disul 
fide linkages when the immunoglobulins are generated either 
by hybridomas or by B cells. 

0.174 Specific binding to an antibody under such condi 
tions may require an antibody that is selected for its specific 
ity for a particular protein. For example, polyclonal antibod 
ies raised to seminal basic protein from specific species such 
as rat, mouse, or human can be selected to obtain only those 
polyclonal antibodies that are specifically immunoreactive 
with seminal basic protein and not with other proteins, except 
for polymorphic variants and alleles of seminal basic protein. 
This selection may be achieved by subtracting out antibodies 
that cross-react with seminal basic protein molecules from 
other species. A variety of immunoassay formats may be used 
to select antibodies specifically immunoreactive with a par 
ticular protein. For example, Solid-phase ELISA immunoas 
says are routinely used to selectantibodies specifically immu 
noreactive with a protein. See, e.g., Harlow & Lane (1998) 
USING ANTIBODIES: A LABORATORY MANUAL Cold 
Spring Harbor Laboratory, for a description of immunoassay 
formats and conditions that can be used to determine specific 
immunoreactivity. Typically a specific or selective reaction 
will be at least twice background signal or noise and more 
typically more than about 10 to 100 times background. 

Polyclonal Antibody 

0.175 Polyclonal antibodies are heterogeneous popula 
tions of antibody molecules derived from the sera of animals 
immunized with an antigen. Polyclonal antibodies which 
selectively bind the NPC-1, 16C3, or A33 antigen may be 
made by methods well-known in the art. See, e.g., Howard & 
Kaser (2007) Making and Using Antibodies: A Practical 
Handbook CRC Press. 

Monoclonal Antibody 

0176 A monoclonal antibody contains a substantially 
homogeneous population of antibodies specific to antigens, 
which population contains Substantially similar epitope bind 
ing sites. Monoclonal antibodies may be obtained by methods 
known to those skilled in the art. See, e.g. Kohler and Milstein 
(1975) Nature 256: 495-497; U.S. Pat. No. 4,376,110; 
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Ausubel, et al. Eds.) (2011) CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, Greene Publishing Assoc. and 
Wiley Interscience, NY.; and Harlow & Lane (1998) USING 
ANTIBODIES: A LABORATORY MANUAL Cold Spring Har 
bor Laboratory; Colligan, et al. (2005) Eds. Current Proto 
cols in Immunology Greene Publishing Assoc. and Wiley 
Interscience, NY. Such antibodies may be of any immunoglo 
bulin class including IgG, IgM, IgE, IgA, GILD and any 
subclass thereof. A hybridoma producing an antibody of the 
present invention may be cultivated in vitro, in situ, or in vivo. 
Examples of monoclonal antibodies include but are not lim 
ited to an NPC-1 antibody which selectively binds the NPC-1 
antigen (e.g., exemplary light chain are depicted in SEQID 
NO: 51, 52 with CDRs depicted in SEQ ID NO: 53-55 and 
heavy chain are depicted in SEQID NO:56, 57 with CDRs 
depicted in SEQ ID NO: 58-60, exemplary light chain are 
depicted in SEQID NO: 61, 62 with CDRs depicted in SEQ 
ID NO: 63-65 and heavy chain are depicted in SEQID NO: 
66, 67 with CDRs depicted in SEQID NO: 68-70, and exem 
plary light chain are depicted in SEQID NO: 71,72 and heavy 
chain are depicted in SEQID NO: 73,74); a 16C3 antibody 
which selectively binds the 16C3 antigen (e.g., exemplary 
light chain are depicted in SEQ ID NO: 75, 76 with CDRs 
depicted in SEQID NO: 77-79 and heavy chain are depicted 
in SEQID NO: 80, 81 with CDRs depicted in SEQID NO: 
82-84, additional exemplary light chains are depicted in SEQ 
ID NO: 85-89 and heavy chain are depicted in SEQID NO: 
90-94, and exemplary light chain are depicted in SEQID NO: 
95, 96 with CDRs depicted in SEQID NO: 97-99 and heavy 
chain are depicted in SEQ ID NO: 100, 101 with CDRs 
depicted in SEQID NO: 102-104); and A33 antigen antibody 
which selectively binds the A33 antigen (e.g., exemplary light 
chain are depicted in SEQID NO: 105 and heavy chain are 
depicted in SEQ ID NO: 106 and further exemplary light 
chain are depicted in SEQID NO: 107, 108 and heavy chain 
are depicted in SEQ ID NO: 109, 110). 31.1 monoclonal 
antibody, described in WO 02/074251 and WO 2006/004950, 
exhibits specificity for the A33 antigen. The 31.1 monoclonal 
antibody also exhibits specificity for binding to colon and 
pancreatic tumor cells and strong cytotoxicity (e.g., ADCC 
activity) against colon and pancreatic tumor cells. Arlen, etal. 
(Nov. 3, 2010) Journal of Cancer 1: 209-222. 

Chimeric Antibody 

0177 Chimeric antibodies are molecules different por 
tions of which are derived from different animal species, such 
as those having variable region derived from a murine anti 
body and a human immunoglobulin constant region, which 
are primarily used to reduce immunogenicity in application 
and to increase yields in production, for example, where 
murine monoclonal antibodies have higher yields from hybri 
domas but higher immunogenicity in humans, such that 
human murine chimeric monoclonal antibodies are used. 
Chimeric antibodies and methods for their production are 
known in the art. See Cabilly, et al. (1984) Proc. Natl. Acad. 
Sci. USA 81: 3273-3277; Morrison, et al. (1994) Proc. Natl. 
Acad. Sci. USA 81: 6851-6855, Boulianne, et al. (1984) 
Nature 312: 643-646; Neuberger, et al. (1985) Nature 314: 
268-270; European Patent Application 173494 (1986); WO 
86/01533 (1986); European Patent Application 184187 
(1986); European Patent Application 73494 (1986); Sahagan, 
et al. (1986).J. Immunol. 137: 1066-1074; Liu, et al. (1987) 
Proc. Natl. Acad. Sci. USA 84:3439-3443; Sun, et al. (1987) 
Proc. Natl. Acad. Sci. USA 84:214-218: Better, et al. (1088) 
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Science 240: 1041-1043; and Harlow & Lane (1998) USING 
ANTIBODIES: A LABORATORY MANUAL Cold Spring Har 
bor Laboratory; U.S. Pat. No. 5,624,659. Exemplary chimeric 
antibodies include but are not limited to NEO-101 (NPC-1C) 
which selectively binds NPC-1 antigen (e.g., exemplary light 
chain are depicted in SEQ ID NOs: 51, 52 with CDRS 
depicted in SEQID NOs: 53-55 and heavy chain depicted in 
SEQID NOs: 56, 57 with CDRs depicted in SEQ ID NOs: 
58-60): NEO-102 which selectively binds NPC-1 antigen 
(e.g., exemplary light chain are depicted in SEQID NOs: 61, 
62 with CDRS depicted in SEQ ID NOs: 63-65 and heavy 
chain depicted in SEQID NOs: 66, 67 with CDRs depicted in 
SEQ ID NOs: 68-70); and NEO-301 (31.1C) which selec 
tively binds the A33 antigen (e.g., exemplary light chain are 
depicted in SEQ ID NO: 105 and heavy chain depicted in 
SEQID NO: 106). 

Humanized Antibody 

0.178 Humanized antibodies are engineered to contain 
even more human-like immunoglobulin domains, and incor 
porate only the complementarity-determining regions of the 
animal-derived antibody. This may be accomplished by 
examining the sequence of the hyper-variable loops of the 
variable regions of the monoclonal antibody, and fitting them 
to the structure of the human antibody chains. See, e.g., U.S. 
Pat. No. 6,187.287. Likewise, other methods of producing 
humanized antibodies are now well known in the art. See, 
e.g., U.S. Pat. Nos. 5.225,539; 5,530,101: 5,585,089; 5,693, 
762; 6,054,297; 6,180,370; 6,407,213; 6,548,640; 6,632,927: 
and 6,639,055; Jones, et al. (1986) Nature 321: 522-525; 
Reichmann, et al. (1988) Nature 332: 323-327; Verhoeyen, et 
al. (1988) Science 239: 1534-36; and Zhiqiang An (2009) 
Ed. Therapeutic Monoclonal Antibodies. From Bench to 
Clinic John Wiley & Sons, Inc. Examples of humanized anti 
bodies include but are not limited to NEO-103 which selec 
tively binds the NPC-1 antigen (e.g., exemplary light chain 
are depicted in SEQ ID NO: 71-72 and heavy chain are 
depicted in SEQID NO: 73-74), 16C3 (hl6C3) which selec 
tively binds the 16C3 antigen (e.g., exemplary light chains are 
depicted in SEQID NOs: 85-89 and heavy chains depicted in 
SEQID NOs:90-94); NEO-201 (h16C3-Abb’) which selec 
tively binds the 16C3 antigen (e.g., exemplary light chain are 
depicted in SEQID NOs: 95-96 with CDRs are depicted in 
SEQID NOs: 97-99, heavy chain are depicted in SEQID NO: 
100-101 with CDRs are depicted in SEQID NOs: 102-104); 
and NEO-302 which selectively binds the A33 antigen (e.g., 
exemplary light chain are depicted in SEQID NO: 107-108 
and heavy chain are depicted in SEQID NO: 109-110). 

Antibody Fragments 

0179. In addition to entire immunoglobulins (or their 
recombinant counterparts), immunoglobulin fragments com 
prising the epitope binding site (e.g., Fab'. F(ab'), or other 
fragments) may be synthesized. "Fragment, or minimal 
immunoglobulins may be designed utilizing recombinant 
immunoglobulin techniques. For instance “Fv' immunoglo 
bulins for use in the present invention may be produced by 
synthesizing a fused variable light chain region and a variable 
heavy chain region. Combinations of antibodies are also of 
interest, e.g. diabodies, which comprise two distinct Fv speci 
ficities. Antigen-binding fragments of immunoglobulins 
include but are not limited to SMIPs (small molecule immu 
nopharmaceuticals), camelbodies, nanobodies, and IgNAR. 
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Anti-Idiotypic Antibody 

0180. An anti-idiotypic (anti-Id) antibody is an antibody 
which recognizes unique determinants generally associated 
with the antigen-binding site of an antibody. An Id antibody 
may be prepared by immunizing an animal of the same spe 
cies and genetic type (e.g., mouse strain) as the Source of the 
antibody with the antibody to which an anti-Id is being pre 
pared. The immunized animal will recognize and respond to 
the idiotypic determinants of the immunizing antibody by 
producing an antibody to these idiotypic determinants (the 
anti-Id antibody). See e.g., U.S. Pat. No. 4,699,880. The 
anti-Id antibody may also be used as an “immunogen' to 
induce an immune response in yet another animal, producing 
a so-called anti-anti-Id antibody. The anti-anti-Id may be 
epitopically identical to the original antibody which induced 
the anti-Id. Thus, by using antibodies to the idiotypic deter 
minants of an antibody it is possible to identify other clones 
expressing antibodies of identical specificity. Examples of 
anti-idiotypic antibodies include but are not limited to the 
4B6 antibody which selectively binds the NPC-1C (NEO 
101) antibody (e.g., exemplary light chain depicted in SEQ 
ID NO: 112 encoded by the nucleic acid of SEQID NO: 111 
with the CDRs depicted in SEQ ID NO: 113 and 114 along 
with CDR2 comprising Trp-Ala-Ser and heavy chain 
depicted in SEQID NO: 115 encoded by the nucleic acid of 
SEQ ID NO: 116 with the CDRs depicted in SEQ ID NO: 
117-119). 

Engineered and Modified Antibodies 
0181 An antibody of the invention further may be pre 
pared using an antibody having one or more of the VHand/or 
VL sequences derived from an antibody starting material to 
engineer a modified antibody, which modified antibody may 
have altered properties from the starting antibody. An anti 
body may be engineered by modifying one or more residues 
within one or both variable regions (i.e., VH and/or VL), for 
example within one or more CDR regions and/or within one 
or more framework regions. Additionally or alternatively, an 
antibody may be engineered by modifying residues within the 
constant region(s), for example to alter the effector function 
(s) of the antibody. 
0182 One type of variable region engineering that may be 
performed is CDR grafting. Antibodies interact with target 
antigens predominantly through amino acid residues that are 
located in the six heavy and light chain complementarity 
determining regions (CDRS). For this reason, the amino acid 
sequences within CDRs are more diverse between individual 
antibodies than sequences outside of CDRs. Because CDR 
sequences are responsible for most antibody-antigen interac 
tions, it is possible to express recombinant antibodies that 
mimic the properties of specific naturally occurring antibod 
ies by constructing expression vectors that include CDR 
sequences from the specific naturally occurring antibody 
grafted onto framework sequences from a different antibody 
with different properties. See, e.g., Riechmann, et al. (1998) 
Nature 332: 323-327: Jones, et al. (1986) Nature 321:522 
525; Queen, et al. (1989) Proc. Natl. Acad. U.S.A. 86: 10029 
10033; U.S. Pat. Nos. 5,225,539; 5,530,101: 5,585,089; 
5,693,762; and 6,180,370. 
0183 Suitable framework sequences may be obtained 
from public DNA databases or published references that 
include germline antibody gene sequences. For example, ger 
mline DNA sequences for human heavy and light chain vari 
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able region genes may be found in the “VBase' human ger 
mline sequence database (available on the Internet), as well as 
in Kabat, E. A., et al. (1991) Sequences of Proteins of Immu 
nological Interest, Fifth Edition, U.S. Department of Health 
and Human Services, NIH Publication No. 91-3242; Tomlin 
son, et al. (1992) “The Repertoire of Human Germline VH 
Sequences Reveals about Fifty Groups of VHSegments with 
Different Hypervariable Loops' J. Mol. Biol. 227: 776-798: 
and Cox, et al. (1994) Eur: J. Immunol. 24: 827-836. 
0.184 Another type of variable region modification is to 
mutate amino acid residues within the VHand/or VLCDR1, 
CDR2 and/or CDR3 regions to thereby improve one or more 
binding properties (e.g., affinity) of the antibody of interest. 
Site-directed mutagenesis or PCR-mediated mutagenesis 
may be performed to introduce the mutation(s) and the effect 
on antibody binding, or other functional property of interest, 
may be evaluated in appropriate in vitro or in vivo assays. 
Preferably conservative modifications (as discussed herein) 
may be introduced. The mutations may be amino acid Substi 
tutions, additions or deletions, but are preferably substitu 
tions. Moreover, typically no more than one, two, three, four 
or five residues within a CDR region are altered. 
0185 Engineered antibodies of the invention include 
those in which modifications have been made to framework 
residues within VH and/or VL, e.g. to improve the properties 
of the antibody. Typically such framework modifications are 
made to decrease the immunogenicity of the antibody. For 
example, one approach is to “backmutate' one or more 
framework residues to the corresponding germline sequence. 
More specifically, an antibody that has undergone Somatic 
mutation may contain framework residues that differ from the 
germline sequence from which the antibody is derived. Such 
residues may be identified by comparing the antibody frame 
work sequences to the germline sequences from which the 
antibody is derived. 
0186. In addition or alternative to modifications made 
within the framework or CDR regions, antibodies of the 
invention may be engineered to include modifications within 
the Fc region, typically to alter one or more functional prop 
erties of the antibody, such as serum half-life, complement 
fixation, Fc receptor binding, and/or antigen-dependent cel 
lular cytotoxicity. Furthermore, an antibody of the invention 
may be chemically modified (e.g., one or more chemical 
moieties may be attached to the antibody) or be modified to 
alter its glycosylation, again to alter one or more functional 
properties of the antibody. Such embodiments are described 
further below. The numbering of residues in the Fc region is 
that of the EU index of Kabat. 
0187. The hinge region of CH1 may be modified such that 
the number of cysteine residues in the hinge region is altered, 
e.g., increased or decreased. See U.S. Pat. No. 5,677.425. The 
number of cysteine residues in the hinge region of CH1 may 
be altered to, for example, facilitate assembly of the light and 
heavy chains or to increase or decrease the stability of the 
antibody. 
0188 The Fc hinge region of an antibody may be mutated 
to decrease the biological half life of the antibody. More 
specifically, one or more amino acid mutations may be intro 
duced into the CH2-CH3 domain interface region of the Fc 
hinge fragment such that the antibody has impaired Staphy 
lococcyl protein A (SpA) binding relative to native Fc-hinge 
domain SpA binding. See, e.g., U.S. Pat. No. 6,165,745. 
0189 The antibody may be modified to increase its bio 
logical half life. Various approaches are possible. For 
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example, one or more of the following mutations may be 
introduced: T252L. T254S, T256F. See U.S. Pat. No. 6,277, 
375. Alternatively, to increase the biological half life, the 
antibody may be altered within the CH1 or CL region to 
contain a salvage receptor binding epitope taken from two 
loops of a CH2 domain of an Fc region of an IgG. See U.S. 
Pat. Nos. 5,869,046 and 6,121,022. 
0190. The Fc region may be altered by replacing at least 
one amino acid residue with a different amino acid residue to 
alter the effector function(s) of the antibody. For example, one 
or more amino acids selected from amino acid residues 234, 
235,236,237,297,318,320 and 322 may be replaced with a 
different amino acid residue such that the antibody has an 
altered affinity for an effector ligand but retains the antigen 
binding ability of the parent antibody. The effector ligand to 
which affinity may be altered may be, for example, an Fc 
receptor or the C1 component of complement. See U.S. Pat. 
Nos. 5,624,821 and 5,648,260. 
0191 The Fc region may be modified to increase the abil 

ity of the antibody to mediate antibody dependent cellular 
cytotoxicity (ADCC) and/or to increase the affinity of the 
antibody for an Fcy receptor by modifying one or more amino 
acids at the following positions: 238,239, 248,249,252,254, 
255, 256, 258, 265, 267, 268,269, 270, 272, 276, 278, 280, 
283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298,301, 
303, 305,307, 309, 312,315, 320, 322, 324, 326, 327, 329, 
330, 331,333,334, 335, 337,338,340,360, 373, 376, 378, 
382,388, 389,398, 414, 416,419,430,434,435, 437, 438 or 
439. See WO 00/42072. Moreover, the binding sites on 
human IgG1 for FcyRI, FcyRIII and FcRn have been mapped 
and variants with improved binding. See Shields, et al. (2001) 
J. Biol. Chem. 276: 6591-6604. Specific mutations at posi 
tions 256, 290, 298,333,334 and 339 are shown to improve 
binding to FcyRIII. Additionally, the following combination 
mutants are shown to improve FcyRIII binding: T256A/ 
S298A, S298A/E333A, S298A/K224A and S298A/E333A/ 
K334A. 

0.192 The glycosylation of an antibody may be modified. 
For example, an aglycoslated antibody may be made (i.e., the 
antibody lacks glycosylation). Glycosylation may be altered 
to, for example, increase the affinity of the antibody for anti 
gen. Such carbohydrate modifications may be accomplished 
by, for example, altering one or more sites of glycosylation 
within the antibody sequence. For example, one or more 
amino acid Substitutions may be made that result in elimina 
tion of one or more variable region framework glycosylation 
sites to thereby eliminate glycosylation at that site. Such 
aglycosylation may increase the affinity of the antibody for 
antigen. See, e.g., U.S. Pat. Nos. 5,714,350 and 6,350,861. 
0193 Additionally or alternatively, an antibody may be 
made that has an altered type of glycosylation, Such as a 
hypoflucosylated antibody having reduced amounts of fuco 
Syl residues or an antibody having increased bisecting 
GlcNac structures. Such altered glycosylation patterns have 
been demonstrated to increase the ADCC ability of antibod 
ies. Such carbohydrate modifications may be accomplished 
by, for example, expressing the antibody in a host cell with 
altered glycosylation machinery. Cells with altered glycosy 
lation machinery have been described in the art and may be 
used as host cells in which to express recombinant antibodies 
of the invention to thereby produce an antibody with altered 
glycosylation. See U.S. Patent Application Publication No. 
2004/01 10704 and Yamane-Ohnuki, et al. (2004) Biotechnol 
Bioeng. 87: 614-22; EP 1,176, 195; WO 2003/035.835; 
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Shields, et al. (2002).J. Biol. Chem. 277: 26733-26740; WO 
99/54342; Umana, et al. (1999) Nat. Biotech. 17: 176-180; 
and Tarentino, et al. (1975) Biochem. 14: 5516-23. 
0194 An antibody may be Pegylated to, for example, 
increase the biological (e.g., serum) half life of the antibody. 
To pegylate an antibody, the antibody, or fragment thereof, 
typically is reacted with polyethylene glycol (PEG), such as a 
reactive ester or aldehyde derivative of PEG, under conditions 
in which one or more PEG groups become attached to the 
antibody or antibody fragment. Preferably, the pegylation is 
carried out via an acylation reaction oran alkylation reaction 
with a reactive PEG molecule (or an analogous reactive 
water-soluble polymer). 
0.195 The invention also provides variants and equivalents 
that are substantially homologous to the antibodies, antibody 
fragments, diabodies, SMIPs, camelbodies, nanobodies, 
IgNAR, polypeptides, variable regions and CDRs set forth 
herein. These may contain, e.g., conservative Substitution 
mutations, (i.e., the Substitution of one or more amino acids 
by similar amino acids). For example, conservative Substitu 
tion refers to the substitution of an amino acid with another 
within the same general class, e.g., one acidic amino acid with 
another acidic amino acid, one basic amino acid with another 
basic amino acid, or one neutralamino acid by another neutral 
amino acid. 

Methods of Engineering Antibodies 
0196. Antibodies having VHand VL sequences disclosed 
herein may be used to create new variant antibodies by modi 
fying the VH and/or VL sequences, or the constant region(s) 
attached thereto. Thus, the structural features of an variant 
antibody of the invention, are used to create structurally 
related variant antibodies that retain at least one functional 
property of the antibodies of the invention, such as binding to 
NPC-1, 16C3, or A33 antigen. For example, one or more 
CDR regions of one NPC-1 variant antibody, 16C3 variant 
antibody, or 31.1 variant antibody, or mutations thereof, may 
be combined recombinantly with known framework regions 
and/or other CDRs to create additional, recombinantly-engi 
neered, anti-NPC-1, anti-16C3, or anti-A33 antibodies (e.g., 
antibodies which bind the NPC-1, 16C3, or A33 antigen) of 
the invention, as discussed herein. The starting material for 
the engineering method may be one or more of the VH and/or 
VK sequences provided herein, or one or more CDR regions 
thereof. To create the engineered antibody, it is not necessary 
to actually prepare (i.e., express as a protein) an antibody 
having one or more of the VHand/or VK sequences provided 
herein, or one or more CDR regions thereof. Rather, the 
information contained in the sequence(s) is used as the start 
ing material to create a 'second generation” sequence(s) 
derived from the original sequence(s) and then the 'second 
generation’ sequence(s) is prepared and expressed as a pro 
tein. Standard molecular biology techniques may be used to 
prepare and express altered antibody sequence. 
(0197) The antibody encoded by the altered antibody 
sequence(s) may retain one, some or all of the functional 
properties of the anti-NPC-1 antigen, anti-16C3 antigen, or 
anti-A33 antigen antibodies produced by methods and with 
sequences provided herein, which functional properties 
include binding to NPC-1, 16C3, or A33 variant antigen with 
a specific KD level or less and/or modulating immune cell 
activity, and/or selectively binding to desired target cells Such 
as, for example, colorectal carcinoma, lung cancer, prostate 
cancer, pancreas cancer, ovarian cancer, gastric cancer, and 
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liver cancer. The functional properties of the altered antibod 
ies may be assessed using standard assays available in the art 
and/or described herein. 
0198 Mutations may be introduced randomly or selec 

tively along all or part of an anti-NPC-1, anti-16C3 antibody, 
or anti-A33 antibody coding sequence and the resulting 
modified anti-NPC-1 antibodies, anti-16C3 antibodies, or 
anti-A33 antibodies may be screened for binding activity 
and/or other desired functional properties. See WO 2002/ 
O92780 and WO 2003/074679. 
Nucleic Acids Encoding Antibodies that Selectively Bind the 
NPC-1, 16C3, or 31.1 Epitope 
0199 Another aspect of the invention pertains to nucleic 
acid molecules that encode the antibodies of the invention 
which bind the NPC-1, 16C3, or A33 antigen. The nucleic 
acids may be present in whole cells, in a cell lysate, or in a 
partially purified or Substantially pure form. A nucleic acid 
may be isolated by purification away from other cellular 
components or other contaminants (e.g., other cellular 
nucleic acids or proteins) by standard techniques, including 
alkaline/SDS treatment, CsCl banding, column chromatog 
raphy, agarose gel electrophoresis and others well known in 
the art. See Ausubel, et al. (2011) Current Protocols in 
Molecular Biology John Wiley & Sons, Inc. A nucleic acid of 
the invention may be, for example, DNA or RNA and may or 
may not contain intronic sequences. The nucleic acid may be 
a cDNA molecule. 
0200 Exemplary nucleic acids that encode polypeptides 
for antibodies that bind NPC-1 antigen are provided in SEQ 
ID NOs: 51, 56,61, 66,71, and 73 (encoding the polypeptides 
of SEQ ID NO: 52, 57, 62, 67, 72, and 74, respectively) 
including antibody light chains (SEQID NO:51, 61, and 71), 
antibody heavy chains (SEQID NO: 52, 62, and 72). Addi 
tionally, exemplary NPC-1 antibody polypeptides include 
humanized light chain (SEQ ID NO: 71) and humanized 
heavy chain (SEQID NO: 73). 
0201 Exemplary nucleic acids the encode polypeptides 
for anti-idiotype antibodies directed against an NPC-1 anti 
body are provided in SEQID NOs: 111 and 115 (encoding the 
polypeptides of SEQ ID NO: 112 and 116, respectively) 
including antibody light chain (SEQ ID NO: 111), antibody 
heavy chains (SEQID NO: 116). 
0202) Exemplary nucleic acids that encode polypeptides 
for antibodies that bind 16C3 antigen are provided in SEQID 
NOs: 75,80, 95, and 100 (encoding the polypeptides of SEQ 
ID NO: 76, 81.96, and 101, respectively) including antibody 
light chains (SEQID NOs: 75 and 95), antibody heavy chains 
(SEQ ID NOs: 80 and 100). 
0203 Exemplary nucleic acids that encode polypeptides 
for antibodies that bind A33 antigen are provided in SEQID 
NOs: 107 and 109 (encoding the polypeptides of SEQID NO: 
108 and 110, respectively) including antibody light chains 
(SEQ ID NO: 107), antibody heavy chains (SEQ ID NO: 
109). 
0204 Nucleic acids of the invention may be obtained 
using standard molecular biology techniques. For antibodies 
expressed by hybridomas (e.g., hybridomas prepared from 
transgenic mice carrying human immunoglobulin genes as 
described further below), cDNAs encoding the light and 
heavy chains of the antibody made by the hybridoma may be 
obtained by standard PCR amplification or cDNA cloning 
techniques. For antibodies obtained from an immunoglobulin 
gene library (e.g., using phage display techniques), nucleic 
acid encoding the antibody may be recovered from the library. 
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0205 Specifically, degenerate codon substitutions may be 
achieved by generating, e.g., sequences in which the third 
position of one or more selected codons is substituted with 
mixed-base and/or deoxyinosine residues. Batzer, et al. 
(1991) Nucleic Acid Res. 19:5081; Ohtsuka, et al. (1985).J. 
Biol. Chem. 260: 2605-08: Rossolini, et al. (1994) Mol. Cell. 
Probes 8: 91-98. 
0206. Once DNA fragments encoding VH and VL seg 
ments are obtained, these DNA fragments may be further 
manipulated by standard recombinant DNA techniques, for 
example to convert the variable region genes to full-length 
antibody chain genes, to Fab fragment genes or to a schv 
gene. In these manipulations, a VL- or VH-encoding DNA 
fragment is operatively linked to another DNA fragment 
encoding another protein, Such as an antibody constant region 
or a flexible linker. 
0207. The isolated DNA encoding the VH region may be 
converted to a full-length heavy chain gene by operatively 
linking the VH-encoding DNA to another DNA molecule 
encoding heavy chain constant regions (CH1, CH2 and CH3). 
The sequences of human heavy chain constant region genes 
are known in the art (see, e.g., Kabat, et al. (1991) Sequences 
of Proteins of Immunological Interest, Fifth Edition, U.S. 
Department of Health and Human Services, NIH Publication 
No. 91-3242) and DNA fragments encompassing these 
regions may be obtained by standard PCR amplification. The 
heavy chain constant region may be an IgG1, IgG2, IgG3. 
IgG4, IgA, IgE, IgM, or Ig) constant region, but most pref 
erably is an IgG1 or IgG4 constant region. For a Fab fragment 
heavy chain gene, the VH-encoding DNA may be operatively 
linked to another DNA molecule encoding only the heavy 
chain CH1 constant region. 
0208. The isolated DNA encoding the VL region may be 
converted to a full-length light chain gene (as well as a Fab 
light chain gene) by operatively linking the VL-encoding 
DNA to another DNA molecule encoding the light chain 
constant region, CL. The sequences of human light chain 
constant region genes are known in the art (see, e.g., Kabat, et 
al. (1991) Sequences of Proteins of Immunological Interest 
Fifth Edition, U.S. Department of Health and Human Ser 
vices, NIH Publication No. 91-3242) and DNA fragments 
encompassing these regions may be obtained by standard 
PCR amplification. The light chain constant region may be a 
kappa or lambda constant region, but most preferably is a 
kappa constant region. 
0209 To create a schv gene, the VH- and VL-encoding 
DNA fragments are operatively linked to another fragment 
encoding a flexible linker, e.g., encoding the amino acid 
sequence (Gly4-Ser). Such that the VH and VL sequences 
may be expressed as a contiguous single-chain protein, with 
the VL and VH regions joined by the flexible linker. See, e.g., 
Bird, et al. (1988) Science 242:423-426; Huston, et al. (1988) 
Proc. Natl. Acad. Sci. USA 85:5879-5883; McCafferty, et al. 
(1990) Nature 348: 552-554. 

Methods of Producing Antibodies and Fragments Thereof. 
0210. The present invention also provides methods for 
producing antibodies and fragments thereof. Methods of pro 
ducing antibodies are well known to those of ordinary skill in 
the art. For example, methods of producing chimericantibod 
ies are now well known in the art. See, e.g., U.S. Pat. No. 
4,816,567; Morrison, et al. (1984) PNAS USA 81:8651-55; 
Neuberger, et al. (1985) Nature 314: 268-270; Boulianne, et 
al. (1984) Nature 312: 643-46. 
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0211 For example, antibodies or antigen binding frag 
ments may be produced by genetic engineering. In this tech 
nique, as with other methods, antibody-producing cells are 
sensitized to the desired antigen or immunogen. The messen 
ger RNA isolated from antibody producing cells is used as a 
template to make cDNA using PCR amplification. A library 
of Vectors, each containing one heavy chain gene and one 
light chain gene retaining the initial antigen specificity, is 
produced by insertion of appropriate sections of the amplified 
immunoglobulin cDNA into the expression vectors. A com 
binatorial library is constructed by combining the heavy 
chain gene library with the light chain gene library. This 
results in a library of clones which co-express a heavy and 
light chain (resembling the Fab fragment or antigen binding 
fragment of an antibody molecule). The vectors that carry 
these genes are co-transfected into a host cell. When antibody 
gene synthesis is induced in the transfected host, the heavy 
and light chain proteins self-assemble to produce active anti 
bodies that may be detected by Screening with the antigen or 
immunogen. 
0212 Antibodies, and fragments thereof, of the invention 
may also be produced by constructing, using conventional 
techniques well known to those of ordinary skill in the art, an 
expression vector containing an operon and a DNA sequence 
encoding an antibody heavy chain in which the DNA 
sequence encoding the CDRS required for antibody specific 
ity is derived from a non-human cell source, while the DNA 
sequence encoding the remaining parts of the antibody chain 
is derived from a human cell source. Furthermore, the inven 
tion relates to vectors, especially plasmids, cosmids, viruses, 
bacteriophages and other vectors common in genetic engi 
neering, which contain the above-mentioned nucleic acid 
molecules of the invention. The nucleic acid molecules con 
tained in the vectors may be linked to regulatory elements that 
ensure the transcription in prokaryotic and eukaryotic cells. 
0213 Vectors contain elements that facilitate manipula 
tion for the expression of a foreign protein within the target 
host cell. Conveniently, manipulation of sequences and pro 
duction of DNA for transformation is first performed in a 
bacterial host (e.g., E. coli) and usually vectors will include 
sequences to facilitate such manipulations, including a bac 
terial origin of replication and appropriate bacterial selection 
marker. Selection markers encode proteins necessary for the 
Survival or growth of transformed host cells grown in a selec 
tive culture medium. Host cells not transformed with the 
vector containing the selection gene will not Survive in the 
culture medium. Typical selection genes encode proteins that 
confer resistance to antibiotics or other toxins, complement 
auxotrophic deficiencies, or Supply critical nutrients not 
available from complex media. Exemplary vectors and meth 
ods for transformation of yeast are described in the art. See, 
e.g., Burke, et al. (2000) Methods in Yeast Genetics Cold 
Spring Harbor Laboratory Press. 
0214. The polypeptide coding sequence of interest may be 
operably linked to transcriptional and translational regulatory 
sequences that provide for expression of the polypeptide in 
yeast cells. These vector components may include, but are not 
limited to, one or more of the following: an enhancer element, 
a promoter, and a transcription termination sequence. 
Sequences for the secretion of the polypeptide may also be 
included (e.g., a signal sequence). 
0215 Nucleic acids are “operably linked when placed 
into a functional relationship with another nucleic acid 
sequence. For example, DNA for a signal sequence is oper 
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ably linked to DNA for a polypeptide if it is expressed as a 
preprotein that participates in the secretion of the polypep 
tide; a promoter or enhancer is operably linked to a coding 
sequence if it affects the transcription of the sequence. Gen 
erally, “operably linked’ refers broadly to contiguous linked 
DNA sequences, and, in the case of a secretory leader, con 
tiguous and in reading frame. However, enhancers do not 
have to be contiguous. 
0216) Promoters are untranslated sequences located 
upstream (5') to the start codon of a structural gene (generally 
within about 100 to 1000 bp) that control the transcription and 
translation of particular nucleic acid sequences to which they 
are operably linked. Such promoters fall into several classes: 
inducible, constitutive, and repressible promoters (e.g., that 
increase levels of transcription in response to absence of a 
repressor). Inducible promoters may initiate increased levels 
of transcription from DNA under their control in response to 
Some change in culture conditions (e.g., the presence or 
absence of a nutrient or a change in temperature.) 
0217. A second expression vector may be produced using 
the same conventional means well known to those of ordinary 
skill in the art, said expression vector containing an operon 
and a DNA sequence encoding an antibody light chain in 
which the DNA sequence encoding the CDRs required for 
antibody specificity is derived from a non-human cell source, 
preferably a rabbit B-cell source, while the DNA sequence 
encoding the remaining parts of the antibody chain is derived 
from a human cell source. 

0218. The expression vectors are transfected into a host 
cell by convention techniques well knownto those of ordinary 
skill in the art to produce a transfected host cell, said trans 
fected host cell cultured by conventional techniques well 
known to those of ordinary skill in the art to produce said 
antibody polypeptides. 
0219. The host cell may be co-transfected with the two 
expression vectors described above, the first expression vec 
tor containing DNA encoding an operon and a light chain 
derived polypeptide and the second vector containing DNA 
encoding an operon and a heavy chain-derived polypeptide. 
The two vectors contain different selectable markers, but 
preferably achieve substantially equal expression of the 
heavy and light chain polypeptides. Alternatively, a single 
vector may be used, the vector including DNA encoding both 
the heavy and light chain polypeptides. The coding sequences 
for the heavy and light chains may comprise cDNA, genomic 
DNA, or both. 
0220. The host cells used to express the antibodies, and 
fragments thereof, may be either a bacterial cell such as E. 
coli, or a eukaryotic cell. A mammalian cell of a well-defined 
type for this purpose. Such as a myeloma cell, a Chinese 
hamster ovary (CHO), a NSO, or a HEK293 cell line may be 
used. 

0221) The general methods by which the vectors may be 
constructed, transfection methods required to produce the 
host cell and culturing methods required to produce the anti 
bodies, and fragments thereof, from said host cells all include 
conventional techniques. Although preferably the cell line 
used to produce the antibody is a mammalian cell line, any 
other suitable cell line, such as a bacterial cell line such as an 
E. coli-derived bacterial strain, or a yeast cell line, may be 
used. 

0222 Similarly, once produced the antibodies may be 
purified according to standard procedures in the art, such as 
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for example cross-flow filtration, ammonium Sulphate pre 
cipitation, and affinity column chromatography. 
0223 Generation of Monoclonal Antibodies that Bind a 
NPC-1, 16C3, or 31.1 Epitope Using Animals 
0224. The antibodies of the invention that selectively bind 
the NPC-1, 16C3, or A33 antigen may be human monoclonal 
antibodies. Such human monoclonal antibodies directed 
against a NPC-1, 16C3, or A33 antigen may be generated 
using transgenic or transchromosomic mice carrying parts of 
the human immune system rather than the mouse system. 
These transgenic and transchromosomic mice include mice 
referred to herein as the HuMAb Mouse(R) and KM Mouse(R) 
respectively, and are collectively referred to herein as “human 
Ig mice.” The HuMAb MouseR (Medarex. Inc.) contains 
human immunoglobulin gene miniloci that encode unrear 
ranged human heavy (O and D) and D light chain immuno 
globulin sequences, together with targeted mutations that 
inactivate the endogenous D and D chain loci. See, e.g., 
Lonberg, et al. (1994) Nature 368(6474): 856-859. Accord 
ingly, the mice exhibit reduced expression of mouse IgM or 

, and in response to immunization, the introduced human 
heavy and light chain transgenes undergo class Switching and 
Somatic mutation to generate high affinity human IgG 
monoclonal. Lonberg (1994) Handbook of Experimental 
Pharmacology 113: 49-101; Lonberg and Huszar (1995) 
Intern. Rev. Immunol. 13: 65-93, and Harding and Lonberg 
(1995) Ann. NY. Acad. Sci. 764: 536-546. The preparation 
and use of the HuMab Mouse(R), and the genomic modifica 
tions carried by such mice, is further described in Taylor, et al. 
(1992) Nucleic Acids Research 20: 6287-6295: Chen, et al. 
(1993) International Immunology 5:647-656: Tuaillon, et al. 
(1993) Proc. Natl. Acad. Sci. USA90: 3720-3724; Choi, et al. 
(1993) Nature Genetics 4: 117-123; Chen, et al. (1993) 
EMBO J. 12: 821-830; Tuaillon, et al. (1994) J. Immunol. 
152: 2912-2920; Taylor, et al. (1994) International Immunol 
ogy 6:579-591; and Fishwild, et al. (1996) Nature Biotech 
nology 14: 845-851. See further, U.S. Pat. Nos. 5,545,806; 
5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397; 
5,661,016; 5,814,318; 5,874,299; 5,770,429; and 5,545,807; 
WO92/03918, WO 93/12227, WO 94/25585; WO97/13852; 
WO 98/24884; WO99/45962; and WO 01/14424. 
0225 Human anti-NPC-1, anti-16C3 antibodies, and/or 
anti-A33 antibodies (e.g., antibodies which selectively bind 
the NPC-1, 16C3, or A33 antigens) of the invention may be 
raised using a mouse that carries human immunoglobulin 
sequences on transgenes and transchromosomes, such as a 
mouse that carries a human heavy chain transgene and a 
human light chain transchromosome. Such mice, referred to 
herein as “KM Mice(R', are described in detail in WO 
O2/43478. 

0226 Still further, alternative transgenic animal systems 
expressing human immunoglobulin genes are available in the 
art and may be used to raise anti-NPC-1, anti-16C3 antibod 
ies, and/oranti-A33 antibodies of the invention. For example, 
an alternative transgenic system referred to as the Xenomouse 
(Abgenix, Inc.) may be used; Such mice are described in, for 
example, U.S. Pat. Nos. 5,939,598; 6,075,181; 6,114,598: 
6,150,584 and 6,162,963. 
0227. Moreover, alternative transchromosomic animal 
systems expressing human immunoglobulin genes are avail 
able in the art and may be used to raise anti-NPC-1, anti-16C3 
antibodies, and/or anti-A33 antibodies of the invention. For 
example, mice carrying both a human heavy chain transchro 
mosome and a human light chain transchromosome, referred 
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to as “TC mice' may be used. See Tomizuka, et al. (2000) 
Proc. Natl. Acad. Sci. USA 97: 722-727. Furthermore, cows 
carrying human heavy and light chain transchromosomes 
have been described in the art (Kuroiwa, et al. (2002) Nature 
Biotechnology 20: 889-894) and may be used to raise anti 
NPC-1, anti-16C3 antibodies, and/or anti-A33 antibodies of 
the invention. 
0228 Human monoclonal antibodies of the invention may 
also be prepared using phage display methods for Screening 
libraries of human immunoglobulin genes. Such phage dis 
play methods for isolating human antibodies are established 
in the art. See, for example, U.S. Pat. Nos. 5.223,409; 5,403, 
484: 5,571,698; 5,427,9085,580,717; 5,969,108; 6,172,197; 
5,885,793; 6,521,404: 6,544,731; 6,555,313; 6,582,915 and 
6,593,081. 
0229 Human monoclonal antibodies of the invention may 
also be prepared using SCID mice into which human immune 
cells have been reconstituted such that a human antibody 
response may be generated upon immunization. See, e.g., 
U.S. Pat. Nos. 5,476,996 and 5,698,767. 
0230. When human Ig mice are used to raise human anti 
bodies of the invention, such mice may be immunized with a 
purified or enriched preparation of NPC-1, 16C3, and A33 
antigen polypeptide, as described by Lonberg, et al. (1994) 
Nature 368(6474): 856-859; Fishwild, et al. (1996) Nature 
Biotechnology 14: 845-851; WO 98/24884 and WO 
01/14424. Preferably, the mice will be 6-16 weeks of age 
upon the first infusion. For example, a purified or recombi 
nant preparation (5-50 ug) of NPC-1, 16C3, or A33 antigen 
may be used to immunize the human Ig mice intraperito 
neally. 
0231 Prior experience with various antigens by others has 
shown that the transgenic mice respond when initially immu 
nized intraperitoneally (IP) with antigen in complete Fre 
unds adjuvant, followed by every other week IP immuniza 
tions (up to a total of 6) with antigen in incomplete Freund's 
adjuvant. However, adjuvants other than Freund's are also 
found to be effective. In addition, whole cells in the absence 
of adjuvant are found to be highly immunogenic. The immune 
response may be monitored over the course of the immuni 
Zation protocol with plasma samples being obtained by ret 
roorbital bleeds. The plasma may be screened by ELISA (as 
described below), and mice with sufficient titers of anti-NPC 
1, anti-16C3, or anti-A33 human immunoglobulin may be 
used for fusions. Mice may be boosted intravenously with 
antigen 3 days before sacrifice and removal of the spleen. It is 
expected that 2-3 fusions for each immunization may need to 
be performed. Between 6 and 24 mice are typically immu 
nized for each antigen. Usually both HCo7 and HCo12 strains 
are used. In addition, both HCo7 and HCo12 transgene may 
be bred together into a single mouse having two different 
human heavy chain transgenes (HCo7/HCo12). Alternatively 
or additionally, the KM Mouse(R) strain may be used. 

Generation of Hybridomas Producing Human Monoclonal 
Antibodies of the Invention 

0232 To generate hybridomas producing human mono 
clonal antibodies of the invention, splenocytes and/or lymph 
node cells from immunized mice may be isolated and fused to 
an appropriate immortalized cell line. Such as a mouse 
myeloma cell line. The resulting hybridomas may be 
screened for the production of antigen-specific antibodies. 
For example, single cell Suspensions of splenic lymphocytes 
from immunized mice may be fused to one-sixth the number 
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of P3x63-Ag8.653 nonsecreting mouse myeloma cells 
(ATCC, CRL 1580) with 50% PEG. Cells may be plated at 
approximately 2x10 in flat bottom microtiter plate, fol 
lowed by a two week incubation in selective medium contain 
ing 20% fetal Clone Serum, 18% “653” conditioned media, 
5% origen (IGEN), 4 mM L-glutamine, 1 mM sodium pyru 
vate, 5 mM HEPES, 0.055 mM 2-mercaptoethanol, 50 units/ 
ml penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin 
and 1xEIAT (Sigma; the HAT is added 24 hours after the 
fusion). After approximately two weeks, cells may be cul 
tured in medium in which the HAT is replaced with HT. 
Individual wells may then be screened by ELISA for human 
monoclonal IgM and IgG antibodies. Once extensive hybri 
doma growth occurs, medium may be observed usually after 
10-14 days. The antibody secreting hybridomas may be 
replated, screened again, and if still positive for human IgG, 
the monoclonal antibodies may be subcloned at least twice by 
limiting dilution. The stable subclones may then be cultured 
in vitro to generate Small amounts of antibody in tissue cul 
ture medium for characterization. 
0233. To purify human monoclonal antibodies, selected 
hybridomas may be grown in two-liter spinner-flasks for 
monoclonal antibody purification. Supernatants may be fil 
tered and concentrated before affinity chromatography with 
protein A-Sepharose (Pharmacia, Piscataway, N.J.) Eluted 
IgG may be checked by gel electrophoresis and high perfor 
mance liquid chromatography to ensure purity. The buffer 
solution may be exchanged into PBS, and the concentration 
may be determined by OD280 using 1.43 extinction coeffi 
cient. The monoclonal antibodies may be aliquoted and 
Stored at -80° C. 

Polynucleotides Encoding NPC-1, 16C3, and A33 Antigen 
Polypeptides 

0234. The present invention also provides MUC5AC, 
CEACAM5, CEACAM6, and A33 antigen nucleotides which 
encode NPC-1, 16C3, or A33 antigen polypeptides. The 
present invention also provides polynucleotides comprising 
the nucleic acid sequences of SEQID NOS: 2 and 4 which 
encode MUC5AC polypeptides that comprise at least one 
NPC-1 antigen (e.g., the polypeptides of SEQID NOs: 3 and 
5, respectively). Additionally, polynucleotides comprising 
the nucleic acid sequences of SEQID NOs: 19 and 21 which 
encode CEACAM5 and CEACAM6 polypeptides that com 
prise an 16C3 antigen. The present invention also provides for 
fragments, sequences hybridizable with, and sequences 
homologous to the polynucleotide sequences described 
herein which are at least about 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99% or 100%. 
0235. The invention also provides polynucleotides com 
prising at least one NPC-1, 16C3, or A33 antigen sequence 
encoding similar polypeptides with different codon usage, 
altered sequences characterized by mutations, such as dele 
tion, insertion or Substitution of one or more nucleotides, 
either naturally occurring or man induced, either randomly or 
in a targeted fashion. The present invention also encompasses 
homologous nucleic acid sequences (e.g., which form a part 
of a polynucleotide sequence of the present invention), which 
include sequence regions unique to the polynucleotides of the 
present invention. 
0236. The present invention also encompasses nucleic 
acids encoding homologues of NPC-1, 16C3, and A33 anti 
gen polypeptides, such homologues can be at least about 
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80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
100% identical homologous to the amino acid sequences set 
forth herein, as may be determined using BlastP software of 
the National Center of Biotechnology Information (NCBI) 
using default parameters. The present invention also encom 
passes fragments of the above described polynucleotides and 
polypeptides having mutations. Such as deletions, insertions 
or Substitutions of one or more nucleic acids, either naturally 
occurring or man induced, either randomly or in a targeted 
fashion. 

0237 Nucleic acid molecules may encode a NPC-1, 16C3, 
or A33 antigen, or a functional fragment of said nucleic acid 
molecule. A “functional fragment of said nucleic acid 
includes a fragment of the gene or cDNA encoding said 
NPC-1, 16C3, or A33 antigen, which fragment is capable of 
being expressed to produce a NPC-1, 16C3, or A33 antigen 
capable of eliciting an immune response (e.g., antibodies 
which selectively bind the NPC-1, 16C3, or A33 antigen) 
Thus, for example, fragments of the NPC-1, 16C3, or A33 
antigen according to the invention which correspond to amino 
acid residues that contribute to the immunogenicity of the 
antigen and which fragments may serve to function as anti 
gens to elicit an immune response (e.g., humoral or cellular 
immune response.) This aspect of the invention also includes 
differentially spliced isoforms and transcriptional starts of the 
nucleic acids according to the invention. The nucleic acid 
molecules according to the invention also comprise frag 
ments, derivatives and allelic variants of the nucleic acid 
molecules described above that encodes a NPC-1, 16C3, or 
A33 antigen according to the invention. Methods and mate 
rials for making nucleic acids encoding fragments of NPC-1, 
16C3, and A33 antigens are well known in the art. See, e.g., 
Maniatis, et al. (2001) Molecular Cloning: A Laboratory 
Manual 13" Ed. Cold Spring Harbor Laboratory Press. 
0238 Furthermore, identity refers broadly to the that func 
tional and/or structural equivalence that exists between the 
nucleic acid molecules concerned or the proteins coded by 
them. The nucleic acid molecules, which are homologous to 
the molecules described above and constitute derivatives of 
these molecules, are generally variations of these molecules, 
which constitute modifications, which execute the same bio 
logical function. At the same time, the variations may occur 
naturally, for example they may be sequences from other 
species, or they may be mutants, wherein these mutants may 
have occurred in a natural manner or have been introduced by 
objective mutagenesis. The variations may also be syntheti 
cally manufactured sequences. The allelic variants may be 
both naturally occurring variants and also synthetically 
manufactured variants or variants produced by recombinant 
DNA techniques. Nucleic acid molecules, which deviate 
from nucleic acid molecules according to the invention due to 
degeneration of the genetic code, constitute a special form of 
derivatives. 

0239 Included also within the scope of the invention is 
any nucleotide sequence that encodes the amino acid 
sequence of NPC-1, 16C3, and A33 antigens thereof. Because 
the genetic code is degenerate, more than one codon may be 
used to encode a particular amino acid. Using the genetic 
code, one or more different nucleotides may be identified, 
each of which would be capable of encoding the amino acid. 
The probability that a particular nucleotide will, in fact, con 
stitute the actual codon encoding sequence may be estimated 
by considering abnormal base pairing relationships and the 
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frequency with which a particular codon is actually used (to 
encode a particular amino acid) in eukaryotic or prokaryotic 
cells expressing a NPC-1, 16C3, or A33 antigen thereof. Such 
“codon usage rules are disclosed by Lathe, et al. (1985) J. 
Molec. Biol. 183: 1-12. 

Modified NPC-1, 16C3, and A33 Antigen Polypeptides 
0240. The nucleotides of the present invention may be 
modified polynucleotides. Unmodified nucleotide are often 
less optimal in some applications, e.g., prone to degradation 
by cellular nucleases. Chemical modifications to one or more 
of the subunits of oligonucleotide may confer improved prop 
erties, e.g., may render polynucleotides more stable to 
nucleases. Typical oligonucleotide modifications are well 
known in the art and may include one or more of: (i) alter 
ation, e.g., replacement, of one or both of the non-linking 
phosphate oxygens and/or of one or more of the linking 
phosphate oxygens in the phosphodiester interSugar linkage; 
(ii) alteration, e.g., replacement, of a constituent of the ribose 
Sugar, e.g., of the modification or replacement of the 2' 
hydroxyl on the ribose Sugar; (iii) wholesale replacement of 
the phosphate moiety; (iv) modification or replacement of a 
naturally occurring base with a non-natural base; (V) replace 
ment or modification of the ribose-phosphate backbone, e.g. 
with peptide nucleic acid (PNA); (vi) modification of the 3' 
end or 5' end of the oligonucleotide; and (vii) modification of 
the Sugar, e.g., six membered rings. Polynucleotides used in 
accordance with this invention may be synthesized by any 
number of means well-known in the art, or purchased from a 
variety of commercial vendors (LC Sciences, Houston, Tex.; 
Promega, Madison, Wis.; Invitrogen, Carlsbad, Calif.). 
0241) Isolation and expression of the NPC-1, 16C3, or 
A33 antigen, or fragments or variants thereof, of the invention 
may be effected by well-established cloning procedures using 
probes or primers constructed based on the NPC-1, 16C3, or 
A33 antigen nucleic acids sequences disclosed in the appli 
cation. Related NPC-1, 16C3, or A33 antigen sequences may 
also be identified from human or other species genomic data 
bases using the sequences disclosed herein and known com 
puter-based search technologies, e.g., BLAST sequence 
searching. The pseudogenes disclosed herein may be used to 
identify functional alleles or related genes. 
0242 Expression vectors can then be used to infect or 
transfect host cells for the functional expression of these 
sequences. These genes and vectors can be made and 
expressed in vitro or in vivo. One of skill will recognize that 
desired phenotypes for altering and controlling nucleic acid 
expression can be obtained by modulating the expression or 
activity of the genes and nucleic acids (e.g., promoters, 
enhancers) within the vectors of the invention. Any of the 
known methods described for increasing or decreasing 
expression or activity can be used. 
0243 The polynucleotide sequences provided herein may 
be generated according to any oligonucleotide synthesis 
method known in the art Such as enzymatic synthesis or Solid 
phase synthesis. Equipment and reagents for executing solid 
phase synthesis are commercially available from, for 
example, Applied BioSystems. Any other means for Such 
synthesis may also be employed; the actual synthesis of the 
polynucleotides is well within the capabilities of one skilled 
in the art. See, e.g., Maniatis, et al. (2001) Molecular Clon 
ing: A Laboratory Manual 13" Ed. Cold Spring Harbor 
Laboratory Press; Swamy (2008) Laboratory Manual on Bio 
technology Rastogi Publications: Herdewijn (2005) Ed. 
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Methods in Molecular Biology. Oligonucleotide Synthesis: 
Methods and Applications Volume 288 Humana Press; and 
Rapley (2000) Ed. The Nucleic Acid Protocols Handbook 
Humana Press. Double-stranded DNA fragments may then be 
obtained either by synthesizing the complementary Strand 
and annealing the Strands together under appropriate condi 
tions, or by adding the complementary strand using DNA 
polymerase with an appropriate primer sequence. 
0244 Techniques for the manipulation of nucleic acids, 
Such as, for example, for generating mutations in sequences, 
Subcloning, labeling probes, sequencing, hybridization are 
well described in the scientific and patent literature. See, e.g., 
Sambrook, et al. (2001) (Eds.) Molecular Cloning. A Labo 
ratory Manual (3" Ed.) Cold Spring Harbor Laboratory; 
Ausubel, et al. (2011) Ed., Current Protocols in Molecular 
Biology, John Wiley & Sons, Inc., New York; Tijssen (1993) 
Ed. Laboratory Techniques in Biochemistry and Molecular 
Biology: Hybridization With Nucleic Acid Probes, Part I, 
Theory and Nucleic Acid Preparation, Elsevier, N.Y. 
0245) Hybridization and the strength of hybridization 
(e.g., the strength of the association between polynucle 
otides) is impacted by many factors well known in the art 
including the degree of complementarity between the poly 
nucleotides, and the stringency of the conditions involved, 
which is affected by such conditions as the concentration of 
salts, the presence of other components (e.g., the presence or 
absence of polyethylene glycol), the molarity of the hybrid 
izing strands and the G+C content of the polynucleotide 
strands, all of which results in a characteristic melting tem 
perature (T) of the formed hybrid. Techniques of nucleic 
acid hybridization are disclosed by Sambrook, et al. (2001) 
(Eds.) Molecular Cloning: A Laboratory Manual 13" Ed. 
Cold Spring Harbor Laboratory, and by Hayrnes, et al. (1985) 
in Nucleic Acid Hybridization, a Practical Approach (IRL 
Press, DC). Hybridization wash conditions may include wash 
solution of 0.2xSSC/0.1% SDS and incubation with rotation 
for 10 minutes at room temperature, (low stringency wash), 
wash solution of prewarmed (42°C.)0.2xSSC/0.1% SDS and 
incubation with rotation for 15 minutes at 42°C. (medium 
stringency wash) and wash solution of prewarmed (68° C.) 
0.1XSSC/0.1% SDS and incubation with rotation for 15 min 
utes at 68° C. (high stringency wash). See Ausubel, et al. 
(2011) Ed. Current Protocols in Molecular Biology John 
Wiley & Sons, Inc. 
0246 Oligonucleotide primers may be used to amplify 
nucleic acids encoding a NPC-1, 16C3, or A33 antigens. The 
nucleic acids described herein can also be cloned or measured 
quantitatively using amplification techniques. Amplification 
methods are also well known in the art, and include, e.g., 
polymerase chain reaction (PCR) (Innis (1990) Ed. PCR 
Protocols, a Guide to Methods and Applications, Academic 
Press, NY.: Innis (1995) Ed. PCR Strategies, Academic 
Press, Inc., NY.); ligase chain reaction (LCR) (Wu (1989) 
Genomics 4:560; Landegren (1988) Science 241: 1077; Bar 
ringer (1990) Gene 89: 117); transcription amplification 
(Kwoh (1989) PNAS86: 1173); self-sustained sequence rep 
lication (Guatelli (1990) PNAS 87: 1874); Q Beta replicase 
amplification (Smith (1997) J. Clin. Microbiol. 35: 1477 
91)); automated Q-beta replicase amplification assay (Burg 
(1996) Mol. Cell. Probes 10: 257-71); and other RNA poly 
merase mediated techniques (e.g., NASBA, Cangene, Mis 
sissauga, Ontario). See, also, Berger (1987) Methods Enzy 
mol. 152: 307-16; Sambrook, et al. (2001) (Eds.) Molecular 
Cloning: A Laboratory Manual (3" Ed.) Cold Spring Harbor 



US 2013/O 189268 A1 

Laboratory; Ausubel, et al. (2011) Ed. Current Protocols in 
Molecular Biology, John Wiley & Sons, Inc., New York; 
Maniatis, et al. (2001) Molecular Cloning: A Laboratory 
Manual 13" Ed. Cold Spring Harbor Laboratory Press; U.S. 
Pat. Nos. 4,683,195 and 4,683.202: Sooknanan (1995) Bio 
technology 13: 563-64. 
0247 Paradigms to design degenerate primer pairs are 
well known in the art. For example, a COnsensus-DEgenerate 
Hybrid Oligonucleotide Primer (CODEHOP) strategy com 
puter program is readily accessible and is directly linked from 
the BlockMaker multiple sequence alignment site for hybrid 
primer prediction beginning with a set of related protein 
sequences, such as the NPC-1, 16C3, and A33 antigen 
sequences provided herein. See, e.g., Rose (1998) Nucleic 
Acids Res. 26: 1628–35: Singh (1998) Biotechniques 24:318 
19. 
0248 Polymorphic variants, alleles, and interspecies 
homologs that are substantially identical to NPC-1, 16C3, or 
A33 antigens disclosed herein may be isolated using the 
nucleic acid probes described above. Alternatively, expres 
sion libraries can be used to clone NPC-1, 16C3, or A33 
antigen polypeptides and polymorphic variants, alleles, and 
interspecies homologs thereof, by detecting expressed 
homologs immunologically with antisera or purified antibod 
ies made against a NPC-1, 16C3, or A33 antigen polypeptide, 
which also recognize and selectively bind to the NPC-1, 
16C3, or A33 antigen homolog. 
0249 Nucleic acids that encode NPC-1, 16C3, and A33 
antigens may be generated by amplification (e.g., PCR) of 
appropriate nucleic acid sequences using appropriate (perfect 
ordegenerate) primer pairs. The amplified nucleic acid can be 
genomic DNA from any cell or tissue or mRNA or cDNA 
derived from NPC-1 and 16C3 expressing cells. Methods for 
expression of heterologous sequences in host cells are well 
known in the art. See, e.g., Maniatis, et al. (2001) Molecular 
Cloning: A Laboratory Manual 13" Ed. Cold Spring Harbor 
Laboratory Press. 

Fusion Proteins Comprising a NPC-1, 16C3, or A33 Antigen 
0250 Hybrid protein-coding sequences comprising 
nucleic acids encoding NPC-1, 16C3, or A33 antigens fused 
to a translocation sequences may be constructed. Also pro 
vided are hybrid NPC-1, 16C3, or A33 antigens comprising 
the motifs and antigenic regions. These nucleic acid 
sequences may be operably linked to transcriptional or trans 
lational control elements, e.g., transcription and translation 
initiation sequences, promoters and enhancers, transcription 
and translation terminators, polyadenylation sequences, and 
other sequences useful for transcribing DNA into RNA. In 
construction of recombinant expression cassettes, vectors, 
and transgenics, a promoter fragment can be employed to 
direct expression of the desired nucleic acid in all desired 
cells or tissues. 
0251 Fusion proteins may comprise C-terminal or N-ter 
minal translocation sequences. Further, fusion proteins can 
comprise additional elements, e.g., for protein detection, 
purification, or other applications. Detection and purification 
facilitating domains include, e.g., metal chelating peptides 
Such as polyhistidine tracts, histidine-tryptophan modules, or 
other domains that allow purification on immobilized metals: 
maltose binding protein; protein A domains that allow puri 
fication on immobilized immunoglobulin; or the domain uti 
lized in the FLAGS extension/affinity purification system 
(Immunex Corp, Seattle Wash.) 
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0252. The inclusion of a cleavable linker sequences such 
as Factor Xa (see, e.g., Ottavi, (1998) Biochimie 80: 289-93), 
subtilisin protease recognition motif (see, e.g., Polyak (1997) 
Protein Eng. 10: 615-19); enterokinase (Invitrogen, San 
Diego, Calif.), between the translocation domain (for effi 
cient plasma membrane expression) and the rest of the newly 
translated polypeptide may be useful to facilitate purification. 
For example, one construct can include a polypeptide encod 
ing a nucleic acid sequence linked to six histidine residues 
followed by a thioredoxin, an enterokinase cleavage site (see, 
e.g., Williams (1995) Biochemistry 34: 1787-97), and an 
C-terminal translocation domain. The histidine residues 
facilitate detection and purification while the enterokinase 
cleavage site provides a means for purifying the desired pro 
tein(s) from the remainder of the fusion protein. Technology 
pertaining to vectors encoding fusion proteins and applica 
tion of fusion proteins are well described in the scientific and 
patent literature. See, e.g., Kroll (1993) DNA Cell. Biol. 12: 
441-53. 

Systems for Recombinant Expression of the NPC-1, 16C3, 
and A33 Antigen 
0253 Expression vectors, either as individual expression 
vectors or as libraries of expression vectors, comprising the 
ligand-binding region encoding sequences may be introduced 
into a genome or into the cytoplasm or a nucleus of a cell and 
expressed by a variety of conventional techniques, well 
described in the scientific and patent literature. See, e.g., 
Sambrook, et al. (2001) Eds. Molecular Cloning. A Labo 
ratory Manual (3" Ed.) Cold Spring Harbor Laboratory; 
Ausubel, et al. (2011) Ed. Current Protocols in Molecular 
Biology John Wiley & Sons, Inc. 
0254 The nucleic acids can be expressed in expression 
cassettes, vectors or viruses which are stably or transiently 
expressed in cells (e.g., episomal expression systems). Selec 
tion markers can be incorporated into expression cassettes 
and vectors to confer a selectable phenotype on transformed 
cells and sequences. For example, selection markers can code 
for episomal maintenance and replication Such that integra 
tion into the host genome is not required. For example, the 
marker may encode antibiotic resistance (e.g., chlorampheni 
col, kanamycin, G418, bleomycin, hygromycin) or herbicide 
resistance (e.g., chlorosulfurone or Basta) to permit selection 
of those cells transformed with the desired DNA sequences. 
See, e.g., Ausubel, et al. (2011) Ed. Current Protocols in 
Molecular Biology John Wiley & Sons, Inc.; and Walker & 
Papley (2009) Molecular Biology and Biotechnology 15th 
Ed. Royal Society of Chemistry. Because selectable marker 
genes conferring resistance to Substrates like neomycin or 
hygromycin can only be utilized in tissue culture, chemore 
sistance genes are also used as selectable markers in vitro and 
in vivo. 
0255 To enable cellular expression of the polynucleotides 
of the present invention, a nucleic acid construct according to 
the present invention may be used, which includes at least a 
coding region of one of the above nucleic acid sequences, and 
further includes at least one cis acting regulatory element. 
Preferably, the promoter utilized by the nucleic acid construct 
of the present invention is active in the specific cell population 
transformed. Examples of cell type-specific and/or tissue 
specific promoters are well-known in the art. See Bernardi 
(2003) Ed. Gene Transfer and Expression in Mammalian 
Cells Volume 38 Elsevier Science B.V. The nucleic acid con 
struct of the present invention can further include an 
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enhancer, which can be adjacent or distant to the promoter 
sequence and can function in up regulating the transcription 
therefrom. 

0256 The nucleic acid construct of the present invention 
preferably further includes an appropriate selectable marker 
and/or an origin of replication. Preferably, the nucleic acid 
construct utilized is a shuttle vector, which can propagate 
both in E. coli (wherein the construct comprises an appropri 
ate selectable marker and origin of replication) and be com 
patible for propagation in cells, or integration in a gene and a 
tissue of choice. The construct according to the present inven 
tion can be, for example, a plasmid, a bacmid, a phagemid, a 
cosmid, a phage, a virus or an artificial chromosome. 
0257 Examples of suitable constructs include, but are not 
limited to, pcDNA3, pcDNA3.1 (+/-), pGL3, PZeoSV2 (+/-), 
pDisplay, pEF/myc/cyto, pCMV/myc/cy to each of which is 
commercially available from Invitrogen Co. (Carlsbad, 
Calif.) Examples of retroviral vector and packaging systems 
are those sold by Clontech (San Diego, Calif.), including 
Retro-X vectors plNCX and pLXSN, which permit cloning 
into multiple cloning sites and the transgene is transcribed 
from CMV promoter. Vectors derived from Mo-MuLV are 
also included such as pBabe, where the transgene will be 
transcribed from the 5' LTR promoter. 
0258. The recombinant expression vectors of the inven 
tion comprise a nucleic acid of the invention in a form Suitable 
for expression of the nucleic acid in a host cell, which means 
that the recombinant expression vectors include one or more 
regulatory sequences, selected on the basis of the host cells to 
be used for expression, that is operatively-linked to the 
nucleic acid sequence to be expressed. Within a recombinant 
expression vector, “operably-linked' is intended to mean that 
the nucleotide sequence of interest is linked to the regulatory 
sequence(s) in a manner that allows for expression of the 
nucleotide sequence (e.g., in an in vitro transcription/transla 
tion system or in a host cell when the vector is introduced into 
the host cell). 
0259. The term “regulatory sequence' is intended to 
includes promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory 
sequences are described, for example, in Goeddel (1990) 
Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. Regulatory sequences 
include those that direct constitutive expression of a nucle 
otide sequence in many types of host cell and those that direct 
expression of the nucleotide sequence only in certain host 
cells (e.g., tissue-specific regulatory sequences). It will be 
appreciated by those skilled in the art that the design of the 
expression vector can depend on Such factors as the choice of 
the host cell to be transformed, the level of expression of 
protein desired. The expression vectors of the invention can 
be introduced into host cells to thereby produce proteins or 
peptides, including fusion proteins or peptides, encoded by 
nucleic acids as described herein. 

0260 The recombinant expression vectors of the inven 
tion may be designed for production of variant proteins in 
prokaryotic or eukaryotic cells. For example, proteins of the 
invention can be expressed in bacterial cells such as Escheri 
chia coli, insect cells (e.g., using baculovirus expression vec 
tors), yeast cells, or mammalian cells. Suitable host cells are 
discussed further in Goeddel (1990) Gene Expression Tech 
nology Methods in Enzymology 185, Academic Press, San 
Diego, Calif. Alternatively, the recombinant expression vec 
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tor can be transcribed and translated in vitro, for example 
using T7 promoter regulatory sequences and T7 polymerase. 
0261 Expression of proteins in prokaryotes is most often 
carried out in Escherichia coli with vectors containing con 
stitutive or inducible promoters directing the expression of 
either fusion or non-fusion proteins. Fusion vectors add a 
number of amino acids to a protein encoded therein, to the 
amino or C terminus of the recombinant protein. Such fusion 
vectors typically serve three purposes: (i) to increase expres 
sion of recombinant protein; (ii) to increase the solubility of 
the recombinant protein; and (iii) to aid in the purification of 
the recombinant protein by acting as a ligand in affinity puri 
fication. Often, in fusion expression vectors, a proteolytic 
cleavage site is introduced at the junction of the fusion moiety 
and the recombinant protein to enable separation of the 
recombinant protein from the fusion moiety Subsequent to 
purification of the fusion protein. Such enzymes, and their 
cognate recognition sequences, include Factor Xa, thrombin, 
PreScission, TEV and enterokinase. Typical fusion expres 
sion vectors include pGEX (Pharmacia Biotech Inc.; Smith 
and Johnson (1988) Gene 67: 31-40), pMAL (New England 
Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, 
N.J.) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target 
recombinant protein. 
0262 The recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid may be in 
a particular cell type (e.g., tissue-specific regulatory elements 
are used to express the nucleic acid). Tissue-specific regula 
tory elements are known in the art. For efficient production of 
the protein, it is preferable to place the nucleotide sequences 
encoding the protein of the invention under the control of 
expression control sequences optimized for expression in a 
desired host. For example, the sequences may include opti 
mized transcriptional and/or translational regulatory 
sequences (e.g., altered Kozak sequences). 
0263. One strategy to maximize recombinant protein 
expression in E. coli is to express the protein in a host bacte 
rium with an impaired capacity to proteolytically cleave the 
recombinant protein. See, e.g., Gottesman (1990) Gene 
Expression Technology. Methods in Enzymology Academic 
Press, San Diego, Calif. 185: 119-128. Another strategy is to 
alter the nucleic acid sequence of the nucleic acid to be 
inserted into an expression vector so that the individual 
codons for each amino acid are those preferentially utilized in 
E. coli. See, e.g., Wada, et al. (1992) Nucl. Acids Res. 20: 
2111-21 18. Such alteration of nucleic acid sequences of the 
invention can be carried out by standard DNA synthesis tech 
niques. Another strategy to solve codon bias is by using 
BL21-codon plus bacterial strains (Invitrogen) or Rosetta 
bacterial strain (Novagen), these strains contain extra copies 
of rare E. coli tRNA genes. 
0264. The expression vector encoding for the protein of 
the invention may be a yeast expression vector. Examples of 
vectors for expression in yeast Saccharomyces cerevisiae 
include pYepSec1 (Baldari, et al. (1987) EMBO.J. 6: 229 
234), pMFa (Kurjan and Herskowitz (1982) Cell 30: 933 
943), p.JRY88 (Schultz, et al. (1987) Gene 54: 113-123), 
pYES2 (Invitrogen Corporation, San Diego, Calif.), and picz 
(Invitrogen Corp, San Diego, Calif.) 
0265 Alternatively, polypeptides of the present invention 
can be produced in insect cells using baculovirus expression 
vectors. Baculovirus vectors available for expression of pro 
teins in cultured insect cells (e.g., SF9 cells) include the pac 
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series (Smith, et al. (1983) Mol. Cell. Biol. 3: 2156-2165) and 
the pVL series (Lucklow and Summers (1989) Virology 170: 
31–39). In yet another embodiment, a nucleic acid of the 
invention is expressed in mammalian cells using a mamma 
lian expression vector. Examples of mammalian expression 
vectors include pCDM8 (Seed (1987) Nature 329: 840) and 
pMT2PC (Kaufman, et al. (1987) EMBO J. 6: 187-195), 
pIRESpuro (Clontech), puB6 (Invitrogen), pCEP4 (Invitro 
gen) pREP4 (Invitrogen), pcDNA3 (Invitrogen). When used 
in mammalian cells, the expression vector's control functions 
are often provided by viral regulatory elements. For example, 
commonly used promoters are derived from polyoma, aden 
ovirus 2, cytomegalovirus, Rous Sarcoma Virus, and simian 
virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see, e.g., Sambrook, et al. 
(2001) (Eds.) Molecular Cloning: A Laboratory Manual (3" 
Ed.) Cold Spring Harbor Laboratory. 
0266. A host cell can be any prokaryotic or eukaryotic cell. 
For example, protein of the invention can be produced in 
bacterial cells such as E. coli, insect cells, yeast, plant or 
mammalian cells (e.g., Chinese hamster ovary cells (CHO), 
COS, HEK293 cells). Other suitable host cells are known to 
those skilled in the art. 

0267 Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or transfec 
tion techniques. As used herein, the terms “transformation' 
and “transfection' are intended to refer to a variety of art 
recognized techniques for introducing foreign nucleic acid 
(e.g., DNA) into a host cell, including calcium phosphate or 
calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, or electroporation. Suitable meth 
ods for transforming or transfecting host cells can be found in 
Sambrook, et al. (2001) Eds. Molecular Cloning. A Labo 
ratory Manual (3" Ed.) Cold Spring Harbor Laboratory and 
other laboratory manuals. 
0268 Any of the well-known procedures for introducing 
foreign nucleotide sequences into host cells may be used. 
These include the use of calcium phosphate transfection, 
polybrene, protoplast fusion, electroporation, liposomes, 
microinjection, plasma vectors, viral vectors and any of the 
other well known methods for introducing cloned genomic 
DNA, cDNA, synthetic DNA or other foreign genetic mate 
rial into a host cell. See, e.g., Sambrook, et al. (2001) (Eds.) 
Molecular Cloning: A Laboratory Manual (3" Ed.) Cold 
Spring Harbor Laboratory and Walker & Papley (2009) 
Molecular Biology and Biotechnology (5' Ed. Royal Soci 
ety of Chemistry. It is only necessary that the particular 
genetic engineering procedure used be capable of Success 
fully introducing at least one nucleic acid molecule into the 
host cell capable of expressing the NPC-1, 16C3, and A33 
antigen, fragment, or variant of interest. 
0269. For stable transfection of mammalian cells, it is 
known that, depending upon the expression vector and trans 
fection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to 
identify and select these integrants, a gene that encodes a 
selectable marker (e.g., resistance to antibiotics) is generally 
introduced into the host cells along with the gene of interest. 
Various selectable markers include those that confer resis 
tance to drugs, such as G418, hygromycin, puromycin, blas 
ticidin and methotrexate. Nucleic acids encoding a selectable 
marker can be introduced into a host cell on the same vector 
as that encoding protein of the invention or can be introduced 
on a separate vector. Cells stably transfected with the intro 
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duced nucleic acid can be identified by drug selection (e.g., 
cells that have incorporated the selectable marker gene will 
survive, while the other cells die). 
0270. A host cell of the invention, such as a prokaryotic or 
eukaryotic host cell in culture, can be used to produce (i.e., 
express) protein of the invention. Accordingly, the invention 
further provides methods for producing proteins of the inven 
tion using the host cells of the invention. In one embodiment, 
the method comprises culturing the host cell of the present 
invention (into which a recombinant expression vector 
encoding protein of the invention has been introduced) in a 
suitable medium such that the protein of the invention is 
produced. In another embodiment, the method further com 
prises isolating protein of the invention from the medium or 
the host cell. 
0271 After the expression vector is introduced into the 
cells, the transfected cells are cultured under conditions 
favoring expression of the receptor, fragment, or variant of 
interest, which is then recovered from the culture using stan 
dard techniques. Examples of Such techniques are well 
known in the art. See, e.g., WO 00/06593. 
(0272 For example, the production of the NPC-1, 16C3, 
and 31.1 monoclonal antibodies described herein, a vector 
which allows for the insertion of both heavy and light chain 
genes, with transfection to CHO cells may be used to opti 
mize production. The plasmid vector pRc/CMV that we 
employed was designed with the intent of achieving high 
expression of our chimeric monoclonal antibodies. The vec 
tor has a cloning site which accepted the heavy and light chain 
genes, inserting them downstream from the human CMV. The 
vector allows antibody to be produced at levels greater than 
1000 mg/L in bioreactor media, so that therapeutic doses of 
250-500 mg may be delivered. 
0273 Monoclonal antibodies demonstrating minimal 
HAMA and high levels of ADCC, at doses of 200 mg to 400 
mg delivered every two weeks I.V. could be effective in con 
trolling metastatic cancer. At the present time we have chosen 
a newer vector which allows similar insertion of heavy and 
light chain genes, but has a potential for production in excess 
of 1000 mg/L of bioreactor fluid. Both plasmid vectors carry 
a dhfr expression unit driven by an enhancer-deficient SV40 
early promoter. The vector may be inserted into the CHO-D- 
SFM (dihydrofolate reductase (dhfr)-deficient Chinese ham 
ster ovary) cells in near serum-free medium Supplemented 
with 1.0 g/ml of methotrexate (MTX). At the end of the 
production, cells may be adapted to serum free media before 
final purification of the antibody. 

Labels 

0274 The antigens, antibodies and fragments thereof 
described herein may be modified post-translationally to add 
effector moieties such as chemical linkers, detectable moi 
eties Such as for example fluorescent dyes, enzymes, Sub 
strates, bioluminescent materials, radioactive materials, 
chemiluminescent moieties, a cytotoxic agent, radioactive 
materials, or functional moieties. 
0275 A wide variety of entities, e.g., ligands, may be 
coupled to the oligonucleotides as known in the art. Ligands 
may include naturally occurring molecules, or recombinant 
or synthetic molecules. Exemplary ligands include, but are 
not limited to, avadin, biotin, peptides, peptidomimetics, 
polylysine (PLL), polyethylene glycol (PEG), mPEG, cat 
ionic groups, spermine, spermidine, polyamine, thyrotropin, 
melanotropin, lectin, glycoprotein, Surfactant protein A, 
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mucin, glycosylated polyaminoacids, transferrin, aptamer, 
immunoglobulins (e.g., antibodies), insulin, transferrin, albu 
min, Sugar, lipophilic molecules (e.g., Steroids, bile acids, 
cholesterol, cholic acid, and fatty acids), vitamin A, vitamin 
E, vitamin K, vitamin B, folic acid, B12, riboflavin, biotin, 
pyridoxal, Vitamin cofactors, lipopolysaccharide, hormones 
and hormone receptors, lectins, carbohydrates, multivalent 
carbohydrates, radiolabeled markers, fluoroscent dyes, and 
derivatives thereof. See, e.g., U.S. Pat. Nos. 6,153,737; 6,172, 
208; 6,300,319; 6,335,434; 6,335,437; 6,395,437; 6,444,806; 
6,486,308; 6.525,031: 6,528,631; and 6,559,279. 
0276. Additionally, moieties may be added to the antigen 
or epitope to increase half-life in vivo (e.g., by lengthening 
the time to clearance from the blood stream. Such techniques 
include, for example, adding PEG moieties (also termed pegi 
lation), and are well-known in the art. See U.S. Patent Appli 
cation Publication No. 2003/003 1671. 
0277. An antigen, antibody or antigen binding fragment 
thereof, described herein may be “attached to a substrate 
when it is associated with the solid label through a non 
random chemical or physical interaction. The attachment 
may be through a covalent bond. However, attachments need 
not be covalent or permanent. Materials may be attached to a 
label through a “spacer molecule' or “linker group.” Such 
spacer molecules are molecules that have a first portion that 
attaches to the biological material and a second portion that 
attaches to the label. Thus, when attached to the label, the 
spacer molecule separates the label and the biological mate 
rials, but is attached to both. Methods of attaching biological 
material (e.g., label) to a label are well known in the art, and 
include but are not limited to chemical coupling. 

Detectable Labels 

(0278. The NPC-1, 16C3, and A33 antigens, antibodies and 
antigen-binding fragments thereof, described herein may be 
modified post-translationally to add effector labels such as 
chemical linkers, detectable labels such as for example fluo 
rescent dyes, enzymes, Substrates, bioluminescent materials, 
radioactive materials, and chemiluminescent labels, or func 
tional labels such as for example streptavidin, avidin, biotin, 
a cytotoxin, a cytotoxic agent, and radioactive materials. Fur 
ther exemplary enzymes include, but are not limited to, horse 
radish peroxidase, acetylcholinesterase, alkaline phos 
phatase, B-galactosidase and luciferase. Further exemplary 
fluorescent materials include, but are not limited to, 
rhodamine, fluorescein, fluorescein isothiocyanate, umbellif 
erone, dichlorotriazinylamine, phycoerythrin and dansyl 
chloride. Further exemplary chemiluminescent labels 
include, but are not limited to, luminol. Further exemplary 
bioluminescent materials include, but are not limited to, 
luciferin and aequorin. Further exemplary radioactive mate 
rials include, but are not limited to, bismuth-213 (Bs), 
carbon-14 (''C), carbon-11 (''C), chlorine-18 (Cl), chro 
mium-51 (Cr), cobalt-57 (Co), cobalt-60 ('Co), copper 
64 (Cu), copper-67 ('Cu), dysprosium-165 ("Dy), 
erbium-169 (''Er), fluorine-18 (F), gallium-67 ('Ga), 
gallium-68 (Ga), germanium-68 (Ge), holmium-166 
('Ho), indium-111 ('''In), iodine-125 ('I), iodine-123 
(''I), iodine-124 ('I), iodine-131 (''I), iridium-192 
('Ir), iron-59 (Fe), krypton-81 (Kr), lead-212 (Pb), 
lutetium-177 (77Lu), molybdenum-99 (Mo), nitrogen-13 
(N), oxygen-15 ('O), palladium-103 ('Pd), phosphorus 
32 (P), potassium-42 (K), (Re), rhenium-188 (Re), 
rubidium-81 ("Rb), rubidium-82 (Rb), samarium-153 
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('Sm), selenium-75 (Se), sodium-24 (Na), strontium 
82 (Sr), strontium-89 (Sr), sulfur 35 (S), technetium 
99m (Tc), thallium-201 ('T1), tritium (H), xenon-133 
(Xe), ytterbium-169 (Yb), ytterbium-177 (77Yb), and 
yttrium-90 ('Y). 
Cytotoxic Agents 

(0279. The NPC-1, 16C3, and A33 antigens, antibodies and 
antigen-binding fragments thereof, described herein may be 
conjugated to cytotoxic agents including, but are not limited 
to, methotrexate, aminopterin, 6-mercaptopurine, 6-thiogua 
nine, cytarabine, 5-fluorouracil decarbazine; alkylating 
agents such as mechlorethamine, thioepa chlorambucil, mel 
phalan, carmustine (BSNU), mitomycin C, lomustine 
(CCNU), 1-methylnitrosourea, cyclothosphamide, mechlo 
rethamine, buSulfan, dibromomannitol, Streptozotocin, mito 
mycin C, cis-dichlorodiamine platinum (II) (DDP) cisplatin 
and carboplatin (paraplatin); anthracyclines include dauno 
rubicin (formerly daunomycin), doxorubicin (adriamycin), 
detorubicin, caminomycin, idarubicin, epirubicin, mitox 
antrone and bisantrene; antibiotics include dactinomycin (ac 
tinomycin D), bleomycin, calicheamicin, mithramycin, and 
anthramycin (AMC); and antimytotic agents such as the 
Vinca alkaloids, Vincristine and vinblastine. Other cytotoxic 
agents include paclitaxel (TAX(R), ricin, pseudomonas exo 
toxin, gemcitabine, cytochalasin B, gramicidin D, ethidium 
bromide, emetime, etoposide, tenoposide, colchicin, dihy 
droxy anthracin dione, 1-dehydrotestosterone, glucocorti 
coids, procaine, tetracaine, lidocaine, propranolol, puromy 
cin, procarbazine, hydroxyurea, asparaginase, 
corticosteroids, mytotane (O.P'-(DDD)), interferons, and 
mixtures of these cytotoxic agents. 
0280 Further cytotoxic agents include, but are not limited 
to, chemotherapeutic agents such as carboplatin, cisplatin, 
paclitaxel, gemcitabine, calicheamicin, doxorubicin, 5-fluo 
rouracil, mitomycin C, actinomycin D, cyclophosphamide, 
Vincristine, bleomycin, VEGF antagonists, EGFR antago 
nists, platins, taxols, irinotecan, 5-fluorouracil, gemcytabine, 
leucovorine, Steroids, cyclophosphamide, melphalan, Vinca 
alkaloids (e.g., vinblastine, Vincristine, Vindesine and 
Vinorelbine), mustines, tyrosine kinase inhibitors, radio 
therapy, sex hormone antagonists, selective androgen recep 
tor modulators, selective estrogen receptor modulators, 
PDGFantagonists, TNF antagonists, IL-1 antagonists, inter 
leukins (e.g. IL-12 or IL-2), IL-12R antagonists, Toxin con 
jugated monoclonal antibodies, tumor antigen specific mono 
clonal antibodies, ErbituX(R), Avastin R, Pertuzumab, anti 
CD20 antibodies, Rituxan R), ocrelizumab. ofatumumab, 
DXL625, Herceptin R, or any combination thereof. Toxic 
enzymes from plants and bacteria Such as ricin, diphtheria 
toxin and Pseudomonas toxin may be conjugated to the 
humanized antibodies, or binding fragments thereof, togen 
erate cell-type-specific-killing reagents. Youle, et al. (1980) 
Proc. Nat'l Acad. Sci. USA 77: 5483; Gilliland, et al. (1980) 
Proc. Nat 'l Acad. Sci. USA 77:4539; Krolick, et al. (1980) 
Proc. Nat I Acad. Sci. USA 77: 5419. 
0281 Other cytotoxic agents include cytotoxic ribonu 
cleases. See U.S. Pat. No. 6,653,104. 
0282. The NPC-1, 16C3, and A33 antigens, antibodies and 
antigen-binding fragments thereof, described herein may be 
conjugated to a radionuclide that emits alpha or beta particles 
(e.g., radioimmunoconjuagtes). Such radioactive isotopes 
include but are not limited to beta-emitters such as phospho 
rus-32 (P), scandium-47 ('Sc), copper-67 ('Cu), gallium 
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67 (7Ga), yttrium-88 (Y), yttrium-90 ('Y), iodine-125 
('I), iodine-131 (I), samarium-153 ('Sm), lutetium 
177 (77Lu), rhenium-186 (Re), rhenium-188 (Re), and 
alpha-emitters such as astatine-211 (At), lead-212 ('Pb), 
bismuth-212 ('Bi), bismuth-213 ('Bi) or actinium-225 
(225Ac). 
0283 Methods are known in the art for conjugating a 
NPC-1, 16C3, and A33 antigens, antibodies and antigen 
binding fragments thereof, described hereinto a label. Such as 
those methods described by Hunter, et al (1962) Nature 144: 
945; David, et al. (1974) Biochemistry 13: 1014: Pain, et al. 
(1981).J. Immunol. Meth. 40: 219; and Nygren (1982) His 
to chem, and Cytochem, 30: 407. 

Substrates 

0284. The NPC-1, 16C3, and A33 antigens, antibodies and 
antigen-binding fragments thereof, described herein may be 
attached to a Substrate. A number of Substrates (e.g., Solid 
supports) known in the art are suitable for use with the NPC-1, 
16C3, and A33 antigens, antibodies and antigen-binding frag 
ments thereof, described herein. The substrate may be modi 
fied to contain channels or other configurations. See Fung 
(2004) Ed. Protein Arrays. Methods and Protocols Humana 
Press and Kambhampati (2004) Ed. Protein Microarray 
Technology John Wiley & Sons. 
0285 Substrate materials include, but are not limited to 
acrylics, agarose, borosilicate glass, carbon (e.g., carbon 
nanofiber sheets or pellets), cellulose acetate, cellulose, 
ceramics, gels, glass (e.g., inorganic, controlled-pore, modi 
fied, Soda-lime, or functionalized glass), latex, magnetic 
beads, membranes, metal, metalloids, nitrocellulose, 
NYLONR), optical fiber bundles, organic polymers, paper, 
plastics, polyacryloylmorpholide, poly(4-methylbutene), 
poly(ethylene terephthalate), poly(vinylbutyrate), polyacry 
lamide, polybutylene, polycarbonate, polyethylene, polyeth 
yleneglycol terephthalate, polyformaldehyde, polymethacry 
late, polymethylmethacrylate, polypropylene, 
polysaccharides, polystyrene, polyurethanes, polyvinylac 
etate, polyvinylchloride, polyvinylidene difluoride (PVDF), 
polyvinylpyrrolidinone, rayon, resins, rubbers, semiconduc 
tor materials, SEPHAROSE(R), silica, silicon, styrene copoly 
mers, TEFLONR), and variety of other polymers. 
0286 Substrates need not be flat and can include any type 
of shape including spherical shapes (e.g., beads) or cylindri 
cal shapes (e.g., fibers). Materials attached to Solid Supports 
may be attached to any portion of the Solid Support (e.g., may 
be attached to an interior portion of a porous solid Support 
material). 
0287. The substrate body may be in the form of a bead, 
box, column, cylinder, disc, dish (e.g., glass dish, PETRI 
dish), fiber, film, filter, microtiter plate (e.g., 96-well micro 
titerplate), multi-bladed Stick, net, pellet, plate, ring, rod, roll, 
sheet, slide, Stick, tray, tube, or vial. The Substrate may be a 
singular discrete body (e.g., a single tube, a single bead), any 
number of a plurality of substrate bodies (e.g., a rack of 10 
tubes, several beads), or combinations thereof (e.g., a tray 
comprises a plurality of microtiter plates, a column filled with 
beads, a microtiter plate filed with beads). 
0288. An NPC-1, 16C3, or A33 antigen, antibody which 
selectively binds a NPC-1, 16C3, or A33 antigens, or antigen 
binding fragment thereof, may be “attached to a substrate 
when it is associated with the Solid Substrate through a non 
random chemical or physical interaction. The attachment 
may be through a covalent bond. However, attachments need 
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not be covalent or permanent. Materials may be attached to a 
substrate through a “spacer molecule' or “linkergroup.” Such 
spacer molecules are molecules that have a first portion that 
attaches to the biological material and a second portion that 
attaches to the substrate. Thus, when attached to the substrate, 
the spacer molecule separates the Substrate and the biological 
materials, but is attached to both. Methods of attaching bio 
logical material (e.g., label) to a Substrate are well known in 
the art, and include but are not limited to chemical coupling. 
0289 Plates, such as microtiter plates, which support and 
contain the Solid-phase for Solid-phase synthetic reactions 
may be used. Microtiter plates may house beads that are used 
as the solid-phase. By “particle' or “microparticle' or “nano 
particle' or “bead” or “microbead” or “microsphere herein 
is meant microparticulate matter having any of a variety of 
shapes or sizes. The shape may be generally spherical but 
need not be spherical, being, for example, cylindrical or poly 
hedral. As will be appreciated by those in the art, the particles 
may comprise a wide variety of materials depending on their 
use, including, but not limited to, cross-linked Starch, dex 
trans, cellulose, proteins, organic polymers including styrene 
polymers such as polystyrene and methylstyrene as well as 
other styrene co-polymers, plastics, glass, ceramics, acrylic 
polymers, magnetically responsive materials, colloids, tho 
riasol, carbon graphite, titanium dioxide, nylon, latex, and 
TEFLONR). See e.g., “Microsphere Detection Guide” from 
Bangs Laboratories, Fishers, Ind. 
0290. The NPC-1, 16C3, or A33 antigen, antibody which 
selectively binds a NPC-1, 16C3, or A33 antigens, orantigen 
binding fragment thereof described herein may be attached to 
on any of the forms of substrates described herein (e.g., bead, 
box, column, cylinder, disc, dish (e.g., glass dish, PETRI 
dish), fiber, film, filter, microtiter plate (e.g., 96-well micro 
titerplate), multi-bladed Stick, net, pellet, plate, ring, rod, roll, 
sheet, slide, Stick, tray, tube, or vial). In particular, particles or 
beads may be a component of a gelling material or may be 
separate components such as latex beads made of a variety of 
synthetic plastics (e.g., polystyrene). The label (e.g., Strepta 
vidin) may be bound to a Substrate (e.g., bead). 

Pharmaceutical Compositions 
0291. A “pharmaceutical composition” refers to a chemi 
cal or biological composition Suitable for administration to a 
mammal. Such compositions may be specifically formulated 
for administration via one or more of a number of routes, 
including but not limited to buccal, epicutaneous, epidural, 
inhalation, intraarterial, intracardial, intracerebroVentricular, 
intradermal, intramuscular, intranasal, intraocular, intraperi 
toneal, intraspinal, intrathecal, intravenous, oral, parenteral, 
rectally via an enema or Suppository, Subcutaneous, Subder 
mal. Sublingual, transdermal, and transmucosal. In addition, 
administration may occur by means of injection, powder, 
liquid, gel, drops, or other means of administration. 
0292. A “pharmaceutical excipient’ or a “pharmaceuti 
cally acceptable excipient' is a carrier, usually a liquid, in 
which an active therapeutic agent is formulated. In one 
embodiment of the invention, the active therapeutic agent is a 
humanized antibody described herein, or one or more frag 
ments thereof. The excipient generally does not provide any 
pharmacological activity to the formulation, though it may 
provide chemical and/or biological stability, and release char 
acteristics. Exemplary formulations may be found, for 
example, in Grennaro (2005) Ed. Remington. The Science 
and Practice of Pharmacy (21 Ed. 
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0293 Pharmaceutical compositions typically must be 
sterile and stable under the conditions of manufacture and 
storage. The invention contemplates that the pharmaceutical 
composition is present in lyophilized form. The composition 
may beformulated as a solution, microemulsion, liposome, or 
other ordered structure Suitable to high drug concentration. 
The carrier may be a solvent or dispersion medium contain 
ing, for example, water, ethanol, polyol (for example, glyc 
erol, propylene glycol, and liquid polyethylene glycol), and 
suitable mixtures thereof. The invention further contemplates 
the inclusion of a stabilizer in the pharmaceutical composi 
tion. 

0294 The antigens, antibodies and fragments thereof, of 
the present invention thereof may beformulated into pharma 
ceutical compositions of various dosage forms. To prepare the 
pharmaceutical compositions of the invention, at least one 
NPC-1, 16C3, or A33 antigen, anti-NPC-1 antibody, anti 
16C3 antibody, or anti-A33 antibody, or binding fragments 
thereof, as the active ingredient may be intimately mixed with 
appropriate carriers and additives according to techniques 
well known to those skilled in the art of pharmaceutical 
formulations. See Grennaro (2005) Ed. Remington. The 
Science and Practice of Pharmacy (21° Ed. For example, 
the antibodies described herein may be formulated in phos 
phate buffered saline pH 7.2 and supplied as a 5.0 mg/mL 
clear colorless liquid solution. 
0295 Similarly, compositions for liquid preparations 
include solutions, emulsions, dispersions, Suspensions, Syr 
ups, and elixirs, with suitable carriers and additives including 
but not limited to water, alcohols, oils, glycols, preservatives, 
flavoring agents, coloring agents, and Suspending agents. 
Typical preparations for parenteral administration comprise 
the active ingredient with a carrier such as sterile water or 
parenterally acceptable oil including but not limited to poly 
ethylene glycol, polyvinyl pyrrolidone, lecithin, arachis oil or 
sesame oil, with other additives for aiding solubility or pres 
ervation may also be included. In the case of a solution, it may 
be lyophilized to a powder and then reconstituted immedi 
ately prior to use. For dispersions and Suspensions, appropri 
ate carriers and additives include aqueous gums, celluloses, 
silicates, or oils. 
0296. For each of the recited embodiments, the NPC-1, 
16C3, or A33 antigen, anti-NPC-1 antibody, anti-16C3 anti 
body, anti-A33 antibody, or binding fragments thereof, may 
be administered by a variety of dosage forms. Any biologi 
cally-acceptable dosage form known to persons of ordinary 
skill in the art, and combinations thereof, are contemplated. 
Examples of Such dosage forms include, without limitation, 
reconstitutable powders, elixirs, liquids, Solutions, Suspen 
sions, emulsions, powders, granules, particles, micropar 
ticles, dispersible granules, cachets, inhalants, aerosol inhal 
ants, patches, particle inhalants, implants, depot implants, 
injectables (including Subcutaneous, intramuscular, intrave 
nous, and intradermal), infusions, and combinations thereof. 
0297. In many cases, it will be preferable to include iso 
tonic agents, e.g., Sugars, polyalcohols such as mannitol, 
sorbitol, or sodium chloride in the composition. Prolonged 
absorption of the injectable compositions may be brought 
about by including in the composition an agent which delays 
absorption, e.g., monostearate salts and gelatin. Moreover, 
the compounds described herein may be formulated in a time 
release formulation, e.g. in a composition that includes a slow 
release polymer. The NPC-1, 16C3, or A33 antigen, anti 
NPC-1 antibody, anti-16C3 antibody, anti-A33 antibody, or 
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binding fragments thereof, may be prepared with carriers that 
will protect the compound against rapid release, such as a 
controlled release formulation, including implants and 
microencapsulated delivery systems. Biodegradable, bio 
compatible polymers may be used, such as ethylene vinyl 
acetate, polyanhydrides, polyglycolic acid, collagen, poly 
orthoesters, polylactic acid and polylactic, polyglycolic 
copolymers (PLG). Many methods for the preparation of such 
formulations are known to those skilled in the art. 
0298. A person of skill in the art would be able to deter 
mine an effective dosage and frequency of administration 
through routine experimentation, for example guided by the 
disclosure herein and the teachings in Goodman, et al. (2011) 
Goodman & Gilman's The Pharmacological Basis of Thera 
peutics (12" Ed.); Howland, et al. (2005) Lippincott's Illus 
trated Reviews: Pharmacology /2" Ed.); and Golan, (2008) 
Principles of Pharmacology. The Pathophysiologic Basis of 
Drug Therapy /2" Ed. See, also, Grennaro (2005) (Ed.) 
Remington. The Science and Practice of Pharmacy 121' Ed. 

Routes of Administration 

0299 The compositions described herein may be admin 
istered in any of the following routes: buccal, epicutaneous, 
epidural, infusion, inhalation, intraarterial, intracardial, 
intracerebroVentricular, intradermal, intramuscular, intrana 
sal, intraocular, intraperitoneal, intraspinal, intrathecal, intra 
venous, oral, parenteral, pulmonary, rectally via an enema or 
Suppository, Subcutaneous, Subdermal, Sublingual, transder 
mal, and transmucosal. The preferred routes of administra 
tion are intravenous injection or infusion. The administration 
can be local, where the composition is administered directly, 
close to, in the locality, near, at, about, or in the vicinity of the 
site(s) of disease, e.g., tumor, or systemic, wherein the com 
position is given to the patient and passes through the body 
widely, thereby reaching the site(s) of disease. Local admin 
istration (e.g., injection) may be accomplished by adminis 
tration to the cell, tissue, organ, and/or organ system, which 
encompasses and/or is affected by the disease, and/or where 
the disease signs and/or symptoms are active or are likely to 
occur (e.g., tumor site). Administration can be topical with a 
local effect, composition is applied directly where its action is 
desired (e.g., tumor site). 
0300 For each of the recited embodiments, the com 
pounds can be administered by a variety of dosage forms as 
known in the art. Any biologically-acceptable dosage form 
known to persons of ordinary skill in the art, and combina 
tions thereof, are contemplated. Examples of Such dosage 
forms include, without limitation, chewable tablets, quick 
dissolve tablets, effervescent tablets, reconstitutable pow 
ders, elixirs, liquids, solutions, Suspensions, emulsions, tab 
lets, multi-layer tablets, bi-layer tablets, capsules, softgelatin 
capsules, hard gelatin capsules, caplets, lozenges, chewable 
lozenges, beads, powders, gum, granules, particles, micro 
particles, dispersible granules, cachets, douches, supposito 
ries, creams, topicals, inhalants, aerosol inhalants, patches, 
particle inhalants, implants, depot implants, ingestibles, 
injectables (including Subcutaneous, intramuscular, intrave 
nous, and intradermal), infusions, and combinations thereof. 
0301. Other compounds which can be included by admix 
ture are, for example, medically inert ingredients (e.g., Solid 
and liquid diluent). Such as lactose, dextrosesaccharose, cel 
lulose, starch or calcium phosphate for tablets or capsules, 
olive oil or ethyl oleate for soft capsules and water or veg 
etable oil for Suspensions or emulsions; lubricating agents 
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Such as silica, talc, Stearic acid, magnesium or calcium Stear 
ate and/or polyethylene glycols; gelling agents such as col 
loidal clays; thickening agents such as gum tragacanth or 
Sodium alginate, binding agents such as starches, arabic 
gums, gelatin, methylcellulose, carboxymethylcellulose or 
polyvinylpyrrolidone; disintegrating agents such as starch, 
alginic acid, alginates or sodium starch glycolate; effervesc 
ing mixtures; dyestuff Sweeteners; wetting agents such as 
lecithin, polysorbates or laurylsulphates; and other therapeu 
tically acceptable accessory ingredients, such as humectants, 
preservatives, buffers and antioxidants, which are known 
additives for such formulations. 
0302 Liquid dispersions for oral administration can be 
syrups, emulsions, solutions, or Suspensions. The syrups can 
contain as a carrier, for example, saccharose or saccharose 
with glycerol and/or mannitol and/or Sorbitol. The Suspen 
sions and the emulsions can contain a carrier, for example a 
natural gum, agar, Sodium alginate, pectin, methylcellulose, 
carboxymethylcellulose, or polyvinyl alcohol. 
0303. In further embodiments, the present invention pro 
vides kits including one or more containers comprising phar 
maceutical dosage units comprising an effective amount of 
one or more antibodies and fragments thereof of the present 
invention. Kits may include instructions, directions, labels, 
marketing information, warnings, or information pamphlets. 

Dosages 

0304) The amount of NPC-1, 16C3, and A33 antigens, 
antibodies and antigen-binding fragments thereof, in a thera 
peutic composition according to any embodiments of this 
invention may vary according to factors such as the disease 
state, age, gender, weight, patient history, risk factors, predis 
position to disease, administration route, pre-existing treat 
ment regime (e.g., possible interactions with other medica 
tions), and weight of the individual. Dosage regimens may be 
adjusted to provide the optimum therapeutic response. For 
example, a single bolus may be administered, several divided 
doses may be administered over time, or the dose may be 
proportionally reduced or increased as indicated by the exi 
gencies of therapeutic situation. 
0305. It is especially advantageous to formulate parenteral 
compositions in dosage unit form for ease of administration 
and uniformity of dosage. Dosage unit form as used herein 
refers to physically discrete units Suited as unitary dosages for 
the mammalian Subjects to be treated; each unit containing a 
predetermined quantity of antibodies, and fragments thereof, 
calculated to produce the desired therapeutic effect in asso 
ciation with the required pharmaceutical carrier. The specifi 
cation for the dosage unit forms of the invention are dictated 
by and directly dependent on the unique characteristics of the 
antibodies, and fragments thereof, and the particular thera 
peutic effect to beachieved, and the limitations inherent in the 
art of compounding Such an antibodies, and fragments 
thereof, for the treatment of sensitivity in individuals. In 
therapeutic use for treatment of conditions in mammals (e.g., 
humans) for which the antibodies and fragments thereof of 
the present invention or an appropriate pharmaceutical com 
position thereof are effective, the antibodies and fragments 
thereof of the present invention may be administered in an 
effective amount. The dosages as suitable for this invention 
may be a composition, a pharmaceutical composition or any 
other compositions described herein. 
0306 The dosage may be administered as a single dose, a 
double dose, a triple dose, a quadruple dose, and/or a quin 
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tuple dose. The dosages may be administered singularly, 
simultaneously, and sequentially. 
0307 The dosage form may be any form of release known 
to persons of ordinary skill in the art. The compositions of the 
present invention may be formulated to provide immediate 
release of the active ingredient or sustained or controlled 
release of the active ingredient. In a Sustained release or 
controlled release preparation, release of the active ingredient 
may occur at a rate Such that blood levels are maintained 
within a therapeutic range but below toxic levels over an 
extended period of time (e.g., 4 to 24 hours). The preferred 
dosage forms include immediate release, extended release, 
pulse release, variable release, controlled release, timed 
release, Sustained release, delayed release, long acting, and 
combinations thereof, and are known in the art. 
0308. It will be appreciated that the pharmacological 
activity of the compositions may be monitored using standard 
pharmacological models that are known in the art. Further 
more, it will be appreciated that the compositions comprising 
a NPC-1, 16C3, or A33 antigens, antibody or antigen-binding 
fragment thereof, may be incorporated or encapsulated in a 
suitable polymer matrix or membrane for site-specific deliv 
ery, or may be functionalized with specific targeting agents 
capable of effecting site specific delivery. These techniques, 
as well as other drug delivery techniques are well known in 
the art. Determination of optimal dosages for a particular 
situation is within the capabilities of those skilled in the art. 
See, e.g., Grennaro (2005) Ed. Remington. The Science and 
Practice of Pharmacy (21 Ed. 

Methods of Treatment 

(0309 The NPC-1, 16C3, and A33 antigen, antibody or 
antigen-binding fragment thereof, described herein may be 
used in methods for treating cancer, promoting tumor regres 
Sion, killing tumor cells, activating an immune response 
against NPC-1, 16C3, or A33 antigen expressing tumor cells 
(e.g., cytotoxic immune response), activating dendritic cells, 
or activating antigen-specific immunity comprising adminis 
tering an effective amount of a NPC-1, 16C3, and A33 anti 
gen, antibody or antigen-binding fragment thereof to a Sub 
ject in need thereof. Further, the NPC-1, 16C3, and A33 
antigen, antibody or antigen-binding fragment thereof, 
described herein may be used to manufacture medicaments 
for use in treating cancer, promoting tumor regression, killing 
tumor cells, activating an immune response against NPC-1, 
16C3, or A33 antigen expressing tumor cells (e.g., cytotoxic 
immune response), activating dendritic cells, or activating 
antigen-specific immunity comprising an effective amount of 
a NPC-1, 16C3, and A33 antigen, antibody or antigen-bind 
ing fragment thereof described herein. The NPC-1, 16C3, and 
A33 antigen, antibody or antigen-binding fragment thereof, 
described herein may be admixed with a pharmaceutically 
acceptable carrier to manufacture a composition for treating 
cancer, promoting tumor regression, killing tumor cells, acti 
vating an immune response against NPC-1, 16C3, or A33 
antigen expressing tumor cells (e.g., cytotoxic immune 
response), activating dendritic cells, or activating antigen 
specific immunity comprising an effective amount of a NPC 
1, 16C3, and A33 antigen, antibody or antigen-binding frag 
ment thereof described herein. 
0310. The cancer treated by the NPC-1, 16C3, and A33 
antigen, antibody or antigen-binding fragment thereof, 
described herein may be lung, breast, pancreas, uterine, 
esophageal, colorectal, or liver cancer. The cancer may be a 
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stage 1, 2, 3 or 4 cancer. The cancer may have metastasized. 
The patient may be a mammal. Such as a human, Suffering 
from cancer where tumor cells express NPC-1, 16C3, or A33 
antigens, aberrant NPC-1, 16C3, or A33 antigens, and/or 
tumorigenesis of neoplastic cells expressing a NPC-1, 16C3, 
or A33 antigen. The amount sufficient to inhibit or reduce the 
NPC-1, 16C3, or A33 antigen is an amount sufficient to 
ameliorate the disorder, which may be monitored as a 
decrease in either cancer progression or tumor mass. 
0311. The patient may express detectable levels of NPC-1, 
16C3, and/or A33 antigen as detected in a tumor biopsy 
sample or in the blood, stool, urine or lymph fluid. Further, the 
patient may be at risk of cancer or a patient without Symp 
toms. The methods described herein may be used on cells, 
e.g., human cells, invitro orex vivo. Alternatively, the method 
may be performed on cells present in a subject as part of an in 
Vivo (e.g., therapeutic) protocol. 
0312. The NPC-1, 16C3, and A33 antigen, antibody or 
antigen-binding fragment thereof, may be admixed with addi 
tional chemotherapeutic agents, cytotoxic agent, antibodies 
(e.g., 31.1 monoclonal antibody), lymphokine, or hematopoi 
etic growth factor. The NPC-1, 16C3, and A33 antigen, anti 
body or antigen-binding fragment thereof, may also be 
administered in combination with another antibody, a lym 
phokine, cytotoxic agent (e.g., a moiety that inhibits DNA, 
RNA, or protein synthesis, a radionuclide, or ribosomal 
inhibiting protein, e.g., ''Bi, "I, Re, 'Y. vindesine, 
methotrexate, adriamycin, cisplatin, pokeweed antiviral pro 
tein, Pseudomonas exotoxin A, ricin, diphtheria toxin, ricin A 
chain, or cytotoxic phospholipase enzyme), immunosuppres 
sive agent (e.g., cyclosporine, leflunomide, methotrexate, 
aZothiprine, mercaptopurine, dactinomycin, tacrolimus, or 
sirolimus) or a hematopoietic growth factor. The NPC-1, 
16C3, and A33 antigen, antibody or antigen-binding frag 
ment thereof, may be label with a chemiluminescent label, 
paramagnetic label (e.g., aluminum, manganese, platinum, 
oxygen, lanthanum, lutetium, Scandium, yttrium, or gallium), 
an MRI contrast agent, fluorescent label, bioluminescent 
label, or radioactive label. In the methods described herein, 
the second agent may be administered simultaneously or 
sequentially with the antibody. 
0313 The antigens, antibodies, and nucleic acids 
described herein may be used in the manufacture of compo 
sitions for use in treating cancer and methods of treating 
cancer including but not limited to Solid and soft tumors. Such 
as esophageal carcinoma, renal cancer, cancer of breast, thy 
roid, spleen, uterus, kidney, colorectal, lung, prostate, tes 
ticles, gastric, cervical, bone, skin, brain, head & neck, blad 
der, head and neck, liver, pancreas, melanoma, osteosarcoma, 
fibrosarcoma, rhabdomyosarcoma, teratocarcinoma, neuro 
blastoma, glioma, glioblastoma and hematological malignan 
cies such as acute lymphocytic leukemia, chronic lympho 
cytic leukemia, acute myelogenous leukemia, chronic 
myelogenous leukemia, multiple myeloma, Hodgkin’s lym 
phoma and Non-Hodgkin’s lymphoma, and wherein the can 
cer is invasive or metastatic. 

0314. The invention provides for methods of treating a 
Subject with pancreas or colon cancer comprising adminis 
tering a NPC-1, 16C3, and A33 antigen, antibody or antigen 
binding fragment thereof, to a Subject who may be receiving 
secondary antihyperplastic therapy. Examples of secondary 
antihyperplastic therapy include chemotherapy, radiotherapy, 
immunotherapy, phototherapy, cryotherapy, toxin therapy, 
hormonal therapy, or Surgery. Thus, the invention contem 
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plates use of the methods and compositions in conjunction 
with standard anti-cancer therapies. The patient to be treated 
may be of any age. One of skill in the art will recognize the 
presence and development of other anticancer therapies 
which may be used in conjugation with the NPC-1, 16C3, and 
A33 antigens, antibodies and antigen-binding fragments 
thereof. 

0315 Determination of dose is within the level of ordinary 
skill in the art. The NPC-1, 16C3, or A33 antigen, anti-NPC-1 
antibody, anti-16C3 antibody, anti-A33 antibody (e.g., 31.1 
monoclonal antibody), or binding fragments thereof, may be 
administered for acute treatment, over one week or less, often 
over a period of one to three days or may be used in chronic 
treatment, over several months or years. In general, a thera 
peutically effective amount of the NPC-1, 16C3, or A33 anti 
gen, anti-NPC-1 antibody, anti-16C3 antibody, anti-A33 anti 
body (e.g., 31.1 monoclonal antibody), or binding fragments 
thereof is an amount Sufficient to produce a clinically signifi 
cant change in NPC-1, 16C3, or A33 antigen shed, decreased 
cancer progression, or decreased tumor size. 

Diagnostic Methods 

0316. The NPC-1, 16C3, and A33 antigens, antibody 
which selectively bind the NPC-1, 16C3, or A33 antigen, and 
antigen-binding fragments thereof may be used in diagnostic 
methods for detecting the presence or absence of an NPC-1, 
16C3, or A33 antigen. The NPC-1, 16C3, and A33 antigens, 
antibody which selectively bind the NPC-1, 16C3, or A33 
antigen, and antigen-binding fragments thereof, A33 antigen 
may be used in methods comprising (a) contacting a test 
sample with an antibody, or fragment thereof, that binds a 
NPC-1 epitope, 16C3 epitope, and/or A33 antigen, and (b) 
assaying for antibody-epitope complexes, wherein the pres 
ence of said epitope is indicative of a carcinoma. Further, the 
NPC-1, 16C3, and A33 antigens, antibody which selectively 
bind a NPC-1, 16C3, or A33 antigen, and antigen-binding 
fragments, may be used in a method for detecting the pres 
ence of a NPC-1 epitope, 16C3 epitope, and/or A33 antigen in 
a patient comprising (a) administering to said patient a 
labeled monoclonal antibody, or fragment thereof, that binds 
a NPC-1 epitope, 16C3 epitope, and/or A33 antigen and (b) 
detecting the presence of a NPC-1 epitope, 16C3 epitope, 
and/or A33 antigen; wherein the presence of said epitope is 
indicative of a carcinoma. The antibody-epitope complex 
may be detected by Western blot, radioimmunoassay, ELISA 
(enzyme linked immunosorbent assay), 'sandwich’ immu 
noassay, immunoprecipitation assay, precipitation reaction, 
gel diffusion precipitation reaction, immunodiffusion assay, 
agglutination assay, complement-fixation assay, immunohis 
tochemical assay, fluorescent immunoassay, and protein A 
immunoassay. The sample may be sample is a tissue biopsy, 
lymph, urine, cerebrospinal fluid, amniotic fluid, inflamma 
tory exudate, blood, serum, stool, or liquid collected from the 
colorectal tract. 

0317. The NPC-1, 16C3, and A33 antigens, antibody 
which selectively bind a NPC-1, 16C3, or A33 antigen, and 
antigen-binding fragments thereof may be used in diagnostic 
methods for detecting the presence or absence of an NPC-1, 
16C3, or A33 antigen, wherein the presence of the antigen is 
indicative of cancer including but not limited to lung, breast, 
pancreas, uterine, esophageal, colorectal, or liver cancer. The 
diagnostic methods may be used with patients at risk of can 
cer or patients without symptoms. 
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0318. The antibodies which selectively bind a NPC-1, 
16C3, or A33 antigen may be recombinant. The fragments of 
antibodies which selectively bind a NPC-1, 16C3, or A33 
antigen may be a Fab, Fab'. F(ab')2, Fv, CDR, paratope, or 
portion of an antibody that is capable of binding the antigen. 
The antibodies which selectively binda NPC-1, 16C3, or A33 
antigen may be chimeric, humanized, anti-idiotypic, single 
chain, bifunctional, or co-specific. The antibodies which 
selectively bind a NPC-1, 16C3, or A33 antigen may be or 
fragment is conjugated to a label, including but not limited to 
a chemiluminescent label, paramagnetic label (e.g., alumi 
num, manganese, platinum, oxygen, lanthanum, lutetium, 
Scandium, yttrium, or gallium), an MRI contrast agent, fluo 
rescent label, bioluminescent label, or radioactive label. 
0319. Additionally, NPC-1, 16C3, and A33 antigens, anti 
body which selectively bind a NPC-1, 16C3, or A33 antigen, 
and antigen-binding fragments thereof, may be attached to a 
Solid Support (e.g., bead, test tube, sheet, culture dish, or test 
strip) such as an array. 
0320. The method may detect colorectal polyps. The 
method may further comprise additional testing for the pres 
ence of tumors including but not limited to benign tumors, 
malignant tumors, metastatic tumors, and non-metastatic 
tumors. For example, the diagnostic method may detect pre 
cancerous cells that express a cell marker comprising a 
NPC-1 epitope, 16C3 epitope, and/or A33 antigen. 
0321. The method may comprise imaging a NPC-1 
epitope, 16C3 epitope, and/or A33 antigen by positron emis 
sion tomography (PET), CCD low-light monitoring system, 
X-ray, CT scanning, Scintigraphy, photo acoustic imaging, 
single photon emission computed tomography (SPECT), 
magnetic resonance imaging (MRI), ultrasound, paramag 
netic imaging, and endoscopic optical coherence tomogra 
phy. 
0322 The invention also provides a method for genetic 
diagnosis of a risk for cancer comprising taking a nucleic acid 
sample from a patient, analyzing said nucleic acid comprising 
comparing to cancer specific MUC5AC, CEACAM5, 
CEACAM6, or A33 sequence, wherein if the patient's nucleic 
acid sample matches the cancer specific MUC5AC, 
CEACAM5, CEACAM6, or A33 sequence, the patient is at 
risk for developing cancer. 
0323. The NPC-1, 16C3, and A33 antigens may be used as 
a cancer biomarker. Detection of the NPC-1, 16C3, or A33 
antigens in a biological sample, such as a subject's serum, 
biopsied neoplastic cells or fecal sample, may be performed 
by means of the anti-NPC-1, anti-16C3, or anti-A33 antigen 
antibody. For example, a biological sample (e.g., a tumor, 
serum or fecal sample) is obtained from a subject, then NPC 
1, 16C3, or A33 antigen is measured (e.g., by ELISA or PCR), 
and compared with corresponding samples from normal Sub 
jects. Measuring methods include any method of nucleic acid 
detection, for example in situ hybridization using antisense 
NPC-1, 16C3, or A33 antigen DNA or cRNA oligonucleotide 
probes, ultra-high throughput sequencing, nanostring tech 
nology, microarrays, rolling circle amplification, proximity 
mediated ligation, PCR, qRT-PCR ChIP, ChIP-qPCR, or 
NPC-1, 16C3, or A33 antigen-binding antibodies. Compara 
tively high levels of NPC-1, 16C3, and A33 antigens indicate 
the presence and/or severity of pancreas or colon cancer, and 
may indicate metastasis or poor cancer prognosis. 
0324. The NPC-1, 16C3, and A33 antigens, antibody 
which selectively bind a NPC-1, 16C3, or A33 antigen, and 
antigen-binding fragments thereof, may be used in SQUID 
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(Superconducting Quantum Interference Device) techniques 
for diagnostic methods. The SQUID technique comprises 
attaching nanoparticles of iron oxide to antibodies, which are 
then injected into the patient. If a tumor is present, the anti 
bodies with conjugated nanoparticles recognize and bind to 
the NPC-1, 16C3, or A33 antigen on tumor cells. See, e.g., 
Hao, et al. (2010).Journal of Physics 43: 474004. In a SQUID 
method, the patient is then Surrounded with sensitive mag 
netic coils in a Superconducting quantum interference device 
(SQUID). A magnetic field is generated and all of the metal 
nanoparticles align in one direction. When the magnetic field 
is broken, the nanoparticles emit an electromagnetic signal as 
they relax back into their original state. By measuring the 
strength of the signal, on emaytell how many metal particles, 
and therefore how many tumor cells, may be present, and 
where in the patient the tumor cells are located. See, e.g., 
Shao, et al. (2010) Beilstein Journal of Nanotechnology 1: 
142-154. 

Samples and Procurement of Samples 

0325 The samples used in the methods described herein 
may be taken from a subject (patient) include but are not 
limited to a body fluid or secretion including but not limited to 
blood, serum, urine, plasma, prostatic fluid, seminal fluid, 
semen, the external Secretions of the skin, respiratory, intes 
tinal, and genitourinary tracts, tears, cerebrospinal fluid, spu 
tum, saliva, milk, peritoneal fluid, pleural fluid, cyst fluid, 
secretions of the breast ductal system (and/or lavage thereof), 
broncho alveolar lavage, lavage of the reproductive system 
and lavage of any other part of the body or system in the body; 
samples of any organ including isolated cell(s) or tissue(s), 
wherein the cell or tissue can be obtained from an organ 
selected from, but not limited to lung, colon, ovarian and/or 
breast tissue; stool or a tissue sample, or any combination 
thereof. In some embodiments, the term encompasses 
samples of in vivo cell culture constituents. Prior to be sub 
jected to the diagnostic assay, the sample can optionally be 
diluted with a suitable diluent. 

0326 Numerous well known tissue or fluid collection 
methods can be utilized to collect the biological sample from 
the subject in order to determine the level of DNA, RNA 
and/or polypeptide of the marker of interest in the subject. 
Examples of tissue or fluid collection methods include, but 
are not limited to, fine needle biopsy, needle biopsy, core 
needle biopsy and Surgical biopsy (e.g., brain biopsy), and 
lavage. Regardless of the procedure employed, once a biopsy/ 
sample is obtained the level of the marker may be determined 
and a diagnosis can thus be made. 

Detection of NPC-1, 16C3, A33 Antigens 

0327. The invention provides a method for detecting the 
NPC-1, 16C3, and A33 antigens of this invention in a bio 
logical sample, comprising: contacting a biological sample 
with an antibody specifically recognizing a NPC-1, 16C3, or 
A33 antigen according to the present invention and detecting 
said interaction; wherein the presence of an interaction cor 
relates with the presence of a NPC-1, 16C3, or A33 antigen in 
the biological sample. 
0328. The NPC-1, 16C3, and A33 antigens described 
herein are non-limiting examples of markers for diagnosing a 
disease and/or an indicative condition. Each marker of the 
present invention may be used alone or in combination, for 
various uses, including but not limited to, prognosis, predic 
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tion, screening, early diagnosis, determination of progres 
Sion, therapy selection and treatment monitoring of a cancer 
(e.g., pancreas, liver, colorectal, lung, or breast cancer). 
0329. The cancers that may be detected using the methods 
described herein include but are not limited to non-solid and 
Solid tumors, cancer of the breast, prostate, lung, ovary, colon, 
uterus, stomach, cervix, liver, pancreas, and wherein the can 
cer may be invasive or metastatic. 
0330. Each NPC-1, 16C3, and A33 antigens of the present 
invention may be used alone or in combination, for various 
uses, including but not limited to, prognosis, prediction, 
screening, early diagnosis, determination of progression, 
therapy selection and treatment monitoring of cancers such as 
non-Solid and solid tumors, cancer of the breast, prostate, 
lung, ovary, colon, uterus, stomach, cervix, liver, pancreas, 
and wherein the cancer may be invasive or metastatic. Such a 
combination may optionally comprise any Subcombination of 
markers, and/or a combination featuring at least one other 
marker, for example a known marker. Furthermore, such a 
combination may optionally and preferably be used as 
described above with regard to determining a ratio between a 
quantitative or semi-quantitative measurement of any marker 
described herein to any other marker described herein, and/or 
any other known marker, and/or any other marker. 
0331 Markers of the present invention may optionally be 
used alone or in combination with known markers for lung 
cancer, including but not limited to CEA, CA15-3, B-2-mi 
croglobulin, CA19-9, TPA, and/or in combination with the 
known proteins for the variant marker as described herein. 
0332 Markers of the present invention might optionally 
be used alone or in combination with known markers for 
ovarian cancer, including but not limited to CEA, CA125 
(Mucin 16), CA72-4TAG, CA-50, CA 54-61, CA-195 and 
CA19-9 in combination with CA-125, and/or in combination 
with the known proteins for the variant marker as described 
herein. 
0333 Markers of the present invention might optionally 
be used alone or in combination with known markers for 
colon cancer, including but not limited to CEA, CA19-9., 
CA50, and/or in combination with the known proteins for the 
variant marker as described herein. 
0334 Typically the level of the marker in a biological 
sample obtained from the subject is different (i.e., increased 
or decreased) from the level of the same marker in a similar 
sample obtained from a healthy individual (examples of bio 
logical samples are described herein). 
0335 Determining the level of the same marker in normal 
tissues of the same origin may be effected along-side to detect 
an elevated expression and/or amplification and/or a 
decreased expression, of the marker as opposed to the normal 
tissues. 
0336. The present invention also provides methods, uses, 
devices and assays for the diagnosis of cancers such as non 
Solid and solid tumors, cancer of the breast, prostate, lung, 
ovary, colon, uterus, Stomach, cervix, liver, pancreas, and 
wherein the cancer may be invasive or metastatic. Optionally 
a plurality of markers may be used with the present invention. 
The plurality of markers may optionally include a markers 
described herein, and/or one or more known markers. The 
plurality of markers is preferably then correlated with the 
disease or condition. For example, such correlation may 
optionally comprise determining the concentration of each of 
the plurality of markers, and individually comparing each 
marker concentration to a threshold level. Optionally, if the 
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marker concentration is above or below the threshold level 
(depending upon the marker and/or the diagnostic test being 
performed), the marker concentration correlates with the dis 
ease or condition. Optionally and preferably, a plurality of 
marker concentrations correlates with the disease or condi 
tion. 

0337 Alternatively, such correlating may optionally com 
prise determining the concentration of each of the plurality of 
markers, calculating a single index value based on the con 
centration of each of the plurality of markers, and comparing 
the index value to a threshold level. Also, such correlating 
may optionally comprise determining a temporal change in at 
least one of the markers, and wherein the temporal change is 
used in the correlating step. 
0338. Such correlating may optionally comprise deter 
mining whether at least “X” number of the plurality of mark 
ers has a concentration outside of a predetermined range 
and/or above or below a threshold (as described above). The 
value of “X” may optionally be one marker, a plurality of 
markers or all of the markers; alternatively or additionally, 
rather than including any marker in the count for “X”, one or 
more specific markers of the plurality of markers may option 
ally be required to correlate with the disease or condition 
(according to a range and/or threshold). 
0339 Correlating may optionally comprise determining 
whether a ratio of marker concentrations for two markers is 
outside a range and/or above or below a threshold. Optionally, 
if the ratio is above or below the threshold leveland/or outside 
a range, the ratio correlates with the disease or condition. 
Optionally, a combination of two or more these correlations 
may be used with a single panel and/or for correlating 
between a plurality of panels. Optionally, the method distin 
guishes a disease or condition with a sensitivity of at least 
70% at a specificity of at least 85% when compared to normal 
subjects. As used herein, sensitivity relates to the number of 
positive (diseased) samples detected out of the total number 
of positive samples present; specificity relates to the number 
of true negative (non-diseased) samples detected out of the 
total number of negative samples present. Preferably, the 
method distinguishes a disease or condition with a sensitivity 
of at least 80% at a specificity of at least 90% when compared 
to normal subjects. More preferably, the method distin 
guishes a disease or condition with a sensitivity of at least 
90% at a specificity of at least 90% when compared to normal 
Subjects. Also more preferably, the method distinguishes a 
disease or condition with a sensitivity of at least 70% at a 
specificity of at least 85% when compared to subjects exhib 
iting symptoms that mimic disease or condition symptoms. 
0340. A marker panel may be analyzed in a number of 
fashions well known to those of skill in the art. For example, 
each member of a panel may be compared to a “normal” 
value, or a value indicating a particular outcome. A particular 
diagnosis/prognosis may depend upon the comparison of 
each marker to this value; alternatively, if only a subset of 
markers is outside of a normal range, this Subset may be 
indicative of a particular diagnosis/prognosis. The skilled 
artisan will also understand that diagnostic markers, differ 
ential diagnostic markers, prognostic markers, time of onset 
markers, disease or condition differentiating markers, may be 
combined in a single assay or device. Markers may also be 
commonly used for multiple purposes by, for example, apply 
ing a different threshold or a different weighting factor to the 
marker for the different purpose(s). 
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0341 The panels may comprise markers for the following 
purposes: diagnosis of a disease; diagnosis of disease and 
indication if the disease is in an acute phase and/or if an acute 
attack of the disease has occurred; diagnosis of disease and 
indication if the disease is in a non-acute phase and/or if a 
non-acute attack of the disease has occurred; indication 
whether a combination of acute and non-acute phases or 
attacks has occurred; diagnosis of a disease and prognosis of 
a Subsequent adverse outcome; diagnosis of a disease and 
prognosis of a Subsequent acute or non-acute phase or attack; 
disease progression (for example for cancer, such progression 
may include for example occurrence or recurrence of 
metastasis). 
0342. The above diagnoses may also optionally include 
differential diagnosis of the disease to distinguish it from 
other diseases, including those cancers such as non-Solid and 
Solid tumors, cancer of the breast, prostate, lung, ovary, colon, 
uterus, stomach, cervix, liver, pancreas, and wherein the can 
cer may be invasive or metastatic that may feature one or more 
similar or identical symptoms. 
0343 One or more diagnostic or prognostic indicators are 
correlated to a condition or disease by merely the presence or 
absence of the indicator(s). In other embodiments, threshold 
level(s) of a diagnostic or prognostic indicator(s) can be 
established, and the level of the indicator(s) in a patient 
sample can simply be compared to the threshold level(s). The 
sensitivity and specificity of a diagnostic and/or prognostic 
test depends on more than just the analytical “quality” of the 
test—they also depend on the definition of what constitutes an 
abnormal result. In practice, Receiver Operating Character 
istic curves, or “ROC curves, are typically calculated by 
plotting the value of a variable versus its relative frequency in 
“normal and “disease” populations, and/or by comparison of 
results from a subject before, during and/or after treatment. 
0344 NPC-1, 16C3, or A33 antigens may be featured as a 
biomarker for detecting cancers such as non-Solid and Solid 
tumors, cancer of the breast, prostate, lung, ovary, colon, 
uterus, stomach, cervix, liver, pancreas, and wherein the can 
cer may be invasive or metastatic. 
0345 The present invention optionally and preferably 
encompasses any amino acid sequence or fragment thereof 
encoded by a nucleic acid sequence corresponding to NPC-1, 
16C3, or A33 antigens as described herein. Any oligopeptide 
or peptide relating to Such an amino acid sequence or frag 
ment thereof may optionally also (additionally or alterna 
tively) be used as a biomarker. 
0346. The present invention provides a method for detect 
ing a polynucleotide of this invention in a biological sample, 
using NATbased assays, comprising: hybridizing the isolated 
nucleic acid molecules or oligonucleotide fragments of at 
least about a minimum length to a nucleic acid material of a 
biological sample and detecting a hybridization complex; 
wherein the presence of a hybridization complex correlates 
with the presence of the polynucleotide in the biological 
sample. Non-limiting examples of methods or assays are 
described herein. The present invention also relates to kits 
based upon Such diagnostic methods or assays. 
(0347 Additionally, the NPC-1, 16C3, and A33 antigens 
may be used as specific biomarkers for pancreas and colon 
cancer, and can be measured in biopsied tissue as well as in 
Subject serum and fecal samples, as described herein. Addi 
tionally, diagnostic procedures used to detect colorectal can 
cer including but not limited to fecal occult blood test 
(FOBT), colonoscopy, computed tomographic colonography 
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(virtual colonoscopy) detects colorectal lesions larger than 6 
mm in diameter with the same sensitivity as colonoscopy. 
flexible sigmoidoscopy, double-contrast barium enema, and 
digital rectal examination. Winawer, et al. (1997) Am J. Gas 
toenterology 112: 594-642: Blum (1995) Eur: J. Canc. 31: 
1369-72; Ransohoff & Sandler (2002) N. Engl. J. Med. 346: 
346 11; Bruzzi (2002) N. Engl. J. Med. 346: 1672-74; and 
Laghi, et al. (2002) Am. J. Surg. 183: 124-31. 

Immunoassays 

(0348. The NPC-1, 16C3, or A33 antigens, antibodies and 
antigen-binding fragments that bind the NPC-1, 16C3, or A33 
antigen, may be used in immunoassays to qualitatively or 
quantitatively detect and analyze markers in a sample. This 
method comprises providing an antibody specifically binds to 
a NPC-1, 16C3, and/or A33 antigen; contacting a sample with 
the antibody; and detecting the presence of a complex of the 
antibody bound to the marker in the sample. 
(0349. An NPC-1, 16C3, and/or A33 antigen may be 
detected and/or quantified using any of a number of well 
recognized immunological binding assays. Useful assays 
include, for example, an enzyme immune assay (EIA) Such as 
enzyme-linked immunosorbent assay (ELISA), a radioim 
munoassay (RIA), a Western blot assay, or a slot blot assay. 
See, e.g., U.S. Pat. Nos. 4.366,241; 4,376,110; 4,517,288: 
and 4.837,168. Generally, a sample obtained from a subject 
can be contacted with the antibody specifically binds the 
NPC-1, 16C3, and/or A33 antigen. 
0350 Optionally, the antibody can be fixed to a solid sup 
port to facilitate washing and Subsequent isolation of the 
complex, prior to contacting the antibody with a sample. 
Examples of solid Supports include but are not limited to glass 
or plastic in the form of, e.g., a microtiter plate, a Stick, a bead, 
or a microbead. Antibodies may be attached to a solid Support. 
0351. After incubating the sample with antibodies, the 
mixture is washed and the antibody-marker complex formed 
may be detected. This can be accomplished by incubating the 
washed mixture with a detection reagent. Alternatively, the 
marker in the sample can be detected using an indirect assay, 
wherein, for example, a second, labeled antibody is used to 
detect bound marker-specific antibody, and/or in a competi 
tion or inhibition assay wherein, for example, a monoclonal 
antibody which binds to a distinct epitope of the marker are 
incubated simultaneously with the mixture. 
0352. Throughout the assays, incubation and/or washing 
steps may be required after each combination of reagents. 
Incubation steps can vary from about 5 seconds to several 
hours, preferably from about 5 minutes to about 24 hours. 
However, the incubation time will depend upon the assay 
format, marker, Volume of Solution, concentrations. Usually 
the assays will be carried out at ambient temperature, 
although they can be conducted over a range of temperatures 
(e.g., 10° C.-40°C.). 
0353. The immunoassay can be used to determine a test 
amount of a marker in a sample from a Subject. First, a test 
amount of a marker in a sample may be detected using the 
immunoassay methods described above. If a marker is 
present in the sample, it will form an antibody-marker com 
plex with an antibody specifically binds the marker under 
suitable incubation conditions described above. The amount 
of an antibody-marker complex can optionally be determined 
by comparing to a standard. As noted above, the test amount 
of marker need not be measured in absolute units, as long as 
the unit of measurement can be compared to a control amount 
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and/or signal. Several immunoassays are known in the art and 
the NPC-1, 16C3, and/or A33 antigens, and antibodies spe 
cific for said antigens described herein may used in Such 
immunoassays including but not limited to radio-immunoas 
say (RIA), enzyme linked immunosorbent assay (ELISA), 
magnetic immunoassay, immunoblot, Western blot, immuno 
precipitation assays, immunohistochemical analysis, and 
fluorescence activated cell sorting (FACS). See Wild, (2008) 
Ed. The Immunoassay Handbook 13" Ed. Elsevier. 

Radio-Imaging Methods 

0354) The NPC-1, 16C3, or A33 antigens, antibodies and 
antigen-binding fragments that bind the NPC-1, 16C3, or A33 
antigen, may be used in radio-imaging methods to diagnosis 
cancer including pancreatic and colorectal cancer, or monitor 
the progression of tumors. These methods include but are not 
limited to, positron emission tomography (PET) single pho 
ton emission computed tomography (SPECT). Both of these 
techniques are non-invasive, and can be used to detect and/or 
measure a wide variety of tissue events and/or functions. Such 
as detecting cancerous cells for example. SPECT may option 
ally be used with two labels simultaneously. See U.S. Pat. No. 
6,696,686. 

Commercial Applications and Methods 

0355 The present invention further provides for the pro 
duction of NPC-1, 16C3, and/or A33 antigens, antibodies and 
antigen binding fragments thereof which selectively bind to 
NPC-1, 16C3, or A33 antigen to reach commercial quantities. 
The NPC-1, 16C3, and/or A33 antigens, antibodies and anti 
gen binding fragments thereof which selectively bind to 
NPC-1, 16C3, or A33 antigen may be produced on a large 
scale, stored if necessary, and Supplied to hospitals, clinicians 
or other healthcare facilities. 
0356 Methods of production, storage, and distribution of 
NPC-1, 16C3, and/or A33 antigens, antibodies and antigen 
binding fragments thereof which selectively bind to NPC-1, 
16C3, or A33 antigen may be produced by the methods dis 
closed herein. Following production, the NPC-1, 16C3, and/ 
or A33 antigens, antibodies and antigen binding fragments 
thereof which selectively bind to NPC-1, 16C3, or A33 anti 
gen may be harvested, purified, and optionally stored prior to 
a patient’s treatment. For example, once a patient presents 
with an indication Such as, for example, pancreatic, colorec 
tal, esophageal, oral, or breast cancer, NPC-1, 16C3, and/or 
A33 antigens, antibodies and antigen binding fragments 
thereof which selectively bind to NPC-1, 16C3, or A33 anti 
gen may be ordered and provided in a timely manner. Accord 
ingly, the present invention relates to methods of producing 
NPC-1, 16C3, and/or A33 antigens to attain antibodies on a 
commercial scale, pharmaceutical compositions comprising 
antibodies and antigen binding fragments thereof which 
selectively bind to NPC-1, 16C3, or A33 antigen, as well as 
methods of providing (i.e., producing, optionally storing, and 
selling) antibodies and antigen binding fragments thereof 
which selectively bind to NPC-1, 16C3, or A33 antigen to 
hospitals and clinicians. The production of NPC-1, 16C3, 
and/or A33 antigens, antibodies and antigen binding frag 
ments thereof which selectively bind to NPC-1, 16C3, or A33 
antigen may be scaled up for commercial use. 
0357 The present invention also provides for methods of 
conducting a pharmaceutical business comprising establish 
ing a distribution system for distributing the preparation for 
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sale or may include establishing a sales group for marketing 
the pharmaceutical preparation. 
0358 All publications (e.g., Non-Patent Literature), pat 
ents, patent application publications, and patent applications 
mentioned in this specification are indicative of the level of 
skill of those skilled in the art to which this invention pertains. 
All Such publications (e.g., Non-Patent Literature), patents, 
patent application publications, and patent applications are 
herein incorporated by reference to the same extent as if each 
individual publication, patent, patent application publication, 
or patent application was specifically and individually indi 
cated to be incorporated by reference. 

EXAMPLES 

0359 The invention now being generally described, it will 
be more readily understood by reference to the following 
examples, which are included merely for purposes of illus 
tration of certain aspects and embodiments of the present 
invention, and are not intended to limit the invention. 

Example 1 

Identification of the NPC-1 Antigen 
0360. The NPC-1 antibody was generated in mice immu 
nized with the so-called “Hollinshead colon cancer vaccine'. 
Hollinshead, et al. (1985) Cancer 56: 480–489. The NPC-1 
antibody and the chimeric form, NPC-1C, are described in 
U.S. Pat. Nos. 7,314,622 and 7,763,720. Several protein puri 
fications were prepared using both mouse NPC-1 and recom 
binant, chimeric NPC-1 Cantibodies. Tumor cell lines includ 
ing LS174T and HT-29 (human colorectal tumor), CFPAC-1 
(human pancreatic tumor), colon cancer patient tumor speci 
men, and the Hollinshead colon cancer vaccines served as 
tumor antigen sources for protein extracts. The NPC-1 anti 
gen is secreted into the medium of the human tumor cell lines, 
and the antigen was purified from tumor cell Supernatant of 
cells grown in the absence of serum for 5 to 7 days. NPC-1 
antibody was coupled to resins for the antigen purification, 
including magnetic beads, for simple adsorption, washing, 
and elution from the beads. Protein that eluted from the 
NPC-1 antibody-beads was studied further for antigen pres 
ence, characterization, and identification. 
0361 Western blotting of human tumor cell extracts and 
supernatants using NPC-1 antibody. Proteins from ASPC-1, 
LS174T or CFPAC-1 cell supernatants or cell pellet detergent 
extracts were run on SDS-PAGE, transferred to PVDF mem 
brane, then stained with NPC-1 antibody. A high molecular 
mass species cross-reactive with the NPC-1 antibody esti 
mated to be 1,000-2,000kDa was identified by SDS-PAGE. A 
protein immunoblot of tumor antigen from cells using NPC-1 
antibody including AspC-1 cell pellet, AsPC-1 supernatant, 
LS174T cell pellet, LS174T supernatant, CFPAC-1 cell pel 
let, and CFPAC-1 supernatant along with molecular weight 
markers. 
0362 Immunopurified protein from LS174T tumor cells 
was Subjected to proteolytic cleavage by either trypsin or 
protease V8, followed by Western Blot analysis of the protein 
fragments. A 1,000-2,000 kDa immunopurified antigen was 
digested into four discrete fragments ranging in mass from 
approximately 60 kDa to 220 kDa, each containing an NPC-1 
immunoreactive peptide epitope. A protein immunoblot of 
proteolytic digested tumor antigen from cells using NPC-1 
antibody was run with LS174T cell pellet, LS174T superna 
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tant, trypsin-digested immunopurified antigen, protease 
V8-digested immunopurified antigen along with a molecular 
weight marker. The data Suggested that there are multiple 
NPC-1 antibody binding regions present on each molecule of 
the tumor antigen. 
0363 The NPC-1 antigen was prepared for identification 
by mass spectrometry by running immunopurified antigen 
preparation from several different tumor sources on SDS 
PAGE, excising the high molecular mass, NPC-1 immunore 
active band from the polyacrylamide gel, and Subjecting the 
protein to trypsin digestion followed by LC/MS/MS on an 
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Example 2 

NPC-1 Antigen Knockdown 

0365. A small inhibitory RNA (siRNA) target sequence 
designed against a region of MUC5AC was used in cells 
known to express the NPC-1 antigen. Several siRNA oligo 
nucleotides were designed based upon MUC5AC sequences. 
The sequences of the human MUC5AC siRNA oligonucle 
otides are shown in Table 7: 

TABLE F 

Sequence of MUC5AC siRNA oligonucleotides 

Oligonucleotide 

siRNA ID F : S9074 

siRNA ID F : S9075 

siRNA ID F : S9076 

LTQ Orbitrap XL mass spectrometer. Trypsin peptide prod 
uction data defined by mass and charge were searched against 
the concatenated forward and reverse IPI human database 
using the Mascot search engine. The database was appended 
with commonly observed background proteins to prevent 
false assignments of peptides derived from those proteins. 
Mascot output files were parsed into the Scaffold program for 
filtering to assess false discovery rates and allow only correct 
protein identifications. Rat, mouse, and human derived 
samples are searched against the International Protein Index 
(IPI) database. The antigen sources for these experiments 
were derived from human colorectal (LS174T, HT-29) and 
pancreatic (CFPAC-1) tumor cell lines. The results of six 
mass spectrometry experiments suggested the presence of 
MUC5AC-derived peptides in the NPC-1 immunopurifica 
tion preparation. 
0364 The amino acid sequence of MUC5AC as reported 
in the IPI database (IPI00103397). The sequence consists of 
5,030 amino acids with a predicted mass of 526,585 Da 
(without post-, translational modifications including glyco 
Sylation). Comparing the peptide coverage from the mass 
spectrometetry experiments with the amino acid sequence of 
MUC5AC (SEQID NO: 1), and other peptide coverage maps, 
reveal that most of the peptides sequenced after trypsindiges 
tion derive from either the N-terminal third or the C-terminal 
third of the molecule. In each experiment, there were very few 
peptides that derived from the central third of the MUC5AC 
molecule, which contains “tandem repeats” of 8 amino acid 
residues including, for example, TTSTTSAP (SEQ ID NO: 
20), GSTPSPVP (SEQIDNO: 21), and TASTTSGP (SEQID 
NO: 22). Silverman, et al., (2001) Glycobiology 11: 459-71. 
This region of MUC5AC is highly glycosylated in normal 
MUC5AC-expressing tissues. Such as lung and colon endot 
helium. It is probable that the lack of peptide sequence cov 
erage in the central region of MUC5AC, as detected by mass 
spectrometry, is due to a high degree of glycosylation in the 
region, which interferes with digestion by trypsin. These 
results suggest that the tandem repeat region of MUC5AC 
comprises at least one NPC-1 epitope. 

Strand Sequence 

Sense AGAUGUGCCUCAACUACGAtt (SEQ ID NO: 12O) 
Anti-Sense UCGUAGUUGAGGCACAUCUtg (SEQ ID NO: 121) 

GCUCUGGAACGUGAGCAUAtt (SEQ ID NO: 122) 
Anti-Sense UAUGCUCACGUUCCAGAGCCg (SEQ ID NO: 123) 

GCGUGCUCGUCGACAACUAtt (SEO ID NO: 124) 
Anti-Sense UAGUUGUCGACGAGCACGCqg (SEQ ID NO: 125) 

0366. The siRNAs were transfected into LS174 and 
CFPAC-1 tumor cells, as well as A549 cells. A549 is a human 
lung adenocarcinoma cell line that expresses MUC5AC (as 
shown by PCR and detection using commercially available 
antibodies against MUC5AC), but not NPC-1 antigen. The 
MUC5AC species expressed by A549 cells is not immunore 
active with NPC-1 antibody, a characteristic that demon 
strates the tumor specificity of the NPC-1 antigen in contrast 
to the commercially available antibodies against MUC5AC. 
The A549 cells serve as a control to show the pancreas/colon 
tumor-binding specificity of the NPC-1 antibody. Following 
transfection of the siRNA into tumor cells, the MUC5AC 
expressed by the cells was measured by specific PCR to 
measure the levels of MUC5AC mRNA, and a sandwich 
ELISA using NPC-1C antibody to measure the levels of 
MUC5AC. The data shown in Table 8 demonstrate that a 
cocktail of three siRNA oligonucleotides resulted in signifi 
cant decreases of both MUC5AC mRNA and NPC-1C-reac 
tive MUC5AC protein (e.g., NPC-1 antigen). 

TABLE 8 

siRNA knockdown of MUC5AC in human pancreatic (CFPAC-1) 
and colorectal (LS174T) tumor cells 

Normalized Normalized 
MUCSAC MUCSAC 
mRNA protein'* 

Untreated CFPAC-1 1 1 
CFPAC-1 Treated with 20 pmol 0.2737 O.6967 

SiRNA cocktail 50 pmol 0.3057 O.6901 
200 pmol O.1368 O.3566 

Untreated LS174T 1 1 
LS174T Treated with 20 pmol O.6917 O.S3 
SiRNA cocktail 50 pmol O.3858 O4O2 

200 pmol O.235 O.117 

*MUC5AC mRNA level was measured by RT-PCR, normalized as a percent of mRNA levels 
detected in untreated cells. 
**MUC5AC protein level secreted into cell supernatants was measured by sandwich ELISA 
NEO-101 to capture and anti-MUC5AC antibody 1-13M (Abcam catalog liab24070) to 
detect, normalized as a percent detected in untreated cells, 
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0367 The amount of decreased MUC5AC expression was 
dependent on the dose of the siRNA cocktail transfected into 
the cells. Approximately 70%-90% of MUC5AC expression 
(mRNA and protein) was inhibited in both LS174T and 
CFPAC-1 cell lines at 200 pmoles of the siRNA cocktail. 
These results confirmed that MUC5AC is the target of the 
NPC-1C antibody. The A549 cells used as a control in these 
experiments showed decreased MUC5AC expression by 
mRNA analysis but there was no change in the NPC-1C 
sandwich ELISA because the MUC5AC expressed by these 
cells is not recognized by the NPC-1 antibody. Thus, the 
siRNA data demonstrates that reducing MUC5AC expression 
lead to a concurrent decrease in NPC-1 antibody binding. 

Example 3 

NPC-1 Epitope Mapping 
0368. The data by western blots of trypsin-digested 
MUC5AC indicated that there may be several NPC-1 anti 
body binding sites on each molecule of MUC5AC, suggest 
ing that a binding region might be present in each of the 
tandem repeat units located in the central region of the mol 
ecule. Therefore, a recombinant expression plasmid was 
designed and constructed that encoded residues upstream of 
tandem repeat units and two tandem repeat units 
(“MUC5AC-long SEQID NO:3). The MUC5AC long pep 
tide corresponds to amino acid residues 2636 to 2942 of the 
MUC5AC protein (SEQ ID NO: 1). A second expression 
plasmid was designed and constructed that encoded primarily 
a short domain which connects to the central repetitive region 
and only a portion of the tandem repeat residues (“MUC5AC 
short”. SEQ ID NO. 5). The MUC5AC short peptide corre 
sponds to amino acid residues 2636 to 2763 of the MUC5AC 
protein (SEQID NO: 1 and FIG. 1). These smaller fragments 
of the large MUC5AC molecule were predicted to comprise 
NPC-1 antibody binding regions that contain the NPC-1 
epitope(s). 
0369. The DNA sequences that contained NPC-1 antibody 
binding regions, based on the amino acid sequence, were 
back-translated to nucleic acid sequence and the DNAs were 
synthesized by methods well-known in the art. The sequence 
of the MUC5AC long DNA is shown in SEQID NO: 2 and its 
amino acid translation in SEQ ID NO: 3. The DNA that 
encodes this antigenic region is 921 nucleotides-long, and the 
protein contains 307 amino acids. The sequence of the 
MUC5AC short DNA in SEQ ID NO: 4 and its amino acid 
translation are shown in SEQID NO: 5. The cDNA comprises 
384 nucleotides encoding a protein comprising 128 amino 
acids. 
0370. These DNA fragments were cloned into a mamma 
lian expression plasmid by Standard techniques, and several 
independent clones were transfected into Chinese Hamster 
Ovary (CHO) cells that were shown previously not to express 
the NPC-1 antigen. Analysis of the CHO cells following the 
transfection demonstrated immunoreactivity with the NPC-1 
antibody in several of the plasmid clones. Experiments were 
performed to test binding by immunofluorescence and immu 
noprotein blotting of extracts from transfected cells. 
0371 Immunofluorescence quantitation data showed that 
NPC-1C antibody bound to 11%–80% of CHO cells trans 
fected with different plasmid clones of the MUC5AC short 
construct, and 76%-88% of CHO cells transfected with dif 
ferent plasmid clones of the MUC5AC long construct. West 
ern blot analysis using NPC-1C to probe CHO cell extracts 
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following transfection with the MUC5AC short and 
MUC5AC long plasmid clones was performed. The NPC-1C 
antibody binding region was expressed by both of these 
MUC5AC-related-peptides as confirmed by Western blot 
analysis. The molecular mass of the immunoreactive protein 
bands represents the predicted mass of the protein fragment, 
including glycosylation that occurs in the mammalian CHO 
cells. The data further confirm that the NPC-1 Cantigen (e.g., 
the NPC-1 antibody binding region) is contained in the 
MUC5AC-related fragments isolated and expressed in the 
transfected cells. 
0372. The results of these experiments show that at least 
one NPC-1 epitope is contained within both the 307 amino 
acid-fragment of the MUC5AC long peptide and within the 
128 amino acid-fragment of the MUC5AC short peptide. 
These results also suggest that the NPC-1 epitope may be a 
conformational epitope rather than a liner epitope. 

Example 4 

Deletion Constructs for Detailed Epitope Mapping of 
the MUC5AC Long Antigen 

0373 The NPC-1C binding region was shown to be 
expressed by the MUC5AC, successive truncations starting at 
either the N-terminus or the C-terminus of the construct may 
be generated by standard molecular biology techniques to 
identify a region which is involved in NPC-1 antibody bind 
ing to MUC5AC. Six truncation constructs were made repre 
senting C-terminal truncations of the full-length MUC5AC 
protein (SEQ ID NO: 1). 

TABLE 8 

Truncation constructs of MUC5AC 

Binds 
Construct Modification SEQID NO NPC-1 

1-338 C-terminal truncation 18 Yes 
1-289 C-terminal truncation 17 Yes 
1-187 C-terminal truncation 16 Yes 
1-151 C-terminal truncation 15 Yes 
1-136 C-terminal truncation 14 No 
1-85 C-terminal truncation 13 No 

0374 293T cells were cultured on FBS coated cover slips 
for 24 hours. Cells were transiently transfected with 2 g of 
MUC5AC constructs of Table 8 with LIPOFECTAMINE(R). 
Cells were grown for about 72 hours, fixed with about 4% 
PFA in PBS, washed with PBS, permeabilized with about 
0.2% triton X-20 in PBS and washed with PBS. Cells were 
then blocked with about 1% BSA in PBS, and about 2 g/ml 
NPC-1 antibody was added to sample wells and about 2 ug/ml 
ofan Isotype control was added for 1 hour at room temp. Cells 
were washed with PBS and second anti human-FITC anti 
body (1:500) was added to all wells and to the second anti 
body control wells. Cells were washed and mounted on slides 
with DAPI hard mount. Cover slides were allowed to sit over 
night at about 4° C. Slides were visualized with a Nikon 
Eclipse Ti microscope with an Andor camera. At least 3 
random fields were counted per transfection. 
0375. This strategy was used to identify an about 15 amino 
acid-region that contains a NPC-1 epitope: GCPVTST 
PVTAPSTP (SEQ ID NO: 37). The MUC5AC constructs 
with 340, 289, 187, and 151 amino acid residues all had 
binding activity with the NPC-1C antibody. See TABLE 2B. 
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The deletions 151 and 85 showed no binding. The second 
antibody and the IgG controls were also negative for binding 
to the 293T cell lines transfected with the MUC5AC 340 
residue construct (SEQID NO:3). These data suggest that the 
GCPVTSTPVTAPSTP (SEQ ID NO: 37) sequence is 
involved in the binding of the NPC-101 antibody to 
MUC5AC. This is a repetitive sequence that also has some 
changes in it which are also probable scaffold for the binding 
sites for the NPC-1C antibody. This repetitive sequence and 
variations can be found in the longer deletions of MUC5AC 
and MUC5AC itself. 

Example 5 

NPC-1 Antigen is a Specific Biomarker for 
Pancreatic and Colorectal Cancer 

0376. The NPC-1C antibody is specific for MUC5AC 
related antigen expressed from human colon (LS174T) and 
pancreas (CFPAC-1) cancer cell lines. MUC5AC-related 
antigen expressed by these two cancer cell lines comprised 
the NPC-1 antigen, and competed effectively with native 
MUC5AC antigen previously coated on ELISA plates for 
binding to NPC-1C in the assay. As a control, non-NPC-1- 
bearing MUC5AC expressed by A549 lung adenocarcinoma 
cells did not compete with NPC-1C antibody binding to 
native MUC5AC coated to the ELISA plates. 
0377 LS174T and CFPAC-1 cells were grown on cover 
slips coated in FBS for 48 hours. Cells were then fixed with 
4% PFA in PBS, washed with PBS, permeabilized with 0.2% 
TritonX-100, washed with PBS and blocked with 1% BSA in 
PBS. Cells were incubated with either 2 g/ml NPC-1C, 
MS-X, 2-11M1, H160,351-450, 2-12M1, or 1-13M1. Cells 
were washed with PBS and then second antibody was added 
anti-human-FITC, anti-mouse-FITC or anti-rabbit-FITC 
(1:500), cells were washed and mounted on slides with DAPI 
hard mount. Cover slides were allowed to sit over night at 4 
C. Slides were visualized with a Nikon Eclipse Timicroscope 
with an Andor camera. 
0378 All of the antibodies stained the LS174T cells. The 
staining patterns and localization looked about the same for 
all antibodies tested. There were differences in cell staining 
on the CFPAC-1 cells compared to the LS174T cells. NPC 
1C Stained about 50% of the cells. MS-X and 2-11M1 Stained 
less than 5% of the cells. 351-450 and 2-12M1 did not have 
any staining with the CFPAC-1 cells. H160 and 1-13M1 
Stained 100% of the CFPAC-1 cells. 
0379 This data suggests that all the antibodies can detect 
the colorectal MUC5AC protein with the same efficiency but 
in pancreatic cancer cells there are variations in the staining 
patterns between different MUC5AC antibodies. This sug 
gests that NPC-1C may detect both types of MUC5AC and 
that other commercial antibodies do not recognize the same 
epitope. 
0380 A homologous ELISA assay (adapted from an 
ImmunoBoosterR ELISA kit, Bioworld Consulting Labora 
tories, LLC, Mt. Airy, Md.) was designed using NPC-1C 
antibody as both capture and detection reagent (e.g., a sand 
wich ELISA was developed using NPC-1C antibody as the 
capture reagent using a biotin-labeled NPC-1C used as the 
detection antibody.) This homologous antibody format was 
possible due to the discovery of multiple NPC-1C antigen 
binding sites expressed by the cancer-associated MUC5AC 
related antigen. Serum samples were procured from various 
commercial and private sources. The assay developed here 
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used serum from colorectal and pancreatic cancer patients, 
and serum from healthy blood donors. 
(0381 Microtiter plates (96-well Nunc Maxisorp) were 
coated with purified unlabeled NPC-1C antibody at about 10 
ug/mL in 0.5M sodium carbonate pH 9.5 overnight at about 
25° C. Plates were then blocked with 1% skim milk made in 
Tris-Buffered Saline (TBS) containing 5 mM EDTA and 1% 
sucrose for about 4 hours at about 2°C. Plates prepared in this 
manner may be stored dried and sealed for at least about 8 
months. All dilutions were made in ImmunoBooster R buffers 
(Bioworld Consulting Laboratories, LLC) supplemented 
with 20 mM EDTA. Wash buffer was TBS containing 0.05% 
Tween(R)-20 non-ionic detergent. A detergent extract of cul 
tured human LS174T colorectal tumor cells was used as a 
source of NPC-1 Cantigen to derive a standard curve. Extracts 
derived from human pancreatic CFPAC-1 tumor cells or 
human lung A549 tumor cells were generated similarly. 
Tumor cell lines were purchased from AmericanType Culture 
Collection (Manassas, Va.) and grown in RPMI medium con 
taining 10% FBS (heat-inactivated) with 8 mM glutamine. To 
measure direct binding of NPC-1C to the MUC5AC-related 
antigen, CFPAC-1 cells were grown in serum-free medium 
for about 5 days and the conditioned medium was filtered and 
stored in large one large lot at about 4°C. 
0382. The sandwich ELISAs were performed by diluting 
the cell extract standard on each plate, next to patient or 
normal serum samples diluted 1:24 in the diluent. All incu 
bations were performed at about 25°C. and all volumes were 
about 100 ul per well. The plates were incubated for 15 min 
and washed three times with wash buffer. The biotin-labeled 
NPC-1C was then added to the wells at 1 g/mL, incubated for 
about 15 min, and plates were washed three times. Peroxi 
dase-conjugated streptavidin (1:5,000 dilution) was added to 
the plates for about 15 min, and plates were washed three 
times with wash buffer and two times with TBS. The assay 
was developed by the addition of TMB substrate (BioFX 
Laboratories Inc.) to the plates, incubation for about 15 min 
utes, then the color reaction was stopped with the addition of 
0.5 M sulfuric acid. The data was acquired by measuring 
absorbance at 450 nm. The data collected was processed 
using GraphPad Prism or Microsoft Excel software packages. 
0383. This ELISA was used to evaluate the serum of col 
orectal and pancreatic cancer patients (n=42), serum from 
healthy blood donors (n=75), and serum from potentially 
interfering disease states Such as asthma, chronic obstructive 
pulmonary disease, irritable bowel syndrome and Crohn's 
disease (n=56). Analysis of these various serum samples 
demonstrates the use of the NPC-1 Cantigen biomarker assay 
to detect NPC-1 antigen (e.g., aberrant MUC5AC) shed into 
the blood of colorectal cancer patients. An NPC-1 ELISA test 
may detect aberrant MUC5AC from colon cancer patients. 
C1 and C2 are normal serum samples from healthy blood 
donors. AB pool is serum pooled from many healthy blood 
donors. All other samples numbered #1 through #17 are 
serum collected from colon cancer patients. The use of NPC 
1C antibody as the coating antibody (capture antibody) and 
biotin-labeled NPC-1C as the detection antibody is highly 
specific, and may be explained by the presence of multiple 
binding regions (i.e., epitopes) on the same antigen molecule, 
such that steric hindrance is obviated. 

0384 Patients with colorectal or pancreas cancer were 
asked to participate in a study. Serum samples were received 
and stored at about -35°C. until the time of testing. Tumor 
biopsy slides were received at ambient room temperature and 
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subsequently analyzed by IHC using biotin-labeled antibod 
ies. Patient information was also provided, containing limited 
clinical data for the patient sample (disease stage, current 
medications). For each patient enrolled, 1, 2 or 3 serum 
samples were provided for each patient separated by approxi 
mately 1-month. A group of “normal healthy” serum samples 
was included for comparison. These were purchased from a 
large metropolitan blood bank and comprised a group of 
self-proclaimed normal individual males and females of 
mixed race aged 40- to 59-years-old. The actual health status 
of these donors is unknown, thus comparison of any sample to 
this normal donor group may be done with appropriate cau 
tion. 

0385. The NPC-1C serum ELISA was performed using a 
standard antigen prepared from a cultured cell line extract 
from tumor cells known to express the NPC-1C antigen. 
Triplicates of a 1/24 dilution of serum samples from groups of 
“healthy normal donors and clinically diagnosed colon and 
pancreas cancer patients were tested in the assay and the raw 
data were interpolated from the standard curve. Expression of 
the NPC-1 Cantigen was determined relative to this standard 
antigen preparation (equivalents of LS174T cells/well). 
0386 Results showed that interfering disease states, 
which are expected typically to have elevated serum 
MUC5AC, did not express higher levels of NPC-1 antigen 
compared to controls. Further, comparison of the serum 
MUC5AC levels from colorectal and pancreatic cancer 
patients with serum from healthy controls demonstrated the 
assays ability to differentiate the cancer patients from the 
normal donors with approximately 0.7 log units difference. 
Moreover, the NPC-1C ELISA accurately differentiated 
patients with active or metastatic disease from patients who 
had no evidence of disease. Notably, in a side-by-side com 
parison of the NPC-1C ELISA to a commercial ELISA for 
CA19-9, the NPC-1C ELISA proved superior. 
0387 Patients enrolled on the clinical diagnostic study 
agreed to provide their tumor biopsy or Surgical specimen to 
be stained immunohistochemically with NPC-1C. Tumor 
sections were prepared as slides, and two additional slides 
were prepared for negative control (human IgG1) and positive 
control (cytokeratin) staining to ensure quality controls for 
the IHC method. More specifically, tumor biopsy specimens 
from colorectal and pancreas cancer patients were deparaf 
finized at about 60° C. for 30 min prior to staining with 
NPC-1C. Subsequently, all staining steps were carried out at 
about 25° C. Slides (4 um) were blocked with Peroxo-BlocR) 
inhibitor (Zymed Laboratories) for about 2 min, rinsed with 
phosphate-buffered saline (PBS), and blocked with CAS 
(Zymed) for an additional about 10 minutes. Slides were 
stained with about 10 g/mL of biotin-labeled NPC-1C for 1 
hour, and washed three times with PBS containing 0.05% 
Tween(R)-20 non-ionic detergent. Previous titration of bioti 
nylated-NPC-1C demonstrated about 10 g/mL to be an opti 
mal concentration for immunohistochemical detection of the 
NPC-1C antigen. A 1:400 dilution of peroxidase-conjugated 
streptavidin (Dako North America, Inc.) was then applied to 
the slides for about 30 minutes and slides were washed three 
times. A solution of DAB (Zymed) was applied for about 2-3 
minutes then rinsed with PBS. A solution of hematoxylin was 
then applied for about 3 minutes and rinsed with tap water 
until clear. The slides were dehydrated with xylene and a 
coverslip was added using Permount(R) mounting medium. 
Additional consecutive slides were stained with human 
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cytokeratin AE1/AE3 (Abcam plc) as a positive control, and 
human IgG1 isotype as a negative control (AXXORA, LLC). 
0388 All antibodies were biotinylated prior to use and 
tested independently at various concentrations using human 
tumor tissues known to react with the antibodies. Primary 
antibody (NPC-1C) was used at about 10 ug/mL, detected 
with Streptavidin-horseradish peroxidase conjugate, and 
mounted on slides. A positive staining scale ranging from +1 
to +5 was applied to the staining results, measured by light 
microscopy. Tissues stained with NPC-1C were considered 
positive (+1 to +5) for an average of 79% of the patient tumor 
samples (30 of 38 of both colorectal and pancreatic cancer 
biopsies) including the 5 pancreatic tumor samples. Tissues 
that were negative or considered weak staining by the immu 
nohistochemist were considered negative. These staining 
results are similar to results from several other studies com 
pleted with antibodies using tissue array slides, and both 
frozen and paraffin-embedded Surgical specimens. Results of 
the IHC staining are shown in Table 9. 

TABLE 9 

IHC Staining Results 

Cancer Number of % Positive by 
Type Subjects IHC with NPC-1C 

Colorectal 33 76% (25/33) 
Pancreatic 5 100% (5/5) 

Notes: 

(1) most tissue biopsy samples were collected when patients were staged with stage 2 to 4 
cancer, 
(2) negative and positive control tissues slides were included and shown to stain negatively 
with secondary antibody only (negative) or anti-cytokeratin antibody (positive), 

(0389. The IHC staining results using the NPC-1C anti 
body was then compared to the results for each serum ELISA 
for every subject where both sets of results (sera and biopsy) 
were available. For simplicity, the average of the serum 
ELISA from each blood draw was used for this comparison. 
The results of this analysis demonstrated that 84% (32/38) of 
the serum samples were positive using a cutoff of 335 units/ 
mL and 79% (30/38) of the tissue samples were positive, 
providing a high concordance of the two assays using NPC 
1C. 

0390. A larger number of serum samples were procured to 
test the utility of the serum-based ELISA in detecting the 
NPC-1C antigen. A sampling of 41 colorectal or pancreas 
cancer patient Sera was compared with Sera collected from 28 
normal healthy blood donors. In this population of cancer 
patients, blood was collected serially during an approxi 
mately 3-month period for several of the patients while they 
were undergoing various treatment regimens with a medical 
oncologist. For multiple reasons, blood was not collected 
from all patients at all three timepoints. Thus, there were 41 
patients that donated blood at their first evaluation by the 
medical oncologist, followed by 33 patients that donated their 
blood at the second visit, and 25 patients who completed all 
three blood donations at the third visit. The majority of 
patients were diagnosed with Stage III or IV disease. 
0391 FIG. 5A shows the results of testing this larger panel 
of colorectal and pancreatic cancer patient serum specimens, 
compared to a group of normal healthy blood donors. Analy 
sis of the results demonstrated approximately a 0.7 log dif 
ference between the cancer patients and the healthy donors at 
each of the three blood draws. The mean and standard error of 
the mean for each control group for the assays are: Normals 
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(355+60), Col/Pan Ca, 1-month (1,757+580), Col/Pan Ca, 
2-month (1,894+671), Col/Pan Ca. 3-month (1,293+390). 
Using the unpaired t-test (2-tailed) method to evaluate the 
difference between the Normal sera group and the cancer sera 
groups, the differences for each comparison were: Normal vs. 
1-month p=0.0511: Normal vs. 2-month p=0.0397); Nor 
mal vs. 3-month p=0.0153. Furthermore, using a cutoff 
value of 355 cells/well derived from the Normal sera average, 
73% of Col/PanCa, 1-month sera were above the cutoff (30 of 
41 samples), and 88% were above the cutoff in each of the 
2-month (29 of 33 samples) and 3-month (22 of 25 samples) 
in those groups. Overall, the samples represent an average of 
82% positive above the cutoffestablished for the assay. These 
results show that the NPC-1C antigen ELISA can distinguish 
differences between serum from normal donors and colorec 
tal or pancreas cancer patients, with a good level of confi 
dence. 
0392 The cancer patient population tested in this study 
was further stratified by disease type. This analysis, in FIG. 
5B, shows that there was no difference distinguished by the 
mean NPC-1C ELISA results among those patients diag 
nosed with colorectal cancer (n=36) from those patients diag 
nosed with pancreas cancer (n=5). Both groups separately 
demonstrated approximately 0.7 log units higher NPC-1 anti 
gen expression levels compared to the group of healthy 
donors. 
0393 NPC-1 antigen may also be used in monitoring 
colon or pancreas cancer patients during the course of a 
treatment regimen, just as the CEA and CA19-9 assays are 
used currently. That is, as a Surrogate marker for a treatment 
regimen for a cancer patient (is the patient responding or not). 
From patients that donated multiple serum samples, the 
amount of NPC-1C antigen biomarker detected in the assay 
was plotted versus the time of the blood draw. The results 
showed that some patients appeared to express similar 
amounts of the NPC-1C antigen during the 2- or 3-month 
period when blood was drawn (subjects 5, 14, 15, 19, 25, 28. 
29), whereas some patients appeared to experience a 1.5x to 
5x increase in NPC-1C antigen expression (subjects 1, 2, 7, 
33, 39) or a 1.2x to 3x decrease in the NPC-1C antigen 
expression (subjects 18, 22, 23, 28, 34, 36, 40). The signifi 
cance of these shifts over time are presently unclear, but may 
be related to the tumor burden of the patient at the time the 
blood was drawn, which may be directly related to the specific 
treatment regimen of individual patients. The results demon 
strate trends for certain patients that may reflect cancer 
regression, progression, or stable disease. Once these data are 
coupled with the disease status in patients, the correlation is 
apparent. Additionally, the NPC-1Cassay appears to be better 
than either of the CEA and CA19-9 assays (i.e., NPC-1 is 
more sensitive). Additionally, neither the CEA nor CA19-9 
sera tests can be used to diagnose cancer (as does, for 
example, the prostate serum antigen test). Hence, the present 
invention provides for the predictive value of NPC-1 antigen 
as a new serum biomarker to diagnose and monitor treatment 
of colorectal and pancreatic cancer. 

Example 6 

NPC-1 Epitope is a Glycotope Comprising an 
Aberrant Tumor-Specific Glycosylation Pattern 

0394. The MUC5AC epitope was mapped and further 
characterized in order to better elucidate the carbohydrate 
dependence of NPC-1 antibody binding. CFPAC-1 Supernate 
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(pancreatic cancer cell line CFPAC-1 Supernate) containing 
NPC-1 antigen was exhaustively digested with thermolysin 
which resulted in no detectable activity in Western blot with 
NPC-1C antibody. 
0395. This was a two part experiment where the antigen 
(pancreatic cancer cell line CFPAC-1 supernate) was digested 
with the protease thermolysin (Sigma) at an enzyme:Substrate 
ratio of 1:10. CFPAC supernate in 200 mM TRIS buffer, 500 
mMNaCl, 25 mM CaCl pH 7.6 overnight at either about 37° 
C. or 65° C. After digestion enzyme inactivated sample (in 
EDTA) were run in SDS-PAGE gels after which time a con 
ventional western blot was performed with NPC-1 Cantibody 
and anti-human IgG peroxidase (Jackson Laboratories) 
detection. There was no longer detectable antigen activity 
after thermolysin digestion. 
0396 The digested CFPAC-1 supernate antigen still 
retained full inhibitory activity in a competition immunoas 
say where CFPAC-1 Supernate antigen is coated onto a micro 
plate and the binding of soluble NPC-1-C is followed as the 
readout. Both the CFPAC-1 supernate and its thermolysin 
digest were found to inhibit in a similar fashion but the filtrate 
from a 10,000 dalton cutoff spin filter did not. This suggested 
that the inhibitory fragment(s) are larger than 10,000 daltons 
but considerably smaller than the native antigen seen on the 
gel. 
0397) Thermolysin was then used to fragment MUC5AC. 
The thermolytic fragments from the three tandem repeat 
regions of MUC5AC were the selected in order to construct a 
multiple alignment of possible epitope containing fragments 
having a common consensus sequence. See FIG. 3. These 
experiments not only limited the size of the prospective 
epitope but also suggested a possible association with 
O-linked carbohydrate substitution given the presence of 
motifs. This data indicates that the NPC-1 antibody binds to a 
region of MUC5AC comprising the peptide sequence of 
(SEQIDNO:36 or 37) FIG.3 which serves as a scaffold for 
an aberrant, tumor-specific glycosylation pattern. This aber 
rant, tumor-specific glycosylation pattern (secondary struc 
ture) is apparently attached to residues in SEQID NO:36 or 
37 contained in the antigen bound by the NPC-1 antibody. 
0398. The carbohydrate dependence of NPC-1C binding 
was further confirmed by glycosidase enzyme digestions, 
chemical modifications, and mimicry. A panel of glycosi 
dases (Northstar Bioproducts) was used to explore a possible 
change in the ability of CFPAC-1 supernate antigen to inhibit 
NPC-1C binding to the same antigen immobilized on micro 
plates (competition assay). The commercial enzyme panel 
comprised a plurality of enzymes: (a) o-glycosidase, (b) 
B1->4 galactosidase, (c) PNGase F, C2->3.6,8.9 specific 
neuraminidase, and (d) N acetyl glucosaminidase. Of all 
enzymes tested neuraminidase (3, 6, 8 selective) stood out 
producing significant modifications to the antigen. This was 
observed in the competition ELISA using CFPAC coated 
plates and NPC-1C. Surprisingly, of o-glycosidase, (b) f1->4 
galactosidase, (c) PNGase F, C2->3.6,8.9 specific neuramini 
dase, and (d) B Nacetylglucosaminidase treatment, only the 
neuraminidase digestion eliminated activity of the antigen. 
Unexpectedly, it was observed that the antigen activity is 
sensitive to neuraminidase, mild Sodium periodate oxidation 
treatment at 4°C. (a method that selectively destroys sensitive 
vicinal diol bonded hydroxyl groups found in sialic acids) 
also eliminated the binding of NPC-1C to the MUC5AC. 
0399. The results of the neuraminidase digestion result 
Suggest that Sialic acid is comprised in the carbohydrate resi 
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dues which are attached to amino acids in the primary struc 
ture of the antigen that constitute the epitope. A neuramini 
dase from Macrobaella decora (Calbiochem) which is 
selective for C2->3 linkages was inactive. Only neuramini 
dase with broad spectrum (C2->3,6,8) from Arthrobacter 
ureafaciens showed activity. Since C2->8 linked sialic acid is 
relatively uncommon except in neuronal tissues, the results 
highly suggest that the epitope contains sialic acid C.2->6 type 
linkages. The periodate treatment further narrows the binding 
to include C8 and C9 hydroxyl groups on sialic acid as pos 
sible contact points with NPC-1C. A competition assay com 
paring CFPAC-1 Supernatant treated with C.2-3 neuramini 
dase, C2-3.6.8 neuraminidase, and sodium periodate to a 
CFPAC-1 control was also effected. Only CFPAC-1 superna 
tant treated with C2-3 neuraminidase and Sodium periodate 
showed a lack of binding of the NPC-1C antibody. Thus, the 
antigen detected in the serum ELISA bound by the NPC-1C 
antibody is also sensitive to Sodium periodate and C2-3 
neuraminidase but not C.2-3.6.8 neuraminidase. 
0400 Serum from a normal healthy individual (Normal 
Serum) or serum from a patient with a Colon Cancer was 
treated overnight with several concentrations of sodium 
periodate. The reaction was then stopped by addition of 50% 
glycerol. The treated samples were then assayed for NPC-1 
antigen content by ELISA using NPC-1C antibody in a 
homologous format were NPC-1C was both the capture 
reagent and detector reagent in a biotinylated form. 
04.01. A form of mimicry was unexpectedly discovered 
where bovine submaxillary mucin (BSM) (Sigma) bound 
very well to NPC-1C in ELISA, and western blot. This cross 
reactive antigen provided a source of material to further 
explore the carbohydrate dependence of NPC-1C binding. 
The BSM reactivity with NPC-1C antibody was sensitive to 
both periodate and neuraminidase treatments. The competi 
tion assay comparing CFPAC-1 Supernatant with BSM on the 
ability to inhibit NPC-1C antibody binding to CFPAC coated 
plates. 
0402 BSM or CFPAC-1 supernatant was treated with 
Sodium periodate and neutralized essentially as described 
previously. The treated antigens were then coated onto a 
microplate which was subsequently probed with a titration of 
NPC-1C antibody. The readout after an anti-human IgG 
peroxidase (Jackson) secondary antibody binding step was 
obtained with TMB Substrate. This shows that BSM and 
CFPAC-1 Supernate antigen both have a similar periodate 
sensitivity with respect to the NPC-1 epitope. This result is 
consistent with mild acid hydrolysis experiments which 
points to a common sialic acid partial glycotope. 
0403. The binding of NPC-1C to its antigens) is saltsen 
sitive, further Supporting the finding that the binding may 
have an ionic dependence, contributed by negatively charged 
sialic acid residues in the antigen. CFPAC-1 Supernate coated 
plate was a capture and the readout was NPC-1C antibody 
binding in the presence of several concentrations of NaCl. 
04.04 The NPC-1 monoclonal antibody was compared to 
the Sialyl Tn monoclonal antibody (Abcam) and antibodies 
that bind the CA19-9 antigen. With BSM coated plate as 
capture and variable amount of NPC-1C added, a constant 
amount of sialyl Tn antibody was added resulting in no com 
petition of NPC-1C binding. When sialyl Tn was tested in 
pre-blocking a BSM plate, no such blocking of NPC-1C 
binding occurred. 50% of the O-liked glycans on BSM have 
the following sequence which is defined by antibodies bind 
ing to Sialyl Tn: NeuAcO2->6GalNAco.1->Ser/Thr. Selec 
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tive neuraminidase digestion showed that the epitope recog 
nized by the NPC-1C antibody comprises a NeuAca2->6 
linkage. Sialyl Tn antibody blocking experiments demon 
strated that NPC-1C and Sialyl Tn do not share an epitope as 
there is no competition for binding between these antibodies 
(e.g., Sialyl Tn binds a different epitope). These results also 
suggest that the epitope recognized by NPC-1C is sensitive to 
removal of C2-s0.8 linked sialic acid but not C2-s3 linked 
sialic acid, excluding CA19-9 as the antigen. Further, the 
epitope is sensitive to mild periodate oxidation thereby Sug 
gesting that Sialic acid C8, C9 hydroxyl groups may be con 
tact sites to NPC-1C or mucin. Therefore, the sialyl Tn mono 
clonal antibody does not bind the same epitope as the NPC-1 
antibody. Further, the NPC-1 antibody does not bind to the 
CA19-9 antigen. 
04.05 Accordingly, the NPC-1 epitope is sensitive to mild 
acid hydrolysis, periodate oxidation, and neuraminidase 
digestion, all treatments known to elicit a degradative effect 
on sialic acid, and Suggesting that Sialic acid is a key Sugar 
forming part of the glycotope recognized by the NPC-1 anti 
body. Further, the linkage of sialic acid to the penultimate 
Sugar of the epitope was suggested to be C2->6 rather than 
C2->3 by virtue of the epitope destructive effect only seen 
with neuraminidase from Arthrobacter ureafaciens (broad 
spectrum neuraminidase) and not neuramidase from Macrob 
della décora selective only for C.2->3 linkages. Additionally, 
the NPC-1C antibody binds effectively to bovine submaxil 
lary mucin (BSM) and proteolytic digest thereof. This sug 
gests that a homologous glycotope exists on BSM and there is 
diminished relevance of the peptide part of the molecule. The 
NPC-1 epitope is saltsensitive, thereby suggesting the impor 
tance of charged residues, possibly due to clustered nega 
tively charged sialic acid residues having the appropriate 
ionic character. 

Example 7 

Pharmacology and Toxicology Data 

Proposed Mechanism of Action of NPC-1C 
(0406. The NPC-1C antibody was tested for antibody-de 
pendent cell cytotoxicity (ADCC) activity against several 
colorectal and pancreatic tumor cell targets in vitro. The 
ADCC assay measures the amount of cell cytotoxicity that an 
antibody facilitates in a defined time period by the release of 
radiolabelled cytoplasmic proteins into the culture medium. 
The data show that in a standard 4-hour 111-Indium release 
assay that NPC-1C facilitated the killing of the colorectal and 
pancreatic tumor cell lines. The specific lytic activity of NPC 
1C is demonstrated with an isotype IgG control as well as cell 
line controls that do not express the MUC5AC antigen 
(DU145 and SK-mel). SeeTable 10. The specific lytic activity 
was titratable with the number of effector cells in the assay. 

TABLE 10 

ADCC Assay: NPC-1C Antibody Killing Against Tumor Cell Lines 

Tumor Cell Line Effector:Target % Specific Killing (SEM 

Target Cell Ratio Isotype control Ab NPC-1C 

Colo-205 (Colorectal) 50:1 9.8 1.9 66.7 O.6 
25:1 O.8 1.2 46.4 + 1.6 

12.5:1 -0.5 + 0.1 32.82.O 
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TABLE 10-continued 

ADCC Assay: NPC-1C Antibody Killing Against Tumor Cell Lines 

Tumor Cell Line Effector:Target % Specific Killing (SEM 

Target Cell Ratio Isotype control Ab NPC-1C 

SW620 (Colorectal) 50: 6 - 0.2 63.7 2.9 
25: 3.5 - 18 61.O. 1.8 
2.5: O.O.O.3 515 O.9 

SW 1463 (Colorectal) 50: 0.1 + 1.1 33.8 - 1.O 
25: -1.3 + 0.2 25.5 O.6 
2.5: -1.2 + 0.1 17.9 1.7 

LS174T (Colorectal) 50: -1.2 + 0.1 26.8 2.9 
25: -0.8 + 0.1 18.5 - 4.1 
2.5: -1.1 + O.O 9.5 OS 

AsPC-1 (Pancreatic) 50: -0.829 44.5 6.8 
25: -7.02.2 36.22.6 
2.5: -1.2 + 0.9 26.5 - 6.7 

CFPAC-1 (Pancreatic) 50: -1.2 + 2.3 26.9 16 
25: -2.4 + 0.1 23.22.2 
2.5: -2.0 + 0.4 11.1 + 1.6 

PANC-1 (Pancreatic) 50: -2.2 + 0.4 46.8 2.1 
25: -2.5 + 0.4 33.23.3 
2.5: -39 O.3 21.20.6 

SK-MEL (Melanoma) 50: 2.7 O.7 4..6+ 1.1 
25: 1.5 + 0.3 3.31.1 
2.5: 1...6+ 0.4 2.30.6 

DU145 (Prostate) 50: -0.3 + 0.2 -0.5 + 0.3 
25: -0.7 O1 O3 + O.8 
2.5: -0.2 + 0.2 -0.3 + 0.1 

0407. These in vitro results demonstrate that the NPC-1C 
antibody was capable of directing antibody-dependent cell 
cytotoxicity in the presence of normal human PBMCs. 

Anti-Tumor Activity 

0408. The NPC-1C antibody was tested for anti-tumor 
activity using the human ASPC-1 pancreas tumor Xenograft 
model in nude mice. In this activity model, mice were 
implanted with human AspC-1 tumor cells and allowed to 
establish to approximately 20-50 mm, measurable with a 
caliper in approximately 4-6 days. The treatment regimen 
included intraperitoneal injection of 2001g of research-grade 
NPC-1C or a negative control human IgG (Pierce), followed 
on the next day with an intraperitoneal injection of IL-2- 
activated normal human PBMCs (approximately 2x10 per 
mouse per injection). Two cycles of treatment were adminis 
tered such that antibody injections occurred on days 5 and 8. 
and PBMC injections occurred on days 6 and 9 in this study. 
Throughout the study, the tumor growth was monitored twice 
weekly by measurement with a caliper. Tumor Volume was 
calculated using the equation: Volume (width:xlength)/2, in 
units of cubic millimeters. If a tumor reached approximately 
800 mm, or became ulcerated or necrotic, the mouse was 
humanely sacrificed. The study was terminated on study day 
35. 

04.09 FIG. 6 demonstrates the average tumor growth for 
each group plotted together. Tumor growth inhibition was 
observed during the antibody treatment phase of the study, 
and the difference between the NPC-1C treated mice and the 
control groups was statistically significant beginning on day 
13 and continuing for the remainder of the study (P=0.0072 
by one-way ANOVA), as indicated by the asterisk on the 
graph. 
0410 This anti-tumor activity study was repeated in a 
separate study using the same ASPC-1 pancreas tumor model 
and the 200 ug dose of NPC-1C antibody. However, in the 
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second study, four cycles of treatment were administered 
instead of two cycles. The antibody was administered on days 
4, 7, 10, and 13 in this study while the PBMCs were injected 
on days 5, 8, 11, and 14. All other parameters were kept the 
same as the previous study. The data shown in FIG. 7 dem 
onstrate very similar growth inhibition in response to treat 
ment with NPC-1C. Tumor inhibition was evident during the 
treatment phase of the study, and the difference between the 
NPC-1C treated mice and the human IgG control mice was 
statistically significant beginning on Day 18 and continuing 
for the remainder of the study (P=0.0044 by one-way 
ANOVA: n=8 per group). The fact that these two independent 
anti-AspC-1 activity studies yielded such similar results sup 
ports the usefulness of the NPC-1C antibody for the treatment 
of pancreatic and colorectal cancer. 
0411 Since the LS174T colorectal tumor cell line served 
as a good target in vitro in the ADCC assay, this cell line was 
used in a xenograft tumor model. The LS174T cells were 
implanted Subcutaneously in nude mice and the same treat 
ment regimen was administered to these mice. The data 
shown in FIG. 8 demonstrate that this is a very aggressive 
tumor in vivo since the study had to be terminated in less than 
3 weeks. Nonetheless, we observed a 2-3-fold reduction in 
tumor growth in NPC-1C treated mice compared to the 2 
control groups of mice following the treatment cycles. The 
anti-tumor effect upon treatment with NPC-1C was signifi 
cant on the last day of measuring tumors with P=0.0145 by 
one-way ANOVA. However, many of the tumors in the con 
trol groups became ulcerated and were greater than 1000 
mm and the study was terminated. 

Cytokine Response 

0412. In a preliminary study designed to evaluate potential 
cytokine responses in vivo, normal BALB/c mice were 
injected intravenously with either 3.5 mg/kg or 14 mg/kg (5 
mice per group) of research-grade NPC-1C. Blood was col 
lected on Study Day 3 (72 hours post-injection) and Study 
Day 10. Serum was prepared (including from the pre-bleed of 
each mouse) and tested for the presence of mouse IL-2, IFN 
Y, IL-4, and IL-5 in a multiplex bead assay using the Search 
Light Array service offered by Aushon BioSystems, Inc. 
0413. The data demonstrated that there was a small 
increase in the serum levels of IL-2 and IL-5, but no appre 
ciable change in IFN-y or IL-4 on day 3. There appeared to be 
no dose-dependency related to the increase of IL-2 or IFN-y, 
and the minor elevation of these 2 cytokines showed evidence 
of beginning to resolve at the day 10 time point. Thus, in this 
study a small and apparently transient cytokine response was 
observed that might be expected upon injection of a bolus of 
foreign protein into a mouse. 

Antibody Response 

0414 Mouse anti-NPC-1C antibody (MAHA) responses 
were also measured in this study (CB08-5110). The analysis 
employed an ELISA based assay to detect NPC-1C-specific 
antibodies in mouse serum. The data demonstrated that nor 
mal BALB/c mice mounted an antibody response against the 
NPC-1C molecule. However, the antibody responses were 
highly variable on a mouse-to-mouse basis, and the overall 
responses were moderate, Suggesting that the NPC-1C anti 
body was only mildly immunogenic in mice despite the fact 
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that it is comprised in 67% of human IgG sequences. There 
were no differences between male and female mouse MAHA 
responses. 

Toxicity 

0415. A preliminary non-GLP toxicity study using a 
research-grade preparation of NPC-1C was also conducted. 
Normal BALB/c mice were injected with a single IV dose of 
saline, or 3, 10, 30, or 100 mg/kg of NPC-1C (n=3 female 
mice per group). In-life parameters measured included body 
weights and clinical observations. Mice were humanely sac 
rificed 72 hours following the injection and specimens were 
collected for analysis. Post-mortem parameters included 
macroscopic examination, blood cell counts, serum chemis 
tries, and histopathological evaluation of selected major 
organs and tissues. The results of the preliminary study dem 
onstrated no significant changes in body weight, blood cell 
counts, and histopathology of 7 major organs and tissues 
(liver, spleen, kidney, lung, heart, intestine, pancreas). A mild, 
but statistically insignificant elevation of serum aspartate 
transaminase (AST) was observed in 2 out of 3 mice that 
received 100 mg/kg of NPC-1C. No other toxicities were 
detected in these studies potentially associated with NPC-1C, 
including during histopathological examination of the major 
organ systems in these mice. 

Pharmocokinetics 

0416 To determine whether gender impacted the disposi 
tion of NPC-1C in vivo, each treatment group contained four 
males and four females. Clearance, Cand half-life follow 
ing a single dose of 10 or 100 mg/kg were compared by 
non-parametric Mann-Whitney test. No significant gender 
specific differences were observed in clearance or C. 
However, the serum half-life of NPC-1C was shorter in 
females than in males. This finding was only significant at the 
100 mg/kg dose level (t1/2:109.5+14.72 h versus 
285.4+139.5 h, P=0.029). However, it is likely that this is a 
spurious observation, arising from high inter-animal variabil 
ity, as this difference in half-life was not replicated following 
multiple doses, regardless of dose level. 
0417. The data provides useful guidance for the dosing 
schedule of possible therapeutic regimes. Mice injected intra 
venously with 10 mg/kg of NPC-1C may be used for com 
parison to the doses used in therapy regiments for humans, for 
instance. Overall, the disposition of NPC-1C antibody in 
mice is characterized by low clearance, a limited volume of 
distribution and a long elimination half-life. The mean half 
life at 10 mg/kg was 129 hours (5.4 days) after a single dose, 
increasing to 279 hours (11.6 days) after four doses, which 
should allow for adequate exposure when dosed every 2-3 
weeks in a clinical trial. 

Biodistribution 

0418. The biodistribution of the NPC-1C antibody was 
evaluated in tumor-bearing mice using radio-labeled anti 
body. The NPC-1C antibody was labeled on surface-exposed 
tyrosines with 125-Iodine and purified via gel filtration chro 
matography. Nude mice bearing established Subcutaneous 
human pancreatic tumors (CFPAC-1) or colorectal tumors 
(LS174T) were injected intravenously with the radioiodi 
nated NPC-1C on day 0. Mice were sacrificed on study day 1, 
2, 4, and 6. On necropsy days, mice were exsanguinated and 
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major organs (e.g., lungs, intestine, liver, pancreas, spleen, 
kidneys, blood) including the Subcutaneous tumor were col 
lected. 

0419. The data show that radiolabeled NPC-1C localized 
predominantly in the established tumor Xenografts that are 
known to express the MUC5AC target antigen, and, not in 
other non-target tissues examined. In the pancreatic 
CPFAC-1 tumor model, NPC-1C uptake was statistically 
higher in tumors than in any other tissue type at all timepoints, 
except when compared to those in blood in females only on 
day 6. FIG. 9. Interestingly, mice harboring the colorectal 
LS174T tumor demonstrated NPC-1C uptake that increased 
in both sexes reaching the highest levels on day 6. FIG. 10. 
The uptake was statistically higher in tumors than in any other 
tissue type examined at any timepoint during the study. These 
studies support the notion that NPC-1C can traffic to the 
tumor site following intravenous administration of the anti 
body, where it can bind to it target antigen, accumulate at the 
tumor site, and elicit an anti-tumor effect. 
0420. In summary, the results, particularly the in vitro 
ADCC activity and the in vivo anti-tumor activity support the 
use of NPC-1C as a therapeutic for cancer patients who 
express the tumor target antigen, NPC-1. Tissue staining with 
NPC-1C revealed a strong positive correlation to colon and 
pancreas cancer tissues because little or no cross-reactivity 
with normal human pancreas or colon tissue, and no cross 
reactivity to other normal tissues was seen. The pharmacoki 
netic data demonstrate that the NPC-1C serum half-life in 
mice is within a similar range compared to other therapeutic 
immunoglobulins, and Supports administration of the anti 
body every two to three weeks. The bio-distribution study 
demonstrated the ability of NPC-1C antibody to traffic to, and 
accumulate in established tumors suggesting that the NPC-1 
antibody may be used as a delivery vehicle to delivery agents 
(e.g., cytotoxic agents or labels) directly to tumors. 

Example 8 

Detection of NPC-1 Antigen in Fecal Samples 

0421 Stools are a rich source of cells derived from the 
gastrointestinal tract, and cancer antigens may be measured in 
fecal samples using standard techniques, e.g., immunochem 
istry such as ELISA. Kim, et al. (2003) Annals Clin. & Lab. 
Sci. 33: 32-38; Ton, et al. (2000) Clin. Chimica Acta. 292: 
41-54. A homologous format ELISA that uses NPC-1C anti 
body as both capture and detection reagent was developed. A 
preliminary control experiment with human pancreatic 
CFPAC-1 tumor cell supernate (containing the NPC-1C anti 
gen) spiked into a healthy stool sample showed that stool did 
not interfere with the ELISA. Next, samples of stool collected 
during colonoscopy from colorectal cancer patients (n=4), 
stool from people with Small polyps (n=4), stool from people 
with multiple polyps (n=2), stool from people with large 
polyps (n=3), and stool from healthy adults (n=13) were 
applied to the ELISA. A soluble extract of stool was prepared 
by detergent lysis and centrifugation. The level of NPC-1C 
specific NPC-1 antigen measured in this ELISA was com 
pared among all groups. Table 11 shows data from two inde 
pendent experiments in which Some samples were spiked 
with CFPAC-1 cell line derived from pancreas duct carci 
Oa. 
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TABLE 11 

Detection of NPC-1 antigen in human fecal extracts by ELISA 

Experiment 1 Experiment 2 

extract extract extract extract 
Sample 1,10 1,50 1,10 1,50 

1 fecal sample from healthy donor 285: 187 204 159 
2 fecal sample from pt with celiac 291 204 224 181 
disease 
3 fecal sample from pt with polyps 855 281 723 231 
4 fecal sample from pt with colon 3629 757 3217 624 
cancer (hyperplasia) 
5 fecal sample from pt with colon 5137 1043 ND ND 
C8Ce 

sample 1 spiked with 10 L 1944 461 1354 346 
CFPAC-1 Supernate 
sample 2 spiked with 10 L 2045 438 ND ND 
CFPAC-1 Supernate 
sample 3 spiked with 10 I. 3219 582 ND ND 
CFPAC-1 Supernate 
sample 4 spiked with 10 L S926 1373 ND ND 
CFPAC-1 Supernate 
sample 5 spiked with 10 I. 7692 1694 ND ND 
CFPAC-1 Supernate 
CFPAC-1 Supernate 2902 ND 2772 ND 
HTB 35 supernate 143 ND 82 ND 

* numbers represent NPC-1 antigen-positive cell equivalents/mL 
ND = not done 
HTB-35 = NPC-1 antigen negative control supernate 

0422 Results using CFPAC-1 Supernate as a surrogate 
source of NPC-1C antigen showed that the contents of fecal 
material did not interfere with the ability of the ELISA to 
measure the NPC-1 Cantibody reactive NPC-1 antigen. When 
extracts of stool were applied to the ELISA, it was apparent 
that healthy people did not express NPC-1Cantibody reactive 
NPC-1 antigen in their stool. The signal in the assay was 
similar to background levels (average about 723 units). In 
contrast, people with Small polyps had higher levels (average 
about 3,819 units); people with multiple polyps expressed 
higher levels (average about 7.369 units); people with large 
polyps had even higher levels (average about 10,189 units): 
and colon cancer patients had the highest levels of NPC-1C 
reactive antigen (average about 175,983 units), more than 
about 240 times the level of NPC-1 antigen compared with 
healthy people. ELISA using NPC-1 antibody (to detect 
NPC-1 antigen) is a specific and useful assay for the diagnosis 
and monitoring of pancreas cancer using stool samples. 
Inhibitors of NPC-1 antibody ELISA are not present in fecal 
extracts. The assay is titratable and may be quantitative. 
0423. This data establishes a correlate level of NPC-1C 
reactive antigen, measured by a novel stool-based ELISA, 
with colon cancer disease progression. The level of NPC-1C 
specific NPC-1 antigen detected increased concomitantly 
with the number and size of polyps observed during colonos 
copy, and reached the highest levels in patients with colon 
cancer. Thus, this ELISA test provides for early non-invasive 
diagnostic screening for colorectal cancer using an anti 
NPC-1 antibody. 
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Example 9 

Anti-NPC-1C Idiotype Antibody (4B6) 

Anti-NPC-1C Monoclonal Antibody Development: 

0424 Five Balb/c mice were immunized and boosted with 
NPC-1C using a standard immunization protocol. The titer of 
antibody against NPC-1C was evaluated by ELISA. Once 
acceptable titers (binding to NPC-1C, not human IgG control) 
were obtained, hybridoma fusion was done using splenocytes 
from the mouse with the best titer and myeloma cells (SP2/0). 
The Supernatants from the growing hybridoma wells in ten 
96-well plates were screened by ELISA against human IgG, 
mouse IgG and NPC-1C. Ten supernatants from hybridoma 
clones that bind specifically to NPC-1C were evaluated. 
Among those ten Supernatants, the Supernatants from hybri 
domas 4B6 and 4F4 showed strongest binding to NPC-1C, 
but not to human IgG or mouse IgG. 4B6 and 4F4 hybridoma 
cells had the same mouse IgG1 heavy chain and kappa chain 
sequences. The purified monoclonal antibody 4B6 is 
described herein. 

0425 Characterization of 4B6 (mouse anti-NPC-1C 
monoclonal antibodies or 4B6 Id) revealed that the 4B6 Id 
isotype heavy chain is mouse IgG1; light chain is mouse 
Kappa chain. The sequence of CDR regions are underlined in 
the following amino acid sequences encoded by the nucleic 
acid molecule as follows: 4B6 light chain (DNA) (SEQ ID 
NO: 111) and 4B6 light chain (amino acids) (SEQ ID NO: 
112) with CDRs1, 2, 3, depicted in the amino acid sequences 
of SEQID NOs: 113 and 114 (and the CDR2 of WAS), and 
4B6 heavy chain (DNA) (SEQ ID NO: 115) and 4B6 heavy 
chain (amino acids) (SEQ ID NO: 116) with CDRs1, 2, 3, 
depicted in the amino acid sequences of SEQ ID NOs: 117. 
118, and 119. The binding of 4B6 to NPC-1C was tested with 
binding ELISA and competitive binding ELISA. The func 
tion of 4B6 antibody to block NPC-1C antigen binding was 
confirmed by a tumor cell rosetting assay. 

Rosetting Assay 

0426 4B6 blocked NPC-1C binding to CFPAC1 cells in 
rosetting assay. NPC-1C coupled beads were added to the 
cells, incubated at RT on the shaker for 30 minutes, and 
rosette cells were counted under microscope. For blocking, 
4B6 was added to the cells along with NPC-1C coupled beads 
or h16C3 coupled beads. Control beads and Human-IgG 
coupled beads do not bind to CFPAC-1 cells as negative 
control. HC3 antibody coupled beads which also bind to 
CFPAC-1 cells were used for specificity of 4B6 blocking. The 
results are summarized in Table 12. NPC-1C coupled beads 
bind 40% of CFPAC-1 cells; hl6C3 coupled beads bind 53% 
CFPAC-1 cells. 4B6 at 5 ug/ml can specifically block the 
binding of NPC-1C coupled beads to CFPAC-1 cells from 
40% to 0% without affectingh 16C3 coupled beads binding to 
CFPAC-1 cells (53% to 50%). 

TABLE 12 

1B6 blocks NPC-1C binding to CFPAC-1 cells in rosetting assay 

CFPAC-1 cells Rosetted 
1 x 10 NPC-1C H16C3 Control H-IgG cells 
cells/ml beads beads beads beads 4B6 (>8 beads) 

100 ul 10 ul O% 
100 ul 10 ul O% 
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TABLE 12-continued 
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4B6 blocks NPC-1C binding to CFPAC-1 cells in rosetting assay 

CFPAC-1 cells 
1 x 10 NPC-1C H16C3 Control H-IgG 
cells/ml beads beads beads beads 4B6 

100 ul 10 ul 
100 ul 10 ul 
100 ul 10 ul 5 g/ml 
100 ul 10 ul 5 g/ml 

Detection of NPC-1C in Human Serum (PK) by Using 4B6) 
0427 4B6 may be used for many applications due to the 
higher affinity and specificity to NPC-1C. For pharmacoki 
netic (PK) studies, NPC-1C in patient serum may be mea 
sured. 4B6 may be used for NPC-1C antibody detection in a 
PKassay. NPC-1Cantibodies may be detected by using NPC 
1C-biotin competitively bind to 4B6 coated ELISA plate with 
NPC-1C antibody from serum in competitive ELISA with 
good specificity and 62.5 ng/ml sensitivity. There was no 
significant effect of 10% human serum on NPC-1C antibody 
detection. NPC-1C antibody may also be detected by sand 
wich ELISA, in which 4B6 bound NPC-1C was detected by 
anti-human IgG (hinge region)-HRP. The sandwich ELISA 
had 15.6 ng/ml sensitivity with background in a high concen 
tration of human serum. 

Detection of Anti-NPC-1C 
NPC-1 C-Treated Human Serum 

0428. A competitive ELISA in which NPC-1C (0.5ug/ml) 
was used to coat the titer plate, and tested with 4B6-biotin (50 
ng/ml) and increasing titers of 4B6 (ng/ml), showed that it 
may be used for detecting anti-idiotype antibody (anti-NPC 
1C) produced in the patents that were treated with NPC-1C 
intravenously. Further, 4B6 may be used as internal standard 
in NPC-1C antigen Detection ELISA. 

Idiotype Antibody in 

Example 10 

NPC-1 Antibody Shows Anti-Tumor Effects In Vitro 
and In Vivo 

0429 Introduction: 
0430 NPC-1C is a chimeric monoclonal antibody which 
may be used for the treatment of pancreatic and colorectal 
cancers. NPC-1C antibody appears to recognize a variant 
form of MUC5AC expressed specifically by human pancre 
atic and colorectal tumor tissues and cell lines. 

0431 Methods: 
0432. The NPC-1C antibody was selected from a panel of 
hybridomas generated from mice immunized with semi-pu 
rified membrane-associated proteins derived from biologi 
cally screened, pooled human allogeneic colon cancer tis 
Sues. In vitro assays and in Vivo studies were performed to 
characterize the GMP-grade antibody. 

Immunohistochemistry (IHC) 
0433 Slides were deparaffinized, rehydrated and antigen 
retrieval was performed. Slides were then stained with 10 
ug/ml biotinylated NPC-1C antibody and then streptavidin 
HRP was applied for color development. Slides were counter 
stained with H.E., hydrated and fixed. The results demon 

Rosetted 
cells 

(>8 beads) 

40% 
53% 

strate NPC-1C binding specific for pancreatic or colorectal 
tumor tissue, but no binding to normal pancreas or colon 
tissue. SeeTable 13. The specificity of NPC-1C for pancreatic 
and colorectal tumor tissue was further shown by staining 
lung tumor tissue. While there was significant binding to 
these tissues with a commercial antibody that recognizes 
normal MUC5AC, there was no reactivity of NPC-1C with 
these lung tumor tissues. 

TABLE 13 

Specificity of NPC-1C Antibody 

Total Tissue Percentage 
Tissue Types Samples Stained Positive 

Colon Cancer 38 79% 
Normal Pancreatic 29 3% 
Pancreatic Cancer 108 48% 
Normal Uterus 12 O 
Uterus Cancer 50 44% 
Normal Prostate 4 O 
Prostate Cancer 40 25% 

0434 FACs data showing NPC-1C antibody binding to 
colon cancer and pancreatic cancer cell lines. Cells were 
washed and suspended in either 2 g/ml NPC-1C-FITC or 
isotype control antibody-FITC for 1 hour, washed and then 
subjected to FACS analysis. Experiments with all cell lines 
were repeated at least three times. The NPC-1C antibody 
reacts with colorectal and pancreatic tumor tissues, but does 
not cross-react with normal human tissues, except for spo 
radic, weak binding to certain GI tract tissues, which may 
indicate a pre-malignant state. NPC-1C antibody binds to 
cancer cells as observed by immunofluoresence (IF) staining 
results using a FITC labeled NPC-1C antibody (2 ug/ml) on 
pancreatic cancer cell line ASPC-1, colorectal cancer cell line 
LS174T, but does not bind to the lung cancer cell line A549. 
DAPI was used to stain the nucleus. The IF showed clear 
specific staining of the pancreatic and colorectal cells, but not 
the lung cancer cells. The staining pattern of these pancreatic 
and colorectal tumor cells was predominantly membrane 
associated, consistent with the expression profile of 
MUC5AC. See Table 14. 

TABLE 1.4 

NPC-1C Antibody binding to Pancreatic and Colorectal 
Tumor Cell Lines 

Tumor Cell Isotype Control NPC-1C 
Lines (Percent positive) (Percent positive) 

LS174 3.85 89.72 
Colo-205 2.33 94.67 
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TABLE 14-continued 

NPC-1C Antibody binding to Pancreatic and Colorectal 
Tumor Cell Lines 

Tumor Cell Isotype Control NPC-1C 
Lines (Percent positive) (Percent positive) 

SW48O 3.38 S8.98 
CFPAC 1.79 52.56 

0435 The NPC-1Cantibody exhibits cell-specific binding 
and ADCC activity against human colorectal and pancreatic 
tumor cells, but not against control tumor cell lines. In vivo, 
the anti-tumor activity of NPC-1 Cantibody was tested using 
pre-established subcutaneous human tumor Xenograft mod 
els. Surprisingly, the NPC-1C antibody showed significant, 
and reproducible, anti-tumor action, including some com 
plete tumor regressions. 

0436 The results herein show that NPC-1C antibody may 
bind specifically to pancreatic and colon cancer tissue 
samples and also to cell lines. NPC-1C antibody may induce 
antibody dependent cell cytotoxicity in colon and pancreatic 
cells but not in melanoma and prostate cancer. In vivo studies 
suggest that NPC-1C antibody inhibits tumor growth in 
Xenograft models of pancreatic and colon cancer. Bio-distri 
bution studies showed that NPC-1C antibody accumulates in 
the tumor and not in any major organs. There was mild type I 
and II cytokine responses and expected? antibody responses 
in mice treated with NPC-1C. Therefore, the NPC-1C anti 
body is specific for pancreatic and colon cancer, and induces 
ADCC activity in in vitro assays and inhibits tumor growth in 
V1VO. 

0437. Particularly, the available data relating to the NPC 
1C antibody indicates that it should be safe and efficacious, 
and that it may have clinical activity in patients whose tumor 
expresses the variant MUC5AC epitope. Indeed, this anti 
body should have broad clinical relevance as approximately 
50-70% of human pancreatic and colon tumor tissues express 
an NPC-1C antigen (as shown by positive staining). 

Example 11 

Protein Immunoblotting of Human Tumor Cell 
Extracts and Supernatants 

0438. The 16C3 antibody is described in U.S. Patent 
Application Publication No. 2009/0162931, but the antigen 
was not described. To identify the 16C3 antigen, several pro 
tein purifications were prepared using either the murine 16C3 
or the humanized 16C3 antibody. The tumor antigen sources 
for these protein extracts were tumor cell lines, including 
LS174T (human colorectal tumor), CFPAC-1 (human pan 
creatic tumor); colon cancer patient tumor specimens; and 
cancer vaccine from the Hollinshead library of cancer vac 
cines. See Hollinshead, etal. (1985) Cancer 56:480; U.S. Pat. 
No. 5,688,657. 
0439. The 16C3 antibody was coupled to resins for anti 
gen purification; including magnetic beads, for simple 
adsorption, washing, and elution from the beads. Proteins 
eluted from the beads were studied for determination of anti 
gen presence, characterization, and identification. 
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0440 Proteins extracted from colon tumor tissue, or 
derived from LS174T, HT-29, ASPC-1, and CFPAC-1 cell 
pellet extracts, were separated by SDS-PAGE, transferred to 
PVDF membrane, and then stained with the 16C3 antibody. 
The results demonstrate two distinct molecular mass species 
cross-reactive with the 16C3 antibody, estimated to be 100 
kDa and 200 kDa. The relative ratios of the two immunore 
active bands have generally been observed to be different 
among colorectal and pancreatic tumor cell lines. In colorec 
tal tumor cells, the 200 kDa band is the predominant species, 
whereas in pancreatic tumor cells the 100 kDa band is pre 
dominant species. 
0441 The 16C3 antigen was prepared for identification by 
mass spectrometry by running immuno-purified antigen 
preparations from several different tumor sources on SDS 
PAGE, excising the 16C3-immunoreactive bands from the 
polyacrylamide gel. One band from LS174 corresponded to a 
protein with MW -200 kDa, a second band from HT-29 
corresponded to a protein with MW ~200 kDa, a third band 
from CFPAC-1 corresponding to a MW ~100 kDa. The pro 
teins were then subjected to trypsin digestion followed by 
LC/MS/MS on a LTQ ORBITRAPR XL mass spectrometer 
(Thermo Scientific). Production data were searched against 
the concatenated forward and reverse International Protein 
Identification (IPI) human database using the Mascot search 
engine (Matrix Scientific, Ltd.). The database was appended 
with commonly observed background proteins to prevent 
false assignments of peptides derived from those proteins. 
Mascot output files were parsed into the Scaffold program for 
filtering to assess false discovery rates and allow only correct 
protein identifications. 
0442 Considered together, the three mass spectrometry 
experiments demonstrated the presence of CEACAM5- and/ 
or CEACAM6-derived peptides in the 16C3 immunopurified 
preparations. These preparations were made from human col 
orectal (LS174T, HT-29) and pancreatic (CFPAC-1) tumor 
cell lines. The CEACAM5 and CEACAM6 derived peptides 
appeared to be most relevant since the molecular mass of 
these CEACAM species are ~100 kDa (CEACAM6) and 
~200 kDa (CEACAM5) and are expressed in colon tissue and 
have been shown to be over-expressed in many colon cancer 
tissue samples. Thus, these experiments Suggested that the 
tumor associated antigen recognized by 16C3 antibody is an 
epitope shared by CEACAM5 and CEACAM6 glycopro 
teins. See FIG. 3. 

Example 12 

Characterization of 16C3 Antigen 

0443) The identity of CEACAM5 and CEACAM6 as the 
target antigens of the 16C3 antibody was confirmed by com 
paring the immunoreactivity of 16C3 antibody with commer 
cially-available antibodies against CEACAM5 and 
CEACAM6. The flow cytometry results shown in Table 15 
demonstrate that 16C3 staining of LS174T, CFPAC-1, HT-29 
and H226 cells is similar to that observed with other antibod 
ies known to react with CEACAM5 and CEACAM6. The 
H226 cell line was included as a cell specificity control since 
these squamous lung tumor cells do not react with the 16C3 
antibody. 
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Tumor cell staining with 16C3 and commercially available antibodies 

% Cell Staining (mean fluorescence intensity 

FITC-Ab FITC-Ab 
Tumor Cell Line only (Hu) only (Mu) 16C3 CEACAMS 

LS174T Colorectal 3.94 (23) 1.73 (22) 69.37 (103) 44.51 (62) 
CFPAC-1 Pancreatic 1.01 (22) 0.14 (23) 91.76 (91) 7.33 (22) 
HT-29 Colorectal 3.37 (14) 2.72 (14) 26.26 (44) 6.79 (20) 
H226 Squamous 4.90 (20) 1.18 (22) 4.12 (21) 1.24 (22) 

0444 Expression of the 16C3 antigen was successfully 
knocked down using siRNAS homologous to human 
CEACAM5 and CEACAM6 in cells known to express the 
16C3-immunoreactive antigen. Several siRNA oligonucle 
otides were designed based upon the CEACAM5 and 
CEACAM6 sequences reported in public databases by meth 
ods known in the art. The sequences of the human CEACAM5 
and CEACAM6 siRNA oligonucleotides are shown in Table 
16. 

TABL E 16 

CEACAMS 
CEACAM6 

80.92 (188) 
97.24 (219) 
40.58 (63) 
1.42 (24) 

experiments. They are clone CB30 against CEA/CD66e 
(#2383, Cell Signaling Inc), 9A6 against CEACAM6 
(Hab78029, Abcam), MUS against CEACAM5/6 (Hab4539, 
Abcam). The reduction of CEACAM6 expression, as 
detected by both 16C3 and anti-CEACAM5 and anti 
CEACAM6 antibodies, but not anti-CEACAM5 antibody 
alone, was dependent on the amount of CEACAM6 specific 
siRNA transfected into the cells. Approximately 75% of 
CEACAM6 expression was inhibited in CFPAC-1 cell lines at 

Sequence of CEACAM5 and CEACAM6 siRNA oligonucleotides 

Oligonucleotide Strand Sequence 

siRNA IDE: S2885 Sense AGAACUCAGUGAGUGCAAAtt 
(CEACAM5) Anti-Sense UUUGCACUCACUGAGUUCUgg (SEQ 

siRNA IDE: S9285. Sense GGAACGAUGCAGGAUCCUAtt 
(CEACAM6) Anti-Sense UAGGAUCCUGCAUCGUUCCtt 

0445. The siRNAID#:S2885 was transfected into human 
colorectal LS174T whereas siRNA IDH:S9285 was trans 
fected into human pancreatic CFPAC-1 tumor cells. Follow 
ing transfection of the siRNA into tumor cells, the 
CEACAM5 and CEACAM6 expressed by the cells was mea 
sured by specific PCR to measure the levels of CEACAM5 
and CEACAM6 mRNAs. Quantitative western blot analysis 
(CEACAM5), or quantitative flow cytometry (CEACAM6), 
each using a 16C3 antibody measured the levels of 16C3 
immunoreactive protein. 
0446. The quantitative western blot data demonstrates that 
siRNA specific for the CEACAM5 molecule reduced the 
amount of 16C3-reactive protein following transfection into 
LS174T cells. A commercially available anti-CEACAM5 
antibody was used as a positive control in these experiments. 
The reduction of CEACAM5 expression, as detected by both 
the commercial and 16C3 antibodies was dependent on the 
amount of siRNA transfected into the cells. Approximately 
70% of CEACAM5 expression was inhibited in LS174T cells 
at 100 picomoles of the siRNA. These results confirmed that 
CEACAM5 comprises an epitope bound by the 16C3 anti 
body. 

0447 Similarly, siRNAs modeled from CEACAM6 
sequence were transfected into CFPAC-1 pancreatic tumor 
cells. The data demonstrate that siRNA specific for the 
CEACAM6 molecule reduced the amount of 16C3-reactive 
antigen expressed following transfection into CFPAC-1 
tumor cells. Three commercially available anti-CEACAM5 
and anti-CEACAM6 antibodies were used as controls in these 

(SEQ 

(SEQ 
(SEQ 

ID NO: 126) 
ID NO : 127) 

ID NO: 128) 
ID NO: 129) 

100 picomoles of the siRNA. These results confirmed that the 
16C3 antigen is likely present in the CEACAM6 protein. 
0448. The identity of CEACAM5 and CEACAM6 as 
including the 16C3 antigen, recognized by the 16C3 anti 
body, was tested by cloning the genes encoding CEACAM5 
and CEACAM6 into mammalian expression plasmids, trans 
fected into human 293T cells (293T cells do not to express 
either CEACAM5 or CEACAM6.) After the DNA plasmids 
encoding CEACAM5 and CEACAM6 were transfected into 
293T cells, the recombinant expression of the antigen targets 
was tested in western blots using 16C3 antibody, and com 
mercially available antibodies against CEACAM5 and 
CEACAM6. They included clone CB30 against CEA/CD66e 
(#2383, Cell Signaling Inc), 9A6 against CEACAM6 
(Hab78029, Abcam), or MUS against CEACAM5/6 
(iiab4539. Abcam). These results show that the 16C3 anti 
body detects 16C3 in both CEACAM5 and CEACAM6 
expressed as recombinant antigenic molecules. The control 
anti-CEACAM5 and anti-CEACAM6 antibodies demon 
strated that 16C3 detects proteins of the same approximate 
molecular mass. 

Example 13 

16C3 Epitope Mapping 

0449 To determine the 16C3 antigen shared by the 
CEACAM5 and CEACAM6 molecules, a series of mutagen 
esis experiments was undertaken using CEACAM6 as a 
model 16C3 antibody immunoreactive-antigen. Mutations 
were designed, DNA plasmids were constructed for expres 
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sion in bacteria (BL21 DE3) and mammalian cells (293T). 
and the expressed mutated CEACAM6 proteins were tested 
for their ability to be detected by the 16C3 antibody, as well as 
control antibodies to ensure that the mutated proteins were 
expressed. Mutations included truncations from the N-termi 
nus, deletions of polypeptide regions, and amino acid Substi 
tutions. The CEACAM6 protein is presented schematically in 
FIG. 3, including domain structure and amino acid number 
ing that describes the boundaries of the immunoglobulin-like 
(Ig) domains. 
0450 A list of the mutations that were designed, created, 
expressed, and tested is shown in Table 17. Binding analysis 
by ELISA were quantitated on a scale of 5-plus (+++++) to 
1-plus (+) indicating the intensity level of the 16C3-immu 
noreactive signal, and (-) to indicate no signal on the mem 
brane. Fragments of CEACAM6 and its mutants were con 
structed in which portions of CEACAM6 were fused with the 
light chain of NPC-1C to measure by quantitative ELISA. 
The results show that all mutated CEACAM6 DNA con 
structs were expressed, as properly identified with the anti 
human kappa chain antibody (HA80-115A/A80-115P. Bethyl 
Laboratories). Analysis of the 16C3 antibody binding to the 
multiple mutated CEACAM6 proteins indicated several 
amino acids that contribute to the 16C3 binding region. 

TABLE 17 
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a conformational structure that forms when these two 
polypeptide regions fold together to create the 16C3 binding 
site. 
0452. Additional point mutation studies on the 16C3-re 
active region of CEACAM6 were conducted. The defined 
epitope region in CEACAM6 (amino acid residues 191-319) 
is homologous to three regions of CEACAM5. Therefore, 
regions of the homologies were compared to elucidate the 
CEACAM5 16C3 epitope. Because CEACAM5 has repeat 
ing peptides, additional areas of homology were compared 
with the putative epitope region of CEACAM6. Based on this 
information, and compared with the structure of CEACAM5, 
several possible antigens were constructed in which portions 
of CEACAM5 were fused with the light chain of NPC-1C to 
facilitate ELISA analysis. In this assay, D1-CEACAM5 and 
D2-CEACAM5 bound with equal efficiency to humanized 
16C3 antibody (h16C3). Thus, the epitope region of 
CEACAM5 in this embodiment was within the peptides of 
amino acid residues 34-319 the region with the highest 
identity with CEACAM6. 
0453 To further define the epitope region in CEACAM5, 
constructs T1-D2-CEACAM5 and 191-D2-CEACAM5 were 
constructed. The latter construct includes the same region as 
that CEACAM6. These results show that 191-D2 

Description of CEACAM6 mutations and 16C3 binding results. 

Mutation 
Point Expression 

ConstructName Deletion Mutation Truncation system 

NPC1LC-TS-CEACAM6- A327-344 NSA -33 293Tcells 
319C* 
NPC1LC-TS-CEACAM6- A320-344 236G-sV 1-33 293Tcells 
319C*-236GV 
NPC1LC-TS-CEACAM6- A320-344 259C-eA 1-33 293Tcells 
319C*-259CA 
NPC1LC-TS-CEACAM6- A320-344 259C-eS -33 293Tcells 
319C*-259CS 
NPC1LC-TS-CEACAM6- A320-344 269Y-eA 1-33 293Tcells 
319C*-269YA 
NPC1LC-TS-CEACAM6- A320-344 271W-e-A 1-33 293Tcells 
319C*-271WA 
NPC1LC-TS-CEACAM6- A320-344 277F-A 1-33 293Tcells 
319C*-277 FA 
NPC1LC-TS-CEACAM6- A320-344 281T-> A 1-33 293Tcells 
319C*-281TA 
NPC1LC-TS-CEACAM6- A320-344 28SF-A 1-33 293Tcells 
319C*-28SFA 
NPC1LC-TS-CEACAM6- A320-344 297Y-eA 1-33 293Tcells 
319C*-297YA 
NPC1LC-TS-CEACAM6- A320-344 299C-> A 1-33 293Tcells 
319C*-299CA 
NPC1LC-TS-CEACAM6- A320-344 299C-eS -33 293Tcells 
319C*-299CS 
NPC1LC-T5-CEACAM6- A320-344 300O->A 1-33 293Tcells 
319C*-300OA 
NPC1LC-TS-CEACAM6- A320-344 301A->K 1-33 293Tcells 
319C*-301AK 
NPC1LC-TS-CEACAM6- A320-344 3O2H-sN 1-33 293Tcells 
319C*-3O2HN 

0451 One 16C3 antigen epitope is shown schematically in 
FIG. 4. The 16C3 epitope is not a linear polypeptide, but 
rather is comprised of at least two polypeptide regions, con 
taining GPDGPTI (amino acids 236-242) (SEQID NO:32) 
and GSYMCQAHNSATGLNRTTVTMITVS (amino acids 
295-319) (SEQ ID NO:35), that are separated by 60 amino 
acids. The results suggest that this epitope is dependent upon 

h16C3 Binding 
Activity 
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CEACAM5 and T1-D2-CEACAM5 (which is homologous in 
CEACAM6) bound equally to hl6C3 antibody. 
0454. In summary, the mutation studies identified residues 
at positions 236, 259,269,271, 277,281, 285,297Ym 299, 
300, 301, and 302 are involved for the binding of 16C3 
antibody to the tested CEACAM5 and CEACAM6 antigens. 
Additionally, the Cys residue at position 259 appears 
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involved in tertiary structure, which may act as a bridge with 
the Cys residue at position 299. 

Example 14 

16C3 Antigen is a Biomarker for Several Cancers 
0455 The application of 16C3 antigen in the diagnosis of 
patients with colon, rectal, or pancreas cancer was demon 
strated. FIG. 11 shows the results of testing cancer patient 
serum in an ELISA based test system. The 16C3 serum 
ELISA was performed using a standard antigen prepared 
from a cultured cell line extract from tumor cells known to 
express the 16C3 antigen. Triplicates of a 1/10 dilution of 
serum samples from groups of “healthy normal donors and 
clinically diagnosed colon and pancreas cancer patients were 
tested in the assay and the raw data were interpolated from the 
standard curve. Expression of the 16C3 antigen is presented 
relative to this standard antigen preparation (equivalents of 
LS 174T cells/well). The levels of 16C3 antigen detected in 
patient serum and healthy normal donors are shown in the 
FIG. 11; units are “LS174T cells/well equivalents”. 
0456. There is an increase in the 16C3 antigen in the 
cancer patient Sera compared to the group of normal donor 
sera. The groups depicted on the graph in FIG. 8 represent 
serial blood collections from the same group of 25-41 cancer 
patients. There are 23 normal serum donor samples in the 
group of “Normals'. The cancer patientsera were statistically 
different compare to the normal donor sera by t-test. Overall, 
using an arbitrary cutoff of the assay (10,664) the assay 
showed 83% sensitivity to detect colon or pancreas cancer in 
this population of samples. Thus, the 16C3 antigen is an 
ELISA-detected biomarker detectable in the serum, with 
potential application to the diagnosis, prediction of response, 
and monitoring of cancer patients and cancer treatments. 
0457 More specifically, the mean and standard error of the 
mean for each control group for the assays are: Normals 
(10,664+933), Col/Pan Ca, 1-month (28,832+4,192), Col/ 
Pan Ca, 2-month (34,357+4.251), Col/Pan Ca. 3-month (31, 
013+5,724). Using the unpaired t-test (2-tailed) method to 
evaluate the difference between the Normal sera group and 
the cancer Sera groups, the differences for each comparison 
were: Normal vs. 1-month, p=0.0021: Normal vs. 2-month, 
p<0.0001; Normal vs. 3-month, p=0.0015. Furthermore, 
using a cutoff value of 10,664 cells/well derived from the 
Normal sera average, 76% of Col/Pan Ca, 1-month sera were 
above the cutoff (31 of 41 samples), 92% of Col/Pan Ca, 
2-month sera were above the cutoff (33 of 36 samples), and 
84% were above the cutoff in the 3-month group (21 of 25 
samples). Overall, the samples represent an average of 83% 
positive above the cutoff established for the assay. These 
results suggest that the 16C3 antigen ELISA can distinguish 
differences between serum from normal donors and cancer 
patients with confidence. 
0458. Additionally, patients enrolled on the clinical diag 
nostic study agreed to provide their tumor biopsy or Surgical 
specimen to be stained immunohistochemically with 16C3 
antibody. Tumor sections were prepared as slides, and 
stained. Two additional slides were prepared for negative 
control (human IgG1) and positive control (cytokeratin) 
staining to ensure quality controls for the IHC method. All 
antibodies were biotinylated prior to use and tested indepen 
dently at various concentrations using human tumor tissues 
known to react with the antibodies. Primary 16C3 antibody 
was used at 10 ug/mL, detected with Streptavidin-horseradish 
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peroxidase conjugate, and mounted on slides. A positive 
staining scale ranging from +1 to +5 was applied to the 
staining results, measured by light microscopy. Results of the 
IHC staining are shown in Table 18. 

TABLE 1.8 

IHC Staining Results 

Number of % Positive by IHC 
Cancer Type Subjects with 16C3 

Colorectal 33 97% (32/33) 
Pancreatic 5 100% (5/5) 

Notes: 

(1) most tissue biopsy samples were collected when patients were staged with stage 2 to 4 
cancer and 
(2) negative and positive control tissues slides were included and shown to stain negatively 
with secondary antibody only (negative) or anti-cytokeratin antibody (positive), 

0459. The IHC staining results using the 16C3C antibody 
was then compared to the results for each serum ELISA for 
every subject where both sets of results (sera and biopsy) 
were available. For simplicity, the average of the serum 
ELISA from each blood draw was used for this comparison. 
The results of this analysis demonstrated that 89% (34/38) of 
the serum samples were positive using a cutoff of 10,664 
units/mL and 97% (37/38) of the tissue samples were posi 
tive, providing a high concordance of the two assays using 
16C3. 
0460. The 16C3 antibody showed 87% of the patients 
scored positive for both IHC and ELISA assays, while 3% 
were negative by IHC but positive by ELISA, and 10% scored 
positive by IHC but negative by ELISA. Among those patient 
samples that yielded the highest results by IHC (+3 to +5) and 
by ELISA (>50,000 cells/well) there was little correlation 
between the assay results (3/8 patient samples were positive 
in both assays). 
0461 The assay specificity using the normal serum 
samples presented in this interim report are 61% for the 16C3 
ELISA (9/23 normal samples above the mean cutoff). As 
mentioned above for each assay, the sensitivity for the 16C3 
ELISA was 83% (17/102 cancer samples below the mean 
normal cutoff). Reviewing the IHC results for each antibody, 
the tumor biopsy specimens were collected from patients 
diagnosed pathologically with stage 2 and 3 colon and pan 
creas cancer. The 16C3 antibody/antigen had a sensitivity of 
97% (37 of 38 positive). 
0462. The 16C3C antigen may also be used in monitoring 
colon or pancreas cancer patients during the course of a 
treatment regimen, just as the CEA and CA19-9 assays are 
used currently. That is, as a Surrogate marker for a treatment 
regimen for a cancer patient (e.g., is the patient responding or 
not?). 
0463. From patients that gave multiple serum samples, the 
amount of 16C3 antigen biomarker detected in the assay was 
plotted versus the time of the blood draw. As shown in FIG.9. 
Some patients appeared to express similar amounts of the 
16C3 antigen during the 2- or 3-month period when blood 
was drawn (subjects 2, 15, 19, 24, 28, 31, 33, 34, 38, 41), 
whereas some patients appeared to experience a 1.5x to 5x 
increase in 16C3 antigen expression (Subjects 1, 4, 8, 11, 14. 
16, 23, 25, 26, 27, 29, 35, 36, 37, 39, 42) or a 1.2x to 3x 
decrease in the 16C3 antigen expression (subjects 5, 7, 12, 13, 
17, 28, 30, 43). The significance of these shifts over time are 
presently unclear, but may be related to the tumor burden of 
the patient at the time the blood was drawn, which may be 
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directly related to the specific treatment regimen of individual 
patients. The results demonstrate trends for certain patients 
that may reflect cancer regression, progression, or stable dis 
ease. Once these data are coupled with the disease status in 
patients, the correlation is apparent. Additionally, the 16C3C 
antibody assay appears to be better than either of the CEA and 
CA19-9 assays (i.e., 16C3 antigen/antibody yields more sen 
sitive recognition). Additionally, neither the CEA nor 
CA19-9 seratests can be used to diagnose cancer (as does, for 
example, the prostate serum antigen test). Hence, the present 
invention provides for the predictive value of 16C3 antigenas 
a new serum biomarker to diagnose and monitor treatment of 
colorectal and pancreatic cancer. 

Example 15 

Presence of 16C3 Antigen on Cancer Tissues 

0464 Cancerous tissues were tested by immunohis 
tochemical staining of microarrays of formalin-fixed, paraf 
fin-embedded tissue with biotin-labeled h16C3 antibody. 
Table 19 shows results from preliminary staining various 
cancer and normal healthy tissues with biotin-labeled 16C3 
antibody. 

TABLE 19 

Summary of 16C3 binding to cancer or normal tissues 

Tumor tissue 16C3 immunoreactivity 

Colorectal cancer 
Pancreatic cancer 
Lung cancer 
Uterus cancer 
Normal colon 
Normal pancreas 
Various normal tissues 

98% (85/87) 
80% (78/97) 
76% (78/103) 
43% (58/136) 
11% (2/19) 
7% (1/15) 
8% (10/120) 

0465 Table 20 shows results from testing various cancer 
cell lines for the presence of 16C3 antigen. Analyses were 
done by Western blots, immunostaining, and ELISA capture 
assays. No reactivity was seen with lung and prostate cancer 
cell lines using any of these methods. 

TABLE 20 

Summary of 16C3 tumor cell line staining 

Cell line 16C3 antigen 

PR-22 (prostate) Negative 
CALU-1 (lung) Negative 
HT226 (lung) Negative 
A549 (lung) Negative 
COLO 205 (colon) Positive 
SW1116 (colon) Positive 
HT-29 (colon) Positive 
LS174T (colon) Positive 
CFPAC-1 (pancreas) Positive 
ASPC-1 (pancreas) Positive 

0466 Immunofluorescence staining of LS174 (A) and 
CFPAC-1 (B) cell lines with 16C3 antibody, and immunof 
luorescence staining results using the Cy3 labeled 16C3 anti 
body on tissue sections from non-neoplastic colon and colon 
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adenocarcinoma staining of cancer tissues demonstrate the 
specificity of the 16C3 antibody in immunostaining of colon 
cancer cell lines and colon cancer tissue versus normal colon 
tissue. Table 19 shows the percent of various cancer tissues 
and normal tissues that stained positive with biotin-labeled 
16C3 antibody. Table 20 presents the analysis of various 
cancer cell lines based on Western blots, immunostaining, 
and ELISA to demonstrate the specificity of 16C3 antibody. 
In ELISA assays, the 16C3 antibody binds human tumor cell 
extracts from pancreatic (CFPAC-1) and colorectal (LS174T) 
tumor cells, which express the 16C3 antigen, but did not bind 
a squamous lung tumor cell (H226) which did does express 
the antigen. 
0467 FIG. 12 shows the prognostic value of the ELISA 
when comparing colon and pancreatic cancer patients with 
active disease, treated patients with no evidence of disease 
(NED) and healthy controls. FIG. 13 shows the interference 
by serum from potentially problematic disease states includ 
ing asthma, Crohn's disease, Irritable Bowel Syndrome, and 
Chronic Obstructive Pulmonary Disease (COPD). FIG. 14 
shows that 16C3 antigen detection compares favorably to 
CEA (FIG. 14A) and CA19-9 (FIG. 14B) detection when 
comparing patients with active disease versus patients with 
NED. 

0468 Table 21 shows the calculated sensitivity and speci 
ficity of 16C3 antigen, CEA, and CA19-9 assays using a 
limited number of identical serum specimens. More specifi 
cally, the table contains data from assays comparing 16C3 
Antigen assay sensitivity and specificity with commercial 
CA19-9 and CEA assays when testing serum from patients 
with active disease compared to normal serum (P value deter 
mined by Chi-Square test). 

TABLE 21 

Comparison of Sensitivity and Specificity 

ASSAY 96 SENSITIVITY 96 SPECIFICITY 

16C3 (P<0.0001) 90 100 
CA19-9 (P<0.002) 39 100 
CEA (P<0.001) 22 100 

0469 FIG. 15 shows ELISA results with serum (Biorec 
lamation, Inc., NY) from healthy individuals (male and 
female) segregated according to age in years. These data, 
using a newly developed serum ELISA, suggest that the 16C3 
antigen detection assay could be a more sensitive biomarker 
test for colon and pancreatic cancer compared to either the 
CEA or CA19-9 biomarkers, assays which are routinely used 
to follow patient responses to treatment. 
0470. As shown in FIG. 14 and Table 21, the 16C3 assay 
had a sensitivity of 90% with 100% specificity, while CEA 
had only 22% sensitivity at 100% specificity with these serum 
samples. CA19-9 was better than CEA but the sensitivity was 
still only 39% at 100% specificity with this small group of 
samples. Thus, a 16C3 serum assay may be used as an early 
diagnosis tool for colorectal and pancreatic cancers. 
0471 Although serum 16C3 antigen from a small number 
of potentially interfering disease states was slightly elevated 
compared to the normal controls, these levels were less than 
that found in pancreatic and colon cancer patient's serum. 
The majority of colon cancer patients with no evidence of 
disease (NED) after therapy, expressed essentially the same 
16C3 antigen levels (<15 ng/ml) as normal healthy individu 
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als (FIG. 12). These data suggest that 16C3 antigen may be 
used in routine early screening assays of asymptomatic indi 
viduals for colorectal and pancreatic cancers with a reason 
able degree of certainty. In addition, the 16C3 antigen may be 
used as a prognostic marker in colon and pancreatic cancer 
treatment. 

Example 16 

16C3 Antibody has Anti-Tumor Activity and 
Localizes with Tumors 

0472. The 16C3 antibody, including humanized mono 
clonal versions, recognizes CEACAM5 and CEACAM6. The 
mouse version of 16C3 antibody was selected from hundreds 
of hybridoma clones generated from mice immunized with 
semi-purified membrane-associated proteins derived from 
biologically screened, pooled human allogeneic colon cancer 
tissues. In vitro assays and in vivo studies were performed to 
characterize the potential of 16C3 as a therapeutic modality 
for solid tumors that express the CEACAM5 and/or 
CEACAM6 antigens. 
0473] Table 22 is flow cytometry analysis of 16C3 antigen 
expression in different cancer cell lines compared to staining 
with commercial anti-CEACAM-5 and CEACAM-5/6 anti 
bodies. The differing levels of antibody staining against the 
tumor cells Suggest that the commercial antibodies do not 
react with the same epitopes as 16C3. 

TABLE 22 
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TABLE 23 

Tissue Staining with 16C3 Antibody 

Number of Percent Positive 
Tissue Type Tissue Samples Staining with 16C3 

Normal Pancreas 15 6 
Normal Colon 19 10 
Various Normal 283 10 
Pancreatic Cancer 97 8O 
Colorectal Cancer 87 98 
Lung Cancer 103 76 
Stomach Cancer 6 1OO 
Breast Cancer 58 29 
Ovarian Cancer 51 31 
Liver Cancer 12 33 
Esophagus Cancer 6 1OO 
Larnyx Cancer 4 75 

0476. The results show that unlike most modalities target 
ing the CEACAM molecules, 16C3 antibody reacts with vari 
ant CEACAM-5/6 expressed specifically by human tumor 
tissues as follows: 98% of human colorectal tumor tissues, 
80% of pancreatic tumor tissues, 76% of lung tumor tissues, 
43% of uterus tumor tissues, and 29% of breast tumor tissues 
stained positively with 16C3. 16C3 did not cross-react sig 
nificantly with normal human tissues, except for occasional, 
weak binding to certain GI tract tissues, which may indicate a 
pre-malignant state. 

16C3 Antigen in Cancer Cell Lines Percent positive (mean fluorescence intensity) 

% Cell Staining (Mean Fluorescence Intensity) 

FITC-Ab FITC-Ab Anti 

Tumor Cell Line only (Hu) only (M) 16C3 CEACAMS 

LS174T Colorectal 3.94 (23) 1.73 (22) 69.37 (103) 44.51 (62) 
CFPAC-1 Pancreatic 1.01 (22) 0.14 (23) 91.76 (91) 7.33 (22) 
HT-29 Colorectal 3.37 (14) 2.72 (14) 26.26 (44) 6.79 (20) 
H226 Squamous 4.90 (20) 1.18 (22) 4.12 (21) 1.24 (22) 

0474. In vitro and in vivo, the 16C3 antibody showed 
specific recognition of tumor tissue, selective binding to anti 
gen, cancer cell specific cytotoxicity, anti-tumor activity, and 
tumor targeting in CFPAC-1 human pancreatic tumor 
Xenograft model. For example, no brown staining was 
observed when 16C3 was incubated with normal colon tissue 
samples, whereas 16C3 incubation with colon cancer tissue 
showed widespread brown stained areas, typically in cells 
lining the lumen of the colon tissue, and typically associated 
with the tumor cell membranes. 
0475 Immunohistochemical staining demonstrated that 
16C3 antibody did not cross-react significantly with normal 
human tissues (<10%), except for occasional, weak binding 
to certain GI tract tissues, which may indicate a pre-malignant 
state. See Table 23. The results suggest a broader application 
for 16C3 in the detection of cancer across several solid tumor 
types, which could aid in the confirmation of a diagnosis by 
immunohistochemistry. Furthermore, a test to detect the 
CEACAM-5/6 variants in the blood of people suspected of 
having cancer might also lead to earlier detection and treat 
ment, which would improve disease outcomes significantly. 

Anti 

CEACAM-56 

80.92 (188) 
97.24 (219) 
40.58 (63) 
1.42 (24) 

0477 Western-blot analysis of cancer cell lysate were 
tested with a 16C3 antibody described herein. An SDS-PAGE 
gel was run containing tumor cell extracts from LS174T 
(colorectal), CFPAC-1 (pancreatic), AspC-1 (pancreatic), 
and HT-29 (colorectal). The proteins were transferred to a 
nitrocellulose membrane and probed with the 16C3 antibody. 
The western blots were developed by horseradish peroxidase 
conjugated detection antibody and incubation with TMB sub 
strate. The results showed a predominant 220 kDa band in the 
colorectal tumor cell lines and the presence of a lighter stain 
ing band at 110 kDa, whereas the pancreatic tumor cell lines 
stained a predominant 110 kDa band and a lighter band at 220 
kDa. Thus the distribution of the 2 immunoreactive species 
appeared to be inversely related among colorectal and pan 
creatic tumor cell lines. 

0478. The 16C3 antigen was immunopurified from human 
colorectal (LS174T, HT-29) and pancreatic (CFPAC-1) 
tumor cell lines for identification by mass spectrometry. The 
mass spectra samples were prepared by running antigen 
preparations on SDS-PAGE, excising the 16C3 immunoreac 
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tive band from the polyacrylamide gel, and Subjecting the 
protein to trypsin digestion followed by LC/MS/MS on an 
LTQ Orbitrap XL mass spectrometer. Three mass spectrom 
etry experiments demonstrated the presence of high abun 
dance of CEACAM-5 and/or CEACAM-6 derived peptides in 
the 16C3 immunopurified preparations. 
0479. Mass spectra analysis of 16C3-immunopurified 
material identified that 16C3 antigen was CEACAM5 and 
CEACAM6. A sandwich ELISA using 16C3 to capture anti 
gen, and detection with commercial antibodies against 
CEACAM5 and CEACAM6 were tested. The test material is 
LS174T cell lysate (TBS pH7.4 with 0.05% Triton X-100). 
The first dilution is 1:5, followed by 2x serial dilutions. Com 
mercial antibodies against CEACAM5 (#2383, Cell Signal 
ing Inc) and CEACAM6 (#78029, Abcam), which recognize 
different epitopes, reacted with the protein captured by 16C3 
at a distinct distal site. The results indicated that 16C3 could 
be employed as a tumor-specific reagent for the detection of 
the variant of CEACAM-5 and CEACAM-6 in a sample 
matrix, such as serum. FACS analysis with 16C3 and com 
mercial antibodies against CEACAM5 and CEACAM6 stain 
ing different tumor cell lines showed that they are related. 
0480. In FIG. 16, the 16C3 antibody mediated ADCC 
activity against human pancreatic tumor cells (ASPC-1, 
CFPAC-1), but not againstan antigen-negative control mela 
noma (SK-MEL) cell line. Surprisingly, the 16C3 antibody 
exhibits cell-specific binding and ADCC activity against 
human colorectal and pancreatic tumor cells, but not against 
antigen-negative control tumor cell lines. In vivo, the anti 
tumor activity of 16C3 antibody was tested using pre-estab 
lished Subcutaneous human tumor Xenograft models. In FIG. 
17, the data showed statistically significant anti-tumor action 
compared to control treated mice beginning Soon after the 
treatment phase ended, and included some complete tumor 
regressions. Control mice treated with Saline exhibited large, 
multi-lobed subcutaneous tumors, whereas mice treated with 
16C3 exhibited much smaller tumors, or no palpable tumor at 
all. 
0481. The bio-distribution of radiolabeled 16C3 antibody 
in mice with pre-established human tumors exhibited specific 
time-dependent accumulation of 16C3 antibody at the tumor 
site, with little or no binding or accumulation in several major 
organ Systems (e.g., pancreas, spleen, kidney, liver, Stomach, 
intestines, and lung). There was no difference in the amount 
of radiolabeled 16C3 tumor localization between male and 
female mice. See FIGS. 18A and 18B. This data suggests that 
the 16C3 antibody may be used as a delivery vehicle to 
delivery agents (e.g., cytotoxic agents or labels) directly to 
tumors. 

0482. The data on the specificity and anti-tumor activity of 
the 16C3 antibody Suggests that it has significant, specific 
anti-tumor potency, and should be useful in treating cancer 
patients having tumors that express the variant CEACAM-5/6 
epitope (e.g., pancreatic, colorectal cancer). 

Example 17 

Characterization of A33 Antigen 
0483 The 31.1 antibody is reactive with human colon and 
pancreatic cancer tissues and is believed to bind the A33 
antigen but its epitope was unknown. To confirm and identify 
the antigenbound by the 31.1 antibody, the A33 antigen was 
tested under various conditions for binding to the 31.1 anti 
body. As discussed herein, the 31.1 antibody was confirmed 
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to bind human A33 antigen as found by Western blot, immu 
noprecipitation (IP), mass spectroscopy, dot blot, flow cytom 
etry, and ELISA. Further, the epitope is non-linear due to the 
sensitivity to detergents and negative binding results on 
reducing condition in western Blot. 

Controls 

0484 An A33 antigen expression cell line was made by 
transfecting a vector comprising a full length of A33 c)NA 
into an A33 negative CHO cell line. A33 expressing CHO 
cells were selected and used as positive control cells (A33 
CHO). AS33 antibody, which binds to A33 antigen was puri 
fied from hybridoma cells. A33-CHO cells and AS33 anti 
body were used as positive control antibody in this study. 
0485 31.1 binds to A33-CHO in a dose-dependent man 
ner but does not bind the parent CHO cells in Flow Cytom 
etry. Different concentrations of 31.1-biotin antibody were 
added to 100 ul of A33-CHO or CHO cells at 1x10° cell/ml in 
PBS in 96 well plate and incubated at room temperature for 30 
minutes. After washing cells 3 times with PBS, 100 ul of 
diluted streptavidin-FITC was added to the cells and incu 
bated for another 30 minutes at room temperature. After 
washing three times with PSB, the cells were analyzed by 
Guava ExpressPro program in Guava Easycyte instrument. 
Human IgG-biotin was used as isotype control. The results 
showed dose-dependent 31.1 antibody binding to the A33 
CHO cells. 

0486 31.1 may detect the antigen in 31.1 IP proteins from 
LS174T and A33-CHO, but not in AS33 IP proteins from both 
cells in Western Blot under non-reducing condition. AS33 
binds to the antigen in 31.1 and AS33 IP proteins from 
LS174T and A33-CHO. However, 31.1 did not detect 31.1 IP 
protein under reducing condition by western blotting, Sug 
gesting that the 31.1 epitope is non-linear, conformational. 
0487. 31.1 can also detect 31.1 IP proteins specifically by 
Dot Blot. 2 ul 31.1 IP proteins were added to nitrocellulose 
paper. After airdry the paper, 31.1-biotin was incubated with 
the blocked and washed paper for 30 minutes at room tem 
perature. Streptavidin-HRP was incubated with washed paper 
for another 30 minutes at room temperature. The washed 
paper was incubated with ECL reagent for 1 minutes covered 
with Saran wrap and exposed X-ray film in dark room. 
0488. 31.1 captured human recombinant A33 can be 
detected by AS33 antibody in sandwich ELISA. The plate 
was coated with 31.1 at 10 g/ml for 1 hour at 37° C. and 
blocked with 1% milk, 5 mM EDTA-TBS, afterwashing plate 
with TBST. human recombinant A33 antigen was added to the 
plate and incubated for 1 hour at room temperature. After 
three washing with TBST, different concentrations of AS33 
biotin was added to the plate and incubated for 1 hour at room 
temperature. Streptavidin-HRP was added to the washed 
plate and incubated for another 1 hour at room temperature. 
TMB was added to the washed the plate for 20 minutes at 
room temperature. The plate was read at 450 nm immediately 
after adding 1N HCL to stop the reaction. The results sug 
gested A33 antigen comprises A33 antigen, which can be 
detected with AS33 antibody. 

Characterization of A33 Antigen 

0489 Heat treatment: transferring 5 ul ddHO diluted 
LS174T 31.1 IP protein (1:1 diluted) into PCR tubes; total 5 
tubes. Placing 4 tubes into preheated 100° C. wells in PCR 
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machine and removing one tube each time at 5, 15, 30, and 60 
minutes. The tube without heating is 0 minutes. 
0490 Protease digestion: mixing 3 ul of Pronase E (1 
mg/ml) orddH2O with 3 ul LS174T IP protein and incubating 
the mix at 37°C. for 24 hours. ddHO treatment was used for 
control. For perioxidate oxidation: Mixing 2 ul of 40 mM 
perioxidate oxidation (dissolved in 50 mM sodium acetate) 
with 2 ul LS174T 31.1 IP protein and incubating the mix at 
room temperature for 60 minutes. 50 mM sodium acetate was 
used as digestion buffer control. For 2ME and DTT treatment: 
Adding 1 Jul 2-ME or 1 ul of DTT (1M) to 4 ul LS174T 31.1 
IP protein and incubating the mix at 95° C. for 5 minutes. 
ddHO was used for controls. 
0491. The treated samples were tested by Dot Blot. 2 ul 
treated 31.1 IP proteins were added to nitrocellulose paper. 
After air dry the paper, 31.1-biotin was incubated with the 
blocked and washed paper for 30 minutes at room tempera 
ture. Streptavidin-HRP was incubated with washed paper for 
another 30 minutes at room temperature. The washed paper 
was incubated with ECL reagent for 1 min. covered with 
Saran wrap and exposed X-ray film in dark room. LS174T 
31.1 IP protein was used for positive control in this Dot Blot 
experiment. The results demonstrated A33 antigen is heat 
resistance (99°C. for 5 minutes) and sensitive to the treatment 
of Protease, Periodate oxidation and reducing reagents 
(2-ME and DTT). It suggested A33 antigen is protein and 
disulfide bonds may be necessary for maintain the conforma 
tion that is recognized by 31.1 antibody. 
0492. 31.1 does not cross react with mouse recombinant 
A33 in sandwich ELISA and IHC staining. Western blot 
studies Suggest that the A33 antigen has a molecular weight of 
about 37-50 Kd. Further, mass spectroscopy results from 31.1 
IP proteins from LS174T suggested A33 may be the targeted 
protein. 31.1 IP protein sample was separated on two 4-15% 
precast SDS-PAGEgels. The band between 37 kD and 50 kD 
was cut out from one gel for mass spectroscopy and another 
gel was used for western blot probed with 31.1-biotin. 

Identification of 31.1 Epitope on A33 Antigen 
0493. The full length of A33 amino acid sequence and the 
peptides from LS174T IP protein below, where the highlight 
shows the peptide sequences from LS174T 31.1 IP which are 
bound by the 31.1 monoclonal antibody (39% coverage of the 
total A33 sequence was identified) (the 31.1 epitope is shown 
in bold). 

1 MVGKMWPWLW TLCAVRVTVD AISVETPODV LRASSES 
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0494. The 31.1 antibody detected the antigen in 31.1 IP 
proteins from LS174T and A33-CHO, but not in AS33 IP 
proteins from both cells in western blot under non-reducing 
condition. AS33 binds to the antigen in 31.1 and AS33 IP 
proteins from LS174T and A33-CHO. As the 31.1 antibody 
may not detect 31.1 IP protein in reducing condition Suggests 
that the 31.1 antibody's epitope is non-linear epitope. 
0495 Thus, the epitope on the A33 antigenbound by 31.1 
antibody was found to be heat resistant at 99 C. for 5 min 
utes, up to 15 minutes, but binding was lost after 30 and 60 
minutes of heating. The A33 antigen was further character 
ized by protease and periodate oxidation treatment. The 
results suggests A33 antigen is protease and periodate oxida 
tion sensitive protein. The A33 antigen was found to be sen 
sitive to 2-mercaptoethanol and DTT (both well-known 
reducing agents) in western blot and dot blot. Therefore, the 
31.1 epitope bound by the 31.1 antibody on the A33 antigen is 
believed to be a non-linear epitope due to the observation of 
band disappear on reducing condition with 2-ME and DTT on 
Western blot and dot blot. 

0496 
body was not sensitive to deglycosylation was found with 

The epitope on the A33 antigen bound by 31.1 anti 

treatment with N-glycanase (PNGase F), O-glycanase, siali 
dase, and neuraminidase. In contrast, the NPC-1 antigen is 
sensitive to both sialidase and neuraminidase treatment). The 
deglycosylation results suggest that no carbohydrate moieties 
are involves 31.1 antibody binding to the 31.1 epitope. 
0497 
herein incorporated by reference in their entirety to the same 

All publications, patents and patent applications are 

extent as if each individual publication, patent or patent appli 
cation was specifically and individually indicated to be incor 
porated by reference in its entirety. 
0498 
ascertain using no more than routine experimentation, many 

Those skilled in the art will recognize, or be able to 

equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encom 
passed by the following claims. 

(SEQ ID NO: 45) 
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181 

241 

3O1 3:3:ERSE 

Egage:ESSESSEEN ISTDTSGYYI CTSSNEEGTO FCNITVAVRS PSMNVALYWC 

IAVGVVAALI IIGIIIYCCC CRGKEEEEEE:EEA&ESREA3:SEEEEEES:SESS:EEEEE 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS : 129 

<210s, SEQ ID NO 1 
&211s LENGTH: 503 O 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 1 

Met Ser Val Gly Arg Arg Llys Lieu Ala Lieu. Lieu. Trp Ala Lieu Ala Lieu. 
1. 5 1O 15 

Ala Lieu Ala Cys Thr Arg His Thr Gly His Ala Glin Asp Gly Ser Ser 
2O 25 3O 

Glu Ser Ser Tyr Lys His His Pro Ala Leu Ser Pro Ile Ala Arg Gly 
35 4 O 45 

Pro Ser Gly Val Pro Leu Arg Gly Ala Thr Val Phe Pro Ser Lieu. Arg 
SO 55 6 O 

Thir Ile Pro Val Val Arg Ala Ser Asn Pro Ala His Asn Gly Arg Val 
65 70 7s 8O 

Cys Ser Thr Trp Gly Ser Phe His Tyr Lys Thr Phe Asp Gly Asp Val 
85 90 95 

Phe Arg Phe Pro Gly Lieu. Cys Asn Tyr Val Phe Ser Glu. His Cys Gly 
1OO 105 11 O 

Ala Ala Tyr Glu Asp Phe ASn Ile Gln Lieu. Arg Arg Ser Glin Glu Ser 
115 12 O 125 

Ala Ala Pro Thir Lieu. Ser Arg Val Lieu Met Llys Val Asp Gly Val Val 
13 O 135 14 O 

Ile Glin Lieu. Thir Lys Gly Ser Val Lieu Val Asn Gly His Pro Val Lieu. 
145 150 155 160 

Lieu Pro Phe Ser Glin Ser Gly Val Lieu. Ile Glin Glin Ser Ser Ser Tyr 
1.65 17O 17s 

Thir Lys Val Glu Ala Arg Lieu. Gly Lieu Val Lieu Met Trp Asn His Asp 
18O 185 19 O 

Asp Ser Lieu. Lieu. Lieu. Glu Lieu. Asp Thir Lys Tyr Ala Asn Llys Thr Cys 
195 2OO 2O5 

Gly Lieu. Cys Gly Asp Phe Asin Gly Met Pro Val Val Ser Glu Lieu. Lieu. 
21 O 215 22O 

Ser His Asn Thr Lys Lieu. Thr Pro Met Glu Phe Gly Asn Lieu Gln Lys 
225 23 O 235 24 O 

Met Asp Asp Pro Thr Glu Gln Cys Glin Asp Pro Val Pro Glu Pro Pro 
245 250 255 

Arg Asn. Cys Ser Thr Gly Phe Gly Ile Cys Glu Glu Lieu. Lieu. His Gly 
26 O 265 27 O 

Glin Lieu. Phe Ser Gly Cys Val Ala Lieu Val Asp Val Gly Ser Tyr Lieu. 
27s 28O 285 

Glu Ala Cys Arg Glin Asp Lieu. Cys Phe Cys Glu Asp Thr Asp Lieu. Lieu. 
29 O 295 3 OO 

Ser Cys Val Cys His Thr Lieu Ala Glu Tyr Ser Arg Gln Cys Thr His 
3. OS 310 315 32O 

Ala Gly Gly Lieu Pro Glin Asp Trp Arg Gly Pro Asp Phe Cys Pro Glin 
3.25 330 335 

Lys Cys Pro Asn Asn Met Glin Tyr His Glu. Cys Arg Ser Pro Cys Ala 
34 O 345 35. O 
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- Continued 

Asp Thr Cys Ser Asn Glin Glu. His Ser Arg Ala Cys Glu Asp His Cys 
355 360 365 

Val Ala Gly Cys Phe Cys Pro Glu Gly Thr Val Lieu. Asp Asp Ile Gly 
37 O 375 38O 

Gln Thr Gly Cys Val Pro Val Ser Lys Cys Ala Cys Val Tyr Asn Gly 
385 390 395 4 OO 

Ala Ala Tyr Ala Pro Gly Ala Thr Tyr Ser Thr Asp Cys Thr Asn Cys 
4 OS 41O 415 

Thr Cys Ser Gly Gly Arg Trp Ser Cys Glin Glu Val Pro Cys Pro Asp 
42O 425 43 O 

Thr Cys Ser Val Lieu. Gly Gly Ala His Phe Ser Thr Phe Asp Gly Lys 
435 44 O 445 

Gln Tyr Thr Val His Gly Asp Cys Ser Tyr Val Lieu. Thir Lys Pro Cys 
450 45.5 460 

Asp Ser Ser Ala Phe Thr Val Lieu Ala Glu Lieu. Arg Arg Cys Gly Lieu 
465 470 47s 48O 

Thir Asp Ser Glu Thir Cys Lieu Lys Ser Val Thir Lieu. Ser Lieu. Asp Gly 
485 490 495 

Ala Glin Thr Val Val Val Ile Lys Ala Ser Gly Glu Val Phe Lieu. Asn 
SOO 505 51O 

Glin Ile Tyr Thr Gln Leu Pro Ile Ser Ala Ala Asn Val Thir Ile Phe 
515 52O 525 

Arg Pro Ser Thr Phe Phe Ile Ile Ala Glin Thir Ser Lieu. Gly Lieu. Glin 
53 O 535 54 O 

Lieu. Asn Lieu. Glin Pro Wall Pro Thir Met Glin Lieu. Phe Met Glin Lieu Ala 
5.45 550 555 560 

Pro Llys Lieu. Arg Gly Glin Thr Cys Gly Lieu. Cys Gly Asn. Phe Asn. Ser 
565 st O sts 

Ile Glin Ala Asp Asp Phe Arg Thir Lieu. Ser Gly Val Val Glu Ala Thr 
58O 585 59 O 

Ala Ala Ala Phe Phe Asn Thr Phe Llys Thr Glin Ala Ala Cys Pro Asn 
595 6OO 605 

Ile Arg Asn. Ser Phe Glu Asp Pro Cys Ser Lieu. Ser Val Glu Asn. Glu 
610 615 62O 

Llys Tyr Ala Gln His Trp Cys Ser Glin Lieu. Thir Asp Ala Asp Gly Pro 
625 630 635 64 O 

Phe Gly Arg Cys His Ala Ala Val Llys Pro Gly Thr Tyr Tyr Ser Asn 
645 650 655 

Cys Val Phe Asp Thr Cys Asn. Cys Glu Arg Ser Glu Asp Cys Lieu. Cys 
660 665 67 O 

Ala Ala Lieu. Ser Ser Tyr Val His Ala Cys Ala Ala Lys Gly Val Glin 
675 68O 685 

Lieu. Gly Gly Trp Arg Asp Gly Val Cys Thr Llys Pro Met Thr Thr Cys 
69 O. 695 7 OO 

Pro Llys Ser Met Thr Tyr His Tyr His Val Ser Thr Cys Glin Pro Thr 
7 Os 71O 71s 72O 

Cys Arg Ser Leu Ser Glu Gly Asp Ile Thr Cys Ser Val Gly Phe Ile 
72 73 O 73 

Pro Val Asp Gly Cys Ile Cys Pro Lys Gly Thr Phe Lieu. Asp Asp Thr 
740 74. 7 O 

Gly Lys Cys Val Glin Ala Ser Asn. Cys Pro Cys Tyr His Arg Gly Ser 
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7ss 760 765 

Met Ile Pro Asn Gly Glu Ser Val His Asp Ser Gly Ala Ile Cys Thr 
770 775 78O 

Cys Thr His Gly Lys Lieu Ser Cys Ile Gly Gly Glin Ala Pro Ala Pro 
78s 79 O 79. 8OO 

Val Cys Ala Ala Pro Met Val Phe Phe Asp Cys Arg Asn Ala Thr Pro 
805 810 815 

Gly Asp Thr Gly Ala Gly Cys Glin Llys Ser Cys His Thr Lieu. Asp Met 
82O 825 83 O 

Thr Cys Tyr Ser Pro Gln Cys Val Pro Gly Cys Val Cys Pro Asp Gly 
835 84 O 845 

Lieu Val Ala Asp Gly Glu Gly Gly Cys Ile Thr Ala Glu Asp Cys Pro 
850 855 860 

Cys Val His Asn. Glu Ala Ser Tyr Arg Ala Gly Glin Thir Ile Arg Val 
865 87O 87s 88O 

Gly Cys Asn Thr Cys Thr Cys Asp Ser Arg Met Trp Arg Cys Thr Asp 
885 890 895 

Asp Pro Cys Lieu Ala Thr Cys Ala Val Tyr Gly Asp Gly His Tyr Lieu 
9 OO 905 91 O 

Thr Phe Asp Gly Glin Ser Tyr Ser Phe Asin Gly Asp Cys Glu Tyr Thr 
915 92 O 925 

Lieu Val Glin Asn His Cys Gly Gly Lys Asp Ser Thr Glin Asp Ser Phe 
93 O 935 94 O 

Arg Val Val Thr Glu Asn Val Pro Cys Gly. Thir Thr Gly Thr Thr Cys 
945 950 955 96.O 

Ser Lys Ala Ile Lys Ile Phe Lieu. Gly Gly Phe Glu Lieu Lys Lieu. Ser 
965 97O 97. 

His Gly Llys Val Glu Val Ile Gly Thr Asp Glu Ser Glin Glu Val Pro 
98O 985 99 O 

Tyr Thir Ile Glin Gln Met Gly Ile Tyr Lieu Val Val Asp Thr Asp Ile 
995 1OOO 1005 

Gly Lieu Val Lieu. Lieu. Trp Asp Llys Llys Thir Ser Ile Phe Ile Asn 
O1O O15 O2O 

Lieu. Ser Pro Glu Phe Lys Gly Arg Val Cys Gly Lieu. Cys Gly Asn 
O25 O3 O O35 

Phe Asp Asp Ile Ala Val Asn Asp Phe Ala Thr Arg Ser Arg Ser 
O4 O O45 OSO 

Val Val Gly Asp Val Lieu. Glu Phe Gly Asn. Ser Trp Llys Lieu. Ser 
O55 O6 O O65 

Pro Ser Cys Pro Asp Ala Lieu Ala Pro Lys Asp Pro Cys Thr Ala 
Of O O7 O8O 

Asn Pro Phe Arg Llys Ser Trp Ala Glin Lys Glin Cys Ser Ile Lieu. 
O85 O9 O O95 

His Gly Pro Thr Phe Ala Ala Cys His Ala His Val Glu Pro Ala 
1 OO 105 11 O 

Arg Tyr Tyr Glu Ala Cys Val Asn Asp Ala Cys Ala Cys Asp Ser 
115 12 O 125 

Gly Gly Asp Cys Glu. Cys Phe Cys Thr Ala Val Ala Ala Tyr Ala 
13 O 135 14 O 

Glin Ala Cys His Glu Val Gly Lieu. CyS Val Cys Lieu. Arg Thr Pro 
145 15 O 155 
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Ser Ile Cys Pro Leu Phe Cys Asp Tyr Tyr Asn Pro Glu Gly Glin 
16 O 1.65 17 O 

Cys Glu Trp His Tyr Glin Pro Cys Gly Val Pro Cys Lieu. Arg Thr 
17s 18O 185 

Cys Arg Asn. Pro Arg Gly Asp Cys Lieu. Arg Asp Val Arg Gly Lieu. 
190 195 2OO 

Glu Gly Cys Tyr Pro Llys Cys Pro Pro Glu Ala Pro Ile Phe Asp 
2O5 21 O 215 

Glu Asp Llys Met Gln Cys Val Ala Thr Cys Pro Thr Pro Pro Leu 
22O 225 23 O 

Pro Pro Arg Cys His Val His Gly Lys Ser Tyr Arg Pro Gly Ala 
235 24 O 245 

Val Val Pro Ser Asp Lys Asn. Cys Glin Ser Cys Lieu. Cys Thr Glu 
250 255 26 O 

Arg Gly Val Glu. Cys Thr Tyr Lys Ala Glu Ala Cys Val Cys Thr 
265 27 O 27s 

Tyr Asn Gly Glin Arg Phe His Pro Gly Asp Val Ile Tyr His Thr 
28O 285 29 O 

Thir Asp Gly Thr Gly Gly Cys Ile Ser Ala Arg Cys Gly Ala Asn 
295 3OO 305 

Gly. Thir Ile Glu Arg Arg Val Tyr Pro Cys Ser Pro Thr Thr Pro 
310 315 32O 

Wall Pro Pro Thir Thir Phe Ser Phe Ser Thr Pro Pro Leu Wal Wall 
3.25 33 O 335 

Ser Ser Thr His Thr Pro Ser Asn Gly Pro Ser Ser Ala His Thr 
34 O 345 350 

Gly Pro Pro Ser Ser Ala Trp Pro Thr Thr Ala Gly Thr Ser Pro 
355 360 365 

Arg Thr Arg Lieu Pro Thr Ala Ser Ala Ser Leu Pro Pro Val Cys 
37O 375 38O 

Gly Glu Lys Cys Lieu. Trp Ser Pro Trp Met Asp Val Ser Arg Pro 
385 390 395 

Gly Arg Gly Thr Asp Ser Gly Asp Phe Asp Thr Lieu. Glu Asn Lieu. 
4 OO 405 41 O 

Arg Ala His Gly Tyr Arg Val Cys Glu Ser Pro Arg Ser Val Glu 

Cys Arg Ala Glu Asp Ala Pro Gly Val Pro Lieu. Arg Ala Lieu. Gly 
43 O 435 44 O 

Glin Arg Val Glin Cys Ser Pro Asp Val Gly Lieu. Thir Cys Arg Asn 
445 450 45.5 

Arg Glu Glin Ala Ser Gly Lieu. Cys Tyr Asn Tyr Glin Ile Arg Val 
460 465 47 O 

Gln Cys Cys Thr Pro Leu Pro Cys Ser Thr Ser Ser Ser Pro Ala 
47s 48O 485 

Gln Thr Thr Pro Pro Thr Thr Ser Lys Thir Thr Glu Thr Arg Ala 
490 495 SOO 

Ser Gly Ser Ser Ala Pro Ser Ser Thr Pro Gly Thr Val Ser Lieu. 
5 OS 510 515 

Ser Thr Ala Arg Thr Thr Pro Ala Pro Gly Thr Ala Thr Ser Val 
52O 525 53 O 

Lys Llys Thr Phe Ser Thr Pro Ser Pro Pro Pro Val Pro Ala Thr 
535 54 O 545 
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Ser Thr Ser Ser Met Ser Thr Thr Ala Pro Gly Thr Ser Val Val 
550 555 560 

Ser Ser Lys Pro Thr Pro Thr Glu Pro Ser Thr Ser Ser Cys Lieu. 
565 st O sts 

Gln Glu Lieu. Cys Thr Trp Thr Glu Trp Ile Asp Gly Ser Tyr Pro 
58O 585 590 

Ala Pro Gly Ile Asin Gly Gly Asp Phe Asp Thr Phe Glin Asn Lieu. 
595 6OO 605 

Arg Asp Glu Gly Tyr Thr Phe Cys Glu Ser Pro Arg Ser Val Glin 
610 615 62O 

Cys Arg Ala Glu Ser Phe Pro Asn Thr Pro Lieu Ala Asp Lieu. Gly 
625 63 O 635 

Glin Asp Val Ile Cys Ser His Thr Glu Gly Lieu. Ile Cys Lieu. Asn 
64 O 645 650 

Lys Asn Gln Lieu Pro Pro Ile Cys Tyr Asn Tyr Glu Ile Arg Ile 
655 660 665 

Glin Cys Cys Glu Thr Val Asn Val Cys Arg Asp Ile Thr Arg Lieu. 
670 675 68O 

Pro Llys Thr Val Ala Thir Thr Arg Pro Thr Pro His Pro Thr Gly 
685 69 O. 695 

Ala Glin Thr Glin Thir Thr Phe Thir Thr His Met Pro Ser Ala Ser 
7 OO 7Os 71O 

Thr Glu Gln Pro Thr Ala Thr Ser Arg Gly Gly Pro Thr Ala Thr 
71s 72 O 72 

Ser Val Thr Glin Gly Thr His Thr Thr Lieu Val Thr Arg Asn Cys 
73 O 73 74 O 

His Pro Arg Cys Thr Trp Thr Lys Trp Phe Asp Val Asp Phe Pro 
74. 7 O 7ss 

Ser Pro Gly Pro His Gly Gly Asp Lys Glu Thr Tyr Asn Asn Ile 
760 765 770 

Ile Arg Ser Gly Glu Lys Ile Cys Arg Arg Pro Glu Glu Ile Thr 
775 78O 78s 

Arg Val Glin Cys Arg Ala Lys Ser His Pro Glu Val Ser Ile Glu 
79 O 79. 8OO 

His Lieu. Gly Glin Val Val Glin Cys Ser Arg Glu Glu Gly Lieu Val 
805 810 815 

Cys Arg Asn. Glin Asp Glin Glin Gly Pro Phe Llys Met Cys Lieu. Asn 
82O 825 83 O 

Tyr Glu Val Arg Val Lieu. Cys Cys Glu Thr Pro Arg Gly Cys His 
835 84 O 845 

Met Thr Ser Thr Pro Gly Ser Thr Ser Ser Ser Pro Ala Glin Thr 
850 855 86 O 

Thr Pro Ser Thr Thr Ser Lys Thr Thr Glu Ile Glin Ala Ser Gly 
865 87 O 87s 

Ser Ser Ala Pro Ser Ser Thr Pro Gly Thr Val Ser Leu Ser Thr 
88O 885 890 

Ala Arg Thr Thr Pro Ala Pro Gly Thr Ala Thir Ser Val Lys Lys 
895 9 OO 905 

Thir Phe Ser Thr Pro Ser Pro Pro Pro Wall Pro Ala Thir Ser Thr 
910 915 92 O 

Ser Ser Met Ser Thr Thr Ala Pro Gly. Thir Ser Val Val Ser Ser 
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1925 1930 1935 

Llys Pro Thr Pro Thr Glu Pro Ser Thr Ser Ser Cys Lieu Gln Glu 
1940 1945 1950 

Lieu. Cys Thr Trp Thr Glu Trp Ile Asp Gly Ser Tyr Pro Ala Pro 
1955 1960 1965 

Gly Ile Asin Gly Gly Asp Phe Asp Thr Phe Glin Asn Lieu. Arg Asp 
1970 1975 198O 

Glu Gly Tyr Thr Phe Cys Glu Ser Pro Arg Ser Val Glin Cys Arg 
1985 1990 1995 

Ala Glu Ser Phe Pro Asn Thr Pro Lieu. Gly Arg Lieu. Gly Glin Asp 
2OOO 2005 2010 

Val Ile Cys Ser His Thr Glu Gly Lieu. Ile Cys Lieu. Asn Lys Asn 
2015 2O2O 2O25 

Gln Leu Pro Pro Ile Cys Tyr Asn Tyr Glu Ile Arg Ile Glin Cys 
2O3O 2O35 2O4. O 

Cys Glu Thr Val Asn Val Cys Arg Asp Ile Thr Arg Pro Pro Llys 
2O45 2OSO 2O55 

Thr Val Ala Thr Thr Arg Pro Thr Pro His Pro Thr Gly Ala Glin 
2O60 2O65 2. Of O 

Thr Glin Thir Thir Phe Thir Thr His Met Pro Ser Ala Ser Thr Glu. 
2O75 2O8 O 2O85 

Gln Pro Thr Ala Thr Ser Arg Gly Gly Pro Thr Ala Thr Ser Val 
2O90 2095 21OO 

Thr Glin Gly Thr His Thir Thr Pro Val Thr Arg Asn Cys His Pro 

Arg Cys Thir Trp Thir Thr Trp Phe Asp Val Asp Phe Pro Ser Pro 

Gly Pro His Gly Gly Asp Llys Glu Thir Tyr Asn. Asn. Ile Ile Arg 

Ser Gly Glu Lys Ile Cys Arg Arg Pro Glu Glu Ile Thr Arg Lieu. 

Glin Cys Arg Ala Lys Ser His Pro Glu Val Ser Ile Glu. His Lieu. 

Gly Glin Val Val Glin Cys Ser Arg Glu Glu Gly Lieu Val Cys Arg 

Asn Glin Asp Glin Glin Gly Pro Phe Llys Met Cys Lieu. Asn. Ile Glu 
21.95 22 OO 22O5 

Val Arg Val Lieu. Cys Cys Glu Thr Pro Lys Gly Cys Pro Val Thr 
221 O 2215 222 O 

Ser Thr Pro Val Thr Ala Pro Ser Thr Pro Ser Gly Arg Ala Ile 
2225 223 O 2235 

Ser Pro Thr Glin Ser Thr Ser Ser Trp Gln Lys Ser Arg Thr Thr 
224 O 2.245 225 O 

Thir Leu Wall. Thir Thir Ser Thir Thir Ser Thr Pro GLn. Thir Ser Thir 
2255 226 O 2265 

Thr Tyr Ala His Thr Thr Ser Thr Thr Ser Ala Pro Thr Ala Arg 
2270 2275 228O 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Wa Pro Thir Thir 
2285 229 O 2295 

Ser Thir Ile Ser Gly Pro Llys Thr Thr Pro Ser Pro Val Pro Thr 
23 OO 23 OS 2310 
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Thir Ser Thir Thir Ser Ala Ala Thir Thir Ser Thir Ile Ser Ala Pro 
2315 232O 2325 

Thir Thr Ser Thr Thr Ser Val Pro Gly. Thir Thr Pro Ser Pro Val 
233 O 2335 234 O 

Lieu. Thir Thr Ser Thr Thr Ser Ala Pro Thir Thr Arg Thr Thr Ser 
2345 2350 2355 

Ala Ser Pro Ala Gly Thr Thr Ser Gly Pro Gly Asn Thr Pro Ser 
2360 23.65 2370 

Pro Wall Pro Thir Thir Ser Thir Ile Ser Ala Pro Thir Thir Ser Ile 
2375 238O 23.85 

Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Ser Ser 
23.90 23.95 24 OO 

Thir Thr Ser Gly Pro Gly. Thir Thr Pro Ser Pro Val Pro Thir Thr 
24 O5 241. O 24.15 

Ser Ile Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir 
242O 24.25 243 O 

Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro 
2435 244 O 2445 

Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Thir 
2450 2455 246 O 

Pro Thir Ser Ser Thir Thir Ser Thr Pro Gin. Thir Ser Thir Thir Ser 
24 65 2470 2475 

Ala Ser Thr Thr Ser Ile Thr Ser Gly Pro Gly Thr Thr Pro Ser 
248O 2485 249 O 

Pro Wall Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir 
2495 25 OO 2505 

Thir Ser Ala Ala Thir Thir Ser Thir Ile Ser Ala Pro Thir Thir Ser 
251O 25.15 252O 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Ser Thir Ala 
2525 253 O 25.35 

Ser Lys Thr Ser Gly Lieu. Gly Thr Thr Pro Ser Pro Ile Pro Thr 
254 O 25.45 2550 

Thir Ser Thir Thir Ser Pro Pro Thir Thir Ser Thir Thir Ser Ala Ser 
2555 2560 25.65 

Thr Ala Ser Lys Thr Ser Gly Pro Gly. Thir Thr Pro Ser Pro Val 
2570 27s 2580 

Pro Thir Thr Ser Thr Ile Phe Ala Pro Arg Thr Ser Thr Thr Ser 
2585 2590 2595 

Ala Ser Thr Thr Ser Thr Thr Pro Gly Pro Gly Thr Thr Pro Ser 
26 OO 2605 261 O 

Pro Val Pro Thr Thr Ser Thr Ala Ser Val Ser Lys Thr Ser Thr 
2615 262O 262s 

Ser His Val Ser Ile Ser Lys Thr Thr His Ser Gln Pro Val Thr 
263 O 2635 264 O 

Arg Asp Cys His Lieu. Arg Cys Thir Trp Thir Lys Trp Phe Asp Wall 
2645 2650 2655 

Asp Phe Pro Ser Pro Gly Pro His Gly Gly Asp Lys Glu Thr Tyr 
266 O 2665 2670 

Asn Asn. Ile Ile Arg Ser Gly Glu Lys Ile Cys Arg Arg Pro Glu 
2675 268O 2685 

Glu Ile Thr Arg Lieu. Glin Cys Arg Ala Glu Ser His Pro Glu Val 
2690 2695 27 OO 
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Ser Ile Glu. His Lieu. Gly Glin Val Val Glin Cys Ser Arg Glu Glu 
27 OS 271 O 2715 

Gly Lieu Val Cys Arg Asin Glin Asp Glin Glin Gly Pro Phe Llys Met 
272O 2725 273 O 

Cys Lieu. Asn Tyr Glu Val Arg Val Lieu. Cys Cys Glu Thr Pro Llys 
2735 274 O 2745 

Gly Cys Pro Val Thr Ser Thr Pro Val Thr Ala Pro Ser Thr Pro 
2750 27s 276 O 

Ser Gly Arg Ala Thr Ser Pro Thr Glin Ser Thr Ser Ser Trp Gln 
2765 2770 2775 

Lys Ser Arg Thr Thr Thr Lieu Val Thir Thr Ser Thr Thr Ser Thr 
2780 2785 279 O 

Pro Gin. Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
2.79s 28OO 2805 

Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir 
2810 2815 282O 

Ser Thr Pro Glin. Thir Ser Ile Ser Ser Ala Pro Thir Ser Ser Thr 
2825 283 O 2835 

Thir Ser Ala Pro Thr Ser Ser Thr Ile Ser Ala Arg Thr Thr Ser 
284 O 284.5 285 O 

Ile Ile Ser Ala Pro Thir Thir Ser Thir Thir Ser Ser Pro Thir Thr 
2855 286 O 2865 

Ser Thir Thir Ser Ala Thir Thir Thir Ser Thir Thir Ser Ala Pro Thir 
2870 2875 288O 

Ser Ser Thr Thr Ser Thr Pro Gln Thr Ser Lys Thr Ser Ala Ala 
2.885 289 O 2.895 

Thir Ser Ser Thr Thr Ser Ser Ser Gly. Thir Thr Pro Ser Pro Val 
29 OO 29 OS 291. O 

Thir Thir Thr Ser Thr Ala Ser Val Ser Lys Thr Ser Thr Ser His 
291.5 292 O 2925 

Val Ser Val Ser Lys Thr Thr His Ser Glin Pro Val Thr Arg Asp 
293 O 2935 294 O 

Cys His Pro Arg Cys Thir Trp Thr Lys Trp Phe Asp Val Asp Phe 
29.45 295 O 2955 

Pro Ser Pro Gly Pro His Gly Gly Asp Lys Glu Thr Tyr Asn Asn 
2960 296.5 297 O 

Ile Ile Arg Ser Gly Glu Lys Ile Cys Arg Arg Pro Glin Glu Ile 
297 298O 2985 

Thir Arg Lieu. Glin Cys Arg Ala Lys Ser His Pro Glu Val Ser Ile 
2990 2995 3 OOO 

Glu. His Lieu. Gly Glin Val Val Glin Cys Ser Arg Glu Glu Gly Lieu. 
3 O OS 3O1 O 3 O15 

Val Cys Arg Asn Glin Asp Glin Glin Gly Pro Phe Llys Met Cys Lieu. 
3O2O 3O25 3O3O 

Asn Tyr Glu Val Arg Val Lieu. Cys Cys Glu Thr Pro Lys Gly Cys 
3035 3O4 O 3O45 

Pro Val Thr Ser Thr Ser Val Thr Ala Pro Ser Pro Leu Val Gly 
3 OSO 3 O55 3 O 6 O 

Glu Pro Pro Ala Glin Thr Glin Ser Thr Ser Ser Trp Gln Lys Ser 
3 O 65 3. Of O 3 Ofs 

Arg Thr Thr Thr Lieu Val Thir Ser Ser Ile Thir Ser Thr Thr Glin 
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Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thr Pro Ala Ser 
3095 31OO 3105 

Ile Pro Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala 
31.10 31.15 312 O 

Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
31.25 313 O 3135 

Thir Pro GLn. Thir Thir Thir Ser Ser Ala Pro Thir Ser Ser Thir Thir 
314 O 31.45 315 O 

Ser Ala Pro Thir Thir Ser Thir Ile Ser Ala Pro Thir Thir Ser Thr 
3155 316 O 31.65 

Ile Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Ala Ser 
31.70 31.75 318O 

Thir Thir Ser Ala Pro Thir Ser Thir Ser Ser Ala Pro Thir Thir Asn 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Ile Thr 
32OO 32O5 321 O 

Ser Thir Ile Ser Ala Pro Thir Thir Ser Thir Thir Ser Thr Pro Glin 
3215 322 O 3225 

Thir Ser Thir Ie Ser Ser Pro Thir Thir Ser Thir Thr Pro Thr Pro 
323 O 3235 324 O 

Glin. Thir Ser Thir Thir Ser Ser Pro Thir Thir Ser Thir Thir Ser Ala 
3.245 325 O 3255 

Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
326 O 3265 3270 

Thr Pro Glin. Thir Ser Ile Ser Ser Ala Pro Thir Ser Ser Thir Thr 
3275 328O 3285 

Ser Ala Pro Thir Ala Ser Thir Ile Ser Ala Pro Thir Thir Ser Thr 
3290 3.295 33 OO 

Thir Ser Phe His Thir Thir Ser Thir Thir Ser Pro Pro Thir Ser Ser 
3305 3310 3.31.5 

Thir Ser Ser Thr Pro Gln Thr Ser Lys Thir Ser Ala Ala Thir Ser 
332O 3.325 333 O 

Ser Thir Thr Ser Gly Ser Gly Thr Thr Pro Ser Pro Val Pro Thr 
33.35 334 O 3.345 

Thir Ser Thr Ala Ser Val Ser Lys Thr Ser Thr Ser His Val Ser 
3350 3355 3360 

Val Ser Lys Thr Thr His Ser Glin Pro Val Thr Arg Asp Cys His 
33 65 337 O 337s 

Pro Arg Cys Thr Trp Thir Lys Trp Phe Asp Val Asp Phe Pro Ser 
338O 33.85 3390 

Pro Gly Pro His Gly Gly Asp Lys Glu Thir Tyr Asn Asn Ile Ile 
3.395 34 OO 34 OS 

Arg Ser Gly Glu Lys Ile Cys Arg Arg Pro Glu Glu Ile Thr Arg 
3410 3415 342O 

Lieu. Glin Cys Arg Ala Glu Ser His Pro Glu Val Ser Ile Glu. His 
3.425 343 O 3435 

Lieu. Gly Glin Val Val Glin Cys Ser Arg Glu Glu Gly Lieu Val Cys 
344 O 3445 3 450 

Arg Asn Glin Asp Glin Glin Gly Pro Phe Llys Met Cys Lieu. Asn Tyr 
3455 34 6 O 3465 



US 2013/O 189268 A1 Jul. 25, 2013 
71 

- Continued 

Glu Val Arg Val Lieu. Cys Cys Glu Thr Pro Lys Gly Cys Pro Val 
3 470 3475 3480 

Thir Ser Thr Pro Val Thr Ala Pro Ser Thr Pro Ser Gly Arg Ala 
34.85 3490 3495 

Thir Ser Pro Thr Glin Ser Thr Ser Ser Trp Gln Lys Ser Arg Thr 
35 OO 3505 3510 

Thir Thir Leu Wall. Thir Thir Ser Thir Thir Ser Thr Pro GLn. Thir Ser 
35.15 3520 3525 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Ile Pro Ala Ser Thr Pro 
353 O 3535 354 O 

Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir 
35.45 355 O 3555 

Thir Ser Thr Thr Ser Ala Pro Thr His Arg Thr Thr Ser Gly Pro 
35 6.O 3565 37 O 

Thir Thir Ser Thir Thir Lieu Ala Pro Thir Thir Ser Thir Thir Ser Ala 
3575 358 O 3585 

Pro Thir Thir Ser Thir Asn. Ser Ala Pro Thir Thir Ser Thir Ile Ser 
3590 3595 36OO 

Ala Ser Thir Thir Ser Thir Ile Ser Ala Pro Thir Thir Ser Thir Ile 
3.6 OS 361 O 3 615 

Ser Ser Pro Thr Ser Ser Thr Thr Ser Thr Pro Gln Thr Ser Lys 
362O 3625 3 63 O 

Thr Ser Ala Ala Thr Ser Ser Thr Thr Ser Gly Ser Gly Thr Thr 
3635 364 O 3 645 

Pro Ser Pro Wall Pro Thir Thir Ser Thir Thir Ser Ala Ser Thir Thr 
3650 3655 366 O 

Ser Thir Thr Ser Ala Pro Thr Thr Ser Thr Thr Ser Gly Pro Gly 
3665 367 O 36.75 

Thir Thr Pro Ser Pro Wall Pro Ser Thir Ser Ile Thir Ser Ala Ala 
368O 3685 369 O 

Thir Thr Ser Thr Thr Ser Ala Pro Thr Thr Arg Thr Thr Ser Ala 
3695 3700 37Os 

Pro Thir Ser Ser Met Thir Ser Gly Pro Gly Thr Thr Pro Ser Pro 
3710 3715 372 O 

Wa Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir 
3725 373 O 373 is 

Ser Gly Pro Gly Thr Thr Pro Ser Pro Val Pro Thr Thr Ser Thr 
37.4 O 3745 375 O 

Thir Ser Ala Pro Ile Thir Ser Thr Thr Ser Gly Pro Gly Ser Thr 
375s 376 O 3765 

Pro Ser Pro Wa Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir 
377O 3775 378 O 

Ser Thir Thr Ser Ala Ser Thr Ala Ser Thr Thr Ser Gly Pro Thr 
3785 379 O 379 

Thir Ser Thir Thir Ser Ala Ser Thir Thir Ser Thir Ile Ser Pro Leu 
38 OO 3805 3810 

Thir Thr Ser Thr Thr Ser Ala Pro Ile Thir Ser Met Pro Ser Gly 
3815 382 O 3825 

Pro Gly. Thir Thr Pro Ser Pro Val Pro Thr Thr Ser Thr Thr Ser 
383 O 3835 384 O 

Ala Pro Thir Thr Ser Thr Thr Ser Gly Pro Gly Thr Thr Pro Ser 
384.5 3850 3855 
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Pro Wall Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir 
386 O 386.5 387 O 

Thir Ser Ala Ser Thr Ala Ser Thr Thr Ser Gly Pro Gly. Thir Thr 
3875 388 O 3.885 

Pro Ser Pro Wa Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir 
3890 3.895 3900 

Ser Thir Thr Ser Ala Ser Thr Ala Ser Thr Thr Ser Gly Pro Gly 
39 OS 391 O 391.5 

Thir Ser Lieu. Ser Pro Wall Pro Thir Thir Ser Thir Thir Ser Ala Pro 
392O 3925 393 O 

Thir Thr Ser Thr Thr Ser Gly Pro Gly. Thir Thr Pro Ser Pro Val 
3935 394 O 3.945 

Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
395.0 3955 396 O 

Gly Pro Gly. Thir Thr Pro Ser Pro Val Pro Thr Thr Ser Thr Thr 
39 65 397 O 3975 

Pro Val Ser Lys Thr Ser Thr Ser His Leu Ser Val Ser Lys Thr 
398O 3985 399 O 

Thr His Ser Gln Pro Val Thr Ser Asp Cys His Pro Leu. Cys Ala 
3995 4 OOO 4 OOS 

Trp. Thir Lys Trp Phe Asp Val Asp Phe Pro Ser Pro Gly Pro His 
4010 4 O15 4 O2O 

Gly Gly Asp Llys Glu Thir Tyr Asn. Asn. Ile Ile Arg Ser Gly Glu 
4O25 4 O3 O 4 O35 

Lys Ile Cys Arg Arg Pro Glu Glu Ile Thr Arg Lieu. Glin Cys Arg 
4O4. O 4O45 4 OSO 

Ala Glu Ser His Pro Glu Val Asn. Ile Glu. His Lieu. Gly Glin Val 
4 O55 4O6 O 4 O65 

Val Glin Cys Ser Arg Glu Glu Gly Lieu Val Cys Arg Asn. Glin Asp 
4. Of O 4O75 4 O8O 

Gln Glin Gly Pro Phe Llys Met Cys Lieu. Asn Tyr Glu Val Arg Val 
4085 4O9 O 4 O9.5 

Lieu. Cys Cys Glu Thr Pro Arg Gly Cys Pro Val Thr Ser Val Thr 

Pro Tyr Gly Thr Ser Pro Thr Asn Ala Leu Tyr Pro Ser Leu Ser 

Thir Ser Met Wal Ser Ala Ser Wall Ala Ser Thir Ser Wall Ala Ser 

Ser Ser Val Ala Ser Ser Ser Val Ala Tyr Ser Thr Glin Thr Cys 

Phe Cys Asn. Wall Ala Asp Arg Lieu. Tyr Pro Ala Gly Ser Thir Ile 

Tyr Arg His Arg Asp Lieu Ala Gly His Cys Tyr Tyr Ala Lieu. Cys 

Ser Glin Asp Cys Glin Val Val Arg Gly Val Asp Ser Asp Cys Pro 
4190 41.95 42OO 

Ser Thir Thir Lieu. Pro Pro Ala Pro Ala Thir Ser Pro Ser Ile Ser 
42O5 421 O 4215 

Thir Ser Glu Pro Val Thr Glu Lieu. Gly Cys Pro Asn Ala Val Pro 
422O 4225 423 O 

Pro Arg Llys Lys Gly Glu Thir Trp Ala Thr Pro Asn Cys Ser Glu 
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4235 424 O 4245 

Ala Thr Cys Glu Gly Asn Asn Val Ile Ser Leu Ser Pro Arg Thr 
4250 4255 426 O 

Cys Pro Arg Val Glu Lys Pro Thr Cys Ala Asn Gly Tyr Pro Ala 
4265 427 O 42.75 

Val Llys Val Ala Asp Glin Asp Gly Cys Cys His His Tyr Glin Cys 
428O 4285 429 O 

Gln Cys Val Cys Ser Gly Trp Gly Asp Pro His Tyr Ile Thr Phe 
4295 43 OO 43 O.S 

Asp Gly Thr Tyr Tyr Thr Phe Lieu. Asp Asn Cys Thr Tyr Val Lieu. 
4310 4315 432O 

Val Glin Glin Ile Val Pro Val Tyr Gly His Phe Arg Val Lieu Val 
4.325 433 O 43.35 

Asp Asn Tyr Phe Cys Gly Ala Glu Asp Gly Lieu. Ser Cys Pro Arg 
434 O 43.45 4350 

Ser Ile Ile Lieu. Glu Tyr His Glin Asp Arg Val Val Lieu. Thir Arg 
4355 4360 4365 

Llys Pro Val His Gly Val Met Thr Asn Glu Ile Ile Phe Asn Asn 
4370 4375 438 O 

Llys Val Val Ser Pro Gly Phe Arg Lys Asn Gly Ile Val Val Ser 
4385 439 O. 4395 

Arg Ile Gly Val Lys Met Tyr Ala Thr Ile Pro Glu Lieu. Gly Val 
44 OO 4405 4 41 O 

Glin Val Met Phe Ser Gly Lieu. Ile Phe Ser Val Glu Val Pro Phe 
44.15 442O 4.425 

Ser Llys Phe Ala Asn Asn Thr Glu Gly Glin Cys Gly Thr Cys Thr 
443 O 4 435 4 44 O 

Asn Asp Arg Lys Asp Glu. Cys Arg Thr Pro Arg Gly Thr Val Val 
4445 445 O 4455 

Ala Ser Cys Ser Glu Met Ser Gly Leu Trp Asn Val Ser Ile Pro 
44 60 44 65 4470 

Asp Glin Pro Ala Cys His Arg Pro His Pro Thr Pro Thr Thr Val 
4475 4 48 O 4 485 

Gly Pro Thr Thr Val Gly Ser Thr Thr Val Gly Pro Thr Thr Val 
4490 4495 4500 

Gly Ser Thr Thr Val Gly Pro Thr Thr Pro Pro Ala Pro Cys Lieu. 
4505 451. O 45.15 

Pro Ser Pro Ile Cys His Lieu. Ile Leu Ser Lys Val Phe Glu Pro 
452O 4525 453 O 

Cys His Thr Val Ile Pro Pro Leu Lleu Phe Tyr Glu Gly Cys Val 
4535 454 O 45.45 

Phe Asp Arg Cys His Met Thr Asp Lieu. Asp Val Val Cys Ser Ser 
45.50 4555 456 O 

Lieu. Glu Lieu. Tyr Ala Ala Lieu. Cys Ala Ser His Asp Ile Cys Ile 
45.65 45.7 O 45.75 

Asp Trp Arg Gly Arg Thr Gly His Met Cys Pro Phe Thr Cys Pro 
458O 4585 45.9 O 

Ala Asp Llys Val Tyr Glin Pro Cys Gly Pro Ser Asn Pro Ser Tyr 
45.95 46OO 4605 

Cys Tyr Gly Asn Asp Ser Ala Ser Lieu. Gly Ala Lieu. Arg Glu Ala 
461 O 461s 462O 



US 2013/O 189268 A1 Jul. 25, 2013 
74 

- Continued 

Gly Pro Ile Thr Glu Gly Cys Phe Cys Pro Glu Gly Met Thr Lieu. 
4625 463 O 4 635 

Phe Ser Thr Ser Ala Glin Val Cys Val Pro Thr Gly Cys Pro Arg 
464 O 4645 4 650 

Cys Lieu. Gly Pro His Gly Glu Pro Val Llys Val Gly His Thr Val 
4655 466 O 4665 

Gly Met Asp Cys Glin Glu. Cys Thr Cys Glu Ala Ala Thr Trp Thr 
4 670 4 675 468O 

Lieu. Thir Cys Arg Pro Llys Lieu. Cys Pro Leu Pro Pro Ala Cys Pro 
4685 469 O 4.695 

Lieu Pro Gly Phe Val Pro Val Pro Ala Ala Pro Glin Ala Gly Glin 
47 OO 4705 471 O 

Cys Cys Pro Glin Tyr Ser Cys Ala Cys Asn Thr Ser Arg Cys Pro 
4715 472 O 4725 

Ala Pro Val Gly Cys Pro Glu Gly Ala Arg Ala Ile Pro Thr Tyr 
473 O 4735 474. O 

Gln Glu Gly Ala Cys Cys Pro Val Glin Asn Cys Ser Trp Thr Val 
4745 475 O 4755 

Cys Ser Ile Asn Gly Thr Lieu. Tyr Glin Pro Gly Ala Val Val Ser 
476 O 4765 477 O 

Ser Ser Lieu. Cys Glu Thir Cys Arg Cys Glu Lieu Pro Gly Gly Pro 
4775 478 O. 4785 

Pro Ser Asp Ala Phe Val Val Ser Cys Glu Thr Glin Ile Cys Asn 
4790 4795 48OO 

Thr His Cys Pro Val Gly Phe Glu Tyr Glin Glu Gln Ser Gly Glin 
48 05 481. O 4815 

Cys Cys Gly Thr Cys Val Glin Val Ala Cys Val Thr Asn. Thir Ser 
482O 482.5 483 O 

Lys Ser Pro Ala His Leu Phe Tyr Pro Gly Glu Thir Trp Ser Asp 
4.835 484 O 4845 

Ala Gly Asn His Cys Val Thr His Glin Cys Glu Lys His Glin Asp 
4850 4855 486 O 

Gly Lieu Val Val Val Thir Thr Lys Lys Ala Cys Pro Pro Leu Ser 
486.5 4870 4875 

Cys Ser Lieu. Asp Glu Ala Arg Met Ser Lys Asp Gly Cys Cys Arg 
488O 4.885 489 O 

Phe Cys Pro Leu Pro Pro Pro Pro Tyr Glin Asn Glin Ser Thr Cys 
4895 49 OO 4.905 

Ala Val Tyr His Arg Ser Lieu. Ile Ile Glin Glin Glin Gly Cys Ser 
491O 4.915 492 O 

Ser Ser Glu Pro Val Arg Lieu Ala Tyr Cys Arg Gly Asn. Cys Gly 
4925 493 O 4935 

Asp Ser Ser Ser Met Tyr Ser Lieu. Glu Gly Asn Thr Val Glu. His 
494. O 4945 495. O 

Arg Cys Glin Cys Cys Glin Glu Lieu. Arg Thr Ser Lieu. Arg Asn. Wall 
495.5 496 O 4965 

Thr Lieu. His Cys Thr Asp Gly Ser Ser Arg Ala Phe Ser Tyr Thr 
4970 4975 498O 

Glu Val Glu Glu. Cys Gly Cys Met Gly Arg Arg Cys Pro Ala Pro 
4985 499 O 4995 

Gly Asp Thr Gln His Ser Glu Glu Ala Glu Pro Glu Pro Ser Glin 
SOOO SOOS 5010 
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Lys Met Cys Lieu. Asn Tyr Glu Val Arg Val Lieu. Cys Cys Glu. Thr Pro 
1OO 105 11 O 

Lys Gly Cys Pro Val Thir Ser Thr Pro Val Thr Ala Pro Ser Thr Pro 
115 2O 125 

Ser Gly Arg Ala Thr Ser Pro Thr Glin Ser Thr Ser Ser Trp Gln Lys 
13 O 135 4 O 

Ser Arg Thr Thr Thr Lieu Val Thir Thr Ser Thr Thr Ser Thr Pro Glin 
145 150 55 160 

Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thr 
1.65 17O 17s 

Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Thr Pro Gin 
18O 185 19 O 

Thir Ser Ile Ser Ser Ala Pro Thir Ser Ser Thir Thir Ser Ala Pro Thr 
95 2OO 2O5 

Ser Ser Thr Ile Ser Ala Arg Thr Thr Ser Ile Ile Ser Ala Pro Thr 
21 O 215 22O 

Thir Ser Thir Thir Ser Ser Pro Thir Thir Ser Thir Thir Ser Ala Thir Thr 
225 23 O 235 24 O 

hir Ser Thir Thir Ser Ala Pro Thir Ser Ser Thir Thir Ser Thr Pro Glin 
245 250 255 

hir Ser Lys Thr Ser Ala Ala Thr Ser Ser Thr Thr Ser Ser Ser Gly 
26 O 265 27 O 

Thir Thr Pro Ser Pro Val Thr Thr Thr Ser Thr Ala Ser Val Ser Lys 
27s 28O 285 

hir Thr Ser His Val Ser Val Ser Lys Thr Thr His Ser Glin Pro Val 
29 O 295 3 OO 

hir Arg 
3. OS 

<210s, SEQ ID NO 4 
&211s LENGTH: 384 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: N-terminal fragment of MUC5AC 

<4 OOs, SEQUENCE: 4 

actact catt citcaacct gt aactic gtgat tdt catctgc gctgtactitg gactaaatgg 6 O 

tittgacgtgg act tcc.cgtc. C cctggc.ccg cacggtggtg ataaagaaac Ctacaataac 12 O 

atcatt cqct Ctggtgagaa aatctgc.cgt. c9tc.cggaag aaatc acticg tctgcaatgt 18O 

cgtgc.cgaat CCC acccgga ggtgagcatc galacacctgg gtcaggttgt t cagtgttct 24 O 

cgtgaggaag gtctgg tatgcc.gtalaccala gat cagdaag gcc cattcaa aatgtgcctg 3OO 

alactacgaag titcgtgttct gtgttgcgag act Cogaaag gttgc.ccggit tacgagcacg 360 

Cctgtcaccg. Caccgagcac gcc.g 384 

<210s, SEQ ID NO 5 
&211s LENGTH: 128 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: N-terminal fragment of MUC5AC 

<4 OOs, SEQUENCE: 5 

Thir Thr His Ser Glin Pro Val Thr Arg Asp Cys His Lieu. Arg Cys Thr 
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1. 5 1O 15 

Trp. Thir Lys Trp Phe Asp Val Asp Phe Pro Ser Pro Gly Pro His Gly 
2O 25 3O 

Gly Asp Llys Glu Thir Tyr Asn. Asn. Ile Ile Arg Ser Gly Glu Lys Ile 
35 4 O 45 

Cys Arg Arg Pro Glu Glu Ile Thr Arg Lieu. Glin Cys Arg Ala Glu Ser 
SO 55 6 O 

His Pro Glu Val Ser Ile Glu. His Leu Gly Glin Val Val Glin Cys Ser 
65 70 7s 8O 

Arg Glu Glu Gly Lieu Val Cys Arg Asn Glin Asp Glin Glin Gly Pro Phe 
85 90 95 

Lys Met Cys Lieu. Asn Tyr Glu Val Arg Val Lieu. Cys Cys Glu. Thr Pro 
1OO 105 11 O 

Lys Gly Cys Pro Val Thir Ser Thr Pro Val Thr Ala Pro Ser Thr Pro 
115 12 O 125 

<210s, SEQ ID NO 6 
&211s LENGTH: 45 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC termolysin fragment 2 

<4 OOs, SEQUENCE: 6 

Leul Wall. Thir Thir Ser Thir Thir Ser Thr Pro Glin. Thir Ser Thir Thir Ser 
1. 5 1O 15 

Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
2O 25 3O 

Ala Pro Thir Thir Ser Thir Thir Ser Thr Pro GLn. Thir Ser 
35 4 O 45 

<210s, SEQ ID NO 7 
&211s LENGTH: 46 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin fragment 4 

<4 OO > SEQUENCE: 7 

Ser Ser Pro Thir Thir Ser Thir Thr Pro Thr Pro Gin. Thir Ser Thir Thr 
1. 5 1O 15 

Ser Ser Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser Thir Thr 
2O 25 3O 

Ser Ala Pro Thir Thir Ser Thir Thir Ser Thr Pro Glin. Thir Ser 
35 4 O 45 

<210s, SEQ ID NO 8 
&211s LENGTH: 59 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin fragment1 

<4 OOs, SEQUENCE: 8 

Ile Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser 
1. 5 1O 15 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser 
2O 25 3O 
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Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
35 4 O 

Thir Thir Ser Thr Pro GLn. Thir Ser Thir Thir Ser 
SO 55 

<210s, SEQ ID NO 9 
&211s LENGTH: 54 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin 

<4 OOs, SEQUENCE: 9 

Ala Ser Ile Pro Ser Thir Thir Ser Ala Pro Thir 
1. 5 1O 

Ala Pro Thir Thir Ser Thir Thir Ser Ala Pro Thir 
2O 25 

Thir Pro Gin Th Thir Thir Ser Ser Ala Pro Thir 
35 4 O 

Ala Pro Thir Thir Ser Thir 
SO 

<210s, SEQ ID NO 10 
&211s LENGTH: 45 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin 

<4 OOs, SEQUENCE: 10 

Met Thr Ser Gly Pro Gly. Thir Thr Pro Ser Pro 
1. 5 1O 

Thir Thir Ser Ala Pro Thir Thir Ser Thir Thir Ser 
2O 25 

Pro Ser Pro Wa Pro Thir Thir Ser Thir Thir Ser 
35 4 O 

<210s, SEQ ID NO 11 
&211s LENGTH: 54 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin 

<4 OOs, SEQUENCE: 11 

Ile Thr Ser Met Pro Ser Gly Pro Gly. Thir Thr 
1. 5 1O 

Thir Thir Ser Thir Thir Ser Ala Pro Thir Thir Ser 
2O 25 

Gly. Thir Thr Pro Ser Pro Val Pro Thir Thr Ser 
35 4 O 

Thir Thir Ser Thir Thir Ser 
SO 

<210s, SEQ ID NO 12 
&211s LENGTH: 59 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC thermolysin 

78 

- Continued 

Thir Pro Thir Ser Ser 
45 

fragment3 

Thir Ser Thir Thir Ser 
15 

Thir Ser Thir Thir Ser 
3O 

Ser Ser Thir Thir Ser 
45 

fragment 5 

Wa Pro Thir Thir Ser 
15 

Gly Pro Gly. Thir Thr 
3O 

Ala Pro 
45 

fragment 6 

Pro Ser Pro Wall Pro 
15 

Thir Thr Ser Gly Pro 
3O 

Thir Thir Ser Ala Pro 
45 

fragment 7 

Jul. 25, 2013 



US 2013/O 189268 A1 

<4 OOs, SEQUENCE: 12 

Leu Ser Pro Wall Pro Thir Thir Ser Thr 
1. 5 

Thir Thr Ser Gly Pro Gly. Thir Thr Pro 
2O 25 

Thir Thir Ser Ala Pro Thir Thir Ser Thr 
35 4 O 

Pro Ser Pro Wa Pro Thir Thir Ser Thr 
SO 55 

<210s, SEQ ID NO 13 
&211s LENGTH: 85 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC truncation construct 

<4 OOs, SEQUENCE: 13 

Ala Thr Met Ser Val Gly Arg Arg Llys 
1. 5 

Ala Lieu Ala Lieu Ala Cys Thir Thir Thr 
2O 25 

Asp Cys His Lieu. Arg Cys Thir Trp Thr 
35 4 O 

Pro Ser Pro Gly Pro His Gly Gly Asp 
SO 55 

Ile Arg Ser Gly Glu Lys Ile Cys Arg 
65 70 

Lieu. Glin Cys Arg Ala 
85 

<210s, SEQ ID NO 14 
&211s LENGTH: 136 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: MUC5AC truncation construct 

<4 OOs, SEQUENCE: 

Ala 
1. 

Ala 

Asp 

Pro 

Ile 
65 

Lell 

Gly 

Glin 

Wall 

Thir Met Ser 

Luell 

Ser 
SO 

Arg 

Glin 

Glin 

Asp 

Luell 

Ala 

His 
35 

Pro 

Ser 

Wall 

Glin 
115 

Luell 
2O 

Luell 

Gly 

Gly 

Arg 

Wall 

Glin 

14 

Wall 
5 

Ala 

Arg 

Pro 

Glu 

Ala 
85 

Glin 

Gly 

Glu 

Gly 

His 

Lys 
70 

Glu 

Pro 

Thir 

Arg 

Thir 

Thir 

Gly 
55 

Ile 

Ser 

Ser 

Phe 

Pro 

Arg 
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